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Calculation of acoustic input power at the stapes. For the mouse model, our computed 
cochlear input impedance (real part) is approximately ZSV = 1500 GPa·s/m3, with the area of the 
stapes footplate being AFP = 0.093 mm2, as listed in Table 1. The velocity of the stapes per unit 
pressure at the eardrum in mouse through the middle frequencies is measured1 to be about vFP = 
0.2 mm/(s·Pa). Therefore the acoustic power entering the cochlea is given by: 
 

P = 1
2
ZSV (AFPvFP pTM )

2 ,
 

(S1) 

where pTM is the pressure at the tympanic membrane. For 20 dB SPL at the tympanic membrane, 
this gives the power P = 0.01 fW, which is a point on the line for acoustic power shown in Figure 
6. For comparison, the input power near the human threshold of hearing at about 8 dB SPL was 
estimated to be 0.015 fW at the cochlea2.  
 

The effects of fluid viscosity. The viscosity of the fluid in the scala vestibuli (SV) is taken as the 
viscosity of water at mouse body temperature (µwater = 0.0007 Pa·s)3. To test how sensitive the 
present energy analysis is to the fluid viscosity, the results for viscosities a factor of two lower, 
µwater/2, and a factor of two higher, 2µwater, are shown in Figure S1 along with the results for the 
nominal viscosity. 

First, for a given level of basilar membrane (BM) displacement measured experimentally, 
the value of the force-conversion factor α needed to match the experimental data would be 
different for a different viscosity µ. For example, while the model with µ = µwater needs α = 0.04 
to match the 70 dB SPL experimental data at 35 kHz, the model with µ  = µwater/2 only needs α = 
0.025, and the model with µ = 2µwater needs about α = 0.06 to produce the similar level of 
vibration (solid lines in Fig. S1a and dashed black lines in Fig. S1b–d). The power flow for each 
of the three cases is shown in Figure S1b–d, which are all approximately in the same order of 
magnitude. The total OHC power output for these additional cases are also shown in Figure 6 as 
cyan and magenta stars respectively. From Figure S1, it can be seen that the power output of the 
OHCs per unit length (green line) and the power loss from viscosity per unit length (purple line) 
are both sub-linear with respect to changes in the fluid viscosity. Comparing with the dependency 
on the input SPL, the viscosity has little effect on the trend and order of magnitude of the power 
analysis above. Thus, the power analysis can be considered insensitive to the reasonable 
variations in fluid viscosity chosen in the present work.  
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Figure S1. Comparison of power distributions along the length of the cochlea for three different viscosities at 60 
dB SPL (35 kHz). Panel (a) shows the magnitude of the BM displacement, normalized by the magnitude of the stapes 
displacement, for three different fluid viscosities (µ), each with a different force-conversion factor (α). Panels (b, c, and d) 
contain plots of the power flow along the cochlea for each µ and α combination in (a). The lines represent the same 
quantities as in Figure 4, i.e., the power on the SV cross section (solid black lines), the derivative of the power flux along 
the length of the cochlea (blue lines), the power loss per unit length due to the fluid viscosity (purple lines), the power 
output from the OoC per unit length (green lines), and the rescaled snapshot of the BM displacement waveform (dashed 
black lines). Only the basal half of the cochlea is shown.  
 
Comparison of the phase between modeling and experiments. Figure S2 shows that the phase 
of the BM displacement normalized by the stapes displacement from the model begins to roll off 
faster than the measurements near the best frequency (BF) corresponding to an 80 dB SPL input 
(5.5 kHz), even though the amplitude of the BM displacement from the model fits very well with 
the data as shown in Figure 2. Similar behavior has been observed in gerbil, although the 
WKB+FF/FB mechanism has been fitted successfully for both amplitude and phase for chinchilla 
and guinea pig4,5. This disagreement in phase may be due to the unusual thickening of the 
pectinate zone of the BM that is common to both mouse and gerbil6,7. 

 
Figure S2. Comparison of phase of the BM displacement normalized by the stapes displacement between 
modeling and experimental results. Experimental results are shown in black markers. Results from the model are 
shown in blue and red for force-conversion factors α=0 and α=0.12 respectively. The pink and purple lines indicate the BF 
for 80 dB SPL (5.5 kHz) and 10 dB SPL (8.5 kHz) stimuli, respectively.   
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