
Reca ;

Give avegulasurfaa SEIR
, PES ,

the targert planeof sat pi derolea by Tps
' Byireby TPS IIW )EIR 3

| X : EE,E )→ S

了3 diff .
, α(0 ) p

…n" " *

"
i"a

妹 suppose Xlu . ll(xuul,ylu.) .
t( u

.

v ) )

thaTps spn { xu 1 q ) ,
λ v
(q }

when

了 Xn
- ( Xu . Yu.tulElmeryMep

Xu - ( xv -yo .
Eu

)

r
⇒ dim = 2

,

苛、
⼀⼀

α(u ) - ( xu
,
vo )

, flu .
v . )

.

ECu
.
vo 1 ) ,

Xut ilu 0 )

β tu )- (× (Uo .

V )
, Y ( Uo ,

v
)
, ECu 0

, u ) , Xo - β
CU

0 )

wheve X (uv
,
w 0) - PES ,

Change of coordxales ; givn PES ,

—

A XiU → s
, Y : v → s he two

parametnzatonof sat p .



思 Xluv)- ( xcu.
V ).

⽜ lu ,
v )

, Ecui)]

l Y (Y ,
法 ) - ( ×( y,号 ) ,φ ( Y ,去 )

λ( y . 号)
。

voaasae 100-→pTwim
,

meamng .

? ?

thenTps -span {xnikiIspan{Y ,
:
J

given WETps , w aku tbxu

以 ↑d ^d 不

← cYytd 些

xu ⾶ 、 影 , 装

( 舞+薪,莉获 +影靠 , 哥烈 + 學装)

⼀器 (箭是影)
← 器靠+登

+装(
薪 ,影影 )

→

鑩]↑ "
"

IIfmxloy
,-mnryisl,l" , ufi)



pey : tet s le a regelar surau and Pos ,

A non
- zewetorIN at ps calleda nornal

veotw of S at P f N IUEVETES .

N p unitmormalVeotorifINI ⼯
.

x
^ N

⼀愽
⼀

Gow to findit"但

If Xi Msss e parametnzatonof satp

theh Tps- span {

f. lq ), X.1q )
}wherxiq )

⇒

XuLq) ← XVl 8)- weotor
mIRP 2

Tps
⇒ N (xuxx )Xrxxrlltheunt umnal! tos at

p ,

OIIs ftcforsome diffaantiablfunotimf

and egulerValue CEIR
,

tha h ⼀
亚
(πf11

Sna if a : tE .E ) → s -fcc ) ,α[0 ] p

theh fo α( 1 c

⇒ IfLI 2 - 0 ot t=
o



TN
然i ^ $= - fc )

① ⼀
⼀

0 when f - X
'
4 yzez

2

⇒ If → (2x
. 27 . 22)

N *Y .
z)⇒±

PEI ,ifttmigmn→
"

…

←→

Xluil - ( flulasv. flu)siv. g 1 u ))

l Xn
- ( f '

wrv . f
'
snVg' (ms ]

Xu - ( - fsmv
,
fwsv

,
0 )

⇒

l
Xuxxo - fg ' asu -fg 'smv , tf)

*xt - t " liet

Xletattriymi
述it—- …

… ⼼

Ist fundamatdfomlonmeim )
g

:Motivatengien a regulersurfaa s
,

⼀
⼂



pavamefnzed
ginn a ame riIDSERWhereZ) - PGs

r
'

co ) ETps and r
'

t)- velocity
⇒ speed of 5 t K2 '

w3 ll
,

Q : To compate l 12'sll ,how ?

" γit ) G S ttGI

⇒ rIt) Xo att) whee X - parametrrau ofs at
p .

→ r - dxqlaios ) - dxq( ae . t be 2)
- aXut bXv

:
l

1r 'cullaxatbxraXutbx)
—

aEXuituT2 abXu.k0 ) + 5 R<XUXN 7

- La b ) <xm
.
Xu7 <XuXU>l
<《 u
.λ v )<XvXV )

11 . |
⼀

vienasa bilimeanforn ou Tp⼩

calledthn the lst f .f , g .

(Equvaleutly )
De上
:

Given a regular sarfaa SER
3

, PES ,

The fir5t frrdanentalfrn g
of s at

p s gira

by gaiuf * CV
, WTIRI fr al VIWGTpS ,

p

Thn is an Tmer produot on thereotoaspaaTps ,



*Sogivea parametrraton X : U → S
,

wntbassofTps-span { Xu .x
}

[] - (λu.Xu) 吓

gituitigixaitygxnII→ 旨l [ G]
A glvv) - CO .PRsT0 ands
0

.
—

…X 3diffrantiable ,

:

E , F . G

arediffantiable on U .

⇒thematyIt G ]3differeitiabulocaly .

wby cae ,
? → ngthspeedoncune ons)

Aiven
ange

☆:EF . GI
}ontansall localgeomethiinfonation

( later)
⼀

e星 :

PEIR ? poXoYzo) LE 1RP

parahetrirafin of P :曾 xmn p -taw .

tont
where W

.
,
W 2 E TpP wGiuh

relineanlyndependert ,



Gram - schmidt proceb

⇒ Z W
, W2 E span Sw , wi} - pp

sit , { wiw }
amouthonomal .

Reparametrze P by
Xluiv ) -Pot Uw t vw2 ,

⇒
- wi
~

。

Iampim
l Xw= at . a+ [ …∵]

*

⼀两
⼀

⼀⼶ cylindr
:

x 2
t

= ⼯
,

XIuv) ( asu
,

U , N)si们

⇒ l Xu
- ( -smu

,
osu

,
O)
E { X. x] ave 0 ,⼼ ,

X0 - ( 0
,
0

,
D ! SAME

,

⇒ 8□ ] -
[

! 可 ⼀雪

亞風
wn

-

_ fold

⼆書…⼀

*globally different

tlocdly sae evonontheudofBomety. 11%



eg了 : heliwihus 0 ipfixedepitturefromwiiki )

XuiI Cvonu
,
Vsinu

, anl ,UECORTT ) ,
VOLR

Xut ( - rsinu , vasu ,
a )l Xu - ( cosu .

smu ,
0 )

⇒ XuikuL 7 V 2 +
a

] < Xu .

Xv 7 - 0
→ ][ 0 0]ta

< X0
.
×0 ) ← 上

.Suppor α : Ʃ → S EIR
3

B a parametriredcune
wi4L 2 to

⇌⼀
⼀

2
'
t) - veloaty .

Gena

S 1H) f .
t

l

1 icebido - Sot giaianNdz
-arc- lngth fron t = o t. τ - t )

- f
.

t

EneapivtaE

wheea ( t)- Xcut ),UK 3 )fersomeparamensatiu
3

X : U → 与 E 1R .



A

X ( θ .
4)

“

世- xondimuny ,
na )

thhhXo = lasDosl ,ososml ,

-sin θ )

了 Xe - tsn e snl .

smQas φ ,

0)

⇒ E I , FEO ,
G SMIO

Now
, we ae loodking for thecumeon$ 2whivh makes

constpnt angles ith 4 zconst. ( called Rhumb line)

进
…
"

"" o耐

iroontei
,

of ( olt )
, 4 t1) via X

,

2
'
- X 0 . 0 '

+ Xee
1

<∝

ixolj
- -cas β□、
“ →mv⼀



) -tanp会tsmol
or

orientaton of came ,

⇒
⼀ ±pO崩

⇒ log tan)- ± Letc ) cotar β #
.

Areaof aregin :

gien XiM→ s ,
a pavamefRatu of a

Regular sunfad S
,

Lot R - operegin TnSsot x( v ) R
thu

Ama LiR) - S dAt aneadenentonsR
- So 1 xa xulldud

⼀ S AG-P 2 dudu
⼀

morally the sze of

Jocabian
.


