'Signals'and Systems - H. P. Hsu, section 5_._47

5.47. The most widely vsed graphlcal representation of the frequency response H{w) is the
Bode plot in which the quantities 20log,o|H(w)| and §,,(w) are plotted versus w, with
» plotted on a logarithmic scale. The quantity 20log,g|H(w)| is referred to as the
magnitude expressed in decibels (dB), denoted by |[H(w)|45. Sketch the Bode plots for
the following frequency responses:

(@) Hlw)=1+2

10
(b) H(w):m
s .
@ o) o
(a) N ]H(w)[dsz.ZDlogmlH(w”-_zmogm1+j%l

For e < 10,

!H(w)ldB :20]Dg10

@
1+jE‘—>2010g101:0 as w—10
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_ Fig. 5-28 Bode plots.
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For @ > 10,

w w
iH(m)[dE=2010gm1+jﬁ)w—>2030g10(—) as @ ——

10

" On a log frequency scale, 20log,,(w /10) is a straight line with a stope of 20 dB/decade -

{a decade is a 10-to-1 change in frequency). This straight line intersects the 0-dB axis at
w =10 {Fig. 5-28(a)). {This value of w is called the corner Sfrequency.) At the corner
frequency o = 10 ’

H(10}|gp = 20log o|1 +j1] = 20log,; 2 =3 dB
The plot of |H(w)ly is sketched in Fig. 5-28(a). Next,

w
0 (w) =tan™" —

10
Then
BH(w)=tan"1%——~>0 as @ — 0
w m
BH(m)=tan_lIb~——>-2~ as w —w

At @ =10, 8,(10)=tan™'1=m/4 radian (rad). The plot of 8,(w) is sketched in
Fig. 5-28(b). Note that the dotted lines represent the straight-line approximation of the
Bode plots.

i w
= 2010g g —————| = — 201og |1 +j—r
(0| =2 Ogml—i-jw/l{)()’ : Oog“" 1100‘
For @ = 100, .
w
|H(m)|d3:ﬁZOIogml-i-ji]a}——)—2(}Iogm]=0 as w0
For @ = 100,
lH(w)de:_201Og'°1+JW‘H_ZOIOEW(_I—(TO—) as @ —>

On a log frequency scale —20log,(w/100) is a .straight line with a slope of
—20 dB/decade. This straight line intersects the 0-dB axis at the corner frequency
w = 100 [Fig. 5-2%a)]. At the corner frequency o = 100

H(100)l4p = —20l0g,, V2 = —3 dB
The plot of {H{w) 45 is skefched in Fig. 5-2%(a). Next

Oy(w) = —tan_'ll—oo-
Then
133
BH(m)x—tan“‘ﬁ—aD as w — 0
© ™
GH(w)=*tan"m—a—5 a8 @ —> o0

At =100, 6,(100)= —tan"'1= —7/4 rad. The plot of 6,(w) is sketched in
Fig. 5-29(b).
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Fig. 5-29 Bode plots:
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(¢) First, we rewrite H(w) in standard form as
101 + jo)

H(o) = 3 7a/103(1 + jay100)
Then
| H{ @) |4 = 20i0g o 10 + 20log o|1 + je|
w w
— 20Tog 4l1 +jﬁ. —20log |} +jﬁ)

Note that there are three corner frequencies, o =1, w =10, and w = 100. Af corner
frequency w =1 :

H(D)yp = 20 + 20105 ¥2 — 20108 ,7v1.01 —201log,4v1.0001 =23 dB
At corner frequency w = 10
H{10)|4p = 20 + 201og,, V10T —201og,, V2 — 20log,,v1.01 =~ 37 dB
At corner frequency w = 100
H(100) 4 = 20 + 20Tog V10,001 — 20log,, VI0T — 20log,,v2 = 37 dB

The Bode amplitude plot is sketched in Fig. 5-30{a). Each term contributing to the
overall amplitude is also indicated. Next,

[£3] {w
fy(w)=tan"'w—tan™' o —tan ! 100
Then
fy(w)y=—0-0-0=0 as w— 0
o kin m IR
QH(aJ)* “2——5——2—-=*5 as w —«
and

0,,(1) =tan"'(1) — tan~'(0.1) — tan"'(0.01) = 0.676 rad
8,(10) = tan~'(10) — tan~'(1} — tan™'(0.1) = 0.586 rad
0,,/(100) = tan~'(100) — tan™'(10) -~ tan~*(1) = —0.696 rad
The plot of 8,{w) is sketched in Fig. 5-30(b).
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Fig. 5-30 Bode piots.




