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ABSTRACT 
 
A new methodology to measure mechatronic property 
of biological electrolyte solution has been proposed, 
and measurement system has been designed with a 
micro-vibrating electrode.  The signal was picked up 
with the designed system as a function of viscosity of 
the sodium chloride aqueous solution including 
dextran.  The output signal depends on viscosity at 
higher frequency (>100 Hz), and on frequency at 
higher viscosity (>0.01 Pa s).  The experimental data 
show that the designed system is effective to measure 
mechatronic property of biological electrolytes. 
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1. INTRODUCTION 
 
A biological body includes various electrolytes. Some 
studies tried to analyze the structure of organs with 
measurement of local electric impedance [1-6].  To 
avoid the change of structure by movement of ions 
with a direct current, an alternating current is applied 
to measure electric impedance of electrolyte solutions.  
In the previous study, a new methodology to measure 
local electric impedance has been proposed, and 

measurement system has been designed with a 
micro-vibrating electrode [7,8].  In the present study, 
a new methodology to measure mechatronic property 
of biological electrolyte solution has been proposed, 
and measurement system has been designed with a 
micro-vibrating electrode. 
 
 

2. METHODS 
 
Measurement of local electric impedance 
The impedance between two electrodes soaked in an 
electrolyte solution varies with the distance between 
them. When the distance oscillates sinusoidally with 
a mechanically vibrating electrode, the impedance 
oscillates, too. The oscillation corresponds to the 
variation of impedance of the local space, where the 
electrode is vibrating (Fig. 1). The amplified variation 
was analyzed with spectrum and the amplitude at the 
corresponding frequency was measured.  The 
equations to calculate local impedance from the output 
signal are described in the previous study [7]. 
 
 
 
 
 
 
 

 
  

  

Fig. 1: One electrode is fixed at point A and 
the other electrode is vibrating between B and 
C. 



 
 
 
 
 
 
Electrode 
The electrode was made of a glass micro-capillary 
filled with a potassium chloride aqueous solution (3 
mol/L). A platinum wire was inserted in the center of 
the capillary.  The diameter of the tip of the capillary 
is 0.04 mm. One of the electrodes was vibrated with a 
piezoelectric actuator (Fig. 2).  
 
Measurement system 
The measurement system consists of an oscillator, an 
amplifier, a spectrum analyzer, a phase-contrast 
optical microscope, a charge-coupled device camera, a 
recorder, and a monitor. 
 
Electrolyte solution 
The manufactured system was applied to measure 
electrolytes solution.  The saline solution was 
substituted for biological electrolyte solution.  The 
sodium chloride aqueous solution of 0.9 percent 
concentration was modified with dextran (<35 
percent) to make variation in viscosity (0.001-0.6 Pa 
s). 
 
To evaluate the effect of viscosity independently of 
impedance of electrolyte solution, two kinds of 
solution were prepared.  One is solution with dextran: 
viscosity of 0.28 Pa s and sodium chloride 
concentration of 3 percent.  The other is sodium 
chloride aqueous solution, which has same impedance 
as the dextran solution with stationary electrodes. 
 
The performance has been tested at 25 degrees 
centigrade. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. RESULTS 
 
Figure 3 exemplifies power spectra of the output 
voltage, when the electrode is vibrating at 150 Hz and 
the input voltage oscillates at 450 Hz.  The spectrum 
at 60 Hz is the signal, which comes from electric 
power line.  The local impedance was calculated from 
the spectrum at the frequency of vibration of the 
electrode. 
 
The experimental data show that impedance increases 
with viscosity of sodium chloride aqueous solution 
(Fig. 4).   
 
Figure 5 shows that local impedance with the vibrating 
electrode increases with frequency of the vibrating 
electrode.  The tendency is remarkable in the sodium 
chloride aqueous solution including dextran of higher 
viscosity (>0.01 Pa s).  Figure 6 shows that the local 
impedance with the vibrating electrode increases with 
viscosity of the solution. The tendency is remarkable 
with the vibrating electrode at higher frequency (>100 
Hz). 
 
Figure 7 shows experimental results, when total 
impedance of the circuit through solution including 
dextran was adjusted to that through saline solution 
with additional sodium chloride (0.26 mega-ohm). 
 
Amplitude of vibration of the electrode was kept Fig. 2a: Vibrating electrode (upper) and 

stationary electrode (lower). Distance 
between two electrodes is 0.05 mm, and 
the amplitude of vibration is 0.02 mm. 

Fig. 2b: Vibrating electrode (upper) and 
stationary electrode (lower). Distance 
between two electrodes is 0.15 mm, and 
the amplitude of vibration is 0.02 mm. 



constant, which was confirmed with the optical 
microscope. 
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4. DISCUSSION AND CONCLUSION 
 
An electrode should be minimized to measure local 
impedance.  The minimized electrode has high 
impedance, which varies with its morphology.  A 
measurement system with vibrating electrode has been 
proposed in the previous study to pick up a signal 
independently of impedance of electrodes [7]. 
 
The previous study shows that impedance calculated 
from the output signal increases with the decrease in 
the concentration of sodium chloride in the solution.  
Impedance also increases with the amplitude of 
vibration of the electrode.  The previous results also 
show that impedance depends on the variation of 
electrolytes and that the ratio of impedance between 
the potassium chloride (0.1 percent) and sodium 
chloride (0.1 percent) is similar to the value calculated 
from electric conductivity of chronological scientific 
tables [8]. 

Fig. 5: Local impedance with vibrating 
electrode as a function of frequency. 

Fig. 4: Impedance with stationary 
electrodes as a function of viscosity. 

Fig. 7: Impedance with vibrating 
electrode as a function of frequency: 
0.001 Pa s, circle; 0.28 Pa s, triangle. 

Fig. 6: Local impedance with vibrating 
electrode as a function of viscosity. 

 
 

Fig. 3: Power spectra of the output voltage: 
vibration of electrode, 150 Hz: oscillation of 
input voltage, 450 Hz. 
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The vibrating movement of the electrode might 
change the electrical property of an electrolyte 
solution.  The effect of the vibration was evaluated 
with experiments, in which the output signals were 
compared at various frequencies of the electrode and 
at various viscosity of the electrolyte solution. 
 
At lower vibrating frequencies (<100 Hz) of the 
electrode, both the frequency and viscosity do not 
affect output electrical signals. 
 
At lower viscosity (<0.01 Pa s) of the electrolyte 
solution, both the frequency and viscosity do not 
affect output electrical signals of the present system. 
 
On the other hand, the output electrical signal depends 
on viscosity at higher vibrating frequencies (>100 Hz).  
The output signal also depends on frequency at higher 
viscosity (>0.01 Pa s).  The calculated impedance 
increases with frequency and with viscosity.  This 
system can be applied to measure local viscosity of an 
electrolyte solution. 
 
Impedance of an electrolyte solution depends on 
mobility of ion in the solution.  The mobility depends 
on viscosity of the solution.  The stirring with 
vibrating electrode might affect the mobility. 
 
The experimental data show that the designed system 
is effective to measure mechatronic property of 
biological electrolytes. 
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