Vin =4 ) CirCUit —) Vout =4*3 =12
Gain =
V. ,(t) = 4 cos(10kt) V,_,11(t) = 12 cos(10kt)
Circuit
V. ,(t) = 4 cos(20kt ) ) )  V ,(t) = 12 cos(20kt)
Gain =
V. ,(t) = 4 cos(10kt) V,_,1(t) = 12 cos(10kt)
Circuit
V. ,(t) = 4 cos(20kt)mummmmm—) — V,oua(t) = 20 cos(20kt)
@10k Gain =

@20k Gain= 5

V, i1 (t) = 12 cos(10kt+20°)

U

V. ,(t) = 4 cos(10kt-10°)
-‘ Circuit
V. ,(t) = 4 cos(20kt-30°) mmmmp V,_p(t) = 20 cos(20kt-70°)
@10k Gain = 3, phase shift =30°
@20k Gain =5, phase shift = -40°




Magnitude and Phase Plots of Real Zero

20log |H(jw) |
H(s)=1+> 60dB 4
z,
4048 4 asymptotes
. i - >
Magnitude plot: .20dB / dec
20dB 7 actual
0dB e — - —> logo
0.01z; 0.1z, 'z, 10z, 10%, 10%,
ZH(jo)
904
Phase plot: o
P 4 asymptotes
0° —f T T T T > |CIQ|’JJ-
0.01z, 0.1zy 'z, 10z, 10%, 10%
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Magnitude and Phase of Real Zero

Consider H(s) = 1 + s/z,.

H(jo) |HGo) | 20log|H(w) [| £H(w)
H(j0) =1 0dB 0°
H(jz, /100) | V1+0.02 =1 0dB 0°
HGz, /10) | V1+0.12 =1 0dB 5.7°
HGz, /3) | V1+0.3332=1.054 =1 0dB 18.4°
H(z) i+l =2-=1414 3dB 45°
H(32) V1+3  =410=3.162 10dB 71.6°
HG10z) | Vi+10° =+101=10 20dB 84.3°
HG10%Z) | v1+100° =100 40dB 90°
H(G10%,) | v1+1000% =1000 60dB 90°
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Example 4-27

Example 4-27: Consider an RLC circuit with its input connected to
a signal generator that generates sine waves. Find the

transfer function H(s) = V,(s)/V,,(s) and sketch the Bode
plots of H(s).

+

|
w:t)@

. 10.10ZR  VaulD)
|
|

1mF -
sRC
Soln.:  Vox(s) = Vin(s) == Vi(s)
ol +R+ L s’LC+sRC+1
sC
-3
H(s) = Voue(S) _ sRC 5(10.1)(107)

V. (s) siC+sRC+1 - s?(1073)(107%) +s(10.1)(107°) +1
1.01x107%s

S
T 1+1.01x10%s+1x10%s%

99(1+5s/100)(1+s/10%)

4-80

Elec2400 Fall‘21-22 Tutorial 9 (verl)

86




Prepared by Ricky Choi

Example 4-27 (cont.)
H(s) -

T 99(1+5/100)(1+s/10%)

20log | H|
e

20dB

0dB

—20dB"

Z|H]
3
0() =

I]CI

—90° 7

Elec2400 Fall‘21-22 Tutorial 9 (verl)
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Standard Form of Transfer Function

Recall a transfer function is written as

oy (s+z)(s+2)..(s+z2,)
e N T AT

For convenience in working out Bode plots, it is better to write
the transfer function as

H(s) _Vout(s)_H (1+s/z)(1+s/z)...(1+s/z)
- V(s) °(1+s/p)(1+s/p,)..(1+s/p,)

where H, = H(j0) is the DC gain.

=17
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Magnitude and Phase Plots of Real Zero

20log |H(jw) |
H(s)=1+> 60dB 4
z,
40dB 4 asymptotes
. i S
Magnitude plot: 20dB / dec
20dB - actual
0dB — Ny ———> logo
0.01z, 0.1zy 'z, 10z, 10%, 10%
ZH(jm)
90°4
Phase plot: o
P 5 asymptotes
0® l —— T T T T > logw
0.01z, 0.1z, 'z, 10z, 10%, 10%
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Magnitude and Phase Plots of Real Pole

H(s) = 1 20log | H(jw) |
1 S 4 0.01p, 0.1p, p, 10p, 10°p, 10°p,
+E {]‘dB 1 1 [} 1 1 [ | 3 (1)
1
—20dB"
Let —20dB / dec
, s
H(s)=1+— ~40dB-
P
then { _60dB
H(s) =
and ZH(jw)
) 4 0.01p, 0.1p, p, 10p, 10°p, 10°p,
20log | H(jw) | 0° s Sy e S LN
=—20log [H'(jow) |
] _ —45°4 —45° [ dec
ZH(w) = ZH'(jw)
—0(°-
4-74
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Bode Plots of s/z, and p,/s (cont.)

S P
H(s) =2 H(s) = ;1
20log [H| .
i
40dB 7 20log [H]|
F.3
+20dB [ dec
20dB T 20dB 7
—20dB / dec
0dB T T T > © 0dB - . >
0.1z, 10z, 100z, 0.1p, 100p,
—20dB ~20dB
Z|H]| _40dBT
i
90 ZIH]
)
0° T T T | > 0° 1 T T >
0.1z, z, 10z, 100z 0.1p, p, 10p, 100p,
—90°7
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Example 4-24

Example 4-24: Sketch the Bode plots of
1000(s +10)
H -
(&) =+1)(s+1000)

Soln.:

The magic of Bode plots is that if we have a complicated transfer
function as the one given above, we can break it down into
smaller pieces, and add up all the pieces together one by one.

(1) First of all, write H(s) in the standard form, i. e,
His) = 1000x10(1+s/10)
(1+s)x1000x(1+s/1000)
~ 10(1+s/10)
(1+s)(1+s/1000)

(2) Identify all corner frequencies: z,=10 rad/s, p,;=1 rad/s,
p,=1000 rad/s.

4-78
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Example 4-24 (cont.)

(3) Draw Bode plots of individual factor, and start adding the
Bode plots from low to high frequency.

( H,(s)=(1+s/10)

20log |H|
20dB F B < Hy(s) =10
0dB T Fl'ﬁxl:yﬁ ! L2 i >
04 1 10 100 1k\_ 10k
e ;
~20dB 1 |~ H,(s) =
HsE) = [ % () 1+5!1000‘
Z|H] 2(s) (1+5/10)
90°f 00000 N memeE===-
l}ﬂ
—QD“-‘
H,(s) = s
[T i4s) H4(5)_1+s/1000‘ 479
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