Chapter 1 TI-Nspire™ CAS Activity – Transformations of Functions
In this activity, you will investigate several concepts pertaining to functions and their transformations. In the text, some standard functions are used as the basis for transformations. We will add a different function as the base function.
Part 1 – Restricted Domains and Piecewise Functions
1. [image: image1.emf]First, we will look at the idea of restricting a domain for a function on your 
TI-Nspire™ CAS. The function 
f1(x) = .5x +2 has been entered on the entry line of a Graphs & Geometry page. This has been followed by the * key. After this key, a restriction has been entered.
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Press · and a portion of the graph will be displayed. You will only see the portion that satisfies the restriction placed on f1(x) in the entry line. This restriction is also displayed on the screen.
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Open a new Graphs & Geometry page. Since f1(x) has already been used, the entry line opens with f2(x) ready to accept a function. Enter the basic quadratic function and the compound restriction as shown.
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Press · and the portion of the graph that you requested will be displayed.
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Open a new Graphs & Geometry page. For f3(x), we will use a function that has two pieces. This is called a piecewise function. To do this, press / followed by the r key. This will bring up the math expressions palette. Scroll over to the icon indicated in the screen to the right. This expression allows us to enter a function that has two pieces, each with a separate domain.
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Press · and this template will be pasted into the entry line for the function. Note the rectangular fields for the functions and their domains.
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Enter the two functions with their domains. Press the e key to move between fields. Note that only one of the domains includes the = sign.
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Press · to see the graph of the function. Press £ and . to edit the function. Change the second piece from x to x + 4. This would be called a piecewise function with a jump discontinuity.
Part 2 – Vertical Translations
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Press / followed by the c key. Select Insert and then Problem. This will start a new problem in your device. All variables and functions in the first problem will not be recognized in this new problem.
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Add a Lists & Spreadsheets page. Notice the tab number at the top of the screen. We are going to create a new piecewise function in f1(x) to connect the five points (−8,4), (−4, −4), (0,2), (4, −4) and (8,4). Label the first column as xc and enter the five x-coordinates in cells A1 through A5.
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Label the second column as yc and enter the five y-coordinates in cells B1 through B5.
4. [image: image12.png]


Open a Graphs & Geometry page where we create a Scatter Plot for the five points. To change the graph type, press b. Select Graph Type and then Scatter Plot.
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This will change the entry line and display two fields, one for the x-variable and a second field for the y-variable. The field for the x-variable should be highlighted. Press a to open the field. Press a on the choice xc – this is the name of the first column in the Lists & Spreadsheets page.
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Press e to move to the field for the y-variable. Press a to open the field and click on the choice yc.
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Press · to display the graph. Notice that the scatter plot is labeled indicating the variables used for x- and y-coordinates. To connect the five points from left to right would require that we build a function that has four pieces. Each piece would be a linear function with a restricted domain.
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Since we are going to return to constructing functions press b. From the Graph Type menu, select Function.
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The entry line will display f1(x). Press / followed by r to bring up the math expressions palette again. This time move one space to the right as shown in the graphic to the right. This icon will permit you to build a piecewise function with three or more pieces.
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A dialog box will open asking you to enter the number of pieces. The default value is 3. You can either type in the value 4 or press £ to increase the number of pieces.
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The entry line will expand vertically to accommodate the required number of pieces.
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The first piece is a line going through the points (−8, 4) to (−4, −4). Using concepts from grade 9, we can find the equation of this line. Enter this in the first field. Press e to move to the field for the domain and enter the x-values for the endpoints. Note that the second part of the inequality does not include the = sign.
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Find the equations of each of the other parts and use the x-coordinates of the endpoints to form the restricted domain. Move to each field by pressing the e key.
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Press · to display the function. Notice that the equation appears on the screen and adds clutter.
15. [image: image23.png]


To hide the equation, press b. From the Actions menu, select Hide/Show.
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Move to labels for the scatter plot and the equation and press a on each. The labels will lighten and you will see a ghost of each.
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Press the d key and the labels will disappear. You can bring them back if you choose by using the Hide/Show tool again. This W shape will be used as the base function for the transformation that follow. Each time that we investigate a new type of transformation, we will start a new problem in the document.
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New functions will now be built in terms of f1(x). In this screen, f2(x) is defined as the six more than f1(x). Note that f1 appears in bold as this is a quantity known in the problem.
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Press · to see the graph of f2(x). Notice that this is the same graph moved vertically six units up.
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In the same way, define f3(x) as f1(x) – 4 and press ·. Once again, this is the same function as f1(x) just moved vertically four units down.
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Before starting a new problem, press £ until you get to f1(x). Place the cursor to the right of the expression, hold down the g key and press ¡. This should highlight the entire math expression for f1(x). Press / followed by C. This will copy the expression into memory.
Part 3 – Horizontal Translations

1. [image: image30.png][A2)5)27] 22] Rap auTo REAL a

il 2
3

>




Start a new Problem and add a Graphs & Geometry page. Notice the tab number at the top of the screen.
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Press / followed by V. This will paste the expression for the piecewise function into f1(x). Copying the function allows us to avoid the tedious entry of the four pieces of the function along with their domains.
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Press · to display the function. Hide the equation as before. Make sure you are on the function so the attributes option will appear. Press / followed by b and the context menu pop-up will appear. Select Attributes.
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In the first section, press ¢ until the line weight is set to thick. This will allow us to distinguish between the various functions on the screen. Press · to complete the operation.
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The function is now displayed in bold face. Since this section will have some functions that overlap, transformations on this function will be easier to distinguish.
6. [image: image35.png]& 1z Actions "D AUTO REAL (3]
13 2: View o
453 Graph Type
1 4: Window »|| 8-2: Parametric
i 5: Trace || 32 Polar
« 6:Points & Lines  »lA=4: Scatter Plot
& 7: Measurement | Tecpe)
8: Shapes )
9: Construction o2 20
“ ArTransformation o




Define f2(x) in terms of f1(x) as shown on the entry line. Note that the constant has been included in the brackets with the variable.
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Press · and the graph appears.
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Repeat this for f3(x) as shown.
Part 4 – Translations in any Direction
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Start a new problem and define f1(x) as before. Remember to change the attribute to thick. In this section, we will try diagonal translations. These are constructed as combinations of vertical and horizontal translations. An example of an equation of such a translation is shown in the screen to the right.
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Press · to graph the translation.
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In this screen, another new function, f3(x) has also been defined in terms of f1(x).
Part 5 – Vertical Stretches
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Start a new problem and enter the base function in f1(x) again. Change the attributes so that f1(x) is bold. In this problem, we will be placing a factor in front of the expression as shown in the screen to the right.
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Press · to see the effect of the factor.
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The next new function multiplies the original function by a positive factor less than 1.
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Press · to see the effect of this transformation.
Part 6 – Horizontal Stretches
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Start a new problem and paste the original function if f1(x). In this problem, the factor is applied to the variable inside the brackets.
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Press · to see the results.
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The factor can also be a decimal value less than 1.
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Press · as before to see the results.
