Quadratic Functions

Ruby’s Pier
Ruby’s Pier

Ruby’s Pier
	Concepts

· Examining a function from multiple perspectives: words, table, graph, and symbolic formula
· Creating the symbolic formula from patterns of numerical expressions
· Finding axis intercepts

· Optimization
Materials

· TI-84 Plus
	Technology Goals

· Named lists

· Creating lists using formulas
· Attaching a formula to a list

· Creating plots, tables, and graphs.

Overview

In the context of solving a problem about the best price to set the entrance fee to an amusement park, participants construct symbolic formula rules for functions using pattern building and the Stat Editor. Connections are made between the four representations of functions: verbal description, table, graph, and equation.
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Introduction


Ruby’s Pier, a summer amusement park, charges $10.00 for admission. An average of 3,000 people visit the park each day. Consultants predict that for each $1.00 increase in the entrance price, the park would lose an average of 75 daily customers. Management needs your help to determine how to set the admission price.


�Representing the Function: Creating a Table from the Verbal Description


From the information above, complete at least five rows of Table 1 to see the relationship between the entrance price, p, and number of tickets sold, N.


Discuss the strategies you used to build the table. 


On your TI-84 Plus, create lists P and N by pressing ( 1:Edit to display the Stat Editor.


With your cursor on the top row (the tippy top!), press the right arrow ( until you reach a column without a name. 


Observe in the upper right corner of the screen that the � cursor appears (Figure 1).


Since named lists must begin with a letter, alpha-lock is turned on by default. There is no need to press the ( key. 


Type P ( to create list P. See Figure 2.


If you accidentally press (, you will turn off alpha-lock and need to press ( again to put the cursor back in alpha mode (or ( ( to put the cursor back into alpha-lock).


Position the cursor on the very top row, and press ( to move to the next column.


Type N ( to create list N. (See Figure 3).





Representing the Function: Creating the Symbolic Formula from the Table


From Table 1, we have a function which relates the average number of daily customers, N, to the ticket price, p.


Enter the values into the list N.


Instead of retyping the values in Table 1 again for p, enter all values as numerical expressions which involve the numbers 3000 and 75 so a pattern can be created.


From this pattern, write the formula which gives N in terms of p: 			


Be sure your cursor is not on the top row of the editor, but “inside” the list.


When the price is $10.00, the average number of daily customers is 3000. When the price is $11.00, the average number of daily customers drops to �3000 – 75. See Figure 4.


After entering the value of N for p = 11, create�three additional entries in the table using �numerical expressions which involve the numbers 3000 and 75. See Figures 5 and 6.


Use the patterns of the repeated numeric expressions to generalize a symbolic formula which gives N in terms of p.


Check your formula from Step 11 as follows:


Make a new list N1.


Type N ( 1 ( for the name. See Figure 7.


Attach the proposed symbolic formula to the list by using quotes. 


For example, suppose a student believes the formula is N = 3000 – 75p. See Figure 8. 


To paste list “LP” into the expression, use the list menu to find list P (( ().


Note:	You cannot type ( P, since that is the variable called P, which is not the same as the list LP. 


Press ( to compare lists N1 and list N. 


Figure 13 provides feedback that the formula �N = 3000 – 75p is not correct.


Edit the list N1 to correct its formula by highlighting N1, pressing (, and using the arrow keys to type your changes.


Write the correct formula in terms of p: �N = ___________


Once you have the correct formula, type new values�in the list P to see the power of the symbolic form.


When you edit an element of list P which is referenced in the formula for list N1, the corresponding element in list N1 is updated, similar to a spreadsheet. See Figure 14.


Note:	List N remains unchanged because it is not attached to P.


Explore what happens to list N1 as the ticket price climbs higher and higher.


Explain why this would occur, based on the context of the problem situation.


Enter values into list P to investigate the first price at which the admission will be so high that no one will buy a ticket.


Find the output-intercept (or N-axis intercept). 


Interpret what this means in the context of the situation.





Representing the Function: Symbolic Formula, Scatterplot, Graph, and Table


Create a plot of N1 vs. P.


Press ( (, and use settings as shown in Figure 15.


For the Xlist and Ylist, because only lists are permitted, you can simply type the names of the lists. (The cursor will again be in alpha-lock.)


You can also paste the names from ( (.


Create a graph of your formula.


Press (, and type your formula from Step 7.


The graphing variable must be X.


Set the viewing window to match the screen �in Figure 16 so that the line is drawn from the upper left hand corner to the lower right hand corner of the screen. (Here Xscl = Yscl = 0.)


Hint: 	Use the axes intercepts found in Step 19. 


Press (, and use the ( and ( arrow keys to compare the data points with points on the graph. 


Create a table representation


Press ( (, and set the table to begin at $10 and increase in steps of $1.00. 


Be sure Indpt and Depend are both on Auto.


Press (. Use the ( and ( arrow keys to explore additional values. See Figure 18.


How is this screen different from the data given in the Stat Editor?





Examining the Relationship between Entrance Price, Average Number of Customers, and Daily Revenue


Let R be the daily revenue of ticket sales which depends of the entrance price p. (The revenue is the total amount received by the park before any costs are deducted.)


In the Stat Editor, create three columns of data which compare the ticket price, average number of daily customers, and the daily revenue.


Highlight the list N by placing your cursor on the top (the tippy top!) row.


You can tell you are highlighting the entire list if n = {3000, 2925, …} appears in the bottom edit line. See Figure 19.


To remove the list N from the display, press the delete key.


Here the delete key serves a different function than removing the item from memory. The list N still is in Random Access Memory, but no longer displays in the Stat Editor.


Create a new list named R. See Figure 20.


Similar to how you created the formula for N, use numerical expressions to find the revenue R when the entrance price is $10, $11, $12, etc. until you see a pattern. See Figures 21 and 22.


After building a numerical pattern, type a formula into list R using quotes (or, if you wish, make a new list R1 to compare with R.) See Figure 23.


Sorry! An ink blot on the copy machine has unfortunately obscured the answer in Figure 24.


Write the formula for the revenue function R in terms of p alone. �R = __________________


As you type numbers in the list P, values also change in the list R. 


Find which values of p make R = 0.


Think about why these values cause R to be 0. 


Describe to the staff at Ruby’s Pier these situations.


Find the ticket price which maximizes the revenue. 


How is this value of p related to what you found in #33?


Create two plots and two graphs:


Plot1, as before, is a plot of N1 vs. P.


Plot2 is a plot of R vs. P.


Y1 is the formula for N in terms of p.


Y2 is the formula for R in terms of p.


Using graphs and tables, determine the ticket price which maximizes the revenue.


Report the intervals on which the graph of R vs. p increases and decreases. 


State whether you agree or disagree with the following statement and explain your reasoning:


”The higher the entrance price, the greater the amusement park’s revenue.”




















Teacher Notes


This activity uses pattern building and the Stat Editor to build the equation of a function. Prior to the activity, have participants do the activity Using Lists to Develop the Concept of Variable.


Creating the formula in the Stat Editor first can serve as a stepping stone to the more abstract task of writing a formula in the ( editor involving X and Y, and creates the bridge from the numeric representation (arithmetic) to the symbolic rule (algebra).
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