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1 Notation

f Frequency

ft Transmitting frequency

fr Resonance frequency

v Wave speed

n Mode-parameter

l Distance between the plates

λ Wavelength

p Pressure

A Amplitude

Q Quality factor for a wave

t Time

c Sound speed

s Distribution loss of wave energy

D Diameter of the distribution loss

d Diameter of the resonator

z Distance from the transmitting plate

r Radial distance

h Distance between the korda and the concave plate.

1.1 Abbreviations

FRF Frequency Response Function

BC Boundary Conditions
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2 Introduction

Most objects has a natural frequency at which it can self-oscillate, much the
same as a string of a guitar vibrates with a constant frequency at a certain
thickness and length. Also a volume gas whose extent is restricted by
boundaries may have natural frequencies at which it self-oscillates. In order
to set a gas in motion there must be something that pushes it. This can be
brought about with a moving surface. If the surface moves at the natural
frequency this is called resonance. Then high amplitude waves normally
form. A device or system which obtains high amplitudes easily is called a
resonator.

The open resonator in this work consists of two surfaces. One of the
surfaces vibrates actively and the other one is passive. The gas between the
two surfaces is excited by the vibrating side and is reflected against the
passive side, and the gas begins to oscillate.

When the gas is brought into resonance, a standing wave arises. Energy is
temporarily stored in this wave. In practice, when the air is at its resonant
frequency the result is a pressure increase in the air. If the resonant
properties are large (Q-factor is large) the excitation and pressure increase
creates a shock wave.

The Q-factor is the quality factor telling how well an input signal is
increased inside the resonator. The definition of the Q-factors [3] can be
how many times the amplitude of the stationary wave is higher than the
amplitude of vibration of the boundary.

Chester [1] did important research in theoretically describing the shock
waves around each resonant frequency, which was done in a closed
resonator. He produced them at and near resonant frequencies through the
oscillations of a piston at one end in a closed gas-filled tube.

An even detailed more image of the wave appearance in the closed
resonator, can be found for example in Physical theory of nonlinear
acoustics [2]
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It can be [3] showed analytically that it is possible to increase the pressure
in a closed resonator by changing the Q-factor. At large amplitudes of the
wave nonlinear effects come into play and a shock front forms. Near
resonance large amplitudes are found inside the resonator even at moderate
amplitudes of excitation. The shock wave in a resonator with two opposite
plane surfaces at resonant frequency has a saw-toothed shape, where the
energy disappears at the tooth points. By changing the shock wave
appearance from the saw tooth shape to a smoother shape the energy can
be stored in the wave. This is possible to do in many ways, e.g. by changing
the shape of one or both of the plates, or by changing the transmitted wave
shape from a sinusoid.

In theory, the process can be carried out in an open condition which will be
shown in this paper. The surfaces of the plates must have a certain size
relative to the distance between them and to the wavelength in order to limit
the loss of energy at the edges.

The first step with the resonator was to show the appearance of a shock
wave typical for a resonator with flat, reflecting surfaces.

In this study, the second step was to change the shape of one of the
surfaces from flat to concave to receive a higher pressure.

Moreover levitation of small particles by means of the open resonator was
shown.
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3 Theory

Two periodical waves with the same wavelength and the same propagation
velocity that move against each other give one standing wave, see figure 3.1.
In a standing wave the biggest and smallest amplitude points are at the same
place. Between two such points the amplitude is always zero, and this zero
point is called a node. The distance between two nodes is half a wavelength.
The standing wave appearance is called a mode shape. The first mode shape
is a half wavelength, that is the resonator length is a half wavelength.

2

λ
nl =  where n = 1,2,3,... and n = mode-parameter. (1)

Figure 3.1. A sine wave and a inverted sine wave constitute the sine
standing wave. (v = wave speed).

Generalising for all longitudinal modes, the condition is that the distance l
between the surfaces must be a whole number of node distances n, where λ
is the wavelength.
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If the wave with wave speed v in amplitude bounces against a hard surface
it is reflected and have the boundary conditions v=0, see figure 3.2 A. If the

wave bounces against a soft surface it is inverted, see figure 3.2 B.

Figure 3.2. The wave speed along the resonator for the first mode shape
at A: resonator wave for hard surface reflection, and B: for soft
reflection.

 If the wave with pressure amplitude p bounces against a soft surface it is
reflected and have the boundary conditions p=0, see figure 3.3 B. A perfect
soft surface is equivalent to a pressure release surface and is hard to find in
real life. If the wave bounces against a hard surface it is inverted, see figure

3.3 A.
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 Figure 3.3. The pressure distribution along the resonator for the first
mode shape at A: resonator wave for hard surface reflection, and B: for
soft reflection.
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Figure 3.4. The standing sine wave pressure versus times and distance.
BC: Hard surface.

In the experimental studies by Gaitan and Atchley [4] and Coppens and
Sanders [5], is displayed how the wave shape in the closed resonator is a
shock wave of the well known saw tooth type shown in figure 3.5.

Figure 3.5. A shock wave is a wave that abruptly changes its amplitude.

A shock wave in a fluid with quadratic nonlinearity is created by the fact
that higher amplitudes move faster than lower ones [6].

When a shock wave appears the energy disappears in the shock and puts a
limit to the energy content in the wave, this is called ”acoustic saturation”.
[7]. Energy disappears in the shock. If the shock wave shape is changed
into a softer shape more energy can be stored in the wave. The pressure
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might become orders of magnitudes higher in the resonator. If a wave is
reflected against a concave surface the phase between the frequencies as
builds the wave is changed [3]. No shock is forming, and the wave shape
stay smooth. This new wave shape have a much higher amplitude than the
shock wave in resonator with two plane surfaces.
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The studies by Sparrow [8] display the shape of the pressure wave
between plates in a closed resonator, and how the wave along the length of
the resonator changes its appearance at different time intervals.

Figure 3.6. Snapshots of approximately one period in the
simulation, V = 10 m/s.  Sparrow [8].
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3.1 Dimension of an open resonator

In order to get the air in an open resonator into self-oscillation, distribution
loss of the wave reflection cannot be too big at the edges. Here was
supposed a maximum of 17 % [10] distribution loss s of the wave energy.

Figure 3.1.1. Sketch of the measurements in the open resonator.

It is supposed that the wave energy is proportional to the area of reflection
surfaces.
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For the first standing wave in the resonator mode shape n=1, the length l is
half a wavelength λ, formula 1.
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λ
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The boundary conditions from fig. 3.1.1 for the distribution loss give the
minimum diameter d of the resonator. D is the diameter of the distribution
loss, and α is the difference between the diameter of the resonator and the
distribution loss diameter gives:
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The sound speed for the medium between the plates is c.  The frequency f
for standing waves for a resonator is:
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4 Measurements

The resonator was constructed with a vibrating transmitting plate and a
passive plate. Plates of glass with a cylindrical shape were chosen.

In order to vibrate the transmitting plate a shaker was used. To create a
good and stable construction for the resonator, the shaker was planted in a
lathes chuck, and the passive plate were in the rest, see figure 4.1. There it
was easy to vary the distance between the two glass plates and get a good
description of the pressure sensor position sine the accuracy of the lathe is
about 0.01 mm.

Figure 4.1. An open resonator with one flat surface and one concave.

Since the measurement system available could not analyse and present the
test data, those data were transferred over to Matlab. Here suitable
programs could be created for the analysis and presentation of the test data.

In order to adjust the open resonator to desired frequencies an oscilloscope
was used. This was more flexible than the digital measuring system.

Chuck
Rest
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4.1 Test equipment

The equipment used for this experiment is shown in table 4.1.1

Table 4.1.1 Test equipment.

Cylindrical glass plate Diameter 200 mm, thickness 6 mm

Concave and cylindrical glass plate Diameter 165 mm, thickness 2 mm,
height (h) 20 mm.

Shaker Ling Dynamic Systemes, V406/8

ICP Pressure Sensor Piezotronics, PCB 132M15

ICP Pressure Sensor Piezotronics, PCB 132M14

ICP-amplifier Piezotronics, PCB 480C02

Digital Measuring system Hewlett Packard, 35650

Accelerometer ICP, PCB 338B35

An overview of the equipment set-up is seen in this figure.

Computer

ICP-
amplifier

Measuring
system

Amplifier

Oscilloscop
e

P       ressure       sensor   Passive       plate   Transmitting       plate   

Shaker

Accelerometers
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Figure 4.1.1. Test set-up overview.

The open resonator pressure sensor can move between the plates.
Sensor holdings with a piano wire in the lathes tool holders. The distance
between plates is l, and distance between sensor and transmitting plate is
z. Sensor can moved in the radial direction, and distance between sensor
and middle axis is r.

Figure 4.1.2. The position of the pressure sensor axially and radius.

4.2 The open resonator with two flat plates

The first step with the resonator was to show the appearance of a shock
wave typical for a resonator with flat, reflecting surfaces. When the air
between the two glass plates gets into an oscillation where the resonator’s
natural frequency fr coincides with the input frequency ft, a pressure
increase is resulting due to positive feedback, in one word: resonance. At
self-oscillation a pressure increase takes place.

In order to build a stable resonator construction the glass plates must be
properly dimensioned.  

Pressure sensor

l

z
Passive plate

Transmitting
plate

r
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4.2.1 Tested the glass plates

The resonance frequencies for the glass plates were identified
experimentally in order to find a safe place where the two glass plates
would not be disturbed by the air resonance.

Figure 4.2.1.1. FRF of the glass plate. The peaks display where the glass
plate has resonant frequencies. BC: ft= hammer excitation.

Table 4.2.1.1. Modal parameters from hammer excitation (polyreference).

Mode Freq. [Hz] Mode Freq. [Hz] Mode Freq. [Hz]
1 691,03 10 4397,75 19 8672,58
2 777,68 11 4846,75 20 8969,19
3 1525,68 12 5131,18 21 9105,40
4 1720,06 13 5374,38 22 9568,03
5 2200,00 14 6313,77 23 9859,93
6 2471,05 15 7161,19 24 10247,05
7 2971,37 16 7520,80 25 10399,82
8 3419,10 17 7797,20 26 11169,55
9 3828,39 18 8232,07 27 11979,75
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4.2.2 The highest pressure in resonator with two flat plates.

In order to show that the highest pressure is at the air resonance frequency,
a measurement of the pressure at different frequencies was made, while the
distance between the glass plates was constant.

The calculated resonant frequency fr=6500 Hz for air, at a distance l=26 mm
between the glass plates, which means that the air sound velocity should be
c=340 m/s according to f=c/(2l)n at the first mode shape is n=1.

Figure 4.2.2.1. Measurement M1 of frequency sweep. BC: ft=50→12500
Hz, l=26 mm, r=0 mm, z=13 mm.

The measurement M1 showed that the pressure increase was not greatest at
the expected frequency 6500 Hz see figure 4.2.2.1 The pressure increase
corresponds better with the glass plate eigen-frequency, for example (1)
3828 Hz, (2) 8969 Hz, (3) 9105 Hz and (4) 10247 Hz.

(4) 10247 Hz

(1) 3828 Hz

(2) 8969 Hz

(3) 9105 Hz

(6500 Hz) ?
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What happens if the glass plates’ eigen-frequency is the same as the air
eigen-frequency? This was investigated at a measurement M2, where the
calculated distance was l=19 mm between the glass plates for the air
resonant frequency fr=8969 Hz for air. The sound velocity c=340 and the

first mode shape is n=1.

Figure 4.2.2.2 Measurement M2 sweep frequency. BC: ft=850→12500
Hz, l=19 mm, r=0 mm, z=9.5 mm.

In measurement M1 the pressure increase at 8969 Hz was a lot greater than
in measurement M2, because of a higher transmitting amplitude.

This shows that certain mode shapes of the glass plate were favourable for

(1) 3825 Hz

(2) 8969 Hz

(4) 10399 Hz

(3) 10247 Hz

(B)(A)
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creating high pressure.

Figure 4.2.2.3 A, the mode shape of the glass plates at fr=8969,19 Hz,
and B, at fr=10247,05 Hz.

If the transmitting frequency is changed, so is the oscillation properties for
entire system. Another way to find the greatest pressure increase was to
change the distance between the two glass plates at a given frequency.
Through adjusting to the highest pressure at a given frequency one can vary
the distance between the two glass plates. The accuracy on distance
between plates is l ±0.001 mm (here equivalent to fr < ±0.42 Hz). But
accuracy on distance between the measurement points z is ±0.01 mm. For
transmitting frequency ft=8960 Hz, the pressure increase was greatest at
l=19.60 mm. The position of the sensor from the transmitting plate is
approximately z=1 mm (5% of length). It took approximately 100 seconds

to build up maximum pressure.

Figure 4.2.2.4. Shock wave in open resonator. BC: ft=8960 Hz,
l=19.60 mm, r=0 mm, z=1 mm (5% of the length).

Figure 4.2.2.5. This is a shock wave of the type found in the closed
resonator.

If the shock wave shapes from the open resonator in figure 4.2.2.4 and from
the closed resonator figure 4.2.2.5 are compared, it is found that they are
each other’s opposites. The expected shock wave shape is found in the
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closed resonator where the pressure abruptly increases in time shock and
then slowly decreases until the next shock.

In this study the shock wave seemed to be reversed. The wave begins with
a high pressure which then drops in the course of time. If a shock wave
bounces against a soft surface with a pressure release B.C. p=0, it is
inverted. The inverted wave encounters the original wave and constitutes

the standing shock wave, see figure 4.2.2.6.

Figure 4.2.2.6. Principle of the build-up of a standing shock wave.

To show how the standing wave behaves in relation to pressure, distance
and time, a linear numerical model was made with the computer software
Matlab. The result in figure 4.2.2.7 can be compared with the measured

+ =

Time
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rrow in figure 3.6 showing pressure as a function of distance.

Figure 4.2.2.7. Numerically calculated pressure as a function
of distance and time for a standing shock wave.
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The theoretical time signal pressure at 10% of the length is as in figure
4.2.2.8. This imitates the practical experiment with the open resonator. The
measured shock front reversal in figure (on page 19) is thus confirmed by

theory:

Figure 4.2.2.8. Pressure over time in a standing shock wave from a
simple theoretical model.

The small additional peak arises when the measurement is made near, but
not at, the transmitting plate.

Figure 4.2.2.9. From page 19. Measurement of the shock wave in
open resonator. BC: ft=8960 Hz, l=19.60 mm, r=0 mm, z=1 mm (5%
of the length).
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The measurement from the accelerometer is shown in figures 4.2.2.10 and
4.2.2.11, planted on the transmitting plate, and on the firm plate, see page
14 picture 4.1.1.

Figure 4.2.2.10. Accelerometer from transmitting plate.

Figure 4.2.2.11. Acceleration from firm plate

In the figures 4.2.2.10 and 4.2.2.11 is found that even the firm plate vibrates
with transmitting frequency ft. The accelerometers were both stuck to the
outside of the plates. So the plates move inwards and outwards at the same
time (i.e. the phase is really 1800 and not zero as the pictures would make
you believe). This behaviour is because the first mode shape properties.
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4.2.3 Pressure between plates

The measurement M3 comprised of 15 measurement points where the
maximum pressure between the two flat plates was measured axially.
The notation z is the distance from the transmitting plate to the
measurement points. Distance between each measurement point is about
1.3 mm, so z equals 1.3, 2.6, 3.9, ... 18.2, 19.5 mm. The point z=0 can
not be measured because of the movable plate. Transmitting frequency is

ft = 8960 Hz, and distance between the plates is l = 19.60 mm.

Figure 4.2.3.1. Measurement M3: maximum pressure between the plates
as a function of axial position z. BC: ft = 8960 Hz and l = 19.60 mm,
r=0, z=1.3→19.60 mm.

Figure 4.2.3.1 displays the distribution of maximal and minimal pressure as
a function of distance from the transmitting plate. Halfway between the
plates the pressure is at its lowest. The pressure is higher close to the glass
plates, but very near the plates the pressure go little down.
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The wave pressure along the axis between the plates can be studied at
different time points in figure 4.2.3.2. The measurement M3 comprised of
15 measurement points, and had a distance of 1.3 mm between the

measurement points. The measurement began at the transmitting plate.

Figure 4.2.3.2. Measurement M3: pressure at distance and time for a
standing shock wave. BC: ft = 8960 Hz, l = 19.60 mm, r=0, z=1→19.60
mm

Measurement M3, in figure 4.2.3.2 looks like the theoretical model in figure
4.2.2.7 The theoretical model goes all the way to the surfaces of the glass
plates, which can not be done in the real resonator.

The shock wave that was found in the open resonator was inverted. This is
a phenomenon due to the fact that the real shock wave comes in the
standing wave. As to the flat resonator there was a strong similarity
between measurement and theory.

Distance (mm)

⋅3.8168⋅10- 6  Time (s)
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4.2.4 Radial pressure

The measurement M4 comprised of 29 measuring points indicating the
maximum and minimum pressure radius at the transmitting plate about z=1
mm, where r = is the distance to the centre, with distance between the

measuring points being 2.5 mm. So r equals 0, 2.5, 5, 7.5, ... 67.5, 70 mm.

Figure 4.2.4.1. Measurement M4: Maximum and minimum pressure as
function of radial position. BC: ft = 8960 Hz, l = 19.60 mm, z=1 mm,
r=0→70 mm.

Figure 4.2.4.1 displays the distribution of maximal and minimal pressure as
a function of radius. Pressure is approximately the same along the radius.
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Figure 4.2.4.2. Measurement M4: pressure as a function of radial
position and time. BC: ft=8960 Hz, l= 19.60 mm, z=1 mm,
r=0→70 mm.
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4.3 Open resonator with a flat and a concave plate

The second step was to change the shape of one of the surfaces from flat to
concave to receive a higher pressure.

Figure 4.3.1. Open resonator with a flat and a concave surface in the
lathe.

The test set-up is as before with the flat glass plate active, but here the
passive plate is concave glass plate with curvature radius 180 mm. The axial

measurement goes to the korda of the concave glass plate.

Figure 4.3.2. Measurement M5: A smooth wave shape arises in the
open resonator with a concave plate. BC: ft=9000 Hz, l=21.40 mm,
r=0 mm, z=1 mm.
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It is apparent that the wave shape with one flat and concave plate is much
smoother.

The measurement from accelerometer shows in figures 4.3.3 and 4.3.4.
Accelerometer was planted on the transmitting plate, and on the firm
concave plate, see information on page 14 picture 4.1.1.

Figure 4.3.3. Accelerometer from transmitting plate.

Figure 4.3.4. Acceleration from firm concave plate

In the figures 4.3.3 and 4.3.4 is found that even the firm concave plate
vibrates with transmitting frequency ft, and form of the acceleration signal is
almost similar to plane plate’s acceleration, see picture 4.2.2.11 on page 22.
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4.3.1 Pressure between plates

The measurement M6 comprised of 20 measurement points where the
maximum pressure between the two flat plates was measured axially. The
notation z is the distance from the transmitting plate to the measurement
points. Distance between each measurement point is about 1.1 mm, so z
equals 1.1, 2.2, 3.3, ... 20.9, 21.46 mm. The point z=0 can not be reasoned
because of the movable plate. Transmitting frequency is ft = 9000 Hz, and
distance between the plates is l = 21.46 mm.

Figure 4.3.1.1. Measurement M6: maximum pressure distribution
between the plates axially. BC: ft=9000 Hz, l=21.46 mm, r=0 mm,
z=1.1→21.46 mm.

Figure 4.3.1.1 displays the distribution of maximal and minimal pressure as
a function of distance from the transmitting plate. Halfway between the
plates the pressure difference is at its lowest. The pressure is higher close
to the glass plates, but near the passive plate the pressure go little down. Is
of the same character as in the resonator with two flat plates figure 4.2.3.1.
The pressure is 4 times higher in the resonator with a flat active and a
passive concave glass plate.
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A time measurement M6 was made where the pressure along the axis
between the plates was studied, see figure 4.3.1.2.

Figure 4.3.1.2. Measurement M6: along the axis as a function of time.
BC: ft=9000 Hz, l=21.46 mm, r=0 mm, z=1→21.46 mm.

Distance (mm)⋅3.8168⋅10-6  Time (s)
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4.3.2 Radial pressure

The measurement M7 comprised of 15 measurement points, which
measured the maximum pressure distribution radius at the transmitting
plate, where r is the distance to the centre, and the distance between the

measuring points is 5 mm, so r = 0, 5, 10, 15, ... 65, 70 mm.

Figure 4.3.2.1. Measurement M7: Maximum and minimum pressure as
function of radial position. BC: ft=8000 Hz, l=26.96 mm, z=1 mm,
r=0→70 mm.

Figure 4.3.2.1 displays the distribution of maximal and minimal pressure as
a function of radius. The highest pressure is found in the middle of the
resonator and diminishes almost linearly out of the with plat radius. This is
in big contrast from the result with two flat plate in figure 4.2.4.1 and one
flat one concave.
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As seen in figure 4.3.2.2 the pressure varies from maximum to minimum at
the centre, while it is near zero at the disk edge.  

Figure 4.3.2.2. Measurement M7: Pressure as a function of radial
position between the plates at different times. BC: ft=8000 Hz, l=26.96
mm, z=1 mm, r=0→70 mm.

It is evident that the concave resonator collects the pressure in middle. In
the flat resonator the pressure is more distributed.

Distance (mm)⋅3.8168⋅10-6  Time (s)
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4.4 The evolution  to steady state

Measurement M8 shows the development in time from start up to steady
state. This was done by measuring the pressure near the resonator’s
transmitting plate, at step-wise increased from the transmitting plate. The

sensor is very near the transmitting plate (1 mm).

Figure 4.4.1. Measurement M8: The transient wave evolution from
start until steady state for wave development. BC: ft=8000 Hz, l=26.96
mm, r=0 mm, z=1 mm.

Moreover, a certain amplitude was needed in order to achieve a shock wave,
see figure 4.4.1.
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4.5 Levitation

A particle (wax bead with diameter 2 mm) hanging on a string was held in
the open resonator with a flat and a concave surface. When the resonator
was run at the first mode of the air, the object placed itself in the middle of

the resonator where the lowest pressure change was.

Figure 4.5.1.  Levitation at the first air mode.

If the resonator`s transmitting frequency ft was slightly changed from the
resonant frequency fr for standing wave to about ft = fr(1±ε) where -0.001<
ε <0.001 the object began to swing axially from plate to plate.

When the resonator was run with at the second mode of the air ft = 2fr, the
object was placed either 1/3 from the transmitting plate or 1/3 from the

Figure 4.5.2. Levitation in double node in the second mode.
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passive plate, where the lowest pressure alterations were.
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5 Discussion

One finding of this report is that the passive plate can vibrate considerably
in a constructing mode, even though this resonator was designed not to
oscillate. This mode was one of the higher, and a more accentuated response
would certainly be expected if designing the pressure side for this purpose.
It could have important application in the creation of high-amplitude waves
in resonators, or other closed volumes.

The group of Gallego-Juárez has worked much on designing the active
vibrators for this purpose with industrial application in mind. They have
carefully investigated the sound field from the vibrating plate and adapted
its design. Their work is complemented by this result and suggests that also
the passive walls can be better designed for a considerably higher sound
field.

The pressure goes down near the concave plate, and does not look like a
hard reflection, it looks slightly soft. Maybe it is a good way to construct a
resonator with soft reflection from a plate with a suitable mode shape. This
is the most interesting continuation of my project.

The measurement between plates are a little uneven. The resonator’s wave
field is very sensitive to introducing objects into the pressure field, leading
to disturbances of the sensor.

In the flat resonator it took a long time to build up a high pressure, while in
the concave resonator the high pressure came much faster, almost directly in
comparison. This is mainly because the distribution loss is smaller in the
concave resonator. At the study of pressure in the radial direction, it is
evident that the concave resonator collects the pressure in middle. In the flat
resonator the pressure is more distributed along the radius.

The open resonator levitation can be utilised for transportation of sensitive
objects, like in an assembly line with no contact. Another use of levitation
is to position small objects in the resonator nodes.

If we want to construct something with different layers, for example
electronics components consisting of 5 layers: isolation, conductor,
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isolation, conductor and isolation, we can let a resonator have 5 nodes and
levitatite the different layers in separate nodes. When we abruptly turns the
resonator to 1 node, the layers are brought together.

Another utilization for a resonator is collecting particles in a continuous
process, for example smoke particles in a chimney.
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6 Conclusions

The task was to study the pressure in an open resonator in air. In an
resonator with two flat surfaces (e.g. cylindrical) the nonlinear effect of a
standing wave results in a shock wave. The wave amplitude at resonance
between two plane and rigid walls is limited by the nonlinear attenuation in
the shocks. If the wave shape is changed into a smoother one, considerably
more energy can be stored in the wave. In this work this has been
accomplished by utilising a concave surface, so the phase between the
frequencies is changed and forms a new wave shape without shocks but
with a higher pressure.

The theory was supported by the fact that the practical measurements with
the resonator with the two flat surfaces have a shock wave, energy
disappears in the shock. When the corresponding measurements were made
in the resonator with one flat and one concave surface, a wave closer to a
sine wave appeared, more energy can be stored in the wave and the pressure
was much higher.

The measurement of the pressure between glass plates makes it clear that
the pressure is highest near the plates. The pressure wave shape is a hard
reflection, of the transmitting plate. At the passive plate the reflection is
not completely hard. This is because it is driven by the pressure wave and
starts to move with the wave. When both the passive plate and the air
between the plates have eigen-modes at the frequency of the excitation,
there is a “double resonance”.
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