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ABSTRACT. We review measurements of the thermal transport of ‘He films and *He—"He
mixture films near the superfluid transition. These measurements were performed on helium
films of thickness ranging from 12 to 156 A and mixture films with *He concentration up
‘to 2%. The superfluid transition temperature for these films ranged from 1.2 to 22 K.
We discuss universal features of the data as well as the behavior of the ratio of the
vortex diffusion constant to vortex core-parameter, the sharpness of the transition and
the superfluid transition temperature as a function of thickness and concentration. We also
describe new experiments that will contribute to a better understanding of the observed
behavior.

PACS: 64.70.—p; 64.70.Rh; 67.70.4n

1. INTRODUCTION

The superfluid transition of *Ile when physisorbed on a two-dimensional (2D) sub-
strate is described in terms of the vortex-antivortex unbinding theory of Kosterlitz
and Thouless (KT) [1,2]. Using renormalization group techniques, Kosterlitz and
Thouless solved the problem of a dilute gas of logarithmically interacting vortex-
antivortex pairs. These pairs’ unbinding mechanism is a cooperative effect which
destroys the algebraic long-range order of the system at a nonzero superfluid density.
Many of the predictions arising from the KT theory have been extensively studied
and verified [3,4].

The superfluid transition is in the same universality class as, for instance, 2D
melting, the superconducting transition in thin films, and some transitions in liquid
crystals. It is thus of considerable theoretical and experimental interest. Indeed,
there are several aspects of the superfluid transition which merit further attention.
Among them, there is the question of how this transition is modified when one
deals with helium films much thicker than a few monolayers (1 layer = 3.6 A). It is
expected that, as long as one is in a temperature region where the 3D correlation
length is larger than the film thickness, the 2D behavior should be manifest. If
the film is made thicker, this should be modified as the critical behavior should be
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relegated to a progressively narrower region in temperature as the film’s 7. (the 2D
superfluid transition temperature) approaches the bulk T). It is then possible to
study the universality of the KT transition in *He films as a function of thickness.
This is analogous to the study of the critical behavior at the 3D superfluid transition
along the lambda line on the pressure plane [5].

In the case of liquid helium, there is, in addition, the possibility to study the
universal character of the superfluid transition in the presence of 3He. When 3He is
added to "He, its effect on the superfluid transition can be viewed as an example of
renormalization of a phase transition [6]. Although mixture films can be regarded as
the 2D analog of 3D mixtures, they are substantially richer in possibilities because
of the important roles played by the liquid-solid and liquid-vapor interfaces, as well
as the arrangement of the *He atoms relative to and along these interfaces.

In this paper we review studies of the universality of the Kosterlitz-Thouless
transition as a function of thickness (pure films) and He concentration (mixture
films). Thermal conductivity measurements were chosen as the thermodynamic
probe to perform these universality studies. The thickness of the helium films ranges
from d = 11.7 to 156 A, while concentrations of >He up to 2% were studied. The
superfluid transition temperature for these films ranges from 1.28 K to nearly the
lambda temperature of 2.17 K.

Below, we discuss the theoretical background behind the measurements. We fol-
low this with a discussion of the experimental details, data and data analysis. After
a summary and conclusions, we discuss possibilities for future work.

2. THERMAL CONDUCTION IN HELIUM FILMS

The thermal conductivity of helium films has been studied in a number of experi-
ments [4,7]. One of the interests in this particular thermodynamic response is the
fact that the transport of heat in a helium film, near the superfluid transition, is a
convective process. The convective mechanism involves mass transport across the
opposite ends of an experimental cell. The superfluid film flows toward a hot surface
where it evaporates by absorbing latent heat. A pressure gradient then drives the
gas toward the opposite cold surface where it completes the cycle by recondensing
liberating its latent heat. Clearly, such a convection mechanism is realizable only
when the vapor pressure of the gas is sufficiently high. In practice, this means
temperatures above 1.1 K and superfluid films thicker than 10 A.

The superfluid phase of helium films, understood in terms of the Kosterlitz-
Thouless theory, consists of a background superfluid density pg, which is stabilized
and modified by the presence of pairs of vortices of opposite circulation. At the
superfluid transition, and due to thermal fluctuations, vortices paired at the largest
separation become separated. This process continues as one increases the tempera-
ture further until pairs at all length scales are no longer bound. It was pointed out by
Ambegaokar, Halperin, Nelson and Siggia (AHNs) [8] that the convective conduction
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FIGURE 1. Schematics of thermal conduction experimental cell.

of a helium film near the superfluid transition should be inversely proportional to
the density of free vortices ng, hence, the square of the 2D correlation length. We
note that the 2D correlation length can be viewed as the average separation of the
unbound vortices. Thus, measurements of the thermal transport provide an indirect
measurement of the 2D correlation length.

Expressions for the thermal conduction of helium films, appropriate for the geom-
etry used in these experiments, were derived in great detail by Teitel [9]). The situa-
tion considered is that of an experimental chamber consisting of two parallel surfaces
linking two plates (see Fig. 1). One plate is maintained at a constant temperature
To, while the other is heated (Q) above this by an amount AT'. In response to this
temperature difference, the superfluid component of the helium film moves towards
the heated plate. The normal (viscous) component of the film remains clamped
to the substrate by its own viscosity. Helium atoms evaporate at the heated plate
by absorbing latent heat. The pressure gradient, which is established across the
experimental cell, drives the gas towards the cold plate where it recondenses by lib-
erating its latent heat. In summary, the superfluid moves in one direction, while the
refluxing gas moves in the opposite direction. An actual mass transport takes place.

The convective thermal transport mechanism is described by the time indepen-
dent hydrodynamic equations of third sound including two modifications [9]. A
dissipative term due to vortex motion must be included in the equation of the
superfluid; also, p,, the superfluid density which is zero above T, must be replaced
by pso, the background superfluid density containing all excitations non-relevant to
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the KT theory. Then, solving the modified hydrodynamic equations, one finds

2 -1
W R\?Dn;  249T
Q_ELAT[(m) Losy ] , (1)

Pzl

where L is the latent heat, W and L are the film perimeter and the distance the
film flows respectively, D is the vortex diffusion constant, v the gas viscosity, Py
the gas density and ! the spacing between parallel surfaces.

In order to extract the superfluid helium film conductivity from Eq. (1), the
following considerations must be kept in mind. One must allow for the parallel heat
conduction associated with the structural materials of the cell, the diffusive heat
conduction of the gas itself, and, in principle, of the film as well. These contributions
can be lumped together in a term K}, a small background conductance. Also, to
be able to get heat in and out of the helium film, one must overcome a boundary
resistance Ky, which is in series with the convective film mechanism. Therefore, in
an actual measurement, the measured thermal conductance K, is given by

> Q . " ” o
I\mzﬁzﬁb+(Kr1+Ksl+Kk1) " (2)
where we have arbitrarily separated the film flow and gas refluxing terms as Ky and
Kg. In a properly designed experiment one wants

Ky < K; € Kg = K. (3)

If Eq. (3) holds, then, from Eq. (2) we see that K, ~ Ky yielding directly the
density of free vortices. Following AHNS, n¢ can be assumed to be proportional to
the square of the inverse of the 2D correlation length above T,

g = Ff;z = Fa~ 2 exp(—4nt~%5/b), (4)

where t = (T/T, — 1) is the reduced temperature, and b, is a constant which may
depend on the film thickness and is not a universal number for different 2D XY
systems, F' is a constant of order unity reflecting the proportionality between the
free vortex density and the correlation length. The constant a is the vortex core
parameter which may also depend on the thickness of the helium film. From Eq. (4),
we write for the film conductivity

" 1
Ky = C°F (%) [kg (%) a%] exp(47rt~%3/b)

= f(T)ag exp(4rt=%3 /b). (5)
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From Eq. (5) we see the strong exponential temperature dependence that K is
expected to exhibit near 7. In an actual measurement this divergence is, however,
limited by Kg, K or both; and, above and away from T, one cannot obtain Ky
once it falls substantially below the background conductivity Ky.

Measurements of the thermal conductivity of helium films are clearly very in-
formative. In the zero power limit, they yield direct information on the values of
D/a? (up to the constant F of order unity) and b, which reflects the sharpness of
the transition. These parameters, as well as T,, can then be studied as a function of
helium film thickness and the universality of the 2D superfluid transition explored.
Further, if Eq. (5) holds for mixture films, the dependence of these parameters on
concentration can also be studied. Finally, knowledge of the thermal conductivity
of the films provides indirect information upon the behavior of the 2D correlation
length.

3. APPARATUS AND PROCEDURE

Two experimental cells were designed to optimize our thermal conductivity studies
as a function of helium film thickness. They are described below.

A. Ezperimental cells

The first cell used, shown at the top of Fig. 2, consisted of a strip of Mylar, 300 cm
long, 2.5 cm wide and 2.54 um thick that was wound in a cylindrical geometry with
a 100 pm paper spacer at the ends. A relatively open space between Mylar [10]
layers was ensured. This minimizes a possible viscous drag between the refluxing
film and gas that could limit the convective heat transport and prevents capillary
condensation. Small holes were punctured randomly in the Mylar strip to aid in
vapor equilibration.

A leak-tight seal to the copper plates was achieved by using 50 pm thick Kapton
type H [10] sheet. The Kapton was formed into open end cylinders and sealed along
its length with 1266 Stycast [11]. After placing the Mylar ribbon within the Kapton
walls, the assembly was epoxied to the copper plates using a mixture of 1266 Stycast
and copper powder. The expectation was to improve the thermal contact between
the helium and the copper plates where the temperature is measured.

A heater and a germanium thermometer were positioned at the bottom plate. A
second heater and a similar germanium thermometer were placed at the top plate.
These previously calibrated and fairly well matched thermometers were used in a
differential temperature measurement [12]. The top copper plate was also provided
with a carbon glass thermometer for temperature regulation and a vapor pressure
gauge [13] to monitor the pressure within the experimental cell.

The arrangement described above was found to be suitable for measuring films
up to about 58 A thick. Thicker films were studied using the experimental cell
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FIGURE 2. Cross sectional view of experimental cells. V.P. denotes the vapor pressure
gauge. The symbol @ denotes two germanium and one carbon glass thermometers,

shown at the bottom of Fig. 2. This consisted of two copper plates linked by 25
Kapton rings 0.44 cm wide and 50 pm thick. The diameter of the rings increases
from 1.3 to 4.2 cm in steps of about 0.1 cm. This more open arrangement avoided
capillary condensation and thicker films were studied.

The thickness of the helium film in this cell is controlled by varying the liquid
level in the helium reservoir attached to the bottom of the cell. The thickness as a
function of height can be calculated from the van der Walls interaction of the ‘He
atoms with the Kapton substrate. This is done by using a procedure described in
detail in Ref. [14]. In cell one, the thickness was calculated from knowledge of the
low temperature surface area.

With these two cells we were able to measure films ranging in thickness from 11.7
to 156 A, and T: ranging from 1.28 to 2.16 K. We emphasize that possible errors
in our measurements associated with film thickness are quite different in the two
experimental cells. It is then very important that the results from these two cells
are consistent. Measurements of mixture films were only performed using the first
experimental cell.

B. Temperature control and measurement

Temperature resolution and stability are vital in measurements of the thermal con-
ductivity. The experimental cells were placed within light shields and attached to a
*He-evaporator which was left self-regulating at the lowest temperature (~ 1.25K)
or electronically controlled at a temperature just below that of the cell. This is



SUPERFLUIDITY IN TWO-DIMENSIONS. .. T

accomplished using a resistance bridge and proportional-integral-differential feed-
back to a heater. The cell fill line, which runs through a vacuum line to room
temperature, was weakly linked to the evaporator and regulated at about 3 K.

One end of the experimental cell was regulated using the carbon glass thermome-
ter. Better than 1 uK regulation was achieved for most of the temperature range.
The absolute temperature was determined from the germanium thermometers pre-
viously calibrated against the T58 “He vapor pressure scale [15]. The Joule-heating
in the germanium thermometers was kept in the nano to pico-watts range.

To obtain the thermal conductance one has to determine the temperature dif-
ference between the regulated plate and the heated plated for a given heat input.
This was accomplished via a differential temperature measurement between the two
germanium thermometers. They were part of a Zair-Greenfield [16] bridge using a
precision 7 decade ratio-transformer as the balancing element. Temperature differ-
ences of 0.5 uK were reliably resolved. A more detailed discussion can be found
elsewhere [12].

The procedure for data taking is as follows. A signal proportional to the temper-
ature difference across the cell is monitored as a function of time in a strip-chart
recorder. After heating the bottom plate and upon reaching equilibrium, the trace
in the recorder is averaged from 5 to 30 min. for thermal noise. The conductance
is determined as the ratio between the heating power applied and the temperature
difference. For most of the temperature range, the conductance is determined at
several heating power levels and extrapolated to the zero power limit [17]. The
absolute temperature associated to each conductance data point is the average
temperature of the cell. Clearly, for this average to be meaningful, the temperature
difference across the cell has to be kept to a minimum.

C. Film thickness depletion. Addition of 3He

As stated previously, knowledge of the low temperature surface area, which is de-
termined from nitrogen adsorption isotherm, is necessary to calculate the helium
film thickness. When helium gas is condensed from room temperature into the
experimental cell, some of it remains in the gas phase in equilibrium with the
film. This can be calculated from the gas pressure as measured with the in situ
capacitive pressure gauge. Furthermore, as the temperature is increased during the
measurements, some of the film is evaporated thus thinning. By monitoring the
pressure changes, this film depletion can be calculated. A self-consistent correc-
tion is applied to the data so that it represents a constant film thickness conduc-
tance [12].

Finally, once the measurements with pure ‘He films were completed, a 19.1 A
film was condensed in the experimental cell. The change in pressure was moni-
tored as small doses of *He were added. As the addition takes place, the pressure
raises quickly, eventually decreasing to an equilibrium value larger than in the pure
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FIGURE 3. The measured conductance Ky, in W/K on a log scale as a function of temper-
ature for the ten thinnest films. Numbers refer to thickness in A.

film case at the same temperature. Knowledge of this pressure difference allows
to calculate the amount of *He in the film. The concentration is thus defined as
the amount of 3He in the film divided by the total amount of *He and “He in the

film [18]. Proper mixing was ensured by annealing the mixture film at 4.2 K for
several hours.

4. DATA AND ANALYSIS

Data for our experiments have been taken over the period of several years involving

the two experimental cells described above. We summarize the results in what
follows.

A. *He films

The measured conductance Ky, for all films studied is shown in Figs. 3 and 4. As
already discussed, it contains contributions from several conductances (see Eq. (2))
from which the film conductance needs to be extracted. Prior to any analysis, it
is evident from the above figures that, as one increases the film thickness, the
superfluid transition becomes sharper. Then, the parameter b must increase with
thickness.

The convective film conductance can be extracted following any of two methods
described in detail in Ref. [12]. The choice of method of analysis is of no consequence
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FIGURE 4. The measured conductance for thick films as a function of temperature. Notice
the expanded temperature scale relative to Fig. 3.

to the general conclusions of this paper as we will emphasize trends in the data
Data analyzed using method 1 was presented in Ref. [19)].

Results for some of our data as analyzed using method 2 are shown in Fig. 5. The
convective film conductance changes by 4 orders of magnitude over the temperature
range shown. It is evident that all films exhibit a strong singularity at the superfluid
transition temperature which extends over a progressively broader region as the film

becomes thinner. For the thickest film studied, this region is 3-4 mK, increasing to
nearly 100 mK for an 11.7 A thick film.

From Eq. (5) we see that the quantity Kf/f(T) can be least square fitted to
extract the parameters D/a?, b, and T.. This was done to obtain the solid lines
shown in Fig. 6. These are semilog plots of the scaled film conductance Kt/ f(T) vs
t~1/2, The data is expected to fall on straight lines on these plots.

The behavior of these parameters as a function of helium film thickness, or equiv-
alently, vs. T\ — T, is best illustrated in Figs. 7, 8 and 9. The most relevant features,
as seen from these figures, can be summarized as follows:

1. The parameter D/a® decreases by about three orders of magnitude as T — 7,
changes from 1 K to 0.01 K. It is about 10'® sec™! for the thinnest films decreasing to
107 sec™! for the thickest. This decrease might be expected both from the behavior
of D and a. The diffusion constant is a measure of the ability of vortices to move
along the film. This is influenced by interactions with the substrate and thermal

excitations. The latter increase with temperature tending to decrease D. The vortex
core parameter a, is expected to be proportional to the 3D correlation length. This
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FIGURE 6. The scaled conductance plotted against t=°3 to test Eq. (5). The solid lines are
least squares fits. Symbols as in Fig. 3.

increases as one approaches the lambda point, eventually diverging. A larger vortex
core parameter tends to decrease the ratio D/a?.

2. The parameter b, which characterizes the sharpness of the transition, increases
by approximately an order of magnitude in the same range of T — 7. This implies



SUPERFLUIDITY IN TWO-DIMENSIONS. .. 11

T =TT | () I I 147

12" e

E: ‘dﬁ]

4 ;A

P / 4
i /
‘ +

O

& 1m% 5 E

o 3 £ 4 =

—r ] / ]

N 1 7 ]

N . -

@ 4 / J

3 7

19 %o ELai =

3 = 3 ]

1 b T ]

: ]

T T T IITIT] T T T | S I NN |

2.1 @.1 1

Ty= Te (KD

FIGURE 7. The ratio vortex diffusion constant to the square of the vortex core parameter
as a function Ty — T..

4 :
I
60, 1
4+ 1
%
40 ' -
\
8 \ = 1]
- \ -
st
~
20~ S ]
-."'_‘ + 4
= el B
- + +'_' e -
* o+
%) ; T T T T T T T i
@.e Q.2 0.4 0.6 0.8 1.9
Ty= Te LK

FIGURE 8. The parameter b as a function of T — T..

that the 2D behavior is relegated to a narrower temperature range closer to T,
as the film thickens. In fact, the increase of b can be understood using scaling
arguments involving the vortex core energy and the shift in 7. with thickness [20].
Also, b describes the strength of the t1/2 cusp in the superfluid density, o,, near
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T, [8]. These results imply that it becomes progressively harder for thicker films to
extract the universal jump in o, at T..

3. The critical temperature 7,, the parameter most precisely determined from
the data, as it is unaffected by the method of analysis, does not scale as expected
on the basis of the 3D correlation length, d o (Ty — T:)~". One finds that for films
thicker than 20 A, an exponent of 0.52 £ 0.01 instead of 0.672 is obtained. Thus,
the finite size scaling hypothesis for the temperature shift does not work [14,21,22).

4. The measured conductance, even for our thickest films, shows no evidence of
dimensionality crossover. For the thickest film studied, with 7. only 15 mK away
from T}, the smallest value of measured conductance is several orders of magnitude
above the highest measured diffusive conductance for bulk helium above Ty. The
data is also well described by the KT type of exponential fit. Thus, we have found
no evidence of a crossover in temperature dependence from an exponential (2D) to
a power law (3D).

B. 3He-*He mizture films

Once the above described measurements were completed, some of the *He was
removed from the experimental cell 1. The amount of *He left in the cell was
chosen to match the 19.1 A film previously studied. A few data points were taken
to satisfly ourselves that a good match with the original 19.1 A film was obtained.
3He was added and several concentrations, up to 2%, studied. The cryostat was
warmed up to room temperature and on a subsequent cool-down, a 14.7 A film was
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FIGURE 10. Measured conductance for a pure 14.7 A film and several *He concentrations.
The numbers refer to the percent concentration in the film.

condensed. The thermal conductance for this pure film was measured. Doses of *He
were later added and the-mixture films studied.

The measured conductance for the 14.7 and 19.1 A films and several concentra-
tions are shown in Figs. 10 and 11. The data are labeled by the percentage of *He
in the liquid. From these.figures, several features of the data become evident as
the temperature is lowered: the sharp rise associated with the superfluid transition,
the shift in 7, upon addition of 3He, and the dramatic decrease in the largest
measured conductance below the superfluid transition as a function of increasing
concentration.

The mixture film conductance is extracted similarly to the pure films case and is
shown in Fig. 12. The scaled conductance is plotted against the reduced temperature
on a semilog scale to test for the critical behavior found in pure films. This is shown
in Fig. 13 for both mixture films. The solid lines indicate least squares fits to the
data with D/a?, b and T, as parameters. The dependence on concentration of these
parameters is illustrated in Fig. 14.

Based on the previous figures, the results for mixture films are summarized below:

1. The thermal response of mixture films near the superfluid transition is univer-
sal in character. The exponential divergence observed for pure films is retained for
mixture films. However, a strong renormalization of the extracted parameters as a
function of concentration is found.

2. The parameter D/a* decreases sharply upon addition of *He, reaching a
nearly independent of concentration value which is a factor of 20-100 times smaller
than the pure film, depending on pure film thickness. This effect might be under-
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stood [18,23,24] in terms of increased scattering between the free vortices and the
now present *He normal impurity which lowers D. It can also be attributed to the
added *He atoms residing preferentially at the vortex cores. This “heavier” vortex,
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of larger core radius, would find it more difficult to “diffuse”. The ratio D/a* would

be smaller as found from the measurements. The anparent threshold concentration
of about 0.1% remains to be explained.
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3. The parameter b increases as *He is added, approaching a nearly independent
of concentration value twice as large as that of the parent pure film. This reflects
the fact that the 2D behavior take place over a narrower temperature range closer
to the transition temperature. Given that Ky is proportional to &;p, this implies
that the 2D correlation length decreases upon addition of *He. This is opposite to
what is observed in bulk mixtures [25].

4. A rather striking and yet unexplained feature of the mixture data at low
concentrations is the fact that the transition temperature for mixture films shifts
above that of the pure film. This is contrary to the expectation of a lower transition
temperature as the addition of *He increases the normal component of the film. This
trend eventually reverses at larger concentrations.

5. The largest measured conductance on the superfluid side of the transition
decreases sharply upon addition of *He. This can be partly understood in terms
of a *He-*He scattering mechanism in combination with a 3He-induced free vortex
density [18,23,26].

It is evident from the above discussion that a variety of features have been
unveiled via thermal conductivity. Some of the observations are rather puzzling,
unexpected and yet to be explained. More work is necessary to obtain a better
understanding of the observed behavior. Future experiments are detailed in the
following section.

5. CONCLUSIONS AND FUTURE WORK

Measurements of the thermal conductivity of helium films are clearly quite infor-
mative. A great deal has been learned regarding the 2D superfluid transition. With
this work we have checked the universality of this transition as a function of thick-
ness, or, equivalently, transition temperature. We have found that the predicted
exponential divergence holds for all films studied. Results from this study show a
strong thickness dependence of the two characteristic parameters for the thermal
conduction, namely, the ratio of diffusion constant to vortex core parameter, D/a?,
and the non-universal constant b. No crossover in dimensionality was observed as the
Kosterlitz-Thouless behavior was retained up to the thickest films studied. Further,
it was shown that the shift in transition temperature as a function of thickness was
governed by an exponent less than that of the three-dimensional correlation length.

We have also described our measurements of the convective conductance of
3He-*He mixture films. This thermal response was tested for the critical behav-
ior observed in pure films. This is preserved for the mixture films, i.e., the expo-
nential divergence retained. The extracted parameters D/a? and b are, however,
strongly renormalized and exhibit an unusual concentration dependence. They
sharply change at low concentrations approaching a nearly concentration inde-
pendent value upon exceeding a threshold concentration. The largest measured
conductance was shown to drastically decrease upon addition of *He. Also, the
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transition temperature was found to increase above that of the pure film at very
low concentrations.

We have pointed out several interesting and unexpected features of the data.
Further experiments are therefore necessary to elucidate some of the described
puzzling features of the thermal conduction data.

Regarding pure helium films, it is necessary to address the issue of dimensionality
crossover. Thicker films with transition temperatures near the lambda point need
to be studied. Such a study will require to improve the temperature resolution to
nano-Kelvin. The non-universality of the parameter b, whose growth it is believed
parallels that of the 3D correlation length, can be studied as a function of substrate.
The behavior of D/a?, changing by 3 orders of magnitude as a function of thickness,
should be investigated on a different substrate. Also, helium films can be adsorbed
in porous materials containing non-interconnecting nearly cylindrical pores (glass
capillary arrays) or completely interconnecting pores (Vycor, Aerogel glasses). The
effect of the different topologies on the superfluid behavior could then be investi-
gated via thermal conductivity measurements. Indeed, heat capacity measurements
on these porous glasses have shown to be quite interesting [27,28].

As far as *He-*He mixture films, there are even more open questions. Mixture
films thinner and thicker than measured in this work need to be studied. These stud-
ies should emphasize the low concentration regime. In fact, several orders of magni-
tude in concentration are experimentally accessible. Then, the dependence of D/a*
and b on concentration could be accurately established. A complete diagram D/a*
or b-"He thickness-*He—*He concentration will be generated. Functional dependen-
cies will be established. Such studies will also allow to follow the anomalous shift
in transition temperature above that of the parent pure film more accurately. One
should also explore if the largest measured conductance decreases continuously with
the addition of *He or an asymptotic value is obtained. These measurements will
clearly contribute to the understanding of the mechanism governing these eflects.

In conclusion, thermal conductivity measurements have provided extremely in-
teresting results that need to be pursued further. Some of the proposed experiments
are presently underway at Kent State.
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RESUMEN. Revisamos mediciones del transporte térmico de peliculas de *He y mezclas
de “He-*He cerca de la transiciéon superfluida. Presentamos un resumen de los resultados
obtenidos con peliculas de helio con un espesor desde 12 a 156 A y mezclas con concen-
tracién de *He hasta 2%. Ll rango de temperatura en estas mediciones es de 1.2 a 2.2 K.
Discutimos propiedades universales de estas mediciones como también el comportamiento
de la constante de difusién de vértices, el rango de temperatura y la temperatura critica de
la transicién superfluida como funcién del espesor y de la concentracion de las peliculas es-
tudiadas. Describimos nuevos experimentos que contribuiran a entender el comportamiento
observado



