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51 Graphing Linear Inequalities
in Two Variables

Solve problems by modelling linear inequalities in two variables.

EXPLORE...

* For which inequalities is (3, 1) a possible solution? How do you know?

a) 13 —-3x >4y
b)2y-5<x
c)y+x<10
dy=9

(3. 1) is a possible solution for parts b) and ¢). When (3, 1) is substituted for
x and v into each inequality, they make a true statement.
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INVESTIGATE the Math

Amir owns a health-food store. He is making a mixture of nuts and raisins
to sell in bulk. His supplier charges $25/kg for nuts and $8/kg for raisins.

© What quantities of nuts and raisins can Amir mix together if he
wants to spend less than $200 to make the mixture?

A. Suppose that Amir wants to spend exactly $200 to make the mixture.
Work with a partner to create an equation that represents this situation.

B. To whart set of numbers does the domain and range of the two
variables in your equation belong? Use this information to help you
graph the equation on a coordinate plane.

Explain why the graph is a line segment, not a ray or a line.

D.  What region of the coordinate plane includes points representing
quantities of nuts and raisins that Amir could use if he wants to spend

less than $2007 How do you know?

E. There are many possible solutions to Amir’s problem. Plot at least
three points that represent reasonable solutions to Amir’s problem,
Explain why you chose these points.

Answers

A. Let x represent the number of kilograms of nuts, and let y represent the
number of kilograms of raisins:

25x + 8y = 200
B. The domain and range belong to the set of real numbers greater than or
equal to 0.
5 Raisins and Nuts x-lh{' (3__03 3_ \’\’r()(f-O)
2 A5x4 Q=000 ab(o)*%bﬂw
B 25x+8y=200 }5\*028& O+‘65=9°°
g 1 =0
. 30X =200 %; 0

]
=23

(0,%)

: 35 o6
X X—_8

Nuts (kg) 6
C. The graph is a line segment because it has endpoints at the x-a IQQ'nd
V-axis.
D. The region below the line segment includes points representing quantities
of nuts and raisins that Amir could use. Answers will vary, e.g., |
picked a point in the region above and below the line and tested both
algebraically:

Raisins and Nuts

255+ 8y=200

Raisins (kg)

Nuts (kg)

E. Answers will vary, e.g., | chose these points because they are in the
region below the line. | know that points in the region below the line will
solve the problem. However, even though points such as (0, 0), (7, 0)
and (0, 24) are below the line, they wouldn’t make very good mixtures
because they either involve only one quantity or no quantities at all.

Raisins and Nuts

25x+ 8y =200
(3,12)

(4.8),

Raisins (kg)

(5.5)°

Nuts (kg)

Test a point above the line.
(8, 8), or & kg of nuts and & kg of raisins:
25x + 8y —» 25(8) + 8(8) = 264

So, 8 kg of nuts and 8 kg of raisins would
cost $264, which is more than $200.

Test a point below the line.
(5, 5), or 5 kg of nuts and 5 kg of raisins:
25x + 8By —» 25(5) + 8(5) = 165

So, 5 kg of nuts and 5 kg of raisins would
cost $165, which is less than $200.
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Reflecting
F.  Discuss and then decide whether the solution set for Amir’s problem
is represented by
i) points in the region above the line segment.
ii) points in the region below the line segment.
iii) points on the line segment.
G. Why might the line segment be considered a boundary of the
solution set?
H.  Why might you use a dashed line segment for this graph instead of a
solid line segment?
Answers
F. i) Points in the region above the line segment are not part of the
solution set because they result in costs greater than $200.
ii} Points in the region below the line segment represent the solution set
because they result in costs less than $200.
iii) Points on the line segment are not part of the solution set because
they result in costs that are exactly $200,
G. The line segment might be considered a boundary because the solution

set is completely on one side of it. It separates the points that are in the
solution set from the points that are not.

. A dashed line segment shows that the points on the line segment are not

part of the solution set.

November 12, 2015

solution set
The set of all possible solutions.
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APPLY the Math

EXAMPLE 1 Solving a linear inequality graphically
when it has a continuous solution set in

two variables

Graph the solution set for this linear inequality:
—2x+ 5= 10

=

| knew that the graph of the

Robert's Solution: Using graph paper

Linear equation that represents

the boundary:
-2+ 5y=10

The variables represent numbers

from the ser of real numbers. RN

xERandy ER

J-intercept:

—2¢+ 5y =10

—2(0) + 57 =10
5 10
5 s
y=2

The y-intercepr is at (0, 2).

x-intercept:

—2Zx+5y=10
—2x + 5(0) = 10
—2x _ 10

-2 =2
x=-5

The x-intercept is at (—5, 0).

¥
5 Lax+5y =10
4_
(~5.0) (0,2) 4
=TT
S PSR RE R
.2—
-4
-6

Test (0, 0) in —2x + 5y = 10.
LS RS

—=2(0) + 5(0) 10

0

Since 0 is not greater than or equal
to 10, (0, 0) is not in the solution
region.

| linear equation —2x + 5y = 10

would form the boundary of the
Jinearinequality —2x + Sy = 10.

-
The domain and range are not

stated and no context is given,
50 | assumed that the domain
and range are the set of real
numbers. This means that the
\so\ution setis continuous .

-
| knew that | needed to plot and
join only two points to graph the

| linear equation. | decided to plot

the two intercepts.

To determine the y-intercept,

J substituted 0 for x.

To determine the x-intercept,
| substituted 0 for y

P
Since the linear inequality has

the possibility of equality (=),

and the variables represent

real numbers, | knew that the
solution region includes

all the points on its boundary.

That's why | drew a solid green
line through the intercepts.

-

FI needed to know which

half plane , above or below
the boundary, represents the
solution region for the linear

inequality.

To find out, | substituted the
coordinates of a point in the
half plane below the line. | used
(0, 0) because it made the
calculations simple.

| already knew that the solution
region includes peints on the
boundary, so | didn’t need to
\check a point on the line.

(Since my test point below the
boundary was not a solution,
| shaded the half plane that
did not include my test point.
This was the region above the
boundary.

| used green shading to show
that the solution set belongs to

"] the set of real numbers.

Since the domain and range
are in the set of real numbers,
| knew that the solution set

is continuous. Therefore, the
solution region includes all
paints in the shaded area and
korl the solid boundary.

continuous

A connected set of numbers.
In a continuous set, there

is always another number
between any two given
numbers. Continuous variables
represent things that can be
measured, such as time.

solution region

The part of the graph of a
linear inequality that represents
the solution set; the solution
region includes points on its
boundary if the inequality has
the possibility of equality.

half plane

The region on one side of the
graph of a linear relation on a
Cartesian plane.

Communication | Tip
If the solution set to a linear
inequality is continuous and
the sign includes equality

(= or =), a solid green line is
used for the boundary, and
the solution region is shaded
green.
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EXAMPLE 1 Solving a linear inequality graphically
when it has a continuous solution set in
two variables

Graph the solution set for this linear inequality:

—2x+ 5= 10

Your Turn

Compare the graphs of the following relations. What do you notice? m
—2x+5 =10 —2x+ 5 =10 —2x+5y<10 o
Answer

They all have the same line or boundary, but the inequality

—2x + 3v = 10 has a solution region that includes the boundary
and the half plane above it. The equation —2x + 5y = 10 has a
solution that includes only the values on the line. The inequality
—2x + 5v << 10 has a solution region that is the half plane below
the boundary and does not include values on the boundary.
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EXAMPLE 2 Graphing linear
or horizontal bo

inequalities with vertical
undaries

Graph the solution set for cach linear inequality on a Cartesian plane.

a) {(xy|x—2>0,xERyER]
b) {x, ) |3y +6=—-6+pxE Ly

Wynn'’s Solution

a) x—2>0
x>2

The variables represent numbers

from the set of real numbers.

xE€ Randy € R

e

i

-
__| lsolated x so | could graph the

inequality.
<=

-
The domain and range are stated

-1 as the set of real numbers. The

solution set is continuous, so the
solution region and its boundary

HERER

[=

b) —3y+6=—-6+y

—4y2—12 ,,,,,,,,,,,,
“h_-12
-4 —4

y=3

The variables represent integers.
xElandy €1

will be green in my graph.
-

-
| drew the boundary of the linear

ineguality as a dashed green line
because | knew that the linear
inequality (=) does not include
the possibility of x being equal
to 2.

-

-
| needed to decide which half
plane to shade. For x to be
greater than 2, | knew that
any point to the right of the
boundary would work

The solution region includes
all the points in the shaded
area because the solution set is
continuous. The solution region
does not include points on the
boundary.

~

p-
Since the linear inequality has
only one variable, y, | isolated
the y.

As | rearranged the linear

inequality, | divided both sides

by —4. That's why | reversed the
Sign from = to =.

pe
The domain and range are
stated as being in the set of
integers. | knew this means that

D—

L B

L L R R )
R L

e )) |[-3y+6=-6+yxELyE ]}

the solution set is discrete .
-

rl knew that points with integer
coordinates below the line
y=3

were solutions, so | shaded the
half plane below it orange.

| knew the linear inequality
includes 3, so points on

the boundary with integer
coordinates are also solutions
to the linear ineguality.

| stippled the boundary and
the orange half plane with
green peints to show that the
solution set is discrete.

The solution region includes
only the points with integer
coordinates in the shaded
region and along the
boundary.

-

November 12, 2015

Communication | Tip

If the solution set to a linear
inequality is continuous and
the sign does not include
equality (< or =), a dashed
green line is used for the
boundary and the solution
region is shaded green.

discrete

Consisting of separate or
distinct parts. Discrete variables
represent things that can be
counted, such as people ina
room.

Communication | Tip

If the solution set to a linear
inequality is discrete, the
solution region is shaded
orange and stippled with
green points. If the sign
includes equality (= or =),
the boundary is also stippled
An example of this is shown
to the left, If equality is

not possible (< or =), the
boundary is a dashed orange
line. An example of this is
shown below.
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EXAMPLE 2 Graphing linear inequalities with vertical
or horizontal boundaries

Graph the solution set for each linear inequality on a Cartesian plane.
a) {(x)|x—2>0,xER yER}
b) {)|-3y+6=-6+yxELy€EI]

Your Turn
How can you tell if the boundary of a linear inequality is vertical or m

horizontal withour graphing the linear inequality? Explain.

Answer

If, after simplifying a linear inequality, there is only one
variable, you know that the inequality will have a vertical or
horizontal boundary. If the variable is x, the boundary will be
vertical. If the variable is v, the boundary will be horizontal.
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Assignment: pages 221- 222
Questions 2, 4, 5abc, 6bd

10
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Gra phi linear 1In <qya lites

W=> 51 in Two Varrables.

2. (onsider the graph of s inequality
C Q')X"I‘Qg':j >58 il J

ijKe each of the wCoHow’u'nS decisions,and
provfdc: \(jour reosom’na-

a) Whether the "bour\darﬂ Should be dashed,
6+l'pplcd) or sSohd.

Since the J.HCC&.J.Q“JF\.ﬁ excludes -the poss(bfh‘h};
of equality (), e boundary Should be ©
CiO.,ShLCCJ - ' 2 '
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b) Whether +he half plane above or below the
boundarj Should be G&\gcled.

Test Point (O,0) ¢ *% Since (O,0rs
L. R.S \’LC-JF N H\e Solution
DX +3 5 region, vou wou ld
2 (OW3ID) shade “he half
O+0 plane above the
O boundary .

Since 0<5, (0,0) is
r\e-% N H\f‘. Solution
r‘e.cj\'or\.

12
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¢)whether each point is in i+s Solution

.r.eax'on "

1) (1, L) i) (1,0) i) (1,2)
.S R.S. | . RS . Ao B,
2x+3y | § QX+ | S Qx+3\ | S
23 D UHIO) (1) ¥
2.+3 <+ O D+ 6

5 2 S

Smce S 'S rLo-l" §mc.€ Q)iS rLo—i- ﬁt'ﬁcé 81'S

$t*ecr'r¢¥’ +than s, qgreater+hon S, ar eater than 5,

) is notin ),0)1s not in (1,2) 1s in
-ch-: So\u‘hcn ‘HIQ Solution 'H\Jt: soluhon
recjac:m = reqion. T‘&‘;Sx'on :
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4. Match each graph with its linear inequality,
and JuSh'FH our match. |

Q) 4 Matchs ii) [(x ’H) i'x—8> "35')(6 RJB'S R}
' ; N

| y.. |
<—r7“/r-—5'""'r""r§ dClS)’LC_-d ¥4
AR = :
oo e Continuous
A (FEH" —-S-h'pplcd}

Match s 0 {00y) | %-3>-y, x €W,y W}
3 da‘it\_c& \EjJ

line o Vb
)

| 4:\y o ) k e
CJ -/ WO_&-CI\O i) {LX)E) } B 3\57()?(8 8)3 E}B}
RS S
] Continuous \
r ﬁ’LO'K‘ 5‘%"@?;6&;\

14
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5. _Gruph +Hhe solution set for each linear
meqyalﬁr}j.

alu>-2x+8
H‘Sﬂ.ﬁ ed line

0, E,%"G ion of boundurg o = -2+ 9

®@ BOundurg.S x-1nt and B—frﬁ'g

For Y=0, For x=0,
O0=-2%x+8 Yy=-200)+8
PA=58. = Qe 8

7 a 48

x=Y

X-ink =>(4,0) yint=>(0,3 )

@ Test Pornt (0,0)8 @) Graphs

LS | R.S. I Jodadida 4

-2 + % [ | | 1] PR e
E -2(0)+ 3 I I N A A =
O+g L i s +B-
B T '; T mE
Since 0<%, (0,0) ] TR
15 not inthe T I; B =
Soluton re.gx'on- B! 0 -
‘T-'.-i-‘-.i =N 134 %
1 2 =
L . -a| | | [V

B I I 18 .

I < B

] & . -

HEE

i ‘__ | ¥ | r | |
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b) -3ysax+12

Selid line

© E‘{_l;ia’h'nn of boundar3 e "3y =Ax+12

@ BOundorS’s %x-int and '\\yinﬁ-:

For y=0,
'6(033=‘3l'x+|2.
0 =9%+12
_11.:31
q 49
__.I,L.=.x
3

=1.3=x
X-int=>(~1.3,0)

® Test+ Point (0,0):
ki | BS

-3 Qx+12
-Béo} Qo)+ 12,
O o+
12,
Since 0< 13, (Q)C-)
IS 'n 'HL'E sSoluton
".“E&iDT‘}-

-

For xX=0,
= q(o)+12
'33= O+ 12

E

= -

:ﬁ—?njnJr => (0,-4)

i
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¢) Y<6
ngahcd Line

© Eﬂ)ua‘rfon of bc:undar\\-l: =6
@ SKip=> Horizontal Line

® Test Point (0,0)¢ @ Graphs
LS. |R.S. T

Since 0<6 (o,0)
IS 'n the go\uﬂ-n'on

rcgioh-
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6. Gmph +he solution se+ for cach linear
inequality.

b) 1(%,y) | X+ 6y=1M <0, XET EXT § % Discrete
{ }H l J [;ﬂ.s id Line CB i-—i at(;Si"ipplj':d_"'

© E%UO‘P'I'D‘L"- of boun&aryg At+6yy-1N=0

® BoundarH’S x-int and }‘J}-l'nJr:

For u=02 For =03
X+6L0)-IN=0 O+E:.:\j—i‘—|'=0
A+ O=-IM=0 63-1L{=O
x-1M=0 @y=14
X =14 @ e
'}L——[n—]-r‘}{‘l“—r‘j O) B: J_H_
G
B=j_ or o).3.
3

lj—n'rw{-*=?’f33,l‘;-3.‘

S Tes+ Point (0,0)s

L.S. IR.S.
X+ - 1Y o
Q +6T0)-1Y
O+0-IN

-1y

Since —1M <0, (0,0)
1S 10 the scldhon

re%\‘cn.
-]
@) Graph:
| A
= — = Lg,g | |
s | [ A !
| | | | | [ I .
! | i | | \ | o .
[— | I T T
| O e - 3 | -
— ) ! il—.- Tt~ | |
i b ¥ T L 8 = |
| - | | { ! | ~ L | B
i T T . s :
==
g 3 +Q . —a
I BEEEEEE T3 g 3T ¢ a0 e iy
* “r Py [ I ¢ 1
- —d -2 = L |
4t L sa I
e o W B A < L AFoy=-1N <O/
——+ ¢ . i ‘ ;'q L
| | |
i = : e S R e R T
# = BEERER T |
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d)306GY) | 2x+285+% , XET, 4 €T  * Discecte
{ ,B ﬂ go‘l{d '|1'rkt:) dcj___l_‘__ > QS’\—\DP‘LCC‘L)

© Equation of boundary: OX+2 =5+

@ 8Kip=> Uertical [ine

@ Test Point (0,0) s
A.S R.S.
OX+2 | S+ X
20)+2| 8+ 0

Q42 5
&

Since O s, (O)C‘JJ
IS located n
the Solutron region.
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