P The water droplets that fly up
from this beautiful fountain in Monaco
follow parabolic paths. Such paths are
a consequence of the constant vertical
acceleration associated with local
gravity.
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Motion in Two and Three
Dimensions

n Chapter 2 we considered the description of motion in one dimension—linear mo-

tion. We will now extend this description to motion in space. We observe such

motion in the curved path of a thrown ball, in the swing of the pendulum of a
grandfather clock, or in the orbits of the planets around the Sun. While for one-
dimensional motion the directional aspect is encapsulated in signs, for motion in two or
three dimensions we must use vectors to describe the directional aspect properly. With
the help of the mathematical apparatus provided by vectors, we’ll find that it is straight-
forward to describe the motion of objects in a plane or in space in a manner that builds
on our earlier work with one-dimensional motion.

3-1 Position and Displacement

The motion of a planet orbiting the Sun traces out a path in space. Similarly, a rock
thrown off a cliff follows a certain path, or trajectory, as does any pointlike object as it
moves through space. For motion in a plane, think of a skater on a lake whose skates
leave marks that specify the trajectory of the motion. Figure 3—1 depicts a particle, for
example the skater, moving in a two-dimensional plane. We label the plane as the
xy-plane and introduce a Cartesian coordinate system that contains an origin and x- and
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FIGURE 3-1 (a) The ice skater is
gliding over the path indicated by the blue
trajectory line. (b) Position vector§) and
rQ point from the origin to the position®
and Q at the two times{ andt2,
respectively, along the skater's path of
motion. The displacement vector between
@ (b) these times iglr ™ rQ - rp.

y-axes. The particle is at the positioR at time t1; this position is described by the
position vectorfp, which points from the origin to the poir®e At a later timet2 the par-

ticle is located at positionQ and is described by the position vectbg' The change in
the particle's position between timas and t2-the final position minus the initial
position-can  be described by the displacement vettor this vector is defined by

Llr =rQ - rp. (3-1)

The vector L1r points from the tip of vectorp to the tip of vectort« and describes the
direction of the displacement as well as its magnitude. Whereas the positionrsyé@t
andrp depend on the choice of origin, the displacement vedtbris independent of the
choice of origin. To see this clearly, let's imagine that there is a new origin 0' $ath t
the vector from 0' to O is the fixed vectd) (Fig. 3-2). The position vector of poinP
in the new coordinate system ris + b and that of pointQ in the new system i€ + b.
If we calculate the displacement, which is the differendeQ + b) - (p + b),
the vectorb cancels. In other words, we have again arrived at the displacement vector
defined in Eq.(3-1). This can also be seen in the graphical representation in3iB.
The displacement is independent of our choice of origin.

As a particle moves, the components of its position vector (with respect to the
Cartesian coordinate axes) change with time:

) =x@® 1+ y) (3-2)
For three-dimensional motion, we would proceed exactly as in Seclight We set up

three axes, define three mutually perpendicular unit vecﬂqr]s, and k, and write a po-
sition vector in the form

) =x) 1 +ylt) + zbk (3-3)

The fact that there is more than one vector component to the motion is the only differ-
ence between one-dimensional motion and two- or three-dimensional motion .

FIGURE 3-2 A displacement
vector LI is independent of the origin.
Here 0 and O' are two origins, and
although the initial and final position
vectors to points® and Q do depend on
the origins, the difference between these
position vectors does not.







































