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7 July 2014

Calculus 3, Interphase 2014
Paul E. Hand

hand @math.mit.edu

Problem Set 2

Due: 14 June 2014 in class.

1. (10 points)
(a) Let a(t) and b(t) give curves in 3d. By writing out the components explicitly, show that

d da db
el ‘b =, i
di (am <t)> w Pty

(b) Show that if the speed of an object is constant, then its acceleration is always perpendicular to its

velocity.
Hint: If the object has velocity v(t), study % |v(t)|2.

2. (20 points) Parameterizations
(a) Parameterize the square traversed from (0,0) to (0, 1) to (1,1) to (1,0) and back to (0,0). Your

answer should be expressed as a piecewise linear function X (t).

(b) A gear of radius R is centered at the origin and fixed so that it can not move or rotate. Another
g
gear of radius  initially touches the fixed gear at (—R, 0) and rotates clockwise around the fixed
gear. Sketch and find the trajectory of the point originally touching the fixed gear.

3. (15 points) Let X(t) = (e cost, e tsint) for 0 < ¢ < oo.

(a) Plot this curve.

(b) Compute the velocity vector and speed as functions of ¢.
(¢c) Compute the length of the curve.

(d) How many times does the curve circle the origin?

(e) Does the contrast of (c) and (d) surprise you?

(f) Extra credit (5 points): Find a curve of the form (r(t) cost, () sint) that spirals into the origin
and has infinite arc length. Justify your answer with a calculation.



