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Biology
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Experimental setup
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Temporal encoding

» Low frequency: Fluid displacement D(t) « 6(t)

* High frequency: Real time integration via viscous
forces in each canal causes D(t) x 6(t)

* Reflecting this there is a subset of afferents that
report 4(t) for low f and 6(¢) for high f

* However a substantial number of afferents report
A(t) or a signal between 4(¢) and 6(t) even for
frequencies where D(t) o 6(t)
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Toy Model

* Transfer function:

Reiwt _ TEeiwt B Tleiw(t—cS)

~ Tre“(1 — ce_i”‘s)
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Is R a Fractional Derivative?

T T T T T TTTT] T T T T
2 4 6 8 2 4 68

Frequency (Hz)

R=f(t)—cf(t—7)=0bD%f fore,r,b,a # 07
: Where De f(t) = (is)*f(s)
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Df(t) = ﬁ [ (t — 5)* f(s)ds

D f(t) = D™D~ ") f(¢)

(is)* f(s) = DS (t) = (f(t) — cf(t — 7))
= (1 — ce™") f(s)

NO



Therefore

Vs £0 s.t. f(s) 0,00

1 — ce'™ = b(is)®

Taylor expanding about a # 0 gives:

b(ia)® =1 — cel9)  O(1) (1)
ab(ia)® = —iacre)  O(s — a) (2)
a(a — 1)b(ia)® = a?er?ei%) O((s — a)?) (3)
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Conclusion

(2) and (3) =
ba® 2a(a — 1)/cr? = cos(ar + am/2) =0
0

aba® 1 /e = sin(ar + an/2)
Ses

as all parameters are assumed nonzero and o # 1.
Therefore R Is not a fractional derivative.
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