Graphing Quadratic Equations

The 5-Step Method

· The five-step method analyzes the equation and gives important information that helps you graph the parabola.

· Important terminology:

· QUADRATIC FORM:  The quadratic equation is written in the form y = ax2 + bx + c 

· VERTEX:  The central point for a parabola; it is the lowest point for a parabola that opens up and the highest point for a parabola that opens down.
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AXIS OF SYMMETRY:  This is an imaginary vertical line that runs through the center of the parabola and through the vertex; it shares an x-value with the vertex.  For example, if the vertex is (-3, 5), then the axis of symmetry is x = -3.

· X-INTERCEPTS:  There can be two, one, or no x-intercepts.  This is demonstrated to the right.  The x-intercepts can be found by factoring (if factorable), or by using the quadratic formula.

· Y-INTERCEPTS:  This is where the graph crosses the y-axis.  There will always be one y-intercept.

· The five steps are explained on the left, and worked out in 2 examples to the right:

a.) Does the parabola open up or down?    

+x2  means it opens up

–x2  means it opens down
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b.) Axis of Symmetry?

Use this formula to find the formula for the axis of symmetry

c.) Vertex?  

Use the value you found for the axis of symmetry for the x-value of the vertex.  Plug this number into the original equation to find the y-value of the vertex.  Express this as a point.

d.) x-intercept(s)?

Factor if possible or use the quadratic formula to find these.  If you get an imaginary answer, there are no x-intercepts.

e.) y-intercept?

This is found from the constant in the original quadratic equation.

EX. 1/   y = x2 – 2x – 3

a.) Since x2 is positive, the parabola opens up.
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The axis is x = 1

b.) Fill the axis value into the original equation:


y = 12 – 2(1) – 3


   = 1 – 2 – 3 


   = -4


The vertex is (1, -4)

c.)  Factor: y= x2 – 2x – 3


        0= (x–3)(x+1) 


     x–3=0      x+1=0


      x = 3        x = -1

      The x-intercepts are

      (3, 0) and (-1, 0)

d.) The constant of the original equation is –3


The y-intercept is

 
(0, -3)

EX. 2/   y = -2x2 + 6x

a.) Since x2 is negative, the parabola opens down.
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The axis is x = 3/2
b.) Fill the axis value into the original equation:


y = -2(3/2)2 + 6(3/2)


   = -2(9/4) + 9

              = 4 ½ 


The vertex is (1½, 4½ ) 
c.) Factor:  y = -2x2 + 6x



= -2x(x – 3)


      -2x = 0
x – 3 = 0 


         x = 0    
      x = 3


The x-intercepts are


(0,0) and (3,0)

d.) The constant of the original equation is 0


The y-intercept is (0,0)

(h,k) Method

· The (h,k) method for graphing parabolas involved converting an equation into “standard form” and then using other information about the parabola to plot points.

· Standard form for a quadratic is y = a(x – h)2 + k


· For the standard form “a” determines the steepness of the curvature and whether or not the parabola opens up or down.
· The vertex of the parabola is found by (h,k).
Ex. 3/  y = 4x2 – 12x + 8
GCF the leading coefficient from the first two terms

Take half of the “x” term, square it, add it inside the parentheses.  Then multiply it times the number outside the parentheses, and do the opposite of that to the end of the equation.  In this case:  half of 3 is 3/2, 3/2 squared is 9/4, add 9/4 inside, multiply 9/4 •4 = 9, since 9 is positive subtract it from the end of the equation.

Factor and simplify.  The number on the right side of the parentheses when you factor is always the number in the cloud from the last step. 
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Information you can find out about the parabola from the equation:





Does it open up or down?

What is the vertex?

What is the axis of symmetry?

What is the y-intercept?


y = 4(x2 – 3x) + 8
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y = 4(x2 – 3x + 9/4) + 8 - 9

y = 4(x – 3/2)2 – 1

4 is positive, so it opens up

Vertex is (3/2, -1)

Axis of symmetry is x = 3/2

Constant from original is 8, so the y-intercept is (0,8)

Finding Graphing Points

· Often the information found from the 5-step method or (h,k) method is not enough to graph the parabola.  You need help in finding additional points so you find at least 5 points to make a smooth curve.
· 1-1-2-4  This method will work if there is no coefficient in front of x2.  Once you have found the vertex, begin there and go out 1 in both directions, up one, plot these points.  Return to the vertex, go out 2 in both directions, up 4, plot these points.   Connect all four points with a smooth curve.  If x2 is negative, you will move down instead of up.  If there is a coefficient of x2, you cannot use this method.
· Calculator     Your calculator will help you find additional points.  Begin by typing the equation into the y= screen.  
· VALUE:  After graphing the parabola on your calculator, go to 2nd CALC, VALUE.  Type in a value for x and hit ENTER.  Your calculator will give you the corresponding value for y.  Repeat this for another value of x.  Use the axis of symmetry to flip the points across the parabola to find their reflections.  Filling in “0” for x will give you the y-intercept.
· TABLE:  After graphing the parabola on your calculator, go to 2nd TABLE.  Use this automatic x-y table to locate points on the parabola.
· ZERO/ROOT:  After graphing the parabola on your calculator, go to 2nd CALC, ROOT (or ZERO).  Move your blinker just to the left of the x-intercept and hit ENTER.  Then move the blinker just to the right of the x-intercept and hit ENTER.  When the calculator says GUESS, just hit ENTER.  It will give you the coordinates of that x-intercept.  Repeat the process for another x-intercept. 
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