Chp 7 Systems of Linear Equations

7.1 Developing Systems of Linear Equations
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Ex.1 Identifying the Corre3ct Solution to Linear Systems (where the two lines cross)
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Ex.2 Using a Table to Create a Linear System
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Do Qn's p.415 #1&2
7.2 Solving a System of Linear Equations Graphically
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Ex.1 Solving a Linear system by Graphing
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Ex.2 Solving a Word Problem by Graphing a Linear System
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Do Qn's p.415 #3&4
7.4 Solving Linear Systems by Substitution
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Ex.1 Solving a System by Substitution
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Solutions can be verified by substituting the answer back into the original equations, the solution must satisfy both equations for it to be correct.
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Ex.2 Using Substitution to Solve a Word Problem
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Do Qn's p.441 #1&3
7.5 Solving Linear Systems by Elimination
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Ex.1 Solving a Linear System by Adding to Eliminate a Variable
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Ex.2 Solving a Linear System by Multiplying to Change a Co-efficient
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Ex.3 Using Elimination to Solve a Word Problem
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Do Qn's p.441 #4-6
7.6 Properties of Systems of Linear Equations (number of solutions to a system)
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Ex.1 Finding the number of Solutions to Linear Systems
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Do Qn's p.448 #7
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b) The school sold 125 banana smoothies and 50 peach mango smaothies

125 banana smoothies at §3 each is: 125 x $3 = $375
+ 50 mango smoothies at $5 eachis: 50 X $5 = $250

175 smoothies for a total of $625

The total number of smoothies and the money raised match the data in the problem.
So, the solution is correct.
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IS Use the graphs of the equations of a linear system to estimate its solution.

The solution of a linear system can be found by graphing both equations on the same grid.
If the two lines intersect, the coordinates of the point of intersection are the solution of

the linear system.
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The point of intersection appears to be (5, 2).
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Solve this linear system by graphing.
x-y=3
4x+ 5y =30

Solution

Use intercepts to graph each line.

To find the x-intercepts: substitute y = 0

x-y=3
x-0=3
x=3

To find the y-intercepts: substitute x = 0

x-y=3
0-y=3
y=-3

Mark a point at 3 on the
x-axis and at —3 on the y-axis
Draw a line through the points

4x+ 5y =30
4x + 50 = 30
=30

30 o 71

x=3p07;
4x+ 5y =30
4(0) + 5y = 30
5y=30
y=6

Mark a point at 7% on the

x-axis and at 6 on the y-axis
Draw a line through the points.
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Verify the solution.
In each equation, substitute: x = S and y = 2

x-y=3 4x+ 5y =30
LS.=x-y RS.=3 LS =dx+5 .S. = 30
=5-2 =45+ 52) For each equation, LS. = RS.
-3 =20+10 S0, the solution of the linear system is
=30 =5andy=2.
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Cassie has a grass-cutting business. She charges $12 to cut a small lawn and $20 to

cut a large lawn. One weekend, Cassie earned $180 by cutting 11 lawns.

Alinear system that models this situation is:

s+L=1

125 + 20L = 180

where s is the number of small lawns cut and L is the number of large lawns cut

) Graph the linear system above.

b) Use the graph to solve this problem: How many small lawns and how many large
lawns did Cassie cut?

Solution Equation s-intercept (let L = 0) | L-intercept (let s = 0)
= s+L=11 s+0=11 o+L=1
s=11 L=11
a) Use intercents to
graph each line. 125 + 201 = 180 125 + 20(0) 12(0) + 201 = 180
125
s=15
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Plot 5 on the horizontal axis and L on the vertical axis.
For each graph, plot points at the s-intercept and L-intercept,
then join the points with a broken line.

I

i
i

We use a broken line because
Cassie cuts a whole number

of lawns, so decimal values
for sand L are not possible.
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b) The point of intersection appears to be (5, 6).
To verify this solution
5 small lawns at $12 each = $60
+6 large lawns at $20 each = $120

11 lawns for $180
The total number of lawns is 11 and the money earned is $180.
So, the solution is correct.
Cassie cut 5 small lawns and 6 large lawns.

We could have graphed s on
the vertical axis and L on the
horizontal axis.
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I Use substitution to solve a linear system.

One algebraic strategy is to solve by substitution. We use this strategy when
one variable has coefficient 1.
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Solve this linear system
x+y=3 ©
x+3y=5 @

We number the equations
in a linear system to be able to
refer to them easily.

Solution

x+y=3
x+3y=5 @
In equation @, the coefficient of y is 1
So, solve equation @ for .
A+y=3 Subtract 2x from each side.
y=3-2x
Substitute y = 3 — 2x in equation @
x+3y=5 @

4x+3B3-20=5 Multiply to remove the brackets.
4x+9-6x=5 Combine like terms.
-2x+9=5 Isolate —2x. Subtract 9 from each side.
2x=5-9
x=-4 Solve for x. Divide each side by —2.

x=2
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To find the value of y when x = 2, substitute in
one of the given equations.

Choose equation @.
a+y=3 O Substitute: x = 2
A0 +y=3 Solve for y.
4+y=3
y=3-4

oo The solution is: x = 2 and y = —1
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Verify the solution.
In each equation, substitute: x = 2 and y

ax+3y=5
RS.=3 s =ax+3y RS.

=4Q2) + 3(-1)

=8-3 For each equation, LS. = RS.

=5 S0, the solution of the linear system is

x=2andy=-1.
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a) Create a linear system to model this situation:
Tickets are sold for the Senior Safari Day at the Greater Vancouver Zoo.
Meryl buys 5 admission tickets and 3 train tickets. She pays $65.
Howard buys 2 admission tickets and 1 train ticket. He pays $25.

b) Solve this problem: What is the price of each type of ticket?

Solution

a) Cost of 5 admission tickets + cost of 3 train tickets = $65
Cost of 2 admission tickets + cost of 1 train ticket = $25
Let the cost of an admission ticket be a dollars and the cost of a train ticket be t dollars.
Alinear system that models the situation is:
5a+3t=65 @
a+t=25 ©
b) Solve the linear system.
In equation @, the coefficient of tis 1. So, solve equation @ for t.
a+t=25 ©
t=25-2a
Substitute t = 25 - 2a in equation ®.
53+ 3t=65 [}

5a + 3(25 - 2a) Multiply to remove the brackets.
53+ 75— 6a =65 Combine like terms.
—a+75=65 Isolate —a. Subtract 75 from each side.
—a=65-75
—a=-10 Solve for a. Multiply each side by —1

a=10
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To find the value of t when a = 10, substitute in equation @.
2a+t=25 @

2010)+t=125 It's a good idea when
20+t=25 checking the solution to a
s problem to use the original

problem, not the equations.
The solution is:a = 10 and t = 5

Use the data in the problem to verify these numbers

Cost of 5 admission tickets at $10 each and 3 train tickets at $5 each: $50 + $15 = $65
Cost of 2 admission tickets at $10 each and 1 train ticket at $5: $20 + $5 = §25

The total costs match the data in the problem.

So, the solution is correct.

An admission ticket costs $10 and a train ticket costs $5.
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I Use climination to solve a linear system.

The solution of this linear system is: i
x=2andy=1 RN
We can add the equations: &)
H+3y= 7 EEE LN
+x+ y=3
3x+4y=10
When we graph the new equation on the same grid,
we see it also passes through (2, 1). [3xdy =10

We can use this property to solve  linear system.
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The solution is: x = 4 and y = 3
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Solve this linear system

4x-2y=10 [}
5x+2y=26 [}
Solution

When we add equations to
eliminate one variable,
we solve by elimination.

The coefficients of y in both equations
are opposite integers: 2 and 2
So, use elimination.

Add the equations to eliminate .
4x-2y=10 [}

+(5x + 2y = 26) =]
Ox =36 Solve for x. Divide each side by 9.
x =4

To find the value of y when x = 4, substitute in one of the original equations.
Choose equation ®

ax—-2y=10 o
a4 -2=10
16-2y=10 Isolate —2y. Subtract 16 from each side.
-2y=10-16
-2y=-6 Solve for y. Divide each side by —2

y=3
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Verify the solution.
In each equation, substitute: x = 4 and y = 3

ax—2y=10
LS. =dx—2y RS. =10
4(4) - 23)
16-6
=10

For each equation, LS. = R.S.
So, the solution of the linear system isx = 4 and y = 3

S5x+2y =26
LS. =5x+2y

RS =26
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Solve this linear system.

Use elimination.

No coefficients of like terms are opposite integers.
Look at the y-terms: —2y and y

To make the coefficients opposite integers, multiply equation @ by 2.
2 X equation @:

0x+y=-6—>=6x+2y=-12 @

When we multiply an
‘equation by a number, we
produce an equivalent
equation.

Add equations ® and @ to eliminate y.
o}

Solve for x. Divide each side by 10.
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To find the value of y when x = —1, substitute in equation ®.
x-my=2 ©

We could substitute

a4-10-2=2 x = ~1 in either equation
—4-2y=2 Isolate —2y. Add 4 to each side. to find y.
y=2+4
—2y=6 Solve for y. Divide each side by 2.
y=-3
The solution is: x = —1 and y =
Verify the solution
In the original equations, substitute: x = —1 and y = —3
ax-2=2 d+y=—6
LS. =dx—2y RS.=2 LS. =3x+y RS.=—6
4-1)-2-3) =31+ (3

-4+6

For each equation, LS. = RS,
So, the solution of the linear system is x =
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a) Create a linear system to model this situation
Ava and Ethan sold flower bulbs for a school fundraiser. Ava sold 5 bags of tulip bulbs
and 2 bags of daffodil bulbs. She raised $80. Ethan sold 1 bag of tulip bulbs and 4 bags
of daffodi bulbs. He raised $70.

b) Solve this problem: What is the cost of a bag of each type of bulb?

Solution

a) Cost of 5 bags of tulip bulbs + cost of 2 bags of daffodil bulb
Cost of 1 bag of tulip bulbs + cost of 4 bags of daffodil bulbs

Let the cost of a bag of tulip bulbs be t dollars.
Let the cost of a bag of daffodil bulbs be d dollars.
A linear system that models the situation is:

5t +2d =80 o}

t+4d =70 @
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b) Use elimination. No coefficients of like terms have opposite integers.
Look at the t-terms: 5t and t
To make the coefficients opposite integers, multiply equation @ by —5.
(—5) X equation @: —5(t + 4d = 70) ——5t — 20d = —350 @
Add equations ® and @ to eliminate t.
5t+ 2d= 80 o}
20d 50) @
18d = 270 Solve for d. Divide each side by ~18.
d=15
o find the value of t when d = 15, substitute in equation @.
t+4d=70 @
t+4(15) = 70
t+60=70 Solve for t. Subtract 60 from each side.
t=170 - 60
t=10
The solution is: t = 10 and d = 15
Use the data in the problem to verify the solution.
Cost of 5 bags of tulip bulbs at $10 each and 2 bags of daffodil bulbs at $15 each is:
$50 + $30 = $80
Cost of 1 bag of tulip bulbs at $10 and 4 bags of daffodil bulbs at $15 each is:
$10 + $60 = $70
The total costs match the data in the problem. So, the solution is correct.
A bag of tulip bulbs costs $10 and a bag of daffodil bulbs costs $15.

We could substitute
d = 15 in either equation to
find t.
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One solution No solution Infinite solutions’
Lines intersect at one point. | Lines are parallel. Lines coincide.
« different slopes * same slope * same slope

« different yintercepts

 same yintercept
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Ax+y=8 )
“Sx+y=1 @
For equation ®;
x+y=8
y=-x+8
The slope is 1 and the y-intercept is 8.
For equation @;
“Sx+y=1
y=5x+1
The slope is 5 and the y-intercept is 1

The slopes are different.
So, the lines intersect at exactly one point.
The linear system has one solution.
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Without solving, find the number of solutions of each linear system.
aAu+y=8 b)3x+y=9 dx+y=8
4+ =16 6x+2y=12 ~Sx+y

Solution

Write each equation in the form y = mx + b to find the slope and
y-intercept of its graph.

aAu+y=8 )
a+w=16 @
For equation :
x+y=8
y=-2+8

The slope is ~2 and the y-intercept is 8,

For equation @:
_ Rewriting each equation i
Ax+2y=16 Slope-intercept form shows that
v=—ax+16 the equations represent the
y=-2+8 same line.

The slope is ~2 and the y-intercept is 8,

The slopes are the same and the y-intercepts are the same
So, the lines coincide.

The linear system has infinite solutions.

b)3x+y=9 )
ex+2y=12 ©
For equation ®:
x+y=9

y=-3x+9
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The slope is —3 and the y-intercept is 9.

For equation @:
6x+2y =12
= —6x+12

y=-3%+6

The slope is 3 and the y-intercept is 6.

The slopes are the same and the y-intercepts are different.
So, the lines are parallel.

The linear system has no solution
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I Model a situation using a system of linear equations.
We can use equations to model a situation.

Tickets are sold for the school play.
Felix buys 3 adult tickets and 2 student tickets. He pays $31
Ellen buys 1 aduit ticket and 1 student ticket. She pays $12

Let a represent the cost of an adult ticket.
Let s represent the cost of a student ticket.

The cost of 3 adult tickets and 2 student tickets is equal to $31

So, 3a + 2s =31
The cost of 1 adult ticket and 1 student ticket is equal to $12.
So, a + s =12

The equations that model the situation are:
3a+25=31
a+s=12

These two equations
form a system of linear
equations in 2 variables,
or a linear system.

The solution of the system of equations is:a = 7 and s = 5
1 adult ticket costs $7 and 1 student ticket costs $5.

To verify the solution, substitute the values of a and s into the equations.
In each equation, substitute: a = 7 and s = 5
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32+ 25 =31 at+ts=12

LS. =3a+2s RS. =31 LS. =a+s
=3(7) + 205) =7+5
=21+10 =12
=31

For each equation, LS. = RS, s0oa=7ands =5
is the solution of the linear system.

RS =12

"A solution of a linear’
system is a pair of values
that satisfy both
equations.
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Which pair of values s a solution for this linear system?
c=2d+2
c+2d

Solution A: = 4and d = 1
6 Solution B: ¢ = ~2 and d =
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Check Solution A:

In each equation, substitute: ¢ = 4 and d =

c=2d+2

Ls.=c RS.=2d+2
-4 A +2

242

4

For the equation ¢ + 2 = —6, LS. # .

50,c= 4and d = 1 not the solution.

Check Solution 8:
In each equation, substitute:
c=2d+2

~2andd

RS.=2d+2
=A-2+2

—4+2

For each equation, LS. = RS.
So,c = —2andd = —2 is the solution.
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a) Use a table to create a linear system to model this situation:
A school sold 175 smoothies to raise money for charity.
A banana smoothie cost $3 and a peach mango smoothie cost $5
The school raised $625.
b) The school sold 125 banana smoothies and 50 peach mango smoothies
Use the data in the problem to verify these numbers

Solution

a) Let the number of banana smoothies sold be b
Let the number of peach mango smoothies sold be p.
Create a table

Price of smoothie (5) | Number sold | Money raised (5)
Banana 3 b 3b
Peach mango | 5 P 5p
Total 175 625
This column shows that the total ~ This (I\umn shows that the
number of smoothies sold is money raised is represented
represented by the equation: by the equation
b+p=175 3b+5p = 625
Alinear system that models the situation is

b+p=175
3b+5p =625




