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5.1: Prelude to Motion in Two and Three Dimensions

To give a complete description of kinematics, we must explore motion in two and three dimensions. After all, most objects in our
universe do not move in straight lines; rather, they follow curved paths. From kicked footballs to the flight paths of birds to the
orbital motions of celestial bodies and down to the flow of blood plasma in your veins, most motion follows curved trajectories.
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Figure 5.1.1: The Red Arrows is the aerobatics display team of Britain’s Royal Air Force. Based in Lincolnshire, England, they
perform precision flying shows at high speeds, which requires accurate measurement of position, velocity, and acceleration in three
dimensions. (credit: modification of work by Phil Long)
Fortunately, the treatment of motion in one dimension in the previous chapter has given us a foundation on which to build, as the
concepts of position, displacement, velocity, and acceleration defined in one dimension can be expanded to two and three
dimensions. Consider the Red Arrows, also known as the Royal Air Force Aerobatic team of the United Kingdom. Each jet follows
a unique curved trajectory in three-dimensional airspace, as well as has a unique velocity and acceleration. Thus, to describe the
motion of any of the jets accurately, we must assign to each jet a unique position vector in three dimensions as well as a unique
velocity and acceleration vector. We can apply the same basic equations for displacement, velocity, and acceleration we derived in
Motion Along a Straight Line to describe the motion of the jets in two and three dimensions, but with some modifications—in
particular, the inclusion of vectors.

In this chapter we also explore two special types of motion in two dimensions: projectile motion and circular motion. Last, we
conclude with a discussion of relative motion. In the chapter-opening picture, each jet has a relative motion with respect to any
other jet in the group or to the people observing the air show on the ground.
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