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The human brain 



The human brain 



Neurons 

About 85 billion neurons, 
of which about 15 billion 
are in the cortex. 



Neurons 



Neurons 

electrode!



Spikes: action potentials 



 From single neurons to multiple neurons 



Voltage gated ion channels 



Morphology of ion channels 



Ion channels!



Generation of action potential 



Hodgkin-Huxley model of action potential 



Integrate-and-Fire Neuron (IFN): constant Ie    
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!!!!!!!Integrate-and-Fire Neuron (IFN): constant Ie 
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Integrate-and-Fire Neuron (IFN): Ie(t) 

VR = EL = !65mV ET = !50mV !m =10ms Rm =10M"



Spike adaptation 

VR = EL = !65mV ET = !50mV !m = 30ms Rm = 90M"



Spike adaptation 

VR = EL = !65mV ET = !50mV !m = 30ms Rm = 90M"

rm#sa = 0.06 ! sa =100ms E K= !70m



Synapses 



Synapses 



Synapses 



Synaptic transmission 
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Postsynaptic conductance 

!s = 0.93ms
!1 "s = 0.19ms

!1 T =1ms



Postsynaptic conductance 



Synaptic transmission 



20 ms

2 m
V

excitation
inhibition

membrane
potential

N�= 1
J = 1 mV

N�= 10
J = (10)-1/2 mV

N�= 100
J = (10)-1 mV

! !Integrate-and-Fire Neuron (IFN):  
subthreshold fluctuations of membrane potential   
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Synaptic transmission 



A small network, N=2 



Timing of synaptic inputs 

$4()4J0%#4,Q'<!(I,Z'(!

X4I$&=!&0%''!4'$%#4(!!

()4J0%#4,Q'<!(I,Z'(!



Communicating through spikes!
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Hodgkin and Huxley !



Hodgkin and Huxley !



Variability of neural responses 

Rat neocortical slices 
Regular firing neuron, layer 5 
 
Suprathreshold stimulation: 
dc current pulse, 150 pA, 900 ms 
 
Response: spike trains, mean  
firing rate about 14 Hz.  
 
A: The first 10 spike trains are 
shown superimposed 
 
B: The first 25 consecutive spike  
trains are shown as raster plots 

B

VARIABILITY!! Mainen, Sejnowski, Science (1995) 



Estimation of firing rates!



Poisson statistics!



Poisson statistics!
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Correlation functions !



Orientation selectivity in V1: tuning curve!



Orientation selectivity in V1: spiking neuron!



Comparison with data: Fano factor!



Comparison with data: interspike intervals!
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Comparison with data: coefficient of variation!


