The Graphing Calculator and Quadratic Equations
Andrea Hendricks
Math 0098

There are three primary ways that the graphing calculator can be used in the chapter on
quadratic equations and functions. The calculator can be used to approximate irrational
solutions to quadratic equations. The calculator can be used to verify solutions to
quadratic equations. Lastly, the calculator can be used to graph quadratic functions.

Objective 1: Approximate Irrational Solutions

Irrational solutions may be approximated by entering the appropriate expression on the
calculator. Solutions that involve fractions must be entered carefully so that the correct
approximation will be found.

Solve the equations below using any of the methods from chapter 11 and then use your
calculator to approximate the solutions to the nearest thousandths.

Example 1:

x* —8x-10=0

2 —8x —10 To solve by completing the square:
Hhet 1) Remove the constant from the left side.

x* —8x+16=10+16 2) Complete the square (half of 8, squared) and add to both
_4)? =26 sides.

(x=4) 3) Factor the perfect square trinomial on the left.

x—4 =126 4) Apply the square root property.

x=4+~/26 5) Isolate x by adding 4 to both sides.

x=4+\/%orx:4—\/%

To approximate the solutions, use the calculator:

G+ {250
2.899813514

d=[ 0262
-1.8998133514

The solutions rounded to the nearest thousandth are 9.099 and -1.099.




Example 2:

2x> —-5x—-6=0 To solve using the Quadratic Formula:
(o DEN b* - 4ac 1) Identify the values of a, b, and c.
2a 2) Substitute into the quadratic formula.

X

_ —(-5)+ \/(—5)2 _ 4(2)(=6) 3) Simplify the resulting expression.

2(2)

L _5%25+48
4
L _5EV73

4
5+\/7_3 5—x/7_3
4

orx =
4

To use the calculator to approximate the solutions, you must use parentheses to enter the
numerator since it is more than a single term.

o+l (V32 4
3. 326000936
¢S—TC(7PI 074
-.55F5959353

Note the use of double parentheses before
entering the denominator. One parentheses
closes the radical and the other ends the
munerator.

You could also enter this type of expression in two parts — find the value of the numerator

and then divide by the denominator.

o+ 73

A=~ 4

132446883573
2. JBEEEES3E

A=l {7 a

- 5. 0ddBE3E 45
A=~ 4

- SEBEHREYIES

The two approximate solutions, rounded to the nearest thousandth, are 3.386 and -.886.



Objective 2: Use the calculator to verify solutions. (Two methods illustrated.)

Method 1: Recall that a solution to an equation is a number that makes the equation true
when this value is substituted for the variable. One way to check your solution is to
substitute the value of the variable on your calculator. (I will use the two examples above
to illustrate this.)

Examples:

1) Verify that X =4++/26 or x=4—+/26 are solutions to x> —8x—-10=0.

Cd+JC2E332=2C4+.]| When the values were substituted in the left side of the
CZ2ear—-18 equation, the result is 0 which equals the right side of
¢ TEY Y E 4_? g(l)erri?;.aﬁon. Therefore, the solutions we found are
L2622 —1A
B 2 Note: Two parentheses had to be entered after 26. One
of these closes the radical; the other closes the value of
X.
2) Verify that x = S+VT3 orx= S-V73 are solutions to 2x* -5x—6=0.
2oy I d - 2eeo—Jiriaasdae—
LT N R T LT R T
5| 5|
| |

To check these solutions, be very careful about the use of parentheses when inserting the
value of the variable. One set of () are used around the entire expression. One set is
used around the numerator and one set is used around the radical.




Method 2: When an equation is of the form f(x) = 0, the solutions to the equation
actually represent the x-intercepts of the graph of the function f(x). (Recall that to find
the x-intercepts of a graph, we let y = 0 and solve for x. This is exactly what we are
doing when we solve a quadratic equation.)

Example 1: Verify that x = 4++/26 or x =4-+/26 are solutions to x> —8x—10=0
graphically.

To verify this graphically, lety = x> —8x—10. Graph this equation and then verify that
your solutions are the x-intercepts of the graph.

Step 1: Enter the equation in the calculator. Step 2: Graph the equation.

Flati Flotz Flot:
~WiBRE-BR-18
~z=l
wWrs
~y=
wWeE=
“WE=
M=

Step 3: Use the TRACE feature to determine if your solutions are the x-intercepts of the
graph.

Press TRACE and then enter the value of x and press enter.

M=hz-A1-110 M=hz-A1-110 Note that the
cursor moved to
the x-intercept of
the graph for this
x-value. This
confirms that our

w2601 4=09,0890195 Yv=n solution is correct.

Repeat this for the other solution.

Yi=hz-Bh-11 Yi=hz-Bh-11

a=d—=lC2e 0l w=-10880z =0




Example 2: Solve the equation x> —x—6 =0 by hand and then confirm your solutions
graphically.

Solution:  y2 _y_g-0
(x=3)(x+2)=0
x—=3=00rx+2=0
x=3 or x=-2

To verify graphically:
Step One: Enter the equation in the calculator.

Flati Flotz Flot:
~WiBRE—E-cl
wWe=
wWrs
~y=
wWeE=
“WE=
M=

Step Two: Graph the equation.

Step Three: Confirm that the x-intercepts are (3, 0) and (-2, 0). Press TRACE and enter
the two x-values.

Yi=hz-i-8 Yi=hz-i-8

W=z W= "= -2 W=

Since the graph crosses the x-axis at the x-values of 3 and -2, our solutions are correct.



Objective 3: Graph a quadratic function.

The graph of an equation of the form y = ax® +bx+c ory = a(x—h)?+k is the graph of a
quadratic function. The graph of this type of function is a parabola.

The basic graph of a quadratic equation is the graph of y = x*.

This graph of this function can be found by hand by plotting points. Substitute some
values for x in the equation to find their corresponding y values and then plot the
resulting points to determine the pattern of the solutions.

X y=x° xy)

-3 y = (_3)2 —9 (-3,9) o o
2 | y=(-2’=4 |(-24) .
1 | y=(-p’=1 |(LD ala

0 y=(0)°=0 (0,0)

1 y=()7*=1 (1, 1)

2 y=(2)=4 (2, 4)

3 y=(3)°=9 (3,9)

These points are in the shape of a parabola. Connecting the points with a smooth curve
we get

Vertex (0, 0}

The graph of a quadratic equation will always be a parabola. The vertex is the top-most
or bottom-most point on the parabola. Note also that if you fold the parabola vertically at
the vertex point, the left is a mirror image of the right.

Now let’s look at the graph of some other parabolas and see how their graph relates to the
graph of y =x°.



Equation Graph Vertex Relationship to y = x?
The graph of this
y=x"+3 (0,3) | equation is the graph of
y = X shifted up three
units.
The graph of this
y=x-2 (0, -2) | equation is the graph of

y = x* shifted down
two units.

Conclusion: The graph of y = x> +k is the graph of y = x* shifted up k units (if k is
positive) or shifted down k units (if k is negative). The vertex of this equation is (0, k).

The graph of this
equation is the graph of

y=(x+4)’ (-4,0) | y=x? shifted four units
to the left.
The graph of this
equation is the graph of
y =(x-1)* (1,0) | y=x? shifted one unit

right.

Conclusion: The graph of the equation y = (x—h)? is the graph of y = x* shifted left h
units (if h is positive) or shifted right h units (if h is negative). The vertex of this
equation is (h, 0).




Equation

Graph

Vertex

Relationship to y = x*

y=(x-1°-4

(1. -4)

The graph of this
equation is the graph of

y = x* shifted one unit

right and four units
down.

y=(x+2)"+3

('2! 3)

The graph of this
equation is the graph of

y = x” shifted two units
left and three units up.

Conclusion: The graph of the equation y = (x—h)*+k is the graph of y = x* shifted
left/right h units and up/down K units. The vertex of the graph is (h, k).

(0,0)

The graph of this
equation is the graph of
y = x> compressed by a
factor of %. Basically
this means that the
graph has been widened.
(Original y values are
cut in half.)

(0,0)

The graph of this
equation is the graph of

y =X’ reflected over

the x-axis and stretched
by a factor of 2. In
other words, the graph
Is going down and the
y-values have been
doubled and negated.

Conclusion: The graph of y =ax? is the graph of y =x* either stretched or compressed.

If the value of a is positive, then the graph opens up. If the graph of a is negative, the
graph opens down. The vertex of this type of equation is (0, 0) since the parabola did not

shift up/down or left/right.




SUMMARY:
To graph the equation y =a(x—h)*+k ,

1) Identify the vertex (h, k).

2) Determine if the parabola opens up or down. If a> 0, open up. Ifa <0, opens down.
3) Plot two points in addition to the vertex — one of the left side of the parabola and one
on the right side.

4) Connect the three points in the shape of a parabola.

Example: Graph the equation y = 2(x+3)* —8.
Solution:

1) The vertex of the parabola is (-3, -8).

2) Since a = 2, the parabola opens up.

3) Find two additional points. You can do this by hand or on the calculator.

By hand: Let x = -5 and x = -1 (a value to the left of -3 and to the right of -3)

Xx=-5. y=2(-5+3)°-8=2(-2)>-8=2(4)-8=8-8=0 (-5, 0)
x=-1: y=2(-1+3)°-8=2(2)>-8=2(4)-8=8-8=0  (-1,0)

By the calculator:

Flakl Flatz Flotbz " Y9
~BEZOR+EE-2R B 10
W= -E 0
We= :; :E
'-.'-.-'Hf “E "B
:32; ot 1o
Wa= e

4) Plot the three points and draw the parabola.




