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31 : If f : S- R is a nonzers contious function on a connected surfaces,
than - does not change sign onS .B :

let p ,qeS , s .-if(p) >0 , f(z)c ., SwiceS is connected, Eats anue
<

: [3 , 1] -S s .
e. <(0) = P > <(1) = g -

Consider fo < : [0 , 1 -> R . it is its be . x , face ets .



fox(0) = f(x(0)) = f(p) >0
fsx() = f(q) <0 .

By intermediate valuethe, Ice(s ,1) s.t. fox(C) = 0 :
=> 7= 0 at aleS I

/
22 : Show f(x ,y ,z)= 2

has it a regular value off, but f"(s) is
a regular surface:

i. : Clearly f-(0) is the xy plane .

, = 0, = 0, = 2z .

-> of vanishes at 10, 0 ,07
=> O is a critical pt . of f

x and f(x) = 0 is not a regular-

value off.



Roblem above : multiplicity 2 . My>y
-f(x,y,z)

= z . ///
X

does not hve 8 as acritical
value since f(x) = 0

, = 1 : df(0)+0 ·

#

&3 : Show that the torus T
, generated by rotating a circle of radius

↑about an axis at fixed distance asris a regular surface .

: Let c be thecircle of radius, whose inthe yz plane .
2
M

2 is given by the equation 1
(y a)2 + z2

= r2 SegRotating about I axis gives that points ont



satisfy
:

2 + (yr-a) = r .

+ f(x ,y ,z)
= z2 + (xyr -a)2 .

So T= f (r)
,

so I wis , i is a regular value of fo
2/ (xrxy-= 2(y

-a)((x2y2)
-2. 2x = 2x5 - a)
-xy

2 = zyxty2-a) = 2z
.by y I

f is differentiable as long as (x,y) +(0,0) -
and of vanishes only when

z = 0, x
= 0
=y

z = 0
,

=

a.
*
y

Since asr
, none of these points are in f (2)



flo , asmo , acsh) = 02 (antes - a) = 0 + r?

8 - [0, 2n)
So 2 is a regular value of f ./,

alternatively , parco . - by
X(n , v) = (Crassuta) cosv , Cressuta) Sar , rain)

OCUC24 , 0>>2 ·

and show that we can coveri by word , chants and

IX is smooth

2) AX is full-rack

3) X is a homeomaphism betweenT and R2 .

Thetones is an example of asurface of revolution .



other examples : catenoid.

catenary

cymider/)
These are given by the power .

X(n ,v) = (f(n) cosv , f(u)sinr ,g(v))


