All measurements are
made relative 1o
a frame of reference

FIGURE 2-2 A person walks toward
the [ront of a train at 5 km/h. The train
is moving 80 km/h with respect to the
ground, so the walking person’s speed,
relative to the ground, is 85 km/h.
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FIGURE 2-3 Standard set of xy
coordinale axes,

Displacement
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The displacement may not equal

the total distance traveled

m Reference Frames and Displacement

Any measurement of position, distance, or speed must be made with respect to
a reference frame, or frame of reference. For example. while you are on a train
traveling at 80 km/h, suppose a person walks past you toward the front of the
train at a speed of, say, 5km/h (Fig. 2-2). This 5 km/h is the person’s speed with
respect to the train as frame of reference. With respect to the ground, that
person is moving at a speed of 80km/h + Skm/h = 85km/h. It is always
important to specify the frame of reference when stating a speed. In everyday
life, we usually mean “with respect to the Earth™ without even thinking about it,
but the reference frame must be specified whenever there might be confusion.

When specifying the motion of an object. it is important to specify not only
the speed but also the direction of motion. Often we can specify a direction by
using north, east, south, and west, and by “up™ and “down.” In physics, we often
draw a set of coordinate axes, as shown in Fig. 2-3, to represent a frame of
reference. We can always place the origin 0, and the directions of the x and v
axes, as we like for convenience. The x and y axes are always perpendicular to
each other. Objects positioned to the right of the origin of coordinates (0) on
the x axis have an x coordinate which we usually choose to be positive: objects
to the left of 0 then have a negative x coordinate. The position along the y axis
is usually considered positive when above 0, and negative when below 0,
although the reverse convention can be used if convenient. Any point on the
plane can be specified by giving its x and y coordinates. In three dimensions, a z
axis perpendicular to the x and y axes is added.

For one-dimensional motion, we often choose the x axis as the line along
which the motion takes place. Then the position of an object at any moment is
given by its x coordinate. If the motion is vertical. as for a dropped object, we
usually use the y axis.

We need to make a distinction between the distance an object has traveled
and its displacement. which is defined as the change in position of the object.
That is. displacement is how far the object is from its starting point. To see the
distinction between total distance and displacement, imagine a person walking
70 m to the east and then turning around and walking back (west) a distance of
30 m (sce Fig. 2-4). The total distance traveled is 100 m, but the displacement is
only 40 m since the person is now only 40 m from the starting point.

FIGURE 2-4 A person walks 70m east,
then 30m west. The total distance traveled
is 100 m (path is shown dashed in black); L _____ Am__

but the displacement, shown as West
a blue arrow, is 40 m to the east.

Displacement

Displacement is a quantity that has both magnitude and direction. Such
quantities are called vectors, and are represented by arrows in diagrams. For
example, in Fig. 2—4, the blue arrow represents the displacement whose magni-
tude is 40 m and whose direction is to the right (east).
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