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Membranes are extremely 
important in all receptor cells
-> membrane potential changes!
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fast (phasic) receptors: touch, 
smell, warm.

slow (tonic) or incomplete 
adaptation: cold, pain
Possibly danger!
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Biophysics of vision



𝜑 = න

400𝑛𝑚

800𝑛𝑚
𝑑𝐽 𝜆

𝑑𝜆
𝜙 𝜆 𝑑𝜆

Visual sensitivity function

“neon tube” emission spectrum

Reference: 1 new candle (candela) = 1/683 W/sr at 555nm
(2046K-es 1cm2 platinum thermal radiator)



Huge range 10-9 … 105 lux

Rods Cones

Possibly single photon sensitivity Lower sensitivity but larger dynamic range

Becomes saturation at mid-intensities No / very higz saturation intensity

Mostly in peripheral vision High density in the fovea centralis (yellow spot)

Higher grade of convergence (lower resolution) Low convergence

Lower resolution (larger receptor size) Maximal resolution(~1-3μm limiting image size)

Only one type exist -> no color information 3 types -> color coding possible

Higher frame-frequency ~20 Hz maximal frame frequency



Structure and connectivity of the mature retina. Animated neurons are drawn on top of a photomicrograph of a hematoxylin & eosin stained adult retina. Rod and cone 
photoreceptors are located in the ONL, horizontal, amacrine and bipolar cell interneurons and Müller glia are located in the INL, and RGCs and displaced amacrine cells 
are in the GCL. Light enters the eye and is first processed by the outer segments of rod and cone photoreceptors in the ONL. This information is then passed to the OPL, 
where connections between photoreceptors and bipolar cells are made, and signals are modulated by horizontal cells. Finally, bipolar cell axons pass visual information 
to RGC dendrites in the IPL-signaling that is refined by amacrine cells. Information is finally transmitted by RGC axons to the brain for further processing. (A,amacrine cell, 
B,bipolar cell; C,cone photoreceptor; G, retinal ganglion cell; GCL, ganglion cell layer; H, horizontal cell; INL, inner nuclear layer; IPL, inner plexiform layer; M, Müller glia; 
ONL, outer nuclear layer; OPL, outer plexiform layer; R, rod photoreceptor).

Cantrup, Rob & Kaushik, Gaurav & Schuurmans, Carol. (2012). Control of Retinal Development by Tumor Suppressor Genes. 10.5772/28870. 





https://doi.org/10.1016/j.tcb.2020.08.005

cytoplasmic membrane
discs

https://doi.org/10.1016/j.tcb.2020.08.005




Rhodopsin->Transducine (Tα-βγ)->phosphodiestherase->cGMP->Na+ channel CLOSING->hyperpolarization



10.1016/j.neuron.2012.01.010Neuron. 2012 Feb 9; 73(3): 415–434. 

https://dx.doi.org/10.1016%2Fj.neuron.2012.01.010
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22325196


X = rR + gG + bB

Additive color coding







Ponzo illusion

Escher’s staircase

Kanizsa-triangle

Ebbinghause illusion



In air -> Longitudinal

Guitar string-> transversal
Biophysics of hearing



Extremely broad intensity range covered -> log scale is preferred in the graphs

Easy to read 
reference point
1kHz, 10-12 W/m2

dB scale is convenient and well known: 10*log(J/Jo)



J=peff
2/Z

Z=c*ρ
JdB=10*log(J/Jo)

isophone-curves
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ψ

compressive sensing

JdB=10*log(J/Jo)

Two possible mathematical formula 
having compressive shape

LOG

POWER

Weber-Fechner
-> for simplicity use the dB!
-> at 1kHz: Phon=dB

Stevens
Ψ = k*(J/Jo)n

φ=J 
for sound

on average and rounded
k=1/16, n=0.3

High slope at low stimulus intensity -> raising attention
Low slope at high stimulus intensity -> small change would be anyways unimportant

The relative change is important



Anatomy of the ear



340 m/s, at 3kHz:
λ=c/f=(340m/s)/(3000Hz)=
=113.3 mm, λ/4=28.3 mm



Acoustic impedance matching!

Hear Res. 2010 May; 263(1-2): 66–77.

Adrum/Aoval = 17
Foval/Fdrum = 1.3
Pwater/Pair=22

Passive system, no energy 
amplification, but pressure is 
increased.

p

Z=c*ρ

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20034549






Békésy György Nobel-prize 1961 





Force
Tilting the bundle

loose 
tip link

stretched
tip link



Active frequency selection by reduction 
of damping

https://www.researchgate.net/figure/Anatomical-details-of-inner-ear-
cochlea-and-organ-of-Corti-the-sense-organ-of-
mammalian_fig1_215763152

Outer hair cells



outer hair cell excited bt AC voltage 



Volley theory:
Higher net AP frequency can be reached 
by phase-locked firing of multiple cells.

(on cell has max ~1kHz AP-frekvency)



Acoustic illustions

Shepard-tones

Appears to have 
increasing pitch all the 
time



The neural network is processing the data in time-space and context.

Can we hear the rhythmic beat?
It depends what is the masking sound. Sometimes a 
stronger masking still enables better perception…

The processing system can extend/replace missing data.



We still hear the fundamental,
although it is not present…



Hearing loss
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