MPM2D1 6.1: Revisiting Quadratic Functions

* The graph of a quadratic function is a U-shaped curve called a parabola. See diagram below.
* Recall that a quadratic function must have x? as its highest exponent:  y=ax2+bx+c, a#0.

= Aproperty of quadrafic functions is congruency. Congruent parabolas have the same shape; this means that one
parabola can be placed over the other and you would only see one parabola.

* The graphs of quadratic functions are congruent if the coefficients of the x2-term in their equations are equal in
magnitude (the numerical values are equal regardless of the sign).

= Example: Sort the following quadratic functions into groups of congruent parabolas.

a)y=x? b)y=Vx2+7x-4 o C)yE-2+3x-2
d) y=x2+5x g)y=3x2+5 fly=-Yac

g y=-3x2+3x-9 h)y=¥a2-1 Jy=-3x2

Group 1: Group 2: ' Group 3.

6.2: Sketching the Graph of y = ax? + bx + ¢

The original graph of a parabola is based on the equation y = x°.

Graphing Parabolas

» The vertex is the point at which the curve changes direction, It is the point
where the axis of symmetry intersects the parabola. It can be the maximum or
minimum point of a parabola. '

x-intercept
x-intercept

axis of symmetry

= The axis of symmetry is a verfical fine that passes through the vertex. The

graph of a quadratic function is symmetrical about this line which means it
divides the parabola into two equal parts. Since itis a vertical line, the equation
for the axis is the line x = p, where p is the point where the axis of symmetry
crosses the x-axis.

X

* The x-intercept(s) of the parabola are the same as the roots of a quadratic
equation. The x-intercepis are the same distance from the axis of symmetry.

Recall from Section 5.8:
= |f the discriminant is positive — . there are 2 roots (or x-intercepts).

= [fthe discriminantis zero ~ ———» thereis 1 root (or x-intercept).
= [f the discriminant is negative ——® there are no real roots. This means the parabola does not cross the x-axis.
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Example 1: Determine the coordinates of the vertex of the parabola with the given information.

y=-2x2+4x+06 x-intercepts 1 and 3

Steps for Skétchinq the Graph of y = ax2 + bx + ¢;

v Note: This method of sketching a parabola only works if the parabola intersects the x-axis.

@ Calculate the discrimant to check if there are roots.

@ Lety = 0, then solve the guadratic equation by factoring.

@ The roots of the equation are the x-intercepts of the parabola.

@ For the x-coordinate of the vertex: calculate the average of the x-intercepts (the midpoint of the intercepts)

® For the y-coordinate of the vertex: substitute the x-coordinate from @ into the original equation

@® State the vertex.

@ Pioct the intercepts and the vertex, and then draw a smooth cuive through the points, it is easier to start at the vertex,
draw a curve through one x-intercept, return to the vertex and then draw a curve through the other x-intercept. N

Label the parabola with the equation. [ '

Example 2: Sketch a graph of the function y = x2+ 2x - 8.
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MPM2D1

Using Technology to Investigate Transformations of Quadratics
(adapted from Nelson Mathematics 10)

In this lesson you will investigate how you can transform the graph of ¥ = x° to obtain the graphs of relations in the form y= a(x - p)2 +q.

Part 1:

Part 2: The Graph of y = ax* compared to y = x?

Think, Do, Discuss

1.

Graph the relation y = x%. ° What is the direction of opening?

What are the coordinates of the vertex? What is the equation of the axis of symmetry?

On the same set of axes, graph y =2x2.

How does the shape of the new graph compare to the previous graph of y = x??

Suppose that you are not using graphing technology and you have fo create tables of values for the original relation and the
new, transformed relation, How will the new table of values differ from the original table of values?

7@ to examine the tables of values for both graphs. Was your prediction in #3 correct?

Explore what happens to the graph and the table of values when you.ghange the coefficient, a, in y = ax® from 2 to some other
number. ° o ' ¥ Try numbers:

» between 0 and 1:

= greater than 1

« |ess than 0

(a) What is the same about all of the graphs?

{b) How can you tell from the equation whether the graph will open upward or downward?

(c) What values of @ make the graph of y =ax® narrower than y = x2?

For these cases, are you vertically stretching or compressing the graph of y = x*?
Use the fable of values to explain why thisis so.

(d) What values of a make the graph of y = ax® wider than y = x??

For these cases, are you vertically stretching or compressing the graph of y = x*7
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Part 3: The Graph of y=ax?+ ¢ compared to y = x2

Think, Do, Discuss

1. .clear all of the equations from part 2 except y = x2. Onthe same set of axes as befors, graphy =x%-4." ..

i

How does the shape of the new graph compare to the previous graph of y = x??

2. When you subtract 4 from y = x*, what is the effect on the original graph?

1o examine the tables of values of both relations to see if this Is true for every ordered pair,

3. Explore what happens to the graph and the table of values when you change the constant term qin y = x% + g from ~4to
other numbers, both positive and negative.

What changes on the graph? What stays the same?

What effect does the constant term g have on the graph?

4. Explore the effect of varying both a and g on the graph of y = ax? + g. Fillin the table betow for each graph you do.

equation

direction of opening

width of the parabola opening
compared to y = x2

vertical stretch or compression
compared toy = x?

verex

equation for the axis of
symmetry

number of x-intercepts

5. Based on your explorations, how can you use the values of a and q to tell how many x-intercepts the graph of y = ax? + g wil
have?
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Part 4: The Graph of y=a(x—p)? comparedto y=x?

Think, Do, Discuss

1 , Clear all of the equations from part 3 except y = x?. Onthe same set of axes, graph y = (x— 3.

How does the shape of the new graph compare to the previous graph of y = x??

What is the effect on the original graph?

_ ., 1examine the tables of values of both relations to see If this is true for every ordered pair.
(look at Hfve x-values when y = 0 for each graph, these are the x-intercepts)

2. Explore what happens to the graph and the table of values when you change the constant term pin y =(x—pJ from 3fo
several other numbers, both positive and negative.

What changes on the graph? What stays the same?

What effect does the constant term p have on the graph?

3. Explore the effect of varying both a and p on the graph of y = a(x—p ). Fill in the table below for each graph you do.

equation

direction of opening

width of the parabola opening
comparedto y = x?

vertical stretch or compression
compared oy =x2

venex

equation for the axis of
symmetry

number of x-intercepts
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Part 5: The Graph of y=a(x-py +q compared o y=x*
1. What would you have fo do to the graphof y = xZ to R e e R St R St it SELCLE SLb SR
| _2x—5)° SRR A R BN
obtain the graph of y =2(x-5)* - 47 N 0 O 20 0 0
List the changes below and sketch your prediction at the right. s I S I T D SEl SOt St A AL St s

2, On your calculator, clear all of the equations from part 4 except for y = x*.

On the same set of axes, graph the relation y =2(x—5F —4.
Was your prediction correct?

If no, list the corrections.

3. What effect do the three transformations have on the original graph of y = x*?

= the eﬁéct of a:

« the effect of p:

= the effectof ¢

4. Explore the effect of varying both a, pand gin y=a(x—pf +q onthe graph of ¥ = x*. Fillin the table below for each
graph you do.

equation

values of a, p, and q

direction of opening

vertical stretch or compression
compared toy = x2

vertex (p, q)

equation for the axis of
symmelry (x = p)

number of x-intercepts

32



