










































































T N B are pairwisely orthogonal unitvector in R calledorthonormal basis

Observation If u v w R are orthonormal then for any aElR

a a a at a r v a w W coefficients are unique

a

am

a u Hall lull cost Hall cos






















































































Q Let Fis be parametrized byarclength Express T N B in terms of TN B

T KEN OT KN OB N IT'll
N SNIT LENIN IBB
IN N I NN O 24N NS 0 NIN 0

NT EO NIT O NIT NIT O

4N T N T LN KN KININ K

N B New definition

Hence N KT ON TB
























































































discussed

B B TITT BIN NFB B B
B B I B B 0 2GB B 0 B B 0

BT7 O B T O B TY B T 0 B T B KN O

B NEO RB N B N T













































































Idea Expressthings in term of T N B for easier dotcrossproduct calculation

Pf r 11411T

r Hr'll'T Hr'llT

Hr'll'T KHMEN
T't I GI Hr'll KN

r'xr Hr'll Ir'll TXT KUMPTYN KIMPB TXT E

r Hr'll T t Hr'll'T K111112 N KAMI N

r'xr r KY r 115 B 9 B T B T B N 0

K llr 115 B Hr'll B k 21 4
6

Hr'xr I K1 r 113 K 11H16

Hence z r Xr r

Hr'xr 112
























































































Analog in 1R

pig

Explanation Consider a plane in 1R ñ pxtgy a

Suppose Xo XoYoZo is a point on it

ñ p g r is a normalvector y
If x y Z is on the plane then

in

XX 55 0 rtt n a for any t

x x y Yo 2 Zo p.gr 0 r't is on the plane for any t

p X Xo gly yo r Z Zo 0

P
Petey
























































































Plane curve TH 0

Pf r n a
F Assume Elt 0

faring o B TN o

far n 0 BEBI constant vector
far n O

Rmd n N r B adf.BY

r'xr r r'xr αñ T BJ

Hr'xr 112 for some α TB O

αñ r

In'xr 112
V B a for some constant a
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Existence Any riss in R with such Kit
1 1

of
Uniqueness If r.IS rats
have same KISS ECS then I 74
there is a rigidtransformation

y R R sit rals perish Irs
means 11419 y bill lla bllforanya.be23

composition of rotationreflection
translations
























































































Partial derivatives derivativewithrespectto one of thevariables

f un 2u v3 UV twovariablefunctions

fu u
2 2uv Regard as a constant

F If 3v u

for f 6v Fact Under mild condition

fun 2V 2V free fav
fav fu 24

aibER texts to if has non zero
a area

ÑxB O if ñ o or 5 0 or ta b
or as if


























































































eg D 10,61 10,31 a
a 1R

x ̅ Xu

g
of

XuxXu 0 XuXu are non zero and not in the sameopposite directions













































































































































































Sphere Xyz Xyy Z r hollow

Parametrization IXg IX g Ify yes
70 onlyupperhemisphere

Betterparametrization x ̅ 0,0 rs.no cosf rsindsinf rros

0,0 E 0 F 0,2T

Take 0 0 0,4

510,0 rsmf 0 rcos

2

my Rotate around
i

f a
tax iffffff.fi o

0,2T
























































































I0 0
a

t.ro
r 0 is called

Spherical coordinates























































































Rorso

if O 0,0 Rtrsind O rcos0

CR 0 ostfk.co

y

a

rotate around 10,2T
Z axis

10,2T10,2T














