
    
      Figure 2 
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        Sketch of the ear canal slice model showing the ear canal entrance E, the definition of the drum area D and the termination point T.

      

    

  
    
      Figure 3 
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        Reproduction of the modeling results in [34] of the ear canal wall admittance and admittance of the air in the canal using equation (4). The circles correspond to [34, Fig. 6] and the lines correspond to equation (4) using values of ρst = {1000 kg/m3, 1100 kg/m3 and 1200 kg/m3}, dst = 3 mm, Ast = 119 mm2, Est = {20 kPa, 210 kPa and 400 kPa}, ζst = {0.1, 0.25 and 0.4}, and [image: equation].

      

    

  
    
      Figure 5 
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        Equivalent circuit of the adapted middle ear cavities model. The value of the acoustic impedance Zcav results from the pressure pcav divided by the volume velocity at the eardrum qD.

      

    

  
    
      Figure 6 
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        Equivalent circuit of the middle ear kernel two-port comprising the components of eardrum, malleus and incus according to [19].

      

    

  
    
      Figure 7 
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        Equivalent circuit of the common mechanical admittance ydmi comprising parts of the eardrum, the malleus and the incus.

      

    

  
    
      Figure 8 
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        Impact of model simplifications in the kernel on ZD for the model according to [20].

      

    

  
    
      Figure 10 
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        Eardrum impedances ZD (left) and input impedances of the ear Zec (right) resulting from the model according to [20] and our model adapted to infant's ears.

      

    

  
    
      Figure 11 
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        Ear canal impedances Zec resulting from our model adapted to infant's ears for different ear canal radii (left) and different ear canal lengths (right).

      

    

  
    
      Figure 12 

      
        [image: thumbnail]
      

      
        Ear canal impedances Zec resulting from the model adapted to infant's ears for different values of the parameters modeling the compliant ear canal walls.

      

    

  
    
      Figure 13 
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        Ear canal impedance resulting from the model using two different sets of ear canal radius and diameter (black lines) together with ear canal impedances measured in N = 30 infant ears from [41] (pale colored lines).

      

    

  
    
      Figure 14 
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        Input impedances of the ear Zec resulting from the model adapted to infant's ears for different ear canal shapes while preserving ear canal volume and length, together with ear canal impedances measured in infants ears with normal middle ear from [41].

      

    

  
    
      Figure 15 
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        Input impedances of the ear Zec resulting from the models of the present study with aec = 1.9 mm, Lec = 8.5 mm (black), according to [4] (blue), according to [34] (red), and according to [46] (yellow), together with ear canal impedances measured in infants ears with normal middle ear from [41]. The infants’ age is between 16 and 28 days.

      

    

  
    
      Figure 16 
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        Ear canal wall impedance Zw (left) and input impedances of the ear Zec (right) resulting from the models of the present study with aec = 1.9 mm, Lec = 8.5 mm (black), according to [4] (blue), according to [34] (red), and according to [46] (yellow). Additionally, Zec resulting from the models of the present study assuming rigid ear canal walls is depicted (gray).

      

    

  
    
      Table A1 

      Default values of ear canal parameters.

      
        
          
            
              	Parameter
              	Infant value
              	Adult value
            

          
          
            
              	lec (or widths Δi)
              	14 mm
              	18 mm
            

            
              	aec (or areas Ai)
              	1.7 mm
              	5.3 mm
            

            
              	
                g
                ec
              
              	10
              	3
            

            
              	ζst
              	0.6
              	–
            

            
              	
                E
                st
              
              	90 kPa
              	–
            

            
              	
                ρ
                st
              
              	100 kg/m3
              	–
            

            
              	
                d
                st
              
              	3 mm
              	–
            

          
        

      

    

  
    
      Table A2 

      Default values of middle ear cavities parameters.

      
        
          
            
              	Parameter
              	Infant value
              	Adult value
            

          
          
            
              	
                f
                mac
              
              	–
              	3500 Hz
            

            
              	
                Q
                mac
              
              	–
              	0.4000
            

            
              	
                V
                mac
              
              	–
              	8 cm3
            

            
              	
                M
                ada
              
              	–
              	880 kg/m4
            

            
              	
                W
                ada
              
              	–
              	17e5 Pa s/m3
            

            
              	
                V
                ant
              
              	0.5 cm3
              	0.8 cm3
            

            
              	
                V
                t
              
              	0.33 cm3
              	0.5 cm3
            

            
              	Wt
              	2e6 Pa s/m3
              	2e6 Pa s/m3
            

          
        

      

    

  
    
      Table A4 

      Default values of stapes and cochlea parameters.

      
        
          
            
              	Parameter
              	Infant value
              	Adult value
            

          
          
            
              	
                m
                St
              
              	3e−06 kg
              	3e−06 kg
            

            
              	
                n
                St
              
              	0.0012 m/N
              	0.0012 m/N
            

            
              	
                w
                St
              
              	0.018 N s/m
              	0.018 N s/m
            

            
              	
                m
                C
              
              	1e−05 kg
              	1e−05 kg
            

            
              	
                n
                C
              
              	0.011 m/N
              	0.011 m/N
            

            
              	
                w
                C
              
              	0.07 N s/m
              	0.07 N s/m
            

            
              	not required
              	
              	
            

            
              	
                A
                C
              
              	3 mm2
              	3 mm2
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