S-Domain  Characterization of Continuous— Time
LST sSystems

- we {ave seen thal the Fourier \‘mmsform. (S
use Ful e avxa\yes‘wy and oles»‘gnih; LST systems.
—«)wb?ﬂq the basig ‘ {eé“tg

SYstewm outp ut
and  +he

welk ), —H\t

s the preduct of the ivput
S ¥Ste wm @‘reﬁu&ncy respense :

Yw) = X(w) Hiw)

~—3 Thijs L\kPPEV\S Eec«me -H,\e 5,\3"«( ebwt
an

, o
any real w

_ J 15 an e\\jew'(-\um-\-c‘m of any
LST gYS'{'CW\,

- IFf X(Jc) 'is Squace “M‘hegrch |
- e , I,
[ S [x(¢)] Atj{ < 00

—08

or q bsolute \7 (‘\n"ej r«b Iﬁ

(Cxerlat <

—od

o T"\QV\ )((f) \f\qs a Fourier J(*VavxS\CorM~

ee 9|




~As we hae seen,  spme giﬂmk Thal are not

S%Uafe Ivd’ejrable qv\d are M ngo\ufe\y im'{’ejfable

alse  have Fporier Ycans formns,

EX : X (t) = u(t)
X(t) = coSwst

— But w\r\od' aLoOUT \\bad 4 siﬁm‘s ‘H\ﬂ‘t do !\_Qi have
a Foun’er +ravxs-pom? |

t
Ex: x () = [l + Coswo‘t:'QZ u (t)

X (t) Gmwinj &Growl‘n(j e
T

.
- This cignal doee ot hve . Burier teans foru, .

= Can we Pind q way fo do Treguency dowain
analysic  on sighals  (ike thie ?
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— The answer s yes |

\\‘(:h( up A ‘H,\e

~ This \\F;Kiﬂj up i

Sig nal

wr I 3[\)6

LQP (ﬁce trans -G;rw\ .

Fourier, (Jean Baptiste) Joseph, Baron
{fooryay] (1768-1830) French mathematician:
discovered Fourier series and the Fourier
Integral Theorem.

Fourier, the son of a tailor, was orphaned at
age 8. He had a mixed education, at military
school, an abbey and later (after a narrow
escape from the guillotine during the French
Revolution in 1794) at the Ecole Normale. He
joined the staff of the Ecole Normale, newly-
formed to train senior teachers, and the Ecole
Polytechnique in Paris. When Napoleon
invaded Egypt in 1798 Fourier accompanied
him, but it is unlikely that he became governor
of Lower Egypt as is often stated. He became the
prefect of the département of Grenoble for 14
years but resigned during Napoleon's Hundred
Days campaign. Fourier died in 1830 of a disease
contracted while in Egypt.

Fourier established linear partial differential
equations as a powerful tool in mathematical
physics, particularly in boundary value prob-
lems. For example, to find the conduction of
heat through a body of a given shape when its
boundaries are at particular temperatures, the
heat diffusion equation can be solved as a sum
of simpler trigonometric components (Fourier
series). This way of solving the linear differen-
tial equations that often occur in physics has
led to much use of the method on many new

. problems to the present day. Importantly, any
arbitrary repeating function may be represen-
ted by a Fourier series; for instance, a complex
musical waveform can always be represented as
the sum of many individual frequencies. At a
different level, the understanding of Fourier
series and integrals has contributed greatly to
the development of pure analysis, particularly
of functional analysis. On the problem of heat

Law states that the heat flux is given by the
product of the thermal conductivity and the
temperaturegradient.

bat we hae o
‘C\\(SJ('-

us the

Laplace, Pierre Simon, marquis de [lahplas
(1749-1827) French mathematician, astrono-
mer and mathematical physicist: developed
celestial mechanics; suggested hypothesis for
origin of the solar system.

Although from a poor family, Laplace’s talent
led him to become an assistant to LAVOISIER in
thermochemistry. Later he moved to astron-
omy, and became a minister and senator, skil-
fully contriving to hold a state office despite vio-
lent political changes. Laplace’s most
important work was on celestial mechanics. In
1773 he showed that gravitational perturba-
tions of one planet by another wouid not lead to
instabilities in their orbits (NEwToN had
believed that such small irregularities would,
without divine intervention, eventually lead to
. the end of the world). He later proved two theo-
rems involving the mean distances and eccen-
tricities of the planetary orbits and showed that

_inhistalent.

the solar system has long-term stability. In 1796
Laplace proposed in a note that the Sun and
planets were formed from arotating disk of gas;
he did not know that KanT had made a similar
suggestion; modified forms of this nebular
hypothesis are still accepted. Between 1799 and
1825 he published his five-volume opus Méca-
nique céleste (Celestial Mechanics), which incor-
porated developments in celestial mechanics
since Newton as well as his own important con-
tributions. (The book has its oddity: frequently
the phrase ‘it is obvious that’ occurs, in mathe-
matical equations, when it is far from obvious.
And Napoleon is said to have remarked, criti-
cally, that it made no mention of God.) Laplace
is also remembered for putting probability the-
ory on a firm foundation, and for developing
the concept of a ‘potential’ and its description
by the Laplace equation. In the fields in which
Laplace worked and where Newton had worked
previously, he is seen as second only to Newton
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| . t
~For the bad" sigm\ x(t) = D+cos%t]€2 ult),
~ we  can é«tix \'\'\3“35 up " by W\ul-l—fpfy‘mg X (t)

b}' the “Lixer uyper” giﬁv\a\ e'Zt,’ '\[\-et

- The \\(:fxed ue ! Sx‘gna\ i€ then

{
ot ' - fﬁg{w)
X(E)e ™" = | [‘ r Coswot .] w(t), *Qchww»)*éfW*”””U@

¢ (w)
(;%” i ]

which  Ws & Burier transform  (whit 15 112 ),
NOTE: T

L l -
he Lixer upper’ S\‘ana‘ e 3t wil)
alse  work  in this |

Case. .
NOTE : The “fixer wpper ' sigaal et i wt
Cwork i twis case: ¢ \Svﬁr makes
'l'\nimﬁs worse . "/l/
—— 5t
NOTE v The \\nﬁixer prer" ~s“3nq| 6:31_ wor s for /((f)
above . But, for the Sfﬁv\a‘
X(t) = [l‘rCDSon]e u t)j
""/\is \\‘FiXCr uppar" ov\'ly Makfs 'Hfl\'wgs WorSQ.

PAGED4




~da genem\, we will “ix up! bad S?SML)S

by w\“\\’ip\yinj them tiwmes e"’t

,//“\

) o e R.

~ The Fixed up signa\ X (t) e_(yt will ‘f‘keM
have & Fourier tcansform  for  certain
choices  of o, bat net for pthers

- The Fourier transform of +he  fixed uF” S?gha\
LS

A O ot _-jwt
Fixue ‘j { xw)etem " gt
& —> Think of this +ransform as hav"ng —t“‘.ﬁ_Q-
- wndependent variables

> O s the “fixer ypper” vayiable. The
bourier trans form existe or some O
and  wot or  6others.

- ® For each 0, w s +he Wsua

—Frecé ueicy  Vaviq ble .
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_—:C* s convepient o write the foo  Vaplables
" and W Foyether as a  complex variable
S

S= 0t yw-

-~ Then, the Foomer traws form of H‘e.\\'\cixed qf’/'

siq na\  becomes -

-ot ” -t -Swt t
Fixe j = Sx(t)e SRR
-

0 — w)t
= S x(t)e T gt

-0

= $x®e*t at (%)

= TWs is called the RLLATERAL LAPLACE
TRANSFORIA o x(t) :

00

X () =L {xwf = § xtresFat

— o

—we wr+te 7
x(t) «—> X)

o indicate Hat x(t) and XG) are a
LQP\QCE Transform Paff‘.
PGE 9. 6




- Xls)

S, whickh takes

s a function of the Complex voviable

No o plane &

Values m  the complex

als] = w
A

SRels) =0

— The 31‘«(3\/\ of )((S) s Qa “Skee‘l‘u '\/;‘nj above

the

S-|t>\av\¢ P

/

X(s)

‘ N
\Q? S 5 =

FCG]\

\m
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~Fé( certain \;a\\ws of S,
geV\eJ(‘qny Qe e%uql

EX: A “Picer upper

o X .

this  sheet w‘l\”

" S\\ﬁhal CAO’T 'H‘lf(+ 'W‘Q’(.eg

“Hz\i«/\jg worse  will Cause X(S,) to
O\Cve(f)e to -(30( all ¢ with Qﬂtg:‘:d’.

NOTE : The set of s with Rels]=0=0
It i, in fact,

a line

“*he iwutjinqry

in the s-plane.
&w" axis o€ the

s-plane.

or A\N

'S

— If we evaluate st) almg this e,

we qe¥

Z[x(t)}

=0

-
o

i

I\

X(s)

sz

g xte
X@= F[xw).

0 =0

PAE 98




—Tkus, X(5> is  The Foorier ’h‘aws\cf)\rm

§= 3w
ot )((t), which \M(\%ln"— o wﬁgﬁ wt exist

A taev\é’/m(-

—> X(w) s like a slice throvgh the sheet
)((5)) with o=0 - |
7((5\

PRGE 27




NOTE : Readh Secton 3.2 of the buok.
™ — Suppose +hat B ‘ '
ppose & s a continwous-time  LST systepm
with  impulse response h(t),

~ For  some arbi+mry Pixed valwue o4 the complex variable
g, let +4he S ¥ Stewm ‘mpu"( be |

X(t) = €5t

— Then +he outpul g

ad (t-T)
g = e+ W) = [ h@e™ Var

- ©0
* ST
~ - esfj h(T)E > AT
- 0
— I |
the mput A cowmplex huwba o an)/
Lixed S.

¢
- Thus e° ) For any Fixed complex value of s, 1s an
gvgenfunction of any  LST system .

T . ‘ Sw ~ST
he elgenvalue s hit)e ™" AT

- wWe will write WY For the collettion of e(3envalu95
S~ 'F"" all H\e d({\cerm)f cow\qlex Va)ues of S

prcE 9.10




- HLS) s called the \\‘\'rqnsf\er {:uhc-\ian” ot
—~ the system W,

— NOTE *  H(s) 15 +he Laplace teansfarw of h(t)

His) = Z[hw] = | Lmestat

-0o

- Recall that = o+tjw,

and X[S) = i[X(f)] is the Fourter teawsform

=

of  XB) Hwes tee *Lixer upper’ s?gm\ e""t

~7 In general, the Laplace Fransform integra|

XY=z [xt)) = {“xa)g@raot 4t = (kenesTat

will (onverge *(:or Some Values of s anj d\‘verje
'{:or O‘HACFS.

= The set of s for which X(s) converges
E called +the \\Reg.‘or\ of (onvargewfg !
0f X5,

oY the “RoC "
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-at
CEX: K= eTul),  aeR.
Fl‘hd X(S)
- P
—Recal| the Fourer trans form  par’
3- /
~«t
8‘ ult) < ot J Qeg‘fl? o.
—we ka;ve
X(s)= | etfu) e 4t
_ g ee(tu ({,) c'-(a'-\v‘w)to\t
~ - (ato)t .
= § e T uw e " At
.- 3,[e~fa+r)tu(t)]
\
= m , o+a >0
[
o> —
= a+ (0t jw) ) 7oA
\ — - QA .
§o) =4 ___"___ 2 t5]>“q‘
x (t) :e-du(t) >  s+a ) ¢
g

= The ROC of X(s) 15 the hatg-plane Rels) >~ &~
| PAGE 9.12




NOTE . The Lapluce tvansfam . the preceedMg  exawmple

convefges 1 f Rels)> -a

— I aso then The ROC includes ‘H.\e Aw - -axis

ot the S~ P\aue S U5
T
— 9 Re [s)
—gL ﬁ
\ —_
.\/“
— So

We can evaluatle X(s)

when o-=0
the Fourier ‘H‘aus&m . 7 3e+

of X (t)"
|
Ww) = 3'[7((1’)]: X(S)l Sta
Re(s3=0 Re(s1=0
\
L I
T vt | = Taxge ‘/

:>B\ﬂ‘, it a<0O, the ROC does not wmclude
the yw axis,

—> In +his  case, X(w) diverges . However,

X(5> Ca/\u&(“ges 'Cvr GIH S SQ”HS'CYG'HJ Retsjyéq'-

PAGE 9. 1D




EX: x()= —e Py t),  Fmd XG).

= This fime e will work i+ out dicecﬁ"y without using
the Furiec Yeans forw, .

]

Xs)= = §eurne tat

~ Do

- - g"e—umwo\

.t

-

_ -Csfa)‘r]

\ ( (s+«)A ]
= Sta A—)oo

—~ if Relsta) z0, eor RelsT7-a , then The

inteqral - Qiverges .

- if QQ[S‘f‘Q] <O) o h[gj(—q) ‘H.\eyl we. L\que

(
X(s) = -;‘;a[("o] = Sfa , ReLs) ¢«~a.

= The ROC is the left half plane ReTsI<~a

duTs] ‘\VJ?'MU'S
{
T —> ReLs) R
— la —T -2
— ——t
U, \I
R
A< O
a>0

once 91




~Tw the lask two exawmples, we S howed| H T

—ut Z l
e ult) € Tid ) Rls) >4

_at Z | |
-e a u(-t) & Sca , Qe(S] < —4a.

= These fwo difderent signals have the sawe
functional Lorm Hor  their Lkplace Teans Corms

=> Only the ROCK are different.

= Thus, we see that the ROC IS very tmportan T
Given )((5) = we  cant el which

Sta ) ‘
Sigha) xH—) s unless the RoC s §pecf‘€¢‘ecl L,

EX.: xth)= 3etutt) -2 tu it)

X(s) = Sm [33-11'_,26-1'] D\H') e—sf’a”_

-
S
-—

-

0

3 une ™At - {2 tumestat

37 (e uw) -2 [etuth ]

R

3 2
- s+1 st
A~ W

v

ROC: Re(s) >-2 ROC: Re 5] >~

preE 915




- For Xs) o converqe, hoti ;f[e’”ucﬂ] and
. i[eﬁ““)‘) mws Y Converse,

= %, The ROC g the intersection 6¢ the two

individual ROC’

RoC = {eetsI>-2§ N {ReCsT> —.1:(
Rels)>-1.

"

:'> Loak Q‘r e)(ava/e 9,4—— on Paﬁe 659 of the (oook, ﬁ&

~ Poles and ZeroS

- For the examples we L\ave Seen So {:ar, the Laplace
‘h\ansﬁarms L\ave keen ra‘h‘ona\ -Pumc*\"onf ot S.

= A“rah‘oual" Lunction e a ratio of “two Polynow;‘qls.
- I'P X(S) 15 a ra‘h‘onq\ @uy\('\'\‘m O'G'S/ ‘("l\e\/\

| _ NUs)
X(s) = AR

where  NG) and D(s) are PolyV\om:‘aIS.

_ = The roots of DG) are poles ot X(s).
= The v00tS 58 NGS) are zers of XIU5).
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—~ Suppose NCG5) is a 90\\/nown‘q‘ of ordey M) ana
D) & «a polyrowial of ocder M.

N

- IFf N\';'\)) Then the voots of NG) awd D) ave
all of the poles and zervs of X(s). |

-1 M< N) ~H‘e,\1 as S— 00, the nuwmevrator o€
X(s) grows Ffaster than the Aemomingtor.

= So X(s) hes an additimal pole at s=w of
order N-M.

-TfH M> I\I) then the denowminator of X(s) qrows faster
than the wumerater as S— o |

:> So XCS) l«as an qdd\"h‘onq( Zero a‘l’ S =a0 o’p

order M-N -
2 Zz.
:,)_(: m the last example, we had X(s) = —5-:'7‘_"‘.5,!_]
So X(s) = E(”'B‘Z(‘“‘l - 5
(s+2) (st |) s 435+ 2.
‘Flﬂ'+e

N(s) = s-1| : Onepzerp at s= 1.

D(s)= s243s+2 = (S—\-Z)(S-H) : Two Finite FO‘QS at
s=-2 and s=—1|-

~ - Since D) has srder 2 gnd NG has order i
-H\ere 1S an aold:‘-lﬁ‘ouq) 2erp aqtf S=o0 -
ppcE 91T




Pole ~ 2zexo  plot \ hn TS

O— >R (5]

1
X= pole
O = &&xO

— Only the Binite poles and zeros are Shown in Hhe
pol\e -2erp plot,

g (s-1) (s-1)" | S-2s+)
*"')S'- X(s) = (s+2) (st1) ) $*+3s +Z $*43s+ 2

> Since huwerater and olev\ow.mu'br L\ave ’Hte Sawm e arde‘r/

QHO'F 'H\e PO\CS QV\A ZeroS  are "\l‘hi”"e .
N(s) = (S~\)CS‘I) ;2™ ordec zero at s=|
Dis) = (S—rz)(s‘ﬂ) . pole at s=-7 and at s=-1
S U573
N

—y @ —)‘2(-1(5]~
[

ppce 914




Note: For an LST system with wput and output
related by o  constant- coefticients A £ ferential
CQUATION, o transfer Punction Hes) witl

a\anS be r‘a‘h‘ona‘.

Move on ROC

~The RoC of X(s) is made up of strips in the

S*P‘m\e fanning paralle] o the éw axis .
Wyt o =R DS). For each o
X(s) = }[x(f)e'”],

—IL this Pourier transform exists, then X(s)
Converdes for all < with Re (s =0

~Se, the vertical e Re(sT=z~ is in the
ROC o¢ X(s):

1

_ — Re (5]

e U5

e 5] = o

PacE 917




~ Since a pole of XG) s a PO“W'— where  X(s)
owverqes  He ROC of  X(s) cCanmot contain
aV‘Y (Do\fg. (Provro\ed Fhat X(s) s rational )

FACT » £ xt)=0 outside a fiwite wterval and
o X(t) 1s. absolutely imteqrable, then the
ROC of X)) s tHhe entire s-plane.
— why?
- X(t) is absolutely inteqrable so F[x(t)] exists,
= So X)) hes 4 RoC that includes Rels)= O.
— Siace X(t) s zero outside a faite interval,
X e s absolo;fely integrable for any o €Ik

= go XC'H e:o'.t— l\as -3 »fFour(‘er +ran5porm ‘de’ conuﬂrjef
for any o €elR .

— go X[S) Cohuerjes&-(:or q” S:O'TS"U~

u; £ ‘H‘ere is a "‘n'me to such ‘H’l«f X(f)

IS zeco W + <to, Hhen x(t) is  called
\ }
Q \rigld' Sw\eo\ s'ig\ml-l

Note: {o Could \oe_ Po§(+i‘ve ov v\ega‘h‘VC-
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- Q\’%H' Sx‘ded S?ﬁmls 1
X (+) A

1
_%qu MV[t

= I XH#) s right sided and the line Rels] = %
S i the ROC of X(s), Hen al| s with
Re[s] >0 are alse in +he ROC.

= This implies that the RoC of X(s) €ira right
stdech signa| s q Fight halt plane.

—>Wwhy? Rel[s]=0; is in the ROC by hypothesis.

— So X(f)e—m"” L“ a Fourier trans form -

—f 0> 00 ) then the “Pixer upper ! Signa|
Q'H— £ixes Hu‘vngs up even wore Hhan e‘”p"f
— So X[f)e-o—r L\as a Fourier +V‘«us1llorW\

— So the linve ReTsJzo is in the ROC
of X(s),

pace HZ1




DEF: f I & € such 4t x@)=0 V ‘t>1'°)
. then x (4) is called a \eft sided sigual”

~ Le £t sided ‘;‘\39\&'9'-

Ys<£’c)

T St AN A St
V V

X (+)

= TF X() 5 et sided and the line Rels]=o

5 Tn the ROC of X(s), +hen all ¢ with

Qef5]<0'o are also w  +he ROC.

/\

\ :—-"> This iW\e\“eS ‘H\a"’, 'Por a lett Su\ded S\'ijka\, "'H'\Q
ROC of X(s) s a left \ald plane .

~T€ x(t) s two §t‘o\60\) then % can be /Lrok?'/\

te e Sum  of a  left sided stgual and «
right sided Stgna |,

— The ROC of ++he Lép’«ce +ra.‘"3‘£0fm of the right
sided Part of Xx(t) will be a right hal€ plane.

S 4 Tke RO(, ot ‘Hm

L“Pl"ff +¢am5fprm of the ke{:‘,'
Sided part

ot X(t) will be a (eff lalL plane

—_—>
PAGE 9.22




—2 The ROC of X(s) will be the intersection of
these Ywo halt planes ... since both parts

.,

have 4o

Cov\veﬁje_ .

—> The intecsection of two hal § Flav\e_s) one right sided

and one le€t sided,

|1

i either o steip or the

du TsJ

) > ReTs]

,I \i|
| —] \

— +—3 Re TsJ
I\J\ )

|~

— %o, for a two sided Sigml, the ROC of X(5)

i a ship.
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—If Xls) is rational 444 X(t) 1s right sided,

Then the RoOC the right half plane to the
\rvlm ot the rightmost pole.

— T
e

T T T T

E: -2t
i e™uy % vz, ReTsI>-Z

U T5)

e e
S

R Iy
t \’\\‘ .
-X"f T = Qt Ls j
20
'2’ \\
r\‘%\\

T

~IL X(G) 15 rational and X(t) is left SiG\CA then +he

ROC is the lef) hal € p\ane o the left of the
le ftmost po\e

+3t |

EX: -€ -3

wi-t) e——

) Refsj <3

B T5D .

s \\\

— ﬁ‘%—-—ég‘lfﬂ

T (

pacE 9.24




~if X(s) is rational and X)) s fwo sided, the

-

5

- £ X(s) s

RoC is a sheip between two of the poles.

ST
,’l /'\ !
% Lo
x N |
X | |
| ¢ ' !
l \ ] ’ \

could be any one of tee steips.

\’a:’ﬁovxq\ QM x({—] S Zerp ouf‘sr‘de Q

\CMI‘\'& ’m‘ferval, +|r\eV\ e RoC is +the
entive ¢-plane |

i€ X)) i zero outside a finite interya | |
an\ X#) s qksolufe'y iv\“feﬁrqlo’e) then the

ROC of X(s) is +he entire s-plane
(as we caw on Pe9e 9:20),
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vaers rov
= Svppose ><(f)&-5i—'—> X(s) amd that {he lwe ReTsI=00
s m the RoOC o€ X(s),

T Then X‘S)( - I[xet]
Re(s) =0y

'

ot
e Aw

- So e >
e txr) = 5 [ xe
- ReTs] = 9

20 | Sw{f
2}1 g Ko, +3) € Aw -

-0

— MV\H’\Pl/ BO"“\/\ S(‘A&S \)7 eO’o‘t

) .
\ (optiw) €
X (¢) = -iT\S X(%qw)e A w
.; | : o0, $77 0, — %

dS: AA“‘) as W’é o,
T4
2o =

S— 05 ty®

Ot bt

‘)= BT . X(s) €°" dis

0y~ &
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~ The only thing we \ave assumed abact o7 is thet
the line Re(cY =5 is M the ROC o X(s).

S~

~T(m4§, ‘COK f_lﬂz o 5%6\/\ ‘H/ud' _‘H«e l(‘v\e, Re CS]’;O’ 1

in the RoC o& XCSS/
O Xy

X (¢) = _zlﬂ g Xis)e> " s A
o §oo A

3 TM“S \S +"\€ CV\U&U‘S_e LC(E(CLCC +rﬂn§ ‘QOI‘M .

— T Fv«ac%—rce} we rare]y eValuate averge La‘o?acg
+V‘C(VlS'Q'U’\MS \AS“V\a \~\’\“S dQ-(‘-\‘V]"'h\cy] .

—Tuskerd, we use Fables, properties, and
~ Pactral  Lvuctions.

| LqF\cL(Q TTO\WS—DM“W\ PY"DPQT’{’;CS

——

[ inecri ‘\’y ;

\€

z
Loy, (F) (__i X (3), X, ) e Xo(5), and

a, and a5 are COV\S’\’cmf‘S} ‘H/\em

aox ()4 @ () E—F5 a X ls) a, % (5)

- with region o convergeace the  ROC of Xds)
tersecte] with the ©OC of X, 1S) .
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—3 Not Stable
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—We can Shabilize the <ystem F by aMmj a
Ceeond LTT systewa (o in a feedback connecdion

—we v\ call dhe new &y stemnm V.

- Fovr a Licgk—ovrder &y stemn \ikke F) 16 Sufficient

Yo wake G a puce \inear awp\ilie s

gy= Kew ,  ke®

Talkles Gais) = \4) a\l S,

— — - e~ . o g -

\

\

{

\

\ \
=

'XG’) “ \ = S H’)
\ ‘x
{ c
\ R
s-2
U Wrmey v £ S
<2 L
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“The hew system W s one veal pole ok ¢z 2-k,

-Ip K?Z) Then tnic pole i i the \elt hag

Plane qud
The SYstema  \X (¢ Stable

— Foy e\mmp&ej i & \(:3) Then

A
Ris)= o S
4
‘\/
EX Stabilizadien of a 2™/ ~order cause\ systew.
. b
—Suppote oy = Sra 4 2 bER
w5 —| F > y)

L
(s+jﬁ)(5"5ﬁ)

~1f gvo, then Fle) =

F &
P il %{—\ra
| L
~-If a<o, then [T ¢ real and Y3 (4 \r,z\)(g-\l'—'i‘)

«—%G“\\ = PAal Q.54

—J-a



= The Causa) S\/S'Yem F \$ U\Y\S‘\’q‘)\e i e{ﬂ\er case .

= As before, we wiy] add

4 seond T S{tem G w L
feed b,k Connecdion,

“let qu)- K0ty + Ky 0/t

Table: Gs) = K, + K,

A - — 4t
$24q e

H) = Foal) b T st a

| + Fs)als) |+ o (Kt kgs)
oneg
5
- SZ+@+bk|*b\<ZS
. b

_ - 2 s
T e blk,s + (o bk,) e

where o= 4
B = bz
Y: a+ Ek\
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— Rpplying the %\Lac\waﬁa Lormula 4 he densmi nactor—
To solve for the poles of M), we obtain

) - B - 4o Y —
PO\GQ- S-— —;;( i . — - ,%Fi%\ Pz'.qﬂa,

S= “%E Kz t%; \[E{-ﬁ”’ 4’(&4‘5\4\)\

—For Skability | Hhe poles wueh | ,ype rea) parts
that agce f\eaq"“f\/@.

— This s 3uarau\+e@c4 i£ s

bk, > O

Qnc) a+ bk, > 0O,

— we are dene with ClhgpXer 9.
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