“More is Less”
Windlift Energy Conversion
DESCRIPTION: Imagine launching a model rocket and the path it would travel.  Use your mathematical knowledge to determine how to construct a rocket that would have the highest point in flight. 
MATERIALS:
· 16 oz bottle (opening of the bottle must be normal sized – 9/16” in diameter)
· Water
· Cardboard
· Glue/Tape
·  Paint (optional) – to decorate
· Computers with Fathom pre-loaded or access to the VCL
· www
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STANDARDS:
· F.1F.1: Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the domain exactly one element of the range.  If f is a function and x is an element of its domain, then f(x) denotes the output of f corresponding to the input x.  The graph of f is the graph of the equation y=f(x).
· F.1F.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.★
· F.1F.5: Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For example, if the function h(n) gives the number of person-hours it takes to assemble n engines in a factory, then the positive integers would be an appropriate domain for the function.★
· 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.★
· F.IF.7: Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases.★
a. Graph linear and quadratic functions and show intercepts, maxima, and minima.
b. Graph square root, cube root, and piecewise-defined functions, including step functions 
    and absolute value functions.
· F.IF.8: Write a function defined by an expression in different but equivalent forms to reveal and explain different properties of the function. 
a. Use the process of factoring and completing the square in a quadratic function to show 
    zeros, extreme values, and symmetry of the graph, and interpret these in terms of a
    context.
b. Use the properties of exponents to interpret expressions for exponential functions. For 
    example, identify percent rate of change in functions such as y = (1.02)t, y = (0.97)t,
    y = (1.01)12t, y = (1.2)t/10, and classify them as representing exponential growth or 
    decay.
· F.IF.9: Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions). For example, given a graph of one quadratic function and an algebraic expression for another, say which has the larger maximum.
· F.BF.1: Write a function that describes a relationship between two quantities.★
a. Determine an explicit expression, a recursive process, or steps for calculation from a 
    context.
b. Combine standard function types using arithmetic operations. For example, build a 
    function that models the temperature of a cooling body by adding a constant function to 
    a decaying exponential, and relate these functions to the model.
· F.BF.3: Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.
· F.BF.4: 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. For example, f(x) = 2 x3 or f(x) = (x+1)/(x-1) for x ≠1.
· F.LE.3: Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly, quadratically, or (more generally) as a polynomial function.
BEFORE YOU BEGIN:
Using the above materials, predict the amount of water needed to create the maximum flight height and explain your prediction.
THE EXPERIMENT:
You will work in partners for this experiment.  Each person will need their own computer.  Directions for each computer are below.
	Computer #1
	Computer #2
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2.  Launch a 2 Liter bottle (only change percent filled parameter) a minimum of 10 trials. 
	1.  Open Fathom on your computer.
2.  Create a collection. Name it “Bottle Rockets” 
3.  Drag a table to the workspace.
4.  Collect data using the % water, max height, max velocity and record in the table for each trial.
5.  After collecting the data, create several graphs comparing independent and dependent variables.
6.  Using sliders, create a model that best fits each of your graphs.


ANALYZE AND INTERPRET THE DATA:
1.  What percentage of water created the highest flight based on your data?
2.  Was your prediction accurate?  Explain why or why not.
3.  If your prediction was not accurate, what percentage do you think would be used to calculate the highest point in flight?
4.  Record your equations. 
ASSIGNMENT:
To turn in your assignment, save your file and place in a drop box. 
