FREQUENTLY ASKED Questions
Q:

A

NEL

What information do | need about the graph of a quadratic
relation to write its equation in vertex form?

You can write the equation in vertex form if you know the coordinates
of the vertex and one additional point on the graph.

What kinds of problems can you solve using the vertex
form of a quadratic relation?

The vertex form of a quadratic relation is usually the easiest form to
use when you need to determine the equation of a parabola of good
fit on a scatter plot. The vertex form is also useful when you need to
determine the maximum or minimum value of a quadratic relation.

How can you relate the standard form of a quadratic
relation to its vertex form?

The standard form of a quadratic relation, y = ax* + bx + ¢, can
be rewritten in vertex form if you know the value of 4 and the
coordinates of the vertex:

« If the quadratic relation can be written in factored form, you can
determine the zeros by setting each factor equal to zero. Calculating
the mean of the x-coordinates of the zeros gives you the axis of
symmetry and the x-coordinate of the vertex. Substitute the
x-coordinate of the vertex into the quadratic relation to determine
the y-coordinate of the vertex.

Ify = ax? + bx + ccannot be factored, you can use partial
factoring to express the equation in the form y = x(ax + by + ¢
Solving x{(ax + ) = 0 gives two points with the same
y-coordinate, ¢. Calculating the mean of the x-coordinates of these
points gives you the axis of symmetry and the x-coordinate of the
vertex. Substitute the x-coordinate of the vertex into the quadratic
relation to determine the y-coordinate of the vertex.

If you graph y = ax? + bx + c using graphing technology, then
you can approximate the vertex from the graph or determine it
exactly, depending on the features of the technology.

In all cases, after you know the vertex, you can use the value of
4 from the standard form of the relation to write the relation in vertex

form, y = alx — b2+ k.

Study | Aid

e See lesson 5.4,
Examples 1 to 3.

e Try Chapter Review
Questions 8 to 10.

Study | Aid

e See Lesson 5.5,
Examples 1, 2, and 4.

» Try Chapter Review
Questions 11 to 13.

Study | Aid

s See Lesson 5.5, Example 3,
and Lesson 5.6, ’
Examples 1 and 2.

« Try Chapter Review
Questions 14 to 17.
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PRACTICE Questions

Lesson 5.1

1. Whrite the equations of two different quadratic

relations that match each description.

a) The graph hasa narrower opening than
the graph of y =

b) The graph hasa Wldei‘ openmg than
the graph of y = —0.5x2,

c) The graph opens downward and has a
narrower opening than the graph of y = 5x2,

2. The point (p, g) lies on the parabola y = ax?. If
you did not know the value of 2, how could you
use the values of p and ¢ to determine whether
the parabola is wider or narrower than y = x?%?

Lesson 5.2

3. Match each translation with the correct
quadratic relation.
a) 3 units left, 4 units down
b) 2 units right, 4 units down
) 5 units left
d) 3 unics right, 2 units up

i) y=@E-3Y+2 di)y=(x—22—4
(x + 5)%

i) y= (x + 3)2 — 4 iv) y =
Lesson 5.3

4. Which equation represents
the graph shown? Explain
your reasoning.

a) y= —3(x+372+8
b) y = —3(x— 3>+ 8
o y=3k—3)7?—

d y= 20— 32 +8

5. The parabola y = x? is transformed in two
different ways to produce the parabolas
=2(x — 4)? + 5and y = 2(x — 5)2 + 4.
How are these transformations the same, and
how are they different?

6. Blake rotated the parabola y = x? by 180° around
a point. The new vertex is (6, —8). What is the
equation of the new parabola?
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7. Reggie used transformations to graph

¥ = —2(x — 4% + 3. He started by reflecting
the graph of y = x2 in the x-axis. Then he
translated the graph so that its vertex moved to
(4, 3). Finally, he stretched the graph vertically

by a factor of 2.

a) Why was Reggie’s final graph not correct?
b) What sequence of transformations should

he have used?
¢) Use transformations to sketch

y = —2(x — 4)> + 3 on grid paper.

Lesson 5.4

8. Usc the point marked on each parabola, as well
as the vertex of the parabola, to determine the
equation of the parabola in vertex form.

a) b)

9

9. Use the given information to determine the
equation of each quadratic relation in vertéx form.
a) vertex at (—3, 2), passes through (—1, 4)
b) vertex at (1, 5), passes through (3, —3)

10. This table shows residential energy use by
Canadians from 2002 to 2006, where
1 petajoule equals 1 000 000 000 000000 joules.

2002 1286.70
2003 1 1338.20
2004 1313.00
2005 1296.60
2006 1250.30
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Chapter Review

a) Use technology to create a scatter plot and 13. Alocal club alternates between booking live
a quadratic regression model. bands and booking D]Js. By tracking receipts

b) Determine the vertex, and write the over a period of time, the owner of the club
equation of the model in vertex form. determined that her profit from a live band

c) According to your model, when was energy depended on the ticket price. Her profit, P, can
use at a maximum during this period? be modelled using P = ~15x% + 600x + 50,

where x represents the ticket price in dollars.

a) Sketch the graph of the relation to help the
owner understand this profit model.
Determine the maximum profit and the
ticket price she should charge to achieve the
maximum profit. '

Lesson 5.5

11. Karla hits a golf ball from an elevated tee to the
green below. This table shows the height of the b)
ball above the ground as it moves through the air.

0.0 30.00 14. For each quadratic relation,
i} write the equation in factored form
0.5 41.25 . . .
ii) determine the coordinates of the vertex
1.0 50.00 iii) write the equation in vertex form
15 56.25 iv) sketch the graph
20 60.00 a) y=x2— 8+ 15
: : b) y=2x2 — 8x — 64
2.5 61.25 C) y = —4x? — 12x + 7
3.0 © 60.00 Lesson 5.6
35 56.25 15. Express each quadratic relation in vertex form using
partial factoring to determine two points that are
4'_0 >0.00 the same distance from the axis of symmetry.
a) Create a scatter plot, and draw a curve of a) y=x?+2x+5
good fit. ' b) y= —x2+ 6x— 3
b) Estimate the coordinates of the vertex. o y= —3x%+ 42x — 147
¢) Determine a quadratic relation in vertex d) y= 2x% — 20x + 41
form to model the data. 16. Write each quadratic relation in vertex form

d) Use the quadratic regression feature of

using an appropriate strategy.
graphing technology to create a model for gan approp &

a) y=x%—6x— 8

the data. Compare this model with the b) y= —2(x + 3)(x — 7)
model you created by hand for part ¢). How O y=xBx+12) + 2
accurate is the model you created by hand? d) y= —2x2 + 12x — 11
12. A farming- community collected d-a-ta on tt_le 17. The height, 4, of a football in metres # seconds
effect of different amounts of fertilizer, x, in since it was kicked can be modelled by
100 kg/ha, on the yield of carrots, ¥, in tonnes. b= —4.9:2 + 2254 + 1.1. ’
The resulting quadratic regression model is a) What was the height of the football when

y = —0.5x% + 1.4x + 0.1. Determine the
amount of fertilizer needed to produce the
maximum yield.

the punter kicked it?

b) Determine the maximum height of the
football, correct to one decimal place, and the
time when it reached this maximum height.
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4. The parabolay = x

Process | Checklist

v/ Question 2: Did you
connect the information
about each parabola to the
appropriate form of the
relation?

v/ Question 4: Did you apply
reasoning skills as you
developed a possible
equation for the graph?

v’ Questions 5.and 6: Did you
reflect on your thinking to
assess the appropriateness
of your strategies as you
solved the problems?

+ Question &: Did you relate
the numeric, algebraic,
graphical, and verbal
representations of the
situation?

306 Chapter Self-Test

1. a} The black graph at the left resulted from transforming the green
graph of y = x2. Determine the equation of the black graph.
Explain your reasoning.

b) State the vransformations that were applied to the graph of y = x2
to result in the black graph.

2. Determine the equation of each quadratic relation in vertex form.
a) vertex at (7, 5), opens downward, vertical stretch of 4
b) zerosat 1 and 5, minimum value of —12, passes through (6, 15)

3. Sketch each quadratic relation by applying the correct sequence of
transformations to the graph of y = x2.
a) y= —2(x—3%+38 b) y =05(x+ 22— 5

2 is compressed vertically and translated down and

right. The point (4, —10) is on the new graph. What is a posmble
equation for the new graph?

‘5. Accountants for the HiTech Shoe Company have determined that the

quadratic relation P = ~2x? + 24x — 54 models the company’s profit
for the next quarter. In this relation, P represents the profit (in $100 000s)
and x represents the number of pairs of shoes sold (in 100 000s).
a) Express the equation in factored form.
b) What are the zeros of the relation? What do they represent
in this concext?
¢) Determine the number of pairs of shoes that the company must sell
to maximize its profit. How much would the maximum profit be?

6. A toy rocket that is sitting on a tower is launched vertically upward.

The table shows the height, 4, of the rocket in centimetres at tseconds
after its launch.

88 | 107 | 116 | 115 | 104 | 83 52 H

a) Using a graphing calculator, create a scatter plot to display the
data.

b} Estimate the vertex of your model. Then write the equation of the
model in vertex form and standard form.

¢} Use the regression feature on the graphing calculator to create a
quadratic model for the data. Compare this model with the model
you created for part b).

d) What is the maximum height of the rocket? When does the rocket
reach this maximum height?

e) When will the rocket hit the ground?
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Human Immunodeficiency Virus (HIV)

Every year, many people become infected with HIV. Over 90% of HIV
infections in children in the United States are due to mother-to-child
transmission at birth. The data in the table show the number

of mother-to-child HIV infections diagnosed in the United States

in various years from 1985 to 2005.

1987(1990|1993[19965 19981 2001|2003 (2005

500| 780} 770{ 460| 300| 317| 188} 142
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9 What can we learn about the fight against HIV infections

from the data?

Create a scatter plot to display the data. Why does a quadratic model
make sense?

Determine an equation for this relation. Which form (standard, vertex,
or factored) do you think is the best for these data? Explain.

Identify the transformations that you would apply to the graph of
y = x2 to obtain the model you created for part B.

The decline in the number of mother-to-child HIV infections is due
to the introduction of preventive drug therapies. Based on your model,
when do you think an effective drug therapy was first introduced?
Explain your reasoning.

Based on your model, will the number of HIV cases ever be reduced to
zero? If so, when might this occur? Do you think your prediction is
accurate? Explain your reasoning.

Suggest some reasons why a mathematical description of the data
could be useful to researchers or government agencies.

. Research on HIV focuses on

- prevention, and on treatment
and care of people infected.

-~ A mask and gloves are needed
for protection.

Task | Checklist

v Did you draw your graph
accurately and label it
correctly?

¢ Did you choose an
appropriate graphing
window to display your
scatter plot?

v’ Did you show all the
appropriate calculations?

v Did you explain your

reasoning clearly?
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