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1. Preface

This final project contains the results of measurements made to investigate the
electrical capacitance changes due to ultrasonic waves. The problem was to find an
accurate and precise method to measure the electrical properties.
I would like to thank Claes Hedberg and Kristian Haller for their help and support,
which have been of outmost importance to all stages in my project work.
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Fig. 0: RLC-circuit [1]

3. Subject

The subject of this thesis is the investigation of the connection between ultrasonic
waves and the capacitance from that sample.

4. Theory

Capacitance

Capacitance is a measure of the amount of electric charge stored (or separated) for a
given electric potential. The SI unit of capacitance is the farad, 1 farad = 1 coulomb
per volt. The coulomb is defined as the quantity of charge that has passed through
the cross-section of an electrical conductor carrying one ampere within one second.
The symbol Q is often used to denote a quantity of electricity or charge. Therefore
Capacitance indicates the amount of charges that a conductor admits at a certain
electric potential.

An RLC circuit is an electrical circuit consisting
of a resistor (R), an inductor (L), and a
capacitor (C), connected in series or in parallel.
For the measurements we gone connect the
components in series like shown in Fig. 1.
The resonance frequency of an RLC circuit in
hertz (or cycles per second)is given by

CL
fres

...2

1

π
=

Electrical resonance occurs in an electric circuit at a particular resonance frequency
when the impedance between the input and output of the circuit is at a minimum.

Ultrasonic waves

Like the visible spectrum, the audio spectrum corresponds to the standard human
receptor response function and covers frequencies from 20 Hz to 20 kHz. For both
light and sound, the “human band” is only a tiny slice of the total available
bandwidth. Ultrasonic is defined as that band above 20 kHz. It continues up into the
MHz range and finally, at around 1 GHz, goes over into what is conventionally called
the hypersonic regime. In the figure hereunder the full spectrum is shown, where
typical ranges for the phenomena of interest are indicated.
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Fig. 1: Common frequency ranges for various ultrasonic processes [3]

Optics and acoustics have followed parallel paths of development from the
beginning. But acoustics has something more, the longitudinal mode in bulk media,
which leads to density changes during propagation. All of the phenomena occurring
in the ultrasonic range occur throughout the full acoustic spectrum, and there is no
theory that works only for ultrasonic. So the theory of propagation is the same over
the whole frequency range, except in the extreme limits where funny things are
bound to happen.

Granite

Granite is a sour igneous rock that exist mainly from 3 minerals;  feldspar, mica and
quarts. Mica has a large diëlectrical constant and will have an isolating effect on the
granite. Quartz minerals have piezoelectric properties, that is they develop an electric
potential upon the application of mechanical stress. These piezoelectric properties
are very sensitive to temperature and tension. Quartz is made up of a lattice of silica
(SiO2) tetrahedra.
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5. Measurements

Granite sample

For the measurements a granite bar was used with following dimensions, in
millimeters.

At the front and the end two ultrasonic piezoelectric transducers
were glued on to the sample. One for generating the ultrasonic
waves and the other one to measure the amplitude of the
acoustical wave in the sample. Contact points where constructed by
gluing 4 pieces of copper sheet on the sample with an electrical
conductive epoxy glue. The measuring probe’s wires were soldered
on to the copper sheet.

Fig. 2: 3D sketch of the granite sample

Fig. 3: Picture of the granite test sample

Fig. 5:
Piezoelectric
transducer
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Determination of the capacitance of the granite sample by
measuring the voltage step response.

In figure 6 the electrical plan is shown of the voltage step response measurement.
Hereby a resistance R1 with a know value of 94,394 kΩ is put in series with the rock
sample. In parallel with R1 we put a multimeter to determine the current through the
circuit. With the Oscilloscope over the rock sample it was possible to read out to
measure the step response.

Fig. 6 Electrical plan voltage step response

Multimeter = Agilent 34405A Digital Multimeter
Oscilloscope = WaveRunner Oscilloscope 6050
Function Generator = Agilent 8904A Multifunction Synthesizer, DC-600 KHz.
Crock and Rrock represents the rock sample.
R1 = 2 resistors in series with a value of 47kΩ.

Oscilloscope

Function
generator

Multimeter
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By measuring the increasing voltage (dU) over the rock sample on a certain time
base (dt) and the current (I) through the circuit, it is possible to determine the
capacitance of the rock sample. The current is determined by measuring the voltage
(U1) with the multimeter over the resistance R1.

Fig. 7: Image of the values measured with the oscilloscope

dU

dt
IC

dt

dU
CI .. =→=

The function generator generated a block wave at 200Hz with an amplitude of 10V.
The results are seen in Table 1 one can see that the capacitance is equal to 1,48E-
10F .

∆t (µs) Ut1 (µs) Ut2 (µs) ∆Ut (V) U1 (V) I (A) C (F)
3,98E-05 3,3 7,7 4,4 1,548 1,63993E-05 1,4841E-10

Table 1: Measured values of the voltage step response

This method gives an idea of the magnitude of the capacitance, so we could check
the reliability of the other methods. We know for certain that this method only
consider the capacitance from the sample and the results are not affected by the
large resistivity from the sample.

dt

dU

Ut1
Ut2
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Determination of the capacitance of the granite sample by
measuring the resonance frequency from a RLC-circuit.

In figure 8 the electrical plan is shown of resonance frequency measurement with
rock sample. With this a coil L1 with a know value of 47mH is put in series with the
rock sample. In parallel with L1 we put an Oscilloscope to determine the resonance
frequency of the circuit.

Fig. 8: Electrical plan of the resonance frequency method with the rock sample.

Oscilloscope = WaveRunner Oscilloscope 6050
Function Generator = Agilent 33250A Function / Arbitrary Waveform Generator, 80
MHz
R1 = 2 resistors in series with a value of 47kΩ.
Crock and Rrock represents the rock sample.
For generating the waveform for the piezoelectric transducers the Agilent 8904A
Multifunction Synthesizer, DC-600 KHz was used.

If the function generator sweeps a frequency range from 45 kHz up to 55 kHz with
an amplitude from 10V, the resonance frequency from the RLC-circuit can be
determined from the highest amplitude and the matching frequency.
That way it is possible to determine the capacitance of the rock by using the
following formula:

CL
fres

...2

1

π
=

The results are seen in Table 2, one can see that the capacitance increases as the
amplitude of the ultrasonic waves increase.

Oscilloscope

Function
generator
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Amp Ultrasonic
waves

Res freq
(kHz) C (F)

0 53,96 1,85097E-10
10 53,75 1,86546E-10
20 53,64 1,87312E-10
30 53,37 1,89212E-10
40 53,26 1,89994E-10
50 53,05 1,91501E-10
60 52,86 1,92880E-10
70 52,68 1,94201E-10
80 52,42 1,96132E-10
90 52,33 1,96807E-10
100 52,23 1,97562E-10
300 49,08 2,23735E-10
465 47,29 2,40993E-10

Table 2: Values of the resonance frequency method for the rock sample
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Fig. 9: This graph shows the values from table 2, Capacitance and Res. Frequency in
function of the amplitude from the ultrasonic waves.

From this result we can conclude that there are definitely some changes in the
material by the acoustics waves. The capacitance increases as the amplitude of the
ultrasonic wave increase. They are proportional to each other.
The changes measured are not the result of the increasing electrical power on the
ultrasonic piezoelectric transducer. Because when a voltmeter is put over two contact
points from the sample the value (1,099V) is constant with or without an electrical
signal onto the ultrasonic piezoelectric transducer.
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Plexiglas Sample

For the measurements a Plexiglas bar was used with following dimensions.

At the front and the end two ultrasonic piezoelectric transducers were glued on to
the sample. One for generating the ultrasonic waves and the other one to measure
the amplitude of the acoustical wave in the sample. That way it was possible to find
the ultrasonic resonating frequency from the sample.  Electrical contact points where
constructed by gluing 4 pieces of copper sheet on the sample with an electrical
conductive epoxy glue. The measuring probe’s wires were solded on to the copper
sheet.

Fig. 20: 3D sketch of the Plexiglas sample Fig. 11: Picture of the granite sample
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Determination of the capacitance of the Plexiglas sample by
measuring the resonance frequency from a RLC-circuit.

In figure 12 the electrical plan is shown of resonance frequency measurement with
Plexiglas sample. With this a coil L1 with a know value of 47mH is put in series with
the Plexiglas sample. In parallel with L1 we put an Oscilloscope to determine the
resonance frequency of the circuit.

Fig. 12: Electrical plan of the resonance frequency method with the Plexiglas sample.

Oscilloscope = WaveRunner Oscilloscope 6050
Function Generator = Agilent 33250A Function / Arbitrary Waveform Generator, 80
MHz
R1 = 2 resistors in series with a value of 47kΩ.
Crock and Rrock presents the rock sample.
For generating the waveform for the piezoelectric transducers the Agilent 8904A
Multifunction Synthesizer, DC-600 KHz was used.

If the function generator sweeps a frequency range from 45 kHz up to 65 kHz with
an amplitude from 10V, the resonance frequency from the RLC-circuit can be
determined from the highest amplitude and matching frequency.
That way it is possible to determine the capacitance of the rock by using the
following formula:

CL
fres

...2

1

π
=

The results are seen in Table 3.

Function
generator

Oscilloscope
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Amp Ultrasonic
waves

Res Freq
(kHz) C (F)

0 55,69 1,738E-10
10 55,66 1,740E-10
20 55,49 1,750E-10
30 55,49 1,750E-10
40 55,44 1,753E-10
50 55,40 1,756E-10
60 55,40 1,756E-10
70 55,40 1,756E-10
80 55,31 1,762E-10
90 55,27 1,764E-10
100 55,27 1,764E-10
300 55,57 1,745E-10
465 55,57 1,745E-10

Table 3: Values of the resonance frequency method for the rock sample
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Fig. 13: This graph shows the values from table 3, Capacitance and Res. Frequency in
function of the amplitude from the ultrasonic waves.

From these measurements we can conclude that the changes in the Plexiglas are
much smaller compared to the changes in the granite sample due to the acoustic
waves.



14

6. Discussion

In this graph the difference between the two materials due to the ultrasonic waves
are very obvious. From these measurements we can conclude that the rate of
change due to the acoustic waves in the Plexiglas is smaller compared to the granite.
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Fig. 14: This graph compares the results of the rock and Plexiglas sample.

For both materials, there is a negatively linear correlation between the changes of
resonance frequency and the capacitance in the measured region.

The electrons of an atom are divided
into different bands by there energy
level. The electrons with highest
energy level from an atom are a part
of the Valence band. So when the
electron wants to jump from the
valance band to the conduction band
the energy from the electron must be
increased enough to jump over the
band gap.

The ultrasonic waves make the energy from the electrons in the material raise. So I
think that the difference between the two materials is a result of the different
behavior from the electrons when they jump to a higher energy level.

Fig. 15: diagram of a band structure, showing a
few bands on either side of the band gap. [5]
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8. Appendix A. Equipment and components

- WaveRunner Oscilloscop 6050

- Fluke Model 8060A Digital Multimeter

- Agilent 34405A Digital Multimeter

- Agilent 8904A Multifunction Synthesizer, DC-600 KHz

- Agilent 33250A Function / Arbitrary Waveform Generator,
80 MHz

-  Coil: B82503-U-45 Siemens
           0,5A/47mH  GLF
           380V AC

- Resistors: E12-serie, 0,6 W metal film resistor type RM0207S.
                   Tolerance: ±1 %. Supplier: ELFA

- Polyester Capacitor LS 5mm ELFA
   Voltage: 63V DC
  10nF Tolerance: ±20 %


