Mathematics Activities

Jennifer Boudreau

Reference: Taylor, P. The Elements of Calculus for Grade Twelve. (1998) Queen’s University.
Applicable SCOs: 

Math: E1 – Model real-world phenomena with a variety of functions/relations.

Physics: 325-8 – apply Newton’s laws of motion to explain inertia and the relationships among force, mass, and acceleration.


  212-3 – Design an experiment identifying and controlling major variables


  214-5 – Interpret patterns and trends in data and infer or calculate linear and

non-linear relationships among variables.

Stone Drop

This activity guides students through the math that occurs when a stone is dropped from a tall building. It allows students to discover that when an object falls under the influence of the earth’s gravitational field, its velocity increases at a constant rate when it starts at zero velocity. Students will also understand that the total distance fallen increases quadratically with time. Students will be able to develop a formula to describe the falling stone and they can apply it to other problems; for example to determine how tall a building is. 
To set up the activity the teacher will require a rock. As a demonstration to the students the teacher can drop the rock from the top of a desk or hold it up above the desk at a predetermined height and drop the rock. This allows the students to visualize the problem.  (5 minutes)

To guide the students through the problem the teacher would have to ask some scaffolding questions. An example of these follows: (Note: At this point it would be useful if there was technology available to the teacher to use motion detectors or speed detectors to help guide the students through the questions. This would help the students visualize the problem better and they would be more apt to see the answers to the questions below. However, if there is no technology that can be used by the teacher it may not be so easy to have the students discover what is happening. If this is the case it would be better to relate the stone drop to related problems where the answers are more evident.)
What happens when a stone is dropped from the roof of a tall building? The stone falls to the ground.
Does it fall at a constant velocity? No I don’t think that makes sense…it falls faster and faster to the ground.
At what rate would the stone fall? At an increasing rate.
So would the rate be constant? I would have to think that the rate would be constant.
So what could we conclude? The velocity of a falling object increases at a constant rate.  (15 minutes)
It is also important that you stress to students that for a particular object the gravitational force is constant, at least for our purposes. Depending upon the height of the object this may change, as the force due to gravity changes with the height of the object above the earth. However, in our experiment, the increase is very insignificant, and thus can be termed constant.  (2 minutes)
We have previously discussed Newton’s Second Law of motion; F=ma.

Ask the students:

When you push on an object how does the magnitude of the force affect its motion? (Yes)
If you push harder, is the change in motion smaller or larger? (Larger)
Do you think that this is a direct or inverse relationship? (Direct)
Assume that you have a bowling ball and a baseball, each suspended from a different rope. If you hit each of these balls with a full swing of a baseball bat, which ball will change its motion by a greater amount? (Baseball)

In the absence of friction and other forces, if you exert a force, f, on a mass, m, the mass will accelerate. If you exert the same force on a mass of 2m, would you expect the resulting acceleration to be twice as large or half as large? (Half)
Is this a direct or inverse relationship? (Inverse)


(15 minutes)
So here it should become evident to the students that they should apply Newton’s Second Law of Motion; F=ma.

Note: To make things easier for the students to see you can also change the constant “a” to be 10, instead of 9.81 m/s2.





(2 minutes)
After all this is set up and the students have an understanding as to what is occurring they can be given a question to test their understanding.

A stone is dropped from the top of a tall building. It takes 8 seconds for the stone to reach the ground. How tall is the building? (Average velocity is the mid-value of the final velocity, so the answer would be 40. So at a velocity of 40 m/s for 8 s, that is 320m)

(20 minutes)

Once the students understand similar problems it is time to throw them for a loop. Ask the students to figure out how long it takes a stone to fall from a building that is 45m in height. They should be able to model the problem off previous sample questions. They will develop a new formula for velocity. (If the stone falls for t seconds at a constant rate of 10m/s and it starts at a velocity of 0, then when the stone hits the ground it will be travelling at a rate of 10t. Therefore, the average velocity would be 5t and it would fall for t seconds…so that is 5t2. If we then set this equal to 45, t is 3 seconds.)


(20 minutes)
Applying the Stone Problem to a tennis ball
Students will learn that when an object is projected into the air with an initial velocity they can discover that the object rises and falls under the influence of the earth’s gravitational field, similar to the stone. Like in the stone problem the velocity of the tennis ball changes at a constant rate of 10 m/s, and that this produces a straight line velocity/time graph. If the students consider that the up direction is positive and that the down direction is negative; then as the tennis ball travels up they will find that the slope is positive 10, and it is negative 10 as it falls. 

To set up the problem the teacher may need to explain what a tennis ball is and put it into context for students. It may be easiest in this situation to use a diagram to describe the motion of the tennis ball. The teacher can guide the students through the discovery in a similar manner as they did with the stone problem. Some guiding questions that the teacher can use are as follows:
Start with the question- A tennis ball is projected from the ground straight up into the air with an initial velocity of 30 m/s at time zero. It rises to some maximum height and then falls back to earth. (Note it may be useful to draw the height versus time graph and the velocity versus time graph)

a) At what time does the ball hit the ground?

b) How high did it get?





(10 minutes)
Explain to the students that it may be easier to look at the problem in two sections rather than as one problem.
What is the effect of gravity?

So what does this tell you about the velocity this time?

(5 minutes)
We can also determine how high the tennis ball gets by applying the formula that we discovered in the stone problem.

To evaluate if the students understood the lesson you could ask questions like the following:

A t=0 a tennis ball is projected from the ground straight up in to the air. It rises to a maximum height, and then falls back to earth and hits the ground after twelve seconds.

a.) What was its initial velocity?

b.) How high did it get?

c.) Draw a graph of its height against time
d.) Draw the graph of its velocity against time


(10 minutes)
4183 Teaching Activity Rubric: 
Name: Ms Boudreau

Theme / Topic: Projectile motion

Completeness checklist:

Includes:

1. General description, including enough detail for a reader to get a clear idea of the activity, See comments
2. Teacher background information, including content related to the activity, as well as a rationale for the way the activity is designed. Add some explanation of what the kids will learn and why this is a good way to learn it.
3. resource list, including resources if possible 
4. evaluation instruments, not necessarily paper and pencil, but practical and logically related to the activity as a whole,

5. And a list of certain and possible curriculum outcomes, both in mathematics and in other areas. Needed
	
	0-1
	2-3
	4-5
	

	Potential for student involvement: 
Are there opportunities built in for students to interact with each other and the materials? Is autonomous activity encouraged?
	Little or no potential for student involvement
	Some potential for student involvement
Role of students and teacher needs to be clarified.
	Abundant potential for student involvement
	3

	Planning: 
Does the order of elements in the activity make sense in terms of the psychology of learning and the logic of mathematics?  Is the time allotted to the elements approximately realistic?
	Order and timing poor
	Order or timing poor
Suggest how much time things will take.  Add additional explorations
	Order and timing good
	3

	Creativity: 
Is the activity innovative in some way?  Is there evidence of flexible thinking in the planning?  
	Little or no creativity shown
	Some creativity shown
	Very creative
	4

	Clarity:
Are the instruction to the students and to the teacher clear?  Is the underlying rationale stated and related to the elements of the activity?  Are the evaluation instruments related to the learning goals and the activity as a whole?
	Unclear descriptions instructions and rationale
	Unclear descriptions instructions or rationale
See comments 
	Clear
	2

	Ongoing evaluation:
  Are the evaluation instruments applicable throughout the activity?  Are there ways in which evaluation can feed back into the activity to assist students who are having trouble
?  Are the evaluation instruments related to some reasonable curriculum outcomes?
	Evaluation missing, unrelated to outcomes, and  entirely summative
	Evaluation unrelated to outcomes
	Evaluation related to outcomes, and  ongoing
	3

	Flexibility:  
Does the activity allow for the involvement of students of differing ages, social and cultural backgrounds, physical abilities, styles of learning, etc?  Are there provisions for unexpected changes in the amount of time available, student absenteeism, missing resources, etc? 

	Inflexible
	Accommodations and changes possible but not planned
	Explicit provisions made for differences and changes.
	3

	TOTAL
	
	
	
	18 /30
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