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Motion in One Dimension

ynamics is concerned with the study of the motion of an object and
the relation of this motion to such physical concepts as force and
mass. It is convenient to describe motion using the concepts of
space and time, without regard to the causes of the motion. This
portion of mechanics is called kinematics. In this chapter we shall consider
motion along a straight line, that is, one-dimensional motion. In the next
chapter we shall extend our discussion to two-dimensional motion. Starting
with the concept of displacement discussed in the previous chapter, we shall
define velocity and acceleration, Using these concepts, we shall proceed to
study the motion of objects undergoing constant acceleration. The subject of
dynamics, which is concerned with the causes of motion and relationships

An apple and a feather,
released from rest in a 4-ft
vacuum chamber, fall at the
same rate, regardless of their
mass. Neglecting air resistance,
all objects fall to the earth
with the same acceleration of
magnitude 9.8 m/s® as
indicated by the violet arrows
in this multiflash photograph.
The velocity of the two objects
increases linearly with time as
indicated by the series of red
arrows.
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Figure 3.1 Position-time graph
for a particle moving along the x
axis. The average velocity v in the
interval At =t — ¢, is the slope of
the straight line connecting the
points P and Q.

Average velocity

between motion, forces, and the properties of moving objects, will be dis-
cussed in Chapters 5 and 6.

From everyday experience we recognize that motion represents the con-
tinuous change in the position of an object. The movement of an object
through space may be accompanied by the rotation or vibration of the object.
Such motions can be quite complex. However, it is sometimes possible to
simplify matters by temporarily neglecting the internal motions of the moving
object. In many situations, an object can be treated as a particle if the only
motion being considered is one of translation through space. An idealized
particle is a mathematical point with no size. For example, if we wish to
describe the motion of the earth around the sun, we can treat the earth as a
particle and obtain reasonable accuracy in a prediction of the earth’s orbit.
This approximation is justified because the radius of the earth’s orbit is large
compared with the dimensions of the earth and sun. On the other hand, we
could not use the particle description to explain the internal structure of the
earth and such phenomena as tides, earthquakes, and volecanic activity. On a
much smaller scale, it is possible to explain the pressure exerted by a gas on the
walls of a container by treating the gas molecules as particles. However, the
particle description of the gas molecules is generally inadequate for under-
standing those properties of the gas that depend on the internal motions of the
gas molecules, namely, rotations and vibrations.

3.1 AVERAGE VELOCITY

The motion of a particle is completely known if its position in space is known at
all times. Consider a particle moving along the x axis from point P to point Q.
Let its position at point Pbe x; at some time ¢;, and let its position at point Q be
x¢ at time f;. (The indices i and f refer to the initial and final values.) At times
other than ¢; and t;, the position of the particle between these two points may
vary as in Figure 3.1. Such a plot is often called a position-time graph. In the
time interval At = t; — ¢, the displacement of the particle is Ax = x; — x;. (Re-
call that the displacement is defined as the change in the position of the
particle, which equals its final minus its initial position value.)

The x-component of the average velocity of the particle, o, is defined as
the ratio of its displacement, Ax, and the time interval, At:
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From this definition, we see that the average velocity has the dimensions of
length divided by time, or m/s in SI units and ft/s in conventional units. The
average velocity is independent of the path taken between the points Pand Q.
This is true because the average velocity is proportional to the displacement,
Ax, which in turn depends only on the initial and final coordinates of the
particle. It therefore follows that if a particle starts at some point and returns to
the same point via any path, its average velocity for this trip is zero, since its
displacement along such a path is zero. The displacement should not be con-
fused with the distance traveled, since the distance traveled for any motion is
clearly nonzero. Thus, average velocity gives us no details of the motion
between points Pand Q. (How we evaluate the velocity at some instant in time







