% /j‘--.‘._‘\
u INTBERNATION AL ATOoOMIOC ENERGY A GENOY ‘ s E u
\‘l; - é‘/, UNITED NATIONS EDUCATIONAL, SOIENTIFIO AND OULTURAL ORGANIZATION L

INTERNATIONATL CENTRE FOR THEORETICAL PHYSICS

MIRAMARHK - 0.8, 588 «- 34100 TRIESTE (I'rany) - TRLEPHONES: 224281/2/3/4/5/8 - CARBLE: CENTRATOM

SMR/23  _ 3

AUTUMN COURSE ON APPLICATIONS OF ANALYSIS
TO MECHANTCS

26_November 1976

-
- ey — — v mn e -

_22 September

ASTO IDEAS TN APPLIED FUNCTIONAL ANALYSIS

{conlinued)

H. Lanchon
Nancy, Irance

These are preliminary lecture notes intended for participants only.
Copies are available outside the Publications Office (T-floor) or from
room 112,






£ ke’ 6

) A w swpchid; thal v 1o pay  AVz V'
wWe hnsw aanch +that A h am n'ocnmoaf-.)\gqn- f’wcm V te Ay
and  thia vy ¢fonesd mutael o){ V o ow fnsmjo‘vrr\ro’ {'g A Ven o
clond onfud o)i AV, pm.}‘nlwfaupz/ 4 4@.{“3 am Hitter 4/«:(: )
com«jhh PRy Mmc}oqc foned - Whence we Bapow IAat AV .
Cfo:am’; lhat 1w }e Py
AY = AV
Y we powe  mow  thed AY w demee in l/'[ifvf “
P 0&Y A Y 31/.) el  wift i'm/fy AV = v’
Let wn admit  Th ;a{ﬂpw,'nj a'm/o,./m.} Nwntt with & £0 e gaeite of
Hehm Panach Theorem
'T'ﬁrpﬂm;.l v Let E Be & moipmed Afnce
M a cosed nectan ourt‘ofmr °f£
Mo & vectsr pibajpne of M
Then Mo W ”"’SW/‘,"“ dirat  jn m’ if ;nd onty if rVey som finpany int

»fmm. om E Nﬁnh#iw J.C?'a'r\}f{:.f?ﬂ mo Mo /V;(mrﬁ}(u J'JW/I.(ﬁ{:J A/ar in M
, . : y _ i

Hae VA an  H1eel ajeie, thea P u &V cru fe comriidly A o~
continnon finea  farm om V' fid n ifomd net
Let ae eV andh Ml (W a) =0 ¥ w’e AY
Thet 0 o 2y (Av, ) =0 Y o €V  and /L,o./,'m/ﬂg_
0 = [Auw)= afuw)y ) = w=o
Whenee 1A Jem,;g of AV in V' and  thee fov Jhe comitmiom of I

beon boa -
[

ii”_"‘mjﬁ:_i i)ﬁ-f 1heorem D}- lan M:’f’;um ahows  The eqmi vatenee -
{eyween  fhe /15£(PJW¥ (B) «nd /3’}; anorconer 17 éﬁ\ﬁdﬂnl‘ua on oo

/mae ﬁ;}ofém the twwlenre  zpd um}jmrqne)q of Then  corman -
sofatirm . We ane mow cbbh tg  umdmland e aeletion  Edwarm

TF\(A ‘MIO‘\fm rnd 713 /n.oﬁ!fm 9; Dinsihle?  wich  wi b wee ol Fed

ii/ The  theorm O/ Lan . Mitpipem coadd be ;hﬂﬂ a1 A pode -
9?” el fﬂ’? " wi A V ) com uw ittt 5}#:: and & OM?/\A;‘{‘I.HF,Q-
doom a £ut 1, lacal  wontd 7{/—uc Frim amore coanldiraded cnd He



bii)  Reforr  geing Lach 1o the wramjde (2, it 4 wmoful /o -a/,f,,sﬁ\
obount twe }\Ahcnfm ; casds oj Lox. MiParam fﬁraaem

T.4 Cose o'f ihe  inclwion 94 ame Hiblut Ahkre im o olbs one

Let 5u}}nu thet Vv Hith 4fﬁn w omary  Included im &m  cihs sze i
and w oo dime pnladd a—)( H .

Wi 44\(./? pro)‘e ‘/\MG J;
(( ,o N end f1 J\m}q:"mfffg Jhe penlsn }Aadp\d P fAﬁ moam on V

[ ’ J 4nd l / 4 4 ‘e s oo o 4 Sa /f s

Let & f1 th Ma)uhon 'jaonm v te H, tha? n  Jo ﬁﬁ; TAr d///@mfnw

26V ey Lv):n & H
I /)

ahd /Jm/}o,u Yhet L v'a continnous 7£m e CKn /'p’mﬁf:} ﬁi el a//b‘
w.H\ A Ohiui ;,;’ l-"'- H "hw‘g deme Ih V i il Continmuens Iﬁg.ﬂ(}fo% {7},“:

ot #ri fa O} 1} '}nbi"j will o fe ZPNM fhc)
At Iﬂs SV B ¥ 7 J'ﬁﬂ’rnﬁf;, H w A /7" J’?{MA A )’ﬁ }AM(M,.

of thj Hal  we gmf Atenft 'Am

T‘Acaq!n-f'g f/.lp}m,,./x.hon heosems 9/ A“’"é’l : fj L v oa flaea entinnom .

40"\4’& own \"”(‘f'l’ﬁtﬂ’ 4}#(0 a (f/\ﬂf o Je 0/A) axal 'f/t'/ﬂ'\f'\} dfﬂ)

Tihr et ome And om/) oMe tternent 4 & H Dtk A

Liv) = (v, &) V vey

As ke A/l}pfmh'orn L e Hr —_— { € H VB oA Omr Pm o one .
(omm}omdrwr Lifwien - [ 0o H'  and 4f s o Fo Aemad I~
WLl = 18l
W hence Foo }OMJ://; f O/fw*'f' cetdion  frlwrim M Awe/ /7 .
Mow, wt ane in }'{ /fmv'm() sid v pdiom:
9 Ve H=H cvy |

He olfﬁunfo ;'anh'om 8(&:::2 (0ntinuons «nd  each /3/n; fen'n;
deme  in The #oﬂowing

'Jj f- e H  dhen f cen A z'o/rn/f'fdtv/ Il &m A pmen? a/\’lfir

Tj(oqrn.- 4 O/ Lax /)'\h./;'vfm Jlm\t}/f'h ]ue,l fit tawltne  pndl’
Anl Ar mn o{ jL e /MA.QM ’ oj '



We ] c}am(tm ofﬁ fhe Ath -
b(a) - {./u/,u €V anch thal Au e/:‘;

We can powe 1he) DA} B diaw in Y
em Hitlel Af\are fM'fAf Aem fhn //\OC/MC'/"
(w1,2) + ( Aum, Av)

A 'H\/-f A h  Am momo/\}ﬂf’ofm

rtan Thet DJB) o

of b (A) amls B

T.38 ‘Mc cax whne a4 (.m/ ) .avgmw'm'c-

17e ?”9}0/.4%:: Gre fuLf YAame Ay f}mw 0/ /rd-'

Pa o/—oa;}‘;‘am 2
Thim

ﬁ:mem S TYY’ On}'}ou rneacont A1 afer,v) {)‘qur/ﬂ"-‘
Me )V on Ac/nt‘:dm af [¢) ;f #nd  om’y Jf 4 aenliga /A

Mam:ﬂmnm on V' ce]" 7‘%& fmm;hoh»/’
{io/_ (ru)“a(arfwmefj{ )
end on/4 ont M €V  Aurd TAaF

Thodjore, é“{!m_____‘ww« ome
,‘ﬁi/ Jfm] = fn/ -T(*uj

A ey

P'HMf- f s A relnlionm af £/, fde fmﬂ.m,qa/g

- -

a [41-nr, m-nr) > & |0~ wiylze

B Tlw)o Ifv): dfwm)- 2 [fv]= &fuv) /L

2 afu,m)- 2 afma) - &fw, v) t 2 A(.,u,vj
o afh-w,h-nv) s 0 ¥V eV

Qru'}au/\fb:lddu}/,u- 1At 44/;&7’2@ //y Yhen .

T(wn) ¢ T[41dv) V 4 €R and ey

}i/‘-l’ﬁ ’l/" OJ‘JI
Aafne) 4 344(.44,4:)-2/1(-1!/4;)),9
[omldwﬂg M«(rmwfa the caw 4 >0 .r.nc://j«:o‘r

M\f}%ug A te tend Fowad D we sétim -

cfw,v) = (4,v) Yvev: 9. ¢ d

V AeR and v e V-
a’;"\h'c:\/;ng é;_ -// (ma/



’)I In'i/iooludj'on df fﬂ: Uod_i“f —func)-'ons/ Alﬁp‘cc.o.

.4, Rcca}nfh,. P

We are intumled  tn the atooclution a% the /Lof-’l’-me
—~du yAu =t innn , Ade:
{”; Yoz o on P
M B suljond e @!fan; le d functionsd ofart Ha? wit fave mo?
Ij” -orm'-fa'nl'md fl'o Ja'wn-
'Df A L de Afﬂaﬂg oelution 0/ /-7} then we  dave /"’w"}

Hhat “oon ador pefntom ai
[3) a(wnv) =(Ffr) Y e anfficintty "’j"fﬁ-“'
Aneh  Hhat Xoarz0 on [

j/ﬁ’l‘duh Hrade tAdar) da
/9

prel [13) /fm—) - ’[A f v de.

Uniit maw the fMM* WMA Of 7hese Jive /-mﬁ’rm-q P Y (4

whae (12) & fue, AJ/

P

Ve VG;M«’--In)-rN‘z'wlm/ we st et 1o Y+ bach fna«m (3]
te (2] im A,ca.'ng 1hal  n aohdiom  of /3) vy cfon nolatiom .
od f2) - Peade, if  we dt manv 7’04 u & Tes ofieng seqntasty .
( for imlapce i we Pook fm “w in ‘upz(.ﬁ.)/xa/mc of fum:‘f'awa'
Jwece a.'//wnf,',.m) it h dhem NAet M dwe Formudadiom crmmied
8e Pquiv»l’cw‘.

HTWCV'\/ 6%’“ “A/-v"nj cacf«mr-/ e /49#1'?44 /5/ In am &EBolasct
L) winy /mcciar. mgihimad/e frmme 5 we ?g,cw ellained ’
(L') an r,w'rwdﬂn/e belween the /10.8/;,,,.
8) meV 5, afuwaw)=({ ) V & e V
ond  The ),oﬁh‘m‘
/%) eV Au = #
whoe VY b & Bilhui sfecc , 4 a PR tlement 0/ v’
et A dc}fnrd @; Afan, w) = [ P, v) v vev |
(P10 oninttnrr 2 tumiveonn ol tht  comem nedutiosn 24 [6] and /P

-



10

We ‘,\&vs ” oW it‘ tlna’ P+ {onugnf“\f 4M‘mr WaAA fo‘l /3/ /'h ona/h TAA}L
(2] snd [3) shontd (ona;:)—onal Ah}'\fr}ilfurf; le /?) and /5/

— . im—— . d——

e "w{fvﬂ ‘/;M” it" 9"”!' gl Amrahl‘ng fd‘ /13/ Ard //ﬂ./.'
Fon (I%) it ow /Jh/}fcienf 1o A phoae 1hat —f end Ar 'fr/mﬂ Fom
Ll (JL)/ e don /)j-/‘rc o’rf.'mraf om R f;

{I‘-‘) L‘(JI-) = {a/::t R 4 .A-;(ar)/ A mwanumcﬂﬁ/ /Jlj,u/g)j‘a/a .(aa}

lln -f“t If 'f énd W & L![Jl)‘, f;ncn E; 1%! Mlln}zﬂwﬂlt" J‘W“'?f"f-ﬁ/l;

Wi hane

I L"“’)ru(a) oa I‘ £ (J.a “/')/‘d“)(/(alv/a)fa’a) < o5

(‘}, N} ‘chl';\td '£2 /H) 12 1hen mo'/l/v (hac That M‘ ocala )-nae/nczt
on L‘(J\-) Which b an Mifhs .o/btfe fm the  associnted A @nm

thet  wit Abeyt  oenee Pg

(17) Juc ] = /]ﬂ _/»H(an"n/a.)%

IF we wanl  now ?J'Vf I’ /\V\fﬂni.n; fﬂ' /12} e ﬂ.‘w }d /)h/[/l-;_. )
1het Df (OHASE . M oapd  Ar € 12/./1) tot mlon - AL, And AL,

. y 2173 , .
Y i :xl/2)...’/n- (.,u./; :%_&_L. Y R - YR P B t‘f'lﬁ-/.
J.J.L,;&J;gdacJ-f-A]j..uchac] & e
Vel

b on i

T'ﬁ. e}#u.f J‘f AL ano) A Aane tbnf:.nu.Ot-/}{J :;f,'})/h,_,,/,',.ﬂ/‘ "/ - fﬁ:a
MA“«-C 6’[ fAn }Aaf.hme /3) & h ﬁpf' AN Ao/\l‘/ f/\( ‘#?}t‘fi\nh .

s, v, ey v € LN(A) ane ardiafied  Fud The diffially

i 5 1het 'H-u /J}/.(c C"(E) Vv el & (D%)Jfft o me VJc}?’ }ov-

Jd(..u,n.r)) <

t;\( A DA nt

n
o)) = anp fuges) + 2 o |445)]

WH.": Hora a‘\-of C;jzvg 70’ l7‘ A aofﬂwc-/m o/ ﬂn‘lfﬂf -ﬂ}ﬂ(ﬂ .
P yworw:oh'n? C"(-J_i) wilh qu AN oAt

2

T‘Lc i Jdra {hen {onninld

i
el | P / f l;.!n\lz c)n\/z 4 / ( Icm.aJqua/a.j



wrecieled T the  dcetan }qadl\f,*

{l?) {{.,M_,n)) = j..«MNa/cr + j?"f‘J-ﬁ""ﬁ'\ﬁ.:/ﬂ/ oa

4 R '. lr i 4 \At}(
ard e f-ow},fcﬁ CA(R) with st The 4ini/i o} The anmihy

nOJ W!')A }A"* Moﬂ*v\u) W'"A Gt Mo'j ~ (Wﬂs;‘g CY'J.%%"\(U)!"M\

/Ju)a\rncr-o Jffo' . |
( pr (‘A'j [/UJ{K 7 W/‘(/f'7 )

We ©team €? 144 W,‘c?/ s Hidlold /,)/,,,
Ot af l’/lc bofeadeu 5/%!&1- -(cf {mBoobs alou! morpmd A}M“ ;(M ;om}h}.',.."}
Tt mrw ""'7/"“"”19 Thin v fe give a Wfﬁh'lﬁa 7o ﬁ’r‘/

-:’n 114 by f/ﬂfwapn]?.\ « oo/ i (“'/.}.') Wa'd\ A o) q/(«uv.cﬁfea, :

_F‘fnrr Y merh-l'/a br Ininoder e A a,ﬂ s /ri fend i oma

T.&. holions on the diafaiBuliom

Dl}fm"fah 3t Ll N fe am open avdoct of RT. We Calt Dfa)
rﬂl atf af- 1“;4;}1';3.64 J inb’?f'hl/ffg ﬂ/h#«ﬂkl Ni’jl cﬁ“h};lcl AMJ/L-tif 1|hJ1.

Dedinition v O 2t antne ’{‘fm; e aﬁfd\-) b exid e comupige tewed 0 iy
@(n)  if:
1) the ehiminh Yo Raue  Thiin wnjjers (m a fued comiact K <2 J
,;;/ A‘I aPt the }m)a'-d dainativative D¥g, wnvf;pt"f"wr‘w/ o “""f‘“”/;

M N

»

Df}fr\ﬁ,‘pn; 6 dabkibution L oom N0 A oa continnow P nens fa’)/m -
em @(ﬁ} In 'f}u Him O/ |

) Lo f s L(s)

oy, f Yn 20 in A L{fn) 30 in R [o £/
)
Ti.c sef c, Pyl 7‘)’;0 a’l'/.srt‘fulfam em N v denottd fg (Q)/J}/) 2 e

A Nectea J)/mn_

eaampo 2 . {) Let '7’ ¢ Lifa)
thin Ly(4)= [ H0)94(x) da . Jor ¢ ¢ D(a) ]

D)l}r‘nn ~ {ombiNnnom {7/ pta «fo'\m oMm @/-ﬁ),‘)ﬁme/aag L?i [ éDJ(Jl)

'X U IF SRS B W ~ 1. K S T DR v



jL

S S SEETPN R e jdu.“fg, Lf md’f rnd to ey 1hat ‘7’ £ o kit tion
L.!(_” i fﬁhexfﬁr A A Lrre af of alaibutionma
if./ let 4 e ,  the mx).}i'ha..‘
Sa ! $edfr) — I, ()= ¢fa) € R (o1 €)
b a dnkifition  catbed  Dinec [or Jtlia) dintaididion in a -
we ohd wah  fa)s [ F(x-a) (f/a)ala
L o 8e multintegon o @« [oy, de,. it € N with z-d =

I.J.J
we -04\!-” o rnolt 'e# D“f-f ffu "' YY" },,c.dm!’ deiinvative

dq 'fd] dah’
i ?
DY =

’a;z, .. ....'Bcfmd“

Difindion b . L/ f e 2'(n) and & € Dfa). the dnivebive
o} )9 tn fhe Al af n/v‘a)?.‘éuJ,'am', J‘J.'P adw b ion a/efl'hn]'

() ¢ oig, g ) = -4)% 14, pY) Vg e ofn)

m
W hny o] = 2“-_’ o,

1L, d‘f milen @& 9«‘nmﬁaﬁ-l‘:'0n Of 130 jau.‘n fmmn/ﬁ‘
ob%tcined fm -’169 nfa fﬂnu’:am-

J 481 ¢ oz () [ 4o) 0% o

< n e
i duchk d \wg 1hat whine fir deiuable the fwe nobions ane (0 ":f ?-[
en [o _
Easm}-'lr' Co lef JL s [0 ‘.‘LJ. Ano { /d /JI' . 7’6 [%1]
o om J4,4).

4
<'d¥}(_{> jf{g) dq b//x:-jj]_ dfa’ot_—cf/d_)*q() Cf?()

2

"Lfnu- d_i - 5'4 ‘

olot 1

Df},lh,ﬁon 7 ; L(‘}L { '{m &5 ij../hfc /h Ob’/.}}// Ome /Jﬁy /XL)L .

#m:—:ﬁ*f,n{l)ﬁ) RS SR -——a <1, 4> che@/A/
Eammgrlt : if fm - ffr\ LJ/J‘:} 7%(!: fm_-ﬁ f /h ékﬁ)

I n ffff | I
i) fﬁ{;m—f)éf‘a’o{) * ]jk{f%-f)‘-fda/ 4 (JH HM"Hz""’)A(/R)‘-f)g"”’)/l"



- -

Theorwm 4+ 1 4. =4 in D(a], the D4, > Do in D'fa)
vV d - that 1 to Ao\g H?Af 1{4 devivation v A Comti hnom ﬁ}‘/\f\.}'(OU‘g

/

N 45:—’ ) (D“'fm S, 40 = (‘4)1‘” (?m ) DJC” —-—-—-—5/"4)/"/(¥’Ddyj
= (DY, 4) Y geay

I .3 heliom om the 5o£o/hu .A/-Afeq

ij;'mffo«'g' f LP(J;J , 7904 ); jqcm;;a‘f l‘nifam p V; I'ﬁ-( 4}.,.:;1 |
01» (1 o af -fhmr/a'om ‘f/ A Dy &P Anif f‘;m.f' :

) NNy, = [ [ 14 da) ce pae
o1

/) ”‘Hlie»(m) - wouj:-m/}/a)J 4 b S
: X EeN | '
howided wist e meam [18) on 13), LP[2) & & Banced @
i'f p= i, we N’ﬂmdy . AAw (Lt LQ/JU b oa H 7wt A/aq -
L"(.n) booahfl & /.)}4," o/ dikifndiona '
D«e{w:/ipm 2 1 We  reff _ﬁaﬂpfeu Ar},qf a] m 14 a1dm on Lb'(.n/ :

and we  dinok 193 W’““z/”{.n) 14 ofau a/p/f'md #5,«-

(20) W™ P(n):dw ) wert(n), bYw < tHa), i) s m}
6Hned J«\om'dro, Wutﬁ }f.r M0 N

- 4 N
R N W LT A

14] ¢ m

The  can }—:: LS 'fundn/»wu ded . To AM}J:#} l/um/uy we .
.mmmly @t Aol '29 H’N{J\) 1A -4/1A/e/.1 W’”'/'/Ji}. PPaovielrof
'VU:}{; 1'A¢ Dol x ]Aadhfg

<4‘/ ”?H’”‘(.n) = 2<%, D“'a;),}/nj

14 )£ am

+Am fﬁ}ﬂfw G e H}/ZM/ oM ey .

Rfﬂhﬁ:ﬂ B N Ti( 4}14./( H”/J}) defl.hfo/ ,c-/ozvc f;t :
2 2 ’
/22} H/i//l):{ /V/fbélj/f))/ ,5-251.5_;1 ;L/)})f_

b e s s dhie gt alned di vamisdian od W) i



