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The velocity of the “second sound”  in helium II 
has been measured by V. P e s h k o v  (x) w ith a 
great precision. His results give an opportunity to 
perform a quantita tive comparison of the theory 
developed by the author (2) w ith the experiment. 
Such a comparison gives full support to the general 
picture given by the theory, bu t a t the same time it  
reveals a noticeable discrepancy between the calculated 
and observed values of the velocity [e. g. 25 m/sec. 
calculated and 19 m/sec. observed a t the temperature 
of 1.6°K). Although this discrepancy is not very large, 
i t  is too large to be attributed  to the inaccuracy of 
the experimental data on the thermodynamic quan
tities of helium II.

For calculating the velocity of the second sound 
the formulae were used for the thermodynamic quan
tities (entropy, specific heat), derived in (2) under 
the assumption of the energy spectrum of the liquid 
to consist of two branches — the phonon and roton 
ones. The direction of the observed discrepancy ind i
cates in w hat way these assumptions must be a l te r e d .  
Using the experimental data, one can formally com
pute the roton mass \x according to formulae

p n =  Np., F r — — N k T . ( i )

Here N  is the number of rotons per unit volume, 
F r—the “roton p a r t”  of the free energy (i. e. the free 
energy w ithout the vibrational part) , pn— the den
sity of the “normal p a r t” of the liquid (the phonon 
p art in р9г is negligible as compared w ith the roton 
part). The mass \i calculated in this way appears 
to be approximately inversely proportional to the 
tem perature (in temperature interval 1.3— 1.7CK), 
instead of being constant. I t  is, however, to be noted, 
th a t although the very fact of the variation of ц is 
apparent, the quantitative law  of its variation can 
be established only in a very approximate way 
(owing mainly to the scarcity of experimental data 
on the specific heat of helium II).

If one does not make the assumption s =  ^ +  р2/2ц 
for the dependence of the energy s of a roton on its 
momentum p t but considers the general dependence
12*
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s(/>), then the calculation according to the general 
formulae derived in (2) shows, th a t in the formula 
?n_= m  the quantity  p2/3kT  enters instead of ц 
(рг \s the mean square of the momentum). If th is  quan
tity  is inversely proportional to the tem perature, then 
p2= const., i. e. the values of the roton momenta lie 
mainly in the neighbourhood of a certain pQt A t 
the first glance this fact appears to be very strange, 
bu t i t  can be explained in a natural manner by assum
ing, th a t the energy spectrum of helium II is of the 
type shown in Fig. 1. For small momenta p  of an

elementary excitation its energy s increases linearly 
(phonons), then reaches a maximum, begins to decrease 
and a t a certain value p =  p0 the function s (p) has 
a minimum. In the neighbourhood of the la tte r we 
can write

«л being a constant. W ith such a spectrum it  is 
of course impossible to speak strictly  of rotons and 
phonons as of qualita tively  different types of ele
mentary excitations. I t  would be more correct to speak 
simply of the long wave (small p) and short wave 
(p in the neighbourhood of p0) excitations. I t  is to 
be stressed, th a t all the conclusions concerning the 
superfluidity and the entire macroscopical hydrody
namics of helium  II, developed in (2), m aintain the ir 
valid ity  also w ith  the spectrum proposed here.
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Only the formulae for the therm odynamic quan
tities must be changed. Instead of formulae (3), (4)— 
(7) in (2) we have for the “ro ton” parts of the free ener
gy, entropy, specific heat (per un it mass) and the den
sity of the “normal liq u id ” :

F r = .4,
*P l„ -b lkT .
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In such a form the theory contains three constants: 
A, p0 and p.. I t  is, therefore, difficult to check it  
on the basis of the experimental data which are now 
available. For the values of Д, p0 and ц one gets:

- * - = 9 .6 ° ,  ^  =  1.95-108 cm "1, ijl =  0.77 who- (?)

Note th a t jji is of the order of the mass mHe of the 
helium atom and Ъ,/р0 is even less than the atomic 
dimensions. The values (7) have been used in drawing 
the curve in Fig. 1.
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As i t  is well know n,. transparent objects which 
possess only refractional structure, L e. which do 
not change practically the am plitude of a ligh t wave 
passing* through, them, b u t . only its phase, cannot be 
obs, rved visually or photographed. .Many iW  ц v,al 
micr ^reparations, therm al flows. I i > 5,
t%c. «jre examples. For the m icroscopic obs iv n 
oi  sh 'Ii s tru c tu res  apart' from the meU:„. ъ .on- 
>' rC* d w ith an influence upon the preparation 

(staining) purely optical, methods are widely 
unpi г jd (as, for instance, the method of the darken
ed J v! ; <f vision). For ' structures of large dimensions 
T ocpW ’s method plays a similar role (J).

in 1934 Zernike showed th a t the usual methods 
of influence upon the ligh t beam e.  g., as shutting 
off the direct beam or cutting off half of the diffrac
tion pattern in the principal focal plane of the objec
tive, do not remove the direct beam which, as i t  was 
assumed before, disguises the image of the structure, 
bu t simply influence the secondary sources so th a t 
the ligh t becomes distributed in the image plane w ith 
alternating intensity. Zernike also demonstrated 
th a t the contrastness and brightness of the image 
increase if the phase of the central beam be turned

by 90° instead of shutting off the beam? Z e r n i k e  
applied his considerations to the problem of detecting 
deviations of the surface of a concave spherical mirror (2).

In 1935 Z e r n i k e  described the application 
of the phase method to the microscopical observa
tion of refractional structures (3). The method h a t 
received some development in this direction and as 
present the phase micro scop v is ra th e r widely emp
loyed (4).

In about 1942 Prof. L. Mandelstam had drew 
the attention  of one of us to the fact th a t the phase 
method may be successfully used not only in microsco
py and in particular problem considered by Zernike, 
bu t also, in general, in all the cases of observation 
of refractional structures. In accordance w ith th is  
remark we have undertaken an experimental inves
tigation of images obtained from the refractional 
structures in an optical device which is a modification 
of Toepler’s method. The object is illum inated by 
a parallel central beam while either ordinary dia
phragms, used in Toepler’s method, or transparent 
plates w ith etched portions on the surface, which change 
the optical length of the direct ray, are placed in the 
principal focal plane of a lens located behind the 
object.

The theoretical treatm ent shows th a t the method 
of the darkened field of vision not only cannot detect 
weak refractional structures bu t sometimes even 
those w ith very strong phase modulation. In all 
these cases an image of th e . object can be obtained 
by applying the phase method. Besides, use of the 
method of the darkened field of vision may lead to 
the doubling of the structure (in the image of perio
dical structures), i. e. may give an image which is 
dissimilar to the object itself. This defect is absent 
in the phase method. F inally, the phase method allows 
one to reduce the tim e of exposition (as much as 
up to 40 times) as compared to th a t necessary in 
Toepler’s method.

The data of prelim inary experiments are in  good 
agreement w ith the calculations.

Fig. 1 represents the image of a p a rt of a mirror 
glass: a—the ordinary photograph shows only the 
surface defects and contamination; b—the method 
of the darkened field of vision shows the internal 
inhortUig^n<*Hks in a section of the glass and a number 
of the e defects. The image appears as a ligh t
picture cgain4  a dark background; с — the phase me
thod reveals a large number of internal inhomogenei
ties in all the parts of the- glass plate. Surface defects, 
which were dark on photograph a, become bright here.

Fig. 2 shows the image of a grating etched on the 
plane plate of the optical glass by means of hydro
fluoric acid (the upper part of the grating is etched 
three times as deep as the lower one): a — is an ordinary 
photograph; h — the method of the darkened field 
of vision reveals satisfactorily only strongly etched 
parts of the grating. The doubling of the structure 
is clearly visible, ghost lines having  appeared between 
the true ones; с — the phase method gives a clear 
image of the grating  w ith the correct periodicity.
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