
Each of the 1011 (one hundred  
billion) neurons has on average  
7,000 synapAc connecAons to other  
neurons. It has been esAmated that  
the brain of a three‐year‐old child  
has about 1015 synapses  
(1 quadrillion) 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1963 Nobel Prize in Physiology or Medicine 

Sir Alan Lloyd Hodgkin  Andrew Huxley 



Neuron Membrane PotenAal 

•  ‐semi‐permeable membrane separaAng 
different quanAAes of ions 

•  Force due to concentraAon gradient 
•  Force due to electrostaAc aXracAon/repulsion 
– Na+ 
– Cl‐ 
– K+ 
– others… 



ConcentraAon Gradient 



ElectrostaAc Pressure 



Nernst EquaAon 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V = voltage (at equilibrium) 
R = ideal gas constant (expresses energy of concentraAon gradient per Kelvin per mole) 
T = temperature (K) 
z = valence of the ionic species (eg., +1 for Na+, ‐1 for Cl‐) 
F = Faraday constant (electric charge/mole of electrons) 
[X] = concentraAon of ion inside/outside membrane 



Two forces at work: 
‐electrostaAc pressure 
‐concentraAon gradient 

Cl‐:  negaAvely charged chloride ions 
Na+: posiAvely charged sodium ions 
K+: posiAvely charged potassium ions 



Membrane PotenAal 

•  The interior of the neuron is kept at 
approximately ‐70 mV with respect to the 
exterior 

‐70mV 0mV 

















Graded potenAal 
Vs 
Saltatory ConducAon 







Spinal Cord 

•  Many corAcal neurons synapse with other 
corAcal neurons  

•  InteracAon with the environment (except for 
the eye) generally through the spinal cord 







Reflex arc 

Dorsal 

Ventral 







OrganizaAon of Cortex 







Parkinson’s Disease 

•  DegradaAon of substanAa nigra (pars compacta) 
–  Loss of dopamine 
–  Puts a “break” on input to motor cortex 

•  muscle rigidity, tremor, a slowing of physical 
movement (bradykinesia) 

•  This can be alleviated using 
–  Levodopa 
– Deep brain sAmulaAon of the internal segment of the 
globus pallidus (GPi) or subthalamic nucleus (STN) 



Penfield Map 



ReAnotopic Maps 

•  Much of visual cortex 
is organized in 
reference to posiAon 
on the reAna 



Saccade Maps – Superior Colliculus 



Saccade Maps – Frontal Eye Field 



•  Many brain regions seem not to have any 
parAcular map (e.g., frontal cortex), but this 
may reflect our incomplete understanding of 
those areas 






