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  &	
  Karjalainen	
  	
  (2015)	
  

Moving on: Sensory systems  



Auditory periphery 



What	
  is	
  sound?	
  

Posi;on	
  

Pressure	
  

Speaker	
   Ear	
  

Snapshot	
  in	
  ;me	
  

Pulkki	
  &	
  Karjalainen	
  	
  (2015)	
  

	
  Note	
  the	
  periodic	
  nature	
  present....	
  



An Acoustic Prism

High frequencies

Low frequencies

Mid frequencies

Zweig	
  et	
  al.	
  (1976)	
  

Tonotopicity	
  



Aside:	
  Fourier	
  analysis	
  

	
  Time	
  and	
  frequency	
  
are	
  “separated”	
  



  Intuitive connection back to Taylor series: 

Taylor series  Expand a function as a (infinite) sum of polynomials 

Different Idea: Fourier series  Expand function as a (infinite) sum of sinusoids 

Fourier series 

Hobbie & Roth (2007) 



wikipedia	
  (square	
  wave)	
  

Fourier series 
‘Waveform’	
  (temporal)	
  

‘Power	
  spectrum’	
  (spectral)	
  



EXspectrogram.m	
  

E	
  A	
   I	
   O	
   U	
  

Aside:	
  Fourier	
  analysis	
  

;me	
  

frequency	
  

amplitude	
  



EXspectrogram.m	
  

“Physics	
  2030	
  	
  	
  Computa3onal	
  methods	
  for	
  physicists	
  and	
  engineers”	
  

Human	
  vocal	
  tract	
  
cross-­‐sec;on	
  

	
  Try	
  making	
  a	
  spectrogram	
  of	
  your	
  own	
  speech!	
  

Aside:	
  Fourier	
  analysis	
  



Traveling Waves!

Mammalian OAE 
generation overview"

Hair	
  cell	
  =	
  ‘Mechano-­‐electro’	
  transducer	
   Hearing	
  

Geisler; Bohnke"



Pu^ng	
  it	
  all	
  together....	
  



Kiang"

Time 

Voltage 

Mic 

Neuron 

Neural	
  coding	
  of	
  sound	
  

Note: Responses shown here are from a single auditory nerve fiber 



Neural	
  coding	
  of	
  speech	
  

Delgutte (1997)"



Kiang (JASA, 1980)"

 Temporal variation within a single nerve 
fiber across different repetitions (noisy?) 

Neural	
  coding	
  of	
  speech	
  



Stevens	
  (2000)	
  

Biomechanics	
  of	
  speech	
  



Stevens	
  (2000)	
  

	
  Males	
  have	
  lower	
  ‘fundamental’	
  (due	
  to	
  more	
  massive	
  vocal	
  folds)	
  

	
  Vibra;ng	
  vocal	
  folds	
  give	
  off	
  ‘buzzy’	
  sound	
  due	
  to	
  harmonics	
  

Key	
  idea:	
  
Spectrum	
  
  x-­‐axis	
  is	
  

frequency	
  [Hz]	
  
(i.e.,	
  Fourier	
  transform)	
  

Biomechanics	
  of	
  speech	
  

Vocal folds 



Stevens	
  (2000)	
  

	
  Complex	
  acous;c	
  process	
  is	
  boiled	
  down	
  to	
  a	
  rela;vely	
  
simple/tractable	
  framework	
  of	
  ‘sources’	
  and	
  tubes!	
  

Vibra;on	
  source	
  	
  
(vocal	
  folds)	
  

Pressure	
  source	
  	
  
(lungs)	
   Output	
  

(mouth)	
  
Filter	
  
(vocal	
  tract)	
  

Biomechanics	
  of	
  speech	
  



Biomechanics	
  of	
  speech	
  

Stevens (1998)"

  Most	
  easily	
  described	
  in	
  spectral	
  
domain	
  (i.e.,	
  via	
  Fourier	
  transforms)	
  

  Vocal	
  folds	
  (S)	
  act	
  as	
  a	
  (noisy)	
  source,	
  
some;mes	
  vibra;ng	
  

  Vocal	
  tract	
  shapes	
  that	
  sound	
  (T),	
  
crea;ng	
  “formants”	
  for	
  vowel	
  
sounds	
  	
  



	
  You	
  can	
  see	
  both	
  aspects	
  (S	
  and	
  T)	
  
in	
  the	
  spectrogram!	
  



	
  The	
  ear’s	
  main	
  job	
  to	
  to	
  do	
  this	
  
sort	
  of	
  spectral	
  decomposi;on!	
  



An Acoustic Prism

High frequencies

Low frequencies

Mid frequencies

Zweig	
  et	
  al.	
  (1976)	
  

Tonotopicity	
  



(Al-Hasan ibn al-Haitham 1083)

The Eye

Vision 



WebVision (Utah) 

Vision	
  



Palmer (1999) 

Vision:	
  Phototransduc;on	
  



McIlwain (1996) 

Vision:	
  Phototransduc;on	
  



http://openwetware.org/wiki/BIO254:Phototransduction 

In a nutshell: Light causes channels in cell membrane to close, 
thereby triggering an electrical response 

McIlwain (1996) 

Vision:	
  Phototransduc;on	
  



 Biochemical/molecular viewpoint... 

Wikipedia 

e.g., G-coupled proteins 
McIlwain (1996) 

Vision:	
  Phototransduc;on	
  



Palmer (1999) 

Vision:	
  Neural	
  processing	
  



McIlwain (1996) 

Note: Neurons are the basic 
building blocks that make up 
these “circuits” 

Note: These are just 
the “basic” vision bits 

Vision:	
  Neural	
  processing	
  



Note: This work on the neural basis of 
“receptive fields” led to Hubel & Wiesel 
winning the 1981 Nobel Prize  

Time 

Voltage 



McIlwain (1996) 

McIlwain (1996) 

Weiss (1996)"

 Cell-based electrodynamic circuits 
creates the underlying “logic” 

Vision:	
  Recep;ve	
  fields	
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Firestein	
  (2001)	
  

Olfac;on	
  (i.e.,	
  smell)	
  



Gustaocep;on	
  (i.e.,	
  taste)	
  

Wikipedia	
  (taste)	
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Frings	
  (2009)	
  

Tac;ocep;on	
  (i.e.,	
  touch)	
  



Wilder	
  Penfield	
  

Cor;cal	
  Homunculus	
  



Vision 

 All these aspects relates directly back to our picture of what is/moves 
across the cell membrane and how such affects electrodynamics 

Summary	
  



 This “story” is continued in (much 
more detail) in BPHS 4080.... 

Summary	
  



Fini 


