
Proset I

Exe5:

cas A curve with non-vanishing t is helix if the b

Constant unit recto v

I
=>a is helix, 3Us.t <T, 4) = Constant (*)

(call it coso)

0 = <i, = < T', nS

= <KN, n)

=K < N, 27 => o

Since KE o

& N, 2 ) = 0

0 = <N,US = < N1, 43 = <-KT +1B, n)

=>If u = d(aT +bN + 2 B)
↓ - 1R1903

then too

& a = 5 2 = k

u=S1t7 +kB)

from a a the fact a has unit home

gives n= Coso7+ sino B

=>

t=I taso Comfort an



⇐ if
In is Constant

take u = CosaTt Sino B

where • = Cot
-'

( In) this is a fixed

number by assumption

n' = Coso T
"

t since B
'

= K Cosa N + Sino -t N

= ( Keoso - t Sino ) N = 0

because Cosa = I & since = I

k2i↳Er

(b) A curve is circle helix iff b- = Constant &

k= Constant so

If ✗ = ( vast ,

rsintiht ) then Simple

computations show ke I
, t=n÷,rʰ+h2

The converse follows from uniqueness part

of fundamental theorem of space curves
.

"

sorry I don't know the German name
"



(C) a lies On a sphere if ft (dog? Constant

9 = 4h >
• = ¥

define me a + PNG ) + e
'
o Bls)

m
'
= Tt e

'
Ncs ) + e Nlcs ) t e"r Bls)

& eld Bls) + e's Bts)

z Tt p
'
NIS) + etk 1- + e- B) t e"r BG)

& e' o
' Bls ) + e' on C- IN )

2 ( 1- tk)T + (e
'

_
e'ri) N

Recall
+ @ I + e' ' o + e'd) B

f- ÷
= 07 + ON 1-HI + e "o + e'o

') B
•= ¥

Enough to show + e
"
- + e'r

'
= 0

we have e4 (et)
'

= Costant , taking derivative

gives ze e't 24's) ( e"o e e's' ) = 0

29 's / 1. + e'lot e't ) →

01=0

e' ≠ ,
⇒ ( ft e't + eke)=o

☆



Metric on a surface

A metric on 8 is a "smooth anignment" of inner

product on each tangent space Tps for PCs.

Eg: ( naturally admits a metric

↑R for each p-143
Stan daud

and on this space we have

inner product

when 52 embedded, then there i

a metric induced on 5.

Given PCS => PEIK and

To S cTp1R3

how to get is usually?

Locally around p, I can be given as

a zro-let of some function 7: U -> IR

43
with PeU

Now, ToS
is simply kee dep.

dep=Jaclf) = (w of a)



This inclusion of vector space

TpSCTplB3 induced a inner product
on 2-dim Vector SpaceTpS.

If a is a parametrization of s

i,x: 1"-UCS
cl

open

Cuss-Cucu,vs, wu,4,
vCa,ws (

This is a homeomorphism is, bijective continuous

map
with continuous inverse.3 19 S has a topology induced on it

which is

the subspace topology"

n induces a map Jn: TpR"-> Tecp> 5

This map is the Jacobian Map again, viewing

u as a map
into 1R3

m: R -> U Es ->
13

Three In (d) = (Evinus, Enacurl, bscu)
and similarly



3 (9) = (CaCurl, GaeCu,cnsusis
We

wes

The element 3n(d) & in (i) from a basis

tangent space at every point in image of

the map 4.

In this basic the inner product on
the

targent spaces (metric)
is given by

1w,,w.) (W.,Wes

9 = I awa, was swa, wsT
(

one we have 9, the
inner product i

given by

(0,

""I ( (E)
i

where we, we are the Components of weTpS

in the basis w. &W2.



PSet2-
1. Stereographic projections

s=SGe, 2) 213 / nity"+2=13

(a)
·. 10,0,4

&

*

(b) 2: IR-193 5 & parametrization

- 7 -

vsusus = (feed' uses
up+2? (22+ve+ 1

- (u, 2.0) + (52) (0,01)
line joining fu,v,o)

a

(0,0, 1)

1zu, I, 122)

findt such that
tutter" H1-="=1

utr"+ (2-1) = Eo

witref 2+1=t
wito"
-EH = o



with it: I

t = neit

2V 7
+r"- i the

- -
=

, nTV? utre+( (S
g2 intersecting this line

unique point on

Cobviously other than coac

1 c) 3: (4-
1R3

1-Tzi"
-

y (2), 2) = ↳are air, it + v "I (-

what is oy:(4-1R

for this we
will show slab,(iz')

Verify its the st
↑

now compute joy a show its
smooth

aoscu.ws = (wete've)

(d) Thus by definition of surfaces, 8"h

a smooth surface.



les netr2-I

nia.vs=Gaai' (

~an:(ie, it on
neus: (yuthr ii, fut
92. (v.2) = 8.2 (m, 2) = 0

in=-z
(u"t"til ISure eterpz9: Eerfal



2atteGrlt, zCH) zelab) rCHo

This is rotated about z-axis,
this gives us

a surface called rotation surface. 8.

now we have a parametrization for S

u(+9) = (wItcosd, wIH sind, wit

+urves are called meridians.

o curves are called latitudes.

cas is a regular and injective, then a h

a parametrization.

Injectivity of a clearly gives injectivity of

the parametrization 4:H+h@

me (d) = (vitcose, iCt sind,
ECH)

Me (+9) = (-rctsing,
vac059, of

n1+.9) = 4+1+.9) x Up 1+,4)

·(uCH [LACOS4,
-vIHECHsing, ICH

rCH (

Inctia)/"=PCA (ECH+Ct(so



this means 2a ct are never parallel
it is regular

(b) act)=Cr, zl)) = /2+cost, sint)
to entit

what is the rotation surfaces.

~ Y

o'; I 's
s n

when this is notated we get a Torus

Ge meridians

&wthide



(C) metric in rotation surfaces

nSt.d) = (rfcosd, WCt <ind, tHH)

~(td) = (i(+) cosd, iCH sind, ECH)

Melt.9) = fuct] sind, retcosd, 0)

91 = UCH"+ELt2

912 I O

92) =0

922 = ~ Ct)
2

g= JHHEGsii
3. wr,9)a (rose, using, v

Ne 1K
t

9 - (0, ett)

from previous problem we have is instead

of t

So ge notice there is

I if a problemall
& Cos @

istec =>, 9H = I this gives &

curve
in 18,9)

for a fined & & tt10,T



what is length?

2(d = ) "(xcIdh
- INOTijs d
- I"WTiring at

~ItoesptotoToto).I
· Nol /Pepcoto
· Vitino to Esto!

*

· oto(ep Toto1)

What is the angle and 9 = constant

curve,

what is 4 = constant arve

a rector in that direction would be

t
we /losE, sirt, n at time

2



claim is ↓wes
for all + 9.

tcotO=jetceroChe cost tre If sif IVz

etcoto cote sint +eftotofcost,
excote cote

Hirs:nocot
texpcoto))"+expcoto)h
- ·

exploiteotos
I Sino Coto = 1018

⑭

↑



③S Transformation law for tangent rectors and the

metric Coefficients

88.
1) L N

&

al-1 IM
2

- I ~

f = 4 0 &
If., fel

The Jacobian matrix of a tells how the

basic changes.
Fi g of I
lef ofS

If the basic chaye is given by this

Matrix how does the g change.

S
.
gisip" 39" (Fa"), (4),



· 11p"), Jeroe
= a

"

Fit s
"

Thus achanges as Fig" F

q"eRa"F

& = Fah
⑭


