
Quiz 2 Solutions, Math 317

October 1, 2017

Problem 1. Suppose an object moves so that its acceleration is given by

~a = 〈−3 cos t,−2 sin t, 0〉

and suppose that at t = 0 the object is located at (3, 2, 0) and its velocity is 〈1, 2, 1〉. Find its position vector~r (t).

Solution: Since~a (t) = ~v ′(t), we deduce that

~v (t) = 〈−3 sin t, 2 cos t, 0〉+ 〈c1, c2, c3〉

where ci are constants. Since ~v (0) = 〈1, 2, 1〉 we see that c1 = 1, c2 = 0, and c3 = 1. Then since ~v (t) =
〈−3 sin t+ 1, 2 cos t, 1〉 =~r ′(t) we deduce that

~r (t) = 〈3 cos t+ t, 2 sin t, t〉+ 〈d1, d2, d3〉

where di are constants. Since~r (0) = 〈3, 2, 0〉 we see that d1 = 0, d2 = 2, and d3 = 0. Thus

~r (t) = 〈3 cos t+ t, 2 sin t+ 2, t〉 .

Problem 2. Let C be the curve given by the intersection of 4z = x2 + y2 with the plane x = y.

(a) Parameterize C using x as the parameter.

(b) Compute the curvature κ(x).

(c) Without doing any computation, what can you say about the torsion τ(x) (give reasons)?

(d) At x = 0 compute the radius of the osculating circle, the osculating plane, and the coordinates of the center of
the osculating circle (hint: don’t do it by brute computation — use symmetry and pure thought).

Solution: (a) Since y = x and z = 1
4 (x

2 + y2), we parameterize C by

~r (x) =

〈
x, x,

1

2
x2

〉
(b) ~r ′(x) = 〈1, 1, x〉 so |~r ′(x)| =

√
2 + x2 and~r ′′(x) = 〈0, 0, 1〉. Therefore~r ′(x)×~r ′′(x) = 〈1,−1, 0〉 and so

κ(x) =
|~r ′(x)×~r ′′(x)|
|~r ′(x)|3

=

√
2

(2 + x2)
3
2

(c) Since the curve lies in the plane x = y, τ(x) = 0. Indeed ~T(x) and ~N(x) are contained in the plane x = y for
all x and so ~B(x) is the unit normal vector to the plane x = y for all x and so is independent of x. Thus its
derivative d~B

ds = 0.

(d) At x = 0 the curvature is κ(0) =
√
2

2
√
2
= 1

2 and so the radius of the osculating circle is 2. Since the curve
is contained in the plane x = y that must be the osculating plane. The curve is an upward pointing parabola
whose apex is the origin and so its normal vector ~N at the origin is ~k. Since the center of the osculating circle
is a distance 2 from the origin in the direction of ~N = ~k, the center is given by (0, 0, 2).
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