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Electroencephalography (EEG): 
EEG signals are field potentials measured 
on the surface of the skull. 
These field potentials result from a large 
number of microcurrent sources working 
synergistically. 
The microcurrent sources can be generated 
from propagating action potentials or 
synaptic activity. 
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Brain Wave Recordings 

• Recorded extra-cellularly from scalp 
(EEG) 

• Recorded extra-cellularly from surface of 
cortex (ECOG) 

• Recorded extra-cellularly from deep 
structures (electroneurogram) 
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EEG (cont.): 

(from Nunez & 
Srinivasan) 

4 



Source of EEG Signal 

• Only cerebral cortex contributes to EEG 
• Organized vertically in 6 layers (I to VI) 
• Includes about 1010 neurons  
• Individual action potentials travelling along neuron axons 

are too small to be measured on scalp 
• Each neuron has 10’s of thousands of synapse at its 

dendrites which are usually horizontally aligned 
• Inward +ve current flow at excitatory synapses (EPSP) 
• Outward +ve current flow at inhibitory synapses (IPSP) 
• Viewed as current dipoles 
• Sum of these flows creates synaptic fields 
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EEG (cont.): 
Corticocortial fibers 
are closest to the 
skull surface. 
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Cortical Contributions 
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Spectral analysis (cont.): 
 Rhythm/ 

wave: 
Frequency 
range: (Hz) Brain state: 

Alpha 8 – 13 
prominent with 

closed eyes and 
with relaxation  

Beta > 13 
prominent during 

awake activity 
and deep sleep 

Theta 3.5 – 7.5 normally seen in 
sleep  

Delta < 3 normally seen in 
deep sleep  
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Spectral analysis of spontaneous EEG 
signals: 

The frequency of 
spontaneous EEG 
oscillations can be indicative 
of brain state. 

(from Nunez & 
Srinivasan) 
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Neuronal Connections 
• Most connections are short < 1mm 
• Long distance pathways also exist  (1 to 

15 cm) 
• Two hemispheres connected through 

corpus callosum 108 fibres 
• Transmission times could be as little as 1  

ms for short connections or 3 – 10 ms for 
longer. 
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Instrumentation (EEG Electrodes)  
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Electrode Placement 
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Multi-electrode recording: 
EEG electrode caps allow simultaneous recording 
of large numbers of EEG signals. 
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Cortical Electrodes 
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Amplifier Connections 
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Evoked potentials: 
Averaging of EEG signals in response to a 
repeated stimulus gives an evoked potential. 

(from Nunez & 
Srinivasan) 
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Multi-electrode recording (cont.): 
Example auditory evoked potentials at different 
electrode positions on the skull — 
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Epilepsy 
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Epilepsy EEG Signal 
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Sleep Staging 
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Stage 1 

23 



Stage 3 
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