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5.2 Exploring Graphs of Systems
of Linear Inequalities

Explore graphs of situations that can be modelled by systems of
two linear inequalities in two variables.

m EXPLORE the Math

A nursery school serves morning and afternoon
snacks to its students. The morning snacks are

fruits, vegetables, and juice, and the afternoon

snacks are cheese and milk.

* The school can accommeodate 50 students or
fewer altogether. Students can attend for just the
morning or for a full day.

* The morning snack costs $1 per student per
week, and the afternoon snack costs $2 per
student per week.

* The weekly snack budget is $120 or less.

© What combinations of morning and full-day students can the
school accommodate and stay within the weekly snack budget?
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© What combinations of morning and full-day students can the
school accommodate and stay within the weekly snack budget?

Sample Solution

First, we represented the two unknowns in the problem using x and y:

* x is the number of morning students.

e pis the number of full-day students.

Then we wrote a linear inequality to represent each part of the problem:

* The total cost of the snacks, as it relates to the number of students, is the
sum of the cost of the morning snack multiplied by the number of morning
students and the sum of the cost of the afternoon snack multiplied by the
number of full-day students. The total cost is $120 or less:

x+3v=120

¢ The total number of students can be up to and including
50 students:

x+y=50
Finally, we graphed both linear inequalities on the same
coordinate plane.
x + 3y =120
x+y=50

Full-day Students and Morning Students
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We knew that the area where the two solution regions
intersect or overlap contains points that represent all the
possible combinations of morning and full-day students that
will work. We also knew that only whole-number points, such
as (24, 24) and (8, 36), make sense,
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Reflecting

A. Inasmall group, compare the strategies that could be used to solve
the problem. Would each strategy allow you to identity all the possible
solutions to the problem? Explain.

B. How could a 'system of linear inequalities represent all the possible system of linear inequalities
solutions? A set of two or more linear
. i . ) . : inequalities that are graphed
C. Suggest a possible combination of morning and full-day students that on the same coordinate plane;

the intersection of their salution
regions represents the solution
set for the system.

would solve the problem. Explain your choice.

Answers 6:;’
Y=2x+ 54

A. We wrote two inequalities and then tried different values for x and y until
we found some that worked for both. This strategy would not identify
all possible solutions to the problem. We just found a few solutions that
would work because we guessed and tested.

B. The problem has two parts involving the same two
variables, and each can be represented by a linear
inequality using the same two variables. When you
have two or more linear inequalities like this, you have
a system of linear inequalities. When you graph the
system on one coordinate plane, the area where their
solution regions overlap contains all the points that
solve both inequalities. You can choose points from this
overlapping area as possible solutions to the problem.

C. (30, 20) represents a possible combination of morning
and full-day students. | chose this point because it is in
the solution region and has whole-number coordinates.
As well, it makes sense to have the most students
possible, given the conditions of the problem.
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Reflecting
D. How would the graph of the system of inequalities change in cach
situation?

i) The snack budget is $126 per weck.

ii) The school accommodares 30 or fewer students.

iii) The school has 50 or more students, and the weekly snack budget
is no more than $48.

Answers

D.i) x+3r=120—-x+3r=126
The other inequality would stay the same.
The overlapping region would be slightly larger,
because the boundary for the cost inequality would
move un.

x+ 3y =126
x+y=50

Full-day Stud and Morning Stud

Number of full-day students

10 15 20 25 30 35 40 45 S0
Number of morning students

i) x+ry=50—=x+y=30

The other inequality would stay the same.

The overlapping region would get much smaller,
because the boundary for the total students would
move down quite a bit.

x+ 3y =120
x+ty=30

Full-day Students and Morning Students
sol¥
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iii) The system of linear inequalities would become
x+3y=48andx +y = 50.

There would be no overlapping region, so there
would be no solution.

x+ 3y =48
x + y =50

Full-day Students and Morning Students
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In Summary

Key Ideas e y=x /-
* Some contextual situations can be modelled by a system of two or
more linear inequalities. solution
» All of the inegualities in a system of linear inequalities are graphed
on the same coordinate plane. The region where their solution regions X
intersect or overlap represents the solution set to the system. For example, {'5'
this graph shows the solution region to this system:
i ly=xx€ERyER)
e|y=5xERyE R}
Need to Know 6
* Aswith the solution region for a single linear inequality, the solution
region for a system of linear inequalities can be discrete or continuous >
and can be restricted to certain quadrants. For example, the graph to 4
the right shows the system described below: o
Le|ly=1,xE W,y EW
xy|ly=-3x+6xE W,y E W 2.
Its solution region is restricted to discrete points with whole-number 11— | ] ]
coordinates in the first quadrant. ¥ Ix+ 6 X
» |f the solution regions for the linear inequalities in the system do not 2 ; i 3'1 ,'4 -
overlap, there is no solution.

Assignment: page 225
Questions 1 and 2
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loring Graphs of Syst
SO T;:EQMS"—“-)S.Z Exggrﬁacaiapi'i:%uaﬁi‘:?

. Three sustems of linear inequalities have.
been gréphed below. For each system,
describ® what you can infer fiomthe graph
about the resﬁq-n'c-h‘ons on +he domain
and range.

a) éﬁj >-2%
- < .X—
y ou can infer from +hr's
\+14E5 graph thot for this System
T : o+ fnc,q\:.)_;qlﬁrn'es =2%XER, 'lde R,.
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u can infer From This

o
+3¥ %:-Qph +haot "PQT' +hf8 S !S"’Cfﬂ
- fnchS.LQli+t'c,S=> X E ,BSI

2
-4
c) X+y=-2
Y = X
... Mou caninfer from this
ko Sk \fgroph +hat for Hhis sustem
SR of inequalities=> X& Y &,
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2. Grofh each S S+cm of linecar mccg:mh'%—u‘es.
Jus your rﬁprtsen+a+1on o S Y
Sol.urh onSet.

a) 106 =X +2y2-4,XER
{{L B) J y 1SR:] d I:;;R}H_. HLL"X 'C*n' FinUouUs
X Y 4 'XE
N a ES l H

5 % Continuous
® %q)uq-h'ons of +he boundaries?

L>_X+28 =-N L '3='X.
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@ Two points on each boundary ('x-fn-lr-&t!-fnﬂ:

Ly =X+2y=-4 Ly u=% (0.K)
For x=0, For u=0, %* ‘agonal \ine
O+2u=~4 —X+7200)=~M whith passes
;ﬁ= ' B - %X ="M +nrough (-1,-1),
F 2 =3 W Co,0), (T, et+c.
==-2, X=4
:j—frﬁ-ﬂ =2 ~int=> M. *k’S‘n:;cCg,oJ
A 'l'\'St hine
@ Test Point (0,0) % Test Point (0,1) ¢
h-S. RS .S IR.S
“%X+2 =] X
O + 200 pol I
O+0O
O ‘ Since 1>0, (0,1) 1S
Since 024, (0,0) located in +he
IS located in Solution tc:ax'on
the Solution
rcaion.

10
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b) {(x,y)| 2% + 3y <9, ﬁi £} a@g;};ﬁs\
"SQLd-‘ = —-_L_:..g ~ -> il i J

y) ] y-6x 2|, XET,y€ET S a L
(ol y-exzl, XETYeT]  wppserete,
@ ﬂ%gy&ﬁons of *he boundaries o

L}CQ7(+33=C?! ]___)8-6')(.—.._]_

12
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@ Two poinﬂ-s on each bOundarH (x-in+& B-inJrJ;

L, Ox+3y=Q Ly U-6x=1
For X=10, For u=0, Fo¥ X=0, Forvu=0,
Q01 +3Yy=9 Ix+TWI=9 y-6(0)=1 o-e%=1i

O+3y=4  9x=9 -0=4  —gx=1
L A Y-1 A
3 x=4.5 B_* =51 x=-0.17
=3 xX-Int=>435 K-int=>-0.17
U—-frﬁ'-—>3
& Test Point (0,0)3 Tes+ Point (0,0)8
L.S R.S L, .S R.S.
DX +3 9 -6x | 4
@QOHG%Q) -6 (0)
O+0 Oy — £
0 @]
Since 09, (0,0) O <1, therefore
1S located in (0,0) 1s not located
ch.Sc.luHc:h in the SSlution
regson. rcgion.

13
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