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l i q u i d H e 3 , t h e n o n - s u p e r f l u i d i s o t o p e o f l i q u i d h e l i u m .

T h i s i n t e r e s t i n g p h e n o m e n o n w a s p r e d i c t e d b y L . D .

L a n d a u i n 1 9 5 7 o n t h e b a s i s o f h i s g e n e r a l t h e o r y o f

F e r m i l i q u i d s , w h i c h c o n s i s t o f p a r t i c l e s o b e y i n g

F e r m i s t a t i s t i c s . ^ * A r e v i e w o f t h i s t h e o r y b y

A b r i k o s o v a n d K h a l a t n i k o v h a s a l r e a d y b e e n p u b l i s h e d

i n U s p e k h i . ^ In t h e p r e s e n t s h o r t n o t e w e r e c a l l c e r -

t a i n t h e o r e t i c a l a s p e c t s o f s o u n d p r o p a g a t i o n i n l i q u i d

H e 3 .

O r d i n a r y s o u n d p r o p a g a t e s i n l i q u i d H e 3 , a s i n a n y

o t h e r l i q u i d o r g a s , s u b j e c t t o t h e c o n d i t i o n

A. > I,. (1)

w h e r e X i s t h e w a v e l e n g t h o f s o u n d a n d I i s t h e m e a n

f r e e p a t h o f l i q u i d p a r t i c l e s . T h e v e l o c i t y o f s o u n d

p r o p a g a t i o n i s h e r e r e l a t e d t o t h e c o m p r e s s i b i l i t y o f

t h e l i q u i d b y t h e c u s t o m a r y f o r m u l a

dp_ (2)

Fermi liquids are distinguished by the fact that the
mean free path of elementary excitations within them
increases with decreasing temperature:

(3)

Therefore (1) ceases to be valid for any wavelength X
at sufficiently low temperatures. This leads to the
damping of ordinary sound, which ultimately cannot be
propagated. At absolute zero, when collisions do not
occur, ordinary sound could not be propagated at all
in a Fermi liquid. However, Landau established how-
ever that when interactions between elementary exci-
tations are of a certain type a different kind of sound,
called zero sound, can propagate in a Fermi liquid.
The condition for the existence of this sound is found
in an inequality that represents the reverse of the r e -
lationship in (3); zero sound propagates at very low
temperatures. The frequency and wave vector of zero
sound are related by the customary equation

0) = kcn

where the velocity c0 is independent of k and is not
determined by the simple formula (2), but depends on
the interaction between elementary excitations in the
liquid. The value of CQ can be calculated from experi-
mental data on the heat capacity and compressibility
of the liquid. Calculations show that in liquid He3 we
have

Ac co- •• 0.032. (4)

T h e r e f o r e t h e o v e r a l l p i c t u r e o f s o u n d p r o p a g a t i o n i n

H e 3 e x h i b i t s t h e f o l l o w i n g p r o p e r t i e s . A t s u f f i c i e n t l y

h i g h t e m p e r a t u r e s o r d i n a r y s o u n d i s p r o p a g a t e d ; i t s

d a m p i n g i s p r o p o r t i o n a l t o w 2 / T 2 a n d i s e n h a n c e d w i t h

d e c r e a s i n g t e m p e r a t u r e . A t l o w t e m p e r a t u r e s c o r r e -

s p o n d i n g t o X ~ I t h e d a m p i n g b e c o m e s s o e x t r e m e l y

l a r g e t h a t s o u n d p r o p a g a t i o n b e c o m e s a c t u a l l y i m p o s -

s i b l e . A t s t i l l l o w e r t e m p e r a t u r e s w e e n t e r t h e z e r o -

s o u n d r e g i o n , w h e r e d a m p i n g i s r e d u c e d a n d t h e s o u n d

v e l o c i t y c h a n g e s b y t h e a m o u n t A c . T h e d a m p i n g o f

z e r o s o u n d i s p r o p o r t i o n a l t o T 2 a n d i s i n d e p e n d e n t of

f r e q u e n c y . A l l t h e d e s c r i b e d s i n g u l a r i t i e s o f p r o p a g a -

t i o n w e r e o b s e r v e d e x p e r i m e n t a l l y a n d w e r e r e p o r t e d

i n t h e w o r k w h o s e t r a n s l a t i o n f o l l o w s t h i s n o t e . T h e

r e s u l t s l e a v e n o r o o m f o r d o u b t t h a t t h e F e r m i l i q u i d

t h e o r y i s i n e x c e l l e n t q u a n t i t a t i v e a g r e e m e n t w i t h e x -

p e r i m e n t .

T o a t t a i n a b e t t e r u n d e r s t a n d i n g of t h e d i f f e r e n c e

b e t w e e n o r d i n a r y s o u n d a n d z e r o s o u n d i t i s u s e f u l t o

c o n s i d e r h o w t h e m o m e n t u m d i s t r i b u t i o n o f e l e m e n t a r y

e x c i t a t i o n s c h a n g e s i n a F e r m i l i q u i d t h r o u g h w h i c h

s o u n d i s p r o p a g a t i n g . W h e n t h e l i q u i d i s i n e q u i l i b r i u m

i t s e l e m e n t a r y e x c i t a t i o n s , l i k e e l e c t r o n s i n a m e t a l ,

f i l l t h e F e r m i s p h e r e i n m o m e n t u m s p a c e ; t h e r a d i u s

p 0 o f t h e s p h e r e d e p e n d s o n t h e d e n s i t y o f t h e l i q u i d .

W h e n o r d i n a r y s o u n d i s p r o p a g a t e d t h e r m o d y n a m i c

e q u i l i b r i u m e x i s t s a t e a c h p o i n t o f t h e l i q u i d , w h o s e

d e n s i t y i s v a r i a b l e , h o w e v e r , a n d a l l i t s p a r t i c l e s

m o v e t o g e t h e r w i t h a c e r t a i n v e l o c i t y . T h e r e f o r e t h e

m o m e n t u m d i s t r i b u t i o n of t h e p a r t i c l e s c a n h e r e b e

r e p r e s e n t e d b y a F e r m i s p h e r e , o f a l t e r e d r a d i u s , t h a t

*In connection with the article, "Propagation of Zero Sound in

Liquid He3 at Low Temperatures ," by W. R. Abel, A. C. Anderson,

and J. C. Wheatley, P h y s . Rev. Le t t s . 17, 74 (1966).

tV. P. Silin had previously e s tab l i shed theoretical ly that the

osc i l l a t i ons corresponding to zero sound can ex i s t in a Fermi gas

with weak interatomic repulsion.[2] a) Ordinary sound b) Zero sound
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is displaced in momentum space. The picture becomes
extremely more complicated in the case of zero sound;
thermodynamic equilibrium cannot be established. The
Fermi surface ceases to be spherical, but is deformed
in a complex manner and is entrained in the direction
of sound propagation. The accompanying figure shows
schematically how a Fermi sphere is affected by the
propagation of ordinary and zero sound.
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