6.1 Slope of a Line
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Make Connections

The town of Falher in Alberta is known as la capitale du miel du Canada,

' g 4
it the Honey Capital of Canada. It has the 3-story slide in the photo above.
i i How could you describe the steepness of the slide?
|
g
z Construct Understanding
- TRY THI S
Work with a partner
This diagram shews dlfferent line segments RN
~ona square grld : : L
: ; 1 i £
A Thmk of a strategy to calculate a number o e
to represent the steepness of each lme : i
segment '7 : : : it T _f
~ B. Which is the steepest line segment? - = L/ i
i i H’owz.d'oes' your number showthatt [/ A
| : w2 - TR

: ', C. Whlch segment is the least steep? How does its number compare
- with the nther nurnbers? :

S
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D. On agrid, draw a line segment that is steeper than segment CD,
but not as steep as segment BC. Use your strategy to calculate
a number to represent its steepness. - ‘

E. Howare line segments CD and EF alike and different?
How do the numbers for their steepnesses compare?

F.. What number would you use to describe the steepness of
a horizontal line? s

Some roofs-are steeper than others. Steeper roofs are more expensive to shingle.

Roof A Roof B

The steepness of a roof is measured by calculating its slope.
rise

Slope = Tun

The rise is the vertical distance from the bottom of the edge of the roof
to the top.

The run is the corresponding horizontal distance.

For each roof above, we count units to determine the rise and the run.

For Roof A For Roof B ' For Roof C
rise rise rise
Slope = Ton Slope = Ton Slope = Tun

1 13 7 14

.. Slope = 3 Slope = 15 Slope = =
L Slope =1 Slope = 0.583 Slope = 1.75

Roof C is the steepest because its slope is the greatest.
Roof B is the least steep because its slope is the least.
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The slope of a line segment on a coordinate grid is the measure of its rate
of change. From Chapter 5, recall that:
change in dependent variable ;
Rate of change = — . . change in|x
change in independent variable R R Gt EECERES
Rate of change — ShANEin ¥ wel )
change in x 0
The change in y is the rise. Ll L
The change in x is the run.
rise
So, slope = —
run
m Determining the Slope of a Line Segment
Determine the slope of each line segment. . CHECK YOUR UNDERSTANDING
a) TP B b) | lcl H v _ 1. Determine the slope of each
} 12 % - fZ “ : line segment.
x | : s
— 4 | 0 y 4 % w a) 4 Y IF "}’“’”
A [ _ v -
A | TN A
T 4 [ 0
. D 2 -
/ 4l
SOLUTION L B
b) Goocl. - . 5 v
Count units to determine the rise and run. \ <
a) From A to B, both x and y are increasing, so the rise is 6 and 4 -2 0] 2
the run is 10. ' : L
|_runji YT 11 :
4 4’ runjis 1(0 | : /‘-> B : [A_nswers; a) % b) _g]
rise is 6 1T B
| x
T .
MO
rise
Slope = m
Slope = 10 Write the fraction in simplest form. L
3
Slope = =
ope =¢ :
Line segment AB has slope —z—
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x is increasing, so the run is 5.

¥ 'When a line segment goes up to the
3 right, both y and x increase; both the
& rise and run are positive, so the slope
: of the segment is positive.

i oy
"""" i run{is positive
selis | /T
sitive| | 7/ X
3 /1 0 fositiv
i /] slope
B
1

For a horizontal line segment, the
. change in yis 0 and x increases. The
'-if rise is 0 and the run is positive.

YT T
X
0 ;
Oslope] |
rise
Slope = Tun
0
Slope = Tun
Slope = 0

So, any horizontal line segment has
slope 0.

Line segment CD has slope —2.

b) From C to D, y is decreasing, so the rise is —10; Why does calculating the slope

of the line segment joining D to

W C produce the same result as
‘ \ SN R e calculating the slope of the
S T segment from C to D?
A
I RE 2
rise is T2
-1l 4
] .1 \b
run is 5
gl _rise Suppose:the slope is an integer,
OP€ = Tun How do you identify the rise and
~10 therun? S
Slope = 5 Write the fraction in simplest form. RS A : ‘
Slope = —2

When a line segment goes down to
the right, y decreases and x increases;
the rise is negative and the run is
positive, so the slope of the segment
is negative.

yio

risetis— \\ h g&tw&

negativer—\ !
9 : \ TIU DeE x
oTolN\
M |
NN
|__run is|positive

For a vertical line segment, y
increases and the change in x is 0.
The rise is positive and the run is 0.

‘For a vertical line .~
segment, y could
decrease and the rise-

y ~ would be hegative.

slop

undefined
P |

I

|

mn
RN

rise
Slope = —
run

rise

0
A fraction with denominator 0 is not
defined. '
So, any vertical line segment has a
slope that is undefined.

Slope =
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m Drawing a Line Segment with a Given Slope
Draw a line segment with each given slope. . CHECK YOUR UNDERSTANDING
7 3 :
a) 5 b) 3 - 2. Draw aline segment with each
‘ slope.
: 4 8
SOLUTION : a)§ b) =3
7 .
a) A line segment with slope 5 has a rise N2 : Sample Answers:
of 7 and a run of 5. Choose any point R on A LU IER -t N
a grid. From R, move 7 units up and R Ll yaARE 0]
5 units right. Label the point S. w7t | ||
. Xt 2 9
Join RS. o 3
7 5 ' sfope 171
Line segment RS has slope N 74 si 4
R__ i L
|
g | - b) The slope —¢ can be written as rE TP
A . BRI 5y S g
, ! A line segment with slope ry has is —3" L5 ~— .  Why can we choose any point
3 arise of —3 and a run of 8. ‘ injsd 771 : onthe grid as one endpoint of -
Choose any point T on a grid. 4 (2 0] [ 2 4i]: thelinesegment?
From T, move 3 units down and B o :
8 units right. Label the point U. ,
Join TU. - ¢ Suppose the slope was

: ; 3 i
. 3 ¢ written as — . How would yo
Line segment TU has slope —3 T NIRRT 8 ) e u: 1=

v © 1 draw the line segment?

We can show that the slopes of all segments of a line are equal.
On line MT, vertical and horizontal segments are drawn for the rise and run.
These segments form right triangles. [ BN T
Consider the lengths of the legs | v 516 - / 1
of these right triangles. | Iy | r ; » v
TU 12 SV _ 8 RW 4 | Wt
UM 18 VN 12 WP 6 I gl |12 7 Qe
TU_2 SV_2 RW_2 A ‘

: UM 3 VN 3 WP 3 P AT ‘

1 _ I g - ‘

The lengths of the legs have the /: 3 }A' ]

same ratio. d T ]

i So, the triangles are similar. ! | :

i :

336 Chapter 6: Linear Functions

T G A I )




. the line is the slope of any segment of the line. For example,

9
i 2
- So, the slope of line MT is 3

Determine the slope of the line that passes through C(-5, -3)
and D(2, 1).

SOLUTION

Sketch the line.
Subtract corresponding coordinates to determine the change in
xand in y.

S B ¢2 ‘Y " 4/,
run! %
Y >0, M
4 271 121 4]
rise ‘//_) ‘
v 2 !
AATES3) !
From C to D:

The rise is the change in y-coordinates.
Rise =1 — (—3)

The run is the change in x-coordinates.
Run =2 — (—5)

1— (—3)

Slope of CD = 2~ (=5)

4
Slope of CD = 7

. 2 6
Slope of segment PQ = 3 Slope of segment NR = 5, or

2

3

- Any right triangle drawn with its hypotenuse on line MT will have legs in the

. 2 . . . .
ratio 3 So it does not matter which points we choose on the line; the slope of

S ETUTIERCEE Determining Slope Given Two Points on a Line

. CHECK YOUR UNDERSTANDING

: 3. Determine the slope of the line

that passes through E(4, -5)
and F(8, 6).

11
[Answer: —]
4

“How could you use slope to
~verify that three points lie on the
Csameline?

Example 3 leads to a formula we can use to determine the slope of any line.

Slopeofaline [P LA
A line passes through A(x, ;) and B(x 7). - 5 // Xo1 Yp)
A R L SRR ISR o \
Ay S 2 3 y/ I X
: : 0 |
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ET plbé B Interpreting the Slope of a Line

Yvonne recorded the distances she Graph of a Bicycle Ride

had travelled at certain times since L 2]
she began her cycling trip along the |

Trans Canada Trail in Manitoba, from

North Winnipeg to Grand Beach. She

plotted these data on a grid. e -+
a) What is the slope of the line §

through these points?

b) What does the slope represent?

c) How can the answer to part b be |0

used to determine: B ‘, T

3
i) how far Yvonne travelled in 1;1- hours?

ii) the time it took Yvonne to travel 55 km?

SOLUTION

a) Choose two points on the line, such as P(1, 24) and Q(3, 72).
Label the axes x and y. Use this formula:

Slope of PQ = _)’2:—}’1 Substitute: y, = 72, y, = 24,

X T X, =3,and x; =1
Slope of PQ = 7; : 214 Graph of a Bicycle Ride

48 BN 2NNEN l

< | Q5,174

Slope of PQ = > i .
Slope of PQ = 24 o
The slope of the line is 24. b

- Distance (km

K-
)
N
5

-
N

o

1 2 k 4
- T )
i e ]

b) The values of y are distances in kilometres.
The values of x are time in hours.
So, the slope of the line is measured
in kilometres per hour;
this is Yvonne’s average speed for her trip.
Yvonne travelled at an average speed of 24 km/h.
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- CHECK YOUR UNDERSTANDING

4. Tomhasa part-time job. He

recorded the hours he worked
and his pay for 3 different days.
Tom plotted these data on a
grid.

Graph of Tom’s Pay

T .
i i
20 !
T 1

Q

R

R !
! i A ! |

a) What is the slope of the line
through these points?

b) What does the slope
represent?

¢) How can the answer to part b
be used to determine:
i) how much Tom earned
1
in 35 hours?

ii) the time it took Tom to
earn $30?

[Answers: a) 12 b) Tom’s hourly rate
1
of pay: $12/h c) i) $42 ii) 25 hours]




B ¢) i) In1h, Yvonne travelled approximately 24 km.

3
So, in IZ hours, Yvonne travelled: (1%)(24 km) = 42 km
3 .
In IZ hours, Yvonne travelled approximately 42 km.

ii) Yvonne travelled approximately 24 km in 1 h, or 60 min.
60 min
24
So, to travel 55 km, Yvonne took:
55(2.5 min) = 137.5 min, or 2 h 17.5 min
Yvonne took approximately 2 h 20 min to travel 55 km.

To travel 1 km, Yvonne took: = 2.5 min

CUSS the Ideas 1. When you look at a line on a grid, how can you tell whether its slope is
positive, negative, 0, or not defined? Give examples.

2. Why can you choose any 2 points on a line to determine its slope?

3. When you know the coordinates of two points E and F, and use the
formula to determine the slope of EF, does it matter which point has the
coordinates (x;, y;)? Explain.

5. For each line segment, is its slope positive, negative,
zero, or not defined?

a) L y b) L yo
— | ol X
‘ ]\\‘\L ‘ 0 T
| L T 1x | ;
o] | ] L
I jL -
| x L ’ x
] To| | ~ ] o] | ]
4_,]1 ! - ‘\
I L ,..; -
| RN
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6. For each line segment, determine its rise, run,

and slope.
a)
| 2 86,9
"3, 1) x
2 0 2
RG A,V
) 1]
\2d
X
2\ 0
SCT, B |

7. Determine the slope of each line described

below.

a) As x increases by 1, y increases by 3.
b) As x increases by 2, y decreases by 7.
¢) As x decreases by 4, y decreases by 2.
d) As x decreases by 2, y increases by 1.

8. Sketch a line whose slope is:

10.

340

a) positive
€) negative

b) zero
d) not defined

Draw a line segment that has one endpoint at
the origin and whose slope is:
2 2 4
a) 3 b) —3 c) 4 d) ~3
To copy a picture by hand, an artist places
a square grid over the picture. The artist then
copies the image on a different grid, making sure
corresponding grid squares match.
a) How would determining the slopes of lines in
the picture help a person to copy the picture?

b) Copy the picture above, using the strategy you
described in part a.

Chapter 6: Linear Functions

11.

12.

13.

14.

15.

b) The treadmill is set at its maximum slope, 0.1 \4

a) Choose two points on line segment D}
Use these two points to determine the sl
of the line segment.

.y e

b) Choose two different points on segment [} "
. and calculate its slope. 3
c) Compare the slopes you calculated in parts &
" and b. Explain the results. 3
a) Draw 2 different line segments with slope :,; -'
b) How are the line segments in part a the sa
How are they different?

a) Determine the slope of the line that passes
- through each pair of points.
i) P(1,2) and Q(3,6)
ii) S(0,1) and T(8, 5)
iii) V(—1,4) and R(3, —8)
iv) U(~12, —7) and W(—6, —5) :
b) Explain what each slope tells you about the fir§

a) On a grid, draw a line that passes through
3 points. Label the points C, D, and E.

b) Determine the slope of each segment.
‘i) CD ii) DE iii) CE
-What do you notice?

a)fA treadmill is set with a rise of 6 in. and a run
of 90 in. What is the slope of the treadmill?

The run is 90 in. What is the rise?




- A trench is to be dug to lay a drainage pipe.

To ensure that the water in the pipe flows away,
the trench must be dug so that it drops 1 in. for
every 4 ft. measured horizontally.

- -a) What is the slope of the trench?

1
b) Suppose the trench drops 6 in. from

beginning to end. How long is the trench
measured horizontally?
¢) Suppose the trench is 18 ft. long measured
- horizontally. By how much does it drop over
that distance?

'7. Match each line below with a slope. Explain
i your choices.

a) slope: -2 N 2RV
1 j = |Line )
b) slopezz ; N B
. ,\‘ AN
) 1 1 ‘l : / ‘L"‘IE |X
c) slope: — ENLAE
2 ?)V‘ Line i~
d) slope: 2 | T
‘ | Line iv|

¢ 18. a) Draw the line through each pair of points.
; Determine the slope of the line.
i) B(0, 3) and C(5,0)

ii) D(0,-3) and C(5, 0)

iii) D(0, -3) and E(-5, 0)

iv) B(0, 3) and E(-5, 0)
b) How are the slopes of the lines in part a

related?

19. a) Explain why the slope of a horizontal line
is zero.
b) Explain why the slope of a vertical line

is undefined.

|

20. Four students determined the slope of the line
through B(6, —2) and C(—3, —5). Their
answers were: 3, —3, %, and —%

a) Which number is correct for the slope of

line BC? Give reasons for your choice.

b) For each incorrect answer, explain what

the student might have done wrong to get
that answer.

21. a) On a grid, sketch each line:
i) aline that has only one intercept
ii) aline that has two intercepts>
iii) a line that has more intercepts than
you can count
b) How many lines could you draw in each of
part a? What is the slope of each line?

22. A hospital plans to build a wheelchair ramp.

Its slope must be less than % The entrance

to the hospital is 70 cm above the ground.
What is the minimum horizontal distance

needed for the ramp? Justify your answer.

23. Draw the line through G(—5, 1) with each
given slope. Write the coordinates of 3 other
points on the line. How did you determine
these points?
a)4

1

c) -3

b) —1

. 7
d)Z
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24. a) For each line described below, is its slope
positive, negative, zero, or undefined?
Justify your answer.

i) The line has a positive x-intercept and
a negative y-intercept.
ii) The line has a negative x-intercept and
a positive y-intercept.
iii) Both intercepts are positive.
iv) The line has an x-intercept but does not
have a y-intercept.
b) Sketch each line in part a.

25. Tess conducted an experiment where she
determined the masses of different volumes of
aluminum cubes. Here are her data:

Volume of Aluminum  Mass of Aluminum

64
e

a) Graph these data on a grid.

b) Calculate the slope of the line through
the points.

c) What does the slope represent?

d) How could you use the slope to determine
the mass of each volume of aluminum?
Explain your strategy.

i) 50 cm3 ii) 275 cm?

e) What is the approximate volume of each
mass of aluminum?

i) 100g ii) 450 g

26. This graph shows the cost for text messages
as a function of the number of text messages.

Cost for Text Messages

3.001 - | l
: ‘ |
2 5 90 |
%
Y 1100
|
0 [ 5 [10][15 20

a) Why is a line not drawn through the points
on the graph?

b) What is the cost for one text message? How
do you know?

342 Chapter 6: Linear Functions

¢) Determine the cost to send 33 text messag: 5
d) How many messages can be sent for $7.2(#
e) What assumptions did you make when youw

completed parts c and d? '

27. Charin saves the same amount of money each
month. This table shows how his savings
account balance is changing.

a) How much money does Charin save each
month? How could you use the concept of
slope to determine this?

b) Determine how much money Charin will
have saved after 10 months.

¢) Determine how much money Charin had in
his account when he started saving money

" each month. Explain your strategy.

-d) What assumptions did you make when you

answered parts a to c?

28. Pitchis often used to measure the steepness of a
roof.

> span >

a) For a full pitch roof, the height and span are
equal. A full pitch roof has a span of 36 ft.
What is the slope of this roof?

b) For a one-third pitch roof, the height is one-
third the span. A one-third pitch roof has a
span of 36 ft. What is the slope of this roof?




. OnJuly 23, 1983, a Boeing 767 travelling from
Montreal to Edmonton ran out of fuel over Red
Lake, Ontario, and the pilot had to glide to make
an emergency landing in Gimli, Manitoba. When
the plane had been fuelled, imperial units instead

30. Use grid paper.

a) Plot point O at the origin, point B(2, 4), and
any point A on the positive x-axis.

b) Determine the slope of segment OB and
tan £ AOB.

c) Repeat parts a and b for B(5, 2).

d) How is the slope of a line segment related

of metric units were used for the calculations of
the volume of fuel needed. Suppose the plane
glided to the ground at a constant speed. The
altitude of the plane decreased from 7000 m to
5500 m in a horizontal distance of 18 km. The
plane was at an altitude of 2600 m when it was
63 km away from Winnipeg. Could this plane
reach Winnipeg? Explain.

to the tangent of the angle formed by the
segment and the positive x-axis?

31. a) Construct an angle of 30° at the origin, with
one arm along the positive x-axis. Determine
the slope of the other arm of the angle.

b) Repeat part a for an angle of 60°.

c) For an angle with one arm horizontal, when
the angle doubles does the slope of the other
arm double? Justify your answer.

Describe the types of slope a line may have. How is the slope of a line related to
rate of change? Include examples in your explanation.

Reflect

SRR IR oy P IR AN
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" THE WORLD OF MATH

Profile: The Slope of a Road

The slope of a road is called the grade of the road, which
is the fraction % expressed as a percent. When a grade

is greater than 6%, a sign is erected by the side of the road
to warn traffic travelling downhill. Trucks may have to
gear down to travel safely. What are the rise and the run
of a road with slope 6%?
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6.2 Slopes of Parallel and
Perpendlcular Lmes

& ,determlne whether
~ two lines are parallel
or perpendicular.

@
This map of Calgary

shows the area close to
the Saddledome.

Make Connections

Look at the map above.
Which streets are parallel to 11th Avenue?
Which streets are perpendicular to 11th Avenue? How could you verify this?

Construct Understanding
TRY THIS

Work on your own.

You will need grid paper and a ruler.

A. Ona coordinate grid, draw 2 squares with different orientations.

B. For each square, determine the slope of each side.
m What do you notice about the slopes of parallel line segments?
m What do you notice about the slopes of perpenchcular line
segments?

C. Compare your results with those of 3 classmates Do the
relationships you discovered in Step B seem to be true in general?
. Justify your answer.
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When two lines have the same slope, congruent triangles can be drawn to show
the rise and the run.
Lines that have the some slope are parallel.

Slope of AB = ¢ y

N
(=3

A

S TENEE

o

Slope of CD =

)]

H

ol N N
N
>

Since the slope of AB is equal to the slope of CD, line AB is parallel to line CD.

m Identifying Parallel Lines

Line GH passes through G(—4, 2) and H(2, —1). Line JK passes CHECK YOUR UNDERSTANDING
through J(—1, 7) and K(7, 3). Line MN passes through M(—4,5)

1L B(—3,—2
and N(5, 1). Sketch the lines. Are they parallel? Justify the answer. 1. Line EF passes through E( )

and F(—1, 6). Line CD passes

SOLUTION . through C(—1, ~3) and D(1,7).
he formula for the L " | ‘ o Line AB passes through A(—3,7)
Uls.e ¢ MRt ‘ Coree N . and B(=5, ~2). Sketch the lnes.
a7ne t rough points wit 0t i Are they parallel? Justify your
coordinates (x,, y,) and (x,, y,): M \\i ~{ AnSWer.
Slope = ! : 4 2 I~ ‘ K [Answer: The slopes of the lines
2T A G ™ ; : are not equal, so the lines are not
h X
SEERD r ] ¥ I parallel.]
RN RSN
-1 -2 3—-7
Slope of GH = ———— Slope of JK = ———
ARy ope ol =271
-3 1 —4 1
Slope of GH = 0> Slope of JK = 503
1 —
Slope of MN = _1=>
5-(-4)
_—4 4
Slope of MN = 5% 5

Since the slopes of GH and JK are equal, the two lines are parallel.
Since the slope of MN is different from the slopes of GH and JK,
MN is not parallel to those lines.
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FRE T e

Two real numbers,
a and b, are negative
reciprocals if ab = — 1.

Non-parallel lines in the same plane have
different slopes. Perpendicular lines are not

parallel, so they have different slopes.
Lines AB and CD are drawn perpendicular.
rise rise
Slope of AB = Tun Slope of CD = _—
4 3
Slope of AB = 3 Slope of CD = 2
3
Slope of CD = 1

The rise of AB is the opposite of the run of CD.
The run of AB is equal to the rise of CD.

3. ; : 4
318 the negative reciprocal of 3

-

The relationship between the slopes of AB and CD is true for any two oblique
perpendicular lines. Horizontal and vertical lines are an exception.

1
The slope of a horizontal line is 0. The slope of a vertical line is o which is not

defined. So, the slopes of horizontal and vertical lines are not negative reciprocals.

-S'Ibpes c')f"l?erp‘er'iﬁicu‘lar Lines

The s1opés of two orlfjh'ﬁue iﬁéfpe’ndictﬂa‘r lines are negative reciprocals;

that is, a line with 'slope.a, a7 0,is perpendicular to a line with slope —j;.

m Examining Slopes to Compare Lines

Line PQ passes through P(—7, 2) and Q(—2, 10).
Line RS passes through R(—3, —4) and S(5, 1).

a) Are these two lines parallel, perpendicular, or neither?

Justify the answer.

b) Sketch the lines to verify the answer to part a.

CHECK YOUR UNDERSTANDING

2. Line ST passes through S(—2,7)
: and T(2, —5). Line UV passes
through U(—2, 3) and V(7, 6).

a) Are these two lines parallel,
perpendicular, or neither?
Justify your answer.

b) Sketch the lines to verify your
answer to part a.

[Answer: a) The two lines are
perpendicular.]
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SOLUTION

a) Slope of PQ = _210_—_(37) Slope of RS = ;:—E:g
8 5
Slope of PQ = 5 Slope of RS = 3

The two slopes are not equal, so the lines are not parallel.
The two slopes are reciprocals, but not negative reciprocals,
so the lines are not perpendicular.

So, the two lines are neither parallel nor perpendicular.

L /Q ;
.// 8
A e
/.
// 4
/
p JZ S
’,é// Y X
8 = -4 . =2 ! 0 /' 4
o) //
e /7 ,,,,, /
R~ !
. m Identifying a Liné Perpendicular to a Given Line
a) Determine the slope of a line that is perpendicular to the line CHECK YOUR UNDERSTANDING
through E(2, 3) and F(—4, —1). 3. a) Determine the slope of a
. b) Determine the coordinates of G so that line EG is perpendicular : line that is perpendicular to
e to line EF. the line through G(—2, 3)
: and H(1, —2).
SOLUTION b) Determine the coordinates
. of J so that line GJ is
ot Det . ) .
' a) Determine the slope of EF : perpendicular to line GH.
Slope of EF = —-—— : 3
ope o I —) [Answers: a) 5 b) sample answer:
4 13,6)]
Slope of EF = —R
v; 5
1 Slope of EF = 3

The slope of a line perpendicular to EF is the negative reciprocal
2 3 :
of 3 which is —>5
1 . .3
The slope of a line perpendicular to EF is -5

(Solution continues.) :
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a ‘“ T ““’“':‘.?'f“ .2

b) Draw line EE
3
The slope of line EG is —5,

so for each rise of —3 units, there is '
a run of 2 units. From point E, L i
move 3 units down and 2 units - R / ‘
right. Mark point G. Its coordinates ' 75 0 NP NE
are G(4, 0). Draw a line through /‘l A L)
EG. Line EG is perpendicular
to line EF.

' Using /’Slope to Identify a Polygzén

ABCD is a parallelogram. Is it ERERN 2NN 1
a rectangle? Justify the answer. 5 4 D
_ —] !
A ul 2 | \ i
\ ]
X
4\ -2 |0 — C
] —1 |
B |

SOLUTION

A parallelogram has opposite sides equal.

It is a rectangle if its angles are right angles.

To check whether ABCD is a rectangle, determine whether two
intersecting sides are perpendicular.

Determine whether AB is perpendicular to BC.

From the diagram, the rise from A to B is —4 and the run is 1.
—4

1

From the diagram, the rise from B to C is 2 and the run is 8.

1

2
Slope of BC = L

Slope of AB =

Since the slopes of AB and BC are negative reciprocals,
AB and BC are perpendicular.

This means that Z ABC is a right angle and that ABCD is
a rectangle.

Why do the slopes of oblique
perpendicular lines have
opposite signs?

What are some other possible
coordinates for G?

. CHECK YOUR UNDERSTANDING

4. EFGH is a parallelogram.
[s it a rectangle? Justify your
answer.

E

/ / X
7
1/

| G ||

y !
~H |

N

N

-
F

[Answer: No, EFGH is not
arectangle.]

‘Why didn’t we need to check

that all the angles of -

parallelogram ABCD were right
< :angles? '

- Why didn’t we write the élopef of
. ABas—4? d

o i ; DISCU SS the : ldeas 1. How do you determine whether two lines are parallel?

2. How do you determine whether two lines are perpendicular?
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Exercises

3. The slopes of lines are given below. For each
line, what is the slope of a parallel line?

4 4
a) 'g b) —3
c)3 d)o

4. The slopes of lines are given below. For each
line, what is the slope of a perpendicular line?

a) % b) ——g
c)9 d) -5

5. The slopes of two lines are given. Are the two
lines parallel, perpendicular, or neither?

1
a)4,4 b) 8’6

7 7
g g

1
3 d) E,—IO

6. The slopes of lines are given below. What is the
slope of a line that is:
i) parallel to each given line?
ii) perpendicular to each given line?

4 7 _
a) ) b)5 )3 d) —4
| B
7. This golfer is checking his set-up position by

holding his club to his chest and looking to see
whether it is parallel to an imaginary line

Is this golfer set up correctly? How did you
find out?

8. For each grid below:
i) Write the coordinates of the 2 labelled
points on each line.
ii) Are the two lines parallel, perpendicular,
or neither? Justify your answer.

| / i
4
s ffor 2
] |
D! x
0 4
+2
A ! |
- C |
¢ | 1
i |
b) [ T T 1.V 1]
(A
E (<
'.
2
/ X
L =2 10y 2 | |
yCn
i
9 [N Tl
3
| \2 ;
| V__q‘aM  —
N1 x
-4 | -2 4 2 4
L .
N T
TS 6y
N ~ P
4
.l 2 Q
T
X
-2 |0 2 4 >
R 2
s

9. The coordinates of the endpoints of segments
are given below. Are the two line segments
parallel, perpendicular, or neither? Justify
your answer.

a) S(—4, —1), T(—1,5) and U(1, 1), V(5, —1)
b) B(—6, —2), C(—3, 3) and D(2, 0), E(5, 5)
c) N(—6,2),P(—3, —4) and Q(1, —3),R(3,4)
d) G(—2,5),H(4,1) and J(1, —4),K(7,0)
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10. How are the lines in each pair related? Justify

11.

12.

350

your answer.

a) DE has an x-intercept of 4 and a
y-intercept of —6.
FG has an x-intercept of —6 and a
y-intercept of 4.

b) HJ has an x-intercept of —2 and a
y-intercept of 3.
KM has an x-intercept of —9 and
a y-intercept of 6.

A line passes through A(—3, —2) and B(1, 4).

a) On a grid, draw line AB and determine its
slope.

b) Line CD is parallel to AB. What is the slope
of CD?

¢) Point C has coordinates (—1, —1). Determine
two sets of possible coordinates for D. Why
might your answers be different from those
of a classmate?

d) Line AE is perpendicular to AB. What is the
slope of AE?

e) Determine two sets of possible coordinates
for E.

A line passes through A(5, —2) and B(3, 2).

a) Draw line AB on a grid and determine its
slope.

b) Line CD is parallel to AB. What is the slope
of CD?

¢) Given that Q(1, —4) lies on CD, draw line CD.

Determine the coordinates of its x- and
y-intercepts.

d) Line EF is perpendicular to AB. What is the
slope of EF?

e) Given that R(—4, —4) lies on EF, draw line EF.
Determine the coordinates of its x- and
y-intercepts.

Chapter 6: Linear Functions

13.

14.

15.

16.

17.

18.

HJKM is a quadrilateral.

S T

a) Is HJKM a parallelogram? Justify your
answer.
b) Is HJKM a rectangle? Justify your answer.

Which type of quadrilateral is DEFG? Justify
your answer.

y

o/ N

\
\
\

A -
ot

QRST is a rectangle with Q(—2,4) and R(1, 1).
Do you have enough information to determine
the coordinates of S and T? Explain.

The coordinates of the vertices of AABC are
A(—3,1),B(6, —2),and C(3, 4). How can you
tell that AABC is a right triangle?

The coordinates of the vertices of ADEF are
D(—3, —2), E(1, 4), and F(4, 2).Is ADEF a
right triangle? Justify your answer.

Draw a triangle on a grid.

a) Determine the slope of each side of the
triangle.

b) Join the midpoints of the sides. Determine
the slope of each new line segment formed.

¢) What relationship do you notice between the
slopes in parts a and b?

SRS P AT - - ]




. ABCD is a parallelogram. Three vertices have 22. Determine the value of ¢ so that the line

coordinates A(—4, 3), B(2, 4), and C(4, 0). segment with endpoints B(2, 2) and C(9, 6)
a) Is ABCD a rectangle? Justify your answer. is parallel to the line segment with endpoints
b) Determine the coordinates of D. Explain D(c, —7) and E(5, —3).

your answer.
c) What other strategy could you use to
determine the coordinates of D? Explain.

23. Given A(3, 5), B(7, 10), C(0, 2), and D(1, a),
determine the value of a for which:
a) Line AB is parallel to line CD.
. The coordinates of two of the vertices of ARST b) Line AB is perpendicular to line CD.
are R(—3,4) and S(0, —2).
Determine possible coordinates for T so that
ARST is a right triangle. Explain your strategy.

24. a) On grid paper, construct a square with side
length 4 units and one vertex at the origin.
Verify that the diagonals of this square are

7 ST Eemain : e : perpendicular.
e b) Repeat part a for a square with side length
& 21. On agrid, draw several different rhombuses. a units.
j\ Use slopes to determine the relationship
between the diagonals.

What have you learned about perpendicular lines and parallel lines?
Include examples in your answer.

Reﬂeci:»

AR At SR B

/ THE WORLD OF MATH

- Historical Moment: Agnes Martin

Agnes Martin was born in Macklin, Saskatchewan, and lived

from 1912 to 2004. She was an artist who used parallel lines and
grids in her artwork. Before Agnes began a painting, she calculated
the distances between pairs of parallel lines or bands. She then drew
each line by hand, using a string stretched tightly across the surface
to guide her, and a ruler to draw the line. ’

6.2 Slopes of Parallel and Perpendicular Lines 351
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Connections

mm
Deflmtlon
The /gl/ope of a line is the
mea/s’we‘af‘:ifs rate of change.

rtse

Swpe ru a

‘,;,rn
A

ises
I

The slope of a line through
Plx, y) and Qx,, Vz) is:

Slope-= AL

y.,.

J L1 0]\

:_Tff‘\egativé slope -

y

: T'wu lines are perpendwutar vmen
- menr slapes are negative
: »_reaptooals

-':ﬂape of N = 3

; Slape oFJK~ - f
o

fm(-_)--1

y

4
4
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Concept Development

= In Lesson 6.1
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— You defined the slope of a liu
segment and the slope of a lin¢ #
rate of change.

— You determined the slope of
a line segment and the slope o
a line from measurements of the
rise and run.

— You showed that the slope ot
a line is equal to the slope of any
segment of the line.

— You determined the slope of
a line segment given the
coordinates of the endpoints of
the segment, and the slope of a
line given the coordinates of twu
points on the line.

— You explained the meaning of
the slope of a horizontal line and
a vertical line.

— You drew a line, given its slope
and a point on the line.

— You determined the coordinates
of a point on a line, given its
slope and another point on the
line.

— You solved contextual problems
involving slope.

® In Lesson 6.2

— You generalized and applied
rules for determining whether
two lines are parallel or
perpendicular.

— You drew lines that were parallel
or perpendicular to a given line.
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Assess Your Understanding

SRS L O IS 3 2N 3 >4 Lol T ORISR O ST RS S

a8

1. Determine the slopes of line segments AB and CD.

Ty T T

|
pA

T —l
-6 [ +—2 10
|

(o

B

2. Determine the slope of the line that passes through each pair of points.
a) Q(—2,5) and R(2, —10)
b) an x-intercept of 3 and a y-intercept of —5

3. Why can the slope of a line be determined by using any two points on the line?

- 4. Jordan recorded the distances he had travelled at certain times since he began  Jordan’s Snowmobile Journey

his snowmobile trip along the Overland Trail from Whitehorse to Dawsonin [~ ;zée T T
the Yukon. He plotted these data on a grid. LA O B ¢
a) What is the slope of the line through these points? What does it represent? :E i

1 S ‘ -
b) How far did Jordan travel in IZ hours? 5100 ;

e
c) How long did it take Jordan to travel 65 km? a ; ‘ -
0 2 a4 8

3 ¢
m ; Time (h)
I. Draw lines with the given slopes. Are the lines parallel, perpendicular, or

neither? Justify your answers.

25 1 9 18
a)g,z b)-—4,4 )T
A line passes through D(—6, —1) and E(2, 5).
a) Determine the coordinates of two points on a line that is parallel to DE.
b) Determine the coordinates of two points on a line that is perpendicular
to DE.
& Describe the strategies you used to determine the coordinates.

b

The vertices of a triangle have coordinates A(—1, 5), B(—5, —6), and C(3, 1)
" Is AABC a right triangle? Justify your answer.

. Two vertices of right AMNP have coordinates M(—3, 6) and P(3, —3). Point N
* lies on an axis. Determine two possible sets of coordinates for N. Explain your
. strategy.
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MATH LAB
Investigating Graphs of
Linear Functions

$.0.0.0 0 0 ‘,—..........Q..‘...OOOOOQOO‘

‘ Qra d th

equation of a linear
function. - 4

Make Connectiohs

Alimina purchased an mp3 player and downloaded 3 songs.
Each subsequent day, she downloads 2 songs.
Which graph represents this situation? Explain your choice.

Graph A Graph B Graph C

Songs Downloaded to Songs Downloaded to Songs Downloaded to
an mp3 Player an mp3 Player an mp3 Player

N{mbef of songs
Numbelr of songs

Number [of[sohgs
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| Construct Understanding

L TRY THIS

: Work with a partner.

, Use a graphing calculator or a computer with graphing software.

-: A. Graph y = mx + 6 for different values of m.
* Include values of m that are negative and 0.
Use a table to record your results.

How does changing the value of m change the appearance of the graph?
What does m represent?

Graph y = 2x + b for different values of b.
Include values of b that are negative and 0.
Use a table to record your results.

How does changing the value of b change the appearance of the graph?

What does b represent? Suppose you are given

the graph of a linear -
function. How could you
use what you learned in
this lesson to determine
-an equation for that
function? - '

Predict the appearance of the graph of y = —2x + 4.
Verify your prediction by graphing.

6.3 Math Lab: Investigating Graphs of Linear Functions 355




Assess Your Understanding

1. In the screens below, each mark on the x-axis and y-axis represents 1 unit.
What is the equation of each line?

1 1
a) The slope of each line is 7 b) The slope of each line is 3

2. Alinear function is written in the form y = mx + b. Use your results from
Try This to suggest what the numbers m and b represent. Explain how you
could use this information to graph the function.

3. Describe the graph of the linear function whose equation is y = —3x + 6.
Draw this graph without using technology.

4. a) Predict what will be common about the graphs of these equations.
i) y=x-—-1 i) y=2x —1
iii) y= —3x — 1 iv) y=-2x — 1
b) Graph the equations to check your prediction.

5. a) Predict what will be common about the graphs of these equations.
i) y=x—3 ii) y=x —2
iii) y=x iv) y=x+3
b) Graph the equations to check your prediction.

]
=)
.

» Graph each equation on grid paper without using a table of values.
B Describe your strategy.

B a) y=3x+5 b) y= —3x+5

c)y=3x—5 d) y=-3x—5

7. In Lesson 5.6, question 12, page 309, the cost, C dollars, to rent a hall for
a banquet is given by the equation C = 550 + 15n, where n represents the
number of people attending the banquet.

a) Graph this equation on grid paper.
b) Compare the equation above with the equation y = mx + b. What do
m and b represent in this context?
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6.4 Slope-Intercept Form of the
Equation for a Linear Function

-

- LESSON FOCUS

" Relate the graph of

a linear function to
its equation in

i s!opefiptercep'g form.

Make Connections

This graph shows a cyclist’s journey where the distance is measured from |
her home. l

Graph of a Bicycle Journey

a)
Av

2 N

=~

i '!'ir?tﬂ h

What does the vertical intercept represent?
What does the slope of the line represent?

6.4 Slope-Intercept Form of the Equation for a Linear Function 357




'[ | Construct Understanding

|
J' ’-THINK ABOUT IT

: , ...................................

L Work with a partner / : Cost of Celvblkl?r’hone Plan

A cell phone plan charges a oS0 ey R

% monthly fee that covers the costs » A
of the first 300 min of phone use. -
This graph represents the costof [ £ 307 r
the planbased on thetime |9 3907
beyond 300 min. ' : e

[>]
\

<)
7
(=]

13

o
|

[

How do " yau know this is the , ‘
graph ofa hnear function? . : 0 20 | 40 | 60 | 80 | 100 120
What does the slope of the graph ; L Time |
represent? ; %
‘Write an equatron to descnbe thrs fuﬁcnon.

. Verlfy that your equatlon ls correct '

LIRS o e

In Chapter 5, Lesson 5.6, we described a linear function in different ways.
The linear function below represents the cost of a car rental.

Car Rental Costs An equation of the function is:
cl i [ T T T 717717 C=0.20d + 60

-..
&
o

s / 1 The number, 0.20, is the rate of change, o
| the slope of the graph. This is the cost in
‘ dollars for each additional 1 km driven.

[~}

Cost ($)

‘%

B
(=]

i The number, 60, is the vertical intercept o
| d| the graph. This is the cost in dollars that i
200 independent of the distance driven — the

Distance (km)

I I A initial cost for renting the car.

|

(=]
—
o
w
(=]
1
(=]
U1
=1

In general, any linear function can be described in slope-intercept form.

Slope-Intercept Form of the 'Equatioh of

a Linear Function

- The equation of a linear function can be T pal
written in the form y = mx + b, where m is Gope s
the slope of the line and b is its y-intercept. ©, LAY =mx+b

< 4 X
A Y }
T |
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-

Writing an Equation of a Linear Function Given Its Slope

Fxample 1
X P and y-Intercept

: . . 3 . - CHECK YOUR UNDERSTANDING
The graph of a linear function has slope 5 and y-intercept — :

rite an equation for this function. 1. The graph of a linear function

OLUTION Write an equation for this

~would you do |t7

Graphlng a Linear Funetlon Given Its Equatlon in

E le 2
HANEE Slope-lntercept Form

: 1 © CHECK YOUR UNDERSTANDIN
- Graph the linear function with equation: y = Sx+3 : CHEC ¢

: . _ 3
SOLUTION equation: y = 4x+2
1 Answer:
Compare: y = 5x + 3 y
! with: y=mx+b AN s
1 . . n > yE-zXx+2
The slope of the graph is > - \\ ”
The y-intercept is 3, with coordinates (0, 3). 4 =2 |00 | 2
On a grid, plot a point at (0, 3).
The slope of the line is: : .
! rise 1. ‘:What other strategy could you
run- 2 © use to graph this linear
So, from (0, 3), move 1 unit up and 2 units right, then functlon')

mark a point.
Draw a line through the points.

y :

6 (4 :
2~ 1

1 , :

~ y=[3x+3 :

< -
,,,,, .
0 2 4 6 .

6.4 Slope-Intercept Form of the Equation for a Linear Function

has slope —% and y-intercept 5.

function.
: i 3 : Answer: y = —Zx+ 5

=mx+b Substitute: m = < and b = —4 : [Answer: y = —3x + 5]

3 . . T
=...x—4 & e ‘

5 3 - Can you write an equation for a-
1 equation for this function is: y = —x — 4 ¢ linear function when you know

3 :  its slope and x-intercept? How .

2. Graph the linear function with

359



m Writing the Equation of a Linear Function Given Its Graph

Write an equation to describe this function. \\ Ly CHECK YOUR UNDERSTANDING
- T L3 {
Verify the equation. A N . :
‘ fy q A\ x; ~ 3. Write an equation to describe §
1 =4 0 function. Verify the equation.
1 i o
y = F0O\. ‘
| (- 4 ; 4'y I :
| 2/
SOLUTION
e e . X
L Use the equation: y = mx + b N2NE O /2
|« 2
To write the equation of a linear function, N T VYy=0®
. . . N X ‘
A4 determine the slope of the line, m, and its 1 o 7 ;
g y-intercept, b. 2 | ‘
3 | The line intersects the y-axis at —4;s0, b = —4. = J\ [Answer: y = 2x — 3]
' From the graph, the rise is —3 when the run is 2. 2.
—3 3
So,m = 5 0r =5
Substitute for mand bin y = mx + b.
3
y=Tpx 4
. .. 3
An equation for the function is: y = x4 ‘ .
;1 Canthe graph of a linear
To verify the equation, substitute the coordinates of a point onthe : function be described by more
line into the equation. Choose the point (—2, —1). - than one equation of the form

= - B? i
Substitute x = —2 and y = —1 into the equation: y = —ox 4 y'= mx % 87 Bplain.

3
LS. =y : R.S.Z—Ex—ﬁl
=1
3
= —3(-2) -4
=3—-4
= -1

Since the left side is equal to the right side, the equation is correct.

\/ THE WORLD OF MATH

Historical Moment: Why Is m Used to Represent Slope?

Some historians have researched the works of great mathematicians from
many different countries over the past few hundred years to try to answer
this question. Others have attempted to identify words that could be used
to refer to the slope of a line. The choice of the letter m may come from
the French word monter, which means to climb. However, the French
mathematician René Descartes did not use m to represent slope. At this
time, historians cannot answer this question; it remains a mystery.
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Example B Using an Equation of a Linear Function to Solve a Problem

The student council sponsored a dance. A ticket cost $5 and the - CHECK YOUR UNDERSTANDING

cost for the DJ was $300. . .
- 4. To join the local gym, Karim

a) Write an equation for the profit, P dollars, on the sale of : pays a start-up fee of $99, plus
t tickets. a monthly fee of $29.
b) Suppose 123 people bought tickets. What was the profit? a) Write an equation for the

total cost, C dollars, for

i ?
¢) Suppose the profit was $350. How many people bought tickets? n months at the gym.

) .
d) Could the profit be exactly $1462 Justify the answer. b) Suppose Karim went to the

gym for 23 months. What

SOLUTION was the total cost?

¢) Suppose the total cost was
$505. For how many
months did Karim use the
gym?

d) Could the total cost be
exactly $600? Justify your

a) The profitis: income — expenses
When t tickets are sold, the income is: 5t dollars
The expenses are $300.
So, an equation is: P = 5t — 300

b) Use the equation:

P=5¢t—300 Substitute: t = 123 :

P=5(123) — 300 Simpilify. answer.

P=615— 300 : [Answers: a) C=29n + 99 b) $766
P =315 ¢) 14 months d) no]

The profit was $315. .

¢) Use the equation: .
P=5t— 300 Substitute: P = 350

Suppose you graphed the linear
350 = 5t — 300 Collect like terms. : relggon,. \)/(Vh a? qul d tﬁe Sk
350 + 300 = 5¢— 300 + 300 ~and vertical i:nter_cfept’ be?
650 = 5¢ Solve for t. RN ;
650 5t
5 5
130 = ¢

One hundred thirty people bought tickets.

d) Use the equation:

P=5t—300 Substitute: P = 146
146 = 5t — 300 Simplify.
146 + 300 = 5¢ — 300 + 300
446 = 5t Solve for t.
446 _ 5t
5 5
89.2=t

Since the number of tickets sold is not a whole number, the
profit cannot be exactly $146.
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; pi};cuss_ the Ideas 1

When a real-world situation can be modelled by a linear function, what do
the slope and vertical intercept usually represent?

2. When you are given the graph of a linear function, how can you determinc
an equation that represents that function?

3. When you are given an equation of a linear function in slope-intercept
form, how can you quickly sketch the graph?

Exercises

4. For each equation, identify the slope and
y-intercept of its graph.

a)y=4x—7 b)y=x+12
4 3
y= —x+7 d)y=11x—§
1
e)y= X f) y=3
5. Write an equatibn for the graph of a linear
function that:

a) has slope 7 and y-intercept 16

3
b) has slope ~3 and y-intercept 5

c) passes through H(0, —3) and has slope {E

< 6
d) has y-intercept —8 and slope -3

e) passes through the origin and has slope —%

6. Graph the line with each y-intercept and slope.
a) | y-intercept is 1, slope is %
b) y-intercept is —5, slope is 2
c) y-intercept is 4, slope is —%

4
d) y-intercept is 0, slope is 3

7. Graph each equation on grid paper. Explain the

strategy you used.

a)y=2x—17 b)y=—-x+3
1 5

c)y=—zx+5 d)y=5x—4

e) V= —100t+ 6000 = f) C=10n+ 95

362
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10.

11.

12.

For a service call, an electrician charges an $80

initial fee, plus $50 for each hour she works.

a) Write an equation to represent the total cost,
C dollars, for t hours of work.

b) How would the equation change if the

electrician charges $100 initial fee plus $40 for i

each hour she works?

The total fee for withdrawing money at an ATM
ina fbreign country is a $3.50 foreign cash
withdrawal fee, plus a 2% currency conversion
fee. Write an equation to represent the total fee,
F dollars, for withdrawing d dollars.

Use a graphing calculator or a computer with
graphing software. Graph each equation.

Explain the strategy you used. Sketch or print
the graph.

a) f(x) = ~—x 11 9
c) C(n) = 0.45n + 25.50 d) F(¢) = —c + 32
A student said that the equation NG
of this graph is y = —3x + 4. | / -
a) What mistakes did the student 2
make? X
b) What is the equation of the 0 / 2
graph? W= 0

For each graph that follows:
i) Determine its slope and y-intercept.

ii) Write an equation to describe the graph, then s

verify the equation.
iii) Use the equation to calculate the value
of y when x = 10.

RS- |

b) g(x) = 3.75x — 2.95 &




14.

b)
| S x
0L 2
4l Jy=9%)
Y
d) v
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. This graph represents the height of a float plane

above a lake as the plane descends to land.
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£ 200 SN
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00 2 4 6. 10
; l Tire (min)
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a) Determine the slope and the h-intercept.
What do they represent?

b) Write an equation to describe the graph,
then verify the equation: '

c) Use the equation to calculate the value of &
when ¢ = 5.5 min.

d) Suppose the plane began its descent at 700 m
and it landed after 8 min.

i) -How would the graph change?

ii) How would the equation change?

An online music site charges a one-time

membership fee of $20, plus $0.80 for every

song that is downloaded.

a) Write an equation for the total cost,
C dollars, for downloading 7 songs.

b) Jacques downloaded 109 songs. What was
the total cost?

¢) Michelle paid a total cost of $120. How many
songs did she download?

6.4 Slope-Intercept Form of the Equation for a Linear Function

15.

16.

17.

a) How can you use the slope-intercept form of an
equation, y = mx + b, to graph the horizontal
line y = 22

b) How can you graph the vertical line x = 22

Explain your answers.

Alun has a part-time job working as a bus boy ata

local restaurant. He earns $34 a night plus 5% of

the tips.

a) Write an equation for Alun’s total earnings,
E dollars, when the tips are ¢ dollars.

b) What will Alun earn when the tips are $400?
Explain your strategy.

c) What were the nightly tips when Alun earned
$642 Explain your strategy.

Which equation matches each given graph? Justify
your choice.

a) y=x+4 v
y=dx+1 4 l/;
y=x—4 1/
y=—4x+1 y & fix)
1 x
/ 4
/ ;
1
3
b)y—Ex—l NARRRY
2
= —— A X
y 3x+1 -2 0 | 4
2 P Z ¥=9K)
y=—x—1 A i
3 T }
y=—x+t=
5
C)y=§x+7 y NN
R ;
Y= Sx \ 3 0
7 > 2
= —/x— — Z
¢ 5 3 TN
= 2x—7 = hod \
y 3% \
\
81N
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18. Match each equation with its graph. How did
you decide on the equation for each graph?

a)y=2x—1 b) y=3x—1
1
)y=-—-x—1 d)yzgx—l
Graph A Graph B
L ~
- 4 =2 O _51*‘
DA L
[ 1]
Graph C Graph D
L INy4
1 -
< o -2 B | ?
X | _;_2 : g
o/ T 5 \‘ i N
el L

19. Match each equation with its graph. Compare
the graphs. What do you notice?

a) f(x) = —x— 4 b) flx) = —x+1
o) f(x) =x+3 d) flxy=x—1
Graph A Graph B
M () RN
- _,; f(x(‘ __‘r__,_..‘:\_.. l A A
L 2 L 4 .
L -
/ —X o
-2 .0 2.4 ) ]
| ‘ X
/4 2 0] | »
T
Graph C Graph D
&) A 1F00 | {7
| X i "i L
NEI H T
UNUL] L
| N LT
} 2 ' 2 10 !
[ T

20. Identify the graph below that corresponds

21.

23.

24.

each given slope and y-intercept.
a) slope 3; y-intercept 2

b) slope Y y-intercept —2

c) slope —3; y-intercept —2
1

d) slope —3 y-intercept 2

Graph A

5‘\\3}3}’

y f T

L
T

4 (-2 |0 2 LA
=l

\lx
N A
A ]

i~ Lot
! |
T

Lo
w
|
I

Consider these equations:

Cy=—5x—7,y=5x+ 15,

1 1
= x4 9, y= ——x+ 15,
V75 Y= Tee

1
y=—5-x+ 2, y= —5x +13,

‘ 1
y=5x+24,y=—=x

Which equations represent parallel lines? |
Perpendicular lines? How do you know?

22,

Write an equation of a linear function that ha:
y-intercept 4 and x-intercept 3. Describe the
steps you used to determine the equation.

5 .
An equation of alineis y = 3% + ¢. Determine
the value of c when the line passes through the
point F(4, —6). Describe your strategy.

7

An equation of aline is y = mx — ry Determin

the value of m when the line passes through th
point E(—3, 5).

; ‘ Ref IéCt ~ How do the values of m and b in the linear equation y = mx + brelate to the

graph of the corresponding linear function? Include an example.
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6.5 Slope-Point Form of the Equation

for a Linear Function

LESSON FOCUS
Relate the graph of
" alinear function to
its equation in
slope-point form.

7 Make Connections

~ i

. This graph shows the height of a candle as it burns. N T
How would you write an equation to describe this line? TN -
. e . L .5 h = f(t)
Suppose you could not identify the h-intercept. § £ 49 ::
. How could you write an equation for the line? ‘ g 10
3 l DN
‘e 0 0| 40 | 60 | 80
e
Construct Understanding
THINK ABOUT IT
Work with a partner. : 1 T
” . X
Determine an equation for this line. Al o [ T
How many different ways can you do this? 244 yL f(x)
Compare your equations and strategies. D ! i
Which strategy is more efficient? | A T

6.5 Slope-Point Form of the Equation for a Linear Function 365




When we know the slope of a line and the coordinates of a point on the line, we
use the property that the slope of a line is constant to determine an equation for
the line.

This line has slope —3 and passes through P(—2, 5).
We use any other point Q(x, ¥) on the line to write
an equation for the slope, m:

i } !
3 SO VI TS S |

Slope = 2%€ i«
run 4 -2 N 2
_y-5 T
M= (—2)
_y=5 e
=12 Substitute: m 3
-3 = y—> Multiply each side by (x + 2)
=+ Py y '
3+ 2) = (x+ 2)[L=2)  simplify
x+2

—-3(x+2)=y—5
y—5=-3(x+2)

This equation is called the slope-point form; both the slope and the
coordinates of a point on the line can be identified from the equation.

We can use this strategy to develop a formula for the slope-point form for
the equation of a line.

This line has slope m and passes through the point P(x,, y, ).
Another point on the line is Q(x, y).

Py
Q

X, ¥) X

PARRES

BN

e3P

The slope, m, of the line is:

rise

m = —
run

m=2"_N Multiply each side by (x — x;).
X — xl

m(x — x;) = (x — xl)<ul> Simplify.
mx—x)=y—wy

y—y = mx— x)

366 Chapter 6: Linear Functions




Slope-Point Form of the Equation of a Linear Function

The equation of a line that passes through P(x,, y,) and has slope m is:
y—n=mx—x)

g S ETLTN I Graphing a Linear Function Given Its Equation in SIope-Pdint Form

a) Describe the graph of the linear function with this equation: CHECK YOUR UNDERSTANDING
1 T ‘
y=2=3x+4 1. a) Describe the graph of the
: linear function with this

b) Graph the equation.

equation:
y+1= -—%(x - 2)
SOLUTION
) . . L . b) Graph the equation.
a) Compare the given equation with the equation in slope-point
form. [Answer: a) slope — %; passes
y =y =mx-x) ’“ through (2, —1)]

1
y—2=§(x+4)

To match the slope-point form, rewrite the given equation so
the operations are subtraction.

y=2=3lx— (~4)]

y =y = mx-x)

So,y, =2
1

m=z
X = —4

1
The graph passes through (—4, 2) and has slope 3

1
b) Plot the point P(—4, 2) on a grid and use the slope of 3to plot

another point. Draw a line through the points.

% 4
yr2=zx+4) ,
E
BT 5l
—T P [
X
— -4 |- 0 2
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a) Write an equation in slope-point [~ = V] T //
form for this line. b dl] -
b) Write the equation in part a in I X
) e eq patta 4 =2 075 a4l
slope-intercept form. Whatisthe 7 7 471 i
y-intercept of this line? ol \//T Y=
J |
SOLUTION
a) Identify the coordinates of one point on the line and
calculate the slope.
The coordinates of one point are (-1, —2)
To calculate the slope, m, use: I ; N 1]
EENE iyl
1)
_ Mise NENS
"= Tun J V X
-4 1310 // 2 4 5
"= 3 1,-2) ;
- 4 . /]
// 4
Use the slope-point form of the equation.
y—y, =m(x—x) Substitutery, = -2 x; = ~1,
=3
andm = 7

3
y—(=2)=4lx—(=1)]
y+2= “(x +1)
In slope—pomt form, the equation of the line is:

y+2——(x+ 1)

3
b)y+2= Z(x +1) Remove brackets.

3 .3
y+2= 7% + 1 Solve for y.
3 3 o
y=Zx+Z—2 Simplify.
_3..2
Y= 4

3 5
In slope-intercept form, the equation of the line is: y = *71

. . . D
From the equation, the y-intercept is 7

368 Chapter 6: Linear Functions

m Writing an Equation Using a Point on the Line and Its Slope

- CHECK YOUR UNDERSTANDING

rRmRerEfEEBen L R

2. a) Write an equation in

slope-point form for
this line.

_ \_“Z gh) |
[ \;\;'
=2 0| | ; E\

b) Write the equation in part Q

in slope-intercept form.
What is the y-intercept of
this line?

[Answers: a) sample answer:

y—1=—%(x— 1)

The coordinates of another point
onthelineare (3, 1). -

Show that these coordinates
produce the same equation in
slope-intercept form.

. Explam how the general

~expression for the slope of aline

~.can help you remember the
‘equation y — y, = mix = x,).

A RN



We can use the coordinates of two points that satisfy a linear function,
P(x), y;) and Q(x,, ,), to write an equation for the function.

We write the slope of the graph of the function in two ways:
Y- -

mo= h and mzu_ I I
X — X X, — X

$0, an equation is: Yoh _hoh 5

A XTX T :

" The sum of the angles, s degrees, in a polygon is a linear function
of the number of sides, n, of the polygon. The sum of the angles in
a triangle is'180°. The sum of the angles in a quadrilateral is 360°.

a) Write a linear equation to represent this function.

b) Use the equation to determine the sum of the angles in
a dodecagon.

SOLUTION

a) s = f(n), so two points on the graph have coordinates T(3, 180)
and Q(4, 360)

FELI IR Writing an Equation of a Linear Function Given Two Points

CHECK YOUR UNDERSTANDING

© 3. A temperature in degrees

Celsius, ¢, is a linear function of
the temperature in degrees
Fahrenheit, f. The boiling point
of water is 100°C and 212°F. The
freezing point of water is 0°C
and 32°F.

- a) Write a linear equation to

represent this function.

b) Use the equation to
determine the temperature
in degrees Celsius-at which
iron melts, 2795°E.

5
[Answers: a) ¢ — 100 = ;(f—- 212),0r

5, 160
= of — — b) 1535°C
c=of—5 D |

s
720 Y7
L
= AV }
n=3 n=4 360
5=180 s=360 - | ;
R i
T ~a
ol [274"6 8
Use this form for the equation of a linear function:
S—8§ 8§ Substitute: s; = 180, n; = 3,
n—nl——nz—nl 52:360,andn2:4 :
s—180 _ 360 —180 o
n—3  4-3 Simplify.
s —180 _ 180 Multiply each side by (n — 3). *
n—3
s — 180
(n 3)( p— 3> = 180(n — 3)
s— 180 = 180(n — 3) This is the slope-point

form of the equation.
s — 180 = 180n — 540 Simplify.

= 180n — 360 This is the slope-intercept
form of the equation.

(Solution continues.) *

Why is it possible for equations.

" of a linear function to ook =~
different but still represent the " -
same function?
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b) A dodecagon has 12 sides. '
In part b, why does.it make

Use:

s= 1801 — 360 Substitute: n = 12 sense to use the slope-intercep:

s = 180(12) — 360 form instead of the slope-poir
?

s=1800 form?

The sum of the angles in a dodecagon is 1800°.

. Writing an Equjatibn of a Line That Is Parallel or i
Example 4 Perpendicular to a Given Line S

Write an equation for the line that passes through R(1, —1) andis: - CHECK YOUR UNDERSTANDING

4, Writean equation for the line
: that passes through S(2, —3)
and is:

2
a) parallel to the line y = 3% 75

2
b) perpendicular to the line y = 3X 75
' a) parallel to the line

, y=3x+5
SOLUTION ) .
\ : b) perpendicular to the line
Sketczh the line with equation: [ : 208 ; 11 y=3x+5
y=3x—5 and mark a point at ES ! ) j( : [Answers:a) y + 3 = 3(x — 2)
NELOE : 1
R(1, —1). T ( ) i b)y+3= ——g(x—Z)]
Comgare the equation: L la oty
y=3x- 5 with the equation: 6 -
y=mx+b * | »
The slope of the line is % ; ' What cher StratEQ‘i?S could you
. use to write an equation for
2 2 - eachline? . ...
a) Any line parallel to y = 33X~ 5 has slope 3 A
The required line passes through R(1, —1). L Wite sich eduaf ion”ih‘s
Use: , . slope-intercept form.

y—y, = m(x—x;) Substitute:y, = —1,x, = 1, and m = %
y— (1= %(x— 1) simplify. *
y+l= %(x - 1)
The line that is parallel to the line y = %x — 5 and passes

2
through R(1, —1) has equation: y + 1 = g(x -1)
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2
b) Any line perpendicular to y = 33X~ 5 has a slope that is the

negative reciprocal of %; that is, its slope is —%.

The required line passes through R(1, —1).
Use:

y=n= m(x — xl) Substitute: y, = =1, x, = 1, and m :ﬂi—

y—(=1)= _g(X* 1) Simplify.

3
y+1= —E(x— 1)

The line that is perpendicular to the line y = %x — 5 and passes

through the point R(1, —1) has equation: y + 1 = —%(x —-1)

graph the equation of a linear function using technology, the equation

ds to be rearranged to isolate y on the left side of the equation; that is,

it must be in the form y = f(x). So, if an equation is given in slope-point form,
it must be rearranged before graphing. Here is the graph from Example 4, part
#, on a graphing calculator and on a computer with graphing software.

1. How does the fact that the slope of a line is constant lead to the slope-point
form of the equation of a line?

2. How can you use the slope-point form of the equation of a line to sketch
a graph of the line?

3. How can you determine the slope-point form of the equation of a line
given a graph of the line?

6.5 Slope-Point Form of the Equation for a Linear Function 371
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Exercises

4. For each equation, identify the slope of the line
it represents and the coordinates of a point on
the line.
a)y—5=-4(x—1)
b)y+7=3(x—38)
cy+11=(x+15)
d)y=5(x—2)

4
e)y+6=7(x+3)
f)y—21= ——g(x+ 16)

5. Write an equation for the graph of alinear
function that:
a) has slope —5 and passes through P(—4, 2)
b) has slope 7 and passes through Q(6, —8)

c) has slope —2 and passes through R(7, —5)
d) has slope 0 and passes through S(3, —8)

6. Graph each line.
a) The line passes through T(—4, 1) and has
slope 3. .
b) The line passes through U(3, —4) and has
- slope —2.
c) The line passes through V(2, 3) and has
1 ,

slope 5

d) The line has x-intercept —5 and slope %

7. Describe the graph of the linear function with
each equation, then graph the equation.
a)y+2=-3x—4)
b)y+4=2x+3)
y—3=(x+5)

dy=—(x—2)
8. Aline passes through D(—3, 5) and has
slope —4.
a) Why is y — 5 = —4(x + 3) an equation of
this line? '

b) Why is y = —4x — 7 an equation of this line?

372  Chapter 6: Linear Functions

9. a) For each line, write an equation in
slope-point form.

i) ii)

T N2 Ty
P2, N\ o y=gw L] -
o NpyEf A
BEREA N L P | .

L | X] 2EERS
7_477_ 0 ;» 4
I 2 \ L

7 \\\ i

l A S —
T N\

iii) iv)
Pl L Y y=heo TP
| I H //X— i I ]
—4} 2 072 4 \ L
e Nal | o
R4, )] Ll y=kx |
T
A | X
2 0 2
2 .(1,3—2){

b) Write each equation in part ain
slope-intercept form, then determine the
x- and y-intercepts of each graph.

10. The speed of sound in air is a linear function of
the air temperature. When the air temperature 3
is 10°C, the speed of sound is 337 m/s. When ;}
the air temperature is 30°C, the speed of sound |
is 349 m/s.

a) Write a linear equation to represent this
function.

b) Use the equation to determine the speed of
sound when the air temperature is 0°C.

11. Write an equation for the line that passes
through €ach pair of points. Write each
equation in slope-point form and in
slope-intercept form.

a) B(—2, —5) and C(1, 1)
b) Q(—4,7) and R(5, —2)
¢) U(—3,—7)and V(2, 8)
d)H(-7,—1)and J(—5, —5)

¥
f
:
i
:
;|
]

B 5t T it i




' 1.

ﬂ

10,

Which equation matches each graph? Describe
each graph in terms of its slope and y-intercept.
a)y+3=2(x—1) b)y—3=(x—2)

Ay—3=2(x+1) dy+3=—(x+2)

Graph A Graph B
W/ l64”
i |
2
-4 =Y
| —LZ 'X
3 2 [0 |
|
l
Graph C Graph D
2P BEEN
| I ! X
| X 2 |0
0 5
2
4 |
| 6
{ ,

How does the graph of y + y, = m(x + x,)
compare with the graph of y — y, = m(x — x,)?
Include examples in your explanation.

Match each graph with its equation.
Justify your choice.

a) ! Y/ T y+1=2(x—2)
afpl yF2=2x— 1)
(1 y—2=2(x+1)
TN y+1==2(x—2)

X
0 )
BT T T 1
! Ll —vEew ¥ 1=3(=2)
==
A X y+2—'"(x+1)
2 10 2 4

y—1=ﬂx—n
y=2=3a-1

6.5 Slope-Point Form of the Equation for a Linear Function

15.

16.

2
y=2=—3kx-1

Use a graphing calculator or a computer with
graphing software. Graph each equation.
Sketch or print the graph. Write instructions
that another student could follow to get the
same display.

2 3
+Z=Z(x—5
a)y - 8(x )

10 2
—_——_—— = —— +
by~ =~ + 1D
c)y+14=0375(x+ 4)
d)y—235= —0.5(x — 6.3)

Chloé conducted a science experiment where
she poured liquid into a graduated cylinder,
then measured the mass of the cylinder and
liquid. Here are Chloé’s data.

a) When these data are graphed, what is the
slope of the line and what does it represent?

b) Choose variables to represent the volume of
the liquid, and the mass of the cylinder and
liquid. Write an equation that relates these
variables.

c) Use your equation to determine the mass of
the cylinder and liquid when the volume of
liquid is 30 mL.

d) Chloé forgot to record the mass of the empty
graduated cylinder. Determine this mass.
Explain your strategy.

373




17.

18.

19.

20.

In 2005, the Potash Corporation of
Saskatchewan sold 8.2 million tonnes of potash.
In 2007, due to increased demand, the
corporation sold 9.4 million tonnes. Assume the
mass of potash sold is a linear function of time.
a) Write an equation that describes the relation
between the mass of potash and the time in
years since 2005. Explain your strategy.
b) Predict the sales of potash in 2010 and 2015.
What assumptions did you make?

In Alberta, the student population in
francophone schools from January 2001 to
January 2006 increased by approximately 198
students per year. In January 2003, there were
approximately 3470 students enrolled in
francophone schools. .

a) Write an equation in slope-point form to
represent the number of students enrolled in
francophone schools as a function of the
number of years after 2001.

b) Use the equation in part a to estimate the
number of students in francophone schools
in January 2005. Use a different strategy to
check your answer.

A line passes through G(—3, 11) and H(4, —3).

a) Determine the slope of line GH.

b) Write an equation for line GH using point G
and the slope.

c) Write an equation for line GH using point H
and the slope.

d) Verify that the two equations are equivalent.
What strategy did you use? What different
strategy could you have used to verify that
the equations are equivalent?

a) Write an equation for the line that passes
through D(—5, —3) and is:

4
i) parallel to the line y = 3% +1
ii) perpendicular to the line y = -—%x +1

b) Compare the equations in part a. How are
they alike? How are they different?

~ Reflect

21.

22.

23.

24.

25.

. 26.

27.

How is the slope-point form of the equation of a line different from the
slope-intercept form? How would you use each form to graph a linear

Write an equation for the line that passes
through C(1, —2) and is:

a) parallel to the line y = 2x + 3

b) perpendicular to the line y = 2x + 3

Write an equation for the line that passes
through E(2, 6) and is:

5
a) parallel to the liney — 3 = —E(x +2)

5 ;
b) perpendicular to the line y — 3 = —5(x+ 8

How do you know your equations are corredtf §

Write an equation for each line. -
a) The line has x-intercept 4 and is parallel s &
— , 3

the line with equation y = X~ 7.
b) The line passes through F(4, —1) and is
perpendicular to the line that has x-interce
—3 and y-intercept 6.

Two perpendicular lines intersect on the y—am'
One line has equation y — 3 = -g—(x +5).
What is the equation of the other line?

Two perpendicular lines intersect at K(—2, - W3a
5 25
One line has equation y = X3

What is the equation of the other line?

Two perpendicular lines intersect at M(3, 5).
What might their equations be? How many
possible pairs of equations are there?

The slope-intercept form of the equation of a
line is a special case of the slope-point form of
the equation, where the point is at the
y-intercept. Use the slope-point form to show
that a line with slope m and intersecting the
y-axis at b has equation y = mx + b.

function? Include examples in your explanation.
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| know the slope

e situation involves a
nstant rate of change
nd an initial value.

and the y-intercept.
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Concept Development

5 T R NIRRT

: = In Lesson 6.3

— You used technology to explore
how changes in the constants
mand b in the equation
y = mx + b affect the graph of
the function.

m In Lesson 6.4

— You used the slope and y-intercept
of the graph of a linear function
to write the equation of the
function in slope-intercept form.

— You graphed a linear function
given its equation in slope-intercept
form.

— You used the graph of alinear
function to write an equation for
the function in slope-intercept
form.

. m InLesson 6.5

— You developed the slope-point
form of the equation of a linear
function.

— You graphed a linear function
given its equation in slope-point
form.

- You wrote the equation of a linear
function after determining the
slope of its graph and the
coordinates of a point on
its graph. '

— You wrote the equation of a linear
function given the coordinates of
two points on its graph.

— You rewrote the equation of
a linear function from slope-point
form to slope-intercept form.

Checkpoint2 375




Assess Your Understanding

) 3
1. For the equation y = X 4

a) Use a graphing calculator or a computer with graphing software to
graph it.

b) Explain how to change the equation so the line will have a greater slope,
then a lesser slope. Make the change.

¢) Explain how to change the equation so the line will have a greater
y-intercept, then a lesser y-intercept. Make the change.

Sketch or print each graph.

This graph represents Eric’s snowmobile ride.

a) Determine the slope and d-intercept. E 80+ ‘:
What does each represent? E
60 1 P
b) Write an equation to represent the graph 'S .
then verify the equation. ,E 401 =
c) Use the equation to answer each % éo_ i
question below. g i el
i) How far was Eric from home after 0 1 2 3 4
‘ Time (h) |

1 | i |
he had travelled 27 hours? BEEEEE RN

ii) How long did it take Eric to travel
45 km from home?

3. Graph each line. Explain your strategy.
Label each line with its equation.
a)y+2=3(x—4)

by~ 2=~

c) The line passes through D(—4,7) and E(6, —1).

d) The line passes through F(4, _*;‘3) and is perpendicular to the line with
equation y + 4 = 2(x + 2).

e) The line passes through G(—7, —2) and is parallel to the line that has
x-intercept 5 and y-intercept 3.

x— 6)

4. A line has slope 2 and y-intercept 3.
a) Write an equation for this line using the slope-intercept form.
b) Write an equation for the line using the slope-point form.
¢) Compare the two equations. How are they alike? How are they different?

B DL P R ST PO R RN TRY SRR TRER > = S B R S R U S T, e L R R O TR T T L
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6.6 General Form of the Equation
for a Linear Relation

*. 0 o

Relate the graph of

. alinear function to -
its equation in
general form,

Make Connections

~

A softball team may field any combination of 9 female and male players.
There must be at least one female and one male on the field at any time.
- What are the possible combinations for female and male players on the field?

Construct Understanding

TRY THIS | RIS
Work with a partner.
Holly works in a furniture plant. She takes 30 min to assemble a table

and 15 min to assemble a chair. Holly works 8 h a day, not mcludmg
meals and breaks.

; - A. Makea table of values for the possible numbers of tables and
' chairs that Holly could assemble in one day.
8 Number of Tables Number of Chairs

t?

/\/\/\/\1\/\/\\/\
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What values of A, B, C,
would produce a vertical
‘line? A horizontal line?

.378 Chapter 6: Linear Functions

Descnbe the graph What type of relatlon have you graphed?
How do you know?

C. What do the intercepts‘represent? Lk

D. Choose variables to represent the number of tables and number of
~chairs, Write an equation for your graph.

E. Suppose you mterchanged the columns in the table, then graphed
the data. How would the graph change? How would the equatlon
change? :

This graph is described by the equation 2x — 3y = 12.

y ' 1 A

The equation 2x — 3y = 12 is written in standard form.
The coefficients and constant terms are integers. 9
The x- and y-terms are on the left side of the equation, and the constant terin
is on the right side.

We may move the constant term to the left side of the equation:
2x—3y=12
2x—3y—12=12—-12

2x—3y—12=0

The equation is now in general form.

General Form of the Equation of a l__.ineat":Re‘latidn

_ Ax+By+ C=0is the general form of the ‘éqUat_ion‘df a line, where
A is a whole number, and B and Care integers. :

Consider what happens to the general form of the equation in each of
the following cases:

m WhenA=0: N

YET
Ax + By + C = 0 becomes ! !
By+C=0 Solve for y. 0 :
By=-C Divide each side by B. B!
— C L
Y~ 7B

B is a constant, and the graph of y = 5 is a horizontal line.




« When B=0: e
Ax + By + C = 0 becomes L St X
Ax+ C=0 Solve for x. T x=§
Ax=—C Divide each side by A. N I
—-C
x=—
A

—C
‘ e is a constant, and the graph of x = v is a vertical line.

FETUTICR I Rewriting an Equation in General Form

Write each equation in general form. - . CHECK YOUR UNDERSTANDING

a) y= _gx +4 b)y—1= g(x +2) 1. Write each equation in
: general form.
4 1
SOLUTION ; a) y=—qx+3
2 _3
a) y=—3x+4 Multiply each side by 3. b)y+2= 2(x —4)

5 [Answers: a) x + 4y — 12 =10
3y= 3(—--3— x + 4) Remove the brackets. b)3x =2y =16 = 0]

3y= 3(—%x> + 3(4)

3y=—2x+ 12 Collect all the terms on the left
side of the equation.

2x+3y—12=0 This is the general form of the
equation.
3
b) y—1= '5—(x +2) Multiply each side by 5. 5
For the two equations, why were
3 ‘the terms collected on different
— 1) =52)(x+2 Remove the brackets. e
5(y — 1) (5)(x ) emove the brackets sides of the equation?
5y —5=3(x+2) S
59—5=3x+6 Collect like terms. © When an equation of a“hﬁ s
5y =3x+ 11 Collect all the terms on the : waitten in ‘genena'il "fc;)rm,‘c‘a"n all
, right side of the equation. :  the terms be positive? Can all
=3x—5y+11 ¢ the terms be negative? Explain.

The general form of the equation is: 3x — 5y + 11 = 0
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FCIU GRS Determining an Equation from a Graph of Generated Data

Peanuts cost $2 per 100 g and raisins cost $1 per 100 g.
Devon has $10 to purchase both these items.

a) Generate some data for this relation.
b) Graph the data.
¢) Write an equation for the relation in general form.

d) i) Will Devon spend exactly $10 if she buys 300 g of peanuts
and 400 g of raisins?

ii) Will Devon spend exactly $10 if she buys 400 g of peanuts
and 300 g of raisins?

Use the graph and the equation to justify the answers.

SOLUTION

a) If Devon buys only peanuts at $2 for 100 g, she can buy 500 g.
If Devon buys only raisins at $1 for 100 g, she can buy 1000 g.
If Devon buys 200 g of peanuts, they cost $4; so she can buy

600 g of raisins for $6. _
pof
-_Ma'ss_bf £ :Mass‘df : N ‘
- Peanuts,p  Raisins, r TN
AR
500 0 |
-,,10 D 2001
‘ B p
200 - 600 » %0 2

b) Join the points because Devon can buy any mass of items
she likes.

¢) Use the coordinates of two points on the line: (500, 0) and (0, 1000)

Use the slope-point form with these coordinates:
TThno_nkThn Substitute: r; = 0, p; = 500,
P—P1 P2—P r, = 1000, and p, = 0
r—0 _ 1000 —0
p—500 0 — 500
r
p — 500
r=—2(p — 500)

= -2 Multiply each side by (p — 500).

r= —2p + 1000 - Collect all the terms on the left side of

the equation.
2p+r—1000=0
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- CHECK YOUR UNDERSTANDING

4. Akeego is making a ribbon shirt.

She has 60 cm of ribbon that
she will cut into 5 pieces with 2
different lengths: 2 pieces have
the same length and the
remaining 3 pieces also have
equal lengths.

a) Generate some data for this
relation showing the
possible lengths of the
pieces.

b) Graph the data.

c) Write an equation for the
relation in general form.

d) i) Can each of 2 pieces be
18 cm long and each of
3 pieces be 3 cm long?

ii) Can each of 2 pieces be
3 cm long and each of
3 pieces be 18 cm long?

Use the graph and the
equation to justify your
answers.

[Sample Answers: a) (2, 27), (4, 24),
(6,21) c) 3x+ 2y — 60 =0
d) i) no ii) yes]

"What other strategies could you
 use todetermine the equatlon
- of the line? ‘ :

-Suppose you interchanged -

" the coordinates and graphed
p = fr). How would the graph -
-change? How would the
“equation change?




“d) i) Use the graph to determine whether g T"T R
Devon will spend exactly $10 if she \2p +r-1000=0

buys 300 g of peanuts and 400 g of ‘

raisins. B O O B
300 g of peanuts and 400 g of - ety g
raisins are represented by the point ) ;
(300, 400). 200
Plot this point on the grid. Since this A :
point lies on the line, Devon can buy o 1200 400
these masses of peanuts and raisins.

Check whether the point (300, 400) satisfies the equation:
2p +r—1000 =0
Substitute: p = 300 and r = 400
LS. = 2p + r— 1000 RS.=0

= 2(300) + 400 — 1000

=0
Since the left side is equal to the right side, the point
(300, 400) does satisfy the equation.

ii) Use the graph to determine whether F T
Devon will spend exactly $10 if she p +r- 10002 0
buys 400 g of peanuts and 300 g of et
raisins. ebol 1\ ___ﬁ 1
400 g of peanuts and 300 g of \ L
raisins are represented by the point 400 (@00, 300
(400, 300). Plot this point on the grid. | 200
Since this point does not lie on the line,
Devon cannot buy these masses of
peanuts and raisins.

ol

o

2001400

Check whether the point (400, 300) satisfies the equation:
2p + r— 1000 = 0
Substitute: p = 400 and r = 300

LS. = 2p + r — 1000 RS.=0
= 2(400) + 300 — 1000
=100

Since the left side is not equal to the right side, the point
(400, 300) does not satisfy the equation.

iSCUSS thelg}eas - 1. What steps would you use to sketch the graph of a linear relation
— - in general form?

2. Isit easier to graph a linear relation with its equation in general form or
slope-intercept form? Use examples to support your opinion.

3. An equation in general form may be rewritten in slope-intercept form.
How is this process like solving a linear equation?
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Exercises

b S T SO, R

4. In which form is each equation written?
a) 8x — 3y =152 b)9x+4y+21=0
) y=4x+7 d)y—-3=5x+7)

5. Determine the x-intercept and the y-intercept
for the graph of each equation.

a)8x— 3y=24 b) 7x + 8y = 56

c) 4x— 11y =88 d)2x— 9y =27
6. Write each equation in general form.

a) 4x + 3y = 36 b)2x—y=7

Q)y=-—2x+6 d)y=5x—1

7. Graph each line.

a) The x-intercept is 2 and the y-intercept is —3.
b) The x-intercept is —6 and the y-intercept is 2.

B &

8. a) Explain how you can tell that each equation
is not written in general form.
) —2x+3y+42=0
ii) 4y — 5x =100
oy 1 1
iii) Ex—zy-k 1=0
iv) 59+ 9x—20=0
b) Write each equation in part a in general
form.

9. For each equation below:
i) Determine the x- and y-intercepts of
the graph of the equation.
ii) Graph the equation.
iii) Verify that the graph is correct.
a)3x—4y=24 b) 6x — 5y = —60
) 3x—2y=24 d)5x—y=10

10. Two numbers, f and s, have a sum of 12.

a) Generate some data for this relation.

b) Graph the data. Should you join the points?
Explain.

¢) Write an equation in general form to relate
fands.

d) Use the graph to list 6 pairs of integers that
have a sum of 12.
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11. Rebecca makes and sells Nanaimo bars.

She uses pans that hold 12 bars or 36 bars.

Rebecca uses these pans to fill an order for

504 Nanaimo bars.

a) Generate some data for this relation, then
graph the data.

b) Choose letters to represent the variables,
then write an equation for the relation.

12. Write each equation in slope-intercept form.
a)dx+3y—24=0 b)3x—8y+12=10
2x—5y—15=0 d)7x+3y+10=0

13. Determine the slope of the line with each §
equation. Which strategy did you use each time!
a)dx+y—10=0 b)3x—y+33=0 §
c)5x—y+45=0

14. Graph each equation on grid paper.
Which strategy did you use each time?
a)x—2y+10=0 b)2x+3y—15=0
)7x+4y+4=0 d)6x — 10y + 15 = 0

15. A pipe for a central vacuum is to be 96 ft.long. 3
It will have s pipes each 6 ft. long and e pipes each
8 ft. long. This equation describes the relation:
65+ 8e =96
a) Suppose 4 pieces of 6-ft. pipe are used.

How many pieces of 8-ft. pipe are needed?
b) Suppose 3 pieces of 8-ft. pipe are used.
How many pieces of 6-ft. pipe are needed?
¢) Could 3 pieces of 6-ft. pipe be used?
Justify your answer. :
d) Could 4 pieces of 8-ft. pipe be used?
Justify your answer.

16. Pascal saves loonies and toonies. The value of

his coins is $24.

a) Generate some data for this relation.

b) Graph the data. Should you join the points?
Explain.

¢) Write an equation to relate the variables.
Justify your choice for the form of the
equation. ,

d) i) Could Pascal have 6 toonies and 8 loonies?

ii) Could Pascal have 6 loonies and 8 toonies?
Use the graph and the equation to justify your
answers.

d)10x+2y— 16 =0 &8



. Use a graphing calculator or a computer with

graphing software. Graph each equation.

Sketch or print the graph.

a)x—22y—15=0 b)15x+ 13y —29=0
¢)33x+2y+18=0 d)34x—y+40=0

. Write each equation in general form.

b)y—2=<(x+5)

1
a)yzgx—él 3

‘ 1 3 4
c)y+3—-—z(x—1) d)y=—-35x+3

. Choose one equation from question 18. Write it

in 2 different forms. Graph the equation in
each of its 3 forms. Compare the graphs.

. Describe the graph of Ax + By + C = 0, when

C = 0. Include a sketch in your answer.

. a) How are the x- and y-intercepts of this line

related to the slope of the line? Justify your
answer.

X

o i 2 I'H
| "N

b) Is the relationship in part a true for all lines?
Explain how you know.

. Match each equation with its graph. Justify

your answer.

a)2x+3y—6=0 b)2x—3y+6=0

Graph A Graph B
2P uN2nnn
i L :

- 2. i ~
- // o \\ x
2 |0 3 -2 |0 2
7‘777\ | L || \

. a) Why can’t you use intercepts to graph the

equation 4x — y = 0?
b) Use a different strategy to graph the
equation. Explain your steps.

~ Reflect

24,

25,

Which equations below are equivalent? How
did you find out?

a) y=3x+6 b)2x—3y—3=0

2
dy-2=5u~m d)3x—y—6=0

) 2
e)’:gx—l f) y—3=3(x—3)

9y~1=%x—$ h)yy+3=3x—1)

a) Write the equation of a linear function in
general form that would be difficult to graph
by determining its intercepts. Why is it
difficult?

b) Use a different strategy to graph your
equation. How did your strategy help you
graph the equation?

26.

27.

28,

If an equation of a line cannot be written in
general form, the equation does not represent
a linear function. Write each equation in
general form, if possible. Indicate whether each
€quation represents a linear function.

X,y
a — _— =
)4+3 1
10
b)y=—
)y .

©) y=2x(x + 4)

Suppose you know the x- and y-intercepts of a
line. How can you write an equation to describe
the line without determining the slope of the
line? Use the line with x-intercept 5 and
y-intercept —3 to describe your strategy.

The general form for the equation of a line is:

Ax+ By+C=0

a) Write an expression for the slope of the line
in terms of A, B, and C.

b) Write an expression for the y-intercept in
terms of A, B, and C.

Descr}be a ;m;atlon thlat .Can.be most appropriately modelled with the
equation of a linear relation in genera] form. Show that different forms of

this equation represent the same graph
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CONCEPT SUMMARY

-~ Big Ideas S ~ Bpplying the Big Ideas
e 1 T e R R SO 0 X A S S R . 2 SRR
w The graph of alinear fanction is a non-vertical This means that: :
straight line with a constant slope. ~# The slope of a line is equal to the slope of any -:_
e - segment of the line.
- = When we know the slope of a line, we also know ;
~ theslope of a parallel line and a perpendicular
~line.
" & Certain forms of the equa}tién‘df a linear e = When the equation is written in the form £
function identify the slope and y-interceptof - = y= mx + b, the slope of the line is m and its
the graph, or the slope and the coordinates of y-intercept is b.
~a point on the gm?hf_ S " w When the equation is written in the form !
‘ o e y = y; = m(x — x,), the slope of thelineis mand
" the coordinates of a point on the line are (x;, ). '
| m Any equation can be written in the general form
. v o : Ax + By + C = 0, where A is a whole number,
: S i ‘ - and Band Care integers.
‘ R T R s T N O e T O A A o D T ORI IATTE 530 170 Vs L LT R R T v T M SR AR e &
: : » AR ® What information do you need to know about a linear function to be
i Reflect_gn the Chap term able to write an equation to describe it? Include examples in your
i explanation.
: m For each form of the equation of a linear function, describe how you
| would graph the function.
;

1 S o o P R e o N e e R A W M A O S e g Ty T T IR B S N A e P Sy SR T A SO ST D S T VT o s

)./ THE WORLD OF MATH

Careers: Marketing

Marketing involves understanding consumers’' needs
and buying habits. For a company to be successful,

it must ensure that its product meets consumers’ needs

and can be produced and sold at prices that ensure the S
company makes a profit. To understand the market,
i research is conducted, then data are analyzed and
used to make predictions. Often, these data will be
§ used to produce linear models to solve problems.
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| SKILLS SUMMARY
- Skill Description

.'fpetermine the A line that passes through P(x;, y;) and
: slope of aline Q(x,, y,) has slope, m, where:
- and identify

parallel linesand m = N=h
| X Xy

s perpendicular
¢ lines.

B R e SR SR T R Y S S ST O e T O SR S5 PR Y S S S A T e
B A

Example

e g Y ST e T SR SN

For P(—2,4) and Q(2, —1):

_ —1—-4 5
M= (-2 1

The slope of a line parallel to PQ
is —2. The slope of a line

4
perpendicular to PQ is 5

A line with slope, m, and y-intercept, b, has
: equation of aline  equation:
* in slope-intercept y=mx+ b

" Write the A line with slope, m, and passing through
§ equation ofaline  P(x, y,), has equation:

-' in slope-point y—y = mx—x)
. form.

: ; [6.5]

t Graph a linear The general form of the equation is:

- relation in Ax+ By+ C=0
general form.

Determine intercepts by substituting:
x = 0, and solving for y, then
y = 0, and solving for x.

[6.6]

Plot points at the intercepts, then draw a line
through the points.

SRR 3R I DTG AL

5
For a line with slope ~2 and

y-intercept 3, an equation is:

5
y= —Zx+3

T AR TR A I SR T TR T A RSN O

" A line with slope % and passing
through P(—2, 4) has equation:

y—4==(x— (~2),or

4
y—4=§(x+ 2)

A line has equation:
3x+4y+12=0
For the y-intercept:
3(0) +4y+12=0
4y = —12
y=-3

For the x-intercept:
3x+4(0)+12=0

3x=—12
x=—4
A ')k y
\ £
) X
_ 4N-2 |0 2 |
N
+ o } al !
AT y VU ‘
MEAN
Study Guide
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REVIEW

1.

388

Determine the slope of each line.

0

For each line described below, is its slope

positive, negative, zero, or undefined? Justify

your answer.

a) As x increases by 3, y decreases by 2.

b) The line has a negative x-intercept and a
negative y-intercept.

¢) The line has a y-intercept but does not have
an x-intercept.

. A line passes through A(—3, 1). For each slope

given below:

i) Sketch the line through A with that slope.

ii) Write the coordinates of three other

points on the line.
2) -1 b+ 9 -3
Determine the slope of a line that passes
through each pair of points. What strategy
did you use?
a) B(—6,8)and C(—1, —2)
b) D(—3, 7) and E(5, —5)

Gabrielle likes to jog and has a pedometer to
measure how far she runs. She checks her
pedometer periodically and records its

readings. Gabrielle plotted these data on a grid.

Graph of Gabrielle’s Run

\oln I i \ }
i | /I(5/800)
Lo 1 T T
E 600 — 4
il L/
£ /
5400
B (2,320
B o001/ BN
/ il \ -
! i
[ 4 i
i Timellmin)
I O

Chapter 6: Linear Functions

a) What is the slope of the line and what docs
it represent?

b) How is slope related to rate of change?

¢) Assume Gabrielle continues to run at the
same rate.

i) How far did Gabrielle jog in 4 min?
ii) How long will it take Gabrielle to jog
1000 m?

6. The slope of line FG is given. What is the slope
of a line that is:
i) parallel to FG? ii) perpendicular to FG?
6

a)3 b) —3 <) —lél d1

7. The coordinates of two points on two lines are

given. Are the two lines parallel, perpendicular,

or neither? Justify your choice.
a) H(-3,3),](~1,7) and K(=1,2), M(5, =)
b) N(—4) —2)’ P(—1> 7) and Q(Z, 5)) R(4a =1)

8. Is quadrilateral STUV a parallelogram? Justify
your answer.

! S LY.
HYas N
/ [
( i

S

|
4

N

<

AN
™~

N I i ‘ X
- \ H .
2

/

: - 4

T T T T T T F
; P

‘ i | [ .

i
i 1
| |

P ! ¢

|
i
|

9. Triangle ABC has vertices A(—1, —1), B(2, 5),
and C(6, 3). Is AABC a right triangle? Justify
your answer.

10. Sketch graphs to help explain what happens to
the graph of y = 3x + 4 when:
a) the coefficient of x increases by 1 each time
until the coefficient is 6
b) the constant term decreases by 1 each time
until it is —4

£ 13



46.4

1.

£

For each equation, identify the slope and
y-intercept of its graph, then draw the graph.

3
a)y= —3x+4 b)y=z -2

For each graph below:
i) Determine its slope and y-intercept.

ii) Write an equation that describes the graph.

iii) Verify your equation.

a)l | el b) (N TP
MRS N Ll
EEAEDaN N =t
- /L AN x
o fy=fx 2 N 2
et | > V
! X \;
2 /00 12 . I~
/ H i \\

. Match each equation with its graph. Explain

your strategy.

1
a)y=5x—3 b) y=—-3x—2
Q)y=2x+3 d y=-2x+3
Graph A Graph B
- ‘/I y y;
- . 2
-3 /0 x
/Ll 0
| - 2
f |
Graph C Graph D
] y N2
x \
-2 |0 L
i, - X
7= |
i
\

14.

15.

Mason had $40 in his bank account when he

started to save $15 each week.

a) Write an equation to represent the total
amount, A dollars, he had in his account
after w weeks.

b) After how many weeks did Mason have $355
in his account?

c) Suppose you graphed the equation you
wrote in part a. What would the slope and
the vertical intercept of the graph represent?

4
Consider the graph of y = 7%~ 5.

a) Write 2 equations that describe 2 different
lines that are parallel to this line. How do
you know all 3 lines are parallel?

b) Write 2 equations that describe 2 different
lines that are perpendicular to this line.
How do you know that the 2 new lines are
perpendicular to the original line?

16.

17.

18.

Line DE passes through F(—2, 3) and is
perpendicular to the line described by the
equation y = 2x + 1. Write an equation
for line DE.

For each equation below:
i) Identify the slope of its graph and the
coordinates of a point on the graph.
ii) Graph the equation.
iii) Choose a different point on the graph,
then write its equation in a different way.
a)y+4=2(x+3)

b)y— 1= —3(x— 4)

Write an equation for each graph. Describe your
strategy. Verify that the equation is correct.

a) b)
| y I /’ A y T
/ b
\‘ 0 X \\ . )
=2 100 2 |4 N o] Y=g |
A 1N
| ~ y=1fx) [ ] \\ i X
EERENERAN
Review 389




19. a) Write an equation for the line that passes through

each pair of points. Describe your strategy.
i) G(—3,—7)and H(1, 5)
ii) J(—3,3) and K(5, —1)
b) Use each equation you wrote in part a to

determine the coordinates of another point on

each line.

20. Two families went on a traditional
nuuchahnulth dugout canoe tour in Tofino

harbour, B.C. One family paid $220 for 5 people.

The other family paid $132 for 3 people.
a) Choose variables, then write an equation for

the cost as a function of the number of people.

Explain your strategy.

b) What is the cost per person? How can you
determine this from the equation?

¢) A third family paid $264. How many people
went on the tour?

21. a) Why is each equation not in general form?

1
i) 4y —5x—40=0 ii) xty=4

1 1
iii)y—2=§(x+4) iv) y=-5-x+3
b) Write each equation in part a in general form.

22. a) Graph each equation. Describe the strategies
you used.
i) 3x—4y—24=0 i) x—3y+12=0
b) What is the slope of each line in part a? How
did you determine the slopes?

23. Write the equation of a line in general form that
you could not easily graph by using intercepts.
Choose another strategy to graph the equation,
and explain why you used that strategy.

24. The difference between two numbers, gand /, is 6.

a) Generate some data for this relation, then
graph the data.

b) Write an equation in general form to relate g
and L

¢) Use the graph to list 5 pairs of numbers that
have a difference of 6.
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25. Which equations are equivalent? How did you

determizne your answers? 5
a)y=§x+l b)y-—3=§(x-—4}

2 2
c)y—1=§(x—1) d)y—3=§(x—5)

e)2x—5y+7=0 f) 2x —5y—5=0

26. Match each equation with its graph below.
Justify each choice.

4 4
a)y=-—zx+3 b)y—3=—-5—(x+3z

5
) 5x+4y—15=0

Graph A Graph B
y o »
N N |
| \ SRS, 2 . NS . :
51N\ N
N\ j N gx’§
X 10l 2 .4 6
0 ) ‘ Pl
| \\ TZ“"‘( T 7( ’T‘"’“ |
Graph C
y L
5,\\ ]
N, L I x
=2 0] N\
\ ™~

27. Max babysits for 2 families. One family pays
him $5 an hour, the other family pays $4
an hour. Last week, Max earned $60.
a) Generate some data for this relation, then
graph the data.
b) Write an equation for the relation. Explain
what each variable represents.

28. A video store charges $5 to rent a new release
and $3 to rent an older movie. Kylie spent $45
renting movies last month.

a) Generate some data for this relation, graph
the data, then write an equation.
b) i) Could Kylie have rented 5 new releases
and 6 old movies?
ii) Could Kylie have rented 6 new releases
and 5 old movies?
Justify your answers.



'RACTICE TEST

s tFor questions 1 and 2, choose the correct answer: A, B, C, or D TN A
;- 3 e L LD
. . 1. Which line at the right has slope —5¢ B :

E _ e I /

: B Co /( LMY
= A.AB B.CD C. EF D. GH ‘ d /x
. o0 .| LA 0 p \ pd I
. Which line at the right has equation 2x — 3y + 2 = 0? ' AN AL 2 \F -
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. a) Graph each line. Explain your strategies.

3 1
) y=—2x+5 i) y—-3=3(x+2) i) 3x—-4y—12=0

b) Determine an equation of the line that is parallel to the line with equation
y= —%x + 5, and passes through A(6, 2). Explain how you know your
equation is correct.

¢) Determine an equation of the line that is perpendicular to the line with
equation y — 3 = %(x + 2), and passes through B(—1, 2). Write the new

equation in general form.
d) Determine the coordinates of a point P on the line with equation
- 3x — 4y — 12 = 0. Do not use an intercept. Write an equation of the
e line that passes through P and Q(1, 5). Write the new equation in
slope-intercept form.

4. Write the equation of each line in the form that you think best describes the line.
Justify your choice.

a) [\ LIV b) N V) NN
i |
‘ X ) X ,‘ X
ﬁ—- i =2 0 y ,':; 0 //'
_ 21y = fx) 2 y ¥ gx) ,y= h(x]

5. Sophia is planning the graduation banquet. The caterer charges a fixed amount
plus an additional charge for each person who attends. The banquet will cost
$11 250 if 600 people attend and $7650 if 400 people attend.

a) Suppose 340 people attend the banquet. What will the total cost be?
b) The total cost was $9810. How many people attended the banquet?
¢) What strategies did you use to answer parts a and b?
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