
Math 436 – Exam #1

1. No. We need γ to be regular.

2. Skew-symmetric means AT = −A. Now

d

dt
〈U, V 〉 = 〈U̇ , V 〉+ 〈U, V̇ 〉

= 〈AU, V 〉+ 〈U,AV 〉
= 〈AU, V 〉+ 〈ATU, V 〉
= 〈AU, V 〉 − 〈AU, V 〉
= 0

3. We know that ϕ is continuous (in fact smooth) and ϕ(t1+L) = ϕ(t1)+2πk for some integer

k. If k 6= 0, then by the intermediate value theorem there is t2 such that ϕ(t2) = ϕ(t1) + π

or ϕ(t2) = ϕ(t1)− π. This is the desired point. Unfortunately, this argument only works for

k 6= 0! This holds, for example, for simple closed curves, but it is not true in general.

4. Compute! ds/dt = ‖γ̇‖ = et
√

3, and use

ds

dt

d

ds
T = Ṫ

etc.

T =
1

3
(cos t− sin t, cos t+ sin t, 1)

N =
1√
2

(− cos t− sin t, cos t− sin t, 0)

B =
1√
6

(− cos t+ sin t,− cos t− sin t, 2)

κ =
√

2/3et

τ = 1/3et

5. Differentiate ‖γ−u‖2 = 0 to obtain 〈T, γ−u〉 = 0. Differentiate again and use ‖T‖ = 1,

γ̈ = κN, to obtain 1 = κ〈N, γ−u〉. Differentiating one more time, and using Ṅ = −κT+τB,
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Ḃ = −τN, we have

0 = κ̇〈N, γ − u〉+ κ〈Ṅ, γ − u〉+ κ〈N,T〉
κ̇

κ
= κ〈κT− τB, γ − u〉

κ̇

τκ2
= −〈B, γ − u〉

d

dt

(
κ̇

τκ2

)
= −〈Ḃ, γ − u〉 − 〈B,T〉

d

dt

(
κ̇

τκ2

)
=
τ

κ


