Math 436 — Exam #2 Solutions

L. If f(z,y, 2) = xyz?, then V[ = (yz% x2?, 22y2), and this vanishes only if either 2 = 0 or
(x,y) = (0,0). If ¢ # 0, neither possibility holds, and so by the implicit function theorem
the surface f = c is regular.

2. Choose coordinates
o(0,2) = (1 +2%)"*cosd, (1 + 2%)"/?sind, 2)
Then
og = (—(1+ 2%)"?sind, (1 + 2%)"/2 cos 0,0)
0. = (z(1+ 272 cos6, 2(1 + 22) /2 sin g, 1)
B= ool =142

F = {(0g,0,) =0
14 222
G=|o,||* =
ol = 12

3. (a) For tangent vectors X,Y, II(X,Y) = —(Dv(X),Y). (b) We have an orthogonal
decomposition
5= k(N X A+ (1)
where
Klg(ly) = (v X ), kaly) = (¥,v)
(c) By differentiating, we get

0=y, v(7))
0= {3, v(y) + (7, Dv(7)9)
(3, %) = #n(7)
4. (a) T,(X) = X — (X, v(p))v(p). (b) DX/Ot = I »nX. For (c), note that
X(t) =y = x = {x,v(7(1)))v(7(1))
X = —(x, Duv(y)y)v = (x,v(7)) Dr(7)¥
L, X = —(x,v(y)Dr(v)3

and so



2
5. (a) We have
5 = (f'(u) cosv, f'(u)sinv, ¢ (1))
oy = (—f(u)sinv, f(u)cosv,0)
ou x 0y = (f(w)g'(u) cosv, — f(u)g'(u) sinv, f(u) f'(u))

Oy X Oy

v=———"=(—¢g(u)cosv,—¢ (u)sinv, f'(u))
low X 0|
(b) We have
4= (—f(u)sint, f(u)cost,0)
T = (—sint, cost,0)
d .
—f = ds}dtT = ?(— cost,—sint,0)
N A
"i'ﬂ'(’y) - <dT/dS7V> - f(u)

v X T = (—f"(u)cost,—f'(u)sint, —g'(u))
f'(w)

ke(7y) = (dT'/ds,v x T) = )




