Algebra II – The Spring Thing
Teacher Notes


Physics: 

- WO.9.P.2 Calculate the spring force using Hooke’s law.
- NS.16.P.1 Describe why science is limited to natural explanations of how the world works.
- NS.16.P.3 Summarize the guidelines of science.

NGSS:

- HS-PS2-6.
Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.


- HS-PS3-1
Create a computational model to calculate the change in the energy of one component in a system when the change in energy of the other component(s) and energy flows in and out of the system are known.
- HS-PS3-3.
Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
CCSSM:
- N.Q.2
2 Define appropriate quantities for the purpose of descriptive modeling. ALC for N.Q.2:

This standard will be assessed in Algebra II by ensuring that some modeling tasks (involving Algebra II content or securely held content from previous grades and courses) require the student to create a quantity of interest in the situation being described (i.e., this is not provided in the task). 
- F.IF.4 For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity.  ALC for F.IF.4:

i) Tasks have a real-world context 

- F.IF.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph.  ALC for F.IF.6:

i) Tasks have a real-world context. 

-  F.BF.4a Find inverse functions. a. Solve an equation of the form f(x) = c for a simple function f that has an inverse and write an expression for the inverse.  

Purpose: Investigate the effect of mass on the length of three different springs.
Equipment: A single spring, rigid support, and mass holder with a wide range of masses, meter stick and masking tape. 
*Note: One set up for each group. The 50 gram masses work the best. Should go in equal increments, ie: larger masses should be used to replace as you increase the mass with a maximum of about 300 grams. 
Setup Procedure: Divide into groups of three. 
*Note: Students should have either computers, Nspires, and/or paper for data analysis. Having all the equipment on a table for students to come and get is better than having it already set up. Have students return equipment when finished.  Important to have the meter stick secured so that all the measures are from the same reference. 

Safety and Equipment issues: Mass holders drop and break, the masses drop and land on toes, and the meter sticks should not be used as weapons. Warn students of this and watch for this while doing this activity. 

Data Collection Procedure/Analysis
Activity: Explore the relationship between the amount of mass and how far it stretches. What do you think will be the relationship between these two variables?  Within the group make a sketch of the functional relationship between these two variables. 
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1. Attach one spring to stand placing enough mass on the holder to establish a small amount of extension (this is your initial value or equilibrium) *Note: This is important to get enough stretch on the spring so that additional masses will realize a change in length.
2. Record in the table below the amount of mass hanging from the spring and the length of the spring for the initial values. *Note: Should also put in some form of technology.
3. Add enough mass to slightly increase the amount of extension but not enough to come any where close to over stretching the spring.  *Note: Increasing the mass in equal increments is useful in further analysis.
4. Record the amount of mass and the length of the spring for an additional point in the table below.

5. Repeat the previous two steps to have a total of 7 ordered pairs.
	Independent Variable

Quantity:__________________ Units:___________________
	Dependent Variable

Quantity:________________

Units:_________________                                   

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Procedure:

I. Plot the 7 ordered pairs (Do not forget the requirements for an appropriate graph) *Note: Students will choose mass or length as their independent variable.
II. Based on the data that you collected and the plot of this data, produce a sentence that describes how the spring behaves.
	*Note: Students should write a complete sentence. Responses should be something on the line as, when the mass increases, the length of the spring will increase.


III. Create a mathematical function that best models the pattern of the data and described in your sentence. *Note: Look for force is equal to some K times x, where x is the length. Mass is equal to force/acceleration due to gravity. This should be a linear function.
IV. Rewrite your function as an inverse and see if it matches any better with the class. *Note: This will change the independent variable to be the length or vice versa.
V. Examine the plot of this data with the graph of the function. ie compare with others that have the same spring.

VI. Predict if the function is realistic when you increase your independent variable by 10 times your max? How about by double your max?
*Note: We would expect for the 10 times to exceed the capacity of the spring whereas the doubling might not. 
VII. Given this experimental setup and your functional model, what are the limits on the domain? the range?
*Note: The length is limited by the distance to the floor and the ability of the spring to stretch. The mass is limited by the number of masses you have available and the ability of the spring to stretch.
VIII. What is the domain of your function?
*Note: Watch out for specific listing of masses/lengths as opposed to an interval of values which is more appropriate.
IX. What is the range of your function?
*Note: Watch out for specific listing of lengths/masses as opposed to an  interval of values which is more appropriate.
X. What would your function predict if it existed in Quadrants II, III, and IV? Is this realistic?
*Note: We would expect that the function does not exist in the other 3 quadrants, but could make a case for the lengths being negative based on your reference point.

XI. What is the magnitude and units of the slope?
*Note: mass/length, or length/mass. This will be the m in y = m*x. (grams, and centimeters)


XII. What is the magnitude and units for the y-intercept?
*Note: This would be the starting mass or length, and could be zero. The b in y = m*x +b. (grams, and centimeters)


XIII. What is the magnitude and units for the x-intercept?
*Note: The value of x (mass or length) that makes the other measure zero. (grams, and centimeters)


XIV. What is the magnitude and units for the area under the curve?
*Note: This will be the product of mass and length and represents the energy in the system. The antiderivative of the function - a quadratic.


XV. Compare your results with the other groups. 
*Note: The students should look at other graphs and answers. Use the Navigator screen shots with the refresh options to help facilitate this.


Math/Physics Language Sheet 

	Math

Domain/Range

Area

Slope

Y-Intercept/Initial Condition

X-Intercept/Roots/Zeros

Inverse

Rounding
	Physics 

Contextual Restraints

Work

Spring Constant

Ambient Condition of the system

 What happens when the dependent variable is zero
Switch the experiment so that the independent variable is now the dependent variable
Significant Figures



	Differences 

Units

Inverses
Domain


	Similarities 

Collect ordered pairs
Plot ordered pairs

Determine Functions

Parse the Functions
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