
Distance vs. Displacement,  
Speed vs. Velocity,  

Acceleration,  
Free-fall,  

Average vs. Instantaneous quantities,  
Motion diagrams,  

Motion graphs,  
Kinematic formulas. 



 Distance 
◦ Tells “how far” an object 

is from a given reference 
point or “how far” it has 
traveled in a given time. 

◦ Is a scalar quantity which 
means it has magnitude 
only 

◦ Is measured in length 
units such as meters (m), 
centimeters (cm), feet (ft), 
inches (in), miles, etc. 

 Displacement 
◦ Tells “how far” and “which 

way” an object moves. 
◦ Is distance in a given 

direction 
◦ Is a vector quantity 

because it includes 
magnitude and direction  

◦ The magnitude is 
measured in the same 
units as distance, 
direction is usually 
measured as an angle. 

d 

“d” is the distance from 
point A to point B or 
from B to A 

A B 

“d” is the distance from A to B 
and the arrow indicates the 
direction of the displacement 
(from A to B). 
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Ex:  speed = 60 mph  Ex:  velocity =60 mph, N 

 Speed 
◦ Is the rate of change of 

position of an object 
◦ Tells “how fast” an 

object is moving 
◦ Is a scalar quantity 

because it only includes 
magnitude (size). 

◦ Measured in units of 
distance over time such 
as mi/hr, km/hr, or m/s 

 Velocity 
◦ Is speed in a given 

direction 
◦ Tells “how fast” and 

“which way” 
◦ Is a vector quantity 

because it includes 
magnitude (speed) and 
direction. 

◦ Magnitude is measured 
in same units as speed. 



 The rate of change of velocity 
◦ How fast the speed changes 
◦ Measured in meters per second per second (m/s/s) or 

meters per second squared (      ) 
◦ A vector quantity (requires both magnitude and direction) 
◦ An object may accelerate (or decelerate) in three ways:   
 Speed up 
 Slow down 
 Change direction 

◦ If acceleration is… 
…positive then it is in  
   the same direction as 
   the velocity causing velocity  
   to increase.  
…negative then it is in the opposite  
   direction of the velocity causing velocity  
   to decrease (deceleration) 
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Time 
The slope of the line on a distance-  
   time graph tells us about the speed. 
Steeper slope means faster speed 
Straight line means constant speed  
For non-constant motion, the instantaneous 
speed can be calculated by finding the slope of 
the tangent line at that point. 
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Acceleration 
(increasing slope) 

D
is

ta
nc

e 
Time 

Deceleration 
(decreasing slope) 
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Time 
The slope of the line on a velocity-  
   time graph tells us about the acceleration. 
Steeper slope  higher acceleration 
Straight line means constant acceleration  
For non-constant motion, the instantaneous 
acceleration can be calculated by finding the 
slope of the tangent line at that point. 
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Changing accelerations 
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Time 10 sec 

8 m/s 

Area 

The area under the curve of a 
velocity-time graph for a 
particular time interval gives 
the displacement of the object 
during that time interval.  

msmsbh 40)/8)(10(A
height*base *    trianglea of Area

2
1

2
1

2
1

===
=

The seconds cancel 
out and the units of 
the area are meters, 
therefore area is a 
displacement. 
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Horizontal line means constant acceleration  
We will not do any calculations with changing 
accelerations, we assume all accelerations to be constant.  

0 

Positive constant acceleration  

Negative constant acceleration 

Zero acceleration (constant velocity)  

Note:   
The slope of a 
horizontal line is zero.  
The slope of a vertical 
line is undefined. 
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Slope from this   gives you this  Slope from this   gives you this  
The slope of the pink line is 
a lower positive constant 
value. 
The slope of the blue line is 
a greater positive constant 
value 
The slope of the green line 
is a negative constant 
value. 

A  lower positive constant 
slope means a slower 
positive constant velocity 
(horizontal line). 
A greater positive constant 
slope means a faster positive 
constant velocity (horizontal 
line). 
A negative constant slope 
means a negative constant 
velocity (horizontal line). 

The slope of a 
horizontal line is zero, 
so the acceleration for 
all three cases is zero.   
All three motions (pink, 
blue, and green) are 
graphed along the time 
axis at acceleration = 0. 
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Calculating 
average 
values 



 “at rest”  not moving 
    v=0 

 “constant velocity”  no 
acceleration 

    a=0 
 “stops”  final velocity is zero 
    vf=0  
       These are the most common but be on the 

    lookout for more. 
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