
Chapter 5

Signal to Noise ratio
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Noise • Voice recording in 
a crowded room. 

• photography in a 
low light room.

Unwanted fluctuations in 
signal (from source, 
transducer, ...)

DC signal 
vs time

DC signal 
vs time
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Not a 
constant 
DC signal
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Not a 
constant 
DC signal
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Noise types

• Random Noise (Unpredictable)
Summation of infinite number of changing sine waves.

(With change in intensity and frequency)

** Fundamental: Particular nature of light and matter. 
Can never be eliminated.
Example:  Shot noise

** Excess (Non-fundamental): can be eliminated
Example: Flicker noise

• Non-Random Noise :  (always non-fundamental)
Example: Impulse noise 

(when turning instrument on and off)
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White noise

• Random
• Fundamental or 

excess 

Gaussian Distribution

Low frequency sine waves:     moderate
High frequency sine waves:    moderate
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Pink noise  (1/f noise)
Power decreases as frequency increases

Example: drift

Low frequency sine waves:     stronger
High frequency sine waves:   weak
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Noise power spectrum

1/f noise (pink noise):
- power  1/f
- Random,  nonfundamental

White noise:
- Fundamental: Shot noise
- Nonfundam: Flicker noise

independent to f

Interference noise:  (environmental)
Nonfundam

descrete frequency 

Flicker noise:
- Proportional (multiplicative)      rms  S

Shot noise:
- Proportional to  S1/2
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Some signals and their power spectra
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Frequency response of filters and integrators
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(a) Low pass 
filter with 1-s 
time constant

(b) Band pass 
centered at 100 Hz
(Passing modulated 
signal)

(c) Integrator with 
1-s integration 
time

Equivalent noise 
band passes
(d), (e) and (f) 

Area under each 
rectangle is 
equivalent to the 
area under 
corresponding curve 
(square of the 
amplitude transfer 
function) 



Noise equivalent band pass (f)

f= 1/(4 ) 
: integration time

= /2 (f2 – f1) 
band pass filter

f
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Poisson distribution probability

naver=rt

StDev(naver)=(rt)0.5

Quantum noise

naver/StDev(naver)=(rt)0.5=n0.5
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P(n): Probability of observing 
n events (anodic pulses) in time t.

r: Mean rate of event.
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