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EEG: 
Electroencephalogram 





















History 
1929: Hans Berger developed 

the electroencephalography 

(=graphic representation of the 

difference in voltage between 

two different cerebral locations 

plotted over time) following the 

studies of Richard Caton in non-

human animal species. 

 

He described the human alpha 

and beta rhythms 
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• “an electronic device comprised of capacitors and resistors that 
discriminate against a particular frequency or band of frequencies” 

• Act by: 
1. Attenuating input signals by decreasing the amplitude gradually 

2. Shifting input signal peak in time (phase shift) 

 

• Does NOT alter the frequency of input signals 

Note: R’s impede all freqs equally, C’s have 
the filtering effect in that they impede slower 
freqs more than fast 



Filters in the Electroencephalogram  





• “graphical representation of the % amplitude output of a band of 
frequencies based on a set of low and high frequency filter settings 
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Notch Filter 

Notch filters provide precise band-reject capability and are tuned for 50- 
or 60-Hz operation. The “Q” (quality) of a filter is a mathematical 
measure of its resonance. High-Q filters respond to a narrow but precise 
range of frequencies. They are used for 50- and 60-Hz notches because 
signals that are only a few Hertz above or below the notch frequency are 
passed transparently. Low-Q filters respond to a wide range of 
frequencies and are used for bandpass applications.  









2. Differential Amplifier 

• Electronic device that discriminates against in-phase/common signals and amplifies out-of-
phase/different signals 

• Vo = the potential difference of two inputs 

 

• CMRR (common mode rejection ratio): how well differential amplifiers can cancel common 
signals 

• Out-of-phase:In-phase 

• Can optimize CMRR by having low equal electrode impedances and a high 
amplifier impedance 

• EEG machines must have a MINIMUM CMRR ratio of 10000:1 







Sampling 
 
• Sampling interval determines temporal resolution 

• 0.01ms for BAEP 

• >=5msec for EEG 

• Sampling frequency= reciprocal of sampling interval (Hz) 
• Determines temporal resolution 

• Determines maximum frequency that can be represented 
• Nyquist theorem= sampling theorem. If signal has 0-fN frequencies, the minimum sampling 

frequency for digital signal to represent the original signal freq content is 2fN 

• fN is Nyquist frequency= 1/ (2 x sampling interval) so for fN= 50Hz would sample at least at 
100Hz and sampling interval is 0.01 sec or less 

• Nyquist frequency = what need to avoid distortion. Need sampling frequency 3-5 
x fN to give adequate resolution of details in digitized signal 





TC 

 TC gives the number of seconds it takes for a square wave to fall by 63% of 
its original value. 

The amount of time it takes for the upswing of the square wave signal to rise 
to 63% of its final value in the case of high filters or the amount of time it 
takes for the square wave signal to decay by 63% of its initial value in the 
case of low filters is measured.  




