The chudy of beta dic Sbions (existenca arndd S

old. pesf-lovm L:;'l?.o pess 8, TRere are "oy

most gf e rorulls dealiva, Wit ShbiAE o u -

(swall pasametaes)) or wie the ompilie, e are iwlresadl

e | dprabioi,
e protolipe @n be e shabitihy of T Llorafron

L, in the Codas vestn: ched three by frrob\um

> aly
, \"\
@ —@— —
4 it
: 1 The
Tﬁe_ b{tvwouuno bave Wassen A-M amd Al \Ae‘l"zl



sl

omd. @m be Sowed. . For ef.vu.mik‘l_ m\‘ﬂ&\-a_ A f\'-'ﬂok*‘e'\-ﬂ-

m&&mé_ anal_ ‘f""ﬁ“‘de""t Londibuna,

«
O< N m
=< Py 'i(i“}r> < ¢ >
e e*aﬂ—v\\mﬁm Lo on ;VV\Q%LME_
oxwy (u<py) s Fhaw collide (p=p) =47
omnde Hhan cazk oub o\fJ_F-}«(,\,,_( QxS (\*>V'4>-
FoWi  noniwsas G&EQ&%‘ Howe oxist Two b s
onnd- M%

O< o <Pa<fiu ohich cam be covnfpiriid.

L’-i e shable (i Hae L\JQ,PW M&) l\_l_ o~ U‘v\%&

O<ll\:$ 1&4_ aval \LC# H:.l‘*b.

The wonwlivaay OM%&D Us- dolicife omd Hha prmed WA
obtoinad ot KAM Fhasty o aumilable. ($ee LHAO

TG puspose of i cnuse v b
com b wiefunl fo shudy more. gunedal e - Dreal S ER
probloms | j‘_aj_aﬂ_ﬂa_'l wowld Uve. To

M? [y dooln ek

o Spacial oty bevodic SysTims wn i, one dag L
of foendom. ThRak VS
Ho=H (baP) q.ps®R, H (b+a-ﬁﬁ»‘?7=‘“‘““f%>!’>
CLs S N
(**j 3= 'E\: ’ ’Bgl_



TEo Ugalim amn be iwmaried M the lorgar Jondly (6)
by iRlodun civg e AR Al

-t PaH 9—-?((1_,@,‘:,?)'4 H(@;q»@*’?'
TRyl e s v e ek S
omgalod oAbl (QGT"R/%?—)'

venru - \-_\)‘W U‘*)-
4.4 The pendusm iﬁ RCWPAALS .Qn.v\ﬁ*\'ex..

W

Gongidor +he -utwmh




—y siub&\-a- {{w —&\om\w\, D=0 JEW el paca

#nm—, )4, 2. vonry
wice (AW)=as 2 b 13) 6 gl s
(3o Hha ook \:AM) e are

freal problom  with

ae ClT) , wma®)>0.
oo hosdhe S8 i ety Foneums (9=°)

(LVLP) 5 + &\b)é =0

&

. w*&ﬂ&*“be‘%

Q"g’“’\ &Mhﬁ“"w
e T it st

% ﬁ"“’& b | %mm%\gﬁ.\w

S,\,,e_w&i

wal s 3

Sk A= PBPTH TR g st é%ki?\)
oS -

RLe) = (m% w—sﬁ') ) oe =L



ﬁ_=(;i>, P"= (; 2)/ "‘P+ / "rp_..
Neote, 40k thore ae madnudeo  wikeh  ofe conpuarle
w B 6L URQ') buk wot in »S'P (RQ>,
Rie]w RE-E] vSp [RY), T#OT
) D\ om s kRQ
Reed ~ REDD )@mp et
ra.f)é (P__ W SF (@) bk L =

W o wolr shie tRe Jo@derivefien, of e
M be +he W&Jow\émm&x v{? U..\/LP>,

doe 9 = 0. Lek

+han

G0 it Gnautly sobla &} and odyif M RIE] i Sp (R
S some &

B:0 a0 shkble (Lé"‘b“mv'ﬁ ovnd. 6\«\%\\,@ MNR[&] oY
Mg}v (P__ ' S\% (@2>

Ty sl o L’-t ; e Kwaolvied Stab
bk thae afe wuens WPoce e Untovvad e_?g.w s
omd. Yhe eof\.vl.&',\oﬂum o stabla. A

Exerzige. 4.1 Explorw vrea_'l—&v. Jreal]l verunll v» & c—ow&za\u@uu
ff Hhe won - Yeal «esullk, .

.le;\a_{ iAo iﬁ‘%




Cong Qg e ,g%mﬂx_ﬁ-,v
00 T
xE= b ) J o pwdi<k
ohate F. va - \:en S 1\"% }rm\rei W [02,3 -I-Ml\g.

Ta]ao < &4

bao T perisdic ohShown. ASBE

Yoo Hore ode o weeh
Hak Thor axob -e.-qn.c.\'ed

wowr Yoot &) fan beom. cdhatemn S0
oo, then it

Mmm,-\-&a‘e sashts a. wawleed” 6; , 4 <« <«
4 »*>
Tnich com, be compwlid, duh tak 4 {-
TSPO<G‘*

Rt A s ehalle. TRe ander G e

it opivall ound AY wary Ll iwpoved. by }RM%,C[»\M,

L [2CL7] atthongle e wﬁgmﬁm s ok KT
T coagk to The penews



e

vas-i&u AU {S‘Aa.—b\m

X4 poinx =) B
2N
ks F»o ondl i:eC(TD w0

I_\a\.oweQQmMM—t—%m_&w‘r ok oot TRve ST
Ppermedic Goldws-  (newialvoal gdwﬁu}mw‘v&xﬁa)

o, &m Drrat AL b's,

stoble (2 \:03_.0 | Moreovey Hha rwbed —i— s Shaspe.
((fe2 CMZD."TEL fedmmigueo w.'ﬁ»wﬁ‘o prove. oy reanlh
werauw\n.f:)ﬁﬂ.mi\o\o. ‘rﬁn‘a?\m bagn, alaiads wnede oy
Q.@\M,"\'—./\ﬁw\% T o peeptivdb TJ\@-WWW

h\a—mm%w e oowide ok Gt T ceadivest
 Tnshead < Bowve. Jrreqored

ok bthe ‘.m\—g 1z oo WA
o Yoy probla Aida i eafLl Jo tprove 0 crpofye-
N INE m%—lpeju



2. Deknihon g:ff g\.mlm&%_

Let cbt(z) be + é\.&ﬂ omocicdio. Fo The HamuBomian Wzm. () .

FMMEQQ"“&’-MCE\%) AN izl o on wakiwaal Ln(\n—rn)

i.n’(g.rvz:vq IZ'

ek 2*6_(1 be. a.&(«xcﬂl M ondl assume that Ct)’c\%*) 'S weQQ_le-
pr V>0 T, sty S collad shable (in ¥he LWM\(M&B L
pucdn, Hrnt B (2) is el dofaved JO

3 >0 Haoe axwbs 8?0

oan Q_-: (TR?-\ &O})xﬁ: Ot~

oty s ML T

]"‘\ = L) \ - .
(,afi\’) 2 ‘F ‘qf\ - o&k - e o
Qpuyr : the oo WA "jp o )
g.e,an)b am.\m\'fpuqa C‘D"‘-‘i"'m
L ool XIS H’ we-



Tl Lo Ususing serside wanes Hos
ndea, vasle  reen §2.

Exemise Assunme thak F: O cRé, RY s Snmooth and LA

o &= Fla) it el

D, () awdd P I6) e
berods T, amd T Tn

\-»EAADOLA'L Jebdiova
ad LT
Tw
¢ R
L (v) 1S rolb ows foanfo
CP“ o) — CP(O),

Dpcn o2 WA ENPASNICHE re Ry 4l

%)
%)
y



AMe afe ‘o Yo : s v o N
Lood qgo\l_»oww% dofiniton i a chosed et ¥ CLL is

o s Hew @ (2)eU

ot ngasd AT = F(8) sude ¥k

>0

'eLb‘fC\A.\M.>} vH ("‘-‘-) y=O \5‘0’(

-Iég—/\is a Aoded o b (wob aMQ-ﬁ\'-U“
wAhnare C=H\‘6“

M%efv\d. o Qanel {H::C.}

)wo.3d.m /
‘ v\%'\Aﬁ-('f'e\-L-

Y. 5

WM,

ox \n B L S{‘m\h‘&% T weosSt (ant?2 lwthn e ows cmlwc;alﬂ-lmub‘
Hovre o .o)cc,q.s»&o\,\p_g. (BN (1o e A\‘T‘“’“‘*"")

F Ao v Yoo \{n’*‘ef\i.

Iwn the doded
Yok VH(20)FO0 oA

H
%%; k%*)ﬁéo,



44

2= {@‘.,\QGQ/ chh\’-’)':"'/ ‘\’z.‘—‘\’:}ﬂu
s @ Sddae  conaied W T erorg Qoo . Moveover Tha

° ___(a__i
Jhow 4s romsversal. Yo 2 at F ( po= ‘bor?_>
i

'-2-# .

el
mw\&indam\/\-i&w{“ﬂ"'a 1

.Iv\, . MQ,._SE,_A_ Z‘\CZ ﬁ 2*
e, exists T=T(z)>0 s, that 43_{;‘%)\2)6
T A .
] oo T o wnth 1:\%,0: [, >© oo
<TiS a9 o W ‘ - WW
Exemle - %%m e, T el
- >

P e

=

p)
/J




1z

AW, s e St wap- . Z,—2 ,@\%:431:@(2) amd 45 Tw
ok Hhak P as sgefledhe  thak TS

w (d"P);g ;@“P)z VL) =“)(5,YL> il =€ 2y ézVLé 2 h—)

&3\ hon —W‘tﬂa

£ Ry T- (‘{%)
ol )= <5, Ty >/ Sg€Ry T A e

J_auvu{. P—LMW
W\ &u—f&o«_ﬂ_ ANE LA \\M q

T il i FJ.*-‘\/
o= constanb = ": ok h= LE(‘.M,P{) Jeom H (4 p03

% o Pu 5 \%""D dﬂ&;m a dhwpwd,gim

=CWWWW"T\%@= P e R
beloom, 2 amd Rz, e o Koo P bo W

= o @OZ
Z >
-
SR P4
%1 — /%/ %

P LR oW
/P:@CQ >R is om m_w' 5_
D wito 83::5 (D) mitk a Jixed B ok T (2.

_‘T*’ (dﬂ«/\dk«): (,)\Z—



13




T the Spacial care of e hediodic sty of one el
of Feeadom o ro gwsb stulitly in W Lyaguner™ Jend..
Fov wote ditady we tedar o [MZ | amd MR, dee

oo wWwW, Ux.caf. es/N{'of\'E%O.- / PDFs/ n\w‘;d&

—_ ::.'(-2_\{7
=0 __9_H_ i’ \(A(t)_ o ) 8
=9 Y TTen Q\)—at*'qo/ez(b):b+ L
/Uje. M g‘:



15
8o closed orbb As isw‘aﬁ;@ﬁﬂa_ bable

H=O<;>("1:f2.-_-_

Let ws plove thak 8 s Wuw%whto\e .
= 20
e tewe ¥, = Av e, (L=4-2, Mo
om %Lr%aa‘w 4

+Rer
61 :—?ﬁ- = -—1—"\32('\1-E_>(5+?i-> }
<.
034
2-:-(3——‘:\- = 4 v 428" (__14—2,)2'
¥y

o dotws ¢ = A+ &, 0= A- €,

m&\somwfé‘&:\,w

3
- e ok
s e o)



A

° SH‘MZJQ“‘L poinila d; WW{WA% wap S

’3._/[./\Je\+,(st mﬁi%mﬁm«,c& &SM\«FX-&&.M. Let
ol D, b opan 4T o RT it

B DD, 2=hrI»
a-a-omw're\mw\, Q\Mﬂav\a’ %&KQ‘Q-W 2_#6%/ 'ﬁ_(}*):&*.
/\O-Q\JG%M Z*M-ow-’el. [lh%&W)A&WM&W

W /u'(l*>+e~.ue. oxnbS  Gmsthaer \AW '\j-—'\j.b;; st

2ot Z Wz
(W
TRe wolho Gt ‘xﬂ_n?gj:.o.f QW’;KE v olbraned @\Siu replating w> O
\03 ne 4

PROSETOR [T o 'R”VMVQ‘;SM k\): D— A\ ‘ce'b"ey:\' l
S o- ~ ]
o ooy s welll At
ato o R wirt VEdasle: T BT g ek iy

w S
c‘\'\.\jO\N*L f\}\—%Q/‘A' g-\a\f* M W“

Nexb e fresenk o et el
Roposition 3.4 The Jolkeowins SEpmerdn o SR
(4) 2 M?Mﬂ e o Lo hpuyaw%}

Z.

valonk ¢




1
(ii.)'r‘fla.«. exwlb  a sequewce {’b{n} °\°?°’l"°’"’°"""t bowadid ahe Sohin

Joing

U, C U, W€D, Q’u,\_: 27 o

A, )e Un Ereop Bl U]

/‘?fggi. (i) => (4) The cowmpodde sfo
My conwrerse b SLP}
ooy - Gurem, U e cam Jie 7
-Qﬂ.—l'%t__ &woua,oa. Jo Hhak /u—n.c n .
Thow we aeloct ’\3—=T‘Ln-

e fnd Vo |

U 'B‘:LL'S') (s open, entans 2, omd Nt o |
Moz nz0 mww /\AW %CVL&MM
A, <0, et A (UNC U . We eom

0 o .
¥ DW———){E*}, Dn,+a.c‘ U, - |
b P— By 1 orea el WE-
z 2. Avea \ne/uuu‘\mgmwps TR wap
= % (8)) = p(B)
il
}L ( ) ‘_S_‘_&L L_e)omw Al SuUAT

Lo ek, Bk seb BB RS

n ¥ plane ()

gw‘.{\ﬂ.ﬂ. Lo NCWW Q\(l):A; v

Ae szz ) IM A\.T'— A,

Execide 3.2 Prove ok He  ron-ineas wap- 'BL(Z')=R[9+F\E\2]E

- ——

() A nosve veshidiee ndhn appears i Bok e arc vepllaed
e 1 alonans mwaziwmbl @t (ee [OUT).

o




45
*-e "! ‘ O . - e
U\J-l M (= g g™ m ‘U'&’}u \J\Jué V%—q/?; Dlw Ubhb'ea a"‘ "'5’

5 L i Ho
Let X Ry RPoR, XX [x) be a C ' veder fold

dio;Y:o. «
Lek b,.:)m,_—&-eu u%@r x = X (&), xlo) =% N
QR e wap 'eu ¥>-—- K(tx)As ow ofea — kn-%e{omv%

TRas s o wwﬂm 'H'\\?'
Pluism belireom approjriste conains . PN

s e wne
Hemrane - Tn parzadac ¥re S

. For fixed

Liowrilhe

X‘ Jv H . .O\N\b W\"
M& —]\J\MUWV\% v t

ks . e w o “‘&MF\U‘\

a.o)af %(K}%K

Wmv\f}g{ﬂcﬂﬁ-@%

Le)bﬂhem%'n ~TOan \%m,c}ﬂ £> 0O



19
be; (ﬂ) % <L lo e2aumne Cb‘,(SLj conlBna o allor ﬁ-n.a.u_

o+,
iE\}.E A< b 719/)4J~/QJ‘3 %aows%zb iv\_vwwsa_m }w?\m
| VAN, Qi .|V\A4|’\Q(_Q4Q iwfa\Mw

i

Gt L)

| = C. *—‘e\b"\. =

c‘\"e\u\u"\/\-&

£ Ay Sk
/l'j(bo Ij%( W Lg_am“-m,;\ﬁa_wsw\okxoﬁﬂlw

a7 But




33 Lyspuwr Judiows avel fosh gl

Lee VD >R be a w“ﬁ,mw aaﬂf—ﬂ}a&“}
V(2) so i 2D =], Vl2,)=o0. |

R VWQLWW 14

\/\ﬂ\a))é Vig) o eoihh 26wtk b ) e . e
Exemide 3H  Move +Hhok e axolmmee F N
e+ Oty of = e

e e s s10g LT T
Forst il - e

/pro\w&‘s%m 3.4 AS sum—2_ ” cj N
—l'anw\, 4Hoce. exwiln & v\,van-i
o \V KED—: Vi) l\]ﬁ =c W.

MJ—O’Y\.F/V\"\
%WM"W@"B—-D { £,

J%\j (x)dx = j%\/ CAPYESS

Not, ok J \/=j°°1_—vkb>obt, MJ V"a‘:jj:vocb(")d*
W 0 .

(W) = U we dedinee e

w9 e ULxe W VDo ]) = o L{xe sV (R 69)>4T)



24

O ?)- %%w\y.ﬂa connedhid, dowaumn

O S"‘MT*Q‘a convacked, domoan
Bak O e ebterwed Ly g i

/_C.\Q_é’TRZ (40in is & con degqutnil

W) =>f)_cw
UL) l\-J» S)—CUD)

e olen 61 0O Not +het
N e mop P ).

B alumgs acists, Guem <= i, ©C B

G{ Remann’ S
Eyetle 3-9 Brove +rak
rove ok ()= B

2, w chable  amet 2k

Asgume_ Aok
bt med e o= Yo
M, m D, (N W= L2et (Un)=

U, e & S D

vk .
dave +he onnadad, e 31* ,\?— i .
wv a\ﬁ/?‘c M NS S

U U —//]/[\,n, e oloéuwe.-l‘e@h
oj N - _,\_]: 4o ‘\J‘msd,mr%- sense  (Tawa

. Mgeeordd TV W UC D, and Q\_)SL%"&'

o sagMDwee a”dis\c..s oM

— 42
e ok M

c Yo opem dasws oo



Iw oy Cade = (?’0@):’3’\?;_ T Sova b ooks a\-aﬂ—l-vyau-%%,‘a,
o\-aﬁ-s—?/\e ‘an-w?_ +0e -loo\/wibv-a a\-{ a &m{ﬂ%wnyﬂl_& oo

oved.
collod o oatve’ AT L oo é—ummhoo(m, Mmalr\awﬁb
. | ) \"ﬁ\lg\g_ i‘( ard
w&mm%@”&t:agxe& wwsé a'é—
Pt ol o ves
wqﬁﬂ_ e oL

ot Lot wanal

/\f ‘®tow MOMM‘U-A- ba
—Hamdd.l COM\Y\A.M n [_Hj o, RBXA
ook 7 ondves e wen ,(J,W;.UL,OL GBS

(;»—w.\d,o - c,;roﬁo)_



23

We veeadl Heok S\D (R’-) M ewmpoded ba_HAw&\».luA-
Ac TQZ“ éaﬁ\g:{,@",v‘a det A =4,

Tﬁsa vequreramlc Livnaad waps pressin 04
TRe Lie growp s‘:(ﬁlz) Jan o wdl mouwn

fopulocn ol deScarpisn

Sp (R*) S opew selick Forus.

: * W» W .M%W
TT)MMSM%&&MMMWW A

~ d-&T 3-—-(5
Q_=d+\',(5,b=€""cg, = ( ) '

Tl dik A =4 18 a.sruv-aﬁuvd« to
la\*= Vbl %= 1.
AJe consWuek oo %MM?QAAM

2 O
Cx % —s S\D Lf\zz) ) Uo,e)&) — LA e 0=\ Arlb\? &

/

b 3 .___________,,S-
- ;—Eﬁ] /

/’ ‘ G= G 2n

9.'-‘—' 80



TRe T-oxis (\p o) A8 Haa u.fbum:&uemt_ ﬁ oA
To  vdir Fewede WM&%%WW% o mnibh MWJT

A=t A = e‘ZQeaﬁ 2J1+|\o\°a~¢%’.

+Ha e.:.%m\mﬂm e veal I2l<d < 1%, |

I& Ial>9Q,
Na,
(a<=-2)
(A>2)

' A omd ¢
TRe wadnix A T8 compngele 1 St R*) + ( m) ’

e MoaLV\ i unshable

Z, =0 1S %vu\orﬁc U&\)ﬁ’-)

Wingo WL
Il \Aal<z +he exgumnlun ofe complese amd CNEUER

A s Longegdle
A=Tp = e, D€ lomlodmanl, ot

M GQ(R”)*‘O R[ﬁ]l +e D"V»‘d\y\. S srable
i (
an — A
H

Z, =0 is Llphe linl<2)



F.\‘v\_p&ﬂaa.i.\-{. Al =2 the v a dowde Q;W ')\1.___%_:40_{.
9\1=5\;_‘=—_’L, Henm either A=+T1T (‘:m{a.b'&'hc S\Kh‘eﬂ.)ﬂ"

A is t:onb«u@s\.b Yo (t”‘ 4 ) w 6L (TR7'> (\om\a&c wmsknb\d.v.

o *A4A
Lek wa wowr diocibe Hun dyrawiwd Jass i v
W atopwlogual vy . We iialine S (R2) an an infpile
rdangle it uoginale  blzo and Ge [8, Boran thet
& fb’fw\%% otovnd e D ok amd dwndn Hak 6, ondh Uo * 2T
are i duntified. - For convemiamee We choote Bo= - 3

Lol \

-

Thaw g\o(RQ)\iA.:tm”& tan 4 Gom\q,owm—,mr‘g‘
Home U, omds o gy lorkac



24

ot
A = cons
5

e 4.4 Descube e lared

Exe

=0
ey fopecties of %
v‘ -
4 2 ':De/gov:,loe. e &
Execccte 4.

== A.
o wih kA
:f.m-&w v ap

4 2 —The J‘.xst Q.\np-rox'\wwi«m

v YA
b DD, ke a CL‘&'G&M"‘M
Lek Mﬂ' =14 & e, ovj‘:qu | .
Wwwa_ ond %,wem |’“""‘Jb
TRaw D w area -
d»g-&fenw ok %:,
e L

1) e MMVW\‘-M 03 ZM’:“B\[E‘Q
8 in SF (RY) . —



e,
MWe womk Yo disunss \-wS*a-{bla. wneclouws  belivein, &M
oand. Livaadired M‘é' Wit L is ‘exepu\oo{»‘c_, Hortman

- ©f088 waan, Hrrolemn, Ja;aa.%%daﬁmwa o:)t-(kcw»t_

- ﬁn—mﬂ% mwwu /ZL\
%f 2k

L. aﬁk:e.ﬂoa'eic. == By waa bable \So'r 'Eu

'He.v\(_a 5

l\q, %@mg_ +hace ale M:SJA(JFQ\QI Comnadimno LM~&W§.
omd. Livaasiyed, -.S\'a\oi\i,\‘a_. We 1+ stz it wa i Yo examp\s.

Exawmple T 7, e stable bub Gwneacly unstalole

C;“s;;m the Homillonion Jumdim

4

H (x,gw____. %32*’ i_ X lz E:[x,&)
Cbb w R TR phae potub

od. Hor oo calah \-g.ama-
is Y-

AN

D

amd. oo J—Qow-;s MM&M Lek we
omd. cow & dli -Q/\T_-q)r TTRem R IS amam-\wwfw{,v%_

ormally Tt &@mwwsw Moveover the ™iown 2, =0

};x T+#0



22
16 shble beawe H is a byapuner Jwmdton, ( Hofi= H

H>0 if 2#0, Hie)=0 ) . T wmpuk

02
'L:'.T" z:o

L = ‘e\,ito) = ’aﬁ l
Mdhg(-meadt»-a\,"m- aankin, m\m&b o Al conditwn, For The
FoviBooni an é'\aﬁlm. i—;é" é=“>‘3/ e Wneowr i Lede
S\QA-&L«W o Vndh X’?%g;: o deludoumn ("I")'B\‘ﬁ &
§ =9 ;l-=—3><(e)z$,

me=a_=o e oy é=\2)v‘L=0.‘r€w~
L= (4 T) —— acbt )SWE\T:SW
o 4

Example T 2, is Gwnaarly hable bub washble

We {ix o intiger N33 amel wnnder the real onvalyfie
Homi ot am Juncturi
H(z,i) = Ym (z”’).
T phage pha polodk of e assocabd flow w o
erarmlived Naddle fanng chble [unchalsls wanifrld
wiHe N b e daes-.

“lfp_wtm%isi_w N=: 3



2

gﬁs:f) = (“)Nb%ﬁn RV

Lek Ch; be +Hae Hommoviiom :ngu\r onryo e, to H

amd,  Lonndlas ﬂichr.m wap is wellll de funad vn N
\oj- o (!M'-ﬁ\m, ondl \JW 'a.i[o):o/ 'e\;(ojzl becanna
e naos vied. Yyiom, odovnd, e ovigun s
é:- o, ‘.2= O.

Note. +2at H =0 (ll\z>

Next we wnidor o wigho "

ﬁ RLZK“‘] e'_

Frew e aleve. ‘O‘f‘\b‘l—mws— e o Heak %(03__70
oandL L::'. 'e\,lLO):' R[z—%‘—l“/\mw E*=Oi5
wstilole. becanne, oo SEble amd wwntnble WWA_



SC
1

‘Dynawics wndse 3

g “—->+w
ZV.-——-»- QO a

"
+oal %LA\;SQ.S“M%C%F\ >
+oot <

Exeise 4.3 Hove




3
Q. NUWQA»MF m‘;‘uxox(mnx\m_

To Simplify Hu exhonWrn, we Shall wrrte avith a vead owaliic

mosp- R UCR - R?
&m\h‘\.% ‘e\.lo)':() omd, Ok eu\ lz)-.-‘l l'j 167/{..
Here U IS om opum deb wa&.v&_‘\'&t M%-(m..’\l\)'e. obsene ok
+he Twarerde c&m«\chn\, +oarrem '\m{v(i.m. Hot B ig om arca \V\W\’\-Wd‘
8.1 %{fk\m(lc Notwal Form
ASSM.W\& M "Q’\.i \o) " RLB] v é‘D K,RZD

wite B#F KW, w2423, 4.

n
Ttow +Hure xvile o ~veal. amaligie ared -paeservi g
O ks PACR ek Fhake

Y e 1) = RIpe ]z O ()

o & —720.
,\:\_S_-\—E,a Lovaar

oo verulh meve v Lene Sagso thak "y

bort is%hﬂtmmm et W°*M
o o Vi peap, TRe frd s puely algebmie
Comn bo éow v LEM. See alro

wWwW. naf. 85 / mfofte&a,/ PDrs / buamesairesi



32,
—rfﬂ_ Mq,é voura blen W 'S %M mn-wo‘% bk +he PP 1Oy
[‘5« v i dapan dinks g Hae daoten Y, T tis demae v o Sy Hoak
@‘wa.%\'m\ﬂbcm invanw.ant |
/\N—e\.lm ﬁ'b): RLE] e vwambes By @ be Lomipuitzd,
h& +ihe AOU“Uﬁhg tpwwwmbh

(*) (AA""" Om(éw;\rv— 28T \A\""__ w3 \d|2
Y A-u 30

uJ{r\.am we ofe \.«,S{wé cnw;y;\,_x wotaion, oo & \M&w

;;9' 7 s ' 2 e ) =2
02, A2teB2z+GE% Mz N2z eVaz sz

lEiL ex el dod. oa-%ﬂm- ore a2 lled -...'s\'f‘omﬁ ~erONO AL D

=T

B 2ivi3

Itis pocsible to oll@vi wotwal fotwa- ol oler eeeles i
Sowme W (e Wvgﬁﬂ.m exdindad . Twn por i cntar L& owe actsume,
+aok i ow\%,QQ & nob  w wanm furable with 'lTrJ

9-'-71: zﬁ—tzr / W= 1111"’" N-r"

Hhen Jor wads Nz 4 Hoe axicts W as before omd
ke s F’""F‘"' Sy Haaks

0 r B, (). R oot s as ORE”



33 .

Mﬁ:&_é Z*:o, ASM we. aAqe \M.(.k.«a_ o, g p— 5‘591-
e R

COMIERZ- o N—» 00 to Somnr dilleowssphiven Y TR % CHCRE

e Wndependank of N ond bacBofa Hhe pows Sean

gt Vi(pz) = RI[$ (=2)]=.
TRe owgn w shble o p‘é\‘&a>= Rr_q’(\z\")]% on~dh SO

6.2 Some consaqnimds of *ne KAM we
o T WW




34
(QLASW\.QV\.V\.- t?mveﬁ\.; Whv"a olge +he kKA ™M w*aj'ew'cl__, +Hak '.J.
He nawoer ;er Satigfian o Bicphatve condition. amd

Py =0 c}"" o N4 HRan A is mhaﬂk%—;\-a\b'l‘ﬁ e e,

RLe]| See [Rusl. In bartioador Z=o0 is shble.
We stale as crrllonge Two wu&e«lw uj-'i'e\nfﬂvu&b;-

Goullag 54 I R ()v REET in Gp (R withe

O # 26w w="12354

=~ ¢

Vv

Ond, th&O

+9\-Uv. 2‘__:0 < S*&blﬂ. ,

Gornllagy 5.2 T4 &' o) wRIED i Sp R onvet 4

PR ) X o HRen 2, =0 s

-doiu..o:g.aJ/; oL %OW&V\G

Stable.

ownde e ofmd.m’r&c. ea\m’w\. (W’fﬁ"-

~QO.8S'UV\,> wele. obfawnad. ~la Go .
T e vearudh on, Te

e fLrst

,Iv\d_g_o_d__ At wad
o) b0 dosde with ﬁ\mg o U .

WWW Qp(«.k&“‘o\m S \oaMm
U‘IYU"Q_Q&%.

. 3. \Sova emanN ks oY

'D—{o\v'sz*Lme. W\WV‘SH’{_S
e

M‘-——-‘-—“—M



35
A v drer x € R\@, e callad fB“.c‘rl/\Mtne A&M aciche
fwe positve onstwila- ¥>0 amd T30 Sudy Hhat
Ix-._E_]> & Jov @eadn Pe@q with qz4,
% g qﬁ' - 4\-
The fass composed. by Wote vwnders uath fixed
ustode.  will, ke indicalid g DClEa) . Ao
>0

' e L
For o< 2 +Ha b DG is ewfly, For T332

DCG_ Rao MEMMH\% e unclime | Trom e Y“’W‘-’c’f}
Wﬁ&ﬁ%wéd- 1S o swalll ek low % j{omww
ij%mm%@f&is mb\,%gexw(eMLQ‘)l.

Given ¥ omd T,

h + b
De(he)- R U U I8 @ Al
1,::1 Pe‘l
e et oA,

Then DC(F,¢) is deded in R and
| i dhosed sk hans

Gt onol wamder - Thiw DC(F, o)
i ~N~ Sivee
e,% VG N ?
)



DCO__ hawe M weaduse in IR

Frow.

o 4
I DClge)s U U 1E-L, 8L L
g=1 [p-:.o

we doduce THraak

oo P
,J.([o,aj\DC_(??,<ﬂ>5 ;—__,‘ (q+43r: b gﬁ-d-

[+2]
ohate S‘%"’ o> ¥lix if o2
¢ =1

p (Lo 1 DC_) s W (Lot 1ND Ckﬁ',ﬂ) < Sgr??-—w

O ?—)0.

Exervide. 8.1
poep Sp (R
gcg oj ;QQ rnoa Sudle iné S Hrak
Ham 2,=0 is stab\e .

o.) ovd. ok E lbe the opem S
Prove. ook e exisly o N
,.:\5_ -&\(o)eé




6. A vesdt with frrbo& Sq.—

Gongider the aqualiin
(£) ¥ we)=plea
ohate Wi R oy R s amalbhe and Safisiir
(i) Ry Some W=0,1,2,...

<ot £ V)P < (wt), xeR

(i) The Lwals Wlreo)= fm W'(x) exist amd

9 (oo ) 9 ().
TRe Jundion pEC(T) is arkiteay bub fixed ond AER
IS a \amm‘br

TRon, 10 the above emndi T The egtualhm tan a
shable. QT - prwodnc Jobdum, Joc almast ereyy AR,

@e,ma..fks A, Undae the \om westicdwe to v da N,

Hoe wxists a uw&ﬂvﬂ_
oy Lowd, (wact) awdh Hoore ace b waclier

Howmmar shewn /& aquloms i )
9 TRe cndibin () wbe veplaed Ty

(L)* (e %_)Q.<.o¢ é\\’\(x)‘é P~ (“*i)qj



38
_rﬁa_\vructg. AMARL be. diiRad. i Yoree gEPS :

1. Exi
E:uslre.vmz. ond mc\m ._rﬁ;s is w\% well kwouwm ow%"e“"‘t

owe mwawy fossble frvofs ( Gontronclion princple, Gloall vwese
J«m&m Jr@\wrem,@wvcatzowﬂ wathodl , .- ) We chosse @ o5
Thod WAL b waghl e Y Solhoving Lps.
2. Livasined, «taitivy, This Al be o conpanuinet T
e ( Keein

vens ofde habi@iy Clawin Joo WS
o Wb At to ZRMKWSK'&)

3. NenCmaas sb.ba-@;b& tas wil be e ua,%s‘.\bp..

G¢. 1 Existemea and wa‘um

e

AJe sk withe fuo verulla o Gneac W‘ﬁm‘\'ﬁ\a reoefs-
ace n e Appundix.
Lemma .1  Asswme thak ae,Lm\T) \sm%

Weag ale)g [5<(n+1)9' a.e.b €
TRew y=o ie +ou m&a 2 - pranodi C S0 Ve 03—

°*;4,+a-l-t)5=o,

Lewma G.2  Acswme Hat & 16 As
B, Heare axichs a bl K= 14 (o,
e wﬂa_&mwouc LobuTusn o %
‘8*@\‘6)%:\0&%

Sokafien Myl < Gl .

before. and BE = ().
{5>>0 s, Tl




In s pact b e Suffident o assume YeC (R) amdd
"< e g \\J‘(,.)s‘é < )
Uv\g.fi\.u.v\.i.ss Assume that Ky Ky are e 21'\'-\;‘:“.00‘4\:( &o—e«mw;

g (Z.) ol d-!d-«:he
WG, 1)) =V (o) i X ) % Ib)
= h’) = %) (b))~ %z 16)
UlJ ‘(x‘ (b)) o*‘e\uw'in&, )
: A and = Xy~ %a
Thew a &) is in the condashows 'fé Lemwa © 3
N u =0, Ths s a convinda s .

w 0 AT -penodhic Yeludon B\ij Y +d.h.-)8—-o.

Existence  Cnsider the fomotepy-

(g.) XaeW ()= P+, ge [o1]

E‘_ = i&e T.o,’t] ; ‘\'e\he-ulsh‘t a. D-'W-WC*AC &&M}
Sivee Wan a dkg—-ﬂ-avWP‘QJ\ASW
» o Jobdomn Joo € =0. Hew O€ E.
E is opem in Lot |
A 2 c_dm\gﬁiﬂf_o.

o . i
Given 8°€E Quk % &) be @ dw-peme

The Qenasiwd o_c\,«mbmu auswnde Kelo) 1S
i+ 9 (ke W)y=0.

G R e u:ws'rww*a A= kp_‘ﬂ)

F‘ro\u.a,t wu&ku\.;‘...a—("'\’\e\»fa i
A - parrodic Solaiims x \£) = % &)+
Eo-



bo
E s deledl

e

Given gw_b 8* wi Ha EnéE | we A&v;d. a aw-\wMQ Sob S

X, &) 03? ('EE‘) It algo Uahin fiin M&WW

4+ a9y =y )

© 1 “\
with,  ay, ) = 5 qJ(x.\l?)‘b;U\) L xg le)# 0

' ey 0

o"l‘e\UM

dedamce
oy (8) = a%ko B +2 - Yio). Frem Lewma, ©-2 We

il < Kol <k Dbl PEOINY
) Henwe. £,€F.

(E)M\m loe. &DMJGUL \Dé_ xt&,i'}j_ we. ol Ga.o\.va_ Yo k‘u‘fbv'E’_

+hak '\"’N—MV\. §
A R —> (x{o,’)\‘),;f.(o,%))eﬁz

'S M.Q.«axu’__

Te s end e, Mo dumae H“-@;MW
T Ry fR"", m,o:)k—v Mﬂ oo ), P“‘*"*"""D

\acw Ué Swwothrem in b A,u-e/s N
we. ofe -(-\"Q-Q.%V\éw\ﬂ. Lme  \b=0).



41
TR perodic Problom, is quivadot o Hu egunlan

D (xe, 0, D) = (o ‘P;\> (%o, %) =o0.
Thois cam be de2m ao & waﬁ"mw“;\’}"m . tg_
e ol 0 Y foom Xo=xo(R), Jo= Ve (2).

we Jeaw
Note M,ba M‘\m“m) X = %(o,X), Vo= x lo™).

To dhace Yhe WV“"-“J&Q&{"& Lo dalFrn. we. cbduve ot
3@ I B
+Pe M\Nofﬂ-fowé WARAAX osSraTd Yo

NMﬂwﬁLahﬁiw&mm

omd. M IS
gﬂpi(x\b{)\)}é:o.

Miwmbmawu

Bé Lemma G. 4 we kwour
D:er omd. Yo t+he \M‘»Qa.cd'
cetunn) o bo applich ob candn bt (%o, % bD)

GQUmMMAsMW&y

TR oy s the doUoviing &_’:hb_\fw‘t& ol Yoy Hill's <

ASSu.me.%k- o €C (T) SM\SA.LA-
alw) € B < (ns 35.)1

e etable.

W< ok £

e .%.-&-G-\\?)%‘::O

Tt is e Jassel

Seq ook, Hre frrest apives- o
i fovnnsXiri



" L2
D) = wle) )
()  %®

be, e vnatuix Sofilion, WA th TN TN  le), \32_\«:) da.t,ﬂaa%

M, (o)=f31(o)-_- A, %(Q: "3—,._\0)-_-.0_

The \s}u\ai&’ta_aj_ W%am S ‘“‘T“"M ‘o
e Atals &%o& e vmmouowa_ WAGEAA X M: @\Mﬂ eS?L(\{z’

we Shall \,,...We,ﬁ-ewt, e oz \(GiU:J-'Ua | v M\<2

omd. Yo ™M 18 -QQQA:‘DKC..

Lemma 6.3 Acsawe ot ae C (%) Wyo

ed cab)€h< ed)”

TRem 8-&-&\&)%:0 Dag wo prmeduc SotuSirws o

\'»l«mo\. 4T dit-\-‘“”ev\t \g—fom ‘3:0,.

o{fue MM.;@Q Lime Seale,
Cunsidar Yhe homotoby S ﬁw‘\?zw_\,
) -\-(9\0.\\:)4- U-:Dol*)&-_-o, 26 o]
ity o 0. Jixed e Qylung o [a,b]. Leb & (52)
be e weadein Srludion as beere enmn
A=+ & (amn).



The disenin '
S thaoavreamant Jumﬁﬁnu Ab\) 'S conbonurns amd. wWe

om a_\a?% Lewima 6.3 ¥o te -e.a(mm'ﬂ.m wn ke D Thas ;\MW
AR & + 2 Joc eadn AE [o4] . For S=o0 the egquafian,
40‘2,T6\Mb

o e Wrbred omd (B lo)]
partodat, \A (L) \<a.

|

54‘0{*%:0
A< 2 g ek A v

|

- - — — _—
N

Levama G4  Let f:R—

ond, Wk Z< R
3”("2) hat 2000 mmir §ue.

Roof The st A= (neR: 4 )=c]

Jesed.. T postuonlos RN = U I whte
M'\V\GAwJL i T uwlmb'\s alisw.@e,{i\«e.
orvitio

&= WE\]._L,T@Q e A Ax.qlfwwwww Seowm L{

s dis e omnd

I_L‘Sm



& (IQ omd. o ;f:i('l) Lan 22l mueasue . F.‘vmlﬁa we
obsauve +hots
e UL B oA

o Seb of indaxes L= §i} is ab wesk couable.
Mo A is owlable , implying (A)=o0.

Let % (52) be +e Im-perocic Soluarm o ().
We il frrove that the fixed pomb (%o, x (o)) 18
Stalle noith weopeck to T . TRe dadvabive

\
L= @9\ (x (o, 2, x (o, ’A))
'S +Hg vmwo&‘ow% RV X o\:(..

&

g + ! (xlh’ﬂ)é:o.

L~ RI6T in ShIRY).

e
_r&mmiSM.‘mmM\]ommwﬁ

Lek é (t—,';\) be, ¥he walaix LoluFiam,

Wm, we deiine e W
A(Q.):H‘@(Q‘WIKAD
This is am awaliphve dumdisn,, amd-

of 10, Gnearized



45

©
= € DCU' <=> A(})C ao—

wheve
Q—=ilw39‘: e DC }
270 a
ok 2 s D dﬁ&a)m\s dLH.QpW?QMS.mA
% ]"'112'E- 1\%‘ MW

Jo,mL % 1-2,20 awd Jw,an L
d(x)=a,mb.wx> o ‘&)G_-.-_- :(.(Dco_v.—r&.m, :\_& Ty2,
&)cr' -Q.MQC\J.Q ez dde. v _J-2,2- L.

Uy A waeE tonElamb we @m kur\\'o%%

A‘\ ( 1-2, 2[_\@@)

WZon Vago aa fude. Thuo ‘thQd/: Haa %‘_GDCQ—

&MbeﬂﬂaQGR _—y

e G:m‘Q.Qa.ma 5.2,
e tove That A(A)

S\pS ¢
€y % (§,2) = \\)d bx) ~0 (0 oo N2
ity in FER
Lot p=¥7'0) aed Ylo) =xl)-p Then Y1) is
o Qn- heno due Joladarn, Oj-
g + U.)(Qy }u)—\\)(yu) --‘P\b)
T pastiondas &lt) e also a Jetulimn, Vj-

e comcdmbum &:\L’awg

i ol tomstamb in ourea



lyle) o) - ()

§+al& \\:)C;:plb) with o= { =
Wt(p\
Ao apily agoim Lemma C.2 4o deduce Hrak

Ly (o, o) ché Kb,

141

(2) A(A)-—) o} wg(gﬂu‘} boo > s =

Row slp 4 we deduea Hat  XlpA) — & oo
an D —>t00 w\fmmﬁ&:nt.m

Y (x ) — P(te) as drtoo

Mjmmg inbeR. By contommouns dopan domal

‘3.#\.,

3.':'-0

Ab‘) —> t (M__‘__) whare M"_‘ 1s Hae vwomdlxa-m%_

VV\OC\M:,K% oéi- w‘LTOO)é.:O

(3) v (M.;.)% e (M—D becamnde 2T U‘J\(-i-w)“zoun.k

AT \P‘(_oo 2 0o on e iteevad | 2nw, Qm—*\)n‘[.



Re fotences-
LAAT VI Awld, A Aver, Era,oauc, bestlemo g Classiwad

Mg_dmw{wl Be.n.kmwv\‘-n |94Y.
[H] MMadel, A patholaiald C™difioomurybriom of vhe
Pone , Pae. Am Math Soz €€ (1932) 163168

LMHO] K.Meyer, 6 HalL, D. DFv, Tvitro duun to é-\m%w
~ [Body trrrirlom, Sprivgt A

[HZ] | Moser, E. Zelhndel, Nolw, en WW—Z Jv'am"’v-’)

Ao, Math . -Su_ 2005 ‘
Loa] Q.Oﬂtﬁﬂ», Periodic S oLl ":—f& Newlorwomn eﬂua.m:

tai €Ay by Hha FRIVL approxiwatan, B Bgus. 128
(199¢) 441-518
[:02-1 Q O""""G"‘Iﬁ‘t 5*1\0\"6%_ (5 i -UYJ-*'C\.lo-ru.m_ . o Searzihe

e Y @P‘(HD)(\ i | Ten weed
k}‘“ mxmm TA o\mo-@'a;s&/b ol ‘30\“‘%%,’2-\5—2-3'4}

1§ (2013) 585-59 N
Coy| R.Ovtegn, A 5:5%-9—4» besrdudm. eﬂ.w’i«f*\un
ahéu pere due. Sokubiom oA Lined ol | o ug el
Matlh 74 (2014) 193-216

[0V 9.C. Oboby, $:1. U Soum, Massore - renet™eg D omeomay_
\'a-\'*'M ot i ‘\N’W'HU\'.%_, A wn. ‘-"-{ Mot 42-

(1440) 3 H4-420
Q41 814 Swt}ﬁdg‘wj‘:i%

[.RMSJ H. QA.A.E.;SW\.&V\V\,
Biwme condipen, P—Wﬁ-ﬁ" U S‘y 2.2 [ 1o0L) ISSI- 157



[SM] €. Segd, . Mower, Ledires m Glosiud Medomey
Sprivgs 197 |

[2CLT M. Zhorsy , T. U, X L, L shadnliety, of-
permedic Sotilimun of the quadriie Newflon. equatinn,
Math. Nache 282 (2009) 1354-|366.



