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Thermal Noise: 
The noise density for electrical noise may be shown to be: 
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  h is Planck’s  constant:  6.624 x 10-34  W-sec per Hz 
   
  k is Boltzman’s constant :  1.379 x 10-27 W per degree K 

 
 

• Due to the thermal motion of electrons in a conduction medium and is present in 
any circuit with resistance. 

• Thermal noise limits the sensitivity of all electronic systems. 
• This density may be assumed flat (white) for frequencies we use in electronics. 
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The total noise power for white noise is     
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where B is the bandwidth in Hz. 
 
When white noise is passed through a system with a voltage transfer function of H(f), 
the total noise power is found by: 
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Noise Power Transfer

Zin = Z*
s

Matched
Load

The source impedance will 
generate a thermal noise due 
to random electron motion 
and have a one-sided 
spectral density of:

4kToZs V2/Hz

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Noise Power Transfer

The source noise power 
at the output is then:
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Zin = Z*
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The noise power coupled into 
the device from the source 
impedance over a bandwidth 
B is:
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The following notes are from “Solid State Radio Engineering” by H. Krauss 
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