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Figure 8-1 Gain-phase characteristics of
an ideal low-pass filter.
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% ool box 8-2-1

UWATLAB statements for Fig. 8-3

i =1;

zeta = [0 0.1210.20.40.6 0.707 1 1.5 2.0];
for u=0:0.001:3

M)l

z=1,
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(unr2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(unr2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(unr2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(unr2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(un2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(un2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(un2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(un2)));z=z+1
Mz,i)= abs(1/ (1+(j*2*zeta(z)*u)-(un2)));z=z+1
i =i +1;

end

u=0: 0. 001: 3;

for i = 1:length(zeta)
plot(u, Mi,:));
hol d on;

end

xl abel ("\'nu = \onega/\onega_n');
ylabel (" [ Mj\onega)|");

axis([0 3 0 6]);

grid

E
05 i 1.5 2
n= OJICOn

2.5
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% ool box 8-2-2
9VATLAB st atenents for
al

(o

ear

i =1;

for zetai=0:sqrt(1/2)/100:1.2
sqrt((1-2*zetai.”2)+sqrt(4*zetai.4-
4*zetai . "2+2));

zeta(i)=zetai

i =i +1;

M)

end

TMP_COLCR = 1;
plot(zeta, M;

x| abel ("\zeta');

yl abel (' BW\onega_n');
axis([0 1.2 0 2]);

gr

id

BW/ ¢y,
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Prototype
second-order system
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As @, gets larger,
pole distance from
origin gets larger.

Pole locations
Ajo
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0 |M(jw)|
1.0 /\\/f 0dB
0.9 _34dB
Unit-step response Frequency response
0.1
0 5 t 0 (0]
N FE— 1-0.4167(5: 2.917C < BW >

BW = w,,[(l -2+ Vart -4+ 2]"2

As ), gets larger, £, gets smaller and the system

‘responds faster. As @, gets larger, BW gets larger.
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Bandwidth and rise time are inversely proportional.
Therefore, the larger the bandwidth is, the faster the system will respond.
Increasing @), increases BW and decreases f,.

Increasing { decreases BW and increases ¢,.
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G(s) = - (8-30)
©) S(s+2¢w,)
-s=-1/Tel et SHEZ F7}|
‘(A+Ts
=G(s) = G (L+T5) (8-31)
S(s+ 2w, )
- MRz Myste
‘(A+Ts
M(s) == o (L+ Z > (8-32)
S“+(20w, +T o’ )s+ w;
1 12
BW = (—b+ E\/b2 + 4’ j (8-33)
b=4,%0° + 40T —20° —'T ° (8-34)
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% ool box 8-3-1

UWATLAB statenments for Fig. 8-9(a)
clear all

i=1; T=[5 1.414 1 0.1 0]; zeta=0. 707,
for w=0:0.01: 4

t=1; s=j*w

Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));
i =i +1;

end

w=0: 0. 01: 4;

for i = 1:length(T)

plot(w Mi,:));

hol d on;

end

xl abel (" \onega (rad/sec)');ylabel (" | Mj\onega)|"');
axis([0 4 0 1.2]);
grid

t =t +1;
t =t +1;
t =t +1;
t =t +1;
t =t +1;

M)l
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0.4
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HYZ =2 MEeh=o I8 F719] 52t
% ool box 8-3-1
WATLAB statements for Fig. 8-9(b)
cl ear al
i =1;
T=[0 0.2 52 1 0.5]; 25
zet a=0. 2;
for w=0:0.001: 4
t =1,
S=j *w, 2
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1; 15 ///\
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1; :E
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1)),;t=t+1;, = ///ﬁ\\ \Q§
Mt,i) = abs((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1
i =i +1; 1 N
w=0: 0. 001:4; TMP_COLOR = 1; I
for i = 1:1ength(T) \Rm
pl ot (w, Mi, :)); 05 N
hol d on; o —
end T ]
x| abel (' \onega (rad/sec)'): 0 I I I o
yl abel (" | Mj\onega)|'); 0.5 1 1.5 2 2.5 3 3.5 4

axis([0 4 0 2.8]);
grid

m
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Yool box 8-3-2

YWATLAB statements for Fig. 8-10 ? use clear all, close
all, and clc if necessary

T=[5 1.414 0.1 0.01 0];

t=0:0.01:9;

zeta = 0.707; 1.4
for i=1:1ength(T) I
num=[ T(i) 1];

den = [1 2*zeta+T(i) 1];

M, :)=step(numden,t); 1.2
end

TMP_COLOR = 1;

for i = 1:1ength(T) 1

plot(t,Mi,:));
hol d on;
end 0.8 — |

x| abel (" Tine');
ylabel (" y(1)"); g
grid 0.6
A/
0.2 //
o/ :
0 1 2



% ool box 8-3-3

WATLAB statements for Fig. 8-11 ? use clear all, close
all, and clc if necessary

T=[1 5 0. 2];
t=0:0.01:9;

zeta = 0. 2;

for i=1:1ength(T)

num=[ T(i) 1];

den = [1 2*zeta+T(i) 1]
M, :)=step(numden,t);
end

for i = 1:length(T)
plot (t, Mi,:));

hol d on;

end

x| abel (" Tine');

ylabel ("y(t)");

grid

y(t)
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o ool box 8-4-1

UWATLAB statenments for Fig. 8-12 ? use clear
all, and clc if necessary
clear all;
wn=1,;
zet a=0. 707,
for T=[0 0.5 1 5];
nune=[ wn2] ;

den=conv([1 0],[1 2*zeta*wn]);
den=conv(den, [T 1]);

[ nc, dc] =f eedback(num den, 1,1, -1);
t=li nspace(0, 18, 1001); % i ne vector

y=step(nc,dc,t); %tep response for basic system

plot(t,y);
hol d on

end

xl abel ("w (rad/s)");

yl abel (" Anplitude');
title(' Step Response');

1.8

all, close

Amplitude

Step Response

r r

r

r

8 10
w (rad/s)
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%ool box 8-8-1 0 —
%VATLAB statenents for Fig. 8-25

w=0. 1: 0. 1: 1000;

num = [1]; 0.1
den = conv(conv([1 10],[1,2]),[1 0]);

[re,imw = nyquist(numden,w);

plot(re,im; 0.2

axis([-0.1 0.01 -0.6 0.01])

grid
-0.3
-0.4
-0.5

-0.1 -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01
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[(s) of 21} dF™e =718 m Nyquist AZof o|x|= st

L(S)=—— (8-75)

JImL &
L( jw)-plane
P,=1.P=0, &, =-90° for stability

w=

(Refer to Appendix F.)

. )= | >
I 0 | Re L
Critical point Critical point
o> K>0 K<0
(not enclosed) (enclosed)

Closed-loop stable Closed-loop unstable

lim 4 jw) = —(p+ 1)90° (8-70)
lim ZL( ja) = = p x N (8-77)
Enclosed . y & ‘ -
im (L ) =0 (B-T8)
3 area P Ak
} HIB (L jar)| = oo (8-7T9)
o il

Fociegtm [33 8-31] Lis) =

s(1+1

= o] Nyquist 4.
|




- o X S =] — =
L(s) of 52t A™EE F7te O Nyquist MEO| D[x[= A&k
0/ EajREE 2 XEEA0| s = 091 32 FII5H HRTAAHO| O FX| 92 HUS YOl 2
ES ¢S + Uk s = 00f| SHLIEC} O Y2 IS #1 Us FZ TN 2 E= o X} FEhQ AlA
22 SEEX| 3t PIAIZ|7] o2 HZEICt
K
L(s) = 8-80
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off sl SYet =g UL
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@, =-270° for stability
P=2,P=0 (Refer to Appendix F.)
&, = - 180" for stahility
(Refer to Appendix I.)
0—a A
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I D Re L - 0|w=e ReL
Enclosed C:“:"‘;‘:’[’;“ Pt Critical point Critical point
s (enclosed) (enclosed) v > K >0 k<0
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A
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jImL &

L( ja»-plane
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0 K Re L
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[(s) of 23} I™Me =7t mf Nyquist A Zof| o|x|= st

1
% ool box 8-9-1
UWATLAB statenments for Fig. 8-34 0.8
w=0: 0. 01: 100;
num = [1]; 0.6
den = conv([1 1],[1 1]) '
[re,imw = nyquist(numden,w);
plot(re,im"'b"); 0.4
hol d on
den = conv(conv([1 1],[1 1]),[1 1]) 0.2
[re,imw = nyquist(numden,w);
plot(re,im'r'); 0
axis([-1 2 -1 1])
grid 0.2

L /

w=0:0.01:100; \
num = [1]; -0.6
den =conv([1 1],[1 1
mysys = tf(r(llum,] tElen)];) \—//
[re,im,w] = nyquist(mysys,w); -0.8
plot(re,im,'b");

-1t r r r r

-1 -0.5 0 0.5 1


Donghan Kim
w=0:0.01:100;
num = [1];
den = conv([1 1],[1 1])
mysys = tf(num, den);
[re,im,w] = nyquist(mysys,w); 
plot(re,im,'b');
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0<K< T‘T+TT2 (8-87)
142
US SHE £ AUCk 4| (8-86)9] HLBP0 5 = —1/TAT,; > 02 FEES FI5ICt XL 12{H
- K(1+Tys)
k)= s(1 4 Ty5)(1 + Tzs) (8:58)

OIC}. 4] (8-86)1} (8-88)2] & TEE+2| Nyquist M= J2|H 13 8-352+ ZTh 4] (8-88)0|A BEY &1k=
A (8-86)01|lA L(jw) 2ol @ = 00jM= FE0| ULt @ = ool M= 90°E CiaiE Z2i7t Ht. L(jo)EHO

20| M4Eme| WHE —KT\To/(T, + TYUM — K(I,T, — T,T, — T,T)/(T, + Ty O|SEICH. maty Al
(8-88)2) Zm FMIUBAE 2= AlAme

T, + Tz
W1y — T4(Ty + T7)

0<K< (8-89)
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o FHO FT}

o 1

ool box 8-10-1

UWVATLAB statements for Fig. 8-35

w=0: 0. 01: 100; 0.8

num = [1];

den = conv(conv([1 1],[1 1]),[1 O]) 0.6

[re,imw = nyquist(numden,w);

plot(re,im'b'); 0.4

hol d on

num= [1 1]; 0.2

den = conv(conv([1 1],[1 1]),[1 0O])

[re,imw = nyquist(numden,w); 0

plot(re,im'r'); /

axis([-2 2 -1 1]) -0.2

grid / \

hol d on -0.4

den = conv(conv([1 1],[1 1]),[21 1])

[re,imw = nyquist(numden,w); 0.6

plot(re,im'r'); /

axis([-1 2 -1 1]) -0.8

grid on /
-1 “/ r
-1 0.5 0 0.5 1
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