Chapter 3 TI Nspire™ CAS Activities

Step-by-Step Directions

Part 1 – The Discriminant

For the first two sections, we will be referring to the following three functions as the examples.
f1(x) = 4x2 – 8x + 1

f2(x) = 4x2 + 8x + 4

f3(x) = 3x2 – 5x + 6
We will look at these algebraically first and confirm our conclusions graphically. We will be using a feature called a User Defined Function.
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Aside from defining functions of one variable, a CAS device also allows you to define a variable in terms of two or more parameters. In this case, the “function” being defined is d, for the discriminant, and is defined in terms of variables a, b and c, the coefficients of a quadratic function. The expression on the right side is the expression under the square root in the quadratic formula.
2. [image: image3.png](TS[ToY77] 18] Rap auTo REAL a

Define f5lx)={150+1.5x)-(500-4x)  Done
solve(150+L.5x=0,x) x=-100.
solve(500-4x=0:x) x=125
m{100,-125) 125
l125) 75937.5

599




For the first function, f1(x), substitute 
a = 4, b = –8 and c = 1. The result is positive, so we conclude that the corresponding quadratic function has two x-intercepts (or that the quadratic equation has two roots).
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For the second function, f2(x), we substitute a = 4, b = 8 and c = 4. The result is zero, so we conclude that the corresponding quadratic function has one x-intercept.
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For the third function, f3(x), we substitute a = 3, b = –5 and c = 6. The result is negative, so we conclude that the corresponding quadratic function has no 
x-intercepts.
Part 2 – The Quadratic Formula

1. [image: image6.png]1199




Start a new Calculator application page. Define the variable x1 as shown. Press the r key between variables a and c. This variable will hold the result that arises when the positive square root is taken from the quadratic formula.
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The second root is defined slightly differently. The variable x2 is similar except that it uses the opposite root of x1 and, in place of the full expression for the discriminant, the variable, d, is used. When you do this, the values a, b and c are used in both x2 to d. 
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 For the first function, f1(x), we substitute a = 4, b = –8 and c = 1 as we did for the function, d. Above, we saw that the result for the discriminant was positive, so we concluded that the corresponding quadratic function had two x-intercepts. The result shown is in exact form.
a. What would the value of f1(x) be if you substituted x = 
[image: image33.emf]?

b. Does this make sense? Why?
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If we press / followed by ·, the device will re-evaluate the previous expression in approximate form.
5. [image: image10.png](T[T 7S] 16] Rap auTo REAL a

150 {7
$alc)=-5-be-3)-ber7)

20

>




To evaluate the variable, x2, for the same coefficients, we could either type in the variable and the parameters or we could move up by pressing £ , find the command for x1 and edit just the number in the variable name. Note where the cursor has been placed.
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Press . to delete the digit 1 and replace it with the digit 2. The software evaluates the root in exact form but may do some factoring at the same time. In this case, the negative sign has been factored out of the expression in the numerator.
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As before, pressing / followed by · will show the result in approximate form.
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 For the second function, f2(x), we substitute a = 4, b = 8 and c = 4 as we did for function d. The result was zero, so we concluded that the corresponding quadratic function has one x-intercept. By substituting into both x1 and x2, we see that the two roots are the same.
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 For the third function, f3(x), we substitute a = 3, b = –5 and c = 6, as we did previously for variable d. The result was negative, so we concluded that the corresponding quadratic function had no x-intercepts. It’s interesting to note how the software handles this result when we attempt to substitute into variable x1.
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The issue here is that you cannot find the square root of a negative value. This type of calculation can only be done using complex numbers, a topic that is not done in this course.
11. [image: image16.png]For example, ifthe software is in the Real
setting, (1) is invald.

To allow complex calculations, change the
*Real or Complex” Made Setting to
RECTANGULAR or POLAR,

]




When we press ·, the software displays an error message as the result for the calculation.
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It’s time to check the results graphically. Open a new Graphs & Geometry application page. From the Window menu, choose Window Settings. Change the settings as shown.
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Enter the function and press ·. The function is clearly shown with two 
x-intercepts.
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Rather than having two graphs on the same set of axes, open another new Graphs & Geometry application page. Change the window settings as before and plot function f2(x). It has exactly one 
x-intercept as we expected.
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Start another new Graphs & Geometry application page, change the settings and plot f3(x). As the analysis above predicted, this function has no x-intercepts.
Part 3 – Quadratic functions in Factored Form
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Open another new Graphs & Geometry application page and graph the function f4(x) = –5(x – 3)(x + 7). This is a quadratic function that has x-intercepts at x = –7 and x = 3 and opens down. Obviously, the window needs to be changed.
2. [image: image22.png]Define x2{ab,c)=

xila,8,1)

xila-8,1)

RAD AUTO REAL
2a

1.86603




From the Window menu, choose Window Settings. Change the window to the values shown.
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As you press ·, the graph will be displayed in the new window. The vertex appears to be somewhere around x = –2 with a y value more than 100.
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Open a new Calculator application page. Display the function f4(x). Define a new function m with inputs r and s as shown. The values of (–r) and (–s) are the roots that arise from the two factors or the x-intercepts of the graph of f(x). This comes from the factored form of a quadratic f(x) = a(x–r)(x–s) Due to symmetry, the x-coordinate of the vertex will be the average of these two numbers, 
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. This has been simplified in the user defined function.
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For the function f4(x), use the values from the factors.
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To find the y-coordinate of the vertex, substitute the result into the function.
Part 4 – Maximum and Minimum Quadratic Problems

The problem for this activity is of a type that is commonly used for optimization problems involving quadratic functions. This was used in the TI Nspire™ activity for this chapter. 

If a company sells watches for $150.00, they will sell 500 watches. Research indicates that for every $1.50 price increase, the number of sales will decrease by four watches. However, they notice that as the price increases, their revenue initially increases as well.  Later, as the number of watches sold decreases, the revenue starts to decrease. Determine the price that will maximize their revenue.
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Revenue is determined by the product of the number of units and the price. An expression for price is $150 + $1.50x. An expression for the number sold is 500 – 4x.
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To get the values for r and s, we apply the solve command to each of the factors. This gives us the x-intercepts.
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If we substitute the opposites of these roots into the user defined function m, we get the x-coordinate of the vertex.
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Substitute this value into the function to get the y-coordinate. This could be interpreted as the maximum value for the revenue.
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To determine the price and the number sold, substitute the x-coordinate into the two expressions. We could conclude that the optimal value for the revenue occurs if we charge $168.75 per watch, and we would sell 450 watches.
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