In this coordinate system, motion to the right is positive, whereas motion to the left is negative. Similarly, the
airplane passenger’s initial position is xy = 6.0 m and his final position is x; = 2.0 m, so his displacement is

Ax=xf —x0 =20m—-60m=—-4.0m. 2.3

His displacement is negative because his motion is toward the rear of the plane, or in the negative x direction in our
coordinate system.

Distance

Although displacement is described in terms of direction, distance is not. Distance is defined to be the magnitude or
size of displacement between two positions. Note that the distance between two positions is not the same as the
distance traveled between them. Distance traveled is the total length of the path traveled between two positions.
Distance has no direction and, thus, no sign. For example, the distance the professor walks is 2.0 m. The distance
the airplane passenger walks is 4.0 m.

Misconception Alert: Distance Traveled vs. Magnitude of Displacement

It is important to note that the distance traveled, however, can be greater than the magnitude of the
displacement (by magnitude, we mean just the size of the displacement without regard to its direction; that is,
just a number with a unit). For example, the professor could pace back and forth many times, perhaps walking a
distance of 150 m during a lecture, yet still end up only 2.0 m to the right of her starting point. In this case her
displacement would be +2.0 m, the magnitude of her displacement would be 2.0 m, but the distance she
traveled would be 150 m. In kinematics we nearly always deal with displacement and magnitude of
displacement, and almost never with distance traveled. One way to think about this is to assume you marked the
start of the motion and the end of the motion. The displacement is simply the difference in the position of the
two marks and is independent of the path taken in traveling between the two marks. The distance traveled,
however, is the total length of the path taken between the two marks.

CHECK YOUR UNDERSTANDING

A cyclist rides 3 km west and then turns around and rides 2 km east. (a) What is their displacement? (b) What
distance do they ride? (c) What is the magnitude of their displacement?

Solution
Ax; = -3 km N
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Ax; = +2 km
FIGURE 2.5
(a) The rider’s displacement is Ax = xy — xg = —1 km. (The displacement is negative because we take east to be

positive and west to be negative.)
(b) The distance traveled is 3 km + 2 km = 5 km.

(c) The magnitude of the displacement is 1 km.

2.2 Vectors, Scalars, and Coordinate Systems

LEARNING OBJECTIVES
By the end of this section, you will be able to:
- Define and distinguish between scalar and vector quantities.
= Assign a coordinate system for a scenario involving one-dimensional motion.
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FIGURE 2.6 The motion of this Eclipse Concept jet can be described in terms of the distance it has traveled (a scalar quantity) or its
displacement in a specific direction (a vector quantity). In order to specify the direction of motion, its displacement must be described
based on a coordinate system. In this case, it may be convenient to choose motion toward the left as positive motion (it is the forward
direction for the plane), although in many cases, the x-coordinate runs from left to right, with motion to the right as positive and motion to
the left as negative. (credit: Armchair Aviator, Flickr)

What is the difference between distance and displacement? Whereas displacement is defined by both direction and
magnitude, distance is defined only by magnitude. Displacement is an example of a vector quantity. Distance is an
example of a scalar quantity. A vector is any quantity with both magnitude and direction. Other examples of vectors
include a velocity of 90 km/h east and a force of 500 newtons straight down.

The direction of a vector in one-dimensional motion is given simply by a plus (+) or minus (=) sign. Vectors are
represented graphically by arrows. An arrow used to represent a vector has a length proportional to the vector’s
magnitude (e.g., the larger the magnitude, the longer the length of the vector) and points in the same direction as
the vector.

Some physical quantities, like distance, either have no direction or none is specified. A scalar is any quantity that
has a magnitude, but no direction. For example, a 20°C temperature, the 250 kilocalories (250 Calories) of energy in
a candy bar, a 90 km/h speed limit, a person’s 1.8 m height, and a distance of 2.0 m are all scalars—quantities with
no specified direction. Note, however, that a scalar can be negative, such as a —20°C temperature. In this case, the
minus sign indicates a point on a scale rather than a direction. Scalars are never represented by arrows.

Coordinate Systems for One-Dimensional Motion

In order to describe the direction of a vector quantity, you must designate a coordinate system within the reference
frame. For one-dimensional motion, this is a simple coordinate system consisting of a one-dimensional coordinate
line. In general, when describing horizontal motion, motion to the right is usually considered positive, and motion to
the left is considered negative. With vertical motion, motion up is usually positive and motion down is negative. In
some cases, however, as with the jet in Figure 2.6, it can be more convenient to switch the positive and negative
directions. For example, if you are analyzing the motion of falling objects, it can be useful to define downwards as
the positive direction. If people in a race are running to the left, it is useful to define left as the positive direction. It
does not matter as long as the system is clear and consistent. Once you assign a positive direction and start solving
a problem, you cannot change it.
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FIGURE 2.7 It is usually convenient to consider motion upward or to the right as positive (+) and motion downward or to the left as
negative (—).

) CHECK YOUR UNDERSTANDING

A person’s speed can stay the same as they round a corner and changes direction. Given this information, is speed a
scalar or a vector quantity? Explain.

Solution

Speed is a scalar quantity. It does not change at all with direction changes; therefore, it has magnitude only. If it
were a vector quantity, it would change as direction changes (even if its magnitude remained constant).

2.3 Time, Velocity, and Speed

LEARNING OBJECTIVES
By the end of this section, you will be able to:
- Explain the relationships between instantaneous velocity, average velocity, instantaneous speed, average
speed, displacement, and time.
« Calculate velocity and speed given initial position, initial time, final position, and final time.
- Derive a graph of velocity vs. time given a graph of position vs. time.
- Interpret a graph of velocity vs. time.

FIGURE 2.8 The motion of these racing snails can be described by their speeds and their velocities. (credit: tobitasflickr, Flickr)

There is more to motion than distance and displacement. Questions such as, “How long does a foot race take?” and
“What was the runner’s speed?” cannot be answered without an understanding of other concepts. In this section
we add definitions of time, velocity, and speed to expand our description of motion.

Time

As discussed in Physical Quantities and Units, the most fundamental physical quantities are defined by how they are
measured. This is the case with time. Every measurement of time involves measuring a change in some physical
quantity. It may be a number on a digital clock, a heartbeat, or the position of the Sun in the sky. In physics, the
definition of time is simple—time is change, or the interval over which change occurs. It is impossible to know that
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