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COMSOL Multiphysics[5]
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2.1.1 r [mm] d [mm]

h [mm] h=2r+d  

 

 
2.1.1  

 

2.1.1  

 

 

  

Plane 
wave

Y

X

Single TripleDouble

Scatterer radius r 20, 40, 80, 160, 320 [mm] 

Scatterer spacing d 1.50, 1.51, 1.52, …, 1.515 [mm] 



2.1.2 2.1.1

h
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X
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background pressure field
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2.2.1-3
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mm~320 mm
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2.3  

2.3.1 40 mm 1.55 mm

0.0767 1281 Hz  
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3

= ( )
d a, b

= + , = +
=

( ) f [Hz] d [mm] a, b, c

1, 0 0

a  

 

3.1.3  

 = + ( ) , ( ) 

 = + , ( ) 

f [Hz] A-J 3.1.1

 

 

3.1.1   

Transmission 

coefficient  
A B C D   

Single -0.000155 1.4356171 1.0060435 0.1111267   

Double -0.001462 2.3182089 1.0400487 0.9801194   

Triple -0.002667 6.8641838 0.4474176 0.6163601   

Frequency f E F G H I J 

Single 111890.45 -1.111419 0.0673323 0.3464926 -1.315337 -0.301644 
Double 70188.386 -0.985414 1.197922 -0.085267 -1.018386 -0.793459 
Triple 76198.159 -0.987858 1.1174045 -0.065592 -1.00857 -0.665961 

  



3.1.4  

3.1.2-4

(a) (b)

3.1.2 0.99

 

 

3.1.2  

 Single Double Triple 

Transmission coefficient 0.998 0.992 0.998 

Frequency 0.995 0.995 0.997 
 

3.1.2-4

(a)

3.1.2-4 (b)
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3.2.1  

Paris = ( ) cos
5, 15, 25, 35, 45, 55, 65, 75, 

85 9 3.2.1

40 mm 1.55 mm

3000 

Hz 250 Hz 2000 Hz
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(3), (4) 3.2.1 A-J 3.2.2
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20 mm 20 mm

3.2.2

0.99

3.1.2

 = + ( ) , ( ) 

 = + , ( ) 

 
 

3.2.1  

Transmission 

coefficient  
A B C D   

Single 0.000486 1.168069 0.905384 0.88021   

Frequency f E F G H I J 

Single 216556.3 -1.111419 0.0673323 0.3464926 -1.315337 -0.301644 

 

3.2.2  

Transmission coefficient 0.995 

Frequency 0.994 
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Model 1 (square)
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(45-degree rotated square)

Model 3 (triangle)
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4.1.2 1  

4.1.2-4 1

(a)

(b)

20, 40, 80, 160, 320 mm

4.1.1

3

4.1.3-4 (b) 3.1.3-4 (b)

 = + ( ) , ( ) 

 = + , ( ) 

 

4.1.1  1  

Transmission 

coefficient  
A B C D   

Single 0.000113 1.6246587 0.9960404 0.4142619   

Double -0.0003160 1.9561382 1.00464 -1107958   

Triple -0.0002978 1.9622016 1.0041701 -0.1476611   

Frequency f E F G H I J 

Single 114965.18 -1.1540098 0.0259575 0.4238951 2.0313275 -2.950483 
Double 15066.610 -0.9974359 1.1460712 -0.0334142 1.0347507 1.1656047 
Triple 9777.8508 -0.9923775 1.3804062 -0.0819693 1.0795151 0.935986 
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4.1.3 2  

4.1.5-7 1 45 2

4.1.2

3

1

1

1

2

2

1 2

 = + ( ) , ( ) 

 = + , ( ) 

 

4.1.2 2  

Transmission 

coefficient  
A B C D   

Single -0.0004666 0.990255 1.0348091 -0.1364718   

Double -0.0018839 2.1666647 1.0759340 0.8787438   

Triple -0.0016063 2.843641 1.0531583 1.3862897   

Frequency f E F G H I J 

Single 48344.471 -1.0114463 0.2798464 0.1634849 0.5966553 5.3418335 
Double 53713.498 -1.0060022 0.8346459 0.0591450 0.9610863 1.4795965 
Triple 55408.410 -1.0071234 0.8151962 0.0655808 0.9575040 1.3879750 
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4.1.4 3  

4.1.8-10 3

4.1.3

3

1 4.1.9-10 (b)

 = + ( ) , ( ) 

 = + , ( ) 

 

4.1.3  3  

Transmission 

coefficient  
A B C D   

Single -0.0003212 0.9180505 1.0168069 -0.5030544   

Double -0.0002768 1.9450724 1.0038788 -0.2070508   

Triple -0.0002836 1.9575522 1.0038721 -0.1869193   

Frequency f E F G H I J 

Single 61641.331 -1.0178940 0.1273137 0.2634125 -0.1390820 11.019653 
Double 22731.933 -0.9147383 1.2747603 -0.1845825 0.715825 0.957147 
Triple 13322.823 -0.978232 1.2451862 -0.1085686 1.003789 0.7217145 

 

  



 
4.1.8 3  



 
4.1.9 3  



 
4.1.10 3  



4.1.5  

4.1.4 0.99

 

1

 

 

4.1.4  
  Single Double Triple 

Transmission 
coefficient 

Model1 0.9999 0.9997 0.9997 

Bandgap 
 frequency 

 0.9986 0.9999 0.9997 

Transmission 
coefficient 

Model2 0.9915 0.9982 0.9994 

Bandgap 
 frequency 

 0.9999 0.9999 0.9999 

Transmission 
coefficient 

Model3 0.9912 0.9998 0.9998 

Bandgap 
 frequency 

 0.9999 0.9979 0.9993 
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4
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5 1
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4.2.1  

  

Plane 
wave

Y

X

Model 5
(Staggered 

array)
Model 4
(Quad)

Model 6
(Staggered 
array_tri)



4.2.2 4  

4.2.2 4 4

3

5

4 3

 = + ( ) , ( ) 

 = + , ( ) 

 

4.2.1 4  

Transmission 

coefficient  
A B C D   

 0.0004159 3.3790330 0.9998340 1.7590059   

Frequency f E F G H I J 
 78613.029 -0.9854378 1.1216700 -0.0659915 0.9971750 0.6421878 
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3.1.3

 = + ( ) , ( ) 
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4.2.2 5  

Transmission 

coefficient  
A B C D   

 -0.0018325 2.2339277 1.0601063 0.8875486   

Frequency f E F G H I J 
 64965.788 -0.996617 1.1481105 -0.0376816 1.0260727 1.0642310 
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4.2.3 6  

Transmission 

coefficient  
A B C D   

 -0.0025249 2.9622686 1.0879614 1.2013655   

Frequency f E F G H I J 
 68295.546 -1.0018004 1.0309066 0.0059519 1.0018028 1.0720178 
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4.2.4  

 Model 4 Model 5 Model 6 

Transmission coefficient 0.999 0.998 0.998 

Frequency 0.999 0.999 0.999 
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