%52 Gooduic & Cuwadwres
Lt H"= ((E"‘) (_\—jT\Z)‘Zt ou‘@dx?)
b Rk, S <™ W e
arg ‘\'D'{K% ngﬁutc sbnamitolds tte studies
of Geododcs o R, S = (H™ cau be vdusacl
o B, S alH
LT M= K, Sl)n IHZ/ owd. fot 0EM ko a %md

?OTM:E‘

Lt C={xeM: dioxy=r ke T geodsac aavde
of vodius T

™ v>0 , swoll emogh Haw

Clor= 2xp, (Arda of radiuo ™ n T

QQVlO'tQ NG ) :ué Mz(Rz

Mﬁm Cloy= ( ,
Cylry 3 M=S
o0y, i M=t

—L‘g M:\Rz/ Kk k.OQCl(‘ Hode
L Cpley=2T¥ |




Thon U <04y §20 that
o %QO&QA.\\C_ C(\W;QSL
d(\*) = o Crdla o& vodle At v(\MlK}

= & Cie> = ztmurl (Ser suall r>0)

-+

= M=IHY) e by
Yo proot of Lowwa b,
o vwwaﬂiged geododc
fone O B gl by

Y= =14
et |

N - 2
whorg § = wuk veCto Ut ﬂi/

S = - W ( \\0//(9)\“_‘2:‘ >

—

o

r / 4
> o(IHz (6 {(F)): S \X(S)‘u_tz (S :rt )

= Cd=Ttudbdean arde of adiw S Shu X ( Jxad)\*)

Y‘H



21
> C.id= S ‘3()7_ fdﬁ wilgrg f:&aﬂﬁ%
— . 2

2T L“P"

= & C-(r) = 2T h {

CfU‘) = ZTAWE

Ty swwory  ug hawg { Colr) =20
C_(»D= 2T Alafa ¥

C-(M ¢l

C+ (0D

ol v >0

To gﬂLQ/L‘lﬁgk e aboe To arbitay c&(ﬂﬂ@t‘m.
maif A | we ed o study womolng of geodses
bF ¥:[ab3 x(6AT>M by o (7 wap Jou tha
Qd'ﬂug,& Tabl x(,d] %o «a cowpl@ﬂ Riesm - waiddd
M( din>2).
Dencte o POt n [, b3Ix LAl by (£,
Then we can dofia 2 Faugad veda fodds alog ¥



g Em > = A (Fgly 0
UU:(L‘) = Ax ( 2w Ctu))

(&Y N
/ % a%

v foed WeTOBT g (e
Vo: bl = tj\ » defmeck
;Qt) — T(pWw
Supee 06lod] Tl Yo b walled the base anit
o ¥, TH ¥, ave gredsaics ¢ uelydl  we all

Y o - povusdiar }am(ﬂﬂ of- goodlaics
Tath e He vecn fold T= % aud Reg

D.T=0
We. also fowe Tul = dy ([, 5a1)=0




\‘\-QJV\KSL { ET)Ul =0 <
DTT= @) d

TMA W\@Qs
RTU‘ - = DT(DU'T> T DU- (%) T f__;//é}-’-

=-D{D; V) (‘y Tasion fro cmdmm>
S D UB=D T

TMJL"':Q, allng e bane geodbsre Yo, W hae
(R:(DK./U> A RB’:U7°/ =0 CTQQ)

0 sa»@g EUJF KYO/U.\;/:OT
w5’z DU (sl U= b

QQS' S Eiwﬁm CYO\L> O (alled the Tawkt Qﬁf‘mﬁm

o Sobufims of (Tad e called. Toobl £alds

&QW;STO\




o'tQ The W(ta Q( QQd U onsuod abme alled
o tramsversal vectn g«dla( (0), woatioml vecte

{ad D 2 {\(ufg.

Lt = A Fansperal vecta fgr&d of @ |- Fa/tawailr
Sl of goodics B o Tacobl Lald.

By ™ M= 2 dal W‘oﬁl Riewt . wauedd
Dengte C(r):< XeM = d(x/0)=r§

c ey = Lot C 0

whsrm 0 EM B fcedd .
Lk (P 6>= polar condmatas om (oM
b Bro swall sd. Oy b a eomaphism o
BE)={UeTM = pr><3 t
We (an porancle a drde of radiws ¥ 5B
vy ¥ D, ur] - B[D
5 > (r 8)

Thou  Co)= axpo(F)  aud




cu>= SD\ \@UPO)(Sm (%)|d
Nate teat @ Q“XF"% . (&) » « Feawmsversall vecta

Gl of e Gonily of wadid. guodonics (e spce
el olog )

Gesoud] Sdf@

Lt » M= owglety Riew wautld of dia 122
. 0EM foed pout

6 v

¢ ‘P eToM
X & T?LEHB_% TDM

ToM 0e=" /
M b§ /




e 7= To,rixlo i} =M whar f°=|17| by

(7,0 = 2, [%.(fﬂz )}

Thon ¥ ueA3, T = T@uw b a godac

w7kl W et =(p XD (vwfoﬁ Qughi A

wmhes w=0> =

FaW B a \-para. family of Geodbaics .

3 O = Yancvorsal veco fdd allog T and
370 ke 4 number A ob, B a diffeo m
B)=4UETM = lo<Es wfﬁeﬁ?)

Ger B ={xeM: dioxy<iy  Tlow

B¢ = o, (&)
L {0, 8nY be am mhonamal boets of ToM aud
(oo oS he e dual bub of 1€
Thaw {5 are condmiae ucktos m TyM



Defue a (ondiate %\jsbm o By by

x*=atowpsls B =R (i

Thon
3 2 A‘. = 0= VA
C’QM = <Bxc 8/ a)(\ko> X(‘) Y, ij
D 2. =0 Vl:,j\

S| 2RI )
il

BE: e (gl flles Som <d@<{>>o td

eM Y\\OGTM

T s tho 2% we dofme o bilietc Sou
E.‘ TOM KT&M = fKV\
‘b ~ . = Q'J’
S plened = Pag
Then ¢ 0= u'; €TM
lpod> = Z oo F(e.e )= E o O, b)(J

¢
HL305%)

(
(zo x|



& Ve Wha] tagod vecte of

Nake fhat  Zot 25|

Yo yodinc wep (X BVe) | Hag plo0>=0

by v quodose ek, =7 prod>=0 V¥ 0LM
- Da %6:0 J VC/J“ %

—

WC

Note » condimgdo Etjs\wc saﬁ)ﬁgﬁg o (onditins are
callod nownald condivate Gystoms

o

Now asuune. 4= 3 pigs x T= T T (i T?(TOM))
> TM

Fa 50, ol ep s ¢X €B(D)

Than i He abog cordote sl X'y

the adiiate et of- EINE Q;)(ﬁ({-(fﬂ@)

|

;» t - - .y f‘ 2r~-\: é‘
Jr—({>+ul> , adony f-({;,,,> I (i“)
%/Q@ VRS D)/%(‘l x 0 ,t] . \[&wmmﬁg
\ ~ - v k -
And the baw Geodosic Lo Ta=T*L) = X



> Tth= ZTAYY = £ (6 wdnd?)

N 1 2
Mo T = i:b- 2 X 2K ((t,o)
Teele  Tlpy=0 ank
- N
(6>' D‘_,/() 5[’\ ( 2k Kt (&0)>
= 12
= —,i_f Z >K° + O

T condugion , e Arausercal mw U o
FE W= x)«FDH\— (FHLX.)] Sabies

{ V(=0
U/(O) = J(:TK\ (th CWM‘bs)) (”7{0((’ r=|(>J

[d&d&: U= i:_ @QXP‘))@—:@ (%) ]

'A’P?\(Wj e abog o M=K, T o 1 wh

_ 2
Jf: (e, = 5_6'“,9) .



Tt Ty(py = (A@xﬁ) EACED

(re\

b a Sacly Ll cilfyig
\5 V=0
| lho|= L[] =1 (o= ptler)

et WH = wik P&mﬂd rectn §dd alrg T
ok .
QVESY V{(&)?zo .

By Gauss lewma
= U= ([dwp)

do Ty
Toone e of (i =2,

V= (deap.)y gy(55) = SO W
5—\% Sme ~§MML\’TM« .ge COOCO rj

Thon Tlho= By, TR = S Wep

éx D VWLWULQ

(4 e)b



/, N/
U0 = Dy Dy S0 = SO W

(sm W i pocallol

Q3a0> > oW+ RF’ =0

'(_;/
W
I /
> Sy £ Ry LW >=0

e LAKL=0 el K= Gy conedure
o (5(2)
(‘” gl K= sectmal conte ( spam<ry ) >

S |Tml=i|= 1, > KT, W>=°
We My oo apsuwe W, f‘e> >0 , we have

§"rig =0
{ {{>=0
Cloy=
o Tl sTbm&m of K fiap umplcatton on
o> = §T(UoR) (oG | de= (' 5ds



Pawﬁmhr (GaeC - K‘—:O) jr_'| / th}e

r ) K=o
40D= tm*‘ T =
s L K=-1

P_"UE‘ et Kz+1 o e < 2Tawr, Lasmall v

PE: Casder a Gnpacison fuucio | BO=Alck
Than R4 =0
{ w(O)=0
(=1
P (bR Y= R4
= -K4k r§9
= - (K-DSR
Sig J‘S(@: foy=o, Cloy= #lo>="1 , wse hawe
20 20 Lo swll k>0
> (6550 Lol +>0.
= B/ — €80 < hortlo> - §o>Flo) , 4o smll 120,



/_ bgl-$% ,
S s RN ke
,
= <4 Lo 38 _ 50 _
= =0 = &y T i 1
Lo sl X>o
= (D Sy =kl e srall 420

Sine Yo obod Bilinde b andop . of 6,
feuwe COM :&Zl'—.j{r/ 6)d6 £ 2TAC 4= sl r>o
) %

&@:Iﬁ K-\ we ha (o> > 27 amb ¢
(8“ el € >0 ottt m,usmuit)

PS: Guader GUAD= anb X
W _e\//fe\z'—o

< K (ON=0

Wiay=1

> (8- 50 )= 44" S8 = K50 - 5
= - (K‘\’D-S;P\« Z0O gf/\QMdﬁQ %>0



> ~\>,\‘§ g%\ ﬁ(o)—&(o) {—(o)ﬁ(@) =0

= @->>o

< _g( .S/(o) _
> Tz -1

(!
N
v
\’
N
|
=
5
V4
©
£
=
v



Cht Sawb F\‘QQ&/ Cou\'cwt- Hadamard Tl/LU‘-W/\

éé‘\ Sacobt Fdlk

b v = nowlipd gooline (e (¥1=1)
Recall that o Tacohl espelion (fovectn Sdd

kU%- K,/UT/ =0 \ (Sac)

/
whoe = DDV (T=BV.

Lt 40,80 Y ke panilled cectn Lddks W%W
suh ot V%

{ e, = ¥k
ﬁe;(tsgz‘:’ v an othonanal  bas Q}LTX(*)H

Than ved deld U aOmgb’, e wake
Ul = Z &%bf?;(ﬂ: ) ‘fmfdm—fm&(\ms &i@

QMM@/% Covdu. (ke wailtem ao

Reww ety Celt) = % Rise Q)



oo Rpi\ik(%: <Regbe5®@k(ﬂ/ Q7
Than tha Qﬂé ©Q0> >
O = U//%— EY/U—V
= (EJ&\‘Q;)//Jr Ee((syée;)e‘
= :26‘\)//66 + ;5-1& Re( G,Le'
= 266 er T5 (2R

-2 [(SE{* 2 4 Riuui\ €

\ NG . _ \
-~ @O;c,>%> (‘&>‘\'§R,Q|§Q-O) L

Wiy © @ 2™ sdor Qiear ODE %5’@,4 A
Thou ODE Thery =

Lewuma 4
G Lot ¥ be o geodsstc . Thon gllen any g weT, !
I wagee Joohl Kol U alog ¥ st




U)= o, U/co) =W .

2> Unboss TU=0, Hhe 30 st of UTD ol &
0 ddoade .
Tn fad, we fant

a2 = gt T ke o veche Jdd aling a noaliyd
Godae ¥, Thou

U b o Taokt G dlog ¥

U i ot vede uld of
o - poawdldr Lanily of godosics

a

P‘§03C LQMY\AOLQ -
(&) Proved i previoy Dﬂﬁﬂ(ﬂ@r‘




