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L. Q&) Find 4he peles and zevos cf the fumch‘ehs given in I, \‘nc(,u&r-:j

+he ones at mfm:‘t\tj.
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PROBLEM 3 2.1 &) Write the ditterential Spuctions ﬂlor +he mechanical

S\\jsfem <hown in F&}. 2.49 .
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Thus , the -t-row‘&‘}ey» function

T(2) = AR BS) + HER) B(syYDCs) + D(s)
I+ HS) B H GO ASBS +GODS) +G@Des) Hes) BE)




Noz 1 4»‘8? Ben Chen 16
2.3 Consider the gystem shown in Fij. 2:62= lLet
_ 1 K(s+z)>
Q= mrass Qe = ‘“—(gjﬂ;“r
Finol K, Zz, and 'o such thot +the <lesed! ,Q,SQF s&z'&em bos o 5%
osvevrshoot to a @fer )‘nFWt el o &eﬁlrﬁ ttme D{l 4/_3 CZ%)
YCs) 3;%_——91@,@ ] Ges)l—+— yeod
) = GG (s N
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_ (E¥ P> (st3)-S -
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leg Z=o0 (-Hweo'ret'fcou(\(j , it is oK. But net meff0¢1 >
Yesd) = K - S
J 3Z+cs+f>>s +@p+K) bl o
5% oversheot = s =o.7
— 2 oont —O T« wWn-4/3
e AR e T =002 = wn=4I191453
Desgjweo( C.BE. = 8% + 5868 2 + ".568
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= & Z=0
SP'FK = (T.568 ; K= 8.964
/
v

Nete = This s on\‘j o theovetieal &esitjnA In P\'n_cttce >, e con
TNever Rowe a Per‘f}ec,t cancellation OF pele g=o o{l ek
wWi+h zeyo £,=-2Z2=0 9‘1 Gl . But BJ Loing =o,
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214 Given the G(8) belew , <hketh +he s+ef> responce .

e I L A
(/40 + 1) [ (8/a)2 + S/a + | ]

— 320 (S+2)
(St+40)(s*+48+I(6)

S’ce‘o vespense ,  Ucs)= -—é

JCS): 520 (st+2)
S (3+40) (8% +4s +16)

1A B c-s+ D
{s Y S¥a0 T S ractic

= A=1, B= _Sr'TL:O‘QOF(

let s =] , we haue
C+ D =2.317732 - - - (D
let &8=-| , we hane
D -—cC = 4.731808% - - - @
= C = —=120T04 ; D= 3.82477
g(S)z 1, o889  I.zoqo4 (S+2) 5. §3885
= &t+40 (S+2)* + (3.4641)* (s+2)% + (3960

Y= 1+ 0. 20 4ot _ l\20704-€‘2tcos(5\4e¢|t) 5 |\7|44—€—2t$\‘n (B.a6a1t)
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N Y )

2071
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2.1 Bode defined the sensitivity function of a tmmsfe-r‘ f-tmch‘on%/
to o©ne oﬂl its memetehs ’& as the yatco 9&1 Percent‘
C}\qn\cje n ‘F{ o Per(‘en‘t [Ra) G. We cfcef:ne the Y@cTPmccd

0{1 Rede’s {’-m\c’ﬁon as

& _ da/a _ k dg
Sk T dk/k T G dk

) Comete the sensitivities of Epg- Sl Cod owmel Ce) JC"/@z
QMJ& /&3 Gammehf\j on the reloative &qu“&& fc\" meto

in sensors  ewdl actuatore fmm +hes@ cases .

. 321(b) L A

— K

Sl ol 0 IR
i 1-(32(—10" \+/azk
Thus _\L_.L L i “K%
¥ (‘+/432K)3
e &2 SK®
Sﬁ" G £ 5 /32.K)4” K
P mpER). Tzt oAb
- T k= (\+/&.1\<)4‘ . 1 4 [ézK,
G _ . 3
Sg. = vy _ﬂ];

'me “the eguotion absve , we cee that

S(CZZ will be small tj? K s \Qﬁe o /&z e small

oY beth .
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0z

=
4 $e—I% S K :
T+ l l
& |
Yy _ K3
ST l+ Ba K3
@5 KS KS

_ _Bs (R K?) Koo K*?

—K>3 G+ RIK*)
_ ___fsKP me ot el ]
I+ L K3 |+r/F3Ks
8 =, A
Sfs I+ 1/2K3

%ﬁm “+hxe Sopation , we see ’Wxaf
823 will be amall TF avnell ew-\g Tf {gsK?’ ie small

So, either [&,, sl K¥ ome amafl will ke better

Ac% . we howne aftzﬂaa.é)\»wj Liccussed] +he velative demands
fev prectsion N  Sensors M&&nﬁs‘ﬁ)

/@z , Kbs co*r-res'aen&»‘n to Ssnsors

K’s cowe&iaon din to actuators.
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32 @7777W1€ Ahe two structures Shown n Fig. 322 with vespect to

&n&ﬂui@ to @P\qvxﬁes o sverall SG@Y\ RRue +to chovnﬁes m

cvmphfrer ﬁain . Use
g=dhFE _ K  JdF
A n K I K

as the measure . Select Hi and H=

‘FTG 122

80 dthat ot the nemundl Fi=F,

(ny , we howe
2
o K b g
P (1+ KH® i
FWM ) , we howe
_ K*
= Y ey 02D
[+ K* H=
Py e L4 ) e K
= 1+ ZKH+KHS = | + K*H:
e -%K_&.H‘ N ) (»sg\ecﬁ@Q&T‘XP&)
‘FG‘(~ Fl 7
5= XK. 2K O ) 2K CrHR HO H -
13X <\+ KH()g
K (kD™ 2k S % W SO
K=z (v KHOZ 1+ K H: ’
'@W\ sz
g = KOFKEHD | 2 ~ Y 2|
K= C\F K= H BT |+ K Hle e
Subtitude (3> to the eguation abeove , we hawe
Fa . 227
S = 2KH, + K& H et
C};mrmeo‘)\ (> % (6), We sce thaxt [, has less senst:txv;‘cj +hon| T \9‘3* K>>1
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33 Sreci{’*v‘cqxton&: tv 2 o.0to & Mp s 1T °%

ECss € O.00F due +o wmit Yoump .

Solutions Desffn seuations: for secondd erden System

wl
n
C8* +28wn &+ W

G(s) =

te=18/wn , € & o aiied erer

il

Mp=e ™S4IT=8 | | tp= woni=gz

'ij\z—-l\g/(,un = O;)n;-)\g/o‘o\é|80

2

Mp = e——‘rr&/ " =ity = €Z20.%

E@®=R®» -G R

= R [1 - g=)]

' &,L“—Zémn‘g

2

=== REJY '814-4-23%"‘3 PR

i 5 . |
If RC%§ = 'g-i
- o1 . SRo_ L 8TH2R0ns
Can ™ Evo S &=8 8 @,Z‘\"Zgb\)vx*%*{"mv}

. 4
= C;&)n g :—> CU,“¢400§

See t+he shecth oiube‘uQA {2@(\ cad

Yr =G/ 0+ G) & we howe wmt negetive feadkbock

q))
= - && D
Ee [| (+G«(&)IRC§3“ \+G"(5'»RCS)
27




Homwﬁﬁk nox D

CIE
a5 Grvens open v&:@? ‘tww&Fer fumetion :
_ K
GEY= s(e+2)
Tp =1 sec. ol Mp=6g

@ Findl Hhe clesed - Qeog) Jcmm&?er Punetien ‘FEY*?I 3

Ty = 88 =

+& @ *+28 + K

MP 25_% = g: 0‘7' B g )y

= Odn = 4.4

=>

In order %0\“ o 'sds.'bew\ to meet (D WGQ (z), the

CI'\.C:U\'MC catos E?}/chi“feﬂ mMaus-t 136
S¥t2gwn s+ W= 8+ 616 ST 1§26 =0

Ansmex‘ : Ytheve 's no u.m\lj to meet both Spec. ermuj{qneouss

(b) Tp =HI+% = Wedicez = T /Ciexd
M‘gze"vg//\}l“g" = 0.0% (14*’)()
S Ewn=1 (2gwn=2) = 0573
= L é !
W J1=8% =T /C+%)D = Wn= 744
e‘Trg/Afl-‘—‘ = 0.05 (=X (X:“‘?%

= K=wn=13.042.

SFQQ/LG;QMCGY\S owe Ye(o“‘poc&ko\j (20 2% \//

ol
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Automebile contvol

(@) Ye=0O
w , 5. | m/s 1 .V
—%&1&1/8
ves) w/s — m-S
W(e) I+ (Bythka/o ) ™e 8% + mks s + ko
— > . m‘g i
(k> Vos =4~ B s we— L RS
Yo 3 = L. i ? == ’1_—"“"
er F S0 8 4 W\&g = 'F\k%zm k\kL
@ Ve K ks ome
A=~ (- ke — b kmA?)
= I+ kam/s + R kom/s?
’&l &Z m
(8= -
T 8* + R,m-g + &k,
Ets)y= —_ . i Sl+%5m\8 -i
CI=TesHT Vet T W Ve (s)
This is @Pe 1 S&S“"@Jﬂ¥ ‘
o B o5 + kems
Cse = éﬁ:o (SV“(Q)) g2+ Bym-s+Bbk.m
‘%@r war &Vc(&):é— — th@ 1 ook
. ﬁsm_. o ‘Es | ’%l&z,
8w = REe T Rk TR T k=%
() Pue to distwrbance (0 = type 1 olso ool Cssin= Vs =

(%\s con budee

Pt ok )

:‘gl&Z. )



Homework Moz 2 Contre [ R T o7
3.8
Go=d = o = v oy
L S+ +Qz
L
a) Ty =018
L8
tr = on SO Whn 72 1§ 4§
b) Mp s 20% =0.%
Mp=e T¥4d=g <52 = 230456 -~
&) tgs 058 (1% Assumed )
o .6
ts = i—gé = g—“n fo.C = Twn > A (3>
d) Ee) = Ry - Y
= RO-GERE =R [ 1—GY]
2 i -
= Reey: —3 t@i=bo)S +@=~by)
ST+ o + A~
b Coge =" Loy + 8. = €2+ (@-boS+ a-b) g . )
T L2>0 g & S+ A, 8 + A~ = g Bemstauit
= Rz = by --- @)
€) Auve to m»r) Q(%):O‘(/Sz
= Lo~ . O.| §* +(&:=bo)8 = WO“(Q‘M_b")'Q .
e&% >0 b 82 ST+ o -+ QZ QA < 000}
= Ay —be € 0.0 Q2 il (G
}\)em IS J%rem 3) ) W e ge(ec:t Q= 20 <$ EW“=(0>7‘2‘)
'?‘\'em 2) 5 we select g = O0.T >0.456 = Wy =20 >
= Q.=wn = 40a . > b =400
= be = G then cheose be =16 .
Thus , we hewe sd?s'bem
63 + 400

Gtcg)=-y—- ==
] 82 + 208 + 400
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Hompm@r& no=2 | cControl | Ben m Chen |of

3. s\\jskem ad

i K'/S iR K%—QM A4
13 : : 4.
W
SJs\:em (COI
Kz 1 W Ks Ko/as+| 1
T > - y
1Y
\\;1’/
(> Ko = 1.0
-
L G.ss — Ya _ Ki/s /As+ 1)
W b+ K/s - /as+1)
- K . 025 K,
T BM@SHID+ K T 840758 topsk,
- Ko Kz /(as+) _ 025 ks Ks
g oy i b Atast D S+ 0.25(1+K3a)

Sgsterm Q= Fa ()= R($)~ Yalsd) =R [1= Ga (]

s> 4+ 0.258
IS¥+0.25% +0.25K,

= R
d
‘F“"" S'E‘o ;n,'au R(&):_g'

e Eo SRS i
sS,a €20 g* +o,.285+0 K,

=0 %WOYSKH%O

Ystem by Ep (=R L1— G (]

i pes - S+oas( 1+ ks —k. ks

€+o0.2s 1+ ke)
e S+o2k C\f&z’ﬁz&s)_ |+ &s'&z%z
C—Es&,b-—'%‘_;‘“o S+oey O+ k) N T

= $+J€is“kz&szo = Kz»:“k_z‘:"r




Home t.oov*{)? ne:2 f Control] 4—87 ? /Sen m Chern oI?
3.9 (2> (conT.)
Due 4o the vamp an;u:t' R =1 /82
e P S + 0.25 P ( .
Q&S/O« >0 S + 0.25S -+ szgk. Kl S 1 = K| "..:"
Css,b = _,Q,&\,~.g-%. S
8»0 & S +0.250+ %)

1 _
025 (1+ka)

1

== 0.25 (1 + K ) =1

AY\&NQF 2

|
e
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b fmm (*> , we see +hat

N 0,25 Ko K
N Ga (&) = .
- &8* 4+ 0:2BES + G KIK,

o . S +t0.26 — _..1__
(J(ue +o mmF) ? Cssa = Y %+ 0258 + 025K K, Ke
Kv = Ko

STe that SﬂS%’&W‘ @> 1= still « UFQ 1 sd-sfem whenevar

Ke doss’ not Qhwe +to zero.

c) CRY = 0.25 KoekKzKsz — KO
G S+ 0.25 ([ + Koks) S + 025 (1+ 3Ko)

?T‘Om resule n ‘aoka () , we sce thet Ces Lae o Yo
iv\\a-\«x %c-r sﬂs‘te,w\ > is

y 1. _ 8 + 025 (1-Ko)
i “Qé;"‘os‘ $ 8§+ 0.25(1+ 3Ko)
g e
I>0

S+ 0.250 — Ko)
S S+ 0250+2Ko)]

Seg = 0O T‘F Ko & no /Q.Qtjey\ Q‘C}A‘J‘-f[ o 4 = ne 20\03@1‘ "BP’G I

&) )'Y\cx:j Yeasons | One @-F theze reasens 1= os we have seon
me ‘a ot b ow OQ < > . ‘mes Ko C T F’MU@L‘CQ L, o e Qp\, <
A fticwdt Yo be &e&-e‘\hvme& g)gqg;ki\j D 8\‘5 stem (ay i madh

lecs Q@no}»h\nﬁ thovn sYstem ).

0.25 i o
B D = = Wp=05, = 0.25
/ S S* + 0.258 + 02§ " g
te = —%ﬁi = 36.% sec. ; Mp = 4443% ; tr= 3.6 sec .
In v:sj opimion , q®n NSE L
- 1 1 I N
| 5581&9“ €.)) 2 Yel)= -~—-——~—«-%+1 o e = ‘Q"H > Y, o= )@ tu
) B —t
'S beﬂ'eY\g 5 (o) =1 ' I t:0~l = t, = 0.105 sec. 1
: b = §=> tr= 2.2 sec,
| — ewtz:o.? =3 te = 2.208 sec. R ="
Mp = O (never oversheot) ; |- = 097 = tg = 4.6 sec
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3.1 system = K
J v 1 St Ay
— {1+ Kas)
y Ky
GR) = = =
= r 8% + (2+KKDS + K,

Sge@figgtign; ad s:\*eg\% — state evvor to « Y\a/m’: le\d( Less than

the \‘nlawt mcgw\&uoﬁt .

EE) =R i-Ggwe])

A

S* +(z2+KiK2)S
gz

S*¥+ (z4+KIK2)S + K

Cee = L. . RER) = 2+ KiKe £ 0.
L K

O Ki— KiKz =2 2 SRR 4

@) Mp <005 = K = 0. €% s RBD
*g@mt2<o‘cz

~

ts = 3 mec. = €

®) 2%
JC&_%%%$3 = &Wn = 3o "L
pick §=o‘7 , Wwe  have
L4 Wn = 2+ K Kz Ki> 196 -
Wn > 1.857 Kz <0.0898
i e ,

Ki = wn
0.1 Ky — KiK2 2

Then P;Q& Ki=176 , Kz=0.0898

(a) - 176
G S* + 1168 + 9C

EN

e of

3)
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(b) Cee = _Q'-FKK‘\ Kol o 2+ ‘?61;60‘08?8» = (0. 00041 %

() SFec:u?ica;h‘on ) > X (O‘(—Kz)ZZ = Ki can be a,its valwe .

&)v\% K: wmost be swmall.
( QF'Q@Q?QQXL"-@Y\ R = gww = 1,30 & 6 >1.30
Thet means thet “he yeal FM qf— s adl. ,Qost mast be

leeg  +than —1L.320.

— Sy e Jw
() —PEEPIRBIE /
- ~REGION — 7" el / S-plane
S S 4 \«:;; » /
AN A
14_\\ ,
N
f‘\\\(
13 }’/‘\/f- O 6"

(f») Ky=32 = 22 (0.1 —K2)=2 = KL‘:O\O37S
Ki <196 = The c(csecﬁ»ﬂaoF poles o—F such a

S\tjsEem s not M QCCePtab\e vej»‘on.
(j) Fvem\ (o) we «Vuwe Wan =14 S'—-o."]

ts = 3“7'2/5()\)“:“6‘4' second
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316 Usge +the Routh criterion to dietermine rf +he doseoQ*—r(oOP gystems

CCYY‘Q&POnoiTnS to the \@oﬂow;n\? open—-\ee,o ‘tmngFen fonctions are Stable.

4(s+2)
a -
) Kes) S (23 +28*+38+4)
&
Co»= G L . 413“‘ 5 3
| + G S (¥ +28F+ I8+ + 4E+D
A-(s+2)

S*¥4+283 +282+ 3+ §

QA )=st+28>+332+ R8s +8

Qa-xﬂw TQLtQ

i St 1 3 3
* 83 2 ¥ )
- 8| -7 lg

* 8 | 1086 O

+ IS ]

Twe sgn e,\\mges m Reutth Table .dOSQ»‘@QP gystem wnstable |

b) KGsy= perhao

SH(s+1)
Gegss = ST N Z(s+4) - 2 (S¥4 D)
I+Gw (4D +2E e+ % + 8% 428 +4

A= S*ys* +28+ 4

RW*‘V\ Tq,‘:(e T
I & ] | 2. Tows S{XV\& G‘\Kowxg a»Q S Reuthy Toble .
+ ¥ l 4 ,
T Y ~Z O < . —QOOP gystem wnstedble .
t B 4

S*(S3+ 282 —-g8- 1)

Ca®d=aw /fitgen = Nes >/[81C&3+2€3- S— DHACSI+H222 48+ |

Q= 8= + 28 + 3P+ 78% 445 +1 + e8] 1 3 4
tgtl 2 T I
Tweo signs chomged w. the Table vt | ~ & |-05 35
g = I * 8% 21 1
The eiesi?-riecfc sgsfe»m un stable . t 31384 O
+ 8°| 1

Vv
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3.7 Use Routhvs Stabilily oriterton to Hetermine hous mony  yests

w ith Fosﬁ—we real 'aov(tg each Qf" +he J‘Zoflew*wﬂ sguations hag .

@ 3% +8s8>+ 32.2% +80-8 +ioo=0.

+ 534 | a2 00

LE S3 8 g0 Neo s\‘dv\ c['wv\(j&s. v Rewth's table|.
LA 22 |00

+ N 4364 O Thus . 70 veots eon RHP~

+  S§% | 100 :

(b) S+ 108%+3023+ 80>+ 394.8 + 4%0 =0O.

* S5 1 30 344-

+ & 10 g0 430

8 22 296

- o2 ~54.55 480 T ;8\( c[ncxmgeaq n R-+wabld .
8 | 48950

+ 8° | 490 Thaes, we howe fwo vests in RHP.

) S*+ 283 + 78*~28+8=0

* & 1 T 8

+ 8 I

1= -t ® % Twe yoots in RHP
- S! _.4_

+ 2° S

d) 8%+ s>+ 20w +7g =0.

i 3 1 20

+  8* 1 T8

py g _Sg Toeo yvoots in RHP .
+ 8| 7B '

(&) F+682+ 25 =0

of: S+ 1 & 25 Atsd= 8%+ 6% +2¢

* S* |04 0l A/ (S)=48% +128

be g 3 25 ' N
- S -213

- S° 25 Tos rvests In RHP
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Homﬂuer?{ noz 2

{5

B8 B chet sanas ®{l K weud adl the yoots ef»— +he {ioummj

Po‘dnﬁ\m&q‘ be n the ‘eft-—"\od?» Plcm%?

8% 4+ 58% + 108 oS * + 58 +K =0

o lictem s Us.‘U Reutly Table

s= 1 10 5
&% 5 10 K
5= 8 5~K/5

8% | F(s5+k) K
S’ | (375-3%0K-K2 Y css k)
§* 1 ' Kk

\So , in ordler o onwe all the Teotes ,L.HP ., e

must chosg e

K. 220

§—é:(ss+;<> > O
(1375 -350K — Kz)/(,27§+EK) >0

K > - 55
= K > O
137§ =350K - K* >0
R. K* +350K-1375 <Q
(K +175)*— 32000 <O

(k+ 175)* < 32000

Thus ,
—IT888544< K+ 175 < 178 88544
‘ Hey\(‘,Q ;
35388544 < K < 3.88544
Frnailj , we Aave
gt

O < K<3.386544

AN eRr, |




Hememuﬂp(

1 &

347 A -edptc@[ TﬂsmsF@,\ foncteon w(}cr\ o ‘caf:efob*iue &&sfem weudol
be (w?‘Hr\ e TN m;l[rsewho‘\(&)

— K{+4)
Giee ST (s+oB)s+t1) (24043 +D)]

From Reuwtvs  eriterion , whot is the e of K f@r which s

85&*%&»% s stable rF t+he characteristoc eguation (s |+ GERY=07?

Solutien :  Charackerisitie Seuoteon

Q) = S[(s+o5) s+ (R +0.43+4) ]+ K (s+4)

=S¥+ 1P S*+ 5183+ 6287 +(2+KIS+ 4K

Rowth’s Table :
a8 1 1 5.1 2+ K
o g 6.2 4K
5" 1.83684- 2—-110826K

S¥ 1413124 + 1 (4326K 4K
S' (653884~ 556103K~ K2) /mosny
s* 4K

Thue,
4k >0
403124 +1,14326 K >O
6.53884 - 5.5¢6l02k - K* > O
K > Q
K# + 556103 K — 6.53884- < O
Hence

(K+ 2.78062)" = 14.2701] <O

-3 .TI75¢ < K+2.78062 < 377758

“Thus, hhe hoane
O <K < 0.99706 |
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hoyz E
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3197
e K 2+ 4>
GC (s = 1Y >
ST+ LPS* +51 8 v 23+ (2+K)S + 4K
QP K= 0.1
G Db = 0.3 + 0.4
85 + 1.98% + 5. 183 + 28 +218 + 04
(> kK=0.%
GeCR) = 0.3 “F 1h2Z )
8% + 1.93% + 58> + 628% +2.3% + L2
=) K= 0.5
G\'(‘ =R = 658 + 2 R S
2% + L Eh el R - 28+ 2ES S+ 2
4> =iy
G\'c (s) = O\”[S + 2% SR s e
8% + 1.98% +518% +e28* +2078 +2.8
The pole posittens . ( from MATLAR )
ad K= 0.1
P2 =-0.207¢ £ §1.98 5 FPaq=-o0ugsttjorazy, Pg[=—lofa0
(Z) ‘( = 0\3
B,2= - 0.2252 T3L599 5 R,q= -—o\‘ztl%tjo.lwf!?- > Ps= Fizo10
&%) K = 0\8'
P2 = — 02450 1‘\51\?%?6 5 Paa= —0.0690 50‘6377 . Pel= -1.2919
45 kK = 0-‘7’
Pz = —o.ze'ﬂrtJ(\CﬂQ’T 5 R,a= —-0.019] tj 0.7493 , R|=-132e5

Sfep \IESFQY\ ses ‘C&ee +he Flot“&) .
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319t REMARK

As we sece the wesuwlt< ob‘hﬁlne&» F\'bm MaTLAR |

Fm\ the Fo‘e Pcsh—(‘cng:

Fo\e poir ¥ Pz move a,wai_s 8[t6ht£5 me (juo axis
uhen K ?v\cve&&\}V\S.
pole poir + R ,4 move oloser to Jw  owis when K
'S incveasod\ |
And  +he wmost P pevtonts HM:_T s +he
‘hmctcfem/ﬁ ports ef peles Ps,q ..
when K is increazcol . This is wb:_g
that we =saw more sQ.amxT:eoQ e &'L—e!b

Yesreﬂsg% %ﬁ K=0:8 ool 0*7

Pole Ps s ci\omjecQ gltakt(\\y 7 but imceog\iv\j the ouveralioots .
Fer +he s’rer responses

FYOM +he F[btt we g\p-f—q,ty\.eog\ F“(\)’r\r\ MATLAR . we se<ee
That rz-erc:enx over sheot s TV\QTeqseoQ wr;[o:o((\kj twhen X

s T/V\C\*Q&&QOSL. W-og( Hhe &Q‘H»(i:j tme s oal=o,

"M cveaa-eoQ .

A—:\jwc\ﬁ B the “‘Q—‘M&L\xr between values W< ool the

S{—er} responses  con be seen G/{eq,\/\[j ?mw\ +he Pplotg .
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3.20 Systems
Y “f@ Rudder Angle ~0.164-(S+0.2)(S-0.32) | Headimg W}
P S*(8+0.25 )(&“O‘OO?) J
)
-\L (DPev\j = — O.164 (S“’O\Z}(S‘ 0.32)
A 8* (3+0.28>(8—0.c0})

L —Ou64 % +0.0196S +0.010496
S4 + 0.241 2> — 0.00225%%

T?\“S , e have

Yy +0.241 YO - 0.00225 Y

— 0.6k YLD +0.0196 W) +0.0105 K (r)

(b) ooy = - 9.1648"+007196 S+ 0.0105
S*fo.241s3 o\ongsz—(o‘\eﬂr 8- c.o19es —0.8108)K
C.E. Q)= S*+ 0.2413%— (0.164K+0.00225) 8
T 0016 K 2 + 0.010496 K
F-fém %e chavacte ristic ée!(;u ofcon odoeve
— 0.00225-0, 164 K. 0.010496K

e | 1

S8 0.241 00176 K
2t - 0.00225 — 0.24533K_ 2

St »

80

Nete = -o.00225-0.24533K < O T}e K>o0

Se  +he contyol @&Sﬂ-em ’s vinatable when kK =1

() Ne. A'& e ‘ROWQ ceon above . —0.00228-@. 2483 K. <O

%{\o\m\\\j K>o.

(Oh n{j segae%"tton Govﬁ—ré\ scheme s ?«:\(M?n

~
&




24
3.20 (d)
—0.164 2% +0.0196S+0.0104% y A
S%* +0.241 S oo S {
|
Ge(s) = (Kds*+ kst ~0.1648> +0.0196S +0.010492¢)
< et ¥ T
; C.E.
C.E. Q)= S+ 02418% ~0.0022533
— 0164 Ka 8% +0,0196 K433+ o.01049¢ K&|2>

— oded KpS3 100196 Kp &% + 0.01045¢ kps

— 064 K5 8% + ow0ifeKis + o.01049¢

e G (0‘24—1 - 0\164Kd()3¢+(0\0\?6/¥<0\‘0~‘64~KF“ 0.00 723
+(0.010496 K + 0.0176 Kp — 01164 K ) S*

+ (0.010476 Kp+ 0.0196 K )S + ¢
T[Ms_, mg-\-\\ooQ ORSS +o 0O W\ccs.-s\LS . B\(j C-('\omee ) we -H\ts

Kd = 1 y KF:CLQT K= 0,08

Subtitude Ahese Ua.,(,.,ke'g , ke ha ve C.E.
QAs>= 8%+ 0.0TTS* + 0.0157T1 33+ 0.0024923% + 0.00103496S1

Rﬁm MATLAR , we »‘CUVQ OQG&QDQ— .Q,ears FQQ@S

P2 = -0.0898 T | 0.2049
- Pc =—0.2103
- Pya= 0. 1564 :‘:J 045?3

A” +he Fn\e& Lre on +he LHP, so He i‘gu-ewk i

K table |

Ks

' 5)S

>\olo4-<f€ Kz

0.0005248
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4.3 Set up +he ?ouow@j Fhavackeristic epuations in the {%rm(\sx-w‘ﬁ
to the Evans yoot-locus methed :

a) s+ (Vr)=0 versus v ;

Set-ups 1+ T s =0 /

b F+bestby+] =0 versue b

= b (ST 1) _ '
' F ~e ‘O\,/

) @+b?¥ACm+t>=o;

TS 1

(V) versus A | + A'w:o

)

A-sS
(2) versugs T j 4+ T- S =0
(S+b)° + A \///

(2> Na, Eeccmse b s not linexy in the C.E..
However, « fGocus can be drouwon Usvsus b for

diuen o A ol T.( \a?cﬂz @ value fyown ©>eq

Qem,av\:ke +he oot QMGQ marv'& Oon &“Plome>

Nk

@> (b)

n=m = no asijtote.




ROOT LOCUS FOR PROBLEM 4.4 c




I‘F«ameuoof& noz3 T Corvorol Sﬁ&fems RBen m. Chen

A=0,085,2_ .

A step response for

0z
4 4 CconT.)
2 ced / > i /
>\§=/‘,.f
\
See the sketches from MaTAR R valifieation .
4’1% Sheth the Yoot [(ocus wth Yesreei? ‘o o . Find g\—eF
respense Fow = =0,0.5, 2
Ge = —2 / LI T S
¢« T Feay /[ 1+ Ut exs): ‘:s(g-rz)j T (S*+2s+5) + 5lxs
= CF.=(82129+5%) + 5xS -
el . 58 -
Set—up I+ =% oy @)
\%ﬁf’
—2%3 O =
,S_i_e_ﬁgﬂgmﬁ_gg&w;w;gwwmgxgg&t, _veot Locus Prom mamas




ROOT LOCUS FOR PROBLEM 4.8
! !

1.5 ! |

1 L T SRR RS PEPRPRICYYIN [H—
5 : : T
: : —_
: LAt
i

05] - fit - T T — — |

0 1 2 3 4 5 6 7 8
Highest Mp for a=0. Mid. for a=.5 Lowest for a=2.5



PROBLEM 4.21 o)

10

ROOT LOCUS FOR PROBLEM 4.21 a) WITH K=0 TO 700
T ! ! ! ! ! !

~10 | | | i i | ;
—14 =18 =10 -8 =B -4 -2 P 2

Solution: fmm the voot locus obtained ﬁl\mm MATLABR , we can
Q@mFMXQ N

O=J633%+e2 =872 3 b=.633> + 5> = 8.066

C= Jexz*+r = 6.41 5 A= ,/05%+ (633-133F = 5.03

e:/\/O\52+(633+|-§23)2‘ = &7 F = &.33
Then  for the K at pewnt P

2 ; 2
e _abCf 872X 8.066%(6.41) 3633 arq.
de 5.03 X T.67

—er O\CSEUMQS\ UC’vQ/(le OF K —— 4—62, > CDYY\i?\A:ﬁ'aitcm evyvoy — 2.3 o/o

Thus  we conclude sﬁﬁ»ﬁm stoble ?F o<k < 474 (1—5%) .
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tsoe  dominanit Yoots neorest m{jﬁnh So ]aw't 2= 20, ”->P::']20

pick Kk=T55555 subtitute o  C.E. , we hawe
C.E. = S(3+5[2+550)(S+120)+55655(s+ 20 )
= S*+ 78>+ C6TOS? +121556 L + 1111100

Frewn MATLAR , cue howe poles ot

2
P=-124.98 , P.=~2409 , %,4»:—1(@71—3‘5‘72%

~

—hock condlittons: Re (Ps,ad =—10OT7 s-7 , Ky= )6\932\6%

0.5
442 |
i =5 L3 . B
> s : =
» ol S2 +51 S+550 | S
|
HE .
Case : Lead Netvoexg{
Hesy =14 Disy= K- -2‘%% owd £ =6
spec. 1 g2 04 , YeQAD-T Ky 2R
and s o amot (( .
b 1 £ {
/ G )= S Frsistss0) | S(S+I55(S+35.5)
geot
/
;‘/ \"
‘/;,, \\\ iiiiiiii 1. k= gsggg
S/ e X
/// \k\\'
— *L/ sl > o . 5
—120 ' - 365 -20 U } k
: desired pole yegion
J
— D- [\
from Ky =& S~KG($‘)'TZ; = Esoxg > '63 > _K=255000
If we P(onc_e the zevo between (155, 0), wWe are not able ¥ howe

0.K.

gz II\OT/\ﬁ\‘oTZ-H‘;’?.'Tz’* = 0.5M67¢ >04%
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Case IL. desired poles R4 = - o7 18.92

H) =1+ Krs oand D)= K

Ty = D Gels>
I+ HESODSHIGe s
CE. = 14+ HeyD L , |
C.E | (DO Ged= 1+ (1+ Kr2)K Sle T 51 7 55)
. N s+ /Ky
= I+ KKy TEissymrmes)
N 15.72
o{ » /‘l’/"f
;,
L8 6) NE
-35.5 —X =-21.86
ComFu;te =
Qi =32.T1° ; §:=T4&.09°,  ©3=126.03°
G+ 02+03 —6 = 22.71°5+ 74.07° +125,03°- ©
= 231.93°-Q0 = -180° = Q@ =751.83°
= 5 -
= X= s =217.857] => Ky = 0.035%
GamekQ $

a=2%909 , b=230% ., C=1635 , d=19.20

= Ky = —acd _ Z0Ixesxre_ o0 43

= K= 39648 /ky = 11044

| F D@D 14 K@)
| 4+ HOHODRYGe(s)

)= (1= TR = R

I+ Krs K Ges> Vo
I + GF KK Gl &

P = &~ 8- 0CSH = (\ + KTK/SSO)/K/SSO ———‘0~0857

=2->0

= Ky=16T | Decreased in Kv hscause we are ogwm!ocw(‘@
‘he ﬁ\Pb\i +o subpux os well ag the yote e{ eukpl
~ &

$

R QL\O\n\gQ S
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Homewmgz no: 3 § Control Sgetems 4’89 Ben m. Chen o
442 Coge I = L%)Q Netwo-(&
Q1) _For the me}aofh‘ovxoj control , we uee
D)= K.
e = K
Then  Tp(s) S+ 51245500 + K.
E)= (1— Tpsd YR
_ _ (S*+515+55008 pey
I3 + 518t + 5508+ K ’
due o R®»= Js—z
Ces =L -S-EleH = & = K= 6600
>0 < 12 /

AM\&jk it & useless 1n this th(em, ot TS eq\aj > hed

to F-moQ +he cﬁoae&;wﬁnoﬁ poles {‘-ew» PmthtonaQ St

P=—415715 |, Rg=-4TE£11.69

Gi) Addine a [cacp,,,nefvuof?i , “hen
J <

24|

Dl = K- S+ p

From Llectwre | we gn@w ‘that

KV uxv\wmpqmspd:e& ‘ P P e
(i) The yoot [ocue _for propotional cewbrol
, e
%\< /

P x

/o

v /
N

)ge> Re .

v )

—%;S —EE

Neuver,

VO f owe
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The yeot-—locus {fm‘ e.am'pcms;uke& System.

3%
-15.5

%
—-36:8
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Ren M. Chen

o1

w 7
5.1 Dwaw the Bede plots for & nermalized second —ovder eﬁgt@nw

=05 and an added zeve. Do the plets fead ene to Sxpect extrq

trangient ecversheot © Hew?

(S/z)+1
§*+8 +1

G =

Let x=0o¢/2 and plet for x=01,1 and 10.

Solution: Re%@n%o +he F‘csta Jiver on next Page . we can see
cteav\[\nj ‘hat My g &ecreash\"xff when ~ e incyeased .

_ﬁ;\us +he oversheet 1= chcresiCj when ™ ie ?r\Qr\@aQ@o{'\.

5.2 Draw the Bode Flot %wv . ol dall @ecech- ordler system
with & =0.5 ool an added Iao[e, Po the plots leodd one
to QXFec;t' adtttonal wise time ? Hew ?

1
[s/p)y+t1Je*+ 58+ 1)

G)=

let p=0%/2 and plet for =04, 1 awd 10.

§c~[w&font Qef‘ew +to the PRodess F(:,{:s Siuen on Pq&e 2. the
Randkuidthes 5{—\--- the Sﬁ&fem is Maveasin oshen o =

i”n&cwecxstj . Hence o the rise +ime i &ee\’em&@ .

1
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IN DEGREE

100

FOR PROBLEM 5.2
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3. For the system given below :

R K Y
%_ Ge S(s +2) (&+1000)

|
|

Q) _Desisn a Jead compensatov Ge and fmd K such +hat
Ppm > 45°
€ss (omp) < 002
(2)  Obtain the step vesponse of the uncompercated & Cempenssted

Sﬁgfem =

Solution : C\)Agmyt\j we axe GGT-,«\\Y *o &e;? nw o wnifj "DC ﬁcd\"\

(?em‘ben <ator, ‘H'\OL:Q:“ 'R

&o Ge =1

KV:"Q‘:"“S~GC' K — K =

'
>0 S(8+2)(S+1000> ~ 2000  0.02

Thus e have K= 100,000 .
fram the Bode plots for- the ummFensc&ecQ given n next Peg<
we have PM=10°. So additonal PM=45°"—10°=35"
Lceg,i\v\j ecu«efuj\(j fmm the plot, we sece that +he s\ore aft Wy
8 —2 i ngv&tudle', plet - Hence . we meed qooalii;tanq\

i CNETY
pr=45° "

“

Sin4E° = o <K = OJTIET

Wwm=lorad/e =JXP = p=24 & 2=4

Tﬁus, we howe @tc:‘é'—g':‘:‘i?: ( dc Sa:m :()

Qe{lev +He Rode F[eh SN compen QOJQTQ‘Q‘ gystem -{-Jor oow,@dmj )

(2) Re%ev +o S\’QP Tesponses (given on page T- 0.ED

i
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Response

Response

0

5 Time In Seconds
! ! ! !

0 1 -3 3 4 5

PROBLEM 3 : Step Response For Uncompensated System

15 | TirPe In Seeoxg]ds g
|

Y N O R _
0 1 2 3 4 5

PROBLEM 3 : Step Response For Compensated System
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} B.wm. Chen g

Congi&e‘r‘-?ﬁ +he system

Ge | 100 Y
£ S(&+4)(S+5)

peFe.-r +o the pets Gwem on mext page , we hawe
- GM=4dB , PM=20°
Gai) Des{«fn @ TGS compensotor Ge. such +hot

P(\/\E 45° and KV:S

OO =5‘Q"””GQ:S

Kv)cem‘) i %;—;B Ge - ® L(s+4)H(=+0> a>o

Thus , we must a eemrengeﬁ‘ccﬂ o t4+h u/m{:)- de goun

_ _itev -
Ge™ ¥ xetT o

W, =32 vod/sec. additional PM = 4C2>cP= 25° = 3Q
Al = I@O‘B
2025»:7=—«e = x= 6.3

2
x= -2 =35 %082 and p=o.05

H-en ce

= S+ 0.32 f
Ge =aipes S + 0.05

Gil) From the P‘e‘t& on mext pages - we howe ‘FGT
unum[;ems-c&e&: RWS 44 yod/sec.

BLU%Q?MOQ/SSQ, ( PRI X4ES

at

Com pen sod‘-ecQ

A"BO/ the S{‘QF Te&chge er{l +he m,oen‘sfuxe,og owaf(

ll.nc,e«mPenmi@& a/re@?ven que {r.
®R.ED.
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By Usf:? Rest Locus Tedmigues‘ De&{g»n lead and Lc’ﬁ Cemf:en@a:(tofs {;va

+he open —‘wP &&ngem

— K
G® = <e+or
such that Ky=20 and MpsSE5% (€ Zoy)

(i) Obtain Root locus & Sfeg Re&?;gge for Uneompen@gg;gc} S\\fs’rem_
Refer to the veet focus Jiven on page 13
We also notice that +he closed- [cop poles
P2 =—2.93F 7293

ave on the RL and g=o. Line with K =242.64

EolgS 242 .64
L2 +208% +1008
T@= 252 - 6%

824202 +H100R+242.64

242.¢% o
(00 .

2.-4D << RO

Kv = %::’5 SGQ(s) =

The %"GP RESFDY\E@ eF (Qneemren&cdte& Sﬁ&’cem s alsg ,Jh‘u%n

Ooh PCISQ =

‘F@v\ the S\'Qf: vespense | Cgeg =— O ]%“ +hrs &ﬁsfem.
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(ii) Obtwin Reot Locus and Skep Qﬁslpenge fo lead Gem‘pensw%et?l Systen.

Frem pavt (), We see that Kv & 2.43 << 20,
Thus , we RBrews we meed o [:j Ceampen sakor. Recause Lead
Gamrav\smtw Jsler +has porticulonr preblem fas t@ te Lo w
Kv To Complete sur proldem r &Qséj“ a leadl conf> .
with < N e dogq&—“&@? pales will be.

R=- 6 "ij6

o 5 (o}
1. & ;{56-%? L90° NS
wii o -6

Q = 22.38° = P =20.5T

Andk  +he mew K= 1168.76

. -
Qread &= /750, ST

_ Db, _S*e L. o
KV - ‘%V__Po 8&-20-37 a G(S)— 3-38

Kv is stll guite small cgm‘:cwecQ*co 26) .

8.6 (S+6)
8% +40578% +5U4SH 20578

Gg (=

Hsg .76 (2 +6)

el

TLc‘ = S+ 40.57&3 +51.4-8%+ %21*5\763 + 69525

The Roet locus CW\& S{'elo Qﬁ‘srcfnae o 3?\:9:\ en Pege 19
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(i) Obtain R.1L. K Step Res;:ens.@ Por\ leadl & L?ﬁ Compensated System

Fem Rt G, Kv =3.38.

W\M&/ we nee,cQ [« § [mj Qam‘oengaﬂ'd)’\ it

b3 20
—'F— = '3——3—@’:;5.? =&
let =04 . P=o~06’5'
_ _S+tod
GLe§ = ot owes

= JL:*./\ ,g;t.._o_\s.: = :2 = =
Kv a>o g+o\ce§x33@ O #20

Then
G fa e D (158.76 (S+6 )
eompen SHO.ORS ST 4A0E ¢ BU.4S 208
- 5% 76 (874 648 +2.4)
S+ 40.6358F+ 514.0378>} 20902487+ [133. 0SS
TCem,&gs(g>:

H58.76 (22+6.42+2-4.)

S + 40.6358* 454037834 3249 %+ T54F.T6]S 4 2781.024

The Root lecus amoQ 8"6[:) Peﬁremge a‘re@\‘uen on next page
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A7)
(5

5A Two Nyguist cliaprams for unify feedback sfstems thet cre open-loop
stable are sketchedl n fip. 583 and 554 The propesed cperating
(Jain 7S indicated as Ko and awews indlicate in ereasing Freguen
/n each cace Five gowr best estimates 7%7\ 2
a) Phase margin
b) Dam,a?v\\cg ratic to step yesperme
C) Closed —[oo'a bomd s jdth .
d) Range of gown o s&u\p:lrﬁ (r{l any)

el Sas't'em ’cc\j?e as O, T .or T . .

Solution s

For the SKLJrS\'EVY\ G ouen in F-‘gum 5.3 .
)  Phose mmc_?-‘n = 20°
b) 'DamF\‘nS yotio , £ =PM/lco =0.2
) BW=12 wmdssee (>1.0 vodiec )
d) Qange of gean Ko > KK

GD) S&&tem rs +3pe NN

For the syatem @iven ™M Firoure 5.9%4
T A N

@)  Phase Margin = 2’
b DamPi“S kv &g 0.%%5
<) BW = 12 yad/cec .
) RaUQ GF 60\2«\ Ke < K,

@) S\xjs‘l'em is 'tjpe X.

<f
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Ben m. Chen

62 For the redefinition of State variables described in section €.2:2.

clevive Eg. (6.16) - Nete that, since p=Tx , -

Since

P=T x
i p=T%x o4 &=T'P 6 x=17p

Subtitute these o
§X=Fx S SNTURN S S
J=Hx+ gu

we \'\Q,VQ

% T'P=FT"“P+rGu+ g w

=H-T7'p +TJw

— % P =(TFrT P+ (T& n+ (Te)w
g =

(H-T™P + T-w.
Thus , we obtean

F":TFT" 3 G/:T@
H

& =Te. .  HW=wr'

J’'=73 @-E.D.
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6.3 Coneider the system ™ FETV 6.62

Q) Find the t‘mmsfer function ]Gmm W and J .

b) Write the state—-variakle eguations usirﬁ ctates ndicaked .

' E_‘, RE ik
| X= 1 f (%)6 ey | !
W = & X Hi=—& ‘
Solution Xy = %i
Xa = Xzt Xg
Xi= Xa 35 = Xa=28% =2 %

2 X = 05 Xg

Xa = (u—xs)-——s—l;-qj— > sXat+4Xae = U - X3z
> Yo = —%e — 4Xa + U

Y= X+ Xe + Xq

b  Stare Eguaﬁc“bn &

V. 6 0 o o5][x {01

® ) 5

o |2 10 0 0L %, |0y
| % | o | o || |% %ol

LX) L0 0 -1t -4, (%) LI}

' i Xz
=111 o 11 %
C() F‘(Bm Maﬂoxb) Wwe <an o‘owh +he 'f’mmsFer— {‘:‘unct‘ion

s3 + 0.58* + 0.58
Ty e et e (s2tf)
ST+ 48 +8*+ 0.

e
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6.4 Usin\? the ndicated staxe variableg . in \:8, 6.63 .
Q) Find state variable eguations.

LY TY‘GW\QF&\" fuuction for each system.

S&s&em @) =

u { S+2
4| x5 | B+3

X, = —5% + Xz + Xs

Xs= W (mrz) =  sXat+daXs=u >

Xg = _4-'><3 + W
Xs = %% Kz = s Xt 3%z = Xz +2%s
> ').(7,?- — 3Xz2+2%=z + 7.(3:'_3')(;-!-27(5—4—7(3-%(&

= —3%XK2-2%X=z + I

-—v-_lo

Wit

The ‘l:mnsi}e» function of this ystem  coen be obtained casils

?mm motlab -

z
T = S* 108 + 20

3% + 1287 Bempaty 0
$> + 4TS + 60

o4
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6.4 Ccont)
Ssstem )
| + 1 4| % 1 X (% :
= )
u e+io | Xa ?_ e+2 | xs1 s S+3 | o+ j

Xy = SL-S Kz = & Xp +=3% = Kz
().(\ = ‘_3X|+r>(1

_ 4 A
X2 = = Xz = K = 4 Ks
Xs = SLZ(M+X¢—7§1)
Xa = — Ko —2Xs+ Xa + U

| . == —
Xa svio W = R G B
g = X + Xs
State %g,mxicn&:

X -3 1 @) 0 I [Xl] 0 1

‘X‘z —— O O 4— Og.i(xli_‘_ 0.'&

Xzé ):O -1 -2 ’[E'X;g xfl

L%, (0 O O =10, (%) Lt )

g=[1 o 1 o] X

va\Q?eY' Lunction =

S3+ 1487+ 378 + 44
3T + 1583+ cosr+ 122 +120

T =
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Q6

€.6 Consider the &lssfem ™ FS. 664

@) Write a set of cpuations that describes this system in the stondard from

X=FX+Gu ovd Y=H X,
b) 'Des‘gn a contvel law of the form U= -k Ke] [;\z]

Hoat will place the dose&-[omF poles at &':—Zi‘zj d

e T
X _ X | Y© S = L "
U wesy X S+ 4 St q
= D=5 = X+ax=uw. ot y=x
Let Xy 0 seal WemK
=7 % = K = Kz
Xz = X =—4%X+U=—-gx,+uU , Y= Xao.
SO ) B S Dol B B R SR
-
b U= —Cki> KsJ [21 e

%, o (I(x) [o ollx]
[9’(;}:[-—4 O][Xj_[h KzNX‘zJ =

F’:—_[/O ‘ ]
,~‘4-"K('K7_

17\I ’F/' = ' A — | l — AL
lavk, Ak A"+ KA+ 4 + K,

= (A+2+32)(A+2 =f2)

=A°*+4n + 8.

Q.. D
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é:j_ (}msic&e’(‘ +‘he P\qwt* deseribed kij

N

Q) Draw the \o\oek &rqgmm For— the Plomt .

0

rT

[
_LJX—\—[JM 5 Y=0v 371X

[}
L ’S( | i ] 1 X2 5
(> ; N + E‘“ = @_—_;% > Y
[t |
’/ w
b TY*aneFer* Runction
S == =T
T =11 37 \7 &HJ [z]
s+a | ! o A
=01 33 . 8][2]/(8 +4s-17)
Ts+ 27
 + 48 —
s 4- 7 o
C) Find chamcteristic eguatcon v -F-
ay U= -rK, K.JX
/__[O { “IVKI Kz‘:[‘K\ I—Kz]
F kil ¢ ']‘ =4 L2k, 2Kz UT—2K, ~4-2Xz
I+K - K1
lsT —F| :? | : =3
| 2K &+4 +2K:
= 8* + 2K+ Kit+4)s + K T 6KV =7
R
(23 m=|~Kuy= —Txw ak]X
let Ky = K 5 Kxr=8K subttute wto C.E. above .
we howe
CE.= 824+ (HK+P)S + 2Yk—17)> w
“,

L
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6.7 Given @ +wWwr@® =0
e} =86 , Xe=0
Z %= 0=%
Yo =8 = =020 =—w* ¥
> ['X‘]__}o J'[X'%’[O}u r sy
Xz L‘(L) 0 e | f
. %)
b 9= %X2=L0 r]-[xll , wW=5 rad/gec,
IAT — F + L |
B A OI "0 I L,
-![O ATl 0] LJ Lo x]}
A RS o
= T = A+L.A+250U=1,) = \"HiooA+ 2O
z5 A+ Lz
= |4, =-T7 , Lz=100
Thus = =
IQ&MWW
v wLL
Obsenwer x 19 dia -7 b
R OJXJ{IDO (é—To 11X)
£) [0 s % ‘,‘7}'
= A= ®
X «28 —100:! L100
é\"—‘ Q(:fl 0];\(
8 _ _-7s + (00
Q= ST+ 100 S + 200.
d) - ‘~ o I {0] |
:7&1 F+aK -' = 7\} (‘250 ‘*1, LKy Ka]|
% = = A"+ KA+ 26FHK) = A"+ 3A + 32
25+K, A+ Ke
= K=[7 8] i
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Homewoy {/Q no: 5

o7

2 .
et LLL | C_-——_l{‘jp-t
@ .t
R %R g
le=CsVe=C-Ve = U =1L = ch”'c";_zl—"f‘f'fu

Vo= bsic= L= Ve+ e R - 1R

= Vet+ (U-1LDR-TLR

l

Ve — 2R Tt + R W

(avy Shaxe Sguation >

2 2 - i
I:LJ: [_—i& —L\: .( LL]_;_{ %J;u
Ve =g 0LV =

R o 2R® "
() C6 = [T Lic L= ] > l‘? R*>= L/C,
Ve —R/LC
R B 2 S| SU 2L
‘@, T 12C Lc’—+ e 1 PeE 'Lc2+ g i
e sgstem e TMet cemF\ete controllable |
G2y R S B SR S
@l:k—zl:i‘—%x ’ !Gl—k_QL*C#D
= system s c:ewnplefe cbservakble . i




