
Midterm Math 317 February 14th, 2007

Name Student Number

No books, notes or calculators are allowed.

Problem 1 (10 points): Consider the curve with the parameterization

r(t) =

〈
t2,

4
√

2
3

t3/2, 2t

〉
.

1. Find the length of the curve from t = 0 to t = T .

2. Reparameterize the curve with respect to arclength measured from the point (0, 0, 0) in the direction of
increasing t.

1



Problem 2 (10 points): Consider the curve with the parameterization

r(t) = sin(t2) i + cos(t2) j + t2 k

where t > 0. Find the unit tangent vector T(t), the principle unit normal vector N(t), and the curvature κ(t).

2



Problem 3 (10 points): Let C be the curve obtained by intersecting the plane given by the equation z = 2
with the cone given by the equation x2 + y2 = z2. Orient C in the clockwise direction when viewed from above.
Evaluate ∫

C

z dx + x dy + y dz.
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Problem 4 (10 points): Suppose that the position vector r(t) of an object in motion is in the same direction
as the acceleration vector a(t), in other words, there is a function f(t) such that

a(t) = f(t)r(t).

Let h(t) be the cross product of the position vector and the velocity:

h(t) = r(t)× v(t).

Show that h(t) is a constant vector.
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Problem 5 (10 points). Say whether the following statements are true (T) or false (F). You may assume
that all functions and vector fields are defined everywhere and have derivatives of all orders everywhere. You do
not need to give reasons; this problem will be graded by answer only.

1. The curve with vector equation r(t) =
〈
t3, 2t3, 3t3

〉
is a line.

2. The derivative of a vector valued function is obtained by differentiating each component function.

3. If u(t) and v(t) are vector valued functions, then

d

dt
[u(t)× v(t)] = u′(t)× v′(t).

4. If r(t) is a vector valued function, then
d

dt
|r(t)| = |r′(t)|.

5. If T(t) is the unit tangent vector of a parameterized curve, then the curvature is κ = |dT/dt|.

6. The osculating circle of a curve C at a point has the same tangent vector, normal vector, and curvature as
C at that point.

7. If r(t) is a path in three space with constant curvature κ, then r(t) parameterizes part of a circle of radius
1/κ.

8. Let A(t) be the area swept out by the trajectory of a planet from time t0 to time t. Then dA
dt is constant.

9. Let C be an oriented curve in the plane and let −C be the same curve but with the opposite direction. Let
f(x, y) be a scalar valued function. Then ∫

−C

f ds = −
∫

C

f ds.

10. The orbit of a planet is an ellipse with the sun at the center of the ellipse.
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