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8.1 The Language of Motion
I. Summary of Key Points
• A vector quantity has both a magnitude and a direction.
• Position and displacement are vector quantities.
• A scalar quantity has magnitude only.
• Distance and time are scalar quantities.
• The magnitude of an object’s displacement will be the same as the distance an object travels only if it travels in a straight line in one direction.
• An object in uniform motion travels equal displacements in equal time intervals.
• Uniform motion is represented as a straight line on a position-time graph.

II. Study Notes
Direction Makes a Difference and Representing Vectors
[image: ]1. Magnitude refers to the size of a measurement or the amount you are counting.
2. Vector abbreviations are sometimes written in bolded italics with an arrow above them, such as     for
velocity and [image: ] for position.
3. When a direction is written in a vector description, it is usually abbreviated and put into square brackets, such as 10 km [E] for 10 km east.

Quick Check
1. Identify each of the following quantities as either vector or scalar.
(a) 10 kg ____________________________________
(b) 20 m [S] __________________________________
(c) 5 hours driving in a car ______________________________
(d) swimming for 100 m [N] _____________________________
(e) 15°C ____________________________________

Time Interval and Position
1. Time (t) is a concept that describes when an event occurs.
2. Initial time (ti) is when the event began.
Final time (tf) is when the event finished.
3. Time interval is the difference between the final and initial times.
• Time interval is calculated by: Δt = tf – ti
Distance and Position
1. Distance (d) is a scalar quantity that describes the length of a path between two points or locations.	Example: A person ran a distance of 400 m.
2. Position (d) is a vector quantity that describes a specific point relative to a reference point.
Example: The school is 3.0 km east of my house.








Quick Check
[image: ]
1. (a) How long did it take the skateboarder to travel 7.0 m?_______________
(b) If the skateboarder started at 0 m and stopped at 2.0 m, what would be tf ? ___________________
[image: ]
Uniform Motion and Graphing Uniform Motion
1. All objects in uniform motion meet the following conditions.
• Objects in uniform motion travel equal displacements in equal time intervals.
• Objects in uniform motion do not speed up, slow down, or change direction.
2. Motion of an object can be analyzed by drawing a position-time graph.
3. A best-fit line is a smooth curve or straight line that most closely fits the general shape outlined by the points.
4. Uniform motion is represented by a straight line on a position-time graph. The straight line passes through all the plotted points. 
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[image: ]Slope

1. Positive slope (Figure 8.3)
Line slants up to the right.
Indicates motion in the direction 
of the positive y-axis
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2. Zero slope (Figure 8.4)
Line is horizontal.
Indicates that the object is stationary 
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3. Negative slope (Figure 8.5)
Line slants down to the right.
Indicates motion in the direction of the negative y-axis 





[image: ]
Quick Check
Create a graph to represent the following motion.

1. A person cycles 10 km in 30 min and then stops for
15 min. Then, the cyclist returns home in 15 min. 










III. Sample Exam Questions Explained
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[image: ]












IV. Practice Questions
Circle the letter of the best answer.
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8.2 Average Velocity
I. Summary of Key Points
• Average velocity is the rate of change in position.
• Speed is the magnitude of the velocity.
• The slope of the best-fi t line on a position-time graph is average velocity.

II. Study Notes
Speed and Velocity
1. The direction of the velocity is the same as the direction of the displacement.
2. Objects travelling the same speed can have different velocities.
• If they are travelling in opposite directions, one object is given a positive velocity and the other is given a negative velocity.

Average Velocity
1. The slope of a position-time graph is the object’s average velocity.
3. If “forward” is given a positive direction on a position-time graph:
• A positive slope means that the object’s average velocity is forward.
• A negative slope means that the object’s average velocity is backward.
• Zero slope means the object’s average velocity is zero.
Quick Check
Use the position-time graph below to answer question 1.
[image: ]
1. (a) Which jogger was travelling faster? _____________
(b) How do you know? _____________________

Use the position-time graph below to answer question 2.
[image: ]
2. (a) During which time interval was the object remaining stationary? ____________________________
(b) During which time interval was the object moving away from its origin?________________________
(c) During which time interval was the object returning to its origin?______________________________

Quick Check (Use the formula sheet in your data booklet for the following)
1. A boat travels 280 m [E] in a time of 120 s. What is the boat’s average velocity?


2. What is the displacement of a bicycle that travels 8.0 m/s [N] for 15 s?


3. A fruit fly leaves a windowsill and flies over to a banana that is 2.0 m west of its starting point.
The fly travels in a curved path and actually travels a total of 20 m during its flight to the banana.
The flight lasts for a total of 4.0 s.
(a) What is the fly’s average speed?


(b) What is the fly’s average velocity?


4. How long would it take a cat walking north at 0.80 m/s to travel 12 m north?



Converting km/h into m/s
1. Remember:
1 km = 1000 m
1 h = 3600 s
2. To convert a velocity given in km/h to m/s:
• Multiply by 1000 and divide by 3600.
Or
• Divide the speed in km/h by 3.6 to obtain the speed in m/s.
Example: Convert 75 km/h to m/s.
75 km/h × (1000 m/1 km) × (1 h/3600 s) = 21 m/s
Or
75 km/h ÷ 3.6 = 21 m/s
Quick Check
1. Convert 36 km/h into m/s.


2. Convert 20 m/s to km/h.


III. Sample Exam Questions Explained
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IV. Practice Questions
Circle the letter of the best answer.
[image: ][image: ] 

9.1 Describing Acceleration
I. Summary of Key Points
• Acceleration is the rate of change in velocity.
• A change in velocity is calculated by subtracting the initial velocity from the final velocity.

II. Study Notes
Uniform and Non-uniform Motion
1. An object travelling with uniform motion has equal displacements in equal time intervals.
2. An object travelling with non-uniform motion will:
• have different displacements during equal time intervals
• have a continuously changing velocity

Positive and Negative Changes in Velocity
1. A change in velocity (Δv) occurs when the speed of an object changes and/or its direction of motion
changes.
2. A change in velocity can be calculated by subtracting the initial velocity from the final velocity.
Δv = vf – vi


Quick Check
1. Calculate the following changes in velocity. Make sure you indicate whether the velocity change is positive or negative.
(a) A pedestrian walking forward at 1.0 m/s speeds up to 3.0 m/s. ________________________
(b) A runner moving at 4.0 m/s slides into home plate, and crosses it at 1.0 m/s. ____________
(c) A snowboarder sliding backward at 3.0 m/s changes velocity to 5.0 m/s backward. ________

Acceleration
1. Acceleration (a) is the rate of change in velocity.
• Acceleration can be due to a change in speed and/or a change in direction.

Positive and Negative Acceleration
1. The direction of the acceleration is the same as the direction of the change in velocity.
2. Acceleration that is opposite the direction of motion is sometimes called deceleration.
3. Remember that positive (+) and negative (−) refer to directions.

III. Sample Exam Questions Explained
[image: ]
[image: ]

IV. Practice Questions
Circle the letter of the best answer.
[image: ]
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9.2 Calculating Acceleration
I. Summary of Key Points
• The slope of a velocity-time graph is average acceleration.
• Acceleration is measured in m/s2.
• The relationship of acceleration, change in velocity, and time interval is given by the equation [image: ]
• The acceleration due to gravity near the surface of Earth is 9.8 m/s2 downward.

II. Study Notes
Velocity-Time Graphs and Determining Motion from a Velocity-Time Graph
1. Positive acceleration (positive slope) indicates the object’s velocity is increasing in the positive direction.
2. Zero acceleration (zero slope) indicates the object’s velocity is constant.
3. Negative acceleration (negative slope) indicates the object’s velocity is decreasing in the positive direction or the object’s velocity is increasing in the negative direction.

Quick Check
Use the velocity-time graph to answer the following questions.
[image: ]
1. State during which time interval:
(a) the acceleration was zero __________________________________________________
(b) the acceleration was negative _______________________________________________
(c) the acceleration was positive _______________________________________________
(d) the object was increasing its velocity [N] ________________________________________
(e) the object was decreasing its velocity [N] _______________________________________
(f ) the object was moving at a constant velocity [N] __________________________________














Calculating Acceleration
1. Acceleration is measured in m/s2.
2. The relationship of acceleration, change in velocity, and time interval is given by the equation a = Δv
    Δt
Example: A pool ball travelling at 2.5 m/s towards the cushion bounces off at 1.5 m/s. If the ball was in
contact with the cushion for 0.20 s, what is the ball’s acceleration?
[image: ]

Quick Check
1. A toboggan moving 5.0 m/s forward decelerates backwards at −0.40 m/s2 for 10 s. What is the
toboggan’s velocity at the end of the 10 s?



2. How much time does it take a car travelling south at 12 m/s to increase its velocity to 26 m/s south
if it accelerates at 3.5 m/s2 south?


Gravity and Acceleration, and Calculating Motion Due to Gravity
1. Objects near the surface of Earth fall to Earth due to the force of gravity.
• Acceleration (a) due to gravity is 9.8 m/s2 downward.

Quick Check
1. What is the change in velocity of a brick that falls for 3.5 s?


2. A ball is thrown straight up into the air at 14 m/s. How long does it take for the ball to slow down to an upward velocity of 6.0 m/s?


3. A rock is thrown downward with an initial velocity of 8.0 m/s. What is the velocity of the rock after 1.5s?













III. Sample Exam Questions Explained
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IV. Practice Questions
Circle the letter of the best answer.
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