Chapter 1 TI Nspire™ CAS Activity – Transformations of Functions
Student Worksheet
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
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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. Press · to display the graph
a) What is the restriction?

b) What is the effect of restricting the domain?
2. How would the graph change if the inequality entered was less than rather than greater than or equal to?
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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. Graph the function and, in your own words, describe the effect of using a compound inequality.
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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.

[image: image12.emf]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 as shown. Press the e key to move between fields. Note that only one of the domains includes the = sign.
5. Press · to see the graph of the function. In your own words, describe the effect of combining the two pieces.
6. Change the second piece from x to x + 4. In your own words, describe the effect of this change. 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 the sub-option 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.
2. 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. Label the second column as yc and enter the five y-coordinates in cells B1 through B5. Open a Graphs & Geometry page and create a Scatter Plot for the five points. In your own words, describe the shape if you could connect the points from left to right.
3. Since we are going to return to constructing functions press b. From the Graph Type menu, select Function.
4. Bring up the math expressions palette again and select the option for piecewise functions with three or more pieces. Set the number of pieces to four.[image: image15.png]


 The entry line will expand vertically to accommodate the required number of pieces.
5. Determine the equations of the four pieces of the function and use the x-coordinates of the endpoints to form the restricted domain. List the equation of the four pieces and the domain below.
6. Hide the equation and the label for the scatter plot. Define and plot the following functions. In your own words, describe the effect of the change in the function definition. Complete a) first, and describe the change. Then hypothesize about b) before graphing it. Then check your hypothesis by graphing b).
a) f2(x) = f1(x) +6

b) f3(x) = f1(x) – 4

7. What is the effect when you graph y = f(x) + k? Plot some other functions by choosing different values of k to check your conjecture. Consider both positive and negative values for k and state how the domain and range are affected.
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Before starting a new function, 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. Then, you can paste it into the next problem.
Part 3 – Horizontal Translations
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Start a new Problem and add a Graphs & Geometry page. Notice the tab number at the top of the screen. Press / followed by V to paste the expression for the piecewise function into f1(x). Change the attribute of the function to thick. Hide the equation as before. Press / followed by b and the context menu pop-up will appear. Select Attributes and set the display so that the function f1(x) is thicker than normal.
2. Enter the following functions and graph them. In your own words, describe the effect of adding a constant in the brackets with the variable. 
a)
f2(x) = f1(x – 10)

b)
f3(x) = f1(x + 8)

What is the effect when you graph y = f(x + h)? Consider both positive and negative values for h and state how the domain and range are affected. Check your conjecture by plotting four more similar functions using positive and negative values inside the brackets.
Part 4 – Translations in any direction
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Start a new problem and define f1(x) as before. 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.
2. Graph the following functions and describe, in your own words, the effect of the transformation. 
c) f2(x) = f1(x – 9) + 7

d) f3(x) = f1(x + 7) – 5 

3. What is the effect when you graph y = f(x + h) + k? Consider both positive and negative values for h and k. Test your conjecture by plotting more functions of this type. State how the domain and range are affected in each situation. 
Part 5 – Vertical Stretches
1. Start a new problem and enter the base function in f1(x) again. Change the attributes so that f1(x) is bold and hide the equation. In this problem, we will be placing a factor in front of the expression.
2. Graph each of the following functions. You may have to hide some functions when the screen becomes too cluttered. Change the window as necessary. Hypothesize first.
e) f2(x) = 2 f1(x)

f) f3(x) = 4 f1(x)

g) f4(x) = –2 f1(x)

h) f5(x) = -4 f1(x)

i) f6(x) = 
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f1(x)

j) f7(x) = 
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k) f8(x) = 
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l) f9(x) = 
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3. In your own words describe the effect of multiplying a function by a factor. Include positive and negative values and state the impact on the domain and range. Include sketches in your explanations.
Part 6 – Horizontal Stretches
1. Start a new problem and paste the original function in f1(x). However, make one change to the function. For the fourth piece, change the domain to 4 ≤ x ≤ 10. Hide the equation and make f1(x) thicker as before. In this problem, the factor is applied to the variable inside the brackets.
2. Graph each of the following. You may have to hide some functions when the screen becomes too cluttered. Change the window as necessary.

m) f2(x) = f1(2x)

n) f3(x) = f1(4x)

o) f4(x) = f1(–2x)

p) f5(x) = f1(–4x)

q) f6(x) = f1
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r) f7(x) = f1
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s) f8(x) = f1
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t) f9(x) = f1
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3. In your own words describe the effect of multiplying the variable in a function by a factor. Include positive and negative values and state the impact on the domain and range. Include sketches in your observations.
Part 7 – Combinations of Transformations

Graph the base function in f1(x) and predict what would happen if each of the following transformations are applied. In your description, include the affect on the domain and range. Check your prediction using the TI-Nspire™ CAS.

1. f2(x) = 2 f1(x) + 3

2. f3(x) = 2 f1(x – 4) + 3

3. f4(x) = 2 f1(5(x – 4)) + 3

4. f5(x) = -2 f1(5(x – 4)) + 3

5. f6(x) = -2 f1
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