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Section 2: Quadratic Functions

Teacher notes~


Objective 1: Students will learn to draw three parabolas: 
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accurately on grid paper. 


Most or all students in Algebra 2 have seen, analyzed and graphed quadratic functions. In fact these are usually the first curves studied by high school math students. Nevertheless there is still confusion about how to draw an accurate graph of these functions, especially when a does not equal one. Students will be doing a lot of graph sketching in this and other units, and this exercise is specifically designed to give students a deliberate process for making accurate sketches. Teachers should note that the process is basically a streamlined point-plotting technique based on the value of a. Consider, for example
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. When a = 1, the y-values change by consecutive odd numbers for each unit increase in x. 
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Note that the differences between y-values are consecutive odd numbers: 1, 3, 5, etc. If a is some other value such as 2, it simply multiplies that set of consecutive odd numbers. 
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Teachers should pass out “Parabolas: How to Draw ‘Em” and do a group reading/discussion of the technique.  Students can use this pattern to make accurate sketches, noting that a is the distance between the y-value of the vertex and the y-value of the x-coordinate one unit away from the vertex. 


Teachers should find far fewer students balking at the task of drawing sketches, and they should see much better sketches in student work. Students will learn that it’s not so hard to make a good sketch because they have a deliberate process to use, and they’ll be proud of producing work that is visually pleasing. 


Teachers should check the parabola sketches at the end of the activity for accuracy.


See the opening paragraph of Teacher Notes for section 3 for more discussion of curve-sketching technique. 

See “Parabolas: How to Draw ‘Em” 

*  *  *


Objective 2: Students will learn the vertex form of a quadratic equation, and how the variables a, h, and k change the shape and location of the graph. 


Students will need an introduction to using the graphing calculator to complete the next activity. 

 
This section introduces the vertex form for a parabola: 
[image: image11.wmf]k

h

x

a

x

f

+

-

=

2

)

(

)

(

.  Teachers should wait until the end of the activity to bring this formula out from the students. In an inquiry-based approach, students are guided to conclusions with questions, rather than presented a formula and directed to practice its application. Students are also encouraged to share their results and ask further questions.  The teacher’s job is to encourage and facilitate their engagement in the tasks of the inquiry, and most importantly to manage the class’s time and summarize the desired conclusions. 

The inquiry activity page ends with a very brief summary of the vertex form, introduces the widely used variables a, h, and k. The brevity is purposeful: the teacher should bring the class to a discussion on this, and the vertex form 
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should be a permanent and highlighted part of the students’ notes before moving on to the practice. Teachers should check for understanding in several ways. Teachers should pay close attention to the problem of h representing the left-right shift. There are two ways to explain the apparent backwardness of it. The more mathematically honest and complete way is to remind students to think about the point on the graph of f(x) where x = 0. On the graph of f(x + 3) for example x now has to be -3 to graph   f (0), so the graph is shifted left 3 units. This explanation may not be very useful for many students who are still coming to grips with function notation, so it’s important to also stress the more simplified explanation that “it’s just backwards from what you might think.” Furthermore, point out that the vertex form, as written has (x – h), and that h is the x-coordinate of the vertex. Consequently, if h is a negative number it becomes (x + h). 

Teachers should also stress that the equation  x = h  is the line of symmetry for the parabola. 

See “Quadratic Quest: Discovering the Finest Form for Graphing”

*  *  *

Teacher notes for 2.1 Practice


In Part 1 of 2.1 Practice students use quadratic equations in vertex form to sketch graphs and name the vertex and line of symmetry.  Remind them of the technique described in “Parabolas: How to Draw ‘Em”. Teachers should stress accuracy in students’ graphs. The questions in Part 2 range from simple to challenging and may benefit from brief whole-class question and answering. 

See “2.1 Practice”

*  *  *
Teacher notes for 2.2 Practice


In 2.2 Practice they identify the equation from the graph. Teachers should remind students to look at the scale for each problem to make sure they have the correct coordinates for the vertex. To determine the proper value for a in the equations students simply need to determine the vertical distance between the vertex and the next y-value corresponding to a one-unit increase in x. That first change in y from 
[image: image13.wmf])

(

h

f

to
[image: image14.wmf])

1

(

+

h

f

is the value of a. 

See “2.2 Practice”

*  *  *

There is also a short quiz at the end of this section covering sections 1 and 2. 

FTU/Section 2/Teacher Notes


Parabolas: How to Draw ‘Em

Parabolas are pictures of quadratic equations. They can represent many things in our world: the path of a thrown object, headlamp reflectors, satellite dishes, the relationship between price and profit for some business situations, suspension cables on some bridges, and many other things. Knowing how to draw a parabola accurately will help you with some of the tasks you will be assigned very shortly, and it will actually deepen your understanding of them and of the relationship they express. 


First, let’s look at the input/output table of the simplest parabola, 
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	    x
	  f(x)

	-4
	16

	  -3
	9

	-2
	4

	-1
	1

	0
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	1
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	16


Hopefully you noticed that the distance between y-values changes by consecutive odd numbers. If not, start by looking at the point (0, 0). For every 1-unit increase of x the y-value distance goes up by consecutive odd numbers, as noted in the diagram below.  Also, notice that parabolas are symmetric around the vertical line that goes through the vertex. You can use these two facts to help you draw an excellent parabola with ease!
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You can use this pattern to quickly make accurate sketches of quadratic functions. It only take two or three points on both sides of the vertex, and remember: parabolas are symmetrical, so when you plot one side, it’s easy to reflect it across the parabola’s line of symmetry. 

So here’s the MO (method of operation) on drawing an accurate parabola without the hassle of an input/output table:

1. Start with the vertex, wherever it is.

2. Go one unit to the right, and one unit up.

3. Go one more unit to the right, but three units up from the last point.

4. Go one more unit to the right, but five units up from the last point.

5. Reflect what you’ve done to the left side of the vertex.

Sketch two parabolas here on each grid, using the dots for each parabola’s vertex. Notice the scale!
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The nice thing about this method is that you can use it to draw other kinds of parabolas, ones that have been stretched or compressed. For example, for the parabola
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, the 2 means that the parabola is twice as steep as a “normal” one, so you have to double the vertical distances between y-values. Similarly, for
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, you cut the vertical distances between y-values in half. Draw both of these parabolas on the axes below. Be accurate!
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Question: What would you do to accurately graph 
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Don’t worry; you’ll get lots more opportunity for practicing! 

FTU/Section 2/How to Draw Parabolas

Quadratic Quest: Discovering the Finest Form for Graphing

Work together with one or two students (a maximum of three) and at least one graphing calculator. Do each of the following tasks and answer each question in complete sentences wherever appropriate.

1. Enter the function 
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 into the graphing calculator. Draw an accurate sketch below. 

2.   What are the coordinates of the vertex?  _____________
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9. Now enter the above function into the graphing calculator. Were you correct? ______________

10.  What are the coordinates of the vertex of  
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11. What are the coordinates of the vertex of 
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12. Make another conjecture about the graph of 
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_______________________________________________________________________________

13. Complete this sentence: “The graph of 
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 ________________________________

_______________________________ and the vertex of this parabola is at ________________.”


14. Now enter the equation 
[image: image33.wmf]2

)

3

(

)

(

-

=

x

x

f

into your calculator, and describe the transformation. 

_______________________________________________________________________________

15. What are the coordinates of the vertex of this parabola? _____________

16. Repeat #s 14 and 15 with the equation 
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 . Don’t forget to name the vertex. ______

________________________________________________________________________________

_________________________________________________________________________________

18.  Did you notice that the graph moved left when you add something to x in the parentheses, and moved right when you subtract something from x in the parentheses? 

19. Complete this sentence: “The graph of 
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 will move___________ and its vertex is at _______________, while the graph of   
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will move ____________and its vertex is at _______________.”  Now, please clear all equations out of the graphing calculator and proceed.


20. Now enter the equations
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21. What do all these graphs have in common? ___________________________________________

22. How are they different? __________________________________________________________

23. How would 
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 look different from 
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? Be clear and specific. _____________

_________________________________________________________________________________

24. How would 
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 look different from 
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? ________________________________

_________________________________________________________________________________

25. Describe as clearly and completely as you can what happens to
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as a changes. Be sure to include various kinds of numbers. For example, “If a > 1, then the graph of 
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is…”

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

26. It’s time to summarize and combine what you’ve found. Use the variables a, h, and k to write a generalized form of a quadratic equation. Begin with “
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” _______________________________

27. A quick test: In the function 
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 the vertex coordinates are ____________, the graph opens __________________________ and the graph is ______________________ than a normal parabola. 

28. Great job! Now it’s time to practice. 

FTU/Section 2/Quadratic Quest
2.1 Practice: Using the Vertex Form for a Quadratic Function.
Part 1:  For each of the functions given below do three things:

i) Write the coordinates of the vertex.

ii) Make an accurate sketch on your graph paper (review “Parabolas: How to Draw ‘Em” if you need to)

iii) Write the equation of the line of symmetry.
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[image: image51.wmf]4

)

2

(

)

(

2

-

-

=

x

x

f


4. 
[image: image52.wmf]2

)

1

(

2

1

)

(

+

=

x

x

f




5. 
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6. 
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Part 2: Answer each question.

7. The graph of 
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 has been transformed so that its line of symmetry is x = -2, and it has been shifted up 13 units. Name the vertex.

8. The graph of 
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 has been transformed so that its vertex is still (0, 0), but it now goes through the point (1, 3). What is the new equation?

9. The graph of 
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 has been shifted left 3.5 units, up 1.5 units, and transformed so that it opens downwards. What is the new equation?

10.  The graph of 
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 has been transformed so that its vertex is (5, -10), it opens upwards, and it is now exactly twice as steep. What is the new equation?

In problems 11-14, each ordered pair is the vertex of a parabola that opens upwards and has the same shape as
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. In problems 15-18 the parabola opens downwards and has the same shape as
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.  Write the equation of the quadratic function in vertex form.

11.  (-1, -3)

12.  (0, -5)

13. (1, 0)

14. (7.1, -8.32)

15.  
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FTU/Section 2/2.1 Practice

2.2 Practice: Looking at a graph and writing the equation.
Note: All of the parabolas that you see on this page have one of the following values for a in their equation: 
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. Pay close attention to the scale on the graphs!!
Directions: For problems 2-10 write the equation in vertex form for each parabola. 
1. Vertex Form is: ____________________________________

2.




3. 



     4.
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5.




6. 



     7. 
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8. 




9.



      10.
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FTU/Section2/2.2 Practice
Quiz #1

Sections 1 and 2                                               name: _________________________________

1. Make an accurate sketch of each function.

a) 
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       b)  
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2. What equation would make 
[image: image79.wmf]2

)

(

x

x

f

=

 shift right 6 units?

3. What equation would make 
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 shift left 1.5 units?

4. What equation would make 
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 shift up two units and flip upside down?

5. Identify each function family and give the name (not the coordinates) of its “locator”.

a)





 b)
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c)





 d) 
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FTU/Section 2/Quiz 1

Solutions: 2.1 Practice

1. i) (0, 3)  
 iii) x = 0
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2. i) (0, -5) 
 iii)  x = 0
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3. i)  (2, -4)
  iii) x = 2
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4. i) (-1, 0)
  iii)  x = -1
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5. i) (5, 2)  
iii) x = 5
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6. i)  (-1, 7)
iii) x = -1
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7. (-2, 13)

8. 
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Solutions: 2.2 Practice
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Teacher Notes 2.1





Teacher Notes 2.1





Notice that the x-values are all one unit apart, just like you would normally do. But look at the y-values in the f(x) column. Note how the distance between each y-value changes. Take a moment to observe this relationship and describe it to your classmate.


(Let’s be clear about one thing: you are NOT expected to make tables like this when you graph a parabola. The whole point of these exercises is to show you that when the equation is in the right form, you don’t need a table!) 








3. Which direction does the parabola open?______________


4.  Describe the symmetry of the graph. _________________


____________________________________________________________________________________________________


5. Give the equation of the line of symmetry: _____________


6. Now change the equation of your graph to: � EMBED Equation.3  ���


7. Describe the change: ______________________________


__________________________________________________


You have just done a transformation of the parabola!


8. Without graphing it, make a conjecture about the graph of 
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