
2.1 Quadratic Properties and Graphs MATH 161  THOMPSON 

 

 

     f(x) = ax2+bx+c 

If a>0 then the parabola 

 opens UP 

If a<0 then the parabola        VERTEX 

 opens DOWN 

 

 

 

 

1 

2)  

3)  

4)  

 

 

 

5)  
  

 

  

 



6) 

 

    The x2 coefficient is negative and parabola open down 

                                   to have a  maximum vertex 

 

 

 

 

 

7)  

 

 

 Find the vertex                  x =
−4

2
= −2  to find y, plug in x=-2 

               y = (-2)2 + 4(-2) -1 = -5 

 Vertex is (-2, -5) 

   First plot the vertex  

 then plot the y-intercept (0,-1) 

 

D: (-∞,∞)  R: [- 5 , ∞) 

 

 

 

 

 



8)  

 

𝑥 =
−8

2(−2)
= 2         𝑦 = −2(2)2 + 8(2) − 2 =  6     

Vertex (2,6)  

axis of symmetry is x= 2 

  D: (-∞,∞)  R: (-∞,6]  

                             First plot the vertex (2,6) then plot the y-intercept (0,-2) 

9)  

 

 

       𝑥 =
4

2(1)
= 2         𝑦 = (2)2 − 4(2) = −4 

 

       X value of the vertex 

  

  

    

x-intercepts: factor x2 – 4x using  (GCF)  x(x-4)=0 

          

  plug zero in for x    y-intercept is 0  

   

 Plot the vertex first 

 then plot the y-intercept = 0                         left interval    right interval 

 D: (-∞,∞)  R: [-4,∞) opens up             (-∞,2)      (2, ∞)   

 Increasing on (2, ∞) (right)   

  Decreasing on (-∞,2) (left)     

Vertex (2,-4) 

x= 2 

x-intercepts are 0,4 

Up because x2 term is positive 



 

10) f(x) = - x2 +10x    a) opens down 

 𝑥 =
−10

2(−1)
= 5         𝑦 = −(5)2 + 10(5) = 25   Fill in vertex (h,k) 

b) 𝐯𝐞𝐫𝐭𝐞𝐱 (5,25) 

 

c) axis of symmetry x = 5  

d) x-intercepts factor -x2 + 10x 

              GCF:  - x(x - 10)=0 

 

e) y-intercepts  plug zero in for x    y-intercept is 0  

ALWAYS CHECK REFLECT ABOUT 

X-AXIS FIRST 

 

11)  

 

 x = 1       y = (1)2 -2(1) – 4 = -5 

  axis of symmetry x = 1 

         x-intercepts factor x2 - 2x - 4 

                            (x-4)(x + 2)=0 

                   x-intercepts are 4,-2 

       y-intercepts  plug zero in for x     

   y-intercept is 0 

 First plot the vertex (-1,-5) 

 then plot the y-intercept (0,-4) 

  D: (-∞,∞)  R: [-5,∞) 

x-intercepts are 0,10 

25 5 



12)  

 

 

     

 

              𝑥 =
−2

2(1)
= −1       𝑦 = (−1)2 + 2(−1) − 3 = −4 

 

      x2 +2x -3 

            (x+3)(x-1) 

 

 

     constant by itself at the end 

 

  

Plot vertex first then y-intecept 

    D: (-∞,∞)      R: [-4,∞) opens up 

 Domain: x-values (left to right), Range: y-values (bottom to top) 

 

 Increasing on (-1, ∞) Decreasing on (-∞,-1) 

 

 *Increasing and Decreasing is always parenthesis and only uses x value 

 

 

Up because x2 term is positive 



13)  

 

 

 

 

   𝑥 =
3

2(2)
=

3

4
         𝑦 = 2 (

3

4
)

2
3 (

3

4
) + 3 =

15

8
      

 

 

 

 

      x2 - 3x +6 slide and divide will not factor 

              no x-intercepts, only intercept is y=3 

        

 

 Look at vertex and y-intercept to find graph 

 

 D: (-∞,∞)  R: [
15

8
,∞) opens up 

 Domain: x-values (left to right), Range: y-values (bottom to top) 

 Increasing on (
3

4
, ∞) Decreasing on (-∞,

3

4
) 

 *Increasing and Decreasing is always parenthesis and only uses x value 

 

 

 



-3 3 

14) f(x) =4x2 -24x+33 Find vertex  

   𝑥 =
24

2(4)
= 3         y = 4(3)2 − 24(3) + 33    

    𝑣𝑒𝑟𝑡𝑒𝑥 (3, −3)    

 Always put first coefficient as vertical stretch    

    Use vertex as vertical and horizontal shifts 

   

 

 

 

15)   

       𝑥 =
−12

2(6)
= −1       𝑦 = 6(−1)2 + 12(−1) = −6 

           Opens up has a minimum 

     The minimum is the y-value of the vertex 

 

                 max 

 

      min       

 

16)  

       𝑥 =
−24

2(3)
= −4       𝑦 = 3(−4)2 + 24(−4) − 2 = −50 

 

Opens up has a minimum 

      
     The minimum is the y-value of the vertex 



17)  

        𝑥 =
−16

2(−2)
= 4       𝑦 = −2(4)2 + 16(4) − 1 = 31 

 

          Opens down has a maximum  

       The max is the y-value of the vertex 

 

 

 

18)  

         𝑥 =
−12

2(3)
= −2       𝑦 = 3(−2)2 + 12(−2) + 1 = −11 

           Opens up has a minimum 

     The minimum is the y-value of the vertex 

 

 

19)  

                                 h ,k          x,y 
 y = a(x-h)2 + k where vertex is (h,k) 

 5 = a(2 - 4)2 - 3     Find a   

  5 =    4a – 3 

            8 = 4a           

     a = 2  

 then plug a, h, and k back in  y = 2(x-4)2 - 3   

    

 

 



20)  
                                        h ,k                x,y 
 y = a(x-h)2 + k where vertex is (h,k) 

 9 = a(1 - 0)2 + 1     Find a   

  9 =    1a + 1 

            8 = a           

 then plug a, h, and k back in  y = 8(x-0)2 + 1   

    

     a = 8   b = 0 (always) c = 1 

 

v21)  

 

 

 

     𝑥 =
−4

2(2)
= −1         𝑦 = 2(−1)2 + 4(−1) − 6 = 8 

      Vertex (-1,-8)  

      
       

     y = 2(x+1)2 -8 

 

 

22)  

 

  y = a(x-h)2 + k 

  -4 = a(0+2)2 -8 

  -4 = 4a – 8 

  4 = 4a        a = 1 

 Use vertex to make equation  y = (x + 2)2 - 8 

 



 

23) 

 

 

 y = a(x-h)2 + k 

 -8 = a(0+3)2 + 1 

  -9 = 9a  

  -1 = a         
  y = -(x + 3)2 + 1  * multiply out 

  y = -(x2 + 6x + 9) + 1 

  y = - x2 – 6x – 9 + 1 

  y = - x2 – 6x – 8 

 

 

 

 

Another 23) 

 

 

 

 y = a(x-h)2 + k 

  8 = a(0+1)2 -3 

  8 = a – 3 

  11 = a         
  y = 11(x + 1)2 – 3 

 *if there is a negative in front the graph opens down 

  

 



24)  

          ALWAYS USE VERTEX FORMULA 

                       

   𝑽𝑬𝑹𝑻𝑬𝑿:    𝑥 =
−24000

2(−8)
= $1500          

   What is the maximum revenue? 

   𝑦 = −8(1500)2 + 24000(1500) = $18,000,000 

 

 

 

25)  

 

 

       𝑽𝑬𝑹𝑻𝑬𝑿:    𝑥 =
160

2(1)
= $80          

  

   What is the maximum revenue? 

   𝑦 = (80)2 − 160(80) + 8600 = $2200 

 

 

 

 

 

 

 



26)               
             click here 1st 

 

        

       ALGEBRAIC STEPS TO CHCEK: 

       VERTEX:    x =
−64

2(−16)
= 2           

       Max height occurs when t=2 

  

                     y = −16(2)2 + 64(2) + 36 = 100 

          Max height of the baseball is 100 feet   

 

 

27)  

 

 

 

 

    

 

 

 

 

 



28)  

 

 

 

 

 

 

 

       

     [0,4.5] 

 

 

 

29) Find the intercepts y = x2 – 16 {means ALL intercepts} 

x-intercepts:  x2 – 16 = 0        

        (x-4)(x+4)=0   

      x = -4,4   

y=intercept:  y = 0 – 16 

      y = -16 

          

  ordered pairs: (-4,0),(4,0),(0,-16) 

 

 

 



EXTRA PROBLEMS 

A) 

 

 

 

 

       𝑥 =
2

2(−1)
= −1         𝑦 = −(−1)2 − 2(−1) = 1 

 

       X value of the vertex 

  

  

      

  x-intercepts: factor the original (GCF)  –x(x+2) 

         

     y-intercept is 0   Plot the vertex first 

      then plot the y-intercept 

 D: (-∞,∞)  R: (-∞,1] opens down 

 Domain: x-values (left to right), Range: y-values (bottom to top) 

 Increasing on (2, ∞) Decreasing on (-∞,2) 

 *Increasing and Decreasing is always parenthesis and only uses x value 

 

 

 

B)       y = f(x)   

 

 all positive x-coordinate of vertex will have negative b term 

Down because x2 term is negative 

Vertex (-1,1) 

X = -1 

x-intercepts are 0,-2 

This shows the coordinate you on 

on 



 

      

 

 

 

 

 

 

 

 

 

 

 

 

C)    

 

 

 

 

 

 

D)  

 



 

 

 

E) f(x) = ½x2 + x + 4 Find vertex form by completing the square 

  𝑥 =
−1

2(1
2⁄ )

= −1         𝑦 = (1
2⁄ )(−1)2 + (−1) + 4 =  3½ =

7

2
      

   

       x is horizontal 

       y is vertical 

 

 

 

 

 

 

F)  

 

 

       𝑥 =
−2

2(−1)
= 1         𝑦 = −(1)2 + 2(1) − 1 = 0 

 

       X value of the vertex 

  

  

      

      -(x2 -2x +1) 

-2 -4 

Down because x2 term is negative 

Vertex (1,0) 

X = 1 

x-intercept is1 



               (x-1)(x-1) 
     y-intercept is -1    

      Plot the vertex first  

 then plot the y-intercept 

 

 D: (-∞,∞)  R: (-∞,0] opens down 

 Domain: x-values (left to right), Range: y-values (bottom to top) 

 Increasing on (-∞,1) Decreasing on (1, ∞)  

 *Increasing and Decreasing is always parenthesis and only uses x value 

 

 

G)  

 

 𝑥 =
−6

2(3)
= −1         𝑦 = 3(−1)2 + 6(−1) + 2 = −1  vertex (-1,-1) 

 y-intercept is 2  (0,2) 

 

 Plot the vertex first  

 then plot the y-intercept 

 

 D: (-∞,∞)  R: [-1,-∞) opens up 

 Domain: x-values (left to right), Range: y-values (bottom to top) 

 Increasing on (-1, ∞)   Decreasing on (-∞,-1) 

 *Increasing and Decreasing is always parenthesis and only uses x value 

 

 

H)  

                VERTEX (3,2) 



  Plot x = 3 bc it makes the ()=0 

  and x = 2 bc it makes the () = 1 

     Parabolas: domain is always 

       all real number 

      Range always used the y value  

       closed interval on the # 

 

        Moving up from - ∞ to the x-value 

          

 

               Moving down from x-value to ∞  

 

 

 

 

I)  

            Positive in front of x2 term opens up 

 

 

 

 

 


