Objectives:


Using the Trig Explorer aplet, the student will investigate the behaviour of the graph of � EMBED Equation.2  ���as the values of a, b, c and d change.  This can be done both by manipulating the equation and seeing the change in the graph, or by manipulating the graph and seeing the change in the equation.





Functionality:





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





Pressing the  RESET  button will restore the default settings if the screen is not as shown above.





The   SIN (or COS)  button can be used to toggle between the � EMBED Equation.2  ��� curve and the � EMBED Equation.2  ���curve. The RAD (or DEG) button can be used to toggle between radian measure and degree measure.  The markings on the axes adjust accordingly (see right)





The Trig Explorer aplet can be used in two modes:





	SYMB mode, where the equation controls the graph.


   &	PLOT mode, where the graph controls the equation.





Which mode is in operation is controlled by pressing the SYMB and PLOT buttons.  The NUM button has no effect in this aplet and the aplet has no SETUP screens.  The ranges for the x and y axes are preset and cannot be changed.





In both modes the original shape of the sine or cosine graph is left visible as a dotted line for comparison.





The operation of the two modes is summarized below.





(i)   SYMB mode      (press the SYMB button)





The underlying concept in SYMB mode is that the equation controls the graph. The user has control of the coefficients and any changes are reflected in the graph.
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All four coefficients are shown at the top of the screen even when one or more is redundant through being zero or one.  The c coefficient is shown as a multiple of  p  in radian mode rather than as a decimal.





The currently active coefficient is highlighted and can be changed using the up/down arrow keys in increments of 0.1 for the coefficients a, b and d.  





The default increment for c is  p/6 but this can be changed using the button labelled INCR to either p/9 or p/4 .  When in DEG mode, the increments are 20o, 30o or 45o with 30o being the default.





The ranges of values available for the four coefficients are shown below:





       Coeff.	Range


	a	-3 to 3


	b	0.2 to 5


	c	-4p to 4p


	d	-3 to 3





(ii)   PLOT mode   (press the PLOT button)





The underlying concept in PLOT mode is that the graph controls the equation. The user has control of the graph via two manipulation points (see below) and any changes to the graph are reflected in the equation above.





When in PLOT mode the graph is changed using the arrow keys.  The effects of the arrow keys vary according to the location of the control point.  





Looking at the screen above right it will be seen that there is an extra button which only appears in PLOT mode.  This button has the settings of  EXTR or ORIG and toggles the point of control for the graph.





When control is set to ORIG (origin), the graph translates left & right (the c coefficient) and also up & down (the d coefficient).�



�























�









































�








�








�


�
�
�






When control is set to EXTR (extremum), the graph dilates parallel to the y axis (the a coefficient) and also parallel to the x axis (the b coefficient).





This can be seen right.





Unlike the SYMB mode where the b coefficient goes up or down in steps of 0.1, the increments in PLOT mode are not regular but are chosen to be ‘nice’ fractions of p.





The difference in results for ORIG vs. EXTR are most easily seen by simply experimenting.
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Additional Exploration:





Although the � EMBED Equation.2  ��� graph is harder to investigate due to the asymptotic nature of the graph, an able student might find this a rewarding extension.  Use the  Function  aplet and choose a careful scale so that the crosshair will fall on ‘nice’ values when used with TRACE.  A scale of 0o to 390o  on the x axis will make the ‘jump size’  3o exactly in TRACE mode. This makes it very easy to find almost any interesting value on the x axis.


  �
�



Ideas can be applied to:			





	Trigonometry	 & Transformations of functions.





Programs associated with this aplet:





none.





�
Trig Explorations





Aim





You have probably seen by now that the relationship between an equation and its graph is mathematically predictable and often quite straightforward.  





For example, you will have seen for the graph of  � EMBED Equation.2  ��� that


	a  controls the steepness of the graph


	h  controls the horizontal position of the turning point


    &	v  controls the vertical position of the turning point








Your aim in this worksheet is to investigate the behaviour of the graph of � EMBED Equation.2  ���.  You will modify the four coefficients a, b, c and d and investigate the effect of each of the four coefficient on the shape of the graph.








The Trig Explorer aplet





Your teacher will have given you a copy of the Trig Explorer aplet.  This aplet is fairly simple to use but here are a few pointers that will help you use it more efficiently.  Your teacher may have explained it to you, in which case you can skip straight to the next section.





1.	The  RESET  button is used to set everything back to ‘default’.  The default settings are for radian measure, the sine graph (rather than the cosine graph) and for an increment size of  pi/6  or 30o.





�


2.	You can investigate the behaviour of the graph in two ways.  In SYMB mode the values of a, b, c and d can be changed using the arrow keys and you can observe the effect of this on the graph.  





�


You may prefer to work in PLOT mode, where the arrow keys control the behaviour of the graph itself and you can observe how changes in the graph are mirrored in the equation.





The choice of mode is controlled by  pressing the  SYMB button or the PLOT button.  In this aplet the NUM button has no effect.
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3.	When you are working in PLOT mode there are two control points on the graph, called the origin (ORIG) and the extremum (EXTR).  These two points are shown circled on the screen shot on the right.








The arrow keys have different effects depending on whether the control point is currently on the origin or the extremum.  This is chosen using the softkey (screen button) third from the left. This key toggles between ORIG or EXTR.  The easiest way to see how this work is to try them.





�


4. 	You will need to decide whether you want to work in degrees or radians.  This is controlled by the second soft key.  If the aplet is currently set to radians then the key will show  RAD and pressing it will change to degree measure.  Conversely, pressing the key when it is labelled DEG will change to radians.





5.	The  INCR  button is provided to allow you to determine the size of the jumps which the graph makes as it moves horizontally left or right.  Your choices are for 20o, 30 o or  45 o in DEG mode, or for � EMBED Equation.2  ���, � EMBED Equation.2  ��� or � EMBED Equation.2  ��� in RAD mode.











Investigating  y = a sin(bx + c) + d





RESET the aplet before proceeding.  Now set the aplet to  SIN  and also choose whether you wish to work in degrees (DEG) or radians (RAD).  





Stage I 	Press the PLOT  button to ensure that you are controlling the equation through moving the graph.  Use the third softkey to choose EXTR rather than ORIG.  Now use the arrow keys to modify the appearance of the graph.  Watch carefully how the coefficients change as the graph changes.





Follow this by changing the control point from  EXTR  to ORIG and use the arrow keys again.  Again, take careful note of the effect on the coefficients of the changes in the graph.





Write a careful summary of your findings up to this point.  Show it to your teacher before proceeding further.














Stage II	Now that you have had a chance to form some conclusions about the behaviour of the � EMBED Equation.2  ��� graph you can perform some testing to see if you were correct. 





First test:





Change into  SYMB  mode and use the left/right arrow keys to move from coefficient to coefficient.  Use the up/down arrow keys to change the values and check to see that the graph is behaving in the way that you expected. Don’t forget that the coefficients can be negative - make sure that you understand how the graph behaves for negative coefficients too.





Were you corrrect?





Second test:





How careful were you in your investigation?  Many people miss an effect that is caused by the b and c coefficients interacting with each other.  Many first summaries regarding the effect of the  c  coefficient are simply  “it moves the graph left and right”.  Is that what you wrote? 





Using this idea you would expect that � EMBED Equation.2  ���,  � EMBED Equation.2  ���  and  � EMBED Equation.2  ��� would all have the same movement of  “90o to the right”.   However, if you use the SYMB mode and investigate these three graphs you will find that this is not the case.  (You may find this easier to see if you switch to the Function aplet because of its ability to quickly find x intercepts.)  When you think that you fully understand the combined effect of  b and  c  on the graph, check with your teacher and then write a final summary which can be handed in.





Remember that whenever you are investigating patterns in maths or in science you must always check for interactions between effects.





Investigating  y = a cos(bx + c) + d





RESET the aplet and then set it to  COS.  Choose again whether you wish to work in degrees or radians.





You may expect that the effects you noted for the sine graph would also work for the cosine graph.  The easiest way to check is to put the aplet into  SYMB  mode and then check each of the four coefficients in turn.  Don’t forget the interaction between b and c.  Were there any unexpected results?
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