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We have performed simultaneous measurements of the speed and at tenuation of a third sound wave on a 
glass and on a copper resonator. The third sound wave on the copper substrate is much more difficult to 
excite with a thermal method,  and we can only see third sound waves on the copper substrate for helium 
films thicker than 14 atomic layers. The measurements were done to prepare for third sound measurements 
in aHe films on a copper substrate below 1 mK. A cell has been prepared to use electromechanical excitation 
of the third sound waves which is suitable for these thicker films, and which avoids the extra heat input of the 
thermal excitation. With a small vibrating wire the difference in superfluid transition temperature between 
bulk 3He and 3He films can be determined. 

1. I N T R O D U C T I O N  

We have studied the possibilities of exciting and 
detecting third sound waves on a 4He film condensed 
on a copper substrate. We compared these results 
with measurements on a glass substrate which was 
mounted simultaneously in the cell. These experi- 
ments were done as a preparation for measurements 
on superfluid 3He films below 1 inK. 

2. E X P E t L I M E N T A L  C E L L  
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Figure 1. Schematic view of the experimental cell 
with the two bars, the heaters and the detectors close 
to the bottom plate. 

The experimental cell consists of a copper and a 
glass bar, diameter 10 m m  and length 30 ram, which 
are mounted at a distance of a few pm above a cop- 
per bot tom plate (See Fig.l) .  On both bars a gold 

heater strip is sputtered, on the copper bar insulated 
by a 12.5 p m  thick Kapton foil. The heaters are sit- 
uated at 900 with respect to the detector electrode 
on  the bar. Together with a second gold strip on 
the bot tom plate, also insulated by a 12.5 p m  Kap- 
ton foil, this detector electrode forms a capacitance 
which is incorporated in a resonant LC circuit driven 
by a tunnel diode. As the third sound wave passes 
the detector the capacitance and hence the resonant 
frequency changes. This change is converted to a 
voltage change by a PLL, amplified, filtered and av- 
eraged. [1] 

We can do time-of-flight measurements or create 
a standing wave pat tern along the circumference of 
the bar. 

3. RESULTS 

A cell with only the copper bar mounted was 
cooled to 50 mK where we did time-of-fiight mea- 
surements. We measured the third sound velocity 
and the attenuation as a function of temperature. 
We also did resonant measurements but due to the 
larger heat input, 300 pW in stead of 2 pW, the cell 
warmed up to 400 inK. The Q-factor of the reso- 
nance was about 40. 

Before mounting both bars we polished them us- 
ing an electropolishing method for the copper bar. 
With this cell we did only time-of-flight measure- 
ments at 1.25 K. 
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The signals on the copper substrate were much 
smaller and could only be seen at film thicknesses 
larger than 14 a.i. (1 a.i. = 3.6 /~). On the glass 
bar we detected signals at thicknesses larger than 6 
a.I. The third sound velocities do not differ much but 
the attenuation on the copper seems to be somewhat 
larger (See Fig. 2). 
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Figure 2. Time-of-flight measurements of third 
sound waves in a 4He films on the copper and the 
glass bar, using the same excitation energy. 

4. F U T U R E  P L A N S  

These measurements were done to prepare for an 
experiment with superfluid 3He films at tempera- 
tures well below 1 inK.  In this case we will use an 
electromechanical excitation method to reduce the 
heat input into the cell. This method works well 
for thicker films[l, 2]. Also incorporated in this cell 
will be a vibrating wire viscometer to determine the 
difference in the superfluid transition temperature 
of the bulk liquid and the film. The vibrating wire 
measures the transition in the bulk, while the onset 
of third sound waves marks the superfluid transition 
in the film[3] 
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