
IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, VOL. 45, NO. 1, FEBRUARY 1996 345 

Correspondence 

H W  On the Thermal Noise Introduced by a Resistor in a Circuit 

Manuel Vargas and Ram6n PallAS-Areny - 1  
r - - - - - - - - - - - - - - _ - - _ - -  
I 1 

I. INTRODUCTION 
In a previous paper [l] we showed that the thermal noise introduced 

by some resistors in some circuits diminishes when their values are 
increased. Others have obtained similar results for a different circuit 
[2]. We show here the following general result: the noise introduced 
by an arbitrary resistor in an arbitrary linear circuit diminishes as the 
resistor value increases, provided this value is high enough. 

Let R be an arbitrary resistor, connected in an arbitrary linear 
circuit (Fig. 1). The resistor sees an impedance Z(s). Let H ’ ( s )  be 
the transfer function from the terminals of the resistor to the output 
of the circuit. The output noise voltage spectral density due to the 
resistor is 

V n  

Fig. 1. 
noise voltage spectral density Vn. 

Diagram showing the resistor R, the impedance Z(s) and the thermal 

This result is intuitively reasonable. If the resistor is withdrawn, 
which implies a very high resistance value, it no longer contributes 
to the total noise of the circuit. This by not means implies that a large 
resistor can be beneficial at any port of a circuit. In particular, a large 

Here V, is the thermal noise voltage spectral density, and H ( s )  is 
the transfer function for V,. Because of the finite Z(s),  we have 
H ( s )  # H’(s) .  If R >> (Z ( j2r f ) l  we have _ _  

resistor in series with a voltage signal would degrade the signal-to- 
noise ratio. Equation (2) shows that large resistors are not necessarily 
a problem because of their thermal noise. Their contribution to the 
output noise voltage depends on the input impedance and transfer 
function seen from its terminals. 

(2) 

It can be observed that, because H‘(s )  and Z ( s )  are independent of 
R, the noise diminishes as R increases. REFERENCES 
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