
LECTURE4, Manch 8, 2023

On the intervalofexistence ofthe solution to

4 +H(Dx4) =0
(CP) S u(x,0 =f(x).

CozelengH, gECCRY, PH, Big bounced,

I = =sup (t =0: det (1 +HPs(x)4 (21)) >0 FyGR"}

=>7 > 0 $ u def. by (D) Solves (P) in

1R" xJo, Ft.

I:We mustcheck IC,t) = E), 4*7 + tejo, it.

· Iso because. det (2+t4....) = 1 Fte To,St.

Fy

·ta5 use the inverse for the to invent

E(y,+1
=

y ++DH)2181), Dyk =2 ++4(g()42(2)
See est lecture)

olt by Eto =>I Y (till inver ofyry,t)
=1 a 7 FEI than ofheat. gives the

con che sich

Colleg Ass. H, gECTRY both couveron both
-

concave Then F = +* Iglobal denical sal



to (KP). (In R4x10,40011.

Rotn =1, H",g"=0

* =1 ++H"(gr)g"(8)21 Ito y =F=to.

UNI NeedAratsfromLINEAR ALLEBRA:

A, B symm nation, Posit. SEMIDEF. (A0, BI0)
HI
->eigenvolves ofAB

are all 20

(warning:AB IO FALSE).

A=DH(D8(z)) =0, B =42g(x) =0 F yGIRL

=> Eigenvelves of(I+AB) =2 ++B)1-1
Io Fy

dot (1 +HAD) =ieigardue (2 + FAB) =1. Es
=i =+0.

Examples where the characteristics coss.

Ein =1 E(2,t) =y +tH(a (21) straight lines

t -

I -- Look for F30: occurs

a

2! I,

2++Hs'(z_)
=
2,

+tHg's,1)

2, -20 =t(+1/g(0)) - Hg(2)))



I =mi-sis >0 if DEA. 30

> H'(s(4)) - +1'12,1) is. Fy.y, it

Hog' isstrictly deneasing. EXH's, g "<0.

Note:E issimile to the cessing time for

caws. ews. Here we expect a jump not in h

but in Dyh ot +=E.

CONNECTION between H-3K 62s. Lew for EI.

I 4
+H(nx) =0 assume hech

u(1,0=f(x) vi =ux
2 *
2X

V+
+H(r)

x

=0 is a cons, lew for v

I
V(x,0) =g(x)

with fentf =
H

specie et.. Up+ - <-> V1 +(v4
1
=

0

H-s for cless, mech --> Durjer. 4 + VVI =0

""E is the same to the 2 equations. (CHECH (51)
I disactity ofvatt=t discutity of "x

&: IMPORTANT!What heppes after +=E.

MANSWER":I global generalized Solutions.....
... to CORE...



-

CONNECTIONS ARONI HI RDES K CaRcofVans

$Analytic Mechanics.

Start from L:MR4xR-IR Lagentier
19,x) +-((9,7)

Def. Action functional.

I [w(=.*((wes, uses) de wase d

a = =(web ([9t], iR"):W10 = 2 ,
wct) =x b.

D war,Rebe. Min I e 6
a
newst=x

y =w(0) B

Thim. (Necessarycordsofoptimelita) Supp. LEC/
EC) e a minimizit 2, Elac =>El

selves the Enler-Legaye system ofODES.

(E4 -64(,E) + 4(2,E) =0ocect

If. e.g. [Eraus]. S

E "Mechanical"core (19,1):W9-p(x)
Detectalen

2 =mg,4 =- 56 =x

EC) - (mE) - Db = 0, m= - Db

Newton's new with fence F = - Fd.



--

CONNECTION (FC) -) Hamilthis system.

Det. fa ECTER, generalized moment is

p(e) = =(q(E(e), Ele).

Hypotheson 1: Fx, pER" Junique sol. 9
I

p =4(9,x), $ all it q=Q(P,X) bass

&:AYAR"-M" is c., i.e. p
=4q(q(1,x),x).

Rub I() =P(PC), EC). (7)

Det. Hamiltonio ass, to LEc' is

HCP, 1) =
=

p. Q(P, X-L/0(P. X), X) FAPERR".

Et :Mechanica:1 =MR-p(), =m9P
--

9
== =xd(P,x) HCP,1) =p. +d() -m I

2m

=- 1 +f(x) ⑮

Th:EC Solves EL, p(il= 4 (Eas, (). =)

=S Hamiltonich↳Eae syst: ofH loss !

RA: see TEveLS.]. B



gen. moh

NB:Cl. Vass. (Elegs. 2> Ham. Syst

*
otherit

a
wesé-...>

H= PDE

Conside chenect. eq (b) for EC0) With EC, PC.1

solving the fan syst.:

=(1 =pe). Hp(pse, x1) - H(pC), EG)
=

use => L)
=p(y) - pG))+ (96), Ens, (1)

=I by (x)
=> Es=((E), Eie)) =3

z(+1 =g(y) + ( (Ex), E() de
This suggestto conside

vixitI=="min"{,wild +8(2): weRS
-> [WCol=y, w( =f)ifitI I[w]Tree
function ass, to minimiz ofITv]+8181

I expect that o "solve,"the

(CP/ E
41+H(Dx2,x)

=

0

4(t,0) =g(x).

We will pore
that



⑧ IfPH HSP, 1) is ocvexin" FA (notwes.C)
-D

cas ofine a 15.4. HE> L

·ifI sol. nec of (P) in J0,5T=>

22x,t) =v (x,+) =value th.

·v is a "generalized Solution"of(P(
in 14x(0, +0),... the unigheNE.
-..

INTRODUCTION to CONVEN ANALYSIS.

Really o KER" iscolvexif 1,58KFACTY1]

tx + (1 - tyc k. k
2

· ifkissnvex, fik-> Iis cave-t if
1

-Fx,gfk + +c ta13
seguegp

f(t x +x- +(y) =f(x) +4
-
+1f(y) above

⑰K 3

2 -
5,

Besic prohecte

1. I convex =FER K,: =4Xek:f(x}

K, is CONVEX
sas-ave

HA
2. epit:={(x,H: Xek, t2f()}

is connetin R"VR 7

C



*als (epit (interior ofepifis CNE

3. I convex -fis locally lip in E

1: Lee W. Flemin:Fus ofsevene vans, 1977.

Ruck. - k=[0,1]

⑧ f(x) =(
11 =

0

- 0271
X I >

I disc at o, but conrex ⑬

3. Thuofsepection of colvex sets.
-

I geometric fork ofHahn-Banach the in dim =x+00

(Ref.: H. Butis:Analisi Frazionale).

Thm. A, B IM convet, A, B F8, AB =0, Appen.
=IVERR": VIO & GER:

XAGA Vox voy FyzB i.e.

the hypeplace (V.x=2} Serenates A $B.

A ror=

VoXE G⑧
⑭ V.= #I No

Ihm, KER" Convet, fi K ticover =>

(*)
F.EK 7eE": f(x)-f(t) +2.A-Es) FEK.,

i..e. With graph ofhas a "supporting hyperplers"



pessing throug (to,f(x) ·

Rb, if A diffice at to r
=DfCt i

Ruk. to EIK thNOT TRVE↳ineine
Re. 2 f(x) =the SUBLRADIENT Offat ko is the

n

set ofall ER s.t. (*) holob #12K..


