leckue S

(senernl mhm

L e Wegurs brycs

Theowmn

@)

i _&Qrie,rzz_[ Elzi_bfm ol ﬂ.‘?ga.,,,u,,Weje_fJ%(arr Theomwar

2. Conveten 77[){0,.29;!,@,,%_ e

LB ﬁb £ore,

o Theos e.g.u(__fz_“ ........

 Relay a\gﬁ oudiTsom, W.;j.f[f_ R —

QG\M;&

—EXam p/ﬁ\ -
- S -




L) Genera lination 9?«}’1&@ L{Je,mm/mrf,,/hemm

- L@{’ ;9 ICY X ’){ ) 3;2@ s .oV} 1£7 Aedoigs.... /)4*,,,,,, -
e _dD{%@:hf,_ ‘ .
Q; & XS Bl AL bt,eynl
T his. A{A(JQO% o Leaa E,a G pp/ox/hfez;é,{(gau%/n«f/q .
_ N /2 ;,414 62_/351___0[ (?)OMM _Qcc unu?f an o i /?Mff*tfaﬂféiﬂ-@ /704_
of dle yvonomials .
N m Wiy ™a .
)S., E X_q_, ¢ L Xn : v YVI‘; 2
Mo <1 iy ¥¥} M
S/ N G AULBD
- Mijeyrig S M
* [ f-f"T c2  (approvimation) A

o Considee funchoss _of fws vamibler fix4)

7 S ek Ra o

Ko X 03O y B B3V _
=_— - )
[ fx._l_g)zz_&{} % ) _
o CISH ) . -
(o5 G _Sin ’ (9 o

7Y S TP fotol=l ale

Tio) = (el | <5




.0

: ] @ Ve - “ (n/LQ/LQ JQ,XU}’I Q{—-——?QA rl&)”) NP (’.78‘_9(10 oo
. ﬂ*f ﬁé{ﬂcf}ww) 1(2,, (’g_»'z_«_zﬂm...,ézﬁf.ll? lcfl&t gk o c/?(’o b
,._/._Jle—,)—“‘-.-.J[j(w Li@,}j ¢ g O ¢ [: m,7.)
] P wovidad et {le) 1 Zam}ﬂwm and .
alishi . M‘pwaw ,? 042 Ko
,,,,, -chﬂf):ni‘]f[ :':'L} .

B — ﬁ Ay /fb@f&:?yz ,,LLMQM 7,,[40“14%2@.}. _

i / T “ '
B VE&?;W - ; M e 5‘} .j;‘J/,.,.Z‘—/ 7 ]

foru_a_bari of L (7,7

Tnd
- ],,ﬁ,,,,;y, - L G 7
Yzl S e




1)

——— @ The  (oave Ké?lwkmﬁ__. proYlen
__Anjvm LEo e L lang) )i o diwt

J——

Y Y P

i

S

2,: | < 69%—1—‘;—7—-@(“ (x}

ho=rt—

_715__01_24 bead & Wﬂox}.maé;g__k:%“

A

5= T oy = e 72 b ey

V= o0 V-3 oo I(--_,../i

? ) Cleldfylen

o
Je 2 o —




1) Gaeelite Weishess oo+

327

L ﬂ
: /%qy_ af ko n

____Ewm,c}f.ia .FC&] (/Z/LJ[ Jaé)"km '//Z\_Q ﬂéqaoéf‘ /27,1

647{&({}%.\, 75(,17‘/ ‘[( Tt Ceza %( Qﬂ/jrux’/,q@/
[ glmsr

Al 0«% é/v /f)?(’f/«/ Cc)tfé/'z(// - / }:—: ) LG
) 2

HD:U&LJU . émpffa /f H e FM aq. 4D ?
- Jn{ [5 %D‘/ /Iﬁ(e/ﬂcflty /LYM,Q ’/7(,4/./(‘ (ﬁ_a R 2 229 V-

KHs (aa:m/,u b )C

mwﬁf ﬁmm%fwmm§é¢m%L o

AU aanye

O/UZ . )4/%7(9 @4&/ a‘z/&@%m} (L}é(/é"ﬁ/hf_ ot o

mﬁg[ / Z_K@jﬁ7ewg.. %ﬁ/

\r/_u ol

S L 7[ /Lccx-7 [4 Cf//(m /7%&-

1. 7, .
jeeS

[/M Z G,,i/’ / Mw(’ 71[ Z_ /M{ 4
VXH P ¥z rir

T

L 2es0 YZZ)M
//7/%/ ol L o} Cc)%}\/ac,(/&f ()

)CCI/?,CA‘Q« - C it Ftr@ '7123 o Vﬂ//ucﬁ f //(]

pﬁ)qn‘u Jetse

{ i

W{(”7 - w1




@

. _______M,_‘.*iiheo‘fw' (_Llel o funchor flo) qud ik
,. oA Ve hven— befosbcon  for TS oCT—
B A ,S’Mw%du/ fhepecfoolic ﬁy]a_wuéf ha _

fray= fe-n)

. T_-j’l.&z‘ //2\-0 K Oudes  Dphed
,,,,, — S - B vV )
..... § / l ;F[m‘) € 1
{75
_ u;_f J’M ]
- : ph
e _
o 1C = L J ‘f[ )@iMQJ& W—Ce.mjf\n?
. Yan
, - 71
(oY Lrsen 7 ;,%/M 7f;f),ﬁ7,7[jg ) % //Z-Q _
d
el |- 7;77}

Proaﬁ j" . ;}_‘_gﬁl'z (-m.r)

- R Y N —
gL e e |

T
v‘z £ ©

‘dn:ﬂ

S | _____[ Sn) (07 f (an) €l + i fﬁ’ew
gt

.




. /

o e o
> f ¢ / A L. ‘ f 15 ( 4 Z ]\‘,%%{s'a,'zﬂ \Z {)

( be dlarle & hEsE Y PR
]

[

i

1

)

A

. I PR 2 YR SR
I TS 2 Tl 651 2T W o

/'? (¢ Q,f(;f.;;.,u zéz; (ﬂrl.jg?& - ,5(!! “lacs

Lnequdl ‘ o
AL - L
IR 0! M0 { < N ‘ { A ,

- ) .-0\1 £ 0 . e e} G I%LM ;Wﬁ< ~
7 PEAN & i
2 (" ¢ T T @

EERNLE <

T T\ T2

N h,.'...m..ﬁvﬁi,,,,,ﬂt,q@ .

7= & %ﬁ.l@ LS . : B
5 \

. dn e Preorem we _lid nof e flo o Minw 2o e -
e _fursf_cloivahve ,é#,? ,ﬁiJJQLC@_,,,[LQ:‘Z;;J;@T, (ool _
. mé[q/f,,m, bt A/\ﬂw[_& __.__.}%ﬂfif!._li,c/_ zﬁ?/ - (jl Lésgf2s - ' .
e [
oo s e é&w;{ﬁiﬁ:m,,n V/M[Z&{//h rf,/f(_/:[rf L5t L ;L Lo rmf/f/ i f,,ftgz@f,cfg,/;,b,ﬁ,.U....,,..._

«fLe a Yove (0 addiHon.. - baq _....a.Jy._Am.[q 22 ot ctf. e j?ﬁ}/uzzwf&ﬁ:f’/l“u e
o Plo lar oide  olis o byecttee o] S Frrsi) et

,({z&,io)xf/{m‘,_,_{.Z&Jaw._/;_g.__)_._,__,lw £ Lh, to )4 £18,-0) )
30 . . .
(L {wio) +{t9-0/], TN

e ,.:;,_?1.A, RV 37 A= Eﬂf 9
a e e . . _ |
— — /’ LA Tf_.____z‘ f S "/{[//TT} )'7f (7 /t j7 ,,,,,

N0 “ &n ;;;jf_./t

v

7"‘!@.“__Lfa_.a,.ycafjemcq...,.,@w._ _,.___q_._/;.z_f,_fwm ja_evend  clpd sl tohes
_ f[é) { /(/I (:(2_.(_;[7_/],;{.).«4 ’ /)é,)a [ Loasit ,71.0 &X’MZM/M /[[9 [ cea A,
T }/fwo&mﬁl\ , AL Jz:f cedifeds ;ﬁ;,,,é'g,Lg}‘,M____._____@ﬁﬁ/_zfﬁ}am odles

S Lty

oAdsie




6

5. _Z_/__h.(f_f_/_/?’leafﬂw.__/‘5______.?/;@014/@7@”/ o eve ?M
Fund i Cabled” Youctut veade "

______ fo te 7? o
A 1LU»1’;CJ—,0\ 4/: CQW ! bﬁumkézj tf(‘(/lfc/yd_: .{ e 4
L Lﬁ’/\f(/Q lav 3 7L + con be wurithen, wq £le 2o

»g o ILW/?L[’A {Z&}:.A..[.&*/.f{t [6/ a//w.a O AR
o

I35 ﬂi)/lﬂ’LCfélMQ{ Lot 90144967.,/( Ol ﬂ{ c)q[Zu/
iy avqeloereeac, oot Lownto f ( */((9% ] &t

[[(90 -s ) oexuhn )

Tld.éﬂfﬁmz..: 1 g ..7L.—.‘.‘O.c1(/‘.£/. _ 9&(,4\(/4 . ﬁ]( w2a ;[é//zcé\ﬂ.z\. )[’/@ ]

- (//Ltéié [ 0;£ fﬂédrfa(éd ___’\/(/_/_’/\&f)M 1.(1@/. Ry /By Sl
Loavepen Lo | o

ot {wio) + {fza ~0) ) o —w<coch

N/ RS R Y

Weove , a evoy  cloed Taleved  twhec 118 )
S [Q__/Z__/[ﬂ/l HOAA . ﬁ\g [ZMVZ//M.QQ...... /\5 L/../Z/}f/z,.q_

_Example 0.<8 LA
o) { s
- "

> Saemd

f[& Y= o L ——— U g
’ a1 O

S—— %‘3

&4 o ((wwd#)( I R oy o))



&

for an__achit j’ﬂ Prlewe . [-L, L]

) ?t@}: WP LA 2 -
Vil Ao
»"6).,”,,,,,, _
[ (ez —iwm{ e ]d
J f‘-—-té —J J 59 {i’ ..... _
dxe ),
cibws L 0 clehaed ai [l L] a ]
— ‘Iﬁ L ow ﬂg/l.&f }Z.&Q{QQQQW_ME/:L*,}ZQM})@( z¥£ -
£<9+2£),-@@f ) o
_____ - L) \C(&I AA RN Br ) B
— . ..w I -
£io) = 0°4 2. B cosm(Te] _ B
e = |
_ dp = é ______ " Fio 18 € P [ ff@)mfm/{%}& ds a1,
_ 2) flel & W o
Pie)s S b Smnle)s -
- _W ( - e
ol : S

b & i‘“ﬂ@f Soam [T )8
£ %

ze_,.ﬁ;mp»ée_;_.__JEz_é )20 948¢a ]




{

flol 1 cneven fumhin

b aduds  flo eypasiin fr even fuced

o 0f - 1 [ olde- 7 ) *
A B 3, ! B
e EE: _ _ i}
,,,,,, a® z [ 0 o o= 1017 B}
_ ) _ omt
) 3 i g d &‘) \M -
_ . 5 2. . T
DY - lg;%f /. f..wm_-.w.mf&
g o f ¥ ) i
o Y - O I
/L o
_ ﬂ 1 i ,,,u,__i____ _} - e | o
o R I N
_ SR A & , ,,,,,,
sy T[ L“‘"" .-Tl-q — !. -
S=n - / Z; e -
& 3 _
> 1 - A ]
e )




" ol Ma am%& ’ xl \/ X

(8:8)

Cecm @ Genernlired )écwc% 02

«9\ Dehm}mmL 32}01/1/_?"/41!?&&09’(7 %ﬁé’xmﬂmj M:ﬂ,

3 3”0
_ﬁ/___ D@ﬁﬁ M})\M
LS &M__/LIMQ% )

b {fmwr({/\fﬂ QQS\*\(G{ /)’Q C’f . . e




(Eczm;g s e (ﬂ% J*/u vi L-j)‘c:s,u

. 1.
v — 3

-Dﬁ {rl = \‘/*ﬁ* €

D, xl

AV | v C R

=

ViS00 \l

G

; N .
On Ahe otved bz ) Srn

{8

f7:ﬁf;2/<..

v L0 . s

' Lo . |
- & X , _y _

5 ~ A X mi[ i)’i‘fj e/{g‘ :£§537 , a7

&}k
-l

f .
SY O0f M ¥l )

4 //luz M LQYJ rall

w -
& Dz %) .'}'i-ﬁ‘\} AX

<o

e .

T X
\éf{l € A ¥

I

[or « yftg/ S v’izfs:smllq & mmﬁ/ffi

JUPRTN

po
v ¥ 7 y

= Y% = g

ﬁf ¥ C}'f‘&/x



‘j;E:»--f ma@% vy Wi lm (fWVC{

/fz‘uj J D, () Sex) dx = j é;\(,x} }{)‘} fz’u }
Aoy o _ ;’l

Sinee Ne M Lﬁj A e el efo ety
({M?Um § J\{

o™

e 5

CRER LS

Ve o o

E) Q%’\ W | L\ é’/ (f\ < V%Ww*’—/f L fz{ f Lf fg,wj’i G

calleal 't g g3k

D:«?k ;ﬁi}i&a@wé - A f L & P f (x/ w
fU % LH&M i 5 { !lf‘ {5 {.Kf{jé/]/g fﬁi«i 7&:[5’& (d\!g,f ::fmilw{tifz.

o i bet /}m( Grived ;6\/&6)&5{ / / »

e

dengelives o %m0 fasler

NP1,
{

/}%M w&j Pou s »:fz‘/ f;}"“*

Ja: Wc{ b 2 B Funchos (i) A @lled 0o

-; é:,f% v /ﬁ:} : g go oA j:\ﬁff’ff} (EV fl/ 7 / 85 a{f}{k"‘{é.g}akﬁfé
@ fj kel e }af Fhidid :«”u j //“5 ftin coaeel 3/ 3
'&é‘f‘«,«éi}gf:;fa/{))wz Lok /f Lo F a;‘”/[ b clesiielavey Yrsatsd,
dpernst 1 Create /sz 0 Ley e Sowe Povciex

of Dl an Ix]—me



L K vay Lo

{i | o] 'F(ﬁb@}“ “ﬁ fj 59.d féiﬂ Hrses ¢ /7)2(:,] po lof 1704t ro-l (g/; 7
PP - JG e axt
(?’9/ Gooek  funchivas - Dyu)= 1z ¢
. { ,[@"';mii"wéffé vty /b ek

A Do) = 7y v x) D,y
Ay n "

LU{ é’? MJ, /f/J /E;} fm //ff/f@f’f}j{’f /ﬁﬂ{é’jj‘?ﬁ};{/}méj

v
i ;o
P Y b } O ;{L D, (x) Veuslih
ﬂi}g itf

gfﬁz{/? lg»{ ’//1/ Ly I /?j/ /5) 2wl gs (gf [}j /

Ly Wj" Jlo 2 xislgae j e
C g

Bfﬁfﬁ}zf el Bant s g fuhs,
\3

?M{A&/Q "L{waf& [éwm%m Xf)&} M Ca

Ded ey L 6271/ fr% v {,Z:m 5 %,@ (X /} 2l
/ﬁ/.{,i { !f oo o a%zf :} oo A ﬁéwm/{} o Cf/ (X /) ,
/ﬂm@_ } liai ;f f‘

}?m::}% J ﬁ?»ﬂ/‘) j(ﬁ Ax = j }(Zk’) f/{,c) A

Yl el equds
o /) Grlxl
_L?% 1 grdwlebo



Qe &

(3 ) Two éj enesakited (z:/m Fows  wlix)  dnd //S (x)

o

LAA S convisi deced ”f{} Le. é)«{f el ;fl f hoe

Corpeny om@'a}; D e len  Datis Jy

00

}”{’1 j A, (x) (jé/\f Ax = S

bY - e Fl iy

Lo
J /Q PRIV gy

g:{i? v {%yh«j 6{ L c«,{ ]C ;,j r’g,(@{f b gl &7{7& } } / } fzj/ L{j w
4 { / ) \

T
R - b 3

Eﬁé m@éwﬂ 'z{g v

5 {%’,’,.‘.,52‘} (A AL EA §ﬁ’/ ?5 } m

do i?z;kt ‘ff('l.,,i’_ P o (/&i Jiv } ey fo} i

o b ) O D2 lancn j gi"f} ood /éfvf-‘#--ﬁ;?f 7/“/’
H-ﬁ; (f./ M)/ (W; - }
-tu§> deliven | ghvi féff«/ a Aishrtul o
oB el f) ke a «f ccly govd fund v
Than  esch o) Athned by |
o
fool-€ " fo) neug

M A éj do A fﬂf vza.xf{ b, s C lLb e

p{;{fi/;fm o olyt fﬁim;;ﬂ

s By
v j ;gn Lx] %{‘.N Ax = J jgﬁg gjg;«g A
L,.{)\QD

f} e DUk



Pm {,L/[/ ugf (5

() ocddihn of GF L
L@Jj Gﬁ y {);-\) com ot l?’;? A /} iﬁ’\/@if" f AL (ﬁcﬁz @
‘}{ {.\f!‘}; i E/L/& /;) Ex ) . / z‘aﬁb ﬁ ] (if'i_c,,(,g‘ /Za [L{/L«,fv //]((}/
/‘

) o A x] awd x/
AA L[z/é&yé ﬂl %»‘V{ ‘v’f L;}/{/% ;/5 f"/

}D (0 g .

hminirriationd

e A

j ) i) dx f( hati] § e
| . M
¢ v
_ o -
] ?&} & oxh A X
- j“@{ g LG, en) ! b, (x) l {jﬁf‘)
ﬁf?‘"":}% s

B

J1 f iy 2] 9 5})‘/{% “i'%f Efw)ff!x%’z

Powgn -

.

g

.
f o%z,x S ,f’f/é{;x) g ¢xl [ oAx

- GG
: j [ dix) b Bixs) g en b
- o



}f?) /\fl/’@%u& g)bt wj/{ 5 f’ GEs.

{
L@i Ale  Dequemes Gy ) 5‘:[@& ne ﬁm
dinhibile i) dud fud & ,ém?/ |
‘@b@ oA ﬁmzﬂ o (hae g enens et /;3 e
A (x) debined %/E/ fe Dequends

@,y;, Cf»/) = ({5) by o

;M (,jv’éw@{/( 4 /ﬁ\_ﬁ :})V,ﬁj éﬂ{j{,{ﬁ ﬁij/ ;ﬁ Ltedt ()[/ (x //
¢

NIX) 2 [ir) o (x]

3 Do (/@ # jﬁg A = -’j Do A
i J
"{'zﬁéift%f ? Gk ¥ geﬁuﬁ v L
af 5}1;){”% :fj;ubg,f # fﬁ;’zw{? 5’;&“ o }/(/5;_,’/% ?&}ff{ .
14 ﬁéj FosoA Lver a dishibule s
@g}\j ng %yt,g/w v’![};fmﬁ & (;{ffj }V‘él'/&@ | AL |
ﬁ 0551 LAp pm {gé{,{ig,/i} BT fifj v ﬁ;_‘,&‘:":m{%}

o dpo CF o Aok dehned



T he pgw y /ﬁua {/bw;}/;
ek 4, 3 o ()

5 Lo
e Votx) i) AK L Gu
o ﬂg Qo tx) jg,.;c/ 7 o 4
e {9{‘}
(i ij&fm f %}/f ol THC G S 5;}2} e Flo f
) ;f) /éjj (/M LA v’,tj v f f le 5/) e i;‘éﬁ..m{{

<
~ 3
] Q%f’:?"} -)”5;/;{.7") 5/?{’}{/)

) Diflrshehs of e GF:
L@;/% '%ﬁ/i,i&)“; :}i 5{*%%/)

_ob
. T
of &
- égﬂ!}) f/“} - {ﬁfﬂ &Lj X
2K
j{ — %
£
) ’ §
&g
;)M S 9\ N 2 R § o (n) i AX
/ oo -~ : ).,



\\/‘ﬁ AL @5 - 5 )(
dan . Jo
o A




DYM 33 Fuwx}&m g{,:&/

e | ; YL il
Consi ol W /

| woo o .
L ) yio ot
Dy x)= V7 ¢ g
(¢ im Bl fct
¢ Q0 Kz
h}‘u{ r)}/z {fx}w %{ O %4 O
K= o '

~ oo
g T R
b } & K Vi

Mo S
) 1o g 3 iR = ;
i e J \@} ?! & TLR ) AX

i
Sy
-
od [
i
S
™
M
- S
e
pa—_—
R —
o,
s
p
T
it o m
P
Ll
g

=y






o
P S AL P O
/. 71 n X"
{ - Losn¥ (~ (A 250, oy
e e T T 7 Siy X L
Xt K A

f‘m,
g oo {- Los X }{’A)J § . J mef L{{) Ny }{@x
Jo T nx ‘ ‘o) i xt

00
. f—toyn 4
& ’}/E 5?{ f igﬂ{ g ,_”E }\x{__gwm-w~~z( X
Ayt iIn [ %]
G
.E}é
Al ] Siit 0y
é WM'Z«% i} T A j B "
e /K },
N oo
g oA,
S e | ‘fgi i T ( Gk Voo



Iy
V1= o

: J Zf\/g i};) y{}f} ok x j

o

gﬂ'%} jp{,x) Ax

= j Zn) b

e,



{1 ) 2 osxed
1 ;-igwi <
) A
) - (o [1G x) AN
wa{x)au) Af = j hﬁ(ﬁ %ﬁ/
” 1l Y
4
A
= J O @ f ] »{: (nxhs) g%’ f

f/fj_;
/ /e
thq [
- I S A5 x )M - J Gix] /7
’ / !{MI :”“g/l-r
{,%'}
/ [QM/ Ax
7 ,
//7 i !/4‘—( / i V1 ﬁ(;d?{éj j ’j%}d}(
: X 40 ()o*iﬁ 4 j g f}f?‘! M 2 K /W
- N X 4 L ) -
/2 ‘ﬂn"/g/g RS 'lé’ g W_*/?Q/Zi/ ‘“z;; 7



O ) ((u,é-uif!/w’
o s
, |
v - 4% < 5
" ‘ /
p PR
o j«w <K
% 1y
n o
Gix) = (%gﬁx)ﬁ‘f:”{,j 7
i
4
A ey
=N A
-y
iy
-
/ e b gl
[y g;&ﬁ;/%ﬁ a2 1/,4[‘9

(]
Y -



E} A 'g’i/{, p J(? oA !P /D y ¢ {ﬂhm

Cex)
ginj)};g

o}

R

)
.,

=
AT
ey
.,
S
R

[

(oY,

S?Ji«fg
v - L § 3 ﬁ'd i i
Wmmgg(.w

S S e

by 4T © ? éxsz} phis
V} O @ M

b F ‘ AN {/ g'[ f{%\s/)'?é_/

d@,ﬁ;-»ww??ﬁé’é? (loon it Cdecy.
7/

e
i
H

W“I bolx-%) }/7// -)ié}( - oy

3{?‘5&;})

L{i{ﬁ;

:"f}\ﬁ u )



é/} ‘L}é// (/ f %/4 if //?{z%«; Z ‘‘‘‘ //fl‘iiwf«— 145
D () (?‘}\} { ha Mo




h, (x] = w/, Un) A4 (%)
Woo
Lo

i
j N en) g o) A = Z U g L)

&
g '%ﬁ {_;,4} t!;/"}f(,%) hp T L U@«E)é) 3,;%
xJF W
Je
- gﬁ%s/

y
i";’ “““““ 3 . 3
) 3 P M {_,f{ ] ( 3
4 ix/ P 2m gm L pr (5]

J ‘
} J A ‘ﬁ"“i 7 (ol {f Vo1 oy

VS0

o e

& -
O K= )

= L g o) U (5 ) =



Fourier 17ans z[omz &jﬁ Genealy el !

Fu ﬁulfa(g $

L@/W,C{ . T[\‘Q p(‘)(_{r('c/\ 4-{"(];75 {0(}/}7 © % a a oesd “'C/f?’ci.gé/;
i fhsel [ a (:jaocﬁ Fometroa
pmo( » {, @} g(.?() m a 8&@ o{ @dcd(éﬂ . 1

Fouwin Haﬂs)fmnff Gret s ﬁ’NM 1}?

it
GLe): g gule et e
W E
Taking  mth oleswafe wrt T agf bobs Sideq- we G{}Z%’
m
E’L G U] = _ﬂ—“i‘(t)() gl’ﬁ)f’f“}x
A Yo 2y
In l«fﬁa Sﬂﬁf %7 par Foon- finen
{ A
P L[ pe et
(,’i)(M - \/ﬁ [_“)ﬁ J A x" j X
N oY
| ; / n
M(ju)<,-w~—~»~_~3w><””»>f
{ X ( Via e J /cix g / -



ﬁ/f

Sinte e s (ﬁrbj{m,j /2[;4 G[H/ gow fo
70 %) [t l—w fszfa Then ﬂ{lj P

[
i

L emma el 3[%)

PE———

! g wf('%--}( |
(] wf k) e dx
clte g ) g

e a  good Lonclon . The

i lie)

29 i
(x) = J—i—mf @mc‘ At
y )

R

WDO( lel wn infredie an auxiliar {acho

{ 2{:2

_ ij"* |

Jlyl= — yééwfi VA 2
_£ye

IUML{ s Q gawff l[czfzc/aw fyezam Gl e

] a g’wvf ,chfm,;_ K@/ £07) (o A5 Tt ﬂi

IS

Ju)lfj o@fﬂafwoi
“ /j,ﬂ,g-{‘“
ﬁ[ﬁ ﬁ(g ""’;"‘“ Gu)e' T al -7/

rtw}'(g Gu)  giren ohoce i The /_;;,@VQ



“MC?) e
| j‘” pf- L oo - Y
ag— (xl dX A
e Jo W ¢ At -9)
e < 7
[gorsn (1 )e
U (¥ ”(){ 2 et
A7 3 //i ) - " {f)
( v ~ 2]
- (x] € S (4 /
{2i7 f ( !
o e (X-4)
Sinw S T2t ) o1
@ ' olx = ¥
€

) | ( e X
FORCUARE “:“5@ ‘30«%Mf’”

Va5
{y’vzczxf )I gﬁ ffj){ﬂ

\f,?ur



o -ga| ¢ =2
B0 A Jul et
. [awfxfgg)) ”
= 2 ) uéfqﬁfaa

Vaen
< 2 Mcﬁxffé?)
H \/ﬁ. -
00 )
. ~
) O qgiy) = 4
) fff) Mﬂ}/&mo%{
gyl = i g
( y {rﬁw 3/(7) ~ L avG
= uye  Jal

. b 2o



| 5
T]/L@fém Le/L G‘L& 2 eq Ut {,,l el A=l C/

obhre jmeM Lok Wix) . Thow fe
Geopons ] Fouwae Jgawm Arzarhn j’/m

A eeiiomn Ay W

I Lt
F;@(XQZ‘“: {MU‘)@ Jx

flr(

—_

debron @ Geaslod ol UL
whitn & lbd te  [Fowne Aeachse

| r/é Wty F(,g/%m Fovne. freni %
Ful o Lel-xl

) (0(x)

F J/ l/

£ —3 @[U




me Hgoocﬁm&-ﬂ” 0;1? Fo (bl folbas o @
e @owf/th, %f Lyl led wn Shoo o

(hJLM el
r%mguu/
o
Prish #91” &‘? ?(ﬁ@uf lé//ﬁ//édvt ?ﬁ) a e
9% /wjrcb?(w«( s ha ey aron M?M?
0oy . let

e L

gél/:,____,J G € A¥




e “ % é%
. o -
j Frz/wtﬁ&)%’t“ﬁﬂj 5 J L /€ oAx df

s i w— &Y

| te Ty
= V( J gulfuxl@ “f Ax
P >

— Q5 .
= S .FV} [/‘,) Gﬁkj ”LX
%
S g 1) qrdt [ ww G (r) M
o - ~od
ool doetly
S N p— j(,g,(ﬂ:é{wdf
(T

. (¥
tord LQC}CZ::,__L S ?:[428 L1

Lol bt ﬂ”}?



Fouriex Tf”ans%orm ol fle - ijC/m (&)

. T
Nl - nx

Do x) = V7 ¢ 7 cg\()s)‘

X
e { o —  Van
Dn (K} = i}_] 5@6 J{.

Fy ;A )
= A n=1,2, .
7 ! 127 ’
Pf@@(
L o .
( jw ity - "/md{ L fEgnix) 6
T € 2 —— e
o g 27 ) ¢
2. 7
{ > /‘E«-Q‘fﬁ){)’"”x
- | e 71
21 Jy
o (i)
T -~ (ax
oL J e " it
L “a
N \/WM*)
. T b
a=J b - T )/io \/ /
X”l
- 1N
- {Q/ g e
/



al (
i (§) 7
Y271
e, . { m
(T8 (
D (x) - W:K e e = — jedﬁgfx
27 e A7 2 )
S
1 ( v St x {
[ et g[?‘}@ ﬂﬁx o= w
{2 (17 e V77
. (
an e
(77

[ ourion ’/"mﬂ;[zm 0{ 5(%/




SET 4

MATH 543: GENERALIZED FUNCTIONS

1. A function g{z) that is differentiable everywherc any number of times
is called a good fu-nctfirm if it and its derivatives vanish as jzj — co faster
than any power of T A function f(z) that is differentiable everywhere any
number of times is called a fairly good function if its modulus and that of its
derivatives doesnot increase faster than some power of |z| as jz] — co. A
sequence of good functions b, (z) defines a generalized finction p(z) through

the relation

lim - hy(2) g{z)de = foo p(z) g()da

n—eo -0
where g(2) is any arbitrary good function (test functions). Regular poinis of
the generalized functions are those if the sequences defining the generalized
functions converge uniformly to an ordinary function in some neighboorhood
of these points. The limit of the corresponding sequence at these poins are
called the local values of the generalized functions. For instance the sequence
Iip() = MGpm , {n=1,2,--) converges uniformly to zero at any point
x with = # 0. Hence the delta function §{z) = 0 locally for any = # 0.
Prove the following: If two equivalent sequences {sequences defining the same
generlized function) converge uniformiy in the neighborhood of ¥ = xq, they

determine the same local value of the corresponding generalized function.

9. Let an(x),ba(2), (n=1,2,---) be sequences of good functions defining
, respectively the generalized functions af{z), B(z). Let g(x) be a good func-
tion and f(x) be a fairly good function. Prove the following:

(i) pan(®) + ¢b,(x) defines the gencralized function pa(z) +gB(z) where p
and ¢ are arbitrary real numbers.

(i) f(z) @, (z) defines the generalized function f(x}a{x)

(iii) d”"m defines the generalized function "“( dalx)



(iv) Give an example where two sequences a, () and b, () define the general-
ized functions () and B(x) respectively but their product doesnot converge
to a generalized fuuction in the following sense

oo

Hm an (2, (2)g{2)dx

n—od f_no

Cousider for instance the product sequences in problem 4.

3. Prove the following for the Dirac é-function:

(1) f2 6(z —¢) f(w)da = f(c) fa<ec<b otherwise zero.
(ii) 6{ax) = ITli 8(x)

(iff) f(2)é(2) = f(0) 0(x)
(iv)6(f(z)) =N, ﬁﬁ%, where f(x) has N- roots z;, +=1,2,---N
(v) f(2)d'(x) = —f'(0) 6(2)

4. Prove that each of the following sequences define the Dirac d-function:
(For all cases n=1,2,--)

2,2

(i) DI :\L/—e_" &®

(i) D2 = Coope
(111) T x 1+1f213
(IV) . szl]:;lml

Prove the following:
(a) [, Di(z)de = 1,i=1,2,3,4for alln
(Ym0 [0, Di(@) fa)de = [7, 6(x) f(x)dy = f(0), i =1,2,3,4.

5. Consider the following sequence:
g 5€(]

0 ifa < inl
hp(z) = #("”;i) if=l<a<i
1 ifa>1

(i) Prove that h,(z) — #(x) where 8(2) is the step function and

(i) &dz{ﬂ — 6(z). Hence formally we may write that (m( = 6(x)



G. Prove the following:

(i) Let f{z) be a good function then its Fourier transform is also a good
function.

(i) Let f(x) be a good function, Then

G = [ f)e

sqriw

implies

t) ey

1 oo
(2) = — F
fwy=—= [
(i) Let the sequence f,(x} {n = 1,2,.-) defone the generalized function
o{x). Then the sequence of of Fourier transforms of the sequence f,(z)

—i
1?31,1‘

(t [

n ) \/’2'; fi

defines a generalized function ®(#), which is called the Fourier transform of
p(z).

7.(a) Let u,(x), (m =0,1,2,---) be one of the classical orthonormal poly-
nomials with weight function w(z) and x € [, bl. The the sequence

1

ha(z) = w(x) > we(x) u(zo)

k=0
where zg € [, b] defines the delta function §{a — x4)
(b) Let wu,(z) = ﬁe”’"‘" , (n=10,1,2,---) with € {-~m,7]. Prove that

the sequence
n

ho(z) = O w(z) w(zo)

k=0
where 2y € |, 7} defines also the delta function é(x — ) )

You first prove that [, h,(w)de = 1 for all n, where I is the corresponding
interval. Then prove that lim, o f; f(2) ha(x)de = f(zo)

8. Higher dimensional delta functions can be defined. For instantce in

three dimensions the delta function 6*{x) can be represented in terms one

3



dimensional delta functions. The way we achieve this is to nse the general
identity [i, 83(x)d®x = 1. Hence using this property prove that

(a) In Cartesian coordinates 6*(x) = &(x) 6(y) 8(2)

(b) In spherical coordinates §3(x) = —.— 8(r) §(6) 6(y)

{c) In cylindrical coordinates §*(x) = %5(;}) 5(z) 6{ip)

{d) In three dimensions verify the following identity and find the constant o

in the following equation

\72 m = 3 63(}{)

where V? is the three dimensional Laplace operator (Laplacian).

(¢) The above Laplace equation can be written for in any dimension n

where §”(x) is the n dimensional § function and «, are just constants. Here
n #£ 2. For n = 2 we have

V? log x| = ag 6*(x)

Find «,,, n # 2 and a5



