PROBLEM SET 6: §2.2

1
Exercise 2.2.5 Let M C R? be a regular surface, p € M, v € T,M, and f,g : R? 4 R. Then for any
a: I — M with «(0) = p and &/(0) = v we have:

of gl = (9 |
— (fg' +/'9) (a(t) - '(®)] __
= (f9) (a(®) - /()] _ +(f'9) (a(t) - /(1)

t=0

f(®) v[g] 9(p) v[f]

Exercise 2.2.8 Let M = {(z,v,2) | g(z,y, 2) = ¢} for some C! function g : R® - R and some ¢ € R. We
claim that for Vg(p) is a normal vector for M at every p € M. To see this, fix some p € M, choose some
arbitrary v € T, M, and let o : I — M satisfy «(0) = p and &/(0) = v. This allows us to confirm that
Vg(p) L v:

Exercise 2.2.14 Let R > 0, and let M = {(z,y,2) | 22 + y?> = R?} be parameterized by ¢(u,v) =
(Rcosu, Rsinu,v). Then:

¢y = (—Rsinu, Rcosu,0) and ¢y = (0,0,1)

i ik
Oy X ¢y = |—Rsinu  Rcosu 0] = (Rcosu, Rsinu,0)
0 0 1
Qu X Oy (Rcosu, Rsinu,0) .
U= = = (cosu,sinu, 0
60 % 6] R ( )

S(py) = =V, U =—Vy, (cosu,sinu, 0)
= (sinwu, — cosu, 0)
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S(¢py) = =V, U =—Vy, (cosu,sinu,0) =0

In the u-direction, the cylinder is circular, resembling a sphere, while in the v-direction the cylinder is linear,
resembling a plane.

Exercise 2.2.16 Let M = {(z,y,2) | zy = z} be parameterized by ¢(u,v) = (u,v,uv). Then:
Gu = (1,0,’0) and Oy = (0,1,u)

i j k
1 0 v|=(-v,—u,l)
01 u

U= ¢ux¢v . (*U,*U,l)
|pu X | uZ + 02 +1

1
S u =-V U:_V 7'_a_71
(60) = Vol = Vo (o - (-0 -uD)

= — (_; (u2—|—’1)2—|—1)3/2'2U'(_U7_U,1)+(’LL2—|—1}2—|—1)1/2'(07_170)>

= (u® +v%+1) —8/2 ((—uv, —u?,u) + (0,u* +v* + 1,0))

3/2

= (u2+v2+1)_ (fuv,1+1)2,u)

= (u2 + 0%+ 1) —3/2 (fuv, 1+ 0%, —uw® +u+ uvz)
—uv 1402

bu +
(u? 402 4+ 1)%? (14 u2 +v?)

3/2¢v

1
uZ 402 +1

(o)

= — <_; (uz 402+ 1)—3/2 20 (=, —u, 1) + (uz 40?4 1)—1/2 . (_17070)>

S(dv) = =V, U = =V, (

= (uv®+0v*+1) a2 ((—v*, —uwv,v) + (u* +v* + 1,0,0))
= (u? + 0%+ 1)_3/2 (1+u?, —uv,v)

= (u®+0v*+1) ~3/2 (14 u?, —uv, —u’v + v + u’v)
_ 14 2 Uv 8
(1+u2+v2)3/2 v (u2+v2+1)3/2 v



