
→
Feet)= SIZWE,
t

Mian. µ

Flow : de 't) : M- M others
'

a diffeomorphism :

8 : RXM-M 6 is a diffeomorphism .

i) @ ( t ) . 663=61 -Les) dlt , Gcs, as)=6Hts.ae) .

ii) do) - idm

iii, Gui
'
- oh- ti . A- one - parameter group of diffeomorphisms .

Flow- neck field f¥T ,

F.40J at cedis my
-



ICH e of x# y -- f. car .

{ get- yt-ottcas-sftcoi.si, ah )

if t is infinitesimal - E ya€sy=a+exget- yt.at#EXt=o.tcxs
gµ

X

t.

d÷ext i. df÷¥!"
f-o

yl
'

= get+ c. Xl
-

ca) = (id.to/Ycxiforfonitt:yt--qid-itnx3n) " ⇐ exP
-

fort 're y = of tech)

- = de ( DC # E- Xcx)

= [ a# c. X ) -1 E X ( nee X )IF \,!-
① L×cYI= ?

② L×Cw)= ? ③ 1×43=2 ④ L× = ?



① 1×41 . f b, II.%
-
-
-

hey, .=#e¥"""
!"cylqfeLxHjH% ""

g. neexP

1×49=4×411
a

-
aahyt-at-exl.ci#oEisYcns--YtcasI

Yep . Ytcy>I
Jar Jgr

Yip = Ytcntex) ¥, C- T.am
y! NIE Xt

( Hel* Yess) .us =Ytcn-iexsf-Y.fm/-=fYtcas+exazhIIcsif.eseI.l'÷
-

I mix,



= @ + ex
- III - EY '- 3¥ ) za.

⇒ chinaz.ua#a.hy*Lxv=fx.v7My=oLfxcYJ-- If x. Y]
= FIX,Y] -YCFIX

→ cab .CI = albeit lamb . Lx ( f- Y) =L X. FYI =
-
- f- IX.YTTXHIY .

IX. f ]# Nf) .

IX. f) g =xLfg)- fxlg ) = Xcf)gtfx④¥g)=xchg
catenary

Iemma :
-

Lexie = LXLY - LYLX . proof :

Lex,y , E) = ( EX,YI,ZI= - 114,2-1×7 - fatty]

= [ X, IY, -277 - TY, 142-7]
i



= IX. LYZI - 14,1×77

= 1×4-2 - Lylx -2 ⇒ Lex,y7=Lx4-44 .

Joe :

-

J = y.dz. - toy Jy=ZQ - not
.

Jz - ng -yah .

- Dx Pg -- dy ta z .

Lp
.

= 1Pa . -47=1 dx.Z-dx-ndz.IE - da = - t
.

.

⑧

IF won,fwys.ocntc-N.biz#.atex
A

Law tell*wIcxs - waif .

i

wcxh-wpcxidabwcys-w.my > dy
"

-

( ( fett)w] = Wreath ) II. dad
sent



I f

= (Wren) +EXPF.gs/I8I-iEgInIIdnd--Lwacxsi-ExB2fnIptEwv9¥ ] dad
-

⇒ e×%=Hsy÷+h¥wr
O W : OWL ⇒ as.pk#p-- x:p .

i::÷
§%£ : (1×9):=9Ita, go;¥d "'

= X'29 - Ngs .
#

↳ IT) =L, ( a @ b) =

a'= push hormonal mph baht a



↳e) =
a'ab '- a @ b 't a @b'- a. 6
-

E
µ

= f×La) @ be a - Lxcb) . I # a ab
s

C. Lie derivative satisfies hidneof rule. F - faith .

¥d¥£⇐&¥.

(Lxw)pv = X :p War + X :p Wpa + X.wana .

let af=apbv 4×4=4×9, but arllxbu
-

= Map ,at Mpaa) but Ap ( X
"

. .ba + X'by . )
x X x

= X. ( Ap, but Apbr,a) + X :p a. but Xanapba
-

= X
"

Wpr, a + XT.tw#-X9vWpa .

@xw1apyeXt.aWppr-XtspWaprtXt.r wapy-ixtu.my
-

I



I× a'b)
N
= Hast lie at dxbj

⇐ xt.fi - Ha!a) but at tx :* b: x. b:-)t
.

= -XK
.
.
a- b-- I

.
.
atb * x. Cahokia

- b;D

i@xT9-tv.aT7xr.rTkxdTN.a.Ttfonn.w
as a linear operator on X . wcx) GR

p A

Tfm Tpm

if X s
'

a neck fold a-HCM) Wiaa fwm held .

W(X) is a function. Ecm) .

let f be a function : df is a form field .

If CX)⇒ Cf) -



properties : ⑨ dfcxty) If) + AHLY)

⑧ defy)=Nfg) - Xlflgtfxcg)

=L + fdgcx)

- defy) - Ldfjgtfdg .

③ du '
-

CD; )
- g. Cui) -- Sj.

#

%H? a
- Differential form .

Tpm = target spaced, Mat p T.IM - Cotangatspaafilatp .

v. w, X.Y, - - C- Tpm as
,
d. p , O, - -

T
vectors x. xtsy. whydnt

wcxt-wjdnhcxzj-uy.tt .

TpM* ⇒ a ,p,w. . . = t - form .

(Tp*m⑥Tp*M ) = Span { dat @ dm }

if Mii n-dimension Tptm @ TIM as' n'-dimemil .



ftp.MJ-Tptine . - TIM -
- Span { da

"
@ . - dah} es n'-dim .

I - forms : MCM) = Antisymmetric Subspace ftp.me-pm .

N'cm ) = Span { dnindnidnixdniedniadni }
(wedge .

Acm ) is (7) =ncn .

Example : Mar
' n'ers - Span { dandy , dyndg , dandy} .

M - S
' Ncs) -- Spark donde} .@I

data dnt -0

A general two form : W = agwdatndn-E.gg.dntndn
~

.

R
'

,# : W -
-

w.ndnndytw.sdnndztwzsd@ndzIw.g.w
, , dn.gg

, ,

, yw, , dyngn , . . .
wµ,!

Iz Wiz dnndy + f- funk - din- dy II wndnedgt - - .

for t- form Who ⇐ R w ci a linear fenetil.



WCOXTY) = c WCX) they ) .

for 2 - form : ewcxif) = - ACY, X) .

w -- agwdnndscx.vn/!;;d:.Y;!Yfj.9&Xxxs
A two from es

'

an anti- symmetricbidineafunthlonTpM@7pM.4waNcMjwCX.Y) = -hey,X) .

An r- form is an anti- symmbri multi- linen futla Tpcmjth .

WE AIM) Wpa, ,Xpcy . Xpcr,)=eD"
"
weak

.
XD

.

EXAMPLE : en
'

R
'
: local coomhts Lr, o , y) .

W = c,
dr . do + a drndec-csdo.de
\ I 1

numbers or foot of crises.
dim Ncm ) -_ Yr )

ins
'

O - fons : fundus' fig, h . - -

o - fons : flap) .
I - form : W -- wpdnt tf e - for a -

7. tons wztayudnhadnu
- gdoeqde

2 -k w. cdondef

3- from O



Definition : let we AIM )
, on him ) .

uno e n'
"9cm) we' up , - * doin

'

-

dnt
PT.

Exterior product or Wedgepmdh 0=10
, y doin' dri'

9 !

W " O :=p÷ Win tp Or, . - y @nhndn4YnCdn7.dnm)
-

Jb : W -= 4. dnt = qdneadgecsdz .

O = a,
dnt azdgtasdz .

Wa O = Ciaa dnndy + Caa. dyndn t c. as

dnrdzi-ga.dzndn-czasdyndz-ga.dzndy-caaz-aaddnndy-cc.az
-Ga .) dnndzt

@ as- Gay dyndg .

& : w= an dnn-dgtubdnrdz-wndyi.dz .

{ O = Oidntordytosds .

Cun O = Wu Oz dnndyndg +Wizardry + was 0 , dyndzndn
= @1203-4302-1 Was dnrdyrdz C- N' (Rs)

.



properties> of wedge product :
P9

1) Anp = Pra f aah
" penal

A-- di, ipdn"n .

dn" p -- Pg: g; dentin -
duh

2) anLptH= drpt any

3) And = 0 if de n'
" '

em ) .

⑧

' f avian oven form : a c.dnndytadzndt c. AIRY .

and - cieudnndgndzndttaadzndtndnndy
= 244 dnndyndzndt .

Abstract defim.to#xtm-mhd.
let dentine ) peach .

⑥np) ( Xi , Xa, Xp, Xpt , Xpxq )#

2- I ⑥ p) ( Xmas , Xmas . Xncpon )
ti 101.9!



JG : let d = didnt 2. dy t adz

P -- p.ndnndyt.pe, dyndstpisdnrdz .

Carp ) ( X. Y, Z ) =L
,
{ §@p3CXzYFhtLdapKIIhXiCdep3L7zX.Y) - ( Lep) ( Y, X, -2 ) - yep ) ( -2,44)

- ( dept ( X , -2,47.} .

⑧

Contraction . if apfom and a week
.

.

Def : let X c- Tpm a we n'
'

em ) .

(lixw) E N# cm )

(th w) ( X , , Xz , Xp- i ) = W ( X,X , ,X. . Xp , )

properties : .

tiny ( W)=lix@xiyChs.W
= pt wi . . . . ip

dn" ndn"
- -
ndn't .

WLdi.io?c-Q.p)=Wiiir-.ip



W -

- tzwudandnttzw. . dnidn't - - - -

WL Q1) = 1242 ( 4) + { Wal - l ) = Wiz

dnhdn's. dnt @ dn' - dnindn '

-

# b) it in ip ,

= WL X , Qi Zin. - Trip. . ) =

WL Kha ,
Dii Air Trip. . )=

→ @Lw) iii. rip. ,
= X

"

waitin if ,
-

Exterior derivative . let we n'cm ) dare ATM )

Df : dwcxif ) = XIWLYD - Yuan]

i) dw has the right place; itactsontuouukrficlb.
ie) dw w bi- linear .

iiis du ni antisymmetric .
in Ldw) ii. in contain 9% .

- - -et .



u , deft X. Y ) = f dux,y) . Iggy

test frs :

dwcfx.lt/=-fx)wcY)-YCwcfxD.=fXCwcyD-Yffacx5l=fXCucYs
) - Ycf)wcx) - f Ycwcx)) .
-

. I

e.FEET
down,y , ,= xwcy) - Yum - akin

test : dwcfx.lv/--fx@cYD-YWLfx) - offx. Y]

✓ = f Nuys) - Y l fund - W ( fix,y ] - YAI X )

✓ = f x ( hey,) - Ylfsucx) - f Ycwcxs) -affair) + Ycfswcx)
- -

= fdwcxii) .
I



.

-

v , dcfw, @f)Wtfcdw let us check
.

^

?

dtfwkx.YI-XLfwcYD-YLHCXD-xlf.my
, ] - Yffacxs] = Xlftwcy) + f. Nuys)-

Ycf )wcx) - f - Ycwcxs)

= Xcflwcy ) -Ycf)wcx) + f dw(X. Y) . ①

But Xcf)=dfcx)

① ( dlfhiICX.YJ-HDLXJWLYJ-aocxsdbcyj-fducx.ir) .

= @few) ( X.Y) - @atf)LX,Y) .tfdwCX,Y)

= Lcdfnujtfdw } (x.Y ) .


