LEARNING MATERIAL
OF

CONTROL SYSTEM
ENGINEERING (6™ SEM)

PREPARED BY:
MR. SUBHANKAR DASH
ASST.PROF,EE

DEPARTMENT OF ELECTRICAL ENGINEERING
C.V RAMAN POLYTECHNIC
BHUBANESWAR



]

(L‘;)ﬁl'g_"f'-' ﬂ“!ﬂ? Ph}'STﬂELl ﬂEﬁmeEfﬂEﬁ’r r“i' rc*mpr:n#ni-!.

L ¢ i - o 'd il
hEa i = gp:fcﬁ't mannes INnosdesn fo ng-f.ﬂama .;Fr;c:"-f-l’f

& -
Yuneiion ¢ Cauled ¢ 0 ke ey i |
tunelion | | rﬂem e Fan., Ac, taoiHc g I-*:,I
tatetlile, reescios, efe’ |57 : el i
‘grj

Lontsol 5>;;+Em- s o H-m- p o] the l"_-'.},rsjc‘m con be vad

E}F c‘h:m.:jr.mj !H.r‘p
HE-;-! ;_}rg-lem. Ee:i' FCIJ"'I-:" AC 4 "f‘ﬁ'ﬂﬁ"hf

contwol  Sysieme  dbe :I,-:Lui"-*risdl tnto twoe byPets

n‘f the g}re.'tErn then (4 1% ciuteqmnrwu

.r_]li-rls:.

Ay Drnniau;: contsol Sy sterm

1) Q._gloted | 198F contgel Cyelem -
. o _ j

L

4, OPE*":LE[{:]? centsc] E-r.‘,éfe-m —

W

the ‘E‘Jréi'Em fe mol talken

14 the DUJFUt o
the ;fF (Fndtﬁwﬂy &/p )

fnﬁﬂ Eﬂnaidﬂﬁ.aﬁun Yoo r:hg_n,::]-;nﬂ»

- ¢aget =
Ahen i 1E ceudive| openloop roniaol e £m

A TN i
Lapdie A
o) 2 \ L‘,[“

1R (4 = E’g,r”F o excitaticn

ezt Hp oo Reyee

E‘Gj '~  Fan ; Faafhclighle wehoul Sencose  elc -



L P ol ‘r-‘-'l I p conlnn| '-:‘,.""’”-L'm;‘_

— —_——

Tl I'I,J'r al he ‘:}'Eihm Ve |aken o

{‘:"'."'nt'lri-,-ml?r-n "o :I‘Hrnt_'-:fnﬂ‘ ?nr:ul: (anf:urr]l}r' q,fr:)

[hen 1t 1o canrd ¢loswe] loop Cis.

L

—epit S Lb

l}ﬂ'fr

Fredhack

SEN c:-q"‘dﬁ

o d E

£ ,lrE'" Jibg- e
ol

‘C{JI"WDI i B

E;.:,zr*‘“

n

- sve -en Pﬂa:H?'rﬂ
. o e
"feer] bork,

= o ’T'nr;. l-'m*fj'-flﬂv!E'“LIE-"db‘"I'ﬂ-' 3 FEy

Py = Cynom ih.‘jﬂa.l.

E'-ﬂ p
Meuhles, Iunchim‘J 04 cedelites.

N T ‘II f 1

Ac, FsaY¥ic ffr‘1h~] With Cenwst,

| T




Hu.:;mm bed afehimpg\ﬂrw lgop.s ..

o)
O,m 100; flstprLLﬂp) '.
it -'{IE';.{\J o 1"|!‘ﬂl'-:jn- ﬂ-CDmp[F'}l to (-l'i?ﬂﬁ]’n
\'2-1?’}--*4 1o loeg, Q. Cocd i< moﬁe
P, Lree Acuwcde. 3. Mone Acauﬁaie
I / . b 1 r
{ ¢
| rm_:y— (‘_F\"lﬂ’.f"ﬁ"P éydtm (s "f.' ;Imaﬂ [nc;-P ’?:Y"'.‘“m L
7 prest dlable, leu ¢table compased] 10
i i § C}PEﬁ]UDPI-. ool . 'I
j/““dw!di}h s leu. 5. Band widih (¢ moxe,

openloop qain ¢ 6. Gain ic lest.
GIEEI : I : - 1 | 5 ' :
T cml?; a‘ﬂm:‘redi 57’_ ']' Noise can be Ellam‘!nak.@do:ﬁ

i Doist 2584uce:1

i .F\"t’ "':1
e —

L 1sans 7EX ':lvnchEon:- ,% 1 |
! \_/ ’ " ' I 4 jl

1oqhe | madnemalicq JoneHon which Fh‘cme%‘smg

anU't ol the gy stem 1o D/P N Cwlpf,l 1‘Ecn_nv;'19.3. Li*UI".'LhGn

- Maﬂ?E’md:l'lCﬂle 1) (¢ C/\!?!:‘ﬂ'\'ﬁo! cu the waho Dt'i

la{)lcu:e ‘Iﬁﬂﬂcq‘ﬂﬂm U' C’/p o La{)lmcefzmn;%bm 04 9/15

Undpa lzezso IDlhOJ Cc‘hdt’rmns
) LT (O)
Teanstes Junciion =
T, ( RION

7 condih&r“é 0,




. ,r"r..' L o L L . i
Elspﬂnlzﬂnt E-l ﬁ!ﬁ'-'m-i'lm Jonclion!—

't & ‘appiicakie to lineax ¢ystems anty.
T,
ﬂ. 1” J.'ré- drqﬁii‘fl f}ng‘lga 1E8BO II"];H{.T-'! Egndfﬁﬂﬁ§+

2, Tt i« néplf.:c:h:le ;rnqu f_.f’pgl, Lf:’wle % gy shems
mﬁl}r. .
.o z]rvﬂ. Jn"!vhrna.hﬂn phout 1HE f'—"ml"ghgygm

but net  the bEha_wnu'a o'l Ingjtviclval Eﬂmpur\[-'nﬂp'rﬂﬂﬂl'

-|,

m:uje 4he 5>}ﬂ¢m )

.I"j,'l T

NmE.
= {Aancles Tunciion o]

He ‘S-‘?rgiﬂm C[Ilpfzn.-:lzf:% ..;:Jn

Cycla-m Cﬂmr:nﬂenic Q 'ihei'a mzsﬁrmf:jeménl in the

";E;h!rn.
= % o} the Sydem clepende on tranttea L'f'uml'mn'f

"{Q GIGNALS | —
)& .TL.,Q{J A e
nguHF-

W

'||H|'| I-

il '|-'I I'|-'



Lt

= Tlr F 5 " 3 : ;
4 = T-F él- 13;
! L ’:]Irn!'lulf.l? mem] ' mpul s .5 °fF
I gmpulsf

il T s |
Lr [y - e R oL

rp % La[sm]

= Tuf X1

p-zaE ot

[ ] 1 R N -] ]
- cm;k-!ea. ﬁunc}fﬂn te celso r:cu.nl?d CIR lmpulﬂ"&"
= : . =l _

Response. o] dhe System [ fime L?lﬂmtﬂ_ . Apriying

Impuke input ie 0ol posctble psacteany. Tt i

theos! ficany  I/p: |

—

i . nehen §
unil- clep Yo :

f":?; A 'IJlr'JF'-}T' 1 a
WEEX = Ly kel e
0, 140
a e ]
— +{in sec)
dult) . chance ot Sy . |
dt .L'l-'tcu‘»a]#_‘ - e Sl T

o Rt Eln-.pul;? Response

E' -

/[ﬂ (cep 15'5"'=*|’"=""'“5'] 't




| ' rauly o eleclvontc

elrcisical ‘:}u.'crm*-' ' jred ; |

* Sl S |

uni{  Remp ‘:]L.'r'h:'ﬁ.ﬁ_fl;'”
| =

P '
s =1 ) 1%0 W %/,
= 1 HD-_ R SN
AT
.
TF » LT [ﬂ'mpulw_ E'ERPme'] /J J
-l ; r a a 1 1'—-}
[:{r: RampRospong] TN TR
T At
| iy

it unit shep E:Eﬂf?_ﬂﬁce.

NI parapouc Ipl-

< s ; 3
pit) = w1 ) t>o 13
o 5 teo
) A _ 3
# ; ; i
b0 gy [ammesmtatn
I
w(1)




1 1I*en IngP condaol *:—'-'};r.frmi

syl | .ﬂ{t:’ i
A RlEE]

. up
Lr[em]
WO Mo
R
g5t - £ 2 dfuancd e Fonclion o1 openlocp
Rl%)

contaool ﬂl:l-,,-{.-ftm ’

Ry Ger -_—.-ﬁ’".“:.":';i :

closed loop contsol gs-.mm:—i

y C (52




E(9 - RE - Ny
o v/
..')('(f'\. - F’(c} qfr} . :
o [Pm - ey, € 1O) J(i(m Iy !

a. . E2

-y Cter4 () N(Y q{ﬁ?r Rt4. f}!ﬂ.' ] Y

) (%) [i 4 H© mj lete) . qQ (2)

) I @/ 4 (‘-1
I(‘[Q" 14 He). ('](c] ,

- —— o

ol
th.)
TF“NN"MP i I : e
Jf | £ G- Ne) 10 f D
PCE | |
¢) °° :
T + = -vr ',PF::] hack
E - — 4ve deeel back - e
- \ 3 G{ E-GJ _ [ e ) .4--.{’!_/
w . AR 3| ’ 3 ”‘,r!':r’
'F' P j | +Q{€.1-Hisj C(e). "-,-’\ /
| - \ .
Laprace TrancforM i ol oy g J
- iy |
| [L (1(1;)] « [Fe "N

0219‘1":" whesoe < - {'{jrnPl'py ‘:{ﬂpﬁl}hcy,

_;:I_:- = 64wl )y




O - ?SP’Jfon o] Cmnu,,,-/]ﬁﬂ“’

o
(m 1 [ow] - e

n - '
JitE I_ J ‘ri:lﬂ
-al AT
[u} LT [9 U“J At

134 4

(sy LT [-(D!r U*'irJ
W

_(yh LT [’,:nwtjl ) = _T.!_g,_

\E_;A 5“1 14.“3'{1-::1 % €
then § g 7% y (b =% (c*a)

S+a

.i[EJL[ C”‘Mj g
f)L\: - 5’””“"] ’:

BV RIOECRCE

x(‘l tn) = e i
y/m 1) =¢xt.
ot '
);[gJ

=

Fird 1 flh;en'fmit}ﬂ,l, WG

bt
i

| _(gﬂ)% w?

vy

(¢+a) “rwt

i



T *{3s X(e) .
AI"::
ﬂ"u""':ruhnl Valve o'l ?“}'

w(e) - ' (1)

| o
- —

w (0Y« lim C.X{&). |

—

:I - |'
| 5 . e . .
i

o4 » W

Fincd  value
|

Y (=) » e x ().

I}
N (6=) = VM & X D
/" ¢=-0

) L) ry [ 1
= r,?ncu vauve Se also ccuted] Ok Steady State

“J/VGIUE 09 the f-yﬁerr

X (6) = S P01 oy x0ded /F'a-/ls
g{m)(“*-f)

nad chUE +hpo-<sem aLwe nui CEPP“ca.ble

Z
E}
m
-'--

L

Pmm 04 'Hw £y;tem are present

s, wh
& o) _ n | -
...E';.z 'iﬂqh‘l hcu‘j N £ - 4 - f Y x (91
- - / when the PUI'E“ e Ph‘c,%\eni GL# lmaﬁena/
anis . .
-'; + .:] ’ 5 1 N ] ) | v | i
5 B - ‘}{_ (’H’—") = Ry ‘ i J,
‘} ) 5(:-?.) (644) S o R
N ou poler orse Pmeni CLr‘ﬁlqh
- Cou M Lm} C‘anlh'ed
\_Xé’ = -——K—*—* on POIRA oLt th Founals

o (=) CCJ—“*

2 _
244) BN s §
< ( “ tmaqt vy o Ry

S ——




O A B+ £
¢ = e
J ¥
v - Aow he & a kel
J J A
el rud Y Fined valtd L
vrrth'“"- hp-ff we. O
N (gn“l Ei‘ncl H
‘4inalw"—“}£

k% Yonction 07 phy sical £ylf-‘rem.'-*

§ .qQ-c;\'nrﬁafn

-I;—:-iomcfin
]QIEF‘
1 —_— M - MU -
R R J
q) —I . —
| SR e e , I/Cs' « JERKS
PR L Ly
b oy - ‘%n_--ﬁ
I | "'-. Ifr-
|
! qis)

n ¢ i | 1 .
@r obtoun he 1“2‘5;11’*-?-:}1:'915 ':frmlcﬁon GL-l %D:iotufnﬂ plectac ad

N | |
I te

i £




< NOTE. -

ih chewn fn

L. _Fox

i
. the eledzical ciserdte o The Fosm

,_Jkﬁ'cjuasﬂ tsanstes Funchion f.f."-? '

_ I
A R

- ??l'}'z-l

- Gmpéclcuwc? 'n

| {1 "i-" _ — I."," gdgmc{{‘h‘ g
\ [ _:. —10 4 (x
| ¥ " .,'. 1
| 9- ) | !1' ! -
.-.,,:
i 1
)
v N
il S

i g By

e i S i




|
ve lewn  Cencitive o 1he -

\f,:‘!l‘"-r ..l [Dpr« "«/ v

1 B ] g {hm y
rhr”"‘f "~ rlF} bul MmMoat cenedlive 1o 1he "—’]EA

T W) Thoeae loar erel baelk ‘{“-)'ilf’m ARy o} be 4EQC1¢‘I-£H
Cﬁ‘#-[”it:lr}r, 1o make 1he ;qum intenatiive fD‘thfhﬂrg]u
m (ompenent vouu e, l

NOTES -

(1) 99 1 opentoop toanctos Hunchon

Ns) & Fesdbach le Hle) then cloced

HlE) =
| B{t)

lvop tsandes Tunehon.

\ [‘T/r{“f’ i N Is) - (,ye qegdbﬂjk)
-,"- / I

D)+ N H(s

G 99 the cloced Loop toanches Huncian

1]
T - D9 g\ Yeeel boek fe: HEE) .

1

ple) :
ﬂ//) !{C s e N ©) (-veeed back )

D¢ - N(&) - HE)

»

eqi- o Gy = 2 N i
.c(‘;‘ia) ] i
Hy-~ 4.
Tie) = C. -. - : f | '*
S YRl R\
H . - = J'
<) = e : H{‘:’-')-:LT i

[ 2)



i ‘jh renbYpl cydtem :It {‘].r;_,-_}q-.hﬂ(_‘l h? thy d?',"luﬂrlﬁhhfll

LA i : i Il'||.
. l_:.ﬁﬁl { ) 4

o A
S i

2 oy An :
< e A |-I| - I‘_J* _._:,.. L

LL’ hf"a[ ‘H_ - :.Il'r‘ }{ \]) i f:l/l, rlli Ii]{' (__Ytir-‘jh m"]cll i'r, lh.ﬂ
Frarctey Yonehion .

™
LY . - '
ol . —qu“¢ b |
Xle) .

/ Ty in Laplact

|

i

GCQ ‘]’If-) + 3¢YI(9+ Y Y9 56 Xy +4 x(8)

N 0 e 5¢ 1Y _ = B
N = t ¢ )
el G FtaetY (Ans)

. 3 I,ﬂ.l i =
th",f 4 4L e EmPul;E WELP ot nj’ oL 5'-‘7'4!.1'841‘1'.15 [.E 'I:_E ﬁju{j;]

94
- LT E;i—: “éaq' ; eI\
= LT [E'LJ‘ ' L‘[‘EFMJ -

I l
{"H 4.1;1

/

4
e

1

(r'c_*n) (¢4 2)




e P

he
i pulse Respons® ':}T'.a +

ks u.Jhr:J.-l' fe the N

S-j tremm chown In ‘-f{ciuﬂi-

i k)
E{{.}' | '[__ ___l___, . I
= < |

i . = :

[
TF = o)
A B
G g k)

~

"2l ; 1
} AT | 1r'r_ | £ .
L [?’] Tk [";FT’J

Jmpulse Regpente =

] 1 -t
< LilE): 5 o lEy=2 E

(| -8 J U.[:lj .
Gi'?:,’; The impuls® u"E-'-rﬁurrui v fltl-}fffan';r 'E'Flc:f.i_dwfhf g yidemis
! Fre
- k) the
-2t (o psedvce a wesponee 3 £.8 © ul
e . v s .F S -
UF ol dhe .F-},rdem nausk be eqvad to { | |
—at i ) : |
col's- TR = e UE - pfs hem o
TE = LT [TH] 3p= ]
L[ o]
I -
TETIRE &




Sewrvo

hlﬁﬂ'ﬂ"‘m‘tﬂm modmuno] o ClEmEi'Um::, r_"ah’lrgl o ¢ rnmms
M,

(he <ol ol difewentad equat®dn thhot
AAercsibe the c:iLjha.mlc beha vious o9 1he g,ufgmm'ﬂ-

ceulled  Matemeiced muc.JgAlfhoJ.



" ( )
| H.‘Gr—.

Sprg)

J_. J ] . peeinerik l'.lri

a'l 1k fpnel ©

fare {‘lr-".i
o g al
1rr|-1'.|-"-1 -

.-JLI I'H' rr"l ﬂ'fﬂ'.r

e L
o=l

.. “’IF e
[ - :I'ir.'.'""'lrl fﬁr'l'-fr‘f

Fenlinel e Crramcr e Frimmenl

iy ie ranes] armodure conlad o'l ele o tons .

T ¢ y 1o -
.]L" = ,f'r.r\-l:'flﬁ‘i .

1 Iy e contlani  +hen {'F..[ 1¢ conitan!

(e twE Can ale \.r_nnr; Xa .- [

co T =Krla (ru g, it consiant )

A r-rf'tltTrL — fne‘llrmhfctl !U'-E'|r',-—: .:,;.nffc:-i ﬁ‘fn‘?lﬂtn'
P T hﬂraeﬂnh e

ﬂaniL]tﬁi.

f-f'[ﬂ'-.f!ﬂ-:".l- kvl —

.- faka - U Aia =g B
oAt |
i
1 = k‘r ;rfm '__"'l:;” 1
- |

[, 4 =lo © - molakuna A pracement
g - B8 B [ ) =
AL R (i

(it -bﬂrlr:r'rn'zf amment e d-‘rr:.._-:p.'r'

..i'rlll.
g Ae  Cpere], !

PPt ¥4 ranad



A .

. |
i Mo ! v o

[-’li!"lllhllv.‘I I."ul!)
’

OF Tan [Apis (',Jll.l,,-‘h-fu‘j“_}j.]

Mathematical Mrdrn?_n(-l . —
o 2(1) {1 N
E.) - Tty = Ra2(1) La d_r_“_ |

T » K ia()y — 069

i) = ke 90 (5ii)
At

a I Y
T T4€ , gdo ey

—_—

cll

Ea (%) - Ep(® = RaTale) 4 Sla I,:-.":'{'}f[:J :
TIE) =\ RTilalsd il P, 1
Fu(o = Ky s 0 — ()

]

? L
Te)- Tealey+ ¥¢ oy —Gv

fe )

‘—15 pm F(_‘Ih = [; ) . ,FHCLnLl‘}PE #Unﬂ‘”f}ﬂ b rnpuj'

Ia ¢y 11 " I

Fale) — EY 9 ' Ra. Féla

duiput



Teances

f"‘ll e hien )

oo £ ) 5

curptt - g.ﬁ..".[ﬂ [I£+4]

Ep =)

ﬂ;":p

:ﬁp‘l.l-l -- Tt;} 1
Pl
Tl | _| [
/ Ty “outpud .
gn["'"'t y 4o
Teans te¥ A
Jurmehon
STy
-
l { 49 i |r1I| L



=) Eals) = B0 - ("*r 'lc-Ln.):rd(g'?'

Y {‘ {u - Kk q@[c} - (Ln | iLa} [s} [asplact‘ EI=r Ve

kT L*““Eﬂ’f:‘ﬂtéxzﬂ
g WEq}
3 Eai (EHJ;{L({)(T!*- .:;(U'i“‘ié@.i.‘"-l)
= A ¥ i
+ Kbsa(s),
7 “(put T o) Fromus
. es")
. (ﬁﬂuu)(j;lmcj-F‘a’c'msJ) + KT ’Fbﬁ.ﬂ{ﬂ
‘.kllC.T - e
K
5 Fal® _ (Ratea) (76 TH) FKrkb
¢ gl
Kt

(L,:,_ Velae, 16 maach mory
e thamn Re

. €0 La vawxit

<) Ea® Re L'J-é '1“4)"1‘ KrKkb hEt’s[EL"fd)
s —— ==
Ky ; ! '1
(dh"*de Rﬂc—-:n hm—h hlx&
Ea (€) (:rg +4) 4 "T"‘B | —_ ’J',\ﬂ. bz )
ceol) . ‘
kr
R,

cOw ) (kr/pa)

Fal4) L
[:rs : i Qi + K1Kb
Re




T

n #
f’-'n.e"i cx O f 1 h-f.fﬂ.lr'm 'H‘F-*\Ph["f_{rnlﬁ -'lﬁlt hrf'{'hﬂ,.‘.t !1{311\)!’1{ {]f-F

L
Ds in {:-.nn-:';r':n. ’hnrifnn,

S te) KT/Ra N
I E ) L Led %|ﬂ-:<u4+ k1l )
e (xet+He) Ra
e QG = dAleplacement

‘«‘b ] | = < e -
m_ﬂr:@u;- peec|

.-itﬂ ,.1_-"_3? @(e) = Aaceelexs aton
At

@(LJ _EkT/RaJ

—
————— -

12, Aang oprdes Stjifrtmm‘- powe X

Eecl?) 5(1{'-!-"15) % A .D-s re
E ¢ — K1 /Ra (OO
T¢+Y0

Lc:avezfcu Ea*cmt‘#eg Jonettem )




. . slcad (ytlem ! —
Meathemakeal  hedelend ol eled
_-_._____.___n.-—-—-'_____-_-__-'_-_.

p—

=
AU

| T
Vi{t]/it_‘rD L \I{’r) k

VD(TJ - L Cji 5”: ___ -

Ve(t) ~ ) R L,GIE/M-z o —()
—\)

e

. % B}ty F 2y Lem )1 -
fﬁaﬂc%ﬁqunciibn 34 Oﬁlhj app\iécl.’b'lt?%ns ltheas K

Ay
1

Hme {(nvanant C.l.jg.{-gm




¥ y o
oA e Ve biTol Laplace 1% andor makon e

L

\Vi(¢) — TR - L T(¢) =0

Vo (%) Lt T (L)

{ ecinston e’ HYunchon[—

Vil¢ RTI4+¢LTE R+l

~~
~'"\
-
i
|
\

w




—

s  biun
T‘Lsffdth ‘T'i"ﬂ Colewl clhor I:I‘:I Tﬁc!ﬂ':[‘f‘hﬂun‘

(1) Black dfuc:l‘u-.-_rn wec|ue or

[ 3) -;;Effnm 4low ,:.|-3¢L{_,|-,-

'y Bleck diag@om seduction:

E |

Fulel!- v )

- e
o RS
c"—"h:—j e ¥ Gna

153




k- 3

| A My En
L, . gl 1
“Ii“ﬂj — ) 2Tq T
-'i —T Faﬂj}—a Xy
v .

T
. (f;'hi‘.i.hf'vi o'} Tare o'ftl pon?
rﬂ"' v
\ ahm:\ﬂ‘-i e hloett )

Rute-4'.—

by

SEp e
B3y Ry Lo
Jb T sy .




.;i-——'-f: | qLEﬁ—-[_"'TL

i
:1. 'l-un!.] " 'H.|-|F"|-“':"-
Th
F -
g
-
e T
i

v A R—la ]

o

o P9
J S
) M Uing Hloatl
. ’ jyandhea Tunction
L1 Fladow dhe 17¢

wecuetion XU B

FL{‘“







Uiy ve e '




f:]-zﬁ?

S et
{iﬁ;”f""ﬁ‘fﬁﬁl

s )

G > G3 {-“ﬁ-:.}/raHl
_a

[-'| ﬁa”]"“ ("'I."ﬂél'iH'l 'g:; ('I"} E';Hl"'ﬁl&‘?“'}‘j



8 | 1:‘] a2 614 .t"”

s | V4 .
[ o
' /Ff:’].,IIT4f'11f'1.”)|f;;'-'h”! { 12
l ———

| ——— [ qu——

cter ¥
. __" c
r———’-—F\ . G2 G» A 7 o
G + .
1~ §atir challmq,#l,‘.fl

y

G/
f;*'@———r‘} — €
\/=
[ h \*’I’_J

i e —O
[







O & |- @w’

f
| ‘I'{'II"—‘: il 4.
' .”r q :'.
TR T T

ﬁxq +ﬁLﬁ?

BRLL Merd beet fs .
me £] t¢ caned "f'(ﬁ'-;'i‘ﬁ-; 6y X4

Uni.'hl' Yewd badk )

—

}‘ ar I ] —GH'-I_{:"!-GI?
/ | + Gy+ Qads

G4y + Q142 §2
-I__"i' ﬁ”l’l' fi'qui

O —

I_H qz‘

'FIH*GI‘LEIEJ ~




Flep~-0

1"!'|1 'r'l"1 ! ﬁ” rl‘; "'.I'r,

! * rl”i | r]'J r'it

. [ b ) Bt s G
Qs )| T v
Gy Gy 1 Gy 6, 65
’1 I‘]Li "i ﬁl.fﬁ';

1_1 Hlel‘i.{'!'
14 Gy 4 Q2G4
e Gy + i Ga ba
] I+ EH*GIT—E!?JFI'H'EHF]'.
Clep- 4

l F]|G'-1Jl E:I'lﬁl r'l':}

[4 Gyt Gatrs 4 WG, G,

G by + 01§+ 83

| + Gy + G263 4Hi626,




- R R TrEumwa et uie e s =
, AOI5 (pe) (A4hclan) ‘

g ‘rrr‘~|r‘||
A AC JC& Bailld
Janat 10w c]hnrh — T4 fc the r‘nnph'ffﬂl prwﬂiqh
— Sl 1’ | (”“J P"’“]“H” t.iflr'm :
EE _ﬂ\_ ...... :Hl
t }\ = ‘( Cle;
: L_
o, TR T
( I M 4
‘ J.__.‘} ~H(¢
\ :! 5 6
[ \ -f,l 2 4 » ()
Ha
- \ 1 (eavt 1)
Gh
— ~ . - % T
ro N_ S W
e
—H, — Ha
(‘ﬂx:juae- Ay
Repzetent each ifp Ry o/p ‘;Ummfncfl Pognb,
toxe 0§ point by de= nocle
s —» 74 block i¢ abtenl then UnHLI a]a_‘fn

Fz:-csduze to caucviede -{*ﬁa.nc‘ii.ea ‘;}Uﬁcﬁon;—

——

] :
’f(g) = Z- 2 Px Ay . (Mman; c:lc,_{n '#ggmu_ja)
13
A - cletezminant o 1he “C—ihm ‘-]'!Uwfﬁ[b”ﬂ{“"-
'-( - % B'E’P'E'Elﬂfﬂ Mo 0\'1 \4‘015 waﬁc{ ch_i"n ih
t;fciﬁal Fow goaph .

P« - kih %uwa*xc{ poth

Ax - neiefwmsnan,t aemnnﬁ Yo Yo w asel pHP
K

il




Yoy ¥
hape
']h c'rrp"x, rerleplerlr Hnn'f 'fnnrjmnri P“!h'

e o Y :
e Hoatwane| peuhy—

e ¢
';f- Ihe potth L|i:||{rirr\ :/In to (')/P noele

—

i h"‘-"-t't"‘lh{" ii"u:t!'n

Wit Theu Mf”?ﬁr] am]nudr: lwlce .
- have one tFU'll.Uflﬂ.d‘{ Pt‘llh

"i:”l

Chep-a, -

| owt no oY loop¢-

"1;fi~ 3 have 2 foope -

Qlcfﬂ"::*
the Joswase path c'.]oin.

Fin¢

C cucvleue
(BL] wurfpltj?ncl ai the c](cﬂn.s)
%ifj-ahavt- 14 x & X} ¥ | X)) = é“
Step-:— < - |
-] e o .r
calcul e the loop Gain o pach nclividvad 109P -
- g M & -Hhs pecpectivel] .

.%ﬁ -%c]- - glairjt_aﬂ

QE"J_P‘ 5f—
cclculate Ak,

M = i( when 1he Hoswase podh K touvehes
CLt incliviclued Ioap)

pe =1 - (roopgain of non ~touching lc:ro-p)



Y

Uep-e:-
Caltulage ‘d'

a4 -1 - ( Cummed ton DHE ol Inelf Vicluad IGGPC}:ﬁ'
"
/

Lf'{“.l"‘l{jt {a,trﬁ zocluet L
o (ommarienf i e o,
ﬁtln‘fﬂurhfnff lc::ap)

-( Cummeation 04 cEdin {’?ﬂr{uc’f 09 thyve
r‘mn-fwchrh?funp)

‘f-LL‘D non- 'fatl.:hincI [DBP :'-'
L)

N
I‘4 thexe Jo no (Cmmon nocle bet b

inclividuetl loop thic foe Tuoloope cL¥E caued

bon- ‘i'nu{:hincj loop -

™
Cra .




-.fﬁf‘r"‘
¢ 1 "_"t"'f""
nodet i?' }
e L
LN [ ”{ :
51'-1

-
r—
“u,

-
.

FLe
ep-|
NO
(:I‘i L‘1*1
Shep- 2 o rfu
~ | hK-
=2 .
NC ©
- o't [oops =
N - 3

fre To
TEW
are path ‘:jﬂj”

FI = §

~ tﬁ:ﬁ

i 3
P,_, = G'IEI'-'].

Ly =
- a83H2

Loa—
> - §1 G263
— Q3 H1

1
L{‘_]
-f1 6
4 s |
( ,3,4,8,7,9,2)

f Fl i )



n

P, e -
Py = Q. 6y
A r ;
Ay -1
. ' ‘{fr"ﬁn“‘ﬂ GG+ C13 ° Q.02 -ﬁlﬁq-ﬁ'_leJ
da,t P2da ) '

TEK) -
A
14 GaGah ot & 0263 46, i aay Ay,

- WD Util HYwel peath E( %m"ﬁ .

I

44,0354 6s
- nNoot luu-[! k Ctam

F
Ly = - G@Hh
La- - GaHAa _ oo huenon- ﬂuchrrujlﬂo;:
L? = - FI'B Hz - NO CI'L* Hiree rom ivr.z.:.{hm loop
am .
Ly = — @s¥s oo I 1
Lg = - Q62 G2 FI\.[ ag _
No ot two nc-n#cmchinc.! loope ~ Y g
Ll L.; - E—“ H'I.F]] H=
L:L'-'i - GI?_HZC“['SHE;
Laly = §3 H.GeBs
L,LL., = G fsHe

/Q,.#



NMumbes a1 Yhaee - NU-"""I”U”‘«TW] \vop = dl

L] L~ L\| - - (1|l|;ﬂ-:lllqﬁq”5

A = A= |

|

gLy by tiaty
| A = '-(Lp’iL:.\-i-L-xTLL}'l'LE)"'(LiL?-JfL'L’_} ? )

-—(Ll L-;Lq)

T(,) = ';l— (ﬂﬂl)

{-l”f:rn E'l“g,ﬁ"‘iélg

= ____——-___
0 : G, On Gy (15 1
| +GIH1-fﬁzH;-%ﬁqu3—+q;|tg+ G @ G2 Gy
0 GoHs
-(-‘ 1y aH, Q.M. thg B {11”55151"5"1' =
G HyGaty
4 & HiG%3 Hg e Hs . i

u-H2

\E“

Pi

™ :
ij O

1 dxs is Ave )
then system 1
£ tobl®

~H=3

i1 —ve 5-_]-;.11:1-\ uniladie.

N O c,t.,( Yoswasd path = ?‘ A

Pj = éh{-i'.'} 'Gi?' EIL‘t

Fz. ==Qiéa _m' ﬁg.ﬂ

No o9 ' loop -
Ly = = &rHi
Loy = — GaH=a
Ly = =G4 63t

Lbl - - HLf
P E————— e




= L
ND A ftarer e |t rl'-n‘“’" I"ﬁ'r[ I

1 ! ! -~ -"}n ”1 (h L F)
r" Iql : i"h”r H.!
1;11.1 — Ga iy My

I..‘ =l1 - {‘-IFF'|1(I‘~II.""]‘!II

NoeY 3 N I:'erhnv‘I Joe -~ !

L' L :LH = - '('h ”r r‘;-‘ H",'.] ”‘LI

|
L
A =) - (LI '*11+L3+LHJ"}'(L\L""+L"LH + 1Lul_-'+L2L-.|J

-—(.L'L L I-‘-jJ
- 1+ M1 160,34 GiGLGavytHyt+ & W G4yt f G HI Ry

4 GaH, hy F 182 G2 Ha Ry 4 411G Hally

T(¢) = "IE f[’.ﬂ, + Fzﬂf_\

qlﬁ'l.(:l'a.ﬁt-[ + 61§, Gs

- g =

—

V4Gt QM T H8 G Hyt g, Hlﬁg"ﬂﬁ‘mﬂqf

Qabs Hy & UG2G3M By 1+ & Hy g0ty
'(Am)ﬁ



i n*f .I'I:"'Hunﬁcj [?nlhr. &qfuﬁ—
t” LB £ Ha €

Pa s Hilly G
Fa = €y

no o Loop & ¢qein -

Ly = —@ala
Liw ==y Hy
Ly = — &y
Ly = GaHah
LEI; ~ Hata G M

o ol hwo non- touching loop = 1

Ly ks = Ga Gy B

f{lil-.r-j:_|="1_l
Py =— Ag-w 4

Py

5



= 1+, 1T GuH + f1|!l¢.f'— (:]-,rHi G ¥ + HEH‘;{} i
/
]
J+ Ganv Gyt
-4

& = l'
T z_(FMM_Fﬁ41+faa3)

—‘:]-1 H - '*c'[l +H3 Ha &) "1_ {'1"[ +G|3£TIH1]L

——

|4+ §amsyt GuH T Hy=§aHa iy + 2 Habe bt
O3 Ha Gy Hi

(A-I"HJ d

—'_-_-_-_-_._-_-___‘—--._

1!




Qh;; ‘]r-: the k:]-g;_tr.‘;l,U;".!'\w:j c:i'h’ap_h_ "%nd *H’\‘EI no GL‘ Jwel Pa;fh

L no ol Inclividvel 10974
47 ~ G

g I

] LT
LY ’ 1
i

% §
ﬂ;?ﬁ'ﬁ}:ﬁ? Gy G596
2= G Ga §7 Qo

) J¥ s, __ _,,;” P3.= G1 G635 Gy G,

1 _f




[eotedune fo! had Inlivicual lvopi- ' Vak)

L ——.

|
L
| R f ™

_{;1'!‘1_'_ Err‘!ﬂn!';"'l-f e no r‘lti ‘"!pn:ﬂ hacl: peuth

— H,
T = Ha - W |
- H?
i '_ oy !

Shep- 2 Gdenniy ihe no o "’]'“f‘-'fl path .‘hﬁ
Each Yevea back path.

X I_.'.I. I""'|'|-":ll'”.-|'. IF.,I.
o H!. =] g : !
y [T ot o
~Hs — 3 ‘

A s s

f

Step-3 Add eu'the Ru oY Srwe o pathifo aer

= & ri
| ihd ) [T &

fﬁﬁﬂ: n".;:ﬂ';l ihdﬂfﬁt}c{] |Dup§* T T

Amzi'll Stikeny

-—

Step-Y Tuy to tdmlﬁj }'Duihfhci Li'ee.-::i Er:-:f.k'. [‘-‘Od‘hi

1hen Edmhq}f (otmpn  Fus wane] [:u::dhg, Qae{d
ﬂ'ﬂ{. by o fhe ancwes /e 3

FRED wihag = o= h:f)}‘ x

f :I1L" : -Ir F W W

ﬁﬂmh mll

hth]ﬂﬂ‘i‘ )




Ty

G calevlate e po o Hwe| pecth, individnal. -

|bope “vs the a1 Shown.

1
- 5 .
1 /
‘:fn'uwel‘uc‘ poth = 3
Jndiviclves loop » -1 — 3
_’Hz -} 1
| Y loops
1 i
[ 5 2 7
e T e Yo
vy P
o9 i L 89
pwelspogh « aii
- A4 £
Geaividvet Joops = — 1 2
-,
vy oM S

r e
for f
]

———
W




1ime R et ponse o st osde¥ §L1;’rem ‘-

R(S) "]_ CL;J;

| G




It

. \-\"
o SEs e REC) - / C&trr !nPuJ
1 —_ A& -
T ) =
He =1 !
L), = (f']{-’d - ——"L—_-
1 Gle) - HE ST+l
C(e) - R©®-TE)
N ) i
= N ¢T+!
|
g(ﬂ;ﬂ)
3 R l
ch) - o)
( g({ﬂl)_J
-1 A 6
) =t [s M ’]
| i
- i"f‘ B !
s(er +1) < LT+
. . 2 -1 4’
_Jf‘l A(e‘.rﬁ-l)% s
=0, 1 =A20.
=i, 1= '(T“MB
-:-) B = E-T)*"" ' . 2
| i C_T)/T
Gi)- L | 7 * "
() [ g (g-r-TL
-
R /T

i ' f'},o
O, L‘(D,




Alf ,olf
at) = Bl - eft).

l-(:-r"l/")

A
) - e W1 AL
| —
ay //(\Jf:tl.:"
Eaelt) ~ i p /T =0 AE—
- —_— )
1 Ve | —

20 1an, Aanis (P ('-'HhrP‘lns)

{ime - Reaponce a' “] 1 wed onele X ".:j-r,lt‘m o acmp Frped e

:II:'L" i /.i . i > (.1

: L Mt soam kit,‘r‘\fhbn A =1 H(”
xit)y = v, tx»0
o, L&

-I/.:l
=g

ey =4
f
ﬁt.’-‘-‘ ki /e;‘r
C (<) |
dre<c ARy (T3 ey
FLed LTt

cler= psy.Tle).



_ gt Aen ' i
=k et 11
* AL AR i
N e ET
c,'l(ﬂ 1) i

B =61

c &l AlT+)te,=

e S o
=1 A g =
iy cat

}ij

/ f
A T+i}+,@ﬂ¢+u = .
y : .

~ ATHA=ATHA T

-:-;F ﬂ,ﬁ =

| = An)([TH)FC e

' [rﬁ*'JC'T'H‘HL ol R
A==T

P |
om0







TS DT L R R —

~

/‘:Jm
= _E BYipone p (I"J A !{{ (‘J?‘.l-r"'1'-""7 «lem }U UI"IH Mpule
. il 1 / F *“1/,

B

mpulse, St)y= A [;thml’fﬂ
o, 1¢V

= o, L20-

When A= oLy = | ) Jintt fmrufﬂe %Uﬁt}{uﬂ.

H= = Vg‘

Hie)= 14

Rt sT+|

cle - R T

: "(;ﬂ)

\

[;(wa]
o 45 wﬁj

..{-/T

T

e

1




L
¢ ' ‘ wcong o0xdey Sydem o
ALrne - Resporee 0__1_‘_15 T i b Al

Und ¢lep i/rf'

4- ____4_} E‘[ L %) '—,{7
fdﬂ

-"J




tii{:! [l"lr'
e rr
( I‘x 1'.-‘FA”1
|
[ 4de) =
6 &
(&) = ———
2
hln
x> af c4 RE wa)
- i 2
! 1 LA

s(HR'Eattf:j

P
LJn
T = T,
511 Q&Lﬂﬂ.s-} LUI"!
, I
:il:'l = R(s) T[‘;;

-

1
> (H2ewnt T & W

- _}‘ E; g@lwh +wn )

_ (g + gu,.,-,)l +Wa (E* Ec,":)

LLFrr2
. 2
° (s fwn) Tt wa{1-€)
- (Q+ g EW“J 1
R " > + =
Q,-’,*’r &wn)q. t Wﬂq(l -Q,9 .



L = (::1 ¢, e ) Cwn
(ctawn)t w62 (g-fg,wn) -
=(1- &)
2| 1an, A0S EY (thf'ﬂﬂ

{l ngﬂ ﬁf.,-l-"n Lk

Tall

S

< (& r;uuh} a(mnfl—— 5) W %{de.;;ﬂ

¢+ Eln (et el

] ';_'_ St e T L G e '
- s ?{ﬁ."fﬁ,wn?"‘ '-‘-'cii']‘- ':L‘-’ﬂ '—Gn*)g@*ﬁ“"}
| e

3

- Gnt e ] [Ei‘-—. Wt )

rF) o= 1 = B thtwgt -
Jl-ea

- E’it'-'n...

= %1 [f|~ G2 el Uil = Elh-'\u.rdl-j
19 = cosq, E“ =5’r”t]f

e ~Gwnt
iy = | - %{.}wp cepstudl CE!-:P-'E.EﬂLLI‘J_T.]
m{
— G i b
c EL.I’.:-:" = Wy JI— {di
Len Ludl:+tp

cll = 1~
=5t

lihen ¢, =0, Cot p =0

l = @~
2 Lindamped '-‘j)"-’;!ﬂﬂ-



=0l
({f}.—_ l — € . ktr\([t'nt'{#dlg)

ﬁ 0
- {,l — e ont )
* _y HYos €= 0
ok )
=
Ll.Jn'L —
¢ cere-n
L\“‘\En (EE""; 'ﬂ. Ilmsr_ﬁ@ = O
O—0o
: - nt ~ il
B el = lim |y el 2 \gpigos =)
g_}1 ug'_-zf’l I_"-—Q:.{ o0

!l_ ._@,,LUnt
i k- L gginu.-*n ﬁ - g2l -cos@pt
qu; cmwml'l’ tw

[‘lm - QL(Uﬂt'
[1 - £ gc;;nwn.hfeﬁ LR T
J# &2 .“- &1- Cugwn\f['* '%e-l E}J

{ Ctew = |
9—0

[t ot wn||-b"’-4: = |
SN




oo |/
Z’_’,_//”,—/p
‘ Wwnt —
..wa,ﬂt
: b+
U (,m(wd CP]
s
W hen &41 , the 415Mn fs Ur_'wden;{aj“peg‘
g\ sespoe f¢ ewpdﬁmhm?
Yoy ¢ Tem
d'—j{nm“ < pusold ad Yonction .
E==

N (¢ umdmwea[
-5 when &=0/ ihe c/{:hemt

&
Syetem , & the wesponttl
fhe WeAPONLE (¢ oecieting (n nasre

) =l-~ COLWrl



i;x/;’rem o step in pud fe=

Aime Reaponse o1 Cecond oselex

_——-—""_—_
Mt Y
gf-.""“ﬂ- Ve
T c| \ D\IE At Odl "mﬂdu
(w i
'Dd- AR ;
ot [ /L1« Upﬁﬂ;ﬁuﬂ
b. \ Ilr >
0 EAAR :
hf‘nE — 1 '
< E{.g —-—__/; -

('Mau peak ovewsshm?)

l_k f‘}
ovesshoob 1= 5 cve
peak clevearion o the

— fhe max™
cfance - [.Caﬂ‘]

Aedived VaUve

at ‘U’E'ﬁ}( [&} LN
peck fime - 1 fhe Hme needec{ fo weach The man™

(be)
peak 1t coutec| peak time (or)-

. Rice Krae () -
The fme meeolEC{ o weach Ivor o1 the ‘4ﬂcu

Volve o¥ clewed vawve B caned the wtefime. (oa)

Deia}f e |-
The Fme r‘\mzqeal +0 wach So7 a‘:f “the de tive

Vawve fs caued the delay Firme +¢f (0E) .



L

C
F‘“]'! n(J I'INE‘ .

¢ce = The {ime ’n’.’f"UfW"! for weaxch A= 570 Th
L4

L«
finecy veve .

L 3
Time domaincpect fieation i~

tp = Clop e point (pear) €

ot =

._&Lun'.l;
Py [gm@ualH@)]

~,

A - Gtont

O | Bee . .6 t+ ‘
At = GS&UC{ CP) .ch{
| - &on q
4 (-@wn) e icn(uu’f-}q]

o - Gwet I
" ﬁ . co«;(wat!:+¢.) Wl = _Ie_i'f enwat+0)
. ) ; ']* &* '[gw“)

. Ccos (Ludb-‘rq’) _ & Wn

el cin (wdf'ﬂl’) : wol - Cotp =, ‘Qinq =\fl_";1

il

o) cob (wdlte) = Cotg

!

“lr okan [wdtta) = teng

At




Well =M0
|

Al W"‘T ol Inalant M = |

Lot e 1'

)ll P tl‘q
- G,tunx.__.. e 8

CUP) : I = | B ‘I}'Ihﬁ’”’f"&i[d*m)J
f &

“Ewﬁ Ll |
[ wnfl-¢?
=6 = ‘[—_ .E{n 4_{1*{@)’]
|- &°
= & T
= | + e |- ¢2
J— (';an)]

J,—_g: ‘
g/ -6 e

1 /’\ -

_.&n e
= | A eﬁ : / \'/




.r/er_\ P E(lp)_ | ] % |00

(pehr_enffxcl'le

$aier Mo poak

- EIT gueu;hwi)
hoMp = 9( r‘—‘,_&:)-x | 00 |

f i [
~fgon? ttq)
e
&y 1 T Stn{wdt +4

et + =0
_[mT-¢
T ( wel )




|ﬂf“£~uh| = ’”[(ﬁ-oa)“-&’-]

_ fwnt © 'n[ﬂ({?-nz) mj. —:J
Cwnt = IN [(:-n:x | - é-,_r‘!h-}

Acte: B, Feb, @015 [ 17jhean) (&

Q%Fa.dr ctate £BWO%, -

€5 = (i elt)

=W

— Iim ¢ B
¢ =0

_ 1im ¢ % R

-__--________—-'-__~
¢ 0 U.} G )
" . { i . . o
Ry A uru‘nf YeedbacK Sy tlem ic chamdearctdbyanopen
loop tsansdex Funchon -

I.{ | - - o )
Gie) = — :
1 s(¢+10)

Aeofesmine the qafn K <o that fhe ;}g}m
will have & c'{wnp?nq seuip 0 (ﬁi”g&

You {hic VaIVE 0 'k deresmine fp,M_p,& man™
positive cleviakon in pescentace., Jow o wnil <tep ifp



n

Coy o-

L "
Recaugy p‘l unit clpp iUnf‘fan;

R - %,

Hlo = 1
'Gr =L S

T ()

q (¢
[+ Glor-ns:

K
< ¢ 1)

4 K,
(e 1)

H) =1

K

¢ (¢+10) H& |

K
i 91+IDH K. /

Gandas o) Joom 0 and oseles tsandtes Tunchm -

2
Wn

TS - —l-@

¢t agwastwn

Achuet aﬂcifmrfnq

ing Telhd =
.»::}_amp ﬂ ¢ ¥ifreal da.mpmcj N

"( ‘ﬂ. cJ.lwc.!?vls.}

gqUa.h“ncj coe Ycient 0'4 ¢! e ged -_a.;

Qb wn = o

=) A%0.§ X Wn = 10

—-'-‘},]LUp = |0




[ - f'lj
Wwe ~ W

|
1o JI -o05?

~ K .66

{F =(Prnuhmp) R ¢

lllf{

i

—

2 66

- {0, 36A Led
- {’c{n | |
e -I o E 2

— O.SXI
- e(,l—ﬂrﬁ:LJ ,

Mp

"

- (@Q.1630

%MF = ]5-??-

; 1 h 2 e el =
Cﬂmpamncj E’CfUC«UwﬁUJ wih l2) w q

2
< = Whna

()"
= 100 - (‘[”’J.{?.

n TP ‘ 4 iy ‘lee
Qr 2. The openlomf:- J[E'anf-:'fea l1u||m:’:m||“u ﬂi o ' Lif ;/ 4&
‘. al by G&) = — + Wheve KT
back  ¢ystem 1% qive =7 1% % (6T H

iy o
Qne I’)DQHTUE conctanlt ¢ - '('-Ly whed Joaclon should {he
ampl'r':];'e?s cja.in he wecuced o Jhat he peak CVeErih ool

09 o untclep welponce o 1he sysiem 3 secluced) H xpp
TRY 4n 087,



cop s —
K

§(9 =

¢ (e 1)
H{gy = 1
Ris) = Ve

5 (7
| + &) H<

TE) =

1<
) Llet+1)

. T
By

K K/T
Sq—'&- 5/']' fk/'T

(L

SeT41) 4K .
Wn

2

Standazd Fosm - — 2
< T+ agwns FWn

| =) Wrﬁ = s "@

26 Wn =
wnq = li/-r | =) l.;J:-’nlf I{‘/T

Yy 5 Wn= o2 yer?

- ®



) 6 . ‘:J.Udn{
l
K.
alt.T .
I -
9 & © \’3« KT
MPI = D.'fE‘ .
~ @\ "
= vt 2z
| ~ bu
€
MF: = D.gg
_ &al
—

Mp, = 0-T%
- " _0.15
‘-] E th Y
) '__{31_'_1_.-‘ = In(0.78)
{l - Euz
- G lﬁ{ﬂ-"'g)
x) - m -
fli= &2
=) b 0.0915 |
|- &°

9 &R . (-@dooms
WY oS &C= 0.0915 ) & = 0.09.




‘:rhm}!r-m:, &, = 0 Yo
- I
e '1":‘ (o T
KT
s ; Jani t:I'U?It’dCh{aw
g“l f e 6‘,- jo contla )
=) | =
e
2
=) ._"_* _ é) - Qp 05 (Am}n | ™
Ka =3
- Ry

(| LAICLET
;th_r': A Uﬁfi\/' "fEEGr{bﬂCK f;yﬁ‘e,m havmc'j "'10'5‘ dl

11
o Cu bfe;c.tacf} 1o

faam."}‘e*-: Junchion éltﬁ) = g(n-n)
: K&T
6 Unit clep Tnput detesmine the veuve 0} K&

3 epEve
1wom the Gurput BeLponse

Oﬂgﬁ“‘. .

ﬂf\ N~
\WAL AR

UV

J
1
1

g

<—{P‘91[2$EC_

T(E) = — K/T (pxev a”) ‘
¢y Q/T"" K/T' A

Gendavd “osm =

TN

Q-Q-i— 2 Ez.l'-!-'ﬁ{.-l.-wnl .



Al

e * o
, I
y 2 e
(i
MI & fi-al
o

v) O00A8Y » 0 J‘]. X

wi Bl
A oIn(ooasy) ~ '_
JI= 67
__.} = l. rl"?{'}"' 4 ." rh i
JI-av
G I

~) ﬂ_.. &“'.'. - "

=) 4‘__'} ) (| . ;E.“)(;.,i;-:,r,q

_) (l } %,tﬂ;i) p_*l e S S S B N

£ ,|-|"|fr'r.1

?‘ -
*}-'Fﬂ ) | NH6D |
=) —gﬂ () sl

-) W L
n ® — e
3 fi- 67
il
= ——=, * 1" 1"%20q
7 ! ~{oW)

/

e



tan dasd “toom -

2
Wn

1 ; L
¢ 4 2AgWns + Whn

Q.Hﬂl

—

2
T4 axoax i gaxs t (1142

—
—

. 30416

1
< 1 o-qu36 ¢ + 1. 3010

Yr = 2&Wn
oy Yp o= 0-9136

] = |.09L g2t sec
=) j/-: 0. N3E | —zr’ 7

=) |.20416 =
) 1220 [.094

o ke Laer/lam,

ot mmne Toen (108 Y )



7 Heb, nulsfﬂg}(ﬁihclml

¥
sjeady state exwrwi-

o
Ef<) oo ,
lilﬁj | {:[E__‘} j
|
H '{511
C [y
T) = P
R [5)
G s . 1£)
cl | =) C (= ___——-—-—] epper T
'Ef._; | + §leuler -
Fi). gla = ¢l
el gles
) Ele- gl = RLs). §
| + &8y «B{@
F.($)
o B2 ]+ E,{u.uin
Culy) = lim ¢ E(#)
£=a0
s R(5
£ 0 | 4 &ls) HEY
Hos Unif}r 4 eed bﬁ-EH,HL:L}:1”
A= |im & Ri%
€0 | 448
ol ¢ +za) (81 za}H:__._
Hlgy = — : _
is) 51‘(".""“](‘5"'{1) 2R :

twhege N = h—lpf ad the Sytlem .




N=»0, 11“*[‘ O
Nne1, fa”wri?
N-4Q, 1lir["n .

il

GFr FSnd cut the ch*mﬂ? ctcite CBFOY e s G 5'7‘1"'1

QA (e11)
¢ °(eaufsis) .

Cecq o] Type p Cyeem -

3 f\l’rr cti e Cy-:h:rn ~le hne nodj POIE:E cd
O?ﬁtq-'r'n c':i g—ritme.

fon fype-o system-

f]f";'1= k({-}?«'l).-..-.
(s+P) .

-

|

Fews clep 3’/2‘, RS> =g

Fors type - 0O Sytrem,

‘ ¢
Peo = i £ RE) _
I | +6Ge . Hes - 7
rr—-!—li;_' ex Ife [
fe = ¢ :— — = |- 2 P
P —— i __._-ﬂ-._-_____-———-____'-___—-_

Ke = posrhon  ewsod constan

'rfkr: = Hm G- Hle) |
e =]

| 4. *




4
T O tydtem, Bamp fopyd —

A .
R = ysl.
/)2
i Cx /5
S | 4 Gley. Hiw
|
= |“"""5I
¢=0 ’?J(H §les- His)
o1
%i [ v [
Ry = lim 9.6 Hee) .« |
LA Y I|
| f’ ——
.ure]ljlfi ]lr Eﬂﬁgw"&l_
Eﬁﬂﬂ '
5 Type-o Sysctem ., Unil pasabene YOptd =7
)
El5) -~ E
o '/53 .
CHVEB
li s
€ae = f"':'nf;i | 4 &8 H($)

I

i i
= ;l-n:r ﬂ( L GLer Htﬂ)

f
- Ka - ].-{n;- |ém _-:_',‘:I Gls) - H(s) .

c—io

By




gystem s
“YFox urrél;; ?’F"cib#rﬁ 7 dog & Une EEF(WFEHJ

| .
f LL?F _ (1
Kp: = ;I-?T? . €os “TTKp
i - . E )
f;'-"r Ky - {'f_“:u ¢ g0 et Ty ("5 )
| . . 1 [pasearatic
Koo = Jim £ 18 = oo (pers abotic)

- 5 £tem Eﬂ'DE' LNy
= @7 Whe fe the E’ﬂﬁﬂﬁi-_zgi___.___,i :7" __ﬁ__hé_{
Clep "ifE
Fow 1ype-4:-

s LEHTI &)
e £ 4P )(stP)e

Yog una _fp e, RO=Ve .

i "1- ;‘5{]’!5
= LFE) -—
bl L0 [-+E]L¢..}.H[r.j ;

o Hie = G}W '—"“ﬂ7 %E&{‘ncu:l-:.)

: [
Prele) = ﬁh’: —]  BlEy




|

|2
= e .;_(', 4 c:r.{u.um)

[
(s e

| S

: ¢-)0 C 1 LGl RILS IS

' H\.’

I -
Fl;v . lim 6 qle). ).

! =10 | I

_ , .
Yo Tlali pnanhnlfr Q,I’pf— .k

g |
Rt = Vs>
. g R(s) _
Fae = !;*T.-;. [—I-f'i'-"'l'm””
1.3
& Ve
. (13 /:

i B |+ 5{{.]-}‘]{‘”

K1)

Gy

o

G Jinmg. E]E.! =0.]
£-20

e

LY

ey Hw =0




Joy tvpe-as-

g -

h‘fﬂb clep ".I/P

Cse fL‘Q“LR("J ol

| + G'o -H (0

Iy Vs

[ + §le - HloO

|
='E‘m
t~=o | T §O.-HO

e = im0

= ltm -
c=0 &4 ;.e]lé;“ H (el -

Bewe- 10 Feb, 2015

= ‘.'m'_'__l—_':-—-#-

1< (4;1"2:) o
g,i(s-ﬂ’,)e-'l P= ) -1

‘:lo-.-_r Tamp ﬁ!{l’
Ver - ¢

g=20 | + C_![;J.H-[ﬁj

PR

N C=10 l._l_qb}.“

|

(RD th cleus )

/l contsol System shown in the ‘lﬁc:luw& Setes mine

. e 5 LE . Fd
the taandes Function & devive an eapreccion velatr

the o/p % Hme. ¥ the 9fp i:; o sfep hav.’ncj o roag)ni”

ol an

'Rl‘g" i +

Lq./ Cl-i}

18

g (&t4) j

]




clél .

/11,3 o(Gtu) |

p M

l.-l
g(qw}

A ———

1
| A Y [

¢(¢H)

% Y

e

)

cFadstY

M
TH) = —

¢Zavetd

|

.]._H_—x st

ey

-}

52+Iis +l 2.

C6) o !

9 ) = TE¢) - R(S)

Y

__________,_..__.—-Y-._,?,_.
Riiaca 5




| U ] & =
Stlel ¢#+104

A= (gp)x g(g/,.,;@ﬂﬂ"*') &= —1.

Y

& .r)(—l-l +10:9) -

"

—nt BE-—ID-“l.t_l_-C..

il

>

t]
ol

oLy

@nff’ In an open loap g’.)fr;fe,m
‘:1(5 +act ‘An)

E\S-‘,(QT'B\)(S «-15-1-:-.5)

Ae-}eawne fhe staktc E’.‘ﬁ‘a’o‘s conctant g\

§© - Hle =

\ cteadly cfate eswor Fo3 Fhve {fp

[a) = i
| (b)Yt
i | (e Yt/ a




La')» Kp = Cl;rg qQle) . Hie

. ) ((.,2 +34120)
= f;m —

cso S Ctra)(<+yqeao)
. o 7
§5

¢ = p——— "5
Pec T+ R H T /.u

'b) Fos I<v

= ey =
¢-0 & (c+a) (é +qn;+w)
Uo {9«‘ % H/é
= 20 n ¢ RIS
Lh
3 - m;_}ﬂ | + QL) HE)
: 4. ‘1‘/_{.’%
bgal afim o = -
()
. 2 ().
Kﬁl ] If-m s C_f{:;) tj
$ =0 < v

-l'._-.-_.__'_
_...---—"'_'_'_.-|

. 1im  S. 419 -H(e)
Kv ey R

goa(festae )

!?'X f:;..(‘gl-f- ?L"[’?ﬂ)
- Jim '

St (it 57

Ccc - q/}(a = %Aclv—: .- ) !




~

(.;T},, 1he open looP 1xcenttes FJonekon 04 qlﬁ""-’:\,u

Qyﬁ'h‘fm IVERN Unil/ Jeedbeaeid it ﬁ{g'} :_E‘\.
g(""‘HJ

Eumumf the <lattc psoos coedticent Fox Hq-e
Cyetem K obtam the QhECTc'JY stoure _ exoy 0] Hoy
C'}/gh:m when c,ubjt'th‘ me 9}!’ _djlm by the

]"C-T:fho Mmiad G

TN
A
T = aotaut + 424

Unitly  Yeed back [~ ‘Hig) =1

-

Kp = 5y G- HY

&0 .
) 10
o Lo Lone 1)
. : o . =
—1 " e (29 = TThp T wAN |
(J
= Ifm <. [;}-H{ﬁj N
kv = 5 =70
10
= “;'_'40 g(ﬂ-!i-ﬂ)
= he =10,
r §
fd
Qy a |
Cge © —_— e —
kv o,




Tiknta e
S G M)

Ka ©
=)0
- ltimm .S 1O
C -p SSCLIAY
((‘Mc-p 1)
. v
fig
fet
I en
_— O 3

('955) Toind BTV €¢c + Tera ¥ Cec2
—= %= th JD_".F"D y

P ,+Ecv;f;$':1’ea ; %UnL{%én ot o

ﬁj’i The rloced oo
Syr’_’rtzm te C/]m:h O,

Uity Geed back  contso!

c© e+ P = i
R(9)  §Paks TP XN
: o~

Letesmine The ¢teady
Rt wouep Yp -
1) B LT ;
unéty feed bect SyciEa S
£t R (¢
ks €) = |+|£]5}__I-1{5)‘. - (i1
G &? d

o
T{j} = I __,_'Ir q:c_:)- Hf{-’..’. oo ‘-;_,1’-.
Ke P

g &) .
=) Txq Tt otst

11




-

Y

o t,'l‘-lﬂj 1+E|Lq’].
i ﬁlﬂl [ &t II,.;.p:-l...l"’j- fﬂl‘t [ j

(wer9) 4 80Tk
-) ﬁrn[{‘m#iﬁj = (¥ )

i - [ ketd)
o) ﬁ[ﬁ*[“ztﬂ*"*ﬁﬁu_"ﬁj Y

ke + J°
SR oy e

Rl = =Y (onit Bemp)

, SR
Cge = lim o
' = b 'I -+ Gli'j] :
‘{.11/5’&_ ’
= lim =
£ i 1 4 |et +F
¢4 gffet-K)
I
= ltm fg
£=30 Py la—k]) 4 ii'-{-’t_i .
Toogte(d-k) - ‘
| £1+£(#-HJ
- e . L
= & L ' ' e
e~ 0 & %s(ﬂ""ﬁ}'ﬂf_""-ﬁ 'd|j
A =K)
T

C~i0 ;‘-:'71 lﬁ(‘pf—lt}'i‘l:tt:“t;ﬂ

- ‘53 R g S
. . = k ) A




" Rool zbcu,'-. 'l&hri:ﬁiiii: 72 veet] th idetesmine the

et

idnmm}- al -:'cu;-d _loop_confscl f'ijEMTHum Jhe

b

Lhms_hl-cchg ol s a]r:enh:rﬁ[a rhcm'.::l-slu"-hm-:;hm

- 'gmt ﬂf;.ﬁ id fhe Pc&,lr-.. 'hsmmm,eci ]7;( clpeed] o ep
\%Lﬂh% 1‘%‘9 Q:rl'ng‘.M ﬁ&fnk" té Vasec L}-'u:um

zEwD fp bee 3 i

et EVANL,

- Thiz {{Jrﬁﬁerf‘ te dgwlﬂregl I'j/

Qutes -For conetsuchon o Roet luewri —

(1) Ay locus 7¢ i::.‘(rnmel-a'l.ﬂﬂd with sapect fo Beal

aris - E‘-L’I -

(@) {{

W*K«C\




f}l o) he.a ool

P | ocuk

—_—

PL‘?IF 3 '(1 ]

{he NMT!-?D(‘-i locue baancher Ge gqu'f;i- h)'-lhe e ot‘.j

cpenioc p pors pades o%
N K(¢t 32 as
€ E‘I C—I ley = ‘(';«H)(t,-{ :.x) (Np b'sanc-huﬁ)
K
{-'wlféj = {ND 03 bzanches )

c(g-ll’l(ﬁ-r‘;j
— 91 zewot aw move {hen RoleA then no o0

ool lUCLLb%EmEhEL (c Equm o NO ﬂ"{ ZE‘W';EJ.

k (343)(et4)
(e

f.{( - (N.ﬂ {)‘1 i"ﬁ'ﬂﬁch% 'R)

[:H is ot chr_c.i{:al ﬁ‘:{if‘ﬂm]

|lI ’ a " i . JE- TIR G " . ' N i N
Pure- 2 - N P Yeal anie  wa g on soat

,‘1 the tolal NO 'O "FG."E”-Q 2 © ¥y
1o 1he ﬁatm. honel " tedevod dhed  pomt

i [ Pwo‘ﬂ,ﬁﬂﬂ*
Ve odd - ... |

% \ucu.)n
|' ' i T LTS ) I
S L. ¥ ] e
" S 7&#—7
'I " Y pamt 0

<oA1




' Ruie- ;-

%377 Nty
[ Rool locue  bwancheé C‘“""“T' © ,{T
H openloe
| *1som ormlnnr raimg&« 1rnmmm:l% on ©p P.
| fermi nede

et , i avallabie olheswice lhﬁj

%: P‘hhi te -

E‘-rl -3
& "U
G"\T %1 F

i
|
|
I ]
|

M -y

- . A _
'—\ . y T =

PUIE -5 5~
L i drme
Mhe - brxanch¥ fﬂﬁmlﬂdhnc] ok m‘hmh wWitl

"‘}Unow fhg Pothl chown. )’ aﬁjmp’mm
éPEaJ paﬂ o4 pamé 'RE

d——

G &4 Baympiotes

epenicop  n-m

| = [ "

ey whext n- ro o) polws

m - m.gti op en levp 28VOES .

=



e

- ol
N-m —y np | bsanthes trrepsdnating

h\l l.ntr-r'nl']ﬂ'

jp0 «( a4t ')
" o ﬂ,ern‘-lﬂﬂ]l:ﬁ Sl e~ W

-

_a'lrtrf

ep - Ot 5'**..- el




g —

= =

]

;,'jrn?l-;ﬂm o flh.w,)- L
' | [oof

1 | {
i "]l'-._,l_l'
|
1, * 'J‘1
140 (2q1) (aoriia)
<
rE{i", ey, SUG - RO
¥ = A I'I'II.
ﬂé}'mr*?fﬂ:' ave not pom ol r‘"ﬂ’t”f}f
o]

-I"hr-_*)" eh ot alfwction To the woat « -2
b cnche kmﬁmhhcj at ti%nte.

- [P
Reoot  locwt freanches Can Yaow he |
RLATLA A (T3 mymFH“

E
_‘g

i

g ok "o
i

-



. R A
= 11 . - i !
b Oty B Mo
= —I'% 1 bhzcuneher —En0
' het ~F0, 270
go o Beanc
AA = L__- (‘.’:1‘141/}

2Rranchel - Lo, 1¥0, 3e0

« Ye, el aiZy 2P, 1Y Haraqku-

» ! LI'EJp IIE;.?-.E'?H-SF.E

—



mg 1 xa.ac:luc-g; - &) db_?ls’:iy
0 ; Sy

-

01E )i = ﬂdd O)l F

o] 1he gydrm. |
waf K.,
@fﬁ”jﬁy

Adc-]n o‘f Pnle; seclut e ?Sahc']

T T T
*

-1

7 cfals'urHj.
1) pad” o Fm sl Hn:r.z b?mkieaw?j
[’01“{ towes]s e cr ma?/ Qavuc. (”'PM 71"4{[{'{9.4
‘éam}p_ & K Mo QlaJaz'lﬁj)

k (stu)

&%ﬂi_ 6]-@) ) g(ﬁrj@.-m)(c-} 2

‘- (:i'l N i O)ﬂﬁ-_-‘-’\]

3

0,
— B &
= /3_

© Centwoc] -




20%0eA ?}rﬁpimu*éa .' é'!'abflfrj‘ - 0]

¥os ¥
1

/‘ ;yﬂhzm' .
" sl 0] zevoes ‘g-ﬂ?ﬁm“ ?Yéwﬂﬁ ‘:’L'{

|

.*.'

"1 s shobility
Ad difion ¢ zewoes  SLiMic bmcuke Aoy
Pm,"‘n}; o,wwj 'Fj‘mm ‘the m{c]'ﬁn-



Y. zezoes neas fo fhe 0¥

Thean 2w '-_-Lwﬂ;,- Yworn The E.'!':-'!’?I-:"i!"f"l  There Towe

. awe ccued] clominest

Zevort Pearn in H"IP D‘I"l'('] e ——
Troiey,
Ruie- 6.~
74 ,_JUJG bsanchet awe 1ﬁﬂ*v'ﬂ"iﬂj ']‘E'Wﬂ'ur-k
-0 { £ .

!ﬂﬂ'fh/t;ﬂ'-ﬂh then 41’1*7 I'nE'E? k bt od o Ilhmsnr
Khown ot brake aw & perind s

fo clelet bune buake ﬂ-l-l’[l.:r' ]?ﬂfl"-} l:l"l'ﬂd the yeuwe

c.ﬁyiﬁk‘- Yo C.F b diThesenciade wes ‘2a The
VG.HJ-I.L ﬂt‘_j Fs a:m.Jmtf:. ic':.lh-g‘t'ﬁ 'ﬂﬂi.t ) &(]PLNA !H.'J'H"ﬁ'“‘ﬂ
Ve of o ome valid brare Mﬂj Fain]c.

tey s kK N
gy U L os)

1:CE.,___“||..-{-'IE.'[{‘:}‘H'{¢:’= O

1 A k. wils) o b
N e 1 BREEES S
Ne) |

tn e MoTE M reti

]



-

Al b€ LR Cuuaj _Pg[n.} .%E - o
; _ 4

cilten SOVing fhis equation ,

\ o
¢ ubcfitute fthe Vaie o

The Vouue o "¢’ which cliue,& potd hre K Which

-

(¢ Veuig] boeume oWy paint ..

Note s~ | (R i
QIRTEEY

7 hwe woot

weal anie Fwom com‘plémplane

[0 cows bx@nchq awe maxej-ma] om

-

ther 1he meeling
At

Pmn} t CCP.J.lEcj fn’a&&*—fh Pm‘fhf. B bxcuL®
:"poirﬂ-fhe vee od k Tt mm™ on weal s,

e A -L‘o (e vouid] Yps boowrean psints

=

CUAD:

gkl
o

[

AN
. {FH [2w ke C#_u.?a.»fJPC-)ﬁﬁ’} K% man™ on

Mamg) J .



=

A%

| g ——

t:(f.-l:t)-

0
D
=

Y
1]

Ly Pleh Vhe e ast

w ol locus,

L)
- s
- .'-



l,y ru:l;{n(J §e = | .'

}( = ' [,Jl.u’rl.n (4 l’)ﬁ'«'—“l"u"(’__

éo a e }m(‘lkva.wﬂj Pbinj a

K
s Gl = - skeich Jhe Boo}
(S i " locws. E
|
. . e fCh:a -




LAPL AL

y
Qy FI{C} =K plsaw the sool [ocude
£3 b * rH !
: o1}

i
tenfovde] - 2ex0

Ewake a,way F| - ZEe%0 ,

NOTE i
T thewe axe  two adjhrmﬁly placed poted

On vect] QWie Q’( Jhe ¢eqmen] bei” them 1¢
po-5? o4 ool locws then pie?flht}dy theve ewnicie

f,x’a‘]LE clwcly Ff beiP +he FD'lE{‘



NL“:T‘C".-“
—

1Y dheve cwe fwo gal]acw'\ﬂ?‘ Pla‘fg“' .2e¥D

e p
- Oon vead awie Then {he é.gc]menl hey! Ahem (s

pert 0 ool locu then detfndely fheye eWbiS

b ct® N me NN I b RAn A paiay v

i’

94 Hhewe “‘ & z?m’{"“’-’ﬂ’l '{'aq'fh'ei'e’n’rrejﬁ‘e,

et om seed 4

o 2ewo ¢ Pcm 0% 1‘5001 iocw.» JRer de'#mai'?'

-.u.c. & 'Hw ermant “to +hq e+

thewe evais b‘d‘CﬂiEm Fﬂmt 1‘0 the (TUEREE!

2D -

—— I




¥
PRSer

! )

__«'_ -} ¥ Nola - Al
p — ) — ’ p .
prein

Re0
poon

;‘.1I‘_-“:'.; ! I aot pineg _x .
g ‘r' ' I i b - wa i
—— ; 18 t

- 5 a *
294 the woot. locer yntexee e Imaﬁznay

U this’ Infrssechon Fa'f_n-i can be c’)\EI"E’Mn@a{
b}’ Ut,inrj Rc'uﬁﬂ’rurwda .{m%@qa » "
4 1y T 2

1Y wool locws inhestecle Emmihﬂ*&y CNUL

'—d-a-.-n.

1hen V{J?.m st 2 .,
| eatfon ‘i'mpmay ame . |
c:-fI:- (i

—

@hff | crkaﬁ@ffp'ﬁaﬁf

S——

quat{cm > f e 4/53’E’Jﬂt£

=G -%ef+n¢ +6-ﬂ+k=n

-éﬁir'ﬂmr.ne ihE. L"r'\h?'?i c.r’C Hon éﬂ et ot lodl |
LIt gmac:l-.ha.uy oovie. Gl |

L L f 4 A | BV, ke ‘r:i



Ic‘l[.}l I:'I _{;-z_.;_?,i,@;:?%,lls-fﬂr) .

T

-4 r'...

[ ¥ K,
A
gt [ 0 q
ol B
& |
1 1
A e Ko . | e gy
| | go-ew O F !
¢ .
‘o N
¢’ S "
GO =6k F.ﬂ
"7]- co = 6F
- 1 “'n.
= H-tlﬂ |
hnﬁ.]irrﬁl
¥ I ’1
...-1....1‘:] 5 ,-_I_K'ﬁn . .
-:ul:': 15,‘.;.?‘_!- ‘D .?:u-' &% il b4y i ! R
: -'1 : I;_ Ll | e Sl N B S & e
el & T b |
. »
i '|“ W goe :E_!"i' T ¥ -y 4
2 4 i -t —‘c Gls)e iy
e EHI,_]_ Fa= " I ._.__.__-f.'T_'—"-.r . i
= - | il 5. b
:I k—“ — = U

! + ——
{E‘M# T rem

=
O -
: - L=t
|H : :

i

i ||‘k"\_l'I|L

Gl < e [;+|}[;+%? Gty

™

2



(L]
-

centsoid = =19
us, 135, 2%, 3|5

Ah -

@y NOIE

Foo Ci‘.“mr

len Pal*et' the sO0t loews branched

an intfied anci]acmtaﬁf'ﬂﬁ fimfe, cﬁ—

AEFCLE*UW- Ahese bsances ¢toge wih A-D
: c.‘-l-l"iz-lIE m"-i-&p'x,

ok
paps 0% B ‘],,-.Jj_fmij _

Clan< with

& i nateh pithes on 2

Ahﬁlﬁ’ o7 ‘Qepavre @ID)
o YO CF : |
S Pk Sy — Tl
Sqp = Sme anjlis contbuted !
semodh ™) fut-efs <
T L C-'EI)TI?P]"\E_WI 1@{@&“:



- Sumwm n‘[ llhe aneler cond ;—iht.utrcl, E\j arit Ahy
£ l 3 .
2resovy Ctt _Ahe ‘ 't“‘f"mph‘“ﬁ r{j\.‘f.
sont hed
fon complen Zesoes jhe o0l o€ WA b
.

{ ‘e .l. . h{,“'lﬁ,
-1 VL S& Ty netdes, wih the Lnﬁ! a '
T. L1
¢ anqgie o'l |
caned oo ) @gaved' LTr qatangy ydb g

- hndl'lt’ (ﬂ""‘ Qe myetd AA = I'QO'-(F

- éq:?]p

}om beethe "7 l.

L) hese CP c cC::-CPz

\‘E,rnoi"m%o] il
"N 2p¥0 8 3

contaibuited
Com 0 the f"-"‘f-]m'ﬁ'

cin the poles 4l th

\ : L;?'n? ;

e ccrml')l\?‘rt

bl -1
o] | :
N B
L \‘\@Q O ] .
- oy [ \g’}.}}i:\
' i
f [.(._w.‘?’ ; e |
5 )J‘__‘_L . = lé‘:.- F= @L[_I"ga
SCPQ‘_ B ®T+@l




r,,__l,,_T_.T_T___ __
-

| -

..‘4’ - ﬁ‘?’r
(@q!ml{) (@ritﬂa)

.A.'Dhlgo _'_ ? oy 4 i
@“.y ihe  open kv p T- I $n {}Wby e
k(Cet4q)

Ll S

. - C( €Q-{-L{S+:‘/2
N L :".BLQ'Q"" : Fre 5]‘

R ;/P/ 5







-\\II -

i "t-' g Bt
a'lmr.v a4 L

\Afa/flnnquif. FT Ihe ty;lrrn Wl L]m?f:i'l-"i‘-l;“";)’ 7% -EF”‘EC‘{

1L ‘quumfy Aomeun —-"lr:rtil?f.fh ”
o &
- I M—iarquuncy domedn Anclyeis ma:ﬂmn trvlosmation
P i
bout the &y ¢lem which can't he memw‘@c’! in fime
dﬂm:r.fn.

x \:ly( Fsanytes ‘{Unf;ﬁ"uh_ -Tfs‘-!! When ©=Jw fe colied o3

Cinueotded breuns hex Yunckon,

TE‘-}J ___'._'1' ;anuwidﬂl ':fﬂ'q-nsj'en E4—i_inn:!-7:ijl'1| -

'I::j'm o | E. |

£=jw corverk: the Yonekon Jeom $-doemeain to

‘4EE¢1UEF¢}' dﬂ"ﬂfﬂ :

i
—
-

B
i S

all o | #
| J 1

il

moq niteee ™- i 4he Yonckon o3
fhe plot of M Ve w 3¢ comeq

o nibude  epecirum,




B Sl i

.x g . ahe'piot o1 Peg
- P' cYe q)‘ o “Junchor G'f ol

1< corhed Pha{.e 5rpctut:?r_1lj__f

. ¥ 5’{_ c_ﬁllll?C?‘ Llﬁ'@ s
= mac‘nﬂvdﬂx 9& phate ‘:l?prlwm '-D{]th& %

i

'___E‘.'&P.C}n‘;._p P]n[ by 5 YRR as ki

ase -
- 1he Beade ‘4?@{‘|‘~‘“—“‘¢ \6@,”,0”;9 r”"f""
i . ,._!'_1'1' - \ ! : Y .
1. BboE ploti—
Imit n 4 | | IRt (P13

! (CP)W; (lccj )

R olas plu’: ‘
(M) Ve (qJ [mhen uJ ¥ l/ameo] *Fsom
o 1o m]
N 2 e | o T TR . "



1 U caiOn,
Fb\“:‘lut‘l"d‘y d{“-maf‘ﬁ QfetL%C

{

( _ | ' ~oap) a d —
\/ Mq Uenﬂ-y at which ma(lmﬂO‘E p

2l yeconant "Jrreqtfehay,

-‘I'.'.f 'é:ohcmt ‘le-e;!UEJﬁ_c7:~ (W) -

&
seacher peck Valle | 2¢ coule

{0 (,m)) ( 2]

i

Q;J( m”“w,{, _cﬂ _;?/

on ;:olw,nc] Wy = Wn Jl- 273

»J

M =




‘itﬁi

LL:'-!'JI o~ 1
A

. Reconant

Ahe Yone feak Vodue -EH ma.anfﬂ_d,e hE;AFn*m.e

] ] uEs EH' w= Wy -
26 c.mueq wegonant peak. ib occ |

q

b W= W, M=M=

Loy
T .-
M=

| / on £OIVIR

o




| g f |. . ] I
'fh,_:j 'e".'.'cmﬂe r_':'ij Ef—mquenct‘e& overs whizh

a tyetem pestosme within the qﬂﬂiﬁing,;i ;peuthmiﬂm
i canee] Banc| Wiclh o ’rhehfai.gm

Y f“"’j - iF 1 he Sanqe o

':frequtnu‘r:ﬁ Whewe the f-t'r:j*n-:u poler &  mowe

than 50y




el W oewp, M -?h

z III " _I__:_:_H u-l. ri

L= ~ g W
[LeT e
on tcuuﬁnq

SRV e e

>

h"l

4. fvl- 699 Rake -

el ecreay ey 0tes Ww=wt 3 coged cupodd wete -

§ain Hcrdq?n :.—

{he asdditonal {;_[.:*:J.fn wHhdeh con be
:fnlﬂ‘ﬁﬂm:ecl N a ﬁj’i‘l‘l'-.‘-l'l’l L ik ﬂ-‘#“‘ﬂ_ﬁnci ite ';JI-::L-lnﬂ;lj

I¢ cnhee] ﬁm'n

Metthepactht caury T & gl.é#ne-:ﬂ a the rectpyocal o]
rnmclrxi'-hmlﬂ cr'?[ lnap ¥sanches Yunetion o pheade

; S
CHOLs ovel .jr'h'Er.'.'-l utr-fT



o = o pe

fliw) u['jw},

YRS o i
LUFC - phae caoes 4 frq /

1l L'-J=l.l-'i-|,_'

I eﬂ':f oo Franstey

| Frquen

‘Y 2 ; po OVEY c" ;
o —jup 1t coied phate 1 }f
upchen 1% o N A A A

waquur-:j; ol which

GrJ-phm Marqe'n.'di Y ot b

an be
{he addirenal thu.le. uJIu.th €

f'l%:hh ite
}hiﬁhduzec{ in o 4j§+qm without € | j‘
gri|
Hclhthl;f is -::::r.¢1a::| .[:rh.;u.e rﬂmscjm
- 7 2y Iy 1t [e230s [2
Frijasl } } j
jyo + ‘Pﬁ:‘
[ﬁ{JwJ H[.m:';r
:I A wb"djf

wqc ) Ci:uf'n t;_'-‘:fi__'m |:I'l-'-!"-;1. 13&1'&@1? i

Y
\




rad .l._!..-Ar{Iﬁ ‘ lﬁ“v} L I.‘:“'}| 2 \ =

e

L L1 i
' .r"&l:."i f'il.'.',—l,;'_.

S e —

The "“"‘-'Il'T'htt.)ll el wihkiely l‘[‘t[‘]c‘iI“LL';LFIE‘ L'Jli “J'DP

- " s i L
Txanches Tonehion N umi)z i rmmf! ‘-'T"—‘rﬁ L BoL s OV Y

B i A

(i -i:‘.-'t‘-tram.nr aln Mrnsrfu‘\ ;_;1 the L'J'!l‘?h":l WIlE: 1
4
h(£+ﬂ:]l:‘5-‘”ﬂ}

Tr el the eytem qe =

K

ju;(jwm)[_h-i iw)

T A S EFU’“”]’

| 6w -

K
i vh‘l,tm:i J Bt

- L 3y O
I | IE Lﬂl"] (av) 1411-.'1 ) &cm" \“/)

= Ton~! (%) - Tan™ (“4)




T ———

4 W
o Taptia 2 2% .40
|~ Mt
ik
o i U-l'? = -ﬂ'
Aok &t to, | bt \
2
Riis | .
=} e ak
ﬁ'cu:*i- Ll
3w = 4
-1 ARY | ! P
q(m,w s a2
w Ll c'_"' = s
: Wwpe [ &4 yupc | b e

1<
- cLEr(ﬂ-"B} e I'a.' _i; Pl |I
|I'-. | i II I:' = |
AL L e I
T Jatw]
ok r.db]
) K
g |

Cawg-1 k< ab(atb)
e e [wilH .
¢ chape.

R AN e T = (G\E) -,
Caue-21 K= apfots)

- m -] 1’.:5('5 tem i1 "ﬁ't.ﬂv'c]maﬂj
thebie

G.m Y F. ] Q.}r.;’remf

1k



e 3

——

h>~ ’||~fh-ql-.)

SR f;\},;‘h‘m (¢ unelake .

iTLL

. A
NOTE ;3 us \1 ,

—\
\‘-J;"‘ \ ll/ ] 4’."1];‘\ N(Iﬂr]fn (AL, NUM'][JH
s

qome Zooged
(\

(ul/,. E}M\p Qyﬂl&m. G|*Tﬂ>_|‘_

' /
-l‘ '}/"' , C . : I
\_(,I/ v f“"ﬂqm“_ \ _Siﬂlhn.}ﬂg_ ded‘em ™

v

\Ly/_-l.}h stabe EY’C temn El m<

fe é\j:.?rsm - E]«Mdg i< potihve
| 2 0560

}'haac;jinmljf Stoble ﬁyffem- §-Mdep U ssEakte

—

unstable {7::];@-.— q-NdB Lo, necic.ﬁmg.- ' f
7




T ——S

k1

f.i-1"|'|'|1" rF."l AT
I

yPFD! o'l I@ﬂ}&’{m) Ve (lnfr u) & (;}t} Ve {lavlm) 15 Ceiy h’i

Rode plop, ™

A
-y Eﬂ IL‘IEI ll"-h:'

[ ONYS
M - Conwvele i..-u.ui.PHmrtma f{ Al st

Simple addiifone.

-
- Iﬂ(j{u axis f]lvm. v .:m{uanfﬂ-ﬁj!. el 'ﬁﬂpﬂﬂmln?
Inwmt "I:ju-p{-]t,rfnw 'l.ﬂffcti'hEit "_“i‘m{*,lu'lantj in the
oxeley of 6.
' | |
go Al | --’—1_-]- o - _l_ _rl_ o
| | |
W o ¥ s el i e i
20" seds [ - - = T _.I',__;.__
' |
: [ IR Tk
el L o oo ‘..liﬂm. }Lhﬁp
R e - ¥ N (RS
|' | }
~4oel® [ - i e L e 5
[ S
ke s ol S0 s it
| ) ) J

9n  Becle plot Jhe &y ctem wat be o Timecon o
Foxm

Fou Bode plot. Fretrnates Funchion patt pe

in hme conttani tosm. Ecj—r

. K( 4 sT.)(H -

T ——

N1+ ) (I'H‘.T-;!)_ ot




f}rn:b:ﬂ lrlrlu-u n |-1‘i£mf-l|1‘H 'funr'lianf_ _ (
— . b i (Tl =

S —
e -

J' (Oncjan) K

rl';p 'I-_nf[['u,,h; % fﬂ'ﬂ] H{X;n 1 )

3. Tacdes ks ox K"

4 Foackes O"' ‘1) on Li 1 ET}“

T Feehowr ol gg —
et (1 447)"

E. Fachos bialiﬁmnwmna'

A B
i Numesaks or  gendminatoy.

Bocle plot o actoss '~

L1

N B '
4, eplootiy mﬁﬁrﬁydﬁ @I | e,
¢ et Y P
::—'1[‘;) - K ol ) i -
' R
S=1W - ——t '

: ” o : I L.;-—ﬂ-
éIL-l"“:' = <, Ay __ﬂ |
M=K 2y il I T
g0 . Zeot el

: / s : Al
i loey K
2loqm 30109 .’
e
| Ilﬂ;w't ;:qg'lﬂ—l —
f |




— e

o Fackr G - v,

(CRA

Hii -1-:
LTy

§ -9’ 3
aoloq (%.})
: ;‘.iplc_:ajls: _2b loﬁ'“" '

Let k=loo Tatid

anuqm

1] Iuc}'mh HD_"_I?-DLHCJHJ:.

ﬁd w:ﬂ,i

';lﬂlﬂcjm L r.G 4]

i L LI-..__. roindsn |_
ab we= 1 i
! . i - .
anforme 17 =0
af w="lp " |

'?.e?rac-lim = Q&

,m
*
&g ap
Y |
| el b =
| el
L HE
..E,ﬂ : 1‘!'
- 45
- ]
"'i%.iu?“ jus J .
=1¥ | ! 1




)

1 #
@.ﬂ"rl[‘ FI:"I :".1 Ve Yat\oa % e a E.htﬂrihl i ne

i 8 o - e oo g o

e With w-K.

Den 9 '.*1.:'1irvr1 m = 0

Mel
B o=

w

=) W=k .

beetoxn l:y;n

p - “nxqo

a0 1o (4/on )

a0loq K - T30 lb'clw

Qumajm

Let K =loo, n=3
ﬁﬂlatjm = Yp - ’;wﬁ'mjw = Hu-Hum:]w
=0 = i
ay wed nmuc]-m. |
II [ i I_ .

=10 o mcjm - yp

ad w= 10

Er’.‘liﬂj m= 0



Gliw) skHW):

I"-"IL-:uJ'

‘P‘“‘

I ]
=

QE}II:}C]‘M T mcj[u:m) )

T &b Incjl'f Jr‘:lﬂlﬂﬁ]w

" sl 3
'E;I‘L‘it | \'5\ J J 1.'}#!&‘?' #L&T N
ﬁfﬂf,‘.‘:y‘ O "'\ | "r"ﬂll . ?ﬂﬂj‘m g
f'*:f TR \{“'\ﬁ ! i ==
| f |
| | o

e R0 _l\\ | | g,

: \\g 1;.!""' % - Wn i
0.4 I| .'ﬂ'" { M___f___fﬂ___h
P AN 0
— -__iucilﬂ:-*—-
- 3o 4 L\ | - u
- o IEar l'.‘l
@ T4
s
Wﬁ;}, 0
--1.15 k
"ﬁ"’t“ L -q0 | Jj
2, Fackw Ks 0w K" ,—

6 - oF ¥ ]
¢ =Ju \




L vl

k=160

ﬂf‘-if‘t'IM = Yo 9 '-'lh]anUJ

W= p|

Ao twjm x

ol w-l
T lf*rfrn =4Hb

al w=lo

A

aoo

bdr =




ic 0
*Inrh:?.t ke

Vin ]
o™~ ;{,;~—-¢~ o
R

Factos (14¢1) In fhe NUumedatot. =

gleyz 1%l
6 (jw) = 1 fwt r.'I:

M- e

¢ = tan™ (0T)

ECI-E-'E-'“} W I/T

=) wt < |
=) (I-Ur}g‘{_{j

e (1Bt 21

Al Iﬂclﬁ; = ﬂ

i 'y

i
]

| =y




-

ook - A

e

|
L A T

3wyl
| [w”:t 7 |

=

M = \(r|_-|- (L.l,.'l;lj'_

> T

] ;lmh'liuﬁ
R0 log ™ = 2 g T o A0, B -(H ti.htlfh:a Unetos Ke)

1




_E',I?rmTllctu hy Lj!‘raa. the dnctom
SR AL ST Gfl"ﬂ' :(, = I!:T)“ &

< - jw
- g

G0 = (1 +7)

e (Fw)”
(P - ﬂ,Tﬂ”F_I-_(_w,T)- - | |

oy . B | ' Mo
f 2
Core - | | 4 | | ___L
. |

o r/]. iw 7 /r
e wTr |

A
< ot/

|

i W)h | m;@u&-ﬂ}*)
= |

—

"
-]
=
'
B
=

E,II m:ﬂlﬂfE
i'i EL ‘:'.”';1 3 EE
Fachs -




-5

11




(eu -

W e 4

|

WT < |
a

(wi)ee]

M= |

S (wi)?

= |

214 'Iud}m =0

¢ cLve- 3




|
|
|
Mes —
[
ey oy | 2 Ir
I}r ll"'ql ™ u Af 1 -|_-|
1 rl,nf Lo '.'.nm)
Al -
L 5
'ul'l' = “I_IllLI e B3
o= e, —=

L o

Hmﬁaﬁ\)r Yor the Feetos E%L} '=_L_._1';.
(1ts7)
fhe tome Rode p'.u'l-'-.-lm hehewe O (1 . ‘-T)

but ¢lope with e =mMXad .ﬂuygmde

|
;E{ el Wl hE —ande.

1?;;{5& welp i




—-
R e B i ™
r r.f.r:u'!' |r f".‘]r :

Gley = ¢Pq4 agWntWe

Gle) - Wn?(.!-] (:%1)?4, '3'5[7‘-"“))







r

[ Copnlepy
i " jwol {rem
|| W7 Skekh1the: Bede pref ﬂlll iy P

o(1+01¢)
ot o Tsantter Munction Gl* ° (14 g.ols)

'f_l.'.'lh:' F}{';J' = _i{—“/n‘ji‘
¢ (14 ﬂ-ﬂ”“)




|
pm},w] yre .%m E}tEEchmcj

B.:mfe plot ,—

Cl:lr:‘.-’.'::mi' ‘Jhaﬂm

ir.,

ﬂﬁdﬁh'ﬂ% cosn

Eﬁfwm below:

. ! |

-

efp -l - .-:t:mrgm H‘bE hunﬁe"-s %ncﬁﬂn into firne

Qﬂiﬂ'ﬂﬁj the Yoctons fn the EHC‘E‘EﬂJJ.nc_T

..r"; e

\

EINO

nes "r]:w:lumc:)y k #iu the tabie a4

EDHHEﬁq'ﬁﬁﬁIﬂ_

SiEFE

f:hr.uwi ¢ ﬂ'lﬂl?’f:

L

Fachod

: ¥ .




lep-q-.

,,Iu.-J r
i H,‘“‘IF |||:1Ei1:l1
CoTnes ‘1upf1urnr7 & hind la.h’
L

L

i dn Yha the ¢ Jat
Uh C.l‘mrlnr) r“ﬁuph cheed

h J(.E\J’Fﬁ
5"‘51“1.'- anf:l the mﬂqm}uﬂlﬂ f."}{ eat j
. ctope

o scosnen Sequency by err'] i §

EqumEm r.]f#er:- EE’E,;NT“ L‘]')

wj In{m ——

qmn at LULI r.],- clope huc]( )+éiu l

_.,_-—'—"'-

ﬁ'] A n—
fog Wi
E:I Lj iven'l""f"-'t-f

EI‘| u;inpf ‘“"(J 2“ ﬁu*ﬁw
ALY Tl TR i Tg =00
| __:l'-. I|lll || I L"“Fqi“j

;IapE

WIDTEING aell A ol

= f-';hnlvirf oL ‘4“'3]1-"3”3/ ]“ifﬂlh%’ ‘}’Ha:s.n deul.

.|.H

mﬁneﬁl ‘1'u-:e:|u&hcy b 1jnr~u:7| Hhe maﬂhﬂuc}?
EU uuncI tlepe equUation uclzwnrn thep Y.



':.lf'l" { | ._|' .
qﬁdfrfﬂﬁ alt The mﬂr’!nﬂudﬂ on “'""‘””ij
r Tein - by elsaight lined
.:'"]":'-.{1[1}-. cherl ¢ & ﬁq _|'ﬁ n Ihem J ‘T

in fhe fh{*utrmhf} vscles 0 cosney ﬂm:[uencm.

Qn ﬁtﬂ-= ,_[Tiﬂ'")

(I+UGH)

lo
SIND factox | CF | tlope __ET____F__ |
= e e
o =
I /< .

Y | 10
.. UJmm)

' - : — al
e || T
' [\_‘r‘iﬂ-]g ,/
ul_ Lo lﬂﬁ'ﬂ -
W=
g = 1%




Y T
|.

= T, "tl i
?}{

élln 2

19 "I'

L I e

~ iLs a1
Clupe  x m}(')‘r |

—ao g (1e) 29




i : :
{ihr.f r-'r{f.'] _ }(”)_( ' ”mz}
lv;J' ( {.-FIU)
el
SINO | Tectos o slepe
__ﬁ.,l 1 ﬁfy’.‘; - -4 —
B (g | !
| J‘:n ) | €3 - apl
Y. 1+ FLITP‘;,} o0 tavde
5.

a

I}
¢ !'ln.rt‘i!' ih zlope

e L
S |

- a0

7

L — &0

¥ o S|

1%

—

gl
|0

5(I+5Ji{w( )

e

-] Y= f_ﬂnut‘ﬁ‘l‘im:j indo Hme Contlus Tem We ch}

|o¢

-3
_S,I__-—Fer;—' .:r-UE w= ﬂ!l
=
E']{f:‘r = EE"‘
=0
g6 = Qo log —=a
M= %.1 ':ealﬂcl(uﬂ 960







LY
av &=
(J,rqg) [Hb-ass} G
IECfs-ﬂ'?E l k”’i'Flﬂ
o™
a@#ﬂ-@pﬂ"ﬁ !} L
el gliar —qp":"' j:— ¥ |
AT k™ 1
_—I_Iﬂ
oo- o ¢

s f)

=S4T




Cul
O "B
0.5
-|_,."II
lo |
Yep-2
= '.‘:u;mciﬁ

tep- 4

"Goas =-0XI0 ("T“g)*'ﬁul‘ |

Uy

Cr-, p6 = ~1ai |ﬂﬁ(

0%

elope

*IE]G“AE-



e 1 4 5 u
ﬁlﬂ % ‘M}lm[[ |) L

- Dl{j:
, - adB .
o E
Gate Melthed +— pet
: 'f.m} s{riat)
\ X ¥ = i
" Trmros)
L e Y-
S cF
-:a" !
g-a8 0.5 -‘31 \
Y e
10
y e s —
@x» 8 | LQ[#I“’HE’ (|+nu.)
: LF?},;
Joe®
A€
Aect
ol
- \D
—upd/dee®

~geAB derne €




| e L2
i oJ

, G] w;]_r; © (‘ '20) 10(‘[ (I%-Il:?) ’] a0 QOIGTM = R0loe '“QJ

= A0

- ’:}U"f j !

L [adgB.

C.lwlu = =0 |oc ﬂj h
j 25/ ~

ft, A0 ) [‘jc ‘:“'lt"
= ‘!:ILD*&"_ | |

T _ladB |



\au’
i

POLAR  pLOT

Fos loop T-F = Gre) W

i [ 2
e $10° S
o 2 = Y
. — /
i
r"'
. / T 3%
) "r [.:
= 2
™, L
e
: # L -
-
\
F -
bt - ' .
. ; \‘—4,.-4.'5

+270 Twpicay
=907 l'.ﬁﬂh:'ﬂ q"'

' thveed )

-_Einunuiﬂim ot E'-l[JuJ} H[iu.‘r:}

G Gw) HLiw) = J & (iw} W)
& »

- xle

%= 3 .[:MI ﬁun{ﬁun o4 e )

(s )

Q- Flw

-p



= ﬂ"-lf r‘fl“| ﬂ![ h"{'lr"ll"".i.h;r.h\ i Phﬂ_,ll{‘_

) (ﬂ“f‘l‘hlr’i;: finelp  on |’rﬂl.-1-n r‘lr

[ &)

il r Mot
"'n"-n'hrrlr "'_in-ﬂm 0 lﬂ 1~ !.-t_ fﬂ'ﬂ”‘ri I‘}{'_Ir-l':l'l' F'1

{ea)

wihen who1s

weeph chpef ¥ [reien

R =

hore andle,
""”T“"“'*:*fi.fximifn-ﬁ_!fiw.- sl Y ik
] 1 i
FI{JN) = [+ jw
; ; [
M RO~ :
¢ = [§0w = —tan(e) )
bl ,-
| 1o g-__ﬂf'nl-—h-*bq
AN o et
; -45! |- .i AR Vel Il BT
l'] qJ o 45§ gy | L |

il |




<y

"
ot

-

:'Ii',

I . =

i-'! ["ll'.':l :

LA {Il"-ﬂm LII" l"l' Fenbpmas

!nr-ﬁ‘j

‘Iiul

b

o] - s

e - i)

Fy

D

——y

M







=

Ll O ' & -
M In WG ‘
[r Wg' —y3g’ -
& tl
I'..l:l
i
‘A0 o W Ll
IRTL b !

-

. = I
i
@r;f ﬁ{‘5]= SHo
£
i m -
Tt
I_
g - Tenlis) - T
b ol R
i y.eé | 1Y
] o | 719 ' i
W -
? 0 398 | =53] [ =319 -5
| | .




o o)
VY
;‘. 1 L"J'n. 2
=V gy "ILJ_%'L."-—- - a
B ."ERRL;/Z 1)
\ i '.. - A " _' &
"\ _I_-_"l.ll.-x..‘\-.__ _\.L - -
! =T i e Teel T S
2 M -
b e N
5 \
J - 1_1
1-\. . e
ancl @ lnﬂhﬂﬂlﬂi
= You pote cJominent cydem phnﬁ 9
foreande ﬂE{rﬂHI‘F <lde [’If‘l;h_ﬂ-l Ph':"‘I'E]'
& . ERL eery o omingle
&y~ 5|{5? T 441D |
HIEL -
g Gw) = oo |
7]
] J 1w H
(Gu) | =
,ﬁ almufw'* 0
- [ Al ]
tan™' w = tan mJ
__'_'_-——-—"'1 - ; i W . it ‘
o | sl 'toe | -4eo-{' p
WL O M g3 | 070 | AL <q o2
--_-_-_-_' r
o |eaai|gal? gaat] B D
4 !-F




| 1tl-.1l|lw et @
S . i@ty e I,I-"r'\I ;
MelE . pinfle TCPRO ik it o
_ hase ]
il |"'-'-{ I','I-
o] ?Wﬂ-’iwra-bﬂ eel 1o e b, fim
‘I"']n. il bps b e
" |D(Hm} =
- ol a8 = —r————
I EDICD )
-
w=p,; g ==, = b [/q/‘
) ] ] i
' :.u.lnaﬂj 11'=-H3ﬂr M=

? ,6,.1:'!-‘?
| ..|-‘-TI3" ‘

R -’ s

2 S
proceduse Hos polos plots /=

. k]

: ::.. Fingd the nHal mq:-clh':Wd’EjllFﬁmE- Finey rraqﬁffudt'; phewe
E.E Ww=20, M'[ﬁ! '

.‘"’

L

=  opceave dbe zantdes funcion Jou pole dondinence oy ze¥0

=

-

L - .

dﬂm‘;rﬂnﬁe ] X

&l



ghep- 3 " -

-

e | 71k lr'1I ."llh'-"l' "Il-""r'lu

I"-!'IH" .r‘|!1rr'|i|-.m~.!__,r:|| v ook st

e ¥
vR0 Aominen] —— 41 1o anlielocreiee.

:‘,J_v.-.[..L"_

E--nﬂ:n.-_-‘,q Alaretion ' —
' —

CF ) ‘F:l_'FI

R Tnalpha.x.e- ik end f-hmﬂ '

e arhclockuee imeckion .

44 @ e pocitve,
el wise  divection,

lP;"'- 'I"'ul'f:jn:l-h'u"?; sp P el

5]16' -5:- = 't |
j/;fn '§+d=’l;!'|41' R Eﬂd:ﬁcj Aimechond to Cjﬂt Pﬂrﬂ'ﬂ I ;
plote- *

NOTE-{ijhen Zos0et Qve precent ﬂuu-'fa.ji ute pinimum poth
":||1;m jaEnTn.-::] ;I-msifnﬁi E\. wndl

nal Avgperions.

r.-;.-; Tre cbove rrethod] e af-pIEEaJalEh pin” thE

'I"l:iu-rﬁ-;qﬁ 'ir'urn:'r:lm:rs. anllj -

Kh'\-\.
Uf':;l When Al tm\[:am end| 230 Owe liEEnc]
LX) hatl of £ Ftﬂhﬂé\"‘[bwﬁﬁ‘f teanties L:]‘t_,.H"IEﬁD'ﬂ T

an the

roned Miniwwe  fhate Teanctes Ay die.



- when each E:; Ew-'ajf .Pﬂl‘i‘-‘ a fhe |

Al :-

|'m_|5 MizTon tmcuIe ﬂ':| rewd 9n jh

A A
= MANTRAR]
r;hn,w.

e e
{-’l[f-‘.'ﬁ T _i: W) 3 T
L {': bay (r }l:l;l ~
(o e 04
semnel 00
I?'tn en
Jeti] hay)
L e
- = NOD-
" Fhmﬂ

L unstah® g’\ NN -mir”
Phau{

|e9 4 hatT st L-plony

g gl et o Sple

then dhe Fsanctes Fonchovt i calied] AI.iPr:m ﬁﬂnﬁﬂ%"“h

M- = e
- vadl v
rl: | o - -
x 0 2
I Yool P, f;_.'l
- Glay = —
i - S+l
} i i .|M"'
I =1 R
il g4 - . ry oo
x v P
; -4 b
1 BIET-H| 'L i E
f _'r.l [Tyl | i {:Eﬂ‘ :] Aiph il L
4

=




€1
- (A |
{‘.1 Lml. _E : l

lxg'.lr‘ vy piof b e fymeory in ‘-Ji.ri [k)

ile
!]hril‘l'-:-l-..-“:lrliﬂ n‘-l r[';rr-rru-:m“:; F

M- 1
TN TUIR L ‘iwrium:m :

je he r"‘;ﬂ'*’-h'm <l

.ﬂW"!ifﬂr ” ;ﬂ f.:"l:'l,][rg'_i )"|I'|'|'|:|'|_'|_l_,.lI -"f-_F-_.

i \
o ﬁ{ﬂ = —
c(¢1) (¢132)

%1:'-'1 2
"'L_F Gpotied - U= (2502

firnal- O [ - 310
tepnd
pole o ominenc

repe 3 _ _
- Whmsiag Abection - €W

crep ]
= Enatng divectin(q) 7 2=
= =701 90
v = —| &1 )
~ 3
.-_--._ L L
2]
_q0 '




I
I:;-"i"' !"'?r,..l g

) (e4a) (=49

0 Znita fewm| o'

Fmal - pm I"-'”'f'l

ﬁ ~ e Flﬂ““ﬂhﬁ'ﬂ
{:h tfﬂ"ﬂﬁﬁq Hfrrr'fl'[:lﬁ-a A

@) <-p- ) = Pa- 4y
= =RJ0- 0
= = AT C.-

219

= Inikal - ps| -3
L'Hn.:;u 3 n _m&u

@ ] zeEwo Phnminm[ '

@ 5‘!-:w1insl Algeefian - ACatnd

) <p- (@) - Pa— &
- Qe A-Cow

]
(B



Sj_‘:ﬂ.:‘hi‘l_;‘]?wd;m'_

h‘-'"J

| — .

10

et

-
P\ L
PI_L.UJ
L-“ﬁ /
-l"’lﬂ.
e det®
L_u’-‘- P'{.'l"']

BN

Angle fo eleoveadng -

P CLL -ﬂ‘rﬂ“"_'mﬂf_kﬁr

g tn iJ‘I:TE.:u.-.nﬁlI‘I-c‘u‘ |
ezl

-qul.lﬂ-r D'

R -

}'-r-::fl

—
4ier ol AL




then 11 L

I
1y oeAr { b f”

*’:E'r."” x rlr..-f{ o 1Ma H -
!‘ch.-'lr‘.rf I-}r |I|'|.':1 r

Lielr g‘.{
fn e midf! hand M

i !'.".‘H"'IH'F’IJ 1"1'"_|,I' e

LT
Caid 1o by

.':l'-r'l'n;.l-d: ‘]11 0 F[jilﬂ 11'11

{he palk phen (1 Wil caiel o |
rnlh.
A o B
- t& E‘nl:'IEk;E‘d' : R éncirrﬂ‘f-ﬂl in C-W
s ._-:1rh cloek wise . o ‘Eh-:‘1_t'-"="3¢"| ;
B = Noi—8 elefed. 40| ¥ taf
Enclared r g Net encracled]

|
| ued encizcled . A wid ensloseed

a
(]

J'\ha.!f]"-'it “onction ) — E: |

- 1 *

4 & ﬂunrﬁun& ’HL d-e.ﬁua,l?'m puisdc b oo poird

4hen Yunchon e ccucl fo be le"'lrJl}rﬁg ot Hhad rm‘njr__

E'LY:'TE‘IE[WHEF:J == |
[£42) f‘f**-"'[-;—l 3)

2 et nel Clhﬂ-’jﬁf o fz FEIE{& ZENA.
e & ~lrleR, :,';_-—" et L ':.—-‘-'1.;

Lo—g,



i ]

pEinciple 1'_1‘1 ﬂﬁjuenﬂlt__: -

1t ™ ne ol polet gq n "o DL'j Zedoe r:i‘{

pncloted by S - plant con tou®

A E'Iunr'ﬁ'ﬂn Fleg oze

3\1 :”-l dhle  corrloge rncl.[!r*f’q L:IPfD Flel

n antielock LEE Atsec o -

o will

enciscle  the n-'nq!ne noHmes |
Whgire N = s =
; At
1':1 N— 4ve Ehgtualumenh}
Il iawe (-:-m Emf“‘“”m’f:}

N~ O (Mu' entivclement |




l..l‘

= D
m~= &
M= -*1{'): ek, wise )

N'}fq’p{s’r stcm:l??- cﬁﬁéﬁ:_ | | ‘I'
i N2 <
%LE}HLQI = — 7=
e o3 pis). .
E‘*‘Iwr FI:'IrE!: - A =B
| zewo: - m&;_--_c- |
¥ S % B .
B f.:;E'- = | ‘1’ | Hf"-] =i . I
B 1 AN 7 P
L = IF n (=) N frj
| ] 2
| L]
H B P e ]
| Dl
|
o N9 Lo wey CE o
7 "*-.L_
4 bares b1y =0

sewre a0} =0



w1 conteel 2y e
o)
T v e B
14 el iy .

]"l""‘\'l. |"lll
R LE k

cloved oo
i

"

C ey 6 ,

ﬂl"l..;l_j"'- lﬂllﬂr

PERT T s . "
fhere dume e ran saeelud?e || an{r’ {‘j"‘l
|

Confsol ~:}rth-rn ane polek o| ¢-F -

- l"ﬂlfl {'H ¢loses |||'_'"IE'-T'> confsol -‘-‘t}.l'HEl‘ﬂﬂ‘Ef' Z el ﬂ"{

(E» @

i

W ©
e

- E = V4 qm-rrw = 0

k) o 1T _
q@;-1;§ﬂ_=€[}- B 4N
4 we choose, A by, contapd B 2= pidne
Curh Ghad; it enclores enkve ﬁ:i'r'd ! ﬂ‘.J| 1:.—|;‘|.1In-e
Ef\ i contous 1S mopree] anto gpen .!wﬁdunn#m;

We can .Iﬁ';?.::lff" Hy ! tha 1Yy o' LJ‘:[-

r:[H'T.EC'{ '[GDP con =l ﬂ‘f!h&'m 1-}-.; ,.;-,Ef;.fiuiﬂ-:] ke no a4
o etgment 0 AHE peet (=100 )7 TH she Mappind ol
fhe ool (-1,0) In clogkuicedivechin,

Juncken &l H 15 .

conjoys encexcle

then cleknd 'E!-];f Lome clmeﬁlﬂﬂr potes wil he preciend

n the ﬁci‘h’l hewd ol ‘;’F]P“E' & c’fﬂﬂwl runp ;};;}em 1

by yn ekl



enrtscled The Poig,

-

. Iﬁrr
(‘il 0) wm anliclper wice a

[a) ¢)pwe A leop ey them

Jun
4 P pront:

; e il
Cheinelement 7¢ OV

potes fn the weht hed

vile | ' Jya Tt undakly
(b the open closed 1°°F o e

: el e e
v i1 e o] E.hctwlnmeﬁh e ool &4V

|0 e ¢-plane,
Oper loop Fm'el. i e Aght haf 0 ST

M“FF:"‘] o] contous | —

¥y :
‘{(’}ﬂlj{ricﬁ} {i+£Tm]
e —— r
R (7
nldnr a -—*Hulﬂqwzgmﬂ | |
i A o A

Lr l‘I'tlﬂlt'“'l"]!:‘uu'nﬂr:ﬂ!m_,.

v gl yppd rﬂ,lE' ﬂﬂ'ﬂ"'ﬁ][ﬁ ]

i ¢ i Irrl. 3 |"ll'.- !
5 Irl1"”"” Ak 1 = T8 T _—y |
b F'nﬂﬂ'_ir'hﬂ L ptﬂnE L'Dn'iﬂl.‘..-'h’ -"!:‘-'..A ‘Eh:"tu"n o ':HC!WE_
] N} || "]".i'l'--pn TRt ol
E 1'1!1-"'}‘-.'] sl Mrrida .
-r.'. T " [¥]
: dall. e
1001 e & o
| | I Il II“ i I |
||-



r.-r'.-rl-".r' I-'

L] t‘
{ '|1|||| 1_.'.]‘.}:-1 ’r\hﬁ
&
® -j L8

.!‘_PH-"
n4p -1

£ 1o

@~ 2 1

ceihon- Oy
e ———
< tjlﬂr(l;u =3 -Wlﬂﬂ}

Gttt ([0t BB

ot gectiom Cy
C = It EE‘.JE

R0
& -Tqﬂlhnlrm

Ci Eﬂﬂ__ﬁ.j,ﬂi C!:a—-

¢ =Jw
= 0 tot
E[iju!:,l H ﬁm} =

- Mp (w_,“w)

'5r ¢ 3¢ palas plod of §ua-HE) .

§(aw) Hﬁm}] ﬁbtm} i [u)

Firm

TMFFFME 0



.' Mni[:!n:] Ok €y Y
on Cq; S - ”RF?ﬂ
j]" R = ta

' 0 = g'lu'—rf

be 6T« 578 - &lm ;n{]+;15|

ﬁl{rj"”!'”-_ ‘i-':r‘_ l._-_._;- T}E
cPer). s 8Ty Lo

K'a™

ks M = ra e A
(re’®)”

l:lr-‘l.l re . ¥ " - i

= -_I IE].- Eujﬁtr?-]r_:ﬂ__)”_ﬂ__ﬂ_r , o=l
rn al 9t 'ﬁ'EE;E‘e!-'Erg']f 'ﬂl.ﬁ a8 o mg_cllnﬁgﬂe
z BxD ?ﬂ Iuﬁ:rs*f:hcj e

P Fo tars ,#.Cﬁ-.;mjig o r-ﬂn:_—:nﬂi_

E.aq- ; .
q G’ (6) - He) S(s+a)fs+3) .

m=0

- ;
wineg 1, com art B hp
qqnaving 1, mapc,nf'hﬂwu



-{;ﬁ-m‘_ﬁ"

=

tn {:H b "1

E 'mll
a

M{lﬁ'-"fnq OF (& 1 —

{?l £ =3

L v oCEed

G!{';.}  Hig) » \

pola plot when' W

‘“fi
Yyorn ~T0 T2 u.. '
by ,
- g lw) H[s-,uj. |
£ =Jid -

1as plot - He g
9’1\"!3 e F'I_ﬂ L r 'ql'E'ﬂH"ﬂ E'W:'ﬁ
-,;!.'E f 2 lﬂ'
‘lﬁ"& f 1. # _‘-'r_ 2 '
'E":M:'ﬂt-lﬁ i i ‘:\I‘I .
I : o
Puidﬂwjr
s
("
|
i
G A
ﬂ!.ﬂ"ﬁ' g |
F fllﬂ' 5
dTe b L
g P
pt oy
'rf{?iulr'ﬁ' i

(v nppnhh:_r-b Fgmn plot -

is yamed Hwom - w o ik caved] |




_—ﬁ! -
q
F""‘Iﬂ L 1 -
AL B
D“[ll (I;F |.1_ H_F"i#
R-16

@ - 2l
48 =%

= L
Ak {he mn:{hihqp ,L-ﬂi ¢ e Tewo M T

14 4T=|
ﬁ[:;-H{s;:K'F']J”“ -,-E,,—._,
g™ Ll -
F
T 1t an a=cot 'En"-'lmﬂe_ [REM}
% LA, -mwmal‘ﬂlw | wria 'Edlmn

FI| 17 i
| ¥ -y =23 =3 L
I 4o ruﬂi| phewe Wit @ % (f:ﬂ : o 3)
: Y .

ST & ,n::s ¢4 *'ne sipehem . =

fﬂllf‘tu fren- I "I I i .r = J - i
B '-E : IE | ra-‘ E, ;
ﬂfffhj ] CI L Fﬂlﬂ'ﬁ |’i.ﬂ|: D!I {i!:;'] H
[” . L LT
o il! = an m d I ‘G' EGL-jﬂM

13::' Ma.rrm.sj Eih-! 'y
il E_ ) l—L |
!.'r:w'j'i‘m:g %‘:}'ﬁ‘ﬂf‘!ﬁ '."[lﬂ-—ﬁ) : 1 ("l “] L
“F_ nﬂ'ﬂlj Fﬂiﬂ I i { :
M- hpod zewos
loted Glar e,
\2) Megping 0F G T dvene rmump 6

\y) mwmgl cy i ihe cuwen‘fi Fnhxt‘rt Yo elau
Vamymg S 7om LRAR r’nvj‘ where W= ype

Fium bey



e Al gt

<, [:r. 1 -?;l[: 4 H_]

Crelel Jhe N:ﬂum plod

€1 polaxspial
-, i LN Tk

Type |

0Fc]pa- 3

{3 "."I-F'g_
=0
Fusve O o) mac[nih.-df Twom

-3
Ty

AN

— )
= 18 T
= h%'

viE




Jq-l
o %

¥l Cowe nT do ow T,

—

WY e fypes (4 1o

11]1

12




" . 4
Adten PLJ“rnf] yepusd plot chtenve the fer arcivelpmern

§

fl e
r"[ 1he I‘r{'liEan_f |..n} “("l"";;ll“"

Bk
fr.-? 1‘\‘]:'.l|.:||-|lhll':i| 1 ‘..f{l Lf E
M= - m"\_ r,||| '1,-"'-£
O = -\ 0%F
. '\.]I l:
3 N © VoA i
e ﬁir'i pE of .i'u{' . hlllhv:" ,
giwlt o) h\; b AR ik 1:\:-‘*
-||_'|l L_F'I.I 1 .,11'
? .T“jli . &
-"'-|||
ny A
r L]

Q7 COmment on the dabilily 0 a c.¢-

). HIE) = : The MNyeund plot 0™

& (I—i)

the Eljﬂ"lwﬂ i Chum in the Siepee .

L no enciEsle

N:— 'n-— i = ]
R ent fn
o) <1 ong poled PEELET
ch & 1 (I | " 'ﬁcfl‘lfr hatd .-]
.‘:-'jl m'-‘- '
Ny pne polt
i grd M the ﬁqwhﬂj T1.F (42 1 4
prese™ T et T

cyeren 17




.

4 | K" oz ::Imehh‘J

B n  okad L ke Tarlwiﬁ
I
- 61 o eyelem with ’f'":'l”
e ,.,uﬁ)fr”_J
£): H{L] = ) £
Gor ) (.,.u;){":ﬁ)
l‘f B i
ﬂ‘lsﬁﬂt
e
e~ Hla, o
{}.—.___..._ . L. TR L P i s "1
'\.HI 2
I;ﬂdﬁﬁ?%ﬂ@ |
— E\
=] I o ..-f'
;.
T;.".*':,E-?
ceodl 2o
2. TR
|
u:"l: = I
-|' I‘_{ T - L
| | 1'-
i b & uie ] Ly
En,g:,lpfifﬂf clockwise onee: = a5
..'I.l1 ¥ ¥
.
N i @ VY n e b 2 i ,.__1._1 -. :
! &l
1-1 =T "—

=] e ":'-.J



DKL L —

fwo Cloces 'lt“nr poles ae

PYCient  ciye presend al e he'l o] ¢- plane
sO cloces wnp l‘!f“-li{‘ c unclahle -
l_.-"’f
( -
st alilns
K> 6
o,

-1, t¢ entivcled

cmh clockwieanee.

N =1



