ELEC 320
R . \A&MNA\A NN\& &.07“%%\»\ % € *&\.@N) R&*«;QSM e U 1\.§ QRQT&A \\S ,W\ﬁ
.\N& 2eco 1\\».\« ,ﬂmu\azhn N\N\any .Q \N,;m(A v, *\3\'

N; va 3.&\,\*@ (oA ,\P_So?\.’ ..\N)A \N\ W.NGL RY\\%}L.

hY
% H;\:\R :&\\:R \Kt Q.Vw* ‘o
@ 7 Yang uﬁm\ fu 7n.%d) H(s)= & NWk \NQ& . \Q\m\ ¢ 3eros imfa!

®), Feequency Yesponse H{w) = .ﬂ.\\. m&% v Bode pff A 20 Loy \\SL\
= H(s)| —
— S=3 o e
/Ime , §(¢) >\¢\
\\3?» x (%) L TIc 4(t)= x(t/xh(t)
r | Sys Fen,
M@r?l\ \%b}b\gm h(t] | \\*N.\o»\‘k 9»\,?\@* f N\\\&Q mvwe: 3
a A Hlw) vocE)- )
o M Xm&\\“ A%Mﬂ\\ﬁ\m\\« t&h\ V\N&\\ - XNS\\- \,\\S\\ NQ\X}:?MA&#@I
- \O\Smf.} XNM\H Kw\N\*L V\NM\H XNW\. \* (s) m.Q\f.\rg«

Systerms




F(€£‘¢€“(7 /éfffal‘\fe * 7YQAI 7éV Fun 67{‘91\

=

K@Ce// %ﬂuf 7(@ /[rezuen[? YEsPorse %

@ System  felly K amplitade  gain
ar\pl /Aa;e :/\,’7[74 ?X/éw'énrea( 47

] Cos/ne :

Sysfe v
2 Coﬂz(/ﬁoof) ‘1;{”'} 02,///(/000// 2R /000{ + Z#(/ooa))

> (<) |

ﬂé(a// 7£\”“'\)’ 7[€r ZCMA( 740;\ '

R/Z(ﬁoz %/Lf 5’/3;\:«/]
H - T = 7 m / S
(s) 25 io? srgnd] j; pelse vesp e}

74 e )C\’€Zuéhc7 s poise 31 0 !)qu"hé/ é)'
é VJQ Q/K\‘;j £Le %Vd’\f 7[Pr‘ ]Cut\c/l{'ab\
along A (maginary  axy  S=il %

7‘4 }~/°/an . jé/
Hiw) = /4(;)/ ‘ :
=3¢

JAT p o v o5 /Pr\(/;vl/'fb ;tor 7% ﬁ/eﬁyh
7 fi"‘i/éj 7£(\/7Z€I’5.



WA 4

P wg Frequency

// response

T —

w F\’@f \’e;/onfd

s “slice”
-f(rOujL /H(I}/
Sur?tkfe 4/0'\3
— S 2o, S —ax/ls,

Fig. 5.26 A three-dimensional view of |H(s)| versus s, with the dashed line showing
the intersection of the plane o =0 and the surface IH(s)I, thus placing
the frequency response in evidence.
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Fig. 4.38 (a)vector representation of complex numbers (b) vector representation of factors
of H(s).

4.7-1 Dependence of Frequency Response on Poles and Zeros of H(s)

Frequency response of a system is basically the information about the filtering
capability of the system. We now examine the close connection that exists between
the pole-zero locations of the system transfer function and its frequency response
(or filtering characteristics). A system transfer function can be expressed as

P(s) _, (s=2)(s =) (s = )
Q) ~ o= M)s = ha) - (5= An)

where 2y, 23, ..., z are the zeros of H(s) and the characteristic roots A1, Az, ...,
A, are the poles of H(s). Now the value of the transfer function H(s) at s =p is

H(s) = (4.78a)

g p-z)p—2) - (p—2n)
A emp = oo Gy X = 22) (0= ) (4780)
This equation consists of factors of the form p — z; and p— A;. The factor p— 2
is & complex number represented by a vector drawn from point z to point p in the
complex plane, as shown in Fig. 4.38a. The length of this line segment is |p— z|, the
magnitude of p — z. The angle of this directed line segment (with horizontal axis)
is L(p — z). To compute H(s) at s = p, we draw line segments from all poles and
zeros of H(s) to point p, as shown in Fig. 4.38b. The vector connecting a zero z; to
the point p is p — z;. Let the length of this vector be r;, and let its angle with the
horizontal axis be ¢;. Then p — z; = r;e7%. Similarly the vector connecting a pole
i to the point p is p — \; = d;e’%, where d; and 6; are the length and the angle
(with the horizontal axis) respectively of the vector p — A;. Now from Eq. (4.78b)
it follows that

( j¢1)( j¢z)...( " j¢n)
H(s)|s=p =bn (211;'01)(;22;02) e (2;1'91)

= bn______rlrz T eil($1+¢2++6n)— (81 +62+-+6n)]
dids - dn
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Fig. 4.40 Pole-zero configuration and the amplitude response of a a lowpass (Butter-
worth) filter.
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