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THE KEY—Grade 10 Academic Mathematics

THE KEY consists of the following sections:

KLY Tips for Being Successful at School gives examples of study and review
strategies. [t includes information about learning styles. study schedules, and note
taking for test preparation.

Class Focus includes a unit on each arca of the curriculum. Units arc divided into
sections, cach focusing on one of the specific expectations, or main ideas. that
students must learn about in that unit. Examples, definitions, and visuals help to
explain each main idea. Practice questions on the main idcas arc also included.
Atthe end of cach unit is a test on the important ideas covered. The practice
questions and unit tests help students identily arcas they know and those they need 10
study more. They can also be used as preparation for tests and quizzes. Most
questions are of average difficulty, though some are easy and some are hard- —the
harder questions are called Challenger Questions. Each unit is prefaced by a Table
of Correlations, which correlates questions in the unit (and in the practice tests at the
end of the book) to the specific curriculum expectations. Answers and solutions are
found at the end of each unit.

KEY Strategies for Success on Tests helps students get ready for tests. 1t shows
students different types of questions they might see. word clues to look for when
readimg them, and hints for answering them.

Practice Tests includes one to three tests based on the entire course. They are very
similar to the format and level of difficulty that students may encounter on final tests.
In some regions, these tests may be reprinted versions of official tests, or reflect the
same difficulty levels and formats as official versions. This gives students the chance
to practice using real-world examples. Answers and complete solutions are provided
at the end of the section.

For the complete curriculum document (including specific expectations along with
examples and sample problems), visit www.edu.gov.on.ca/eng/curriculum/secondary.

THE KEY Study Guides are available for many courses.
Check www.castlerockresearch.com for a complete listing of books available for your

area.

For information about any of our resources or services, please call Castle Rock Rescearch
at 903.625.3332 or visit our website at http://www .castlerockrescarch.com.

At Castle Rock Research, we strive to produce an error-free resource. If vou should find
an error, please contact us so that future editions can be corrected.

THE KEY Ontario Math 10 Academic [ Introduction
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KEY FACTORS CONTRIBUTING TO
SCHOOL SUCCESS

In addition to learning the contents of your courses, there are some other things that you
can do to help you do vour best at school. Some of these strategies are listed below.

« ATTEND SCHOOL REGULARLY $0 you do not miss any classes. notes, or

important activities that will help you learn.

« KEEP A POSITIVE ATTITUDE. Always reflect on what you can already do and

what you alrcady know.

« BE PREPARED TO LEARN. Have the necessary materials (pencils, pens, notebooks.

and other required materials) with you in class.

« COMPLETE ALL OF YOUR ASSIGNMENTS. Do your best to finish all of your
assignments. Fven if you know the material well, practice will reinforee your
knowledge. I an assignment or question is difficult for you, work through it as far as

you can so your teacher can sec cxactly where you are having difficulty.

« SET SMALL GOALS for yourself when you arc learning new material. For example,
when learning formulas, do not try to learn everything in one night. Work on only one
formula cach study session. When you understand one particular formula and have
memorized it, move on to another one. Continue this process until you have learned

and memorized all of the required formulas.

« REVIEW YOUR CLASSROOM WORK rcgularly at home to be sure you understand
the material vou learned in class.

« ASK YOUR TEACHER FOR HELP when you do not understand something or when
you are having ditficulty completing your assignments.

« GET PLENTY OF REST AND EXERCISE. Concentrating in class is hard work.
It is important to be well-rested and have time to relax and socialize with your friends.
This helps you to keep a positive attitude about your school work.

« EAT HEALTHY MEALS. A balanced dict keeps you healthy and gives you the

nergy you need for studying at school and at home.

Ontario Math 10 Academic 4 Castle Rock Research
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How TO FIND YOUR LEARNING STYLE

Every student has a certain manner in which it seems easier for
him or her to learn. The manner in which you tearn best is called
your learning style. By knowing your learning style, you can
increase your success at school. Most students usc a
combination ot [carning styles.

Do you know what type of learner you are? Read the following
descriptions. Which of these common learning styles do you use
most often?

* Do you necd to say things out loud? You may learn best by saying, hearing. and
seeing words. You are probably really good at memorizing dates. places. names. and
tacts. To learn the steps in a process, a formula, or the actions that lead up to a
significant event, you may need to write them and then read them out loud.

* Do vou need to read or see things? You may learn best by looking at and working
with pictures. You are probably really good at puzzles, imagining things. and reading
maps and charts. You may need to use strategies like mind mapping and webbing 10
organize your information and study notes.

* Do you need to draw or write things down? You may lcarn best by touching.
moving. and figuring things out using manipulatives. You arc probably really good at
physical activities and learning through movement. You may nced to draw your
finger over a diagram to remember it, tap out the steps nceded to solve a problem. or
feel vourself writing or typing a formula.

THE KEY Ontario Math 10 Academic 5 Success at School
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SCHEDULING STUDY TIME

You should review your class notes regularly to be sure you have
a clear understanding of all the new material you learned.
Reviewing vour lessons on a regutar basis helps you to learn and
remember ideas and concepts. [t also reduces the quantity of
material you need to study prior to a test. Creating a study
schedule will help you to make the best use of your time.

Regardless of the type of study schedule you use, you may want to consider the following

strategies for making the most of your study time and ctfort:

» Organize vour work so vou begin with the most challenging material first.

« Divide the subject content into small, manageable chunks.

« Alternate regularly between vour different subjects and types of study activities in
order to maintain vour interest and motivation.

« Make a daily list with the headings nust do. should do, and could do.

« Begin cach study session by quickly reviewing what you studied the day before.

« Maintain your usual routine ol cating, sleeping. and excrcising to help you concentrate
better for extended periods of time.

Ontario Math 10 Academic 6 Castle Rock Research



Not for Reproduction

_______ CREATING STUDY NOTES

MIND-MAPPING OR WEBBING

« Usc the key words, ideas, or concepts from your class notes to create a mind map or
mind web, which is a diagram or visual representation of the given information. A
mind map or web is sometimes referred to as a knowledge map.

« Write the key word, concept, theory. or formula in the centre of your page.

« \Write down related facts. ideas, events, and information and then link them to the
central coneept.

+ The tollowing examples ol a Frayer Model illustrate how this technigue can be used to
study mathematical vocabulary.

Detinition Characteristics Definition Visual Presentation
Perimeter ts the Measured in hinear A cube is a sohid 3-D -
distance around units (e.g.metres. object that has :
a4 polyeon centimetres) 6 square faces, all

cqual in size
8 vertices

/’“\ 12 equal cdgcs/‘“\
Examples Non-examples Characteristics h Examples
Fence around a Girass covering a Propertics
vard vard 6 square faces
Distance around a Area of rag S vertices
cirele covering a floor 12 edges

6 tlat faces

(eircumterence)

THE KEY Ontario Math 10 Academic 7 Success at School



INDEX CARDS
To use index cards while studying, follow these steps:

« Write a key word or question on one side of an index card.

Copyright Protected

+ On the other side, write the definition of the word, answer to the question, or any other

important mformation you want to remember.

-

~

What is a prime
number?

-

J

4 What is a prime number?

N

A prime number is a number that

one. Eg. 2,3,5.7,17,19. The
number | is not a prime number.

N

has exactly 2 factors. A prime number
can be divided evenly only by itself and

)

SYMBOLS AND STICKY NOTES—IDENTIFYING IMPORTANT

INFORMATION

« Use symbols to mark your class notes. For example, an exclamation mark (1) might be
used to point out something that must be learned well because it is a very important
idea. A question mark (?) may highlight something you are not certain about, and a
diamond (0) or asterisk (*) could mark interesting information you want to remember.

+ Usc sticky notes to mark a page in a book that contains an important diagram, formula.

or explanation.

Ontario Math 10 Academic 8
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KEY STRATEGIES FOR REVIEWING

L F Reviewing textbook material, class notes, and handouts shoutd
-4 ) ‘ be an ongoing activity. Spending time reviewing becomes more

critical when you are preparing for tests. You may find some of
the following review strategies usctul when studyimg durig vour
scheduled study time.

+ Before reviewing a unit, note the headings. charts, graphs. and chapter questions.
» Highlight mathcmatical key conceepts. vocabulary, detinitions. and formulas.
« Carclully read over cach step in a procedure.

» Draw a pteture or diagram to help make the concept clearer.

KEY STRATEGIES FOR SUCCESS—A CHECKLIST

Review. review, review: that is a huge part of doing well at school and preparing for tests.
Below 1s a checklist for you to keep track of how many suggested strategics for suceess
you use. Read cach question and then put a check mark (v') in the correct column. Look
at the questions Tor which vou have checked the No column. Think about how vou might
try using some of these strategies to help you do vour best at school.

KEY Strategics for Success . Yes 1 No

- Do vou attend school regularly? ;

Do you know your personal learning style- -how you learn best? * |
e e . - - — . - + R i
Do you spend 15 to 30 minutes cach day reviewing your notes? |

i
|
E—
i

Do you study in a quiet place at home?

Do you clearly mark the most important ideas in your study notes”

‘T T -
|

Do vou use sticky notes to mark texts and research books?

Do you practice answering multiple-choice and written-response |

(uestions?

Do you ask your teacher for help when you need 1?

] Do vou maintain a healthy dict and sleep routine?

Do vou participate in regular physical activity?

THE KEY Ontario Math 10 Academic 9 Success at School
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Quadratic Relations

Table of Correlations
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Practice Unit Test
Specific Expectation Questions Questions
QR1 Investigating the Basic Propertics of Quadratic Relations
QRULY collect duta thar can be represented as a quadratic relation, from 1.2.3 |
experiments using appiropriate equipment and technology or from
secoindary sources - graph the data and draw a curve of best fit, if’
appropriaie, with or without the use of technology
QRL.2 derermine, through investieation with and without the use of technology, 4,5.6 2
‘ _ 4 g ,
that a quadratic relation of the Jorm v =ax™ +bx +c¢fa #0) can be
araphically represented as a parabola, and that the table of values vields a
constant second difference
QR1.3 i(/L)H/j/_i' the kev features of a graph of a parabola, and use the appropriate | 7.8, 9 3.4.5
terminology 1o describe them
QRUYA compare, through investigation using technology, the features of the graph| 10, 11 6.7
SR A . o ;
of v =x " andthe graph of v = 27, and determine the meaning of a negative
exponent and of zero as an exponent
. . _ 2 .
QR2 Relating the Graph of ¥ = x~ and Its Transformations
QR2.1 identifv, through investigation using technology, the effect on the graph of | 12,13, 14 8.9
V=X of ransformations by considering separately each
parameter o, h,oand k
. . 2 . . 2
QR2.2 explain the roles of a, h, and k iny =a(x —h > +k, using the appropriate I5.16.17 101112
terminology o describe the transformations, and identify the vertex and the
cqunation of the axis of synumetry
. 2 . o)
QR2.3 sketeh, by hand. the graph of vy =a(x =h )" +k by applying 18, 19,20 I3
. 2
transformations 1o the graph of v = x
. . . . - 2 . . o 2 97 ; ,
QR2.4 determine the equation, in the form v =a(x —=h )" +k, of a given graph of 21,22, 23a [4. 15, 164,
a parabola 23b, 23¢ 16b. l6¢
QR3 Solving Quadratic Equations
QR3.1 cxpand and simplifi: second-degree polvnomial expressions using a variety| 24,25 17.18
of tools and strategies
QR3.2 fuctor polvnomial expressions involving common factors. trinomials, and | 26,27, 28 19, 20
differences of squares using a variety of tools and strategies 29
QR3.3 determine, through investigation, and describe the connection between the 30, 31 21,22
Jactors of a quadratic expression and the x-intercepts of the graph of the
corresponding guadratic relation. expressed in
the form v = afx —r)(x =s) |
QR34 interpret real and non-real roots of quadratic equations, through 32.33.34 23.24
investigation using graphing technology, and relate the roots to
the x-intercepis of the corresponding relations
B ‘ . 2 . 15 26, 2
QR3.5 express v =ax™ by #c¢inthe formy = afx =h ) +k by completing the 35,36, 37. 5.20,27
square in situations involving no fractions, using a varietv of fools 38
QR3.6 sketch or graph a quadratic relation whose equation is given in the form 39,40, 41 28.29
o N
Vo= axT by F e using a variety of methods
QR3.7 cxplore the algebiaic development of the quadratic formula 42,43 30, 31
QR3.8 solve quadratic equations that have real rools, using a variety of methods | 44,45, 46, 32, 33. 34a,
47a,47b, 34b, 34¢
47¢

Class Focus 12
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Practice Unit Test
Specific Expectation Questions Questions
QR4 Solving Problems Involving Quadratic Relations
QR4 derermine the zeros aind the maxinm or mininum value of a quadratic 48,4950 35,36
relation from its graph or front its defining equation
QRA.2 solve problems arising from a realistic situation represented by a graplror| 515233, 37,38, 39,
an equation of a quadratic relation, with and without the wse of technology | s34 534 104, 40b,
S4¢ | He, d40d

Quadratic Relations




QRI.1 collect data that can be represented
as a quadratic relation, from experiments
using appropriate equipment and
technology or from secondary sources ;
graph the data and draw a curve of best fit,
i appropriate. with or without the use of
technology

QUADRATIC RELATIONS THAT
Mobkr Darta

Quadratic relations can represent certain types ol
motion, populations. and other numerical rate
problems and can therefore be used to model a
specitic set of data.

COLLECTING DaATA

There are several methods in which data can be

collected tor mathematical analysis. These include:

« Conducting experiments in class involving
motion and conerete materials.

« Conducting experiments using technology such
as graphing calculators and the CBR™.
*Note that when collecting data by conducting
experiments, several trials should be done to
ensure more realistic results.

« Using a sccondary source such as the Internct or
Statistics Canada.

Class Focus

Copyright Protected

GRAPHING THE DATA

After data is collected, it can be represented by a sct
of points on a Cartesian planc and may gencrate a

pattern that can be represented by drawing a single
curve. This curve is called the curve of best fit and
can be drawn cither by hand or by using technology.

Number of Registered Apprentices in Building
Construction Trades in Canada, from 1991 to 2003

Year Year Number (!?l(l)l::::]:h)

1991 I 16925
1992 2 43 703
1993 3 40 996
1994 4 36679
1995 s 34 786
1996 | 6 33 394
1997 7 32957
1998 8 33395
1999 9 36 496
2000 10 39090
2001 | 11 42 109
2002 12 47 545
2003 13 53 606

Source: Statistics Canada, Registered
Apprenticeship Information Sysiem.

Draw. by hand as well as by using technology, the
curve of best fit that represents the data. Assume
that the data represents a quadratic relation.

Plot the points and sketch a curve that best
represents the points. as illustrated below.

14 Castle Rock Research
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Using Graph Paper:

i

[y ()(}()!

i

S0 000 4

40000+

1O 000+

P
.

>
o]
[

Note: the cunve of best it should be similar to the
curve shown but may not be exactly the same.
Usig a TE-83 Plus Graphing Calculator:

I Lter the lists into the list editor.

K] [ (5] z
PO - | R
g
<
]

Loiti=4E 325

2. Perform a quadratic regression, and then enter

the resulting cquation in ¥ = 1 in order to plot
the curve of best fit.

ERETE TN RN TR

: o
4Z6.95744ER
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Numerical Response

Use the following information to

answer the next nvo (/1/(’,\‘/[()/7,\‘.

The owner of a 300-seat theatre sells tickets
for $20 each. He believes that for cvery

dollar he increases the price of a ticket, he
will lose 10 customers. He has charted his
research as follows:

Increase in Price Revenue!

%)
0
1

W b

N B

%)

6 000
6 090
6160
6210
6240
6250
6 240

I the owner’s revenue is S5 760, then he 1s
charging §  perticket,

Which of the following equations best
modcls the given data?

A.

B.

.\. =

A\‘

10X #9310 + 0036

1Oy F Loy +

9y T+ (07 + 6

—10x" + 100y +

S QUG

006

G OO0

Quadratic Relations
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Use the following information (o 3. Which of the following graphs best
answer the next question. displays the information given in the table
shown?

One of the factors that determines the cost
of car insurance is the age of the driver. it A.
has been found that drivers under the age
of 25 and drivers over the age of 70 are

statistically more likely to have accidents
compared to drivers between the ages ettt
of 25 and 70. The data in the table shows Group number

the percentage of accidents reported to a B. © Carinsuranee

particular insurance company by their
clients for various age groups.

! Car Insurance

PPereent of accidents

Age Groupr droup {Percéliit“ofrl

Percent of accidemts

- (in years) iNumberiAccifients: ot

- Under 20 1 ‘ 20 e
030 2 |14 Co .,
040 3D
050 410
50-60 5| 1 B e
60-70 | 6 1 kl47 o
Over 70 \ 7 7 ‘ 7 7 177 D. g

Percent of accidents

12 3 0 s T
Group number

QRI1.2 determine, through investigation
with and without the use of technology, that
a quadratic relation of the form

vy =ax” +bhx +cfa #0) can be
graphically represented as a parabola, and
that the table of values vields a constant
second difference

PARABOLAS AND SECOND
DIFFERENCES

A rclation of the form v = ax”+ by + ¢ (v # 0)will
yield a U-shaped graph that either opens upward or
downward. This graph is called a parabola.

Also. when the sccond differences from a table of
values for a relation of the form v = ax S4 by e,
(a % 0) are constant, the relation is quadratic.

Class Focus 16 Castle Rock Research
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S Now. usc the table feature from the TI1-83 Plus

N

graphing calculator. Onc possible table of values is
Using the second difterence, determine 1f the given shown below.
data represents a quadratice relation.

! 2
x=-1012 3 4 ) v it dift
p -1 0182781 v Vo g
. PO
} ) ) ) | {« 3 ) {04
Once possible partial table of values is shown Constant - — Poe o
. - -t X
- ol merement Cqo !
v " - e of ! 3 A ;0
. dift dift Yoo
! | 4 2 ;0.
ol ;s
Constant ) 0 ‘ Lo h BRI g b6
MeTreIm e v — MY B
merement | | § o 6 3
of v !
B x i i l"
LY : Using the table of values and caleulating the second
3 27 b5 " : . o
: - sy R differences. there is a constant difference of 6.4,
3 » ~ - - . oo
! 8 Therefore, i = 5.5+ 6/ = 3.2/ is a parabola that

' ) opens downward. and the function has a second
A‘ s > SOC tore C0S ‘]‘ 'va\ )‘ ata gt e N
Since the Lumq d‘lHLI.LnLL\ for this set of data are difference of —6.4.
not constant, this function does not represent a

. . N ~ 2
quadratic relation of the form v = ax ™+ hy + ¢,
((1 * ())_

Determine the direction of opening and the second
difference for the quadratic function
5

I =55+61/-32r"

. . R
Begin by entering i =55+6/ =321 o a
T1-83 Plus graphing calculator.

LREESER S i

The graph shows a parabola opening downward.

THE KEY Ontario Math 10 Academic 17 Quadratic Relations
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et 6. Which of the following partial tables of
values could represent a table of values for
4. Which of the tollowing graphs could a quadratic function?
represent the graph of 1 = ax " A. : First
A. ) X oy Difference
o '
- 2 };
! 3 b
A :
| 13
B. i : 5
A }3
6
- B. First
X ¥y Difference
R
C. ! , }9
1 \ | 315
/; ! ) }2]
: 4 .
}27
5
133
6 ‘
D. \ ‘ '
ﬂ C. First
\ /' . X y Difference
A I
2
‘}5
3
, , . L 19
5. The equation of a quadratic function that o4
opens upward and has a second difference | 14
pens upward and has a sccond difference 5
of 5 could be 120
> 6
A. v =08y =55x+238
D. | | First
B. v=-25x"+06x+5 o y Difference
0
C. v =50t a3 - H
3 | 4
P. v =250 =3 =38 | 19
4
Ho
R 125
P66

Class Focus 18 Castle Rock Research



Nat tor Reproduction

QRI1.3 identifv the kev features of a graph
of a parabola, and use the appropriate
terminology to describe them

IDENTIFYING KEY FEATURES OF A
PARABOLA

From QR 1.2, recall that the graph of a quadratic
function is a U-shaped curve opening cither upward
or downward. This U-shaped curve is called a
parabola. The key features of a parabola arc the
maximum and minimum values, the vertex, the axis
of symmetry, zeros. and the y-intercept.

MAaxiMUM OR MINIMUM VALUES

A maximum value occurs when the parabola opens
downward. The maximum value is the y-coordinate
of the highest point on the curve.

A minimum value occurs when the parabola opens
upward. The minimum value is the v-coordinate of
the lowest point on the curve.

..
-\

THE KEY Ontario Math 10 Academic
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VERTEX
The vertex is the ordered pair where the maximum
or minimum value of v occurs.

The parabola shown below has a maximum valuc
of 1 when x = 0. The vertex is (0, 1).

AXIS OF SYMMETRY

The axis of symmetry is a vertical line that passes
through the vertex of the parabola and divides the
parabola into two cqual halves cach o’ which is the
mirror image of the other. The axis of symmetry
also passes through the midpoint of any horizontal
segment that connects two points on the parabola.

AXis of symimetry
v

Quadratic Relations



ZEROS

The zeros of a quadratic relation of the form

1= axc A byt (v £ 0) are the value(s) of x that
make the quadratic relation equal to zero. Thus, the
zeros (also called the v-intercepts) are

the v-coordinates of cach ordered pair where the
parabola touches or intersects the v-axis. Fora
quadratic function, there can cither be 0, 1 or 2 real
ZLTON,

y-l NTERCEPT

The v-intereept ot a quadratic relation of the form
ARENOAY “4 by + ¢ (a £ 0) s the y-coordinate of the
ordered pair where the parabola mtersects

the v-axis.

A;.“
Determine the following teatures of the parabola
shown.

« Vertlex

« Maximum or
minimum valuc

« Zeros

« yv-intercept

« Axis of symmetry

The vertex of the parabola is (1, =4), the ordered
pair where the minimum value of’ v occurs.

The minimum value is v = =4, (=4 is

the v-coordinate of the vertex).

The zeros are ¥ = —1 or x = 3, the x-coordinate of
cach ordered pair where the parabola intersects

the v-axis.

The parabola passes through the 1-axis at the

ordered pair (0, =3) so the y-intercept is =3.

The axis of symmetry is the vertical line x = 1 (1 1s
the v-coordinate of the vertex).

Class Focus
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EXTRA INFORMATION

The domain of a relation is the
permissible v-values. These are the x-values for
which the relation 1s defined.

Domain

The domain ot the quadratic relation
l .
v =ax+ by + ¢, (a#0) will always be v € R

Range The range of a rclation is the
permissible v-values. These are the v-values for
which the relation is defined. In the previous
example, the range i1s v 2 —4.

Use the following information (o
answer the next gquestion.

The partial graph of the quadratic function

v = f(x) is shown.

&((). 8)

7. Which of the following statements about

the graph of v = /() is false?
A. The domainis x € R

B. The coordinates of the vertex are
(3, =1).

C. The equation of the axis of symmetry
sy +3=0.

D. The y-intercept is located at the
ordered pair (0, -8).
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Use the following information (o
answer the next question.

The partial graph of a parabola is shown.

} } t e \
2 | ) | 2

8. Which ot the following statements about
the graph of the parabola shown is true?

- . . 1
A. The minimum valuc 1s v = —, and the

6
cquation of the axis of symmetry is
23
X =
16
- A . 23
B. The maximum valuc is v = 16 and the
)]
cquation of the axis of symmetry is
1
N= o
O
C. The minimum valucis v = % and the

cquation of the axis of symmetry is

I . . I
D. The maximum value is v = o and the
D
equation of the axis of symmetry 1s
23

X = 717(:

THE KEY Ontario Math 10 Academic
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9. The v-intereept of the graph of the
quadratic relation v = “2v+3)y —4is
located at the ordered pair (0, -K). What
is the valuc of K7

QRL.4 compare, through investigation
using technology, the features of the graph

bR

: R -
of v =x" and the graph of v =27, and

determine the meaning of a negative
exponent and of zero as an exponent

COMPARING QUADRATIC
FUNCTIONS AND THE

ExpoNENnTIAL FUNCTION p =27

A quadratic function of the tform

¥y = ax=+ by + ¢, (a = 0) differs in several ways
when compared to an exponential function of the
form v = ab’.

' .
COMPARING THE FEATURES OF p = x

AND p =27

Thr GRAPHS

vy oy,
n=n Yoo

1A {

ey w=i
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VERTEX, MaxivMund VALUE, MINIMUM
VALUE, AND AXIS OF SYMMETRY

The graph of the tunction v = xTisa parabola
opening upward. The vertex is located at (0, 0). The
minimum value s 0. and the equation of the axis of
svmmetry is v = 0,

The graph of the exponential function v = 2" is a
continuous curve that rises from the left to the right.
The graph is asymmetrical and does not have a
maximum or a minimum valuc; therefore, it docs
not have a vertex.

SECOND DIFFERENCE

. . . o
One possible table of values for y = x 7 is shown.

' g 1 :).n\
N R dift | dift
N Q
v
> ) R
b3
| | R
[
v
§ Von
0 0 , P
AR
| { .- y 2
B o
2 4 '
N
3 9

Because this is a quadratic function, the second
difference is a constant. In this case, the second
difference 1s 2.

. . . Coax
One possible table of values for y = 27 is shown.

vl s i
v ¥ dift diff’
3 0.125
V0,125
2 0.3 028
y 0,23
! 0.3 10.23
O
0 | 1.8
bl
| al ! 1 l
2 s ;
5 b )
2 4 . ¢ 2
] ‘L
3 8
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For this function, neither the first nor sccond
difterence has a constant value: therefore. it 1s not
linear, or quadratic.

X-INTERCEPT

The x-intercept for the graph of the function
¥y = xTisx = 0.

The function v = 2" does not cross or touch
the x-axis; thus, the graph of v = 2" has

no x-intercept.

yY-INTERCEPT

The v-intercept for the graph of the function

V= s 1 =0.

For the function v = 27, the graph crosses the y-axis
at (0, 1) therefore, the intercept is v = 1.

THE NEGATIVE EXPONENT

When a number or variable has a negative exponent
in the numerator, the expression can be rewritten
with a positive exponent in the denominator:

. . -3
Using the negative cxponent rule. evaluate 3.
1 1

}_3 = — = —

3327
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Z.ERO AS AN EXPONENT

Any number (except 0) or variable with an exponent
ol zero s equal o 1; W=
Forexample, evaluate the expression 3Fx 377 using
the negative exponent rule as well as the product rule
for exponents to show that 3V =1,
Apply the negative exponent rule.

> o | i

bl 2 — —_
AT XS =3 X 9 x n
3- )

A

= =]
Apply the product rule for exponents.
3 b “+<%3) — ’%“

b P

37 x 3
0
= |

Thus, 3

Y
.
R

. _ 0 N
10. The graph of v = x . where v # 0, is the
same as the graph of

A, 1=l

B. +=2

1
)

C. » D. v=

oy N Ri -
11. The graph of v = x ™ and the graph of

1= 2" will both have

A, the sume v-intercept
B. the same y-intereept
C. anundefined maximum value

an undefined minimum value

THE KEY Ontario Math 10 Academic
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QR2.1 identifv, through investigation using
technology, the effect on the graph of

v EX . of transformations by considering
separately cach parameter a. . and k

TRANSFORMATIONS OF A
QuabpRrATIC FUNCTION

2
THe EFFECT OF @ IN ¥y = ax

« Regardless of the a-value. cach point (v, vy)on
the original graph becomes (x . avy).

+ « causcs a vertical streteh or
vertical compression as shown below.

R Vertical Streteh

Vertical Compression

Quadratic Relations



« when ¢ 1s negative, 1t causes a
reflection in the x-axis, which creates a graph
that 15 a mirror image ot the original graph in
the v-uxis as shown below.

A

\

Reflection in the x-axis

« Generally. the value of « does not have an effect
upon the domain, vertex, axis of
symmetry. v-intercept of the parabola.

Tue Errrct ok h iy = (x —h )2

The /1 -valuce causes a horizontal translation
(shifting the parabola left or right) and affects the
following:
e the vertex, (/1. 0)
+ the axis of symmetry. defined as x = 4

.
I\

Horizontal Translations

Class Focus
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THe EFFECTOF Kk IN y = x4k

The k-valuc causes a vertical translation (shifting
the parabola upward or downward) and affects the
following:

« the vertex, (0, k)

« therange, v 2 k

+ the minimum or maximum value. which is &

T v
yoe T2 Yo
: ;T

/ ‘ /

v .\’—ZX

Vertical Translations

Two transformations were applied to the graph of
2 . .

V' = 1~ to obtain the second graph. Describe these

transformations.

A
3T \
LAY
R o
1_..
—t—t— p—t—t 1
4 3 -2 -l 12 53 4
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Because the transformed graph has a maximum
value and opens downward, there is a reflection in
the v-axis.

The transtormed graph has also been translated
vertically downward 2 units since the vertex is at
(0, =2).

There is no vertical stretch or compression, since the
original graph and the transformed graph have the
same basic shape and size.

12. Which of'the following graphs could be the
graph of the gquadratic function

1 =ax"+k, wherca > 0?

Al i
I

o

C. .

D. )

13. It the value of & increases in the equation

1 = x "+ k. then the graph is shifted

A left B. right

C. upward D. downward

THE KEY Ontario Math 10 Academic
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14. The graph ol the function v = v~ can be

transtormed to the graph of the tunction
5

1= 2(x + 3)7 = 3 by performing the

following transformations:

a vertical stretch about the v-axis by a
factor of . a horizontal translation of
~unit(s) to the left, and a vertical

translation downward by Unit(s).

QR2.2 explain the roles of a. I, and k in

hl
v =alx —h) +k using the appropriate
terminology to describe the
transformations, and identifv the vertex and
the equation of the axis of svonumetry

DESCRIBING TRANSFORMATIONS
OF A PARABOLA

For the quadratic tunction v = aly = h )“‘ + 4. the
parameters ¢, 1. and & as well as the vertex and
cquation of the axis of symmetry reveal important
information about the transformations of a parabola.

THe ROLE OF a

»  is responsible for vertical streiches and
compressions. as well as the reflection in
the x-axis

o If'a > 1. thereis a vertical stretch by a factor of .

o If0 <« <1, thereisa vertical compression by a
tactor of .

When a > 0:

» The parabola opens upward.

« The function has a minimum value of .
» The range of the function s v 2 A,

When a < 0:

« The parabola opens downward. and there is a
reflection in the v-axis,

« The function has a maxmum value of £.

» The range of the function is v S A
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Tur RoLE OF /i

« h represents a horizontal translation of /4 units:
o leftifr <0,
« rightit/s >0

ThHe RoLE OF k

« k& represents avertical translation of & units
o downward itk <0
o upwardifd > 0.

VERTEN, AXIS OF SYMMETRY, AND

Dowvain

e The vertex s U, k).

« The equation of the axis of symmetry is x = /1.

« The domain of the function is the set of real
numbers. which can be written as v € R,

Write the equation of the transtormed function if the
is reflected
in the v-axis and then translated 7 units to the right

. S . Rl
graph of the quadratic function 1 = x

and 9 units down.

A reflection in the x-axis will change the a-value
from 1 1o =1,

Translations of 7 right and 9 down give h-

and k-values of 7 and =9, respectively.

The equation of the transformed graph is

vE = (D) =90 ==(v=7)" -0

. 2
For the quadratic function v = 2x +3) -
determine the following:

The values of a. /. and k., and describe the

Uunsim‘m:mom of 1hlS eraph when compared to the

graph of v = v~

Class Focus
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The equation v 7(, 3 ) — 5 can be written as

cq

v =2 - (=3)) -
Theretore, v = Ji = —3. and A = =5,

Compared with the graph of the function v = x * the
graph of the function v = v+ 3)7 = 5 has been
vertically stretched by a factor of2( 1 a] =2)about
the v-axis and then translated 3 units to the left

(h = =3) and 5 units downward (k = =9).

The vertex and the equation of the axis of
symmetry.

Since h = =3 and k& = =5, the vertex is (=3, =5),
and the axis of symmetry is the vertical line
X =-3

15. The graph of the parabola

R .
V= 2(x—=1)"+3is symmetric about a
line. What is the equation of that linc?
A, x=-1 B. v=1
C. v=1 D. +=3

16. The parabola v = x Zis vertically stretehed
by a tactor of 4, reflected in the v-axis. and
translated 7 units to the left and 6 units up.
If the equation of the transformed function
is in the form y = alx —h ): + k. then the
respective values of «. i and & are
A. 4,-7 and 6

B. -4, 7, and 6
C. —4 -7, and 6
D. -4, -7, and -
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17. If a quadratic function has a minimum
value of & and its graph has an axis of
svmmetry of v =5 = 0, then the function
could be

A v = (v =Sk
B. v=(v+5) +k
C. v = (v +3)+k
D. v=—(x=5)+k

QR2.3 sketch, by hand, the graph of
v =afv = ): *+k by applving

. . . >
transformations to the graph of v = x-°

SKETCHING THE GRAPH OF

,V - X 2

. 2

In order to sketeh the graph of v = a(y — i1)” + & by
hand, transformations can be applied to the graph of
1 =x". All points on the transformed graph must
satisty the given transformations.

For example. consider the tollowing graphs:

Iy
H-r * (5.1
(3.9)
[
o1
o)
44+
\ Ry
3_.._
2.
} } } } 2
1 2 (0. 2 i 0

THE KEY Ontario Math 10 Academic

Compared to the graph ot v = x " the araph of the
function v = (v - 2) + 1 has been

translated 2 units right and [ unitup and has a vertex
ol (2, 1) rather than (0. 0). Similarly. the point
(3.9). whichis on the graph of v =0 “ will become
the point (5. 10) on the graph ot v = (1 = 27+ 1,
since S is 2 units right of 3and 1018 T unitup from 9.

ORDER OF TRANSFORMATIONS
When sketching the graph of v = aly =/ )"+ h by
applying transformations to the graph of v = v " the
order of transformations should be as follows:
1. Vertical streteh or compression
2. Reflection in the xv-axis
(Note: Steps | and 2 can be reversed.)
. Vertical and/or horizontal translations (in ¢ither
order)

(%)

Sketeh the graph of v = 3(v = I)3 + 4 by applying
transtormations to the graph of v = x - and verity
using technology.

To sketeh the graph by hand:

Compared to the graph of v = v " the graph of
vo=3(y - l)2 + 4 has the following transformations
applied:

1. Vertical stretch by a factor of 3

2. Vertical translation 4 units up

3. Horizontal translation 1 unit right

— ¥
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To vertty with technology: Use the following information to

”iﬂ'ii'**‘i!t ',' answer the next question.
A student performed a series of
transformations on the graph of v = x 1o
=i = produce the graph shown.
. A
. 2_..
- st —t———+————— >
CHALLENGER QUESTION 8 4 1 4
Use the following information to T
answer the next guestion. 4:-

The following four transformations are T

applied, in order, to the graph of y = X2

+ a retlection about the x-axis T

« a vertical stretch about the x-axis by
a factor of 2

« a horizontal translation 5 units to the
lett

- a vertical translation 4 units upward

19. If the first transformation was a reflection
in the x-axis, then the next two

18. Point (4. 16) on the graph of v = x~ transformations werc a horizontal
becomes point (=1, v) on the transformed translation
graph. The valuc of v is A. 4 units left and a vertical
A, -2 B. -2% translation 7 units down
C. —068 D. -72 B. 4 units right and a vertical

w translation 7 units down

C. 4 units right and a vertical
translation 7 units up

D. 4 units left and a vertical
translation 7 units up
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20. Which of the following graphs best QR2.4 determine the equation, in the form
_ , 2, 7 =y Dl A oive o :
illustrates the equation v = —x~+ 27 v =alx =h) +k of agiven graph of a

- parabola
A.
THE EQUATION OF A PARABOLA
From the graph of a parabola. follow these steps to
determine the equation in the form
B. \ 2
. v=Ealv=h) +k:
T [. Identify the coordinates of the vertex (/4. k).
, 2. Substitute the respective values for  and & into
the formula v = a(x = /)" + k.
R
C. A
*—T_ ﬂ—\rﬂ—w el (v..y)
1
D.
1 ‘ (h. k)
T L T
I >\
i

[9S)

. From the graph. choose any point (x|, 1) that
has coordinates that can be identified.

4. Substitute the respective values of x ., 1 into the

equation created in step 2.

N

. Solve for a.

6. Rewrnite the cquation v = aly =h) +k.
substituting the values of v, fioand k.
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Note: Although steps 1 to 4 can be done in a single
step, 1t 1s often casier to do items in scparate steps.

Use the following information to
answer the next question.

The graph of a quadratic function with a y-intercept
of =3 is shown below. A

b +
8 6 4 2 4 44
2y T
6+

-4

It the v-intercept of the parabola shown is =3, then

determine the equation of the quadratic function in 21. The graph shown can be represented by the
3 sariat

the form of v = a(x — 7)™ + 4. equation

)
. A, v =y +2)
Step t: The vertex is (-4, 3). : ( )

Step 2: v = alv + 4)3 +5

5

. - . . . B. v =2x
Step 3: The v-intercept is =3, so the corresponding
ordered pair is (0, =3). 7 Ry
Steps 4 and 50 Substitute and solve for a. C. r=(x-2)
“3=g(0+4)y +3 |

; D. v=a7-2
~3=u(16)+5 : -
-8 = 16u

L _

-5 =

Step 6: The equation for this parabola s

= +d) T+,

Lo | —
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CHALLENGER QUESTION

Numerical Response

Use the following information (o
answer the next question.

The graph of a particular quadratic function
18 shown.

22, It the equation of the parabola shown is

v =u{v—4)" = 7.« < R_then the value
of . to one decimal place,1s

THE KEY Ontario Math 10 Academic

Use the following information to
answer the next nndtipart question.

23. The graph of a quadratic function is shown.

{ O} 4
T

T

PR S S T S W S SO S N T

i
| S i s el e

It

Part A

[ Open Response |

Determine the equation ol the guadratic
function of the graph shown. Write your

answer in the form of v = alx — /1) + k.

Show vour work.,

Part B

| Open Response |

What is the v-intercept of the graph ot the
given quadratic equation?

Show your work.
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Part C

' Open Response |

Is the ordered pair (=8, —12) on the graph
of the given quadratic function?

Justify vour answer.

QR3.1 cxpand and simplify second-degree
polvnomial expressions using a variety of
tools and strategies

EXPANDING AND SIMPLIFYING
POLYNOMIALS

Betore getting started, there are some key terms to
Recall that a monomial is a single term
L5050 Sy

FCVICW.
expression: i.e
A binomial is the sum or difference 01‘ two

monomials: i.c.. 2v + 9y, 2v = 9y, - Sx.

EXPANDING AND SIMPLIFYING USING
ALGEBRA TILES

Algebra tiles can be used to model several types of

operations relating to polynomial expressions. For
these purposes, the positive ¥, v, and constants are
shaded. and the negative x2, x, and constants arc
white.

To represent the product of 2x(x + 3). make a
rectangle that is two x-tiles wide and x + 3-tiles
long. and then form the resulting rectangle.

[T 1T171]

. . 2
The tiles show that the product is 2x ™ + 6x.
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EXPANDING AND SIMPLIFYING USING
AN ALGEBRAIC APPROACH

When expanding and simplitying polynomial
expressions algebraically, these main mathematical
processes are used:

« Distributive property: a{x + v) = ax + av

h _ath
X

* Product law of exponents: x - x
« Collecting and simplifying all like terms

MuLTIPLYING Two BINOMIALS

FOIL is a mnemonic device used to help remember
how to multiply two binomials.

F: multiply the first term in each binomial together
O: multiply the two outside terms together

I: multiply the two inside terms together

L: multiply the last two terms together

After multiplying the terms together, gather like
terms.

e 7

"
+

2x(x)+2x( -

] o]

3)+1(x)

]

- [o]5

I =6y +x =3
¥ fo]i][u
=2y7 —5x -3
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EXPANDING PERFECT SQUARE BINOMIALS

A perfect square binomial is a binomial of the form
bl
(a + )" The follow ing formulas can be used to

expand a perfect square binomial.

N 5 \
(a+D)y =u +2ub+h-

(tl - /))2

al hl
a- —=2ab+b-

T

Expand and simplify (2x + 5)°.

This pertect square will follow the formula

(v + />)3 = +2ub+bh-

In this casc. ¢ = 2y and h = 5.

Substitute these values into the formula, as follows.
(20)7 + 2020)(s) + (5)°

=4y #2040 + 25

24, The coetticient of x in the expanded torm
ot the expression (v = 5)dx +95)is
A, =25 B. -15

. D. 4

25. 11 (3v —4)(dv = 1) = 12x° + hy + 4. then
the value ot b as
A, —16 B. —19

C. =27 D. -33
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QR3.2 fuctor polvnomial expressions
involving common factors, trinomials, and
differences of squares using a variety of
tools and strategics

FACTORING POLYNOMIALS

Factoring is the process of expressing polynomials
as a product of polvnomials ol lesser degree.

FACTORING OUT A GREATEST
Common Facrtor (GCF)

When factoring out the GCF (the largest factor
common to two or more terms). look at what 1s
common in cach term ol the polvnomial expression.
Once the greatest common factor has been
identified, divide it out of cach term in the
polynomial.

For example. to factor the binomial 6x " + Ry, note
that 2 and v are common to both 63~ and 8.
Thercfore, 2x can be factored out of cach term as
shown below.

67+ 8y

=(2v)(3v +4)

FACTORING BY GROUPING

Factoring by grouping mvolves rewriting a
polynomial with an even number of terms into
smaller groups that contain a common lactor.
Remove the GCF from each group. Then, factor out
the common binomial.

For example, to factor the expression
N2y + 2 use grouping as shown in the
following steps:

Step 1 Group the terms (A\' "+ 2.\') +(x +2).
Step 2: Remove the GCT from cach group
x(x+2)+ 1(x +2).

Step 3: Factor out the common hinomial

(v +2)(x + 1)
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FACTORING X 2 + bx + ¢ UsING

ALGEBRA TILES

To factor a polynomial, begin by arranging the
algebra tiles into a rectangle, and then add algebra
tiles to the outside of the rectangle.

The tiles representing x ~ + Sx + 6 can be arranged
into the following rectangle:

Now. add algebra tiles to the left and upper sides of
the rectangle to torm the two factors.

-
NoeD

—

The factors are (v + 2)(x + 3).

FACTORING TRINOMIALS OF THE

. 2
Formax "+ bx +¢

One commonty used procedure for factoring
trinomials ot this form 1s decomposition.
Decomposition starts by taking the middle term
( by ) of the trinomial and splitting it into two
separate monomials such that the resulting
expression can be factored by grouping.

Y

.
In order to tactor 2v ™ =5y — 3:
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1. Find two numbers that have a product of =6
(¢ % ¢) and a sum of =5 (the h-value). In this
case, the numbers arc —6 and 1.

o

Rewrite the expression by replacing the term

—5x with = 6x and v,

3. Group using brackets.

4. Remove the GCF from cach group.

5. Factor out the common binonual.

2y o5y —3=2xT -6y +y -3

= (2.\'z - (w.\‘) + l(.\' - 3)
=2v(v = 3)+ 1 = 3)

(2 + 1)(x = 3)

FACTORING A DIFFERENCE OF SQL’ARES

In factoring a difterence of squares, use the
tollowing tormula:

bl )l
a —b~=(u=h)a+h)

Tt

Factor 4x~ —9.

This is a difference of squares where a” =4y s0
a=2x.and b7 =9.50h =3,

Since a” — h* = (a=b)u +b),

4y?—0=(2x) = (3)° = (2x = 3)(2x + 3).

26. One ol the factors of the binomial
16a°h" = 9¢7 is

A. 8ab -3¢ B. 8ab—9c

C. 4uab + 3¢ D. 4uab—9c¢

27. One of the factors of the trinomial

i .
2y T+ v =28 1%

A. 2x +1 B. 2x -7
C. x+7 D. v—4
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[se the following information to
answer the next guestion.

A student is asked to factor four different
polynomials. The given table shows the
four polynomials and the student’s
solutions.

‘ Polynomial ‘ Student’s Soiutidn
I 8y’ +4x° :4x (2x + 1)
H 254° - 4b%c? i(Su + 2he)(5a - 2he)
2y ‘

- 18y 2 2(x + 3 - 3v)

2

IV 4% —a al2a-1)

28. Which polynomial did the student factor
incorrectly?

A, Polynomial | B. Polynomial 1l

C. Polyvnomial Il D. Polynomial IV

Numerical Response

29. The polynomial expression v~ = 3x — 4 1y
Cactored as (x = m)(x + 1),
The valuc ot m+ s

QR3.3 determine, through investigation,
and describe the connection between the
Jactors of a quadratic expression and

the x-intercepts of the graph of the
corresponding quadratic relation,
oxpressed in the form v =alx —r)(x =)

THE FACTORS AND X-INTERCEPTS
OF A QUADRATIC RELATION

Recall the following:

« The v-intercepts of a graph are located at the
points where the graph touches or crosses
the x-axis.

+ The x-intercepts of the graph of a quadratic
function can be used to determine the zeros ol the
quadratic function.

THE KEY Ontario Math 10 Academic

MAKING CONNECTIONS BETWEEN
FACTORS AND THE ZEROS OF
QUADRATIC EXPRESSIONS

Through investigation. you will observe that when
a quadratic function is expressed in the factored
form v = aly — r)(x = ¢). the v-intereepts (the
zeros) of the graph of the quadratic function are

Y =randy =y,

Determine the v-intercepts for the graph of the
function v = (x +6)(v = 2).

Since the function v = (v + 6)(v ~ 2) is expressed in
the factored form v = aly = r)(v —=5).a = 1.

= =0, =2,

Theretore, the v-intercepts are ¥ = =6 and v = 2.

It is possible to assemble a quadratic function from
given information such as the v-intercepts and
another given point.

el (i, i

Sae
The graph of a particular quadratic relation is shown
below.

Write the equation of the quadratic relation in the
form v = aly — ) (x = ).
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The ve-intereepts of the graph shown are ~3 and 2.

Theretore. substitute =3 for » and 2 for s in the
cquation v = alv = r)(x = 5) as follows:
v=ale = (=3) - 2)

1= a(v+3) (v =2)

The ordered pair (5. 7Y is a pointon the graph shown.

Solve for ¢ in the equation v = aly +3) (v =2) by
substituting 5 for v and 7 for v as follows:

7= al(5) +3)((5) - 2)

7 = 2du
7
o= ’,;’;1

The cquation of the quadratic relation in the form

R A N 74 (v +3)(x = 2).

30. The quadratic equation
6+ 13y = 28 = 0 can be written in
factored form as (3x — 4)(2v +7) = 0.
The roots of the quadratic equation
6y + 13x =28 =0 are

4 ~7
A. L and -
,\ ’

-4 7
B L and |
3 =2
C. 1 and o
-3 2
D. 1 and 7

Class Focus
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Use the following information to
answer the next question.

4
T
—_—
N
=
g
—
‘J
—_
<

oT

31. Which of the following cquations best
represents the graph shown?
A. 1 =2x7+9x =9

T+9y -9
‘+45v-45

D. v=2x"+45x+45

QR3.4 interpret real and non-real roots of
quadratic equations, through investigation
using graphing technology, and relate the
rools to the x-intercepts of the
corresponding relations

INTERPRETING THE ROOTS OF A
QuADRATIC EQUATION

When the value of v in the quadratic function

V= ax 4 by + ¢ is set equal to zero, the resulting
equation ax S+ by +c¢=0iscalled a

quadratic equation.

The roots of a quadratic cquation are the value(s) of
the variable (in most cases. the variable chosen s
“x"} that satisty the given quadratic equation (make

the equation equal to zero).
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Through investigation, you will find that there are
three possible scenartos that can occur when
discussing the roots of'a quadratic equation. These
include:

1. Two real and difterent roots

/N

\

Do x-intercepts

2. One real root
(Two real and equal roots)

One x-intercept

3. Non-real roots

(values such as V-5, x/—f(; 6 = 0, ete.).

-

No x-intercepls

THE KEY Ontario Math 10 Academic

Using technology, graph the function

=3y *— 2x + 10, and then describe and state the
roots to the quadratic equation ~3x T2+ 10=0
to the nearest hundredth.

Graphing the function v = =3x 7 = 2x + 10 gives
the following image:
T
II II
L
Lt
Pt
It
II II

Sincce there are two x-intercepts, this means there
arc two real and different roots.

Using the CALCULATE feature and the ZERO
option on the TI-83 Plus calculator, obtain the
following:

|

Zern 1 Tern ]
n=-g dB8ZCC JY=0 =l EcEEBL 1V=d

T

Thercfore, to the nearest hundredth. the roots of

3y =2v+10=0arc =2.19 and 1.52.
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Use the follovwing informeation to
answer the next guestion.

The roots of the equation 2x2+9x~5=0
can be found using technology. The first
step of each of two possible procedures

is shown.

Procedure B ‘w

'Step 1: Graph the ‘

Procedure A |
Step 1: Graph the
‘equation

; R 2
cquations vy = 2x
.

=2y "+09x -5

jand y = 5-9x l

. Which of the following statements
reearding the two possible procedures for
determining the roots of the quadratic
cquation using technology is false?
A. With procedure A, the solution is found by
determining the v-intercepts of the graph

of the given function.

Two distinet roots of the equation

R - . .
2¢ 7+ 9x = 5 =0 will be obtained
regardiess of whether procedure A or

procedure B is used.

C. With procedure B, the solution is found by
determining the x-coordinate of each of
the points of intersection of the graphs of
the two given functions.

D. The zeros in procedure A will be exactly

the same as the v-coordinates of the points

of intersection of the graphs of the two

given functions in procedure B.

Class Focus
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33. Which of the following quadratic
equations has real roots?

A p= b2 342
. 3 R
B. YISy +6=0
C. 3x = 18y +29 =10
Liteav—3=0
D. —2.\ 2v—3=

The respective roots of the quadratic
cquations x~+ x + 1 =0and

)
X"+ 5x+3=0are
A. rcal and real
B.

real and non-real

@)

. non-rcal and real

D. non-rcal and non-real

QR3.5 express v =ax™ +bx + ¢ inthe

form v =a(x —h ) +k by completing the

square in situations involving no fractions,
using a varietv of tools

COMPLETING THE SQUARE

Completing the square is the mathematical process

used to change the form of a quadratic function from
. 2

the gencral form v = ax ™+ hx + ¢ 1o the standard

form v = alx = h )2 +k.
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COMPLETING THE SQUARE USING
ALGEBRA TILES

When using algebra tiles to complete the square, the
focus needs to be on ereating a figure that represents
a perfect square trinomial.

Using algebra tiles. create a perfect square trinomial
(v+7?)

5

forv-+o6v+ o=
Step |+ Create a partial square with algebra tiles to

> . . . I
represent v+ 6 Start with the x--tile, and
arrange the v-tiles around x- to create a square.

Step 20 Determine how many unit tiles are needed
to complete the square.

\ Vv
\ I
\ Pl
! (A

In this case. 9 unit tiles are needed to completely fill
this square.

THE KEY Ontario Math 10 Academic

Step 3: Determine the dimensions of the completed

square.
. Vo
\ [
v 7
\ /‘ lf /

Thercetore,

(v +3)(a+3)=(v+ 3) = 46y +Y

COMPLETING THE SQUARE USING
ALGEBRA

The following example shows the steps to
algebraicaily complete the square.

Complete the square for v = =2y~ + 8y + 3,
I Identify and remove the common factor from
the x=- and v-terms of the expression. In this

example. the common factor s =2,
V=2 =4+ 3
2. Notice the coetlicient of the v-term. Divide this
value by 2. and then square it
O T
! AN ). S =y 4
3. Both add and subtract this value (4) mside the
brackets in order to keep the value of the
expression the same.
B e e IRk
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4. Move the value that will not contribute to a
perfect square trinomial outside the brackets.

| R R P R

S Factor the trinomial inside the brackets to torm a
perfect square. and collect like terms outside the
bracket.

==+ 0

Lse the following information 10
onswer f/IU next (]l/("\'[['()ll.

To convert the quadratic function
p = =3x7 +24x + 5 into the completed
square form v = alx = & )* + k. a student
pertormed the following steps:
Step 1: v = B(xz + 8x) +5
Step 2: 1 = 3(x 2+ 8x + 12) +5-36
Step 3: v = 3(x>+8x +12) - 31
Step 4: v = 3(x + 4)2 - 31

35, In which step did the student’s first error
oceur?
Ao Step B. Step2
C. Step 3 D. Step4
36. The cquation v = 4x ™+ 32x + 59 can be
. . 2
expressedin the torm v = aly =h) +kas

Ao = 4): -5

Class Focus
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L . L

37. The quadratic function 3 = x~ = 8y + 23
can be expressed in the form
v=aly =)+ koas

Ao v=(v =77 +4

(x—4) +7

i
I

(v - 8)"+23

C. v

D. 1 =(x-4)+23

CHALLENGER QUESTION

Numerical Response

. ) > [
. If the cquation v = =2y~ + [2x + 18
J

written in the completed square form

2 ~
v =ul(x —h)"+ k. then the value of 4.
correct to the nearest tenth. s

QR3.6 skeich or graph a quadratic relation
whose equation is given in the form

v o= ax” +hx +c, using a varietv of
methods

METHODS OF GRAPHING A
QUADRATIC RELATION

There are three main methods of graphing a
quadratic relation: by using intercepts and
symmetry, completing the square, and using
technology.
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. Step 1: Find the x-intercepts.
GRAPH SKETCHING USING INTERCEPTS

0=—x"+1+6
AND SYMMETRY 0= —(v - 3)(x +2)
To use this sketching method. begin by determining | ¥ = 3

the xv-intercept(s) and the v-intercept of the graph X
ot the quadratic relation. Then, use symmetry and
. o Step 2: Find the y-intercept.
the vertex of the graph to complete the sketch. For P R ! l
v o N N v=—(0)"+0+6
example, graph the function ¥ = —v~ +x + 0, as =
follows: beh

-2

Step 3: Find the midpoint of the x-intercepts in
order to find the equation of the axis of symmetry.

_fatn AT
L e
_{3+(=2)) {0+0

{29

. . - L . |
The cquation of the axis of symmetry is v =

) . |-
Step 4: Find the vertex (substitute 5 for x).

12
o)
25
yEory = 0.25
. 25

The vertex 1s at point ( 5 *4*) or (0.5, 6.25).
Step 5: Using the information from steps 1. 2, 3,
and 4, sketch the graph ot v = —x S +6.

A

THE KEY Ontario Math 10 Academic 41 Quadratic Relations



GRAPH SKETCHING BY COMPLETING
THE SQUARE AND APPLYING
TRANSFORMATIONS

This method involves changing the quadratic
function from the genceral form v = ax T4 by + o
the completed square form v = a(x = h )3 + k.
Transformations arc then applied to the graph of

N

=Y

. . . >
Consider the function v = 4x~—8x + |. Recall the
steps for completing the square from previous
lessons.

Step 1 v = 4(,\'3 - ZA\') + |

Step 2: /\

. :\
TR S, |
Step 3 v = 4(,\‘: —2v+ 1l - l) + 1
Step+: b 4&])) !
Step 3 v = (v - 1)1 -3

Thus. the function v = 4v" =8y + 1 can be written
in completed square formas v = v - 1)2 -3
Now. sketeh the graph of v = 4(y - 1)2 -3 by
applying transformations to the graph of v = X7
The transformations are as follows:

I. Vertical streteh by a factor of 4 about the x-axis.

2. Horizontal translation 1 unit to the right.

3. Vertical translation 3 units downward.

Class Focus
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GRAPHING USING TECHNOLOGY

Using technology, such as a T1-83 Plus calculator.
to graph a quadratic function requires the usc of
proper window settings and scale and following the
appropriate steps.

Graph the function 2 = =257+ 1 010s = 3 253

using technology.

This graph uses the window sctting
I
i

50, 5]y =100, 7 500, 500

a
o
Q

39. John is attempting to sketch the graph of'a
given quadratic function. He correctly
determines that the v-intercepts of the

- and —4. The equation of the

9| —

graph arc

t

axis of symmetry of this graph is

__7 =Y
A, x = 7 B. v = i
7 9
C. Y=g D. :42
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40. The sketeh of the graph of
=6 s completed by applying
transformations to the graph of v = X
The vertex of the graph of
3= V=6 * 4 is located

AL 3 unus right and 5 units down trom the

. ~ 0
vertex of the graph of v = v~

B. 3 units left and 5 units down from the

vertex of the graph ot v = -

C. ounits Ieft and 4 units up from the vertex

of the graph ol y = x~

D. 6umtsright and 4 units up from the vertex

ol the graph of v = x~

CHALLENGER QUESTION
Usc the follovwing information 1o
answer the next question.
Gladys would like to graph the quadratic
function y = ~4.9x°+30x + | using her
graphing calculator. Four possible window
settings are given.
i Window Setting
AR T || R AY
Xmin —10 =20.=15/=10
; : I
Xmax 100200 15] 10

jxmi L2 2 1

Ymin =10 =30 =10/-20
Pmax 10 30{ 40/ 60
3002 4

1 1

%yscl_ 1

Xres

41. The window sctting Gladys must usc in
order to display the graph with its vertex is
A B. Il C. 1 D. IV

THE KEY Ontario Math 10 Academic

QR3.7 explore the algebraic development
of the quadratic formula

THE QUADRATIC FORMULA

Since not all quadratic equations can be factored.
using technology to find the roots will only give an
APProxXimate answer.

In order to obtain the exact roots of a quadratic
cquation, a formula (called the

quadratic formula) can be developed by
completing the square of the general form of a

. . R _
quadratic equation ax =+ hy + ¢ = 0,
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DEVELOPMENT OF THE QUADRATIC
ForMmuLA

Isolating v in the equation ax T+ by +c¢=01is
accomplished by completing the square.

ax +hvt+t =0

~ b
u(.\” + N]+tce=0
d
~ b h- b
aly T s = e R = ()
d da-  4du
( N h\> b~ . 0
Ny + —| - — =
‘ 2u du ‘
Ly
A\ 2u du ‘
( . /) _h
2u 14° d
h )3 h dac
e B
= G- dur
( h )1 b= — 4ac
R I
2a 4(/2
[ enET
| 2a - 4a”
R (AT
2ua Qu

_ b VP = dac

N o= =

2a Qu
R
_ =hENVDhT —duc
NT e e
2u

The roots of the quadratic equation

Al -
ax~+ by + ¢ =0, where a # 0, can be expressed in
terms of ¢, h.and ¢ by using the quadratic formula:

s

_ =hEVDhT —4dac

L= =YD T
2u

Find the exact roots to the equation

0 = v~ — 8y + 5 by applying the quadratic formula.
Step 11 Identity the values of «. b, and c.

h=-8

a =1 ¢ =5

Class Focus
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Step 2: Substitute these values into the quadratic
formula.

v = ~hEVhT = dac

2ua

8£v64 — 20
2
8+v44

2411
2
=4+/11

The roots of the given cquation arc 4 + VIlor

4-v11.

e

Use the following information to
answer the next question.

Marianne has chosen to use the quadratic
formula to solve the equation

2x?=3x —1=0. The steps she used to
arrive at a solution are given.

B YR 0 ) |
Step1 |*~ @) {
‘= -3+vV9 +8 ;

Step 2 4 |
L= 32417 |

Step 3 4
Step4 x =-1.78x =0.28 ‘

42. In which step did Marianne’s first crror
occur?

A. Step | B. Step 2

C. Step3 D. Step 4
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Use the following information to
answer the next guestion.
The first three steps in the algebraic
development of the quadratic formula
are shown.

q
ax"+hbxtce =0

2 b
X +—x

h : tc¢=
Step 1:a g ¢c=0
Step 2:a xP+ —b—x + b—, _b S|+e =0
a da”  4da”
Step 3ra{x + K)2 - }ﬁ +tc=0
) 4a

43. The varnable A vepresents the expression

h- h-
A B.
S 2"
C h D h
4(’ ’ 2(1

QR3.8 solve quadratic equations that have
real roots, using a variety of methods

SOLVING QUADRATIC EQUATIONS

Quadratic cquations can be solved using methods

such as factoring, using the quadratic tformula, and

graphing. In general, unless otherwise specified in

the question. the following tips are recommended

for solving a quadratic equation of the form

axTEhy e =0

. Attempt to solve the equation by factoring.

2. It the cquation cannot be solved by factoring or
1s difficult to tactor. use the quadratic formula.

3. Use a graphical procedure to solve the equation
or verity yvour solution,

4. Simplify the roots (solution values). if necessary.

”

and clearly state the solution(s) using “v =

THE KEY Ontario Math 10 Academic

Solve the equation 0 = v~ + 4y = 21

Method |

O=x"+4yv-21

Fuctoring

0=(x-30x+7)
0=(r=3)or0=(x+7)
y=3orx=-7

Method 2-- Using the Quadratic Formila
a=1,b=4 andc = -21
o —heVhT —dac
! 2ua
_ =)V - an)(-21)
X =
2(1)

_ —43V16+ 84
R N

2
C_ —4+V100
N = S
_ —4%10
V- 72*7’
Isither:
-4+10  _ =4-10
Vo= E orxy = L
_ 0 _ —14
N = B ory = BN
y=3orx=-7

Method 3---Graphing

From the ZERO feature, vou should sce that
the v-intercepts or zeros are ¥ = 3and x = -7,
[ | T I

i'l |
II ll
Y =41
Thus, the solution to the equation
2 : bl -
O=x"+4x -2l sy =30ry=-7
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U se the following information to
answer the next guestion.
A math teacher asks her class to solve the
. . 2
quadratic equation 8x~ —2x = 3. The

partial solution of each of two students
is given.
Tayla
8y~ =2y =3
8yT-2¢=3=0
8y —6x+4y =3 =0
2v(d4y =3)+1(4x =3) =0
(4x=3)2x+1)=0

Honoria

3 2(8)
_2%V4+96
_ 2£4100 i
! 16 |

Which of the following statements 1s true?
A, Tavla's work and Honoria’s work will
cach lead to a correct solution.

B. Tayla™s work and Honoria’s work will
cach fead to an incorrect solution.

C. Tayla™s work will lead to an incorrect
solution. and Honoria's work will lead
to a correct solution.

D. Tavia's work will lead to a correct
solution, and Honoria’s work will lcad
o an incorrect solution.,

Class Focus
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45. The solutions to the quadratic equation
10y +3=7x"are

3+ 46 _ 3 -vd6

50

A. X = 7 rxy = _~_‘_7, i
B v = iﬂ@ - 4 - Vf}(’
7 or x 2
C. (=" + V46 _ 5-v4o
- 7 or X 2
7++/46 7 — V46
D. x= oy =

46. The solutions to the quadratic equation

7_\_1 +2y—-5=] ]_\-2 —6x — 4 are

) /
A. Y = *“i,)v'} B. v = [+4V3
I+45 ,
C. x= ;i;/ﬁ D. v = 1x4v5
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Use the following information to
answer the next multipart question.

47. The graph of the quadratic function

V= 2x” = x — 15 is shown.

Part A

| Open Response |

What are the roots of the quadratic equation

THE KEY Ontario Math 10 Academic

47

Part B

[ Open Response |

Algebraically. solve the quadratic equation
hl

dv-—x =15 =30,

Part ¢

| Open Response |

I a student were to solve the equation
2T —v—15=0 by using the quadratic
formula, would the value of' A~ = 4ac be a
number that 1s a pertect square?

Justify your answer.

Quadratic Relations




QRA4.1 determine the zeros and the
maximum or minimum value of a quadratic
relation from its graph or from its defining
equation

DETERMINING THE ZEROS AND
THE MAXIMUM OR MINIMUM
VALUE OF A PARABOLA

USING A GRAPHICAL APPROACH

Recall the tollowing from previous lessons:

» The zero(s) of a function are the x-coordinates
where the curve crosses or touches the x-axis.

o The maximum value is the v-coordinate of the
highest point on the graph of the quadratic
relation and occurs when the graph opens
downward.

+ The minimum value is the y-coordinate of the
lowest point on the graph of the quadratic relation
and occurs when the graph opens upward.

. ~ - i .
Consider the function v = x~+ 6x — 1. Using the
ZERO feature on a TI-83 Plus calculator, determine
the zeros of the function.

T . ‘ .% Il"l

cero
n=iarelzg W=

Window setting used: x:[—=10,4, 1] y:[=25,5.2].
To the nearest hundredth, the zeros of the function
V= Vi 6v - 1larex = 147 and v = =7.47.

Since this graph opens upward. use the MINIMUM
feature on the graphing calculator to determine the

.o . . . _ .2
minimum value of the function v = x~+6x — 1.

Hinimur

The v-coordinate from this screen indicates the

minimum value. Therefore, the minimum value of

the function v = N6y = 1 s =20,

Class Focus
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USING AN ALGEBRAIC APPROACH

Recall that when using an algebraic approach:

» The zero(s) of a function can be determined by
substituting 0 for v into the equation
y=ax “+ hx + ¢, a * 0 and then solving for x.

+ The maximum or minimum value can be
determined when the function is written in the
form v = alx = h )2 +k.

» The maximum value is & when a <0,

* The minimum value is & when a > 0.

Determine the zero(s) and the maximum or
minimum value for the function

p==2(r+6)+ 5,

To determine the zero(s) of the function,
substitute 0 for v, and solve for x.
0=-2(x+06)"+5

5=-2(x+6)°

(x+ 6)2

NE s

to [
1

I+

oo

5 _

i\/i—.\"'()
5 —

i«/—;—()—,\

/3 s
Thus, either x = -6 + 5 orx = —6—\/ 5

x=-44and x =-7.6
To the nearest tenth, the zeros for the function

v ==2x+ 6) +5arex = 4.4 or x = =7.6.

The function v = =2(x + (w)2 + 5 is written in the
form v = alx — h )z + k. Since a <0, the graph of
the function opens downward. Thercfore, a
maximum value occurs at k. For the function

2 . .
v =-2(x +6)" +5, the maximum value is 5.
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QR4.2 solve problems arising from a
realistic situation represented by a graph or

48. Megan was given a math problem an equation of a quadratic relation, with
requiring her to design a pigpen with and without the use of technology.

maximum area given a fixed amount of
fencing. She was able to gencrate a
quadratic function expressed in the

QUADRATIC FUNCTIONS AND

,
completed square form v = a(x = /)™ +k

to help her determine the maximum area of PROBLEM S()L\'IN(;

the pigpen. Megan wants to confirm that

the pigpen has a maximum arca rather than Quadratic functions can be used to model real-world
a minimum arca. From the completed situations that arc represented by a graph or an
square form v = alx = h )2 + k., Megan cquation.

needs to examine the value of

A. only the variable «
The trajectory of a baseball is represented by the

B. only the variable &
graph shown below.

C. both variables £ and #

D. both variables « and 4 | < e
S0+ (3. 48)
CHALLENGER QUESTION BT
- . . . . 40 4
49. The mimimum value of the function T 1<l
v =axT+ b+ cis =1 I the zeros of the = A;(‘, 1
function are | and 2, then the value of ¢ 1s = 53l
=L T
A. 5 B. 6 C. 8 D. 9 ERRIES
—
ISt
H) 1
.12
Numerical Response 0 1 1 s ¢«
- o . . . Time in ()
50. The minimum value of the function
=0 — v F v a. What s the maximum height of the baseball?
1 =40-12x +x" 18 . =

The given parabola opens downward and has a
vertex of (3, 48).

Therefore. the maximum height of the baseball
is 48 m (the 1y-coordinate of the vertex).

(Correct to the nearest whole number.)

b. From what height was the baseball inttially hit?
At the initial height. the time will equal O s. This
corresponds to the ordered pair (0. 1.2) on the
graph. Thus, the bascball was hit from an initial
height of 1.2 m.
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¢. How long does the baseball remain in the air?
The ball remains in the air until it hits the ground.
This occurs where the graph mtersects the v-axis
after 1t has reached its maximum height. Since
the graph intersects the v-axis at 6, the ball
remains in the air for 6 s,

A city’s population can fluctuate. A small Ontario
city that has a declining population is expecting the
population to begin increasing in the near future
because of the introduction of several industrial
development initiatives. The city planners predict
that the city’™s population can be modelled by the
function /2 = 15077 = 1 2007 + 14 900, 1 2 0,
where ¢ 15 the time in years since January 1, 2007
and P 1s the population. Use technology, where
appropriate, to answer the following questions.
a. What was the city’s population on January 1,

20087

On January 1, 2008, exactly onc year will have

passed sinee January 1. 2007, Therefore,

substitute 1 for 7 into the cquation

P = 15017 = 12007 + 14 900, and solve for P.

P =130(1)7 = 1 200(1) + 14 900

P =150-1200+ 14900

P = 13850

The population on January [, 2008 was 13 850.

b. At the beginning of what year will the city’s
population be at its lowest point?
Usc the MINIMUM feature of a TI-83 Plus
eraphing calculator and a window sctting such as

=

.“: —5, 12,2 117500, 20 000, 2 500

ey

qagr Y=ioT%an |

The function’s minimum value occurs when

v = 4 theretore, at the beginning of the ycar
2011 the city’s population will be at its lowest
point.

Class Focus
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¢. What is the first year that the city’s population
will be more than 24 0007
This problem requires you to use a T1-83Plus
graphing calculator to graph the line
1 =24 000 and use the INTERSECTION feature
to find the first positive intersection point with
the function v = 1507 = 1 200 + 14 900.

d. The first positive intersection point is:

T4 | LU I

Since x = 12.76, the first year that the population
will be more than 24 000 is at the end o 2019.
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S1. Ben observed that an arrow shot from a
bow followed a parabolic path for which
the height 1s approximated by the quadratic
function i = —4.9(1 - 1.5)2 + (2,120,
where /4 is the height in metres and 7 1s the
tume in seconds. Which of the following
graphs best represents this quadratic
function?

A. Al
_ - ——
!

B. h
!

C. Y
it
!

l). h
e
]

THE KEY Ontario Math 10 Academic

CHALLENGER QUESTION

Use the following information 1o
answer the next question.

A rectangular lot is bordered on one side by
a river and on the other three sides by a total
of 60 m of fencing, as shown in the diagram.

River

52. If v represents the width of the lotand v
represents the fength of the Tot. then the
cquation 2x + v = 60 represents the total
amount of fencing expressed in terms ol x
and 1. The maximum arca. . of the lotin
terms of v is given by the equation

A= =2y +060x. The length of the lotis
A, I5m B. 253m
C. 30m D. 40m

Use the following inforniation (o
answer the next question.

The path of a roller coaster car can be
modelled by the function

h = =7t%+ 61t + 98 for the section of the
ride, where 1 <7 < 10. For this

function, /4 is the height of the car above the
ground in feet and 7 is the time in seconds
elapsed since the beginning of the ride.

53. To the nearest tenth, the maximum height
reached by the roller coaster car in the
interval 1 €72 1018

A. 61011 B. 98.0 {1
C. 115511 D. 230911
51 Quadratic Relations
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CHALLENGER QUESTION Part C
Use the following information to
ansveer the next multipart question. I Open ReSponse |
54. The daily profit, P, in dollars of a hot dog . . ,
vendor in Toronto is described by the What is the maximum daily profit for the

2 Yy Ve 7
equation P = ~40x > + 240x — 75, hot dog vendor:

where x dollars is the selling price per
hot dog.

Part A

| Open Response |

Describe the financial impact if the hot dog
vendor does not sell any hot dogs.

Part B

| Open Response |

What should the sclling price per hot dog
be in order for the vendor to maximize his
daily profit?

Justity your answer algebraically.
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SOLUTIONS—QUADRATIC RELATIONS

Enter the data into the caleulator, and perform a quadratic
FCEressIon.

L1
0 st
1
;
&
Lzii=F,
5
The formula v = =10x 7 + 100y + 6 000 will result.

THE KEY Ontario Math 10 Academic

53

1. 32 13. C Part C- OR 35. A 47. Part A- OR
2. D 14. 2,3,5 24. B 36. A Part B- OR
3. D 15. B 25. B 37. B Part C- OR
4. A le. C 26. C 38. 18.3 48. A
5.D 17. A 27. B 39. A 49, C
6. B 18. B 28. D 40. A 50. 4
7. B 19. A 29. 5 41. D 51. C
8. C 20. C 30. A 42. A 52. C
9. 22 21. D 31. B 43. D 53. D
10. A 22. 1.5 32. D 44. A 54. Part A- OR
11. C 23. Part A- OR 33. B 45. C Part B- OR
12. Part B- OR 34. C 46. A Part C- OR
1. 32 3.D
Graph the function obtained from the quadratic regression, Sketeh the specified ordered pairs. by hand to get the
1= =10y + 100x + 6 000, in the caleulatorand graph the foltowing graph:
line v = 5 760, Find the point of intersection between the l Carlnsurance
two graphs. The v-coordinate ol the point of intersection P 3‘3 1.2 T
is the number of dollar increases in price that correspond b :: e 10) L4
to a revenue ol 83 760. ; 0 ’ e 14
From this. the owner needs to increase his price by $12 to S0+ e o
generate a revenue of $5 760, and this corresponds (o a =10 ) 0( (.11
ticket price of $32. (820 +$12). 8 (10
6
- U ettt
o~ P22 4 s 607
' Group number
‘-, Therefore. graph D is the best display ot information given
" in the table.
(=57 B0 "
4. A
2. D 2

The graph of'any quadratic function v = ¢ 7~ isa parabola.
Choice B is the shape of a third degree or cubic function
ot the form. v = «x ™. Choice C s the graph of a lincar

function of the form. v = ax. and choice D s the V-shaped

graph ol an absolute value function ot the form, v = a i

Quadratic Relations
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5. D 6. B

. . b der for a relats ~
I > 0'in the equation v = ax =+ hy +c. the parabola In order tor a relation to be quadratic. the second

differences from a table of values are constant and not

R
opens upward. Theretore, v = 5y~ + 4y ~ 3 and
I ! A : dane equal to zero.

1= 250 T = 3 = R are two possible equations. Examine the second differences for cach of the table
From the table of values, calculate the second difference of valucs.
for cach equation, A
vE AT G- 3 | R
K RN X v ditt dift
v v dift dift 1 8
[ 6 o i
y : 9 2 - s O
Bl 5 i ~ $o
2 > ) 10 3 - ; 0
’ _\
~ = ) '
Y 54 . 19 § “) 3| - : {)
N j oo i ;3
4 Q3 \ 9 ; 1) S . : 0
- . ! 2 §
h 142 ) g 10 6
- ) 39
O 201 B
~ RN
V=25 T =30 -8 I,H T
[ - ¥ R ditt ditt
v \ diff difl l 4 Ly
)
| 8.5 2 ' < i O
P | 3 P13 i
5 I b} [
- h ros | P2
1 53 [ 4 {6
3 5.3 5 !
p1as | A
4 20 p S 5 N P 6
1 19.5 § 33
5 39.5 bs 6
§ 245
O 64 C
. | 2
Theretore, the equation of a quadratic function that opens _ ) L .
3 ) dift dift
upward and has a sccond difference of 5 1s
h
P 2S5y T =30 -8, } i .
) ' '3
2z V< g
A te 1 4
3 \ 9 §
y
4 , E
- ;14 »
Rl y O
20
6
D
]~! BIR
X 1 ditt ditt
1 0 .
! .
2 'y y oo
- S 1z
b] , 9 | b
4 } 7
{16 '
5 {0
- y2s
6
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9.

Simee table B has o constant second difference ol 6, 11
represents i quadratic function.

B

Fhe graph of the function shown is a parabola that opens
downward and has the tollowmg features:

e vertex ol the parabola is (=3, 1), the ordered pair
where the maxmmum value of v oceurs.

Che maxmum vadue is v = 1 (1 s the v-coordinate of the
VeTlex

Phe seros are v = ~4 orv = =20 the v-coordinate of cach
ordered pairs where the parabola intersects the v -axis.

1 he parabola passes through the v-axis at the ordered pair
{0, =8}, so the v-intereept is 8,

Ihe axis o symmetry is the vertical line v = =3 (=3 15
the v-coordinate of the vertex).

Ihe domam of the quadratic function is v € R,
Fheretore. the false statement is B sinee the vertex is

(=2 1) not (3. =1).

The graph shown s of a parabola that opens upward:
theretore. a minimum value occurs at the vertex

SRR
((v 1:)'

Fhe munimum value 15 v =

.
LY . N
[ (the v-coordinate of the

vertex)
The axis of svmmetry is the vertical line v =

tthe v-coordinate of the vertex).

22
Ihe v-mtereept of the graph of the quadratic relation

v= =20+ 3) =4 can be found by substituting O for v into

5

the reltion = =2(v +3)" = 4.
5

= =20+ 3) -4

= =2(9) -4
[
- D

i ——

Ihercfore. the vatue of K the ordered pzlir((), —K)is22.
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1.

55

A
Recall that any number (except 0) or variable with an

N {)
exponent of zerois equal to 10 v = L

- . ()
Phe graphs of v = v and v = 1 are shown below
3
4
3
2 f
- oY

¥

%]

1o

D —

4

i . . 0 .
Iherefore. the graph of v =2 7Uwhere v # 0005 the same

as the graph of v = 1.

C

5
. ~ — = N — Y
Compare the graph of v = v~ and the graph of v =27
B

The v-intereept for the graph of the function 1= x 7 s

=0,
. ~ . \ .
I'he function v = 27 does not cross or touch the v-axis:

- — v

thus, the graph of v = 27 has no x-mtereept.

N
[he v-intercept for the graph of the function v = 17 s
=0
- N . 1 .
For the function v = 27 the graph crosses the v-axis at
(0, 1): theretore, the v-intereeptis v =1,

R

The minimum value of the graph of v = v 7 is O and has an
undefined maximum value,
. . S A
The graph of the exponential function v = 27 has an
undefined maximum and an undetined minimum value.
Both graphs have an undetined maximum value.
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14.

16.

B

Since ¢ > 0. the graph of the quadratic function

= a4k must open upward.

Also. the A-value causes a vertical translation (shifting the
parabola upward or downward). Since the only parameters
arce a and A there s no horizontal translation. Thercfore,
the tollowing graph best models the quadratic function

5
[N TAU. ¥ O

\J

C
Hthe value of A increases in the equation v = N k. the
araph is shifted up.

I'he A-value causes a vertical translation (shifting the
parabola upward or downward).

2,3,5

. . . . 20 ..

For the graph of'the tunction y = 2(x +3)7 - 5. it follows
that

a=2.h = =3andk =-35.

e Since a = 2. there is a vertical streteh about the v-axis
by a factor of 2.

e Since /i = =3 there is a horizontal translation
of 3 units to the left

« Since & = =3 there is a vertical translation downward
by S units.

B

In the equation v = =2y - l)z + 3. it follows thata = =2,
=1l mdk=23

The equation ot the axis of symmetry is v = /1 therefore,
the graph of the parabola

vo= =2 - l): + 3 iy symmetric about the line x = 1.

C

A vertical streteh by g tactor of 4 will change the ¢-value
from 1 to 4.

A reflection in the v-axis will change the o value from 4
to —4.

A translation of 7 units to the left means f is =7,

A translation of 6 units up means & 1s 6.

Ihevaluesarc o = =4 = =7 and k = 6.

Class Focus

18.

56

17.

Copyright Protected

A

Sincee the equation of the axis of symmetry tor a quadratic
tunctionis x = /i and for this quadratic function. the axis of
symmetry is v — 5 =0 orx = 5 it tollows that /7 = 5,
Also, since the quadratic function has a minimum value.
the graph opens upward. which means that ¢ > 0.

. . . . 2
Substitute 5 for /1 into the equation v = a{y = A4 )~ + 4.

5
where o > 0o get v = (v = 5)"+ k.

B

All points on the transformed graph must satisty the given
transformations.

A reflection about the x-axis will change (4. 16) 10

(4, ~16)

A vertical stretch about the v-axis by a tactor of 2 will
change 4, —16) to (4, =32).

A horizontal translation 5 units to the feft changes

(4, =32) 1o (=1, =32).

A vertical translation 4 units upward changes (=1, =32)
to (=1, -28).

The value of v is =28,
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19.

A
N . - R
Begin with the graph of v = v~
.“I
A
4
——t——— X
+
4
4
4
e

The vertex is at {—4, =7) in the original graph, so after the
reflection. the graph was translated left 4 units and
down 7 units.

THE KEY Ontario Math 10 Academic
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21.
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C

5
The cquation s v = v~ +

ho ~J
v

R
Comparing this with the equation v = a{yv 7)™ + k.

a=-—I/=0and y = 3.5

Since v = = Land =1 <0, the parabola will open
downward.

. . 2L 7 . .
[he graph of v = —v ™+ _ can be obtained by reflecting

R
the graph of v = 1 7 in the v-axis and then translating the
araph 3.5 units upward.

Theretore. the graph s as shown:
v

D
The parabola shown can have an equation of the form

2 .
= aly =)™+ kowhere (/. k) is the vertex. Since the
vertex is at (0, =2). /4 =0and k = =2,
Substitute O tor /7 and =2 tor & into the equation

D hl
v=alv =) ko gety = avT =1
Since the equation passes through the point (2, 2). v =2
and v = 2.

hl
yEgvT =2
Substitute 2 for v and 2 for vy Solve for .
= LI(Z)_ -2

5
2=4q-2

4 =44

| =u

- . . . . 2

Substitute | tor ¢ into the equation v = ax ™ — 2 1o gel
5

vEaT -0

)
Thus, the equation for this parabolais ¢ = 17 =2,
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Inorder to solve for . substitute O for v and 17 for 1 into
hl
the equation v = (v —4)7 = 7.

17T=a(0-4)" =7

17 = (16) -7
24 = 16a

3 _
y =a=123

Phus. the value of . to one decimal place, 1s 1.5

Part A — Open Response

Begin by locating the vertex of the parabola shown. This
ardered pair s (=2, 6).

Now. make use of equation v = alx = h )2 +k.
Substitute =2 tor /i and 6 for k.

P aly = (22) 6

V=l + 3): +6

Since the parabola passes through the ordered pair
(4, =12). solve tor « as ollows:

v o= afv + 2): +6

Substitute 4+ tor v and =12 for v,

2 =4+ Z):‘*'(\

—12= u((\): +6

=12 = 36u+06

=18 = 36u
—1IN
u
36
I
-, =u

I'hus. the equation of the quadratic function of the graph

. | 2
shownis v = -5 (v+2) +o6.

Part B — Open Response
[norder to determine the v-intercept of the given parabola,

. S . I 2
substitute 0 tfor v the cquation v = —*;'(,\‘ +2)7 + 6. and

solve tor v oas shown:

] Al . .

== (0 +2)7 + 6 Substitute 0 for x.
I y2

=02

o

V= 4+ 6

vE =240

v=4

The v-intercept of the parabola shown 1s 4.
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Part C — Open Response
If the ordered pair (=8, ~12) is on the graph of the
quadratic function. then the ordered pair (=8, =12) must

- . | 2 . .
satisfy the equation v = - ;(.\‘ +2)7+ 6. Determine this

as tollows:
Substitute =8 for x and =12 for v,

_ 2
—|2——r~2—(—x+2) +0
| )
—1? = —-— (=)~
12 2( 6" +6
vl7=Al 36+ ¢
= 2 a0 )
—12=-18+06
12 =—12
Since —12 = —12, the ordered pair (=8, =12)is on the

graph of the given quadratic function.

B
(v = 5)(4x +5)
Use the FOIL strategy to multiply cach term within the
lirst set of brackets by cach term within the second set off
brackets.
r(dy) +x(5) = 5(4x) - 5(5)
2
dr 7+ 5v =20v =25
Collect like terms.
R
4y7 =15y =25
Thus, the cocflicient of x is —15.

B
(Bv—4)4v - 1)
Use the FOIL strategy to multiply cach term within the
first set of brackets by cach term within the second set off
brackets.
3x(dx) + 3x(=1) - 4(dx) - 4(-1)
1202 =3y — 16y +4
Collect like terms.
R
12x7 =193 + 4
R
Compare the expression 127 = 19x + 4 to the expression
2 ,
12x =+ by + 4. In order for the expressions 1o be
cqual h = —19.

C
Apply the difference of squares factoring procedure where
7.0 Y Rl
al= 16a<h=. s0a = daband b~ = 9c¢ " so h = 3¢
2 a
Sincea”=h~ = (a=m)a+h).
5
16022 —9¢2 = (dab)” = (3¢)7 = (dab — 3)Hab + 3¢).

Theretore. one factor is 4ab + 3.
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27. B 31. B

The v-intereepts of the graph shown are 1.5 and 3.

Inorder o tactor 2x ~ + v = 28 {ind two numbers that have

-z _ . Therefore, substitute 1.5 for » and 3 for & in the equation
a product of =36 («xc=2x =2%)and a sum of | ¢ ; ‘ I
V= aly =)y = 8) as Tollows:

v=alv - 13- 3)

. N . . . ~
Rewnite the expression by replacing the terny v with V= u(,\'" — 43¢+ —1.5)
Sy — T

(the A-value).

In this case. 8 and =7,

Since the graph of the parabola shown opens downward.
23,\‘:+N\—7\'—2§< a <A,

Group using brackets. —u(,\ RN e 4_5)
= (2.\ T4 X.\') + (—7\‘ - ZX)
Remove the GCE from cach group.
=2v(v+d) - T+ )

v

N
V= o—ay T 4 S5av =45

Theretore, the equation that best models the parabola is

N
. . = 00T 4 0y — 9 sinee it e ‘
Factor out the common binomial. 3 2y Dy~ 9 since it can lk.(ull\ ed at by
=20 - (v +49) substituting 2 for ¢ mto the equation
: b
Iherefore. one factor is 2v = 7, v E—ax T 4 Say — 450,
bl
v=—(2)v T+ as(2) —a5(2)
28. D 5.2
: PES20THO00 -9

Polvnomial IV should be tactored as «(2a + 1){(20 = 1).
Therefore. polvnomial TV has an incorreet student
solfution

29. 5§

The tactored torm of v™ = 3v =4 is (v =Dy + 1),

Theretore.m =4 andn =l som+n=4+1=5,

30. A

The gquadraue equation 3y =H(2x +7) = 0can be
re-written as follows:

Factor out the coctticient of v from cach set of brackets.

7\(\— J:)Z(\+ ;):()
3 2

Simplity,

1
(7(.\ -, l
Al

1)

When a quadratic function is expressed in the factored

form v = a(v = r){x = ). the x -intercepts (the zeros) of

the graph of the quadratic function are v =7 and v = .
-

Since the guadratic equation 6x ™+ 13x = 28 = 0 can be

7

5

expressed in the form ()(.\‘ - v+ =,

5
D

=~

the zerosare v = and v = —
Al

(%]
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32. D 33. B
Procedure A Procedure B ‘ = 3y - 18y +29 (1)
Step Fr Graph the equation Step 1: Graph the cqualionsE V= — I R T (2)
bl ) 2 - T
1 =20 400 - b= and v =5 -9y .

Step 20 Using the caleulate Step 2@ Using the calculate ’ |~ 4 g)

feature and the zero option, feature and the intersect PE - 3 MY (4)
determine the v-intercepts  option, determine ‘ o . .
R P P . R i These quadratic relations are plotted:
of the graph. the v-coordinate of cach ot :
the points of intersection of A
the graphs of the two given
functions. 4]
oy 2
Siminimum " A
ERSTN | T3 18+ 29
0
T T ¥ Lol
0 2 4 6

\ of
)
'. | g
L4 ‘
The zeros are displayed as !
the v-coordmate. when Inbersection | o
n=. ==

=0
The zeros are displayed as
the x-coordinate of the
points of intersection ot the

two graphs.

Two distinct roots of the equation 2074+ 9x = 5 = 0 will
be obtained regardless of whether procedure A or
procedure B s used.

Therefore. statement D is false. since the zeros in
procedure A will be exactly the same as the x-coordinates
(not the v-coordinates) of the points of intersection of the
eraphs of the two given functions in procedure B.

A j
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‘w

5
I roots of a quadratic cquation «x ™+ hy + ¢ = Oare
non-real, its graph does not intersect the v-axis. The

2 .
cquation v = v~ = 3x + 0 has real roots sinee tt
forms x-intereepts at points with coordinates (2. 0) and
(3.0).

C

;5
I'he graph of v =17+ v + 1 can be plotted as shown:

vix kbl
X
i i Jd i 1 l ] 1 i 1 1 ! i | N
IR R N S R N L L e
7()\4132[',‘_!2,«4567
2—..—
34
4+
54

R
Sinee the graph of v = 37+ v + [ has no v-itereepts, the
N
cquation v~ +x + 1 =0 has non-real roots.

hl
The graph oty = v 7 + Sy + 3 = O can be plotted as shown:

b v

S
4+

\ B

_._._
[ o
Lot
et
n—=
o
~

. - 2 -
Since the curveof v = v 7+ 5y +3 =0
has two distinet v-intereepts, it has real roots.
R . 2 2 -
Lguations v =+ v+ 1 =0and v~ + 3¢ + 3 =0 have

non-real and real roots, respectively.

A

The student’s first error oceurred in step 1. The student
incorreetly removed the common factor of 3, and should
have removed the common factor of =3. Step 1 should be

as tollows:

Identify and remove the i
common factor from the v-

Step 1: A )
and v term of the expression.

|
(o) es |
! S o < In this case, the common factor

is =3,
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¥ 24(\'2+X,\>+59

v A xy) + 59

)_ =16

v 4(.\'1 + Xy + lﬁ,:ﬂ)) +59

I} 1
. [N
— P

TR ) R

TR 16— 10)+ 59

D -
NTHR l()):r{)fl + 39

ldentify and remove the
common lactor from
the v-and v term of the
expression. In this case.
the common factor is 4.
Notice the resulting
coeflicient tor

the v-terme Divide this
value by 20 and then

squatre it.

Both add and subtract
this value mside the

brackets.

Move the value that will
not contribute to a
perfect square outside
the brackets. [Note:
With the distributive
property, vou have really
added =64 and +64 10
the function, since
4{16) = 64 and

=16} = =64, Tomove
- 16 outside the
brackets, it becomes
4(\4.[

Factor the trinomial
mside the brackets to
form a perfect square.
and colleet like terms
outside the bracket.

N
The cquation can be expressed as 1= 4y +4)7 = 5.
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Identify and remove the
common tactor from
the v~ and x term of the
expression. In this case,
the common factor 1s 1.
Notice the resulting
coctticient for

the v-term. Divide this
vatue by 2. and then
square .

v o= (\ ToRv+ 10— ](\) + 73 Bothadd and subtract this

value inside the brackets.

v= (¢ 2 8e+ 16 = 16) + 23 Move the value that will

not contribute to a perfect

V= <\ -8yt 1“):,1,,(‘ +23 square outside the
brackets.
= (v - 4)3 +7 Factor the trinomial

inside the brackets to form
a pertect square, and

collect like terms outside

the bracket.

-

=(v=d4)+7.

Ihe equation can be expressed as v
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Identifv and remove the
common factor from

the v~ and v term of the
oxpression. In this case.

the common factor s =2

i Notice the resulting
B cociherent lor
the v-term. Divide this
value by 2. and then
square 1t.
: 2 I Both add and subtract this
O ) R s ‘
- 3 value inside the brackets.
Move the value that will
not contribute toa perlect
square outstde the
brackets.
2 I [Note: With the
\‘2—2(.\'“-6.\'+‘)~‘))+ Lo -
’ o T 3 distributive property. vou

have really added =18

! D
= vt — e+ O IR+ - , . .
& “(‘\ 0. ))— (8 and + 18 1o the function,

sinee =2(9) = —=1R and
—2(=9) = 18, Tomove

~9 outside the brackets. it

U -

becomes + [R]

Factor the trinomial
inside the brackets o

th
N

ol

2 ~
= 2y =3+ form a perfect square, and
collect Tike terms outside

the bracket.

. > [ .

When the equation 1= =237+ 12v + _ is written in the
hl

.

completed square form v = aly = i)™+ kot becomes
§

>l

258 .
= v =3)7+ 3 T'he A& valueis and when

5
Rl

written as a decimal value, to the nearest tenth. s 183

A

Find the midpoint of the x -intercepts in order to find the
cquation of the axis of symmetry.

Xy ANTRAR St
M= R A

-+
_ 0+0
=

The equation of the axis of symmetry s v = - N

to
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40.

1.

A

5
To determine the vertes of the graph of v = v 7 = 6v +4,
complete the square.

i :<\“~()\'>+4

-:(\~_(‘\\)+4

\ :(\—Zr—m +‘)—‘)>+4
{
{

5

ey 49— 0+

When written inthis form. vou can see that the vertex is at
the pony (3, =3). Theretore. the vertex of the graph ot

voE T

= 6+ 4 s located 3 anits right and 5 units down
5
from the vertex ot the graph of v = v 7,

D

Fhe graph of the quadratie function

= =490 T+ 300+ s displaved with cach ol the given

window settings

e =1 ‘

[RERTR-PERS I

£y
-

% Pt |u':1|

ERER -

Hi |
N

12 H BT I0Y

Graph IV uses a window setting that displays the graph
with s vertes.

THE KEY Ontario Math 10 Academic
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A

L

o _ =hENDhT = dac
Apply the quadratic tormula v = 2
Substitute 2 for . =3 for h.and =1 for ¢ into the quadratic

tormula.

_ s ar el )
2(2)

3EVO+ S
4
RES% i
4
The roots of the given equation are approximately —0.28
or 1.78.

The error occurred in step 1as the student did not correctly

substitute =3 for A

D
In step 3. the value that will not contribute to a perfect
square is moved outside the brackets. Applying the

5

. - . . ) . . .
distributive property. multiply 5 bythe « m front of

Ja
the brackets. so the value outside the brackets becomes
h
T

Now. tactor the trinomial inside the brackets to form a
pertect squarce. thus, making step 3

5
- hy2 b
A 2 et
h

represents the expression
el

+ ¢ = 0. Therctore. the valuce of K

Quadratic Relations



4. A

To solve by tuctoring (Tayvla’s procedure), begin by
rearranging the equation 87 -2y =3 to

8T —2¢-3=0,

Factor by decomposition by finding two numbers that have
a product ot = 24 (axe=8x%x - 3) and a sum of =2
(h-value). In this case, these numbers are 4 and —6.
8eT=2v-3=0

Sy 4 v - o -3=0

(v + D) =30y +1)=0

(dy =Hv+ 1) =0

5
Al

NEoraE -
Tosolve using the quadratic formula (Honorias solution),
. . . 2
begin by rearranging the cquation 8¢~ = 2v = 3 to
5
SyT =2y =3=0.
i
_ =hENDT—due
X = e
2a
Substitute 8 for «. =2 for b and =3 for ¢ into the quadratic
tormula.

L 24vd+90
' 16
RER
‘=
16
RS
L
16
210 12 3 210 _ =% _ |
! 6 6 40 16 16 2

Tayla’s work will lead to a correct solution, and Honoria's
work will Tead to correct solution as well.

Class Focus
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C

To solve using the quadratic formula. begin by rearranging

the equation 10y +3 = 7x S0 0= 70" = 10y - 3.

~ht \““/12 - dac
2

Apply the quadratic formula v =

Substitute 7 for a. =10 for b, and =3 for ¢ into the
quadratic formula.

2(7)
_ 10100 +84

X =

14
- 10£VI84
! 14
_1l0£v4 x40
=
14
o 10£2v46
! 14
25 x Vi)
14
NERE ST
’ 7
A

Begin by collecting like terms to form a quadratic equation
equal to 0.

3 5
Ty~ +2x=5=1lx" -6y -4

2
0=4x" -8x +1]
Now, solve using the quadratic formula.
——
_ —/)iV/h‘ —4uc
v = .
2u

Substitute 4 for «, =8 for A, and | for ¢ nto the quadratic
formula.

24)
_ R+Ved - 16

X =

8

_ 8V

X 8

= SEVIO X3

! 8

_ 8+4V3

A 8

_ H2#v3)

X 8
_2%V3

v = *7*
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Part A - Open Response

5
I'he roots of the quadratic cquation 2v~ — v = 15 = 0 can

be determined by locating the v-intercepts of the graph of

N

=2y — v =150 Sinee the v-intereepts of the graph off
hl
= 207 = v = IS are located at the ordered pairs
(=23 0) and (3.0). the roots of the quadratic cquation
hl
2vT— =13 =0uarcx = -2 50ry =3,

Part B -~ Open Response

In order o solve the quadratic equation
2T =

= 15 = 30, set the equation equal to 0. and
possible, solve by fuctoring. 11 the equation is not
factorable. solve by applying the quadratic formula.

)
2vT == 13=30
vt v =45=10
The two numbers that have a product of =9072 x (—45)
and a sum of =1 (the coefticient of x) are =10 and 9.

20T = 10v+9v =45 =0

Remon e a common factor of 23 from 2v ™ = 10xv and S
from Yv — 45,

2y -3+ -3 =0

(v =S)2v+9)=0

v-S =0 o 20 +9 =0

V=3 v ==Y

Part C — Open Response

[F20 7 —a = 130 factorable. then the roots of the equation
5

207 = = 13 =0 can be expressed as exact values. In

order for an cquation to have exact roots, the value off

R ; .

5 o —hENHT = dac
= —4ac i the quadratic formula v = 5

e
must be a number that 15 a perfeet square. Otherwise, the
cquation will only have approximate roots. Now. check
N
to see 1f 2v 7 = v = I3 0 factorable.
The two numbers that have a product of =30 |2 x (~13)
and a sum of —Hthe coefticient of x) are =6 and 5.
A

N
a7 v =3 =2y T -6y + 5y~ 15

5
Remove a commeon factor of 20 from 23y ™ = 6x and § from

N N
Sinee v = v = 1545 factorable. the value oA~ = 4ac

—-ht V‘/v . - dac

must be a
2ua

the quadratic formula v =

number that is a perfect square.
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A

« The maximum or minimun value can be determined
when the function is writien in the Torm
2
v=aly = h)T
- The maximum value is A when a < 0.
o The minimum value 1s A when o > 0.

Theretore. Megan only needs to examine the w-variable,

R
The veros of the function ax =+ hy + ¢ are Tand 20 Thus,

v alv = D - 2)

\
V= u(.\ IR 2)
bl N i

Vv EavT =3ax + la

The v-coordinate of the vertex can be determined by
caleulating the midpoimnt of the two zeros of the given
: b+2

Thus. v = = 1.5

~

function.

Substitute 1.5 for v and =1 (the mimmum value) tor v in
il
the equation v = ax ™ = 3av + 2g

5
—1 = a(1.5)7 = 3a(1.5) + 2(1.5)
=1 =225 =350+ 2u
-1 ==0.25q
4=u
. Bl
Finally, comparc the equation v = «x ™ = 3av + 2a to the

5
cquation v = ax” + v+ Observe ¢ = 20 Thus,

c=2(4) =%

4

Since the coetticient of s positive. the minimum value
of the given function is cqual to the y-coordinate of the
vertex of the graph of the function.

To find the coordinate of the vertex. rewrite the given
function in completed square form.

5
vEx T =120+ 40

bE T 20 3636+ 40
i
(v o120+ 30) 44
v = (,\' — (\)“ +4
The vertex of this parabola, 1s (60 4).

Therefore. the minimum value of the given tunction is 4.

Quadratic Relations



.. R . R bl
Since the quadratic tunction 7 = —4.9(r — 1.5)" + 12,
. . . -~ o . N
12 Oixgiveninthe formy = aly = 7)) + k. it follows that
a==49 =15 andk =12

Since ¢ = =49 and ~ 4.9 < 0. the graph of the function

opens downward. Since /i = 1.5 and & = 12, the graph of

the function has been shifted right 1.5 units and 12 units

5
upward. when compared to the graph of v = v 7. The graph
shown best illustrates the graph of

ho= o d0(r— 1310

/i
i
C
. . . D -
Fo beging write the equation A = =2x 7 + 601 in
completed square form.
hl
4= =207+ 060y
r= =207 - 30y)
b B
(7‘%) T~ as
5 228
5
1= =217 = 30y + 225 - 225)
d= (T =300+ 2252 228)
1= 2(v7 300+ 225)+450

=2y~ 13)7 +450

In this form. the equation models a parabola with a vertex
ot (13,4503

Thus, the arca of the fot reaches a maximum when
V=15

Substitute 15 for v into the equation 2x + v = 60.

213) + v =00

30+ =060

= 30

Theretore, the length of the lotis 30 m.
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Using technology,
=TT+ 61+ 98,

Then, use the MAXIMUM feature of a T1-83 Plus
graphing calculator and a window setting such as
xo L 10, Tlvs 0, 300, 20

araph the cquation

1448 =230 89286 Y

The function’s maximum value occurs when v = 435,
The maximun height reached by the roller coaster car in
the interval 1 €7 < 10 to the nearest tenth. 15 2309 {t.

Part A — Open Response
[ the vendor does not sell any hot dogs. the value of v m
the equation

= —40v ™+ 240x — 75 15 zero. 100 15 substtuted for .

5 .

then P = —40(0)” + 240(0) = 75 = - 75,
Thus, if the vendor doces not sell any hot dogs. he will
lose $75.

Part B — Open Response
[n order to determine the selling price per hot dog 1o
maximize the vendor’s daily profit. complete the square of
R
the equation 7 = =404~ + 2400 = 75 as tollows:
P =40y +240x - 75
2 o
P=—40(y = 6y) =75
2 -
p=—40(x? - 6x+9-9) =75
-0

, e
2

=-3(=3)"=9

o]

P=—40(x? =6y +9)+360 - 75

P = —40(x — 3)" + 285

The maximum value of P 1s 285 when v = 3.

A selling price of $3 per hot dog will maximize the
vendor's daily profit.

Part C — Open Response

The maximum daily protit tor the hot dog vendor is S285

Castle Rock Research
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Use the following information to
answer the next question.

The owner of a 300-seat theatre sells tickets
for $20 a piece. He believes that for every
dollar he increases the price of a ticket, he
will lose 10 customers. He has charted his
research as follows:

?lncrease in Prlcéii;;/enue
ﬁ $) S ®
| 0 6000 |
1 6090
| > 6160
5 3 6210
4 6240
| 5 L6250
6 6 240

1. What increase in price value will yield a
revenue ot S6 1207

A. S1.29 B. $8.61

C. S8l D. §$9.55

Class Focus
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CHALLENGER QUESTION
Use the following information to
answer the next question.

A partial table of values for a particular
function is shown below

x|y First Diffei‘énce
-2 -3
] ,,,,,, }5
13
0
S S }1
1 ;
DR |
2; 13 |
3 |

2. The equation of the function is

A. v =x?-2y-5
B. v=x"=2v-11
C. yv=-2x+5

D. v=-2x-3

3. The graph ofaparticular quadratic function
passcs through the ordered pairs (=2, 6)
and (8, 6). The cquation of the axis of
symmetry of this graph is

A. x=3 B. v=4
C. Y=5 D. ¥Y=6
68 Castle Rock Research
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Use the following information to Numerical Response

answer the next question.

. . Use the following information to
The graph of a particular parabola is shown. / 8 inf )
answer the next question.
A The graph of a parabola with a vertex of
A (0, 5) is shown.
0

F L i1 H l il 1 1 I
T T 1 T T T 1 0 T T X \

LA

4. Which of the following statements 1s true
with respect to the graph of the parabola
shown”

A. The minimum value 1s —2. S. The y-intercept of the graph of this
- parabola 1s .
B. The parabola docs not have any zeros.

C. The equation of the axis of symmetry

sy =3=0. 6. The expression 27" is equivalent to the
D. The v-intercept of the parabola could expression
ted : . A, =2 B. (<2)'
be located at the ordered pai (=8, 0). . L . <
—1 |
C. D.
pA A
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The v-intercept of the graph of v = 2 i Use the following information to
A. the same as the v-intercept of the graph of answer the next question.
NI The partial graph of the quadratic function
_ N N )
v =alx =2)" + K is shown.
B. one more than the y-intercept of the graph v
(o= N A
of v =x
. 44
C. onc less than the y-intercept of the graph ﬁ
of v =1x" i+
. —t——+t f——t—=
D. two morce than the v-intercept of the graph 32 i s
of v =x" a4
- N ~ . ~ 4-—
Which of'the following aspects of the graph i
D SV 5 T
of v = ax ~could be affected when the

value ol ¢ is changed?
A.  Only the direction of opening of the 9
parabola

The values of ¢ and K in the function

7
v = aly = 2)7+ K must be such that

B. Only the vertical stretch that the A, a<0and K <0
parabola cxperiences
B. «<0and K >0
C. Only the direction of opening and the
vertical streteh that the parabola C. a>0and A >0
cxperiences D. «a>0and K <0
D. Only the direction of opening,
the x-intereepts and the vertical 10. The graph of the function v = s
streteh that the parabola experiences vertically stretched by a factor of 4 about

the x-axis and then translated such that the
vertex of the transformed graph is at
(=2, 51). The equation of the transtormed
function is

R
A. v =4y -2)-5I
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CHALLENGER QUESTION
L se the following information 1o
answer the next guiestion.

The graph of a quadratic function of the

. 2 .
form v = a(x = A )™+ k is shown.

t;\

11 Which of the following conditions with
respect to the variables, a. /o and & s
correet?

A, >0 >0 and A <0
B. «20 /4 >0 andk >0
C. «<0 >0 andk >0

D, «z20.0h <0 andk <90

Numerical Response

12, The cquation for the axis of symmetry of
the graph of the function
v = =3+ 2)7 = Sisv+ B =00 Thevalue

of Bis

THE KEY Ontario Math 10 Academic

71

13. Which of the tollowing partial graphs

best illustrates the graph of the cquation

b= (v +3)T s

A.

vvvvv

D.

Unit Test
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Use the folloving information to Use the following information to
answer the next question. answer the next question.

A
44
T(1.2)
a4
e B } e i aas s N
6 4 4 6
+—t X
4

[ ]

A partial graph of a quadratic function is

shown in the diagram. 15. The equation of the parabola shown is

5
A =2+ 1) +2
14. What is the cquation of this partial graph?

A, 1= (v—4)7+3 B. _\'=2(.\’—1)2+2

B. v=(r—4)7-3 C. v==20+1)y+2
! 5 R B

C. = 5(\ —4) -3 D. v=-2(x—1)"+2

D, 1= (v o4 3

cr= 0

Class Focus 72 Castle Rock Research



Not for Reproduction

Use the following information to Part B
answer the next multipart question.

| Open Response |

16. The graph of a particular quadratic function

1s shown.

Write the equation of this quadratic

i N . . .

A function in the form v = a{v = r)(xv —5)
given that the v-intercept of the graph s 10.

Show your work.
/ \ -\
Part A

| Open Response |

I the cquation of the axis of symmetry of
the graph of this quadratic function is

x = 2and an xy-intercept is defined by the
ordered pair (=1, 0). then what are the

coordinates of the other x-intereept? .
Part C

Show your work.

| Open Response |

Write the equation of this quadratic
il
function in the form v = alx -/ )+ k.

Show your work.
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Lse the following information 1o
answer the next guestion.

(4x = 3)(3x ~2) - 2(3x - 2)°

17. Which of the following expressions is a
simplitied form of the given expression?
A, —Oy =5y =2
B. -0y —3v+14

C. —6yv - +7v=~2

D. —6y —7v— 14

Numerical Response

N bl
18. 13y +2)(2v +3) = 6x "+ hy + ¢,
where b and ¢ are real numbers, then the
valucof h+ s

19. 105y + kisa factor of 10x~ + 19x + 6, then
the value of £ 1s
Al B. 2 C. 3 D. 6

20. The algebraic expression
20 = 3av + 2y — 3az can be written in
factored tform as

A Qe+3a)(i+0)
B. (2v-3a)(y-2)
C. Qv+3a)(-:2)
D. Qv -3)(v+2)

Class Focus
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21. For lhc quadratic function

V= vi-2y - 15, a student lu v =0 and

then wrote the equation 0 = =2y - 15,
The student then factored this equation to
obtain 0 = (v + 3)(x = 5).

The factored form that the student used
leads to the determination of the

A. y-intercepts of the graph of

L <
y=x" =2y -15

B. x-intercepts ot a parabola the graph of

p=at=2v - 15

C. minimum valuc ol a parabola the graph of

=y =2y =15

D. vertex of the graph of a parabola the graph

of v = -2v—15

22. The x-intercepts of the graph of
v=aly =)y - s)are (3, 0)and (2, 0). If
r > s, what arc the values of » and s,
respectively?
A. 3and2 B. 2and3

C. 6and |l D. and6

Use the following information to
answer the next question.
Two equations are given.
2x%+25x=5=0()
x2+0.5x - 0.5 =0 (ii)

23. Which of the following statements about
the given equations is true?

A. Both cquations have real roots.
B. Both cquations have non-real roots.

C. Cquation (i) has non-real roots. and
cquation (i1) has real roots.

D. Equation (1) has rcal roots. and
equation (ii) has non-real roots.
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24. Which of the following graphs illustrates a
quadratic tunction whose corresponding
quadratic cquation has two real and
different roots?

i
A

D.
L _Z/ C‘ ‘
14 i
. . L 0 [
25. It the cquation v = 3y~ = 24v + | iy

written in the completed square form

v =l =)+ ko then the value of & is

97
/ 97
A Y] B. 5
- —-95
( —93 D ,,,,2,,,

THE KEY Ontario Math 10 Academic

26.

Which of the followmg functions
represents the quadratic function

¥ = 237+ 163 + 26 when it is changed to
its completed square form of

v=aly =4 ): + kv

A. =20 +4)7 =6
B. r=2(v+4)7 -3
C. v =2 +R)7+10

D. v=2(x+8)" =19

27.

CHALLENGER QUESTION

Numerical Response

When the equation v = =2x ™+ [6x = 2718
expressed in the form v = alyv = h )™ + k.
the value of /1 to the nearest hundredth 1s

28.

The xv-intercepts of the graph of the
quadratic function 1 = x~ = 10y =24 are

A, —12and?2
B. —6and -4
C. 6and 4
D

12 and -2

29,

CHALLENGER QUESTION

The cquation of the axis of symmetry for
the graph of the gquadratic equation

v Ok )y ke ko ko* —l./\' R

is v = =1 The vertex ol the graph of the
given quadratic function 1s
A (=1, -1)

B. (-1,1)
C. (~|,()/\'+1)
D. (-1, =4k —1)

75
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Use the following information to
answer the next question.

Samuel decided to use the quadratic
formula to solve a particular quadratic
equation. The first step in his solution
is given.
L2 4xV(=a) - 4(7)(-2)
' 2(7)

30. The quadratic equation that Samuel is
attempting to solve is

A 0= 20T+ 4047

B. 0=-2v"—dv—4

C. 0= Ty 44y =2

D. 0=7v" —dyv -2

Class Focus
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Use the following information to
answer the next question.

A student’s attempt at developing the
quadratic formula is partially shown.

2
ax“+bhx+c=0

Step 1:x?+ gx +5£=0

a
Step 2:x+ éx =<
a d
O S S
xcHF —x+ - = -
Step 3:x P PRI B
2 2
I SN AR
Step 4:x Py PRERYE I
b\:_ b ¢
oy + —1) = - =
Step 5.(,x 2a) 22 a

If steps | to 5 arc correct. then a correct
step 6 could be

A. .\"Fi:*h ¢

2u 20 a

b b ¢
= e Al —
B. 2 2a 2a a
b )2 b~ — dac
C. [x+ | =——7F—
2a 4a-
D +£ 3_/)72:411('
e 2u 2ua

. What arc the solutions to the quadratic

equation 2z 45z -3=(

A. :=é or3
B. :=i0r—3
2
C. -=2or-1
D. -=1or-I
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Part B
Numerical Response | Open Response |

33. Expressed to one decimal place, the roots
ot the quadratic equation
[0x" =19y + 14 =8arcx = 1.5 or

X =

Algcebraically, determine the number of
scconds, to the nearest tenth, that 1t takes
the diver to reach the water.

Show vour work.

Use the following information to
ansswwer the next multipart question.

34. A diver in Acapulco, Mexico dives from a
clitf into the sea below. His
height y metres above the sca x seconds
after diving from the cliff is given by the
equation y = ~4.9x 242x + 40, where
x 20.

Part A

| Open Response |

What 15 the height of the chiff? Part C

Justify your answer.

| Open Response |

l:xplain how a graphical procedure could
be used to determine the number of seconds
that have elapsed when the diveris 15 m
above the water.
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CHALLENGER QUESTION

'
]

. I the function represented by the graph of
V= av ™+ by + ¢ where a £ 0 has a
minimum value of =3, then the number
ol v-intercepts of the graph is
A0 B. | C. 2 D. 3

36. The maximum value of the graph of the
quadratic relation 2™ = 8x + v + 19 =015
at the ordered pair

Ao (=11, =2)
B. (=2, -11)
C. (2, -11
D. (i1, =2)

Lse the following information (o
answer the next gquestion.

The parabolic shape obtained from a
quadratic function can be used to design
arches. A construction company used the
quadratic function y = alx =h )2 + k and
the resulting graph, as shown, to plan a
bridge support for a road.

i
o

37. Which variable represents the maximum
height of the bridge support?
A, ) B. « C. D. %

Ciass Focus
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38. A soccer ball is kicked upward.  The
height, x. of the ball in metres 1> given by
the function ¥ = =577 + 307, where 7 is the
time in seconds. Atwhat ime does the ball
rcach its maximum height?

A. 2s B, 3¢ C.ood4s DSy

CHALLENGER QUESTI—()N

Numerical Response

Use the folloywing inforimation 1o
answer the next question.

A rocket is launched from a platform. Its
height, &, in metres above the ground, is
given as a function of the time, 7, in seconds

by the equation & = —~4.9¢7 + 981 + 5.

39. What is the maximum height. correct o the
nearest tenth, above the ground that can be
reached by the rocket?
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Use the follovwing information (o
answer the next multipart question.
40. A rectangular area is to be enclosed by a
fence in order to create a playground for

kindergarten students. A part of the wall of

the school will be used as one side of the
rectangular enclosure, as shown.

Schoot wall

Vo

-+ v eies —»

It 300 m of fencing material is to be used,
then the table shown illustrates the
area, . In square metres for various values

of x.
x (m) A (m?)
10 | 2 800
20 5200
50 | 10 000
75 ‘ 11250
90 10 800 ‘
100 10 000
125 6250 ‘
140 2800 1
Part A

| Open Response |

On the grid. draw a graph that illustrates

the data given in the table.
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Part B

| Open Response |

What is the maximum possible arca of the
rectangular enclosure?

Part C

| Open Response |

The arca. 4. in square metres of the
playground can be detined by the equation

= —2x¢" + 300x. where x is the width of
the rectangular enclosure in metres. Using
this cquation. verity algebraically that your
answer in part B is correet.

Unit Test
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Part D

| Open Response |

What will be the dimensions of the
playground that produce a maximum area?
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SOLUTIONS
1. C . A 19. B 29. B 37. D
2. B 12. 2 20. D 30. D 38. B
3. A 13. D 21. B 31. C 39. 495.0
4. B 14. D 22. A 32. B 40. Part A- OR
5. § 15. D 23. A 33. 04 Part B- OR
6. D 16. Part A- OR 24. D 34, Part A- OR Part C- OR
7. B Part B- OR 25.D Part B- OR Part D- OR
8. C Part C- OR 26. A Part C- OR
9. D 17. C 27. 4.00 35. C
10. C 18. 19 28. D 36. C
1. C 2. B
Graph the function obtained Calculate the second difference to determme the nature of
from the quadratic regression, the function.
1= —10x 7+ 100 + 6 000 in N a
the caleulator and graph the v v ditt dift
linc v = 6 120. Find the point 5 3
of intersection between the N
two graphs. The xv-coordinate I LA P2
ol the point of intersection 1s 0 o '
. the number ot dollar increases : i '
‘.»"" ’ . in price that correspond to a f . )2
P"' 'f-i,_ revenue of $6 120. 5 gl .
i FFrom this we see that the - L3 b
owner needs to increase his 3
price by $8.61 to generate a
revenue of $6 120. Since the table of values vields & constant second
dilference. this function represents a quadratic relation of

D .
the form v = ax = + by + ¢ (a # 0),
To determine the exact equation. substitute =2 for x into
the two possible equations:

2 hl
V=T =2y~ Sand v =07 - 20 = 11 o determine
which of the cquations has a corresponding v-value of
-3

2 . 2
PEaT =20 =5 V=T =20 =1

5 ) 5

v o225 =)t m o) -
p=4+4-5 R
=3 v= =3

Therefore, the equation of the function is

5
pPENT=2v =1L
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Recall that the axis of symmetry also passes through the
mudpoint of any horizontal scgment that connects two
points on the parabola.

Now. find the midpoint of the ordered pairs (=2, 6) and

(8, 6} in order to find the equation of the axis of symmetry.

AW gt vty
Al = 1 2 S1o2
2 2
(-2)+8 6+ 6
= 5 5

= (3, (\)

The equation of the axis of symmetry is x = 3.

B

The parabola has no zeros since the parabola does not
mnterseet the v-axis.

The vertex of the parabola s (=3, =2).

The axis of svmmetry s the vertical line v = =3 or

v+ 3=0(=31isthe x-coordinate of the vertex).

Since the parabola opens downward, the maximum value
15 v = =2 (=2 is the v-coordinate of the vertex).

The parabola passes through the yv-axis approximately at
the ordered pair (0, =7). so the v-intereept is =7.

n

The v-intercept of a quadratic relation of the form

5
v =ax T+ hy o (a0 0) s the 1-coordinate of the
ordered pair where the parabola intersects the y-axis. In
the graph shown this oceurs at the y-value of the vertex,
which is 5.

Class Focus
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D

When a number or variable has a negative exponent in the
numerator, the expression can be rewritten with a positive

_ _ ]
CXDOI]CIH n the an()IﬂlﬂlllUl’. X =
"

A
e ~ . -\ . .
Fheretore, the expression 2 7 1s equivalent to the

expression

B

For the function 3 = 27, the graph crosses the 1-axis at
(0, 1): therefore, the v-interceptis v = 1.

5
The v-intercept for the graph of the tfunction v = v 718
v =0,

X

Therefore, the v-intercept of the graph of 7 = 27 s one

5
more than the v-intercept of the graph of v = v~

C
« Regardless of the ¢-value. cach point (x . v ) onthe
5
graph of v = x~ becomes (x|, avy) on the graph of
Vv = ax”
« a determines the direction of opening ot the parabola.
« Changing the valuc of ¢ results in the graph being
vertically stretched by a factor of «.
« Changing the value of « from a positive to a negative
or vice-versa results in a reflection of the graph
in the x-axis, which creates a graph that is a mirror
image of the original graph in the v-axis.
The value of « in the equation v = ax ™ does not have
an cffect upon the domain, vertex. axis of symmetry,
or x-intercept of the parabola.

D

R
Because the partial graph of v = aly =2)"+ R has a

minimum valuc and opens upward. it fotlows that « > 0.
Notice that the vertex of the graph is located in quadrant

N

IV. When compared to the graph of v = v 7, the graph of
2 N

v =a{x —2)7 + K has been translated vertically

downward. Therefore, K < 0.

Castle Rock Research
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10. C

R
When the graph of v = v 7 is vertically stretched by factor

of 4 about the v-axis. the equation of the transformed
Bl
tunction is v = 4v

In order for the graph of the transformed function to have
)

avertex of (=2, 31), the graph of )y = 4y~ must be
translated 2 units left and ST units up, therelore, 7 = =2
and & =31,
Now. substitute 4 for . =2 for h.and 51 for £ mto

. bl
v=alv=h)+k

)

=+ 2T+ 50
Thus. the equation ol the transformed function s

=) s

I1. A
Since the graph opens upward, « > 0.
. 2
When compared to the graph of v = x 7
« the graph shown has been translated night: therefore,

/>0,
« the graph shown has been translated down: theretore,
Ko< ()
12. 2
In the equation v = =3y + 2)2 — 5. it follows that ¢ = =3,
== and k = -3,
The cquation of the axis of symmetry is v = /.
T'heretore. the graph of the parabola vy = =3(v + 2)2 - Sis
symmetric about the line v = =2 or x +2 = 0. Thus. the

value ol B 1s 2.

THE KEY Ontario Math 10 Academic
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. . 2 <
When yvou compare the given equation v = (v +3)7 + 2.5

w
to the equation v = alv ~/1)" + 4.

h==3 a=1and k=25,
s
Therefore. the graph o v = (v + 3)7 + 2.5 can be obtained

by translating the graph of v = v left 3 units and

upward 2.5 units.

(0.0

[ N
o+
o
44
4

D

The parabola shown can have an equation of the form

Bl
v=aly -k Y~ + k. where (/1. k) is the vertex. Since the
vertex is at(4. ). =4and 4 = 3.
Substitute 4 for i and 3 for « into the equation

b ol
v=alx=h) +htogety = alv - 4)7+ 3,
Since the equation passes through the point (0. 7), x = 0
and v = 7. Solve for a as follows:

Bl
v=alv—4)"+3
Substitute 0 for x and 7 for v.

bl
7=a(0—-4)"+3
7=u(l6)+3

Solve for «.

4= 16a
[
g7

. 1. : . 2
Substitute 1 for « m the cquation 1 = alx — 4) + 3 to get

1 b

Ve (x—4)"+3.

- S . . ! 2
I'hus. the equation for this parabola is v = 4 (v —4) +3.



16.

D
The parabola shown can have an equation of the form
R
v =aly = /)7 + kowhere (B k) is the vertex.
Since the vertex isat (1, 2). 4 = Land k = 2.
. . - ~ - 2
Substitute I for frand 2 for b into v = a{yv —h)" +k o
5
vty =alv=1)7+2.
Since the equation passes through the point (0, 0), x =0
and v =00 Solve for « as tollows:
v=alv - 1)+ 2

Substitute O tor x and 0 tor 3.

0= a0~ 1)3+ >

0=u+2

a=-2

N N . . o

Substitute =2 tor « in the equation v = a(v — )"+ 2 to
)

set v = =2y - 1)7+ 2

o . - . 2

Thus. the cquation of the graph is v = =2(x = 1)7 + 2,

Part A — Open Response

Sincee the equation of the axis of symmetry of the parabola
is v = 2. the ordered pair (2, 0) must be the midpoint of
the two x-intereepts. One v-intereept Is given as

(=1, 0). Thisordered pair is 3 units left of the ordered pair
(2, 0). Therefore, the other y-intercept must be 3 units
right of the ordered pair (2, 0). Thus. the coordinates of
the other x-intereept are (5, 0).

Part B — Open Response

The two x-intereepts of the parabola are (=1, 0) and
(5.0). Use the formula v = aly = r){x = ).
Substitute =1 for - and 5 for s.

v alv = (=D = 35)

v=alv+ 1)) (v =3)

Since the v-intercept of the parabola is 10, solve for « as
follows:

voE (e N =3)

Substitute O for a and 10 for v.

10 = a(0+ 10 =3)

10 = a{1)(=5)

10 = =3¢
10 =3
oo -
-5 b
-2=y

Fhe cquation of the quadratic function in the form

pEaly = v =s)is e =E =20+ v - 5).

Class Focus
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Part C — Open Response

In order to write the equation of the quadratic function in
the form v = a(x — /4 )2 + 4. cxpand

= =2{x + 1}{x = 5) and then complete the square of the
resulting equation as illustrated:

y = =2(x+ (v =3)
y = —2(.\'2 —-Sv+y - 5)
v = —Z(A\‘z e A 5)
=248+ 10

vt oa)+10

_’7(-2_ S S )+
AvZ—dc+4-4)+10
(

1 H

y==2 .\‘2—4.\‘+4)+<‘<+ 10

5

y==2(v =2+ I8

The equation of the quadratic function in the form
2 2

v=alv—h) +kisy==2(y=2)"+ I8

C

(4x —3)(3x = 2) = 2(3x = 2)°

FFOIL cach group.

= 12,\"2 — By —Ov+6— 2(9.\': — 6y — Oy + 4)
=1 o 7v+6-2(ov T =120+ 4)
Remove the brackets.

= 1207 - 170+ 6 - 18x7 + 240 = §

Collect like terms.

-
= —6x"+7x =2

19
3y +2)(2x +3)
Use the FOIL procedure to multiply cach term within the
first set of brackets by cach term within the sccond set of
brackets.
3c(2x) + 30 (3)+2(2x) + 2(3)

2
6y +9x +4x +6
Collect like terms.

2
67+ 3y + 6

2 -

Compare the expression 6x = + 133+ 6 (o the expression
6x 2+ by +¢. Observe that in order for the expressions to
be cqual, # = 13 and ¢ = 6. Thus. the value of
h+ce=13+0=19.
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19. B

fn order to factor 10x T4 19x + 6. find two numbers that
have a product ot 60 (@ x ¢ =10 % 6)and a sum ol 19
(the A -value).

In this casc. the numbers are 15 and 4.

Rewrite the expression by replacing the term 19y with
I5y¢ + 4y

=0T+ ISy + v+ 6

Group using brackets.

= (1o 2+ 150) + (4y +6)

Remove the GCF from each group.

=5v20+ D)+ 2020 +3)

Factor out the common binomial.

= {5y +2)(2v +3)

Sice Sy + 2 is one factor, & = 2.

20. D
2 = 3av + 2z = 3az
Rewrite expression by grouping terms.
=20+ 240 = 3wy = 3z
Remove the GCF. from the first and last two terms.
=2v(v+ )~ 3u(y+2)
Factor out the common binomial.
= (2x = 3a)(v + 2)
The algebraic expression can be written in factor form as

(2v - 341)(_\' +2).

21. B

When a quadratic function is expressed in the lactored

form v = alx = r)(x — &), the x-intercepts of the graph of

the quadratie function can be determined.
These v-intercepts are v =7 and v = 5.

22, A

In the cquation v = alv = r){xv =s).x = rand v =5 are
the v-intercepts,

Henceowhen vy = v =0, and when x =5, v =0

Ia the given question > s therefore, - =3 and s = 2.
The values of rand s are 3 and 2, respectively.
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23. A

5
The graphs of equations v = 2y~ + 2.5v = S and

2 -
1= T+ 050 = 0.5 are shown below:

;4 ] nsv-ns
e S k\ |
|
, / \ -
[ ! \’\/; A
1
N
o+ "

Since the graphs of both the equations
have two v-intercepts. both the equations have real roots.

2. D

A quadratic equation with two real and difterent roots has
a corresponding graph that has two distinet x-intercepts.
This mecans the graph of the parabola crosses the x-axis at
two different points.




25. D
| :fs(\ﬁ—&\)+l’
=l o+ )
—8\2
( N ) =16

.
3

\‘:

vl o xe 1) —ar+
bl 95

v -4 - 2

—8v+l6-— 16)+

=)

tol—

o —

o | —

Identify and remove the
common factor from

the v2and v term of the
cxpression. In this casc.

the common factor is 3.

Notice the resulting
coclticient for

the v-term. Divide this |
value by 2, and then
square it.

Both add and subtract
this valuc inside the
brackets.

Move the value that will
not contribute to a
pertect square outside
the brackets.

[Note: With the
distributive property,

you have really added
—48 and +48 to the
function, since

3(16) = 4% and

3(=16) = 48. To move

— 16 outside the brackets, |
it becomes —48.}

Factor the trinomial |
inside the brackets to
form a perfeet square, |
and collect like terms
outside the bracket.

. 2 1 . .
When the cquation v = 3x ™ = 24v + s written in the

el
completed square form 1 = alx = 71)7 + k_ it becomes

Rl k)s N .
v =3 —4)" = 5. The value of k is —

Class Focus
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Vo= Z(A\ R X,\') +26

v=2(et+8y) + 20
812

(2) =16

.
TR+ 16— 16) + 26

N
+8v+ 16— l())‘*”_’(\

Il
1%}
—
-
t

,
+ Ry +16) =32+ 26

1t
12
—
'

rE2r+ -0

The cquation can be expressed

Copyright Protected

[dentify and remove the
common tactor from
the v=and v term of the
expression. In this case.
the common tuctor is 2.
Notice the resulting
coctticient for

the v-term. Divide this
value by 2. and then
square it

Both add and subtract
this value inside the
brackets.

Move the value that will
not contribute to a
perfect square outside
the brackets.

INote: With the
distributive property.
you have really added
=32 and +32 1 the
funcuon. since

2(-16) = =32 und
2(1o)

=16 outside the

=32, To move

brackets. 1t hecomes

-3

Factor the trinomial
inside the brackets to
form a perfect squarce.
and collect hike terms
outside the bracket.

N
as v = 2{v+ )7 -0
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27.

+4.00

Idenufy and remove
the common factor
from the v~ and v term
of the expression. In
this case. the common
factor is =2

Notice the resulting
coctticient fon

the v-term: Divide this

P
|
to !

value by 2.

and then
square it

-= ,:(\ S 16— ,L(‘) _n7 HQIh add ;md.sublmcl
this value mside the
brackets.

N
o= —73(\ TNV H 6~ '1(») - 27 7\'1.0\c the \illl.IL‘ that
will not contribute to a

R I TORERIE perfect square outside
the brackets.

[ Note: With the
distributive property.
vou have really added
=32 and +22 tothe
lunction. smee
=2(16) = =32 and
=2(=16) =232 To
move = 1o outside the
brackets, 1t becomes
+32)

Factor the trinomial
nside the brackets to
form a perfect square.
and colleet ke terms
outside the bracket.

R
When the equation v = =207+ 164 = 27 15 written i the
5
completed square form v = aly = 71)7 + kit hecomes
N
v= =20 =7+ S0 The Aovalue is 3 or .00 to the nearest
hundredih

D

Frnd the v-intercepts by factoring and then sohving the
cquation O = Sty -4

0= =Ty =24

O={v+2v-12)

el

v=El

The vomtereepts are 12 and =2,
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B

To find the vertes, substitute =1 tor v nto the equation
R I .
POk DT et h ok - ke RO This will give

the v-coordinate of the vertex

(h + D)(=1)" + 3k (=1)+ 4
Yo+l =3+

V=

i

It

it

v

Thercefore. the vertex of the graph of the given quadratic
function1s (=1, 1}

D

Toarrive at v = - Samuel has

substituted 7 for «. ~=4 tor A oand =2 tor ¢ into the
guadratic formutla
r" :7
~h*NH™ — e
v =
3(/

h=-=d and = -2

Therelore. a = 7.
The quadratic formula gives the roots of the quadratic
5
cquation ax ™+ hv+ o = O where o F 4
Now. substitute 7 for «. 4 for b and =2 for ¢ nto the

0 -
cquationax ~ + Ay + o =0,

5
(72 +{cahv+ (2) =0
B
Ty =4y =2=0
Theretore, the quadratic equation that Samuel 1s

attempting to solve s 0= 77 =4y = 2

5
( b )2_ b= e
v = — —

. o 5
— Ja - [

The next correct step imvolves plicing the right sade of the
cquation over the same denominator.

5
h\2  h™—duc
v = 5
-« da”
Sofve 227+ 52 ~ 3 = 0 by using the decomposition

procedure.

Begin by {inding two numbers that have a product ol
—0 (axe=2% =3 gnd asumof 5 (h-value) Inthis
case,

Write 32 as —2 + 02,

these numbers are =1 and 6.

5
o7+ -3=0
5

22—+ 062320



9
|#5]

0.4
Write 1057 = 19y + 14 =8 cqual to zero.
0x™ — 19y +6=0
Solve this equation using the quadratic formula,
~htNDT — dac
2 '

a=10h==19 und ¢ = 6.

o) v (1977 - o)l

b 2(10) -

U361 =240
b 20

IRCERUR
YT 0

IBCESY
YT o0

O+ 11 20 9 - '

v = 0 = 50 =1]l3ory = 7172’()”11 = ;0 =0.4

Note: The equation H0x ™ = 19x + 6 = 0 could also be
solved using the decomposition factoring procedure.

Part A — Open Response
The height of the ¢liffs v metres. can be determined by
substituting 0 for v in the equation

= =4 9v T+ 20+ 40 sinee at time O s, the diver 1s

standing at the top of the ¢hifT. Thus, the height of the chift

ix 40 ml = 4.9(0)7 + 2(0) + 40).

Part B — Open Response

When the diver reaches the water. his height above the

water will be 0 m. Theretore. to determine the number of

seconds it takes the diver to reach the water, substitute 0
-
for 1 in the equation v = =4.9x 7 + 2v + 40, and solve
for v as shown:
N

= —40yv=+ 2v +40

5
Since =493 7+ 2x + 40 is not factorable. solve the

N

equation =491~ + 2x + 30 = 0 by applying the quadratic
formula.

s
_ =hExNDT = dac
- Zur
Substitute =4.9 for . 2 for A, and 40 for ¢.

S22 — (- 4.9)(30)

v

= A
2A-49)
S =2hvd TR
v —98
= 2EVTSY
\
*()J\{
=2+ v TN —2 - 788
V= or v = o
BV —9.%
vE =200 v = 3.07

Sinee time cannot be negative, it takes the diver 3.1 5 to
reach the water.
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Part C — Open Response
[n order to determine the number of seconds that have
clapsed when the diver is 15 m above the water by using
a graphical approach, the first step s to choose an
appropriate window setting. Next. graph

l
v = =497+ 2 +40and v, = 150 Finally. determine

the v-coordinate of the pomt of ntersection of the
two graphs.

C

Since the graph of the function has a minimum valuc. the
parabola opens upward.

With a minimum valuc of =3, the v-coordinate of the
vertex is =5, which places the vertex S units below

the v-axis.

The parabola will cross the xv-axis at two locations. as
shown in the following possible image:

A“
A
44
24
At >
6 -4 2\ 6
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36.

Begin by rearranging the quadratice relation
bl b
T =R+ 19=010 = 2T +8v - 19,

Now. change the torm of the relation by completing the
square.

: —-k\')—f v
r=2( T oad -1

R
y= —3(\ T—dv —}W—j) -19

N
| K ) I [

hl
v = ~3<.\ T dy 4 4)1{8 - 19

)

= -2(v=2)" 11
. . . . . ~ 2
Uhis equation is of the form v = a{x — 7)™ + &,
wherca =-2.2 =2 and k = ~11.
When the graph is drawn, the vertex of the parabola is
(2. =1 1), and the parabola opens downward since « < 0.
Thus. the maximum value of the graph of the given
quadratic relation 1s attaimed at its vertex.
The maximum value is at the ordered pair (2, —11).

The maximum or minimum value can be determined when

5
the function is written in the form v = alyv — /)™ + k. The
maximum vatue s & when o <0,

B
v= =507 30
v= =S /3—()[)
(<(\)::()

2
v=-s(7—or+9-9)

bl

v= sl a9 -9)
v= =5l =6+ 9)+ds

= o 5(r-3)7 443
The soceer ball tollows a parabolic path with
(2, 45) /=23, v =45

Ihus. the ball reaches 1ts maximum height in 3 s,

as the vertex.
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40.

495.0

Using technology. graph the equation

1= 4077+ 08+ S

Then. use the MAXIMUM feature of the T1-83 Plus
graphing calculator and a window sctting

such as v 0, 200ty =10, 600, 30

The function™s maximum value occurs when v = 10,
Therelore. the maximum herght. correct to the nearest
tenth, above the ground that can be reached by the rocket
is 495.0 m.

Part A — Open Response

Plaveround Enclosure
.

T
Y
"

4
12 0004
110004
10 000
9 000
8 0001
7 0004
0 000 1
5000+
4000+
3000
2000t
| 0001
o 4+—+—++++—++++++t++t+t+tttt-

S0 HO0
Width {m)

2RO 0010 800)

T

(100, 10 000)

T

S.6 25

T

Area (m?)

Part B — Open Response

The maximum arca of the rectangular enclosure can be
determined by evaluating the v-coordinate of the vertex
of the parabola. The vertex (the highest point on the
parabola) is (75. 11 2503, Therefore, the maximuam arca

. . - )
of the rectangular enclosure is 11 250'm
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Part € — Open Response
Fhe manimum area ol the rectangular enclosure can be
determined by completing the -guare of the equation as

folfows:

N

= =207+ 3000
= -21 T 300y
= 73<\: - 151)\)
r= 20T S s+ 5005 -5 623)
. (ﬁ 1?())3 - 5605
b= 2207 S s+ 5623) # 11250
1= 22y - 7S+ 11250
The maxtmum value of A is 11250 m? when v = 75 m

The value 11 250 m7 s exactly the same as the value tor
the maxmmum area obtained in part B

Yart I) — Open Response

Recall £=/1H or =1 =1L Sicevy =75 m.thevalue
of v s 130 m{1 ! 230 = 73). Theretore. the dimensions of
the plaveround that produce w maximum arca will have o
width (the value of vy of 75 mand a fength (the value

of ol 1530m
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Analytic Geometry

Table of Correlations

Copynight Protected

aleehraic technigues to verify a geometric property

36a, 36b,
36¢

Practice Unit Test
Specific Expectation Questions Questions
AGLl  Using Linear Systems to Solve Problems
AGL solve svstems of vyvo linear equations involving two variables, using the 1.2.3.4,5, 1.2.3.4,5
aleebraic method of substitution or elimination 6
AGL.2 solve problems that arise from realistic situations described in words or 7.8.9,10. 6.7a.7b, 8.9
represented by linear svstems of two equations involving two variables, by| 114, 11b
choosing ain appropriate algebraic or graphical method ’
AG2 Solving Problems Involving Properties of Line Segments
AG2.1 develop the formula for the midpoint of a line segment, and use this formula| 1213, 14 10, 11
1o solve problems
AG2L.2 develop the formula for the length of a line segment, and use this formula | 15,16, 17, 12,13, 14
to solve problems 18
AG2.3 develop the equation for a circle with centre (0, 0) and radius v, by applving| 19, 20 15
the formula for the length of a line segment;
AG2.4 determine the radius of a circle with centre (0, 0), given its equation; write; 21,22, 23 16,17, 18
the equation of a circle with centre (0, 0), given the radius: and sketch the
. LA R
circle. given the equation in the form x~ +y7 =r
AG2.5 solve problems involving the stope, length. and midpoint of a line segment. | 24, 25,26 19,20, 21a
27a,27b 21b
27¢
AG3  Using Analytic Geometry to Verify Geometric Properties
AG3.1 determine. through investigation some characteristics and properties of 28.29 24
geometric figures
AG3.2 verify, using algebraic techniques and analytic geometry, some 30,31,32 23,25,26
characteristics of geometric figures
AG3.3 plan and implement a multi-step strategy that uses analytic geometry and | 33,34, 35, 22,27, 28a,
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AGL.1 solve svstems of two linear
cquations involving two variables, using the
algebraic method of substitution or
elimination

SOLVING SYSTEMS oF Two
LINEAR EQUATIONS

A collection of lincar equations involving the same
sct of variables is called a system of linear
equations. The solution to a system of lincar
cquations can be found graphically or algebraically
and with or without the use of technology.

THE ALGEBRAIC METHOD OF
SUBSTITUTION

The steps tor solving a system of two lincar
cquations using the method of substitution are
outlined in the following example.

Solve the following:

=4y +1=0

dy=5r+3=0

Step 1 Label each equation.

(hv—-4v+i=0

(D)dy =5y +3=0

Step 2: Isolate variable 1 in the first equation since
the coeflicient of v is 1.

Thus. cquation (1) becomes v = 4x — 1.

Step 3: Substitute 4x — | for v into the second
cquation.

Step 4: Solve for the variable x.
4y —=5(@y-1)+3=0
Ay =20 +5+3=0
—lox +8 =10
8 =16x

THE KEY Ontario Math 10 Academic

)

=Yory =
16

Mo —

Step 5 Substitute 5 for x in cither the first or

sceond equation or in the equation v =4y — 1 1o
determine the value for v,

=4y — |
|
= 4( 5) —1
=21
=1
Step 6: The solutionis vy = and v = |

THE ALGEBRAIC METHOD OF
ELIMINATION

This method involves eliminating one of the
variables. Some suggested steps for using the
method of elimination are outlined in the followimng
cxample.

Solve the tollowing:

Iv—4y =20
x+3yp==2
Step 1: Label the equations.

(y3x =4y =20
(D)x+3r=-2

Step 2: Multiply both sides of equation (2) by 3.

(N3v —4y =20

(2)3x + 91 = =6

Step 3: Subtract the two equations. Solve for y.

Iv—4y =20
Jx+9y = -6
0-13y =26
13y =26
v=-2

93 Analytic Geometry



Step 4: Substitute 2 for v in one of the original
equations. (In this case. equation 2).

Solve for v,

v+ 3(=2) =2

y=06= -2

y=4

Step 50 The solutionis x = 4 and v = -2,

1. [fthe points (2. =5) and (=3, =2) both
satisfy the equation Ax + B = 29 then the
value of 1 s
A =7 B. -3

. 3 D. 7

2. Which of'the following statements about
the possible solutions to various lincar
systems ol cquations is false?

A. A system of parallel lines has no
solution.

B. A system of intersecting lines has
exactly one solution.

C. A system of coincident lines has
infinitely many soiutions.

D. A system of intersecting fines where
one line is vertical has an undefined
solution.

Class Focus

Copyright Protected

CHALLENGER QUESTION
Use the following information to

answer the next questionn.

A student is asked to solve the following
system of linear equations by using a
graphical method.
-Ox+06y =10

Ax -8y =15

After graphing each linear cquation, the
student observed that the two lines were
parallel and concluded that there was no
solution to the given system of linear
equations.

Given that the student’s solution s correct,
the value of 4 18
A. 36 B. 12

C. -12 D. -36

94

Use the folloywing information to
answer the next question.
Rebecca is given the following system of
linear equations:

x+y =365
3x+2y =925

In verifying the solution to this system of

lincar equations, Rebecea must replace

A. v with 170 and v with 195 in both
equations

B. 1 with 195 and v with 170 in both
cquations

C. x with 170 in the {irst equation and v
with 195 in the second equation

D. x with 195 in the first equation and v
with 170 in the second equation

Castle Rock Research
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N

I the ordered pair (v, v is the solution to
the system ot linear equations

Sy +3v=—4land 6 = 5S¢ = =9 then the
valuc of v s

A —4 B. 4
-89 ~159
20 ST

CHALLENGER QUESTION

Numerical Response

6. Whatis the value of K for which the system
of linear equations 12y + Ky = -9 and
=163 =201 = 12 has an infinite number of
solutions?

AGL.2 solve problems that arise from
realistic situations described in words or
represented by lineair systems of bvo
cquations involving two variables, by
choosing an appropriate algebraic or
graphical method

PROBLEM SOLVING USING
SYSTEMS OF Two LINEAR
EQuATiONS

When solving problems that arise from reafistic
situations represented by hnear system of two
cquations, use some of these general hints:

« Assign a different variable 1o each of the
unknown quantities.

« Setupasystem oftwo linear equations, and solve
the system using either an algebraie or graphical
method.

« Clearly state the solution to the given problem.

THE KEY Ontario Math 10 Academic

Four cabbages and five heads of lettuce cost $8.40,
whereas six cabbages and two hcads of lettuce cost
58.20. Determine the price of one cabbage and of
one head of lettuce.

Let the price in dollars of one cabbuage = .

Lct the price in dolars of one head of lettuce = v
Using the information given in the problem, the
following system of equations can be tormed:
(dy + 5y =840

(2)6x + 2y =8.20

Multiply equation (1) by 2 and equation (2) by 5 to
obtain a common coctficient for v.

(3)8x + 101 = 16,80 {2 x (1)]

(4300 + 10y = 41.00 [5 x (2)]

Subtract cquation (4) from equation (3).

=22x+ 0y =-2420
o —24.20

R 77_72:

v =110

Substitute 1.10 for x mto cquation (1),
4(1.10)+ 5y =840
440+ 5v =840
Sy =400
= 0.80

The price of a cabbage 1s ST.10 and the price of a
head of lettuce is SO.80.

SRUREN RIS
B

A car rental company otfers two plans to rent
compact cars at a weekly rate:

Plan A: 550 plus $0.05/ km

Plan B: S80 plus $0.03/ km

a) For cach rental plan, write an ¢quation to
represent the total weekly cost i dolars, € to rent
a compact car for x kilometres driven.

Since v = the number of kilometres driven and

C = the weekly costu it follows that:

For Plan A: ¢ =350+ 0,051

95 Analytic Geometry
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ForPlan B: ¢ =80 +0.03x

b) Determine which plan is more economical if the . .
car is driven 800 km in one week. Use the following information 1o
. ) ) ) answer the next question.

To determine which weekly plan is more . )
cconomical it the car is driven 800 km, Ata particular theatre, adu‘lt tickets
substitute 800 for x into cach equation. cost $7 each, and.student tickets _COSt $5
each. For a certain show, three times as
many student tickets as adult tickets were
80 + 0.03(800) = $104 sold. The total sales for the show

were $880.

For Plan A, the cost is C = 50 + 0.05(800) = $90

For Plan B, the costis C

Therefore, since Plan A costs $14($104 — $90) less
than Plan B. Plan A is more economical. N . .
7. It a represents the number of adult tickets

sold and b represents the number of
student tickets sold, then the system of

¢) Determine the distance that must be driven for
Plan B to be more economical than Plan A.

Plan B will be more economical than plan A after linear equations that could be solved in
the plans have an equal weekly cost. Recall that order to determine the number of adult and
graphically. the solution to the system of equations student tickets sold s

1s the intersection point of the two lines. A. Ta+5h=880and 3h =u

The graphs displayed with the window setting
X 0.2000.250 v 0.200,50 ] are shown below:

TJa+5bh =880 and b = 3u

B
C. a+b=880and 3(5h) = Tu
D. a+b =880 and 5h = 3(7a)

Intersection
R V=12t

Using the INTERSECTION feature, the
intersection point is the ordered pair (1 500, 125).
Therefore, Plan B is more economical if the car is
driven more than 1 500 km in one week.

Class Focus 96 Castle Rock Research



Nut for Reproduction

Use the following information to
answer the next question.

Steve and Noel belong to different fitness
gyms. They were comparing the cost of
using each gym and were unable to decide
who was getting the better deal.

To help them compare, they graphed the
cost of using each facility, as shown.
)

Steve's graph:
Nocl's graph: ------

Cost (S
o
g

Number of visits

8. Which of the following statements about
the information given in the graph is false?
A. Nocl's gym has an initial membership
fee that must be paid even if he never
gocs to the gym.

B. Foraperson planning to go to the gym
only § times, Steve’s gym would be
the most cost-effective.

C. Foraperson planning to go to the gym
cvery day for a year, Steve’s gym
would be the most cost-cttective.

D. The point of intersection (13, 86)
represents the fact that 13 visits
costs S86G at cach tacility.

THE KEY Ontario Math 10 Academic

CHALLENGER QUESTION

9. Sally purchased 2 pens and 8 pencils for a
total cost of $5.20. 1 she had
purchased 3 pens and 4 pencils. the total
cost would have been $3.80. The cost of
one pen 1s
A, $1.20 B. S1.40

C. $1.50 D. S1.60

Use the folloving information 1o
ansywer the next question.

The perimeter of a road marker is in the
shape of an isosceles triangle is 71 inches.
The base measures 1 inch less than double
the length of each of the other two sides.

10. Which of the following systems of lincar
equations would allow a person to find the
dimensions ot the road marker?

A, Y+v =71

2v+y =]
B. v+tuv =71

v =y =1
C. 2x+y =71

v+ =1

97 Analytic Geometry



11. Part A

| Open Response |

Ken mvests $2 500 in an account that
pays 4.2% simple interest per year. How
much interest will Ken carn at the end of
the tirst year of his investment?

Part B

[ Open Response |

Set up a system of two lincar equations
showing two variables, and then use this
system to solve the following problem.

Ken carned $6 000 working during July
and August. He decided to invest part of
the $6 000 in an account that pays 4%
simple interest per vear and the remainder
of the money in a government bond that
pays 3.5% simple interest per year. After
one year, the 4% investment carned $30
more interest than the 3.5% investment.
How much interest did Ken carn at each
rate?

Show your work.

Class Focus

Copyright Protected

AG2.1 develop the formula for the midpoint
of a line segment, and use this formula to
solve problems

MIDPOINT OF A LINE SEGMENT

The midpoint of a line segment is a point on the line
scgment that is the same distance trom cither
endpoint of the line segment. As shown below, the
midpoint of a line segment is often referred to as the
middic point of the line segment.

.“

In general, the midpoint of the line segment with
endpoints A(x;, v;) and B(x,, 1) is given by the
Xy + Xy W +.1‘2

formula M ), = (47 TS

Determine the midpoint of each side of the triangle
shown below.

A
4_.-
- ) h 30
A(-5.2) , C(3.2)
b \ e o e
4 2 i ! 4
Y
4.\&
“[ B34
Npta, vt
Use the midpoint formula M = R 5 )
For ling segment A5
=543 2+ (-)\_ (-2 2
wo=[FE 2[5
M= (— 1, — l)
98 Castle Rock Research
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For line segment BC:
3+3 —4+2 6 -2
) )

Mpe =13, -1)

For line segment AC:

(=543 2+2 -2 4
we= (75055
Myo=(=1,2)

P o

Ulse the following information to
answer the next question.

# 3

"
i
1

12. The midpoint of line segment 4B 1s
A (1.2) B. (2.4

C. (2. D. 4,2)

13. One endpoint of a line segment is located
at point (6, 5). The midpoint of the line
scgment is located at point (2, =3). The
coordinates of the other endpoint are
A (41

B. (
C. (10, 13)
D. (

THE KEY Ontario Math 10 Academic

CHALLENGER QUESTION

14. If the point (=1, 2) is the midpoint of the
line segment with endpoints that arc
(a, =4) and (-7, h), then the respective
values of ¢ and b are
A. land6 B. 3and7

C. Sand8 D. 7and9

AG2.2 develop the formula for the length of
a line segment, and use this formula to solve
problems

FINDING THE LENGTH OF A LINE
SEGMENT

Finding the length of a line segment is uscful in
many aspects of analytical geometry. In order to
determine the distance between points 4 and B, 1t
is necessary to calculate the length of line
segment AB.

Consider the points A(.\‘], _\'1) and B(.\‘z, A\‘z), and

build a right triangle as shown below.

Let d represent the length of line segment AB.
Use the Pythagorean theorem to dertve an

expression for d.

d* = (4C) +(BC)

99 Analytic Geometry



Copyright Protected

The distance between the cruise ship and the fishing
USING THE DistaNCE ForMuLA v sipandihe ishing

boat:
In general. the length of the line segment with =( 0 B 730 (180 ~ l“ﬁ)
endpoints 4(\,, _ ) and B(\'\, \3) is given by the = \/ ?0
following formula: = x/‘)()() + 1777‘25
5 =2 125 = 46.098

i Rl
d = y’(x’z - ,\’I)‘ + <A\'3 - ,1'1)
The cruisc ship is approximately 21 units closer to
T the fishing boat than the ocean freighter.

g e

Determine the Tength of the line segment with

cndpoints A(3, 6) and B(-2, —1). Express the
answer as an exact value,

Substitute the endpoint values into the distance I5. Given two points A(0, 5) and B (=3. 1).
formuli. what is the length of line segment 487

S A, 2 B. 3 C. 4 D. 5

_ e 3 16. If the distance between point (1, 1) and
=V(=2-3)"+ (-1 -6) . . . N
point («, —3)1s 5, onc possible value of « is
= V(=5) + (=7)° A.2 B. 3 C. 4 D.I0
=V +49 CHALLENGER QUESTION
d=v74 17. The distance between point .4 and

point B is 10 units on a coordinate grid. If

The length of the line segment AB 1s v74 units. point B lies on the y-axis and point A is at

(=6, 8). then two possible scts of
coordinates for point B are

A. (0.0)and (0, 16)

A fishing boat sends a distress signal from a location B. (0, 0)and (16, 0)
C. (0, =8) and (0, 8)
D. (-

8, 0) and (8, 0)

given by the coordinates (200, 180). An ocean
freighter at coordinates (170, 240) and a cruise ship
at coordinates (230, 180) pick up the distress signal.
Which ship is closer to the fishing boat?

In order to determine which of' the two ships is closer
to the fishing boat. begin by finding the distance i
from cach boat to the fishing boat using the distance Numerical Response

formula.

B 18. Givend (3, 1). B(5. -2).and (=3, =3),
d = Vﬁ(-\'z - -\'1)3 + (,\’3 - _\‘1)3 the perimeter of triangle ABC 1s
(correct to one decimal place)

The distance between the ocean freighter and the
fishing boat:

(m() - 170) (180 — 240)°

(s()) +(=60)
VOO0 + 3 600

V4300 = 67.082
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AG2.3 develop the equation for a circle
with centre (0, 0) and radius r, by applying
the formula for the length of a line segment,

DEVELOPING THE EQUATION OF A
CIRCLE

A circle is a set of points in a plane cquidistant from
a given point (the centre).

» —
o

P (x.y)

\

Since any point on the circle can be represented by
the ordered pair P(x, v), the distance P to the
centre, (0, 0). is the radius, r. Using the distance
ll)m]ulu yields the following result:

ength of line segment PO

2= ) (- )

Vi
\/(\ - ())

H

= + (v = 0)

=V + »\ =r

- N 2 2 2 . N
Therefore, v~ + 1~ = r~ when both sides of the

(8%

. R
cquation Vil+ v~ = rare squared.
The cquation of a circle with centre (0, 0) and
ki

. . 2 2 _ o
radius Fisx~+ vy~ =p",

Using the distance formula, determine the cquation
of the circle with centre (0, 0) that passes through
the point (-2 7).

d= y(\ﬁ -y )2 (i -2

= V(=2-0)2+
= V4 +49

= V53

THE KEY Ontario Math 10 Academic

Bl S 5
Recall that x =+ v- =1~

Thus,
v yz = (Vﬁ)l
T =53

. . 2 ) .
Therefore, the equation x =+ v~ = 53 describes a
circle with centre (0, 0) and passing through the

point (—2, 7).

19. What is the equation ot a circle with a
radius of 8 units and a centre located at the
origin?

A x° +_\'2 =64
B. v -y =064
C \‘2+)'“=8
D. x°—y =8

101 Analytic Geometry



CHALLENGER QUESTION

20. A circle with centre (0, 0) and a diameter
with endpoints (¢, h)and (¢, d) is shown.

V-
|

I

(Ll, /7)

(VN

(c. o)

The equation of this circle could be written

as
A, v »1'3 =(u—- c')2 +(h - c/)2
B (lglz @ b-d)
: 2
5 v (a- ("): +(h - a'):
Dyl W v —d)
C. v 1 7
D. «l4,l= (@ =)+ (b-d)

2

AG2.4 determine the radius of a circle with
centre (0, 0), given its equation; write the

cquation of a circle with centre (0, 0), given
the radius: and sketch the circle, given the

5

. 2 R
equation in the formx~ +yv= =r

DETERMINING THE RADIUS OF A
CIRCLE

Recall that the equation of a circle with centre
(0, 0) and radius r is X+ A\'z =7, Knowing this,
vou can do the following:
« Determine the radius - of a particular circle

5

written in the form x~ + »\'2 =r
« Write the cquation of a circle with centre (0, 0).
given its radius r.
« OnaCartesian plane. sketch a given circle written

5

. . 2 2
inthe formy "+ 3y~ =r

Class Focus
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Determine the radius of the circle defined by the
cquation x T+ Al S =gl

Since the equation x "+ o=t represents a cirele
with centre (0, 0) and radius . it follows that:

P =8l

r=yV81=9

- ~ . n o . .
Thus, the radius of the circle x =+ v~ = 81 1s 9 units.

A circle has its centre at (0, 0) and a diameter

of 6 units. Write the equation of the circle. and then
sketch the circle on a Cartesian planc.

Since the diameter is twice the length of the radius.
the radius of the circle 1s 3 units. In order to write
the equation of the circle, substitute 3 for - in the

. 2 2_ 2
equation x~+ vy =7
2 D a
x+ v =(3)
hl 2
X"ty =9

Thus, the cquation of the circle with centre (0, 0)and

. - o2 2
a diameter of G units is x~+ v~ =09,

The circle defined by the equation v "4 17 =9 has
a centre of (0, 0)and a radius of 3 units. You can
choose the ordered pairs (0, 3), (0, =3).(3, 0). and
(=3, 0) to help sketch the circle. The circle is
sketched below.
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21, The diagram tllustrates a circle sketched on
a Cartesian plane.
104

‘N

10

Which of the following cquations detines
this cirele?

b bl

A, X"+ vy =25
B. v~ +‘1‘3 =36
C. "+ =100
D. v 417 =144

THE KEY Ontario Math 10 Academic

22.

CHALLENGER QUESTION
The diagram illustrates Mrs. Carter’s
circular flower bed. sketched on a
Cartesian planc.

The equation that detines the outside edge
of Mrs. Carter’s flower bed 1s

N+ _\'3 = 2.89, where the radius 1s
expressed m metres. [ Mrs. Carter decides
to place a border around her circular flower
bed. then the minimum length of the
required border material. to the nearest
tenth, 1s

A. 53 m B. 9.1m

C. 10.7m D. I82m

103

Numerical Response

. A circle is defined by the equation

2 2 o . . N
X7+ 37 =18 The length of the radius of
this circle, to the nearest tenth, 1s units.

Analytic Geometry




AG2.5 solve problems involving the slope,
length, and midpoint of a line segment.

SOLVING SLOPE, LENGTH, AND
MipPOINT PROBLEMS
Often, certain analytical gecometry problems can be

solved using a combination of concepts such as
slope. length. and midpoint of a linc scgment.

Determine the equation of the right bisector ot the
line segment 48 with endpoints A(-2, 6) and
B4, =3).

e 6-(=3) 9 3
= e = e = - =~
Xy =Xy -2-4 -6 2
de2.0) 4
64
———+ / x
4 2
The right biscetor of 4B has a slope of 7 since it 1s
R

perpendicular to AB (the negative reciprocal of
3.
~5 s )

(SR R

Now. determine the midpoint of AB.

.

Finally. use the point-slope form of the cquation of
a line to determine the equation of the right bisector.

,

e

=

i
—_
| g RRS]

Class Focus
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v = m(.\' - .\‘l) oy

2
.1":3(,\'—1 +§

2 2 3
PRIy

2 5
vEI

Determine the shortest distance from the point
(2, 1) to the line defined by the equation
y=—x+7.

The line AD is perpendicularto y = —v + 7.

.“

‘\A

/ yoooxe 7

The slope of the line v = —x + 715 = 1.

Thus, the slope of AD is I (the negative reciprocal
of =1).

The equation of line AD can be determined as
follows:

Vv = m(,\‘ - -"1) + v
y=1(x=2)+1
y=y-2+1
y=x -1

Thus, the equation of line AD is v = x = L.

The intersection point 1 can be found by solving
the following system of two linear cquations:
(lyv=—-x+7

2yv=x-1

Solve by substitution.

x—l==-x+7

2x -1 =7

2v =8

x=4
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Substitute 4 into equation (2) to find
the yv-coordinate of point D).

(2yv=x-—1
=41
=3
Thus, D is the point (4, 3).
The distance from (2, 1) to (4, 3) can now be

determined by applying the distance formula as
follows:

To the nearest hundredth, d = 2.83.

Thus. the shortest distance from (2, 1) to the line
detined by the equation v = —x + 7 is
approximately 2.83 units.

24. To the nearest whole number, what is the
horizontal distance between the point

(4, =7) and the line v = _—;_\» + 27

A. 5 B. 9 C. 23 D. 34

THE KEY Ontario Math 10 Academic

Use the following information to
answer the next question.
The vertices of triangle ABC
are A(=3, —4), B(1,4), and C(3, 0), as
shown in the diagram.

25. To the nearest tenth, the perimeter of the
triangle formed by joining the midpoints of
cach side of the triangle shown is

A. 7.7 units B. 10.3 units
C. 12.9 units D. 20.6 units
CHALLENGER QUESTION

26. To the nearest hundredth. the shortest
distance from the point (4, 1) to the line
y=2x—121s
A. 2.24 units B. 6.47 units

C. 9.20 units D. 10.05 units
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Use the following information to Part C
answer the next multipart guestion.
27. A diameter of a circle has endpoints | Open Response J

A(=2, 3) and B(4, 11).

Verify that the point (=3, 10) is on the
Part A circle.

Sl . - -
{ Open Response | how your work.

Determine the coordinates of the centre of
the cirele.

Show your work.

AG3.1 determine, through investigation
some characteristics and propertics of
geometric figures

CHARACTERISTICS AND
PROPERTIES OF TRIANGLES AND
QUADRILATERALS

Through investigation, recall the following triangle

characteristics and properties:

« A right triangle is a triangle that contains an
angle of 90°.

« When each side of a triangle is equal in length,
the triangle is defined as an equilateral triangle.

« When exactly two sides of a triangle are cqual in

Verify that the radius of the circle length, the triangle is defined as an

is 5 units in length. isosceles triangle.

) « When cach side of a triangle is differentin length,
the triangle is defined as a scalene triangle.

Part B

| Open Response |

Show your work.

Linc segments A8 and BC intersectat B. Line
scgments AC and AB interscetat A, Line
segments AC and BC intersectat C. 1 AB = 4 cm,
BC =7 c¢m, and AC =4 ¢m, then what type of
geometric figure is formed?

Since there are three line segments, the figure is a
triangle.
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Since 4B = AC =4, the geometric figure is an AR
isosceles triangle (two sides of the triangle are equal | 777 " \7[
in lengthy. )
-2-0 _ -2
M=y, T3
Through investigation, recall the following ey, = Sl
quadrilateral characteristies and properties: R
+ A rectangle is a quadrilateral in which opposite Thus.
sides are parallel to one another and cqual in -2 _3-v
length, and adjacent sides are perpendicular to 3 6—x
one another. 3(3-1) = =2(6-x)
« When oppostte sides of a quadrilateral are equal 9—-31r=—12+2x

in length and have equal slopes, the quadrilateral

o 21 =3v=2xor2x +3y =21
1s called a parallelogram. : :

« 1t can be shown that the diagonals of a _3-(=2) _5 _ y—=0 _ v
parallclogram biscet cach other. Also, mp. = 6—3 3 Mo T T
« When all the sides of a quadrilateral are cqual in
length and opposite sides have cqual slopes. the Thus,
quadrilateral is called a rhombus, Sy
+ A quadrilateral in which all four sides are cqual 3o
in length, opposite sides arc parallel, and adjacent | 3 = 5x
sides arc perpendicular is called a square.
« A quadrilateral in which the slope of exactly one | 07 9¥ =37 =0
pair o’ opposite sides is cqual is called a Dctermine the coordinates of point D by solving the
trapezoid. following system of equations using the elimination
method:
R Add the two cquations to climinate v
Rectangle 4BCD has vertices A0, 0), B(3, -2). 2y + 3y =21
(6, 3).and D(x, v). What are the numerical 5y =3y =0
N ~diratog e " 9
coordinates for point /) 7¢ =]
Begin with a sketeh for clarity. v =3

" Substitute 3 for x into Sy =31 =0

A 5G) - 3r= 0
15— 3yv= 0

3v= 15

y= 5

Therefore, the coordinates of point 1) are (3, 5).

In a rectangle, opposite sides are parallel. Parallel
line segments have equal slopes: therefore, it

follows that n,, = myy and mg = m .
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28. In triangle POR. line segment PT
intersects the midpoint of line
segment R, forming a right angle at

point 7. Line segment P7 is classitied as

the perpendicular

A. radius B. biscctor
C. diagonal D. connector

Use the following information to
answer the next question.
Martha draws a quadrilateral with the
following properties:
» opposite sides are equal

+ opposite angles are equal
« diagonals bisect each other at 90°

29. The quadrilateral that Martha draws 1s a

A. parallelogram  B. rectangle

C. trapezoid D. squarc

Class Focus
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AG3.2 verify, using algebraic techniques
and analvtic geometry, some
characteristics of geometric figures

VERIFYING CHARACTERISTICS OF
GEOMETRIC FIGURES

Characteristics of geometric figures can be verificd
using both algebraic and gcometric techniques.
Verifying a conjecture requires showing that a
conjecture is true for a particular sttuation. An
algebraic verification may require the usc of
previously developed definitions. formulas. or
thcorems.

‘Example

Verify that triangle ABC with vertices 4(2, 3),
B(6, 1), and C(5, 4). and C (5, 4) is an isosceles
triangle.

To verify that triangle ABC is isosceles, determine
the lengths of each of the three sides of the triangle,
and show that exactly two sides have the same
length. Recall the distance formula

d= ﬁrz - .\*,)2 + (.\73 - ,\'1)2.
Length of side AB
=v16+4

= v20 units

Length of side BC
=V(5-o0p+(4-1)
=V1+9

= v 10 units

Length of side AC
=v(5-2)2+(4-3)2

=v9+1

= /10 units

Since the length of side BC is equal to the length of
side AC, triangle ABC is isosceles. Itis important
to note that if all threc sides of triangle ABC" were
the same length, triangle ABC would be an
equilateral trianglc.
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LR rarnls

Verify that triangle DEF with

vertices (3. 5). £(5,2), and F(8. 4) is a right
triangle.

To verily that triangle DEF is a right triangle, you
need to show that either 2D, 2 or 2F is a right
angle. Once approach is to determine the slope of
cach side of triangle DEF and then show that one
side of the triangle 1s perpendicular to another side
of the triangle. Remember that it two sides of a
triangle are perpendicular to one another, then their
respective sfopes are negative reciprocals of cach
other (’”| X ny =~ )

Find the slope of cach side of triangle DEF by
T

applymg the slope formula, m = .
Slope of DI

12

m =

N
‘v

Hi = B

(Y]

Slope of DI
4-3
8—3
=1

5

m=

11

Slope of EF:
m= —

o’

it

PSRl

i
Observe that the slope of side DE is the negative
reciprocal of the slope of side KF.

326
-6

=—|

Therefore. side DE is perpendicular to side £/
It follows that 2L = 90°,

Thus, triangle DEF 1s a right triangle.

THE KEY Ontario Math 10 Academic

30. Ifpoints P(2,4), Q(6, 1), and R(=1, 0)are
the vertices of a triangle. then the triangle is

A. ascalene triangle

a right angle triangle

an equilateral triangle

<

a right angle isosceles triangle

Use the following information to
answer the next question.

Points J(~1, 3), K(3, =2),and L (5, 1)are
plotted on the grid shown. Point N lies on
the y-axis such that line LN is
perpendicular to line JK.

. What are the coordinates of point N

A. (0, 3) B. (0, =3)

CHALLENGER QUESTION

Numerical Response

. The graph ot a particular linc passcs
through the ordered pairs (3, 7) and
(5, 15). The graph of a linc that 1s
perpendicular to this line could pass
through the ordered pairs (¢, —6) and
(=2, =5). The valucof ais .
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AG3.3 plan and implement a multi-step
strategy that uses analvtic geometrv and
algebraic techniques to verifv a geometric
property

ProeLEM SoLVING USING
ANALYTICAL GEOMETRY

Using analytical gcometry to solve problems often
requires a multi-step approach. These steps include
sketching the given information, using appropriate
formulas, and clearly stating the solution to the
given problem.

Given 14BC with vertices A(2, 5), B(—4, —1). and
C(1, =1). verify that segment DE. formed by
connecting the midpoint D of side A8 and the
midpoint £ ot side A, is parallel to and half the
length of side BC.

Step 12 Draw a sketch to represent the given
information.

8+

Class Focus
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Step 2: Determine the coordinates of cach of the
midpomts D and £. Recall the midpoint formula:

Xty oyt

M = Ty Sy T

oy = [2r () s+
I et N
(34

- (21 5+(-1)
E=M, (-2, 2)
_[{3 4
i=(5 )
127

2'7

Step 3: Determine the slope of each off
segments DE and BC. Remember:
AR
m= -
Xy =X,
2-2
My = -
DI 3
—1 -
=0
TS
2
=0

Mpp = Mpe

=0

Step 4: Determine the length of cach of
segments DE and BC.

Recalld = \/(\3 —7\1)*2:(7‘: t")»

\

dpp = '\/(2 — (- l))2 +(2-2)

SV o 2ay 523
d[)[:: = (E) +() — *i - 2

RN oy P e

[}

. _ 1
Notice d}): = ;c/,ﬂ*
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Since the slope off DE is equal to the slope of BC
and the fength of DE is one-half the length of BC,
itis verified that the segment DE is parallel to and
half the length of BC.

The vertices of a parallelogram are A(=2, 4),

B(2, 1), C(=2, =4).and D(~6, 1). Verify that the
diagonals bisect each other.

Step 11 Draw a sketch to represent the given
information.

Do

1)

The diagonais ot the parallelogram are line
scgments AC and BD.
I the diagonals bisect cach other, then line
scgments AC and BD will have the same midpoint.
Step 20 Determine the coordinates of the midpoint
of 1" and the coordinates of the midpoint of BD.
Substitute appropriate values into the midpoint
formula.

A IR 32
M= ( STy

-4 0
=(=2,0)

2+(=6) - 1+(=1)
My, =1— s ; 3 )

THE KEY Ontario Math 10 Academic

Since line segments AC and BD have the same
midpoint, (=2, 0), the diagonals of
quadrilateral ABCD bisect cach other.

Use the following information to
answer the next question.

Alex is asked to verify that the diagonals of
the quadrilateral with vertices (5, 4), (7, 1),
(=4, =2),and (-2, -5) are equal in length.
He labelled the vertices 4(5, 4), B(7, 1),
C(-4, =2),and D(-2, —5) and made use of
the distance formula
d= «,/(x2 —x;)*+ (v, - v)*. He followed
these steps:

| Alex’s Solution
iStep 1

idAC =dpgp

Step2

V(5 - (-4)) + (4= (-2))°
=A(2=7 (=5 1)

Step 3
V(o) + (2)°
‘Sfép 4
/85 =493

=V(=9)* + (-2)°

33. In which step was Alex’s first error?
A. Step | B. Step2

C. Step3 D. Swep4

34. A line segment has endpoints A(=8, 6) and
B(4, 6). Krystal is asked to verify that a
particular point is on the perpendicular
biscctor of 4B. Which ot the following
points is a possible point that Krystal could
be asked to verity?
A. (-4, 0)

(-2, 14)

B. (14, -4)
C. D. (6, -2)
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35. Three points arc collinear if they are on the Use the jollowing information 1o
same line. Which of the following methods answer the next multipart question.

could not be used in order to determine if 36. In the diagram shown, 4D is parallel

the points A(=9, =2). B(~6, 5). and to BC, and 4B is parallel to CD.

(0, 19) are collinear?

A. Verity that the slope of segment AB is
cqual to the slope of segment BC.

3

B. Vernify that the slope of segment AC is -

cqual to the slope of segment AB. .

C. Verify that the midpoint of line I

segment 4B is equal to the midpoint
of line segment BC.

D. Verity that the distance from point 4
to C is cqual to the distance from
point A to B plus the distance from

point B to C. 1 (2.-9)

| e

Part A

| Open Response |

Algebraically, determine the value of £ in
the diagram.

Show your work.

Class Focus 112 Castle Rock Research



Not tor Reproduction

Part B

| Open Response |

Determine algebraically the valuc of » in
the diagram.

Show your work.

Part C

| Open Response |

Verity that quadrilateral ABCD is a squarc.

Show vour work.
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SOLUTIONS—ANALYTIC GEOMETRY

1. B 10. D 18. 20.6 27. Part A- OR 34. C
2. D 11. Part A- OR 19. A Part B- OR 35. C
3. B Part B- OR 20. C Part C- OR 36. Part A- OR
4. B 12. A 21. B 28. B Part B- OR
5. A 13. D 22. C 29. D Part C- OR
6. 15 14. C 23. 4. 30. D
7. B 15. D 24. C 31. B
8. C 16. C 25. B 32. 2
9. D 17. A 26. A 33. A
B 3. B
In Iv + Bv = 29 substitute 2 for v and =5 for v. If the lines arc parallcl, they must have the same slope.
This gives 24 =35 =29, For =9x + 6y = 10:
Then substitute =5 for v and =2 for y. Add 9x to both sides.
This gives =54 =25 =29, 61 =9x + 10
Now. solve as a system. Divide both sides by 6.
() 24-58= 29 b= 2, 10
5 5 N RS ‘ 6 6
() =S4-28 =29 Reduce fractions.
3 S
Subtract the equations. yEoxd 3
R q— = 5% ’
()2 HA =105 =58 For Ax — 8y = 15:
() x5 =254-10B =145 Subtract Ax from both sides.
29.4 = 87 -8y = —Ax+ 15
d=-3 Divide both sides by —8.
Ax ( 15 )
NSELAR
D : 8 &
. . . . . Thus. the coefficients of x (the stope) must be cqual.
A vertical line can intersect other lines, thus, producing a 3 )
solution to a system of equation. 5 = §
Cross multiply.
24 =24
Solve for A.
A=12
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4.

B

Solve the system.

(hy v+ v =365

(2)3v+21 =925

Subtract the equations.

(1) 2v + 2y = 730(2 x equation(1))

(2y3x+2) =925

—-v=-—195

Solve for v,

X =195

To find 1. substitute 195 for x in one of the equations.
195 + 1 = 365

Subtract 195 from both sides.

=170

Rebecea must replace v with 195 and v with 170 in both
cquations,

A

Solve the system.

() &y +3v = -4]

(2y6n =5y =-9

Add the equations, and solve for x.
(1) % 5 40x + 151 = =205

() x3 18y —15y=-27
S8y = -232

-4

RY

15

To havean infinite number of solutions, the equations must
be equal.
First, =160 =20y = 12 becomes 4y + 53 = =3 by
dividing both sides by —4,
For [2v + Kv = =9_divide both sides by 3 to give
dyu+ '/\*l‘ = -3

3
Now. vou have the same coetficients for v, and the
constant terms are equal. You must also have the
coefticients of v equal.

K _ _
Thus. 3 =72
Multiply both sides by 3.
K =15
B

Itis given that « represents the number of adult tickets
sold and A represents the number of student tickets sold.
It tollows that 7« + 5h = 880 is the equation showing
income from sales and b = 3« is the equation showing the
number of student tickets as three times the number of
adult tickets.
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10.

11.
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C
Steve has a better deal for the first 12 visits.
Both cost the same at 13 visits. The fitness gym that Nocel
uses 15 most cost-effective after 13 visits; therefore, it is
false that Steve’s gym would be the most cost-cltective.
D
Let.v = the number of pens purchased
Let 1 = the number of pencils purchased.
Creatc a system showing the two cases.
(1 2x+81 =520
(2)3x +4y =580
Multiply equation (2) by 2. then subtract the equations
solving for x.
2v+8y =520
oy +8y= 11.60

-4y = -6.40

X =1.60

Thus, one pen costs $1.60.

D

v

x is the length of each of the two equal sides.
1 1s the length of the base.

Create a system showing the two cases.

(H2x+y =71

(2yv=2x-1

Add | and subtract y from both sides.
=2x -y

Thus, the system 1s as shown:

2x+y =71

2v—y =1

Part A — Open Response

Substitute $2 500 for £, 0.042 for r.and 1 for 7.

[ =Prt

[ =3%2500 %0042 x|

1 =35105

Ken will carn $105 in interest at the end of the first ycar
of his investment.
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Part B — Open Response

Loty = the amount of money Ken invested at 4%.

Let v = the amount of money Ken invested at 3.5%.
Change pereentages to decimals.

4% = 0.04 and 3.3% = 0.035

(vt v =06000

(2) 0.04y = 30+ 0.035¢

Lquation (2) can be rewritten as 40x = 30 000 + 35y when
cach term is multiplied by 1 000. Next, subtract 35 from
both sides 1o get equation (2) as 40x = 353 = 30 000.

Lquation (1) and (2) can be solved by using the method ol

climination as shown:

35 % (1)35¢ + 355 = 210 000

i

(2)40x = 35y =30 000
33 x (1) +(2) 75y = 240 000
v =3200

The value of v can be determined by substituting 3 200
for v in equation (1) as tollows:
= 6000
3200+ v = 6000
= 2800
Ken invested $3 200 at 4% and $2 800 at 3.5%.

12. A
A is the pomt (-4, =1).
B is the point (6. 3).
Uise the midpoint formula.
Xty Ty
Myp= I
[—d*6 —1+5
WHEIUEES
M= (1,2)
The midpoint of line segment A8 s (1, 2).
i13. D

Let (v, ,\') be the other endpoint.
Using the midpoint formula:

(\j’ Vo, S+ -3
2 - 2 :
Multiply both sides of cach
cquation by 2.
6b+y =4 S+v=-0

Solve for yv.

=11

Solve tor x.

r==2

The other endpoint is (=2, ~11).
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C

The point (=1, 2} is the midpoint of the line segment with
endpoints that are (¢, —4) and (=7, 5).

The values of @ and b are

fa+(=7) —4+h
(-1, 2)= (43T A
. _ =7 =4+ h
=l =at 5 2= -5
a+(-7)=-2, 4=-4+)
a—-7=-=-2, h=4+4
a=7-2=5 h =y

Hence. the values of ¢ and A arc 5 and &, respectively.

D

The length of linc secgment AB can be caleulated using the
distance formula.

R CRR e

Use (0, 5)as point | and B(=3. 1) as point 2.
d(TB) =N (=3 -0)
AB =9+ 16 =25

AB =5

The length of line segment AB s 5 units.

C

Using the distance formula:

—

Squarc both sides.
25= (1 —a)” + 16
Subtract 16 from both sides.

5
9=(1-a)
Take the square root of both sides.
t3=1—-u
3=l-a =3=1l-u

or
2=-a -4 =—-a

Solve for ¢ in both cases.

“2=a,ord=u

Since distance must be a positive value. one possible
solution for a 1s 4.
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17.

18.

13 (0. 1)

Using Ilu distance tmmu]a

dyp= ((\~()) (X—l)

10 = \‘"(— ) (X - 1) (Note: t/xtb, is 10 as given)

10 = \ w(w (<<—\)
Square both sides.
N
100 =36+ (8 - )"
Subtract 36 from both sides.

64 = (% - vl')z

Take the square root of both sides.
F8=8 -

Solve for v in both cases.
S=8-r =8~

O0=-v or-l6=-yp

0= 16 =y

Point B could be (0,
solutions for y.

0) or (0, 16) using the two possible

20.6
Perimeter of triangle 4A8C = 4B + AC + BC
Use the distance tormula.

d =y =) 7(\7:—}-17)5
JOTB) = V(5 = 3)  + (<2 1)
=V4+9

=13 . S
(TC) = V(=3 =3 4 (=5 - 1)°

=V36 *'?t’w—w/7q

dBC)=V(=3 -5 + (-5 +2)°
= V6d +9 =73

The permmeter of triangle ABC
= d(dB) + d(4C) + d(BC)
SVI3+HVT2+VT3

= 20.6 units
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20.
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A

P
O 8 [RWN
(0. ())I

Letany point on the circumierence of the circle be
Py, 1),

The radius of the circle is OP.

= (()P) = & units

5
(x=0)>+ +(r-0) =
’) ')

Bt T =064

The circlc that has a radius ot & units with its centre located

. . .2 2
at the origin has an equation of v~ + v~ = 64,

C

. L ] )
Recall that the radius of a circle is ~ the diameter. Use

the distance formula to determine the diameter of this
circle.

d= [~ ) Vo’ -y
V{u - (v)z +(h - c/)2

By

Therefore, the radius will be =

2 2 RS ) . X .
Recall that v =+ v7 = 7 s the equation of a circle with
its centre at (0. 0). Substitute the cxpression for the radius
into this cquation.

Vie— )+ -2\
Thus, x +1’: 7"7,7()*,7 (Ld)
2 (1—()27f(/7—(/)2

2 2
Tyt =

Therefore. the equation of this circle could be

_la=) P+ h-a)

YTty

B

In the diagram, the radius of the circle is 6 units. and the
centre of the circle is at (0.0). In order to write the equation
of the circle, substitute 6 for r in the equation

2 2 2
xT+tyT =g

I I 2
Vi)
2 b)
vTH T =36
Thus, the cquation that defines the cirele with centre

ial bl
(0, 0) and a radius of 6 units is x 7+ 7 = 306,
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24.

C

The minmmum length of the required border can be found
by determinimg the circumference of the circle. Recall that
circumference (C) s equal to 227, To solve. you need 1o
know the value ot the radius of the Tower bed. Since the

b hl al

equation v 7+ 7 = 7 represents a circle with centre
(0. 0y and radius #. 1t follows that for the cquation

hl Al
VAT =280

3
rT=2RY
FEV2IRY=17m
Now. substitute 1.7 for 7 in the circumference equation.
C=2ar
¢ =27(1.7)
C=107m
Theretore. the minimum length of the required border
material. to the nearest tenth, is 10.7 m.

4.2

.. . al al al . )
Since the cquation v~ + v~ =77 represents a circle with
centre (0.0) and radius 7.1t follows that:

=108

FENVIS=42
; ) . . L2 - .
Thus. the radius of the ¢ircle x 7+ v~ = I8 is 4.2 units.

C
A

™

7)

To be horizontal. 4 must be (v, =7). It has the
same v-coordinate as the given point B(4, =7). Thus, lor

. 1
theline vy = — x+2, v =-7.
Al
N B
This gives =7 = — + 2.
e D

Subtract 2 from both sides.
|
—9= oy
R}
Multiply both sides by —3.
27 =
Sinee A4 is a horizontal line segment, the distance can be
found by taking the absolute value of the difference of
the v-coordinates.
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d=127-4]
d =23
Thus, the horizontal distance 1s 23 units.

Note: You could also find the distance using the distance
formula.

B
First. find all the midpoints.
=341 —d+a)
Mp= 5T, = (-1, 0)
_[=3+3 =440
M=~ 5 s =(0, -2)

+3 4+0
My = (— : ) = (2,2)
Let these midpoinis be P(=1, 0), Q(0, =2). and R(2,2).
Now, find the distances of PQ. PR.and OR.

— —

7 b

dpp = V(=1 —0)"+ (0= (=2))"
T ol o)

dp = V(17 +27

‘/I’g) V5

(//'Q =224

dpp =V(=1=2)7+(0-2)°
{7 N2

(IPR \/(;3)“ + (_2)

dpp =V13

dl’R 3.6l
/ a7 '" 9

dop = V(0 =2)"+ (=2 -2)°
N2 a2

oy = V(=27 + (=4)

dy V20

d(jR =4.47

Thus. the perimeter is 2.24 + 3.61 + 447 = 10.32
or 10.3 units.
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26. A

J

Forv=2v—-12 the slope mr is 2 (coefticient of v).

. . . . o
Fhus. the slope of A8 (as shown in the diagram) is - ;.

1018 the negative reciprocal of 2.
The equation for 48 can be determined using the point
slope formula,

= m(\ - \'l) o

1
N A

!
V= v+ 2+

! N
VE - vt

The intersection point B can be found by solving the
system invelving the two equations.

=20 - 12
b

= v

Substitute.

- vt+t3I=2v 12

Multiply both sides by 2.
—v+6= 4y -24

6= 3v—-24
J0= Sy
0=

Substitute v = 6-into v = 2x = 12 1o solve for v,

v =2(6)- 12

v =0

Thus. point B (from the diagram) is (6, 0).

Use the distance formula to find the distance form 1 to B.

H 7777’) o b
d =V =0)+(1-0)
(/‘”), = \’(72)_ + |-
7 1B =V
d =224

THE KEY Ontario Math 10 Academic
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Part A — Open Response
The centre of the circle can be tound by determining the
midpoint of the diameter as shown:

AN + ¥, A + v,
m=—_ = " =

IJ‘

Mg =(1,7)

The coordinates of the centre of the circle are (1, 7).

Part B — Open Response

The radius is half the length of the diameter. The length
ofthe diameter can be determined by apply mg the distance
formula as shown:

d = V"J(,\'z - v\'I)z + (_\‘: -1 !)3
dyp = v/(4— (—2))2 + (11 -3)°
Ay = \/((»)3 + (x)2
‘/_.1/; = yi() + 64

d g =Vioo

dyp =10

Since the diameter is 10 units in length, the radios
is 5 units 1n tength,

Part C — Open Responsc
It the point P(=3, 10) is on the cirele. then the distance
from the centre, C.of the circle 10 this point must
be 3 units in length. Verily this by applying the distance
formula as shown:
T - al
(.‘3 - ."1)“

—

o = \e‘/(.\‘2 - .\'I)2 +

dep = a2+ (10-7)°
dep = y(—)? + (3)2

dep =V16+9

‘/( p = V23

dep =5

Since (7 1s 5 units in length. point 72 must be onthe cirele.

B

Aline segment that biseets any side ot a triangle and makes
a right angle at the midpoint is known as the perpendicular
biscctor of that side of the triangle. Thus, line

scgment PT s the perpendicular biseetor of side OR.

Analytic Geometry




29. D

A quadnilateral m which all four sides (both sets of
opposite sidesy are equal in length and opposite sides are
parallel and adjacent sides are perpendicular is called a
square. as shown in the figure. Only in a square will the
diagonats bisect each other at 907

30. D
A
&
P24
4
2 Q0. 1)
R 1.0) :
o\’
2 2 4006

First, check the slopes of all three sides.

wpo=te A
reen -6 —4
. 4-0 4
m ot PR = A () = 3
0-1 -1 1
) ) = = . =
m ot RO oo T 773

The slopes of Q and PR are negative reciprocals.
Thus. there is a right angle at P since PO and PR arc
perpendicular.

Also. check the length (distance) of cach side.

Class Focus
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i el
l//)(\) =V -6y +(4- 1)
/ 2,52
dl’(j =V{-4)"+3
Uy =VE
“’I’Q =5

AT
L/I,R =V3i- +4-
= V3
dpg = V25

(/I’R =5

iy = V16 = (=1 + (1= 0)’

[ )

‘/RQ =NT + 17
(/R() =50
The triangle is also 1sosceles since PO= PR
The triangle is a right angle isosceles triangle.
B
First, (ind the slope of JK.

_o-2=-3 _ 5
m= . 1) 1

4

Thus, the slope of LN must be 2, which is the negative

'

reciprocal of — 1

Let N be the point (0, A\') since N is on the v-axis.
The slope of LN is

rol vl

I'he coordinates of point NV are (0, =3).
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32. 2
Begin by finding the slope of the given linc segment.
Yao
mo= - T =
Ny
_15-7
= -
-3
8
m= ; =4

Since the Hnes are perpendicular to one another, their
respective slopes are negative reciprocals of cach other
(/)11 Xy = —1)4

Therctore, the slope of the line perpendicular to the line

. o]
that passes through the given points is e
Use the slope formula again for the perpendicular line.
Vi
m= - = —
Xy
_ =5-(=0)
no= e
-2—u
~5+6 |
== = e
-2-a =2

Since the slope is g

4
(=2 -a)

=2+y

RSN S E

=ua
The value of « is 2.

W
78]

A

The first error occurs in step 1 because the student is asked
to verity that the diagonals of the quadrilateral are equal

in length. Alex’s solution is attempting to verify that the
opposite sides of the quadrilateral are equal in length.

As shown in the sketch, the diagonals arc line

scgments ) and BC and not AC and BD.

.“
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34. C

Begin by determining the midpoint of line segment 4R
since the perpendicular biscetor will pass through

this point.

voo= [T T wea e+

4B T -

I ’ o] ol ’ b

(5 2]

The perpendicular bisector must be a vertical line passing
through the point (=2, 6). All points on the vertical line
will be equidistant from either endpoint. Therefore,

the x-coordinate of any ordered pair on the perpendicular
biscctor must have a value of —2.

The sketeh shown below illustrates the preceding
statements.

\1.
A(-8.6) ‘o B (4. 6)
v M2 6 1 -
4__
2__
b ——— >
10 -8 6 4 p L 2 4

y -~
On the graph. the only possible point that can be verified
algebraically will be the point (=2, 14). since it will also
be on the line x = =2, which is the perpendicular bisector
of segment 48,
An alternate method is to verity algebraically by applying
the distance formula.
The ordered pair Px, 1) must be cquidistant from cither
endpoint of linc segment A8
Thus,

dn, =d

P P

V= =0 =V = (o

From the given ordered pairs, the only point that satisties

this equation is the point (=2, 14).

Analytic Geometry
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35. C 36. Part A — Open Response
v AD is perpendicular to DO given that 240 = 90°. The
value of & can be determining by making usc of the slope
. 27N
tormula, m = "“——
Ny Xy
. . -9 —1
Slope of 4D = ——~
2o ()

=10
T o6
_ =D
T3
Slope of DC = Ll;{:;)
_k+*9
T
Since AD 1 DC,
3 _k+9 . . BRI
5770 (The negative reciprocal ot PN )

If pomts . B.and € ona line are collinear, then: Cross multiply.

« the slope of segment B is equal to the slope of Sk+45=30

segment BC Sk =—15
+ the distance from point A to € is cqual to the distance k= 3

from point -1 to B plus the distance from point 5 o €
+ the slope of segment AC is equal to the slope of
scgment A8

The value of & 1s =3.

Part B — Open Response

v . .
'A The value of # can be found given that A7) is parallel
¥a to BC and by making usc of the slope formula.
R
~ Slope of AD = —{; as determined above.
K o T=(=3) . )
- Slope of BC = 7_( |7 - sinee k==3
- _ 7"7 +737
B n—12
B 10
B n—12
(‘__f Since AN is parallel to BC'. it follows that
4T SIS U
/) '7:: 3 = 12
C ' L L LT Cross multiply.
A —Sn +60 =30
/8 6 4 2t 2 - :
I 2T —5n= =30

L

. . . - n=0
From the diagram. you can see that the midpoint of line

segment A8 (1) is not equal to the midpoint of line
segment BC ().

The value of 7 = 6.
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Part C - Open Response

Verify that quadrilateral ABCD is a square by showing
that cach side of quadrilateral ABCD is equal in length.
Fhe fength of cach side can be determined by using the
distance formula.

—~ i 717".”.’2
= \(.\2-.\7])7 T(13jjl> 7
dyp= G (‘4»2 +(7 - 1)2 Recall n = 6.
-

*(0)°

= V100 + 36

dp=v(10)

d 18

(/1/)’ =vI36

S s
dp- = V(12 =6)"+ (=3 = 7)" Recall k = 3.
C=V(6)T + (= 10)7

C=N30+ 100

dli(' =136

o R D R
(/(,/) =V -12)+ (-9 - (=3))
diyy = V(=10)" + (-6)
(1’( D =VI100+ 36
1/”) =v136

AT Ty
d = N6)"+(=10)"
(/‘”) = V364 100
(/‘”) =v136

Sineed p=dy = deyy = d 4y quadrilateral ABCDH is

d square.

THE KEY Ontario Math 10 Academic
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1.

Use the following information to
answer the next question.
A System of Linear Equations
4x+2y =20
x=3y=12

The value of v in the solution to the system
is

A, -0 B. -2
C. 6 D. I8

Usce the following information to
answer the next question.

A System of Linear Equations
=3x—4y=-2
Sx+6y=4

The system ot lincar equations shown can
be solved using the elimination method.
To climinate 1 by addition, the first
equation is multiplied by 3. By what value
must the second cquation be multiplied?

A, —4 B. -2

C. 2 D. 4

The valuc of v in the solution to the system
of linecar equations ¥ + v = | and

Sy =2y =—=161s

A3 B. -2

C. 3 D. -7

Class Focus
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4. The solution to the system of linear

. 1
equations ¥ — ;1 = 2
and 3x + 2y — 24 = 0 is obtained by using
the method of substitution. A possible
substitution that could be made to solve this
system is to replace

R e

A, X owith =

P

B. v with | +2x

C. v with [ =2x

o} _ .
D. y with LZB*\

CHALLENGER QUESTION

Numerical Response

Use the following information to
answer the next question.
A System of Linear Equations

Ily=—ax +4
3y =-45x+ 13

5. To the nearest whole number, what is the
value of ¢ if the system has no solutions?__

CHALLENGER QUESTION ]

6. Two numbers have a sum of 80. 1t the
larger number is 10 more than the smaller,
then the smaller number is

A. 30 B. 3 C. 50 D.5

N
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Use the following information to
answer the next multipart question.

7. Crates of oranges have a different mass

depending on the number of oranges in the
crate. A crate contains I8larger oranges,
each with a mass of 0.15 kg.

Part A
Open Response

IT the crate has a mass of 0.50 kg. what is
the total mass of the crate of oranges?

THE KEY Ontario Math 10 Academic
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Part B

Oﬁen Resﬁonse

Set up a system of two linear cquations
involving two variables, and then use this
system to solve the following problem.

A crate of 48 smaller oranges has a total
mass of 6.75 kg. When 12 oranges are
removed, the total mass becomes 5.25 kg.
If each orange has the same mass.
determine the mass of the crate and the
mass of a smaller orange.

Show your work.

The sum of the present ages of Samantha
and Jocelyn is 22 years. In four

years, Samantha will be twice as old as
Jocelyn. If v represents the present age of
Samantha and 1 represents the present age
of Jocelyn, then the system of lincar
equations that could be solved in order to
detcrmine the present age of cach girl is
A, xtr=22and v -2y =4

B. x+v=22andx = 2()' - 4)
C. y+y=22andx =2(y +4)
D.

xX+y

22and2x -y = -4

Unit Test



Use the following information to
answer the next question.

To make a blend of two teas, a store owner
mixed Orange Blossom tea selling

at $6.40 per kilogram with Red Dragon tea
selling at $7.20 per kilogram. The owner
sold 10 kg of the blended tea at $6.72

per kilogram.

9. It x represents the number of kilograms of

Orange Blossom tea used and v represents
the number of kilograms of Red Dragon tea
used. then a system of linear equations that
could be solved in order to determine the
amount of cach type of tea used to make
the blended tea 1s
A, v+t =10

6.40x +7.20v =6.72

B. 0.40x+7.20v =10
Xty =672

C., v+y =10
6.40v +7.20v = 67.20

D. 0.40x+720v =10
6.400 + 7201 = 67.20

Use the jollowing information to
answer the next question.

It

y
101

P W Y R S S G |
LS M S B R B AR SR B Bl

ﬁ
}

10 10

}
T

B

U S T TS

I !
o J5 SN S I S SN GRS SR N |

=10 A

10. The midpoint of line segment AB is
A. (=1, 2) B. (-2,1)

C. (2.1 D. (-1, 1)

Class Focus
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11. The point M(2, 4) is at the midpoint of the
line segment, where A(8, 4) and B(x, \)
The coordinates of point B are
A. (-4, 4) B. (4, -4)

C. (4,9) D. (5, 4)

Use the following information to
answer the next question.
Points C(4.2, —1.9) and D(-3.6, —6.7) are
the endpoints of line segment CD.

12. Which of the following expressions
represents the length of line segment DY

A V(@2+3.6) +((-1.9) - 60.7)’

3

B. V(4.2 - (~1.9)) + ((=3.6) - (6.7))’

[

C. V@2 -(=6.7) +((~1.9) = (=3.6))

D. V@2 -(=3.6)>+((~1.9) = (-6.7))’

13. The distance formula can best be derived
by

A. applying the concept of %

B. applying the Pythagorean thcorem

C. determining how far each of two given

points is from the origin

D. placing two given points on a coordinate
system and then mecasuring the distance

between the two points with a ruler
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CHALLENGER QUESTION

16. Two concentric circles are shown in the

‘ diagram.
Numerical Response v

4. Point A4 is 10 km west of point B, ‘}
point € is 30 km north of point B, and
point 1 is 20 km cast of point C. What is
the distance trom A to D

- A /
(To the nearest tenth)

v

I5. A circle with a centre of (0, 0) and passing
through the point (3, 4) is shown.

" If the smaller circle is defined by the

equation x” + 37 = 9 and the larger circle

/
(3.4) . - . 2 2
1s defined by the equation v~ + v~ = 25,
then the distance from point A4 to point A is

— A. 8 units B. 11 units

C. 16 units D. 34 units

17. A circle has its centre at (0, 0) and a
diameter that is 16 units in length. The
equation that defines this circle is
A, .\‘:+A\': =¥

Another point that this circle will pass
through is

Ao (=5.5) B. (0, 25)
C. (4. -35) D. (-4, -3) B. x +y =16
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18.

CHALLENGER QUESTION

Use the following information to
answer the next question.
The diagram illustrates Mrs. Ruby’s

circular flower bed, sketched on a
Cartesian plane.

1o+

The cquation that defines the outstde edge
of Mrs. Ruby’s flower bed is

o+ A\‘Z = | .44, where the radius is
expressed in metres. So the flowers do not
become root-bound, the minimum arca
allocated to cach flower is 0.09 m?. The
maximum number of flowers Mrs. Ruby
can plant in her flowerbedis .

19.

To the nearest tenth. the vertical distance
between the point (-5, —4) and the line
Qv+ 3v+15=01s

A. 1.0 unmts 2.3 units

B.
C. 33 units D. 5.7 units

Class Focus

CHALLENGER QUESTION

20. If a linc scgment has endpoints at points

C(-5, —4) and D(1, 1). then the equation
ol the perpendicular bisector of the line
scgment CD will be

_ =6 39
A VE STy
5
B. "_6'\_4
—6

C. v~= *S*.\‘ +4

130

21. Part A

| Open Response |

To the ncarest tenth, determine the shortest
distance between point P(=4, &) and point

Show your work.

Part B

[ Open Response |

To the nearest tenth. determinc the shortest
distance between point (=4, 8) and the
line defined by the equation v = 2x + [

how your work.
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Use the following information to
answer the next question.

Jody and Brittany are asked to verify that
AABC with vertices A(=3, 1), B(~1, 5),
and C'(5, 2) is a right triangle with
<ABC =90°. Each student’s partial
solution is shown below:.

Jody’s Partial Solution

Itis given that z4BC = 90°. In order to
verify that AABC is a right triangle, it is
necessary to verify that segments A8
and BC are perpendicular.

Step 1: Slope of
5-1 4
——r = — =2
1= (=3) " 2
2-5

- - =3
Step 2: Slope of BC = S 6
Brittany’s Partial Solution
Itis given that 2z4BC = 90°. In order to
verify that AABC is a right triangle, it is
necessary to show that

(4B)* +(BC)* = (4C)~.

AB =

2

Step 1:4B =(=1 - (=3))7 + (5 1)?
AB =V(2)? + (4)°

AB =20

Step 2:BC = V(5 - (=1))2+ (2  5)2
BC =V(6)’ + (-3)°

BC =45

Step 3:4C = (5 - (=3))2+ (2 - 1)°

THE KEY Ontario Math 10 Academic

22. Which of the tollowing statements is true

with respect to the partial solution obtained

by cach of the two students?

A. Both girls have a correct partial
solution.

B. Both girls have an incorrect partial
solution.

C. Jody has a correct partial solution. and
Brittany has an incorrect partial
solution.

D. Jody has an incorrect partial solution,
and Brittany has a correct partial
solution.

23.

CHALLENGER QUESTION T

Numerical Response

Two of the vertices of AABC are A (6, 5)
and B(8,4). If zABC =90°, then
vertex € could be the ordered pair

(d, =2). Thevalue of dis .

131

24.

In which of the following types of
quadrilaterals do the diagonals not biscct
cach other?

A. Square B. Rectangle

C. Trapezoid D. Parallelogram

. The points P(=4, 0), 00, V48). and

R(4, 0) arc the vertices of triangle POR.
If the length of side PQ is 8 units, then
APOR is

a scalenc triangle

&

an 1sosccles triangle

O

a right angle triangle

=

an equilateral triangle

Unit Test
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26. Which of the following pairs of equations Use the following information to
represents a pair of perpendicular lines? answer the next multipart question.
A vEv—dandy =+ 1 28. The vertices of a quadrilateral are A(7, 6),
4 B(11, 2), C(3, =6), and D(1, 4).
B. v =75vand v = -75x Part A

[ Open Response |

®
1

“3v+T7and v = ——%.\‘ +4
Sketch the quadrilateral on the grid below.

- |
D. v=4y-Sand v = Y +5

h
e —
>

27. The vertices ot a parallelogram arce
A(=4, =2). B(-1, 2), C(8, 6), and
D(6, 2). Which of the following methods
could be used to determine that the
diagonals AC and BD bisect each other?

1111
f

RY

e - 15 I 15

A. Verify that segment AC 15 I

perpendicular to segment BD. :E
B. Verify that segment AC and T

scgment BD have the same midpoint. T
C. Verity that the slope of segment AC 1s 5 EE

cqual to the slope of segment BD. s
D. Verify that the length of segment AC Part B

is cqual to the length of segment BD.

[ Open Response |

Determine the midpoint of cach side of the
quadrilateral.

Show your work.
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Part C

Open Response

Verify that the quadrilateral formed by
Joining the four midpoints is a
parallelogram.

Show your work.

Unit Test

THE KEY Ontario Math 10 Academic 133



Copyright Protected

SOLUTIONS
1. C Part B- OR 14. 424 21. Part A- OR 27. B
2. C 8. A 15. D Part B- OR 28. Part A- OR
3. A 9. C 16. A 22. A Part B- OR
4. D 10. A 17. C 23. 5 Part C- OR
5. 165 1. A 18. 50 24. C
6. B 12. D 19. B 25. D
7. PatA-OR  13. B 20. A 26. D
1. C 5. 165
Solve as a system. In order to have no solution. the lines must be parallel: that
(v +2y =20 is, have the same slope.
(yv=3v=12 For 31 = —45x + 13:
30012y o= - 3o .
(13 2+ 61 =60 IR A 3 [Divide both sides by 3.]
(2yx2 2x-0r=24 v
T Here. the slope is =15.
Forlly = —-ax +4:
r=0 —a 4
v = e + il [Divide both sides by 11}
2. C
(1) —3y=dp==2 Here, the slope 1s o
2y Sv+or= 4 -
' \ Thus, - = =15
(Nx3 —9y =121 =-6 11
To use addition to climinate v, the coefficient of v in —a = =165 [Multiply both sides by 114
cquation (2) must be 12 a =165 [Solve for a.]
This can be obtained by multiplying equation (2) by 2.
6. B
3.A Let x be the larger number.
(y x+y=1 Let v be the smaller number.
(2)3v -2 =~l6 The numbers have a sum of 80,
(1) x3 Sy+35p=5 (Hyx+ v =280
(2) Sy =2v =16 The larger number is 10 more than the smaller.
7v =2 (2),\‘_2\‘+l() ‘ .
. Substitute v + 10 for x in (1).
bl 10+ =380
Simplily.
4. D 2v+ 10 =80
Iv+2y=-24=0 Subtract 10 (rom both sides.
Add 24 and subtract 3x from both sides. 2y =70
2p =24 -3y Solve for y.
Divide both sides by 2. y =35
o243y Thus, the smaller number 1s 35.
)= e
. 24 - 3x R ¢ — v s S
Thus. v could be replaced by '**7*1'\ 7. Part A - Open Response )
- The total mass of the larger oranges is
18 x (.15 = 2.7 kg. Therefore. the total mass of the crate
of oranges is 2.7 + 0.50 + 3.2 ke,
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Part B — Open Response

Let v = the mass of the crate,

Let v = the mass of a smaller orange.
Thus, (1) v + 48y = 6.75
When 12 oranges are removed,
(2) v + 301 =328

36 oranges remain.

and (2) can be solved by using the method
of Llnnmalmn as shown:

(1) vHA8) = 6.75

(2) v +36) =525

(-0 12v=150

v =0.125

Lquations (1)

The value of v can be determined by substituting 0.125
for v in cither equation (1) or (2). Using equation (1) has
the following result:

vHASE =675
VHAR(0.125) = 6.75
vEO =675

=0.75

The mass of the crate is 0.75 kg, and the mass of a smaller
orange is 0,125 kg,

8. A

.+ 1= 22 (the sum of their ages)
Sice v + 4 = Samantha’s age in 4 vears, and

VA= Jocelyn's age in 4 years:

2.ov+4d = 3(‘1‘ + 4)(Samantha is twice as old as Jocelyn
i -4 vears)
Y4 =20+ 8 [Expand. |

v =21 =4 [Subtract 4 and 2y from both sides.]
Thus, the system is as shown:
(Iyx+ 1 =22

(2yv =2y =4

9. C
Create the system.
(1yx+ v =10 (the total weight of the two blends)
(2) 0.40x +7.20v = 67.20 (the total amount of all sales)

10. A
Point . is at (=6, 3).
Point # isat (4, =1).
Use the midpoint formula.

.\‘I+\w 1]+\'2
M= R
_ [0+ S+(=D)
Mg = Do 2
Mg =(12)
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11.

12,

13.

14.

135

A
Using the midpoint formula:
8+ 4+
SR IR
5 Zand = 4

Multiply both cquations by 2.
8+v=4d4and4+ =%

Solve tor v and 1.

VE=-dand v =4

Thus. coordinates of point B are (=4, 4).

D
Usec the distance formula o = \fﬁ( Xy \‘[)3 + (_M - _1‘])2.

Substitute the values from points ("and 1) into the
tormula.

d=V@2 - (=3.6) >+ (= 1.9) -

5

(=6.7))>
B

The distance formula is an application of the Pythagorcan
theorem.

424

Sctup a coordinate system where point B is represented
by the origin.

Then. 4 isat{-10, 0). C is at 0,3
(20, 30).

Find the distance between(= 10, 0) and (20, 30).

Recall that the distance between two points ("AI* _\“) and

0).and D is at

(\’, V. ) 1s given by the formula

d(1D) = (v, =5 )2+ (15 - )2
Usce . 1(—1() 0) as pmm | dlld I)(”(
d(AD) = v(m + 10) (10 —0)°

30) as point 2.

=V(30)° (m) = V900 + 900
= V1800 = 3042

=30 x [.414

=424

The distance between A and 1) is 42.4 km.




The distance between the centre {0, 0) and the point
(3, 4) is the radius of the cirele. Find the length of the
radius using the distance formula.

o = \“‘J(.\‘2 — \'l): + (v\'2 — A\']):
VG- 0) + (4 —0)

=\VO+16=V23=3

I

Since the radius ot the circle is 5 units, the distance from
the centre to any other point on the circle must also

be 3 units.

Determine the distance from the centre to cach of the other
points provided in cach choice.

2

Choice A: For the point (=5, 5): = \/(—5 - ())2 +(5-0)
SV23+23=4S0=70
Choice B: For the point (0, 25): = ‘/(() - ())2 + (25 - ())2
= V0 +625 = V625 =25

[F%3

) . 2 _
Choice C: For the point (4, =5): =V (4-0)"+(-5-0)
=VI6+25=vi =64
Choice D For

(—a—0) + (=3 -0)°

the point (=4,
=yI6+9=y25=5

Since the point {—4. =3) is 5 units from the centre, it is
another point that this circle will pass through.

16. A

2 R . .
“ =~ represents a circle with

centre of (0,0) and radius +, it follows that:

2
Since the equation ¥~ + v

Smaller cirele:
N
T =9

-:V():}

—

Larger eirele:

ta
[
A

ro=

d>=2D

(=)
N

R
. . . . 2

T'hus. the radius of the circles ¥
bl hl

AT+ T =25 are 3and 5 units, respeetively.

Label the diagram as follows:

2
+17=9%and

[

-

(0. 0) B

e
—gﬁi
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As the diagram shows, the distance from point 4 to
point B can be found by adding the two radii together.
Therefore, the distance from point .4 to point B is 8 units
(3+5=38).

C

Since the diameter is twice the length of the radius. the
radius of the cirele is 8 units. In order to write the equation
of the circle, substitute 8 for » in the equation

2 2 2
xT+Hurt=r

2 2 2
T rT=(8)°

2 2
XT+yT =064

Thus, the equation that defines a circle with its centre at

(0. 0) and a diameter of 16 units is T A“Z =64

50

To determine the maximum number of flowers Mrs. Ruby

can plant, first determine the total area of the flower bed.
5

Recall that the arca of a cirele is 4 = 7=, To solve, find

the value of the radius of the flower bed. Since the equation

i bl ) N .
~ =7 represents a circle with a centre of ((), ()) and

p)
AU
R . - N ) il B
a radius r. it follows that for the equationy = + v~ = 1.44:
I
ro=1.44
rE=Vl44=12m

Now. substitute 1.2 for 7 in the area of a circle equation.

5
=gnar-
1=702)
A=144r
5
A=45m"

Since the minimum arca allocated to cach tlower
is 0.09 m2. divide the total area of the flower bed by the

minimum arca of cach flower.
P
45m7

)
0.09 m~
Therefore, the maximum number of ffowers Mrs. Ruby

0

N

can plant in her flower bed 1s 50.
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19. B

B35 4

To be vertical, point A must be (=3, v). It has the
same v-coordinate as the given point (-5, -4).
Thus. for the line 2+ + Jv+15=0,xy=-5
A-5)+3v+15=0

—10+3v+15=90
Iv+5=90
Jv=-5
_ 5
=7
B

Since 4B isa vertical line segment. find the distance using
the distance formula.

The distance is 3 or 2.3 units.

20. A
Using the slope formula, find the slope of €D.
_ -1
mE e
-5~
_ =5
o=
-6
_ >
= 6

. . . -6 .
The stope of the perpendicular biscctor will be . which

D
is the negative reciprocal of o

Find the midpoint of CD.

THE KEY Ontario Math 10 Academic
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i . .o . =0
The perpendicular bisector of €7 has a slope of < and

)

Using the point-slope form. find the cquation of this line.
=y — v N4
m(,\ .\]) ¥

passes through the point (—3‘

-6 3
V= ~?(\-(*2))— 5
3
1 :—g(\""‘Z)—E
= 0123
V= Y5 - 5
Use a common denominator.
=0 24 15
TTTSY T 0 T 0
_ 6,3
U T

Part A — Open Response

The shortest distance from point £ to point Q) is a line
segment and can be determined by applying the distance
formula as shown:

g = V=9 = (=4))°
dpy =V(=5) +(~15)’
dpg = V254225

dpg = V250

dpy = 1581

To the nearest tenth, the distance between point /” and
point Q is 15.8 units.




Part B — Open Response

The shortest distance from point 7 to the line v = 2x + 1
is the Tength of the line segment P, where point Q 1s on
the line v = 2y + | and PQ is perpendicular to the line
p=2v+ 1

The first step is to determine the equation of PQ. The
slope of the dine v = 24 + 1is 2 (the coefticient of v).

. . N .
Theretore. the slope of PO is — 5 (since P s

perpendicular o the line v = 2x + 1), The equation of line
scgment PO can be found by applying the point-slope
formula as shown below.

B NN

\ /n(,\ X 1) A

. [N . .
Substitute =, for m. —4 for ASE and 8 for v.

|
[T Py Y P
|
vE o vt R
o
\ ‘73,\—_1—&
|
PE-sat6

Multiply cach term by 2.
2y = v+ 12
2y =~y + 12
vE2v =02
The next step is to determine the coordinates of point )
by solving the system of lincar equations y = 2x + | and
v+ 2y = 120 Solve this syslem of equations by using the
method of substitution as follows:
(1) =20+
)x+2v =12
Substitute 2x + 1 for v in cquation (2).
V(v 1) =12
CHd 2= 12
Sv+2=12
Sy =10

=9

[he value of v can be determined by substituting 2 for v
i equation ().

(v =2y +1
yo=2(2) 4 1
v =4+
=3

Thus. the coordinates of point Q are (2, 5).
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Finally, determine the distance from point /2 o point ¢J
by using the distance formula as shown:

d= «/(:‘ S ERAIEERE

5 >

AR .
dp =V - (-4)) +(5-%)
dpy =(6)? +(=3)°

‘//’Q =v36+9

‘Ip(_) = V45

d,,Q =6.71

To the nearest tenth. the shortest distance from point 2 to
the line 1 = 23 + 115 6.7 units.
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22,

/\

Inorder to verify that A4BC is a right triangle using the

factthat £4BC = 907 there are two main methods.

Viethod 1 :

Verity that seements 48 and BC are perpendicular by
-

= 1o determine the
Y2

using the slope formula m = -

stopes of line segments 48 and B¢
Step 1: Determine the slope of

31 4

B = S o=

1S (=3) T2

Step 2: Determine the slope of

2.5 -3

="

BC = -

:SJ(;:I) 6 >

} | . .
Note that 2 x ~5 ==1. Since my Xy = ~1 line

segments A8 and BC are perpendicular.

Method 2:

Verily the Pythagorean theorem for this triangle, such that
bl bl bl

(AB) +(BC)™ = (10)"

Use the distance formula o = \/(.\'2 - .\‘!)2 + (A‘j - ,1'])3 to

determine the distance of cach of the line segments.
I
Step 1:AB = V(=1 = (=3))"+ (5~ 1)

3

1B =V(2)7 +(4)°
AB =420

/ ) )

Step 2:BC = V(5 = (=1))" + (2 - 5)
BC =V(6)7 +(=3)"
BC = V45
Step 3040 =VE - (=3)"+ (2 - 1)-

S T
AC = V(&) + (1)
AC = V63
Step 4: Substitute the distance values into

(4B)" + (BC) = (1)
(V20)7 + (v35)° = (v63)*
20+ 45 =65

65 =65
Since the Pythagorean theorem has been verified for this
triangle, it is a right triangle.
Compare the full solutions with the partial student
solutions to see that both girls have a correct partial
solution,
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5

Begin by finding the slope of the given line segment A8,
Yoy

m=- -
Yy =

_d4-5_ —

M= = =

8-06 2

Sinee the line segments 1B and B¢ form a 90" or are
perpendicular to one another. their respective slopes are
negative reciprocals of cach other (m] Xy = - )
Therefore, the slope of the line segment perpendicular to
the line segment 48 is 2.

Usc the slope formula again for the perpendicular line
segment BC.

Yam
m= = — =
oy
_=2-4 -6
m=——— = .
d -8 o~ 8
Since the slope is 2.
—j(’— =2
d-8 7
-6 =2(d - %)
-60=2d-16
10 =24
0
I,)* =d
S=d

The value of  is 5.

The diagonals of parallelograms, rectangles, and squarcs
biscet each ather. In a traperoid. they do not biscel
cach other.
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25. D 27. B

. A sketch of the parallclogram is shown.

b *—p \

o4 R (4.0

Find the length of cach side of the triangle using the
distance formula.

d

PO 8 (given) The diagram shows that the diagonals of the paraliciogram

dpo) = V(0 - 47+ (Vag = 0)° arc line segments AC and BD.

If the diagonals biscet each other, then line segments AC
and BD will have the same midpoint M.

(=]

Ay = V(=4 + (VAY)

RO o Therefore, the procedure in which you must verity that
‘/R(J =VI6+ - segment AC and segment BD have the same midpoint
U could be used to determine if the diagonals bisect
4/1«) = V64
= cach other.
dl\’(j =X
o W )2 . Part A — Open Response
dpp = VE = (=) +(0-0)" = Vod =3 28. Part P P
dpp = 8 (the horizontal distance from P (o R) }\
Thus, all three sides are 8 units long. The triangle is 51
cquilateral. 1
26. D T A(7.6)
For two lines to be perpendicular, their slopes must be T
negative reciprocals of ecach other. D4+
The slopes are negative reciprocals only in choice D 1 B(11.2)
1 III]Illlllllllll-‘_lllllll‘ lIlllAl_L\‘
=4y —Sand v = —-—x+35. Thetw slopes are 4 and H-+ T T T T T
\ v ind 1 he two slopes are s 1 05
! I
+ T
:: ('(3: '())
15
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Part B — Open Response
The midpoint of cach side of the quadrilateral can be
determined by applying the midpoint formula

A + AN oy
M= =

2 2
.1/‘”;:(7;”, (’353,) u/),(,:(”;" ,3’:2(‘(’))
B ()
V=04 M e = (7, =2)
1/(/):(‘311 ,“(’,,2+i1) ‘/,)1:(1*;*77 47;(»)
L O IR N L
Vep =2 -1) My, = (4, 5)

Part C — Open Response

Denote the midpoint of 4B as P, the midpoint of BC

as Q. the midpoint of €7 as R, and the midpoint of DA
as T Inorder to verify that PORT is parallclogram, use

ro

"
Y
parallel to side QR and side RT is parallel to side PQ.

the slope formula m = -7 = — 5 show that side PT s
Xy =X

9

t

_5-4
Mpy = 41-9
b1
}”/)7 - —5 - ‘5
I )
Mo = 53
_—l+2
MoR T 5 4
L1
Mo = -
Since g = Meyp- side PT is parallel to side QR
_5-(-1)
My = 15
S5+
Mrr T S
0,
My =5 70
-2-4
Mpo = 7.9
-6
Hpg = 5T 3

Since gy = Mpo)- side RT is parallel to side PQ.

The opposite sides of quadrilateral PORT are parallcl:
therefore. quadrilateral PORT is a parallelogram.

THE KEY Ontario Math 10 Academic
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Trigonometry
Table of Correlations
Practice Unit Test
Specific Expectation Questions Questions
TR1 Investigating Similarity and Solving Problems Involving Similar Triangles
TR verifi through investigation the properties of similar triangles 1,2 |
TR1.2 describe and compare the concepts of similarity and congruence 3.4 2
TRL.3 solve problems involving similar triangles in realistic situations 5.6,7 3.4
TR2 Solving Problems Involving the Trigonometry of Right Triangles
TR2.1 determine. through investigation the relationship hetween the ratio of two | 8.9 5
sides i a right triangle and the ratio of the two corresponding sides in a
similar vight triangle, and define the sine, cosine, and tangent ratios
TR2.2 determine the measures of the sides and angles in right triangles, using the| 10, 11, 12 6.7.8.9
primary triconometric ratios and the Pythagorean theorem 13
TR2.3 solve problems imvolving the measures of sides and angles in right triangles| 14,15, 16, 10, 11,12,
in real life applications using the primary (rigonometric ratios and the 17. 184, 18b 13. 14a. 14b
Pythagorean theorem.
TR3  Solving Problems Involving the Trigonometry of Acute Triangles _
TR3.1 explore the development of the sine law within acute triangles 19,20 15
TR3.2 explore the development of the cosine law within acute triangles 21,22 16
TR3.3 derermine the measures of sides and angles in acute triangles, using the sine) 23, 24, 25, 17.18.19. 20
law and the cosine law 26,27
TR3.4 solve problems involving the measures of sides and angles in acute triangles| 28a, 28b, 21,22.23,
‘ 29, 30, 31 244, 24b
32

B

]
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TRI.1 verifi, through investigation the
properiies of similar triangles

VERIFYING THE PROPERTIES OF
SIMILAR TRIANGLES

Through investigation, the following properties of
similar triangles can be verified:

3

h

I. Corresponding angles arc equal.
A=Aand B=Band C = ¢’

2. Corresponding sides have proportional lengths.
d h ¢

a o a

~

Triangle ABC is similar to triangle DEF, as shown.
What is the value of 24 — 2C + 2E9

// 7\/5 ( > /-

Since corresponding angles are equal, it follows that
2= 2D 2B =2E and «C = 2I". From the
diagram. 2D =29 = 24, .F =38° = .. and
<B = 113%= 2. Therefore, substitute these
values into 24 — 2C + 2F to get

209 - 387+ 113° = [04°,

THE KEY Ontario Math 10 Academic

. To guarantec that AABC is similar to
ADEF | a student can verity that 24 = 2/1)
and verity that
A, «C = 2F
B. «B+4C=F+ ,F
C. AB is proportional 10 DF

D. BC is proportional to £/

2. Which of the following statements is true
for similar triangles?

A. The measure of corresponding sides
are equat in length,

B. The ratio of corresponding sides are
equal and the measure of
corresponding angles are equal.

C. Similar triangles alwavs have the
same shape and the same sive.

D. The ratio of corresponding sides is
cqual to the ratio of corresponding
angles.

TR1.2 describe and compare the concepts
of similarity and congruence

COMPARING SIMILARITY AND
CONGRUENCE

Two triangles arc congruent if all pairs ol

corresponding sides and angles are equal. That

means the triangles are exactly the same size. but

may have a ditferent orientation.

The sign for congruent is =

There are three methods to veritying congrucney:

[. SSS: Ifall three sides of one triangle are equal
to the corresponding sides of the other triangle.
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. SAS: Ifany two sides and the angle contained
within them is equal to the corresponding sides
and contained angle of the other triangle.

3. ASA: Ifany two angles and the side contained
within them is equal to the corresponding angles
and contained side of the other triangle.

/\ /l\
1 t
s

Prove triangle ABC = ADEF.

Side 4B 1s equalin length to corresponding side EF.
Side AC is equal in length to corresponding

side £ED.

Side BC is cqual in length to corresponding

side DFF.

All three sides of triangle 4BC are equal to the
corresponding sides of triangle DEF.

Theretore. by SSS, AABC = ADEF .

o T

3
7 ¢cm
9 cm

- 9 ¢cm
S¢m

D
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Similar triangles have the same shape, but not
necessarily the same size. Two triangles are similar
if the measures of the corresponding angles arc
equal or if the ratios of the corresponding sides are
equal.

The symbol for similar is ~ .

The diagram below shows how two triangles can be
used to find the width of a river.

B 30m

24m

Determine the length of the river at DE.

2ABC = £CED = 90°

2ACB = 2DCE (Opposite angles are equal.)

If two scts of angles in two triangles arce cqual, then
the third sct must also be equal .

Theretore, all corresponding angles are cqual, so
AABC~ADEC,

Since the triangles are similar, it follows that the
ratio of the corresponding sides must also be cqual.
PE _ CE

AB ~ CB

DE _ 50 m

24 m 30m
_ (24 m)(50 m)

DE = 30m
_1200m

DE = 30m

DE =40 m

The width of the river at DF is 40 m.
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3. What is the length of side Y

26 units 32.3 units

) 05~
3 units 19.5 units
A. 4.0 units B. 4.5 units
C. 5.0 units D. 6.0 units

4. The two given triangles can be described
as congruent because

602

1
T

A. all of their corresponding angles arc
equal

B. they cach contain a 90° angle

C. the sum of the angles in cach triangle
is 180% anglec

D. all of their corresponding angles and
sides are cqual

THE KEY Ontario Math 10 Academic

TR1.3 solve problems invol ving similar
triangles in realistic situations

SOLVING SIMILAR TRIANGLE
PROBLEMS

Similar triangles arc often used (o solve problems in
realistic situations.

To determine the distance from A4 1o B across a lake,
two triangles arc drawn as shown. The following
distances were measured: DE = 412 m,

DC =260m, BC = 1264 m,and CE = 308 m.
Also, 4B is parallel to DE. What is the distance
across the lake to the nearest metre?
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Using properties of geometry, it is given that
AB | DE.

Therefore. lines £ and DB act as transversals
across these parallel lines. This means that
A= 2l and 28 = 2D (which form opposite
interior angles m both cases).

Thus.

<= 2O
A=zl
B =D

It tollows that AABC ~ ALDC,
Draw the two tnangles with the same orientation,
and label with the given distances, as shown.

!

Since AABC ~ AEDC,
BC _ AC _ B
DC T OEC T ED
Substitute the given distances into this equation.
1264m _  AC - AB
2600m  308m 412m
Since all three of these ratios are equal, equate the
126dm _  AB
260m 412 m°

first and last to get

AB = x 41 2m=200295m

Theretore. the distance from point 4 to point B
across the fake 15 2 003 m.
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In the school storage room, a tennis racket
and a ski pole are both [caning against a
wall at the same angle. The length of the
tennis racket 1s 60.0 ¢cm, and it touches the
floor 30.0 cm away from the wall. The ski
pole touches the floor 67.5 ¢cm away from
the wall. What is the length of the ski pole?

A. 135.0c¢cm B. 1240c¢m

C. 37.5c¢m D. 33.8c¢m

Use the following information (o
answer the next question.

The diagram shows shadows cast by a tree
and a statue at the same point in time.

N

U
v, 431‘) \\
F2m: S
\\
> -~
\\\ A‘l‘
' - -
|} 4 my—> 25m

To the nearest tenth of a metre, how tall 1s
the statue?
A. 22 m B. 2.

C. 45m D. [1.7m

N

m
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Numerical Response

7. Two lookout bridges 48 and CD are built
across a pond as shown in the diagram.

Pond I

It bridge A8 1s 30 m in length, then the
length in metres of bridge €D, correct to
one decimal place. is :

TR2.1 determine, through investigation the
relationship between the ratio of two sides
i aright riangle and the ratio of the two
corresponding sides in a similar right
triangle, and define the sine, cosine., and
langent ratios

PRIMARY TRIGONOMETRIC
RATIOS

Through investigation, you can determine the
relationship between the ratios of the lengths of two
sides inaright triangle relative to an angle other than
the right angle. Recall that a right triangle is a
triangle containing a 90° angle. A triangle can be
labelled as follows:

Hypotenuse
Opposite

0

Adjacent

« OPPOSITE is always the side across from the
angle.

« ADJACENT is always the side right next to the
angle.

* HYPOTENUSE is the longest side and is always
across from the 90° angle.

THE KEY Ontario Math 10 Academic

When you compare the lengths of the different sides
of similar right triangles that hold the same acute
angle, investigation will show that the ratios of the
fengths of the three sides will remain the same,
regardless of the right triangles that are chosen. This
Is summarized in the following iltustration:

15 2] / /1

Given the acute angle A it follows that:

© BC_DE_ TG _ 1L _ opposite
AC T AE T AG T 4l hypotenuse

* AR _AD AP A1 adjacent
AC T AE T AG T a1 hypotenuse

© BC _DE _FG _ I _ opposite
AB T AD T AF T Al adjacent

These ratios are known as the primary trigonometric
ratios:

3 : A _ opposite
Sine ratio: sin A = D
hypotenuse
P : _ adjacent
Cosine ratio: cos A4 = SR
hypotenuse
. _ opposite
Tangent ratio: tan 4 = T
- adjacent

To remember these ratios, think of this mnemonic:
SOH CAH TOA.

Write the three primary trigonometric ratios for 0.

)

10
8}
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Begin by labelling the triangle as follows:

() )
10
0 {(hypotenuse)
{adjacenty
8
(opposite)
i = Opposite & 4
hypotenuse 105
adjacent 3
cos () = A MU,
hypotenuse 105
opposite 8 _ <
tanf) = EE P = Yo _—1
adjacent 6 3
. . . 12
8. Inaright triangle. if cos 0 = 13 and
tan () = 1}' - what is the value of sin 07
A S S
K B2
. 12
C. 1 D. —
2
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Use the following information 1o
answer the next guestion.

In the given triangle, tan 72° = 3.1.

I

9. Which of the following ratios 1s equal

to 3.1?

ALY B. *
& a

. b u

¢ u D. h

TR2.2 determine the measures of the sides
and angles in right triangles, using the
primary trigonometric ratios and the
Pvthagorean theorem

DETERMINING THE MEASURES OF
SIDES AND ANGLES IN RIGHT
TRIANGLES

The primary trigonometric ratios and the
Pythagorcan theorem arc mathematical tools that

can be used to determine the value of an unknown
side or angle in a right triangle.

Determine the measure of the indicated angle to the
nearest tenth of a metre.

Om
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Begin by labelling the triangle as follows:

[5m
(Hypotenuse) om

(Opposite)

O

Opposite

sinf) = -
hypotenuse

SOLVING A TRIANGLE

Solving a triangle involves determining all the
unknown sides and angles of a triangle. In order to
solvea triangle. it is common to use the Pythagorcan
theorem, the rule that the sum of the angles in a
triangle equals 180°, and the trigonometric ratios.

Solve the following triangle.

I2¢m

[

Begin by labelling the unknown sides and angles as
foltows:

907+ 337+ () = 180°
) =57°

THE KEY Ontario Math 10 Academic

Next, the length of x can be calculated using the

tangent ratio.

tan () = opposite
‘ adjacent
12
tan 33° = —=
RY
xtan 33° = |2
12
vz
tan 33°
Y = 185cm

The {inal

trigonometric ratio.

Using the Pyvthagorean theorem:
Rl

2 2 2
cT=a -+ b-
) I ki
yoE 1274y
5
\'2: ]22+ - 12
tan 33°

12

—_

n

¥y =220cm

Using the sine ratio:

opposite
hypotenuse
. 12
sin 33° = —
J‘
¥sin33° =12
_ 12
Vo= o
: sin 33

=220cm

sin 6 =

|

5

R B
12 ( tan 33°

|

side, v, can be determined either by using
the Pythagorean theorem or by using a

5
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Use the following information to
answer the next question.

1.7 em

10. What is the length of side v to the nearest

tenth?
A. 8.0cm B. 8.6cm
C. 16.0cm D. 17.2¢m

11. I the hypotenuse of a right triangle
is 90 ¢cm and a second side 15 45 ¢m, then
what is the length of the third side to the
nearest whole number?
A. 78 ¢em B. &0 cm

C. 82¢m D. 85c¢cm

Use the following information to
answer the next question.

9.3 unils
{4.8 units

12. What is the measure of angle p to the
necarest tenth?
A, 1657 B. 25.5°

C. 33.0° D. 51.0°
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CHALLENGER QUESTION

Use the following information to
answer the next question.

A diagram of two right angle triangles
is shown.

/;\

H3m

\

A D (

<+ (3

13. Correct to the nearest tenth. the length in
metres of side 4B is .

TR2.3 solve problems involving the
measures of sides and angles in right
triangles in real life applications using the
primary trigonometric ratios and the
Pythagorean theorem.

SOLVING RIGHT TRIANGLE
PROBLEMS

The primary trigonometric ratios and the
Pythagorean theorem can be used 1o solve problems
involving the measurcs of sides and angles m
real-life applications. When solving these types of
problems, recall thesc key definitions:
« The angle of elevation is up from the horizontal.
. The angle of depression is down from the
horizontal.
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A catwatches a bird in a tree. The bird is at an angle
of elevation of 40° from the cat. If the cat is 7.1 m
from the base of the tree, how high up in the trec is
the bird?

Bird

Cat L]
7.1'm

Ry

7.1

tan 40°

7.1tan 40°

X =60m
The bird is 6.0 m from the ground.

X

Lexiis standing in her yard. She sces a cat sitting
directly west of her. Directly east of her is a dog.
Lexi's eye level is 1.48 m high. To look directly at
where the cat is sitting, she looks down at an angle
ot depression of 30°. To the dog, the angle of
depressionis 25°. How far apart are the cat and dog?

.48 m ~. 148 m

Cat

Dog

y
Y

THE KEY Ontario Math 10 Academic

Notice that v + y at eye level will be the same as
X * v on the ground.
The distance between the cat and dog = x + A

tan 30° = 148
X
NECE
) tan 30°
tan 25° = Li@
.‘.
- 148
tan 25°
distance = x + ¥
R N v 1)
tan 30°  {an 25°
=574 m

The cat and the dog are 5.74 m apart.

Use the following information to
answer the next question.

A telephone pole is kept vertical by two
wires that run from the top of the pole to the
ground as illustrated in the given diagram.
The wire closest to the pole

measures 13.2 m in length and makes an
angle of 36° with the ground. The other
wire measures 15.8 m in length.

I58m
13.2m

Wire 13

Wire

14. Correct to the nearcst degree, what is the
angle between Wire B and the ground?
A. 29 B. 31° C. 45 D. §7°
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Use the following information to
answer the next giestion.
Simon is pitching a tent. Each wall of the

tent 1s 3.5 m long when the centre pole is
crected.

15. What s the width. v, of the tent at 1ts basc,
to the nearest tenth?

A, 24 m B. 2.6m
C. 48m D. 52m
CHALLENGER QUESTION

Use the following information to
answer the next guestion.

Two buildings are 40 m apart, as illustrated
in the given diagram. From a point at the
top of the shorter building, the angle of
elevation to the top of the taller building

is 37°. From the same point, the angle of
depression to the foot of the taller building
18 26°.

— 3 N ————

16. The height of the taller building, v, correct
(o the nearest tenth of a metre, is
A, 328m B. 514m

C. 497 m D. 27.Im
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Use the following information to
answer the next question,
This map shows routes that Marrah often

takes. Every Friday, Marrah goes trom
school to the caté before going home.

Cale P23 km School

20 km

Marrah's house Fann's house

17. What is the total distance from school to
the café to Marrah’s house?
A. [.5km B. 43 km

C. 58km D. 7.9 km
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Use the folloving information 1o Part B
answer the next multipart question.

18. A ladder sits between two trees at a Open Res onse |

point 3.5 m from the base of the first trec.

The ladder makes an angle of 70° with the To the nearest tenth of a metre, what is the
ground when its top is placed against that distance between the bases of the two
tree. If the ladder is turned and its top is trees?

placed against the second tree with the foot
of the ladder remaining in the same
location, the ladder makes an angle of 66°,
as shown in the diagram.

Diagram not to scale

Part A TR3.1 explore the development of the sine
law within acute triangles
Open Response °
What is the length of the ladder to the THE SINE LAW

nearest tenth of a metre?

Any triangle that is not a right angle triangle 1s called
an oblique triangle. 1 all angles in a triangle are
acute. this is called an acute triangle. An acute
triangle is a particular type of oblique triangle. The
primary trigonometric ratios can only be directly
applicd when given a right angle triangle, so a new
procedure necds to be developed when presented
with an acute triangle.
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Consider AABC,

‘"
{

Side BC is opposite angle 4 and can be denoted
bv «. Similarly. side AC can be denoted by b, and
stde 1B can be denoted by C.

In AABC . draw DC perpendicular to 4B in order to
form two right triangles as follows. DC is the
height, /i of AABC.

In AADC: In ABDC':

. 7
sin B = —

. /l
S ’ - 7
/) A

bsin A =hasin B =h

Since the value of 4 is identical for AADC and
ABDC ., bsin A = asin B. The equation

bsin A = asin B can be rewritten as

U

sind o sinB°

If you draw a lin¢ perpendicular to 4 C and follow
i wons fhe cauation — 1 = —S—

the preceding steps, the equation ind  sinC

can be generated.
Combining the derived results gives the cquation
a b

¢ . . .
T —— - This equation is called the
sin -

sinB  sin C

sine law.

The law of sines can be illustrated by examining
cach of the following triangles.

Class Focus
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Since the side measuring x cm is opposite
the 40° angle and the side measuring 12 ¢cm is

. 12 X
opposite the 60° angle, — =
PP S sin 60°  sin40°

14 cm

16 cm

Since the side measuring 14 cm is opposite angle
¢ and the side measuring 16 cm is opposite
14 16

the 857 angle, — =7 = = roeo

rrphe

rem

Recall that the sum of the interior angles of a triangle
is equal to 180°. Therefore, the angle opposite the
side measuring x cm is equal to
50°(180° — 60° — 70°). Since the side
measuring 20 cm is opposite the 707 angle,

x 20
sin 50°  sin 70°°
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Use the following mformation to
answer the next question.

A student drew the diagram shown in order
to derive the law of sines.

A B

19. 11 the student correetly determined that

/
the following equations is correct?

: h . h . .
sin A = . and sin B = o then which of
C

hsin A

A h = ———
\o asin B
B. 5 = Sind
- hsin B

C. hsm B =usin 4

D. hsin 4 =usin B

THE KEY Ontario Math 10 Academic

20. For which of the following triangles can the
65

t1 80 b dt
cquation ——-—= = - —— be used 10
4 sin 50° s x°

determine the measure of angle x?

65 m

D. 63 m
\/

TR3.2 explore the development of the
cosine law within acute triangles

THE CoSsINE LAw

There are acute triangles that can not be solved
directly by using the law of'sines. Once again, a new
proccdure needs to be developed.

Consider AABC.
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INnAABC, draw DC perpendicular to 4B in order to
form two right triangles. Recall that DC is the
height, /i of AABC. Denote side AD by x. It
follows that side DB = ¢ — v,

¢

Apply the Pythagorean theorem to both AADC
ABDC.

InAADC b7 = 3~

InABDC.a~=h >+ (¢ —x)
Substitute h= — v~ for 4% in the equation
at=h (e =)

aCEhT oy + (¢ =x)

and

h) o)

2 i
+h-orb —x"=h".

R
Expand (¢ = x)".

1 ) al bl bl
a =h =yt =2cx+x”
Collect like terms.

SRR R
a - =b +¢ = 2cex

Also. in AADC . cos 4 = % or hcos A = x.

By substituting heos .1 for x in the equation
4= b7+ ¢ =2, the equation
a-=h7+ ¢ =2hceos A can be gencrated. This
cquation is called the law of cosines.

Similar equations can be derived that involve
cos B and cos C:

N

h- =

5

hl hl
a”-+ ¢ =2accos B

S =at+ b= 2abeos C

The law of cosines can be used to find the measure
of'an angle in a triangle when the lengths of all three
sides of the triangle are known. In this case, one of
the following forms of the law of cosines 1s uscful.

h) ) bl
| h=+c¢™ —u
cos A=
2h¢
al bl bl
a - +ce =b"
COS B = ,)**
i
) ) )
¢ a - +h =~
cos =~ — _— —~
2ub

The law of cosines can be illustrated by examining
cach of the tollowing triangles.
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10 cm

Since the side measuring x ¢m is opposite the 50°
angle, x 2= 87+ 107 = 2(8)(10)cos 50°.

7 ¢cm

6 cm { cm

Since the angle mcasuring ¢ is opposite the side

Rl I hi
. 6y =T
measuring 7 cm, cos 0 = —

2(0)(8)
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- Use the folloving information 1o
answer the next question.
2400 172 R -
21. The equation cos v° = 157+20° - L Acute APOR s shown.
2(15)(20) O
applies to which of the following acute ,
triangles?
A.
f3em 17 ¢m
r R
20 cm
B. 20 ¢m 22. Whichot'the following equations correctly
illustrates the law of cosines with respect
to APQOR?Y
VR _ PO
cos P cos R
C. PR _ OR
cos P cosQ
C. (PO)* = (PR) + (OR)
y = 2(PR)OR)cos O
D. 5 ¢m 2 5 e
v D. (OR)"=(0P) +(PR)
< = 2(OPXPR)cos P
\ e
17 wn\\
BN
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TR3.3 determine the measures of sides and
angles in acute triangles, using the sine law
and the cosine law

USING THE SINE AND COSINE LAwsS

The law of sines or the law of cosines can be used
to determine either a missing side length or a
missing angle measure in an acute triangle.

For example. consider the following problems.

Determine the value of x to the nearest tenth.

in the triangle, two sides and an included angle
(S1S) are given: thercfore, directly apply the law of
cosines ¢~ = h™+ 7 = 2abcos A as follows:

Since the side measuring v ¢m is opposite

the 707 angle. write the following:

v =157+ 187 = 2(15)(18)cos 70°

N

VTR 2254324 - 1R4.69

l

5

voo= 36431
= VI6E
v =191

In AABC. 24 = 40°, 2B = 60°, and AC = 18 cm.
Determine the length of side BC o the nearest tenth.
To begin. draw a sketch of the given triangle, and
place the indicated measurements in the appropriate
location.

I8 cm

Class Focus
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Since this is not an SAS situation, apply the law of
SNES Gind ~ sinB sinC”

The side mecasuring 18 ¢cm is opposite the 607 angle,
and side BC is opposite the 40° angle. Thus, write
the following:

_BC 18
sin 40° sin 60°
BC'sin 60° = [8sin 40°
BCsin 60° _ 18sin 40°
sin 60° sin 60°
. 1 8sin 40°
BC= in e0e

BC = 13.4 cm (to the ncarest tenth)

Determine the measure of angle €. to the nearest
tenth, in the triangle shown below.

14 cm 17 cm

15 cm

The lengths of all three sides (S5S) of the triangle
arc given; thercfore, apply the law of cosines

2

i+ —a” -
cos A = ————— as tollows:
2bc

Since the side measuring 14 ¢cm is opposite angle
A, write the following:

177 +15° - 147

0s Y = L ———
cos 2(17)(15)
08 f) = ,?ﬁ():izs—_l%
cos ) = 510
_ a8
cos ) = 510

0 = 51.4° (to the nearest tenth)
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INADEF 2D = 48° FF =27 cm, and

DFE =32 ¢m. Determine the measure of 2/ to the
nearest tenth.

To begin. draw a sketch of the given triangle, and
place the indicated measurements in the appropriate
location.

27 ¢m

) 48 _
! 32 ¢m F

Since this is not an SSS situation, apply the law of
sines as follows:
Since the side measuring 27 em is opposite
the 48% angle and the side measuring 32 cm is
opposite <£, write the following:
27 32
Sin48° " sin £

27sin £ = 32sin 48°

27sin £ _ 32sin 48°

27 T 27
... 32sin48°
sin £ = T

o
[

= 61.7° (to the ncarest tenth)

23. Triangle 4BC has sides mcasuring
I7m, 23 m, and 24 m. Correct to the
ncarest degree, what is the measure ot the
angle opposite the side measuring 23 m?
Ao 357 B, 42° C. 66° D. 72°

THE KEY Ontario Math 10 Academic

Use the following information o
answer the next question.
A student is asked to determine the length
of side x in the given diagram.

24. Which of the following cquations can the
student use in order to solve for the length
of side v?
X 37

sind40  sin 80

B. sin40= 37

C. v =377+ 377 = 2(37)(37)cos (80°)

3774377 = 2(37)(37)cos (40°)

=
I

Use the following information to
answer the next question.

/

120m

t40m

25. To the ncarest degree. what is the measure
of angle M?
A. 84 B. 72° (.

N
s
—
N

36°
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Usce the following information to

TR3.4 solve problems involving the
answer the next guestion. '

measures of sides and angles in acute
triangles

SoLVING PROBLEMS USING THE
SINE AND COSINE LAWS
The law of sines and the law of cosines can be used

to solve problems involving acute triangles.
Here are some problem solving suggestions:

6cm

1. Read the problem carefully. Determine what it
is you arc asked to solve for and what information

26. Correct to the nearest degree, what is the |
you are given.

measure of <87
A, 87° B. 34° 2. If a diagram is not given, draw a sketch to
represent the situation presented in the problem.

¢ 40 D. 42 3. Examine the diagram in order to decide whether
to make use of the law of sines or the law of
CHALLENGER QUESTION cosines.

4. If you are asked to find a “missing” side length,

then apply the law of cosines in a side-angle-side

situation; otherwise, apply the law of sines.

27. 5. If you are asked to find a “missing™ angle

D , measure, apply the law of cosines in a
side-side-side situation; otherwise. apply the law
of sines.

6. Make substitutions into the appropriate formula,
and then use correct algebraic steps to solve for
the unknown value.

38 cm
42 ¢m

7. Check your calculations.

20 8. Write a concluding statement.

b

Correct to the nearest centimetre, what 1s
the perimeter of AABC?
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Some of these problem solving suggestions arc used
in the following four problems.

A radar tracking station locates a fishing boat at a
distance of 3.4 km from the tracking station and a
passenger ferry at a distance of 5.6 km from the
tracking station. From the tracking station, the angle
between the line of sight to the two ships is 86°.
To the nearest tenth, determine the distance between
the two ships.

ety represent the distance between the two ships.

Passenger

ferry

AN

34 km

5.6 km Fishing

boat
Tracking station

Since it is a side-angle-side situation, usc the law of
cosines. Side v is opposite the 86° angle; therefore,
solve for v as follows:

X7 =567+ 3.47 2 2(5.6)(3.4)cos 86°

[}

CT=31.364 11.56 - 2.66
U= 40.26

X = v40.26

vE 6.3

The distance between the fishing boat and the
passenger ferry, to the nearest tenth, is 6.3 kim.

THE KEY Ontarioc Math 10 Academic

e

Two points, 4 and B. are separated by a body of
water. Inorder to find the distance between the two
points, line AC is measured and found to

be 600 m in length. A measuring device is then used
to determine that 2BAC = 49° and 2ACB = 68°.
What s the distance between points A and B to the
nearest tenth?

600 m

Since it is not a side-angle-side situation, make use
of the law of'sines. Side 4B is opposite

the 68° angle, and side 4C (600 mj is

opposite angle B. The measure of 2B is

63°(180° — 49° — 68°). Now. solve for AB as
follows:

_AB 600
sin 68° sin 63°
ABsin 63° = 600sin 68°
ABsin 63° _ 600sin 68°
sin 63° sin 63°

600sin 68°
B = dner

AB = 624.4 (1o the nearest tenth)

The distance between points 4 and B, to the nearest
tenth, 18 624.4 km.
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To display the Stanley Cup, statt at a hockey arcna
roped ofa triangular arca and installed a security
camera. as shown below.

2.0m

The sceurity camera was installed so that it rotated
continuously between the two indicated ropes. To
the nearest tenth. determine the measure of angle 0.
Since it is a side-side-side situation, make usc of the
law of cosines. Angle 7 is opposite the side
measuring 2.3 m. so solve for ¢ as follows:

_(\3+22:_233
cosf) = = ==
2(2.6)(2.2)

() _0.76+4.84-529
s b= - T De
N 11.44
o l) = (1.317
A N

{) = 36.37 (10 the nearest tenth)

To the nearest tenth. the measure of angle 015 56.5°.

During hockey practice, the players performed the
following drill as shown in the given diagram.
Player - passed the puck to player B, who

is 12 maway. Player B redirected the puck at an
angle ot 407 10 player €. Player C then passed the
puck back to player A4 who was standing 9 m away.

Plaver |

9m

|2 m
Player ¢
Plaver B
¢. determine the measure of

To the nearest degre

&

angle /.
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Since it is not a side-side-side situation, make use of’
the law of sines. The side measuring 9 m is opposite
the 40° angle and the side measuring 12 m 1s
opposite angle ). Solve for () as follows:

9 12
sin 40° - sin 6/
9sin ) = [2s1n 40°
9sin # _ 12sin 40
9 9
) 12sin 40°
sinf) = 5
() = 59° (1o the nearest tenth)

The measurc of angle . to the nearest degree. is 59”.
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Part A

Use the following information to mpen ReSponseW
answer the next multipart question.

28. Danny is in a 90 m high watchtower. Lily Tothe nearest metre, how tar is Bryan from
and Bryan are out searching for clues in the base of the watchtower?
regards to the route taken by an escaped
prisoner. Lily radios to Danny that she has
found some evidence and estimates that she
is 350 m from the base of the watchtower.
Danny radios this information to Bryan,
who estimates that from this location, the
angle of elevation to the top of the
watchtower is 20°. Danny estimates that
the angle from Bryan to the base of the
watchtower to Lily is 85°, as shown in the
diagram.

Part B

| Open Response |

Bryan : To the nearest metre, how far apart are
Bryan and Lily?
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Use the follovwing information to
answer the next question.

A power station is situated on a

cliff 4 metres above a river. A surveyor

maps out a triangle across the river with

measurements as indicated in the diagram

shown. From the surveyor’s position at S,

the angle of elevation to the base of the

power station is 65°.
Diagram not o scale SR

- 2 Power station

CHff

29. To the nearest metre. what 1s the height of

the chift, 72?

A. 72 m B. &8I'm

C. 95m D. 12Im
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Use the following information to
answer the next question.
A golf course designer wishes to design a

risk-reward golf hole around a small pond
as shown in the diagram.

Pond

A golfer has two options. He can play
“save-and-shoot” from point 7 to point 4
and then from point 4 to point /4, or he can
play a high-risk shot and attempt to shoot
directly from point 7 to point /.

30. A golfer estimates that the distance from

point 7 to point A is 175 m, the measure
of angle ATH = 45°_ and the mecasure of
angle TAH = 95°. If the golfer’s estimates
are accurate, then the distance from

point 7 to point H. correct to the ncarest
metre, 1S
A. 193 m

C. 265m D.

247 m

271 m
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Lse the follovwing information 1o
answer the next question.

The Royal Caribbean, the Norwegian, and
the Princess cruise ships are moored in the
harbour off George Town, Grand Cayman.
The distance between the Norwegian and

the Princess is 250 m. The angle formed by
the Royal Caribbean, the Princess, and the
Norwegian is 85°, and the angle formed by
the Royal Caribbean, the Norwegian, and

the Princess is 24° as shown in the diagram.

R

R = Royal Caribbean
P = Princess

N = Norwegian

31. Correct to the nearest metre, what is the
distance between the Royal Caribbean and
the Norwegian cruise ships?

A, 237m B. 263m

C. 381Im D. 612m
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CHALLENGER QUESTION N
Use the folloving information 1o
answer the next guestion.

A golf course engineer designs a golf hole
that curves to the right. In golf terms, this
is called a “dog-leg right.” The designer
places four reference points on his sketch of
the hole. One reference point (7) is at the
starting location, one is at each side of the
dog leg (4 and B), and the last point is
where the hole is (G), as shown in the
diagram.

. In the designer’s sketch, distance

1’4 =240 m, distance 78 = 210 m.

2ATB = 10°, 2GAB = 68°, and

<GBA = 84° Correct 1o the nearest metre.,
distance BG is

A. 46m B.

C. 97 m D.

53m

104 m

167
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SOLUTIONS—TRIGONOMETRY
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I. A 8. A 15. C 21. D 28. Part A- OR
2. B 9. B 16. C 22. D Part B- OR
LA 10. C 17. D 23. C 29. A

4. D 11. A 18. Part A- OR 24. C 30. D

5 A 12. B Part B- OR 25. A 31. B

6. B 13. 249 19. D 26. D 32. C

7. 67.5 14. A 20. B 27. 111

A

In similar triangles. corresponding angles are equal, and
the length of corresponding sides are proportional.
IfAABC is similar to ADEF | then 24 = 2D and

20 = 2F which means the remaining angles are also
cqual («B = 2E).

Theretore. by veritying 2C = 217, the two triangles arc
guaranteed to be similar since all corresponding angles
are equal.

Similar triangles have the same shape, but not necessarily
the same size and have the following properties:
I. Corresponding angles are cqual.
24 =z and ¢B = 2B and 2C = 2"
2. Corresponding sides have proportional lengths.
o h e

a b
Therefore. the ratio of corresponding sides are equal and
the measure of corresponding angles arc equal.

A
The two triangles are similar since the corresponding
angles are equal.
3193
1 To20
Ix26 =195 %y

78 = 1950
7R+ 195 =y
4=

Mhe length of side v is 4.0 units.

D

By detinition, two triangles are congruent if all pairs of
corresponding sides and angles are equal. In this casc, all
angles are the same. and two corresponding sides are
marked as equal. so by SAS, the triangles are congruent.
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Draw a diagram for clarity.

Ski pole

¥ Tennis racket
60 ¢cm
67.5c¢m 30 ¢m

Since both triangles are right triangles (perpendicular with

the floor) and have equal angles at the top. the remaining

corresponding angles will also be equal. Thus, the

triangles arc similar.

Thercfore, the ratios of the corresponding sides arce cqual.
X _ 60.0

67.5cm 300

_ 60.0 x 67.5

T 300

x =135

The length of the ski pole s 135.0 cm.

B

The triangles are similar since they are formed using the
shadows created by the same angle of the sun at the same
point in time, and the remaining corresponding angles are
cqual. Theretore. corresponding sides will have equal
ratios.

i

2.4769
The height of the statuc. to the nearest tenth of a metre.
is 2.5 mtall.
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7. 67.5
2ABL = 2CDL | 2BAL = (DCL
Theretore, ALAB is similar to ALCD.
In similar triangles, the length of corresponding sides arc
LB _ 4B
LD~ D"
Solve for €D as follows:

proportional: thus,

Substitute 12 for LB, 27(12 + 15) for LD, and 30 lor AB.

12 _ 30
27 Ch

12%x D =30x27
3027
VIR h

(D =675

The length of bridge €D is 67.5 m,

8. A
Recall the primary trigonomeltry ratio.
adince 12
cos = adjucent. cos )= —
hypotenuse 13
opposite S
tan() = - P.L tanf) = -
adjacent 12

From the given ratios the following triangle can be drawn

(hypotenuse)

13 5
(opposite)
12
(adjacent)
sing = pposite
hypotenuse
sin () = -~
9. B
fan () = Opposite
adjacent

N C
tan 72° =
ol

. ¢
Sinee tan 727 = 3.1 it follows that 3.1 = e

10. C
The angle instde the triangle adjacent to 133° is 47°
because they are supplementary angles
(180° — 133° = 47°),
Theretore,
sind7° = ot = -
hypotenuse X
_ 17
sin 472

v = 15998 em
The length ot side x. to the nearest tenth, is 16.0 cm.
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cand 2ALB = 2CLD.

11. A
Begin by sketching a diagram 1o represent the given
problem.

90 ¢em 3

45 ¢m

o)

To solve. use the Pythagorean theorem T=at+ b .
Substitute 90 for ¢ and 45 for «.
2 2 2
(90)" = (45)" + -
Now, solve for b.
8100 = 2025 + 42

6075 = 12
b =v6073

b= =77942 ¢m
To the nearest centimetre. the length of the third side
is 78 em,

12. B

9.3 units
14.8 units

Using the cosine ratio, determine the angle that represents
2p. The angle is labelled v in the diagram shown.

_adjacent
Cosx = ———
hypotenuse
9.3
cos X = -
14.8

cos v = 0.628378

cos 4(()()28378) =y
x = 51.069°

Since v = 2p_ the measure of angle
51.069° .
=T - =550
5

P=

PO |
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13. 249

Begin by applying the Pythagorean theorem in ABDC as
follows:

(BD) +(CD) = (BC)

Substitute 63 for €' and 65 for BC

(BDY +(63)7 = (65)°

(BD)” + 3969 = 4225

(BD)™ =250

BD =236
BD =16
In AABD. sin 307 = BD
AB
Substitute 16 tor B
. 16
sind) =
S B
ABsi 407 = 16
16
5= .
sin 4

AB = 2489

Correctto the nearest tenth, the length ol side 4B 15 24.9m.

14. A
Let x represent the unknown angle between Wire B and
the ground. Since there are two right triangles in the
diagram. use the smaller right triangle 1o solve for the
vertical distance of the telephone pole. This is needed to
solve for the unknown angle. Let v represent the vertical
distance of the telephone pole.

Wire 4 Wire B
Use the sine ratio to solve for v,

. opposite

s = Pt
hvpotenuse

sin 30 =

o

‘ hl
= 13.2 % sin 367

-

vy =775 m
ise the sine ratio again to solve for x.

—_—

. opposite

sinf) =
hvpotenuse
7.739
158

R A N

Sin ( 158 )~,\

x = 2941

The angle between Wire B and the ground to the nearest

sy =

degree 18 29

Class Focus
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15. C
The tent is made up of two congruent right triangles. Use

. . . o
the cosine ratio to determine the Tength of | v

labelled v, as shown below.

adjacent

cosl) = —
hypotenuse

Q- A‘y
cos47° = ?,g
v =(3.5)(cos 47°)
1= 2387
Since x =2y, v = 2(2.387) = 4.774
The width of the tent at its basc. to the nearest tenth,
1s 4.8 m.

16. C

Represent the distance from the top of the shorter building
to the top of the second building as w.

Thus, v = w + v, To dctermine . usc the tangent ratio.

tan ) = opposite
‘ adjacent
X
tan 26° = ~—
e 40

40 x tan 26° = ¥

X = 19.509

Similarly for w,
tan ) = Opfpo’sirlic
adjacent

W
an 37° = —
tan 37 40
40 % tan 377 = w
w = 30.142
Substitute the values of v and i into the equation
yEw
v 19.509 +30.142
1= 49.651
The height of the taller building. to the nearest tenth,

1549.7 m.
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17. D

Since there is a right angle trom Lynn’s house to school to
the café. determine the acute angle 19°(90° — 71°) inside
the right riangle formed from the café (o the school. To
determine the total distance from school to the café and
then to Marrah™s house, determine the unknow nside v, as
shown below. using the tangent ratio.

Cate 4.3 km School

20 km

Marrah's house Lynn’s house

. _ opposile
tan () = [p e
adjacent

X

tan 19" = -

4.3

43 xtan 19° =

v = 1.5 km to the nearest tenth

The totat distance is caleulated by adding the three
distances that make up the route trom the school to the café
to Marrah’s house.

43km+ 15km+21km=79km

Part A — Open Response

The given diagram can be labelled as shown below.

£

Diagram not to scale
In AUBC the length of the ladder, AC . can be determined
as follows:
BC
AC
Substitute 3.5 for BC.
_ 35
Coac

cos 707 =

cos 707 =

cos 707

3.3

AC X
1c = A2
T cos 707

AC=10.23

The length of the Tadder correct to the nearest tenth

u

s 10.2m.

THE KEY Ontario Math 10 Academic
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20.

21.

22.
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Part B - Open Response
The distance between the bases of the two trees is cqual o
the distance from B to 1. Since B = B + ¢ D.oitis
neeessary to determine the fength ol BC and ().
Since BC = 3.5 m, solve for D using the following
procedure:
In ACDE | cos 66° = (',D
C'F
Substitute 10.23 for CE. since CE = (¢
D
10.23
CD =10.23 x ¢os 667
CD =42 (to the nearest tenth)
Recall that BD = BC + D).
Thus, BD=335+42=77
To the nearcest tenth. the distance between the bases ot the
two trees is 7.7 m.

cos 66° =

D

. /
sm . = !

b implics that & x sin 4 = /; |

. o .
sm B = = implics that a X sin 8= /1.
a

Since the value of /2 s identical in cach equation. it follows
that b X sin 4 = ¢ x sin B or hsin | = asin B.

B
I I. the law of sines states that b
nogeneral, the [aw of sines states tha = . R
= sin sin B
- . . 80 03 o
Thus, in the ratio — = = =" {he 30" angle must be
s 50° s .y

opposite the side measuring 80 m and the v~ angle must
be opposite the side measuring 65 m.

) bl 2
. . . . . _ bt T —y
One form of the law of cosines 1s cos 4 = ),
e
) o Rl
157+ 207~ {7~

The cquation cos x7 = - implies that the

2(15)(20)
side measuring 17 ¢m is opposite to the angle
measuring v,

D
The law of cosines can be represented by the general

bl ol sl
cquation d~ = h~ + ¢ 7 = 2hecos A,
This cquation implies that angle -1 is opposite side «.
In the given triangle, angle R is opposite 20 angle 2 is
opposite R, and angle Q) is opposite PR Thus. the
cquation
(OR)? = (OP)* + (PR = 2(0P)(PR)cos P correctly
represents the law of cosines.

Trigonometry




24.

C
Begin by sketehing triangle ABC and placing the given
measurements in the appropriate location. One possible

sketeh is shown below.

B

23m

17 m

24dm ¢

In the given sketeh, 2.4 is opposite the side
measuring 23 m. Since this 13 a side-side-side situation,
determine the measure of 24 by applying the law of
cosines as follows:
hl bl R
{AB) + (4C) = (BCY
CON o = et
2(ABYAC)
Substitute 17 for 48,24 for 4C, and 23 for BC.

h S b}
177+ 247 - 237

COS A = e e S
2(17)(24)
(= 330
o8 f = o
“ 816
cos A = 04118
A = 65,687

The measure of the angle opposite the side
measuring 23 m. to the nearest degree. is 66°.

In the given triangle. itis a side-angle-side situation, so use
the law of cosines in order to solve for x.
The general form of the law ot cosines is

) bl hl
a”=bh"+ ¢ =2bccos 1. By making the appropriate
substitutions. the equation becomes

V2 =377+ 377 2 2(37)(37)cos (80°).

A

In AZLAMN | it is not a side-side-side situation; therefore,
use the law of sines in order to determine the measure of
angle A as follows:

To begin. determine the measure of angle L since angle
L is opposite side AN

MY LA

sinl osin NV

Substitute 140 tor MN . 120 for LM, and 43° for V.
140 120

sinl. sin43°

120 x sin . = 140 % sin 43°
140 % sin 43

sin L

sin /. =0.795

[ =327

To the nearest degree, the measure of angle M is 849
(1807 =437 = 537),

Class Focus
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D

In A4BC it is not a side-angle-side situation: therefore,
usc the law of sines to determine the measure of 2 B as
follows:

AC _ 4B

sinB  sinC

Substitute 6 for 4AC, 9 for 48, and 877 for (.
69

sin B8 sin87°

9 xsinB =6 %sin&7°

6 x sin 87°

sin B =
9
sin B = 0.6658
B =41.7°

The measure of 25, to the nearest degree. 1s 427

111

In order to determine the perimeter of AABC, find the
length of each of the three sides of the triangle. The length
of'side BC is given, but the lengths of side 4C and 48
must be determined.

L AC
),, M ey y: T =
In ADAC, cos 2DAC D
Substitute 20° for 2DAC and 38 for 4.
cos 20° = %
AC = 38 x ¢cos 20°
A4C = 3571

In AABC, usc the law of cosines to determine AR as
follows:
(AB)* = (4C)? + (BC)Y = 2ACYHBC)eos cACH
Substitute 35.71 for AC, 42 for BC. and 50° for £4CB.
(4B)? = (35.71)% + (42) = 2(35.71)(42)cos 50°
(4B)” = 1 111.07

AB = 3333
The perimeter of AABC | to the nearest centimetre,
is 111 em (42 +35.71 +33.33).
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28. Part A — Open Response

AABC
AC
tan = - =~
B
Substitute 20° for 28 and 90 for AC.
9
tan 207 = ():
B(
BC x tan 207 = 90
90
BC = -~
’ tan 20°

B(C =24727

Brvan N

G
Lih

To the nearest metre, Bryan is 247 m from the base of the
watchtower.

THE KEY Ontario Math 10 Academic

29.
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Part B — Open Response
A

«
Lily

Connect Bto G. In ABCG . make use of the law of cosines
as follows:

W2 a2 2
(BG)™ =(BC)™+(CG)” = 2BONCG)eos 2BCG
Substitute 247.27 for BC. 350 for ¢ . and 85° for
<BCG.

(BG) = 247.277 + 350 - 2(247.27)(350)cos 85
(BG)Y* = 61 142.45 + 122 500 — 15 085.70
(BG) = 168 556.75

BG =168 556.75
BG = 410.56
To the nearest metre. Bryan and Lily are 411 m apart.

A
Begin by determining the distance from point S to
point A4 in ASAB by applying the law of sines as shown:
CSA_sB
sin ¢«SBA - sin 2S48
Substitute 42° for 2SBA. 50 for SB. and 89°
(180° = 49° — 42°) for 28.18.
SA s
sin42° " sin 89°
S4 % sin 89° = 50 x sin 42°
50 x sin 42°
osing9°
S4 = 33.46
Next, solve for # in right triangle S as follows:
PA

8 SA = ——
tan 2PSA <1

Substitute 65° for «<PS4. h for P4 and 33.46 for S41.
h

33.46

h = 33.46 x tan 65°

h =71.76

To the nearest metre, the height of the ¢liff is 72 m.

S4 =

tan 65° =

It

Trigonometry
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30.

D

In AT s notaside-angle-side situatron: therefore.
determine the distance from pomt 7 to point £/ by
applying the Taw ot sines as show:
TH _ Al

sin 2P0 sin 2 HT
Substitute 93 for 2741175 for AT Cand 407
(IS0 =95 =339 for 24T,

T 17s

Tosin 4
TH % sin 40 = 175 x sin 9s
175 x5in 95

sin =40
7= 271.22
The distance from point 7 to poimnt 7/ to the nearest metre.
is 271 m.

NIEA

=

B

In ANPRitis nota side-angle-side situation, so determine
the distance between the Royal Caribbean and the
Nonwegian crutse ships by applying the Taw of sines
as shown:

RN _ NP
sin ZRPN sin 2NRP
Substitute 83 for 2RPN,
230 for NP2 and 7H(180° —

RN _ 230

247~ 85%) for «NRP.

sin 7l
RN xsin 71

230 x s 857

sin 83
= 250 x sin 857

RN = -
sim 71

RN = 206340
I'o the nearest metre. the distance between the Royal
Curibbean and the Norweglan cruise ships is 263 m.

C

I'he given diagram can be labelled as follows:

5

& "

e
W 240 m

e

B
Pond

210m

To begin. determine the distance from point A to
point B, I AATE itisa side-angle-side situation;
therefore. solve for AB by applying the law ol cosines
as shown:

C1B) = (1) + (78)° — 2AT (T B)cos 2ATB
Substitute 240 for 7.0, 210 for T8 . and 107 for 2418,

(1B)7 = 2407 + 2107 = 2(240)(210)cos 107

5

(1B)"
C1B)

0

37600 + 44 100 =99 208,02

it

RIRRE PR
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AB = V243138
AB = 4931
Now. usc AGAB and apply the law of smes morder to
determine the distance BG as follows:

BG B
sin 2G1B  sin AI(]H
Substitute 687 for <GAB, 4931 tor 15 and
287(1R0C — 687 = 849) fore 1GH,

BG _ 4931

T osin 28
BGox s 289 = 49,31 X sin 687
4931 % s1n 687

sin 28
B = 9738

Distance BG . to the nearest metre. is 97 m.

sin 687

BG =

Castle Rock Research
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1. Two different tnangles are shown.

R )
v/

Which of the following equations is
incorrect with respect to AMNP and
ARST?

MN RS
A=
B. % - %’{W
¢ AR AP

2. Which of the following conditions docs
not guarantece that two triangles are
congruent?

A. The measures of the three side lengths
ot the two triangles are the same.

B. The mecasures of the three interior
angles of the two triangles arc the
same.

C. The measures of two of the interior
angles and the side included by them
are the same.

D. The measures of two of the side
lengths and the interior angle included
by them are the same.

Class Focus
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Use the following information to
answer the next question.

Mitchell made a drawing of a poster in the
shape of a right triangle as shown.

12 em 4.7 em

8.5¢m d5 em

(Diagram not to scale)

If one of the sides of the actual poster

is 45 ¢m, what are the actual lengths of the
other two sides of the poster, correct to the
nearest tenth of a centimetre?

A. 26.7 cmand 45 ¢m

B. 48.5cmand51.2 cm
C. 60.5cmand 75.8 cm
D. 63.5cmand 77.8 cm

Numerical Response

A 6 m high vertical pole casts a

shadow 4 m long. The pole is right beside
a building that casts a shadow with a length
of 64 m. The approximate height in metres
of the building is .
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Usc the following information to

Use the follovwing information 1o
answer the next question.

answer the next question.

———— [
138
122 m]/

8. Whatis the length ot p?

A. 82 mm B. 9.1 mm
C. 11.0mm D. 135 mm
5. What trigonometric ratio is represented by :
. _ Numerical Response
L the diagram?

A sin 17° B. ftan 17° Use the following information o
e - answer the next question.
.osin 73° tan 73° . . . .

C. D. A design involving two right triangles
1s shown.
6.
[

21.3 mm

20 cm/4
¥

f

¢ -

3 em —a

What is the length of side «?

A, 134 mm B. 16.6 mm 9. To the nearest tenth, the measure of 20 in

C. 263 mm D. 274 mm the destgn is __ degrees.

7. The length of the hypotenuse of a right
triangle is 30.5 cm. If the length of another
side1s 5.5 cm, what is the length of the third
side of this triangle?

A, 25¢m B. 30c¢m

C. 3lcem D. 36c¢m
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CHALLENGER QUESTION
Use the following information to

answer the next question.

To support a score clock in an arena, two
cables are attached from the ceiling to the
score clock. as shown.

Ceiling

ertical distance —»

Score Clock

10. 11" the vertical distance between the top of
the score clock and the ceiling is 16 m, then

the distance, correct to the nearest tenth of

ametre, between the two cables at the point
where they are attached to the ceiling is
A, 269 m B. 294 m

C. 30.2m D. 349 m

Class Focus
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Use the following information to
answer the next question.

|
B\
¢
Ladder h
3
4
D B 14’

- | Em—»

11. In order to paint a pole, George places a
ladder against it. The toot ot the ladder
is 1.8 maway from the pole, and the top of
the ladder rests against the pole at a
position that is three-quarters up the pole.
Il the ladder is at an angle of 657 to the
ground, what is the actual height of the
pole, to the necarest thousandth?

A. 5193 m B. 5.147m

C. 493Im D. 4903 m
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12.

Use the folloving information to
answer the next question.

When light is reflected offa smooth surface
such as polished glass, the path it follows
can easily be determined.

Almost 2 000 years ago, Hero of Alexandria
concluded that the angle at which light
strikes a mirror (the angle of incidence) is
exactly equal to the angle at which it reflects
(the angle of reflection).

]

30 ¢em

Mirror

I the Tight from a flashlight retlects off a
mirror at a 40° angle and the distance the
light travels to the mirror is 30 cm, then,
rounded to the nearest tenth of a
centimetre, how far is the flashlight from
the mirror?

A. 193 cm B. 23.0cm

C. 252¢m D. 46.7 cm

THE KEY Ontaric Math 10 Academic

CHALLENGER QUESTION

Numerical Response

Use the following information to
answer the next question.

A cellphone transmitter is placed at the top
of a vertical tower. Cables are used to help
support the tower. One end of a cable is
anchored to the ground, and the other end is
attached to an anchor at the top of the tower.
As shown, two supporting cables are
anchored to the ground at points 4 and B,
which are 12 m apart. The angle between
the ground and the cable anchored to
points 4 and B is 62° and 72°, respectively.

XXNA

&

XX

XD

9.

XX

XX

2

XX

XD

XD

XD

X2

A’A

XX

X2

XXX

13. To the necarest metre. the height of the

tower, x, 18

179
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Use the following information to
answer the next multipart question.

14. George built a shelf 50 cm in length. In
order to keep it secure, he built two
supports BE and CD, as shown in the

diagram.
— S0 em
B .
A _l §
Shett
House
wall
L
D
Part A

| Open Response |

If 24DC = 607, what is the length of CD
to the nearest tenth of a centimetre?

Class Focus
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Part B

| Open Response |

If the distance between anchor point A and
anchor point £ is 20 ¢cm, what is the
distance between anchor point D and £ to
the nearest tenth of a centimetre?
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6 X
IS. The equation ——— = —=
e sin48°  sin 62°

which of the following acute triangles?

applies to

A. xcem

60 cm

B.
vem
60 ¢cm
vem
060 ¢m
D.
vem

60 cm

THE KEY Ontario Math 10 Academic

16. For which of the following triangles could

the equation
X7 =457+ 507 - 2(45)(50) cos T8%be
used to determine the length of side x?

A.

45 m

B.
45m S0 m
Y
C. S0m
45m \
78
D.

Use the following information to
answer the next question.

A

B B (

17. It 2BAC =84°. AD=34m, CD =38m,

and AC = 3.5 m, then the measure of
¢BAD, correct to the nearest tenth, 1s
A. 26.1° B. 24.7°

C. 194° D. 17.2°

Unit Test



Use the folloving information 1o
answer the next question.

The diagram illustrates triangle MNP,

where MN =46 cm, NP = 54 cm, and
<MPN = 48°.

16 ¢m

18. Correct to the nearest tenth of'a degree,
what 15 the measure of ZNMP?
A, 71.8° B. 60.7°

C. 524 D. 39.3°

19. In triangle POR, PR = 122 cm,
2R = 38" and «P =74° The length of
stde Q). correct to the nearest tenth of a
centimetre. s
A, 7.8¢m B. 81cm

C. 143 ¢m D. I84cm

Numerical Response

20.

19m v

¢ D

It AB 1s parallel to CD, then what is the
value of x. correct to the nearest metre?

Class Focus
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CHALLENGER QUESTION

Use the folloving information to
answer the next GUCSHON.

An engineer needs to calculate the distance
across a decp canyon. She takes a sighting
from a point 4 and then from a point C,
which are both on the same side of the
canyon, to a point B on the opposite side of
the canyon, as shown in the diagram.

7 Canyonrim

i on Canvan

21. I points A4 and C are 70 m apart, then the
distance across the canvon. correct o the
nearest tenth ot a metre, is
A, 51 9m B. 59.0I'm

C. 60.3m D. 68.7m

182
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Use the follovwing information to
answer the next question.

The game of curling involves throwing
rocks down a sheet of ice toward a
bull’s-eye painted on the ice.

The diagram illustrates a curling rock
rcleased from point 4 and striking a
stationary rock at point B before ending up
at location C.

Legend

Path of
rock f

22. W48 =24 m. BC =85m, and
2ABC = 1157, then what is the distance
from point .4 to point €. correct to the
nearest tenth?

A, 31.2m B. 28.6m

C. 254 m D. 21.8m

THE KEY Ontario Math 10 Academic

Use the folloving information 1o
answer the next question.

From a prison watchtower, there are two
floodlights lighting the prison yard. The
triangular shaded region in the given
diagram represents the section of the prison
yard lit by the two floodlights and has an
area of 2 670 m?.

Flood Tights

Prison watch

tower

19

1

Diagram not 1o scale

23. If 24ACB = 98° and the length of side BC
is 84.51m, then the height. /7. of the shaded
triangle that represents the section of the
prison yard lit by the floodlights. to the
nearest metre, is
A, 84dm B. 80m

C. 48m D. 44m

183 Unit Test
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Use the following information to Part B
answer the next multipart question.

24. An engineer is asked to calculate the [ Open Response |

width, w, of a river. He takes a sighting
from point X and another sighting from What is the width, w. of the river to the
point Y, both on the shore of the same side nearest tenth of a metre?

of the river to a point A on the opposite
shore of the river. The engineer’s
measurements are shown in the diagram.

S ! ———

b el

\ 23—

Part A

| Open Response |

What 1s the measure of 2XAY?

Justity your answer.
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SOLUTIONS
1. D 7. B 13. 58 18. B 24, Part A- OR
2. B 8. D 14. Part A- OR 19. B Part B- OR
3D 9. 25.2 Part B- OR 20. 22
4. 96 10. A 15. C 21. B
5.D I1. B 16. D 22. B
6. B 12. A 17. D 23. C
1. D 3. D
INAMNP and ARST . AMNP is similar to ARSTsince the Since both triangles are right triangles and they have an
angles in AMNP are equal to the angles in ARST . cqual angle at the top. the remaining angle will also be
Thus. the ratios of corresponding sides are cqual. The cqual. The riangles are similar.
correct ratios ai MN RS NP MP i Therefore, the ratios of the corresponding sides are equal.
ctratios are— 0 = = - = : : -
c ‘ NP ST ST RT Label the larger triangle as follows:
MNP
RS RT
S . NP MN :
I'he incorrect ratio o7 = RT could be replaced with the
orrect ratios S = MP NP MN
correctratios o = N . v
S
2. B 12 em 4.7 cm
There are three approaches to verilying congruency:
1. S88: The measures of the three side lengths of two
triangles are the same. 1
2. SAS: The measures of two of the side lengths and the 8.5 ¢m 45 em
interior angle included by them are the same.
3. ASA: The measures of two of the interior angles and (Diagram not to scale)
the side included by them are the same. ] "
ore.if s of oo interior aneles of Ao I2em
Thcwlorc: it the measures ol lh.c three mlmm'anglas of S om %S em
the two triangles are the same. it does not guarantee Demxd45em
congruency. x= Rsem 63.5 cm
M Tem
45 ¢m 8.5¢m
; . X 45 ¢
Lo A Temxdiem o
: 85 cm
The actual lengths of the other two sides of the poster
arc 63.5 ¢cm and 77.8 ¢m.
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N

6m B

4m

o4 m

The triangles are similar since they are formed using the
shadows created by the same angle of the sun at the same
point in time. and the remaining corresponding angles are
cqual. Theretore. corresponding sides will have

cqual ratios.

v 0
04 4
_ 6 x 04
Vo=
4
o= 96m

D

When using 177 as the point of reference, the sides are

labelled ¢+ = adjacent, v = opposite, and « = hypotenuse.

Therefore. the primary trigonometric ratios arc:

. opposite
sinf) =
hypotenuse
B v
sin 17 =
1
adjacent
cos o= -
hypotenuse
- !
cos 177 =
1
opposite
tan /) = U -
adjacent
v
tan 17" =
!

The third angle in the triangle is 737,

(1807 =90 = 177 =73%).

When using 737 as a point of reference. the sides are
Jabelled 1 = opposite, v = adjacent, and « = hypotenuse.

. opposite
sinfl = Pl -
hypotenuse
. !
sin 730 =
1
adjacent
cos{) = -
hypotenuse
1
con 17 =
"

Class Focus

186

Copyright Protected

opposite
tanf) = ] L,,,,,,
adjacent
o !
tan 177 =
v

- . . . I
Thus. the trigonometric ratio represented by s tan 737
A

B

. pposite -

sing = PP _ s
hypotenuse 213

a=(21.3)sin51°)

a=16.6mm

The length of side ¢ is 16.6 mm.

B

Begin with a sketch for clarity.

30.5¢m h

L[]

S5 cm

5 5 5
To solve. use the Pythagorean thecorem ¢ ™ = a~ +h 7
Substitute the value of the hypotenuse. (¢ = 30.5 cm), and
the value of a, (¢ = 5.5 cm) into the equation.
R 2 ol
(30.5)" = (5.5 +h-
Now, solve for 5.
5
930.25 =30.25+hH~
2
900 = h-
h = V900
h=30cm
The length of the third side 1s 30 em.

D
The angle inside the triangle is 427 because of
supplementary angles (180° = 1387 = 42 ).
Theretore,
tan 42° = 9[)?25“9 =12
adjacent P

12
P an 420
p=13.5mm
The length of pois 13.5 mm.
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9. 25.2
Fhe given diagram can be labelled as shown below
I
20 em
?/3
255 ¢em
% D

Apply the Pythagorean theorem to ABCD as follows:
(BOY +(CD) = (BD)*
Substitute 23.5 for BC and 34 for CD.

i hi
+ 347 = (5D)”
030.25 + 1 156 = (BD)°

bl

1 806.25 = (BD)~

vIR06.25 = BD

425=8D
AB
InAABD tan) = —
" T gn
Substitute 20 for 48 and 42.5 for BD.
_ 20
tan f) = 15
o=t 20
() =tan (41‘5)
(= 2520

To the nearest tenth. the measure of 20 is 25.2°.

THE KEY Ontario Math 10 Academic
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Label the diagram as follows:

Ceiling

(‘ah'lc

Score clock

From the diagram., v = v+ 2. Therefore, determine the
values of v and = to determine v, To determine y.ouse the
tangent ratio.

opposite
an g = postie
adjacent
16

16

tan 48°
y=144m
Simtlarly, determine -,
opposite

tan 48° =

tan ) =
adjacent

[

1

tan 52°

-=125m
Substitute these values into v = v + =
y=144m+125m

r=269m

The distance between the two cables is 26.9 m

i1. B
To determine the height of the pole ( £.1). first determine
the distance BC'. Usc the tangent ratio,

pposite
tan ) = (*L.l oSt
adjacent
BC
tan 65° = -
’ 1.8

1.8 X tan 65° = BC
BC = 3860 m
3
Since BC = 1 BA.
4

BA = BC
B = f(x.xoo)
J

BA=5147m
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In the diagram. the distance between the flashlight and the
mirror s the side of a right triangle opposite the 40 angle.

"

*
o
s

Mirror

Smee the hypotenuse of the triangle is 30 em, usce the sine
ratio to determine the distance between the flashlight and
the mirror, Let v equal the distance between the lashlight
and the mirror,

\ .
L = sin 40
RIY

v =sim 40 x 30

r = 193 0m

Theretore, | = 0.643

Al

Multiply both sides of the equation by 30 cm.

JOx300= 30 % 0,643
30

vET928 em = 193 ¢em

58

By looking at the larger triangle. vou can determine that
2APC atthe top 1s 287 and «BPC 15 18°. Let y represent
the distance from the bottom of the transmitter to the
anchor at point /5.

Class Focus
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Now. examine the two tangent ratios that can be formed.

opposite
tan 0 = Ul v

adjacent

o) .

tan 28¢ = By
X

v

tan 18° = —

X

Rearrange the two cquations as follows:
g ]

xtan 28° =12+ v

xtan 18 =y

Substitute xtan 18° fory in the equation

xtan 28° = 12 + v and solve for x.

rtan 28° = 12 + (xtan 187)

vtan 28° — xtan 187 = 2

r{tan 28° —tan 18°) = 12

12
v {an 28° — tan 18°
12
1T 05317 - 0.3249
12
T 0209
v =58m

Part A — Open Response
In A4CD, the length of €D can be determined by the
following procedure:

. AC

sin 60° = on

. 50

sin 60° = D
D % sin 60° = 50

_ 50

sin 607

D =577

To the nearest tenth of a centimetre. the length of €D
15 57.7.
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16.

17.

Part B — Open Response
Inorder to determine the distance between anchor
pomts ) and E. it is neeessary 1o determine the distance
between anchor points 4 and /) as w ell as the distance
between anchor points 4 and £ since 4D = AE + DF.
Stee AE =20 em, solve for AD as shown:
InAACD, apply the Pythagorean theorem,
k) b) R
(D) + (1) = (¢p)*
Suh\'lilulc 57.74 for CD.
(D)7 +50° = 57.74°
(10)" + 2500 =3 33391
(1) = 333391 -2 500
(D))" = 833.9]
A = V3397
AD =

l?

28.9 (1o the nearest tenth)

Note: /) can also be determined as follows:
. AC
tan 607 = :
T D
Substitute 50 for 4.
S
tan 607 = 20
AD
AD X tan 607 = 5()
S0
D= -
tan 60

A0 =289 (1o the nearest tenth)

Recall that 4D = 4E + DI,

Substitute 20 for 4£ and 28.9 for AD.

289 =20+ DE

289 -20= DE

Y= DE

To the nearest tenth, the distance between anchor
points D and £ is 8.9 cm.

C
R :\V -
n 4K sin 62°

measuring 60 cm is opposite to the 48% angle. (The missing
angle measurement is 48°),

. ) 60 . . .
The ratio A% - implics that the side
S

D

In general. the faw of cosines states that
R R

aT=h"+¢
R Rl Rl N S . i

VT =457+ 507 — 2(45)(50) cos 78¢ applics to a triangle

where the side-angle-side situation is given and the 78°

angle is opposite the side measuring .

RS .
© = 2hceos A, Therefore, the equation

D

The measure of 2840 is equal to the measure of 2BAC
minus the measure of 2CAD. The measure of 2B8AC is
given, but it is necessary (o determine the measure of’
<CAD In ACAD  determine the measure of 2CAD by
applying the law of cosines as follows:

THE KEY Ontario Math 10 Academic
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"\ - . (
D 38 m

((/n

Land 3.8 for €D,

cos cCAD = = — =1

cos 2CAD = 27—
cos 2C 4D =0.3937
cos 2 CAD = cos ~
cos 2C'AD = 66.82
To the nearest tenth. the measure of 2C40) is 66.87.

Thus, 2BAD = 84° — 66.8°
<BAD = 17.2¢

10.3937)

B
In AMNP itis nota side-side-side situation: therelore. use
the law of sines to determine the measure of 2NMP as
follows:
NP MN
sin zNMP sin 2MPN
Substitute 54 for NP, 46 tor MN |
54 _ 46
sin ZNMP sin 48°
46 % sin kNMP = 54 x gin 48~
54 % 5in 48°
46 -
sin e NMP = (.8724
ZNMP = sin” ' (0.8724)
2<NMP =60.74

To the nearest tenth, the measure of <NMP is 60,77,

and 48Y for zMPN |

sin zNMP =
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19. B 2. B

Begmn by sketehing triangle POR and placing the given

» The given diagram can be labelled as shown below.
measurements i the appropriate focation.

B Canyon rim
v '
1
} N
Canyon ! Canmvon
H
TDistange
i
:
A i (
_ 1) _ Cansonrim
R i 7 -
12.2¢m )
In APQOR s nota side-angle-side situation: theretore., To b“‘fv'i“‘ dclcrmim“ t_hc '““‘»ﬁ'”‘ ofcither side 45 or CB by
solve for 70 by using the law of sines as follows: zl\pplyllng}hc law ofsines with respect to AJHC. The
. . . ngt . “an be deter :d as :
Observe that PR is opposite 2POR and the measure of U]Yl;,m 1 can ba'duummud s follows
ZPOR = 0% = (180 = 74— 38). AR e
PO . P sin LB( ) ) /51‘1] L:IB(. ‘ ‘
sin 2P RO T un POR Substitute 567 tor 2BCA. 70 for AC. and

_ ‘ Y1807 — 637 — 569) for 2ABC
Substitute 387 tor 2PRO.12.2 {for PR and 687 for o1l 63" =567} for 2ABC.

ZPOR. ;:i‘{’f(,,, - ,,,,,7‘(;’?
R0 . 5
PO 120 ,\m,)_ ‘\in) o
6N 3% sin 68 AB X sin 61 ‘— /(? X sin S0
PO X sin 687 = 12.2 % 5in 38 qp = U2Xsmns6
N T sin 617
b,y - 122 % s 3R -
PO = AB = 6635
s O8 ' N
PO =810 Now, solve for 8/ by x;}l;nnnk
To the nearest tenth. the length of side PO is 8.1 cm. In A4DB, sin 284D = o
Substitute 637 for 2510 and 6635 tor 45,
20. 22 8D
Begin by determining the Iength ot side BC. sin 637 = 6635
o IBC.sin 2 1BC = [’;E BD = 66.35 x sin 63°
. . B . . . B =59.12
Substitute 65 for < ABC and 19 for AC. o
19 The distance across the canvon. B0 to the nearest tenth,
S OS7 = B is 59.1m.
3
. S Note: A similar procedure can be used to determine the
BC X s 63 =19 o ! ) i
length of side BC, and then the sine ratio can be used with
BC = t respect to ABCTH,
SN
BC = 2090 22. B

Since ¢ ABC and 2 DCB are alternate angles, the In AABC, itis a side-angle-side situation. so determine the

measure ol 2 ABC s equal to the measure oft 2 DCB. distance from point . 1o point C by applyving the Taw of

Thus. the measure of 2 DCB is 65°. cosines as shown:

In  BCD_itis not a side-angle-side situation, so use the 2 2 2 . :
. : ) . . AC)” = (AB) + (BC)™ = 2(4AB)BC Yeos 2:1B(
Jaw of sines 1o determine the value of v as follows: (1 ) ( “;)‘ (BC) i (42 )( )W\f ) ,
\ BC Substitute 24 for AR, 8.5 for BC . and 1157 for 2. 15C.
’ = - 2 2 ) ~ .
sin 2 DCB sin 2 CDB (4C)7 =247+ 857 = 2024)(8.5)cos (1159)
Substitute 2096 for BC. 657 for 2 DCB, and (“1(,)2 = 57647225 + 17743
01 (1807 =65 = 347) for 2 CDB. 5 4
. 2096 (1C)" = 820.68
Si6s T sinol’ AC = V820,68
vXosin 6l = 2096 %X sin 65 AC = 28.648
296 % sin 63 The distance from point - to point €. 1o the ncarest tenth,
v 1s 28.6 m.

ISTIRAY!
=212

The value of v, to the nearest metre, 1s 22 m.
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23.

24,

C
Begin by determining the distance from point . to
point ¢ in the right triangle F4C as follows:
o, FC
tan </ 1C = (,
A
Substitute 197 for 2£4¢ and 21 for FC
AC X an 190 = 0]
21
an o=~
1

2l

tan 19
ACT =609y
Next, determine the distance from point 4 to point B in
AACE by applying the law of cosines as show n:

Al ) )
(UB) = (1O + (B = 2ACHBC)cos2 1CB
Substitute 60.99 for 4C, 8451 for BC and 98¢ for
2 ACB.

> 5 k
(1B)7 = (60.99)7 + (84.51)° - 2(60.99)(84.51)cos98®

)
(AB) = 31978+ 7 14194 + | 13467
(15)7 = 1229639
(5= 110.89
Recall that the area of a triangle is given by the formula
_ bh
=
Thus. for AABC .
A58 %/
v

1

{

ALBC =

Substituice 2 070 for the arca of ALBC and 110.89 tor AB.

N m).x:) x
THORY X f = 2670 x 2
2670 x 2
110.89
=48 16

The height, i, of the shaded triangle., to the nearest metre.

Is 48 m.

Part A — Open Response

The suny of the measures of the three interior angles of'a
triangle s equal to 1807,

Thus, 2V + 2} + Y4V = 180

Substitute 407 for 2.\ and 54° for 2V,

40+ 540+ XY = 1807

OO+ 2\ ) = 1807

2XAY = 1807 = 1007

The measure of 2X1 is 807,

THE KEY Ontario Math 10 Academic
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Part B — Open Response

The given diagram can be Tabelled us shown:

River

For AXAY “apply the Taw of sines as follows:
A

SinZNAY T sin 2 XY

Substitute 250 for V. 807 for 2\ 1Y . and 347 for XY,
250 Y

sin80° T sin 4

AX X 5in 80 = 250 x in 54

250 % sin 54
s'i'n {07

AX = 20537

AV =

. . . . . . Al
AABX s avight angle triangle: therefore. sin 2\ = o
Substitute 46° for 2X_w for 1B and 20537 tor A\

; 2 M
AT 537

w = 20537 x sind6
w= 147,73

The width of the river to the nearest tenth is 147.7 m.

Note: an alternate solution is shown:

mAYAy, - o= H
Tsin Y PRRY!
250y
S 80° T sin 46°

AY X s 807 = 230 % sin 46
250 x sin 467

Vo=
! sin 07
AY = 18261
. . AB
In AddBY  sin 2z} = e
insqc =
T 182.61

W= 182,61 % sin 347
w= 14773
w=1477m




192



e
il

\\w{‘\‘\ﬁ“

op
-
g
»
(D
W
75
O
-
—
(D
w
ﬁ
7

i

IR
i

b ‘\‘J\“,\‘:\".“‘n e

. i
.

N




TEST PREPARATION AND TEST-TAKING
SKILLS

Things to Consider When Taking a Test

* It is normal to feel anxious before you write a test. ' You can manage this anxicty

by:
o thinking positive thoughts. Visual imagery is a helpful technique to try.
o

making a conscious effort to relax by taking scveral slow, controlled, deep
breaths. Concentrate on the air going in and out of your body.

Before you begin the test, ask questions if you arc unsure of anything.

Jot down key words or phrases from any oral dircctions.

Look over the entire test to assess the number and kinds of questions on the test.
Read cach question closely and reread it necessary.

Pay close attention to key vocabulary words. Sometimes these are bolded or
italicized, and they are usually important words in the question.

Mark your answers on your answer sheet carefully. If you wish to change an

Copynight Protected

answer, crasc the mark completely and then ensure your final answer is darker than

the one you have crascd.

On the test booklet, use highlighting to note directions, key words, and vocabulary
that you find confusing or that arc important to answering the question.
Double-check to make sure you have answered everything betore handing in your
test.

When taking tests, the casy words arc often overlooked. Failure to pay close attention to
these words can result in an incorrect answer. One way to avoid this is to be aware of
these words and to underline, circle, or highlight these words while you arc taking the
test.

Even though some words are casy to understand. they can change the meaning of the
entire question, so it is important that you pay attention to them. Here are some
examples.

all | always most likely probably best not

L:differencc ‘ usually except most unlikely likely

Example

1. Which of the following equations is not correct?
Ao 3+2=5
B. 4-3=1
C. 5x4=15
D. 6x3=1I8
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Helpful Strategies for Ans wering Multiple-Choice Questions

A multiple-choice question provides some information for you to consider and then asks
you to selecta response from four choices. Fach question has one correct answer.
T'he other answers are distractors, which are incorrect.

Below are some strategies to help you when answering multiple-choice questions.

* Quickly skim through the entire test. Find out how many questions there are and
plan your time accordingly.

Read and rercad questions carefully. Underline key words and try to think of an
answer before looking at the choices.

[{'there is a graphic. look at the graphic, read the question, and go back to the

graphic. Then, you may want to underline the important information from the

question.

* Caretully read the choices. Read the question first and then each answer that goes
with it.

* When choosing an answer, try to eliminate those choices that arc clearly wrong or

do not make sense.

* Some questions may ask you to sclect the best answer. These questions will
always include words like best, most appropriate, or most likely. All of the
answers will be correct to some degree. but one of the choices will be better than
the others in some way. Carefully read all four choices before choosing the answer
vou think is the best.

* If'you do not know the answer or if the question does not make sense o you, it is
better to guess than to leave it blank.

* Do not spend too much time on any one question. Make a mark (*) beside a
difficult question and come back to it. If you are leaving a question to come back
to later, make sure you also leave the space on the answer sheet.

* Remember to go back to the difficult questions at the end of the test; sometimes
clues are given throughout the test that will provide you with answers.

* Note any negative words like no or not and be sure your choice fits the question.
* Betore changing an answer, be sure you have a very good reason to do so.

* Do not ook for patterns on your answer sheet.
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Helpful Strategies for Answering Open-Response Questions

A writien response requires you to respond to a question or directive such as explain.
predict. list. desceribe. show yvour work. solve. or calculate. In preparing tor open-
response tasks vou mav wish to:

Read and rercad the question carefully:

Recognize and pay close attention to directing words such as explain. show vour
work. and desceribe.

Underline key words and phrases that indicate what is required i your answer.

Write down rough, point-form notes regarding the information vou want to include
IN YOUr answer.

Think about what vou want to sav and organize information and ideas n a coherent
and concise manner within the time limit you have for the gquestion.

Be sure to answer every part of the question that s asked.

Include as much information as vou can when you are asked to explain vour
thinking.

Include a picture or diagram if 1t will help to explam vour thinking.

Try 1o put vour final answer 1o a problem i a complete sentence to be sure itis
reasonable.

Rercad your response to ensure vou have answered the question.
Think: does vour answer make sense
Listen: docs it sound right?

Use appropriate subject vocabulary and terms in your response.

Copvireint Protected
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About Mathematics Tests

What You Need to Know about Mathematics Tests ‘
To do well on a mathematics test, you need to understand.and apply your knowledge of
mathematical concepts. Reading skills can also make a dlffere}]cc in how well you N
perform. Reading skills can help you follow instructions and find key wor.ds, a:s well a§
read graphs, diagrams, and tables. They can also help you solve mathematics problems.

Mathematics tests usually have two types of questions: questions that ask for
understanding of mathematics ideas and questions that test how well you can solve

mathematics problems.

How You Can Prepare for the Mathematics Test
Below are some strategies that are particular to preparing for and writing mathematics

tests.

Know how to use your calculator and, if it is allowed, use your own
for the test.

Note-taking is a good way 1o review and study important information from your
class notes and textbook.

Sketch a picture of the problem, procedure, or term. Drawing is helptul for
lcarning and remembering concepts.

« Check your answer to practice questions by working backward to the beginning.
You can find the beginning by going step-by-step in reversc order.

« When answering questions with graphics (pictures, diagrams, tables, or graphs),
read the test question carefully.

o Read the title of the graphic and any key words.

o Read the test question carcfully to figure out what information you need to
find in the graphic.

o Go back to the graphic to find the information you need.

« Decide which operation is needed.

Always pay close attention when pressing the keys on your calculator. Repeat the
procedure a second time to be sure you pressed the correct keys.
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,,,,, TEST PREPARATION COUNTDOWN

There is Tittle doubt that if you develop a plan for studying and test
preparation, you will perform well on tests.

<<\xx<'\[‘

Below is a general plan to follow seven days before you write a test.

Countdown: 7 Davs bhefore the Test

I.

3.

Usc “Finding Out About the Test™ to help you make your own personal test
preparation plan,

Review the following information:
+ arcas to be included on the test

+ types of test items

+ genceral and specifie test tips

Start preparing tor the test at least 7 days before the test. Develop your test
preparation plan and sct time aside to prepare and study.

Countdown: 6, 5, 4, 3, 2 Days before the Test

1.
2.

>

N A

Review old homework assignments, quizzes, and tests.

Rework problems on quizzes and tests to make sure you still know how to solve
them,

Correct any errors made on quizzes and tests.
Review key coneepts. processes, formulas, and vocabulary.

Create practice test questions for yourself and then answer them. Work out many
sample problems.

Countdown: The Night before the Test

1. The night before the test is for final preparation, which includes reviewing and
gathering material needed for the test before going to bed.

2. Most important is getting a good night’s rest and knowing you have done everything
possible to do well on the test.

Test Day

1. Eata hecalthy and nutritious breakfast.

2. Ensure vou have all the necessary materials.

3. Think positive thoughts: I can do this.” “lTam rcady.” I know I can do well.”

4. Arrive at vour school carly so you are not rushing, which can cause you anxicty and

SUess.

{
L

‘opvright Protected
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SUMMARY oOF How 10 BE SUCCESSFuL DURING THE TEST

The following are some strategics you may find uscful for WTIting your test,

Take two or three deep breaths to help you relax.

Read the directions carcfully and underline, circle, or highlight any important
words.

Survey the entire test to understand what you will need to do.
Budget your time.

Begin with an easy question or a question you know you can answer correctly
rather than following the numerical question order of the test.

II'vou cannot remember how to answer a question, try repeating the deep breathing

and physical relaxation activitics first. Then, move to visualization and positive

self-talk to get you going.

Write down anything you remember about the subject on the reverse side of vour
test paper. This activity sometimes helps you to remind yoursclf that you do know

something and you are capable of writing the test.

Look over your test when you have finished and double-check your answers to be

sure you did not forget anything.

THE KEY Ontario Math 10 Academic 199
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Practice
TEST

Practice Tests

Table of Correlations
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. . Practice Practice
Specific Expectation Test 1 Test 2
QR1  Investigating the Basic Properties of Quadratic Relations
QR collect data that can be represented as a quadratic relation, from | 1
experiments using appropriate cquipment and technology or from
secondary sources © graph the data and draw a curve of best fit, if’
appropriate. with or without the use of techinology
QRUY.2 determine, through investigation with and without the use of technology, 2 2
. . bl
that a quadratic relation of the form v =ax™ +hx +c(a #0) can be
graphically represented as a parabola, and that the table of values vields a
constant second difference
QRL3 identify the kev features of a graph of a parabola, and use the appropriate| 3 3
terminology to deseribe them
QRS compare, trough investigation using technology, the features of the graph| 4 4
— - . _ iy . . . .
of v =xTand the graphof'y =27, and determine the meaning of a negative
exponent and of Zero as an exponent
- - _ 2 . .
QR2 Relating the Graph of y = x 7 and Its Transformations
QR2.Y identifv, through mvestigation using technology, the effect on the graph of | 5 3
5
V= X7 of transformations by considering separately cach
parameter a. o and k
I
QR2.2 explain the roles of a, . and k in v = a(x —h )" +k. using the appropriate| © 0
terminology to describe the transformations, and identifv the vertex and the
cqiation of the axis of symmetry
. 2 , 7 7
QR2.3 skerch, by hand. the graph of v =a(x —h )" +k by applving /
5
transformations to the graph of v = x~
. . . . 2 . . 8 8
QR2.4 derermine the equation, in the form y =a(x =h )" +k, of a given graph of ‘
a parabola
QR3  Solving Quadratic Equations
QRA3.1 cxpand and simplify second-degree polvnomial expressions using a variely| 9 9
of tools and strategies
QR3.2 fuctor polvnomial expressions involving conimon factors, trinomials, and | 10 10
differences of squares using a variety of tools and strategies B
QRA3.3 determine, through investigation, and describe the connection between thel 11 11
fuctors of a quadratic expression and the x-intercepts of the graph of the
corresponding quadratic relation, expressed in
the form v =afx —r)(x —v) |
QR3.4 interpret veal and non-real roots of quadratic equations, through 12 12
imvestigation using graphing technology, and relate the roots to
the x-intercepis of the corresponding relations |
A 2 ‘ . - 2 ik ; 13 13
QR3.5 cxpress v =ax™ +hy +cinthe form y =afx =h ) +k by completing the| - -
square in situations involving no fractions, using a varicty of tools
QR3.6 sketch or graph a quadratic relation whose equation is given in the form 14 14
K .
VS avT Fhy F o using a variety of methods ]
QR3.8 solve quadratic equations that have real roots, using a varietv of methods 15.16.17 15.41a.41b,
4ic.41d B
QR4 Solving Problems Involving Quadratic Relations .
QR4 determine the =eros and the maximum or minimum value of a quadratic [ 16
‘ relation fronn its graph or from its defining equation

Practice Tests 202
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. . Practice Practice
7 Specific Expectation Test 1 Test 2
QRA.2 solve problems arising from a realistic situation represented by a graph or] 19, 31a. 171819
an cquation of a quadratic relation, with and without the use of iechnology.! 31y 41¢
7 41d
AGIL1  Using Lincar Systems to Solve Problems
AGLEsolve systems of two linear equations involving two variables. using the 20,21 20,21
alechraic method of substitution or elimination
AGL2 solve praoblems that arise from realistic situations described in vwords or 22 424,426 0 22,23
represented by linear svstems of two equations imvolving nwo variables, by
choosing an appropriate algebraic or graphical method
AG2  Solving Problems Involving Propertics of Line Segments
AG2. develop the formula for the midpoint of a line segment, and use this formulay 23 AN}
1o solve problems
TAGL.2 develop the formula for the length of a line segment, and use this formula | 24 oS |
10 solve problems
AG2L.3 develop the equation for a circle with centre (0, 0) and radius . by applvingy 235 20
the formula for the length of a line segment;
AGLA determine the radius of a circle with centre (0, 0), given its equation: write| 26 27
the cquation of a circle with centre (0.0), given the radius; and sketeh the
g N ;
circle, given the equation in the formx™ 4y~ =5~
AGLS solve problems involving the stope, length. and midpoint of a line segment. | 27,28 28,29
AG3  Using Analytic Geometry to Verify Geometric Properties
AG3.2 verifyv. using algebraic technigues and analvtic geometry, some 29 30
characteristics of geometric figures |
LAG3.3 plan and implement a multi-step strategy that wses analvtic geomeny and 1 30 42a.42b,
: aleehraic techiigues (o verify a geometric property L 42¢.42d ‘
‘ B
TR1 Investigating Similarity and Solving Problems Involving Similar Triangles
‘ -
I TRL.3 solve problems involving similar triangles in realistic situations 31,32 P332 J
| i 1 — —_
| ot
ITR2  Solving Problems Involving the Trigonometry of Right Triangles
- : : : — - 5 T I )
IR2.2 determine the measures of the sides and angles i right triangles, using the) 33,34 I 33
primary irigonometric ratios and the Pvihagorean theorem |
'TR2.3 solve problems involving the measures of sides and angles in right triangles| 35,36, 37 Po43u43b
| in real life applications using the primary trigonometric ratios and the |
‘ Pyihagorean theorent. e
TR3  Solving Problems Involving the Trigonometry of Acute Triangles
R _
TRA3.1 cxplore the development of the sine law within acute triangles IERES 34 \
N ! } -
[ ) : - ; ; ; T \" N I 2z
TR3.2 cxplore the development of the cosine law within acute riangleys 39 | 35
TR3.3 deicrmine the measures of sides und angles in acute triangles, using the sine| 40 D30, 37
; . : |
v and the cosine law S S
TR3A solve problems involving the measures of sides and angles inacuie triangles| 43a. 43b ‘ 38,39, 40
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Practice Test 1

A model rocket was launched from a

platform, and its height, A, in metres,

above the ground with respect to

time, £, in seconds was recorded.

The data obtained is shown in the table.

Time
0O 1 3 8 14 20 25

(s) | H

HZE?“ 3 148 410 890 1140 1025700

Which of the following graphs could

represent the data shown in the table?
A

A
e
z
A Ty /
Time (se¢)
B. |
=
=
g —
Fime (secy
C i
" 4
el
=
" /
Fime (see)
D. ¢«

Height (m)

Time (see)

Practice Tests

2. Which of the following quadratic
function has a corresponding graph
that opens downward and has a
second difference of -8.47

F. y=84x*-84
G. y=-84x°+5
H. y=42x°-84

J. y=-42x%+5

3. The partiai graph of a parabola
is shown.

Which of the following statements

about the graph of the parabola shown

is correct?

A. The y-interceptis A, and the zeros
occur at Band C.

B. The y-interceptis B, and the zeros
occur at A and C.

C. The coordinates of the vertex are
(1, 2), and the zeros occur at A and
B.

D. The coordinates of the vertex are
(-1, 2), and the zeros occur at A
and B.
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4. A partial table of values for the graph
of y=2%is shown.
X -3 0 3
y a b c

What are the respective values
of a, b, and ¢?

F. -6,0,and 6
G. -8,0,and 6
1
H. -, 1, and 6
5 an
J ! 1, and 8
s g

5. Two different quadratic functions are
defined by the equations

A(x) = 3(x- h)?>-7 and
g(x) = =3(x— h)? + 7, respectively.

If the value of A is the same for each
equation, then the graph of each
function will have the same

A. range B. vertex

C. y-intercepts D. axis of
symmetry

6. The vertex of the parabola defined by
the equation y = -3(x-2)*+5is
located at the ordered pair

F. (5, -2) G. (2, -5
H. (2, 5) J. (-2, 5)
Page 207

7. The following four transformations are

applied, in the given order, to the graph

of y= x%

- a reflection about the x-axis

« a vertical stretch about the x-axis
by a factor of 3

« a horizontal translation 2 units to
the right

» a vertical translation 4 units
downward

Point (3, 9) on the graph of y = x°
becomes point (a, b) on the
transformed graph. What are the
values of a and b?

A.a=5and b=-23

B. a=5and b= -31
C.a=1and b= -23
D.a=1and b= -31

8. The graph of a parabola is shown.

What is the equation of the given
parabola?

F. y=4(x+4)"+1
G. y=4(x+4)? -1
H. y=-4(x—-4)%+1

J. y=—4(x+4)° -1

Go On
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12. Two equations are given.

9. The expanded form of the expression

i
A m?+ 523/77”_ 2
B. m?+ %mn+ g;
C. /772-—2—,77,74r 552
D. m” - gmn_g;

10. The expression x + 3 is not a factor of
F. x?+3x

G. x°-9
H. x°+6x+9
J. x?+13x-30

11. A factored form of a polynomial

function that has zeros of % and -6 is

Practice Tests

13.
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x*+4=0()
x?—2x+3=0 (i)

Which of the following statements
about the given equations is true?
F. Both equations have real roots.

G. Both equations have non-real
roots.

H. Equation (i) has real roots, and
equation (ii) has non-real roots.

(

(

J. Equation (i) has non-real roots, and
equation (i) has real roots.

To convert the quadratic function

V= 4x°-4x-3into the completed
square form y = alx- h)*+ k, a
student performed the following steps:
Step 1:y = 4(x? — x) - 3

Step 2:y = 4()(2 — x4+ %

112
Step 3:y=4(x— 5) -4

~3-1

Which of the following statements
about the student’s solution is correct?
A. The student made an error in

step 1.

B. The student made an error in
step 2.

C. The student made an error instep 3.

D. The student did not make an error.
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14. Which of the following graphs could be
a sketch of the quadratic function

y=-24x%+1000x - 32507

<—\
-y

Page 209

15. The graphs of y = -2x -2 and

y= x?+ x— 6 are shown.

The largest root of the quadratic
equation X+ x—-6=-2(x+1)is

16. The solution to the quadratic equation
2x°>+5x+1=0is

_ -5+v13 _ -5+417
F. x= 4 G. x 4

_ —75}”)/15 - 75,21/ 19
H x= 5 J. x 4

Go On
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17. The procedures used by four different
students in order to solve the equation
3x%-5x=1 by using a graphical
approach are given:

Sergei

Graph y; = 3x°-5xand =1
Determine the x-coordinate of each
point of intersection of the two graphs.
Jeremy

Graph y, = 3x? and ¥=1+5x
Determine the x-coordinate of each
point of intersection of the two graphs.
Alexi

Graph y; = 3x% - 5x— 1. Determine
the zeros of the resulting graph.
Beyonce

Rewrite the equation as
x(3x-5)-1=0. Graph

¥, = x(3x-5). Subtract 1 from each of

the zeros of the graph of
y; = x(3x-5).

The student who has an incorrect
procedure is
A. Sergei

C. Alexi

B. Jeremy

D. Beyonce

18. The roots of the equation
ax®+ bx—16 =0 where a and b are
real numbers, are 2 and 4. What is the
maximum value of the quadratic
function y = ax’+ bx—16?
F. 1 G.2 H.3 J. 4

19. A stone is thrown upward from the top
of a building. The height of the
stone, y in metres, above the ground
is given by the function
y= —2x%+8x+27, where xis the
time in seconds. What is the maximum
height attained by the stone?
A.30m B.35m C.40m D.45m

Practice Tests
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21.

23.

20. If the ordered pair (K, ~3) is the

solution to the system of equations
8x+3y=-41and6x-5y=-9 then
what is the value of K?

F. 4 G. 1

H. -4 ~25

J.4

Sally has this system of equations in
her notebook.

2x-3y=3
-x+4y=1

In verifying that (3, 1) is a solution to

this system of equations, Sally must

replace x with 3

A. and replace y with 1 in both
equations

B. and replace y with 1 in the first
equation only

C. and replace y with 1 in the second
equation only

D. in the first equation and replace
y with 1 in the second equation

A rock concert drew 55 300 fans to a
venue in London. The price of each
ticket in sections A to M was $55 and
the price of each ticket in sections N to
Z was $85. The concert brought in a
total of $3 740 500 in ticket sales
revenue.

How many tickets in sections N to Z
were sold?

F. 9000 G. 23 300
H. 32 000 J. 55300
What is the midpoint of one of the

diagonals of a parallelogram with
vertices (-5, 5), (5, 10),

(3, -1), and (-7, -6)?

A. (-2, 4) B. (-6, -0.5)

C. (4, 4.5) D. (-1, 2)
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24. Points A( -2, 2), B(1, -4),
and C(2, 6) are shown on the given
coordinate axis.

R

14
™1 T

897
.
<N

e/

i

i
ettt Tt

The perimeter of triangle ABC is equal
to

F. V178

G. 3V5 +4v2 +v101
H. v5+v13+8

J. 28

25. The equation of the circle with centre
(0, 0) that passes through the point
(5, -2) is

A. x*+ y*=+v29 B. x?+ y? =29

C. x°+y?=v21 D. x*+y?=21
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26. Rami sketched the circle defined by the

equation X2+ y2 =16. Jacqueline
decided to sketch a circle with a
diameter that was twice as long as the
diameter of Rami’s circle. Which of the
following diagrams represents a sketch

of Jacqueline’s circle?
F. ol

Go On
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27. The median of a triangle is a line 29. The chart shows the slopes of six
segment from one vertex to the different pairs of lines.
midpoint of the opposite side.

| ,
The vertices of triangle ABC Slope ofFirst Slope of

Line i
are A(~5, 0), B(-1, 4). and C(1, -1). Second Line
as shown in the diagram. Pair | % 2

A\ Pair I -1 1
: 1
%Pall’ i 5 -2
Pair IV, 0 0
pary 8 7
Pair V- —5 8
X ; i
e 5 6
Pair VI 6 5
‘ , Perpendicular lines are given by pairs
What is the length of the median from A 1and IV onl
: ‘ - y
point C to line segment AB?
A. 4 units B. 5 units B. llland V only
C. 6 units D. 7 units C. i, llIl, and V only

D. I, 1, V, and Vi only

Numerical Response

28. The ordered pair (1, K) is located on
the right bisector of a line segment with
endpoints (2, -6) and (-8, -4).

The value of Kis .
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30. Cody is asked to use the diagram
shown to verify that the perpendicular
bisector of a chord of a circle passes
through the centre of the circle.

v

4

Cody’s Plan

Determine the equation of the
perpendicular bisector of chord AB,
and then determine if the point (5, 7) is
on this perpendicuiar bisector.

Cody’s Partial Solution
Step 1. Determine the slope, m, of
chord AB.
2-0_ 1

0-4 2
Step 2: Determine the midpoint, M, of
chord AB.

0+4 2+0

m=(024 2 )_(2,1)
Step 3: Determine the equation of the
perpendicular bisector of chord AB by
applying the formula

y=m(x-x)+ n.

y=—;*(x—2)+1
y=—]'x+1+1
2
1
= _ — +2
Y 2X

Step 4: Verify that the point (5, 7) is on

the line y = —%x+ 2.

Page 213

Which of the following statements with
respect to Cody’s plan and partial
solution is true?

F. Cody’s plan is incorrect.

G. Cody’s plan and partial solution are
both correct.

H. Cody’s partial solution is incorrect
because he made his first error in
step 1.

J. Cody'’s partial solution is incorrect
because he made his first error in
step 3.

31. The sails of two sailboards are similar
triangles, as shown below.

Sail | Sait Ul

¢

- 1 95m —» - .50 m —»

What is the length of side x of sail 1?7
A.245m B. 2.60 m

C.275m D. 3.80m

32. During an afternoon soccer game,
Samira casts a 62 cm shadow, and
Leah casts a 77 cm shadow.

If Leah is 158 cm tall, what is Samira’s
height, to the nearest cm?
F. 124 cm G. 127 cm

H. 143 cm J. 173 ¢cm

33. The hypotenuse of a right triangle is
3x, and the other two sides are 8 cm
and 12 cm. What is the value of x, to
the nearest hundredth?

A. 481 cm B. 7.23 cm

C. 11.16 cm D. 14.42 cm
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34. A sketch of anice cream cone is shown.

1.2 em

What is the width, w, to the nearest
tenth of the ice-cream cone’s opening?
F. 35cm G. 54 cm

H. 70 cm J. 10.7 cm

35. A rectangular garden that has a length
of 50 m will have a sidewalk built
diagonally across it, as shown in the
diagram. This sidewalk will be at
a 32° angle to the longer side.

¢

SOm 2

To the nearest metre, what is the
length of the sidewalk?
A.42m B.57m C.59m D.94m

Practice Tests
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36.

37.

Stm

Man

¢ b

A rescue helicopter is at a height

of 51 m above sea level. To save a
drowning man at point C, the helicopter
needs to lift him to point B on the shore
with the help of a rope.

What is the distance that the man
travels from point C to point B?
F. 5464 m G.55.66 m

H. 56.64 m J. 65.55m

Standing beneath an apple tree, Ted
spotted an apple at a height of 10 m.
By throwing a rock at an angie of 45°
from the ground, Ted managed to hit
the apple and knock it down from the
tree. Standing in the same place, he
saw another apple directly above where
the first had been. This time, by
throwing a rock at an angle of 50° from
the ground, Ted knocked the second
apple from the tree.

Before Ted knocked them down, the
distance between the two apples was
m.
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. 50 X
38. The equation Sind0° ~ sin58°
applies to which of the following acute
triangles”?
F.

xom

S em

S0 em

J. vem

S0 ¢em

Page 215

39. A student drew the diagram shown in
order to derive the law of cosines.

If the student correctly determined that
x2+h?=c%and(b- x)?+ h?=a°
then which of the following equations is
correct?

A x2+ci=(b-x)?+a’

B. 22— (b- x)?=c?- x*

C po_Cmx

a’—(b- x)

D p2= @ t(b-x°
- X2+ C2

40. The given diagram illustrates triangle
RST, where RS =37cm, ST =28 cm,
and £SRT =49°,

28 ¢em

Correct to the nearest tenth of a
degree, what is the measure of 2zRT7S5?
F. 85.8° G.74.6°

H. 60.2° J. 34.8°

Go On
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41. Aballis thrown in the air from a balcony
of an apartment building and falls to the
ground. The height, y metres, of the
balt with respect to the
ground x seconds after being thrown is
given by the equation

y=-49x°+245x+6

Part A

| Open Response |

On the grid below, draw a graph that
represents the path of the ball. Make
use of your graphing calculator.

Part B

' Open Response |

What is the maximum height, to the
nearest tenth, of the ball above the
ground?

Practice Tests
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Part C

| Open Response |

To the nearest tenth, what are the
domain and range for the path of the
bail?

Part D

| Open Response |

To the nearest tenth of a second, how
long is the ball more than 25 m above
the ground.

Justify your answer.
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42. Part A

[ Open Response |

As part of an end of the year school
function, a teacher and 23 students
attend a special showing of a movie at
a downtown theatre. All the students
and the teacher each purchase a large
bag of popcorn. |f each large bag of
popcorn sells for $4.75, what will be the
total cost of the popcorn?

Page 217

Part B

| Open Response |

Set up a system of two linear equations
involving two variables, and then use
this system to solve the following
problem.

At a particular theatre, adult tickets
cost $12.50 each, and student tickets
cost $8 each. At a certain show, only
adult and student tickets were sold. If
twice as many student tickets as adult
tickets were sold and the total sales
were $2 280, then how many adult and
how many student tickets were sold?

Show your work.

Go On
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43. A weather balloon is flying in a field Part B
outside of London, Ontario. One end of
a lightweight rope is attached to the | Open Response |

base of the weather balloon, and the
other end of the rope is anchored to the What is the value of x to the nearest
ground at point 2. On a windy day, metre?

Rachel decides to determine the length
of the rope, x, between P and the
connection point located at the base of
the weather balloon. She locates two
points A and B that are 200 m apart
and records the measurements shown
in the diagram.

Diacram not 1o scale

Part A

\

| Open Response

To the nearest metre, what is the
distance from anchor point £ to
point B?.
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Practice Test 2

A model rocket was launched from a
platform and its height, A, in metres,
above the ground, with respect to
time, ¢, in seconds was recorded.

The data obtained is shown is the table.

Time : |
0 1 3 8 14° 20 25
(s)

H?r"?)ht 3 148 410 890 1140 1025700

If a quadratic regression was done on
the data, the best estimate of the height
of the model rocket after 6 s is

A. 680m B. 725'm

C.780m D. 820 m

2. Which of the following graphs could be

the graph of the quadratic function

y=ax2—12x+7, a<0?
F.

P
[

/.

Practice Tests
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3. The graphs of two different parabolas

with the same vertex are shown in the
diagram.

.‘.

A

[V

A student analyzed the two parabolas
and made the following statements:

I.  The parabolas will have the
same domain.

. The parabolas will have the
same zeros.

lll. The parabolas will have the
same equation of the axis of
symmetry.

IV. The parabolas will have the
same maximum value.

V. The parabolas will have the
same minimum value.

Which statements are correct?
A. Only land ll

B. Only I and Il
C. Only I, lIl, and IV
D. Only I, Hll, and V

In order for the equation 2% x 29 =1,
x *+ 0, to be correct, the value of a must
be

F. O G. 1 H. x J. —x
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5. The graph of y = x2is translated 7. Inthe order.shown, the fol]owing
left 4 units and down 3 units. Which of transformations were applied to the
the following graphs depicts the new graph of y = x~.
parabola?

1. A vertical stretch by a factor of 2
about the x-axis.

2. A reflection in the x-axis.

3. A horizontal translation 2 units
left.

4. A vertical translation 3 units up.

Which of the following graphs best
represents the graph of the
transformed function?

6. The graph of the function y = x2is
transformed to become the function
= _3(x - h)? + k. Respectively,
what are the equation of the axis of

symmetry and the location of the vertex
of the transformed function?

F. x=kand (h, k)
G. x=-h and (-h, k)
H. x=h and (h, k)
J. x=kand(k, h)
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8.

10.

b
o

>
1 }
Tt

1o ]

Which of the following quadratic
relations is best illustrated by the given
graph?

11

_(y a2, 11
F.y(x8)+2

—(v_ay2 11
G. y=(x-8) 5

H. V= 2(X—8)2— 121

J. y= ~2(x - 8)2 + jél

If —2(3x+ 5)2 = ax’+ bx+ ¢, then the
value of a+ cis
A. -34

C. -78

B. -68
D. -110

Which of the following expressions is

not a factor of 9mn? — 12mn—12m?
F. 3m G.n-4

H.3n+2 J n-2

Practice Tests
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11. The graph of a particular quadratic
relation is shown.

The equation of the quadratic relation
is

A y= -;~<x+2)<x+4>

B. y=2(x+2)(x+4)
C.y= %(X—-Z)(X—4)

D. y=2(x-2)(x—-4)
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12. Which of the following graphs could be
used to illustrate a quadratic equation
with no real roots?

F.
; y
G. ;
A 1

g

13. If the equation y = 3x2+42x+ 142 s
written in the completed square form
y=alx- h)? + k. then the value of kis
A -7 B.-5 C.5 D.7

Page 223

14. Roman is attempting to sketch the
graph of the quadratic function
y= ~2(x?+6x+ 8). He makes the
following four statements:
Statement I: The y-intercept of the
graph is 8.
Statement Il: The x-intercepts of the
graph are —4 and -2.
Statement Ill: The vertex of the graph is
(3, -2).
Statement IV: The equation of the axis
of symmetry of the graph is x = -3.

Which of Roman’s statements are

correct?
F. Onlylland IV G. Only Il and Il
H. I II, and llI J. Ll and IV

Go On
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15. A math teacher asks her class to solve

the quadratic equation 6x°—13x=5.
The partial solution of each of two
students is given.
Rhett
6x°-13x=5
6x°-13x-5=0
6x°—10x-3x-5=0
2x(3x-5)-1(3x-5)=0
3x-5)(2x-1)=0

Viad
6x°-13x=5
6x°-13x-5=0 |
o= 13EV(-1 3)% - 4(6)(-5)

2(6)
_ 13£v169 - 120
12
13 £ V49

Which of the following statements is

true”?

A. Rhett’'s work and Vlad’s work will
each lead to a correct solution.

B. Rhett's work and Vlad’s work will
each lead to an incorrect solution.

C. Rhett's work will lead to a correct
solution, and Vlad's work will lead
to an incorrect solution.

D. Rhett's work will lead to an incorrect

solution, and Vlad's work wili lead
to a correct solution.

16. The minimum value of the function
y= 4x*-12x+15is
F. -12 G. -4

H. 4 J. 6

Practice Tests
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18.

19.

Numerical Response

17. The path of a roller coaster car can be

modelled by the function

h = 71>+ 61¢+ 98 for the section of
the ride where 1 < £ < 10. For this
function, 4 is the height of the car
above the ground in feet and tis the
time in seconds elapsed since the
beginning of the ride.

To the nearest tenth of a second, over
what time period is the roller coaster
car 200 feet or more above the
ground?

If a bullet is fired vertically at an initial
speed of 100 m/s, then the height, A,
after ¢ seconds is given by the equation

h =100f— 5¢2.

What is the maximum height attained
by the bullet?
F. 10m

H. 100 m

G.20m
J. 500 m

Maj held a soccer ball in front of her.
She kicked the ball, which followed a
path that can be modelled by the
equation y=-4.9x*+13.7x+0.7,
where y is the height above the ground
in metres and x is the time in seconds.

At what height above the ground was
Maj holding the soccer ball when she
kicked it?
A.00m

C.14m

B. 0.7m
D.28m
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20. This system of equations was given to
two students to solve.

dx+ y=-14
3x+2y=-8

Minesh’s Partial Solution
1. Multiply the first equation by 3.

2. Multiply the second equation by 4.

3. Subtract the second equation from
the first equation.

12x+3y=-42
12x+8y=-32
-5y =-10

4. Solve for y.

5. Now, solve for x.

Cameron’s Partial Solution

1. Rearrange the first equation in the

form y=-4x-14

2. Rearrange the second equation in |

the form y = ——:23——')(—4

3. Graph both equations using
technology.

4. Find the point of intersection of the:

two lines.

Which of the following statements
about these partial solutions is true?

F. Minesh’s partial solution is wrong,
and Cameron’s partial solution is
correct.

G. Cameron’s partial solution is
wrong, and Minesh’s partial
solution is correct.

H. Minesh and Cameron each made
an error that will lead to a wrong
answer.

J. Minesh'’s partial solution and
Cameron’s partial solution will both
lead to the same correct answer.
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21.

22.

23.

24.

Numerical Response

If5x+ y=93 and 2x+ y =48, then
what is the value of y in the solution to
this system of equations?

At a particular fast food restaurant, the
cost of 2 hamburgers and 1 small
french fries is $7.00. The cost of 1
hamburger and 2 small french fries

is $5.75. What is the cost

of 1 hamburgers?

F. $2.25
H. $2.75

G. $2.50
J. $2.80

Harold invested his savings of $5 000.
He invested part of his savings

at 4% per annum and part

at 6% per annum. At the end of one
year, the interest from the amount
invested at 4% was $50 more than the
interest from the amount invested

at 6%.

If x represents the amount of money
invested at 4% and y represents the
amount of money invested at 6%, then
the system of equations that could be
solved in order to determine the
amount of money invested at each rate
is

A. x+ y=5000and 4x=6y+5000
B. x+ y=5000and 6y—-4x=>5000
C.4x+6y=5000and x= y-60
D.4x+6y=5000and x-60=y

If point (=3, 4) is the midpoint of
point A(2, 1) and point B(x, 7), then
the value of xis

F.-8 G.-6 H.©6 J. 8

Go On
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25. The given diagram represents a
situation in which coast guard ship A is
located 4 km west and 12 km north of a
reference point denoted by (0, 0), and
coast guard ship Bislocated 1 km west
and 8 km north of the reference point.
A third coast guard ship, C, is located
such that coast guard ship B is the
midpoint of the line segment connecting
coast guard ship A to coast guard
ship C. Cruise ship D, which is sailing
in the area, issues a distress signal. It
is determined that the distance from
coast guard ship A to cruise ship D is
the same as the distance from coast
guard ship A to coast guard ship C.

North

South

If the coordinates of cruise ship D are
(2, ), then the value of yis
A. 18 B. 20 C. 22 D. 24

Practice Tests

26. The point (g, b) is located on a
particular circle with centre (0, 0) as
shown.

-
-

(e. h)

The radius of this circle is given by the

expression
F. 8%+ b2 G.Va?+ b?
H. a° - b? J. Va? - b?

27. A circle is defined by the equation

4x%+4y?=36. What s the length of
the radius of this circle?
A. 2 units B. 3 units

C. 6 units D. 9 units

28. A perpendicular bisector is a line that
intersects the midpoint of another line
at a right angle. Triangle PQR has
vertices Q(6, 2), R(-2, 8) and
P(2, -4).

The equation of the perpendicular
bisector of side QR is given by

F. y:%x+2
G.y=%x—%
H.y:%x+%
J y:—%x+123
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29. To the nearest tenth, the shortest
distance between the point (-1, 2) and
theline 3x—-4y—-36=0is
A. 5.2 units B. 8.4 units

C. 9.4 units D. 11.0 units

30. The points A(1, 5), B(-3, 1), and
C(6, —4) are the vertices of
triangle ABC. If the length of side AB
is V32 units and the length of side AC
is V106 units, then AABC is
F. a scalene triangle

G. an isosceles triangle
H. a right angle triangle

J. an equilateral triangle

31. At 11:30 A.m on a sunny day, a 6 foot
tall man casts an 8 foot long shadow.
What is the approximate length of the
shadow cast by a 45 foot high building
at the same time?

A. 33.75ft B. 47.00 ft
C. 60.00 ft D. 85.00 ft
Page 227

32. Jim wants to measure the width of a
small river that is near his house.
He draws the following diagram based
on measurements that he knows,
where A, B, and C represent points in
a nearby park.

120 m

—

é?ﬁ() m
v

I5m

What is the width of the river?
G.60m

J. 240 m

F.40m
H.80m

33.

t
87 m

A triangle

What is the measure of angle x to the
nearest degree?
A. 102° B.78° C.51° D.39°

Go Om
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34. Acute AMNP is shown.
v

/ N\

Which of the following equations

correctly Hlustrates the law of sines

with respect to AMNP?

F NP _ MP
“sinM  sinP

G MN _ MP
"sinP  sinN

Practice Tests

35. The equation
x? = 80%+95° - 2(80)(95)cos 73°
applies to which of the following
triangles?

A /\
X SO ¢m

93 ¢m

B.
C. /\
N\ o
S0 L‘H][ \)N R
—;_\Acm

D.

80 ¢m

95 ¢m
36. K /)

41

9 m

B - ¢

Correct to the nearest tenth, what is the
length of side x in the given diagram?

F.92m G.112m
H. 12.3m J. 13.7m
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195 m

L

Correct to the nearest degree, what is
the measure of 2ADB?

A 58 B.64° C.68° D.74°

From a particular point, Jennifer
determined that the angle of elevation
to the top of her school was 18°. When
she walked 12.5 m closer to the school,
she determined that the angle of
elevation to the top of the school

was 29°, as illustrated in the diagram.

1

h

18 29

B
o i
- |23m —»

Correctto the nearest metre, the height
of the school, A, is m.

Page 229

39. A boat is towing two wakeboarders.
Wakeboarder 1 has a rope that
is 65 feet long, and Wakeboarder 2 has
a rope that is 70 feetlong. At one point
in time, the angle between the two
ropes is 38°, as illustrated in the
diagram.

Wakceboarder 1

{ “g

AF

Boat

Iz

701

Wk eboarder 2

To the nearest tenth, how far apart are
the wakeboarders at the given point in

time?
A. 441t B. 43.1ft
C. 442 ft D. 50.8 ft

Go On
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40. A construction site at the University of
Toronto is in the shape of a kite.
Because of the size of the area and the
busy traffic around the university, a
road was built through the site for

construction vehicles only, as shown in
the diagram.

S hm

S km

An equation that could be used to
determine the length of the
roadway, BD, in kilometres is

F. Bp= 3508

G BD-= 5sin 68

sin 40°

H. BD = v3°+5° + 2(3)(5)cos 68°

J. BD=v3%+52_2(3)(5)cos 68°

Practice Tests

41. The cost, C, in dollars of

manufacturing x Road Racer bicycles
at Cycle World’s production plant can
be modelled by the function

C=2x%>-700x+92750.

Part A

| Open Response |

What are two possible values for x if
the cost, C, of manufacturing Road
Racer bicycles is $62 7507

Part B

| Open Response |

Algebraically, determine the number of
Road Racer bicycles that must be
manufactured to minimize the cost.

Castle Rock Research
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Part C

[ Open Response |

What is the minimum cost of
manufacturing Road Racer bicycles?

Part D

 Open Response |

To the nearest whole number, what is
the fewest number of bicycles that can
be manufactured for a cost

of $50 000? Use a graphing calculator.

Page 231

42. A soccer field is part of a sports
complex. The given diagram shows the
soccer field placed on a coordinate grid
where the coordinates are expressed

in yards.
.
A
V(795
DoogY)y !
‘ L
Fooa DD t QD @D /
g
- C 10 13 B39 18)
it
Part A

[ Open Response |

Determine the coordinates of corner
post A.

Go On
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Part B Part C

. Open Response | | Open Response |

The soccer nets are centered on the If player P located at coordinates

back lines of the playing field and (54, 41) wants to pass the soccer ball

are 8 yards in width. Determine the to player Q located at coordinates

coordinates of points £ and F in the (83, 62), what is the minimum distance,

diagram. to the nearest tenth, that the ball must
Justify your answer. travel.

Show your work.

Practice Tests 232 Castle Rock Research



Ontario Math 10 Academic

Part D 43. To estimate the amount of new water
pipe required for part of a golf course,

| Open Response | the golf course designer used the
diagram shown with the indicated

Verify that the diagonals of the playing measurements.

field bisect each other at the centre Sprivkier Sprinkic

mark M. head h(c_.xd Sprinkicr

i
Show your work.

head

7

Sorinkler

Ne
g\l
/

I

130 m

Part A

| Open Response |

What is the correct distance from the
sprinkler head at point B to the
sprinkler head at point C to the nearest
tenth of a metre?

Part B

[ Open Response |

What is the correct distance from the
sprinkler head at point D to the
sprinkler head at point £ to the nearest
metre?

Page 233 10 On
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1. D 1. A 21. A 31. B 41. Part A- OR
2. 12. G 22. G 32. G Part B- OR
3. 13. D 23. D 33. A Part C- OR
4. J 14. H 24. G 34. H Part D- OR
5.D 15. 1 25. B 35. C 42, Part A-OR
6. H 16. G 26. F 36. H Part B- OR
7. B 17. D 27. B 37. 1. 43. Part A- OR
8. G 18. G 28. 15 38. H Part B- OR
9. C 19. B 29. C 39. B
10. J 20. H 30. J 40. F
D 2. J
The shape nfl'hc graph can be determined by sketching by Ifa < 0 in the equation v = ax 24 by + ¢ the parabola
hand or by using technology. Use a T1-83 Plus graphing . _ .
caleulator to get the following graph: opens d"“":\“‘rdl theretore, v = =8.4x 7 + 5 and
5 v = =421+ 5 arc two possible equations.
a " From the table of values. calculate the second difference
a for cach equation.
V= —X.4A\'2 +5:
a .
a a i 2
3 | dift’ ditl
The shape of the graph models a parabola. Examine the | 34
first set of ordered pairs from the table to sec that when i tosD
time is 0 the height is 3. Therefore, the graph that best 2 28.6 . 7168
represents the data s graph D, 3 70.6 s TR
vsgg |
4 129.4 N TeRS
{750
5 205 {168
pod |
6 2074
v = —4.2.\'2 +5:
! 2
v ! dift dift
1 0.8
V12,6
2 1.8 ;o8
' 21
3 28 | b8
1294 |
1 622 b8
1378
5 100 V8.
¢ 146.2 462
) )2

Therefore. the quadratic function that opens downward

2 .
and has a second difference of =841 = =4 207+ S s,

Practice Test 1
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3. B

Fhe graph of the (unction shown ix a parabola that opens

downward and has the following features:

» The vertex of the parabola is (1, 2).

+ The zerosare v = =2 and x = 4. which are points 1
and CLrespectively

+ The parabola passes through the y-axis at point B.

Theretore, the v-interceptis B and the zeros occur at A

and
4. J
Substitute cach v-value into the equation v =27,
y :"‘<W§): } = [
- - N N N
L (0)

=

i

. O _
drodsequalto by =1,

A3

o=

=%

5.D

I'he /r-value causes a horizontal translation (shifting the
parabola left or right) and alfects the axis of symmetry.
Since the 7 value is the same for cach equation, the axis
of symmetry for the graph of cach given function will be
the same.

2
FForaquadratic function of the form v = a(x = /1)~ + k_the
range. vertex, and v-mtereepts are affected by the
parameter A

6. H

2, .,
= —3(v = 2)7 + 3. it follows that
«a = =30 =2 and k =35, The vertex of a quadratic

For the equation v

elation is (/7. £): theretore, the vertex for

|
v = =3 = 2)7 + Sis located at the ordered pair (2, 5).

7. B
All points on the transformed graph must satisty the given
transformations.
A reflection about the v-axis will change (3. 9) 1o
(3, -9).
Avertieal streteh about the v-axis by a factor ot 3 will
change {3, =9) 10 (3, =27).
A horizontal translation 2 units to the right changes
(3. =27 1o (3. -27).
Advertical translation 4 units downward changes
(5. -27) 10 (5, =31).
Fhe respective values of w and b are S and 31,

Practice Tests

= 1 (Any number or variable with an exponent of

8.

10.

I1.
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G
The parabola shown can have an equation of the form
el
o= aly = h )™+ k. where (A, khyis the vertes.
Since the vertex s at (=4, =1). /1 = =dand £ = =1,
R
Substitute ~4 for # and =1 for k imo v = aly = h)" + 4k
bl
o get r =aly +4)" -1,
Since the equation passes through the point (3.5, ),

x=-35and r =0,
h
] alx + 4) -1
Substitute 3.5 for v and 0 for v. Solve for «.

0=u((=3.5)+4)" = |

()Zu(:lz) -1

v

a
0="9_

4
a o
4—1
a=4

5
Substitute 4 for « into the cquation v = a(x + 4}~ = { (o

get 1= 4(v + 4)2 -1

5
The graph illustrates the equation v = 4(x +4)7 ~ |

2 2 2
Ingeneralla — b) = u” =2ub+ b

. N n . . 2 2
Substitute m for « and % for h mou™=2ub+h~,

il al
n\2 h) n n\2
— feed it 2 =
" - =mT=2m oty
( 5 ) ( )( 5 ) ( R )
Simplity.
5
2 2 n-
m- = mnt
5 25
The expanded form of the expression is
il
> 2 n-
S T+
n St g

b
X7+ 3y factors to (v + 3).
il
v~ =9 factors to (v + 3)(x = 3).
I bl
YT+ 6x + 9 tactors 1o (v + 3) (v +3) = (v +3)7
)
X7 H 13x = 30 factors to (x + 15){(y = 2).

R N
Therefore, ¥ + 3 1s not a factor of v 7+ 13y = 30.

A

I'he polynomial function has zeros ot s and =6, It follows
3

that 7 = 7 and s = ~6.
>

Subslllulc% for » and =06 for v nto the cquation

= aq(y = r)(x = 5), where v = 1.

v = (‘\' - )(\ +6)ory = {5y = 3)(v+06)

|
|
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12. G

The graphs of cquations (1) and (1) are plotted:

L ,
1 |

Since ncither graph has x-intereepts, the roots of both the
given cquations are non-real.

fIdentily and remove the
common (actor from |
the v~ and y-term of the
expression. Inthis casce,
the common factor is 4.
Notice the resulting
coctlictent tor

the x-term. Divide this
value by 2. and then
square it.

Both add and subtract
=3 this value inside the
brackets.

Move the valae that will!
not contribute to a
perfect square outside
the brackets. |
{Note: With the
distributive property.
you have really added
-3 =1 and +1 to the
“tunction, sinee

1
\'=4(\'4;\+ )1"173 Jd -
4 4(4) I and

| |
4(_ 4) =—1. Tomove |

| |

1 .
iy outside the

brackets, it becomes \
-1 !
'Factor the trinomial
inside the brackets to

|
[orm a perfect square,
and collect like terms

outside the bracket.

The student’s solution matches the given solution:
theretore, there is no error.

THE KEY Ontario Math 10 Academic

14.

16.

237

H

Use a graphing calculator to get the tollowing graph of the
. 2 -

function v = =24y~ + | 000y — 3 250,

[ACRFRE RS T

SRR Y-S VA

Graph displayed uses the window sctting:
vl =10, 50, 51 =200, 8 500, 300
Theretore. the graph in choice H could be a sketeh ol the

N
quadratic function v = =243~ + 1 0004 = 3 250,

1

The roots of the gquadratic equation

VCAr-6= —2{x + 1) arc found by determining

the v-coordinate ot cach point of intersection of the two
graphs. The points of intersection are (—4, 6)and

(1, =4). The roots are =4 and I therefore, the largest root
s 1.

R
Solve 2x~ + 5y + 1 = 0 using the quadratic formula.

ST
_ =hEVh —duc
[T "
2u
Substitute 2 for . 5 for h.and 1 for ¢ into the quadratic

formula.

Practice Test 1

Practice
TEST
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Sergei’s procedure will yvield the following graphs
| ! | !
I| | ll ]
s II A l‘
: -4 ;
/
b ‘II"
Intersechion Intersection [
Hz T AE0GENY iz 1B04ENY |y=1

il
and the solution the equation 3™ = Sy = 1 to the nearest
hundredth is v = =008 or v = 185,

Jeremy s procedure will yield the following graphs:

nh
oy [W=.687608788

R
The solution to the equation 3v ™ = 3y = | to the nearest
hundredth 1s v = =018 or v = 1.¥5,

Alexi’s procedure will yvield the following graphs:

1Bu4a0Y

2 -
[he soluton to the equation 3v ™ = 5y = 1 o the nearest
hundredith s v = = I8 or v = 185,

Bevonee's procedure will vield the following graphs:

Subtract 1 from cach of the zeros. The solution to the
5

cquation 3x 7 = 3¢ = 1 1o the nearest hundredth is

= =1 ory = 067,

Fheretore. the student with the incorrecet procedure is

Bevonee.

Practice Tests

18.

19.

20.

238
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G
5

The roots of the equation ax =+ hy = 16 = O are 2and 4.

The x-coordinate of the vertex of the graph of

,
v o= ax T+ by = 16 s haltway between the two roots ol the

2
cquation gx =+ hy — 16 =0,
Thus, the v-coordinate of the vertex of the graph of

2 . 2+4
yEaxTHby—loisy =0 =

3.

[nsert v =3 into v = ax Sy - 16,

= the v (maximum) value = 9a + 3h-10
However, a(v =2}y =4) =0

Fxpand this equation.

N
= ax T = 6ax +8a =10

= 8u = =16 (since ¢ = =16 1 the equation
el
ax~+hxr—-16=0
s>a=-2
= h = —6a = —6(=2) = 12 (from the
7

— 6ux + 8a =)

Enter the values of ¢ and A into the maximum value
9a + 3b—16.

Hence. the maximum value 1s 9 x (=2} + 3 x 12~ 106
=-18+36-16=2

cquation a.x

B
Determine the maximum height by completing the square.
0
=2y~ + 8y +27
2
—4y)+27
X7 - 45) +27

2

v —ax+ra—dg)e27

I

= oy oy +4—4)+27
(

The stone reaches its maximum height in v = 2y,
|

The maximum height attained by the stone is 35 m.

H

The point (K, —3) must satisty both equation.
Substitute K for x and =3 for v in the cquation
Qu+ 3y =41,

8(K) +3(=3) = -4l

8K -9 = —4]

8K =-32

N =-4

Note: the equation 6y — 31 = =9 could have been used to

determine the value for K.
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[

1. A
To vernty a solution 1o a system of equations, the solution

must satisiy both equations. A particular point could
satistv one equation but not the other.

2. G

Let v = the number of tickets sold in sections A to M.
= the number of tckets sold in sections N to Z.
The 1otal number of tickets sold is represented by the

cquation v+ v =55 300,

Leth

[he amount brought in by the sales 1s represented by
tekets sates is represented by the equation

SS¢+ RSy =37 40 500.

Now. setup a system of equations.

(1) v+ v =33300

(2) S5y + R85y = 37 40 500

Multiply equation (1) by 55 (method of ¢limination).
(1) x 33 33v+ 3537 = 3041 500

(2) S5y + 8510 = 37 40300

Subtract the equations, and solve for v.

=303 = —699000

3306

(%]

=

Fhus. 23 300 tickets were sold i sections N to Z.

3D
Beain by sketching the parallelogram
,‘.
A
Bis 1))

/"

o

—

D76

Here. you want the midpoint of diagonals AC and BD.
Using the midpont formula:
(- sHEDY,
Vi sl s oy My =
= (- 2
Vo= (=1.2) M

In both cases. the midpomt 1s (-1, 2).

~0+ 10

THE KEY Ontario Math 10 Academic
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G
Using the distance formula = \( Vs = )3 + (_\‘2 - »"1)2‘

find ‘/Al(" ‘/,lls" and L/,),( .

(/ 2 N (‘):

G0 =V(=2-2)

V() + ()
V16 + 16
=v32
=V16(2)

dye =42

dpe =

V(=1)" +(=10)
ST

dye =

~

Viol

The perimeteris o oo+ d o+ d = A2+ 3IVS V0L

B
Begin by finding the fength of the radius using the distance
formula.

= V’/(.\"2 - \l)§+ (\: -7 )2

f bl ) ~
= V/(S —0) +(-2-0)
=V25+4 =429

ol al bl
Recall that v =+ v 7 =07,

2.2 o
Thus, v~ + v~ = (v29)
a ol
NTHYT =29

y

5
Thercefore. the equation x 7+ 37 = 29 describes a circle

with centre (0. 0) that passes through the point (5, =2),

Practice Test 1

Practice
TEST
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26. F

. . 2 2 2 . .

Since the equation v~ + v~ =~ represents a cirele with

centre (0. 0) and radius s it tollows that in the cquation
al 3

v T =16

N

=10
FENVI6=A
I al
The radius of the circle v 7+ v7 = 16/is 4 units,

Since the diameter represents twice the radius, the
. . . 2.2 . .

diameter of the circle x 7+ 17 = 16 s 8 units.

Jacqueline sketehes a eirele with a diameter that is twice
bl bl .

as long as the diameter of x 7+ v = 16, 50 the diameter

ol Jacqueline’s circle is 16 units.

Since diameter represents twice the radius, the radius of

Jacqueline’s crrcle is 8 units. The sketch that represents a

circle with a radius of § units is shown.

27. B
YN, oty
Use the midpoint formula M = ———, 57—
=51 0+4
Mg ‘( R "’T)
V= (=3,2)

r
Use the distance formula, o = \/(,\5

L= (1) o

find the distance from ¢ to the midpoint (=3, 2).

B k)

d=NV(=3 1)+ (2= (=1))
d=N(-2) 430
d=NV1I6+Y

= V25

=3
The length of the median from point C to line
segmient A8 is S units.

28. 15

To determine the value of K. first determine the equation
of the right bisector of the line segment with the given

endpoints, m= T = et = —— = _

Practice Tests
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The right biscctor of the line segment with the given
endpoints has a slope of 3 since it is perpendicular to the

. . . . oo
given line segment and the negative reciprocal of — < I8

N
.

Now. determine the midpoint of the Hine segment using the
given points.

REE 1) 24(=8) 6+ (-4)
' bl

M= = o =

- (;(‘ -10

2 =)

Finally. use the point-slope form of the cquation of a line
to determine the equation of the line right bisector:

v I)I(.\" - A\‘l) + AN

Sl = (=3)) + (=3)

Sy +3)-5

I L

I

It

¥ ESv+10

Since the ordered pair (1. K'Y is located on the right bisector
defined by the equation v = Sx + 0. substitute | for v
and K for 1 into the cquation and solve for K.
K=5(1)+10

K =15

This can also be verified graphically.

29. C
Two lines are perpendicular if their slopes are negative
reciprocals of each other.
(Ml x M, = 1)
Thercfore, the perpendicular lines are given by pairs HL L
and V only.
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30.

J
I'he circle with chord 1B and the perpendicular bisector

of 18 s shown.

To verity that the perpendicular bisector of a chord of a
cirele passes through the centre of the cirele, determine the
cquation of the perpendicular bisector of chord A8, and
then determine if the point (3. 7) is on this perpendicular
bisector.

Step 12 Determine the slope, 7, of chord 5.

20 i

"= ==
U - 2

Step 20 Determine the midpoint. i of chord 5.
(0+4 240 [

nr = ( - B '"',7’"’ = (3, 1)

Step 3 Determine the equation of the perpendicular
biscetor of chord A8 by applying the formula

= m(\’~ \])+7:'|4

. o1 .
Recall that the stope of chord 4B 1s = 1 therefore, the
slope of the perpendicular bisector must be 2 (since
perpendicular slopes are negative reciprocals of cach
other).

Now, substitute 2 for s and 2 for vy and | for vy mto the
cquation 1+ = m(.\‘ - .\‘l) .

=2y -2)+ 1

v=2v -4+

voE2v -3
Step b Verity that the point (5. 7) 1s on the line
=2 =3

Therefore. Cody’s partial solution is incorrect because he
made hus tirst error in step 3.

THE KEY Ontario Math 10 Academic
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Since the triangles are similar. the ratio of corresponding
sides are equal: theretore.
AN _ 2.00m
195m  1.50m
_2.00mx 195 m
C1S0m

2.0m

il

G
. |
Begin with a diagram for clarity

1.cah

Samira

138 ¢m

J SO

77 c¢m 62 em

The triangles are similar since they are ereated using the
shadows created by the same angle of the sun at the same
point in time. and the remaining corresponding angles are
cqual. Therefore. corresponding sides will have

cqual ratios.

77 _ 62

158w

= 62 x |58

77
127¢m

u

A

To solve. use the Pythagorean theorem ¢ =yt h
Substitute the values of the hypotenuse. ¢ = 3y, and sides,
a=8cm, h =12 cminto the equation.

(3x)° = (8)7 + (12)°

Simplity and solve for x.

gy2 =64+ 144
()_\-3 =208
X2 =230
y=v23.1

v
vy =480 cm

Practice Test 1

Practice
TEST



34. H
Since the cone is made up of two right triangles. the line
passing through 367 will biscet that angle as well as the
width w of the ice-cream cone’s opening. Thus. a given
angle in the triangle is 187, Use that angle to determine
half the value of v labelled as v as shown below.

[1.2¢m

opposite
sin ) = PP
hvpotenuse
,;"
t1.2

v= (112} sin 187)

35em

sin 182 =

|

u

v

Since w =2y w =2(3.5¢m) = 7.0 cm

w
N

C
As shown in the diagram, triangle 4CD is a right trianglc,
where AC (the sidewalk) 1s the hypotenuse, AD is the
fength of the garden (50 m), CD is the width, and

angle £ 15327 Given this information, use the cosine ratio

to determine the length, v, of the sidewalk.

%

v ESNY6m
To the nearest metre. the length of the sidewalk 1s 59 m.

Practice Tests
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36. H
Since the helicopter is at a height of 51 m from sea level,
label the diagram as follows:

il _ _W

t
: Sim
!
1
Mun(‘ e [ I

To determine the length from point ¢ 1o point 8.
labelled v, use the tangent ratio.

opposite S5lm
tan () = fp—!* — =tan42° = -~
adjacent X
_ S5lm
=
tan 42°
X =56.64m
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37. 1.9 40. F
Begin with a sketeh for clarity. Since it is not a side-side-side situation, make use of the
law of sines in order to determine the measure of 2R7S as
follows:
RS ST
sin «zRTS  sin 2SRT
Substitute 37 for RS, 28 for ST. and 497 for 2 SRT.
I (S
sing RTS ~ sin49°
28 x sin 2RTS = 37 x sin49”
. e 37 X sin 49°
sin 2RTS = — 58
sin «RTS = 0.9973
<RTS = 85.79°
13 Al The measure of 2RTS to the nearest tenth is 8587
Letw l‘cprcscm the disl‘unccvl‘)clwcm the two :applcs. ¥ 41. Part A — Open Response
represent the distance from Ted to the base of the tree, . . . .
e o - . The window setting tor the graph shown is x: [0.7. 1]
and w represent the distance from the ground to the second N <
. and v: [0, 50, 5].
apple. :
Solve for v in the first triangle by using the tangent ratio. .
opposite :
tan f) = ) r;l’ft A
adjacen 451
- 10
tan 457 = -- 404
v v
) — 3O
10 ‘
VE e £ S0
o = 25
v =10m oL
. . . . . S 204
Now. solve for w in the sccond triangle by using the x> 5
tangent ratio again. ‘b
pposite 1
tan 0 = Uppostts <
adjacent R
W 0 —
tan 507 = [0 6 7 8 9
W= 10 % n S0° Time (s)
w = 11.9m
I'he diagram shows thatw = 10 + x. Since you arc solving Part B — Open Response
{or x. it follows that x = — 10. The maximum height of the ball above the ground
Therefore. v =119m—-10m=19m. corresponds to the v-coordinate of the vertex (the highest
point on the parabola). The vertex can cither be
38. H determined graphically (using the maximum key on your
30 v calculator) or algebraically by completing the square as
The ratio Gind0° sin e implics that the side follows: .
measuring 50 cm is opposite to the 40° angle and the side PE—49y T+ 2450+ 06
measuring v ¢m is opposite to the 58° angle. = _4'9(\‘: _ 5»\_) +6
5
= —49ly" =Sy 1562
39. B 3 4.)()\ Sy +6.25 ()._5) +0
B R > 2 ) S 2 7q(2;)2—(ﬁ;
Sincex~"+h " =¢" h =¢"—x"~ B Sl S)T =628
. 2 2 2,2 2 2 -
Since (h=x)y"*+h~"=u"h~ =a” - (h—x)". y = —4.‘)(,\'2 —Sx + (w,ZS) +30.625+6
Since the value ot 4 is identical in each equation, it follows 5 ~
Xy 3 0 Vv = —4.9(x - 2.5 +36.625
that ™ = (b =x)7 = ¢7 = The coordinates of the vertex are (2.5, 36.625). To the
nearest tenth, the maximum height of the ball above the
ground 1s 36.6 m.
THE KEY Ontario Math 10 Academic 243 Practice Test 1
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Part C - Open Response
The maximum height of the ball is 36.6 m, and the
minimum height of the ball is 0 m (when the ball lands on
the ground). Therefore. the range is 0 < v < 36.6.
In order to determine the domain, first determine the
number of seconds it takes the ball to land on the cground.
This can be done by using the zero feature on vour
graphing calculator or by substituting 0 for v (since the
height 1x 0 mwhen the ball lands on the ground) in the
5

cquation v = =494 7+ 245y + 6 and then solving for v
by using the quadratic formula as follows:

s
—LOv T+ 2450+ 0 =0
Substitute =49 for .24.5 for A, and 6 for ¢.

L s (4s) —4(=a0)lo)

2(-4.9)
A EVO00 25 1170
to VN
=24 SEVTITNS
Lo ~0.8
_ S HNTITRS =245 - V71785
V= or v o= e o
~9N -9.8
= =023 X = 5234

The time cannot be negative. so to the nearest tenth,
¢ =520 Thus. the domain is 0 € v €32,

Part D — Open Response
In order to determine the number of scconds that the ball
15 more than 25 m above the ground. it is best to use a
graphical approach. Choose an appropriate window

2 -
setting. and then graph 1) = =4.9xv 7+ 24.5v + 6 and

1y = 250 Next find the v-coordinate of cach point of
mtersection of'the two graphs. The difterence of these two
values will be the number of seconds the ball is more
than 25 mabove the ground. The y-coordinates of the two
intersection points are about 4.04 and 0.96.

404 =096 =308

To the nearest tenth, the ball 1s more than 25 m above the
ground for 3.1 s

Part A — Open Response
I'he total cost of the popeorn is S114($4.75 x 24).

Part B — Open Response

Let x = the number of adult tickets sold.

[et v = the number ot student tickets sold.

Thus. (1) 12,5300 + 80 = 2 280

(2)y2v = v

Fguation (1) can be rewritten as 125y + 80y = 22800
when cach term is multiplied by 10, Equation (2) can be
rewritten as 2y — v = ().

Practice Tests
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Eguations (1) and (2 can be solved by using the method
of elimination as shown:
(1) 125y + 80v = 22 800
(2)2v =y =0
(1) 1255 + 801 = 22 800
80 x (2)160x =80y =0
(1) +80 x (2)

285y = 22 800
X = R0

The value of 3 can be determined by substituting 80
for x in either equation (1) or (2). Using equation (25, the
result 1s as follows:

2y =y =0
2(80) =y =0
160 -y =0
160 = v

There were 80 adult tickets and 160 student tickets sotd.

Part A — Open Response

The given diagram can be labetled as shown below .

Diagram not to scale

In AABP . make usc of the faw of cosines as follows:
(PB) = (1PY + (18)" = 24P ) iB)cos 4
Substitute 150 for AP, 200 tor 4B, and 607 tor I
2 2 7
(PB)” = 150° + 2007 - 2(150)(200)cos 60
(PB)? = 22 500 + 40 000 = 30 000
(PB)” = 32 500
PB =32 500
PB = 18028
To the nearest metre. the distance trom anchor pomt /2 10
point 8 1s 180 m.
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Part B — Open Response

The given diagram can be labelled as shown below.

200 m
Diagram not to scale

In ABPH _make use ot the law of sines as follows:
2BIWP = 1807 — 857 — 38° = 57°

Y o SN i L
therefore, sin th'/’ " sin 2[’/)’”"
180.28 \

Sin 377 sin 380

v X sin 377 = 180.28 X sin 387

. = 18028 x 5in 38°

v sins7°

o= 13234

To the nearest metre, the value of x 1s 132 m.
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SOLUTIONS—PRACTICE TEST 2

1. B 11. C 21. 18 31. C 41. Part A- OR
2. H 12. H 22, H 32. G Part B- OR
3. B 13. B 23. A 33. A Part - OR
4. J 14. F 24. F 34. G Part D- OR
5. A 15. B 25. B 35. A 42. Part A- OR
6. H 16. J 26. G 36. H Part B- OR
7. C 17. 4.2 27. B 37. D Part C- OR
8. F 18. J 28. H 38. 10 Part D- OR
9. B 19. B 29. C 39. C 43. Part A- OR
10. G 20. J 30. G 40. J Part B- OR
1. B The axis of symmetry is a vertical line that passes through
The roorecd St ool . the vertex of the parabola. Since the two parabolas share
The regression equation representing the data (to one . . .
. . 5 the same vertex. they will have the same equation of the
dcctmu\‘) 1s: 1 = - 4.8‘1 + 1485/ +59 ] axis of symmetry.
l)clcrAmn.\c the !101gl?t of the modgl rocket a}ftcr 6s by A maximum value oceurs when the parabola opens down.
substituting ? for ¢ in the regression equation and a minimum valuc occurs when the parabola opens up,
1= =48~ + 1485/ + 5.9, Since the parabolas cach have different dircetions off
Thus, opening, one will have a minimum value. and one will have
/= __1_‘\,((‘)3 +148.5(6) + 5.9 a maximum value.
/=724 Therefore, the only correct statements are 1and 11
Theretore, the best estimate of the height of the rocket
after 65 1s 725 . 4. J
Any number or variable with an exponent of zero is equal
2. H wla"=1
2 .
Since ¢ < 0, the graph of v = ax™ = 12x + 7 must open Therelore, 2= Applving the product rule,
downward. 2%V = 2\+(—v\') =02
i
Graph two test equations, suchas v = =2y~ = 12x + 7and Therefore, the value of ¢ must be =,
|~
pE - v T = 20+
- 5. A
Theretore, gre lc > the gre “the quadratic . .
eretore. gf lphJ could be the graph of the quadratic The graph of the new parabola can be obtained by
function v = wx "= [2x + 7, a < 0. . Lo .
translating the graph of v = 7 lefi 4 units and
1= down 3 units as shown in the followig diagram.
¥
A
/ " Q4
=i EEERN IEEES T
I\ 61 4
v (vrd)-3 T R
3B VA e
T \ RS I 4 \ 1 II
A \
The domain of the quadratic relation v = ax ™+ hv + ¢, \ ' A 2+ /)
(¢ # 0) will always be v & R, This is truc regardless of the L ' “/1[(‘(1)’ E))‘ L
direction of opening. ' h YR A (') >
The zeros are the v-coordinate of each ordered pair where I . 21 -
the parabola touches or intersects the w-axis. (4.3 )' 4
N S N
I'he parabola that opens upward has no zeros, whereas the ! 4

parabola that opens downward will have two zeros.

THE KEY Ontario Math 10 Academic
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6.

H
L. ~ 2 [
Since the equatton v = =3(v — /1)~ + & is in the form
vEale = B) 7+ kL follows that:
= The cquation of the axis of symmetry is v = /1.
o The verten is (/, k).
C

. . . - 2
Apply the given transformations to the graph of v = ¥~ 10
act the tollowing result:

v

Iheretore. graph C best represents the graph of the
transformed tunction.
F

The parabola shown can have an equation of the form

vEaly - h )2 + k. where (/1. k) 1s the vertex.

. : I
Sinee the vertex is at (8, -5 ) h=8and b =
. . . 1]
Substitute 8 for & and =

. . 2
for k into v =alx =)~ +k to

]

gty = alv = 8)+ B

Since the graph opens upward, the value of « 1s positive.
Thus, the required equation ot the parabola is
11

N

v = (v~ N): +

Practice Tests

9.

10.

Il

248

Copyright Protected

B
Begin by using the perfect square formula
2 2 2 . .

(a+b)" =a™+2ab+h~ leaving -2 outside the brackets.
In this casc. ¢ =3vand h = 5,
Substitute into the formula.

(3012 s ie)
=2 (30)T +200)(5) + (5)°

i

= 2(9x 7 + 30y +25)
Use the distributive property to distribute =2 through the
brackets.

S
= =18y 7 = 60y — 50

From the equation, ¢ = =18 and ¢ = =50:
theretore, o + ¢ = =18+ =50 = —6K,
G

5
[norderto factor 9mn ™ — 12mm - 1 2m, begin by factoring
out the GCF (3m) from cach term of the expression.

l
3171(3/7‘ ~4n - 4)

To factor (311 R 4 - 4), find two numbers that have a
product of =12(¢ % ¢) and a sum of =4 (the b value). In
this case. the numbers are 2 and —6. Rewrite the
cxpression by replacing the term —4n with 27 and =61,
=3 3/72 +2n—-6n -4

Group the terms inside the brackets

=3m (3172 + Zn) + (=60 —4)

Remove the GCF from cach group.

=3 n(3n+2)-2(3n+2)

Factor out the common binomial.

=3m(n = 2)3n +2)

Therelore, one expression that is not a factor is 1 — 4,

C

The x-intereepts of the graph shown are 2 and 4.
Theretore, substitute 2 for » and 4 for s into the equation
V= a(v = r){x =) as follows:

v =aly=2)(x-4)

The ordered pair (0, 4) is a point on the graph shown,
Solve for ¢ in the equation » = alv =2)0v - 4) by
substituting 0 for x and 4 for i as follows:

4= q((0) = 2){(0) - 4)

4= q(-2)(-4)
4= 8a
_4_0
“T 82

Therctore, the equation of the quadratic refation in the

form v = aly - r)(x - s)isa = %(\ - 2)(.\' - 4)A
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2. H

A A quadratic
cquation withno real
roots 1s one that has
no x-intercepts.

This means the
graph of' the
parabola does not
cross the v-axis.

Therefore. graph H illustrates a quadratic equation with no

real roots.

Hdentity and remove |
the common factor
from the 4~ -term

and x-term of the
expression. In this

;case, the common
factor is 3.

r= (et 1) 1

Notice the resulting |
coctficient tor

the v-term. Divide
this value by 2. and

then square it

i Both add and

Vo= }(v\— T 14y + 49 7:}9) + 142 subtract this value
inside the brackets,
"Move the value that |
will not contribute to
ta perfect square
“outside the brackets.
[ Note: With the
;distrihuli\c

a2 ) ) 1A ‘property, you have

t ‘3(\ . Floy 49;49) MR really added —147

b= 30T L+ 40) - 147+ 142 and + 147 1o the
Hunction. since
3(-39) = —147 and
3(39) = 147 To
'move —49 outside
the brackets, it
_becomes ~ 147 ]

! i
Factor the trinomial !
inside the brackets to
o form a pertect
yEMe TS ssquare. and coltect
like terms outside the
bracket.

5

When the equation v = 3x ™ + 424 + 142 is written in the
bl

completed square form 1= a{y = #)7 + k. it becomes

2 - . —
v =30+ 7)) =5 The h-value is =5,

THE KEY Ontario Math 10 Academic

14. F

Determine the v-intercepts by letting v = 0.
0=-2c2+61+58)

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

x==2orx=-4

“ind the v-intercept by substituting 0 or x.
Bl
= —2((())~ +0+ x)
r=-16
Find the midpoint of the v-intercepts in order to find the
cquation of the axis of synunetry.

AR B AN
M= = D
2 ’ 2
=24 (=4)) {0+0
= A
= (=3.0)
The equation of the axis of symmetry is © = =3,

Find the vertex. Substitute = 3 for xin the equation

y = —Z(A\’2 + 6y + 8)4

vz oo((=3) + 6(=3) + 8)
b= 29— 18+ 8)
=2

The vertex is at point (-3, 2).
Theretore. the only correct statements are Hhand 1V,
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15. B

To solve by factoring, begin by rearranging the equation
b I
VT = 13v =5ty = 13v=5=0(
Iactor by decomposition. and {ind two numbers that have
aproduct of =30(axe) and a sum of =13 (h-value). Inthis
case, those numbers are 2 and =15,
5
Oy —13v=-3=0
o -
Oy T+ 2y — 1Sy =5=9
203+ ) =53+ D) =0

v =353+ =0
|

X = ory = —
3

to."n

Fosols e using the quadratic formula, begin by rearranging
. 2 - 2 -
the cquation 6~ = 13v = S0 64" = 13x =5 = 0.

_ —h= Vho - uc

b 2u i

Substitute 6 tor «. =13 for b, and =5 for ¢ into the
quadratic formula.

=13 e vie13)7 - alo)-s)

- s
2(6)
C13EVTO9+ 120
' 12
134289
T
1317
T
31T 30 5 _13-17 _ -4 _ 1
A R G R T T A

Sinee the actual solutions and solutions given by the
students do not match, Rhett’s work and Vlad's work will
cach lead to an incorrect solution.

Practice Tests
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J
Change the form ol the function by completing the square.

Ay = 30)+ 15

(
(.\'2 - 3A\') +15

(2 e 1
=4y T -3+ — — — )+ |5
3 v X 171 :
b 9
EAHyT =3+ - 45
! 7(\ vy
9
1:4(,\‘”—3\4’* -9+ 15
3\2
\:4(.\‘—5 +6

. . . N . 2
This cquation is of the form v = (v — /7)™ + k. where

3
a=4 h = 5 - and k=6,

Thus. when the graph is drawn. the vertex of the parabola
/3 .
is {5, 0], and the parabola opens upward since « > ),

The minimum value of the given quadratic function is
attained at its vertex.
Thus, the minimum value of the function is 6.

4.2
Usc a TI-83 Plus graphing calculator to plot the line
v = 200 and the parabola y = ~Tx 461+ 98,

Then use the INTERSECTION feature to find the
intersection points of the two graphs.

The first intersection point s (2.256, 200).

Intsrsection ~,
HEC.ZEBIEEE YTEMN

The second intersection point is (6.458. 200).

- W=z b

I
HEBM

Therefore, the roller coaster car is 200 feet or more above
the ground for6.458 — 2.256 = 4.2 s 1o the nearest tenth.
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18. J

19.

20.

21.

22

Using technology, graph the equation y = 1007 — 51 o
Then use the MAXIMUM feature of a TI-83 Plus
graphing calculator and a window setting such as
viol, 200 2 v 0, 600, 50 .

20} 'y

The function’s maximum value occurs when v = 10:
therelore. the maximum height attained by the bullet can
be determined as tollows.

b= 1000 - 51

= 100(10) = 5(10)°
= 500m

B

When Maj initially kicks the ball, no time has passed. so
v = (0. Substitute 0 for v into the equation

b= o4Oyt + 1370+ 0.7,
vz o290+ 13.700) + 0.7
v =07

Theretore, Maj was holding the soccer ball 0.7 m above
the ground when she kicked it.

J

No mistake was made in either solution. Thus, both will
vield the same correct answer.

18
Subtract equation (2) trom cquation (1).
(1) sv+v=93
(2) v+ =48
3y =45
v=15
To find v, substitute 15 for v in one of the equations.
() 2(15)+y =48
30+ v =48
=8

H
L.et /1 be the cost of 1 hamburger.
Let £ be the cost of | small french fries.
Create a system representing the two cascs.
(H2H + =700
(Y +2{7 =575
Subtract the equations, and solve for /1.
(1yx2 411 +2F = 1400
() = (/1 +217=575)
31 =825
=275
Thus. one hamburger costs $2.75.

THE KEY Ontario Math 10 Academic
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24.
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A

(1) x + v = 5000 (equation showing total amount
invested)

0.04x = interest carned on the amount invested at 4%
0.061 = interest carned on the amount invested at 6%

(2) 0.04x = 0.0601 + 50 (equation showing interest carned
from the amount invested at 4%, which is $30 more than
the interest carned from the amount invested at 6%)

(2) x 100 becomes 4y = 61 + 5 000

The system of cquations is v + 1= 5 000 and

4x =6y + 5000,

F

Using the midpoint formula,

X Ty, 1 + v,
M=\—5 ", — | Thus.
; 2+x 1 +7
M yp= TS T, )
y 2+ x
Mup= ", 4)
2+ x
2+x -6
y= =8

Practice Test 2
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25. B

26.

Firstdetermine the coordinate of point € by using the

_ o [x, + Yyt
midpomt tormula m = ( s

bl ! i "
—_ a
12 = 4 + \ l ,,t !
1¢ 5 5
. 4+
Mhus, - 7 = ]
—+y= =2
v= 2
12+

and , =8

124 v= {6
v= o4

Sinee point s at {2, 4). use the distance formula
R 3 N T . .
d = \‘(\2 - .\‘)- + (1': - ,\-l)m) find the distance [rom

= V(=6) + (8)?

dyc =

pomt Clopomt 4.y =36+ 64
d - = V100
o (o =10

Thus. the distance rom point A to point 1 mustalso be 10.
(/‘”) =vV(—4=-2)+ (12— y)“ (Note: D is the point
RARDI

) al
=N (=6)"+ (12 = v)"

0= V36 +(12-1)°

Square both sides.

100 =36+(12 1)

Subtract 36 from both sides.
ob=(12- 1)

Take the square root of both sides.
=12~y

Thus. 8 =12 -vor-8=12-1.
—4=—vor-20=-y

Solve for 1 i both cases.,
d=vor20=y

The value for v s 20 Csinee a v-coordinate o' 4 would be
the same location as cruise ship €.

G
FFind the length of the radius using the distance formula.
TS
Jd = \(,\3 - '\'l): + (\'2 - A\'])~
5 5
=V (g =0)"+(h=0)"
=NuT T
The radius of this circle is given by the expression

) A
Na~+ DT,

Practice Tests

28.

252

27.

Copvright Protected

B

Begin by simplifying the given equation by dividing cach
term of the equation by the GCF of 4,

2 )
4 4y” 36
: + -
4 4 4
bl i
yTHyT=9
.. . al ) 3
Since the equation Y™+ y7 =77 represents a cirele with
centre (0, 0) and radius . 1t follows that:
2
rT=9
r=v9=3

. . . ol > .
Fhus, the radius of the circle v~ + 7 = 915 3 units.

H
. Y
Using the slope formula m = -~ - ind the slope
Vi = A
2 i
of OR.
_8-2
o= e
-2-6
6
mE e
_ 3
m=-
4

. . . : : 4 :
T'he slope of the perpendicular bisector will be oW hich

5
. . . L=3
is the negative reciprocal of e
The midpoint of QR can be found by using the midpoint
formula

gtnontn
=l T s

{6+ (=2) 2+8
Mor=\ 2772
Moy = (2, 9)

. . . C4
The perpendicular bisector off QR has a slope of” | and
Al

passes through the point (2, 5).
Using the point-slope form. the equation of this hine can
be determined as follows:

y= m(.\' - v\‘]) +

V= :1 (x=2)+5
4 3
1 3 X — ? +5
Use a common denominator.
BRI DR
: 3 3 3
"= 4 c+ 7
. 3 3
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29.

Write 3v = 41 — 36 = 0 in the slope-intercept form
v=my+h

v =36 =4v

v 36 _ 4y

3 - .
— (the coetficient of v).

4

Here. the slope is m =

. . . . 4 .

Thus. the slope ot AB (in the diagram) is —— (the negative
J

3

4

The equation of 1A can be determined as follows:

m(\‘ - ,\‘1) o

(v=(=0)+2

reciprocal of

).

Il

v

1
r=— ()2
D
v = 74_,*,\ - :1 +2
: Al Al
Use a common denominator.
4 4 + 6
V= - v — b
: 3 303
4 2
N L
: 3 3
Multiply both sides by 3.
3y =4y +2

Adding 4y to both sides.

dv+3y =2

The intersection point B can be found by solving the
system mvolving of equations
Jv—dv~36=0and4x +3v =
(Iy3Iv =41 =36 =0=3x -4y
(2)dy 43y =2

Dy —16r=144(1) x4
12v+90r=6(2) x3

Subtract the equations.

—25¢ = 138

Solve for 1.

v = =552

[§=)

36

Substitute v = —=5.52 into cither (1) or (2) to solve for v.

THE KEY Ontario Math 10 Academic
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4y +3(-5.52) =2
v - 1656 =2
4y = 1K8.56
v =464
Thus. point B (in the diagram) is (.64, =5.52).
Use the distance formula o = \((,\: —\7[)3 + (_\:2 - ,\'|>210

find the distance from A to 8

o 3 02
dip= V(=1 —4.64)+ (2= (=3.52))"

(-5.64) + (7.52)°

dyp=V

4 = V3G
dyp=94

G

First, use the distance formula
o = V"‘(.\g—.\‘l)z + (_\'q—\'l)2 to determine the length of
side BC.
sl T b

= -3 = 4+ — (= -

L/B(v (=3-06)"+(1 —(=4)
-

= V(-9
Ay V(-9)
L/H(v =106
AABC is an isosceles triangle {two equal sides).
Note: this is not a right triangle because the three sides
will not satisfy the Pythagorean theorem.

C
Begin with a diagram for clarity.
Building
45 fi
Man
6 1PN\,
8 it

X

The triangles are similar since they are formed using the
shadow created by the same angle of the sun at the same
point in time. The remaining corresponding angles are
cqual. Therefore, corresponding sides will have

cqual ratios.

8o
6 45
- 8x45
R 6
x =060 1t
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32. G 4. G

Y]
o8]

In the diagram. 28 = 21 = 90°,

Thus. B || DE . and segments AE and DB are
transversals, Theretore. 24 = 2£. 1t follows that
<DCE = 2BCH

Thus ABC s simitar to AEDC.

Draw the two triangles with the same orientation.

.

¢
[ .
D A B A
.. o oy BC AB
Sinee ABC is similar to AEDC, Do = DE -
Substitute the given values into this equation.
30 15
2o
15120

= = ot

10 60

Therefore. the width of the river is 60 m.

A

The given triangle is made up of two congruent right
triangles. Label the top angle of cach right triangle as
angle v.as shown below.

A triangle

Determine the measure of angle v.

. opposite

smf =
hvpotenuse

el

3

Smee v = 2voangle v = 2(517) = 1027,

Practice Tests

w

The general form of the law of sines is
a _ b ¢
T sinB T osin(
This cquation implics that side v is opposite 1o angle A,
side b is opposite to angle B. and side € is opposite 1o
angle €.

sin

In the given triangle, NP is opposite to 230 MV s
opposite to <P, and MP is opposite o 2N

T, MY Mp
Fhus. sin P sin N

of sines.

correctly represents the Jaw

A

g . 2 2 o -

The equation x = = 80~ + 957 — Z(X())(‘b)ms 737 isatorm
of the law of cosines and implics that side v is opposite to
the 737 angle.

H
To begin, determine the fength of side 812,
. AB
InABAD. sin 2ADB = BD
Substitute 417 for 24DB and 9 for 4B,
9
sin4l° = BD
BD x sin41°=9
9
= inal’
BD = 13.72

In ABAD. 24BD = 49°(from 1807 — 90" - 417):
therefore, in ACBD . 2C'BD = 41°(from 90° — 497). Thus,
in ACBD . 2BDC = 61°(180% — 417 — 787).
In ACBD . since it 1s not a side-angle-side situation. sobve
for x by making use of the law of sines as follows.
CBC_BD
sin 2BDC sin 2BCD
Substitute v for BC', 13.72 for BD. 61" for £BDC . and
T8 for 2BCD.

v 132
Sin61° " sin 78°
X sin 787 = 1372 X sin61°
13.72 x sin61°

sin78°
v =1227

The length of side x. correct to the nearest tenth.is 12.3 m.

X =

Castle Rock Research
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37. D 39. C
Begin by determining the length of side 4D, In A4CD 1t In A4BC . itis a side-angle-side situation: theretore, solve
is a side-angle-side situation, so solve tor 41 by making for the distance from 4 to € as follows:
use oithc law :)f‘cusinci as follows: (A(')z — (B/l)z " (b’(')z —2BANBC)cos 2ABC
(AD)" = (4O + (DCY = 2(4CHDC)eos C Substitute 65 tor BA, 70 for BC'. and 38 degrees for
Substitute 26.0 for AC, 18.0 for DC. and 32 for (. 2ABC.
(1D)” = 26,07 + 18.07 - 2(26.0)(13.0)cos 32° (AC) = 657 + 707 = 2(65)(70)cos 3%
(4D)* = 206227 (4C)* =4225+4900 -7 171,90
AD = 820627 a2 L
AD = 1436 (1) -’-”17)57"4.10
In AABD . since it is not a side-side-side situation, use the AC= V195410
law of' sines to determine the measure of 2408 as follows: AC = 4421
B AD To the nearest tenth, the wakceboarders are 44.2 feet apart.
Gin 2 ADB T sin 2ABD
Substitute 19.5 for AB. 14.36 for AD. and 45° for 248D | 40.J
(V.5 14.36 In ABCD. it is a side-angle-side situation: therefore, solve
sin 2ADB  sin £45° for BD by applying the law of cosines as shown:
14.36 % sin 2ADB = 19.5 x sin 245° (131,))2 = ((‘B)2 + (('1,))2 —2CB)CD)eos £BCD
Sin 2ADB = 19.5 x sin 457 Substitute 3 for CB. 5 for CD . and 68° for «BCD.
’ ) 14.36 W2 L2 2
. ; BD)™ =37+ 57 = 2(3)}(5)cos 68°
sin 2 ADB = 0.9602 (BD) R (3)(S)eos 6
) - .
£ DB = 73.8° BD = V37 + 57 = 2(3)(5)cos 68°
’;hF' measure of 2 ADB. correct o the nearest degree. i Thus. the equation BD = V3te st 2(3)(5)cos 687 could
s be used to determine the length of the roadway, B1).
38. 10
The given diagram can be labelled as tollows:
A
- B
- [25m —»
In AABD ., obscrve that 248D = 180° =299 = |51°.
Now, determine the length of side B in A4BD by
applving the law of sines as shown:
BD 4B
sin zDAB - s 2ADB
Substitute 187 tor «NDAB, 12.5 for AB, and
[12(1807 — 1519~ 18°) for 2ADB.
BD 12.5
sinl¥ sinl 1
BD xsin 117 =12.5 X sin 18
Bl = 125 .X sil} 18"
sin 1 1°
BD = 20.24
Next. solve for /1 in right triangle BCL as follows:
. DC
sin «DBC = -
Sin ¢ B
. h
sin 29" = 5054
ho=20.24 x 5in 29°
h =981
The height of the school. to the nearest metre, is 10 m.
THE KEY Ontario Math 10 Academic 255 Practice Test 2
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41. Part A - Open Response

Solve for v by substituting $62 750 for € in the equation
=207 = 7000 +92 750 as follows:

62750= 22 700v + 92 750

0= 21" 2 7000 + 30 000

0= 2(y 7~ 3501 + 15 000)
I'he two numbers that have a sum of =350 and a product
of 15000 are =30 and =300,
0= 2(x = 30)(v - 300)
Theretore, v =30 =0 or v =300 =0
V=S50 or v =300
The equation 2x == 700x + 30.000 = 0 can also be solved

[
o _ —hENhT —dac
by using the quadratic formula v = - 5T
2u

as shown:

Substitute 2 tor «. =700 for A, and 30 000 tor ¢.

~ (= 700) £ v (-~ 700)7 = 4(2)(30 000)

S 20 -
700 £ ¥490 000 - 240 000
V= 4

C_ 700 £ 250 000

b 4

_ 700 £ 500

Ty

700+ 300 _ 12000 _

v o= 1 = - 1 = 300
S T00 =500 _ 200 _
ory = i =4 7 50

Part B — Open Response

In order to determine the number of Road Racer bicycles

that must be manufactured to minimize the cost, complete
)

the square of the equation €= 2v 7 = 700x + 92 750, as

follows:

~

C =207 =700x +92 750

¢ =2(0 7 =3504) +92 750

= Z175.(~173)7 = 30 625

5

=200 7 = 3500 + 30 625 = 30.625) + 92 750

¢ =2( = 3500 +30625) =61 250 + 92 750

C=2(v = 175)7 + 31 300

The minimum value of € is 31 500, when v = 175,
Thus. 175 Road Racer bicyceles have to be manufactured
to minimize the cost.

Part C — Open Response

The minimum cost of manutacturing the Road Racer
bicyeles is S31 300,

Practice Tests

42.

256
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Part D — Open Response
First, choose an appropriate window sctting on your
graphing calculator. Next, graph

2
Yy =207 =700 +92.750 and v, = 30 000, Finally.
determine the w-coordinate of the first point of interseetion
of the two graphs. This x-coordinate is about 78.823.
Thus. the fewest number of bicycles that can be
manufactured for a cost of $30 000 is 78.

Part A — Open Response

Corner post 4 has the same x-coordinate as corner
post B and the same y-coordinate as corner post 1)
Therefore, the coordinates of 4 are (139, 89).

Part B — Open Response
Since soceer net EF is centered on the back line A1/ begin
by determining the midpoint of A8 by using the midpoint

Xty oty
22

[Re=]

formula A/ =

15+ 89
’ 2

{139+ 139
M _(,,,,,,,2

AB

278
‘\/AJ[;’—( R

M= (13‘), 52)

A
Recall that the width ol soccer net £F 15 8 vards.
Therefore, the y-coordinate of point £ must be 4 more
than the y-coordinate of the midpoint of 5.

The coordinates of point 2 are (139, 36).

The y-coordinates of point F must be 4 less than

the v-coordinate of the midpoint of 4B

The coordinates of point £ are (139, 48).

Part C — Open Response

In order to determine the minimum distance the soccer ball
must travel trom player £ to player Q. determine the
length of the line segment Q) by applying the distance
formula.

J= V/‘(’\Z _ “'l)z ¥ (»"2 _ ‘lAl)Z

3

;

dpo = V(83 = 54)7 + (62 - 41)

{0 TS
dpy = V0RO +(21)7
dp = V841 + 441
dpy = VI.2R2
dp = 3551

The minimum distance, to the nearest tenth, that the soccer
ball must travel from player P to player () 15 358 vards,
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Part D — Open Response

In order to verify that the diagonals of the playing field
biscct cach other at the centre mark. M, show that the
midpoint of diagonal BD is the same as the midpoint of
dragonal 1C by making use of the midpoint formula

(R AT
M= 5. 5

139+ 1Y [S+K9
'\//9/) - o ' Rl

{139 +19 89+ 1S

_ (1SR 104 _ {158 104
*"/;/)“( > 3”) ”.1("( ) 'j’)
Myn = (7‘) 52) My = (7‘), 52)

Thus. the diagonals of the playing field bisect cach other
at (79, 32). This corresponds to the coordinates of the
centre mark A/,

Yart A — Open Response

In ALBC, the distance BC can be determined as follows:

BC
tan 237" = -
" AR
Substitute 130 for AB.
tan 25 = B,(

130

BC =130 % tan 257

BC = 60.62
I'he distance from the sprinkler head at point 5 to the
sprinkler head at pomt ) to the nearest tenth, is 60.6 m.

Part B — Open Response

In order to determine the distance trom the sprinkler head
at point 1 to the sprinkler head at point £ first find the
length of 40, This can be done as follows:

AR
In AdBC, cos 25% = ——.
n Ccos i
Substitute 130 for AB.
- 130
CoN N = .
AC
{C X cos 257 =130
)
ao= B
CON 207
AC = 14344
AC
INAACD, cos 157 = ==
n Cos D
Substitute 14344 for A1C.
s = 14344
t AD
A % cos 157 = 143,44
D= 14.\4—4‘
cos 1S

AL = 4SS0

THE KEY Ontario Math 10 Academic

Now use the tangent ratio:

o ,[),,[:;
tan(.1) = D
DE
. 20} = B —
tan(22) 148.50
DFE =60

The distance from the sprinkler head at point /1) to the
sprinkler head at point £. to the nearest metre, is 60 m.

Practice Test 2



258



e S .
o W

e RO S

i s




Copyright Protected

Formula Sheet

Quadratic Relations
Standard form:
Factored form:
General form:

Quadratic
formula:

Fuctoring Polvnomials
Perfect squares:

Difference of
squares:
Expanding polvnomials
Distributive
property:

Analvtic Geometry

Midpeint
formula:

Distance
formula:

Slope:
Equation of a
circle:
Equation of a

line:

Trigonometry
Right Triangles

Primary
trigonometric
ratios:

Acute Triangles
Law of sines:

Law of cosines:

Ontario Math 10 Academic

¥V :a(.\‘—h): +k

V= Cl(.\‘“l')(,\”—.ﬁ')

v=ax +bxtc, a#0

. —b+~b —dac

2u

5

(a+b) =a” +2ab+b"
(a—b) =a” —2ab+ b’

a —h’ :(a-b)(a—i-b)

a(x + y) =ax+ay

2 2
2 2
d= (xz_‘l) +(‘2“ )
Vo — ¥
m===
X, — X,
2 2
Xy =r
v=mx+bh
. . . opposite
Sine ratio: sin 4= _OPPOSTE
hypotenusc
. . adjacent
Cosine ratio: cos 4 = _adacent
hypotenuse
opposite

Tangent ratio: tan 4 =—
adjacent

a b
sinA sinB  sinC
a> =h>+c"=2bccos A
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acute angle An angle measuring more than 0° but less than 90°.
acute triangle A triangle with all three angles each measuring less than 90°.
adjacent angle Two angles that share a common vertex and a common side. The sum of their

measures is 1807, In the diagram below, angles a and b are adjacent angles as well as angles a
and d.

algebraic expression A mathematical phrase made up of numbers and variables that arc
connected by addition. subtraction, or both ( 3x, 5x + 6).

algebra tiles Manipulatives used to assist understanding of algebraic expressions and equations.

altitude A perpendicular line segment from the base of a figure to the opposite side or vertex.
Altitude

- -

f

angle of elevation The angle formed between two rays where one of the rays 1s above the
horizontal ray.

2™ ray above the
horizontal ray

Common Angle ol elevation

starting @

v

point Horizontal ray

angle of depression The angle formed between two rays where one of the rays s below the
horizontal ray.

Common :
Horizontal ray

starting @

Y

point Angle of depression

2™ ray below the
horizontal ray
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axis of symmetry A vertical line that passes through the vertex of the parabola and divides
the parabola into two cqual halves cach of which is the mirror image of the other.

base (of a power) The number or symbol that is repeatedly multiplied as indicated by the

bR . . .
exponent (= 2 is the base and is multiplied 2X2Xx2),

. . . 2x '
binomial A two-termed polynomial ( 2y+3) ).

bisect To cut into cqual halves.

circle A collection of points in a plane that are an cqual distance from a fixed point (the centre).

coefficient (numerical) The number immediately in front of a variable in a term that determines
the factor by which the variable is multiplied. In 13x, the numerical cocfficient is [3.

common factor A number that can be evenly divided into each number within a set of given
numbers.

completing the square A mathematical process used to change the form of a quadratic function

from the general form v = ax” +hx + ¢ to the standard form y=a{xv—h) +k .

conjecture A statement that appears to be true, but has not been proven true using appropriate
mathematical logic.

congruent figures Figures of the same shape and size where all corresponding angles arc
congruent and all corresponding lengths are equal.

constant A term in a polynomial that contains no variables, only a single number.

coordinate plane A two-dimensional surface across which a number line cxtends horizontally
(the x-axis) and is intersected by a number line extending vertically (the y-axis).

A

Axes

12T
]

g B
S

corresponding angles/sides Angles and sides that have the same relative positions in two or
more geometric figures.

curve of best fit A curve that passes as closc as possible to points plotted on a non-linear graph.

data Facts. statistics, or bits of information.
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decomposition A commonly used procedure for factoring trinomials of the form
Vy=ax" +hv+c. a# 0, where the middle term (bx) of the trinomial is split into two separate

monomials such that the resulting expression can be factored by grouping.
diagonal A line connecting two non-adjacent vertices of a figure.

diameter The longest distance connecting two points on a circle and passing through the origin
(sce radius).

g - . . . hl R .
difference of squares A polynomial that can be expressed in the form «” — 47, which can be
factored into two monomials (¢ +b)(a—b).

distributive property To multiply out the parts of an expression; a(x+y)=axtay.

domain The set of input values (usually represented by variable v) of a function.

cquilateral triangle A triangle where cach side of a triangle is cqual in fength.

expand To multiply through polynomials using real number propertics.

exponent A number or variable, shown in a smaller size and raised. that indicates how many
times the base is multiplied by itself before it is used as a factor: for example. 3 is the exponent in
the expression 97 and v [see basc (of a power)].

exponential function A function of the form y =ah" where the input variable x is located in the

exponent position.
expression Terms separated by operators (+, —, X, + ) with no equal sign (2x+3).

factor To multiply numbers or expressions to form another number or expression (2 and 4 are
factors of ).

factor by grouping A factor method where a polynomial is rewritten with an even number of
terms, into smaller groups that contain a common factor.

factoring The process of breaking down a number or polynomial into its factors.

o
first differences The diffcrence between consecutive y-values with evenly spaced x-values.
general form The equation of a parabola in the form v =ax™ +bx+ ¢, where a#0.

greatest common factor (GCF) The largest factor common to two or more numbers.
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horizontal translation A transformation that moves the graph of a relation horizontally on a
coordinate plane.

hypotenuse The longest side of a right triangle; the side that is directly opposite the right angle.
interior angle The anglc on the inside of a closed two-dimensional geometric figure.
intersecting lines Lines with one point in common (sec point of intersection).

inverse The operation that cancels the given value (addition and subtraction are inverses:
multiplication and division are inverses).

isosceles triangle A triangle where exactly two sides of the triangle are equal in length.
like terms Terms that have the same variables with identical exponents (2y2 and 5}’2).
linear equation An equation with a degree of 1 and whose graph is a straight line.

line segment All the points including and between two given points.

lowest common denominator (LCD) The lowest of all multiples shared by two or more

numbers | LCD of% and % is 6].

maximum value The v-coordinate of the highest point on the curve.

median (of a triangle) A line segment that joins the vertex to the midpoint of the opposite side.
midpoint The point haltway between two other given points.

minimum value The v-coordinate of the lowest point on the curve.

monomial A polynomial with only one term.

3

negative reciprocal The reciprocal of a number with the opposite sign added; for —, the

negative reciprocal is —= .

oblique triangle A trianglc that does not contain an angle of 90°.

ordered pair A pair of numbers, (x, v), on a coordinate plane that signify the value of x and the
value of v for a given point on the plane.

origin The point of intersection of the horizontal and vertical axes on a graph, defined as (0, 0).

parabola A relation of the form v = ax” +bx+ ¢, (¢ # 0) will yield a U-shaped graph that either

opens upward or downward.

parallel lines Lines in the same plane that are an cqual distance apart and never meet. Parallel
lines have the same slope and different y-intercepts.
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parallelogram A quadrilateral that has two sets of parallel lines.
perimeter The measure of the distance around a closed figure.

perpendicular lines Lines that intersect at a 90° angle, and their slopes arc ncgative reciprocals
of cach other.

point of intersection The point where two lines intersect and the x-values and the y-values for
both hines are equal.

point-slope formula The cquation y—y; = m(x—xp) thatis used to determine the cquation of a

line when given one point (x, v) and the slope (m1).

polynomial An algebraic expression that consists of one or more terms that are connected with
addition or subtraction signs.

product rule for exponents An exponent law that states that when mulitiplying two powers of
the same base, add the exponents.

Pythagorean theorem For any right triangle, the area of the square formed on thc longcsl side is
cqual to the sum of the areas of the squares formed on the other two sides (a+ b =)

quadratic equation An equation in which the variable is squared of the form ax® +hx+c=0.
quadratic function An cquation of the form v = ax> +bx+¢, a#0 and a.h,ce R.

quadratic regression The process of determining the cquation of the curve of best fit for a given
set of data.

quadratic relation A relation of the form vy = Ax® + Bxv + Oy + Dy + Ev+ I, for the purpose

of this course B.C. and E =0 for cxample, v = Ax" + Dx+ I .

quadrilateral Any polygon with four sides (parallelogram, trapezoid, rhombus, rectangle, and
squarce).

quotient rule for exponents An exponent law that states that when dividing two powers of the
same base, subtract the exponents.

radius (plural: radii) The distance from the centre of a circle to any point lying on the
circumference of the circle (see diameter).

range The set of output values (usually represented by variable y) of a function.
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reciprocal The multiplicative inverse of a number that has a product of 1 (the multiplicative
‘;

. 4 L.
inverse or reciprocal of — is ).
rectangle A quadrilateral in which opposite sides are parallel to one another and equal in length,
and adjacent sides are perpendicular to one another.

reflection in the v-axis A transformation in which all points on a relation that arc above the
v-axis getreflected to below the y-axis and all points below the v-axis get reflected above the
v-axis. This creates a mirror image, using the x-axis as a reflection line.

relation Any sct of ordered pairs.

rhombus A parallelogram with four equal sides. The diagonals are perpendicular.

right bisector A line that passes through the midpoint of a line segment and is perpendicular to
the line segment (can also be referred to as the perpendicular biscctor).

right triangle A triangle that has an interior angle of 90° (a right anglc).
roots of an equation The values for the variable that satisty the equation.
scalene triangle A triangle where cach side ot a triangle is different in length.

scatter plot A graph used in statistics to display the relationship of the data of two variables.
The points are plotted as ordered pairs on a coordinate plane.

similar triangles Triangles with the same shape but not necessarily the same size or
oricntation.

simplify To find an cquivalent expression that is simpler (more reduced) than the original.

slope The rate at which the y-values of a point of a line on a coordinate plane change with
respect to a change in the x-values. [t is the measure of the steepness of a linc.

. . Vo — V¥ ~ . . .
slope formula The equation m = =21 used to find the slope of a line; m is the slope.
Xy — .\'1

The numerator represents the rise, and the denominator represents the run of the linc.

slope y-intercept form The cquation of a linc in the form y = mx +b . where m is the slope

and 5 1s the v-intereept of the line.

square A quadrilateral in which all four sides are equal in length and opposite sides are parallel
and adjacent sides are perpendicular.

,
standard form The cquation of a parabola in the form vy =a{x—h)" +k . where ¢ #0.
substitution When a specific value is used in place of a variable in an algebraic expression.

sum The value that results from adding numbers.
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supplementary angles Two angles that have a sum of exactly 180°.

system of linear equations A set of lincar equations involving two or more variables. A
solution to this system is a set of points common to both lines.

table of values A table with the ordered pairs of the relation recorded. Typically, the v-value is
in the left column, and the y-value is in the right column,

term A value or algebraic expression separated by plus or minus signs.
transformations Any mapping of a figure that results in a change in position, shape. size. or

appearance of the figure: for example, translations, reflections, stretches, and compressions arce
transtormations.

transversal A linc that intersects two or more parallel lines.

trapezoid A quadrilateral in which the slope of exactly one pair of opposite sides is cqual.
trinomial Any polynomial with exactly three terms: for example, v +2x+1 s atrinomial.
variable A letter or symbol used to represent a valuc.

vertex of a parabola The ordered pair where the maximum or minimum value of v oceurs.

vertical compression A transformation where the graph of a relation vertically flattens.

\J

Vertical Compression

vertical stretch A transformation where the graph of a relation becomes clongated vertically.

Vertical Stretch

ye

S

-

vertical translation A transformation that moves the graph of a relation vertically on a
coordinate plane.

vertically-opposite angles Angles across two intersecting lines. These angles have the same
measure.
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x-axis The horizontal number line on a coordinate planc.

x-intercept The value of x when y is equal to zero or the point where the line crosses the x-axis.
y-axis The vertical number line on a coordinate plane.

y-intercept The value of v when x is cqual to zero or the point where the line crosses the -axis.

zeros Values that make a function equal to 0. These are also known as the x-intercepts ot the
graph ot a function.
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