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Recall that the main interest of this course is an

WP initial value problems of the following kind

1 IT F Ct Es Es Ito This

Here t varies in an open interval I called the
time space in IR and I varies in an opensubset
S in Rw R is called the phasespace or the state
space and

F Ix r s R
is a suitable map usually at least e inns Also
to C I and no ER are fixed points called the
initial time point and the initial state

A solution of CD is a pair J et where
J is an open interval containing to and

F J s S

is a diff'ble map smh that
t Fct IsIED TEJ IsCto mis

The internal J is called an interval of existence



Notations As in Analysis I R consists of column
rotors We distinguish between Eri r aid Yan
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Suppme CJ F is a solution of c
Consider NT grien by

F e t QCt du Ct

where ed da P
het I I xD and let

ht I Rutt
be the map
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Consider the WP
G ICE Etta



Note that
a G is autonomous ie the right side
does not depend upon I

b F is a solution of G
e Given a solution F of G say
I Vo Y Yu

then Holts et and if di Yiu then
oh da is a solution of 1

Recall that an autonomous WP is of the pom
je P Cst B Ltd no

where 8 S2 SR is a fruition For all
piratical purposes I can be taken to be R

F 112 2 R Its Ces

Since the study ofd amounts to the study ofG1 we
can restrict ourselves to automous DE's ie DE's of
the form

sits P E Ects af

Autonomous equs when n l

consider the autonomous WP
I r alto no

where v R R is a G map on an open



internal S of IR no is a fixed point in 9 and
to a time point

For any fruition f DomCf will denote its domain

1 Time reversal het µ ca b s s be a solutionof J
Recall this winplies to E ca b Then the map

0th 2to b Zeo a a S2

grin by th t Cf Zeo t 2to b t zto a

is a solution of
A tr ni v n recto no
The assertion is easy to verify
The WP A tr is called the tunerevenue of and

the map qtr is called the time reversal ofcf

2 Statereversal Let D cab s s be a solveof El
Sit 2 NER ness Let

Sr r R
be the map Cn C n Then rt is ed and
r tr C no v nd Let

q
Sr asb 2 I

be the map
Qb t elle t e ca b

Then qtr is a solve of the WD
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Once again this assertion is easy to verify The

WP Hsr is called the statereversalof and
clear the state reversal of d

N
Graphof a yet Graphof a qtrCtto0to o n z
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Graphof ne9 14to 0

Regular and singular stats

A state a k a phase x Ed is said to beregular
if rhd 0 Otherwise it is called stationary or

singular ie n is stationary or singular if rheko
SH see21 red of c open set of r 1112
sting reel rodeo C Cloudsubsetof R
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Suppose no C sweet Let

Smaf nm nm crreg
be the largest internal containg no which lies in snot
In other words Snax is the connected component of the

open set snot containing me

Since r is nowhere vanishing on Sway it has
a constant sign on it Let

0 Snax nm RM R
be the fruition defined by

OCD to t f
n d
no viz 2 RE Snax

twice rC3 has a constant sign for 3ESua O is

strictly monotone and hence one to one Moreover

0 is contumros in fact 62 Let
0 Smay w wt Imax

Let Imax Imax Snax be the vivre funhoiu n
ne wt Rm Rm

of 0 ie Imax O The immure fruition theorem
shows that climax is diff'ble and e

Noro

Oldman t t

Hence

q
ImaxCtl chant L



Hence ImaxCt I
ImaxCtl

So d It r dawax wax
Almo

O cud to
Have Imax to no

Thus Qmax w w Imax SSL
is a solution of aft


