Calculus III Section 1-11: Velocity and Acceleration

Question 9
A particle follows

r(t) = (3cost,3sint, 4t) , 0<t<2nm.
Tasks

1. Find its displacement and average velocity over the interval.
2. Find total distance traveled and average speed.

3. Explain why the horizontal motion contributes to distance but not displacement.

© 2026 Stem-Master.com, All rights reserved.



Calculus III Section 1-11: Velocity and Acceleration

Question 9 — Solution

Strategy. Displacement uses endpoints; distance integrates speed. These measure different features of
motion.

Step 1: Displacement
r(0) = (3,0,0), r(27) = (3,0,87) .

Thus
Ar = (0,0, 87) |.

The elapsed time is 27, so

Ar
Vavg = % = <07034> .

Step 2: Distance and average speed
v(t) = (—3sint,3cost,4),

so [[v(t)|| = v9 + 16 = 5. Hence

27
D:/ 5dt = 107 |,
0

and

10
average speed = =T _5|
2

Step 3: Interpretation During one revolution, the horizontal coordinates return to their starting val-
ues, so their net changes cancel in displacement. Nevertheless the particle continuously moves horizontally
around the circle, adding positive length to the traveled path. Therefore distance 107 exceeds displacement
magnitude 8.
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