For the following L(s),

B 1 _(s+D)(s+2) _ s
OOy OO Oy
1 S2+2s+2
(d) L(s)= §2 (52 +_23 N 2) , (e) L(s)= 52 (S+ 2)(3 +3)

(1) Determine the intervals on the real axis where root locus exist.
(2) Find the angles of asymptotes ¢ and the radiating out point on the real axis.
(3) Departure angles & arriving angles.

Solution:
(@) a(s) =s(s+2)(s?+2s+2), b(s)=1, n=4, m=0,

The polesarep, =0, p, =-2, p, =—1+j, p, =—1—j, No zeros. Thus,

(1) [-2, 0] is the interval on the real axis where root locus exist.

(2) the angles of asymptotes

4 - 2I+17[:2I+1”:§,37,5l’777z
n—-m 4 4 4 4 4

the radiating out point

L2 P2 04 ()4 (Lt )+ (L)
n—-m 4

-1

(3) For p1:O’ ¢2 :4(p1_ pz):AZ:O,

¢ = £(p,— py) = £(1- j)=—§,

d=£(p-p) =0+ ) =7
Departure angle 4, =—> ¢ — (21 +1)7 = —(0—%+%) ~Ql+Dr=r

i#l
Forp,=-2, 4 =«£(p,-p)=£-2=nx,

g, = £(p, — p) = £(~1- ,-):_37”,

¢4 :K(pz - p4):A(—l+ J) :377[,

Departure angle v, ., = —Z¢i -2 +Y)z = —(n—%ﬁ%) -21+)z =0

i#2
. . 3
For Ps =-1+ ) ¢1 :4(p3_ pl) :4(_1"' J) :T’

#, = £(ps— p,) = L(1+ j):%
¢4 :4(p3_ p4):&(2j):%,



T 7w &

Departure angle /.., =—> ¢ — (2l +1)72'——(— Z+_) (2l +1)7z—E
i#3
For p, =—1- ], = £(p,~ ) = £(-1- ) =—".
. —7T
$ :K(p4_ pz):&(l_ J):T’
. —7T
¢ = £(ps — P3) = £(-2]) 271
Departure angle /., =—>_ ¢ — (21 +1) 7 = —(_3—”+i+1) —@+)r=-=
iz4 4 4 2 2
Root Locus
%
1

(b) a(s)=s?, b(s)=(s+1)(s+2), n=3, m=2,
The polesare p, =0 (q=3), The zerosarez, =-1,

z, =—2. Thus,

(1) (=o0,-2], [-1,0] are the intervals on the real axis where root locus exist.

(2) the angles of asymptotes

4 =2 +17z @l +)7 =7
—-Mm




the radiating out point

=3

0-(-D-(-2)

=X1=0,

(3)Forp, =0, v, =£(p,~z)

=Xx2=0,

&(pl - Zz)

v, =
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a)

=X-1=r,

&(21 - pl)

=

Forz, =-1

=x1=0,

4(21_22)

v, =

Arriving angle v,

=0

3r-0+(21+)x

Z¢i,—zwi+(2l+1)7z

4(22 - pl)

A-2=r,
X -1=r,

-2, ¢ =

Forz, =

4(22 - Zl)

v, =

Arriving angle v, ,,

=7

r—-7m+2+Y)x

Z(A—Zl//i+(2l+1)7z

Root Locus




(c) a(s) =(s+1)?(s+3), b(s)=s, n=3, m=1,
The polesare p, =-1 (q=2), p, =—3, The zeros are z, =0. Thus,
(1) [—3,0] is the interval on the real axis where root locus exist.
(2) the angles of asymptotes
4 - 2l +1ﬂ: 2l+)x _
n—-m 2

the radiating out point

(3) Forp, =-1, ¢, =£(p,— p,) =£2=0,
y,=£(p-2)=£-1=m,
Departure angle qy, g, = > v, — > ¢~ +)r=7-0- 2+ )7 =27

il

3
2

i
2 1

= Vigep :_zqi=—|7r20,7z
Forp, =-3, ¢1:4(p2_ pl):4—2:7[,
l//lzé(pz_zl)=4—3=72',
Departure angle v, ., = > v, - > ¢ -l +)r=7-27-(2+1)7 =0

i#2
Forz, =0, ¢ = £(z,—p,) =£1=0,
¢, = £(2,— p,) =£3=0,

Arriving angle y,,, => ¢ - v+ (2 +)z =0+0+Ql +)7r =7

i#l

Root Locus




(d) a(s) =s?(s*+2s+2), b(s)=1, n=4, m=0,
The polesarep, =0 (q=2), p, =—1+J, p;=—1-J, No zeros. Thus,
(1) There is NO interval on the real axis where root locus exist.

(2) the angles of asymptotes
4 - 2I+1ﬂ:(2l+1)7z_£ 3z 5z In
n-m 4

47474 4
the radiating out point

DN DN LGt ) E e )
n-m 4

T

(3) For Py =0, ¢2 zé(pl_ pz) :K(l_ J) :_Z,

v

¢3 =é(p1_ ps):4(1+ j):Z,

Departure angle gy, 4, = > ;- > 4 — (2l + D)7 :%

il
-2+)7r 7 37
= Vige Z—q :E'?

_%_(m +D)7=—Ql+)7x

. 3
Forp, =—1+j, ¢, = £(p, — p,) = £(~1+ J)=T”,

@=4wfm9=4m=§,

237 T _ (4=
4 2

Departure angle ,q,, = > ;= D¢ — (21 + D)z =

i#2
3

For Ps =-1- j, ¢1 =K(p3— p1)=i(_1_ J) :_T,

¢2:é(p3_ pz)zé_zj :_%,

Departure angle yy g, = > i — > .4 — (21 + D)7z = 2377[+%— Q@+ =x

i#3



Root Locus

2,
-3, The zeros are z, = -1+ j, z, =—1—j. Thus,

=4, m

(e) a(s) =s?(s+2)(s+3), b(s)=s>+2s+2, n

_21 p3 =

= 2)’ P,

The polesare p, =0 (q

(1) [ -3,-2] is the interval on the real axis where root locus exist.

(2) the angles of asymptotes

@2l +1)7

21 +1

the radiating out point

=-15

P2 n 23— (-1+ )~ (-1- )

(24

0,
0,

&(pl - pz)

(3) Forp, =0, ¢,

4(p1_ p3):43:

¢ =

£(1-1])

4(p1 - Zl)

W, =

X1+ ])

W, =4(p—1,)

_%+%+o—(2| +)r=—(2l+1)7

& | o

_r
2

Z'/’i —z;/ﬁ; -2+
_ -2+ 7z
q

= lr/ll,dep

Forp,=-2, ¢ =£(p, - p,)

Departure angle qy; 4,

=X-2=n,



¢3 :4(p2 - ps) =41=0,
3

y=£(p,—2) = £(-1-]) :_T,

. 3
v, =4(p,—2,)=£(-1+ J):Tﬂ-,

Departure angle w,q,, = > Wi — . ¢ — (21 +1)z = —377[+3T7[7z—27z—0—(2l +Dr=rn

i#2
Forp,=-3, ¢ =£(p;—p)=4-3=r,
$,=£(p;—p,)=«£-1=m,
w,=X£(p;—2)=4£(-2-j)=tan0.5-r,
w,=X£(p;—2,)=4£(-2+ j)=r—tan' 0.5,
Departure angle v/, = > v, — > ¢ — (2 +D)zr=tan0.5-7+7—tan"05-27 -7 (2 +1)7 =0

i#3

. . 3z
Forz,=-1+j, ¢ =£(z,— p) =£(-1+ J):T,

¢, =£(z,—p,)=£(Q1+j)=
¢3 :&(21_ p3)=&(2+ J) =
v,=4£(2,-2,)=42]j :%,

I

—

an0.5,

Arriving angle . = > ¢ - D v+ (2 +1)z = 237”+%+tan1 O.5—%+ @l+Yhz :%+ tan™0.5
i#l
: . 3
Forz,=-1-j, ¢ =£(z,-p)=«(-1-j)= p

¢, = £(2,— ;) = £(1- ) :—%
¢ =4£(z,— ps) =£(2-)) =—tan™0.5,
40 :4(22 _21):4_21. :_%,

Arriving angle v, =Y 4 - D v + (2 + )7 = —2377[—%—tan‘10.5+%+ 2+ = —%— tan0.5

i#2



Root Locus




