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$Toolbox 8-2-1
$MATLAB statements for Fig. 8-3
i=1;

zeta = [0 0.1 0.2 0.4 0.6 0.707 1 1.5 2.0];

for u=0:0.001:3

z=1;

M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
M(z,1)= abs(1/(1+(j*2*zeta(z)
i=i+1;

end

u=0:0.001:3;

for i = l:length(zeta)
plot(u,M(i,:));

hold on;
end
xlabel ("\mu = \omega/\omega n');
ylabel (" |M(J\omega) | ') ;
axis ([0 3 0 61);
grid
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$Toolbox 8-2-2
$MATLAB statements for Fig. 8-6

clear all
i=1;
for zetai=0:sqrt(1/2)/100:1.2
M(i) = sqgrt((l-2*zetai.”2)+sqrt(4*zetai.4d-

4d*zetail.”2+2));
zeta (i)=zetai;
i=i+1;
end
TMP COLOR = 1;
plot (zeta,M);
xlabel ("\zeta');
ylabel ('BWW/\omega n');
axis ([0 1.2 0 21);
grid
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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 ¢,.

Increasing { decreases BW and increases ,.
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%$Toolbox 8-3-1
$MATLAB statements for Fig.
clear all

8-9 (a)

i=1;T=[5 1.414 1 0.1 0];zeta=0.707;

for w=0:0.01:4
t=1; s=j*w;

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

M(t,1) = abs((1+(T(t)*s))/(sA2+(2*zeta+T(t))*s+1)),t=t 08
M(t,1) = abs ((1+(T(t)*s))/ (s"2+(2*zeta+T(t)) *s+1));t=t+1

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

M(t,1) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T (t)) *s+1)) ;t=t+1 =
i=i+1; :§ 0.6
end =
w=0:0.01:4;

for i = 1l:length(T) 0.4
plot(w,M(i,:));

hold on;

end 0.2
xlabel ('\omega (rad/sec)');ylabel('|M(j\omega) |");

axis ([0 4 0 1.21);

grid 0
mn

\
\

0.5

1.5 2 2.5
 (rad/sec)
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$Toolbox 8-3-1
$MATLAB statements for Fig. 8-9(b)

clear all
i=1;
T=[0 0.2 5 2 1 0.5]; 25
zeta=0.2;
for w=0:0.001:4
t=1;
sS=3*w; 2
M(t,i) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1;
M(t,i) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1;
M(t,i) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1; — 15 ///\
M(t,i) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1; =§
M(t,1i) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T (t))*s+1)) ;t=t+l; = ///r\\
M(t,i) = abs ((1+(T(t)*s))/(s"2+(2*zeta+T(t))*s+1));t=t+1;
i=i+1; 1 RN
end is&iigéﬁ**ﬁﬁwlkﬁiL
qu—o.q.901:4, TMP_COLOR = 1; sﬁ
or 1 = l:length(T) T
plot(w,M(i, :)); 0.5 —
hold on; T
end kﬁk}ﬁh;;;;;;
xlabel ('\omega (rad/sec)'); 0 | | i
ylabel (' [M(j\omega) | ') ; 0 0.5 1 1.5 2 2.5
axis ([0 4 0 2.8]1);  (rad/sec)
grid
m
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$Toolbox 8-3-2

$MATLAB statements for Fig.

all, and clc if necessary
T=[5 1.414 0.1 0.01 0];
t=0:0.01:9;

zeta = 0.707;

for i=1l:length(T)

num=[T (i) 17];

den = [1 2*zeta+T (i) 17;
M(i,:)=step(num,den,t);
end

TMP COLOR = 1;

for 1 = l:length(T)
plot (t,M(i,:));
hold on;

end

xlabel ('Time') ;
ylabel ('y(t)');
grid

8-10 ? use clear all,

1.2

0.8

0.6

0.4

0.2

close




$Toolbox 8-3-3

$MATLAB 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; 1.4
for i=1:length(T) I
num=[T (i) 1];
den = [1 2*zeta+T (i) 1];
M(i,:)=step(num,den,t); 1.2
end
for 1 = 1:length(T) o
plot (t,M(i,:)); 1 7
hold on;
end ////I//?/
xlabel ('Time"') ; 0.8
ylabel ('y(t)');
grid ?i

0.6

0.4 / //

QZX //

0 1
0 1 2
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%$Toolbox 8-4-1
$MATLAB statements for Fig. 8-12 ? use clear all, close
all, and clc if necessary
clear all;
wn=1;
zeta=0.707;
for T=[0 0.5 1 5];
num=[wn"2];
den=conv ([1 0], [1 2*zeta*wn]);
den=conv (den, [T 1]);
[nc,dc]=feedback (num,den,1,1,-1);
t=linspace(0,18,1001); %time vector
y=step (nc,dc,t); %step response for basic system
plot(t,y);
hold on
end
xlabel ('w (rad/s)'):
ylabel ('Amplitude');
title('Step Response');

Amplitude

Step Response
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8 10
w (rad/s)
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Direction of
N=Z-P Sense of the Number of Encirclements Direction
Encirclement s-plane Locus of the Origin of Encirclement
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Ol 8-8-1

$Toolbox 8-8-1 0 —
SMATLAB statements for Fig. 8-25
w=0.1:0.1:1000;
num = [1]; -0.1
den = conv(conv ([l 1071,[1,2]1),[1 0]);
[re,im,w] = nyquist (num,den,w);
plot (re,im) ; 0.2
axis([-0.1 0.01 -0.6 0.011)
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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Root loci of the system
30

T T T T

$Toolbox 8-8-2

SMATLAB statements for Fig. 8-26

den=conv ([l 2 0], [1 101): 20
mysys=tf (.0001,den);

rlocus (mysys) ;

title('Root loci of the system'); 101

-10 L.

Imaginary Axis (seconds™)

-20 .

-30 r r

:
-40 -30 -20 -10 0 10

Real Axis (seconds™')

&%‘mmm
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L(s)=
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(8-74)

1 A
J1m L L(jw)-plane
P,=0,P =0, @, =0°for stability.
(Refer to Appendix F.)
I Q= o0 | w=0 | >
—1 0 1. . . K | RelL
Critical point Cntliai ;}é)mt Critical point
co>K>0 - B
enclosed 0>K>-1

(not enclosed)

Closed-loop stable
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e
El

(not enclosed)

Closed-loop unstable
Closed-loop stable

L(s) = ——— o] Nyquist
(s) 1+ Tys) ] Nyquist 4%




L(s) of 2t A™E FI7HE W Nyquist MEO| o|x= Het
e s=00 F F7¢
K
(s) = (8-75)
s(1+Ts)

P,=1,P=0, @;=-90° for stability

L(jw)-plane

jImL A

(Refer to Appendix F.)
| i | >
-1 0 1 Rell
Critical point Critical point
o>K>0 K<0
(not enclosed) (enclosed)

Closed-loop stable

u [38 8-31]

3

'
-}
L(s

)

Closed-loop unstable

lim /L{ jw)=—(p+1)90°

W—00
lim /L{ jo) = —p x 90°
Enclosed @0

area Jim |Z(je)| =0

lim |L{ jw)| = co
w—0

(8-76)
(8-77)
(8-78)
(8-79)

K
—— 9] Nvquist 41 5.
s(1+ Tys ] Nyquist A%
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22 92 4 ks = 00| SHLIEC O B2 32 2T Qs T MBS 2 £ o TR FEPO| AL
B2 SHEXI st QFEAIZ|7] o4 ZEICt
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L(s) = ————r (8-80)
(5) s2(1 + Tys)
of Nyquist ME0[0{ OPYT0f et UARS LIEIHT Tt 28 8-3301A=
K .
L(s) = =7——— (8-81)
( ) 53(1 + T1s)
off &slf St =SHE SIAC
JimL 4 jImL“ O‘
) L( jw)-plane
L( jw)-plane P, =3,P=0
@, =-270° for stability
P,=2,P=0 (Refer to Appendix F.)
@, =-180° for stability
(Refer to Appendix F.)
0-w
L D=co L > [ >
-1 0 1 Re L -1 Olw=-oe 1 Re L
Enclosed C:tl:all(go(n)nt Crm;‘i(l goml Critical point Critical point
ared (enclosed) (enclosed) >K>0 i K < 0
Closed-loop unstable Closed-loop unstable (enclosed) (enclosed)
Closed-loop unstable Closed-loop unstable
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of Nyquist Mzof o|x|= P&k

oY

. 24(0)0| ot S8kZo| 27|
K
L(s)= (8-82)
(A+Ts)1+T,s)
jImL 4
L(jw)-plane
Q) = oo = O
4
0 K Re L
(1) Figure 8-34 Nyquist plots. Curve (1):
K
= L) =T s Ve @
Eis) = 1 Tos) (1 + Tas)(1 + Tss).
RE




L(s) of 22} A™Mg FIIe ml Nyquist MZoll Olxl& P&t

1
%$Toolbox 8-9-1
$MATLAB statements for Fig. 8-34 0.8
w=0:0.01:100;
num = [17];
den = conv ([l 17,[1 11) 0.6
[re,im,w] = nyquist (num,den,w);
plot(re,im, 'b'); 0.4
hold on
den = conv(conv([1 11,[1 11),[1 11) 0.2
[re,im,w] = nyquist (num,den,w);
plot(re,im, 'r'); 0
axis([-1 2 -1 1])
grid 0.2

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

At 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');


[(s) off 31t d™s FIt ©f Nyquist M=ol O|X|= HE

. AF 0| £}

HRZ HOAAGS o HEE7}

K
LO) = S T = T39) (8-86)
QI ZLE MZISIAL HFZAIARIO| QFYEL7| fsiA=
0<K< T‘T+TT2 (8-87)
142
US SHE 4 AL A (8-86) MEE0| s = —1/TAT, > 0)Q FES F7I6iCt kXL 12{H
B K(1+Tys)
LS) = S0 5 o) (8-88)

O[CL A} (8-86)2 (8-88)2] F MY EI4-2| Nyquist MTE 12|H 13 8-359F ZTh A (8-88)0f|Af HEQ| Eah=
Al (8-86)01A L(jo) $1AI01 & = 00IME H80| SOt 0 = oo0llMe 90°F Cishe 2t L. Ljw)Hete)
29 dFne| uE2 —KT\I/(T, + THNM — KT\ T, — T,T, — T,I)/(T, + T,)2 0|SEIRUC} m2tA 4]
(3-890 2T MYBLE 2= AlAHS

T+ T
T —T4(T) + T12)

OfiM 2FEH0I0 Ol= Y+=2f T, 2F Koi| CHaHA 4] (8-87)0IMQ] AEC O &2 ehts =Lk

0<K< (8-89)
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> 2O MBI BHE jimL 4
FlolH HIZTA|AEIO| OF KT
M3t FUE Z=Ct T,TIT; L( joyplane
\/_\ . )
0 ReL
(1)
@) \_K o, .,
Ty+T, ¢
8|
A
(=1 =)
[T12! 8-35] Nyquist A%, 4 (1): L(s) = K 24 Q) 1(5) = K(14+Tys) T <Ty Ty -
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$Toolbox 8-10-1

$MATLAB statements for Fig. 8-35
w=0:0.01:100;

num = [1];

den = conv(conv ([l 11,[1 1]),I[1

[re,im,w] = nyquist (num,den,w);

plot(re,im, 'b');

hold on

num = [1 17;

den = conv(conv ([l 11,[1 1]),I[1

[re,im,w] = nyquist (num,den,w);

plot(re,im, 'r");
axis([-2 2 -1 117)

grid
hold on
den = conv(conv ([l 1],[1 11),I[1

[re,im,w] = nyquist (num,den,w);
plot(re,im, 'r');

axis([-1 2 -1 11)

grid on
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