
2919 IN MATH4030 Tutorial .

1) Finished grading Assignment1
- -20% late penalty . for anignorant1 .

- forAssignment2 onwardswill N01 accept any late submission

Last time
, lookedat notion of differentiable function f : M→ RI .

Now
,
notion of differentiable maps between surfaces .

Def : 4 : M
,
→Mais differentiable at p c-Mi

, if given parametrization
Xp : HERR →Mi , Xz: theÑ → M2

with peak) , 414th)) - KUN .
the map Xi

'
◦he◦Kill,→ Us

is differentiable at g-= 4-
'

Lp) .
M ,

④ → M2

A ↑ ↑A
II.×:* EE 1B¥Ri

Yi Mi→ Me is diffeomorphicif it is adifferentiablemap with differentiable
inverse .



R1F :(First Fundamental form) : Guin a regular surface M, p e-M,
we tune tangent plane Tpm . Then the fruit fundamental form
got M at p is the map gp :TpM ✗Tpm→ RI by

gpGiv)
= <v

,
w > .

where < is isthe standard miner/dst product onTpM .

let ×: U →M be a parametrization, then the coefficients of g are
given by
[ = gyu ,Xu) = < Xu*
f- = gyu, Xv) = <Xu , ✗v7
G-- guv, Xv ) . = < Xu , XD .

Then for tangent vectors V= qXu+b , Xu , W
= azxutbi.hr,

thlhg.fi,W) = haiku + bike , aintbH
= <a, Xu , oh Xu -1b¥ +< b, Xv , asXutbz✗v7
= <G

, Xu , a≥Xu>+ <a, Xu , bzXD + <b, Xu,Hu>
+ <bike , taxis

= airE + la ibi Ata) F + bibsG.

REY (lengths and areas) :
• ✗ Ltd = 4th, ytbz-l.tl) smooth curve MM , a≤tab
sit ✗th = Xlutbvtl)) .

Then the length of a is quien by
1=14×41-4 It

°



=[Ight,#%
✗* £444b

,# = Tika + ¥1k .

gtk-diitD-YY-udh-ax-EH-a.is?E1E+Ivdu-ae7--
In ,¥u >Iet-1k¥ >¥ > 1dL -11¥ :&>Iet

b
= EK6-6EY+ 2FKEDY-cdai-GH.tt KEY

so to { (EKKDIIEY-iar-KEDIEEUGGUDH.IT?dE
Writing Liii) insteadofUN) and Xi =¥ui .

t.fi/E.isiE--iEel%de
where gij

=Hi
,Xp. ← metric as in Riemannian geometry .

• Let X:U→M be a parametrization ofa regular surface . letR bea
closed and bounded region in XLU) . let KX1R) . The areaof R
is given by
AIR) =/{ the ✗ Xvldudu = HEE M

IÉ÷!



↳↑ : compute the fit fundamental form of the cylinder quien by
the parametrization

✗few) - lassie, sniu , v) hi {µ, v) : 0 <K2T, -•< Veno} .

* ✗u= [smile, cosu, 0)

> × ✗v. G. ◦ is
L So F- = <Xu , Xu> = [smile)4usñ= I

,
ie

y F- < Xu ,XD
= 0

g- to :)
.

G-_ < Xu
, Xp

= 1 .

Note that these coincide with the coefficients of the first fundamental
form of theµ
compute the length of the wine KECK t

,
He≤ 2h, VtU=Vo .

✗ft) = lost, smite 4) .
,
05-4-24

✗ (f)= f-suit, cost, o) .

f-↓↑I . i + a. o.io + o.it "dt = {"'at = 24
as b-be expectedsince theirs just the traeeof a circle .



EI : compute the fitfudanentalfomofthehelica.cl , the ruled surface
obtained bytaking ahelix, and ateach point, drawing attireparallel
b- the ✗y plane and intersecting the#axis, givenby theparametrization

¥0K
Hair) = lvcssu, vsnin, a) a>0, o<u<24,

→< v20 .% ✗iifvsinu
, versus a)

Xv=lusu > sninio)
So #Hu

,
Xu> = tvsinuf-lvusuj.tt

= V24
F = <Xu ,✗v7 = - vsniucsshtvessusm.tl +0 = Or

GE5H , Xp = hint swim to - 1 . g-- ff ¥1) .

Compute the length ofthe curve U1H =L, ◦≤EE29, vtekvo .

at)=(roust
,
vomit, 4) . ✗'El = fvosnit, toast, 1)

f- /
""
(142+1) 12+2-0 . to -11.02)%dt

0

= !TÉdt=2tFH



Ex3_ i For previous two examples (cylinder, theliesid) , compute
the area of the region
R:= { 0 ≤ U ≤ 2-4

.

0 ≤ us 1 .

Cylinder : FEE= FE =51 =\ .

A (B) = [
"

{dudu = {
"

die = 24

Hdiaid : EE ≈FEI --fi.
20

AM ≈ /
"[Endu du = !:* sink 'A)du0 0

⇒ i÷÷÷


