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stands the idea has a seductive and per
haps illusory simplicity. If its basic 
thesis is correct then it may in fact be 
even more difficult to unravel the cir
cuitry and causal relationships involved 
in membrane signal transduction pro
cesses than was earlier supposed. 0 
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Breakdown of 
superfluidity 
in liquid helium 
from A . J. Leggett 

IT has been known for more than 60 
years that liquid helium ('He) is super
fluid below about 2 K; that is, it flows 
through narrow capillaries without 
observable friction , and, conversely, an 
object moving slowly tbrough 'He at 
low temperatures experiences practic
ally no friction either. A major step 
forward in understanding this pheno
menon was made by the Russian 
physicist Lev Landau in 1941; he 
showed that superfluidity is a natural 
consequence of certain assumptions 
about the 'elementary excitations' of 
the liquid, and predicted the critical 
velocity above which normal behaviour 
should set in .' Cn a recent paper (Phil. 
Tran s. R. Soc. 284, 179; 1977) D. R. 
Allum et al. report the first un
ambiguous observation of this 'Landau 
critical velocity' , thereby strongly con
firming Landau's ideas. They also 
report some surprising and significant 

features of the mechanism by which 
superfluidity breaks down above the 
critical velocity. 

An 'elementary excitation' is the 
simplest (quantised) disturbance which 
can be created in a given system; 
generally, it will carry a momentum p 
and an energy E which depends on p. 
Landau argued that at sufficiently low 
temperatures a heavy external body 
travelling through the system can 
experience friction only if it can create 
elementary excitations. However, con
servation of momentum and energy 
prevent this happening at velocities less 
than the Landau critical velocity VL 

given by 

vI,=min(E(p)/ p) 

A slight modification of the argument 
gives the same critical velocity for 
helium flowing through a capillary. In 
the case of a normal classical liquid it 
is easy to show that VI, is zero, so there 
is no superfluidity. 

For liquid helium below 2 K , how
ever, it is believed that the elementary 
excitation spectrum (the graph of E(p) 
against p) should have the form shown 
in the figure . The excitations of small 
p (long wavelength) are quantised 
sound waves, or phonons, whereas 
those near the minimum of the curve 
are called 'rotons' . Originally a roton 
was envisaged as a quantised rotational 
motion of the liquid, but more recent 
theories have suggested some modifica
tions to this picture and its physical 
nature is still somewhat obscure. The 
existence of rotons and more generally 
the correctness of the E(p) curve of 
the figure has been confirmed both by 
specific-heat data and by experiments 
in which a neutron is scattered from 
the liquid by creating a single ,elemen
tary excitation. 

It is obvious from the figure that the 
minimum of E(p) / p occurs near the 
roton minimum in the curve and is in 
fact given by the slope of the straight 
line; numerically, this corresponds to a 
value of VI. of about 50 m S-I At veloci
ties higher than this emission of one or 
more rotons will occur, giving rise to 
friction. However, experiments on the 
flow of helium through narrow 
capillaries usually yield much lower 
(and often geometry-dependent and/or 
irreproducible) critical velocities, prob
ably owing to the existence of tangles 
of vorticity in the liquid. 

Allum and coworkers used the alter
native technique of measuring the 
frictional drag on bodies moving 
through the liquid-in this case, nega
tive ions. (A negative ion in liquid 
helium is believed to be a complex 
object composed of an electron plus the 
cavity it excavates for itself in the 
liquid and the portion of the helium 
which moves with it; the whole has a 
diameter of the order of 10 A and a 
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Fig. 1 Elementary excitation spec
trum of superfluid helium. 

mass of about 70 helium-atom masses). 
When plotted as a function of electric 
field E, the mean velocity of the ions, 
Ii, rises virtually instantaneously from 
zero to a value which is of order 
50 m S- I and coincides within the ex
perimental error with the value of VL 

predicted from the excitation spectrum. 
This indicates strongly that at velocities 
less than VL there is indeed no frictional 
drag, in accordance with Landau's 
ideas. 

A second interesting and quite un
expected result emerges from a com
parison of the observed behaviour of v 
as a function of E with a recent theory, 
due to R. M. Bowley and F. W. Sheard, 
of the frictional drag at velocities above 
VI.. They showed t'hat if the dominant 
process by which the ion loses energy 
and mome,ntum is creation of single 
rotons, the quantity V - VL should be 
proportional to E''', whereas if it is 
creation of pairs of rotons which 
dominates it should be proportional to 
E' l'. For most of the range of fields 
studied the data fit an E' l' dependent; 
they cannot possibly be reconciled with 
the E'13 one. Thus, it seems that 
negative ions moving in helium create 
rotons only, or at least predominantly, 
in pairs whereas neutrons seem to have 
no difficulty in creating them singly! 
This intriguing result seems certain to 
stimulate further research, hoth experi
mental and theoretical, into the physical 
nature of rotons. [] 

Dynamic 
Stark splitting 
from Peter Knight 

WORKERS in fields other than quantum 
optics or atomic physics may be 
surprised to hear that resonance 
fluorescence, that classic phenomenon 
of early quantum physics, has shrugged 
off its antiquarian associations to 
become a major and intensively studied 
new research problem. The rejuvenating 
influence has been the tunable laser. 
Unlike life, 'undressed' atoms, those 
old-fashioned atoms bathed in a weak 
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