APPM 2350—Section Exam 1—140 points
Wednesday September 26, 6:00pm – 7:30pm, 2018
ON THE FRONT OF YOUR BLUEBOOK write: (1) your name, (2) your student ID number, (3) lecture
section/time (4) your instructor’s name, and (5) a grading table. Text books, class notes, and calculators are
NOT permitted. A one-page one-sided crib sheet is allowed.
Problem 0 – Multiple Choice: (1 point)
Which would you prefer?
(a) Office hours in ECCR 244 (can be crowded).
(b) Office hours in FLMG 208 (much larger space, less crowded, farther away from Engineering Center).
Problem 1 – True/False: (25 points)
For the following true/false questions, write TRUE (for always true) or FALSE (if not always true). Your
work will not be graded.
(a) The unit tangent T, unit normal N, and unit binormal B vectors to a space curve r(t) satisfy the
relationships T = N × B, N = B × T, B = T × N.
√
(b) An accelerated particle that is moving according to r(t) = hcos t2 , sin t2 i, 0 ≤ t < 2π experiences
constant curvature.
(c) A plane is determined by three distinct points that lie on it.
(d) A line in three dimensions is determined by two distinct points that lie on it.
(e) The shortest distance between a point P1 and the line r(t) defined by the point P0 and the parallel
vector v with the parametric equation
−−→
r(t) = OP0 + tv, −∞ < t < ∞ where O = (0, 0, 0)
−−−→
is |projv P0 P1 |.
Problem 2 – Short Answer Questions: (25 points)
For the questions in this problem, no motivation is required. Clearly box your final answer. Only your
boxed final answer will be graded.
(a) At a certain time t0 a particle is moving with nonzero speed along a curve in R3 such that its velocity
and acceleration vectors are scalar multiples of one another. At what rate is the particle’s unit tangent
vector changing with respect to arc length?
(b) Consider the collection of vectors of the form aj + bk where a and b are real numbers. Find an
equation of the plane in which the collection of vectors i × [i × (a j + b k)] lie.
(c) Describe the surface given by x2 − 6x + y 2 − 6y = z 2 + (y − 2)2 − 13.
(d) Suppose the scalar triple product of three vectors u, v, w is u · (v × w) = 0. What conclusion can
be drawn about the three vectors?

SEE PROBLEMS ON THE OTHER SIDE

Problem 3: (30 points)
(a) Show that if the vectors u and v have the same length, then u + v and u − v must be orthogonal.
(b) You might remember the “law of cosines,” which says that
c2 = a2 + b2 − 2ab cos θ,
where a, b and c are the lengths of the sides of a (not necessarily right) triangle and θ is the angle
between the sides of lengths a and b. Use vectors and any properties of vectors learned in class to
prove the law of cosines.
(c) Consider the curve given by r(t) = ht2 + 1, t, 0i for t ≥ 0.
(i) Find the unit tangent vectors T(t), t ≥ 0 and, in particular, T(1).
(ii) Sketch a graph of the parametric curve in the plane z = 0.
(iii) Without calculating N(t) (seriously, don’t do it), find the unit normal N(1).
(iv) Find the unit binormal B(1).
Problem 4: (30 points)
Consider the lines:
r1 (t) = h5 + 2t, −t, 2 + ti
r2 (t) = h2 + t, −1 + 2t, −2 + 3ti
(a) Find the point of intersection of these two lines.
(b) Find the equation of the plane that contains both of these lines.
(c) Find the equation of a line that intersects both r1 (t) and r2 (t) but is orthogonal to both r1 (t) and
r2 (t).
Problem 5: (30 points)
A space probe passes through the point (x, y, z) = (3, −2, 1) at time t = π. Its velocity at time t is given by
v(t) = −3 cos2 t sin t j + 3 sin2 t cos t k
(a) Find the location of the space probe when t = π/2 (give your answer as a point).
(b) Find the curvature of the space probe’s path when t = π/4.
(c) Let the point P0 represent the point in space where the probe is located at time t = 0, and P2
represent the point in space where the probe is located at time t = π/2. How much further does the
probe travel to go from P0 to P2 than if it traveled between those points along a straight path?

