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Introduction

Brain function underlies all behavior

•Motor activity (walking, smiling, etc.)

•Higher order cognitive behavior (thinking, learning,           
   memory, decision making)

Neuroscience is the study of the brain

The brain consists of neurons and glial cells.
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Neurons are the basic signaling units of the nervous system.

 

Glial cells are important in maintaining the health of neurons 
and how they behave and interact

Neurons communicate with each other at synapses
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Human Brain: 
• 1011 neurons
• 1015 synapses

Neurons typically receive inputs from a large number of other cells

A typical 1 mm3 cortical tissue contains 105 neurons

Neuron size varies from the micrometer to the meter scales

The estimated number of different morphological classes of neurons 
in the vertebrate brain is 10,000
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Neurons:

• Soma or cell body
• Dendrites
• Axon
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Soma:
• Site of the nucleus and all the normal cellular machinery
• Functionally the soma plays the role of integrating all of the inputs of the cell to      

           produce some output
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Dendrites:
• “Input line” to the neuron
• Dendrites that lie at the top of the neuron are called apical
• Dendrites that lie at the base of the neuron are called basal
•  In many cases, the majority of the surface area of the cell is taken up by the   

            dendrites
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Axon:
•  Major conducting unit of the neuron (“output line”)
• The diameter of an axon may range from .2 to 20 μm and may extend for up to one   

            meter
•  It can convey information great distances by propagating a transient electrical    

            signal called the action potential
•  Large axons are surrounded by a fatty insulating sheath called myelin
•  The sheath is interrupted at regular intervals by nodes of Ranvier.
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Neurons, like all other cells, maintain a potential difference 
of about 65 mV across their external membrane
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What distinguishes neurons and other excitable cells from
most cells in the body is that this resting membrane 
potential can be altered and can, therefore, serve as a 
signaling mechanism
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Action potentials:
•  Fast change in the neuron’s membrane potential
•  It is initiated at a specialized region of the soma called the axon hillock
•  It is initiated when the membrane potential reaches some threshold value 
•  It propagates along the axon
•  May last as short as 1 msec
•  May travel at rates that vary between about 1 and 100 meters per second
•  The shape and speed of each action potential does not depend on the stimulus

Refractory period:
•After each action potential, there is a period during which a second impulse cannot 

          be initiated
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Firing frequency:
•  Stronger stimuli often produce higher frequencies of impulse firing
•  Since the shape and speed of each action potential does not depend on the 

            stimulus, information about the stimulus is often carried in the frequency of firing
•  Limited by the refractory period
•  Some neurons are capable of continuously generating action potentials, even  

            without inputs
• The temporal pattern of firing may be quite complicated.
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Dynamical systems tools:
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Bursting
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Bifurcations:
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Hodgkin-Huxley classification of neural excitability:

• Class 1: Action potentials can be generated with arbitrarily low    
                        frequency, depending on the strength of the applied   
                        current

• Class 2:  Action potentials are generated in a certain frequency 
                         band that is relatively insensitive to changes in the   
                         strength of the applied current.

• Class 3:  A single action potential is generated in response to a   
                         pulse of current. Repetitive (tonic) spiking can be    
                         generated only for extremely strong injected currents or  
                         not at all.
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