Transfer Function of a Circuit

Let us first emphasize the concept of impedance in Laplace domain and in Phasor domain:

All electrical engineering signals exist in time domain where time ¢ is the independent variable. One can
transform a time-domain signal to phasor domain for sinusoidal signals.

For general signals not necessarily sinusoidal, one can transform a time domain signal into a Laplace
domain signal.

Laplace Transform of its voltage
Laplace Transform of its current’

The impedance of an element in Laplace domain =

Phasor of its voltage

The impedance of an element in phasor domain = - .
Phasor of its current

The impedances of elements, R, L, and C are given by

Element : Resistance R | Inductance L | Capacitance C
. P 1
Impedance in Laplace domain : R sL ol
. . . 1 5 = ‘r,,;,:'
Impedance in Phasor domain : R jwL el j

For Phasor domain, the Laplace variable where w is the radian frequency of the sinusoidal

signal.

The transfer function H(s) of a circuit is defined as:

Transform of the output  Phasor of the output

H(s) = The transfer function of a circuit =

Transform of the input ~ Phasor of the input
E I +
Input Phasor H(s) Output Phasor
S NS S

Example: As a simple example, consider a RC
circuit as shown on the right. By voltage division
rule, it is easy to determine its transfer function
as

H()im7%71711ia
S_V;n_R—i—i_l—l—sRC_RCs—i—%_s—i—a

where a = 5.
Transfer function is normally expressed in a form where the coeflicient of highest power in the denominator

is unity (one).
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Example: Determine the transfer function of the circuit shown. Assume that the Op-Amp is ideal.

":."
11

1V

The solution is simple. In what follows we show all steps clearly showing all the mathematical manipulations.

By voltage division rule,

1

Vol 1 1 1 «a

s¢ ‘/zn = ‘/zn = ‘/zn = ‘/zn
R—i——slc 1+ sRC RC s—i——RlC 5+«

Vn =Vp =

_ 1
where oo = yToR

We can write the node equation at N as

(Vv = Vp)sCy + ﬁ =0.
Ry

We can simplify the above equation as

VN VN 1 14+ sCi Ry
Vv — Vi =0 Vo=V, =Vn |1 =Vy—t
N 0+SC1R1 = 0 N+SC1R1 N[ +801R1:| N SC1R1
Thus 1
1 s+ &5/
%:VNﬂ:VNﬂ:VNS+B
SClRl S

whereﬁzﬁ.
We get,

Vo WV _s+8 «a a(s +B)
‘/ML—VN‘/ZH_ S s+ 3(3‘{‘0&).

The transfer function = H(s) =

This is often used in deriving filter circuits.


psannuti
Stamp




