
LETTER S TO TH E EDITOR

Only the formulae for the therm odynamic quan
tities m ust 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 ” :
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In such a form the theory contains three constants: 
Д, £?0 and pi. I t is, therefore, difficult to check it 
on the basis of the experimental data which are now 
available. For the values of Л, p0 and ц one gets:

A = 9 . 6 ° ,  | ®  = 1 . 9 5 - 1 0 s  c m " 1 ,  ц  =  0 . 7 7  m H e . ( 7 )

Note th a t ц is of the order of the mass mHe of the 
helium atom and %/pQ is even less than the atomic 
dimensions. The values (7) have been used in drawing 
the curve in Fig. 1.
1 V. P e s h k o v ,  Journ. of P h y s., 1 0 , 389 ( 1946).

L. L a n d  a u, Journ. of P h y s., 5, 71 (1941).
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As i t  is well known, . transparent objects which 
possess only refractional structure, i. e.  which do 
not change practically the am plitude of a right wave 
passing through them bu t only its phase, cannot be 
observed visually or photographed. -Many biological 
miej* ^reparations, therm al flows, j.livs in glasses, 
etc. are examples. For the m icroscopic observation 
о Г -h s tru c tu re s  apart from the methods con- 

w ith an influence upon the preparation 
(staining) purely optical methods are widely 

u n p b y ed  (as, for instance, the method of the darken
ed of vision). For ' structures of large dimensions 
Toepler’s method plays a sim ilar role (:l).

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, 
but 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 microscopy 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, 
b u 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. Finally, 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 
inhomogeneities in a section of the glass and a number 
of the surface defects. The image appears as a ligh t 
picture against 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; b — 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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