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Weiss (1996)!



Weiss (1996)!

Key Point: Electrical properties 
of cells are important 

Modeling neurons à Electrical circuits 



Deep “biophysical” idea here! 
That we can effectively “model” an essential 
aspect of cell membranes by treating it as an 
electric circuit (ignoring a lot of messy/excess 
detail)  

Wikipedia	
  

à	
  A	
  cell	
  membrane	
  is	
  
complex/messy	
  (and	
  this	
  is	
  a	
  
“simple”	
  picture!)	
  



Ø  First	
  solved	
  by	
  William	
  Thomson	
  (aka	
  Lord	
  Kelvin)	
  in	
  ~1855	
  
	
  	
  
Ø  MoGvated	
  by	
  AtlanGc	
  submarine	
  cable	
  for	
  interconGnental	
  telegraphy	
  	
  

Weiss (1996)!

Modeling neurons à Core-conductor & Cable models 



Freeman!

à Biophysical model of a neuron is 
just like a transmission line! 

Modeling neurons à Core-conductor & Cable models 



Weiss (1996)!

Modeling neurons à Electrical circuits 

à	
  This	
  all	
  forms	
  a	
  core	
  narraGve	
  thread	
  of	
  BPHS	
  3090/4080	
  



“Current Topic” 

hRp://www.npr.org/2014/06/26/325246710/a-­‐shocking-­‐fish-­‐tale-­‐surprises-­‐evoluGonary-­‐biologists	
  

à	
  How	
  does	
  the	
  sensory	
  system	
  
encode	
  “contrast”?	
  



“Current Topic” 

Different	
  sensory	
  examples	
  
of	
  “contrast”	
  



“Current Topic” 

à	
  Theremin	
  (the	
  only	
  musical	
  
instrument	
  you	
  play	
  by	
  not	
  actually	
  
touching!)	
  



hRp://interface.khm.de/index.php/lab/interfaces-­‐advanced/theremin-­‐as-­‐a-­‐capaciGve-­‐sensing-­‐device/	
  

à	
  Make	
  your	
  own	
  Theremin	
  (via	
  an	
  Arduino)	
  



“Current Topic” 



“Current Topic” 

à	
  Different	
  neuron	
  
“types”	
  can	
  differenGally	
  
encode	
  contrast	
  via	
  firing	
  
rate	
  paRerns	
  



Human	
  brain	
  contains	
  ~1011	
  (100	
  billion)	
  neurons!	
  
(with	
  100	
  trillion+	
  connecGons	
  inbetween)	
  

National Geographic!



wikipedia (re synapse)!

à	
  Neurons	
  (e.g.,	
  your	
  brain,	
  right	
  now)	
  does	
  a	
  LOT	
  of	
  
communicaGng	
  via	
  diffusion....	
  





Synapses 

Waigh (2014)!



Synapses 

Weiss (1996)!

Two	
  basic	
  flavors	
  of	
  
synapses	
  
•  Electrical	
  
•  Chemical	
  

Remember: Electrical 
properties of cells are important 



Chemical synapses 

Ø  SGll	
  much	
  is	
  not	
  well	
  understood	
  
about	
  the	
  physical	
  mechanism(s)	
  
underlying	
  synapGc	
  dynamics	
  

Ø  Different	
  models	
  proposed	
  for	
  how	
  
vesicles	
  interact	
  w/	
  (pre-­‐synapGc)	
  
membrane	
  

à	
  How	
  might	
  one	
  explore	
  such	
  
experimentally?	
  



Synapses 



à	
  This	
  image	
  of	
  a	
  neuron	
  
was	
  captured	
  via	
  “two	
  
photon”	
  microscopy	
  
(covered	
  in	
  BPHS	
  4090),	
  
which	
  also	
  allows	
  for	
  probing	
  
synapGc	
  dynamics	
  



“Current Topic” 



“Current Topic” 

Ø  Noise	
  may	
  actually	
  help	
  in	
  some	
  
way	
  to	
  preserve	
  “signals”	
  



Pulkki	
  &	
  Karjalainen	
  	
  (2015)	
  

Moving on: Sensory systems  



Auditory periphery 



What	
  is	
  sound?	
  

PosiGon	
  

Pressure	
  

Speaker	
   Ear	
  

Snapshot	
  in	
  Gme	
  

Pulkki	
  &	
  Karjalainen	
  	
  (2015)	
  

à	
  Note	
  the	
  periodic	
  nature	
  present....	
  



An Acoustic Prism

High frequencies

Low frequencies

Mid frequencies

Zweig	
  et	
  al.	
  (1976)	
  

Tonotopicity	
  


