
2.2 Vectors, Scalars, and Coordinate Systems

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 -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 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 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 he or she rounds 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

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 time has passed unless something changes.

The amount of time or change is calibrated by comparison with a standard. The SI unit for time is the second, abbreviated s. We
might, for example, observe that a certain pendulum makes one full swing every 0.75 s. We could then use the pendulum to
measure time by counting its swings or, of course, by connecting the pendulum to a clock mechanism that registers time on a
dial. This allows us to not only measure the amount of time, but also to determine a sequence of events.
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