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Abstract—A periodic component of the ac electrode voltage (electrode noise) is revealed in experiments. The
frequency of the periodic component is equal to the pulsation frequency of the flow velocity of liquid in which
the electrode sensor is immersed. For the electrode sensor that moves in liquid such a component of the elec-
trode noise may prevail and determine the sensitivity. The sensitivity of a sensor with stainless-steel electrodes

with respect to the velocity pulsations is determined to be 1.2 X 10°Vs / m. Pulsations of the electrode
potential can be interpreted using variations in the rate of electrochemical reaction on the electrode surface.
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INTRODUCTION

Electrode sensors are used for detection and mea-
surement of low-frequency electromagnetic fields in
seas. The intrinsic noise of sensor that is generated at
the electrode—liquid interface determines the thresh-
old sensitivity of the receiver. This circumstance
accounts for the practical interest in the study of the
electrode noise. The noise of electrode sensors in the
absence of motion relative to liquid is well studied in
[1—3]. Note also the analysis of noise of electrode sen-
sors that move in liquid [4—7], which yields a relation-
ship of the fluctuations of the electrode potential dif-
ference and liquid velocity fluctuations. However, the
existing data must be specified to determine not only
qualitative but also quantitative relationship of the pul-
sations of electrode potential and pulsations of the lig-
uid flow velocity.

The purpose of this work is the further study of the
electrode noise in the presence of the pulsations of liq-
uid velocity, in particular, the analysis of the effect of
storage time in electrolyte, electrolyte concentration,
liquid velocity, pulsations of the velocity, and elec-
trode area and material properties.

1. EXPERIMENTAL SETUP

Figure 1 shows the scheme of the experimental
setup. Steel box 7 that serves as magneto- and electro-
static shield accommodates the second steel box
(shield) 2, electric motor 3, accumulator (power sup-
ply of the motor) 4, and unit 5 for control of the motor
rotation rate (bank of switched voltage dropping resis-
tors). Centrifugal pump 6 connected with motor 3 by
dielectric shaft 7is placed in box 2. The pump provides

the motion of liquid (aqueous solution of NaCl that
imitates sea water). Box 2 also contains cell § with two
electrodes (model of sensor), preamplifier 9 with
power supply, reservoir /0, liquid velocity sensor 11,
and preamplifier /2 with power supply. Liquid passes
thorough flexible dielectric pipeline /3 with a diame-
ter of 3.5 mm from the pump to the cell with electrodes
and, then, reservoir /0. The pump is modified to
increase the liquid velocity pulsations.

To suppress electric interference generated by dc
collector motor, we place the motor outside box 2. The
motor and pump form a single unit due to a fragment
of metal tube /4 that serves as electrostatic shield. Nor-
mally, the velocity of liquid is 0.5 m/s but variations are
possible due to discharging of the accumulator.

To determine the noise level related to the electric
motor, we use pipeline fragment /5 that shunts the cell
with electrodes. In the measurements of the electrode
voltage (except for the measurements of Section 2.4),
the fragment is closed using clamp /6. Preamplifiers 9
and 12 are interfaced via switching unit /7 with mea-
suring amplifier /8 the output signal of which is fed to
ADC 79 and computer 20.

In the measurements using an E20-10 ADC, com-
puter records electrode voltages and signals of the
velocity sensor (series consisting of 20 samples with a
duration of one second). Then, the data are processed
using the LGraph2 software. The spectra of the elec-
trode noise and spectra of signals of the liquid velocity
sensor are ensemble-averaged.

To monitor the pulsations of liquid velocity, we
employ photoelectric sensor /7 [8]. An opaque flag
made of stainless steel is mounted on a leaf spring in
the transparent fragment of the pipeline. A LED and a
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Fig. 1. Block diagram of the setup for the measurement of electrode noise in the presence of liquid flow.

photodetector (photodiode) are mounted on different
sides of the transparent pipe. The opaque flag partly
blocks light that passes from the LED to the photode-
tector. Liquid flow leads to bending of the spring, so
that the transmitted light is modulated in accordance
with variations in the liquid velocity. The sensor is cal-
ibrated at different velocities of liquid. The corre-
sponding signal can be used to determine quantitative
relationship of the velocity pulsations and electrode
voltage. However, we were unable to measure the fre-
quency response function of the sensor due to techni-
cal reasons.

Electrode cell & has a cubic sealed housing made of
Plexiglas. The input and output pipes are mounted on
the opposite faces of the housing. The measuring elec-
trode is placed on the cover of the housing in such a
way that the working surface is located at a distance of
5—10 mm from the nozzle of the input tube through
which liquid is delivered to the cell. Thus, we assume
that the flow velocity in the vicinity of the electrode is
equal to the flow velocity in the tube. A reference elec-
trode with the working side surface with a diameter of
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9 mm is located at a certain distance from the flow.
The working surfaces of electrodes are polished and
passive side surfaces are isolated from liquid (painted).
The input and output tubes of the cell are made of
stainless steel. The electrodes are connected to an
original transformerless low-noise preamplifier 9. In
the experiments, we employ two different preamplifi-
ers for different areas of the measuring electrode, since
the resistance of the electrode sensor depends on the
area and frequency [2]. For the major part of the work-
ing frequency interval, the input resistance of the pre-
amplifier is greater than the magnitude of the total
resistance of the sensor by at least an order of magni-
tude, and the noise coefficient of the preamplifier in
the experiments is no greater than 2 dB.

2. MEASUREMENTS
OF ELECTRODE NOISE

The experiments with pumping of liquid show that
the ac component of the electrode voltage (electrode
noise) contains a periodic component, the frequency
Vol. 62
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Fig. 3. Spectra of electrode noise for storage times in elec-
(b) trolyte (4.5 g/L) of (1) 1, (2) 2, and (3) 17 days at a flow
velocity of 0.5 m/s and (4) the spectrum obtained in the
U, dB absence of liquid flow at a storage time of 17 days.
0r
—10 F The spectra of electrode noise have ridged struc-
ture with peaks at harmonics of the fundamental fre-
—20 - quency (the first harmonic is 46 Hz). The peak ampli-
tudes are higher than the background noise by 10 dB.
—30 - The spectral characteristics of the signal of the velocity
mi sensor exhibit peaks at the same frequencies.
The velocity sensor is used to estimate pulsations of
-50 + the liquid flow velocity. The pulsations are 0.4% at the
first and second harmonics. The calibration procedure
—60 : : : : : : : : shows that the sensitivity of the velocity sensor is
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Fig. 2. Spectra of (a) electrode voltage and (b) voltage of
the velocity sensor for a liquid flow velocity of 0.5 m/s and
a storage time in electrolyte (NaCl solution with a concen-
tration of 4.5 g/L) of 17 days.

of which is determined by the rotation rate of the elec-
tric motor. An increase in the rotation rate leads to an
increase in the frequency of the periodic component.
Figures 2a and 2b present the averaged spectra of the
electrode noise and signal of the velocity sensor for a
liquid flow velocity of 0.5 m/s and storage time in elec-
trolyte (NaCl solution with a concentration of 4.5 g/L)
of 17 days. The measuring electrode with a diameter of
2.5 mm and the reference electrode with a diameter of
9 mm are made of the 12Kh18N10T stainless steel.
The gain of the measuring system (including the pre-

amplifier) is 8.75x 10",

The spectra of Figs. 2—6 are plotted on the loga-

rithmic scale with respect to 1 V/ JVHz. The spectra of
the electrode noise are plotted with allowance for vari-
ation in the coefficient of the voltage transfer from
electrodes to preamplifier related to the effect of resis-
tance and capacitance of electrode sensor.
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pulsations, the sensor is assumed to be linear, so that
the pulsation of the electrode voltage is proportional to
the velocity pulsation.

Below, we experimentally study the influence of
several factors on the electrode noise. Let us consider
them separately.

2.1. Storage Time in Electrolyte

Solution of NaCl with a concentration of 4.5 g/L
serves as electrolyte. The measuring electrode with a
diameter of 2.5 mm is made of the 12Kh18N10T stain-
less steel. The liquid flow velocity is 0.5 m/s. The gain

of the measuring system is 8.75 x 10°. Figure 3 pres-
ents the spectra of electrode noise corresponding to
storage times of 1, 2, and 17 days and the result
obtained in the absence of liquid flow for a storage
time of 17 days. The peak of the spectral characteristic
of electrode noise at the first harmonic of the velocity
pulsation decreases with time. For storage times of 1,
2, and 17 days, the peak amplitudes are —26.5, —29.8,
and —33.2 dB, respectively. During the measure-
ments, the peak of the spectral characteristic decreases
by 6.7 dB. Note that the background electrode noise
(the signal in the intervals between the peaks) also
Vol. 62
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Fig. 4. Spectra of electrode noise for a stainless-steel mea-
suring electrode with a diameter of 2.5 mm at a flow veloc-
ity of 0.5 m/s, a storage time of 17 days, and NaCl concen-
trations of (/) 4.5 and (2) 27 g/L.

decreases. The mean background noise decreases
from 22 dB at a frequency of 10 Hz to 5—6 dB at fre-
quencies of 60—100 Hz. At frequencies of greater than
120 Hz, the motion of liquid does not affect the elec-
trode noise. The peak amplitude is higher than the
background level by 10—12 dB.

2.2. Electrolyte Concentration

Figure 4 shows the spectra of electrode noise at
NaCl concentrations of 4.5 and 27 g/L. The measur-
ing electrode with a diameter of 2.5 mm is made of the
12Kh18N10T stainless steel. The liquid flow velocity is
0.5 m/s. The storage time in electrolyte is 17 days. The

gain of the measuring system is 8.75 X 10°. In the first
experiments, the spectra are measured at a concentra-
tion of 4.5 g/L. Then, electrolyte is partly removed
from reservoir /0, electrolyte with a higher concentra-
tion is added, and the pump is switched on. After mix-
ing over several minutes, the second measurement is
performed. An increase in the salt concentration by a
factor of 6 leads to a decrease in the peak of the spec-
tral characteristic at the first harmonic of the velocity
pulsation by 6.2 dB, which is in agreement with the
result of [4]. The background electrode noise slightly
decreases only at frequencies of higher than 50 Hz.
Apparently, such a decrease (about 2 dB at a frequency
of 60 Hz) is due to a decrease in the active part of the
impedance of the electrode cell and a corresponding
decrease in the thermal noise.

2.3. Area of Measuring Electrode

To determine the dependence of fluctuations of the
electrode voltage on the area of the measuring elec-
trode, we use a single unit consisting of four insulated
identical electrodes made of titanium and a stainless-
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Fig. 5. Spectra of electrode noise for titanium electrodes
with areas of (/) 0.78 and (2) 3.12 mm? at a storage time of
9 days and electrolyte concentration of 4.5 g/L.

steel electrode. The electrodes represent polished ends
of wire with a diameter of 1 mm, so that the area of a
single electrode is 0.78 mm?Z. The electrodes are stored
in electrolyte (NaCl solution with a concentration of
4.5 g/L) over 9 days. The area of the titanium measur-
ing electrode increases due to parallel connection of
sections.

Figure 5 presents the spectra of electrode noise for
two areas of the titanium measuring electrode. The
liquid flow velocity is 0.5 m/s. The gain of the measur-

ing system is 7.5x1 0°. When the area increases by a
factor of 4, the spectral density of the background
electrode noise decreases by about 6 dB. The peak of
the spectral characteristic of the electrode voltage at
the first harmonic of the velocity pulsation decreases by
less than 2 dB. The remaining measurements also show
insignificant effect of the electrode area on the peak
amplitude. The difference between the peak amplitude
and the background level increases to 15 dB.

2.4. Material of Measuring Electrode

Figure 6 shows the spectra of electrode noise for
titanium and stainless-steel electrodes. Electrodes
with a diameter of 1 mm (see Section 2.3) are stored
over 8 days in electrolyte with a concentration of
4.5 g/L. The liquid flow velocity is 0.55 m/s. The gain

of the measuring system is 7.5 X 10°. For the steel elec-
trode, the peak at the first harmonic (—31.5 dB) is
higher than the background level by 8.5 dB. For the
titanium electrode, the peak at the first harmonic
(=35 dB) is higher than the background level by
8.5 dB. Thus, the peak for the steel electrode is higher
than the peak for the titanium electrode by 3.5 dB. The
same difference is obtained for background electrode
noise in a frequency interval of 30—100 Hz. Note that
high background noise prevents observation of the
peak of the spectral characteristic of the electrode
Vol. 62
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Fig. 6. Spectra of electrode noise for (/) titanium and
(2) stainless-steel electrode at electrode diameters of
1 mm, a flow velocity of 0.55 m/s, a storage time of 8 days,
and an electrolyte concentration of 4.5 g/L.

noise at the frequency of velocity pulsation at a rela-
tively short storage time in electrolyte.

2.5. Velocity of Liquid Flow

The effect of velocity can adequately be estimated
only in the absence of variations in the pulsation fre-
quency caused by variations in the velocity, since the
response time of the electrode sensor and the fre-
quency response function of the velocity sensor are
unknown. A decrease in the velocity of liquid in the
absence of variations in the pulsation frequency is
reached using shunt tube /4. When the tube is opened,
the flow velocity in the cell decreases by a factor of 1.2.
In comparison with the system with the closed shunt,
the velocity pulsation at the first harmonic also
decreases by a factor of 1.2 and the peak in the spec-
trum of the electrode noise at the first harmonic of the
velocity pulsation decreases by a factor of about 1.3.
With allowance for the spread of values related to non-
simultaneous measurements, we assume that the peak
amplitude of the electrode voltage is proportional to
the amplitude of the velocity pulsations. Thus, we
prove that the velocity sensor in our experiments is lin-
ear. In alternative experiments, an increase in the
velocity of liquid due to an increase in the rotation rate
of the electric motor leads to an increase in the abso-
lute level of the pulsations of velocity and electrode
voltage. However, an increase in the peak at the first
harmonic of the electrode voltage is less than an
increase in the velocity pulsations. This circumstance
indicates significant response time of the processes
responsible for the electrode potential.

We determine the electrode sensitivity to the veloc-
ity pulsations. The velocity pulsation at the first har-
monic is 0.02 m/s. The first harmonic of the electrode
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voltage recalculated to the input of the preamplifier is
24 nV, which is in agreement with the result of [7].
Thus, the electrode sensitivity to the velocity pulsa-

tions is estimated to be 1.2x10™° Vs/m.

3. DISCUSSION

The pulsations of electrode potential are inter-
preted in [6] using deformation of double electric layer
on the electrode surface in the presence of the incident
liquid flow. Apparently, the effect exists but the corre-
sponding pulsations of electrode voltage are less than
the experimental pulsations by an order of magnitude.
We propose an alternative effect of the generation of
pulsations of electrode potential in the presence of the
pulsations of liquid velocity that makes it possible to
interpret the experimental data on the pulsations of
electrode potential and the above dependences.

A polished electrode absorbs atmospheric oxygen
as a monoatomic layer on fragments of surface. When
immersed in electrolyte, the electrode absorbs dis-
solved oxygen. The adsorbed oxygen is involved in the
reaction with metal of electrode that leads to the for-
mation of oxide the molecules of which are oriented in
such a way that negatively charged oxygen ions are
concentrated on the surface. In the absence of oxide
(on the surface of noble metals), electron of metal is
attached to oxygen atom, so that negatively charged
oxygen ion emerges on the surface. In this case, the
potential of metal is shifted to positive values relative
to electrolyte [9]. The shift for the oxidized electrode
differs from the shift for the electrode with adsorbed
oxygen. Normally, the oxidized fragments on the elec-
trode surface are supplemented with the fragments
with adsorbed oxygen. The above processes lead to an
excess negative charge on the electrode surface. An
excess positive charge (ions of dissolved salt) is formed
in the electrolyte in the vicinity of the electrode sur-
face. Thus, a double electric layer is formed on the
electrode surface that can be considered as a lossy
capacitor one plate of which is liquid. The potential of
electrode surface relative to electrolyte is determined
by the ratio of the surface charge to the capacitance of
the double layer. Such a potential changes, since the
adsorption of oxygen and oxidation in the presence of
adsorbed oxygen are not terminated.

In the vicinity of the electrode surface, the concen-
tration of oxygen atoms is less than the bulk concen-
tration in electrolyte, since oxygen atoms are involved
in reaction with metal and adsorbed on the surface.
Thus, the concentration of atomic oxygen changes in
the electrolyte layer in the vicinity of the electrode.
Such a layer is called diffusion layer, since oxygen
arrives at the electrode surface primarily due to diffu-
sion. In accordance with the first Fick law, the rate of
oxygen deposition on a unit area of the electrode sur-
Vol. 62
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face (diffusion flux density) is proportional to concen-
tration gradient in the diffusion layer [9]:

dm _ pdc

dt dy

Here, dm is the amount of deposited oxygen (in
moles) per time dt; dc/ dy is the gradient of concentra-
tion ¢ (mol/L) along the y axis that is perpendicular to
the surface, and D is the diffusion coefficient of oxy-

gen (D = 107 m2/s). The thickness of the diffusion
layer in the liquid flow that is incident on the electrode
depends on the flow velocity. The concentration gra-
dient can be calculated as a ratio of the bulk concen-
tration of oxygen in electrolyte to the thickness of the
diffusion layer. Thus, the gradient depends on the lig-
uid flow velocity. The results of [10] for the laminar
flow in the vicinity of a semi-infinite smooth plate
show that the thickness of the diffusion layer can be

calculated as
v V

Here, v is the kinematic viscosity of liquid, x is the dis-
tance from the front edge of the plate, and V is the
velocity of liquid at a relatively large distance from the
surface. At an infinite rate of the surface adsorption of
the diffusing substance (oxygen), the diffusion flux
density on the electrode surface exhibits power depen-
dence on the flow velocity:

dm n

— =kV 1

7 , (D
where k is the proportionality factor. Exponent # in
formula (1) may range from 0.5 (laminar flow around
smooth surface) to 0.9 (turbulent flow around rough
surface) [10]. In addition, the liquid flow that is not
depleted due to diffusion is incident on the front edge
of the electrode, so that the tangential transportation
of oxygen takes place and exponent # increases for the
diffusion flow of oxygen to the electrode. For elec-
trodes with sizes of the working surface of no greater
than several millimeters (see the above experimental
structure), exponent # can be close to unity.

The above effects can be used to interpret the
experimental relation of the pulsations of electrode
potential and velocity of liquid. In the presence of the
pulsations of the velocity of liquid, the thickness of the
diffusion layer is modulated and the oxygen adsorp-
tion rate and the electrode potential are varied in
accordance with variations in the velocity. The elec-
trode surface is gradually covered with oxide that
exhibits dielectric properties for titanium and stainless
steel. Thus, the structure of the double electric layer
on the electrode surface changes, so that the diffusion
rate and the sensitivity of electrode to pulsations
decrease. An increase in the thickness of the oxide
layer leads to a decrease in the capacitance of the elec-
trode relative to electrolyte [2]. Such an effect also
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results in a decrease in the sensitivity of the electrode
to velocity pulsations. We obtain the corresponding
results in the experiments.

A decrease in the electrode sensitivity to the pulsa-
tions of the velocity of liquid with an increase in the
concentration of the solution can be due to an increase
in the capacitance of the double electric layer. The
thickness of the double electric layer in the NaCl solu-
tion with a relatively low concentration is given by [11]

d~-=10"" m, )

Je

where ¢ is the NaCl concentration in mol/L. An
increase in concentration ¢ causes a decrease in thick-
ness of double layer d and an increase in the capaci-
tance, so that the pulsation of the electrode potential
decreases. In the experiments, a six-fold increase in
the electrolyte concentration leads to a decrease in the
pulsation of the potential of the measuring electrode
by a factor of 2.04.

Chlorine ions expel oxygen from fragments of the
electrode surface. The charge of chlorine ion is less
than the charge of oxygen ion, so that the electrode
potential is negatively shifted [9]. However, the pres-
ence of chlorine does not lead to the termination of
oxidation and adsorption of oxygen continues. Note
that efficient oxidation occurs at relatively small frag-
ments of the surface and pitting corrosion may take
place. In the presence of the liquid flow, electrolyte
with a relatively high concentration of oxygen arrives
at the electrode surface. Thus, the interchanging of the
oxygen and chlorine adsorptions may lead to oscilla-
tions of the electrode potential [12]. Such random
oscillations affect the background noise level.

A four-fold increase in the area of the measuring
electrode leads to a two-fold decrease in the back-
ground noise and weakly affects the peak amplitudes
of the spectral characteristic of electrode noise at the
pulsation frequency of the velocity of liquid and the
corresponding harmonics. As was mentioned, the
double electric layer that exists at the electrode—elec-
trolyte interface and the oxide film that covers the
electrode surface form a lossy capacitor. The pulsation
of electrode potential gives rise to a pulsating electric
charge at the liquid plate of the capacitor. Correlated
pulsations of velocity at the sections of electrode lead
to the correlated pulsations of electric charge. When
four sections are connected, the electrode charge
increases by a factor of 4 but the electrode capacitance
also increases by a factor of 4, so that voltage pulsation
at the electrode does not depend on the electrode area.
Uncorrelated electrode noise is summed up with
respect to power, and the results of [3] show that the
amplitude spectrum of the electrode noise must
decrease by a factor of 2 when the electrode area
increases. We observe such a dependence of the elec-
trode noise on the area of the measuring electrode in
the experiments. A four-fold increase in the area of the
measuring electrode leads to a decrease in the spectral
Vol. 62
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density of the background noise by 6 dB and the cor-
responding difference of the peak amplitude at the
first harmonic in the spectrum of electrode noise and
the background level increases to 15 dB. A minor
decrease in the peak amplitude in the spectrum of
electrode noise at the pulsation frequency of the
velocity of liquid for the system with the parallel con-
nection of the electrode sections can be due to the
absence of total correlation of the velocity pulsations
in the vicinity of the sections.

The experimental results show that the electro-
chemical reaction (oxidation of metal electrode sur-
face) is the main reason for the electrode noise in the
presence of electrolyte flow. The growth rate of the
oxide layer gradually decreases, and the electrode
noise is stabilized. Figure 2 presents the corresponding
spectral characteristics.

The turbulence caused by the pipeline and velocity
sensor slightly affects the experimental results, since
the velocity pulsations in the intervals between the
peaks of the spectral characteristic are lower than the
pulsations at the first and second harmonics of the
pump rotation rate by 30—35 dB (Fig. 2). In the spec-
trum of electrode noise, the background noise level
between the peaks is less than the peak amplitudes by
10—20 dB. Thus, the effect of turbulence pulsations is
not observed.

To determine the level of noise caused by electric
motor, we close the input pipe of the cell with elec-
trodes while the shunting pipe remains opened. The
pump provides the electrolyte flow that does not pass
through the cell, and we measure the electrode voltage
in such a configuration. The experiments show the
absence of electric interference caused by the motor in
the measurement cell. The dependence of the peak
amplitudes in the spectra of electrode noise on the elec-
trolyte concentration additionally proves the absence of
the effect of external noise. However, the peaks at a fre-
quency of 100 Hz in the spectra of Figs. 3, 5, and 6 are
due to the second harmonic of the mains frequency
and the peak at a frequency of 85 Hz in Fig. 2a is
related to unknown external interference.

Thus, the fluctuations of electrode voltage are
directly related (proportional) to the fluctuations of
the velocity of liquid. The effect can be used in prac-
tice in the study of turbulence in liquid flow [13]. Met-
als with the minimum intrinsic electrochemical noise
(e.g., titanium and stainless steel) must be used as
electrode materials.

CONCLUSIONS

Electrochemical processes on the electrode surface
serve as the main reason for the electrode noise. Pul-
sations of the velocity of liquid affect the rate of such
processes and, hence, pulsations of the electrode volt-
age. The pulsations of the electrode voltage are pro-
portional to the pulsations of the velocity of liquid.
The pulsations decrease with an increase in the storage
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time in electrolyte and electrolyte concentration. As
distinct from the background electrode noise, the pul-
sations of electrode voltage are almost independent of
the electrode area. The noise of electrode sensor with
larger electrodes (an area of greater than 1 cm?) that is
stored in electrolyte over at least ten days is predomi-
nantly determined by the pulsations of the flow veloc-
ity. The sensitivity of the sensor with stainless-steel

electrodesis1.2x107° Vs /m. Note that velocity pul-
sations of less than 0.5% cause pulsations of electrode
voltage that are greater than the background noise
level by 10—15 dB. Such a result indicates that the
electrode sensor can be used for measurements of pul-
sations of the velocity of liquid.

Both pulsation of electrode voltage related to the
velocity pulsation and the background noise decrease
with an increase in the storage time in electrolyte and
NaCl concentration. An increase in the area of the
measuring electrode results in a decrease in the back-
ground noise and weakly affects the voltage pulsation
at the frequency of the velocity pulsations, so that the
corresponding peak in the spectrum of electrode noise
becomes relatively higher. Titanium electrodes are
superior to stainless-steel electrodes with respect to
the noise (the difference is about 3.5 dB).
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