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SPH4U: Dynamics Part A 

Review of Grade 11 Kinematics 
  

Key Terms: 
To describe an object's motion requires that we define a number of physical 
quantities 

1. Position(�⃗⃗� ): A vector quantity describing an object's location with respect 

to some point of reference ( i.e Hamilton is  located approximately  
5.0 × 101 𝑘𝑚 [𝑆] of Guelph ) 

2. Distance (𝚫𝒅): A scalar quantity describing the length of path traveled 

3. Displacement (𝚫�⃗⃗� ): A vector quantity indicating the change in an object's 

position (Δ𝑑 = 𝑑2
⃗⃗⃗⃗ − 𝑑1

⃗⃗⃗⃗ ) 

4. Speed (𝒗): A scalar quantity for the distance traveled per unit time. (𝒗 =
𝚫𝒅

𝚫𝒕
) 

5. Velocity (�⃗⃗� ): A vector quantity for the change in position per unit time. (𝑣 =
Δ𝑑 

Δ𝑡
) 

 

Example: A jogger takes 23.6 seconds to cover a displacement of 117 𝑚 [𝐸] from  𝑑1
⃗⃗⃗⃗  to 𝑑2

⃗⃗⃗⃗ . 
a) Calculate the cyclist’s average velocity 
b) If the jogger maintains the same velocity for 45 min, what will be their total displacement? 

c) If the jogger turns at 𝑑2
⃗⃗⃗⃗  and travels 𝑑3

⃗⃗⃗⃗ = 572 𝑚 [𝑊] in 135.4 𝑠, what is their velocity for the entire motion?   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Position Time Graphs 
We often use position time graphs to help us understand the motion. Different types of motion can be distinguished 
according to their position time graphs.  
 
Uniform motion 
The graphs below are all examples of objects undergoing uniform motion. Objects undergoing uniform motion cover 
equal displacements in equal times. This is shown by their graph’s constant slope. 
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The first graph shows constant velocity in the positive direction, the second graph shows constant zero velocity 
(object at rest), the third graph shows constant velocity in the negative direction. The slope of a position time graph 
for an object undergoing uniform motion represents the object's velocity, i.e uniform motion means constant velocity.  

𝑠𝑙𝑜𝑝𝑒 = 𝑣 =
𝑑2
⃗⃗⃗⃗ − 𝑑1

⃗⃗⃗⃗ 

𝑡2 − 𝑡1
 

Non-uniform Motion 
Many types of non-uniform motion exist, for convenience we will group them in two categories; those representing 
objects accelerating at a constant rate and those that aren't! The graph below is an example of a graph of the second 
group.  
              
One could consider the motion to be uniform in most of region A and most of region B 
(ignoring the point where they join). The motion is clearly non-uniform in region C 
and the entire motion is clearly non-uniform 
 
 
Instead of defining a velocity for the entire motion we can instead define an average 
velocity (𝑣 𝑎𝑣𝑔) over a particular time interval where the definition of the average 

velocity is the total displacement over the total time interval i.e. (𝑣 𝑎𝑣𝑔 =
∆𝑑⃗⃗⃗⃗  ⃗

∆𝑡
). The 

average velocity is also the slope of the line segment (secant) drawn from the beginning to the end of the time 
interval.  
 

    
 

An object's instantaneous velocity (or actual velocity at a particular instant) (𝑣 ) can be found at any point by 
determining the slope of a tangent drawn to that point. The tangent represents the slope of the graph at that point by 
considering a region Δ𝑡 which is so small that the graph appears to be a straight line. The dashed line above 
represents the tangent at a time 𝑡. The slope of the tangent gives the object's instantaneous velocity at the time 𝑡. 
Mathematically, this process is referred to as differentiating.  This is a part of calculus (and therefore not of interest to 
use at this point). It was developed independently by Newton and Liebnitz.   
 
The following graph is an example of an object undergoing constant acceleration. The 
slope of the line segment represents the average velocity for the region selected. The 
slope of the tangent (dashed line) represents the velocity at a time to. 
 
 
 
Example: Use the information on the position-time graph below to generate the 
corresponding velocity time graph. 

  



Date: _______________________ 

SPH4U: Dynamics Part A 

Velocity Time Graphs 
For uniform motion the slope of the position time graph represents the velocity of the object. The graphs below 
represent the velocity time graphs for the three uniform motion graphs previously examined. 
 

     
 
We know that instantaneous velocity at a certain time can be found from the slope of the tangent to the curve at that 
time. The graphs below represent three examples of constant acceleration. For each position time graph the 
corresponding velocity time graph is shown directly below it. 

   

   
 
The slopes of these three velocity time graphs are all constant. The slopes represent the acceleration of the object. The 
equation of the slope is given below 

𝑎 =
𝑣2⃗⃗⃗⃗ − 𝑣1⃗⃗⃗⃗ 

∆𝑡
 

 

Example: [Pg. 20 # 6] The fastest of all fishes is the sailfish. If a sailfish accelerates at a rate of 14 (
𝑘𝑚

ℎ
) /𝑠 [𝑓𝑤𝑑] for 

4.7 𝑠 from its initial velocity of 42
𝑘𝑚

ℎ
 [𝑓𝑤𝑑], what is its final velocity? 
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The graph at the right represents non-uniform acceleration.  
 
The slope of the secant represents the average acceleration of  
the object over the time interval and the slope of the tangent  
represents the instantaneous acceleration.  
      
 
 
 
 
 
Regardless of the type of motion involved the area under a velocity time graph represents the displacement of the 
object. (see the diagrams below). For objects that are undergoing constant acceleration the area under the graph can 
be calculated in a straightforward manner. However, for non-constant acceleration, like that shown in the second 
graph the area (and thus the displacement ) can often only be approximated. 
 

    
 

Acceleration Time Graphs 
The three graphs below represent the acceleration time graphs for the three examples of constant acceleration motion 
from above. The first graph shows constant acceleration in the positive direction. The second graph represents 
constant zero acceleration (uniform motion) and the third graph represents constant acceleration in the negative 
direction. When velocity and acceleration are in the same direction, we say the object is speeding up. When velocity 
and acceleration are in opposite directions, we say the object is slowing down. 
 

 

   
Velocity Positive Positive Positive 

Acceleration Positive Zero Negative 

Motion 
Speeding up in positive 

direction 
Uniform motion 

Slowing down in positive direction 
OR  

Speeding up in the negative 
direction 

 


