CHAFTER &

Froblem 5.34
The system is represented m the linesrized form by

Ad(l) = ao et ) + b A i)
where
& o . E] . np _,
g = ml’r.f- izt Joe=in =0, by = ml:rfl ! i R Jozge—fn =1
The linesrized system and ifs mitial conditien are given by
At = 0Ax + _"A._fl:f:l = _";,flll. Aril) = xil) — (0] = 089—-1=-0.1
Froblem §.35
Far the second-order nonlinesr system
Bt = =Tt oo F) =01+ FUEaeie) + P50+ 1= Fleth wieh fit))
the linesrized sguation 15 given by

AFL)+ ay Ad) + aghx(l) = [l,."l.)':[l']+ by i)

where

AF(e(t), #00, FlEN ; .

= _Thl = 2aos( FIN | piri=raia=n = 2
dF (). 2), fieh)

Gy = —TL. = {1+ FiEM vz =0 = |

b= AFefth, #it i) =0
) afit)
GFCe(), #0000, Ft 2 X
by = ':[n:_':f+|]"r||]|,r”;=| fairi=o = '2-r':l'_| “Ill-|f|:r:|:|— J":".||J,|.':=| Jaltl=0 = =1

The initial conditions for the linearized system are
Arfl)=#{0) — el = L1 =L =01, AFD) = &) — iuf0) =01 -0=10.1
Hance we have the following linesnzed second-order system
AV + ZAR + A= =Af(t),  Ax(0)=01, Arg0)=101
The comesponding state space form is given by
i o .
o= [0 L)oo

wlti=11 “l[i::::] = Axt)

The learized system response due to A () = ¢~ can be obtained via the use of the Laplace mansform

{82 AN (&) — sAx(0) — AHDY) 4+ aAX (s — Ax(0))+ AX () = —AF(a)
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which leads o

1 0. ls+ 0.3 w430 La+ 03— 1 1.1 LIX:] 1
AN{s) = —- ¥ + s — = I N ._,_+ ) =—— - —
(o4 1} (s +2) ta+ 1) [+ 1178+ 2) s+l st 1) 8+ 2

The mverse Laplace transform impliss
Ar(ty= £ AX(a)) = (Lle™" — 08t — & }uit)
Froblem §.36
The nominal values for the state varizble oif) are obtained for the noniins] system input £ (¢) = | for the nominal
system initial conditions, that is, by solving the following differential equation
)+ 28,00 =2, «,0)=0, #(0)=1.1

Applving the Laplsce mansfonn we have

(" Xla) — s (0 — £ (03} + 2 aX, [8) — 2, (O)) = i

The complex domam schition is given by

I.la 42 (IR 1 .05

B = e T

s that in the tme domain we have
ety =005+ 1 — 006~ 120 = fu{t)= 1401
For the given second-order novlinear system
Bty = =B = (1= Fiaeit) + SO0+ 1= Fledt), #000, fith)
the linesrized eguation is given by

A+ ay Adf) + apAe(l]) = [ll_\.)':[l'] + b i)

whate
(), fith)
= — |'i'.|'-1 : i w= 2=t =2
UF{e(t), #H1), FiL))
iy = —TL. = {1 =JFiE Ml pri=pa =1 = 0
= HF et it o
) i)
AF(e(t), &t fir L)
bo= LI i) )+ 2PN = 006+ — 025 = boft)

1]

The linesrized second-order system is given by

A+ 2AR() = (006 +1 — 025 VA FfH)

219



with the inidzl condittons

Awfl) = #(0) — re (D) =D, Ar0] = £(0) — da(d) =1-1.1

Choosing the state space variables as o« (f) = Ax(l) and co(d) = As(t) wath fif)
we obtam the following state space form

B HE |- P

wy=n o1z
with=11 UI[J_;[,]

Froblem §.37
Fepresent first the pendulum equation as

iy = —”'l;"'I s (1] +%f-:.'| = F(O[1h F1)
The linesrized pendulum equation is given by
ADEY + o AR + ag AR} = b AT+ B A

= -1

= AJ(t) and w(t) = xi{t],

whare
dFR(1), Flth) AF(A), K1) gl gl
== ay=-————"——a i11=n =it = ——— o (g, i r5=0 == Ty
1) i 01 i = s i = . o (P om0 g o= i
s aFER i) i g AF(A), L
o= —H-r.'r =U, du= —I'i'_f[f:l Ej=0. [ =0 = ]
leading to

Aty — ""|I—-"'I_U".'[r:- = %_\f[r]

The initial condiions for the linesnzed system are given by

_"'.l'][rl: | = l':ll:l'l_| ol I'J||l:|'_|| =iy —lh =g, j.r;'llllll] = I'i‘l:ru] — I'ilu[ru:l = wip — I = wp

Froblem §.38
The lineanzed systamm iz given by

[II|| i [P IE]
Asll) = [areg aas oon | Axit)
|_":=| T2 ™33
with
(e} — sin (2 2)))
Az (1)

il =

oy (1 heeelfh — sin (g (020
theall]

Hyn =

_ -:Jl:n [F )|t} —Hi.III:J'| I I:I:I

AEail)
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(#1n o raal=in, 10 = Ealt] — coa (2L [T}]) | £10 200 r5a 1=i0,0,0p =0

| (e e | aylt) [#ia Foa,Faai=to i, 1] = a

Mg = |n... fau.Fae 1= 0,00] =0



B1 — draft)e—0t ;
= ; |10 Fou,aa 1=i0,1,0] = :|'1".'|“’_:'I'I|-.r.1

(1)

FmFan

|'l'|;|.—i|-r-_.ln'li""""| ool
gr = e e ey = — BT

Trail] . 2 e Ta 1=
A1 = Fea(1pe—=r00F) )
gy = T [(£1mFan dael=(0,0,03 = 0
&l
gt peaithrealf}) v v
oy = l:.”!#l'r-_,.l anaFan =id0, 11 = "'r“-""s[r-' 1 10, F e E i 1=
e (thes(fhealf}) " v
nen s Tl'-’:--l awoan =i, 1) = TNEREs e e e
(st heali}) g ;
0ag = —l-,-._‘_J 0 Fan =31,11 = il tharz(r) 1210 P Fip 1=l

Beall)

Hence, the linearizad system is given by

nooo0
A= {3 -3 0]Ax{t)

I o a

Problem §.39
For the given nonlinear system

FENIEITEN GBS r__.”l,-.l"ll
sl th = &y (fhain ( fll)) — sin (202

i) =smde(i)]

the linesrized system maTices are given by

A=l"" ] n:[ﬁ']. G=les eg], D=0

=idi,i8 = ]

0,18 = —3
o =1
o1, =4
o1, =10

= — gl ral T}

Waj gy by =
whare
AR ) 4 et =iy _Jfin CALfit I () et e =y o
BLLE EFNTH s T Brall) =
_ Al ()i [ fiE)) —sin (w210} L p 5 et hsan ( fl1}) — sin (2a0(2100 _
= By (1) =sin(f(t)). as= Frall)
AFTE) e 0] + gt =10 T iti
= I<J,|'Ir:- = [ {t)) — waitpe="1"
b = it -cnui{lj_-l'r::::l]—:-»ml:.r-;-l_l':ll_l = 2,(t) con (1))
L= —ll":m'”'“':f'l:l:' = ranJ'N:I':I:l- Ln = —”I'H" ':r"l'”-“ =1

ey (i) : dles(t)
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The state space lmearizad model, with the coefficients evalusted at the nomins] points #,,, ++, and f, is given by

|[get0] ez

s g—fa

l B ’“i“.i-_?..] — e [, )

Ay(t)

Aus(l) Afi)

Mgt
Adalt)

Problem 840
For the Volterma predator-prey mathematical modsl

) = —r (8] 4+ oot )

Ex(fhy = g2} — 2oL )r2it)

the linesrized sy:tem mamTices are given by

s ’::.'.: 1 ] . B= [g'] G=[a &} D=1
where
_HM—aith b ateslty _ a4 aithealt))
= e (1) = xaif) = eyl = #ll}
|'i'|.r=-[|']— .r:l:l':l.r_.ll':ll i} -:'[.-'_.-I:I:l—r||.l|r._.|.||:l | it
iy = ———— = '3 = ——— | =iy

day (1)

Arall)

The state space linearized model, with the coefficients evalusted at the nomunal podnts o, = 0 and xs, = 0 s

given by
AR 1) -1 0] [Aaxin
Aialt] 0 1| [Arald)
Problem 841

Introducing the following change of the varishles @, (1] = @81, rald) = G000, 2qit) = 0,000, 4010 = G, (1), we
obiain a svstem of four first-order differential equations

#i [} = ral?]

ﬂ{ e Lﬂ:r 31

Fqft] = —irlln'l— 0 7

Ty

#a(l) = r4ll]

iyt = ;—I'“r:(r;— tr;,[ﬂ— “f"“ £l + Fi1)
which can be put in the state space marix form as
(] 0 1 o 1} #ylf) 1]
Eqll) -+ =%+ 0 ;_,m] = [ 0y
il | o i ] 1 #aif) i /
|.1".|I|'I = 0 -F -Ze .r,mJ |_J—:1
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