


Lecture 13 03/01/23
--

·Feduniquenessitistheto

IFLinear algebra (static case)
Ax =l...(LA);reIR";At(RMxn
a) Existence:there is solution to (LA)

(4,q-...)) ],:(4)
-hengenassists
e) Uniqueness: NuM(A) =40)tIR" ①



ItWuM/A) f(0) => anyctNeMYA)
can be used to obtain another solution
i.e. itAit =b => Al+i) =l

setit:"is
It each elementofthe marix Alt) is aSaij(t)
piecewise its function oftime ->
3 =Apt)has a unique solutions
2 Starting & UcHo) = 10 for any t=to))
x(t) =Ilt,to)x(0)
x9ij1t/

Int



Goal:(dentify the class of functions f(x,t)
for which there is asolution to
i=f(x,t) ...

andthis solution is unique on some time

ralSt(is) nonlineorein
t:time (tI to)
x: state [x(t) (1124)

f(x,t):monlinear function of as &t

5: 1R*x 112- IRY

B



We'll assume that is amereits

Esof time [as in thelinear case]
Q:Is itenough toconsider class of

-
?

↳toestaarenee
Ex:xc =xi =Y;x(t)t/12

af(x)

I 0
=7 solationa BUT, there is anothere solution that starts

ex(0) =0!!! ⑭



xt) =()= =)(10) =0

Siteit
Hote:f(x) =25 is NOTat displate

(continuously differenticate)
4 =5.x

-

= 3 +0

⑤



⑭Co
Co:a class ofits fiscation

C:a class of diffle
functions withats
firstderivative

eizcontinuity,distre
- x,y = 1124
A function of is Lucts if

5 -1122
11 f(x) - 51311) =11(x -211 ... (c)

4
Lipsitz constant

-Lucts: If there is 130 st.
RC) holds for all os,2t1R*
[too Strozy] ⑤



Ex:f(x) =x2

(x2 - y2) =(x) - x)(x+y)) =(.1x - y)
2)x,3)

There is no uniform mount on LI01,3)
give. Here is NO (30 s.t. (2) holds
for all v,y -(1)

=(x)=x3

(- 73) =(x2 +x3 +3y.(x)3)

↳gehaltenine is
ane

LOCALLYL-cts /
AM we need (@



Lucts:If there is 230 St.

(C) holds for all v, I (BUIE)

BrIE) := } ZEIRY s. t. (1z -El =5)
-A

bots fill =21" & +1)=2 are

=
It!Lucts wort
-

herehere- -



Facts 2x3: Theorems that provide
-

ertonit;itseethees
IFAlong with piecewise continuity of8 wrt

time
#isthefunction finis
isyL-cts.
Ex:f(x) =xP; P2) =b.xP-zocalyL - cts

Ex:f(x) =sino) => =x0s41)
globally L-cts

Notat diffe
Ex: f(x) =xP;0(0,1) ex =0



For a section to be greats

↳estdities
GLOBALLYL-cts

but not- xx =11

⑩

ditte &



co2-L-cts functions

c'c2cc⑱ q E,ts
atsdistte fiysties
-

isdependence on 1.3. & Parameters
Assume existence & uniseness of
solutions to c = f(x);v)10) =x-
on [0,t8) for some to.
Q:Can we guarantee costinsity
wirit, to ICs on some time
interval? ⑪



Even in lines case,
to much to expect
continuityw.r.t (.C.
-. . for [0,y)
Given 330,7550 S.t.

if x. -> (x +112" s.t.((x - 30)1 =5) =130/
10plot) is anime solution
2011 p(x,t) - 4150,t)11 =5

tror all t =[0,t)Sitting
a allostero ⑫



Good news:w.r.t.(Cs on

some homeinterval comes⑯
Sor tree [from existence & encizienes,ofsolutions]

⑬


