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Comment on “Magnus and Iordanskii Forces in
Superfluids”

In a recent Letter, Wexler [1] concluded that there c
be no transverse force on a quantized vortex proportio
to the normal fluid velocity. We wish to point out tha
this conclusion conflicts with the experimental facts f
vortices in superfluid3He and 4He, irrespective of any
theory offered to explain those facts, as in an ear
Comment [2].

Wexler notes that from Galilean invariance (whic
is certainly applicable to liquid helium, though not t
superconductors) the most general transverse force
unit length on a vortex of circulationk in the ẑ direction
can be written as

F  Aẑ 3 svV 2 vsd 1 Bẑ 3 svV 2 vnd , (1)

wherevV is the vortex velocity. He then gives an elega
thermodynamic argument for the magnitude of the for
proportional tovs to show thatA  rsk, and combines
this with the result of Thouless, Ao, and Niu [3] (referre
to as TAN) for the force proportional tovV to conclude
thatB ; 0.

Measurements of the quantum of circulation [4] demo
strate the first term in Eq. (1) for a vortex trapped on
wire, but the effect of the normal fluid is a minor one
these experiments, and moreover is given by ordinary
cous drag on the wire in this case. The force exerted
the normal fluid on a free vortex is best measured in m
tual friction experiments, where it is equal and opposite
the force exerted by the superfluid.

A nonzero value of Wexler’sB (not to be confused
with the conventional dissipative mutual friction constan
has been deduced from mutual friction experiments
4He II [5], 3He-B [6], and 3He-A [7]; a full discussion
of all these data is being published elsewhere [8]. T
transverse force due to the normal fluid is usually quo
as a dimensionless parameterd'  2ByA, and Wexler’s
result A  rsk is assumed. The usual analysis of the
experiments assumes that the force on a vortex lattic
the sum of the forces on individual vortices. We belie
that this assumption is justified because the collect
modes of the vortex lattice are quite well understood
and are not excited in the mutual friction experiments.
3He-B, d' varies smoothly from approximately zero a
the lowest temperatures to one atTc, and also the nonzero
d' has been shown to account for the observed sh
of the free surface of the liquid in rotation experimen
[10]. In 3He-A, d' is indistinguishable from one ove
the whole temperature range where theA phase is stable
in zero field. The measurements in4He are less accurate
because of the low normal fluid viscosity, but it is cle
that near thel point s1 2 d'd ~ sTl 2 T d1y3 [11].
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We therefore believe that the correct conclusion
be drawn from Galilean invariance and the experimen
facts is that there is an error in either Wexler’s argume
or that of TAN. Wexler’s argument is based onl
on the quantization of circulation and thermodynami
[12] and seems particularly straightforward; moreove
as we have seen above, the result is not particula
controversial. We therefore suspect the TAN argume
The precise diagnosis of the problem should perhaps
left to professional theorists, but we would like to indica
an aspect of the argument that worries us. TAN use
device of a moving potential to move the vortex. If th
situation being considered is one of thermal equilibrium
seems to us that the thermal excitations, including those
the vortex core, will move along with the potential and th
vortex, so that no force proportional tosvV 2 vnd will be
registered. If, on the other hand, the situation envisag
is a steady state with continuous dissipation, it is not cle
to us how the motion of the excitations is to be specifi
within the TAN argument.
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