Chapter 2. Quadratic Functions (Sect.2.1-2.2)
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The function   f (x) = ax2 + bx + c    (1)

is called a quadratic function. 

The graph of a quadratic function is a parabola.

Every parabola is symmetrical about a vertical line called the axis of symmetry. The intersection point of the parabola and the axis of symmetry is called the vertex of the parabola. 

The leading coefficient of  ax2 + bx + c is a. 

	When a > 0, the parabola opens upward and the vertex is a minimum. 
	When a < 0, the parabola opens downward and the vertex is a maximum.
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The simplest quadratic functions are of the form
                                 f (x) = ax2  (a ( 0) 
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It is easyItIt is easy to graph them by comparing with graph of y = x2. 
Example: Compare the graphs of 

1) y = x2; 2) y = 1/2x2  3) y = 2x2                     1








       
The higher a, the steeper the parabola.
           3
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The coordinates of the vertex of the parabola:
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The equation of the axis of symmetry is: 
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Example: Graph  f (x) = 
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1. a = 
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 > 0 ( parabola opens upward, vertex = minimum point.

2. Find the vertex: x = 
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          y = 
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= f(3) = 2.5

Draw the vertical line x = 3 through the vertex (3, 2.5) – axis of symmetry.

3. Let x = 0, find y = f(0) –-> y-intercept:

y = 
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4. Now we have 2 points and axis of symmetry. Create a table of points adding 2-3 more points on both sides of the vertex.

The standard form of a quadratic function is:
                             


f (x) = a(x – h)2 + k 
(2)
Compare with general form: 
f (x) = ax2 + bx + c

Why we need it? Standard form gives directly the vertex position:

Example. Find the vertex of f1 (x) = (x – 3)2 + 2.

f1 (x) = (x – 3)2 + 2 is the same shape as the graph of
f2 (x) = (x – 3)2 shifted upwards two units. 
f3 (x) = (x – 3)2 is the same shape as y = x2 shifted to the right three units. 
In general, from standard form of equation (2) follows:

1) 
upward or downward opening of parabola (a > 0 or a < 0) 

2) vertex (h, k)
3) axis of symmetry x = h. 
Example: Graph the parabola f (x) = 2x2 + 4x – 1 and find the axis
                 and vertex. 
f (x) = 2x2 + 4x – 1 
     

original equation 

f (x) = 2( x2 + 2x) – 1 
     
factor out 2

f (x) = 2( x2 + 2x + 1) – 1 – 2    
complete the square  

f (x) = 2( x + 1)2 – 3 
     

standard form 

a > 0 ( 
parabola opens upward like y = 2x2.
h = –1, k = –3 ( 
axis x = –1, vertex (–1, –3). 

Example: Graph and find the vertex and x-intercepts of 

f (x) = –x2  + 6x + 7    by converting to its standard form. 

Answer: f (x) = – ( x – 3)2 + 16   - standard form 

    a < 0 ( parabola opens downward. 
    vertex (3, 16), axis x = 3. 
Reverse problem: Find an equation for the parabola with vertex (2, –1)
                 passing through the point (0, 1). 

f (x) = a(x – h)2 + k          standard form 

f (x) = a(x – 2)2 + (–1)
vertex (2, –1) = (h, k)

Since (0, 1) is a point on the parabola:  

f (0) = a(0 – 2)2  – 1

1 = 4a –1   
a = 
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Answer: f(x) = 
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Quadratic Equations (Sect.2-1)
Quadratic equation 

ax2 + bx + c  = 0

(3)
Quadratic function       f (x) = ax2 + bx + c  

(1)

Value of x that makes f(x) = 0 is a solution or root of the quadratic equation.  

Solving quadratic equations    ax2 + bx + c  = 0:

# of solutions: 2, 1 or none.

1. Graphical method: Find the points, where parabola y = f(x) crosses x-axis. These x-values are solutions.

2. If b = 0 (no x-term), we have x2 = C
 x = 
[image: image11.wmf]C

±


3. Factoring – mostly used for whole number roots.

Example: 

x2  + x - 6 = 0 

a) find the product of second-degree and constant terms: 1(-6) = -6

b) find 2 factors of this product that will sum to first-degree term:

possible factors are (-2) (3), (-3)(2), (-1)(6), (-6)(1)

c) replace first degree term by the sum of 2 factors

x2  + 3x – 2x - 6 = 0
d) factor the expression by grouping

x(x + 3) – 2(x + 3) = (x + 3)(x – 2) = 0

4. Using quadratic formula – always works!
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Quadratic discriminant:  b2-4ac 
If b2-4ac > 0 –->  2 real solutions
If b2-4ac = 0 –->  1 real solution
If b2-4ac < 0  ( no real solutions

Example. Solve  –x2  + 6x + 7 for x.

   Answer: x = 7, x = –1  

2-3. Quadratic applications.

Example: A basketball is thrown from the free throw line from a height of six feet. What is the maximum height of the ball if the path of the ball is: 
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The path is a parabola opening downward. The maximum height occurs at the vertex. Vertex coordinates: 
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So, the vertex is (9, 15). 

The maximum height of the ball is 15 feet. 

Example: A fence is to be built to form a rectangular corral along the side of a barn 65 feet long. If 120 feet of fencing are available, what are the dimensions of the corral of maximum area?

Let x represent the width of the corral and 120 – 2x the length.

Area =  A(x) = (120 – 2x) x = –2x2 + 120 x

The graph is a parabola and opens downward

The maximum occurs at the vertex where 
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f(30)=120 – 2x = 120 – 2(30) = 60

The maximum area occurs when the width is 30 feet and the length is 60 feet.
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