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FORMULA SHEET
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1. Choose whether the following statements are true or false. If the statement is always true,
pick true. If the statement is ever false, pick false.

(a) (2 points) If u and v are vectors in R3, then u× v = v × u.

⃝ TRUE ⃝ FALSE

(b) (2 points) If T(t) is the unit tangent to r(t) and N(t) is the principal normal vector,
then T(t) ·N(t) = 0.

⃝ TRUE ⃝ FALSE

(c) (2 points) A smooth curve in the plane that never crosses itself can have two distinct
tangent lines at a given point.

⃝ TRUE ⃝ FALSE

(d) (2 points) If a spaceship is in orbit around the Moon with a constant speed of 3750
miles per hour, then it is the case that the acceleration of the spaceship is zero.

⃝ TRUE ⃝ FALSE

(e) (2 points) The sphere x2 + (y − 2)2 + (z + 1)2 = 6 has center (0,−2, 1).

⃝ TRUE ⃝ FALSE
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2. (10 points) Find the plane containing the lines

L1 : x(t) = −3 + t, y(t) = 8− 3t, z(t) = 3− t, −∞ < t < ∞

and
L2 : r(s) = ⟨−1, 2, 1⟩+ s⟨1, 1, 1⟩, −∞ < s < ∞.

Give your answer in the form Ax+By + Cz = D.

Answer:
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3. (a) (4 points) Suppose r(t) = eti + (2e2t − 1)j for −∞ < t < ∞. Below is the graph of
the curve with equation y = 2x2 − 1. Does r(t) parameterize this curve? Explain why
or why not.

(b) (6 points) Find an equation of the tangent line to the space curve

r(t) = ⟨ln(t), t− 1, t ln(t)⟩

at t = 1.

Answer:
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4. (10 points) Find the coordinates of the point which lies a distance
√
5π/3 along the helix

r(t) = ⟨2 cos(t), 2 sin(t), t⟩ in the direction of increasing parameter t from (2, 0, 0).

Answer:
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5. (a) (3 points) A plane curve is pictured below. The given vector is the unit tangent at
the marked point. Draw the principal unit normal vector at that point.

(b) (4 points) You are driving along a winding mountain road. Two miles along the road,
the curvature of the road is κ = 1. In another two miles, the curvature of the road
is κ = 1

5
. Write a few sentences explaining which curve in the road you would rather

drive faster around and why.

(c) (3 points) Compute the unit tangent vector T(t) at t = π for the helix
r(t) = ⟨3t,−4 sin(t),−4 cos(t)⟩.

Answer:
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