
2219122 MA7H4BOTutorial

1) Assignment1 duetonight@ 11:59pm on blackboard.

On the Regularity condition
- Last time saw that in definition of a regular surface we had
the regularity condition :

ftp.d/p is full-rank ⇔ Xu
,
Xu are linearly independent

This is to avoid situations like :

← no tangent plane here .

.
M

Explain a little more how the regularity condition prevents situation
above .

Recall from linearalgebra that full -rank means
well-space of DX = {0} .

^ Suppose youhere a regular anger
s.to ✗↳G)I =p . .

Pm Then trace of p looks like↳
.

.

and dxp.GL#p'D--0i.e.ddp.hasawon-tiuialwuU-space !
≠ o

In other words
. full-rank condition means tangentplane at each

point has dimension > 0 .



Regular Values and Inverse Images of Regular Values
Def: let fi R3-3RI be a smooth function . ae

RI is

a regular value if it ✗c- RP sit. fG)
= a, IfG) ≠0 .

Otherwise, a is a critical
value off and ✗ is a entire

point .

Prof : letf : →☒ be asmooth function and ae RI a

regular value off . Then f-
'

(a) is a regular surface .



E×I Hyperboloidof 2Sheets : - E-of-12-2=1 . Show that this

÷?⃝i
isaregular surface.and find a
parametrization .

Define ftp.yit) = - E-y
'

-12-2-1 .

""""tree is•inverse image
f-
'

G) = { layit) : -E-y
' -12-2=1} .

Clearly f :B>→☒ is smooth, and
0 is a regular value off since

1£ = -2k ,¥≈ -2g , 1£ = 2z . So If vanishes only atGop)
and 0,90) ¢ f- 'G) . So it isaregular surface .

E- ressvReunite as a4y2 -11--2-2 . Tahj F-_EH} ( ie . y=rsniv )Then we get F + I =2-2⇔ 1=2-2 -M .

Then by hyperbolic trig identity isshh - sinhtu = 1
we take 2-= csshu

, r=sñihu ,then wehone

thy >⇒ = (snihucssv , Sinhasuit , csshu) .

This is an example of a regularsurfacethat is disconnected.



Regular surfaces are Graphs locally
By :let M bea regularsurface and & :U→M

beabout

parametrization . Then forany P
> this) c- U, there isan open

set Vcu with pevs.tn. ✗(V) is the graph ofa differentiable
function in one ofthe coordinate planes.
if

. XCV) = (ay, fcx ,g)) or G.glxit) it), thy >e) if it)



E×2_ : One- sheeted cone Z-eff is not aregular
surface . z
① PI : Use foot that regular

surfaces arebeady
"

graphsEntrap⇒ there is apoint whereit

;
cannot bea graph ofa diff fh✗

⇒ mea regular surface .

5 ↓ Clearly (0/0,0) ☐ the problem point.
So let's show it is not the graph of a differentiable function
ideally around (9%0) . Supposeitis thegraph ofadH.fm,
then it could either bewitch A-htyr-by-gk.ie,
E-ftp. theseones notpossibleSo examine E- flay), since projections onto xziyz planes
would here b- take the form arenot one-to-one

,
sothe functions

h,g wouldnot
be well-defined .

2-=FÉj beady at 0 .
But this function is not differentiable at②D) .



Differentiable Functions

Def: let fiveM→ RI be a function defined
in an open

subset V of a regular surface M . f-B differentiable at pev
if I parametrization ✗ilk R12→ MM with p eNU) sit .

f. × : U→RI is differentiable
at✗"Cp) .

M
n u

_v to ^

t: µ .

☒ ✓
v

f- ◦X
.

EI : The height fruition retake to a unit vector veri
hi M→R by hlpt-p.visaddkrentoabkfmoh.sn

✗ Essentially becausethedot productis
differentiable .


