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Representative paths of a particle falling under gravity and subject to a drag force of
v. Some examples of the velocity, v, and acceleration, a, vectors of the particle are also

O.M. O’Reilly, Engineering Dynamics: A Primer, DOI 10.1007/978-1-4419-6360-4 1, 3
Springer Science+Business Media, LLC 2010



cimanyDelcitraPyratnemelE1

Path of particle

Fixed origin

Inc. time t

v
r

O

Some kinematical quantities pertaining to a particle and its motion.

and opposes the motion of the particle. For a given set of initial conditions, sample
trajectories for the particle can be seen in Figure 1.1. After reading this chapter, you
should be able to show that a representation for the drag force is −mCd ||v||2 v where
the coefficient of drag Cd is a constant, to know how to formulate the differential
equations governing the motion of the particle, and to understand the analytical
solution to the resulting equations when the drag force is absent.

1.2 Kinematics of a Particle

Consider a particle moving in a three-dimensional space E 3. The position vector
of the particle relative to a fixed origin O as a function of time is denoted by

r(t) . That is, given a time t, the location of the particle is determined
r = r(t) (see Figure 1.2). Varying t, r(t) defines the motion and the

of the particle. This path in many cases coincides with a specific curve, for
example, a particle moving on a circular ring or a particle in motion on a circular
helix. Otherwise, the particle is either free or in motion on a surface.

The (absolute) velocity vector v of the particle can be determined by differenti-
with respect to time t:

v = v(t) = dr
dt

= lim
t� 0

r(t + Δ t) − r(t)
Δ t

.

of the particle is given by the magnitude of the velocity vector: v =
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of the particle is given by the magnitude of the velocity vector: v =
. We often denote the time derivative of a function by a superposed dot, for

ṙ. The (absolute) acceleration vector a of the particle is determined by
differentiating the (absolute) velocity vector with respect to time:

a = a(t) = dv
dt

= lim
t� 0

v(t + Δ t) − v(t)
Δ t

.




