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Exploration of possibility that phase cancellation contributed to sub-CF notch and phase
shift

We wanted to consider the possibility that the sub-CF notch might be due to phase cancellation of currents from local and
distant cochlear locations, rather than a local electromechanical effect. We have explored this possibility in two ways. Our
first approach was to exercise our full numerical model, where we can turn off longitudinal coupling of the electrical current
(by artificially increasing the resistance in the scalae). In our model, the electrical response is computed using multiple cables
(ST, SV, SM) coupled to the active cochlear model (see Fig.S1A and Ref.! for the detail of the cable model). In the case when
there is no current spread, propagation of current beyond each cross section is not possible and phase cancellation is likewise
not possible. With a current spread of zero the notch in the magnitude and the phase change persists (see Fig. S1B-C). When
current spread is turned back on (using the normal model parameters) the notch is slightly diminished in depth compared to the
“no cables” model. A notch appears above the CF where the phase is varying rapidly, showing that phase cancellation can occur
in the model. Therefore, theory predicts current spread is not the main factor for the sub-CF notch and associated phase change.
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Figure S1. Using the full cochlear model of this paper to examine the possibility that the sub-CF phase shift of voltage
relative to BM displacement, and often-accompanying amplitude notch, are due to phase cancellation from distant sources. (A)
Electrical network of the OHCs (see Fig 3C) coupled along the cochlea using different cable models on the SM/SV and ST. (B)
The full model responses with the cable model. (C) The model responses without the cable model (i.e, no current spread along
the cochlea was allowed). The phase shift and voltage notch are present in both cases, indicating they are not due to phase
cancellation from interacting electric fields.



arb. units

<

<

cycles

cycles

Displacement and predicted voltage Amplitude Real Part
3 104
A . / ) Di » 5
- /‘ \ o /\\‘ \ g o
"\~ S
_ _ \ R
0 1 2 3
10° .
Space constant Space constant Imaglnary Part
80 um 200 pm
. 10! 2 s >
04 06 08 1 12 14 04 06 08 1 12 14 5 ------------ AN
Phase re EC > 0 7N
s /
Bl o E{ =5
~ 0 1 2 3
-1 .
Spatial response amp
. 2 \ 2 L
\ ‘s
—— Displacement -3 =]
- - - - Predicted voltage 0.76CF: CF 'E 10?
3050 70 dB SPL -4 ool ® .
04 06 08 1 12 14 04 06 08 1 12 14 0 1 2 3 4
Relative phase: Voltage-Displacement Phase re stapes
0.5
C F 0
%
— — i) — —— NS> '?_‘) )
S —— Displacement
° - - - - Predicted voltage
0.5 -4 4
04 06 08 1 12 14 04 06 08 1 12 14 0 1 2 3 4
Freq/CF Freq/CF Distance re base (mm)

Figure S2. Using the experimental data to explore the potential effect of current spread on the sub-CF notch and phase shift.
Two different exponential decay lengths are used, 80 um and 200 pm. 80 wm was used in Dong & Olson? to fit their data, and
200 wm is included for illustration because it allows for a larger contribution from distant sources. In panels A-F the color code
represents the SPL applied (see panel B) while the displacement field is given by solid lines and the predicted voltage is shown
using dashed lines in A,B,D,E. The horizontal axis in A-F is frequency/CF. In G-H the point spread function is shown using a
dotted curve and the horizontal arrow represents the convolution operator with the displacement field (solid line). The result of
the convolution operation is the predicted voltage field shown using a dashed line. I-J The amplitude and phase are shown for
one frequency, versus longitudinal location. The location data are cast back into the frequency domain for the voltage
predictions in A-F. Phase cancellation produces supra-CF amplitude notches, but not sub-CF notches. Their location varies
with frequency and amplitude. A sub-CF phase shift is not produced.
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Second, as in?, we used a cable model (that paper’s Fig. 7 and 8) to explore the effect of current spread. This approach

was also used in Ref.? and several other works*>. In the cable model OHC transducer current was assumed to be linearly
proportional to BM displacement (a simplifying assumption). Using a post-processing technique, the frequency response of the
BM displacement (transducer current) at a single location is transformed to a spatial dependence according to a scale invariant
approximation (e.g., following Olson, et al.®). The transducer current is then spatially convolved with the current point spread
function (Green’s function) with a space constant (80 and 200 microns were explored) to obtain the spatial dependence of the
voltage field. We assume a space constant larger than the 42 um value indicated by? for the space constant within the OCC; the
larger value is a conservative approximation as it would induce greater phase cancellation. The process and result is in Fig. S2.
No sub-CF notches were introduced in the voltage. Based on the results of Figs. S1 and S2, phase cancellation due to current
spread does not produce the sub-CF phase shift and amplitude notch in voltage.
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