Pre-Calculus 11

3.1 Investigating Quadratic Functions in Vertex Form
(pages 142-156)

Objectives:

· Identifying quadratic functions in vertex form.
· Determining the effect of a, p, and q on the graph of 

    y = a(x – p)2 + q.

· Analysing and graphing quadratic functions using transformations.

Key Terms:

quadratic function: a function f whose value f(x) at x is given by a 
                                    polynomial of degree 2. Example: y = x2
parabola: the symmetrical curve of the graph of a quadratic function.
vertex: the lowest point of the graph (if graph opens up) or the
            highest point of the graph (if graph opens down).

minimum value: the least value in the range of a function.

- For a quadratic function that opens up, the minimum value is the 

  y-coordinate of the vertex.

maximum value: the greatest value in the range of a function.
- For a quadratic function that opens down, the maximum value is 

  the y-coordinate of the vertex.

axis of symmetry: a line through the vertex that divides the graph

                             of a quadratic function into two congruent halves.

- The x-coordinate of the vertex defines the equation of the axis 

  of symmetry.
· Read over Examples 1-4 on pages 148-156.

· Read over the Key Ideas on page 156.
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Vertex Form of a Quadratic Function
· The form y = a(x – p)2 + q, or f(x) = a(x – p)2 + q, where
a, p, and q are constants and a ≠ 0.

   y = ax2
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To see a demonstration of the vertex form of a quadratic function: 
http://www.mathopenref.com/quadvertexexplorer.html
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	Quadratic Graphs by Transformations 


	It is useful to consider some graphs as the dilation, translation or reflection of a basic graph. 

Dilation and Reflection
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Dilation has the effect of stretching or compressing a graph.  Dilation is either from the x-axis or the y-axis.  Also, it could be from both axes.
Consider the graphs of the following functions on the same set of axes:
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* A quadratic function used as a physical model may have restrictions.




Vertex Form of a Quadratic Function Continued
	Translation 
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A translation is a shift of a graph in a given direction. 

Consider the graphs of the following functions on the same set of axes:
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Graphs of y = (x - b)²
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Consider the graphs of the following functions on [image: image15.png]


the same set of axes:

 

We notice that the constant -2 translates the basic graph of y = x2 by 2 units to the right parallel to the x-axis.

In general:
Move the same number of units for q (up or down).

Move the opposite number of units for b (left or right).
	Value of a
	Value of q
	No. of x-intercepts

	a > 0
	q < 0
	2

	a > 0
	q = 0
	1

	a < 0
	q < 0
	0
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3.2 Investigating Quadratic Functions in Standard Form
(pages 163-173)

Objectives:

· Identifying quadratic functions in standard form.

· Determining the vertex, domain and range, axis of symmetry, maximum or minimum value, and x-intercepts and y-intercepts for quadratic functions in standard form.
· Graphing and analysing quadratic functions in applied situations.

Key Terms:

standard form: the form f(x) = ax2 + bx + c or y = ax2 + bx + c, 

                        where a, b, and c are real numbers and a ≠ 0.
- For any quadratic function in standard form, the x-coordinate
  of the vertex is given by x = 
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· Read over Examples 1-3 on pages 166-172.

· Read over the Key Ideas on page 173.


Summary of Quadratic Functions
	Value of a
	Value of q
	No. of x-intercepts

	a > 0
	q < 0
	2 (real and distinct roots)

	a > 0
	q = 0
	1 (real and identical: double root)

	a < 0
	q < 0
	0 (imaginary root)



	y = x2
	Graph is a parabola.

	y = ax2
	Reflects in the x-axis if a < 0.

Stretches in the y-direction (narrows) if a > 1 or a < -1.

Shrinks in the y-direction (flattens) if -1 < a < 1.

	y = a(x – p) 2
	Shifts p units to the right if p is positive.

Shifts p units to the left if p is negative.

	y = a(x – p)2 + q

y = a(x – p)2 – q 
	Shifts q units upward.

Shifts q units downward.
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3.3 Completing the Square
(pages 163-173)

Objectives:

· Converting quadratic functions from standard to vertex form.

· Analysing quadratic functions of the form y = ax2 + bx + c.

· Writing quadratic functions to model situations.

Key Terms:

completing the square: an algebraic process used to write a 
                                           quadratic polynomial in the form

                                      y = a(x – p)2 + q.

- Converting a quadratic function to vertex form, y = a(x – p)2 + q,
  reveals the coordinates of the vertex, (p, q).

· Read over Examples 1-4 on pages 184-192.

· Read over the Key Ideas on page 192.

Example 1 – Changing From Standard to Vertex Form
Rewrite the equation y = x2 + 6x + 8 in vertex form.

Solution: First, determine what must be added to x2 + 6x to  

               make it a perfect square. Square of half the coefficient 
               of x (which is 6) is 9.

Add and subtract the square of half the coefficient of x:

y = x2 + 6x + 9 – 9 + 8

Group the perfect square trinomial:

y = (x2 + 6x + 9) – 9 + 8

Write the perfect square trinomial as the square of a binomial:

y = (x + 3)2 – 1 

The equation in vertex form is y = (x + 3)2 – 1.

Example 2 – Completing the Square When a ≠ 1
Express y = 3x2 – 12x + 11 in vertex form.

Solution: Factor the coefficient of x2 from the first two terms.

               Then, complete the square as you would for a = 1.

Group the terms containing x:    y = [3x2 – 12x] + 11

Factor the coefficient of x2 from the first two terms:

y = 3[x2 – 4x] + 11

Complete the square inside the brackets: 

y = 3[x2 – 4x + 4 – 4] + 11

Write the perfect square trinomial as the square of a binomial:

y = 3[(x – 2)2 – 4] + 11

Expand to remove the square brackets:    y = 3(x – 2)2 – 12 + 11

Simplify:   y = 3(x – 2)2 – 1    

Example 3 – Determining the Vertex of a Quadratic Function
Find the vertex for the function y = 5x2 + 30x + 41.
Solution: Determine the x-coordinate of the vertex by using 
               x = 
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        x = 
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        x = -3

Substitute the x-coordinate into the function to find the y-coordinate.

y = 5(-3)2 + 30(-3) + 41

y = 5(9) – 90 + 41

y = 45 – 90 + 41

y = -4

The vertex is (-3, -4). 
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