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Farrier series & He Fmdamtl Sdlmf theLpt
-

Suppose we wit to solve the Poisson gwtn Du .

- f an the circle .

Fist off .

uht ogtnnb on f ensue the exdknef a
shlm ?

well
,
if f = Du = fit u

,
then §

,

fdx = §,

otaku dx = [ ¥ ] ! = 0
,

so f mt he ay , uhe 0 .

I ft
.

this is the
only astnt .

To site
,
write u= E and

't in & f = E a
,

e2 't
.

' ×

,

Then date = ¥×( Z c ne
' " in) = E 2 tin and 't "×

& so du = a±H u = Fx ( E 2 . in cnet.in) = E-4+32 end 't in ×

So the rule B Hit an = - 4.2 n2cn
.

Note the th , } my a o=o ,
so ffdx = I 6) = ao = 0

,
as a hw Ldto

be the case
.

Here
,
the Htm to the Poisson guk is ulxl = Izo jin e⇐in×

.

In other words
.

we multpkd the nth Four weffut an = IN of n y ytpp
.

Define 4kt E y'Fp dtix
,
the fdamhl sokkf the Lipkin ms

' lit turns at tt 41×1 =×¥) - He)
.

Then we want to multiply the Four oeffzib f 4 & f to st the Fair weft its f u
.

Bt new
,
as on kpeflf ) Sw last week

,
d I = y^*f ; :c

,
the part f the Four tytms f 4 & f is the

Four tofu f the amdtnf Y & f
.

In other words
,
4*f=u & the fdawtl sol '

n f the Lapteg Beat the ft 4 st . DIY * f) if fr

ay
f :S

'

- R w/ avg.us he 0
.

We gulf , for g f, Dl 4*f ) = f - f 6)
. . .

the mppig f- 4¥  is 96 south called Green 's opntr,

Since aytt flns are the of turner fits an 5
,

we an to ten f fed as the harman part f f .



Veetr diffnkl qwts a the 3-to
Now consider the 3 -dmnsil tons T ?_ 5×5×5 ,

ahthm a jst thief as the unit abe1€14
period :c bandy conditions

.

Gin a rear fdd V on T ? wean tyto she qns like

On
= V or Pxu = V or 0 . u=f

.

Now
,

we can extdte they f Frier sites to bth feks & vecfr folds a T ? It to at tht , far

fe LYTY
,

ftx ) = E a ; eztinx
I Ez 3

che I tax , , xD Etxsbs 's g point in P &
,
fr 5 Hni

,
n

,
n
, ) , 5 . I jst note Std . dtpmht

I . I = n , X , tnzkz t^3×3 .

Convolution ,} defend in te use wj . If*g) 4) = §fK ) 8*5 ) dui & its eg to check tht

eat
in *

* d.
in .

= o : f ni =/ ; & the ekin
's

* emits = eat
ii. !

Hence
,
if f = E

aid
" in "

&
g-

Eb
; it

in ÷

,
then f*g=

Ea
; b; el 't

in '
.

Vector fields also he Four series : sy
Ht VKI =L Hit rdxtvdxl )

.

Ehy . s pt aft . so

it b s Foniv series : v let ¥ind " in 'T
& Hook ( Ete

' ' iii

,Ect emits
,
E a eat in 'T )j

= £⇒£y
,

in d " " "

ej
,
he ejs the jthstdbs . ) vat

.

writing in =Cat
,
is

, ad & E = ( E in 5)
,

I 'll adapt the shorthand VGl=¥⇒⇐, dtini ) . E
.

lets look at bit the vuioy diffnkl garbs do to f = Zaid. iii
& V =

Etc
= d.

in $ ) . E i

of =s÷E+¥÷ez+t÷k .

Nw
,

Iµ1,2 't in i ) = Ex; ( d
" iln ' '' ' +4×2+5×3 )) =¥ ; lit

in ' " dti ' ' '' ' eetinsx 3 ) =
2 . injein ' " eitimhetinsxs

ZT in . I
= Ztinj e

,



so Of =¥z|2# in ,
an' £ " " "

I +2T in an' e
' " it . 'T

e, , zain ,qeztinix g)

= ¥z]2t in a ; d 't " 's
, z

In turn ,
or =3÷

,

+¥a + ¥5 = Is
, Feet in ; di d

" in "
= Iaea in - of dtinx

Haq he see the Df  = 0 . tof) = 0 . ( Iaea in aid " ii. 'T
. E) =¥; 4+2 in

. Has ) it iii. Ishtar hire
't it ÷

,

Thnfe
,
if we ht 41×7 = HI . E. En

do " *

,

than

D ( 4 * f) = f - as

& 4 , the Fndnmtl Sdk f the ( saw ) Win an T ?

In ptihr . fr g f 4 { f = 0
,
the ahk to the Poison qn .

Du =f is gin g a- 4*f  = HI ?÷,£÷ze2 " is . ?

they , the effect of
curl s :

p×v=R÷ - test ,
Ht÷I÷

,
) ei +ts÷ - states = Izaktilnzin- sci ) E + Hits in - nine

+ Ztiln ,
' I - nzci ) I ,] drink

= .I 2t
in xei eating , ,

Nau
.
Ace that keno ) = { f : a = = 0 Frito

,as orbits ] = { aytt fhb }

in ( D= { V : E- = tn 5 tr 5 to
, to = o}

kr ( 0 . ) = { V in . E = O fr ito
,
to arts : try }

in ( 0 . ) = { f : as = o}

her ( ox ) = { V in × 5- to tv 5 to
,
is ubitry } = { V : in = X : A fate

. Es arbity}

in 10×1 = { v : Is  in = 0 tv 5 to
.
E = o ]

So no he law exactly hht th and its one tht ath an q , the On=V
,
Oxu = ✓

.

ON = f
,

DU = V to be stud
.

For exple
,

On = V is soluble if Ve in 10)
. mj if # = HE & Ee = 8

.

& the soli is

" =¥⇐
,

5¥ .
ez ' tin . I



We can me signs tiny write
this as u= O' ( 4*4 since

4th ÷#I+ ,
F÷ , it iii

&

Olav ) = it,pI+ ,
Yin . e= dtin :

= II. . E skin - Ain ) itii 'T = ÷, Ex ; eat
in . 'T

,

so 010.14*4 ) = V
.

Nw
,

lheaditmcn = Hi s a little weird
,
ht Fett th B the sane a Head; In tut Vekr (

Ox
)

,

so ref the audit is : Pu=V 's soluble ⇐ V B wl . fee & § ,

V = 0 & th sok , u= Of 4*4
.

Similarly , T.lt f b a soli if f Enloe )
, may as to 1 or . Gnivaknlf , Spt =D

,

& the soli s gin g

U = [ E ; cetin
. I

KFJ

fr g chief Eri st. 5 . E= = FIT
. . . .

fw exgke
,

I = = ti AEI
,
uhih D the Four aefhut of

014 * f)
.

So D . ( 01 y*fD= f

For Oxu = V
,

he he a soli if VE in10×1
. mig Ei . 5=0 fw in to & is =3

.

Of case ,
This just may

V

D divorce . fee & ho SPV = 8
.

The sohkh . }

U = § ,
d- = e ' ii 's

fw g
ain st. nixon = FI . .

. fragile
,

d- =
.

.

- at, T×÷I ,

did 3 the Fourier Yit f

- 0×(4*0)
.

so Txl - 0×(4*4) = V

Fiwf .
for DU=V

,
its eg

to ckktht D ( E bi dtin
. 'T⇒ = -4+2 Iza ,

hipdneainix ...

so deaf U = 4*V 13 a soli so lay as V to T ; = 8
.

One me thy
: the collector fuotr fields an Phs an lethal

bonpsttyj
Hodge decomposition

VFCTD = krlox ) to inlox ) = MID ohr( 0 .) = in Hxloltrltyo in ( 0 )

the Hat P ) = kilo . ) nkvlox ) is the hainan :c fields
.

The Lapham D: VFCTX - VHTD sedg

inlox) bijeclref to itself
,
kills HIT 3)

,

& thy NO ) bjectuf to itself .



Th B B Hey to see
.

The tmwprooht on VHTY s jh ( u , D= ,S u
. v.

Btthif
. g .

Uehelox) 4 veinloxl,

then ltcottfoxinehiiiie&v=¥o⇐ eatiti ,

w/ Ee in = o t KFO
,

so

< u ,
D= §,uv=§?tin . . = §y. o

.


