ARC LENGTH, SPEED, AND MORE NAME: SOLUTIONS
Math 1920 - Sections 221 and 222 - TA: Itamar Oliveira September 13, 2018

REVIEW

(1) The length s of a path r(t) = (x(t),y(t),2(t)) fora <t <bis

5= / I (&)t = / V02 Ty (0 T (1),

(2) Arc length function: s(t) = f: llr’ ()| du
(3) Speed is the derivative of distance traveled with respect to time:

o(t) = % = ()],

(4) r(s) is an arc length parametrization if ||r'(s)|| = 1 for all s.
(5) If r(¢) is any parametrization such that r'(¢) # 0 for all ¢, then
ri(s) =r(g'(s))

is an arc length parametrization, where t = g=1(s) is the inverse function of the arc length function
s =g(t).



PROBLEMS
(1) Compute the arc length of the following curves over the given interval:

(a) r(t) = (cost,sint, t3/2), 0 < t < 2. (b) r(t) = (¢,4t3/2 2t3/2) 0 <t < 3.

SOLUTION: 2 ((24 9m)3/2v/2 — 4). SOLUTION:  13:(136%/2 — 1).

(2) Find the speed of r(t) = (t,Int, (Int)?) at t = 1.
SOLUTION: /2.

(3) Find an arc length parametrization of the circle in the plane z = 9 with radius 4 and center (1,4,9).
SOLUTION: ri(s) = (1 +4cos(s/4),4 + 4sin(s/4),9).

(4) Let r(t) = (3cost,bsint,4cost). Show that ||r(¢)| is constant and use this to conclude that r(t) and
r’(t) are orthogonal.

ind the solution to the following differential equation with the given initial conditions: r”(f{) =
5) Find th luti he following diff ial i ith the gi initial diti "
(et,sint, cost), r(0) = (1,0,1), r'(0) = (0,2,2).

SOLUTION: r(t) = (e! —t,—sint + 3t, — cost + 2t + 2).



