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From the above boundary conditions φ  can be determined and the sound pressure at the output 
piston becomes 

( , , )outP jk c Lρ φ ξ η=

,
0 , , , ,

0 0 , , , ,

cosh1 ( , ) ( , )
sinh sinh

m i
w m i L m i m m i m m i
m i m i m i m i m i

L
jkZ U H U G Ce s ce s

L L
μ

ξ η
μ μ μ μ

∞ ∞

= =

⎛ ⎞

= −⎜ ⎟
⎜ ⎟

⎝ ⎠

∑∑     (19) 

where k is wave-number, /w wZ c Sρ= , 0U  and LU  are the volume velocity of the input and 
output section, other symbols are defined by 

022

, ,0 0
, 2 2 2

, ,0 0

( , ) ( , )(cosh 2 cos 2 )

( , ) ( , )(cosh 2 cos 2 )w

m m i m m i
m i

m m i m m i

Ce s ce s d d
H

Ce s ce s d d

π ξ

π ξ

ξ η ξ η ξ η

ξ η ξ η ξ η

−
=

−

∫ ∫

∫ ∫

                    (20) 

012

, ,0 0
, 2 2 2

, ,0 0

( , ) ( , )(cosh 2 cos 2 )

( , ) ( , )(cosh 2 cos 2 )w

m m i m m i
m i

m m i m m i

Ce s ce s d d
G

Ce s ce s d d

π ξ

π ξ

ξ η ξ η ξ η

ξ η ξ η ξ η

−
=

−

∫ ∫

∫ ∫

                    (21) 

( )22
, ,

1
m i m i w

w

ka
a

μ λ= −                                               (22) 

3. RESULTS AND DISCUSSION 
In the case of elliptical cylinder, the first term of Eq. (9) represented the sound pressure component of 

plane wave.	 LP  is great  in the frequencies where the nominator sin kL becomes zero, namely 

( 1, 2, ..... )
2
c

k L f
L

ηπ η η= ∴ = =                                 (23) 

The frequency illustrated in Eq. (23) is called as the resonance frequency of plane wave. The second term 

of Eq. (9) represented the sound pressure component of higher-order mode. LP  is great in the frequencies 

where the nominator ,sinh m iLμ  becomes zero, namely 
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Similarly, in the case of rectangular cube, resonance frequency of plan wave is the same as Eq. (23). The 

resonance frequency of higher-order modes are given as following. 
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For the purpose of attaching SVHU inside the wall, the cavity can be fabricated by a rectangular cube or 

elliptical cylinder form. Be aware that the shape of the cavity has to be selected based on the fundamental 

feature such as low resonance levels, less of resonance generation, high frequency of resonance in order to 
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