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1) V’lf 9(uw) = 9 (Vo w) €9 (CRAAY) (compaﬁ;[e)
2) V’If W - qurs L u/] ( 5ymm&7§dé)

fﬁtér z_‘g ca//e/ fhe Lew'fét}/ﬁ‘a tonnec zon o1£ j

we will wlu/a%; vse fthes tonme ction

lemma 2.:

IF 3 and g ae weaély wmpaf)ék and 1 B $ne pact
vector freld normel to | thea

f
Vn n = '[VK/A/)

3/adt'e4‘{’
where 7' i e comporent of v 15 {

a/lﬂl /-“/IK” W,ﬂe/‘e R Lg fhe Reeb ve cton _ﬁeld
[ "ww‘;j weal compaﬁéil d‘y




P@jc Lor a/g/ veclor held «
0 =Y, 9(nn) :Zy(Vun.’l)

s0 Yy g fragout= +o {= nt

M&/ﬁr '0'67

j [V,,n, ’U’) =-9 (n,<,7) (j(ﬂ,v')fo soj(v,,f;,,){-j('v:vnn):o)
= -9 (n, E,r-—V,-n) (ﬂbm above \?[4, VZ,H)SO.)
= -9 Inol)

c—pa (Lard)  (recll §OVIp (D)

= p (dx(av)-n-atv) < als) ) )
(At a.¥)= waw) = - aca)- £(L017)

=P "-’('}7\7 ) (a5 abovre )

. oL L

= 0 (p) =-p(Lede )

= -”{d”ﬂ) ()

=9 (Vinp, o) (Aef* j/wlte/n")

$0 Vnn l_( n 3 a1 /Iat-/j (ut';‘ﬁ a” Veﬂ%/‘f ua‘ HE same as

-V . 3
V’// ‘V"qﬂ :~(Yln/) ﬁ

Remeorh:

) note that is §and 4 ar compartible thes tae fow of the
associated Reeb vector feld is 7‘?7%7‘ fo jeode_a‘as

2) gejt,,'b Showed #aat ro closed hy/@.bolté wanitold can bave
o m-s.yuw vedar held winse How buces oot geode;z‘&;
Wiz ic one of %mecjor wofivatiors for M‘r‘roo(aciuf
wakly wnv,oaﬁ'é/e mezs .{



v Lon W[fly

let S be o Ay/om.sufﬁcé 1 a Riemonen ,M,,},Q// [M,j)
Yoar boonols q omarg U
U ES' '7300,85110»”7 Lonyexr ,;C g%/ a/r/ '?coééjl-é X

fangout” fo S at a posit p we have

Iy =fp)
Qlac.a'y 12 abhd oJL,d Y Mly
1afesecls U ot po

¥

s

lermma 1:
,'7C ,C-'M-aﬂz st c<€R ;5 a Tﬁvfaf valve. and
S=F"0)
U= £*((eoz )

then v /J jeooleﬂawgy convex
&
Ciftop >0 Vv ETS

[46/8 Vb’f (v,0) 5 the Hessiaq of 7C and (s deflncd éf

Vif () = (V, db) (v
(= 0, 0F -\ F =4 £y 3000

silea Lowwose £ uith a/oew’a:r'c fo el map (€)= R
s brst deyvotue s O S11ce m/ye«.?"fa s
16 secondd dervature is /’gﬁ'w:a ..

r



let

n a2,
Lo"“/(j)’f‘jf 6/ (r) \)'j-eaé@c o Coqu

For aﬁl,oé//l

Cormple: yuip $P e @B Lith ndiceod metrs bas

tony = "72_ E ;
h 2.

F K>0 ol @cls) ek the

Lonvig) 2 min {5y (9), 2]
wheee lTnJ(]) (s )"f\el"yecﬁ(ms/ redeus

F Sec(q)S o, fhes Convig)= w35

now Jor tymplechs tonveraty
let (W) be an almost complen manitld
LU o dowais ja W bonded &, z
let € < T Z be the Lomplen fanfenaérfo z
w. € TZnJ(TI)
e say T [or <L) 5 Csffbciy/y) pseuds e 1+ C
o posiﬁr}e, tontact Struttwe (andd & ontnfel as ISL)

/—ﬁ 7D'\,/—3 ’R s Q ﬁmoﬁ&n ond C a /‘70[&/ m[z/e St
Z=Ff"c)
St = £ (2 c])

€= ker (~dAf-T)

e




So C a tontact Shructure
=

Lig)>0 o vrelC

where
Llav)= —ol[a(f°J>[U.Tr)

g the Lew form

WAy oo we core Qabout /05€u¢(950/10~%’ Ayp@z,crf?é(ef?

Paswer: control Ltolom//ohal Cury€ s

jfm a Riemaanan surtace (F j)
ad on oalmost wm,//ax womitold (KT
(73 ma/ U F—"7X 1:{ Ca/[eﬂ/ ['—OZOMD//‘?(‘M r—JC

Aoy = Jodu

’—UC 2 s /Oseup/owm% Surface éounaft:\‘j <L
and L(F) c LU then wlF) car’t e

ﬁmj&w o Z Gf z=+7(c) as above
Pou satiches a Maximumn
pm&c«)‘ow@ ")

where o we yse holomorphce curves?

Th “lhfer):

F M iy closed and 3 cx an overtuiited contact <t
on //l, ¥ACA DAY Kee.‘a vecor fe(a/ 7§/‘ f
bas a close orbit

ﬂze('ab: O‘F'p/wf:!

toasider W= (~p2,0] x M




§ o & a tontact farm for 7, then w= o([efk) Q :),.n//ecﬁ’o
structve oa W and T an a/ouos# com/ﬂ/% str. J
on W that sets R, to 2. ond presewes §

yor can cascly check fedemM pseu o tonver ¥+
let D be an ovrenbwisted disk 14 (4,7)

s choractedsti folaton s @

® B/_;Lto,o 'orweo/ there are L'oéma/‘/ltdg Ates
uﬂ_:@?‘)[)z -444/1 fo3 xP) £ €lo€)

svch yhat
C{o 60/151%-41&/7 P eD

tk:/ e f?D‘L) Al o nbbdd of P in D

Fagt: wIDY) most be. transvese to leaves of D (F ot
§ Const‘awf)

® Z\‘tma(a/‘o( ! functional analysis says
i} you exten the -ﬁmily of . above fhey a{wa,yg
&l ouf- a1 open subset of D
(M & becavse the ho’prlu'o curve eyuaz‘z'ons are ell.paz)
o Whet hogpous if we have o Luuchy sequomce of Leo lomacphce
dishs  u Q" 5p7) = (W, §23xD)
F oM ou, Stay i LadlxW hr some o

e Arzelid - Ascoll Says ﬂ\ey wll
ton Mje 0 another Llobmofﬂlu'o p{t{k



(/'71@55 the VH” bbg,g 4
but i s sitvation Gomoy Says

tot cant haggean (‘o bu%lt/if”sm‘ce
/ ol L ft‘}x//l wnM)

50 £7L U, dont CO/IUQ?C fo a Aoﬂ:ma/'ﬂhcc

isk , +hen (mage of U, most
9o fo e
Hofer Say§ F s s He case then thene
must be o penedic orbid i R
Sldeciﬁédézr, it of w, will be ass}/ny?ﬁn%o'
to (23xY b some /091450(:5 orbit

(4

M

M | (~20.6) x s

-0 {

o

so0 it vo pe/\cao&é orbfs Gy U, Lonvorge
o onotter Lm[omw/ahaé dich

5 sybset oF D flled L'y bovrdartes of
Lbo[owf)l/ui Al 5 (laged |

i s cae subset of D Fled by coch
bovrdos 1ec (s o2 ard closed - 200 of D!

o ut First éow’)ofar)/ of Aa@mo/',oh/zl Ask 4o fouch D



will be \‘un/e/n{’ to 2D = leat of ’DZ

thes tontradicts Foct- above

L must have closed opbit o Flow of Ra ’ﬁ

note: £ M ot closed, but (~p2,01% dmM pscacto - tonvex
hen same arjc/mewf 5475 Mdéf’éfe paubot’zi cyf'bilL-/
Pvi*fz&j 2 tomvexitres foje%e/
7h%3 (6-K OMenda/cayk-Meffo{') !
Jet 7 be wea/d)/ &om/oa/b'éé with (M7)
_§ a Surdnce gy M w—ayz‘é?,f end
U tte svblevel set
Z=RxS £ERxHM
= RxQU ERxM
le# R s tne Reeb feld fo- 3 slwurvy weak &om/b—fc‘éilz@ with 9
J be @y almost tomplor spructure on Rx M that
presewes § and sewts K 1o 37
for a1y el
we Lla(re
L(z:2) =V (00) + V-H Ty To)

13 (71 (e’ 7)

the poof is a /0_14/ bomy) wtator

We Can uvse This pove a Dorbovx thearewm with e shiates

ﬁlb&\ (M D a contrct maqhé/a( aod
§ a metvee ou M

we dehie



, 3 restricted fo B
Vo s [ TR,
fyllfrl@js radus or

Darbows radies

Th=F(ELm):
i 9 s o mefrie wm,oaﬁ'é@ wth (m3)

then

’Z’(j) 2 494V[j)

note: i M compa it 1P s Casy fo USe ﬂa/éowx+l.eée?ue Aombe
fo prove Tg) bauded by pesitive nunbes
bt not Pa;g;'é/e on non-—ww manifold and compui iy
a lower Goumd i Compact ¢ase wodd  be barct

%07&’
74')( a po,;,{— ,oé/’/l dQ/' a// r< Cam/[]j we /%ww g,.[/)
/s \7&90695/‘54//7 convex

let C. = fonya/@f/ayenaé_f 7> 2(RxB.(p)
toon Ve, CFH o) 20 and

ote must be  positue
s Llvp)>D
o/ ff P heucto convtx o~ 1 ¢ ‘O”’V(})
wé. can Wlm” a Hheorem f I%?%‘ éee nofe aéove) fo
see Vot f 7/& o (s ovenrtnstd thea there
(4
s a close Reeb orbik ¥ w1 B.(p)

reced ¥ 5 also 2 jeop/esck



bt now &.0p)

@ﬁ'(

et r' be the largest roclius 54
2P Y

must have 95,. (p) fanseul™ fo )
ook ¥ cB.,lp) B loavexity

o |
5o ?)gf,/,) tiyle 2

The s (EKM): v

let M3) be a cotrct 3manidold veakly m«,,,aa'L(e
with q com,ole\‘d Remornion metr e 9
¥ z
Secg) é—mj

tea (M) & vniversally hale L QWMM{/#
h / W fo
T s spll Thnp VT

where p s the leagth of a Keeh wetar Held
&' ¢ the wistafaous rotaban of 1

Froot-

,wl/ ew/\/uft,y back. t» the vnveical tover M 'E/f<3

let B,i) be ball of codus + abudt 0

f S&Cﬁ) ¢ <k for Some k>0, ften
bolow we sece o C:l’K(/)>/‘13

Y (R x B, (F)) Y ,«wlo/zonuex
where CHlr)= Jr coth (V& r)

hir ¢

[ 'f)’Da/u B
5367‘2'@/1

v
—Ser > M
Sec Z ‘7

M7 ﬁ g {74

&k



N

bt we ace 055(/44:.0/ [K 2 =eegy 2"»\j
50 Y(R%B.A) iy prencto-convex For ¥ r

mw a?w/y @5 I /051"//007(: t}L (Ki 3) s overfwes £
d a closed Reeb orbit B/.Go) for Some r

pote: Re¥ & holomorphz RxA (witn J wed atore)

Stat Mﬂ;’l/‘v?j B.(p) to brst 11 whea 38,6[/1) R4
there Rxy W/'//be MW & R,cagfu (r)

byt Hais contraddciitz ﬂfécwlo CMVGW?{Y
-~ M=IR3 g Hight

now fu the abope Claim gbout fs2astocovesc

Fix P and lef
/;oeM—a/R! x 2 (g, =)

3 K>0 and sec [j)é ~K thea i hnown that
Vo, 2z chin g
now for /3 fr‘ we Can wote i+ as
U= vt af+ bsa_z_

/86% J—U an 4_‘{0'7&79'/ 0/1? So



4. )= 9(riv) ¢ a%eb”
= g(7v, J'v"\HQ'“tLL:j/Jr,Jr)

0, &2 + V0, (5,57 - 9(b, v vl
Th=3 C/V/I‘?‘ 7o g
2 2 O = 77U 9(Dy, 7, ) Iod"

2 ct (o) - Iy il S

2 2 oty (A I - "y lll™ JBy, 7p)
2ol 7l =1

0 (v

(F

IV

2 (eh ) ) ot

70 }(K‘F@ob)) & oavex 1F [A}/f)zmj Ve



VL 5681.44 Overntwisted Disks and +ae lostart { Sohere. T

Th™ 6 [EAM):
let (M3) be a ontact manitoldl &om,mh'é/e with 9

iF rei),(3) aad 3 G overuisted oa B(p)
then DB, (=5 () contairs an ovenfuirted olick

S0 we ca/yf yuaf;mfae f( r¢ ﬁ'y‘t'{'j we can

clearly see when 1t z;l;iof
we w; prove wmis later bt now prove the contast
sphere thegrem
Dok of lontact Sphere Th*™ (16* 1, from itro)
Recall we hove (M3) éom,oahlé(e with g aud
dkro st Yk« secy) s K

Ve woaft t show | ¢ j[ut’
we ,oull 1 back to universal toyen "
w‘ofwyy 5ﬂhm 92 says M= 5

Easy fo see F pdl@i/baéé { ic fykt—
so0 &
S0 we assme M=5>

for confradiition assume 3 5 overtusted
let D be an overtwisted dick

C@)”

/‘65&@{93 so that Kz (nof® ¢hll Lom,oa.ﬁUe)
anﬂ@f’/"eyg"g w2 Sayg that
< fu’ ~ ,tr
Adam (M) < /IF/? = 3




a reult of Kli gen be7 says fhat
M\)' (9) 2 ,Tr//r' =7

and we menteoned above

v
Lonv(j) z zl',ﬁ" "ZE

vs /-?1\7 “Standard " 7;/00.4 ogov comparison afywne/ﬂ'

We see that F pq eM such fhat
Alp,q) = dam (M)
thea thew ar@ fpcﬁa"d/‘y‘g

St
M= B.(p) 0 & (3)
e 7

bo 8, ()

we can assUme D oloes rof contam 9-

Tﬁm‘/ abore 5Q7_s g@ (q) s stanclard Contact Gall

for Standary contact bull there 1 a vector feld v

whose Flow pushes any poirk %9 it small nbhd
of 9 B,q ) c it B, Ip)

D

50 we can agsume P C [)7/ (r)

bt TG abogre ey ¢ '9_[7 (n) must
new contawr an amﬁvgfeo/ disk D' |

S0 D¢ }B,P(p) c 13,? (3)



wm‘r'cw//éﬁqj 5 htress of ”B/ )
£ f -lyltr contact- st~ on §% ’
(5/‘55"ij say5 3 stadard )

b the P’D"F of Th25 we neeAd some preliwinar es

/émmq L

o é":?) « Aowyoaﬁ'é/e wt:('hg and
r< o9\, Hen the chancteriste
ol wation [313,(/’)); has only 2 5147(/&1/
Points (anol they are ¥ 2B, (o)
whee ¥ s a Reeb Flow lme f—/a/oyh ,0>

Prpof-

5://,005@ xedB.(p) s a 5/{171/[0(/‘ powt
50 we have

let ¥ be o geooles (¢ $tartng at p st V()ex
7

& 2B,.(p)
N

by #e Gauss lemma we kuow
T, (3B =1
(s Op%Ojoda{ to ¥'(r)
L ¥'l)=R e Reeb field
ond since He Reeh Flow i

hyw‘f- fo yeodes«oj we see
T is a Reel Flow liie %Wh P



o can only be 2 sipularihés i é@'/fﬁ)( e

V&Cal( a _5(//'7Q,c€ Z [ (/", 3), f— conVex | F +here s &

vector field tansrerce t» T whose Flow ,W\esmues t
We 5m/ & 5/ohw S i 5@ le :5': Sg contawys only wo 51{4jul0/'
Pa&n‘s (we call vhe posifire one, e north pole and the

othen the Louth pole)
5 15 almost horizontal F, i1 addition, all closed leaves of 5

are orevted g the éau/zo/a/‘y of he Aisk éon-lmh{y the

mo/'-fh po/Q
@1’ g 57’

olmost horigominl not alwost horigonts!

Laamples ;

(epmp 7 (Groux):
| 53 s sraple, #hen

53 15 §—convew @%has n0 Heggmerate
clo o/‘b(‘{'ﬁ

we are vew /‘eaofy for ove mao echuicol precylf

F/bvpogjﬁonyz

let B be a ball n (AT
B is a vipn of a f-)ol;l‘f’ P aad
sheres S, b ¢e (o]




) @e)1 ¢ S/r;lplegﬁ (Sf)} wlmast horizontol
$l,
2) all (5{,)3 almo st korizontal V6 = HIS h"jlﬂ"
3) F Gé)g all saia'a@ oad YI@ s overtuvsteol,
thea I to such that
(éf')} L\as a o[oge/ /eavf 147/' f'_?_f-n
b for <t

zlﬁ{r i

P/bozc of Th=6:

Brcr_)) = PU U S{,

lemma 7 says [§f)‘ fl';',r?)e Sice /‘éfn) (j)

fon€ 3) of P/b/o =245 2@y ounfwis ted toen

we see an aventwisted itk on 7 B
&

P /bO-ﬁ of P/Zpogﬂ-t;m §:

) obwovs, F 3 dose leaf they corfart str & overturitedd
2) for small ¢, B, will be tophe by Darkooxs Ta™t
50 6&)‘ has no closed leaves for € small
i+ there oe wo clsed orbits 15 (), For all¥, then
by lemmaT oM of e S¢ ore 3- wwex
From vhis (¥ is eagy to ague that 30y & fipht

(car show B-8, = $*1e] hag an Lei-variunt
contact str, so B, i the resolt of adding a “tollar
nbhd'' 0 B,)

S0 VB (s 1?})‘%‘ unleés somg 6{.)? Lzas Q 0[056# [ean



lot t. be smallest + such that (59)7 bhas a closed orbit
the closeod o boit C o (S%)? must be dejen&uafﬁ

{ we assume méz ore orbif, bt yan can consider ofhen Ca€e,<)
we can had on nbhol A of C on b st

wWe can Ma,o A )‘[-fo'flf'g{d ‘;"fv .B

o that o Az Axf€3 mags o 5,
bY leayes of (5(—)] emter fop of A
ad ¥ € bstfom of A
¢) £p3x [tomt, t,1 €] mags fo L\ejevza//‘cén arcs

nete: Ag bhas no closed leaves for ¢< £,

recall the cortact p/aweﬁ alo7 splrlt,~& t+€X
rotate i left-horded way

StACE (5{_0 )? % a{mos% borizonta| we see

SSS
q
>

\)\)

jus‘(’ f;aére % e see
NS

Nz 2|

D



S0 L\/ POI;ICa/‘é"Bawdt')'cfom Hhene must ég (22 0155‘6&/
/ea‘tL 2 A‘f
Contradits fact that ¢, smallest such ¢/

3} _ﬂ.‘ie.. the qbove a/yumepu(’ 54,}/ 04/ e C-
New /kaz orbit 15 born and s closes ¢
to nerth pole ¥ must go Cast to west

D

Same a?umevhﬁ— Sayj F a nortgenn wost pquaolcé Of‘ét:lL
Aes 1F must go west fo east

Vow et t, be the 74‘/57‘ pare a closel lenf ’ypeons 2] (gf)?
from above it must g0 Cast t» LeEst

as € eycreases tree caq be ﬁmleﬁ/ maty birth Aeafles
of percoclic orbis
we lho&(,CﬁTfefy see that northemn most orbit 15 alﬁ/%fj
Cast- fo wesl” a1l sp Can't Ae (1e. O»ZZ[%)? for €2€,

have closeot orbit)
ket . £, be ofhe; bt/ death Hies
from about ¢ €ty t,) one orbit €ast f» west
seppose hypothescs bve for €41,
i Tueit & @ brth of a1 ot closer

to nerty ,ap/e +homn o¥her orbitx
thew done {77 aboye observatoion



(Md&‘{’jo Cast fo we;f)

lf noft M/"l%e/'ll most- ton Hone Sice
rorthean mest stll ewst-6 wesr

)5[’ fkﬁ a p{ezz"lx o CM!IL t:ol/D/veM/‘Mm
most- orlit swice oleatts of
norithem most-orbit o (7 oceur for

west o east orbitz
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