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On the other hand, linearizing Eq. (16) and as-
suming that u(~) depends on P only, we get the
equation

(&) (( 0) —0
WP

which is satisfied by Eq. (22) and consequent-

ly describes the long-time asymptotic behavior
of the original system.
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The transformation is not unique; for example, the
transformation $ = e (x—t), g =& t, which is implied
by the relation kx —(dt =(x-t)k+qtk3 for k2&(1, leads
likewise to the Kortweg-deVries equation.
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A simple level-sensing device is described for probing the profile of the chemical po-
tential along the Qowing liquid He D film. Measurements with these probes indicate that
dissipation in the flowing film may occur either at highly localized regions or over ex-
tended regions of the flow path, depending upon experimental variations. Also it is shown
that changes in transfer rate occurring during a given flow process are accompanied by
a redistribution of the sites producing dissipation.

Studies of the flowing liquid He II film have

a rather long history featured by numerous
controversies over the observation and inter-
pretation. of "new" effects. ' Unfortunately,
a common ground for discussing these phenom-

ena has not yet been developed. The present
note describes a simple tool for investigating
and analyzing the flow processes of the film.

During an informal conversation with Dr.
B. D. Josephson concerning some unusual film-
flow effects we had observed, he suggested
the use of a "potentiometer" to probe the chem-
ical potential gy along the path of the film. 2

The physical form that this probe might assume
evolved in the discussion that followed.

Consider the flow of the film over the rim
of a beaker with the liquid level z& inside the

beaker above the outside level z, . The chem-
ical potentials per atom of the two bulk liquids

are, respectively, p. and p, 0,' and their differ-
ence is given by

p. -p, =mg(z. -z ) =b p, .
i 0 i 0

On the basis of recent developments in the the-
ory of superfluiditys we assume the following'.

(1) &p, provides the driving force for film
flow.

(2) The bulk He II inside the beaker commu-
nicates with the bulk liquid outside through the

film; at every point along the flow path Sy con-
necting the two reservoirs of bulk liquid the
chemical potential is defined and is related
to the phase of the order parameter through
the r elationship

(() =fexp(i9)) =f exp(ipt/5). ,

For a film-flow experiment in which the path

Sf is zi —rim - zo and in which the distance along

Sf is s, )((f will have a profile pf
-—pf(s).

(3) Production of dissipation xn the form of
quantized vorticity occurs through phase slip-
page only in those regions where d)((f/ds is dif-
ferent from zero and at a frequency

(4) In any region along Sf in which the veloc-
ity of particle flow vs is equal to or exceeds
the critical velocity vs c, pf varies spatially;
in regions where vs (vs c, pf remains constant,
provided v~ remains constant.

An example of the type of probe we have de-
vised to investigate pf(s) is shown in Fig. 1.
The side tube extending from the inside wall
of the beaker has a radius small compared
with that of the beaker itself, so that adjust-
ments of the liquid level st in the tube by film
flow occur rapidly compared with changes of
&i and z, . We propose that subject to the as-
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FIG. 1. Schematic drawing (left) of one of several
beakers used to investigate p, s), showing typical ar-
rangement of the side tube. n the right is the time-
versus-height behavior of the levels zt and z~ for an
outflow experiment.

sumptions listed above, ~t provides a measure
of py (relative to p, f or p,,) at the location of
the tube orifice.

In this way we have studied pf(s) in a num-
ber of different geometrical arrangements.
These include placement of the orifices at sev-
eral different heights, with some orifices open-
ing to the inside and others to the outside sur-
face of the beaker wall. Inflows (zf &zo) and
outflows (zf &z, ) have been measured for sev-
eral beaker shapes. We illustrate the meth-
od by showing how some of the results already
obtained may be used to provide new informa-
tion relating to observations on films made
by pr evious investigator s. Additional details
will be given in a future publication.

A rather universally accepted criterion for
the transfer rate R of the film states is that
R should be determined by the smallest perim-
eter of the beaker lying above the highest liq-
uid level. ' Corollary to this is the notion that

vz should become critical at this point also.
The beaker shown in Fig. 1 was designed to
test these ideas further. It is made of glass
with a copper bottom, the inside diameter of
the upper section being 1.9 cm and that of the
lower section being 1.0 cm. The side tube is
0.1 cm i.d. A glass cylinder with copper top
and bottom surrounds the beaker and this in
turn is protected by several radiation shields
at the top.

The results of an out-flow experiment are
shown on the right-hand section of Fig. 1, where
the time history of the levels zt and z; are plot-
ted relative to zo. It is seen that when zz is
in the wide section, it is closely followed by

zt (slightly elevated by capillarity); but when
z- crosses into the narrow section, zt rapid-
ly falls to equilibrate with zo. Using other bea-
ker s in which both the inside and outside walls
of the beaker were probed, it was found that
under these conditions of flow the level of liq-
uid in the outside-wall probe tube always re-
mained at z, .

We interpret these observations as indicat-
ing that py(s) is a step function with the step
occurring at the smallest and highest perim-
eter above ~~. Thus in the first pari of the ex-
periment, vz z is reached at the rim A. and

elsewhere along the flow path v~ &vz . Assum-
ing a uniform diameter for the inside wall of
the beaker, we expect that the decrease in film
thickness with height would make it most like-
ly that v~ ~ is exceeded only at the inside edge
of the rim A. Therefore, as shown schemat-
ically in Fig. 2(a), in the film on the path z.
-A, pf is constant and equal to p, z, and along
A-z„pf is also constant but equal to p, As

drops below the knee + s c is exceeded
7

here instead of at A. Therefore along z& -B,
pf = p;, while along fl -A -z„pf = p, o. These
conclusions imply that in the instances exam-
ined here the production of vorticity in the film
may take place over only a very small region
of the flow path, and that the rate-determining
process occurs at the smallest perimeter above
the highest liquid level as has been previous-
ly noted

Observations of the in-flow process, however,
were different from those just described for
outflow. With the probe tube opening into the
inner wall of the beaker as shown in Fig. 1,
or in a beaker with no step, during every in-
flow experiment for which z, &B, z& remained
at levels intermediate between s~ and z„ indi-
cating that for inflow pf(s) is no longer a well-
defined step function. When both the inside
and outside surfaces of a cylindrical beaker
were probed during inflow, the same effect
was observed in the probe tubes opening onto
the inner wall, and in addition pf was found

to be constant from zo to the rim, so that changes
in pf were confined to the region between the
rim and ~~. From these observations we infer
the profile of gy in an in-flow experiment as
diagramed in Fig. 2(b).

In considering the origin of these results,
we first thought that because of the flow geom-
etry, bulk fluid droplets might form on the in-
side perimeter of the beaker and subsequent-
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FIG. 2. profiles of the chemical potential, pf; of
the film, along the flow path s at several different
times tz, inferred from probes described in the text;
p z and p 0 are the chemical potentials of the bulk liq-
uids inside and outside the beaker. The drawings have
been idealized so that the outside level remains con-
stant at zo and the inside level (z )t moves to equili-l n
brate with zo at t~. Along the abscissa, s, A is the
beaker rim, and the solid triangles represent the
points at which pf. is probed, with the open squares
showing the probe observations and the solid squares
representing the bulk-liquid levels. (a) Outflow from
the beaker shown in Fig. 1, where B represents the
location of the constriction in the beaker; between t3
and t4 (when the inner level passes the constriction B)
the position of the potential drop shifts from A to B;
(b) Inflow into a cylindrical beaker of constant diam-
eter.

tioned effect is considered to be real and to
indicate that vz ~ during an in-flow experiment
may be exceeded and vorticity production may
occur over a large portion of Sf and not just
at a single point. These observations also show
that the efficacy of the probe is insensitive to
the geometry of the orifice.

Some outflows were also observed for the
beaker shown in Fig. 3 with results typified
by the schematic time-versus-height plot giv-
en in the figure. The outflow begins as expect-
ed with the three zg's all following z;, but then
suddenly the levels in the side tubes drop to
an intermediate height accompanied by an abrupt
reduction in the emptying rate. The onset of
the new rate sometimes occurred spontaneous-
ly, sometimes could be produced by brief (-10
sec) illumination of the region near the rim
with a flashlight, and at other times could be
produced only by drastic perturbations of the
system. In an experiment at 1.52'K, the film
flow rate R changed (via flashlight) from 9.7
&&10 ' to 8.0 &&10 ' cm'/cm sec.

Eselson and Lasarev' have reported enhanced
rates of the emptying of a beaker when the bea-
ker is filled by plunging it into the bulk liquid
as compared with when the beaker is allowed
to fill by film flow. Recently Allen and Math-
eson' have made careful measurements of this
effect and find the "normal" filling and empty-
ing rates for glass beakers at 1.52' to be 8.0
x10 ' and the corresponding enhanced rate to
be 9.8 x10 ' cm /cm sec. Since for our emp-
tying experiments the beakers were filled by
plunging, it appears likely that we are observ-
ing the same phenomena as these previous in-

5

ly drain into the tube, giving a spuriously high
value of z& on the inside surface. To test this
hypothesis, the beaker shown in Fig. 2 was
constructed with three side tubes of equal ra-
dius but with differing orifices. Tube 2 has
the same opening as the tube shown in Fig. 1,
while tubes 1 and 3 have orifices which prevent
direct drainage. During in-flow experiments
with this beaker, it was found that indeed the
equilibrium level was reached more rapidly
in tube 2 than in the others, but that all three
nevertheless settled down to the same level
in a time short compared with the flow process
into the beaker. Therefore, the above-men-
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FIG. 3. Beaker (left) with three different probe ori-
fices used for investigating drainage effects during in-
Qow. It is shown here at the beginning of an out-flow
experiment, the level history of which is given on the
right; the change in rate (slope of z~ vs t) followed a
10-sec illumination of the beaker rim by a Qashlight.
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vestigators. Similarly, our filling experiments
should correspond to the normal" filling pro-
cess.

Allen and Matheson' have interpreted their
results by assuming that there are two types
of films, "thick" films formed by the plunging
procedure and "normal" films. The present
experiments suggest that such an assumption
may not be necessary, but rather that changes
in the profile pf (s) and a redistribution of the
vorticity production areas in the film are re-
sponsible for switching the rates. This view-
point is consistent with recent observations
made by us on the isothermal flow of He II through
narrow slits. 7 When the liquid was driven by

a gravitational head such that throughout the
experiment v~ &v~ ~, the pressure difference
~I', and hence ~p, also, was shown to be equal-
ly distributed (statistically) over the entire
length of the slit. In this case the reproduc-
ible flow rates obtained were consistently low-
er than when the fluid was driven with a plung-
er beginning with v~ (vz z. In the forced-flow
experiments, it appeared as if vorticity was
preferentially produced at certain sites not
uniformly distributed along the channel.

The probings reported here serve to illumi-
nate some of the gross features of film flow.
Further studies are in progress with multiple
probes in order to define py(s) more complete-
ly in various geometries and, in particular,
to investigate to what additional extent changes
in R are accompanied by changes in the chem-
ical potential profile.

The authors are indebted, of course, to Dr.
B. D. Josephson for his original comments,

and as well to Dr. E. Huggins for stimulating
discussions, and to Mr. A. P. Roensch for his
painstaking and ingenious glass blowing.
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The hyperfine field distributions at both the host and the impurity nuclei in iron-rich
Fe-Mn and Fe-V alloys have been examined by nuclear resonance techniques.

In this Letter we report the observation of
corresponding satellites on the host and im-
purity nuclear resonance lines in Fe-rich al-
loys containing small concentrations of either
Mn or V. The most striking result of this study
is the observation of almost identical hyper-
fine spectra in the Mn and Fe nuclear reso-
nances in the Fe-Mn alloys. This is interpret-

ed as evidence that the changes in the hyper-
fine fields at nuclei near a Mn impurity arise
predominantly from induced changes in the con-
duction-electron spin polarization (cesp). In
the Fe-V alloys no simple relationship between
the hyperfine field distributions is found for
the Fe and V spectra. Here it appears that, in
addition to perturbing the cesp, a V impurity
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