
13/9/22 Tutorial Planning
assignment Notes :
1) Free to choose either sign convention B

'
= IN orB

'

= -TN

as long as youtellme whichyouareusing forwhich problem and
youstay consistent through your solution for thatproblem.
In particular for 23 , p defined assuming B

'
= IN sign

convention .

2) For125, youarefree to assume circular helix is gmien by
aparametrization of a certain form
✗(E) = (acost , asuit, b) .

You can then either argue using fund . Then. of curves or solve
the ODE problem of French formulas to recover the aboveparam .

You are also free to adapt thedefinition of cylindrical helix
to give a

"

general
"

definition for Crichton helix
<In>= cost◦ = const. and trace ofa projected onto

TN plane is a circle .



Reeatl-D.fi Differential ofamap : let f : Uc☒
"
→RIM bea

differentiable map . Then the differential offatpelt,
dfp : R

"
→ RIM

is defined as follows : let a:L-E, E)→ U bea smooth curve

with ✗G)=p , ✗
'

G)=W
,
then thecurve p

=Fox : te ,e)→RIM

is smooth and we define dfp by
dfp(w) =p

'

G) .
Note

,

when written in thestandard basis
, {4 , -→ en} ,

dfp isthe Jacobian matrix offatp.ie .

ooh:*.it?!::I.-,dti-f;!;;.:.:;:;-;f.--l%⇒⇔→m ↑
j= ↳ . -yn . for a squaresmeoerix.

•↑dFpH .:* ±☒am
I

• dffp :B
"
→pm

↑
theseare tangentspaces atp. ftp.



Reeah-De.fr :(Regular surface) : Me is aregular surface if
foreach pe-M, there is a wbhcl UC R13 and

an opensetDCRIZ

and amap X:D
→ UhMs .-4

1) ✗ is smooth

2) DX is full rank : Xu-¥ , Xu = E- are linearly independent
for any Luv) c-D k⇒dXp is 1-1 foreach peD) .

3) ✗ is a homeomorphism

Vn

.IE?::.?:-:*-:.:t#QI*.E""

beat ordsofpifxlu.in)=p .

Avoid the following : . M
p • c- no tangent Condition2) .warmµ planehere .

(regularity condition]

¥ÉÉ←ñ↓aEgaxHomeomorphism condition) .



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.



If : flxiy ,z)=z? Show f-
'
G) isa regular surface .

f-
'(D= { lay it) : 2-2--0}⇔ { 2- : 2=0} .

0 is nota regular value off since
If = (0,0, 22J , so If vanishes when 2-=0 , ie .

0 c- f-
' to} .

By alone, f-
'G) is theplane 7--0 #-) ✗

We'll show directly fromthe definition # 2=-0 .

that thin a regular surface . I
let pe f-

'

A) , then write P4U, v,O) . forsome UN c- RI
.

whole specifiedapain . off
'

40) .
So Xi → f-

'

G) by ✗(un) = (air , 0) .
• ✗ is clearlysmooth, • ahomeomorphism of with f-'G) ER12 .

•⇐

1*1=1:* !:/ =\; ;)÷
.
¥

1 columns aretin
.
indeep .

So •f- '

G) is a regular surface .



E✗3_ : Eatenoid: ( eesshE essu , cash¥ srinu, v)
a Uefa ,a) , V ER , e≠o const .

Is the surface ofrevolution obtained

by rotating the caraway
A- Cush¥

✓ ^

aboutthe vertical# u

write the catenaryas aG) = (0, cosHE , v) .
Then rotating about the z-axis,wehere
✗ (UN) = (Cush% usu, cosSHE sinks v) .

Clearly ✗ is smooth, wehere restricted domains of u,v sothat
✗ is homeomorphic . Finally, wehone
✗
✓
= (sinhvessu, snihvsin U, 1)

✗u= feesshzs.mu, eesshk.essu, 0) .

which we can see are linearly independent.
The eateuoid is an example ofa minimal surface
(it locally minimizes surface area
⇔ critical point of the area functional JIA

24
⇔ mean curvature identically 0 ñ :=£1kG)do =-D .


