E-E 509 TEST ONE
Adaptive Control Systems
BEN M CHEN

PROBLEM STATEMENT ( No. 4 On Page 137 )

When an identification or an adaptive control problem yields an error differ-

ential equation

e=-e+¢xp,

the adaptive law <2>=-exp was chosen in Chapter 3. This makes V(e,p)=(e*+¢?)/2 a

Lyapunov function since V>0 and {7=-e250. If the adaptive law is

o =-¢p-e Xp’
V(e,$) would still be a Lyapunov function with {,=_¢2_e2<0 assuring the uniform

asymptotic stability in the large of the origin in the (e,¢) space. Why then

is such an adaptive law not used?

Solution :  Since ¢(t)=§1p(t)-ap, the new adaptive law can then be rewritten as

Q>e

p(t) = - ﬁp(t) - e(® xp(t) + a.

where a is an unknown constant. Hence, the above adaptive law is physically

unrealizable and it is useless. Q.E.D.
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MID TERM EXAM

Problem #2

Are the following transfer functions PR?

(a)

(b)

(c)

(d)

(e)

- Y563 , — 0,229
5%+35° +55+1 13855 = |

(S+1]) (8+2) :

(S+3) (S+5)

s+25%+5+2 -2, 1}

S+3

S+4
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Are they SPR?

(£) 5°+5-2 —2z, | .
s s easun —3.2695 $-0.3¢52 0600
5°+45+2 Q23Q7t32\6d\é,
5”455 +105 +85 +5+6 _§oadsr, i g U\;Uzg , oWt}
Problem # 3

Assume the transfer functions Gl(S) and GZ(S) are PR.

following transfer functions are PR in general.

2.

3

G (S) = G (S) + G_(S)

G (S) = G (S) G (S)
m 1 2

G (S) = G (S) {1+G (S)]”1
£ 1 2

Repeat 1, 2, 3 assuming GI(S) and G2(S) are SPR.

Check whether the
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Beoblem 2 Ave +he ;Qof[aw/‘(»f ﬁmchcm,g PR? Ave they SPR?

) VS , Answer: PR, but net SPR.

Qea&ons%:m PR :
@Y is veal for veal §.

®@ Vs s analc(ﬁc i Re(e)>0 anodl the residue assscigted,

\/ to the ow\\KK d‘m-axf% pole =1 >0 .

® Refydm]:o for w=+o0.
Reason for met 8PR:

® W=1, but lim o coztae[ydw]:o}o.

) —'/5 y Answer: net PR , met SPR..

Reason Rrr‘ net PR :

® the ryesidue associated +o +the Joo- axis pole = -1 <ol

Reason for not SPR:

Because it ie net PR,

. S+ 3824+ 58+1  _  S$3+3%°+58+1 \ - B PR,

 Reasone _for PR. (it is obvicus to see g i not PR
\/ ® &) is veal owhenever < it veal.

® 8(&) s Cl)hd-%'h\Q m Re®)>0 ol has twe '&TmFle jw—ax:g lbo]eg

ok Sztj . the a&goc,toie& vesolltues awe .

P - e =Y s il T -
R"’J 27 £ 274 53 b RJ 1

® Re TgGjeT= o) (=30 +2) wWwith RAw)>o .
j%[we~%NL+QT = 6WLw*11=0 > w=0, wW=1
Re [§Go]=2 , Ref§GnI=0.

Hence , Re[§Gedl >0 . g Ts P.R.
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) 3CS)= (S-QE?;—CBS)'FZ) Answer: PR ., but not SPR.
s g + 3
' qu)ﬁ (Jco-H)(Jc&H-‘Z)
N Tos 4% _ (6-30™+3W) + lmag
a (z-w*) + j3w T (w*+ BWE+4)

/ V. Relgqul= 6/(0%4502+4) >0 = PR,

But Lo w=Re[§G]I=0 => met. S.PR

Jwi—=co

e S+4
@) 3= 35 e

Answer: PR. andd & PR,

Jw + 4 Joo + d

S = (joo +3) G0 +5) h (15— w2y + jsw

- 4mW* 4+ 60 2.
W +2340*+225 b

Re[gGw] >0 => P.R.

by o DR C3GedT=4 >0 => S.P.R.
*+8 —2

@ IO= FigerrseTz

=

QES(S\)]< o = et P.R.

= net SRR,

ReCg(0.5)I=—0.27027... <O => net PR, = net R.P.R,

o Avewer: not PR, net SRR,

: _ . 8% 445+ 2 .
SRR s e e ey Answert mot PR, net S.RR
; - A 2 + 33
/ Ch ‘k . ( ‘) =
= \T J J¥ro-10j-8+j+6
] ,
/ o 2+ 13
3— %
—1%8
= 4 Imag.
E !
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(Dméfem =

Assume +he ﬁm@]@/r ﬁmo;h‘en & (D andl GH-08) oame PR.

hec whether +he 706”0‘“;2? ‘[’7‘6101?7/3&1» fumctions ave PR. i \?Q—ﬂe‘ﬂsu{‘

1.  Gatei= @) + Galwd Answey : YES
@ G,q () is 7eal ch\ yeal g ‘OQGQ,L\SQ G, (> MOQ

G2 (s> ave yeal.

o3

® Re [Gaco] = Re (Gis)1+ Rel[@:®T >0 %r all Re(s) >0

because RelG (Y] >0, Re [G.tDT=0.

Z. Gy lady= 5,08 5:68) Answer : No

Ceunter Exam‘a(e :

G‘(33:G‘LC§),—:T§ which is showon n 2
v are P.R.

Gm C&):—é; Ras 'mult\‘;:\e Fo\e& ok 8&8=O.,

3. G =Gt 1+ Gzcw]" Answer = No
Let @Iz,c‘b):z‘ cohich s shown +o be PR.

G, =8 is olso PR, \ij C@m“ow:f 13.(.

, =t
fo—(%)f—s-[H— -é—]-‘= T
r = ._'OOZ = _wz ma
G‘F (juwd = - J T+ = 0 \T

Qe[ég(Jw)]<o ]@m» all w = net P.R.
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)@ejbeotf 2, S asswmr‘rl? Gi () and G.cs> are SPR.

1 Gals) = G (s + G (D Angwer‘: PR. (YESD and SPR.

P‘ree? 2 Acoov-&?QT'Fo Cit) in text on FQQQ €5 .

2 Qw () = GCH G208D Anawe;r\ : Not PR, not SPR in gevere]

Cowiter &Mg‘_e_,

. - 1 .

Re. t@s(jm).i = ﬁ >0 | [om ng/cwz+‘) =1 =G

lwisos

fou% , G (> and G20 are SPR..

.
a4 )

q o i
(l-(-rd‘ua)L T (-w?) +sz

Bt Guisd=

Gtm(jw) ==

CH—g?) = Jeud
¥ awz4-|

Re TEm(ju)] <O for w2 >1.

e Gf’ (= G, (=) [H—Glz(S)]ﬂ‘ A»nswér; Not PR, net SPR
Ceunter chumP(Q >
Gi(sH = 8}'2// Q=)= s+

‘rf\sﬁ are SPR as shewn in 2. awdd Cem!\cw\*j WRA .

—
G‘acss-—:‘ms}rz T+ 8417

pant
(s+2r
N e -
GegW) = ooy rjew
2
Re [Gp o ] = mféif%e B R L




Adaptive Control

MID-TERM EXAMINATION PART 3

Ben M Chen

Show that there is some thing wrong in the selections of A(s), C*(s) and D*(s)

in Equation 5.17 on page 194 in text.

Answer: In case of n being the upper bound of the order of plant (not the

order of the plant), the results in book are incorrect.

Recall the difinitions of
A(s) = the charactistic function of (sI-4)”, where 4 €R® V"D,

cs) L D(s)
= 1*(sI-A) [ and
A(s) A(s)

= 90+9}(s1—A)'11.

which imply that A(s), C(s) and D(s) are at most the orders of (n-1), (n-2)

and (n-1), respectively. From the selections in text, we know

AGs) = Zm(s) implies that Zm(s) is a monic polynormial of order (n-1).

Zp(s) = A(5)-C'(s) implies that Zp(s) must be a polynomial of order (n-1).

Rp(s) Rm(s)+ka*(s) implies that Rp(s) must be a polynomial of order n.

/

For the order of the plant is less than n, the results are wrong. L/ Q.E.D.




Adaptive Control

MID-TERM EXAMINATION PART 4

Ben M Chen

Under what condition, the adaptive parameters converge to true values for the

adaptive control problem with n'=1.

ANSWER: The result is given in Section 6.5.2. on pages 261-262 in text.
Following I will do some analysis, because this is a 10-point exam problem.
From the class notes as well as the text, we can easily obtain following equa-

tions:

et) = A et) + b & (t) ¢(t)

B(t) = - sgnk) w(®) b7 e(®

Then according to Theorem 2.17 in text, we know that [eT qST]=O is uniformly
asymptotically stable if, and only if, @ satisfies condition (2.33), which is

denoted by Q in Chapter 6. As it done in the text, we can rewrite w as

2n,T)
w=w +C e, where

*

' *T *T T
o =[1r 0y, o ]
Then by choosing the Lyapunov function as V=[¢"Pe+¢ $]/2, we can make e—0 as
. . . . . *
t—oo. Hence, this implies that weg(zn,u,r) if, and only if, E.Q(Zn’w,,r)
where t =t Since " corresponds to the controllable part of the state x |,
mn

parameter convergence follows, if, and only if, r has at least 2n spectral

lines, e.g., r must have at 2n different frequency components.

——
> 2 ™
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P?‘ob/em T: %}E wWeE) is a S‘fficfg proper ifr@ﬂS/%r ]Qumoﬁbn +hat 7S afj

Stable with ?n/;wf X a/noﬁ ewfr/a«,uf' U’ Show +haot
(@ > is unr}%rm\lj Bowndecl of xee is uny%m\lf Bossonalesl!,

k) ﬁm-—»o as t —>oco »5 A —=>0 ag t-=co-

) Y€ ovr € ha = 8(f)——>o as t —>oo .

t+ostice ()
rpttindly

AY\SOOQY“f (o) Asgmmzj Cc, A, BRD s minimol yvealizadcon ésv% W D.

Then fe\(w)& ‘ifhe joved Lewma 2.8 , twe hoawe

g | = O T Xs(t>]

'T?\,(,(S,) j AtY) 1 bWWOQQQQ) ﬁ(*t) e ‘c&ww*\o@eog”_

) Qe\fev‘ to the pmof in: Desor and Wy, Stctbihgg of

LT near Time - Tnvaxionl Sdg.'f"emgz TEEET“”’ Q!‘AC/NU 3

Se}:). 1268 , PP 245 — 250 -

(D ket %(t)::&“‘[wc%ﬂ:(ie%g el A gtakle
:sfo%l%ec)Roo. = heliNnkaNhkeo Y

New Xt —>0 as té%@ ‘XLGL,,M> \/

¥e>0 ., T Te(e)>0 such that for t>Tx@), |xw)|

Since  Reli Nl , ‘Por OW\CS 2 >0 , there exists T, (&)

such thet for t >Th(2D
J:O A At < &

ket £ > Ta®) + Tx (), t+hen
lyo|= ’j\:%(t—’w’)(vt)&'t '

< j: ] J?,(+»—ft‘)|-19gcv>| Lt

C@n‘h)

<e.
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/.2
T (b Ccont.)
iy, ¥
]8(‘t)]$ y L |%(t-'c>l l%cm]e@ft-&-j |4 -0 | Ao | L
& =T
In +the firs'b ?n'(“%?m‘ +he a»gwmen’t of 4 varies fmm Tw to t.
Tﬁerchr@, &mee ue Lo , the %amf fnfegfe\j qadccsjgceg
t-Thw
50 [Hut-Dl [ xojdr < & Xy
Th +he 8€C®1\OQ fn‘(’ﬁb"o\/‘ +he @8!&}"\9}\* (’f X varies &ﬁmh} .
t—Th >Tx to t, hence, over this mteval |K|<e el

the @*EODY\OQ in*:eﬁm\ &odc“s%ce%

j% | ht-o[ [ Xeo|dt < -4 R &»)
=Ty S [' e 5 = ( % -

Thus , we have shewn +hat t+>T(o0)+ To imF\lTQS

o] s & (At hu). \/

Ti\em?wv, we howe Pm*veog\ Qj(t)~—>o as t —> co . @EQ .

_Ge) 5=%®’X , 'P\C*Lsﬂl\«znlvoo
:jtg&,@ x ) dv

@ | Xe ey o

|y | = Sf | R -0 ke | L

< fm \ff{xcé)\oh <o° = e hoo!

® jz X€ a2, ?b‘(aw@, Halder’s in@%uczﬁitd

Y] < S;c | Rt - - [ xeo)| LT

< <§: | Rt -0 Qont)%i (_S:C | %o ]ch’tf)yz <co P fehe.

(’R) be een%inuecg)
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1. () (cont.)

Lemma 1: sz xelo; , +then 561\4 /
J?_w_c:?_; S:C\KCt)l L < gjgj ]-K_(‘(‘—-”C)\"ULCT)ICQTJDQT

< y:o fuco| AZTEy:OW\(’vU it )

= H.ﬁ"c[ucﬁi&t: M <o = {f%k;.

Lemmc\ 2_'_ ')(G:LF ,  then \\5 eL’P /

Precb:  Consider V< p<oe; we howe
| $w 55 l%ct—t)]y‘f [XCO- |t -0 | e
W—\wa
X€lp tplies thot +he Pirst factor iz hp Thy lemmei 11,
ondd the second is in L/%; HQNCP; ‘(iﬁ Halder fhe,%.uﬁka

o< [y\hfvfc)_ﬂxm["oh]l’ff[j’l%(t»r)}&r]yg

MD{@ that +he last %W IS YDW%DQQQQ \p\‘j %N‘\/g- Tak

7

LVF Toreng ng bot+h sides |
' s 1l sKo¥ SRt xcol PdeTdeg P
S ’F\z\% hZ\F‘“u“F — fim -l LLHF <o = \L{XL,f

OJ\\er we used oao@v\ hemma 1 . Q(m\

T\)GUJ) \Lg s the MFM o%l LTt Sﬁishemw \5 exiatsy

o\MoL \LS S continusus .« H,ehce

£ d

‘Eﬂ)ﬁ@:{'{f\er\ w it+h

the vesults we oEi-eCu\eeQ a/‘OMQ, we ahew

\\g ) —>© @S e ¥ - T
\ R
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11. (a) In Lemma 2.8, if A is an asymptotically stable matrix, show that us ~ ||z||,.

(b) If W(s) is an asymptotically stable transfer function with all its zeros in €™, show
that the input and the output grow at the same rate.

(c) Give a simple example to show that (b) is violated if at least one zero of W(s) lies
in the open right half plane.

Answer: (@ First, we note that beth Lemma 2.6 ond Lemma 248
ave pyoven im the | text. Thus , We cam use these

Yesults without om\\j problem .
© A i stable . fvem the pwofe m% lemma 2.6 , we hoave

ne& x| < v sup lucol+ ¢, = NX®I= O [usko)]

= f%xeOle =0 Tusd ]

@ '?T!B“Y‘\ L{e,mmo\ 2.8, we howe M
J

e (0 = OUIxON ]

HQY\CQ , Usg “{XHS Ej OQE'PF\M‘Y\"OYI. @E:D

(b) UU@ asmwme WE) 18 ‘Eﬁ‘édg me;»e*r; ( %jz it T not praper.
one srmxb(e eswnter eK&mP\.O guch as W) = S|

i 2
W= E)’tL@ H:(Z’t +\>e‘tl not +he same yute, :,E(f Z.t

is Nowm— stric propesr , yeault follows  proved Co:w[(otis 2-‘3)
. P Pe) 1 )
et ~ i 2 T ™ B omd e €

oohere By - o0 = 2CsD ol P ond e Pove the game c&%we‘

P> 1§ W = P®
2 B &1

\\j'-:—toCs)u::

R
U 52t W

Follows +he Fme»@"‘ off Gid on Poge Bl , we hoye

e = QT W) ] J

(‘tn e cewt ~)
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2. k) (cont.)
Since pes> /@((5) e 5{3 yelative &@ee zevo owol PC%) MQ
%lc&) are Hurwitz ‘g}*&em ‘eﬁ"ro\\cx,ﬁ 2:5 . 1t ?oll@w% +hat

Ws = O LY®7 .
Hence ) Ue = O @] . On the other \\cx\wcﬁ, W D)

s stable , j?rom lemma R.6, we howe ’\T&),—: Tus(t)]

= gS:QEus(ﬂ"j , Hence , Us~Ys LED.

() Ceounter gxmﬂF[E : O\eg/ A/V\W@K

s—1 t
= = d [Ce Y= ——
W) G ety 0 2T € % Sl

1 . |
(8+1) (a+2) — &8+1 ~ Ss+2

Qj(sv = WE)Us)=

= \jct):e"t;-e“f“ —>0 as t -—>oo.

( ()JQ asawme +hod OLL( +he mwittal conolitions ave

e nte ecu&j zevo . )
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3.

Ah swex s

% Ac@?oﬁ‘ue' Centrol

9. In the system shown in Fig. 3.12, determine rules for adjusting the parameters k; and k
so that the output error e, tends to zero.

—— Ym

s2+s+1 me%)

r — e,

Figure 3.12 Adaptive control using state
feedback.

Wmes) ag Pollew :

Firet , we wvealize

,

7
O |
:[_) . B b Y

y 3 o

Andl then realize the Plcw\t oy 3
_ [ 0 G %) ) . ,
) (o | (xz)*(r Wt g
? e e A
Ap BP

Y= Gl ‘?lx) {XP A= o

0]
)xmﬂr 1 L1 o T %

v~—
,KT

%

O

Eyr &1 ')(‘>

N —

%T

O’@ course , Tt is eq&j ‘o \}er?g& *H\qf theve exists

k™= Ck* such thot Am=Ap + BpK™

el

*
For +his gstem, we caen assume. the structuye e‘P +the

F‘cm‘t = chr\emn, 88\ BFIBM, ek ev\t)w /Asso 1R ngsner

De{)me S YYO~ =

S

S

e

2

= 8o = BT (% —Xp)

{XM'{XF 5 Qﬁ—"ﬁTQ

® /n +his s\tf&tem with this stvucture ,

we are mneft able to Lo

odnd'-!—hhg f]p we Lo not -fave =uch aggwmfaﬁ‘on.
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3 (cont.)

é= (Xm“(k‘; C Km T8 &""W“>
= Am Xm Tt Rm ¥ — (AF"” BmKC‘t))’XP"BmY
= Am € + (A“‘“AP)'XF = Bm K Xp
= Am®€e + [BmK*’_BmK(t)] (XF
= Ame t+ Bun [ K'—K®] %p
e B 0 Bm & Xp whevre C{)%K‘“K*

CF\DO&Q %OVPGY\OU ‘%M\CA’CQV\ as

i 5]
V=1L Tepe + tr§oTd3 1>0 P:['S ;i

>Q
0.5 1.0

V=~1(épetepe]+tr§¢ ¢7

b=K = Bm Pe X7

ARPFPA=T > = —L e+ i PR —tr X P BAPES
=-4 e +trfoTpI-trieTRAPE XS §
= —fee+ tr§eTd-BLPeN] ]

J§ e cheose the odaptive law

(g; ‘Ez> == [0\5‘%4‘92]‘ (x: %x2) ,

Jd\;oﬁt = V(o) — V(o) <co = e eha
(]

')(F-:’Xm—Q Cho = €&ho = =0 as

Hence p e,=HK'e — 0 as t-—co. S

Since, we use ctate ]QeecQ\oac%) we must Bnew /XF, 80 I8 €.

= _ZL,- [eTA?n Pe — (Xs;rqDTB:\ pe+ QTPAMQ = QTPBMCD%‘;] -+ W%(DT Cf)}

db=copzmmen /)

t=cc
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4.1.
4 1. (a) If in error model 1, with the error equation ¢”u = e, the adaptive law is modified as
¢ = —Teu r=r">o
show that (i) if u € L, then ¢ € £, and (ii) if, in addition, & € £, then
lim; e €1(t) = 0.
(b) If in (a), u is not bounded, give an example to show that e(¢) does not tend to zero
as t — oo.
Answer: (@) Since M=[7">0O implies ¥ X+O
TpTE = (PR > Q.
TR = (X I
. - =i — =t
This 'mPlte& that P T>0 . ( f =1 Cdgb).
CBoO%Q Lﬁa})wnou ]Dumc{‘(oﬂ
Aedl

%
Acga'pfl‘ue ontrel % Ben M. Chen

Y = Eal q) >0 ) TE&LGL\/(\,LS o beun

V=>9Tr e+ TP
= —We PTe- &M rey /
= =28 =0 |

Hence, we howe_pelhe. and ‘\f nel oo
:—>' Q GL,e.o. OW\GQ q.>='”r1€\u€ by

S0 ax = -2 Tettrdtt = vieor V(o) < oo
o Q 7

¢

L gredlog /
L Ueleo, €=¢ U+ PTUE Lo
J |
€ & L20keo > é| €l oo \“mF‘?es e,—>0 as }>ce

<ACCOYA<‘T to +the well- 21“6001'\ Bar%alod:’s LQmmo/g)

/
/

V4

\
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4 (L) A Cower SKQM\P[Q
et , U ondl § be scalars | oncl ot =1, we hd
Choose UM as follew :
, .
1 nst < N+ e
UEE) = |
0 Nt st < n+l
‘fow* adl positive integers N. Then UE ko, but fuf,
uce} T i b ni s o a2
P A0 i ;
1 2 3 4 5 t

Acswme the mitiel eondlition P@IX=1, to= 2, Thus

O Por Qg t < 2.25 , we howe
¢=—0¢
— (-2 : -t 2 -t
Pey=e L es g O = BENS £-8
- 0.256 ;
® For 2255t < 3, we hawe P(zmd)=1¢
J
=0 = o®>=€"" = ew=0
L
X<k <3+.5i2_ , We have b= =
s e . (-3
P =e " 67 = =078 .
1 -5 + &
= @(5*”#):@‘(*"””3‘5):63 “ 5) <
Con-k?vxu&j on t+he same oe,cjwmem, we hawve
-2 -4 j
e (n+ )= e-e =T </

Anoq we 'g‘naw +heot

O
LB 2 5 ";‘T 2 m<2. Hence, we
=1

v

howe

Krm Q,(n+-n%)= Q‘*m>o = L A>0 as t —

Nn->00
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2. In error model 3, the errors e; and ¢ are related by the differential equation é; = —ae, +¢Tu
5 . where o > 0. If the adaptive law is modified as

o = -Teu r=rT">o0

show that (i) if u € £°°, then ¢ € L™, and lim;_ e(¢) = 0.

Avswer: As it is cshown in Problem 4. [F'="T 50

=

C‘\OD&Q V= e%'f“ CbTP" o - 51 b B MOQ&GIQ@ wn beunde

V=208 +20'd

=2 [—xe+P'uUl—2u"e, P

the large = (pekm

Al 2o oy

Hence , Ce Cb_JT’-: ?%\ !
and O E hoo: Censider %ai\/

\S%O v e = "Zdjweuz&/t = /o)~ V(o) < oo

;) ©

i el = L/Z \_J/f/ <

B =—-k +dTU € bo.
CieheNlc |, ©,€)1 0 => ©—>0 as t-—>o0 .\~

(Once CGCL&“, @e use [%Otr‘oculq‘t/g LemmC\). )

e —

\_ﬂ__,,,/f/

™
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§ Aagalpﬁve @erzfrof

5. In Problem 1, if u is the output of an LTI system, which is unstable, how would you modify
the adaptive law? Determine the nature of e, in this case.

R e U :
¢ I+ UTw \/

CQ)F\TQF\ s mm’g\m {%r @n\\g WU Since , e OQEY\"f‘ trust
cc\nj vyeswlt in +the text and \Oeo&. Fﬁl(cwm we will

ve- do the ou\dics&fs-

Answer: I weald Lifle to choose =1 ounoQ mo&»)% +he ao(bff“/@ Jows as -

The gw(tjndc 910 an unstable LTI &Q&Sstem could be bounded,

Q‘J' ‘the rnrwt to +he zﬁﬂ@em o nitial values ore zevo.

Rut, +hizs is net the case we axe mtevestedl . Witheud

loss QF Ggﬂew‘,@,ﬁ, we assume that W is Lt‘n‘a&wnc&,g&.

Ancl M s well /anewn that

b o
—to) AlLE-T
UCE) = ce T x4 C ; e B o LT

where |, (C, A, B) ave the unstable LTI &ngfem, Hence,

UH*) € P.c.To,00)

Choose V=" >0
. . Qe dU -20¢

V=20 = -2 o5 T Traw SO

Hence, behe

J\D:/&-t = mgy <J"Tl‘ﬁ:lf) At = V() —V(O) <oo

-
I++UTih

= /é(t)ré: el . or Q«—/&C‘t)f FUT U

EL—/z \/
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6.2
6 (cont.) And then
R B U . o
P Tmm  Taww T ®he /
el =51
) - =) $-
<f>~— U ) u’ & "
RSN T = d ehe
Elco Choa Eloso
Q — ___._Ig____,,_\q)
Viu NETRTUY = pAwe ko
Colos Cleas
Now , iF o nk =00l we hae
A ) e
S R = ' ]
o [ o T
= 6, drutu —exel5 (1+ u*’u)m?zwit
G+ ufw)
(+ U0 (TR P Ty — e W
Cr+ uTu)™
NP SO TN ¢ W SR T - N
Jr+utu JHuw o iruma Jruta Ut
€loo Elns < choo S5O oo Sk oo

= é(t) & oo W\& /&C&) el Nhee :\;’ /J)(t) —>0 ag

Recall 3 el v @
% -
B 3 4
elzﬁ(f7‘m \ \[ REONY
M\%\w
k%\““'“w-«__., ﬂﬂﬂﬂﬂ L
% c’le?m‘rt(on we hano., 0+ i T

ey = ol i | \/ | ®.E.D.

T
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7-1
: BR15)
Pm‘a[em s et S(’c)z L& ]) wshere fﬂt) e PE. and fz(t)e By
S+ 5t
Determinge vhether jﬁ) s PE. or rot.: (Proue ).
DFS—PTOO% Consider the exoum]b!e 8&;@*\ on page 248 — 24G
bet  fito = sint | Re (0> =% cos(0) = 05> 0
= 5‘ t> s P.E.
-t
Let Jez.(f)r: L J fz = LQ, (AQMQ&S ‘:F“QL"F , PETI, 0ol

Then " sint ]
= =
S( L Sint+ € t)

Consider the projection ejl W) er:j the ivection

W= C“%Z—" %]T Then , we bhawve
Az -t
JtH-w =£e

Hence

++To E
‘ 2

m(e )
‘%}“\T§>O.

Hence ) 8(‘%) ean not Sct:ﬁ:?s?s conlitcon (6.?) A

Nz -To . -t
E—_ﬁ;[]—e ]e — O

(?(t) & wnet PE.

M x \L&‘WLJ dwuwu Qx\§
mdkbkﬁf ‘3Mvu>’x “?E HM&W\ ™

as T —=>co

éﬁQM’“Q CS o g RE



