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CHAPTER THREE 
 

Transfer Functions 
 
 
 
Definition of A Continuous System Transfer Function 
 
This is true for both continuous and discrete systems. We consider continuous transfer 
functions first, and for single-input, single-output systems only. 
The transfer function P (s) of a continuous system is defined as that factor in the equation 
for Y (s) multiplying the transform of the input U (s). 
 

Y (s) = P (s) U (s) 
 
 
Properties of A Continuous System Transfer Function 
 
The transfer function of a continuous system has several useful properties: 
1. It is the Laplace transform of its impulse response yδ (t) , t ≥ 0. That is, if the input to a 

system with transfer function P (s) is an impulse and all initial values are zero the 
transform of the output is P (s). 

2. The system transfer function can be determined from the system differential equation by 
taking the Laplace transform and ignoring all terms arising from initial values. The 
transfer function P (s) is then given by 

 

 (s) U
 (s) Y (s) P =  

 
3. The system differential equation can be obtained from the transfer function by replacing 

the s variable with the differential operator D defined by D = d /dt. 
4. The stability of a time-invariant linear system can be determined from the characteristic 

equation. The denominator of the system transfer function is the characteristic 
polynomial. Consequently, for continuous systems, if all the roots of the denominator 
have negative real parts, the system is stable. 

5. The roots of the denominator are the system poles and the roots of the numerator are the 
system zeros. The system transfer function can then be specified to within a constant by 
specifying the system poles and zeros. This constant, usually denoted by K, is the system 
gain factor. 

6. If the system transfer function has no poles or zeros with positive real parts, the system 
is a minimum phase system. 
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