CHAPTER |

Introductory Motion Concepts

1.1 Position, Velocity, Acceleration

When studying motion, it is important to have ways to describe various aspects of an
object.

Position is a location of an object relative to a coordinate system. The coordinate system,
reference points, and origin is typically decided by you, the viewer. An object’s position
at one point in time can be n-dimensions, but typically we talk about 1D, 2D, and 3D.

e 1D can be thought of moving along a straight line (x)
e 2D can be represented on coordinate plane (x, y)

e 3D can be represented by 3 components (X, y, z)

The total distance traveled in a 1D plane is a total amount traveled. The displacement is net
distance from the starting location or origin. Typically, a change in position is represented as a
Ax (in horizontal direction) and Ay (in vertical direction). This distance can be thought of
as a vector, with a directional component and magnitude. You may also see displacement
as s.

Average Velocity, usually represented as v or v is defined as the net displacement over a
certain period of time. Because displacement is a vector quantity, so is average velocity.

Average speed, however, does not contain directional information. Like the speedometer
in a car, speed only contains information about change in displacement over time, 4%,
making it a scalar. The magnitude of velocity is speed, and velocity is speed with a given
direction (north, 48° south-east, etc).

The speedometer, however, tells us instantaneous speed, such that v = %, the derivative of
position. This gives us an instantaneous change in position, and as the dt, or difference

in time, decreases, we get closer to the instantaneous speed.

Similarly, acceleration, a, is the instantaneous change in velocity per difference in time,

dt. This allows us to determine the instantaneous velocity using calculus: a = ¥ or
equivalently, a = % using second derivatives. This book will reintroduce these concepts

later, but for now, know that all three quantities are related.
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Typically, people will talk about velocity and acceleration at a specific instant in time, such
as “at 3 seconds, the velocity is 5 m/s with a change of 2 m/s every second”.

1.2 1D Motion Diagrams

Motion Diagrams are diagrams used to represent motion in a 1D plane, such as a ball
being dropped from a height and the bouncing up to a fractional height. Imagine taking
evenly spaced snapshots or blinking once every second as the ball changes position. A
motion diagram captures this sequence, showing how the ball changes position over time,
and whether it speeds up or slows down. A motion diagram contains usually 3 types of
symbols:

e - for position representation
e — for velocity vectors
e —> for acceleration vectors
Below is the scenario of the ball being dropped and bouncing back up. Note that the up-

wards motion is shifted just for clarity. Here, red represents acceleration, green represents
velocity, and blue represents equally spaced position dots.
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Notice that in the above example, acceleration is constant throughout the motion, repre-
sented by the equally sized red arrows.

If there is no change in velocity, there is no acceleration vector. In this case, the would be
no red arrow vectors.

Here is another motion diagram, representing an object moving forwards with constant

velocity.
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APPENDIX A

Answers to Exercises
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