
Applied Mathematics 309 Practice #2

1. Let a, b and c be three vectors in R3. Show that Jacobi’s identity for
the cross product holds:

a × (b × c) + b × (c × a) + c × (a × b) = 0.

Remark: This is completely trivial to prove if you first establish the

lemma that [â, b̂] = â × b. Remember that â is the antisymmetric
matrix

âjk =

3
∑

l=1

εjklal,

where εjkl is Levi-Civita’s permutation symbol.

2. Consider the curve c(s) = (0.8 cos s, 1 − sin s,−.6 cos s).

(a) Show the curve is parametrized by arclength.

(b) Compute the Frenet frame of the curve.

(c) Compute the derivative of the Frenet frame with respect to the
arc parameter s, and use Frenet’s equations to identify the cur-
vature κ and the torsion τ .

(d) Show that the curve is a circle, and identify its center and radius.

3. Consider the curve

β(t) =

(

(1 + t)3/2

3
,
(1 − t)3/2

3
,

t
√

2

)

defined on the interval −1 < t < 1. Find an arclength parametrization
of β, and compute the Frenet frame.

4. If D is the vector field τT + κB on a curve c(s) parametrized by
arclength, show that the Frenet formulas become

T ′ = D × T

N ′ = D × N

B′ = D × B

D is called the Darboux vector, after the French mathematician Gas-
ton Darboux. His textbook on several variable calculus is still worth
reading. You should also compare the matrix D̂ with the matrix form
of Frenet’s equations that I gave in class.
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