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Nssame tia‘t tY\c Volue of }o«'m k is nonnc}o\ti\”c (&),0).

S&thﬁ tt\t. reo locus P\Q‘l.
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(1] caleulate Zeros and poles of open-leep Zvoxfer function.

~(-2)* ,JE—).)L- 4 x1x2

Zervs . S - - 41t or +|I\S i’\S:J-I
2x\
4+ J4"_4xlxg .
Pole,s-. $-0 ond S- = <L+
2x\
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[21 Determine ttu: root loci om t?lt Yeal omis.

AIm

: 2
l\nalc condit|on: -6‘ -(B,+ 83) + (?l.r?a) ._-LPI —( <p+¢ P,) + (L£\+L1L) —':it’-%-'?

~Q-2N+ 2N FE *( ’-&-l\“ = TC\C Oma,le condition is not satis fied.

e ————

A Im
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2
Pm&t. condition: - B\ - (BL-\' 91)-r (cﬁ +<]’b) — Ll&-\) mn =\

CRo-(2M)+(2n)= -R oz r(aknn 5 k-0

-ch omah‘: condition is smtis"iezcl.

Alm

Determine te\c c«sa_mptots of tﬁ\:, Yoo loci
Determine namber of ms}mptots.

N:Y\-W\'—"S-’—:l Nz

(32] Determne the omale 0} msé;npto‘ts.

) L - + Y - Q
+. 120" L k-1) _ f180°( k- _+%0 (LK1
n-m -2

) &:0 =D ﬁ:t\%o.

[E T asymptets intersect ot o pont on 't‘t\t Yeal omis.

. ZRe®)-TRe(d)  (0-2-2)-01)
A - .
NnN-m %-7_
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Find tT\c Lmu&o\wu}ml \om%\.gn pPoints.

B'—._l\_' Wyite Zt\e cewac'tf,ﬁstic, e‘*m&tiok.

2.
sh_3
|, K25+ U

S (S 45+ 3)

4.9 OLi;uin &k frome tﬁ& cﬁtmxc,tefistic esrumt{on.

3 2
&(sz_z_s_f)_) 1 = &: %Ls"+43+3) . S +4S 4+ 38 (2

Iy =
=
S(S"+4—S+ 2) S"-ZS + 2 Sl_lS-\-’_

'4.'5! Determine < from j_S\_ =0

ds
3 2
2, = dk (B Rer B (SL61L) - (A1) (S35 433) ¢ add o usae
ds (S1—1S+7_)L (g"_j_g.u_\L

5,z 5.21¢3)

4
3 5oy S-4e o106 41e =00y ) s -1 FE 1R

s Sq-UKeRY

34_._ 232373}
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~/

. 9,
These points ore on 'ttlc veot loci 7{".
4
(o
%
%
%
4
- Calenlate k for S3Sy0 S, 0 S )
~
(2 3 4l ¢
o S5uN =—» \\\._i'*_sﬁi:_w.ww 0 X -
S-lst L
) s 3S,
o g, 11T — K| - 17573 joaae (0 x
S5g g _lSz_-l»l
2
(@A) $3 .1.457' +853
o S%—__Q.'H(%)_ — g«l - 3 3 - Loth S N\ ok
: N
S-'i.,; S&-J_S.s+7_
my 2 G S e4st 43S, N ok
o S, =-2.237 =y - 278 = 0.#j05 >0 >0
34 - 7-34-\- 2

@ Detemiae ‘tx\e O\N%e o} leparture (ou\v%\c of O.YYNU.\\ QSS ttlc Yoot locus

Srem o complen poles (ot oo omplen Leves) .

X

Alm
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Ar\h\e condition: - Q\-BL- 9.5*- <P| +CPL—. t(i‘r\-l)\%@ =

_ 45 _341.5(5 45, P 90 =+ @ %-)1R0 = F-+ 2k 130, 341.5(5 =

&:0 :);\80.-1- 34"-5‘ 5°=? => @‘ = l“. 5‘ a
f5.).|

Alm

R“}S\ﬁ condition: —_—

2

o - . 2\ o
B, :120°-2 |(g;j).|'55 ) 0,290, B ¥  FKaraeiy (kY= 161563

2

RO _t}“(_%) 133"
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~8,-8,.8,+ P, PB -+ (2 S\-\) 130 =5 -1N5 " el_‘)o‘uc\.‘jfslm" = + 2 (Lk-1)

= 0, N.5¢5 7 (LK-1)1B = 6,_._15\.5(51

A Im

m Find tg\e, points me\m, Z$Le, Yoot \oci cross t‘te '\mo.-k'mox}o.\\i\.

Reathrs  stability criterion

ey 2 2
S\(S"_Ls.‘.j_\ N S 445 +35+S§LS-LS+§_) _

0 =
S (38445t RB) S ( st 445+B)

b = |+

s* (4—-&)3’}(8—1&)% +2%k=0

5> \ (3-1%)
5 S LY 2%

|
S
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N 1% \\}
31—%&-\-8&-1&1-1&:0 $§.\L+ Kﬂ- 1 =0 =

&- -1tJ11_4A1xL-1() _
2x1

ik-_%.‘)'.’)ll S0 N

k-_45311 <0 x

km\'\\'\wa_ cs‘_uwbien' (4~ &3$1+1§<=0 , &=3.5311 =

7.53115 + F.03Y =0 S=+ -Rod +0.3(3}
%5311

ks-_ to.sczj

E{ LctCinér S ziwazjw (\-.3:@) in the charnczeristic equation.

Sz 1w

S3+ (4+&351+(%-1&\s +1k-0 =

o'y (e tivy 4 (B-2KY iy a2 k=0 =

i -4+ &)u"ﬂZ-lf\)dw)*lQ:O =
— — ) o f__,vv_!

Im Re Im Re

1% 4Kyt | [w E-2%w] o= {

9 % 4w R0 %)

%uo_‘ﬂ\u.\ -wE:Q oY B- ‘L&-w":o
(**J

G = wis Bk g

L XXX into (%) => LQ-(4+Q)(2-1Y\)—.0=> 3.Q.L+ 1&-‘3’.:0 g («i(«-\(:bl
k<3530

-+ Jl"-‘l-x\x(-u
&’- — >
2 x\

K 2-4.53NLX

(X XK\ =~ Lo -?JS- 2% s wert r/8-1x3-53“ =+ 098 = - 409¢81
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(X% = w-:'*JX- 1% s wex J%-lx’&-'ﬁ“ =+ 0908 =5 - 409(8)

[ ' . / > Re
oe_ 293733 /r /\
% =9.9905 S, D S
4’_!‘9.;.? -
. 04,?, {’ Zl
b 568 °
2.351.5¢s5°
—_— > Re

2.351.5¢5°

Rgs’;a.s»fz) Gl

Exomp\e . S‘&e‘bct\ bede dinyram o G,z
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Exomp\e - S‘K&kﬁ\ bede J'mgom &

Write t‘\e fraction o Stondwrd

I. The First component - _;7_ or L

K (SHLs+2)

G i *
4 3(SL+4S-\-3\
u
1 2+ 5+1)
G —

8LS/8+ —2—-\-“

- 29 Lo}(‘:): -12.0412

4
C mua_ni tude (4R)

0

-10

-29
‘QQ . \b‘ lbl_Ccnrrec‘t Direction Order f\’C}mc} Lro'*./s )

¢ Phase (dey)
0 R

Correct Direction Order %Yc *(Af,nca,L{o'%)
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2.: The second componen}: L%

Caorrect Direstion Order

Correct Direction Order

S?_
S Tttt_ tt\inl camponent la+s <% ;——

Corny f:Ye}ucncA’ or break f'lft’.uenca: ’,T

:
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dec

A s k'S}‘WPt?'tt

[ [ud
samp?:a‘t& <> Carner fre rency ® r—break gfevtuenca,

P

Caorrect Direztion Order

Correct Direczion Order

l

\4+ 5 3¢
> T g

: The fourlzt\ component :

Cevnty ffei.lkt.nc}_ oY Rreak S:Yt‘_uenoa,: J 8 311 =1.313¢

Final Exam Solution 139914002 Page 12



Qsynplole chrier TresIenc
Q—Lg P LT q: }_‘— Ccf or EY < lﬁ
o S\
. =N
u,,dcz‘
=30 ch A\ 0 q'%
o (RN SiE
- N .
; Asympiole
- N
N
\Q-,- \0-‘ \°° C,o-rréct[lire i‘on Order \“L YY&*&BWA—()@‘?&
o ;oﬁusedc&)
0
-4.5 \\
_35 \
NE
480 — e
\wt ! 0 B rdbon Order 10 Fre Yod
Corect Direddion Order c*uﬁ“caf( ’g)
R
6y
40
24Q |
0 ~
-28 il First component
40
{0
-3 N I
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={o | i i
-8 iR
\Q-L \Q-‘ \“°Correct Dir&i\on Order \“L FYC\“’CI\ (.a__( Clé
Fo lAY'bc\ component
Na !“.t ﬂ“e C-o T V\‘(é C’“\p 0 ﬂmt
R Z
6y
40 = -
,-o I I Tl
HHH— S
\]
-28 = ' First component
40 g
={0
- in
\ Q-L lQ-‘ \QQ Carrect Dir&i\on Order \Q’- FYC\_“‘C“ (,a_( %)
Fo ur‘bf\ component
C Third component
80 U
éy =
4'0 = " ;% '/I
e el
0 =3
-t NG ~|
- 7 S T~ First component
40 e -
-0
- ] S
® -
\Q-L \0-‘ \QQCorrect Dir&i\on Order \“L

FYes‘l\tn (4 a_ ( r;';i )

Fo ur‘l;\ componedt

—= Aaanitnla 7 AR
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Correct Diréttion Order

Correct Dirédtion Order
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\\~

‘cpp

—= FI'fSt Cbmp°neql.

> S
Ccon g S,
Yey
Ce

\ °° Correct DirQQi!)n order |0 z

magnitade(d B)

F reguencyl

180

Four

Co
%J "o

0
’leqz

5

\\~

\

-3

\ 0‘ Correct DirQQi!)n order 10 z

;Pﬁo.st(. Je})

-2 -1

10 \ °° Correct DirQQi!)n order |0 2
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Fid Goin m%in ) ?fmse. mh(zsil\ MNe &_:q

Nichols Chart

Open-Loop Gain (dB)
o w
g a

Open-Loop Frase {“ey)

(32)
My 29 JR or lml-a_M,,:i.‘) = M,z 10287 1y

5!

Do\mfir\a’ rmtiocé) Cannot be calculoted.Beconse tf\c order of tf\e_ sz,stcm is not stated.

i*ﬁr Mp is Jiffcrcnt from My
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