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The electric response of superfluid helium was measured when a second sound standing wave was generated
in a resonator cavity. The results were qualitatively in agreement with that of other research laboratories, but the
normalized signal strength was one order of magnitude larger reflecting the difference in electrode structure. The
temporal phase difference between the electric oscillation and the temperature oscillation was measured and
compared with the analysis. The result excluded a hypothesis that the electric response was induced by the ve-
locities of the relative motion of normal and superfluid components of liquid helium. We suggested a hypothet-
ical explanation of the electric response based on the oscillation of chemical potential of electrons in helium at-
oms. The effect of an external dc electric field was examined and no effect was observed. The heater power
dependence of the temperature oscillation and the electric oscillation showed the qualitative agreement with the

original experiment.
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1. Introduction

The relationship between the second sound in He Il
and its electrical characteristics was first observed by
Rybalko [1]. In the experiment, a second sound resonance
cavity with a heater on one end and an electrode on the
other end was used. When a second sound standing wave
was generated by the heater in the cavity, an ac electric
potential with respect to the ground was observed on the
electrode with the same frequency as the second sound.
This is an extraordinary result because liquid helium is
electrically neutral and does not exhibit spontaneous polar-
ization. He tested the reverse effect as well: When an ac
voltage was applied conversely to the electrode, a corre-
sponding temperature oscillation was observed by a bo-
lometer at the other end of the cavity. The second experi-
ment was done using a torsional oscillator [2], and the third
experiment was done using a microwave resonator [2,3].
The results of the second and the third experiments were

consistent with the first experiment [1]. After these exper-
iments, a lot of theories [4-9] have been presented in order
to understand this curious phenomenon. However, definite
theory has not been presented so far, and the discussion on
the experimental results is still going on.

Chagovets carried out similar experiments [10] con-
cerning the second sound resonance recently in different
cell size and obtained qualitatively similar results as those
in Ref. 1 He also performed the experiment [11] to detect
the electric response at excitation of first sound with a sim-
ilar configuration, except that the heater was replaced with
a piezoelectric mechanical oscillator. His result indicates
that the first sound also induces an electric response in
He Il [11], similar to the second sound. However, this re-
sult is contradictory with the experimental result of Ref. 1
which did not show any evidence of the electric response
at the excitation of the first sound. In Ref. 11, the author
estimated the pressure oscillation of the first sound and the
corresponding electric oscillation of the experiment in
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Ref. 1, and he concluded that the absence of the electric
response at the excitation of the first sound waves in Ref. 1
may be caused by insufficient power of the first sound os-
cillations. Since the experiments to search for the electric
response due to the first sound have been carried out by
only two researchers so far and their results are contradic-
tory, the data are not enough to get a definite conclusion at
this moment. This should be clarified by the accumulation
of the experimental results in different condition.

Although the experimental results are intriguing and
extraordinary, the experiments concerning the electric
response have been carried out in only two laboratories.
The original experiment was done by Rybalko [1] and the
following two experiments were done by Rybalko and
coworkers [2,3] in Kharkov. The first and second sound
resonance experiments were replicated by Chagovets [9-11]
in Prague. A comparison of the data would give infor-
mation to understand the physics of this system, and so it is
necessary to do the experiments with different equipment
and in different laboratories.

The experimental data obtained so far are limited to the
amplitude. Data on the temporal phase difference between
the electric oscillation and the temperature oscillation have
not yet been published. These data are important in the
analysis of the relationship between the induced electric
field and the second sound oscillation.

The purpose of this research is fourfold. Firstly, this re-
search aims to replicate the resonance experiment and to
confirm whether or not superfluid helium is electrically
activated by a second sound wave. We used a new elec-
trode structure, both for efficient detection of the signal
and to reduce interference caused by the heater voltage that
comes through a stray capacitance. A cavity with a cross
section area which is one order larger than that of
Chagovets [9,10] and two orders larger than that of
Rybalko [1,2] was used. Secondly, it is to get information
on the temporal phase difference between the electric os-
cillation and the temperature oscillation. We will discuss
about the possible reason of the electric response compar-
ing the experimental phase difference with the theoretical
analysis. Thirdly, it is to confirm if the effect of an external
dc electric field on the electric oscillation, which has been
suggested according to the theoretical consideration in
Ref. 8. Fourthly, this research aims to confirm the heater
power dependence of the electric and the temperature os-
cillations is consistent with the original experiment [9].

2. Experimental

Figure 1 shows the experimental setup which is divided
into 3 parts according to the temperature range. The low
temperature part is a second sound cavity immersed in lig-
uid helium. The middle temperature part is an amplifier
with a field effect transistor (FET) placed in the cold heli-
um vapor. The room temperature part is a lock-in-amplifier
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Fig. 1. Schematic experimental setup. The electric measurement
and the second sound measurement were carried out in the sepa-
rate runs, but a special care was taken to keep the temperature as
same as possible.

(LIA) with an internal oscillator, a power amplifier, and
some controllers. The cylindrical cavity is made of 1 mm
thick acryl pipe with 22 mm inner diameter and 44 mm
length. It has 4 holes of 1 mm diameter at the top and bot-
tom to admit the liquid helium in the cavity.

A heater is fixed on one end of the acryl pipe, and a pair
of electrodes and a thermal sensor are fixed on the other
end. The heater is made of a Manganin wire (0.2 mm in
diameter, 1.35 m long, 77.6 Q resistance) which is wound
on a square plate made of fiber-reinforced-plastic (FRP).
Since the wire is wound on both sides of the FRP plate, the
actual area which is exposed to the inside of the cavity is
26% of the total area, i.e., 20.2 Q is the effective resistance
contributing to the excitation of the second sound in the
cavity. An ac electric current with a frequency of f was fed
from the internal oscillator of the LIA to the heater through
the power amplifier and the coaxial cable. Because the heat
was generated with the double frequency of the heater cur-
rent, the LIA was referenced with the second harmonic
frequency 2f.

The pair of the electrodes is made as follows. A copper
plate on a printed circuit board is etched in a round shape
with a diameter of 22 mm which is the same size as the
inner diameter of the acryl pipe. This electrode is electri-
cally connected to the inner conductor of the coaxial cable.
The other electrode is a mesh made of copper wires with a
diameter of 0.3 mm and with a wire-to-wire distance of 2.2
mm, so that the liquid helium can go through easily but the
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electric field with a frequency of f generated by the heater
is shut out by a shielding effect. This mesh electrode is
electrically connected to the outer conductor of the coaxial
cable. These two electrodes are fixed in parallel with a
distance of 3 mm. To assure the electric shielding on the
backside of the electrode, as shown in Fig. 1, the copper
plate electrode is surrounded by a stainless steel foil con-
nected to the outer conductor of the coaxial cable which is
connected to the signal ground. The mesh electrode is
glued on the end of the acryl pipe as shown in Fig. 1. The
oxide layer of the electrode surfaces was removed by citric
acid before assembly.

A commercially available chip resistor (1.3x2x0.5 mm)
made of ruthenium oxide (RuOy) thick film with a nomi-
nal resistance of 10 kQ in room temperature was used as
a thermal sensor for the second sound detection. The re-
sistance at 1.7 K was approximately 35 kQ. This thermal
sensor connected to a coaxial cable was placed at the cen-
ter of the copper electrode located at the end of the cavi-
ty. A constant dc current of 1 pA was passed through the
sensor and the ac signal voltage was measured by the
LIA. When the electric activity measurement was going
on, the coaxial cable connected to the sensor was discon-
nected from the measuring circuit at room temperature
and was grounded in order not to carry a noise to the
copper electrode.

The signal voltage Vy, is given by Vi, = g/Cin, where q
is the charge induced on the copper electrode and Cj, is the
capacitance of the input circuit of the measurement system.
If we use a coaxial cable all the way from the low tempera-
ture electrodes to room temperature part, the input capaci-
tance is 200-300 pF. If we insert an FET amplifier after
the electrodes to make the input capacitance as low as pos-
sible, it is possible to get a larger signal. A 3SK294 MOS
FET chip was chosen due to its very small input capaci-
tance of 2.5 pF, and we adopted a source follower circuit
for making a high input impedance. Additionally, a small
capacitance coaxial cable was made which connected the
electrodes and the FET amplifier. The FET amplifier was
placed in the helium vapor, as it might be affected by the
heat wave caused by the second sound if it was in the lig-
uid helium. The total input capacitance was Cj = 26.7 pF
which was a value in parallel connection of the electrodes,
the input coaxial cable, the input capacitance of the FET
chip, and the rest of electric wirings. The net input imped-
ance of the FET amplifier was ~10 MQ. The FET amplifi-
er was electrically shielded by wrapping it with a stainless
steel foil connected to the ground. The characteristics of
the FET amplifier at low temperature were not significant-
ly different from those at room temperature. The actual
amplification factor (ac output voltage divided by ac input
voltage) of the source follower was 0.93 less than unity,
and it functioned as an impedance converter with a low
input capacitance.

Before conducting the experiment, it was confirmed
that the phase shift of the excitation voltage through the
power amplifier and the signal voltage through the FET
amplifier has no phase shift in the present experimental
frequency range of 100-700 Hz.

3. Results and discussion

3.1. Second sound resonance

A standing wave due to the second sound resonance
arises when the half wavelength A/2 multiplied by a natu-
ral number is equal to the cavity length L. In this condi-
tion, the resonance frequencies f, are given by the next
equation.

Vo _ nv,

2f, = ,
", 2L

«0)

where n is the natural number, f, and %, are the frequen-
cy and the wavelength of the nth resonance mode, respec-
tively, and v, is the velocity of the second sound [13]. The
factor 2 on the left side appears because the second sound
oscillates with the double frequency of the heater current.

The root mean square (rms) temperature oscillation Ty
can be converted from the measured rms value of the volt-
age Uy and the constant dc current | passing through the
thermal sensor.

_|dr

R Uy
aldT

= O]

where R is the resistance of the thermal sensor, and T is the
absolute temperature.

Figure 2 shows the resonance spectra of the second
sound at three different temperatures. The heater power in
the cavity was P/S = 8.95.107 W/cmz, where P is the
heater power and S = 3.8 cm? is the cross section of the
cavity cylinder. We could observe the first 6 modes of res-
onance, but it was difficult to record higher mode reso-
nances due to a large damping. The resonance frequencies,

60

f,Hz

Fig. 2. (Color online) Spectra of the second sound in different
temperatures. The numbers labeled near the peaks represent the
mode of resonances. Arrows indicate the calculated resonance
frequencies.
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calculated from the velocity of the second sound and the
length of the cavity, are shown by arrows in the figure. The
numbers labeled near the arrows represent the modes of the
resonances. The measured frequencies of the peaks agree
with the calculated ones for the 2nd mode resonance, but
they show a lower frequency than the calculated ones for
the higher mode resonances. Conversely, the first mode
resonance shows a higher frequency than the calculated
one. The reason for this small discrepancy is unclear but it
might be due to a so-called open end correction. There are
some spurious resonance peaks especially near the 1st and
6th mode resonances.

3.2. Electric response by the excitation of second sound

The rms voltage Vy, measured by the LIA was convert-
ed to the rms value of the electric charge oscillation g, in-
duced on the electrode. The conversion equation is the
following.

0 = CipV, = 26.7-10712 ., /0.93, ®3)

where V, is the rms voltage on the electrode and the factor
0.93 is an amplification factor of the FET amplifier.
In order to compare our results with other laboratories’
data, we normalized the temperature oscillation T; with a
power per unit area P/S and the Q-factor of the resonance

. 2
) PN

q, fC
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Q. The electric oscillation was also normalized with P/S,
the Q-factor, and the area of the electrode S. As a result,
the parameters can be expressed as follows:

Temperature oscillation:

To/{(P1S)Q} =T,S/PQ (uK-cm?- W), (4)
Electric oscillation:
da/{(P/S)QS} =04, /PQ (fFC-W™). (5)

We measured the voltage between the electrodes while
we were sweeping the frequency with a rate of 0.1 Hz/s
around the resonance frequencies. The heater power per unit
area P/S was the same as for the second sound measurement
in the previous subsection, P/S = 8.95.10 Wicm? The
clearest results with the least spurious signals were found
for the 5th mode resonances.

Left part of Fig. 3 shows the 5th mode resonance
curves of the electric (ga) and the temperature (T5) oscil-
lations around the resonance frequency at T= 1.76 K.
Both oscillations show the same resonance frequency fs =
=553.9 Hz, and the Q-factors of the both peaks are the
same Q = 369. Similar results were obtained at different
temperatures for the 5th mode resonance. The measured
temporal phases of the electric oscillation ¢, and the tem-
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Fig. 3. (Color online) Left: spectra of the rms electric (qy) and temperature (T,) oscillations. Right: the temporal phases of the electric
(pe) and temperature (ot ) oscillations, and the phase difference @g—¢7. The resonance frequency is f = 553.9 Hz. All the data are for
5th mode resonance at 1.76 K. Similar results were obtained in other mode resonances and at other temperatures. The graph shows that
the absolute temporal phase difference is close to \q)e -oT \ =180 deg.
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Fig. 4. (Color online) The temporal phase differences between
the electric ¢, and the temperature @t oscillations at the reso-
nance frequencies. The data shown here are taken from the rela-
tively clear oscillations accompanied by less spurious signals. As
the temperature increases, the error at data increases since the
signal contains more spurious signals. The data points seem to be
lying around |¢pe—¢7| =180 deg.

perature oscillation ¢y for the 5th mode are shown in the
right part of Fig. 3. In other modes of oscillation, the
graphs were less clear than the 5th mode, due to the spuri-
ous peaks present in the data. In principle, however, simi-
lar results were obtained in other modes. The temporal
phase difference ¢,—¢7 at the resonance frequency is
plotted in Fig. 4 for different modes and temperatures.

The other modes of resonances showed similar results
as for the 5th mode, though they showed stronger spurious
signals. In some modes of oscillation, the resonances were
smeared and it was difficult to get clear phase data. All the
results are summarized in Table 1. From this table, we can
see the following features.

Firstly, as the number of the mode increases, the normal-
ized peak value of the electric oscillation dramatically de-
creases while the peak value of the temperature oscillation

gently decreases. This suggests that the number of superfluid
components in the liquid affects the electric oscillation.

Secondly, the normalized peak value of the 1st mode
electric oscillation is much bigger than higher modes. To
compare with the results of Chagovets [9], we picked up
from his graph the signal voltage of the electric oscillation
50107 V, and the temperature oscillation 5.0-107 K, at
T = 1.725 K which is close to our temperature T = 1.76 K.
Using these values and his input capacitance Cj, = 260 pF,
Q-factor Q ~ 60, and the surface area of the electrode
S$=0.385 cmz, we can calculate from Eqgs. (3), (4), and (5}
the value ga/PQ = 6.3 fC-W ™ and T,S/PQ = 931 pK-cm> W™
for the first mode resonance. In contrast, our result at
T=1.76 K shown in Table 1 is go/PQ = 99.9 fcw™ and
TaS/PQ =270 uK-cmz-W_l. Our value of the electric charge
oscillation ga/PQ is 16 times larger than that of Chagovets
even though the temperature oscillation TaS/PQ is smaller.

This large difference might be explained by the differ-
ence in structure of the electrodes. In Ref. 9, a Corbino-like
electrode is used, which detects the potential difference in
the direction most efficiently perpendicular to the motion
of helium atoms driven by the second sound. On the other
hand, our electrode detects the potential difference in the
direction parallel to the motion of helium atoms. The elec-
tric potential difference seems to be produced naturally
along the direction parallel to the propagation direction of
the second sound.

Let us now estimate the Seebeck effect of the elec-
trodes due to the second sound wave. Since the Seebeck
coefficient Sg of copper in room temperature is of the
order of 1 uV/K, it is naturally expected that Sg << 1 uV/K
in the temperature range 1 K < T < 2 K. A thermoelectric
power Vi caused by the temperature difference between
the copper electrodes can be calculated by Vin = SedT,
where 8T is the temperature difference between the elec-
trodes. If we use the value 8T = 50 uK taken from the
Fig. 2, Vinh << 50 pV can be obtained. This value is 5 orders

Table 1. Comparison of the normalized peak value and the Q-factor of the temperature oscillation and the electric charge oscillation
in 1st to 6th mode resonance frequencies. P/S = 8.95.10" W/ecm® and S = 3.8 cm”.

T K 1st 2nd 3rd Ath 5th 6th
176 270 601 409 205 149 143

T, SIPQ (uK-cm™W ) 181 337 571 270 239 156 127
1.92 256 471 228 119 147 146

176 99.9 216 5.6 9.0 35 16

q,/PQ (fFcW ™) 1.81 444 6.1 8.1 5.7 0.6 0.9
1.92 52.4 33 22 74 0.8 1.0

Qfactor of emperature | 176 41 93 105 193 369 197
e 1.81 33 85 165 125 454 169

1.92 49 97 154 226 390 137

o tor of electric ch 176 32 54 135 127 369 353
Q- aCtorocs’C:I;Cigr']cc A1 181 37 153 83 118 389 165
1.92 45 152 147 239 220 205
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of magnitude smaller than the typical signal value of the
electric oscillation in the order 1 uV or more. From this
estimation, it can be concluded that the Seebeck effect of
the copper electrodes is negligible.

3.3. Phase difference between the electric and temperature
oscillations

We consider the spatial and temporal phases of the
temperature oscillation and the velocity oscillation of lig-
uid helium. As is well known, since the density of the
normal state p,, is a function of temperature [14], the tem-
perature oscillation T — T is in proportion to the density
oscillation p, —pno in a linear approximation, where Tg
and p, are the average temperature and the average value
of p,,, respectively. Then, we can write the proportionality
relationship with a constant o,

T-To =0y (Pn—Pno)- (6)

We introduce a symbol j, to denote the velocity density
vector of the normal component. Since the heat is trans-
ferred by j, in a space where the second sound is generat-
ed, the vector j, is related to the density oscillation
Pn —Pno By the equation of continuity within a linear ap-
proximation and without damping of energy,

0 -
_(pn _pnO):_azdleny (7
ot
where t is the time, and o, is a constant. Substituting
Eg. (6) into Eq. (7), we get the following equation with a
constant as,
é(T —To) = —(X3dian. (8)
ot

In the following three subsections, based on the Eq. (8),
we will discuss about the temporal phase difference between
the temperature oscillation and the velocity oscillation for
(a) standing wave, (b) progressive wave, and (c) mixed state
of the standing wave and the progressive wave.

3.3.1. Standing wave (resonant regime)

If we assume that the temperature oscillation in the res-
onant condition has a form

T Ty = V2T,c08 (kx+ @y )cos(wt +¢,), )

we obtain from Eq. (8) the velocity density of the normal
component along the x axis

iy :\/ETaiCOS(kX+(p1 +chos[mt+<p2 +£j, (10)
k(X3 2 2

where T, is the rms value of the temperature oscillation,
k is the wave number of the spatial oscillation, x is the po-
sition on the cavity axis with the origin set at the heater
position, ¢; and ¢, are the spatial phase at x = 0 and the
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initial temporal phase, respectively, and ® is the angular
frequency of the excitation heater current. From Eq. (9)
and Eq. (10), it is concluded that the absolute value of the
spatial phase difference between the temperature oscilla-
tion and the velocity density oscillation is n/2, and the
temporal phase difference is also n/2.

In the actual resonating cavity, the velocity of the oscil-
lating atoms is zero at the position on the heater and on
the electrode, and inversely the temperature oscillation is
maximum there. Thus, the spatial phase of the velocity
wave is shifted by /2 from the temperature wave. The
Egs. (9) and (10) are in agreement with the actual situation.
This supports the validity of these equations.

The integral of the electric field or the polarization
along the distance x is equal to the voltage. Therefore, the
temporal phase difference between the voltage and the
electric field or polarization is O or =. If we assume that the
electric field or polarization is induced by the velocity of
the normal component, the temporal phase difference be-
tween the voltage and the temperature oscillation must be
n/2 or —n/2, because the temporal phase difference be-
tween the velocity and the temperature is expected to be
n/2 or —n/2 as shown by Egs. (9) and (10). However, it is
seen from Fig. 4 that the observed phase difference is close
to n (=180 deg). This experimental fact excludes the hy-
pothesis that the electric field or polarization is induced by
the velocities of the relative motion of the normal and su-
perfluid components.

3.3.2. Progressive wave (non-resonant regime)

If we assume that the temperature oscillation of a pro-
gressive wave has a form

T —To = 2T,c0s(£kx + ot +¢), (11)

we obtain from Eq. (8) the velocity density of the normal
component along the x axis

g = FV2T, ——cos (+kx+ ot + @), (12)
ka3

where ¢ is the initial phase at x = 0. As shown in the pre-
ceding subsection (a), the temporal phase difference be-
tween the voltage and the electric field or polarization is 0
or «. If we assume that the electric field or polarization is
induced by the velocity of the normal component, it fol-
lows from Egs. (11) and (12) that the temporal phase dif-
ference between the temperature oscillation and the voltage
oscillation is 0 or =.

3.3.3. Mixed state of the standing wave and the progressive
wave

When the standing and the progressive waves are
mixed, the absolute value of the temporal phase difference
takes an intermediate value between 0 and n. Combining
the results of preceding two cases (a) and (b), the absolute
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value of the phase difference is expected to be n/2 at the
resonance frequency and it varies continuously to 0 or & as
the excitation frequency is swept away from the resonance
frequency to a non-resonance frequency. However, the
experimental phase difference shown in the right upper
part of Fig. 3 is close to |p —¢r|=m, and it is virtually
constant over the range starting from a resonance frequen-
cy to a non-resonance frequency. This discrepancy also
rules out the hypothesis that the electric field or polariza-
tion is induced by the velocities of the relative motion of
the normal and superfluid components.

3.4. Relationship between the temperature oscillation
and the electric oscillation

Chagovets [9] measured the heater power dependence
of the temperature and the electric oscillations. We at-
tempted to replicate this experiment. The results are shown
in Fig. 5. The value T, first increases Iinearlg with the
heater power, and saturates at P/S ~ 10 mW/cm~, which is
1/3 of that in [9]. This difference might be due to the dif-
ference in cavity size. The value ga linearly increases and
then starts decreasing at P/S ~ 7 mW/cmZ, which is in
agreement with that in [9]. Although there are some differ-
ences, it was confirmed that the general feature of the heat-
er power dependence is the same.

As shown in Fig. 5, both amplitudes of the temperature
oscillation and the electric oscillation increase linearly with

700
600 =
500 " r
%400

300 ) 1.76 K
200 s 181K |
100 |z

’.a ©1.92 K]

5 ) 10 15
P/S, mW/cm

=1.76 K_|
1.81 K
*1.92 K—

P/S, mW/cm®

Fig. 5. Heater power dependence of the temperature oscillation
T, and the electric charge oscillation ga. In high power or high
temperature, it was difficult to keep the temperature constant and
to get a stable resonance.
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the heater power around our experimental condition P/S =
= 8.95.10™ W/cm®?. The amplitude of the electric oscilla-
tion is in proportion to the temperature oscillation.

Since the temporal phase difference between the electric
and the temperature oscillations is — as shown in Fig. 4, if we
put the standing wave of the temperature oscillation

T Ty = v2T,cos(kx)cos(wt +¢5), (13)
then the voltage oscillation V can be written as
V =+/2aT,cos (kx)cos(wt +,), (14)

where o is a constant with a negative sign. With Egs. (13)
and (14), we can write V in proportion to T — T,

V=a(T-T). (15)

This equation is supported by the relationship between T,
and ga shown in Fig. 5, in a linear approximation where
the heater power is low.

Here, we present our hypothetical suggestion to explain
the electric response shown by Eq. (15). Since the density
ratio of the normal and superfluid components p,/ps is a
function of the temperature [14], the temperature fluctua-
tion induces the change in chemical potential Ap of the
electrons in helium atoms. If we assume that the voltage
oscillation is caused by the oscillation of the chemical po-
tential of the electrons in helium atoms, we can naturally
derive Eq. (15), as Ap o< T —Ty. This should be confirmed
by other experiments in the future.

3.5. Effect of external constant electric field

Adamenko and Nemchenko [8] developed a theory
based on the motion of quantized vortex rings (QVR).
They claim that, when a velocity w of the QVR is present,
an electric field develops in the He Il. The reasons for this
are an anisotropic dependence of the QVR energy on its
momentum when w is present and the existence of a QVR
dipole moment. They considered the case where the dipole
moment of a QVR is made up of its intrinsic dipole mo-
ment plus the dipole moment created by an external field.
Based on their theory, they suggested to conduct a new
experiment to apply a constant external electric field.

According to their suggestion [8], we applied a dc voltage
in the interval 0 V to 10 V between the electrodes while we
were measuring the ac voltage signal at the resonance fre-
quency in different temperatures and in different oscillation
modes. The results showed that there were no effects of the dc
voltage on the ac signal strength. Our results suggest that the
possibility of electric activity due to QVR is low.

4, Conclusion

We examined the electric activation of the superfluid
helium through second sound wave in a resonating cavity
one or two orders larger in size than those used previously
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by other researchers [1,9,10,15]. The electrode structure
was designed to detect the electric response efficiently.
The results showed much larger signals than other experi-
ments [1,9]. Analysis together with the measured value of
the temporal phase difference between the electric oscilla-
tion and the temperature oscillation excluded the hypothe-
sis that the electric field or the polarization was induced by
the velocities of the relative motion of the normal and su-
perfluid components. We suggested a hypothetical expla-
nation of the electric response based on the oscillation of
the chemical potential of electrons in helium atoms. Appli-
cation of an external dc electric field did not affect the
electric response, suggesting a low possibility of QVR
theory [8]. The heater power dependence of the electric
and temperature oscillation was measured and it replicat-
ed the original experiment [9].
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EneKkTpuyHUI Biaryk, SKnin BUKNMKaHO APYrMm 3ByKOM
y HagnNNMHHOMY renii

Hideki Yayama, Yugo Nishimura, Hiroka Uchiyama,
Hiroshi Kawai, Jean-Paul van Woensel,
Ali G. Hafez

BUMIpSHO €NEKTPHYHUI BIITYK HAJIUIHHHOTO TEJIi0 [PU I'eHe-
pauii cros;doi XBWIi APYroro 3BYKY B IMOPOXKHHHI pe3oHATOpa.
OrpuMaHi pe3ysbTaTi SKICHO Y3TODKYIOThCS 3 pe3yJIbTaTaMy iHIINX
JOCITITHULIBKUX J1abOpaTopiii, ane HOPMOBaHHH PiBeHb CUTHATY OYB
Ha TOPSIOK OUIbIIE, IO BHKIMKAHO IHIIOK CTPYKTYPOIO €JIEKTPO-
niB. B poboti BumiproBanacsi Ta aHajizyBajacsi pisHULS (a3 Mix
CJICKTPUYHMM KOJIMBAHHSM 1 KOJIMBAaHHSAM TeMIeparypu. B pesysib-
TaTi ZOCIIDKEHHs 0yI10 BUKITIOUEHO TIlOTE3y Mpo Te, 10 eNeKTPHY-
HUi BiAryK OyB BUKJIMKaHHH IIBUIKOCTSMH BiJHOCHOTO PyXy HOp-
MaJIBHOI Ta HAIUTMHHOI CKJIAZIOBUX PIIKOro reniro. My npHItycTim
TiIOTETHYHE MOSCHEHHS CJICKTPHYHOIO BIATYKY, 3aCHOBAHOTO Ha
KOJIMBaHHI XiMiYHOTO MOTEHLialy eIeKTPOHIB B aTomax remito. Ta-
KO’K BHMBYABCS BIUIMB 30BHILIHBOTO (C €IEKTPHYHOTO HOJIS, i Ipu
L[bOMY HISIKOTO BIUIMBY HE OYJIO BHSIBJIEHO. 3aJI€XHICTh KOJHMBaHb
TEMIIEPaTypH Ta EJCKTPUYHHX KOJIMBAHb Bijl OTYKHOCTI HarpiBaya
THOKa3aJIa SKICHY 3r0/ly 3 BUXiJHUM EKCIIEDHMEHTOM.

KimrodoBi crmoBa: HamIUIMHHUE Temidd, APYrWil 3BYK, pE30OHAHC,
€JIEKTPUYHA AKTUBHICTh, €IEKTPUYHUH BIATYK.

ONEeKTPUYECKUIA OTKITVK, BbI3BaHHbIN BTOPLIM 3BYKOM
B CBEPXTEKYYEM renmu

Hideki Yayama, Yugo Nishimura, Hiroka Uchiyama,
Hiroshi Kawai, Jean-Paul van Woensel,
Ali G. Hafez

W3mepeH 2eKTpUYeCKui OTKIIMK CBEPXTEKYUYero Iejusl Ipy re-
HepaIyy CTOsSUeH BOJHBI BTOPOTO 3BYKa B IOJIOCTH PE30HATOPA.
IomyueHHbIe pe3ynbTaThl KAYECTBEHHO COITIACYIOTCS C Pe3yibTa-
TaMH APYIHX HCCIENOBATENILCKUX Jab0OpaTopHii, HO HOPMUPOBAH-
HBI YPOBEHb CUrHaJIa OBbUT HAa OPAIOK OOJIbIIe, YTO 00YCIOBIEHO
HWHOW CTPYKTYpOH 2J1eKTponoB. B pabore m3mepsiiacy 1 aHamm3u-
poBajiack pasHOCTh (Da3 MeXIy 3JICKTPUUECKUM KosieOaHHeM U
KojebaHneM TeMmreparypsl. B pesymbrare mccienoBaHus ObLia
UCKIJIIOUEHA TUMOTE3a O TOM, YTO EKTPHYECKUI OTKIMK ObLT BBI-
3BaH CKOPOCTSIMH OTHOCHTEIBHOTO [BIDKCHUS HOPMAJIbHOH U
CBEpXTEKydeil COCTAaBIAIONIMX KHUIKOTO renust. Mbl IPeonoKu-
JIM THUMOTETHYECKOE OOBSICHEHNE HIEKTPHIECKOr0 OTKIIMKA, OCHO-
BaHHOTO Ha KOJEOAHWH XHMMHYECKOTO MOTEHIHalla 3JIeKTPOHOB B
aromax requst. Taroke M3ydanoch BIMsSHHUE BHEIIHEro dC 3eKTpu-
YECKOTO T0JIsl, U TPU 3TOM, HUKAKOTO BIMSHUS HE ObLIO OOHapy-
JKEHO. 3aBHCHMOCTb KOJICOAHHH TEeMIIepaTyphl M JJEKTPHIECKHX
KojeOaHui OT MOIIHOCTM HarpeBarels IOoKa3zajla KadeCTBEHHOE
COTJIaCHEe C HCXOAHBIM SKCIICPHMEHTOM.

KiroueBsle ciioBa: cBepXTeKyuuil reiuii, BTOPOi 3ByK, pe30HaHC,
JJIEKTPUYECKasl aKTUBHOCTD, JIEKTPUYECKUIN OTKIIUK.
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