


- For a dc signal, 

S/N = mean / standard dev. 

= x/s 

Where;  s is the standard 

deviation of the measured 

signal strength and

x is the mean of the 

measurement .

- x/s is the reciprocal of the 

relative standard deviation 

(RSD)

S/N=1/RSD 



- the standard deviation can be estimated 

easily at a 99% confidence level by dividing 

the difference between the maximum and 

the minimum signal by five. 

- Here, we assume that the excursions

from the mean are random and can thus be 

treated by the methods of statistics.

- it is seen in Appendix 1, that 99% of the 

data under the normal error curve lie 

within ±2.5σ of the mean. 

- Thus, we can say with 99% certainty that the difference between the maximum and minimum encompasses 5 σ 

- One fifth of the difference is then a good estimate of the standard deviation.



 As a general rule, it becomes impossible to 

detect a signal when the signal-to-noise 

ratio becomes less than about 2 or 3. 

 Figure 5-2 illustrates this rule. The upper 

plot is a nuclear magnetic resonance 

(NMR) spectrum for progesterone with a 

signal-to-noise ratio of about 4.3. 

 In the lower plot the ratio is 43. At the 

smaller signal-to-noise ratio, only a few of 

the several peaks can be recognized with 

certainty





• Thermal noise is caused by the thermal agitation 

of electrons or other charge carriers in resistors, 

capacitors, radiation transducers, 

electrochemical cells, and other resistive 

elements in an instrument. 

• This agitation of charged particles is random and 

periodically creates charge inhomogeneities, 

which in turn create voltage fluctuations that 

then appear in the readout as noise.

• It is important to note that thermal noise is 

present even in the absence of current in a 

resistive element and disappears only at 

absolute zero.



- Shot noise refers to the random fluctuations of the electric 
current in an electrical conductor, which are caused by the 
fact that the current is carried by discrete charges 
(electrons).

- The strength of this noise increases for growing magnitude 
of the average current flowing through the conductor. Shot 
noise is to be distinguished from current fluctuations in 
equilibrium, which happen without any applied voltage and 
without any average current flowing. These equilibrium 
current fluctuations are known as Johnson-Nyquist noise. 

- Flicker noise
- Its magnitude is inversely proportional to frequency of signal
- Can be significant at frequencies lower than 100 Hz
- Causes long term drift in the amplifiers, meters, and galvanometers
- Can be reduced significantly by using wire-wound or metallic film 

resistors rather than composition type



- Environmental noise is due to a 
composite of noises from different 
sources in the environment surrounding 
the instrument. 

- Much environmental noise occurs 
because each conductor in an 
instrument is potentially an antenna 
capable of picking up electromagnetic 
radiation and converting it to an 
electrical signal.  

- There are numerous sources of 
electromagnetic radiation in the 
environment including ac power lines, 
radio and TV stations, gasoline engine 
ignition systems, arcing switches, 
brushes in electrical motors, lightening, 
and ionospheric disturbances.  





Permit recovery of signals even when S/N is unity or less. Generally requires a reference signal 
at same frequency and phase (must have fixed phase relationship) as signal to be amplified










