
FORCE & MOTION: 
Mechanics

1-D Kinematics



Mechanics:

The branch of applied mathematics 
dealing with motion and forces 
producing motion.



Kinematics:

The branch of mechanics
concerned with the motion of 
objects without reference to the 
forces that cause their motion.



Key Terms:

Frame of Reference, Position, 
Scalars, Vectors, Distance, 
Displacement, Time, Speed, 
Velocity, Acceleration 

Instantaneous Speed, Average 
Speed 



Frame of Reference:

The perspective from which motion is 
observed in an x-y-z axis. 



Position:

The location of an object in an x-y-z
axis from a frame of reference.

In 1-Dimensional motion (motion in a 
straight line), position = x.
Units: meters (m) [from a frame of 
reference x = 0]



Scalars and Vectors

Scalars: quantities which are fully 
described by a magnitude alone.

Vectors: quantities which are fully 
described by both a magnitude
and a direction.



Distance and Displacement
Total Distance: a scalar quantity which refers to 
"how much ground an object has covered" during 
its motion. 

Units: meters (m)

Displacement: a vector quantity which refers to 
"how far out of place an object is"; it is the object's 
change in position, Δx = xfinal - xinitial = xf - xi . 

Units: (m) with direction shown by the mathematical sign 
(+ = right, up, forward; - = left, down, backward)



Time:

The duration of an event.
Equation: Δt = tfinal - tinitial = tf - ti . 
Units: seconds (s)



Speed and Velocity
Speed: a scalar quantity which refers to "how 
fast an object is moving.”

Equation: speed = distance ÷ change in time 
speed = distance / Δt 
Units: meters per second (m / s)

Velocity: a vector quantity which refers to "the 
rate at which an object changes its position.”

Equation: v = displacement ÷ change in time
v = Δx / Δt 
Units: meters (with direction) per second (m / s)



Instantaneous Speed vs. 
Average Speed

Instantaneous Speed: speed at any given 
instant in time, t.
Average Speed: average of all instantaneous 
speeds during a time interval, Δt.

(On a car trip, you might think of the instantaneous 
speed as the speed which the speedometer reads at 
any given instant in time and the average speed as the 
average of all the speedometer readings during the 
course of the trip.)



Quick Review

In 1-D Kinematics:
Frame of reference, x = 0
Position = x
Displacement    d = Δx 
Time Interval = Δt
Velocity, v = Δx / Δt



Acceleration

Acceleration: a vector quantity which is 
defined as "the rate at which an object 
changes its velocity.”

Equation: a = change in velocity ÷ change in time
a = Δv / Δt 
Units: (meters per second) per second [(m / s) / s] =

m / s2


