
( f-* a) = a
' @Igdnt9f'dy)ty' ( g¥dx+g3tdy)

= a' ( 2nda) c- y ' (ydmtndy)

= @ an 'tyy ') dntylndy
~

man & . - &÷ '?
Flow c

. ?
M¥0
me -FE•T -

¥9.
I

?
'

ftl is a Manifold⑧ acts :n-mis

aids in

1) do) - idm ✓

I ) alt).ms) - dats) Flow e JI
3) d-

'

it ) = al - t )

4) Avi differentiable arthropod tot .



Example 1) M=R
"

( X. g)→ ( also-iySinO . - ns.iotyeo)

OF %
f

en::÷
.:*.

"

I
#

I "

7-

Enomphz) . M -
- S
'

Htt :( 0.4)- (Oiltt)

Examples) M -
- I,= 1£. =L 'S. I
¥

(Oi , Oz )- ( Ott , Oztat)

counter example :S ) M -

- f
'

core ) Cott,4)



"

e. o
. ¥

.

.

.=
?

(N'HI, rich, U
"
Cts)

• U
'

Lt) = Ult, U . .ua
,
Un )

U
'

, U? un )
U
'

( t )= Ult, U, ,Ui , Un)

NLT ) = UH, U . . Ur Un )

X - Xia
JU" Nico)=U "

- Xhcu : ay I
Jut

X := dYt It
. .

IT, Effi" -
- dat ftp.xhazf-XCH.

&:B? acts :(a.g) →Catty) ⇒ X -- X
'

# +*2¥
X' = ¥LnLtD= ddfcntt) - l X? If, att)-¥y=o

x=÷my I
→ - - →

& : R
'

: alt ) : (Ny)→ Last -1g Sit ,
- nsattyet)

-



X = ÷ Iet f÷§ =L-asiatayet ) ⇒+ East -Y%H¥ !
. .

±×÷
=p

Jb : (n, y ,⇒→ Lnbttysict ,
←

-ysiittnb.li 3) .
"
i
- T
.

.

2-Wm :

Iz = y - mfg → I.⇒Z -Sfg Id - afg-3¥

{I i Flow
-

vector Field .

-

-

Flow
-

Vector Field

let X be a vector field on a manifold : X - Xt Gea,

DX
-

-
TFW regex # E x.Pe

.

:L

iir I

ace) : Ut- Utt Ext - ×h= duty
① de

fo ere defined ACE ) . How ere define act) ?
It - finite .



AGE) > ACE ) DCE) ACNE) - KLEIN

dHi=bimµc±nDNhy
to . let X= noq-yfzweaast-bfi.dk flow
of X .

① → (a.y) Latex
'

, y + EX
')

( my)- ( NTEC-y),ytG)=( n - Ey, yt.ca)

in- ti:# t.ci.
-

in;)

fmfimtt:L ;)- L'÷ night!
-still;)

N- A

⑧

1- = ng -youIf} : pi a. OyI Pa -- Z
.

B -- Zz@jIwcm.y )

" "⇒÷.

I :::÷::



f : Pi- R
'

f*Z×)= ? ⇐⇒ = ?

(N.y )- Cr
,
O )

DC - ten
{ y.rs.it can- cr-VNYT.A.is'¥ ,

*⇒ = ¥¥+¥E ¥= : :# ÷.

⇐⇒ = ftp.i-EE = -9¥# + aoife ①

f.

fyt-fdyfyi-EfI-FIptIfe_hfIf-ytPin4I@Cf.L
) = f. ( ng - you) - KL Indy + for]

⇒ II. 24+7%7

¥L teh.

(f-* 8) = f. ( non -iyoy) -- al -79+7%7



+ y l Fdp + for] = ton n

⇐
-'Bracket of two vector fields .

⑧

X. Y

XY = did (XY)# = XCY.CH) Der
.

II

IX. YI = XY - YX - IX. YIH) := XCYCFD - YCXCFD

ix. YI - IX. YI
"

¥ . XH=xiz¥

Ui is itself a function. .
mi : p- uicps .

'=a
.

xcuis.xiz.ie:xi

xi=xcuiTy



IX. Y ]i = IX. Y] ( Ui) = X ( Yiu 's)- YI Xiu 'D

= X ( Yi ) - Y( Xi )

= Xing .Yi- Ying Xi we are done

J2 : ein Rs : Pi =¥.=Q . hi - Eijh Miff

Ige = y de - 2-dy ly = 2- Ox - adz
.

Lz
.

.

- ady-ydx

[ Ln
, Ly ] = [ ydz - z dy , Zdx - adz. ] = - - .

f-
z .

: if X w a vector field o g :M- R

a function .
is
.

gx a neutron field.

(GX ) ( f ) e. = g Nf ) I Heh) cu, se gea) #Deus
-

.

JEH.

①%¥if+fy gxscfstgxltf's

gfxcfdtxcfyf-gxcesegxie.IT



@ Lff ') gfxjcf ) f
'

+
f g Cf

'

)

& X) ( ff
'

) =g ( Nff 's} = g L X f 't f Nf's}
-

= If, f 't f @④ (fl ) .
A" gas -

- geisha , µ

1- X , I ( FL = XkdYhfD- @ 4)( XLH) .

= X { f. Yet) - d YCXCED

= XH) Yost of XCYCFD - of Y HAD

→ IX.dY-t-xcosv-dlx.TT# ①
.

[ In .ly ) -- ly ? - zdy , zdx-ndz. ]

( Y da iz Ox ] = y { d.az ) -0×+310.29×73 t - - - i

- T a-

Y Ox t - -

Ha Hilbert space . III. 'Lj ] ijhtn →
-



I DX , Y ] = - 14,4×7=-4401×-914×7

i4x,Y]=dsXiYI-YcbXhy y
' tis hjl .

iii. By
'1%-4%0,0%1'M. .

IS , Pi] .

¥:f:R~-Rp2

±
!"- "

dyes ?

local coordinates of Rp! ?
.
R
'
- vi. n'in"

[ no, n
'

,
n' 3={xe%n'in}

Us : not . si
..
:= FI. S!,=7÷

die. n't si, = ng s!=L÷
" " s; - ÷ ÷ . ;÷E÷÷s

\

dir : s
.
! - %: .



( x.y)-f- long, aid .

Cary )- Tato S!,=¥ S!=aI=x .

Tyto I. =3 Ei - y
'

j
?

⇐ dad ? -iEs¥a= g÷¥+ Iifsi
.

an s:
⇐ dy) = ? = -11

,
+
d-

Ease, as:

bi dof-⇒ ⇐ IT! ÷
. ①

will , : Hox)=d ÷. -18¥
" ÷ )

@

=s÷+¥÷=÷÷÷.s÷÷.
l r

. -

if in M . : §, =L fo
, =P in U, .

8 in Mi : Si - r 5=8
( ) L)



¥x⇒.ze

7¥
= Izz 't Fs
t


