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Lecturer: Jens Marklof, University of Bristol

There is a beautiful mathematical world hidden underneath the humble Fourier
transform, connecting the representation theory of the symplectic group with important
applications in the analysis of PDE, number theory, quantum mechanics and signal
processing. This introductory course is aimed at postgraduate students from a broad
mathematical background, requiring few prerequisites beyond the standard
foundational undergraduate lectures. Topics to be covered include:

Fourier integrals and pseudodifferential operators

Oscillatory integrals and stationary phase

Symplectic geometry and Hamiltonian dynamics

Heisenberg group and Schrodinger representation; Stone-von Neumann theorem
The Shale-Weil representation of the metaplectic group

Bargmann representation and Fock space

Poisson summation, theta functions and Gauss sums

Semiclassical measures and Egorov’s theorem; quantum ergodicity

e ML oo MRk

Assessment will be in the form of tailored individual or group projects that will explore
variations and extensions of the topics covered in the lectures.

Recommended literature:
e Maciej Zworski, Semiclassical Analysis, Graduate Studies in Mathematics 138,
American Mathematics Society, 2012
e Gerald B. Folland, Harmonic Analysis in Phase Space, Annals of Mathematics

Studies 122, Princeton University Press, 1989 : )
® Gevard Lt‘am., Hickele Veryue, The weil *ep«resewf"-ﬂmt ; Masfou wackex
ouoh Tueby serieg ) va-?css w~ Hﬂ-“LCM‘t'CS, Bivkliausev |q80

Pmﬁ‘ﬁ -

o Pl gomfc,._é et u;.{«;-e@fs 20@ N
#(/‘ wr  oatails andd ,Q(y)aua(

¢ e will wwk ow ”Ews Yoer (O a.olqu‘
Jdo ofes Spaces ; e.9.

(Zhe) > R
e MNo way= ll{,«a.u\ 16~ ’g-’ef IQ\Q,(




—

dﬁ;kvw{l&‘e cp(!oewd" oS

Lecvl-«vc ;{_: 'F;qw'cw u.q‘-(c};qjs aMok pserJa-

§4. rM(ém &Msbcy\
B Pe (&) afi #o £ T of £

Fe) = [FRGY = § $6) clxy)de
R"™

t
¢ X

ol e(x)= e

<'P\J£.> = SIBW-‘E(K} 'rz (x) Ax ) M‘F ”a=\)<m:>

Tl L

————

() 3-'-: LQ(IR“) — L’"(Ru) s mfo‘cur-}

TRy =<5, R >
@Y F'2 PE-TFT®, PrO= £(-x)

Wty Fp ) 2§ A eCoy) oy
-

/IDV‘eef’. ':bly @

(— |



b opabeder () = NEF = R,

Ao wofe wg I(‘Pl/
swp_ | 5 Pe) ey ok/
7c(£

Ngrt.a q)-zo&}&c}‘ f@ ge&.wo.v‘é% C(QSS 3(@)
= i L e C“C(Q"‘) ‘¥ l?(}(oo Va,»)(}ez:oj

wie  semcinovu @ﬁa@ﬂiﬁ et [Fl-0 > '?:Q)

(], = sep |=x¥ D% )
a,0

xe [R_-*™
9 o\ . &
x'= x" o ox, D -=p, - D

., b mm(h~~mk D. :-z—;:—:-.%—-.

(er (= F t-tq,
A( 6 ol&«f—w—'c LA L“‘(’P&\Cﬂ:"{cw. @TQ_;Q_,JE,.(“ Mé-
T MReD = g RGO

. M7 £ = <7 Fx)
bJ*“A 'Ku‘s
(1, = 172" L,

Note : “j(ua) C L"(qa“‘) (O
| $ pso0
-2




7:&,.,_.. [y (o> ) &)
G) Fe 3(»?) => H.£,D;f, FfeI(w)
L) Fo o foedlr) == £ f.e F(R™)

Proof :

(:-2) D, ¥ € S(r*) folhows fiour olaf,

(-0) My £ € S(RrY) Fllows Howr Ve
conentaboe velation ((Hesewlbasg )

sf
DM = D HD = = | (2)

fc(aea.leoq a-mn.LQw&l&u avl/(ews g $o

LN
3; _ £y L
O M = D (M Dy * s )

- A
= H; D+ ply (D)
C/Q,t‘u-'. “woc> {o(,(o»s A‘;@m olp_.F

(une A - L@,ML‘.L} )
éu_a> Te (eve @—\—\ - SCZ(E"B worfe Mt

(- 3



HY D® ¥ = by @{_D"r' HB (1.3)

&€ 30‘?‘> ‘03 (), (%D
(C[) Use Llelouiz rule .

- ¢



Cuvalecfroe
Foe b = (RG-x)PR) e
e*

F(LH-£,) = 4 x5 | ()

M:

frR )= SR R eCxCrenn)) obroly,
= S?. (41D £ (1) (x4 Ay oy,
= N (FAAFR) () m

Exa.nie(, (GMS&L%)

A € MW‘WC ”e) 8«}%&/‘1'0, 'GOS. 0(9.¥
¥ CK) _ &—W KRk
R4 = —= Ty Ty

PO e ©

ov [ wave sjwab@%}
LG = (d@)t e XX

FP () = e @)t e L

[- 5






:IZu.«Pach d.t:s\L)L'Lw‘\L('o‘-t-ﬁ
Lorue a Space ‘3‘(@“’) odal 4o 3(@"}

o ‘;5(1? iﬁuev wefPs '25(09‘”)——-\?(’
Eof ) wf)=w®

o 3 (R™) we C
o Defte ée\@e(o},} o S(R") bey
a; — o f W (f) = 0 @)V feS@)
* Dafie MY, DT, T € GY(R™
oy MY (€) = e (MY D) vieS(E)
DV e (£) =0T« (D)
Fw(8) = w(F +)

£ (s LeLpﬁaﬁ. & a(a—-«/\F? o wtle a
“-Fw-—sccho-.. via

w($) = 543&) 3 (=) o

Hcru *—> AT ?
DY e — rDQ’ ?

F e &= F g
| -7



%a,u:te:_ 4 Divac vlrgge W = 8& ) 6"(£>='F(x)

T6(®)=8.F=500 = ( £ elxy) oy

%W&Z(MQBQML} GM%S!&J« - e)ce¢a$¢>
A € (M CR} 8?meb1'c, det Q # O

wl)= [FRadx ,9(x) = e (£ %+ @x)| sgu @
T sgn @ =t (eus)
Bald = Tam e Gt @) xees

(-3



g @seudeah%cu%dé Was

Ca «‘:mr oalt  wibh ab.ﬁdcuv[tm[ cspctd'ws
Y [ )

D

D = GEo'"t
Recall (1.3) wiluwale gauyd o puﬁuw

HY% = ¢ o7 ||0° F-c) &1 @)
Ten wreans flat He Focsies droms v
wderbontes wudbplicedion by x arok
AHesedatio.

Wlak  abouwt conclbplichoe Sy clprx) 2
Defime

SV F(=x) = Flx+q)

TP LG = e(px) F(x)

(- 2)

Tl

TP & = T S° sP & - grop |




Preot :
:l:’lt FPGY = e(ry) j,ﬁ., FEY e fxy)d
= §¥CK> < Glxtp)v) dx
= § E(xTp)elx g) Ax
- S S;PFCK)CG:&'Y) Ax
-~ FSH)
&=l

/ﬁ:.evc-Ferg C-?wu—ca.u»?)
H.
T-P-ze(‘o'“\) H:(‘E).

M

$1 =F'T1 & o
celg0dy 20D
Ull.q:" a_(yau:é ‘H'-e. a.u.a.,(ozuc c'7[' H{(‘s« Q«xg (..S

Cow1"o.,Arau. %(cu‘;\;us Z
2-2




TP STF(D = elpx) Fxtq)

TP EED = TPR (xtq)
S = e(pxt pq) £(x+q)
acc\ S0

SITP = e(pq) TPST
a% , Ve éwdﬂ-'a&uﬂ?

1+P ,,
e(£2) TFs? =eC32)sTTF| (ae)

Se Far we couscoeged wlhpliaato
» ) . \LL'Gﬁf‘t‘O‘« C’Md

Yo aa—woope«--olmé ahﬁ—ue-..

wl#au.\s Q@t‘On Ggoq¢+ws .

Ae o 15 ecde ae F(@™) (‘S%“‘L"TL).._

_aoooc :.'e..k OPCJQ—"LQJ OP (&) (*c‘.\&w \(\Saatrlcu)
sude +lat <{:av~u«a,Mla,— but see dcscunnion
olt éﬁupqtd ALI)\[IL'L&AB/KQ )

a.(x,«/) = Q(F x) — Op(a.)—— TP
a(69)=elqy) —* Op(a) = S1

2 -



Op(a) = §Z“ 2 (q,p) e (3 TOST dp ol

® bJu)( c'-'--c-w'rlts aho

-—ambluAe¢J@§ mmw@wﬁdq;~—
Cougider acthon ow -P (< 3(/2“)
Op () § (<)
-:j f(ﬂ aP) e('lE +px>-F<x+7) eﬁ.,ado‘
e=*

y=x+q
q=7-%

- { Elme) (52020

2§ § a (e, 5 Yeltempyn') F (1) Ay e

IR

Tiis s He usual foowenla Ks o Uevﬁ
qumh'svlé«- G;L Hee 6%«-—-56[ G-,

2.-



Thre 2.1 Ll a e SC//?Z‘“) T e Op(a.)
cane Lo exilerold Ao G Coredn Laun waay
Op(e) « JY(R™) —o 3 (IF)

sy e

OP (0‘3 ’o (& (z. y)
3o el 3‘3u‘a@lé c;wuyaeuA =2 ¥odu4a.“9 Se[{"Mb‘ou’u:f_ ops
Reol:

0p(a) 56 = ) WG F(5) oy

worle kernel =
Alop) =) OS2,y ) eleny) &
[F (s, )] Cer)
= (K(, ) e FJ(R =< ﬁe“) D

ﬂ..-’:«'w. O‘o(a.,) ze wlle zee ?‘(/B"") k?‘
G w#) = [ w(lgles)) P

R‘lﬂ.

Set () = e (kalx,+)) . 27)

2.-5



Tiee hoe J(RY) , by (2:€) ok e
,@»:-a-ar'wﬁ) oy w , Heuwr Opled waps
SR & IJ(rY.
Te establisle fhe cwonbundy of Lhus
uo@mow-:%, agseme Uy TV U coe,
“S(¥) — w(f) v fe S(r*)
But Hew LG — LD Ixel”
whase i 6D s dop (wa (e, DD 2ok
s as alove.
to He poof of @.5) uwok Hat Ao lerel
o/ Op(sd

Kq_@,,xg = K_(xy) = Ueuel o} Op(D

Bl

Ue nwowo ftuvrn 4 OP (o) aav\regpoc-ga&w\s “
écwt)o-nred ol:ss.rc‘Lwﬁ;uS,

Z—6



Fovr w e j( CIQZH> 5 l\dp—.v['(,‘-[«a G.:Cﬂt “_Pe;é“ a_

Via
w(®)= § ) = Cooy) ey
O.frte IR**
e P& = [ kixy) RE)dx
)

w heve I'Ca. (_0)°3 c«w&%pcndg ‘=
Uy e J(R™ x R™) cefiutoleah bu
U (F) = ) ECay) Kaloy) dedy
v F e I(R* = (")
Howen , s F€ S(®) , OpladF
aln.;t-—:eb o  Mrmedt wr 5‘(_/59 Py |

W Qgi’a«f:.- .

Thum 2.2 Let ae J(R™) . Ther Oplad
Cote %& .wa -éb Co Ceu.‘és‘w.u.au.s Ma..p

Op(s) S (e — 3(R™)

2=7



Ue concliole s ,Zq_c‘éwf‘a Qca },b....&rq,(c'g.._.,';
+e comwu‘f:a.olmb'—t fyc[a.vﬂlc‘:u—cs (2.3) .

s 93 F) e 305

Tor 2.3 (et o€ S(E™) o € B(R™)
Tlhew
OP(G‘) T = g@p(cw_o 3) (283

/Pho@!jl‘; : Qe

“

Op (=) = gpf"‘ 2(9)1> eC-‘-\-_E-> TPLY ap olq

So 09(@—) & =
‘-‘s’?M 2(1?,1) 66%5 TPST ¥ dp olq
Ik 3

Se@r)¥ SPT S ) FTS
& j{eb X(q,-p) e(38) TPs1 dady

2-8&




= % 0p(x=3)
Surce
o= boy) = & (y,-x)
= 53:(%1\ <(py - q=) HAqdp
= (&@a,mp) <Cprrgy) 2qddp

=



lectuve 2 : (s cc\(lfa.fcw% A{x,}mfs and
Sﬂca.mtl'au.ﬂ_vcz }o Lo.,sa

§ 3 5%1'0(&531214 %c&w'er "xmg-Fo.ym

[?k'P](7> ""’:MS +(x) e, C"x'7) ok x

IR

20 ¢

wle e (D~ e (E) ce ",

QDQ;":" MQ—VLL&"- Ak-ﬁ(x) = L_k/z ~‘-\(th>
Nt A, F I = (R0, , e
AI~ l'b‘ Mrolavp'

“F:Ar MAQV‘MN‘Q

T - NF=FTA, | (3))

Pro o

P
e

FRE) = K FF(WY)
= l,\""/z SIE.F (x) eu(-—x 7> Ax

oL . _‘}U\,x> e(-xy)dx
3 sz' A.;?C&) /




C’3.|) =y (S:‘k (s uM:\LtLV‘a, S—ce (g B Ah ave,

He»'{t aﬁs@

D A, = A hD;

(3.2

DiAL $6)= L™ DGk ) = b AL D ()
Hi A F () = Klhx W™ P(ux) = WA M £ (&)

wLu.'A-. w turn c:w\(s(«‘cs (Cf (2.1))

M, &= & WD

LDA @;:—gh. Hé‘

@v'oo{ .

&

3.3)

M B = My FA, = & D, A = TA WD,
L\_CDA" 3—"‘ = ‘A-!DJ' %—Ak""t\ %THJ'AK:' '?"LMJ

22



HdrSCJA%% o
('TAAM 3.1 (Z‘MC-cv\‘éa.u—wl? PJUJ\.CLVJ& )

For Fe SCrY) Wl R, - 4

LM sl dmy Epl, =

«tr
Rl s Fl = THFLLE LD 3
?uuu:\laha
=k I Fl, ND; FI

-Se(;wo%
UH; U, D 80 > [ <y £, D 8
> |l <+ F, O

Now
<HJ‘:)DJP> - <¥’ F!"'D"“F>
ad alse (u-ne. S F, ‘: s ) l:\‘—D—
(=)<Da’Ha'¥)¥> g ot

Z <(;;':+ M Dé) $,¥ >

Tale avsese o-[- fleene Yo ﬂp.r&&gt'owg,

1

Trtn lun <H6'-F)°DQV-F = T - 72
3-2



/’ZL wCcoqy J’d-l"\ Jea e° u—-’&:vo«(g SQ-?S ﬂ'—“r"l' (/R
§:of -F ac A L:fs &ew\c\C[aQSc\ca.L T (S:L_-Q
cam'd be su&wumbmﬂj ZM.M /(Q&&./c,‘ygol( .

Excanyple -
POD= WF 2w (W), e SR I, = 4
Than |(§ .= 4

oA Va0 3 bczclE“ o_acu.pe.c/{* s.€.

5 I-F(sc) r"clx 2 \-¢
k“b{,a * focalised e 'A-c 3{8 ‘
04—-— {'(d—l— O\LL% ln.qu-o&

W ~ B -Q
&M = K jw&(u D e, - xq) A
_w(-9) e
=W A )y>

éesv" Su:o\u“ameeug

(s Localigeod wl W-e ‘e =P lacalcsadiow P

=YY%

3-¢



As-.zu—-(m“-fcs as WL — O

("}»un 3.2 (et -? (= 36[2."‘) 5 7&—/2“_) 7‘7,;60,
[ SR sy 1D FI, wh™

Teok s, |EF(D|s ¢ W v inssa,
& O(Lpe»o(s o+ y){:

Raof i & Fy)- A TE () - L* FRW

[FW) [ = Wy I HTER W)

=| 07 £ (wy|
s ho™¥%
- @]
Spect\a.Q cese of- coscfun(u'ca u—'.\/ea.)o,( S
heve wilh  fuleer pL-a-Se-,
Ue Cauct‘c}a_t Lot %ZMQG.( WLa,Sc 7@.“:/94;%5
w S

3-S5



&

"ﬁ 5‘£a.flzaua.v*z‘ PLa.se

For feCP(R™) , P e C=(®), o
a{,_)C.,.Z-, fle 6$ce‘lia:fwca U-:—'tQarra_(_

i

DL T ()= § PO 9 (@) o
IR™

=
hx "= {=,x7 = x*¢. .+ X:

Tl .1 ( Uou—s-éan[uéwav-b [oLa-Se,>

Assume tif [ DLEDON = 0.
Thow V¥ N FC, st

Kesuppf

| T (5, 4) ) s ¢, WP

L..%(x)-'-' 'D‘?éc) . D%Cx}

|
I'D @I

Thew  dar ‘;L,(KB = &, (.‘-\’(@3

we L.avc L X, = I/:]%h_
(osle 04 Hee a,ofétcou:q[' Q;Z L'.

4 |



j £e) [L g (D] ax

iR

PG , <

- t‘z ‘);;e“ (D QeI D&,LF(Q | D3¢ )
—/_V_,

76
= - Z S ‘.Déf:a'(x) %C’<> A<
d o

- j e [L”* erQ 5 (<) o
= L*FE)=- D-F(x)
awd LT e F(RY)
sl 1D REONTE D L) s Wl 2@

Nows
T, = S FED gy dx

(2"

= £ [Le, ] ax

e

= [,\“’5 [(L*)N¥}C&> a, () Ax
e

< WP, 2

b —2



What a"F QDC-FG() =0 —Ye\y gowe X ¢
“SM‘o—u«ré pb.a.scq

We S-Eaxf w\(L e syaeccu Ca e of \ﬂu.
?A.va\aul’lb_ plage “6@(3: -LZ X v & x

N LER #0
No'l-: ?LVCK.)Q QA x )
4eal

Se DY) =0 &> x=0
cvce ot Q#FO
D= =%

Ten + 2 ( Quaolsafrc s\"u«(-{owv’» 'oLa..-Se>

— W, eu‘E Sgn @
"Lh,("pab?> = h loln.‘t&al%' A
N-l Ak "
R (Z%D @-&D)"’J,\(a) + O a"‘y
=0 Pl
Foo expliand
O»Qﬂ-’)@z-saeb—pcn. .
—? See @0%?




we alse

Pm{: E‘xaw-—-r-la A w &4 LZCC/O‘S S'FQAK
I‘@;P 5%) e (% xe@x) de \5T Y

"
= h* i S*NPCC-ay&y)dy

l dat @| "

I )
= 3, Gf)

3 (5) - ﬂj ) (ran) sy

W
K - * Q"‘-)N ('?3
ervey fteruy

- Fo (7'&75‘“‘,7 - S (- @) B2 () dy

% -FD

=" (b al‘b)kl? (e

= @.d'b>u§[a>
Nowd WQP&LQ F — ? + S,J’ ..pa,./w.a.,a.
br T, (Fy9).

¢—4




Evcey -éev\u.«\ p
h

) M-l
e (£) = j ((91-1-7)2‘ (k)
[ T (1r0y) eCT 3 a@y) oy ot
"
S - )
| R, (Y-)l N €Z°_2 W é((—{:)“ dt =
A~ -l )
=) NSO gar)
S Cy W
0e;
{7 o
S G wax I O°F “5_

[fg 2N+ nt)

el flEll, ¢ @ wae (Dl

!
Execcle.



Qﬂt‘ “? e Cc®(IR* — R) e Moﬁ-“alege—-
Lasaste G'r(t{('ca-e ’aoa;f at > € >« o'['
IR () =@ aol Ltd'P(x,) *¥ O .

?: - axb‘ Fa ':1‘» - 'bS(J 25(;

san 0°Af (o) 1= # *-ve avs — # --ve WS,

Tl 4.2 ( Hovse Lqu.MdL)
Pe C®(r" = 1) wh vou-dag. cact. pt-
ot x, + Ther T wenllourbosds 0¢ we (R
x, eV c IRY awd a al—q‘—peo
Yy v — A

g t.
Cb?cp ),.-\D (=D = “?&)"‘ .ZL_- % Qs X

o heve 4. o
Qo ] ( © - :LK-\P

= ¥ +-ve vg o-)I Qtueczo)

PS‘E).F’ See 2Zwavsled “Theovern 3I3.(5.
4 -6



Tl & 3 ( C)x.u.e_ro.L $‘tcd-1'ovsmrt2 VD(MLSQ >
(=t -PG.C:OCL(Q“> , A M_cw\-d.z3. &«‘Lré- P‘!L'

of L 3R(XNA#0 V¥ xesappf\ LxF.
Thee Feeve .exfﬁ‘ da:’:ﬁ o'opqdzz\r& Azk

of avdas g Lk s.t.
I, (F.9) = Z[A&F}cx)u * e (90e)

+ Ope ((ILN+€ >

UJ(I-QV‘C,

Ao =

e _'Z.L Sbw glce(:q,)
| st 3%y |

Peoo} : W.log x,=0, QD)= | 3P(®)=0.

Let X,QC?CIB"‘> s, supp X C U andl
X (%)= 4., w a uu:gla.gowl«v.ooox @P()‘

T, (#,9)=T (%% s ) « T ((-%)-£,%)




T, (X F,4) = 5@56 SEICISYED
(] <> X
=$RF<T-"‘7 eu (R (%)) [t 37
Hovse

eupng N
Lew Smpc,q e, (1% <) ok

20

= F) 1k (19|

Now G-Ya'y.za CT-:;Q.C&[W.J"JC S{'G—J'I‘OKGX? P M&Q 3
ﬂecw-&u‘ 4. L . m



Lee:a‘bw*e_ 3 %LMla/ec\L!Q S,Qou.aa(gf a:.*o‘
/{aw(/fou::ﬂh—v. oézitamég

§ S, La‘ueam Sﬂ\fa‘eﬂahé gzawLeJ\F”/
The Swpv&-ﬁb[v-é vee far S L (V) C) 's
l; Q@ vec'qur Space \Vg-t /EZW: R IR

bl e sqaplecche form

G(EQE&) = E‘. 32-'2_ (S‘|>

o A,
3 -
- /u'h. O
. )4;
E-xypec.cc\[(r() 6’(2\)%l> = )(‘- \/z - 7l'>(2, J &J\ = ‘

c-¢. Q(K97>= X‘7 = - G‘((/))()
L\e('t'.

———

() 6&(=z,,2,)= -~ C(&z)%)
“m“&tj&%eéj('c )
) 8(2,,2,)=0 Y2, = 2 =0
N vow - ol-ﬂ.%ewa)a.{(k
< .o + -\
() "d=-23 =73
5=



For Moy su(osy,;au Lc Vv gt
Lt = ize Vi é(z,m)=0 V¥V weL.g
“w%ogawq,l CGU"’“P&AM&A.* w.r‘-‘é, Gq

Nele: () dwr L + o L5 = 2
CL?’) (L'L>'L' = L
@) (Ly+L,))™ = LyNL*-
C‘:V) Q‘—«ALZ)-L = Lf’*":_

PVQ:E . Eer‘Ct‘ge.

1?_&_£: L. s calles (-a.%a-a.mgc'a.w m\-ﬁ L_J_ =,

F L s Lq_O'-J‘a.u.Bc\a.w +ee n
G) e(zw) =0 V¥V a2,we L.
(L s totally isodsopic Subspace )
() 1§ zeV st. ¢(2,L)=0
+eqy e Lo
(L' saxwmal bfolly dodtopia )

gx&u«.ﬁa@x L = 1" x iog & ‘éng ﬂét&.

S-2



Thue S| 1§ L Cagrago—~ , F Llagsagiaw
L st,. L&l = Vv,

?Lma_f: let L le warineal au—.au.ésv‘*

tot. ol subgpaces [ st. L, N L =jof.
Tew Lo+l =(CnL) = V. Kew
T V el we kave g(lR2,w) =0
S U eRz s bkt z‘so&ro\o. adl

g
Ss L
Ve [

L.M + [IR2 s not w.a.x:u-m.,( "c.owJ\ra.o‘A‘Q'I'té:\(!
+— ¢ C + L. o=l '(’Lﬁ.re.ﬁqc,

Tl c D+l @ LeL=Vv, A
Exauuole . L= IR"x $0%3 (C = $0%x R"

(54-4/’ n&rc Caarn, Se. o‘Ra.Qrﬁ cce

(4%

L, ave celled Lrangverse L%}a'o.m
p)(m...es.

5-3



I-P(‘a,,.-.)‘uwb Yo a Casis c:»; L, fheu
Hore s o boscs (5 G C st
s(b:,%;) = Sy
7;7 See MC‘S ULo‘)LC ﬂm,‘{’
~ ar 3R

L — L

2z — o(e,;)
(ba.\(‘a—ml\ﬂées e Spa-e o-}: 2.,:,‘ ﬁ.‘.\e,hro'«a_t C*
-F;-?%Q O LA_-_) \ wete Lascs (6(6;,'>>.
Lagacs .,

4

(o d

Copyy b, &0 5 8L D “squnppleche bescs

-1 V.

Have ?@ma% , a s«,uyolecﬁ& w.a.m;cn(o&

(J)L)g) 'S Zu.—o(w:\ 3\.«4.:;01“‘& M(‘};}[d(

wede a S«T«-p,&c& ( oLLF,erJtJ.> Jove
E(ax,dy) = dx A dy

L\ce.. ,Zee(‘.s ﬁscﬂ'aﬂa «Z-Le. ([E?.u-) C)
-



Stau.«}alee_)l‘& gsoLep o-F C\/) &) :

S’P(V)g> = {%QGLCV):G(§%9:&:>:G(%)N)}
e #a stondlawoddl baals Vo= RN s
ecoues Heo wadrie Sy

Se (w,R) = ‘z o € QL (2w, IR) : g2 33“-’ = 2-3w§

:i%éGL@w)k>: %33 S

Ton §.2

oF% (i’ Z} RS wf{ ad- - ‘““J

L, -t e 8 _ Clo-Cbe  “Hlo-tLol
Cu.) +c *a a o " |-tcatGac -*cbitad
-5 2




Tln S.3
Sp (V,e) aects d\?‘a.um/i'\:e,zé o focu'rS (L, l:)
0}: WSUQ&Q LQz_ra.u.g lélM- S‘-ké 8’30.@3 .

R\@_E_: Let €150 Cn é"l-_—eMU..,,ng Czan
ég Hee soﬁma&wa& (sc»)Mp 'QCA’Q.) Gas CS

Cu’:‘“\ e, = (é> e'll:C. -/'{-'- Sv[oa-udavcx uu-A:wL U2¢\S>

atd (3 ]

a—ok l°.>...)Lh) L, ;- 5 b be flee 33,00'\)0(QC}“.L
besie for L & =V 2 R,

3 = ('o, - (ou ‘:1 (:W> = SPCW’”QS

0-c(e:,e;): GC%ez,%es>= e(b,, ‘v;)-@
S-’Q(C;)g3)39(% e;)zg. > = G(Cae g ) S,.

O-= G(eb, J> (83» )9 <y = 6(5‘)(':3 =0,

= oL = IR x {o} 3" = $0f x R"
s-¢ 2



Exaw.ra»&.s o;— s?m)ofae(t'c. m\(}c‘CQS:

B (B E) ke ), s
W <°" f \) oo ¢ M, ((R) oet a?o
O "o
@) I = (O 4‘“>
-4, o
Thn S. ¢ wasiunal COMPQC‘&

[T SP wu. IR)
k: U() — Sp(wn,®R) NOGw)

lug e Ra

. N )
5 @ ayeuyo ¢sowuc:\7'o(u.€w\ .

&LQM: uéu.> - {ue GL(U\.)C3 vt Bl = ﬂ-w%
O(w) > {reGll,®): *rr = 4,3
Roof : ldeukfy R*™ WM € v
X 4 J
(7> X € f El
S-7 :



Tl S S (lwaswa. O(QCOM'OOS:‘é:ou>

VaeSp(n,R) I x e My, (IR syum
with @ >0 (= pos, def. ) aral Ue Ulw)

suwcda d’(a-ni(:

o= (5 L)(5 =) o

Pm& : See A TTeevas , Havucowe Au.aulascr%

(s % Scau-tun-e(‘-h-‘C- Qr,accs O-AA-OA APWL'&Q-h'ONS -_lI)

P.277 (Cartam ob;cowpos:Haw. ) £ p.287.
/

or *pelac” 9T Bke) @

<

See alsy-

6.B. Tollacdl | Haveeworece A%Cyocs . Phase

Space , p. 7 £ p:e-of- a)- Coov o

O(Lcowupe(:dét;w (Pwora #3) awdf Ay |

compactans of (UML) (Pop F.5) .
-8



m . VvV & (1% open 2: U= VvV su-.oo'“g

2—-—(’;)1—«; b = (:‘)

% S TS s«a,u-cp—en.c(c’c. Ca.. “3?,&?@&@_
MW’DL.&%MQ> ,,"E zr e = & CG-( ’)
wifl., He pus\e - Lo twawd]

=" (2, 2) =6 (= 2, 92%,_)

L)..):‘{ CG, I > oS
Mx A 0‘(7 = dewe A dAv

Pweof: A A o = (AJx-e 1C] a1~7> A (C.elx-l- 'DeL,)
wile A= qu,'Bz-Q.,%,C:axV,'D:Dyv.
Tuew olee A ddv = s A 0(7 zFF @‘g)égp(w,/ﬁ)

Z
o\ )



%w.ev\a.,c"z‘us Jr chows

R-Q : ﬂE"’x ”211 —p R Su—saoﬂ\
g . olat (3,‘:: “f(’%,'"w)) # O .

Se.‘t 7::'3;“;? 5 V”Bucf 3
ool °""~F“‘““°
2 ¢ U —r VvV

) = o)
l.»:, m»éﬂa%au(.nocl (A?CKQ) 33( L?(&;%)) .
(mr.&'.;'ut fechiorw  fleaveuwe = R swsetk.

Tl €.2 = l.'s aa,u—‘-f-en&#('& ,

Braof : (@) dec & dv = due A o((-a,_dg)
= dae A (=2 P du— 3, @ dx)
= dw A (-39 ) dx
) O(x/\alyr dx A (3 )
= dx A (9,9 dx + 35 1 du)

= Adw A Av
C - 1Z]



Ha.u.,;;. L‘é’om|‘a.~; 0‘79\&%&1&. S

"Desaa:Lcs e Line evelu ho— o{:
oo {OO;A'é U—:. “PL.G.SQ S}OQC‘O_" @ 2
R, —* R

t —= (x(, y(£) D

[ A ’ L4
C‘anueut‘&*‘t fc:-.su-'.a_((sw\ -,-\w c(ass(cd

2w

\
NQD-\“’OMC\aA« wLe cL.a.ca.lcs .

Ha.u.a.;é‘éakts e?..u.a_(ﬁ'oq_s OIL u-go‘ctc‘nq_'.

?
x = oy Rlxq)

7 =" 3x Hl<v)

)((0) = X, , 7(0) = 70
L 4
;—'-l/"Ll‘d»Q 0*(@-'6&
= & P , Hect(mR*™ —= ®)
“HQMZEB% -Fw-«c‘écc‘an

(w— ole 0‘6%'&)
€ -3 7P

17
(]

L

d..



z z = J % H(*) Cé )
.3

P R — & '
%é . N (63 HM{[&M.I‘GL\ -r /ouqq

tlﬂm 6.3

L7e = e Wt

’7'5.4:{' t‘S Ha.u:( l-éo«—cfau_ .'L\[
(Pv\oeq):: o (Veherves @ |
A
G(dx A dy)
= ol x
X ’\ak\( + dx A o(../'

:‘.Z‘CE.IH)AOW - e A~ A(WH
= (B Hdx + O3y )~ oy -
— OAX I
A~ (BEByes + 25 A ob—,>

(@)
G

I

6—



EXMP»&S
(V) Free Mxﬁ;u\ H(g)y) - _é_', "7”2.

x = v x() = x, + ty,
. =
? \7 = 0O 7(6}: 70

(<D 'SQL'O'N'C havwonde osacllaver
H<,9) = 3 My lI*+ = x|

i - . °
/ e, 2 = Jd 2
\/ =-X dn.h——"-e. -era L«a
asi & ’(_417 [ sere

<@ D () = e,
e olue w=1 T =L auwd ) = et Zo
(i) Yemeral quadtvatic Hamiltou'am furscihous
H(x) =312 @ QeM , (R) symm

2wl
2z =3JQr =

P(z)= 77 2 (¢.¢)

Node: By Thws 6.3 &

€-5

e g(; Cug) /@) .



Syucplectec Le algebva

A = j& 1'5 Q.“HM(.L{GU“'QV\ WG\LH‘X )

Lo MNe M, (R) st =(BA)= 3IA
F CTAJ+IA =0

Expﬂc:eﬂl%_ ) A =<Z ;} Hau«\'L-{'aw'aM quJvtk

l-):): Co = -k )'e'oalo) e = c .

m Ha_u.u("'aldl‘a--ﬂ- u.«ail('éi‘o ayre C(GSQ‘A walss

adliboun ool Ha Lee lyaclet
LAVA, Y = A A - A A

MO{ -rcwM ATy Lie a_/%lo.\rag 2p (u,)}é) O:‘F
SP CV-) ”E\ .

E\*poaew'f'!‘a_(, uraio

exp ! sp(‘w,lla) —> QPCw,zfe)
A — A

M.°t Sur -3;_0. oL\;/&



Ha.u--c‘ U’but‘a..u VQC'AI‘ )Cc;.(ols
com be wwed 4o eéz;--eqq,(c:Se. (G.‘FB ‘=

ko - Cra-a.oba,("l’(’. Ho.u»z ('&BC»\\AMS :

szvm O su—uaeka. {—fa-we\‘[:éowb».._ J:«.eolt;cg \‘(

Lok _
X, = HH -2 - %M B/

= J o,H « "o
ool e Reo appetadet T oo (™)
"v? 2‘3.,*0-(2)?- a’-C.er %)‘

Tl €.\

\&t

(
(0

PRroof:

2 e (x) = 2,a(dB®): =2

€-77



Le.c‘u,(a S(' . F/e(‘SeMLCQ %J‘eujv,) ) SCCLV‘G“O&&'W
vepveneufafion omel Stoue- vou MNewwmawn lun

& 7. HeseuSesy gooup aunof Scf,.mg‘oh._fés‘
veprenedation

Becall %=(;) e v =

6(2,,2.) = %Y.~ y, % Sywplechc fwu

Exdenel V4 Heisewbasy oy

He= H(Vye)= V& Re, = R™x R = H, (R)
woctl waalbiplic adhbn Loy

(2, £) (2., t.) = (22, , toet, + £ e (2,,2,))
Exceceide :

() Clecle 84,&‘574%5 flee Growp axtouss.
() Skow Hiat Hie way
H:iH  — GL(w+2, IR )
| tx 4+ xey
(x,8) ¥ |0 4, vy =1 M(2,+)
0 o |
(s au U-;r:c. L ve Frowp bououaavplugec
The " wnadrix represetadion’ of IH,
—7-1 %MAQ%OMOVYD(A‘:SCM




The centes Z of H 18 417[‘4-«'&9( a S
Z =7hke 4 . u3=3u Vgéng

Twwr 2 |

() 2= 1 (0,¢): te ®§ ad /5 =/p™
(@o.cq,(z{ G, C & Su.‘o%you%o G/G, = i%éoséeé‘g

(ti) ($ L ‘s La-%\raM%L'QM Heore

. = {Ca)-e) g te(_,telﬁg > I, = 2(&,0):2-GL§

ave abelias. su—Sv,_rouf.»S @y’ (H | aral
ICo= IC, = H/,
w.f-{'{l. C: oo Vamswerse LA%\"G-"‘S/L‘CLM °¥ (I

For (i) wote Hat g€ i
Caw Ge (AM-lClUsQ_L (._\.a‘\tfﬁ-s a S
o = CJ\.O(IL7 lf.,e((_c,) we L

)
Froo] GXZV‘C( se .

Haaov weasuve

A aﬂbou.ro Gs [q,g% G zel_JC‘é cg&“l'o‘-u o Lr\‘SQ(f

‘o«a 4, @ v ln.,? radkh o apF ccthiom
fru_cb:—fo%l{', Tla —QeF«é/ﬁW Haar
neasure (s e (wp 4o uoswiealication
Luw‘q.u.—l—> Lt [t wivambiof  weaguyR

e &, Sy




T 7.2
The (left onmok m«yt..&-) Haav weoguse v

of IHWCR) s M Le‘?&e?ﬂv\_ vl S Wl

L&'O’Rzuxm' O Ifazwx nE .

Roof: Suppose Lywp = o ¥ e
fe. (W' B m(B) ¥ Baed sefs Q.
Nous, [H s gewareted oy o eubyrewps
L, C and &, For B= B, x [a,6]
o X -wlvariance wmplles Hiat

(D) = pp (B,) (b-a)
Tav powse Ueeasmse fo ow R = H /7y

[

J)
“w

Jo = Lef:es?u.e own I

Sawe a.vgwme,w‘}' «Fw e 443/-&-? achiow .
Z

Suant Lcw(-a ; W Haar weasusesyy v 6 I, ) I

a.v'e.ﬂr.echeaBu& rmeasures ow L ) L& IRe, .
-3



(ITM- Lie a_ls,z(o-m o-,: [H l‘S o HQ(SQML—Q:}

alseloga
lh = \v & /Ee,o

(VL :‘HA- L. s\e. lamc(&e'e dn.’:u—':e-d 6?
@y Lz.s2.)= ele,2,)e Ve 2eV
Clc‘) L >, €, ] =0 vV eV ,

S i packeles [ Tk, k] ]=0 Yl € ln
*2- step ui(ﬁo‘fscvd:q

%; f{— we cloose o  syomdarol s?upﬁac)(&rc
batis b5, lu, By, y bu , e dha
Lie buackef Sew‘lg)[\-a zxa-c% H'e;se-..$°4§\ s
cowrntartion clafows (1L2), where

by =Dy, b;=H; | Co = 71 L



Mot x fre'zqesa_.:buh‘o«- a-F [l (m Lie q.‘yJo«)q.)
ue - n\’ — lHV\-eZar ne Clﬁ')

7
Note, w(2,€) =0 f k=23 ool
ece
?XP(M(C_;t)) = | + M[%){:) + .‘b"V‘(O) % 7>

=P Il s Lce a,lgﬂ-(ﬁ-fa_ es: i
Cﬂ&r{_ (‘8 o,ego o. OXA-‘V‘CCVL ua,? QG e.gquw.g

"HMJ) Cu;ﬁ"-ot—&-d’ éeh—\:) \l\‘o‘_ \H)-L (M-ko'l\J< '7“6‘}), >
7-5




En.p\reo&ﬂu'oug

A mffawg 'rcra«-e/ackv‘a—otxbw Ly o": o fe\oc—

l‘S ao L\a«-u.ou—-. M
T(‘):) T(‘)f—) - TC°)| ‘)4) o 0
G — U(x) 9 > ¥(y)

s condnwouy Po eArerh gt.uem fecle .
Exa.u.gfﬂe.% Le?é - \r-e,%c.glaam mwa‘,&aﬂ-’.&u X,
Q=i4, & = L(lt, ")
R éa.vae,(asxa, erolncedl
bb Lt wWLefree
LWy P(ed= £(W'y)
Chacle:  E(W) k) F(37= (k) £ ()
- 'FU"";.\ L:l\ >> = ‘p((l'ﬂ "’Q}h I g )
| =8k ) Fly) VT
M»\:JQV‘\""a -rou—O‘—OS -Q'OM e (H“u—'ca.v\foshca

&-F HQ,a.V‘ UweeaSWe /L‘-

T-6



ﬁQ C(LP:O‘*M:?J’ ffc.pax.sea.wl'ucv.bq

é)l‘v&w el ) ob..-Fu—:e ¢l LQA;K

X H P S = jwec |wf[=1§

(2,£) t+=>c7(e)=e(x¢ )= e T E
(checle fuct Hur 5 well oLo.,L—:e.o&>
I} L & a Llagroyan subspace , e %
defuds a sadary cbavacke (= nifavy
repesedaton o € > of W abolian
Subgroup IL = L @ IRe, . Tiat rs

X () %(k) = XLk, )

v Lk, ,k, e IL
Nete et (¢ 15 wef a clavacts o-F IH
Por r#0, suvce

x(&.,)) X, ((.,0)) = 4
76 XG’@UO>({2)O)) - C( 3:.. € C&\ )QL\>

7-7



',(3\9 C.OUL$‘\"(&C’(‘¥230\1 Qz've.m. L&%J'Q}I‘OJ-& SwL.JSPQCQ L)
cousides fucahons E:. [H —9 € skt

Fla) = %, (W) Flo) (7.0

4 3e(l—l) lhe IL
Tiws weeans [ElgW) | =|F ()| ool kaner
[F(3)] cam bo odified wite o fincthion
ow ML 2 Ly = T (Thw 22 DD
¢ F, JF, s&fs]c-a (7. D) we cow oafure
Ho wnwar  prodeed

KPP ) = Srf. (9) F.(g) Az} |G

SuvCe &.éa.(:/\.
a (45\«5?‘7,(3'4—3 = F‘(ob) F?-(OJ) Vv ke IL

ook mormy |l F llt_-z\{QF,‘F ?: ,
’;eﬂ_:: BilbesF spacs 9{3 F .s@w‘t's;cqu-:b (72D

)

sk WF I < @ | togeblar weble Ha

Lu:vt-&.k PJooL-a-L\L (7~2)
7-8




The SC(LPQMW ﬂpweo&:v[c-v'\::w (k)q.‘ C

l‘$ wotw a{g_ﬁa—:ed as e M‘L’Wj‘*‘ew- %M_
Se'-vd'av(r\'a“- Oc— ,X-f,L -F,w 9’250 !

N%‘_ 0“-3 ‘F'("a) = Fé““b)
Le:é wn SFQC(‘as{(PSQ ‘fo
L= ﬁﬂ/&c = Y0 x ™
IR™ x iog

J

L = i.?( IR &

e

We kave fl e duom:oasfﬁéz:au
= ((),2)((5 > ¢)  (73)
ok a s,,,u,hm
K : ‘B —0 (R (7 ¢)
£ +— F
wfied oo £ D)= FU(3),9) -
Nafe Hak fho ovesse 7 15 given 9}
Fla) = FUG), ) % (U5, +)
= £ (x) e(—*é)

Lo g an v 6'7.3).
7~9



Tan, 7.2
Let (:,q; = R._ W%L&:” L = ﬁo}xlﬁ‘. T lheu
[‘:’q((:):é) ‘C]C’(B: ‘F(""{) e‘r(-'fvx‘l"l‘:*"i?'c‘\

e¥ <) = e (o)
Pmooi ;

For b =(1)%) (& &K'= (()-8)) we lave
Wy o (W) FC(3),0)

F(EQ),-¢)(5),0))

- F(("Q -t - zc( (")>

= FU(31),0) (G ) -f+r><-*w>>>
- F(«’“‘) >)3(P’¢*‘t*— r)

&\
Cmua.w} (se€ a= 4 awodl cecall (2.2) B:

R, ((3),0) = s
ﬁ.((?&>)0) = T f C?SD

N

orz h  wwawlld $0L Hwehld-ss

7_’(0 coMu-l-Uka yeloshorg oo K
up& etk W= oeperclence



ool Hee (;Jet?,Q c,md\‘sd—a'o% (§ 2.)

Op (=) = gﬁm R(1,p) €CIENTPST dp

Ca“"[d'{ bJ—f:“G—v oS

Op () = 5”32“5:(%\") W, ("(2)9) olyo olq (7-5)

suce oCE) D,((3),0)8, (-(1)0)

=, cC%‘E) ‘:’.(‘(‘;)) “LLE ) - m:('(g]ﬁ)
\:70( 5 o .QXG-L»—VPIL 0}: O %-r-w
Ntvme-ﬂd'““{on)

. i+
W= Jud T %
o Lo

T(:e, cwraeu.ob-:,s uu—‘; ;:zmckow.«a.l - 'RAM‘E/JQL\-
+taton cp-f— Yo Lie anzlfo-)a. M«. g?ues ol
a,QSJL(-..Ie\. ?zn—uq,o[ta'{ 542 :D‘s onch H; (5 ’L) .

7-(



Tl 7.3 ‘aaél:s*u;d&pw:

v

V"L@C-,)XGL-)M,='O{-J

M
L C

Thon 7.37T
Let (:’q; = .QL_ w..;,_&:' . Tlheny
By (w) D= Flx-1) eT-elopdrtete(ap)

Pg‘i‘: eV L«.’-Cm.,-é)_ m"‘—
We e (W) FC x ,0)
F((—-»u,-{:>(x>0>>
F (x—u)—-é-"iGCU-)X)>
e(p>xD
= F((<q,2) (=P, -+ ¥ (1) 26(X)
G(";P)“’ ?_GC‘IJPB
P19 lolepd < Erh 6D
22|

N

i)

~ 2




§ 8‘ S’/ow.e. - vow NMM "memwt
s i?

Define o Fourier - Wisuer {(soms i
%iw (“:\ ;'P-a,> (ﬂ)P) = <":\ ) &J)\ ((;),‘3) ¥L>

= 70D f(x-q) el-px <tpq) ox
o

= [RGB R ) e L ax

T 3.\

(DD Y Fhe 9(r) Heo &, (5.5 63(1122")
(i) S(IR™) 3' ()
(D <SEERY Flon30)>=<0 2, 7< 5 9D

Roof: Eictendl £o fureer wiap ox L5(@™)
@wré‘lof’> =_S " F'(x-\-k )x-jl-B eé—p'&) Ax
e kave &, = F SCE%9 leve
FOF () = [FFC, D] O
s Floy)= Fx=9,y-p)
Thos &, ¢ (™) —o L (@) s welfary

.

ureps SCIE.“’) — S Rf&) awod  exdols
] -1




o o wap S'(R™) — (R,
C&eos:u—é F’(x,73 = -R (<) ‘P,_C‘j) Proues Hes
clacucs. (2]
A represeutaton § of a Prawp G o~ a
Hilbes# epace 92 s revedcble F flhere s
wo uou—{\swsm( dfosedd suSspace. ‘X< S 2

so tlhat 'E(%)C'?C ) < 'X\\/%&\G,

Twr 8.2 (a#0) FRs # $0%
'b\]q, ls lV‘f'e—C‘l-Ac(,c»ak

P\rooF’e Asswme w-L-e-j- = (.
Assvve T K. & LX(R™) swele

Yot 0, WF 'R & Fe'R,, ke,
IF £ e 'R Han

<¥°,83.(h,}¥> =0 v heH
> @LG:”-F>=O
Tha G.L (L)
=» | EE, OO0 = I8 FL =0
=V “'\o =0 o -P = 0 . @

-




so.-)or/;{go& ‘72_ P.rouco( Q} (f‘\3g)

4
Ttu.m 8.5 [ Soue —veoau Ueuw\a.um. Tkec\rcwg>

Lt § be o wnifovy veprsehtion of
(He H, (R) o~ o bt space 73 | such
dlat (5"(0,4;) = e(rt)TA Por gowme
o A0, Thew 'R = @;’3@; A
e, = 'R add IR, wadardy

o~

ea’-u.;va«gb:l’ <o W,

(l')roa{' AsS%uloé = 4,

Use slostland T (q.p) = T((1),0)

ascok ol.v./:.—-«e. ot fncoy e'g.ca:l'mr

Opy ()= [ alap) T(q,p) Apoly

sl e U ().

Mave pmcc‘sebb ) 0(‘)3-' (a.) s oQ’\?Ct‘uea& G

<% 0!°y(“')3> =J a‘(‘l»ﬁ) <'P) 311,{:) 3%ded|T

whide (s a.Ssoo(;.JLﬁ.b eouve.tbn.—..J' Se~

[ <F5 8(.p) g2 LS “'PNK'LM'&

g-3 S g Hy



We kave
S (x,y) Opy (o)
= ‘Sa(q,rﬂ ?(X*q)y’fr) e((xp-yv9) Ap ol
= Jalq-x,p-7) S(2,p) e(tlep-y9))dpdy
= Op, () (2. 1)
'o(o\,p) = a4 "‘)P‘7> e (& (xp ~91 33
ool by e sawe calewlahon )
Opy (=) S(x9) = Opy (b) (82
L (q5p) = a(q-xpy) (-3 (xp-y7)
Fucieurare

OFS’ Cas) 0y°s— (9*2->
=((a.(q,p) 2292,P) 3 (49> PrtPe Yol hpe R

ap, dcf‘d Pz Jc‘,_

= (fola-qesp -pe) ae (feps) TQsp) & Clorcor)
) dpelq. °|wd1
= Opg (ai®a.) (8:3)



IU:HA = ¥ $ = Py C[o)ﬁ)
=) (31 pp e (4 ¢ e (4 (ap'- 7)) dp'ol

Claitwe 4. -
If Opp ()f =0 & Fe e Huuw a=0ae

PMQF; o _):)3 R, Ly a8 U\ Yrom
= < SJC")") 'P > CDPS- (a.) (S‘Cx;‘f) Oa >
= < F, TCsm9) Ope (D Tle,q) 3

= S Q(‘_.i‘;(xf“[“l}) a_(c’ )]o) <¥) (3—(1")> 3? a‘PdCI

Pourler Loveslow

o e d<E T 57 =0 Frac o
=D a =0 a.e. ')
'C(a-\‘w-a:f

[N -r -y
¥ oo s even, OPT(fv) ¢O;oyC“~>

Prasf: Op, (=) - jaﬁ‘s DIRASE P tedq




C{G.L‘O-«Ps.' lF a;(x)73 = lfne_%( lxl + “7“1) tlew
Uroyla—) (SJ(X) Y) 0‘03, (a_) = 2,“@,(5(,7') OPT (a,) C&F)

&i: Ltﬁ'é L\MOA gt‘oLL b" (2’."(‘) 6.71*413

QP(QB Orb(lo> = O‘a(q;h\ 'o)
wie b as wn &.0) |

a;‘\‘o(al,P)

< Ja (a9, pp) B(aLp e (d(ae- ) ap'dly
= Jala-q'pe) ala=rpty) e(t(=f-91)) =
v e(+(qp'-p'q)) dlp'ely’
-15 - E(1g- 'l (1pp'lt + Mg ol + M pll™ 2 4 9p'-Fly) )
- cC d\o(d?l
. 'Eﬂl % | "1,+ "K”L'l'” ”1.) J Cow\vofekﬂl{
=" <l V) & scrva.ar;
e G O L
~8lq I+ el el iyl .
= %" o._(cl_,p) a(x,v) ‘ . X
* e 15(”7* ,(-“.1~.:P“1+[|P-17-§L‘x+cc, u":)\S e‘waﬂ 1"”P‘,l )O(P(J7l

MY
| = 4

(

@



lu. Alea -[e“cwtlt% ¥|;< o af ux Cla.(‘u-g 3

Clacu~ 4

Claiun ‘ .
%7 * OPJ‘ C&) s SC‘-F’ a.o"aou-s"l'

Clava, D

= Opy (D7 = Opy (&)

Teus, Opy (a) (s o osr\‘f.«o§oc«.a/( ‘Ne—a&r“/h&%
on 3¢,

Set R = Oplad> 8 (te vomye of Cp ()
Tuew fr F,9 e &

T £, Tlad gy D

= <F, Clx-9)T(e,v) g )

= e(s(uy-xv) K F, F(w-x,v-7) g )

<Op(AF, T(u-x,v-7) Opla) g
= <.? ) 0,0(0.) 3"[u¢x>v-y> 0{3 C&§3>
= e((3 (u7~xv)) L o(-x, v-y) < -‘r\,t}> (8.5)

Let {Lﬂ %}. le o avtrouovical basis™

of R ol D(Lﬁu’&e_ o clesee] Lureor sppai

'R = span § Ty fy ¢ x9 € R™S
-7 # countall If 'R separalle




(8-5) = w; L %, f £
Nete that f &= (0%9) ten SiCc,
ool Opy (o) & ovflegnal progichow 'R -2 W\
By above counfruchos we wund have
Op, (a-) W = jot=p W=jof = '€ = & &,

I+ wewas t b glowe dhat :Ylmé

~

s witardly cquialet 4 B
Defiue fimchows F°7 e e

£57 = T(=,y) < (7 Ficesd )
Thes (%.5)
<P P> = e (wy-xv)) 7 alu-x,v-y)
Suiilocly oafe a7 e LT(R™) by
37 = W((§),2) 0, gel)= T T tqu®
By caleulohion sivilav +o e oue foadicg 4o (8.5),
v lave <M, 5% %= KL P

8-¢



So _Fa—-l’ 'P‘:*:"L L-V:QG-J Cocr S\*ﬂ—‘a;“:d"‘-s O{: ((.UL 'a.\)o.‘
N X Y, _ . X, 9
*F;_’g_cup °, %z'%_-'aw.}“&

we lave <P F >'&"—‘ <%“’°r>’->0- .
Buy He cbuschy of sudh f ot R anek g
wr U7, W covvegpouclimae £ — g0
2xte~ols Qn.b /&-«:c.e-;'c.ﬁé c&m«—m’-w-'-:-ula e
weidaey wear Ry 0 LR, whik
pdotwines J | 'R, ardl W, .

[ Z|
’ﬂm S‘fbue - Vo U&-w-sa.uv\ ’r&ewﬂm M

Sdier's Lewwna 21\12 o —)Q-,aow%:% Sass( -

fwekiow of vailar e futeones of

2
[H.“- (RB (=0 bads 4o represetaton of ©*)
The. 8.F

Evers frcediae Mo MM{\LQV‘\>
rrera,nse..._%a,;l—t&m e}l H.(IR) s war (¥t Loy

ec,o-«:va.l&ml— te owe (ool @‘._0,3 ‘5“-‘-—3 @.F.'
(5) scl-wgo{\“«%u R UA’ wille o QlE\ie}
(> 6, ((§),6) = e(P-(5)) wtk pe R™

8-94 % gez. below .25




Lecture § . The Slale -~ b/ecl a»epatsm-ba.\t\gv\

O—;— Hee u*eJ-a_p(ec{-l'c AIA X \p

Se -er_".

o @uoadyatre Ha.u..o.c (tocccan —F.«M@&tdks
%ua_(‘c_ Liear S%MMO&E_ Kroms —
Fucmahoes ov phase space R

® Tle 5o(wc“af.-—:>&s rrep:enewdhi\‘on oF ¢
H&\aﬁaélrb 63-0«-‘3 PJMA 74.4.04-4(“'-0.&
u—c&co‘mﬁcd av)uw@n\rs
Now -

o WU cowpdet achow Q’Zc 3%..,9,&&'{&_
c?s-o....xa ow He(‘sz\é;% cy.f-ou.}o) a.Jlu:O}-L .
cy.ilol.s o vepresen oo Heed olascsibes
qua--p'\"wm Ws-/-\oﬁru:_a-ﬁbh.\s CWMPOM.O(A.\}
= c’-u.a&;—a.hc Haoc't (o iasmg

g9. ngléc\czrve repvenoatatdion e;[ Sf_é“" @

(v, € ) SWM bector gpace acg SJ\;Q 5
Sp (V) , H(V) s%plzd-v.'c. £ HeA‘se»-.Sau}
(%&bc-\'o. T ue MP

q-1



Sp(vd > IH(v) — I (v)
(g)u).-.(ob)(a,t)) — §.u==(<>a>-e)
wifle a2 = (::)(’;)
defiues o APt achow of Sp(v) o IH(V).
(Uey s Hat Sp (V) presecves & )

Warnins s Nate that a-(l h,) =(3° L Xy o)
(c§. achon of Splv) o)

fRcall Fyown & 7 -

W, s He Lfd-regularc "-QPRIBQMM'-‘C’R of K
Woll) Fll) = F(W )

o Mo Hillowéd space ’BQ,L o «Fw\o_(w;:'-c.s
F(h2) = X Y ' F(w) V Le lL

witle X(%, €) = e(¥) (o= Hoouglowt )

L= fo} x t‘B“'cba_ve the clagsica. Sclur Solteus
ceprenatadion ol ‘pasthon gpace. i wll be ware
wwewed & worle e L= IR" x o3

Q-2



to bacda L;(eus N Cw{v‘uw'c.’ eq—c—a&af@«%)
SGLWG&OLJ-—;%KT fH—YN'Céb-A’a:ﬂt'ab\ o TS SpacL 5
Fix L=R x ol | U= fo3xR",

We wees wse e o(.zcou.c.‘oaS(J-cbu

0= ((,)((5),+) (0

ool a Qt'xioHaa - -
&, ‘R,  — L—L(R.D (3-2)
£+ T

olefeer a0l L -FC*D"’- F(((%)o)) '
Nate fat (o sivese X' 1e givew & |
For g an & (9.1),
Fly) = FU), oY) X ((03),€D)
= £G) el-v¢).

T 7.2
Let (:,q; = R'_ 'JJY}_&:I’ L = i0§kl|2u, Tlheu
&, ((3):9) w“]é><3= F(x-q) eT(px+tcipq)

L ev ) = e ()
- q .—3/




/
- t
Tawa 4.1 (Thn 7.3, fialsa Gasis wldep, vergn )

Let (:,Q{L‘g SZL WY,L_(R/:‘ 5 L= Rukclas. Tlheau
[G,,((1):8) ()= FGi-p) €T (g7 + t-tp9)

e¥ o) = e (o)
For L = ((),¢) (= L-.“=(-(§),-t)) we lave
Wy (W) FC(3),0)
= F(C(1),-)X(7),0))
= F(53)>m¢ -2 el®) )
=1y
= F(((20),0) (M- €-97 +5ap)))
= FL((2%)50)) (a7 = e-tqp)
&\
Cm“av} (Se:é =4 acddl cecall (2.2) 5‘.

5. ((8),0) = +°
G.((3)0) = st | )

o -



MQ&}(‘OLLG. .

F W =w,, we obfai uews vepresedation
L0 ow =€
W2uW) = W(g W)

Sfowe - van Neumaun Theover = WO (s
levedsce cMe  aod I wgd-aw.() R(3) on "

sude tuat V Lie (V)
W) = R(y) w(w) RGY) (a.9

Ve SplV) &y seﬁ':w),

Scluae's lewwmea: (F F° (s a cu.a.:\tavaa
represendation of & aw TR | Heew
e irceducli bl [RE = TR for
R:he = R —-=ioi€=c.lo()c.ecﬁ_].

T lnn QZL Vg,,%zGSpCVB

E(%(%?—B = C63‘>%,_> Q(‘Dc)re(‘zc’)
with cly,,3.)e €, |els,,9.)) = 4.

q-5




PME: Tlhe ogzqaﬂkﬂ‘ ’2(5\) E(‘b,_) }E(%I %,_')-‘
COU—&MJ{S uJ:'Ha \"ﬂ_o_ ;TV‘QOLLLQl‘uL «W&A—

- =)
R(5 ) R(5:) (9,9.) W) R(a.a, YRGE.) RGE,)
éa;l—:ow. w) ’ E ﬁgﬁ |

W (&) ') = w5 k)
= l’\)(%\-l L‘)

\_’—Y 7/
= W(w)

e ‘a«.b Sclwcr's Lewama

R (5) Rly) R(38, ) = c(3,9.) T .
,c.(ca“ob,_)fz 4 Qub mc'('a;w‘\('-} . 2
Swer c(3,,0.) # 4 ol geueral (as we
will se.e,> Q(«é) I's oc..(-.a_ o (awe,-a';.c.ﬁ‘va
ﬂtp—)csek'f'a—\ct‘o% OJ— S)o CV) :

Nofc'- (@l 1‘3 Ce cac'écfe.> &\\e.

C(%., ‘5,_‘535C£‘37.;‘53) = c(%‘,ﬁzst(‘é‘sz) 93)

(Pm‘*; : (a.6)
(1) E(%J ra(on (2(533 = CC%:)'}B) R(‘}')RQZ%B]
= (3159293 ) € (92,93 R332 3>)

GQ Q(Ob.) R(%x) (C(‘S;) = CC‘:)Q%L) EC%(‘S,‘(} 26‘5’55

= C'_(“bc,“b’-) C—(‘b«‘bn‘bsB '(2(%‘%‘353 . A
a-6




The Hac.(/»e) aEsM\LL;u. grocayp ‘uwrns every
p,ro‘f'.oﬁ've ﬂpK‘Cscw{’mﬂl\bV\— c;.vlb.s Ce ‘o.,rc,PQp owne .

H,o.c\‘(e.% G&&#vuc \"‘iot—g %.J«oo.P

Sed G’c = @ x S un;\c cwele v €

ot (‘b‘ )4’«) (%z > €2 )= C%l%z y tote (3 ,3::).l>
Thew [R(a,t) = £ R(Q) Is a @w\.h‘anz (pvoper )
’Tip&-esc_ul('a_“-z'y«-«. 0£— Qc .

e w:“ later see fot Heeve (s a duoiea Q#
R (a) sucle Heat c(a,,9.) = t audl R(y)

can be vealiseo as o Propat A= °‘F -
dow (bo covver Cbs: Sy Cu., (EB - e Map’Qcﬁé_

akdey &
§xph£:# pov'w.u(q..s —)Css E(%) (-He.e casy Casg‘)

Cous idley: Su-‘aocre'-n‘o (‘; ::b_l _ ( ‘;-;l ‘d'f:")
P = {(oo' l:\ QSPCV> ) o(eﬁd.#é)}

So un Pa..wf-o:wlmr oka’ta:(, CLd = %lb
ad ql=L ¥V ge®. [ur)(V)e
q-7



As wr Hee case of e Schvodbyr repwenactateoa,
the iolea (5 €to wvne fle ,&A‘—-wezula-\r‘
represetation of Sp (V) o Hee Idelouf-
Space X (57).

- F:e’ae,,_‘)ob.ﬁuie(i’(“a}wc\ﬁkgé?
ond sSoune novuralisathon Cowstomt ae[%')
R(yd F(k) = %=() Flq'W) (3.7)

We wnlk see Hat 2 15 I=olwa vep. of & w €*
to sale IE(%) au.m‘vta.w& oy I, ; we will gee pelow
Yeat se(a) =(olet o ) G o cowvewiont cheia
(vetlar Hosn He mave obubuc [det a)),

Thew 4.3 ot (o ar)* 7 L clat (2) datt ()"
(f) /6(33 Mws ’X.,_ to ’26..
(i) R(B) 3¢41:91C¢'e$ @A.s) w e

(3,9.) = = (a) = (o) -




ool () kolds suica gl = L. As & (2D,
W3 () R(AIF (W) = R(IF ((9-W) “>

w(%-uo) = g0 hj

= =@) F( W' (g l«))
= =y WD F (R0

= R(3)W (k) F(W)
whice grells (3.5) . As Lo (9),

R(z,9:)= =(9:9.) ’QC‘«'>~5‘*(‘:>§‘ RG) R (4e)-

= C.C%wbzs
Expﬂk‘a.:qt PQ.JMIQ.S.' @

Swuwea F & %L. ) Lz' S“Pl[‘é‘-& 4o e\/ﬁ.(;.gQJL
(3.7) ot L= ((‘;),o> , ye R

T A6 R, &= < > det at O,
R F ((5).°)
= élo.'l: a.) /ZF((eZ7>)O> Cxci_ g la'ea.y)

-9




Pwoo:ti %‘\ - a— - 7 ool [heme

R(a) F((;>)°> = (3) F(( *7&7>’o>
(2,) )5t iy )

=7'oﬂ.7

= 2=(9) F( ¢7> ) ”(zyfo 7)

L* sovewalcsaon = ?2.@)) '-‘-Qd: CL) & A

Nete Hat vie He rsosovplasw (9.2)
KR, —= L (RY)

we obtas fhe metcw; Gwo-;cc"L ve) repme,cbcuho««
R(s) = R _R() K

of P o L*(IRY,

Rea) ) = @eta) ~ Flhy)e(Ly bbay)

a.2)

9-10



& 0. Gpnaralsed Fourier frams fovrms

e comorine wibl e tasle of olefernuiands,
R(3) [omel Ho cocyele clq,,9,) w €127,
As in He case of Hue Subatouy &, we wll wne
bt Avamsladion | cf. (2.7).

Problosa :

Ts oboes wet poeserve 8 for g & P

Webe 52 = R, »*(8)= v (5 ®)
L= 9 L, L®=a L . Noter X(gk) =X

Tluen (6. |
The opmsatar L(s) F(L) = Fla'h)
defues o tanibavy wap

Blq): BT Ry v

Pwaej:-.:
Assumc Fe ’ael__ 3 (.e. r(c\"\o) = x[("'o)-| F(L\)
VYh, ¢ IL .

(06 - |



72'.6... ‘pN (A.. € ,L’ = % I we l«.avc,
de)FlW) = Fl5'bw)

= Flg'h g'k,)

= x(3'w) F(5')

= (LY 2(6)FL.
REIFBEFY = § Fl5'L) £ (5w a2

s He
h = %t +a (L
= (R R av()

HAL

= r\ > F‘;
< >'9e._ 72

Gaa[: 'F'u..fal WA:VLG.V‘» MYJ

So ﬂs«J’

QC%) = ‘%:3,(. 'ﬁ,éca) ((0.()
sahsfes (4.5).

[O-



ldea ; Let /L,Z = /l..7_/u__‘h”_Z
osnol ah)rc:.ge L Ly @8 o~ Lun'’s feof av=rage

K, P =] Pk 60 Ay, (w)

(6.2
u.J‘ACV‘C— VIL”_ s the Haar (Leﬁes?«d.) UG §UR

o I, (-f@_,, be vorwalisesd below )
Clhecle:

() Fev bk e ll,NL,
Fluk )% (kb)) = F(nh,) %0)" % ()
= Flk)) X))
=D wbeoped well otefined
(©) Far L, e I,

& Fei) = (P (i) 2 (W) do ()
w,,

_ S Fllb,) X% (k) Ay, (%)

L
-

X0.)" K, F(w)
= HFe %, 0-3 =



Thure 10,2 For R(a) as o (l0.\7)

We(k) Ry = R(g) W)

onof

W L) R(3)F(L) = R(y) F (5t
=8 , L) FlgWhs )

= §2(e) FlloWymi) % (k) Ay (L)

L
= ) Rl 2 ) Ao @)

R(x) (L) F (L)
- 5 L) W) F ke L.) ’((L() 0(17,%5‘*()

= [ P gl el)) X () v ()
B2
Ts welds (4.5) proviseal B (g) s mvert bl .
Ve will see sk 7t~r He cowecet noriealsation
of V. 3 e Foof quLa.wa_.

0 -



L-&{'\S &JW[L ot CIO,\) L._,: e case
L, = L = lﬁ“xiof ) L, = z. = Egzx ™.

We kave IL,=IL, /% o~ot lLecce For l«:((f)fﬂ
%z F(5),e)

JFE)2)G)2))

= ) F(E))(E)s 7)) 4

= 5 F((o) o)) e(=sy) Ay

Nole alsa
& “((3 o) = j (2, ) e Cx7) d
oo g:ﬁ’t. = (E‘L,C" (l 2)

-5



If L,, L, are ust trausversal , w= caun
relate (E’-u'-:_ £e  loser odwlengional
Fouries trams tovucs - Thas fallows Fcocns

Eo.it: r«r a'“} ,‘Aaa\v\ o‘P [,away‘a—v\ "D&KQ% L‘) L'Z )
theve v a sfacvlarel S'j.u—-rnle.cvqc Coses
<°a:_, ‘:: ? ok V gdh Heet

Ll=@ R &.

(=1

<$ R b, @éb RL,

L=t

e
t=1
-~ w ~ ~ k
L, =® RS L..=$n€bo® R b,

. \ -
c=1 ¢ L= {=leed

Ecerease'. Prove -Hus cfo.n‘vw.

The above wowld be CAS(—J—:—\( do obtaun -valqs

Jor R(a) withe o= (% 5) all a,b,c,

S'u:%éueax' Cc\,e. olet =O>. (Je cocd wot

-FKV"(’L.C\P &VKNQ Hct; LLQV‘C_,
10 - &




Tha (6.3

o
Fat a = J = -1\“:> we lhave

R(3)="R, Fo L B (3) & =&

ﬁca)m ‘R, Fo o D (3) R 7'-%&

Roa] N cloie il sl clyya.)=td
o L F) FL(3),0)
- Je F((5)0) elerd s
A0,
JF((R)50) =Cr) <

e lave dleferwcinesl R(3) For a= 3
as-ol %é @ Tlhe g(lout‘m% eeav-our 8(‘@\»-’3
+Heat Hais oledesunine s %C%) Vg & Sp C‘*) ﬂQ)

Lepo ‘= ‘O‘Lﬂ.% "'\Q,C‘{'WQ 2:0\‘%% C(%‘ 5 %QB ’
lo-7




T(ZM 0. &
& v {‘3% %ewewa.:(;as S,:Cu.) ”Q) .

R‘QG’E g

(P ot aa 70, +lew

(T %) -(&= (s OL;:._O (to2)

~y =¢a:‘
..(—OJISL“><1M ~ ca’ @ -,ﬁ_“'
N -4, O o . 4, o
e 3IIP

o e %
Neaw u=z¢o{>ia&.&a—¥‘0§

S o apew nerglibourlisscl of A z..

Hence fhe w‘acbroo.') b, %ue\qucvl "'2 Uo 1S
w . wplement 65 = O G, ¢ e
ope S co y ewe: o 3?’6, ? 5 opewn,
hence &, s alss closed . Taun Gy = SP [u, k)

Siwce SY"C“'J /}8> s cau.ueched:* m

10— g - (Ve T Jﬁc,vc‘a.ﬂ -Fa—c«"’



a b =
Let y(cd ot detd#0.

Thew

R FE)=4(t )™ (e (400n) Eedn
wsefle ‘-ﬁ,(u) 7) = - Lz w-o"'c we u-o{.‘y +é‘ 7400&-'7'

’PmoEi l?‘ o= Tt bd e
A (11.“ 0
3 Lo o Ac 4L ;

So
R()F ()= R 3 ac 3 P(y)
A datad) ™ ¥'R(a,) (Ly)e (sg-bdy)

N’V

- (R6) Pl elu- &y) du

= j{?(_ub e(~§w A'c wet a'ok"y)olx
22

\0-9




Let %-—(C— 43 wife det c#F0O

R () F(4) =+ (et C—)A/&j e (@) F(Ddv
e Plv,D = 5 v cldvovecy e yeacy

Pv'aor" .
_ o ~{

9 3 - La_ oA >< ( o - 'w,;g-g_s;&g

So %[op = R(«;, 3 ) =+ 3?,(0,).) L“”-‘g

arod Hoo clawves .’%uows Lown Thwe 10,5, 2\

Nete: f—e cs,w.&m—\tes Hee S%u«)o—&.c\é;'c. malp 9,

e, (‘3\,;? > ( 5( 3y cQ>
P! = M-‘y-fc

Proal - ¢
3 f = cldv-ely

7 =°¢C Wy + v
=)
87? el & 3\/&? +QC-‘O‘V“’LC-\V

- e ~l_ & < ‘ R
et ) s (a0 o v

L c-\ -&&




Heseuloers evoluton
e call (g’:(aaB a crmo‘t.'ga—tﬁ&—s c»-P 9 .
T5 see low ¢ wvelafes do o L-Ju),Q
quauJ-z'saJ-L'oa , we ve-defie

Op ) = ‘Sv o (w) W, (w,0) olw (to.+)
whete VvV = L @ C
s He

o (%) = S 2 (w) e(c(w>%3> dws (10.5)

v
whide s now wldlopoctadt of Ha Hadee
of Gasis.
[n Vo staolavel Ol ficaton V= " < R"
we kave e wwoolifiedd fBares foomeladua

wlo) = |2 <((1)3(E)) e

2w L
* 9 - P
t.e. a.(a\7p) = Q.(a')—p> )

1O — (I



Tk (0.7 & ge Sp (v, R)
B(s) Op(=) Bly)"' = Op(acqg')

f%@gfz

R()0p (D BEY'= | £ () D2(w,0) du
- Sa(o;‘u) 0, (w,6) o

coa' () = 5'51(“) e( & (w,a'2)) du
= 5‘3.’(a5‘m} e (e(aw, ') dw

\_,1’——-

Q(“)*)
=D gawme Fouvr.er CQQL;\:::&?M-% v . @

14 g =9 = eXt%uem{es a. oug-pacameRS
Supgoenp andl Hlwn Moo Hawlltoraw Plows
Re(2) = 3¢ 2 — vheu K faunily o)
bacifarey opurafers Uy = 2E)R(9e )
sathe fies

(O —~ (X



U, Op () U = Op (e )| (tog)

Q@

N exact Eaa cov Fheovew

Heve Hr plese Focders =)= £ 21 ace
dasen so Hat (U, |te RY Poven o
apsou (~o wetaplechi Np—»’esew{'a-\‘néwB :
Dfferashatiaw of (18.€) wnt. ¢ 7.&(43)
N‘H,. U, - o tHE

o Oplo--e ‘?{‘) - 7 L4, 0p]
Counparison it e Herseuloassy evolutrou
eayum&w i.%e Alt) = « [H, AR)]

For AlE)= WA, Ue yields
Aé&) = 0PCO“°"Q4,B Yo A°=OPC“~)~

o- (%



Lecture € - (Ba.rgumw 'v-Lpe)e.scu.-(:a_\Ll;w asrol
Focle gpace
é “ . @QV‘&MW e F,remu_d'a_ﬁéw

s B3 I TM q.1

Reall Solirddbiiaes tepvencmdathon (L= R < feb)
[0, ((2):9) H](D= F(y-p) e(qy + t-2pq)
oamol Wt (reclefined) FBurion- Wiguen frams faom
T (5.0 (1) = <H, WEE)e &Y
= JR il +p) ebqy ~tpq) ox
o

= J RG-2) R+ 2) e€qy D dy
.

n -N l(?' e
st d)= 27 T By T B (),
L2(mR~) —» L (R*™)
F H g’w (@0 ) 'P)
l‘s aw 1“eaw\_e,4v~6,

Expliaifedy |
(=1



E=qtcp
Fu (B, () =<B((})0) &, & 2
- ‘( Lw,e-ﬁu«,*,pu‘-zr:?.y+1T3P.1 ‘F(‘[B"ly
'k.

T lpll? + T p- “TW Uy U* - 2% (g4 <p)-
= e o TP P‘ijl‘ehe / (3+-p 7?(‘130\7

N/V o \
o~ Ellqrip IF+ T (39p)(gecp)

" _ 2 _ 2 _ 22X aey + I o
= Ve T = J, w & Tl a - £)

Daf ' Bavguawn drorsfovun (2 @ €D
BE @)= o Tay TRe )

’ w

¥4

¥

(cf. Follawk 2—0l2) (o, ()

Oof : Fock space

?wziFeuAire.oan l “F—'ug <°°(5

s (M W\PM; =<F;F7g asol

(R

<FREY = (RO aE) < v

¢ J
Lc,‘oes%uc an C*

— e
- Tzl

Set olpg ()= Av(=).

-2



ué,'{ L @&e\t“&cs

) fel(rr) = BF e &
amd UE&Q . = “’B-Fkg“ ./N wol € - il ¢

GL'){JQ (%3‘: (F%!"y/z %‘Y' l‘*(»Oé (S an OB .

Q’JJB The T'a;lw sesiey 6-) Fe @w Cowvenes ‘o
T v the N lUg norm,

) F | ¢ e el kFlly wrFe & ,eeC”

($ur prooPs see Tollawsd Clap £ 5€)
By (v, & — & |, F + F(w) s
bAol Lrcou P,usa/"lbuql / w y Se S5 € "

guda. that F(w) = <E‘U,F>3= :

Fact: | E,(2) = " =2 (h-2)
‘Proo]L S
c, (=) = 150 <3Y)E“> Jo (%>




T Pov K(2,05) = " =W

FD [, (3,5) Flw) dug (o)
‘rep-r@c&ac(?&§ (Ae%mel“

12“”\ (f.1

Let T g'w——%?; be Loumoleok , ook cot
LC.\..CE,G) = —r-Ew C%). Frzeul_ w-l— 4‘3 7, B
eU\J‘:I'Q S&MQ"\;U\ own £2\4 w:m

(2) w_‘_(~5oq'>@ (3:; S \(’T(Z)'BQ '3:'&.
D) (ke (2, R) )\ s e‘%(ﬂzw—*l{wuz) -

() TFRE) = (ue @m) Fw) dug )

TF() = <E,,TF >3=, = <T'e. , t:)y

= 5 TIE, (W) F(D dug (@)

w‘ke\re_ FI—"' E% (UJ) - ggw )—l—'l- Ee ?g_a

= <gz_)-rg“ ?8: (ll.3>
= TEM (E.-) = VCT_C'&,:I>

(1-4




= Ur(3,8) kelowovplic ola by (1).2)
acoh  Lolowearpliie wv W5 (1) & ) Yollow.

() Pollows frow

[«elz5)| = | <, ,men |

< e ll (T, U

< [+ uge““gwu

— h_‘..u c*/z(u%ﬂz—l-“wuzB

22|

’l:-lt.n-x [\. 2
LY T @w — ?v\ 'S ‘aou.hOLLOl ) V‘&CM :/" (3
M\M G‘).J‘KJW&&(G{ Q‘(a K,.r C% )§> .

Proof i U, (2,8) s ewhre ui 2,0 .
let 2=4% (2+3) , v=-% (e-T).
T G(on,v) = K (2,T) & exhie
be v, G s oldetuarwnol ‘a} ISRV
real  (via Tayler sevles), . whew

u(@+@ )= 0 = Re(2-3) > z=w.
(-5 I




lal.ecutt;n? }Ezu‘_:‘b CVL) (2) —> 2= ('-GC\’Q
Se vl(uv"' M—e— W('ét‘(.)h\ca.ﬂt\(‘)u ,Qm.._\ o{ MC ‘hy

é&,é) C%\,":D = (2f2' 5 ~£+6‘ £ lz_- /M(zi’:’))
Iu.ve\r.ve (l.?a_wgma.uu. \LJ-O.MSPQ\PUJL

(B‘a m:vca.w:w(} , Yor Fe & , f¥e LZCEVL)
<HB3'F2. =<Bf,F 4

2 LTy + % 3.9 ~—
o I A TOLOPEIND
Qﬂ.
3o

B'F (7>

w/2 _ 2 oy + I qg
_ 2)/ 5 e"n'llyll + 22y TR l.__.(g 0’/‘4?(&)
clﬂ.

’Ba_rsma.uu. (Cevrue (;

B(ay) - 2 o ey B
?

((-€



Tlew

B P(2) = 5;@- B(2,v) $(1) oy

BF () = 5@(8(-71”) F() s )

@wsmam a{looeﬁek\c'a*lbu 0": A

P e, ¢ = B Q1,3

So wn parfodec: (o une E"x*f})
V(q+e P>°> BE () S

= B o)L (2) “xp Ry

( ) ) = qué_c-t-?ly?)(q +\cp\

- R CE LB B(3)e) )
Ll Thad g BEEY 08

J'Y_—J

-~ el s
= e L"MM-I—"TE (B'Fé%-m>
(1-7



3 Coquu-ab. :

s +Mit - X T
’lg—cw)t>':éa> ____Q‘W%.m AT 2 “Nl I:C%—w>

1

ﬂ-w'i + aﬁt.ﬁ- E W'I).
(=2

Cowepare v o ZSLCC‘F',)'\L;);

b, ((3)) £(N= F(1-p) e(qy + t-tpq)
Uﬁ (d-ﬁ-\le— ;q\l‘u‘a-u.!-h

~ ,f B _ - B |
58,0 SRy HEE) <Cighee-ind)




8 12. He\l‘ar(ec."(é. ’V-QPJ'QSQU\JTL'L\OU\ ow ".:c'be(»c. gvaac&

fa.,_,\r&,( erPJ(S&—\ﬂLa.\l(c‘bq— m’- SP CWJ R )

boct < co«—;'wzuﬂe— Sfa(w ,@.) ¢n Haat

J = (f; f,) — 3 ,_(-i ?‘. >
=t 3 (1)) =2(70)(53)
‘TEA‘S ® A@(Atﬁcve.e! 4‘3 lk'-% M‘:faw*-) w-q'c[u'&

{ T
c = L <\ (
\(2<‘ _:>eu(z.~)’ - "\TL?(-C :}

—l ( A
CJdC = 2 e ® ot _ [~ 0o
z(a -«.‘>(~\ aB(-C L )-(o c') = za

Qet gc = C% c”! ool wste

£ (N D) = (5 8)

W
(Q_..,ﬂo a+ch 2r= a.'f-o\,-g\'.é-lo-kc)

c-ck ctidk zs:a.-O\.*c‘CQ*€>
|2~ 1




s 5
&t =4
o 9 ) Lacta') % (a-ta
27 \o eat o (’*i(a—' ta') 1 (av&l!)
alat o ¥ 0
-| o
= ‘QQ‘U& e )] %C": e _>
b lun e (R 1 o w
ol w = 4
Fevtervesye

(O (SR RS

'M( Sfr') &(&-v\')

(é‘(s‘e?{-r-\-?') F(s-3-ve F))
V-

D Sp (- C 8p(v) ™
Su-scc..rawyo ch GL(Z\«)QB

(2 - %



—_——

Ton §.2 ‘o=
N _ [ab ‘ € —e -
B3 (F5) < 56 [

‘A = €Lk
Q:c‘) %“ = (éa\. -4, )
+ ~

--C [~

Tl (2.1
\ 1 Fr" 5?"—‘
(2 3"(§'g?~>esf’c + Z ¢ ts¥

) 51 (5% )

'ProoE‘:t(Cd'% C)D C"%C = J
s t? tc-lj C-( % - -ec-l:}c-l

~ .
YARD: o\)(u>_oL)
2LV < -l g v/ ~l-¢ o

<XFXd 6%33:3

= 4 s:u‘ﬁs{\cés Sau—C seloattio.e as S(g (u‘“?) 3 T S.2,
)
Mok Cc‘) c.s eor‘q\va_(’e.‘.*(' 'ée Cu.sg % %—‘ = l)

e &y -

s % = ¢ *®s

12-3



Cacollacy, ot Tlhw (2.1

(D et v £Zo , kel = | .

@) Ne'slh=Isv'l= 1= HReU?
G v's o= (e's) sel = sr')

Peoo ]
() few(® = Krm,eny = Sw €fcw)
= (el Usalz 15T
(i) Set w=r¢"'v iw aesve .
() Eagy ~verfafeanest of str=rb% & *F5=*%sp,

Tlke [.ce.«a Po:,u.'l' kere s Had dat v #O %\

uOUCatfes we seay e able. 4o coushuct

a progiotive mz"ws} w—gp.re/se«.u(&—"é«-g

Q(g) via o sutearel Foumcl Huk
swaulfanecusly woiles For all q.

A () is wiobuceol Lowr O via fee
relatow

U(gh) = Gy) O &%) (123
|2 -




(BB Towa V.V Hheve s a kevuel EN(%):J’B'%
W;C%C‘) = <&, Al EL D

gu.oQ.. ﬂm‘l’

QN FEY = § K (2,8) F(W) o (w)

C

Tl 2.2 (f a=(58) € Spclv) onmdl
&(%3 o m{h\r} QKOQ&JQJ' S&Vlt's-ﬁay'—-\} C"Z. 2) )
Hee-
I(%-E‘r"af-zaw-"&— Q-elg 173)

0,5) = G el
K% } > (2. 2)

PmE' Uﬂ. th.\IQ
Eu ()= 2 - E“‘”"wc ) E (2D

‘W%u - X fwl* EDC% w)
_ T Ui el l®) 4
3sa kz C%)VJ} - C% oz.(hll 't'”U((. )* 4.

* < ?)’(&,0) & > &C"Q 23—("'50) & >¥

-5



She 41 Assuce 2290, S (§)-5(5) s

L= Pt sw (e.4)
amdd  (Tlon 2.((za)>
R=*trz -5 (tz5)
' — =1 el ™ - - & 1 e\
=P w=C'e TSN)'-’V'E-FN‘{";E%
sSr

Se "bd"_z-\- “%Mz = - % Zoé—

= avrlz ~Qd-elsu 250G 4 2Tl

= 235¢ 'z 4L Qv 'z -GS¢ 'sw

Bus o 5% wurmon (12.2)

CVUE0)E, (%) UTw,0)E R
=< A V(3'28) @) 'E  Q(y) T(,0)6),
Q) ;O(L) uomifarvy o

=BT ELE ) = K&, Q)&

e couclidle Aot He clhuwe 5 conect

ue (e case z =qw witlh, e cladea

C% =<& 3@("035;73: :

12- &



Step &L
D@Ft:/\e e eamf‘zv.x Uax\\o.L-Qz,s w“w,V e C

by =3 (T+cz-¢'sw)
v i(G-v'eee'so)

Se 9“\4&"

= = r('u.*i\/B + 8 (u.-—c:v)

w = w- v

There \6(3)53 :s a.q)l.:ne, U Y G.v\oA

rewce ob.:(—ewau‘u\eox 57 (Js va lieeg -F*-\T 'U~>UQ@-

But s Leopppacs Ma%elé whew =g W

as ve sYep 4, Se O%C?;,G) 's  chededunieeol

by Uhe veodnohon 22gw . Suler fhe RUS

o-f— (12.%) s e v 5 e laua -ﬁ;()lmas. %

Nete Hat 5 l’“b mfv‘ar:ob? o-l: @6063)

= ey - fa)e I (26)EE: K, 6o
= (i, (20> | ™R oka

7 g - =l To=l 3 _ 2
- (C%lz' J‘e—a(&sr 2+ 2s¢c 2 zuzu) e

= |Co | (ot (1 -5¢'3 r:‘>§-'/"

= 1=“F'%5e = (r o)
= |[cy =[det r (=

-7




Fer %zCs‘: f,_> e Sp. (V)  aafure
62(%) ?y: —9 @;_
"y
als) F(2) = 5@» €, (2,88 F(w) ol (o)
WA
42,5 ) = Colet 03 «

- - - - | - - -
g(‘&-sr'awad“ 2a— Q- ¢'g w)

(12.6)

X e

Theee V2.3
C:) &(‘b) -é M:\‘;a.w;

) Q) V(W accp" = QH?“)
(u) &(%,)&C%L) = CC%\,%a>&C°b\%Z>
vl c(ob,,c;J e tri1%.,

Reef: U 3 auitandly equlmlent £o W,

L‘euc,e ¢'rv-edu~cl:‘=£(. Sq‘awe.—vaw Neumauw

u:v\y)lt'es sk Heeve s w:fa—wa &(‘}3

SaJ-t'sH.iqb (i) aah (L), Ae wi e oliscassioun
\2- &



of R(3) (Tlm 3.22), we couclusle Hat

Q(5) @(32) = (3,9 ) R(39 D
Por soure counplox Cooyole il [c(c;)‘, a.) | =
T werk ot (3y9.) 5 st 4 = (53
T
c(a,3.) <&, A3%.) E. 7

= &, @l )20 Es

=<Q0O,) €,Q.) €, %

= [ 16,(0,%) Ky (22> e ke

(et )" (deb o,y (BT TEEE LS )ota
= (oot v, Yv" (o!&-l: \r,_yt/z (oLa:l: C (+ A3, S, '?.'i)y (/z.

ﬂ"(““.“z* LS

\

~Y

=t@ue (rnts, 's"a))

= + <&, (3,9 E°>?

Sus ek RYANE? «, > s +ss,_ %
D D s F‘ § ¥,

)

12-4



Via n“Lc Ha_c[&ea 0L$&ru~c,\‘-\;u c).rou-ao QO -5 dr'*c"lébt )
we Hrow a’a‘bu‘m. fle Mc.p/ezcl—ch T pPSenen. —
tcton of he olecdle toucr of Sp (V)

_6,2\&&1*«‘9'1»:} -Pu--n-afdic‘a nS

"P% (2);) ""':'.%'ET.'E{'G-\':‘Q—i\:..(—"SG

2 LI -t oz °?«,,
%%/ |5 ¥ =
'Pmo{::
B&LQJ = 8¢tz €l 5

%y = vl - ¢'s @

=D z = \"?;L—??"‘ S W

’é%c.() = 3 3;3‘-% +(sv's *“‘V‘"B' )

e~

22!

lZ*lo &



Escevcise
Wos ke ot ﬁ(s ) = B_t Q/(‘ba) B
Paor g @ &P and) > = Jd -

12- 1[I



N |
(ecture 7 : 730('63001— SuMMa.‘éCGU\. aw-o&

Heeta fucthoug

§ \3 Pm‘sgow Suw\wsa.qc‘ém.

Tl 130 Let P e F(R™) . Theu
> P = Z ?(««) (13.1)

me 2" e

Foof: Defme P(x) = Z Plxrw)
Sw\.ac. -F €3 Cfﬁu) (/0 Goc—v.Ue\rg(Q a§ 306.«\(@43
Mc—(WML-a oW Cocet Pcbc,‘fa. C k a.u.Ox.

Llx+e ) =P(x) Vo« C-:Z""
The TRurier Seties o) c{ 5

‘{(_xs ‘-Qw e(lk-x) (t3.2)
- kézw
uuf‘a.A
P, = S W(xD e(-lex) dx
o, )™

5 (Z £(x -('MB )e.( lex) ol

t° ")h' Réz
\3 -



( Sewes c.awve,vseg w-u‘-]:cw*w-(aa z'u 7 (S to) ( 3 )
= Z 5 -F(_x-(- IM.'B e.("‘Ax> olx¢

W-ézw ‘Ce,(')“’
Lk &.-.(-eécrx
-— Z " 5 -F'Cx} e(—k@ O‘«X
wé 2 Te,l) +we
5&""
= ().

Se the Fowvier sesies ()3.2) oJ:- ‘-? cav. (e

wﬂ:\‘a‘e“_

ZW‘PZX"M) =3 f('&) e(krk) ((3,3)
mez2 wezh

Se*tf\'v\% x =0 -.acéfols He +Flearew. A

We caw +e-wafe ((‘3 (> asS (c_F T 10 3>

> PG = it T B(IVFED)

kee 28 wea 2

FGd = i T R(DHFED

U-té'&w wea 2

(vse F'F for £ 13-2 (\3.€)



The Racson suowmohon Fowule & offen
stadesd v uiove apuweral bhhees L oF

of fll wauml u. (RY, Set mvaL'-ﬁ,=VoL('E7%>
let Y =Jye® . x-yeZ V xed
danate the obral lathee of R .

Thr 13.17 Let $ e JCR™) . Theuw

T PG) = (et T F(y) (39
xe 762_’,"‘

Praof: F acCL(w,R) st. &= aZ"
(4ale @ =(L, ) wlere &) Forue 2 Gasis
of L), anok covel & =[olet a |, Theu

= % ve R™ 1 awes 7 €4 VMGZUL%

VY———*
WA * eay

=t fyeR : wyez v 25



Now wuse I (’0 = -VQ(G-X3 an teas qucl—w:w
wl Theaveue 13, ol nate Heat

CORRENCORICEIPRS
= (3wt 5%@ e (-2 y) A

- 72— F
e (D -

Tale % = (a - ‘> hecw C(3 5> ca
be ﬂa"q.\‘:(é‘ ad

R{a)P()= " Z Ry R £

w.e "

((3()
it o quiek proot i apply (13,47 wille
?(&)‘ 33(3)43, (<) omol ueste lad

R (37) Riy) - 3’3(333> R(3Y @&

) 5)0ATD)

{IJ‘LG-J' abaud 3QU.Q.V‘QJL % u— Cl’i(} <

13-4




Pe,o.;cse'-«‘va,ﬁc':u - fhewve bie G.’ara..)'oo._gkg
CV) € ) Slau-\(a«&u(‘c. vecda Spa <

L LQ—%J“—)A‘M 8&&8?’9&&
A Self-dual bath'el ul (V, 6) sud

Hat gpan (AN L) = L

*TL& ah—ual. O-Y’ /\ e.‘a
N=3vev ' 8(v,w)ez YweAs
e AN 1S 66|F-—o¢w4 F K= A

I sapepleche bess (b, ., b, b,,., 00D
suddi e L=§éﬂ2‘v,' = R" x 30 %

a.’-(
“ “w A w n
A = Z L + @ T L. 2 Zhx?
6‘5‘ ° Sq J

PMO-F ;. Exerecise.

Care agste wr s }\Q(AG“““":} w. (. e.;_.
L= «(R"=x %o‘s )}\:: ¢

13 - 5



We new cousdreet a #cpweneu\Mé% of IH (v)
unobn ceol L’? a clavacksr % of dle Su‘oérm\o
N= Ne& Re C IH(V)

(vecoll Ha coundiuchon via = L @ (Re, )
We assume as Sfore Wt (K (2,t ) = e(€)|.
Bebles fo taavle wood 4 il e, - cocupouxeuvf:
Let IH(V) = H(V)/X(Z), A= N [B(2),
wHe () = tole ge = {(0,¢)cez§ .

Tl 13.2
() /7\: s aw adelion gA.-gﬁ)SQu.P cb-F ﬂ(v)

a. tacus

Poecf:
C:) C&t )61 BC%?—)‘&Z>
= (22, €)(r0,¢) (0,6 C%"Z‘B>

W
Ez

(&)  Clear, sinee. AN sef-dual @R

(3 - &



e cous frecthon.: (<F. 0.7-8)
éc‘ueu. SQ(F ~o!v~a2 ;ea—H'c\Q& G-H-A /)C @D CLLOVQ N
Cousidey ‘FMC’-’J‘\E!WS F:l4 —» C suclk bt

E(aw) = X (W) F(a) ga‘z’;‘\ (\3.7)

Rate Hat | gunece X(h) =4 S l«c—’%.,(z_))

am—

F caw be viewed as G—‘FQMQ#L'O\& o I .

D{J}(:—L&. ;-&V\e‘/‘ ‘0#‘6&1'-&¢‘(=
<FLEN = ) AGIRL) duy, (3]

7N _
wleve /U\IH///\ 3 e Haasr P—?@%@,&HLJ} 63.8>

weaswe of IH/, 2 fEZ?z_?W.
%, = Hilbest space of F saddfyug (1377)
ok | F | = (KF,FY < o .
Wow okfue +lhe Lokfwce” reprercntaton
Wy of H(v) ow ’&/\ ‘v?.

(W) F(9) = F(W'y) .

Tl (2 owea wove o u_.'olu.c.(ok erera\fegeusfq:(-sqm)
13 -7/




ZJ (.s UM‘t \‘a.n“[«.a e?ut‘ua-leu‘b' ‘ém Z:J,__ -

f"ﬁ"_E.; Tue plow (5 b= csndract an :&awe’b;
F A R ™ R,
whick wtertuives G anal (.
Far F @R sed

FAF) =2 x(h) Flak) |59

he/
*Vnnw

O-M-OA ll\otc.
() WD E  F() =&, F(L'y)

= D %Cho) F'(b:‘cbka>

WEN/An L

- S:L.,l\ 'LJL_(IAB ‘:C%)
(<) g'-x_,/\ [:(‘3(“4) - ue//\///\nu_x('"') p<°&“°"‘>
= 7~ %(w'wn) Flyk)

Wea IN//A O

= X&)% FlD
So 6’3.7) Lkato‘ﬁ . -8



f«%-«x IO RN ARY
&, F((0)= 2, (DX
((7*«4) X 7*“‘“‘)

= Z e(—v-wc- "zx-y) F((;M>> 0) Cl?’-a‘)

ao HeeceFave '=:|-:(*2*"*3 R

<&,.F, 5.8

= [ = %) %) E (k) F(5k) o)
i ol

- (T el ) (g 1) 7 0ee) dedy
Top i Mu™2 e

= S Z f.(‘/*‘“t}“,:acj*“‘z) 47
L)y

- [ ) o
§re REVRGD

= {F,FR

Ty toves 3’;'\7'_ (s o (soedry |
13 -4

2,



Mcmua.(l'se@l

To cowsfrect +he wverse > ‘?—L N geC as prolabiliy

@.’;g \:(%3 = S X (W) Flan) oa\‘:’,,_cm
NN
B? towsrucehan C‘?" le)

T FlaW) = x(W)!' & Fls) .
We kave Ve proof of

@L)A ¢ (;/;.H-. = "ax C\s‘ “3
os a .exem'se, %
(‘
Solushiow : For F & "&, y 9 = (C 0) b= ((&3/0)
a5 F3) = T, 63 B, ) w((8y0)
= “'Ze”yﬁ\ ) S/LM:C(L») 96(‘4,) F:(%("-&o} ‘AV (""o)
S (GO ORI (68 o)(tu«%ﬁ&?l ) ¢

(R} "‘1

((;3,05«:),0%3 -r)
® S S e («r) t((( ), )«P °>>°L‘°

=: a.(p) perodolel — e

S B o (e o
= ale) = FL(§),0). Z

3=



Tl (3.4

Assumre QL.,[: ) avre dyaausuversed LW:"*
Pl s (L.E-’ R = 2% C = %0¢ qe_}
Thew @A,C' e GTL.,/\ = F

o,

e fact cua caw glov QF;\’L?_ o @_A

Proof: ¥ Fe 'R, 5= ((3)e) “:( )
Goo %, Fly) " f MW E, FGY A0

"-/(L.h//\

= §o T HIRYFGLL) dvp ()

/“- A ke nn

- -~ F(( X(em) )‘&P

(96 4

g:c.u.‘:’ F:(BB , <t polo-s.

i

Hemee | & = &,

N & L,

The Pcnsw"\- swmuncation forweda (s ec,-o.uba.(ud ‘o
L/\Fcc)- &. : g:t F@')

N L




§ \tf‘ "I'l:e{q_ ﬁmc}(l'oqg

For P e S(R"), defue He deda
Fenahon

@ : Sp(~®x H (Rr) —» €
logy

@) = Z_ | DUR() § ()

Fov e sYaac(a.( chacce o = (a. r |>

aned b= ((1),¢) CchM%%MG%)>

Bply,t) - Z ’2(%)¥(“*‘P) e (qm +t-zpq)

= (et a:)/z ké& ([ *a (w- P>> 3

e g(—‘i (un.-f>-|aé&_ (uu.oP) . clvu..\ « t- ‘sz', pﬂ)
= a c'-.»\a.o(ra.&'c. ex(aewev.ﬁzul Suunt

“ Heeta -P&%Hou./sev ('cS /$U-M4.q

%GAGM.SQ 8&“&" (UL-SU\Q,(/(% ‘rc\')’ raJ'l;um.l af}uwmo
|4 - |



"C'f-'u‘fc‘\/

@-F (‘33"">
=@Qt\a\/9- Z e—(é Wme Tua + M'x)
mezt 7,
9‘2x <)

W YISV, TS Heeto M‘.O'* ¢
W &‘z;u( Heete sewvies

| - &



WOM.S _FQV~ Mq_gf-y_'oq,g -PQ e )0.3

Tl 1. 1
() @y (3, 39) = "e@,y) ®(W,9)
(@) Fer p=(83) , be RES(22)
& (v, r9) - cCr,‘a\.I@AT (2>%)
@) For = ((9),0) €N
CH%:["U*:%B = e(irs) @O«,%)

Proo |

") B (3. 4)
Z W) R(y) F (=)

- ‘é& R (3D w[o-.} R (o) §(w)

= (3 w) RE)

~ e (3,9) Ez 0 (3L ﬁ(’a%) F ).

(¢ - 3



G Z RO R
= Z -C(M) e(t UA ° Lw.)

rmex"

—_—

=4 for b evey
Thew (a«ocecd a5 e (:.3 ww*),

R DCw) R(s) = D(yk) RG)R (3)
= e(ry) OGk) R(ry)

e T B((2)s0) %6
Z .P(.,A s.> (w.r‘--\er)

e o
= 2 () e(tre)
wme"

Neo veplice un Huls relathon § Gy R(y)f
arnad e C,(a.l::u. ﬁuocds @

Y:;J‘ ﬂ«%em "‘Ea.al«tﬁj gee )‘6.:. éco(& &az L:ou.g
Ve\rau.e., LIV | by RYpS lm'/& M. lWelsl. o

.;ou.rud OILA'u.n.[asg Hatlie.. CZQZ'B)
14 - ¢



