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Average speed is not necessarily
equal to the magnitude of the
average velocity

Average velocity

= PROBLEM SOLVING

+ or — sign can signify the direction
for linear motion
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FIGURE 2-7 Example 2-1.

A person runs from x; = 50.0m
to x; = 30.5m. The displacement

is —19.5m.
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Average speed and average velocity have the same magnitude when the
motion is all in one direction. In other cases, they may differ: recall the walk we
described earlier, in Fig, 2-4, where a person walked 70 m east and then 30 m west.
The total distance traveled was 70m + 30m = 100 m, but the displacement was
40 m. Suppose this walk took 70s to complete. Then the average speed was:

distance 100 m
time elapsed 70s

= l.4m/s.

The magnitude of the average velocity, on the other hand, was:

displacement  40m
= = 0.57 m/s.
time elapsed _ 70 iy

This difference between the speed and the magnitude of the velocity can occur
when we calculate average values.

To discuss one-dimensional motion of an object in general, suppose that at
some moment in time, call it f;, the object is on the x axis at position x; in a
coordinate system, and at some later time, 1>, suppose it is at position x,. The
elapsed time is ¢, — ¢ during this time interval the displacement of our object
is Ax = x, — x,. Then the average velocity, defined as the displacement divided
by the elapsed time, can be written
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v = (2-2)
where v stands for velocity and the bar (7) over the v is a standard symbol
meaning “average.”

The elapsed time, or time interval, /, — 7, is the time that has passed
during our chosen period of abservation.

For the usual case of the +x axis to the right, note that if x, is less than x|,
the object is moving to the left, and then Ax = x; — x| is less than zero. The
sign of the displacement, and thus of the average velocily, indicates the direc-
tion: the average velocity is positive for an object moving to the right along the
+x axis and negative when the object moves to the left. The direction of the
average velocity is always the same as the direction of the displacement.

Runner’s average velocity. The position of a runner as a
function of time is plotted as moving along the x axis of a coordinate system.
During a 3.00-s time interval, the runner’s position changes from x,; = 50.0m
to x, = 30.5m, as shown in Fig. 2-7. What was the runner’s average velocity?

APPROACH We want to find the average velocity, which is the displacement

divided by the elapsed time.

SOLUTION The displacementis Ax = x, — x;, = 305m — 500m = —195m.

The elapsed time, or time interval, is Ar = 3.00s. The average velocily is

- A -195m
"7 At T 3008

The displacement and average velocity are negative, which tells us that the

runner is moving to the left along the x axis, as indicated by the arrow in Fig. 2-7.
Thus we can say that the runner’s average velocity is 6.50 m/s to the left.

= —6.50 m/s.

Distance a cyclist travels. How far can a cyclist travel in
2.5h along a straight road if her average velocity is 18 km/h?

APPROACH We are given the average velocity and the time interval (= 2.5 h).
We want to find the distance traveled, so we solve Eq. 2-2 for Ax.

SOLUTION We rewrite Eq. 2-2 as Ax = v Ay, and find
Ax = 5Ar = (18km/h)(2.5h) = 45km.
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