Objectives:


Using the Quadratic Explorer aplet, the student will investigate the behaviour of the graph of � EMBED Equation.2  ��� as the values of a, h and v change. This can be done both by manipulating the equation and seeing the change in the graph, and by manipulating the graph and seeing the change in the equation.





Functionality:





When the student presses  START  , they will see the main screen of the aplet, shown right.  This aplet has only the one screen, rather than the usual PLOT, SYMB and NUM screens. 





If the aplet has been transferred from another calculator it may be necessary to press the  RESET  screen key to go back to the opening view shown.





The first choice made by the user should be the LEVEL.  The default level is that of Y=a(X+h)2+v , which allows the student to change all parameters at once.  By having the student choose the levels of Y=aX2, Y=(x+h) 2 or Y=X2+v, the teacher can confine the study to the effects of only one coefficient at a time.





The default state for the aplet is to be in GRPH mode.  In this mode the student uses the keys listed below to control the appearance of the graph, with these changes reflected automatically in the two equations on the right half of the screen.  The original y=x2 graph is kept on the screen (dotted) for comparison and a grid is supplied to allow the user to see movement  more clearly.





The control keys (listed onscreen) are:





	­ ¯ ® ¬  	move the graph in the obvious way.





	+ and -	cycle the value of ‘a’ through the 


			values: {0.1, 0.2, 0.3, 0.5, 1, 2 & 5}.





	   -x		(the ‘negative’ button) changes the 


			sign on the ‘a’ coefficient.





As can be seen in the screen shots right, the bottom half of the screen shows the roots (if any), the value of the discriminant and the equation in the form y=ax2+bx+c.

















The button labelled  INC  changes the ‘step size’ of the left/right movements on the screen.  Possible values for the increment size are 0.5, 1 and 2.





Pressing the button labelled  SYMB  will change the emphasis from the graph to the right hand screen.





In this mode the student can change the coefficients directly and see the changes reflected in the graph.





On the screen shown right, the ‘h’ coefficent is highlighted and can be changed using the ­ and ¯ keys. The size of the changes to ‘h’ and ‘v’ is controlled by the INC button, while the same range of values is available for the values of ‘a’.  The student can move between coefficients by using the  ® and  ¬ keys.





As with the GRPH mode, the equation in y=ax2+bx+c form, its roots and its discriminant are shown on the right half of the screen.





The sequence of three screen shots above right show how the axes automatically move to allow a larger range of values to be explored.  The third screen shot shows the greatest possible values for ‘h’ and ‘v’.





The + and - keys are disabled in SYMB mode, since their effects are controlled instead by the ­ and ¯ keys once the highlight is on the ‘a’ coefficient.





The final button is labelled  TEST .  This button will present the student with a series of graphs for which they must supply the equation.  The complexity of the graph is governed by the current setting of LEVEL .   For example, if the current setting of LEVEL was at � EMBED Equation.2  ��� then the test graphs would also only use the v parameter instead of a, h and v simultaneously.  The setting of LEVEL can be changed within the TEST screen using the button supplied.





There are two levels of ‘questions’ denoted by the buttons  EASY and  HARD on the screen.  An EASY question will be in the main screen (-5 to 5 on each axis), whereas a HARD one can be anywhere in the larger screen.  The first question is always EASY but you can substitute another by pressing EASY or HARD.











Use the arrow keys to change the parameters ‘a’, ‘h’ and ‘v’ until they match the graph shown.  The accuracy of your answer can be checked by pressing the button labelled CHECK, which appears as soon as you begin to change the values.  The number of attempts/tries is monitored and displayed (see right).





If your answer is incorrect then it will be shown as an ‘animated’ graph on the screen when you press CHECK, flashing repeatedly between the required graph and your incorrect guess.  This has to be seen to be appreciated - a screen shot can’t do it justice.  If your guess and the required graph can’t be shown on the same screen then this animation may not be possible.





If you are unable to find the answer, pressing the key labelled ANSW will display the correct parameters.





Press END to return to the main screen.
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Additional Exploration:





Further topics for exploration are:


	- investigating graphs for which the discriminant is a constant.


	- investigating graphs for which the value of b in y=ax2+bx+c is a constant.


  �
�



Ideas can be applied to:			





	Precalculus					








Programs associated with this aplet:





A library module is transmitted with this aplet.  It is deleted automatically when the aplet is deleted in the LIB view and normally would not come to the attention of the user except when the aplet is being transferred from 38G to 38G, or 38G to (or from) a computer.  If the aplet is to be transferred from a PC or Mac to the 38G, this library module must be in the directory with the usual files HP38DIR.CUR and HP38DIR.000








Aplet & documentation copyright ©1998, Hewlett Packard�
Investigating Quadratics





The aim of this investigation is to understand the relationship between the equation of a quadratic and the shape of the graph which it represents.





1.  	Use your knowledge of quadratics to decide which of the expressions and equations below represent quadratics:





(a)	� EMBED Equation.2  ���		(b)	� EMBED Equation.2  ���		(c)	� EMBED Equation.2  ���





	(d)	� EMBED Equation.2  ���		(e)	� EMBED Equation.2  ���		(f)	� EMBED Equation.2  ���





	(g)	� EMBED Equation.2  ���			(h)	� EMBED Equation.2  ���			(i)	� EMBED Equation.2  ���





	(j)	� EMBED Equation.2  ���








There are three main ways that we can write a quadratic.  They are commonly known as graphical form, parametric form and factor form.  Each has its own advantages and disadvantages which your teacher will describe later.  We will be using graphical form because, as the name suggests, it makes it easier to see the link between the graph and the equation.  This way of writing the equation is sometimes called ‘turning point’ form.





2.	The graphical form of a quadratic is � EMBED Equation.2  ���, where a, h and v are numbers.  Shown below are ten quadratics.  Some are written in graphical form and some are not.





	Graphical form				Not graphical form





	� EMBED Equation.2  ���				� EMBED Equation.2  ���





For each of the equations in the right hand column, ensure that you understand why it is not in graphical form.  If you are working with a partner, explain your reasoning to them.





�


3.	You should have the Quad Explorer aplet on your calculator.  If you have not already done so, go to the LIB view, highlight it and START it.  You should now see the view on the right.  If it is different in any way, press the RESET button. 





�


Press the screen button labelled LEVEL once only, and then press the button labelled SYMB.  Your display should now look like the view shown on the right, with a small highlight on the 1 of � EMBED Equation.2  ���.  We are going to begin by investigating the effect on the graph of changing ‘a’ in the graphical form � EMBED Equation.2  ���.  The up and down arrows can be used to change the value of ‘a’. 





Use the up/down arrows to change the value of ‘a’.  A dotted version of the original � EMBED Equation.2  ��� graph is left on the screen so that you can compare the graphs.  The aplet has been pre-loaded with a range of values for ‘a’ so that you can see what happens as it changes.





Write a sentence about what you see.























The ‘negative’ key, labelled  -x  can be used to change the sign of ‘a’.  Press the  -x  button and then cycle through the values of ‘a’ again.  Now change back to positive and set the value of ‘a’ to 2.  Press the  -x  button repeatedly.  What do you notice about the shapes of the two graphs.  Check your conclusions by repeating this for other values of ‘a’.





Write a sentence about what you see.
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4.	Press the LEVEL button again and check that your display looks like the one shown on the right, with the highlight on the zero in the bracket.  We will be using this screen to investigate the effect of ‘h’ on the graph. 








Use the up/down arrows to change the value of ‘h’ and watch the effect on the graph.  A dotted version of the original � EMBED Equation.2  ��� graph is kept on the screen for comparison.  As you change ‘h’ you should see something quite odd!








Note:  The size of the change in ‘h’ is controlled by the INC button.  By pressing it repeatedly, you can choose to change ‘h’ in increments of 0.5, 1 or 2.








Write a sentence about what you see.
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5. 	Finally, let’s investigate the effect on the graph of changing ‘v’.  Press the LEVEL button and check that your display looks like the view shown on the right. 








Use the up/down arrows to change the value of ‘v’ and watch the effect on the graph. 








Write a sentence about what you see.


























6. 	The last step is to check that all three effects work independently.  It may be that they have different effects when they are all changing at the same time - we don’t know for sure.





�


Press the RESET button and check that you are back at the main screen.  If you check at the bottom left of the screen you will see that there is now a dot next to the GRPH label, whereas before it was next to the SYMB label. Instead of the equation controlling the graph, we will now be using the graph to control the equation.





Use the left/right arrow keys and the up/down arrow keys to move the graph around on the screen, watching the equation carefully as you do so.  Are the equation and the graph behaving the way you expected them to?  Now try using the + and - keys to change the value of ‘a’, and the  -x  button to reverse its sign.





On a separate sheet of paper, write a summary of the effects of  a, h and v in the equation � EMBED Equation.2  ���.  Include graphs in your summary to illustrate the points you are making.  Hand your summary in to your teacher.








�


7.	If you look again at the screen, you will see a button labelled TEST.  If you press that button the calculator will present you with a series of test questions.





You can choose whether you want to see an EASY or a HARD question by pressing the buttons on the left of the screen.  Start with easy questions.





You can also change the LEVEL of question by using the third button.  The normal setting for LEVEL is for � EMBED Equation.2  ���.


�





Your task is to use the arrow keys to change the ‘a’, ‘h’ and ‘v’ parameters to the correct values for the graph shown.  As soon as you change any parameter you will see a button labelled CHECK appear on the screen (see right).





When you think your guess is correct, press the CHECK button. If your guess is incorrect then the screen will ‘flash’ between your guess and the required graph to give you an idea of where you have gone wrong.  The calculator will track how many attempts you make before you get the right answer.





If you want to give up then press the button labelled ANSW.   When you have finished, press  END  to return to the main screen.   Good luck!
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