
Introduction;

• Digg equation , equation of a function & derivatives

•
ODE [ Ordinary differential equation

Example , Population equation

¥ fct ) ⇐ ✗ fctl , too ,L= 1%

/
fco ) = ao >0

→ fct ) = ao eft

It is a typical esample of linear ODE .

There is also nonlinear PDE , e.g

fkt ) = Fft , fcb) it>0| f. CO ) - ao

E jct ) = At fit , ,
t>0

/ fco ) = 0
→ fit )= tana ) = Sinti

coset)
no domain of variables & function!s



• PDE (partial differential equation) :

equation of a function of 2 or more variables

& its partial derivatives
.

Read .

f : DC Rd → IR ( or e)

n→o fC×+hqei)-f#I.fcx)= him

a- = . .) c- Rd
i - 1h position

Dtfcx )= 2×9 . . -2¥ fix ) , 2=4 ,)É
,
,
121=2-141

Df=Tg : gradient term

Ñf= ☒g)*⇒
Hessian matrix

Dkf= (DJ)µ=q : all b- order derivative

Def let d C Rd
,
F a given function

F ( Dhfcx ) , Ñ§☒) , . . . , Dfa , fat , -4=0 on ✗Er

is called a k - th order PDE
.



Linearis E amÑfP) 0 nx easier

121 2- he

semi linear , no more difficult

Ea☒Ñf⇐ ) + F(Ñ¥ , .my#x)-- 0121=4

There are also more complicated nonlinear PDE .

Goad For
"

solving
"

an equation , we want
• Explain → elutions .

, or

• Well- posed theory
CF

,
! , depending continuously on data )

vs important to define the right set / space
of data & solutions .

Classical solutions :

"

smooth
"

,
i.e.

relevant derivatives exist & continuous

weak solutions • regularity
• Schwartz ( Fields medal 1950)- distribution

• Figalli :( Fields medal 2018) → theory

Moye- Ampere equation



der ( Dhe) =g Cu ,
Tn

,
Dte)

Ñu = (Dfw) *⇒ Hessian matrix

( optimal transport
& change of variables)

• Navier-Stokes equations

2in -1 U .
Tu - Du = - Tp} divcu )= II. ui = 0
i ai

u = Cui)É , ,
ui :

Rd→ IR

( incompressible , viscous flow)

one g 7 Millennium Prize Problems

(Question : in 3D & time , given an initial vector

field p , 7 a solution u that is smooth)



In the course :

• Laplace 1 Poisson equation
Du =

Ed
u = fF- I

•
Hear equation
2- u - Du = f

. Wave equation
1!

Jiu - Du =f
• Schrodinger equation :

i2+u - Dm = f

Tg f= fcx) given → linear equation .

( f=O → fundamental solution )

Tf f- f⇐u) or f. ( × , with) → norlin

equation .

goof → Representation of solutions

Funchal Analysts Abstract well - poshness
Sobolev ( focus on einen theory )

spares



Some basic functional spaces:

Ca) = If ;D→ IR ore , antimony

11ft = sup Ifad
e- r

→ a norm space

cha ) = 4g : DYE CHI , -421 -2h}
LP@) → Lebesgue space

~
Sobolev space

kPa ) = / f : P&g c- LP , 4121 the}

Alex )= WE"@ ) = Hilbert spaces

HECK" I = Sye ti , Fcp ) lptkc-LKM.dk
Classical solutions → C)
Weak solutions → Sobolev spaces .

Fourier transform#volution
.


