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INTRODUCTION — WHAT YOU SHOULD ALREADY KNOW

Slopes, Intercepts and their MEANINGS
1. The slope of a line is a measure of the line’s

Slope also measures the

variable with respect to the

Ay _y—y _—4-1

shown at the right, slope=m=—=—=——=——= _?5 . This

x,-x, 3-0

variable. For example, in the graph

of the

means that for every increase in the independent variable (“x value”)

by units, the dependent variable (“y value”)

by units.

2. The y-intercept or vertical intercept is the y-co-ordinate of the point at which the graph

The meaning of the y-intercept is

10 -8 B 42

the y-axis.

In the graph shown above, the line intersects the y-axis at the point with co-ordinates

that the y-intercept must be

be zero because

, which means

. The x-co-ordinate of the point at which the graph intersects the y-axis must

Applications of Slopes and Intercepts

1. Fisherman in the Finger Lakes Region have been recording the
dead fish they encounter while fishing in the region. The

Department of Environmental Conservation monitors the pollution

index for the Finger Lakes Region. The mathematical model for

the number of fish deaths “D” for a given pollution index “I”” is
D=9.6077+111.958.

(a) Use the equation to identify the slope and the y-intercept of the

given linear relation.
slope=m = y-intercept = b =

(b) Mark the y-intercept on the graph. In addition, draw a right
triangle that shows rise and run of the given line.

(¢) What is the meaning of the y-intercept?

Mumber of Fish Deaths

(d) What is the meaning of the slope? (Hint: slope = rate of change)

Copyright ©, Nick E. Nolfi
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2. The WeTalkALot long distance company charges $5.00 each month for
its special $0.05 per minute rate on long distance.

(a) Let C represent the total monthly long distance cost and let ¢
represent the total number of minutes used for long distance calls.
Write an equation that expresses C in terms of .

(b) State the slope, y-intercept and their meanings.

slope =m = Meaning:

y-intercept = b = Meaning:

(c) Use the provided grid to sketch a graph of C versus ¢. Use a scale of 0 to 200
minutes for the horizontal axis and scale of 0 to 20 dollars for the vertical axis.
Don’t forget to label the axes!

(d) The WeTalkEvenMore long distance company charges $7.00 per month for its
special $0.03 per minute rate on long distance. Using the same grid given above,
sketch a graph of C versus ¢ for WeTalkEvenMore.

(e) If you have sketched both graphs correctly, you should find that they intersect
(cross) at approximately the point with co-ordinates (100,10) . Explain the

meaning of this point of intersection.

(f) Under what circumstances is the WeTalkALot long distance plan a better deal? Under what circumstances is the
WeTalkEvenMore plan a better deal?

(g) The BlahBlahBlah long distance company offers a unique plan. Each month, the

first 20 minutes are free but thereafter, the calls cost $0.10 per minute. Using the Blah,
same grid given above, sketch a graph of C versus ¢ for BlahBlahBlah. Blah
y
(h) If you have sketched the graph for BlahBlahBlah correctly, you will see that it has Blah...

an x-intercept of 20. What is the meaning of the x-intercept?

(i) Under what circumstances is the BlahBlahBlah plan a better deal than either of the others?
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EQUATIONS OF LINES — DISCOVERY ACTIVITY

1. Which of the lines shown at the left...
(a) ..
(b) ..

y
A 25
D\\ EN ©

@ ..

N T N 1 T N Y |

1812 -

.have positive slope?
.have negative slope?
...have zero slope?

.have undefined slope?

TT |r| I"-.l....l...._l TTT

‘QE 812145 X 2. Which line is steeper, ...

(a) AorB?

(b) EorC?

(¢) DorF?

(d) AorC?

(e) BorE?

calculate the slope of the line.

Important Note: Make sure that the points that you choose lie where two grid lines intersect.

A —
A. slope=m=—y:y2 N
Ax  x,—x
A —
B. slope=m=—y:y2 N
Ax  x,—x
C.slope=m=ﬂ=y2_y1=
X =X

. For each of the lines shown above, identify the y-intercept.

A. y-intercept=b =
B. y-intercept=»5 =

C. y-intercept=»b =

. For each of the lines shown above, write an equation in the form y = mx + b (i.e. slope-y-intercept form).

A.

B.

C.

3. For each of the lines shown above, carefully select two points that lie on the line. Then use those two points to

A —
D. slope=m=—y=y2 N
Ax  x,—x
A —
E. slope=m=—y=y2 N
Ax  x,—x
F.slope=m=£=y2_y1=
X, =X

D. y-intercept =5 =
E. y-intercept=»5b =

F. y-intercept=5b =

D.

E.

F.

. For each of the lines shown above, sketch a diagram showing both the rise and the run. In each case, indicate the
signs of Ax and Ay (i.e. whether the rise and run are positive or negative).
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Y 7. Use the provided grid to sketch lines passing through the point
151 (-3,4) and having...
iz (a) ...aslope of _2 . Label this line 4.
al >
&F 5 N
- (b) ...aslope of 5 Label this line B.
I
_1|5I |_1|2| I_Igl I_IEI I_I3I T Iél Iél Iél |1|2| I1|5 * (c) ...aslope of%. Label this line C.
3F
&L 7 -
B (d) ...aslope of 3 Label this line D.
9k
A2f
5L
8. Using your sketches, estimate the y-intercepts of each of the lines that you sketched in question 7.
A b= B. b= C. b= D. b=

9. Using the example given below for line 4 as a model, calculate the y-intercepts of each of the lines in question 7.
Then write an equation of each line in the form y =mx+b . (This is called the slope-y-intercept equation of a line.)

B.
A. Since the slope of this line is known to be —% ,

the equation of the line must be of the form

y= —%x +b. It’s also given that the point

(=3,4) lies on the line. Therefore, the

co-ordinates of this point must satisfy the
equation. This means that when the values of x
and y are substituted into the equation, the left-

hand side must agree with the right-hand side. C.

The slope-y-intercept equation of line 4 must be
S
YIS
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10. Carefully check your answers to questions 8 and 9. Summarize your results in the following table. If your answers to
question 8 do not agree with your answers to question 9, then find out what went wrong and correct your mistakes!

84. b=
94. b=

Answers Agree? (Yes / No)

8B. b=
9B. b=

Answers Agree? (Yes / No)

8C. b=
9C. b=

Answers Agree? (Yes / No)

8D. b=
9D. b=

Answers Agree? (Yes / No)

11. Consider the linear relation with slope-y-intercept equation y = —%x -—.

(a) Describe the relation in words. Specifically, what
does the equation tell you about the relationship
between the x-co-ordinate and the y-co-ordinate of
any point that lies on the line?

7
2
(b) Complete the following

Y

table of values:

3 7
=——X——

2 2

wn W = O

(¢) Sketch the graph of y

slope and y-intercept.

<

15
12
9
b
3

3 7
=——x—— using only the
> > gonly

N N Y N T [ "y '

152 =0 o1 =0

-15

I %1215

(d) Sketch the graph of y

table of values from (b).

3 7
——x —— using only the
> > g onty

¥

15
12
9
b
3

-15+12 =8 =613

-12

X

369 12156

-15

(e) Check carefully to ensure that the graphs in (c¢) and
(d) are identical. If they are, then check with some
classmates to see if your graphs agree.

If all the graphs agree, then they are probably
correct. If any do not agree, then check your work

and correct any mistakes.

Copyright ©, Nick E. Nolfi
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12. In this question you will explore various forms of equations for linear relations.

summarized in the table given below.

The forms that you need to know are

Slope-y-intercept Form

Standard Form

“Modified” Standard Form

y=mx+b

m and b are constants
representing the

Ax+ By+C =0 (4 > 0, no fractions)

A, B and C are constants that do not
by themselves represent geometric

Ax+ By=C (4> 0, no fractions)

A, B and C are constants that do not
by themselves represent geometric

slope and y-intercept respectively features of the graph features of the graph
eg. y=-3x-5 eg. 2x—-5y-3=0 eg. 2x—-5y=3
slope = m = =3, y-intercept = b= —5 A=2,B=-5C=-3 A=2,B=-5,C=3
Advantage Advantage Advantage
Very easy to sketch the graph. Can be used even if slope is Can be used even if slope is
Disadvantage undefined. undefined.
Cannot be used with lines that have | Disadvantage Disadvantage

an undefined slope. More difficult to sketch the graph. More difficult to sketch the graph.

(b) Check your answer to (a) by completing the following
table of values.

(a) Use your knowledge of rearranging equations to write

y= —%x —% in standard form. (Hint: Eliminate the

. Y y
fractions first!) (Calculated using (Calculated using the
o _3 o 7 ) equation in standard form
V= ) obtained in (a))
—4 5/2
-2 -1/2
0 =1/2
2 -13/2
4 -19/2

(d) Use the table in (¢) to sketch the graph. Your graph

must be identical to the graphs in 11(c) and 11(d).
y

(¢) By now you should have the correct answer to (b).
Rewrite the equation in the form Ax+ By =C . Then

use the equation to complete the following table.
Show all your work! 15

12
9

b
0 3

X Y

1512 =B =61 -0

IS I I I By '

Fob 912 1h

3
-6

-2
=15

(e) Use the first two columns of the table in (b) to explain why the relation must be linear.

Copyright ©, Nick E. Nolfi MPMI1D9 Unit 4 — Linear Relations LR-8



WRITING EQUATIONS OF LINES IN STANDARD FORM AND SLOPE-INTERCEPT FORM

Definitions

Slope-y-intercept Form

Standard Form

y=mx+b

m and b represent the slope and y-intercept respectively.

eg. y=-3x-5 slope=m=-3= _T ,  y-intercept =b=—5
Meaning of the Slope: The y-co-ordinate (dependent variable)
decreases by 3 units for every increase of 1 unit in the

x-co-ordinate (independent variable).

Meaning of the y-intercept: The y-co-ordinate is —5 when the
x-co-ordinate is zero.

Ax+By+C=0
e A>0

e Ifpossible, 4, B and C should be integers
(i.e. no fractions)

A, B and C are constants that do not by themselves
represent geometric features of the graph. However,
A, B and C are related to m and b.

eg. 2x—-5y-3=0
A=2,B=-5,C=-3

Note: “Slope-y -Intercept Form” is also called “Slope-Intercept Form”

Examples
1. Write the equation of each line in both slope-y-intercept form and standard form.
(@) (b)
Solution

Since (0,—5) lies on the line, b =—5
Since (6,—1) also lies on the line,
Ay
T Ax
Yo~ N

m

Therefore, the slope-y-intercept form of the

. 2
equation is y = Ex -5.

Copyright ©, Nick E. Nolfi
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YA
|12 @)

! ,
P 20)
™70 el
b—2 (2 ﬁx‘)
Solution

Since both m and b are undefined, it is not possible to
write the equation of a vertical line in slope-y-intercept
form.

However, it is possible to write the equation of this line
in standard form. Observe that any point on the line
has x-co-ordinate 2 but there is no restriction at all on
the y-co-ordinate. Therefore, the equation turns out to
be extremely simple:

x=2

This equation simply means that the x-co-ordinate
must be 2. Since y does not appear in the equation,
it is understood that y can have any value.

To make this equation conform to the format of the
standard form in can be written as follows:

Ix+0y-2=0

LR-9




Continuation of Example 1(a)

. 2 . . .
To write y = Ex —5 in standard form, use the same techniques that you used to rearrange (manipulate) formulas:

2
=—x-35
Y73
3(2 . .
" 3y=T 37 -3(5) (Multiply both sides by 3.)
~3y=2x-15
S3y—2x+15=2x-15-2x+15 This is almost in standard form.

/ The only problem is that the
S2x+3y+15=0 coefficient of x is negative.
To write the equation with a

positive coefficient of x, simply
multiply both sides by —1.

s —1(=2x) + (1) (3p) +(-1)(15) =—1(0) «——

S 2x-3y-15=0

The standard form of the equation is 2x -3y —-15=0.

2. Write the equation 5x—7y+3=0 in slope-y-intercept form.

Solution
The goal is to isolate y. Once again, use the techniques that you learned to rearrange equations.
S5x-T7y+3=0
S 5x=Ty+3-5x-3=0-5x-3

S=Ty=-5x-3

bl = Sx (ij (Divide both sides by —7.)
-7 =7 -7

y=2x42

Y PR

Homework
pp-312-314 #1,3,4,5,6,8,10, 11

PRACTICE is the key to success in mathematics and
just about anything else that is meaningful and
worthwhile. So do your homework every day, ask
questions about anything that you do not understand
and do your best to understand the meaning of all the

concepts that you learn.

If you choose to do otherwise, the consequences are too
frightening to contemplate!

MUHAHAHAHAHAHAHAHAHAHAHA!

| \
\ Y
J
\
\
\

Artwork by ngiel Dhillon
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USING INTERCEPTS TO SKETCH THE GRAPHS OF LINEAR RELATIONS

Example 1
Determine the intercepts of the linear relation with equation y =2x—3.

Solution
Because the equation is given in the form y =mx+b , we can immediately
conclude the following:

slope=m =2 y-intercept = b =-3

The
x-intercept
is 1.5.

L Vv =2x-3

== M W = o
T

v (150)

However, the y =mx+ b form of the equation does not directly tell us :5
what the x-intercept is. From the graph, it appears that the x-intercept is
1.5 but this is only an estimate.

The equation can be used to calculate the exact value of the x-intercept but
first, it is necessary to understand the following important principle:

Any point lying on the x-axis must have a y-co-ordinate of zero!

(In addition, any point lying on the y-axis must have an x-co-ordinate of

2 3 4 5

The
y-intercept
is —3.

zero. We don’t need this at the moment to calculate the x-intercept but we will need it later to calculate the y-intercept

when the equation is given in a form other than the slope-y-intercept form.)

Therefore, to find the x-intercept, we simply set y = 0 and solve for x: K:(000.5:00)
If y = 0 then ol Any point on the
0=2x-3 W y-axis must have
3=y 1 x-co-ordinate zero
o , ) because there is no
3 2x J:(0.00, 2.00) 24 ’
L2t J horizontal movement.
2 2
3 B (-5.00, 0.00) C; (-2.00, 0.00) D: (3.00,0.00) E: (6.00, 0.00)
.'-X=E &8 e | T 'Df 5 |E
Theref th int t i 3—15 ith estimat d th
erefore, the x-intercept is 5=l (agrees with estimate) and the - (0.00--2.00) -2 Any point on the
y-intercept is —3. (Of course, this means that the line intersects the x-axis must have
3 y-co-ordinate zero
x-axis at the point with co-ordinates (—,OJ and the y-axis at the i | because there is no
2 ” vertical movement.
(0:00.-5.00) 4 H
point with co-ordinates (0,-3).)
Example 2
Use the intercepts of the linear relation 5x+2y =10 to sketch its graph. 101
Solution S5x+2y =108
The graph of 5x+2y =10 could be sketched by first rewriting the equation in L
slope-y-intercept form. However, there is a much faster approach!
x-intercept — y =0 y-intercept — x =0 - o)
5x+2y=10 5x+2y=10 10 -8 -6 4 2 | 4 658 10
2t
S 5x+2(0)=10 ~5(0)+2y=10 -
(0) (0)+2y 4l
~5x=10 S 2y=10 el
X = 2 L. y = 5 r
-G
~.(2,0) lies on the graph ~.(0.5) lies on the graph 1ol
Copyright ©, Nick E. Nolfi MPMI1D9 Unit 4 — Linear Relations LR-11



Summary — Equations of Linear Relations

As shown below, equations of lines can be written in various forms. Regardless of the form, however, the equation must
be satisfied by the co-ordinates of any point that lies on the line. That is, if (x, y) lies on the line, when the values of the x

and y co-ordinates are substituted into the equation, the left and right sides of the equation must agree!

(a) Slope-y-intercept Form:

y=mx+b }

(b) Standard Form: Ax+By+C=0

(c) “Modified” Standard Form: Ax+By=C

m = slope = rate of change of y with respect to x = steepness

b = y-intercept = vertical intercept = initial value
= value of y when x =0

A, B and C do not directly represent any geometric features
of the graph. However, m and b are related to 4, B and C.

Homework

pp.319-322 #Cl1,C2,C3,3,4,5,6,7,8,9,11, 13,15
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PRACTICE: CONSOLODATING YOUR SKILLS
Why did Zorna Pour Ketchup on her Brother’s Hand?

>
L
"4
L
(o
Q
o

10

y=1-x

7-3x

y=-3+1

y

25
26

~—

5

-2

v

y=4+2x

y=—gx—2

21

22

2

NS

RS
AR

-2

R

&

©

17

18

N
&

X
LA

R

i Pava
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&

‘l
A
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i’

-
R

/\+

XX
t\[\‘,\

P

A2V
\ _\/\

X
e

A

N\ f;\/ﬁ

A

K

i

> 1 x

Write this letter in the box at the bottom of the page that contains the circled number in that row of the table.

Complete the table for each equation. Find each answer in the code key and notice the letter next to it.
1

WhY Did Zorna Pour Ketéhup on Her Brother's Hand

]
7
A
Y
7
%
7
R
7

1 46 © 1989 Creative Publications
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y=-x+6
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©
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OBJECTIVE 5—c: To find ordered pairs that satisfy a linear equation and
use them to graph the equation (equations are solved for y).

MPM1D9 Unit 4 — Linear Relations
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What Did the Ape think of the Grape’s House?

What Did the Ape Think of the Grape’s House?

For each exercise, draw the line indicated and write its equation. Find your answer in the

answer section and notice the two letters next to it. Print these letters in the two boxes at the
bottom of the page that contain the number of that exercise.

Fd y* KL [r{
H | L
4 4 Q
i Se :
De- 2} = 2| '
J N
” £ 0 S 8 X]
-4 [-2 4 ‘ S |-4 [-2 2 | 4
EL |
i R ‘ 2 ) Q
: -4 = -4
1=
@ Equation of AB @ Equation of JIK
@ Equation of CB @ Equation of LM
@ Equation of DE Equation of N§
@ Equation of FG @ Equation ofﬁ
@ Equation of HI Equation of RG@
Answers:
y=—3x+2 GD v=% y=-2x+3
GR y=3x-1 @B y=Fx+1 QD y=5re=5
@D y=-+2 @D y=—x+3 D y=-2x-4
(A y=2x-3 G@HD y=-5x-1 QD y=5x
(HED y=3x+5 QW y=-3 GH y=2x+5
515]13|3|6]|6 4 |7171919|1]11]8]8]10|10] 2

154 < 1989 Creative Publications

Copyright ©, Nick E. Nolfi

OBJECTIVE 5-i: To find an equation of a line
given two points on the line (using the graph).

MPM1D9 Unit 4 — Linear Relations
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Whom Should you See at the Bank if you Need to Borrow Money?

Whom Should You See at the Bank
If You Need To Borrow Money?

Use the slope and y-intercept to graph each equation below. The graph, if extended, will cross
a letter. Print this letter in each box that contains the number of that exercise.

Ordiri  @phed  @yekea

y Y y
@)
K -~ A
X
=i £ s
X X
L i
y E L
U B S
' - -3
@V=2"‘4 @Y—-—3X-1 @y——2x+3
y ya ye
P
|
= X
» R
M i X o
v X
F
N G H
1 o
®y=4x—2 y=—zx+2 @y=§x
y Yy ye
C R D
. X
gl X
o 3
|
M
] y
L S A
3 6 i F g 1 9 4 9 8 8 9 4 5 2 8

OBJECTIVE 5-j: To graph a line given its equation in slope-intercept form.  © 1989 Creative Publications 155
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Did you Hear About...
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OBJECTIVE 5—f: To find the x-intercept and the y-intercept of the
graph of a linear equation and use them to graph the equation.

150 o 1989 Creative Publications
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REVIEW OF ANALYTIC GEOMETRY AND RELATIONS

1. For a taxi ride, a Toronto taxi company charges $5.00 plus $1.50 per kilometre travelled.

(a) Complete the following table

of values:

d = distance (km), C = cost ($)

(¢) Explain why the relation
between C and d must be
linear. In addition, state the
slope and the y-intercept.

d C

aC

(1* differences)

0

10

20

30

40

50

(b) Is this relation an example of

direct variation or partial

variation? Explain.

(g) Interpret the slope as a rate of

change.

(h) Interpret the y-intercept as an

initial value.

(d) Which variable is the
dependent variable? Explain.

(i) Describe the relation between
C and d in words.

(e) Graph the relation.

(f) Write an equation, in the form
y=mx+b , that relates C to d.

(j) How much would it cost to
take a 100 km taxi ride?

2. Write an equation for each of the following.

(k) Convert the equation that you
obtained in (f) to standard form.

(1) Is there an easy way to determine the
slope and y-intercept from the
standard form of a linear relation?

b y &Y =
/ x \
x
N, _
Positive Slope Negative Slope Zero Slope Undefined Slope
Positive Rate of Change Negative Rate of Change Zero Rate of Change Undefined Rate of Change

As x increases, y increases.

As x increases, y decreases.

As x increases, y is constant.

X is constant, y varies freely.

Copyright ©, Nick E. Nolfi
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SLOPES OF PARALLEL AND PERPENDICULAR LINES

How the Slopes of Perpendicular Lines are Related

I
O;)BE,V' ud".l 1IN

@ /—'-ﬂ@S are Iotrf;evdllculmr

@) sloye of ==
SIDPE of Qz = '{g_\

@ by /v‘{ajﬂ‘n? i 90°
clochwice about [

T, s obtu ned

AC_Q.mj_@C;:{:u.L\L (Hypnﬂaé’sfj) Eo!ucmleo‘ Gu655>
The Sfﬂ)Df’S OJC P@r'/x’rfd!‘w[af lines are negmtfve/

P€CIP}9}’0CQ{S 07[\ Qach (jf]!ler,

ot 0L ad e slpe of £ s S Hon
the SIOFQ of Qa myst Ea,—g-»

Ta ot this COHJQQ‘FW& s Corvect buf-11s pmaf
1S o JiHle beypyd 742( Scope. 07C This course
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How the Slopes of Parallel Lines are Related
y ;

D The. lineS are porolle]
iﬁ @RCA G'HAO;/

@) The ling } have o

edkg S

hexy = 2%+7
2l

4 ! COM cPr\[mfé'
/ Pam el [inas have fhe
SAME slope.
Examplel

TA(; [anS b.nf'ﬁ efuc»hahs y x+5 ana/

y=fx =T are perpendlw fo each other.
?:ly\f/{ ‘H\l Va/(lﬂ (99: K
oiuﬁ@u*\

Sime F(’VF?ndf‘CEA[aV HMS hﬁve rze\cjml;ve recfpvom! sfqoés)
K= ? (“ %) -

reghve N oy promﬁ
Example 2

Find an equation of the line passing through the point = Solution

(—4,5) and perpendicular to the line with equation Required Line: m = ?, b = ?, passes through (_4’ 5)
2
=——x+38.
g

From the result of the previous example, we can conclude that
m=
K I

/ /"\J@gs:eﬂmﬁiw y:%x«‘ L

5 Thus, the equation of the line must be of the form

y= Ex +b. Since (—4,5) lies on the required line, the

Eﬁmlmn . E?aq}ion co-ordinates of this point must satisfy the equation. Therefore,
14 1vEn
l?tbun" . - %’L.\}g 3 _4
b Shec 5=— +b
. 201
;\XA\:’!:B S5=-6+b
ir=s ° S S+6=—6+b+6

/ = 1 = =1 s 11=b
. The slope-y-intercept equation of the line must be y = éx +11.

Homework
pp-328—-329 #1,2,3,6,7,8,9,10, 11,12, 14
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FINDING EQUATIONS OF LINES GIVEN A SLOPE AND A POINT OR GIVEN TwO POINTS

Introduction
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J@ OFE = ——L YK }/l
X ,)Cﬂ ?C1

h) e eithor of Y fwo 9iven Pom{j
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ond P&SS:@ %rw‘f}l. the Fom‘f‘ (5’ “3)

Selution m= "é;" , b:?

2: yﬁanﬂZrCQP"E 1S uhknoww _7-—4 ZO JM{'EI‘CB _{(_ aa“h _F
\‘\/ I - ﬁ\f. imfz must™ o' of &f%m %f:\ ’

(5-3) Since (3,- ?J) lies on the |ine

7 it st satisty the equation”
~3=-%()+b

(Cf_cjf?es with exprcte] value
g & ﬂw, ope —m'fErte}?f Q’Lumllﬂh 0-F f}& BJME'M me ls )f“'"‘z-;’»t4—§,.‘
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@ F’—m”{ An Eq/uorl'wh oof ﬂu, me« ]Dass*h ﬁqrm:ﬁh '9/ 7) f‘b’b’).
W\ A £5.00,7.00) 1 SOLL—E ) m = ? ID: ?
/ N '5lupe st e ‘ "
| “fﬁu’*“ﬂ bcaye 5|op(>, = m
line leang o The = Y
T left B
Ay=-13 Lo rate of chunye .
Y/ o 1 ne‘g&w& = =¥
mAC =12.00 cm because b D{QCTE'JES X,-XK
| as X inereages - I
— - 5 —~ 7
T 4-(-5)
= =i
q
.3
5 . B: (4.00,-5.00) - 5
c mTB=908cm
Ag=9 \
" e slue ikt equeton of . e mck
he o Form
V== E% +b

Since (L{)_g) [I?.S on the ffne), ;‘{' MMS'I' SO(JFIS';y ‘ﬁ\l %uﬂ"‘;ﬂh.
-5 -4(5)+b

r o

S5 = h ]l (add 2 e BS)D
;. b= Er e
,9, b = Hif; Lj = BL (Cﬁr&es \,JI'H"\ Smf?]ﬂ
o 4%+é_
| E

T he glof?@am{ercepf ef/uarhon 0{: ‘Hma (me IS y" = 7"4*3
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@ Find the ef/‘m‘l‘lﬂn of tha [ PJSS? ﬂ\‘@u h
(3 (o) and {Q?rFPyup{ICufay +0 The fME ‘W?“H’\
eguation 3z f Iy = &=,
ffﬁlvﬂf\ liue) 21— reabuired line

() Slepe of (yoven Line,

3’)&1‘7‘)/—'5:0

- Ty =3x+5
» fy Bk
& = 7

B;(1.67,,0.00) |
: >X .
\,{2 Sy =-2x +-§

3?&7]9 50 Cb& S_Lapv__mt_ge%mf_&i_ém&
Smce Q _,LJ?,

Slope of 0, -5 > s'GPe
A (-3.00,-6.00).5 of QEL :i (S)DP@ g—?ﬁqg{’n&llcul&r

[ es Qye h€3&+ivﬁ chxPWCa] )

b
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e % J b= 7
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Y=
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~b = ~74+}h
' = |  (aorees with 3mp)q)

b
V= %’X 1 i e eq/m'Hm-\ of ﬂw fEcDMfrtcf [ine

Homework
pp-335-337 #CI1,C2,1,2,3,4,5,6,8, 11
pp.- 342 —-343 #1cd, 2,3,5,6,7,9
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IMPORTANT PROBLEM SET

1. Line A4 passes through the point (9,9) and is perpendicular to the line with equation 9x+11y-99=0.

14

RS = oy o &

g

1012 14

(a) Using the provided set of axes, sketch the graph of
9x+11y—-99=0. The fastest approach is to use the

intercepts method.

(b) On the same set of axes, carefully sketch the graph of
line A. Make sure that line 4 passes through (9,9) and

that it is perpendicular to 9x+11y-99=0.

(c) Use your sketch of line 4 to estimate its slope and
y-intercept.

m= b=

(d) Determine the exact slope of the line 9x+11y—-99=0.
Show your work and state a conclusion.

Therefore, the slope of 9x+11y—-99=0 is

(e) Use your answer from (d) to determine the slope of line A4.

For line 4, m =

(f) Use your answer from (e) and the fact that line 4 passes
through the point (9,9) to determine the equation of line 4.

because

(h) Now summarize your results.

(g) Now check your answer to (f) by using the
equation that you obtained in (f) to sketch the
graph of line 4. Does it agree with the graph that
you obtained in

g 1012 14

Estimates from (c)

Actual Values from (f)

Conclusion(s): Is your equation for line A correct?

m=

b=

m=

b=

Copyright ©, Nick E. Nolfi
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2. Line 4 passes through the point (9,9) and is parallel to | 3. The equation n—E+15=0 describes the amount
earned per hour in a certain factory. In this equation, £
represents the amount earned per hour in dollars and #
represents the number of years of experience.

the line with equation 9x+11y-99=0.
Determine an equation of line 4.

Calculate the hourly earnings of a beginning factory
worker as well as one with five years of experience.

4. The equation 9C —5F +160 =0 describes the 5. Plot the points A(l,l), B(—2,—5) and C(3,—2) to
relationship between temperature, C, in degrees Celsius form AABC . Ts AABC a right triangle? Justify your
and temperature, F, in degrees Fahrenheit. answer using mathematical reasoning.

(a) Express the equation in the form C=mF +b .

—= kW =
— T T T

 EEEEPEEREE

S

(b) Explain the meaning of the slope and the vertical
intercept.

6. Given that 4 and k are one-digit numbers, determine the numbers of pairs of values for which the lines
Ax—3y+15=0 and y=kx+7 are

(a) parallel
(b) perpendicular
(c) coincident (the same line)
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7. Anil is driving to his home in Toronto at a constant speed. At 4:30 P.M., he spots a sign indicating that Toronto is
240 km away. At 7:00 P.M., he notices another sign indicating that Toronto is 40 km away.

(a) Plot a graph showing Anil’s distance from Toronto (b) Do you expect the relation between distance from
versus time elapsed since 4:30 P.M. Toronto and time to be linear? Explain.

d Anil's Distance from Toronto

L 240

L 220 (c) Let ¢ represent time in hours and d represent distance
[ 200 from Toronto in km. Write an equation relating
[ 480 dto t. Show all work!

[ 160
- 140
[ 420
L 100
L 80
L 60
40
20

Distance from Toronto (km)

_U_'5 115 2 2__'5 3 35 4 4
Time Elapsed since 4:30 P.M.

45 é ! | (d) How fast is Anil travelling? Explain.
(h)

(e) Explain the meaning of the y-intercept of (f) Explain the meaning of the x-intercept of
the graph in (a). the graph in (a).

(g) At 5:45 P.M., how far from Toronto was Anil? (h) At what time did Anil arrive in Toronto? Determine
Determine this by using both the graph and the this by using both the graph and the equation. Make
equation. Make sure that your answers agree! sure that your answers agree!

Estimate from Graph: Estimate from Graph:
Exact Distance using Equation (Show all Work) Exact Time using Equation (Show all Work)

(i) Anil was rushing home to Toronto because he did not want to miss watching the Maple Leafs lose
yet another game. If the opening faceoff was to take place at 7:45 P.M., did Anil make it home in

. . ORONT,
time? Explain. “MapLel

LEAFS
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LINEAR SYSTEMS (SOLVING SYSTEMS OF TWO LINEAR EQUATIONS IN TWwO UNKNOWNS)

Definition
=S . i
A s!s-i—em pP two [inear eiuof‘l'lohs‘ i two wnfons
mues Eﬁflifs‘:py e ’pat’/olovl‘):ﬁ cop (tions
(G) thare ore dwo  linear wations 1n
Fwo  nKnowint (Sa}/ XK and Y )
o) te ‘SD[M‘{’jIOM ofF fha .S)/s'f’e;—m v g
‘Sarf‘tsjty OT H EZU.G“HOVIS‘
Example 1

Sofvc ‘H'tz —Foffowfqg Sys{t’:‘m ol /neav eC‘LLm‘I';DP';S

x+a’y = 7
W = Fee—10

c-mo’f ?L\”na{ /p(:u‘y,'(‘ d?C l‘m }{?!"Sﬁf/?élc?y\

Seldtion
GV'QPL\ cach |ine
@ F’naf r.n“ft’rra;o'{f

x—int: Yz[f)
X+ R>0) =7
o=

Vit =0

o
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®
-y

R y=4x-/0 Uzslge
'sfd)pe = &f E———
y—r‘n"l‘ ==/

Plst Pol'm:'f' (O)—H))

Fise . 5

Q(O'pe: widie =}

Use this Ao fvd andber
pont . i

From the 3rn)dnJWG can See that

the FOm‘f“ of r'nkfgﬁ:](fbw ;3 (3};‘)
Tﬁxemfvm) tie solution is =3 Y:Q\

C}\Qc'k'? |
@ A+dy = 7 @ Y= 4D
LS = 34:2(:3) LS =3

=24 S, =IO
:;; RS = lfg@@
~ R.S. s
E LS=A% s b5, RS
. solubion s coryect
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Example 2

Company A charges $0.10/minute for cell phone service. Company B charges $0.05/minute plus
a flat rate of $20 for cell phone service. T et ¢ represent total cost, 7 represent airtime

a) Write an equation that represents the cost of purchasing cell phone service from Company A.

C=0.101 SlgFiiO.1D = r*orl"e " ﬂ/muln (Jb.m/w'h

O = 1nital cost

b) Write and equation that represents the cost o?pur&us;lg cell phone seryice from Company B.
C=005+20 S [0P¢ =§.0% = rate in #/min (40, 05 [min )
i = O =t

c) Graph both equations from part a) and b) on the same set of axis below.
- A C‘LO.JD{‘ = ﬂ;{‘ + 20
C@mraml; \ ) 7; AL:T00 —: C=0.
‘ Q(O{D&‘- 0.0 B a0 I N Company 4 |Company B
0 y-irrlt’.rte‘ot:O sol. e :  |€=0.10r [C=0.05+20
AC : 0o |0 20
s0b | 100 |10 25
Comany B cost - B =% 200 20 30
~(8) of 3 5%
slge =045 1] et
- - 0k !
o | m*{“EY'CEP 0 f 500 |50 45
- 0¥~ frm e Y 600 |60 50
Meanin At =300 700 |70 55
: . |10f :
. SJQPE, = rufe m T 800 |80 60

. Y“i"JC = amduit @C{ld “="—"200 100 600 800 1000 1200
o n P}\@hﬂz Cﬂll.@ mat{& Minutes Used

d) Ste e the point of intersection of the tv o lines.
(400,4D)
€) What does the point of intersection mcan in this situation”

The poEnT o inftrsection re PmSgh+S tha 1z vt af which
ooth  plans e the cuma cosf. Spec{f{m({}/)

for eithey pfam F D minles of aivhime are used y

the cost s #4D, ch ower H\ﬂm f00 ‘minw{@
of aurfine are used Company As p(ﬁh s o befler
deal. LT more than 400 mindes of airtine are used,

Company D's plan is a befler deal
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Solving Systems of Two Linear Equations in Two Unknowns — Applications
Problem 1

All Natural is a gas station that charges customers $1.00 per litre of gas. It costs All Natural
$£0.50 per litre plus a flat fee of $20 to abtain gas from their oil supplier.

-

a) Write an equation that represents the cost for All Natural to obtain gas from the

supplier.
b) Write an equation that represents the revenue All Natural earns from selling gas to customers.
v) Graph both equations from part a) and b) on the same set of axes below.

All Natural Gasoline - Revenue and Cost

- 140
L 130
[ 120
- 110
-100
- 90
- 50
70
)
LD

Revenue/Cost (§)

15 30 45 60 75 90 105 120 135
Gasoline Purchased/Sold (L)

d) State the point of intersection of the two lines.

e) What does the point of intersection mean in this situation?

f) By looking at the graph, determine if All Natural will make money or lose money if 100 L of gas are sold. What
is the profit/loss?

Copyright ©, Nick E. Nolfi MPMI1D9 Unit 4 — Linear Relations LR-29



g) By using the equations in part a) and b), determine if All Natural will make money or lose money if
60 litres of gas are sold.

h) Will All Natural make money or lose money if 20 litres of gas aresold? You may use the graph or the
equations to find your answer.

i) Conclus:ons:
[f fewer than litres of gas are sold, All Natural will have a
If exactly litres of gas are sold, All Natural will
If more than litres of gas are sold, All Natural will have a

Problem 2

Fitness Centre A charges an annual membership fee of $50 plus $5 for each visit. Fitness
Centre B charges an annual membership fee of $25 plus $10 for each visit. How would
you decide which fitness centre to join? Use the grid below to do your analysis.

Comparison of Fithess Centres

3t

o Do oD

Cost (3)

AN WE DN DN E S S aaa

o R am B o R o D o A o R e M o T - RN i

3 4 5 6 7 8 9 10 11 12
NMumber of Visits

-
P
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Problem 3

Pure Dairy charges $2 for a scoop of ice cream (cone included). Cones ‘R Us charges $2
for a scoop of ice cream plus an additional $1 for the cone. How would you decide where to
buy your ice cream? Use the grid below to do you analysis.

Comparison of lce Cream Stores
- 14
-13
-12
- 11
-0

Cost (§)

Homework
pp- 348 -351 #C2,1,2,3,7,9,10, 11, 14, 15
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EQAO PRACTICE TASKS

Task 1: Bowling

Task 1: Bowling!

A group of 4 friends is going bowling at Bowling Bonanza.
Bowling Bonanza charges

e $2.50 for each player to rent shoes

plus
e $20/h for a group of 4 to bowl.

a) The graph below represents the relationship between cost, C, in dollars, and
time, ¢, in hours, for 4 players to bowl.

i) Write the coordinates of point A.
Cost for 4 Players vs. Time

C
3
140 o«
i) Explain what the coordinates of point ~ __ = i
A tell you about the cost of bowling. % 100 -
*
5 80
= 7
2 60 2
ﬁ s
o a
O 40 -
20+
» 1
0 1 2 3 4 5 6
Time (h)

b) Explain how this graph would change if the cost for renting the shoes increased.

c) Circle the equation that represents the graph in question a).

C = 20t + 10 C =202 + 10 C=270+10
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d) This group of friends wants to spend $80.
How many hours can they bowl at Bowling Bonanza?
Give reasons for your answer or show your work.

e) William and his 3 friends are going bowling.
He finds an advertisement in the newspaper for a new bowling alley, Super Bowl.
William and his friends will play 6 games in 3 hours.

Determine whether William and his friends should go bowling at Bowling Bonanza
or Super Bowl. Use the information given in the advertisement and in the hint box.

Give reasons for your answer.

b S aper Bowl

Bowling Bonanza charges
e $2.50 for each player to rent shoes e Free bowling shoes
and e Each player pays

e $20/h for a group of 4 to bowl. $3.00 per game

Call 555-BOWL and book
your lane today.
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Task 2: Babysitters’ Club

Task 2: Bahysitters’ Club

Nadia and Lisa are comparing their weekly earnings from babysitting. The following
graph shows their earnings compared to the number of hours they worked in the week.

a) Lisa says:

“If we both work less than 5 hours or more than 15 hours, [ earn more than you do.”

Label Lisa’s line with her name. Write Nadia’s name on the other line.

Babysitiing Earnings

100 z
90 -
80 Il 4

70 1/

Amount  gp - /
earned - il //
(in dollars) ot /

10 -~

>

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Time worked
(in hours)

b) Describe what the graph shows about how each girl is paid for her week of work.
Include specific mathematical details about hourly
rates of pay.
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€) Sana also offers babysitting in the home. She lives
on the edge of town and travels by bus to the

home where she babysits.

Sana charges a family a set fee of $15.00 per week to cover

her bus pass plus an additional $4.00 per hour.

Draw the graph for Sana’s earnings on the graph in
question a). Label your line.

d) Your neighbour needs a babysitter for 12 h this week.
How much would each of the three girls charge for this 12 h of babysitting?
Show your work or explain how you get each answer.

e) Several neighbours have inquired about babysitters. Some require a lot of hours of
babysitting per week while others require very few hours. They have asked you which
of the babysitters charges the least. What would your answer be?

Explain your reasoning. Be specific about the time intervals.
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Task 3: Berries for Picking

2. Berries for Picking

Sanya has a summer job picking berries at a farm. Each day, she 1s paid a
base salary, plus an amount for each basket she fills with berries.

The equation W = 15 + 1.25n represents the relationship between Sanya’s
daily wage, W, in dollars, and the number of baskets she fills, n.

a) Graph the relationship represented by the equation on the grid below.

Daily Wage vs. Number of Baskets Filled
W

0

150
140
130

120

110
100

90
a0
70
60
50
40
30

Daily wage ($)

20
10

» 1l
0 & 10 15 20 25 30 35 40 45 50 55 60 65 7O 75 80

Number of baskets filled

b) Explain what the slope of the line means in relation to picking berries.
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c) Determine the number of baskets that Sanya must fill to have a daily wage of $70.
Show your work.

d) Sanya’s brother picks cucumbers at another farm. His payment structure is represented on

the graph below.

Daily Wage vs. Number of Baskets Filled
w

F

150
140

130
120

110 =
100 =
90
80 -
70 S
60 o=

Daily wage ($)

50 =
40 =

a0
20—+
10

» I
0 & 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80O

He is offered a new payment structure of $2.00 per basket but no daily base salary.

Should Sanya’s brother accept this new payment structure?
Explain your answer.
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VERY IMPORTANT REVIEW OF LINEAR RELATIONS
1. Find an equation of the line with slope 6 and having x-intercept —8.

(a) Make a sketch and use it to estimate the (b) Use an algebraic method to find the exact equation of the
equation of the required line. required line.

18
15
12
9
b
3

201612 8 4 3

-6
-9
-12
-15
-19

4 5 12 16 20

Estimate of Equation:

2. Find an equation of the line that passes through (-5, 0) and (5, 6).

(a) Make a sketch and use it to estimate the (b) Use an algebraic method to find the exact equation of the
equation of the required line. required line.

18
15
12
9
b
3

201612 8 4 3

-6
-9
-12
-13
-18

4 8 12 16 20

Estimate of Equation:
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3. A line is parallel to 5x + 2y — 8 = 0 and has the same y-intercept as x + 4y — 12 = 0. Find an equation of the line.

(a) Make a sketch and use it to estimate the (b) Use an algebraic method to find the exact equation of the
equation of the required line. required line.

18
15
12
9
b
3

201612 8 4 3

-6
-9
-12
-15
-19

4 5 12 16 20

Estimate of Equation:

4. A line is perpendicular to x + 3y — 4 = 0 and has the same y-intercept as 2x + 5y — 20 = 0. Find an equation of the line.

(a) Make a sketch and use it to estimate the (b) Use an algebraic method to find the exact equation of the
equation of the required line. required line.

16
15
12
9
b
3

201612 8 4 3
-6
-9
-12
-13
-18

48 12 16 20

Estimate of Equation:
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PRACTI

Multiple Choice

For each question, select the best answer.

CE TEST 1

7. Erynn used a motion sensor to create this distance-

time graph.
1. Which are the slope and y-intercept of the line da.
y=>5x+3? 11%
A m=3, b=5 10}
B m=-3b=-5 E
C m=-5b=3 8 7
D m=5, b=3 3 5
O 4.
. . 3 -
2. What are the x- and y-intercepts of the line 2
5x — 4y =20? 1 L
A x-intercept =4, y-intercept=-5 0 1234587891012t
. . Time (s)
B x-intercept = —4, y-intercept = —5
C x-intercept = —4, y-intercept = 5 a) Find the slope and d-intercept. What information
D x-intercept=4, y-intercept=>5 dogs each of these give us al?out Erynn"s motiqn?
b) Write an equation that describes this distance-time
3. What is the slope of a line parallel relationship.
tox +2y =47 ) ) )
A 2 B 8. Find an equation for a line
B a) with slope —1 passing through (2, 2)
c 1 p -1 b) that passes through (10, 3) and (5, 6)
2 2
Extend
4. What is the slope of a line perpendicular to x + 2y = 4? sh I y
A 2 B ow all your work.
c 1 p -1 9. A line is perpendicular to x + 3y — 4 = 0 and has the
2 ] 2 same y-intercept as 2x + 5y — 20 = 0. Find an equation
5. Which is the solution to the linear system for the line.
y=6-—xandy=x—4?
A (1,5 B (51 10. A fitness club offers two membership plans.
C (-1,5) D (-5,-1) Plan A: $30 per month
Plan B: $18 per month plus $2 for each visit
Short Response a) Graph the linear system. When would the cost of
] _ the two membership plans be the same?
6. Write x — 2y +4 =0 in the form y = mx + b. b) Describe a situation under which you would
choose each plan.
Answers X
.D 2. A 3.D 4. A 5. B 10. a) When you make 6 visits az 7 Fon B
6 1 ) per month, the cost for pr
R both plans is $30. B
7. a) slope: —1.2; d-intercept: 12 b) I would choose Plan A if £ §§ - - Plan A
b) d=-12t+12 [ gotothe gymmorethan Z 35| .~ .. .
8. a) y=-x+4 b) y=-3r+9 6 times cach month. IfI 3 22|~
5 thought I would go fewer = 15| i1
9. y=3x+4 than 6 times per month, I 1§
would choose Plan B (or b
not get a membership). (2) 1z 34 56 78 9101112131415
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PRACTICE TEST 2

Multiple Choice
For each question, select the best answer.

1. Which are the slope and y-intercept of the line

y=—x—-47

A m=0, b=-
B m=0, b=4
C =1, b=4

m b
D m=-1,b=-4

2. What are the x- and y-intercepts of the line
3x+2y=127

A x-intercept =4, y-intercept=-—6
B x-intercept =—4, y-intercept = —6
C x-intercept = —4, y-intercept = 6
D x-intercept =4, y-intercept=6

3. What is the slope of a line parallel to

Frank recorded his motion with a motion sensor and
produced this graph.
da

1234567809101112 ¢
Time (s)
a) How far was Frank from the motion sensor when
he started moving?
b) Was Frank moving toward the motion sensor or
away from it? How fast was he moving?

+2y="177 . . . . .
e+ 2y=T ¢) Write an equation that describes this distance-time
A 2 B -2 relationship.
1 1
C P D T 8. Find an equation for a line
a) with slope 6 passing through (-1, 4)
4. What is the slope of a line perpendicular b) that passes through (-5, 0) and (5, 6)
to2x—y =37
A 2 B Extend
c L p -1 Show all your work.
2
9. A line is parallel to 5x + 2y — 8 = 0 and has the same
5. Which is the solution to the linear system y-intercept as x + 4y — 12 = 0. Find an equation of the
y=2xandy=x+4? line.
jé (j’ é) g (j’ ;2) 10. A retail store offers two different hourly pay plans:
(4. 8) 4.4 Plan A: $9.00 per hour
Plan B: $7.50 per hour plus a $4.50 shift bonus.
Short Response a) Graph the linear system. When would the earnings
. P _ from the two plans be the same?
6. Write 8 + 2y + 11 =0 in the form y = mx + b. b) Describe a situation under which you would
choose each plan.

Answers . Plan A
1.D 2. D 3.B 4. D 5 C 10. a) The earnings per ss Plan®
6 -4 11 shift under both 27

A plans are $27 when _ 3a
7. a) 3m you work 3 h. = :'3,%
b) Away; approximately 2.1 m/s b) Iwould choose Plan & §§
¢) d=2.1t+3 AifTusually work £ 27
8 a) y=6x+10 more than 3 heach ™ 23|+~
3 shift. If T work 13
b) y= gx +3 fewer than 3 h per 2
s shift, I would . T I
9' y= _Ex + 3 choose Plan B Number of Hours Worked in a Shift
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