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M wfd . er FLM)→ M f- rome bundle GL/„R ) -priv .

bwdk
F. (M ) = { linear isomorph . IR"- IM} = { all bosrsof IM }

-

FIM) Seetiere

¥ / s s k ) * is a bossi > o ) IM for ✗ c- M .

• ✓→ M veoorhudle n ) Ffv ) = { linear isou.lv- K }
✗ wihskoedodf.hu → -

N FW) GLIN) - principe
t wedle

.

M



Def.2.15-supp.se M mfd . of din- u and G- c- G-Lln , IR)
-

a Closed Sub group .

Then a (first -oder) - structure on M (with Structure group G)
is a reduction of structure group of FIM) → M

to G- e- G-LKR ) .

p - FCM) w.r.hoi.G-G.IR) .
→ \

µ

!
G- principe
bundle



Mong geometrie Structures
an mfds Can be equ.ir . descriseot

6s G- - Structures ÷

L-xaeuplestORieeuanniaemfds.nl
(M , g) Riem - info . g,

is a positive oeefiu.be immer

- product en IM

KR" , < , >
)

+
stand erd inner product .

<viw> = 9×44)
,
u (w))

\
.

(M) : = { u : IR "→ IM linear i sauer
µ .
tendiere orthogonal

w.r.to <
,
> und gib c- ELM) } ← { ortho .

normal
Dosis w.r.to gx}



Ohm) : = ↳off LM ) - FLM) = 4. ⇐„E- (M)
-

q ) ] an ) ↳ Glln . IR )
M

OLM) → M is a principe laude wih srudere 0h )
,

Called the ortho normal freue bundle of (Mvg ) .

G- ran - Saum :dt procedere can he used to can>buche Local

or thomond frames of TM , i. e . we can find a come U = { ↳ }
✗c-I

of M und swoohsecl.eu Sa : ↳ → F (M ) wir ✓dues in OLM) .
-



Then öi : Ua ×
Olu ) → g-

' (Ua ) IR "→ IM

pj
'

( × , A) ⇐ 5×4 ) o A : IR" → IM E 041M )

one hijeaiens and &; &! ( x ,A) = (× , Yak ) . A) ,
whee 4

✗
(x ) c- Olu ) Uno oder : Led by { 4) = Spk) Yak)

( Yak ) = SÄHE SßKI ! IK ) : IR
"
→ IR " )

By Prop .
2.4

,
OLM) → M is a priuc .

Oln) - bundle

and the invasion ⑦(M) ↳ # (M ) is a reduction of sr.gr . ,
t.eu Olu ) - structure

.



Converse ly ,
lel Q- Flut he a a aedeectiae to Olu ) .

7Mt

Fix × c- M ,
u c- Q
,
E Elm) u : IR

"

→ IM

Qx - u .

9×4,4 ) : = < n
- ^ ( sx ) ,

u
- ^ (y , )> .

is • postiere definite immer p. redet an
1-
✗
M that

does not on u c- Qx ( n
'

,
u

'

= no A

→ < n
' -441,4 ' )

- ' (q)> =L A-
'
ou-14) /

A Ice" /µ)
= < n

- ' (4)
, u

- > (ru)>AEOIN )



Also , g. × der
euds Smooth↳ an ✗ -

queen
Chase a Loud lecken S : U → Q

, gy
= < Sly )

- 'l )
, Sly)

Ky c-
U idepeeudskuootely eng .

Heule
,
Riemann ion meines on M are the some

as first oder G- - Krach . wih structure gray Oln ) M .

Simihorwg , Pseudo - Riemann ion metrics of Signature ( p , g) on M
7- Olpiq) - Structures on M -

=



② Reduction ) of Fun) to G-↳ In .IR ) = {
AEGLK.IR) : deckt)}

⇒ orient atieus on
M

.

⑤ HE GLIu.IR ) is the Nobili zero ) IRKEIR
"

( It = { A C- C-Un .IR ) : AIR" = IRB )
Distributions a) renk K EETM- T¥=E

⇒

It - Structures on M .



④ Volume form ) on M = SL In / IR ) - Structure) an M .

⑤ M mhd
,
die (M) = Zu .

An dmost Symphonic Structures • M is a non -degeuoehe
2- form WE 1- ( MTM ) = R ' / m )
-

Almut symplecüc Structures an M = spku.IR
) - Studie,

an M
.

⑥ M mhd
,
din LM ) = zu

Au almut Kays Lex Structure on M is Vector knalle weg
] : TM →TM

g.t . IZ =
- Id -



Akuoot uaeplex swuaues an µ
= G- Lln . E) - Structures • µ

G-hlu ,
E) c- GLKu.IR)

„

{ A c- C-LKu.IR ) : Ao I = Io A } I is skouolerd
loeeplex . hr - on IRZU

( IIM
, 7) = ( IR"

,
I)) .

✗



2.5somecoustructiaeswitufiherbunogsug.ro
u M and N are slwootemtds

, p
: E→ N f-herholte

,

E.

f- : M → N G-
mop .

µ f-
P

f- *E : = { ( ✗ in) c- MXE : f- K ) = plu )} = M x E Closed

subsof .

Resnick
ug the

projectaus M¥-1 E and Mx f-→ M

ho f-E que, rose
to mops pef : f-E- E and ftp.f-E-M



( omumh.mg die graue
i

For ✗ c- M
,

f-E E

"E)
×

= Eff)

f-p In

m
f- N

-

'

If Q :p
- ' ( u ) → Ux F is fieser handle Chart of p :-<→ N ,

then f- ^ (u ) is open in
M and

Ä : p )
- ' ( f- ' (4)→ f-IU) ✗ E

( × ,
(×

, pr# In ' ) )
; > ob.jecl.ae

.f-KIEV , KEEFKI



Transition mops :

☒ • Fi ' ( × , g) → ( ×
, & ,GEH , y

) )
P

are Smooth . By Pop .
2.4

, ftp.f-E - M is other knalle

and P
-

f- : f-E - E is a morgigen of the unedles

laermig f : M - N .

Def.2.16-f.im- N -

wop between mfds .

, p N

a fiho kindle .
Then the line bundle fjs , f- 'E → N

is Called the pull back of p along f .



Note that , if E is a wecker knalle ( resp . priucird huelle)
so is f- =L .

For my Local seoiieu
S of E-1N ,

f-es : = so f- is a sectieu of f-€ .

Universal pro poty : Fw owy tiher handle
E? M

-

and a morphin g- : E- → E. of the ludles caoig f ,

J ! wo rpu.im#dfhherhuendles-E-feEmokruyForuc-Ewihqke)--xE-
--EyÄÄ Couverte .

c-Mi of Lu) c- Efa) )

tp9

µ

Qlu ) := ( qlu ) , Fln ))
c- f-=L .



Def.2.17-pi.E-M.pe : E-→ M Aber knalle, over M

wih >hand adf.ws Farid E resp
? Then their f-eher producer

is given by

Ex E C Ex E
M

„

24 ,
ü ) c- Ex : pia ) = Flut}

( E ✗ME =

p
- E = f-=L )
-

We Love a natural projectan q ,
E ✗

µ

E → M

( u
.
Ü )→ plul - Flut

und g-
' k ) = E ✗Ex K ✗ c-M

.



This is a fiber bundle and M wie shoudord fho Fx F-
.

& :p
"

W ) → U ✗ F , 0T : F- Ilo )→ Ux E

Charts for E and E

→ y : q
- ^ LU ) → Ux Fx F-

( u .
ü ) - (plus _- jlü)

,
przllolu) ) , prz ( Fl) )

is a hijecl.lu .

Transition
maps for y

'
s are zuoote

,
and Pup . 2.4 juyl.es

q : E ✗ME → M is a f)her lumdk der M
.



Moreau
,

E ✗ME Ä E E ✗ME Ä E

E
µ

!' N
µ

dehne hher handle morgen ans Lower idm ) .

Umiudpwperty-isupp.ae S→ N is a fiber heidesee and

☒ , S → E , 0T :S → € morphin a) f. her knalle,

love : my
the low map f- : M → N then J !

morphin (OI,#) : S→ EXE wie bae more f
M

s . t.pro#,oE)--oIaudprzoL4,oT)--oT .



More one
,
the liberal product of priv - hudles and M wie Stream

group ,
G- end Ä resp . is a priucipol C- ✗ E - bundle aw te

.

Fer neuer hund les ✓ and Ü our M
,

V ✗µÜ= ✓☒Ü→ M

( i. e . fihereed product equal ) directSven ) .

Fer s 1- (E)
,
T c- 1- (E) ,

5--5 c- 1-(Ex
,
E) .

'

n ' ☒ ijectieu 1- (E) × 1-(E) = 1- (Eu E) .



Prop.2.tl#SuppouP-Mpriucipd C- - bundle
.

Then

I a Smooth luop I
: Pxmp → G- g. \ .

<

fer U.VE P wih plu ) =p / u ) one has v = U-TLn.ir )
.←

ProA For u.ve Px 7 !

gc-C-s.t.v-u-gseltlu.ir) 9 .

Lel & :p - ^ ( u) → ↳ G- PRÄ Principe kuehle Kost

her p : # P- M
,
then

( un ) → ( I i Prztolu)), p:(Hlu))
pln / =p /µ)

is one for Pxpyp .



By de / in . ) Tluiv) = Pre ( Pla ) )
- '

pzllolu ) )

Land heute www.nessfedlaus .

Gr.219_ p :P → M principe G - bundle

p is isomorphe ho Mx C- → M⇐ p oduits a global
sectibc

.

17¥ ,
⇒

' ✓

,←
'

s : M → P global secl.ae of p : P→ M
,

then Mx C- → P is a >wook h.jecl.ie .

Hi g) ↳ SK)]



wih innere u → ( pla ) , c- (s (pla ) ) , u ) while H Smooth too
.

( ✗ g) ↳ slxlgdefuesohvioezot.us Mx G- =, P

1µL
n

-


