Kinematics
	
	Lesson
	Topics
	Materials
	Homework

	40
	Introduction to Motion
	Uniform motion, position, time, d-t graphs, slope of d-t, sign convention
	Buggies, pull-back cars, stopwatches, meter sticks, measuring tapes
	Read: pg. 12, “Position”

Read: pg. 14,15, “Graphing Uniform Motion”
Problems: pg. 15 #10,12,13

Lesson: Slope of d-t Graph

	41
	Interpreting Position Graphs
	Position graphs for uniform / nonuniform motion
	Motion detector
	Problems: Handbook – 2 questions

Lesson: Describing d-t Graphs

	42
	Defining Velocity
	Displacement, velocity vs. speed, when is v changing?
	
	Read: pg 12, “Displacement”
Handbook: Physics Math
Lesson: Speed Calculation

	43
	Velocity-Time Graphs
	Velocity graphs for uniform motion, vectors
	Motion detector
	Read: pg. 6, “Scalars”, pg 12 “vectors”
Read: pg. 14, “Graphing Uniform Motion”
Problems: Handbook

Lesson: Vectors and Scalars

	44
	Velocity Problem Solving
	GRASP solutions, units and conversions
	
	Lesson: Unit Conversion
Video: Peregrine Falcon
Problems: Finish problems from class

Assign speed poster

	45
	Non-Uniform Motion
	Changing speed
	Ticker tape, wooden carts, incline, metre sticks
	Handbook: Graph Conversion Homework 

	46
	Non-Uniform Motion, continued
	Instantaneous velocity, average velocity,  tangents to d-t graph, 
	Assign cart project
	Read: pg. 32, “Instantaneous Velocity”
Lesson: Tangents

	47

	The Idea of Acceleration

Calculating Acceleration
	Acceleration, slope of v-t graph

Acceleration equation, units
	
	Read: pg. 24-30, “Acceleration”
Problems: pg: 26 #1,2; 28 #5,8; 30 # 10,11

Lesson: Slope of v-t Graph
Video: High Accelerations 

(Note: there are MANY errors in the narration, but the footage is excellent)

Problems: pg. 36 #1-6

Lesson: Acceleration Calculation

	48
	Speeding Up or Slowing Down?


	Sign of the acceleration, speeding up, slowing down, representations  of SD & SU in d-t and v-t graphs, 
	Track, cart, fan, motion detector
	Handbook: SU/SD Homework
Problems: pg. 36 #1-6 AGAIN!

Lesson: Interpreting v-t Graphs


	49
	Area and Average Velocity
	area under v-t graph, sudden changes in motion, average velocity
	
	Read: pg. 13, “Average Velocity”
Read: pg.14,15, “Graphing Uniform Motion”

Lesson: Area Under a v-t Graph

	50
	The Displacement Problem
	Calculating displacement for uniform acceleration
	Stopping Distances Video
	Read: pg. 43-45, “Solving Uniform Acceleration Problems”

Handbook: Displacement Problem Homework 
Video: Stopping Distance
Video: Stopping Distance
Video: Stopping Distance

	51
	The BIG Five 
	The BIG 5 equations, multiple representations of motion, problem solving
	
	Problems: pg. 46, #1-7

Lesson: Using the BIG Five
Video: Smart Car Test

	52
	Freefall
	Vertical motion, freefall, turning around
	Coffee filters, tennis balls, motion detector
	Video: Highest Sky Dive
Video: NASA Drop Tower
Video: Feather vs Ball


	53
	Acceleration of Gravity
	ag, freefall problem solving, multiple solutions, distance
	Stop watches, measuring tape
	Read: pg. 37-38, “Acceleration 

Near Earth’s Surface”

Problems: pg. 42 #1,2,5 using full GRASP

Lesson: Freefall Example
Lesson: Vertical Motion
Video: Drop Zone Freefall
Video: Freefall on Moon

	54

	Cart Project


	
	Stop watches, measuring tapes, tickertape timers
	Review: pg. 49 #1, 3, 5, 8, 9,  10, 13, 14, 15, 18, 19, 23 

Review: Kinematics (all questions are very good!)

Handbook: Graphing Review
Review: Graphing Summary

	
	
	
	
	


2-D Motion

	
	Topics
	Topics
	Materials
	Follow-Up

	55
	Two Dimensional Motion
	Displacement vectors in 2-D, scale vector diagrams, distance vs. displacement, speed vs. velocity
	Rulers, protractors
	Read: pg. 18-21, “Two Dimensional Motion”
Handbook: Vector Practice
Lesson: Writing Vectors
Lesson: Adding Vectors

	56
	Vector Adventure
	Adding vectors
	Rulers, protractors
	

	57

	Relative Velocity
Relative Velocity, continued
	Relative velocity, addition of velocity vectors
	Relative Velocity Video
Physics buggies, cloth
	Read : pg. 22-23 “Relative Motion”
Lesson: Relative Velocities 1
Lesson: Relative Velocities 2
Video: Shooting Soccer Ball
Video: Tennis Ball Launcher
Handbook: Relative Velocities Practice



	58
	Quiz on 2-D motion


	Graphing revisited
	
	

	59
	Mr. Elliott’s Misc.


	Derivations!
	
	

	60
	Mr. Elliott’s Misc.
	Chase problems
	
	

	61
	Mr. Elliott’s Misc.
	Projectiles
	
	

	62
	Mr. Elliott’s Misc.
	Projectiles
	
	

	63
	Mr. Elliott’s Misc.
	Work period
	
	

	64
	Test Kinematics
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SPH3U:  Introduction to Motion – Day 40
Welcome to the study of physics! As young physicists you will be making measurements and observations, looking for patterns, and developing theories that help us to describe how our universe works. The simplest measurements to make are position and time measurements which form the basis for the study of motion.

A: Uniform Motion
You will need a motorized physics buggy, a pull-back car, a large measuring tape and a stopwatch. 

1. Which object moves in the steadiest manner: the buggy or the pull-back car? How did you decide?
2. Excitedly, you show the buggy to a friend and mention how its motion is very steady or uniform. Your friend, for some reason, is sceptical. Describe some simple measurements (don’t do them!) you could make which would convince your friend that the motion of the buggy is indeed very steady. 
3. We call the motion of the buggy uniform motion. Use your ideas from the previous question to help write a definition for uniform motion. (Danger! Do not use the words speed or velocity in your definition!) When you’re done, write this on your whiteboard – you will share this later.
B: Tracking Motion – Position and Time
The purpose of this investigation is to track the location of a moving object. Use a physics buggy, large measuring tape and stopwatch.
1. Discuss with your group a process that will allow you to track the position of the buggy at various times. Draw a simple picture and illustrate the quantities to be measured. Describe this process as the procedure for your experiment.
Physicists define the position of an object that lies on a line as the distance between a reference point on the object and some other reference point, or origin, which is also on that line. Usually the position of an object along a horizontal line is positive along one side of the origin of the origin and negative if it lies on the other – but this sign convention is really a matter of choice. Choose your sign convention such that your position measurements will all be positive.

2. Push in your stools and conduct your experiment. Record your data below. 
	Position ( m)  
	
	
	
	
	
	
	
	

	Time (s)
	
	
	
	
	
	
	
	


3. Explain how you can tell just by looking at the data if the motion is uniform. 
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Plot your data on a graph. Make the following plot: position (vertical) versus time (horizontal).
5. The points should form a nearly straight line. Draw the best straight line that you can to represent your data. (Never draw a zig-zag pattern!) What does the straightness of the graph tell you about the motion?
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6. Calculate the slope of the graph and explain what the slope is describing about the object’s motion (please include the units!). Reminder: slope = rise / run.
7. Explain how you could predict (without using a graph) where would the ball be found 1.0 s after your last measurement.
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SPH3U: Interpreting Position Graphs – Day 41
Today you will learn how to relate position-time graphs to the motion they represent. We will do this using a computerized motion sensor.  The origin is at the sensor and the direction away from the face of the sensor is set as the positive direction. The line along which the detector measures one-dimensional horizontal motion will be called the x-axis.

A: Interpreting Position Graphs
1. (Work individually) For each description of a person’s motion listed below, sketch your prediction for what you think the position-time graph would look like. Use a dashed line for your predictions. Note that in a sketch of a graph we don’t worry about exact values, just the correct general shape. Try not to look at your neighbours predictions, but if you’re not sure how to get started, ask a group member for some help.

	(a) Standing still, close to the sensor
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	(b) Standing still, far from the sensor
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	(c) Walking slowly away from the sensor at a steady rate.
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	(d) Walking quickly away from the sensor at a steady rate.
	

	(e) Walking slowly towards the sensor at a steady rate
	
	(f) Walking quickly towards the sensor at a steady rate.
	[image: image34.wmf] 

Velocity (m/s)

 




2. (Work together) Compare your predictions with your group members and discuss any differences. Don’t worry about making changes. On a white board, quickly sketch your six predictions large enough so the whole class can see. 

3. (As a class) Your group’s speaker is the official “walker”. The computer will display its results for each situation. Record the computer results on the graphs above using a solid line. Note that we want to smooth out the bumps and jiggles in the computer data which are a result of lumpy clothing, swinging arms, and the natural way our speed changes during our walking stride.

[image: image35.emf]
4. (Work together) Explain the errors in the following predictions. 
	For situation (a) a students predicts:
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For situation (d) the student says: “Look how long the line is – she travels far in a small amount of time. That means she is going fast.”


5. Describe the difference between the two graphs made by walking away slowly and quickly.

6. Describe the difference between the two graphs made by walking towards and away from the sensor.

B: The Position Prediction Challenge
Now for a challenge! From the description of a set of motions, can you predict a more complicated graph? 

A person starts 2.0 m in front of the sensor and walks away from the sensor slowly and steadily for 6 seconds, stops for 3 seconds, and then walks towards the sensor quickly for 6 seconds.

1. (Work individually) Use a dashed line to sketch your prediction for the position-time graph for this set of motions. 
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2. (Work together) Compare your predictions. Discuss any differences. Don’t make any changes to your prediction. Once the group agrees on a prediction, quickly sketch it on the white board.

3. (As a class) Compare the computer results with your group’s prediction. Explain any important differences between your personal prediction and the results. 

C: Graph Matching
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Now for the reverse! To the right is a position-time graph and your challenge is to determine the set of motions which created it. 

1. (Work individually) Carefully study the graph above and write down a list of instructions that could describe to someone how to move like the motion in this graph. Use words like fast, slow, towards, away, steady, and standing still. If there are any helpful quantities you can determine, include them.

2. (Work together) Share the set of instructions each member has produced. Do not make any changes to your own instructions. Put together a best attempt from the group to describe this motion. Write up your instructions on the whiteboard to share with the class. 

3. (As a class) Observe the results from the computer. Explain any important differences between your predictions and the ones which worked for our “walker”. 

D: Exciting Curves
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Finally, let’s consider the graph below which curves! 
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1. Describe how to move to produce this graph – make your best attempt:

2. What is the general difference between motion that produces straight-line position-time graphs and motion that produces curved-line position-time graphs.
Homework.
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3. Predict the shape of and sketch a position-time graph for a person starting 0.40 m from a reference point, walking slowly away at constant velocity for 3.0 s, stopping for 4.0 s, backing up at half the speed for 5.0 s, and finally stopping.
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SPH3U: Defining Velocity – Day 42
To help us describe motion carefully we have been measuring positions at different moments in time.  Now we will put this together and come up with an important new physics idea.

A: Changes in Position - Displacement
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The position of an object changes when it moves from one place to another. If we imagine it moving along a straight line that we call the x-axis, we can note its two positions with the symbols x1, for the initial position and x2, for the final position.
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1. What is the position of x1 and x2 relative to the origin? Don’t forget the sign convention and units!

x1 = 


x2 = 

2. Did the object move in the positive or negative direction? How far is the end position from the starting position? Use a ruler and draw an arrow (just above the line) from the point x1 to x2 to represent this change.

The change in position of an object is called its displacement. The displacement can be found from the quantity: x2 - x1. The Greek letter delta (() means “change in” and always describes a final value minus an initial value. We will notate the change in position, or displacement, as (x (“delta x”). The displacement can be represented graphically by an arrow, called the displacement vector, pointing from the initial to the final position. Any quantity in physics that includes a direction is a vector.
3. Calculate the displacement of the object in the example above. Consider your answers to question A#2. What is the interpretation of the number part of the result of your calculation? What is the interpretation of the sign of the result?

(x = x2 - x1 = 

4. Displacement is a vector quantity. Is position a vector quantity? Explain.

5. Calculate the displacement for the following example. Draw a displacement vector that represents the change in position.



B: Changes in Position and Time
In a previous investigation, we have compared the displacement of the physics buggy with the amount of time taken. These two quantities can create an important ratio.

In uniform motion, the velocity of an object is a quantity that describes the displacement that occurs in one unit of time.

1. Write an algebraic equation for the velocity of a uniformly moving object in terms of v, x, (x, t and (t. (Note: some of these quantities may not be necessary.)

2. Suppose an object moves with uniform motion from x1 = 76 cm to x2 = 13 cm in 0.7 seconds. What is its velocity? Provide an interpretation for the sign of the result. 

In physics, there is an important distinction between velocity and speed. Velocity includes a direction while speed does not. Velocity can be positive or negative, speed is always positive. For uniform motion only, the speed is the magnitude (the number part) of the velocity: speed = |velocity|. There is also a similar distinction between displacement and distance. Displacement includes a direction while distance does not. A displacement can be positive or negative, while distance is always positive. For uniform motion only, the distance is the magnitude of the displacement: distance = |displacement|.
D: Velocity and Position-Time Graphs
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Your last challenge is to find the velocity of a person from a position-time graph. 


1. Explain how finding the velocity is different from simply finding the speed.

2. How can you determine the direction in which the person is moving? If you can, give two methods.

3. Determine the velocity of the person between:

a) 0 and 6 seconds:
b) 6 and 9 seconds:

c) 9 and 15 seconds:

Homework: Physics Math
Physics is written in the language of mathematics, so we need to be comfortable with our mathematical skills. 

A: Algebra

An important skill in physics is being able to isolate a variable in one of our common equations. This should always be done before you substitute any numbers into the equation to find an answer. A good example of this can be found in this video: http://youtu.be/lQ-dvt3V4yQ. The examples below present typical physics equations (and one you haven’t met yet!)
	1. Velocity: 

        v = ∆x /∆t

	Solve for displacement:
	Explain the algebraic steps:
	Describe how displacement depends on the time:



	2. Acceleration: 

        a = ∆v /∆ t
	Solve for the time:
	Explain the algebraic steps:


	Describe how the time to change velocity (i.e. speed up) depends on the size of the acceleration:

	3. Velocity:

     v = (x2 – x1)/∆ t
	Solve for x2:


	Explain the algebraic steps:


	Describe how the final position (x2) depends on the time during which an object is moving:


B: Scientific Notation

Numbers that are either very large or very small are more convenient to write using scientific notation. This notation is also useful for explicitly showing significant figures. Try few sample exercises to refresh your skills with these numbers. 

1. Rewrite each measurement using scientific notation. Remember – only the significant figures are used!

(a) 3 230 kg



(b) 1 400 000 m



(c) 0.0049 s

(d) 14.79 km/h


(e) 57 000 km



(f) 0.580 m/s
2. Rewrite each measurement using traditional decimal notation. 
(a) 5.7 x 103 m


(b) 1.703 x 106 s



(c) 2.998 x 108 m/s

(d) 3.2 x 10-3 m


(e) 1.02 x 10-2 kg



(f) 6.9 x 100 km/h
General Guideline for Significant Figures: When performing calculations, write the intermediate results with one extra significant figure and the final answer with no more significant figures than the piece of data with the least. This is a handy but very approximate rule of thumb. In university you will learn a mathematical system for determining the error in your calculated results which will replace this handy rule.

C: Calculation Skills
Make sure you can correctly use your calculator! Scientific notation is entered using buttons that look like the examples to the right. Try performing the following calculation yourself! Don’t forget to use the guideline for significant figures.
x1 = 1.37 x 105 m, x2 = 5.982 x 105 m, ∆ t = 8.3 x 103 s – Find v
SPH3U: Velocity-Time Graphs – Day 43

We have had a careful introduction to the idea of velocity. Now it’s time to look at its graphical representation.

A: The Velocity-Time Graph
A velocity-time graph uses a sign convention to indicate the direction of motion. We will make some predictions and investigate the results using the motion sensor. Remember that the positive direction is away from the face of the sensor.

1. (Work individually) Sketch your prediction for the velocity-time graph that corresponds to each situation described in the chart below. Use a dashed line for your prediction.

	Walking slowly away from the sensor at a steady rate.
	
	Walking quickly away from the sensor at a steady rate.
	

	Start 4 m away and walk slowly towards the sensor at a steady rate
	
	Start 4 m away and walk quickly towards the sensor at a steady rate.
	

	Start 2 m away and walk slowly towards the sensor.
	
	Standing still, about 2 m from the sensor
	


2. (Work together) Compare your predictions with your group members and discuss any differences. Don’t worry about making changes.  On a white board, quickly sketch your six predictions large enough so the whole class can see. 

7. (As a class) The computer will display its results for each situation. Draw the results with a solid line on the graphs above. Remember that we want to smooth out the bumps and jiggles from the data.

8. (Work together) Explain to your group members any important differences between your predictions and the results. Record your explanations here. 


9. What is the key difference between the graphs made by walking slowly and the ones made by walking quickly?

10. How are the velocity-time graphs different for motion away and motion toward the sensor?

11. What difference does the starting position have on the general shape of a v-t graph?

B: Prediction Time!
A person walks away from the sensor slowly and steadily for 6 seconds, stands still for 6 seconds, and walks towards the sensor steadily about twice as fast as before. 

1. (Work individually) Use a dashed line to draw your prediction for the shape of the velocity-time graph for the motion described above.


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2. (Work together) Compare your predictions with your group and see if you can all agree. Quickly sketch the group prediction on the whiteboard. 

3. (As a class) Compare the computer results with your group’s prediction. Explain to your group members any important differences between your personal prediction and the results. Record your explanations here.

4. Refer to the graph from part B. Draw two vector arrows to represent the velocity of our walker at 4 seconds and at 14 seconds, based the graph on the previous page. Label them v1 and v2. The exact length is not important here, just their relative sizes.


Homework:

1. A delivery van, parked 200 m[E] of a police car, moves to a position 600 m[E] of the police car in 18 s.  What was the average velocity of the delivery van in km/h?


2. An efficiency expert has been hired by a company to analyze the process of assembling the parts of a refrigerator.  The figure to the right shows the motion of an inspector on an automated assembly line.  Position zero is the start of the assembly line.

a) How far is the inspector from the starting point after 40.0s?

b) When is the inspector at a position of 150 m?

c) What is the inspector’s velocity during each of the lettered intervals?

d) What is the inspectors average velocity between 60 and 160 s?

SPH3U: Velocity Problem Solving – Day 44
Now that you have learned a bit about velocity, it’s time to learn a bit about problem solving.

A: How to Write a Clear Solution
Writing a mathematical solution is like writing an essay: your purpose must be clear, your facts must be straight, the logic of your argument must be carefully shown, and your final conclusion definitively stated. You should always write with an interested reader in mind – someone who does not know any physics, but is reasonably good at math. Consider the following solution: 

Givens: 







x1 = 60 m 



x2 = 80 m   

Required:
(t = ?

Approach:
v = (x/(t

Solution: 
Solve for time:



((t = (x/v



Find the displacement:



(x = x2 - x1 = 80 m – 60 m = 20 m



Calculate the time:



(t = (x/v  = (20 m)/(10.7 m/s) = 1.86 s

Paraphrase:
The runner took 1.9 s to the distance.
1. Take a few moments to study the solution presented above. Carefully describe what is happening in this problem.

2. What does the series of dots illustrate?

3. Pretend you are writing a problem for a physics textbook. Be creative! Write the original problem for the solution above. Write your problem on a whiteboard to share a bit later.
4. Based on what you see in the solution, describe what is involved in each step.

Givens:

Required:

Approach:

Solution:

Paraphrase:

The format for writing this solution is called “GRASP”. You should show all these steps (but you may leave out the labels!) whenever you are carefully writing a solution to a problem. 

B: Units and Conversions
When we say that something is 3 m long, what do we really mean? 

1. “3 metres” or “3 m” is a shorthand way of writing a mathematical calculation. You may not have thought about this before, but there is a mathematical operation (+, -, (, () between the “3” and the “m”. Which one is it? Explain.

Physics uses a standard set of units, called S. I. units, which are not always the ones used in day-to-day life. The S. I. units for distance and time are metres (m) and seconds (s). It is an important skill to be able to change between commonly used units and S.I. units. Do this using a conversion ratio. 

2. A student measures a weight to be 0.454 kg. He does a conversion calculation and finds a result of 1.00 lbs. He places a 0.454 kg mass on one side of a balance scale and a 1.00 lb mass on the other side. What will happen to the balance when it is released? Explain what this tells us physically about the two quantities 0.454 kg and 1.00 lbs.

3. There is one number we can multiply a measurement by without changing the size of the physical quantity it represents. What is that number?

The process of conversion between two sets of units leaves the physical quantity unchanged – the number and unit parts of the measurement will both change, but the result is always the same physical quantity, just described in a different way. To make sure we don’t change the actual physical quantity when converting, we only ever multiply the measurement by “1”. This means the conversion ratio must always equal “1”.  

0.454 kg = 0.454 kg 
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The ratio in the brackets is the conversion ratio. Note that the numerator and denominator are equal, making the ratio equal to “1”. It is often helpful to complete your conversions in the Givens step of your solutions.
4. Describe a handy way of remembering which quantity to put on the top and bottom of the conversion ratio. A hint comes from the markings and units in the example above.

Check with your teacher before proceeding

C: Time for Some Problems
1. Off to the Races Horses are to race over a certain English meadow for a distance of 4.0 furlongs. What is the race distance in units of (a) metres and (b) rods? (1 furlong = 201.168 m, 1 rod = 5.0292 m) 

(c) A horse runs at a speed of 0.053 furlongs/second. What is the horse’s speed in km/h.

2. A pitcher throws a fastball with a horizontal speed of 160 km/h. How long does the ball take to reach home plate 18.4 m away? Solve using GRASP. Hint: make your conversions at the givens step.
3. Usain Bolt ran the 200 m sprint at the 2008 Olympics in Beijing in 19.30 s. Assuming he was moving uniformly, what is his speed in km/h during the race?

Speed Poster Assignment
Conduct some brief research into the speed of an interesting, unusual thing. Create an attractive poster on an 8½”x11” page that: 

· has a catchy title

· dramatically illustrates the interesting moving thing (your own drawing or a found image)

· gives exciting speed facts in units of m/s, km/h and TJ/day (note 1 TroJan (TJ) = 160 m)

· shows the conversion calculations neatly at the bottom or sidebar

· shows the source for the information that your teacher can check if curious

	
	0
	1
	2
	3

	Interest
	Really not very interesting
	Kind of unusual
	Very interesting / novel
	

	Appearance
	No illustration, sloppy layout, title unclear
	basic illustration, layout hard to follow, messy, disorganized
	Good illustration, tidy layout, easy to read, prominent title
	Attractive illustration, eye-catching layout and title

	Speed Facts
	Non-existent or quite wrong
	Facts presented but with errors in notation or units
	Facts clearly presented with correct units
	

	Conversion Calculations
	Not present or contains fundamental errors
	Present but sloppy or missing important detail.
	Correct but may contain minor errors or omissions.
	Clearly and accurately presented, units carefully used


Marking – Total = 10 marks
SPH3U: Non-Uniform Motion – Day 45 + 46
Part A: Changing Velocity
A ball rolls from point A to point D on the tracks shown below. The length of each track and the time the ball takes to roll across that section of track is indicated.



Consider the following statement made by a student: “If I want the velocity of the ball on a segment of track, I just take that (x and divide by that (t. Velocity is just (x/(t.”

Segment AB
1. Do you agree with the statement when it is applied to this segment of track? Explain.

2. Calculate (x/(t for this segment.

3. Decide whether (x/(t represents the velocity of the ball at the start of the segment, at the end of the segment or both. Explain.

Segment BC
1. Do you agree with the statement when it is applied to this segment of track? Explain.

2. Calculate (x/(t for this segment.

3. Decide whether (x/(t represents the velocity of the ball at the start of the segment, at the end of the segment or both. Explain.

Segment CD
1. Do you agree with the statement when it is applied to this segment of track? Explain.

2. Calculate (x/(t for this segment.

3. Decide whether (x/(t represents the velocity of the ball at the start of the segment, at the end of the segment or both. Explain.

This example shows us that there is a problem with finding the velocity of an object that is moving non-uniformly. This turns out to be quite a serious problem!

Part B: Motion with Changing Speed
Now we will explore the motion of an object with changing speed. You will need a tickertape timer, a 1-metre piece of tickertape, a cart and an incline. Set-up the incline on your table with a small angle (about two textbooks). Make sure your cart does not hit the floor! Set-up the timer and tape just like your teacher’s example.
1. Begin by using the cart without the ticker tape. Let the cart start from rest (stopped). How would you describe the motion? Is it uniform or non-uniform?

2. Now run the motion again with the cart dragging the tape through the timer. Start the timer first! Examine your tape. How can you tell from the tape whether the motion is uniform or non-uniform?

3. The timer that made the dots strikes the ribbon every 1/60th of a second. Let’s say, at one point, your cart moved 1.7 cm in 1/60th of a second. How far would the cart move in: 2/60th of a second? 3/60th of a second? What are you assuming in order to predict this?

4. Just as in question #3, predict how far the object would move in:

a) 1 second
b) 1/120th of a second
Part C: Tickertape Analysis
1. Divide the tape into intervals of six spaces as shown.


(
(
(
(
(
(
(
(
(
(
(
(
(
2. The timer is constructed so that it hits the tape 60 times every second. What is the duration of each six-space interval; that is, how much time does each six space-interval take? Explain your reasoning.

3. Divide the total displacement by the total duration of the trip. Can this number be interpreted as the number of centimetres travelled each second? Explain.

4. Divide the entire trip on the ticker tape into two equal time intervals for the first and second halves of the cart’s motion. Will these two intervals have equal displacements? Explain. 

5. Measure the displacements and record your measurements in the first row of the table below. 

6. In our work with uniform motion, we have used the number of centimetres travelled in one second to tell us how fast an object is moving. A student might suggest: “Let’s just measure how far the object goes in each second since we can’t calculate it. That would tell us the speed.” Pick any one-second interval on the tape and compare the displacement during the first 0.5 seconds and the last 0.5 seconds of the interval. Record the displacements in the table.

7. Now focus your attention on just one of the 0.1-second (six space) intervals. (Choose an interval near the middle of the tape.) How does the displacement in the first 0.05 seconds of this small interval compare with the displacement in the last 0.05 seconds? Record your measurements. 

	Interval
	Displacement in first half
	Displacement in second half

	Whole motion
	
	

	One-second interval
	
	

	0.1-second interval
	
	


8. Use your measurements and your definition of uniform motion (from the first investigation) to support the statement: “Motion in a very small interval of time is very nearly uniform.”

9. Calculate (x/(t for the interval you used in question #6. Give an interpretation of this number in with reference to the size of the time interval and the statement in question #7.
10. Suppose you looked at a very small interval, say one millisecond. Would you expect the motion to be more or less uniform than during the 0.1-second interval? Explain.


D: Instantaneous Velocity
On the basis of the experiment and our analysis that we have conducted thus far, we now introduce a new concept: velocity at an instant. If we want to know the velocity of an object at a particular instant, what we need to do is look at a very small interval that contains that instant. It is convenient to have that instant be at the middle of the small interval. We must first make sure the interval is small enough that the motion is nearly uniform. We then measure (x, measure (t, and divide. The number obtained this way is the instantaneous velocity at the instant of interest. It will be represented by the symbol vinst or more commonly, just v. The magnitude of the instantaneous velocity is the instantaneous speed. From now on, the terms velocity and speed will always be understood to mean instantaneous velocity and instantaneous speed, respectively.

Suppose the instantaneous speed of an object is 45 cm/s in a small interval. We interpret this to mean that the object would travel 45 cm if it continued to move at the same velocity (without speeding up or slowing down) and if the motion continued that way for an entire second. 

When the interval chosen is not small enough and the motion is non-uniform, the ratio (x/(t gives the average velocity during that interval which is represented by the symbol vavg. 
1. Take a complete set of position and time data from your tickertape. Begin by marking on your tape the origin for all your position measurements. Explain how you chose this.

2. Use 0.1-second intervals and measure the position the cart from the origin to the end of the interval you are considering. 

3. Plot the data in a graph of position vs. time. Does a straight line or a smooth curve fit the data best? Explain.

	Time (s)
	Position (cm)
	

	0
	
	

	0.1
	
	

	0.2
	
	

	0.3
	
	

	0.4
	
	

	0.5
	
	

	0.6
	
	

	0.7
	
	

	0.8
	
	

	0.9
	
	

	1.0
	
	




Remind yourself – what does the slope of a position-time graph represent in the case of uniform motion?

4. What can we say about the slope of the graph in the case of non-uniform motion? What does this imply about the object’s speed?

E: Tangents and Velocity
If a graph is curved, it does not rise by the same amount for each unit of run. If we want to find out how much the graph is rising per unit of run at a particular point (instant), we must look at a small interval that contains the point. If the interval is small enough, the graph behaves much like a straight-line graph. We can then find the slope just as with a straight-line graph: the rise divided by the run. 

We interpret the slope as the rise per unit run the graph would have if the graph did not curve anymore, but continued as a straight line. This imaginary straight line is called the tangent to the graph at the point of interest. We then extend this straight line in both directions to form the tangent.

The slope of a position-time graph at an instant gives the instantaneous velocity at that instant.


Consider the graph shown to the right. Always calculate the slope of a curved graph by drawing the tangent, extending it a great distance on both sides of the point of interest, and choosing two points on the tangent that are far apart.

1. Calculate the slope of the tangent that is already drawn for you.

2. Draw a new tangent to the graph at 0.3 s. Determine the instantaneous velocity at 0.3 seconds. 
3. Return to your table of data in Part D. Title the third column “Velocity (cm/s)”. Use your data table to determine the instantaneous velocity of the fan cart at 0.2s, 0.5 s and 0.8 s. 
4. Draw a tangent to your graph at 0.5 s and use it to determine the instantaneous velocity. How does this compare with your table value?

Homework: Graph Conversion 
Each row in the chart below shows four representations of one motion. Remember that the motion diagram is a dot pattern. If the object remains at rest, simply “pile up” the dots. If it changes direction, use a separate line just above or below the first. See the example on the next page. Note in the motion diagrams the origin is marked by a small vertical line and a small arrow shows the starting point.






SPH3U:  The Idea of Acceleration – Day 47
A: The Idea of Acceleration
Interpretations are powerful tools for making calculations.  Please answer the following questions by thinking and explaining your reasoning to your partners, rather than by plugging into equations.  Consider the situation described below:
A car was traveling with a constant velocity 20 km/h. The driver presses the gas pedal and the car begins to speed up at a steady rate.  The driver notices that it takes 3 seconds to speed up from 20 km/h to 50 km/h. 
1. How fast is the car going 2 seconds after starting to speed up? Explain.
2. How much time does it take to reach a velocity of 75 km/h? Explain.
3. a) A student who is studying this motion subtracts 50 – 20, obtaining 30.  How would you interpret the number 30? What are its units?
b) Next, the student divides 30 by 3 to get 10. How would you interpret the number 30? (Hint: don’t use the word acceleration, instead explain what the 10 describes a change in. What are the units?)

B: Watch Your Speed!
Shown below are a series of images of a speedometer in a car showing speeds in km/h. Along with each is a clock showing the time (hh:mm:ss). Use these to answer the questions regarding the car’s motion.


1. What type of velocity (or speed) is shown on a speedometer? Explain.

2. Is the car speeding up or slowing down? Is the change in speed steady? Explain how you can tell.

3. Explain how you could find the acceleration of the car. Calculate this value and write the units as (km/h)/s.
4. A student exclaims, “Why are there two units for time, hours and seconds? This is strange!” Explain to the student the significance of the hours unit and the seconds unit. The brackets provide a hint.
C: Interpreting Motion Graphs

At right is the velocity versus time graph for a particular object.


1. What does the single point A indicate about the object?

2. Give an interpretation of the length labelled c.

3. Give an interpretation of the length labelled d.

4. Give an interpretation of the ratio d/c. How is this related to our discussion in part A?
5. Calculate the ratio d/c including units. Write the units in a similar way to question B#3
6. Use your grade 8 knowledge of fractions to show how to simplify the units of 
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SPH3U:  Calculating Acceleration – 47 cont’d
A: Defining Acceleration
The number calculated for the slope of the graph in part A of last class’s investigation is called the acceleration. The motions shown in parts A, B and C of that investigation all have the characteristic that the velocity of the object changed by the same amount in equal time intervals. When an object’s motion has this characteristic, we say that the object has constant acceleration. In this case, the total change in velocity is shared equally by all equal time intervals. We can therefore interpret the number Δv/(t as the change in velocity occurring in each unit of time. The number, Δv/(t, is called the acceleration and is represented by the symbol, a. 

a = Δv/(t, if acceleration is constant

In Gr. 11 physics, we only deal with situations in which the acceleration is constant. Acceleration can mean speeding up, slowing down, or a change in on object’s direction - any change in velocity qualifies!
1. We mentioned earlier that the “Δ” symbol is a short form. In this case, explain carefully what Δv represents using both words and symbols.
B: Problem Solving

1. Suppose an object is speeding up with constant acceleration. At t = 10 s, the object has velocity 4.6 m/s. At t = 90 seconds, the velocity is 8.2 m/s. Remember to do your algebra first!
a) What is the acceleration?

b) What is the velocity at t = 15 minutes?

In the previous example, if you did your work carefully you should have found units of m/s2 for the acceleration. It is important to understand that the two seconds in m/s/s (m/s2 is shorthand) play different roles. The second in m/s is just part of the unit for velocity (like hour in km/h). The other second is the unit of time we use when telling how much the velocity changes in one unit of time.
C: Making Sense of Algebra
Consider the following conversation among three physics students who are trying to do their homework.
Alan:
The most efficient way to solve physics problems is to find the right equation and plug in the right quantities.
Beatriz: It’s no use being fast if you end up being wrong.  The best way to solve a physics problem is to think it through in a way that makes sense.  Then, if you still have to do any equations after that, you can check that they agree with your thinking.
Carly:
It’s no use thinking if it doesn’t get you anywhere.  You shouldn’t expect physics problems to make sense all the time; sometimes, you need to just use the equations.
Which student do you agree with the most?  Explain your thinking.
D: A Few Problems
1. Hit the Gas! A car moving with a constant acceleration has a velocity of 5 km/h at t = 0 and a velocity of 30 km/h at t = 6 seconds. Complete all the following questions about this motion.

	a) Draw a motion diagram (dot pattern) for the problem and attach the known information.
	b) Sketch the velocity-time graph for this situation.




	c) Draw a velocity vector for v1 and v2.  Use a scale of 1 cm on the page represents 5 km/h of speed. How should their sizes compare?


	e) Find the velocity at t = 4 seconds. Explain your reasoning. Do not use algebra!




2. The Rattlesnake Strike The head of a rattlesnake can accelerate at 50 m/s2 in striking a victim. If a car could do as well, how long would it take to reach a speed of 100 km/h from rest?

	a) Draw a motion diagram for the problem and attach the known information.
	b) Sketch the velocity-time graph


	c) Complete the solution using the GRASP steps.


3. The Rocket A model rocket is initially at rest, is launched with an acceleration of (50 km/h)/s, and travels for an interval of time, (t. 
	a) Draw a motion diagram for the problem and attach the known information
	b) Sketch the velocity-time graph


	
	c) Create an algebraic expression for the final velocity of the rocket after an interval of time, ( t.

	
	d) The rocket travels for a time interval of 7.5 s. What is its final velocity?


SPH3U: Speeding Up or Slowing Down? – Day 48
There is one mystery concerning acceleration remaining to be solved. Our definition of acceleration, (v/(t, allows the result to be either positive or negative, but what does that mean? Today we will get to the bottom of this.

Part A: The Sign of the Acceleration
Consider this situation: A bicycle accelerates uniformly from a velocity of -3.0 m/s to a velocity of -7.0 m/s. Note that it is always moving in the negative direction, or west, for example. This change in velocity takes 10 s.

1. Without making the acceleration calculation, explain what the sign of the bicycle’s acceleration will be.

2. (work individually) The sign of the acceleration is not easy to interpret. Consider the four velocity-time graphs below. For each graph indicate: the sign of the velocity, whether its magnitude (speed) is getting larger or smaller, the sign of the acceleration, whether the object is speeding up or slowing down. Try each row individually and then compare your results with your group members.
	
	Graph
	Sign of Velocity
	Magnitude of

Velocity
	Sign of Acceleration
	SU or SD?

	1
	

	
	
	
	

	2
	

	
	
	
	

	3
	

	
	
	
	

	4
	

	
	
	
	


3. Which graph corresponds to the bicycle example we started with? Explain.

4. Which quantity from the chart tells us the direction of motion of the object? Explain.

Now let’s try to interpret the sign of the acceleration carefully. Acceleration is a vector quantity, so the sign indicates a direction. This is not the direction of the object’s motion! To understand what it is the direction of, we must do some more work.
5. Can we convincingly state that if the acceleration is positive the object is speeding up? What about a negative acceleration and slowing down?

6. What conditions for the acceleration and velocity must be true for an object to be speeding up? To be slowing down?

Always compare the magnitudes of the velocities, the speeds, using the terms faster or slower. Describe the motion of accelerating objects as speeding up or slowing down and state whether it is moving in the positive of negative direction. Other ways of describing velocity often lead to ambiguity and trouble! Never use the d-word, deceleration - yikes! Note that we will always assume the acceleration is uniform unless there is a good reason to believe otherwise.

Part B: Speeding Up and Slowing Down on Position-Time Graphs
Our final step in understanding this business of speeding up and slowing down is their representation in a position-time graph. Consider the position-time graph shown below which represents the motion of a cart with a fan attached to it. The fan gives a steady, gentle push which changes the velocity of the cart.


1. Use the two tangents to the graph to help you to explain whether the cart is speeding up or slowing down in this example.


2. What are the directions of the velocity and acceleration? Explain how you can tell.


Your teacher will set-up a cart with a fan on a dynamics track and use a motion detector to help create a position-time and velocity-time graph for four different situations. 

3. (work individually) For each example (each column), use a dashed line to sketch your prediction for the position-, velocity-, and acceleration-time graphs that will be produced. Complete each example individually and then compare your predictions with the group.  Note: It may be easiest to start with the v-t graph and the acceleration-time graph is new! 

	
	1
	2
	3
	4

	Description
	The cart is released from rest near the motion detector. The fan pushes away from the detector.
	The cart is released from rest far from the detector. The fan pushes towards the detector.
	The cart is moving away from the detector. The fan pushes towards the detector.
	The cart is moving towards the detector. The fan is pushing away from the detector.

	Position graph
	

	

	

	


	Velocity

graph
	

	

	

	


	Acceleration

graph


	
	
	
	

	Slowing down or speeding up?
	
	
	
	

	Fan Cart Diagram and Force

	
	
	
	


4. Use your chart to help explain what the sign of the acceleration represents.
Homework: SU/SD 
1. Answer the following questions based on the graph. Provide a brief explanation how you could tell.


a) At what times, if any does the object have a positive acceleration and a negative velocity?

b) At what times, if any does the object have a negative acceleration and a positive velocity?

c) At what times, if any, was the acceleration zero?

d) At what times, if any, was the object speeding up?

e) At what times, if any, was the object slowing down?

f) At what times, if any, did the object sit still for an extended period of time?

g) Overall, is the motion in the graph an example of uniform or nonuniform acceleration?


2. Answer the following questions based on the graph. Provide a brief explanation how you could tell. At which of the lettered points on the graph below: 
a) is the motion slowest?

b) is the object speeding up?

c) is the object slowing down?

d) is the object turning around?

3. A car’s velocity changes from +40 km/h to +30 km/h in 3 seconds. Is the acceleration positive or negative? Find the acceleration.

4. At the beginning of a half-hour time period, a snail is moving at -3.0 mm/s. The snail then slows down, turns around and starts heading back in the opposite direction at +1.0 mm/s. Is the acceleration positive or negative? Find the acceleration.


SPH3U: Area and Averages – Day 49
A graph is more than just a line or a curve. We will discover a very handy new property of graphs which has been right under our noses (and graphs) all this time!
A: Looking Under the Graph
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


A car drives along a straight road at 20 m/s. It is straight-forward to find the displacement of the car between 5 to 20 seconds. But instead, let’s looks at the velocity-time graphs and find another way to represent this displacement.
1. Explain how to calculate the displacement of the car the familiar way.

Now let’s map out that calculation visually - on the graph. There are two important quantities to represent – the velocity and the time interval.
2. Draw a horizontal line along the time axis of the graph that spans the time interval during which the car was moving. 
3. Draw two vertical lines parallel to the velocity axis starting from the time axis and going to the line of the graph – this represents the velocity at the start and end moments (almost like a bar graph).

4. You have now constructed a shape which we can imagine located between the time axis and the line of the graph. What shape is formed? Shade in the shape on the graph. What characteristic of the shape could you easily calculate since you know the “length” of its two sides?

5. Perform this calculation for the area shaded in your graph.  Be sure to show the proper physics units for each quantity used. What quantity does the final result represent?

You can imagine the line along the velocity axis travelling horizontally along the time interval and “sweeping out” an area corresponding to the car’s displacement. In our example above, the larger the time interval, the greater the area that is swept out.

The area under a graph of velocity verses time for an interval of motion gives the displacement during that interval. Both velocity and displacement are vector quantities and can be positive or negative depending on their directions. According to our usual sign convention, areas above the time axis are positive and areas below the time axis are negative.

B: Kinky Graphs
Here’s a funny-looking graph. It has a kink or corner in it. What’s happening here?


1. What characteristic of the graph is steady before the kink, steady after the kink, but changes right at the kink? What has happened to the motion of the object?

At exactly t = 0.5 seconds we cannot tell what the slope is – it is experiencing an abrupt change. 

2. Sketch a velocity-time graph for this same motion.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


To indicate a sudden change on a physics graph like the one above, use a dashed vertical line. This indicates that you understand there is a sudden change, but you also understand that you cannot have a truly vertical line.

3. What would a vertical line segment on a v-t graph mean? Is this physically reasonable? Explain.

4. Explain how to calculate the area under the v-t graph above. Find this result. Explain how to use the position-time graph to confirm your result.

5. We can perform a new type of calculation by dividing the area we found by the time interval. Carry out this calculation and carefully show the units. 

6. What type of velocity did you find from the previous calculation? How does it compare with the values in the v-t graph? Overall (during the entire time interval), is motion of the object uniform of nonuniform? 

Part C: Average Velocity
Earlier in this unit, we noted that the ratio, (x/(t, has no simple interpretation if the motion of the object is nonuniform. Since the velocity is changing during the time interval, this ratio gives an average velocity for that time interval. One way to think about it is this: (x/(t is the velocity the object would have if it moved with uniform motion through the same displacement in the same amount of time.

1. Use the interpretation above to help you draw a single line (uniform motion) on the d-t graph above and show that its slope equals the average velocity for that time interval. Show your work on the graph.


2. Use the same process to find the average velocity of the object in the graph to the right from t = 2 to t = 7 seconds. Show your work below.

3. Explain how, in two simple steps, you would find the average velocity for any interval on any position-time graph.



SPH3U: The Displacement Problem – Day 50
Now we come to a real challenge for this unit. A car is travelling at 60 km/h along a road when the driver notices a student standing in the middle of the road, 34 m ahead. He slams on the brakes of the car which slows the car at a rate of 7.7 m/s2. Does the car hit the student?

A: Modelling Displacement for Uniform Acceleration
1. What are the three important events or moments that occur in this problem?

2. In the video, two separate distances make up the stopping distance: the reaction distance and the braking distance. Describe what these are and how the car moves during each.

To model the car, we make two important assumptions: First, the object in question will be modelled as a point particle – essentially a tiny blob with the same mass as the actual vehicle. Second, the acceleration experienced by the car will be uniform. If either of these assumptions is not realistic enough, our calculations won’t give reliable results. 

Our goal is to find a displacement value for the situation of uniform acceleration. One major problem is that we have no equations that relate (x to changing velocities. Luckily for us, we do know how to relate these quantities using graphs, and from that we can create new equations! Get ready!

B: Relating Graphs to Equations
Consider the following graph which shows an example (different from the car example above) of uniformly accelerated motion. We will use it to find the displacement between the times t1 and t2. This looks tricky, but notice that the area can be split up into two simpler shapes.

1. What is the height and the width of the rectangle? Use these to write an expression for its area using kinematic symbols.

2. What is the height and width of the triangle? Write an expression for its area.
3. Explain why (v = a(t. Use this to write down a new expression for the area of the triangle that does not use (v.
4. The total area represents the displacement of the object during the time interval. Write a complete expression for the displacement.
The equation you constructed in question B#4 is one of the five equations of uniform acceleration (affectionately known as the BIG five). Together they help relate different combinations of the five kinematic variables: (x, a, v1, v2 and (t. You have encountered one other BIG five so far, (in a disguised form) the definition of acceleration: a = (v/(t. Recall that this equation was also constructed by analyzing a graph! With a bit more algebraic work, which we won’t ask you to do here, you can use these two equations to create another one: v22 = v12 + 2a(x. This is the equation we will use as part of the solution to our problem.
C: Our Solution
People are often distracted while driving and are certainly not ready for the sudden appearance of a person on the road. We estimate the reaction time of the driver (the time from seeing the person to hitting the brake) to be 1.4 seconds.

1. Draw a motion diagram (dot pattern) for this problem. Sketch a velocity-time graph for the entire problem. Label the three important events on both diagrams. 



2. When problem solving, the more carefully we show our given information, the better odds we have of solving the problem. Attach the givens to the appropriate moments of time or time intervals on your motion diagram. 
3. Always check: are any of the vector quantities in the negative direction? Make sure you include the minus sign!
4. Which kinematic quantities should we solve for in order to answer the problem? Show these on the diagram.
5. Complete the remaining GRASP steps below.
6. To decide whether our model is reasonable, we need to verify it against actual measurements. Based on the results in the video, how did our model do?

Displacement Problem Homework

1. How fast was the car moving when it struck the student? (Hint: Use the same equation as in D#4 but remember that we know how far the car is from the student when the car begins to brake.)

2. Stopping a Muon A muon (a subatomic particle) moving in a straight line enters a region with a speed of 5.00 x 106 m/s and then is slowed down at the rate of 1.25 x 1014 m/s2. How far does the muon take to stop? (Don’t forget to use GRASP and include a motion diagram with all your solutions!)

3. Taking Off A jumbo jet must reach a speed of 360 km/h on the runway for takeoff. What is the smallest constant acceleration needed to takeoff from a 1.80 km runway? Give your answer in m/s2
4. Shuffleboard Disk A shuffleboard disk is accelerated at a constant rate from rest to a speed of 6.0 m/s over a 1.8 m distance by a player using a cue. At this point the disk loses contact with the cue and slows at a constant rate of 2.5 m/s2 until it stops. What total distance does the disk travel?
SPH3U: The BIG Five – Day 51
Last class we found three equations to help describe uniformly accelerated motion. A bit more work along those lines would allow us to find two more giving us a complete set of equations for the five kinematic quantities.

Part A: The BIG Five – Revealed!
 Here are the BIG five equations for uniformly accelerated motion. As part of your homework tonight memorize these!

	The BIG Five
	v1
	v2
	(x
	a
	(t

	v2 = v1 + a(t
	
	
	
	
	

	(x = v1(t + ½a(t2 
	
	
	
	
	

	(x = v2(t - ½a(t2
	
	
	
	
	

	(x = ½(v1 + v2)(t 
	
	
	
	
	

	(v2)2 = (v1)2 + 2a(x
	
	
	
	
	


1. Fill in the chart with ( and ( indicating whether or not a kinematic quantity is found in that equation.

2. How many quantities are related in each equation?

3. If you wanted to use the first equation to calculate the acceleration, how many other quantities would you need to know?

4. Define carefully each of the kinematic quantities in the chart below.

	v1
	

	v2
	

	(x
	

	a
	

	(t
	


5. What condition must hold true (think of our model) for these equations to give reasonable or realistic results?

Part B: As Easy as 3-4-5
Solving a problem involving uniformly accelerated motion is as easy as 3-4-5. As soon as you know three quantities, you can always find a fourth using a BIG five! Write your solutions carefully using the GRASP process. The Givens step will help you identify three quantities, the Required step will help you identify the fourth, and the Approach step is where you write your BIG five equation. Use the chart to help you choose a BIG five.

Here are some sample situations that we will use the BIG five to help describe. 

Problem 1

A traffic light turns green and an anxious student floors the gas pedal, causing the car to acceleration at 3.4 m/s2 for a total of 10.0 seconds. We wonder: How far did the car travel in that time and what’s the big rush anyways?

	Draw a motion diagram of the situation, label the two events involved and attach the given information.


Event (:

Event (:
	Sketch a velocity-time graph for the problem




1. Sometimes students get stuck and say, “I am given only two numbers, the acceleration and time. I need three to solve the problem. I’m stuck!” Explain how to help the student. 
Complete the remaining GRASP steps and solve this problem.
Problem 2
An automobile safety laboratory performs crash tests of vehicles to ensure their safety in high-speed collisions. The engineers set up a head-on crash test for a Smart Car which collides with a solid barrier. The engineers know the car initially travels at 100 km/h and the car crumples 0.78 m during the collision. The engineers have a couple of questions: How much time does the collision take? What was the car’s acceleration during the collision?
	Draw a motion diagram of the situation, label the two events involved and attach the given information.



Event (:

Event (:
	Sketch a velocity-time graph for the problem




Complete the remaining GRASP steps and solve this problem.
Problem 3
Speed Trap The brakes on your car are capable of slowing down your car at a rate of 5.2 m/s2. You are travelling at 137 km/h when you see a cop with a radar gun pointing right at you! What is the minimum time in which you can get your car under the 100 km/h speed limit?
GRASP solution (always include a motion diagram!)
SPH3U: Freefall – Day 52
One of the most important examples of motion is that of falling objects. When an object is tossed or dropped we say that it is in freefall.
Part A: Predicting Falling Motions
1. Predict how a rubber ball would fall in as much detail as possible. Be sure to describe if the motion changes part way through. Explain the reasons for your predictions.

2. Predict how a coffee filter would fall in as much detail as possible. Be sure to describe if the motion changes part way through. Do you think the filter will fall more slowly or more rapidly than the rubber ball? Explain the reasons for your predictions.

3. Now predict how the coffee filter would fall if it is crumpled into a little ball. Be sure to describe if the motion changes part way through. Do you think the crumpled filter will fall more slowly or more rapidly than the rubber ball? Explain the reasons for your predictions.

Get a ball and coffee filter, drop them and see what happens. Be sure to try the ball and crumpled filter at the same time.

4. Describe your observations. How did they compare with your predictions? Offer a new explanation if your observations differed from your predictions.

Part B: Describing how Objects Rise and Fall
1. Toss the ball straight up a couple of times and then describe how you think it might be moving when it is moving upwards. Some possibilities include: (a) rising at a constant velocity; (b) rising with an increasing acceleration; (c) rising with a decreasing acceleration; or (4) rising at a constant acceleration. What do you think and why?


2. Describe how you think the ball might be moving when it is moving downwards. Some possibilities include: (a) falling at a constant velocity; (b) falling with an increasing acceleration; (c) falling with a decreasing acceleration; or (d) falling at a constant acceleration. What do you think and why?

3. Do you expect the acceleration when the ball is rising to be different in some way than the acceleration when the ball is falling? Why or why not?

4. What do you think the acceleration will be at the moment when the ball is at its highest point? Why?

Part C: Analyzing the Motion of a Tossed Ball
As a class, observe the motion of the tossed ball using the motion detector attached to the ceiling. 

1. (as a class) In the sketch of the apparatus indicate the physical location of the origin used for the detector measurements. Use an arrow to indicate which direction is positive.

2.  (individually) The ball with travel up towards the detector and back down. Use a dotted lie to sketch a your prediction for the position-time graph for this trip.


3. (as a class) Observe the results from the computer. Carefully sketch a position-time graph for the vertical motion. Note that we will use the symbol y for positions along a vertical or y-axis.

4. Label the portion of the graph that represents upwards motion, downwards motion and the highest point in its trip. Indicate in which portions the velocity positive, negative, or equal to zero.

5. Now consider a velocity-time graph for the ball. Indicate on the velocity axis which direction is positive.

6. (individually) Use a dotted line to sketch a prediction for the velocity-time graph.

7. (as a class) Sketch a velocity-time graph for the tossed ball based on the computer results. 

8. Label the portion of the graph that represents upwards motion, downwards motion and the highest point in its trip. Indicate in which portions the velocity positive, negative, or equal to zero. 

9. Do these observations confirm your prediction regarding the nature of the upwards motion? Explain.

10. Do these observations confirm your prediction regarding the nature of the downwards motion? Explain.

11. Is the ball’s acceleration as it rises the same or different from its acceleration as it falls? What do you conclude about the acceleration of a tossed ball?

12. Many people are interested in what happened when the ball “turns around” at the top of its trip. Some students argue that the acceleration at the top is zero; others think not. What do you think happens to the acceleration at this point? Use the v-t graph to help explain.
SPH3U: The Acceleration Due to Gravity – Day 53
Last class we saw that an object in freefall accelerates uniformly due to gravity when air resistance is not a large factor.

A: The Acceleration Experiment
We need to find out what the rate of acceleration is and what that rate might depend upon. Each group will choose a test object, make measurements, calculate the acceleration of the object and as a class we will compare the results.

1. Choose an object to drop down the stairwell. We want to measure the acceleration of gravity and minimize other effects that might get in the way. Describe your object and mention why it is suitable for our investigation.

2. Draw the set-up for your experiment, indicate and label all the quantities you will measure. Show your sign convention and coordinate system.

3. Briefly describe how you will carry out the experiment.

4. Collect your equipment, conduct the experiment and record all your measurements here.

5. Show your calculations here.

6. State a final result. Record this result on the blackboard for the class discussion.

Part B: The Freefall Problem
Timothy, a student no longer at EDSS, has very deviously hopped up on to the roof of the school. Emily is standing below and tosses a ball straight upwards to Timothy. It travels up past him, comes back down and he reaches out and catches it. Tim catches the ball 6.0 m above Emily’s hands. The ball was travelling at 12.0 m/s upwards, the moment it left Emily’s hand. We would like to know how much time this trip takes.
1. Draw a motion diagram along the ball’s path (the curve in the drawing). Indicate the origin for position measurements and draw a sign convention where upwards is positive. Label the important events and attach the given information.
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2. Sketch a position-time graph and a velocity time graph for the ball. Make sure the two graphs line-up vertically. Draw a single dotted vertical line through both of them indicating the moment when the ball is at its highest. Label the important events on the graphs.
3. We would like to find the displacement of the ball while in freefall. Some students argue that we can’t easily tell what the displacement is since we don’t know how high the ball goes. Explain why it is possible and illustrate this displacement with an arrow on the diagram.

The total length of the path traveled by an object is the distance. The change in position, from one event to another is the displacement. Distance is a scalar quantity and displacement is a vector quantity. For uniform motion only, the magnitude of the displacement is the same as the distance.
4. The BIG 5 equations are valid for any interval of motion where the acceleration is uniform. Does the ball accelerate uniformly between the two events you chose? Explain. 
5. Choose a BIG five. Substitute the values and solve for the unknown. Note that you will need the quadratic formula to do this!: 
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 For convenience you may leave out the units for the quadratic step.

Required, Approach, Solution

6. Now we have an interesting result or pair of results! Why are there two solutions to this problem? How do we physically interpret this? Which one is the desired solution? Explain using a simple sketch.

7. State your final answer to the problem.

Paraphrase
8. How high does the ball travel above Emily? Solve this using GRASP.

SPH3U: The Great Physics Cart Contest! – Day 54
Your task is to design a car-like device that will roll along the school hallway when released from rest.

The Contest:

1. Each cart will have three trials for judging.

2. The carts will compete in one of the following categories (you choose)

a) Fastest (shortest time for a 5 m race)

b) Furthest distance

c) Stop on a line at a designated distance of 3 m away.

Design Criteria:

1. The cart must fit in your locker.

2. It must have a minimum of 3 wheels

3. The cart must be made of recycled or reused materials and not from pre-made toy cars.

4. The cart must be powered by one of two methods: the energy stored in a mouse trap or an elastic band.

5. The cart must start on its own when released from a stationary position.

Groups: 

This project may be done individually or in a pair. If this project is done as a pair, your group must complete the group work form on the opposite page.  

Performance Analysis Report:

Your Performance Analysis Report will include a position-time graph for your cart based on the data you take from a ticker-tape timer. From your graph, determine your cart’s maximum speed. You will also time your car and give its average velocity for a 1 m trip, 2 m trip and 3 m trip. Your graph, measurements and calculations will constitute your performance report (only 1 or 2 pages in total!)

Advertisement:
To brag about your car and its results you must make a full page advertisement (8½ x11 in size) that shows your car and mention at least one exciting competition result or piece of analysis.
Schedule:

Build your car as soon as you can! Two class periods are scheduled to conduct your analysis and compete. The cart will be handed-in on the last day of testing. The report and advertisement are due the class after the test.

Examples:

http://en.wikipedia.org/wiki/Mousetrap_car
Please submit this page with your project!

You may not use the school shop for this project
SPH3U: The Great Physics Cart Contest!
Group Members:






Total Mark:

Quality and Design – How well built and designed is the cart? (10 marks)

	0 – 4

Car barely functional, poorly designed, falls apart
	5 - 6

Car has basic function, wheels well-attached, energy source adequate
	7 - 8

Car rolls well, wheels aligned, good use of materials, reliable energy source
	9 - 10

Car rolls very smoothly, clever use of materials, sturdy, powerful energy source, very consistent


Performance - How did it perform in a competition? (5 marks)

	0 – 2

Did not complete an event
	3

Completed an event with adequate score
	4 

Completed an event with a good score
	5

Completed or won an event with an outstanding score


Advertisement – Does it grab your attention? (5 marks)

	0 – 2

Important information missing, messy, little visual appeal
	3

Basic, neat layout, contains required information
	4

Interesting design and presentation, good use of information
	5

Clever design and layout, eye catching, excellent use of information


Performance Analysis Report – Does it show a complete and accurate analysis? (5 marks)

	0 – 2

Important results missing or incorrectly completed
	3

Graph adequate, basic results shown, minor errors
	4

Neat, easy-to-read labelled graph, results carefully shown including units
	5

Clear presentation of all analytical results


Group Work Form

Indicate with a checkmark which parts of the project each member worked on. Some parts may be shared.

	
	Name:
	Name:

	Cart construction (include roughly how much time each)
	
	

	Ticker-tape measurements
	
	

	Timing measurements
	
	

	Position-time graph
	
	

	Analysis calculations
	
	

	Advertisement
	
	


SPH3U: Graphing Review
This exercise will help you put together many of the ideas we have come across in studying graphical representations of motion. Before completing the table, examine the sample entries and be sure you understand them. Note that some information may be found on both graphs. Now fill in the missing entries in the table below – describe how you find the information. 
How to get information from motion graphs

	Information sought
	Position-time graph
	Velocity-time graph

	Where the object is at a particular instant
	
	

	The object’s velocity at an instant
	
	

	The object’s acceleration (if constant)
	Can’t tell
	Compute the slope

	Whether the motion is uniform


	
	

	Whether the object is speeding up
	Check whether the curve is getting steeper
	

	Whether the object is slowing down
	
	

	Whether the acceleration is constant
	
	

	The object’s change in position
	
	

	The object’s change in velocity
	
	




SPH3U: Two-Dimensional Motion – Day 55

The main model of motion we have developed so far is uniform acceleration in a straight line. But the real world can be much more complex than this! When we walk, bike or drive, we change directions, hang a left, or go west. These are examples of two dimensional motion, or motion in a plane.

A: Let’s Take a Walk
When depicting two-dimensional motion we use vector arrows to represent each step in our journey. These vectors are drawn according to a scale and a coordinate system. You will need a ruler and protractor for this investigation.
1. Your friend walks 7 m south and then 5 m east. Illustrate this using two vector arrows, one after the other. 

2. Remind yourself: What is the definition of displacement? Write it here.

3. Draw a single vector arrow which represents the total displacement for your friend’s entire trip. 
4. Roughly speaking, in what direction does this new vector point? Explain how to use the diagram to determine the direction very carefully. Determine this now.

5. Explain how to use the diagram to determine how far your friend is from her starting point. Determine this now.

Writing down vectors in two dimensions becomes tricky. Our simple technique of using sign conventions will not easily work. We now use a special vector notation. Imagine someone travels 3.5 m in a direction North and 30o to the West. We will record this by writing:  ∆d = 3.5m [30oW of N]. The symbol 
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 with an arrow signifies a displacement (a change in the position vector). The number part, 3.5 m, is called the magnitude of the vector. The angle that is used is always between zero and 45o, and is measured at the tail of the vector.
6. Label the three vectors in your diagram as 
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 following the example described above including the magnitude, unit and direction. 
7. The vector diagram we have drawn above is actually a picture of an equation where two quantities added together give a third quantity, the total. Write down the equation represented by your diagram.
Note that whenever vectors are added together to give a total, they are drawn tip to tail, just as you have done above.
Part B: Distance Verses Displacement, Speed Verses Velocity
1. Remind yourself: What is the definition of distance? Write it here.

2. Determine the total distance your friend travels. Compare this with the magnitude of the total displacement. Explain why these quantities are different.

3. Give an example of a situation where the displacement of an object is zero, but the distance is not. Draw a diagram to help explain why.

4. We want to calculate your friend’s velocity during this trip. What type of velocity will this be: instantaneous or average? Explain.

5. Remind yourself: What is the definition of average velocity? What is the definition of average speed? Write these here.

6. Your stopwatch shows that it took your friend 11.0 seconds to make her trip. Calculate her average velocity and her average speed. Use the new vector notation for the velocity calculation.
SPH3U: Vector Practice
1. Draw each vector to scale, each starting at the origin of the coordinate system. 

	



	


	
[image: image7.wmf]=

A

r

10 m [E]


[image: image8.wmf]=

B

r

25 m [30oW of N]


[image: image9.wmf]=

C

r

42 m [10o E of S]


[image: image10.wmf]=

D

r

35 m [20o W of S]


[image: image11.wmf]=

E

r

32 m [10o E of N]
	
[image: image12.wmf]=

A

r

15 km [D]


[image: image13.wmf]=

B

r

20 km [45oL of U]


[image: image14.wmf]=

C

r

50 km [15o U of R]


[image: image15.wmf]=

D

r

28 km [30o D of L]


[image: image16.wmf]=

E

r

31 km [10o U of R]


2. Measure each vector according to the scale and coordinate system.

	







	


3. Find the total displacement for each trip by adding the two displacement vectors together tip-to-tail. Complete the chart assuming the whole trip took 1 h. Use the scale 1 cm = 10 km. Don’t worry if your vectors go outside the boxes!

	Vectors
	Diagram
	Total Displ.
	Total Dist.
	Avg. Velocity
	Avg. Speed

	40 km [E]

30 km [E]


	
	
	
	
	

	40 km [E]

30 km [N]


	
	
	
	
	

	40 km [E]

30 km [W]


	
	
	
	
	

	40 km [E]

30 km [30oNofE]


	
	
	
	
	

	40 km [E]

30 km [40oSofW]


	
	
	
	
	


SPH3U: The Vector Adventure – Day 56
Mission

Your mission, should you choose to accept it (and you do), is to find the displacement and time for a trip from the threshold of the classroom to each location. 

Proof

As proof you (meaning each person) must construct a scale diagram for each path leading to the goal. 

· Draw all paths one sheet of graph paper, starting at the same point.

· Make sure all final destinations will fit on the paper.

· Clearly show your coordinate system and scale (in metres).

· Each vector in the path must be accurately labeled.

· The total displacement should be drawn in a different colour, measured carefully and labeled.

· Time your walk back to the start.

	Destination
	(d
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· Create a chart on the reverse side of your diagrams giving the total distance, displacement, time, average speed and average velocity.

Tricks

· To simplify distance measurements, you will need to calibrate your steps.  Walk 20 paces, measure the total distance then find the average for each step.  Bring a metre stick.  Stairs are a pain – Just count the horizontalness of stairs not the verticalness.  We do not want to deal with 3-D vector addition.  Make sure you convert your measurements to metres when constructing your diagrams and labeling them.

· You may assume that the hallway by the classroom is aligned due North. Sometimes there is more than one way to reach a certain destination, one being easy the other hard. Choose the easy one.

· This mission is all about accuracy. Make careful measurements. Draw your scale diagrams accurately.

 Record the vectors in your path here:
	Destination
	Path
	Time

	A: Guidance Office Door

	
	

	B: Cafeteria door

	
	

	C: Science Office door

	
	

	D: Library door

	
	


SPH3U: Relative Velocity – Day 57
A: The Tennis Ball Launcher!
1. In our video, we see a tennis ball launcher set-up in the back of a pick-up truck. The launcher can shoot tennis balls at 100 km/h. The truck will drive in the opposite direction at 100 km/h. When launched, how will the ball appear to move to a person standing beside the road? Justify your prediction.
B: Describing Relative Motions
For this investigation, you will need one piece of cloth and a physics buggy. 
1. Place the stopped buggy on the cloth. Pull the cloth along the table. When you pull the cloth, be sure to hold it by two corners. Buggies must not fall to the floor! Two of your friends make seemingly contradictory observations: “The buggy is clearly moving” and “the buggy remains at rest”. Explain how each is correct, from a certain point of view.
When motion can result from more than one cause (for example, the buggy’s motor and the pulled cloth) then we must talk about the relative motion of the situation. We must describe how one object is moving relative to another object. 

2. For the previous situation, describe the motion of the buggy relative to the table and the cloth. Describe the motion of the cloth relative to the table. 
To label the velocities of an object involved in relative motion we will use a new notation. The symbol, 
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3. Write down the relative velocity symbols for the three possible velocities in the situation of a buggy moving on cloth moving on a table. Use the symbols b for buggy, c for cloth and t for table. State in words the meaning of each symbol.

C: Combining Motions
Use colourful chalk to draw a starting point on the cloth near one end. In this next part we will make a series of predictions and test them using the buggy on the cloth. For each situation we will consider:
a) Draw two separate vector arrows that represent the velocity of the cloth and the velocity of the buggy on the cloth. Label these. Estimate the length of the vectors.
b) Predict how the buggy will move relative to the table. Give a simple description.
c) Try it out. Pull your cloth along with the moving buggy. Make sure someone is ready to catch it. Don’t let the buggy fall!
d) Observe how the buggy moves relative to the floor. Draw and label a velocity vector that represents this (the resultant velocity). How does this compare with your prediction?

1. In the first situation, the buggy will point in the same direction as the cloth’s motion and you will pull the cloth at a speed a bit slower than the buggy. 
	Two velocity vectors
	Predicted Motion
	Resultant Velocity


2. This time the buggy will point in the direction opposite to the cloth’s motion and you will pull the cloth a bit faster than the buggy moves. Don’t let the buggy fall! Complete the chart below.
	Two velocities
	Prediction
	Observations


3. How are the three velocity vectors that you have drawn related? Think of how can you combine or add two of the velocities to get the third.
Vectors of any kind can be added together (as long as they are all the same kind!). Just like we learned with displacement vectors, velocity vectors can be added by drawing them tip to tail. The total gives a resultant velocity or the combined velocity of the two motions.
4. Draw a vector diagram which shows how the vectors are added to give the total. If vectors overlap, draw one slightly below the other. Label your diagram.
	Two velocities
	Prediction
	Observations from the video


5. Return to your prediction in question A#1. Recreate the situation using the buggy and cloth. Fill in the chart. We will make our observations from the video – move on while you wait for the video.
6. An airplane makes a landing at an airport. The plane experiences a headwind (wind coming towards it) of speed equal to its own “airspeed”. How will this look to an observer standing on the ground?

D: Crossing the River
A river has a current which runs straight west. A swimmer, starting from the south shore, points herself due north and swims in the river. Use the symbols s for the swimmer, w for the water and g for the ground.
1. (work individually) An observer on the shore watches the swimmer and measures her velocity. Predict what the observer will measure for the swimmer’s speed and direction. When your group members are finished, share and discuss your predictions.

2. (work together) Model this situation using the buggy and cloth. Draw a dot on the cloth with colourful chalk to indicate the swimmer’s starting point. Fill in the chart below:

(a) Draw a visual diagram of the set-up clearly showing the orientation of the buggy. 

(b) Draw the velocity vectors for the swimmer relative to the water and the water relative to the shore. 

(c) Watch your swimmer move and illustrate the motion. Show the initial and final positions. Draw a single displacement vector.

	Visual diagram


	Velocity vectors
	Observed motion


3. Did the swimmer travel straight across the river? Draw a velocity vector diagram and find the velocity of the swimmer relative to the shore. Use this to help explain the observed motion. 

4. The swimmer really did want to travel directly across the river. How can she do this? Explain and fill in the chart below. Model this with your buggy and show your teacher.
	Visual diagram


	Three velocity vectors
	Observed motion


SPH3U: Relative Velocities Practice
You are the pilot of a small aircraft leaving the Toronto Island Airport. After climbing to 12 000 ft you set the plane cruising with an airspeed of 400 km/h [W]. You are advised by ground control of strong winds and rough weather conditions. 

Complete the chart to show the effect of different winds on your flight. For each situation draw a vector diagram for the velocities. Measure and label the resultant vector. Draw a scale vector diagram showing the path the plane follows and its displacement relative to the start in Toronto after 1 hour of travel. Indicate your scales. Use the symbols p for the plane, a for the air and g for the ground.
	Wind
	Velocity Diagram (1 cm =             )
	Position Picture (1 cm =              )

	100 km/h [W]


	
	

	150 km/h [N]


	
	

	120 km/h [E]


	
	

	200 km/h [20oE of S]


	
	


You are driving a boat across a river starting from Dock 1. The current runs due north at 2 m/s and the boat travels at 5 m/s relative to the water. 


	Direction of Boat
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1. According to your chart which way should you point the boat if you wish to travel to the dock on the other side of the river?

2. In which situation do you have the largest velocity relative to the ground?

3. In which situation will you cross the river in the least time? Careful!

CHALLENGE! A sunbather, drifting downstream on a raft, dives off the raft just as it passes under a bridge and swims against the current for 15 min. She then turns and swims downstream, making the same total effort and overtaking the raft when it is 1.0 km downstream from the bridge. What is the speed of the current in the river? (Sir Isaac Newton Physics Competition, 1975)
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Graphing Motion

Day 59

Mr. Elliott’s Misc.

Derivations:

1.



a  =  
(v

but
(v  =  v2-v1





(t


so


a  =  v2  -  v1





   (t 




rearrange




does his make sense?



final velocity  =  initial velocity  +  accel * time








change in velocity

2.
displacement is the area under a (v vs. t) graph.
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from part way through #2 ( 1st way
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(d  =  average velocity * time
this is a PROOF of concept as opposed to an example

4.
from 1.

v2  =  v1  +  at

no ( just to make derivation simpler

square both sides – why? – because it leads somewhere interesting

v22  =  (v1  +  at)2

expand using FOIL



v22  =  v12  +  2v1a(t  +  a2t2
factor (2a) out




v22  =  v12  +  2a(v1  +  ½ at2)

recognize this??







velocities, acceleration and displacement 

with no TIME variable!!!

HW – make a ‘new’ formula!
Day 60

Chase Problems
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3 Jack and Jill ran down the hill. Both started from rest and
accelerated steadily. Jack accelerated at 0.25 m/s? and Jill at
0.30 m/s*. After running for 20 s, Jill fell down.

(a) How far did Jill get before she fell? &€ un

(b) How far had Jack travelled when Jill fell? 50Om

(c}) How fast was Jack running when Jill fell? 5 /%

(d) How long (to the nearest second) was it after Jill fell that
Jack ran into her and broke his crown? (Y

4. A cat runs away from me at a constant speed of 3.25 m/s. IfI can run at 4.72 m/s, how
far from the st.aning point and how long after I started will I catch the cat if T left 1.92s
after the cat did? ( 20.0Zm, Y. 1% a,-ﬁ%(,»:_[’ fg\,é';">

5. This time I leave when the cat is 10.5 m ahead of me. How far from the starting point
and how long after I left do 1 catch the cat? (33, %m VR Ms alte T led gL)

6.

Same cat. This time I run, from rest, with a constant acceleration of 0.95 m/s%. IfI leave
at the exact same time as the cat, how far from the starting point and how long after I left

do I catch the cat?
(22.24m,6.94:)
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Components of Vectors






       Mr. Elliott’s Misc.
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Projectiles
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Day 63 + 64

Day 63 – Review

Day 64 – Test Kinematics
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