Summary

SUMMARY

If a particle moves with constant acceleration a and has velocity v; and position r; at
{ = 0, its velocity and position vectors at some later time { are

vi=v;+al (4.8)
rp=r;+ v+ 1a2 (4.9)

For two-dimensional motion in the xy plane under constant acceleration, each of
these vector expressions is equivalent to two component expressions—one for the
motion in the x direction and one for the motion in the y direction. You should be
able to break the two-dimensional motion of any object into these two compo-
nents.

Projectile motion is one type of two-dimensional motion under constant ac-
celeration, where a, = 0 and a, = — g It is useful to think of projectile motion as
the superposition of two motions: (1) constantvelocity motion in the x direction
and (2) free-fall motion in the vertical direction subject to a constant downward
acceleration of magnitude g = 9.80 m/s% You should be able to analyze the mo-
tion in terms of separate horizontal and vertical components of velocity, as shown
in Figure 4.24.

A particle moving in a circle of radius r with constant speed v is in uniform
circular motion. It undergoes a centripetal (or radial) acceleration a, because the
direction of v changes in time. The magnitude of a, is

a, = — (4.18)

and its direction is always toward the center of the circle.

If a particle moves along a curved path in such a way that both the magnitude
and the direction of v change in time, then the particle has an acceleration vector
that can be described by two component vectors: (1) a radial component vector a,
that causes the change in direction of v and (2) a tangential component vector
a, that causes the change in magnitude of v. The magnitude of a, is v?/7, and the
magnitude of a, is d|v|/dt. You should be able to sketch motion diagrams for an
object following a curved path and show how the velocity and acceleration vectors
change as the object’s motion varies.

The velocity v of a particle measured in a fixed frame of reference Scan be re-
lated to the velocity ¥ of the same particle measured in a moving frame of refer-
ence §' by

vV =v-—-v (4.21)

where vy is the velocity of §' relative to S. You should be able to translate back and
forth between different frames of reference.
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Figure 4.24 Analyzing projectile motion in terms of horizontal and vertical components.
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