
Chapter 2
Describing Motion:

Kinematics in One Dimension
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2-1 Reference Frames and Displacement

Any measurement of position, distance, or speed must be 
made with respect to a reference frame.

For example, if you are sitting on a train and someone walks 
down the aisle, their speed with respect to the train is a few 
kilometers per hour, at most. Their speed with respect to the 
ground is much higher.
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2-1 Reference Frames and Displacement

We make a distinction between distance and 
displacement. 

Displacement (blue line) is how far the object is from its 
starting point, regardless of how it got there.

Distance traveled 
(dashed line) is measured 
along the actual path.
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2-1 Reference Frames and Displacement

The displacement is written: ∆x = x2 − x1

Left: Displacement is positive. Right: Displacement is negative. 
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2-2 Average Velocity

Speed: how far an object travels in a given time interval

Velocity includes directional information:
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2-4 Acceleration

Acceleration is the rate of change of velocity.
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2-4 Acceleration

Acceleration is a vector, although in one-dimensional 
motion we only need the sign.

The previous image shows positive acceleration; here is 
negative acceleration:
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2-4 Acceleration

There is a difference between negative acceleration and 
deceleration: 

Negative acceleration is acceleration in the negative 
direction as defined by the coordinate system.

Deceleration occurs when the acceleration is opposite in 
direction to the velocity.
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Summary of Chapter 2

• Kinematics is the description of how objects move 
with respect to a defined reference frame.

• Displacement is the change in position of an object.

• Average speed is the distance traveled divided by the 
time it took; average velocity is the displacement 
divided by the time.

• Average acceleration is the change in velocity divided 
by time
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