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4.1.1 Introduction
Formulas and equations have been developed for a wide variety of theoretical and practical situations, from
calculating part-time pay for your week’s work to calculating the volume of water required to fill your pool for
summer. Once we have a formula, we can use it to calculate required unknown values by substituting known
values into the correct formula.

Often in life, we are presented with multiple options and must decide on a combination of outcomes that
provides you with the best result.

Consumers face these decisions every day. For example, if a person was looking to hire a car there are multiple
options available. Most car companies rent cars with either a flat daily fee, cost per kilometre driven or a
combination of both. Each option can be the cheapest, depending on how far the consumer is going to drive the
car. Therefore, the consumer can use simultaneous equations to calculate which option would best suit them.

In this topic, we will use our previous knowledge of linear equations to solve equations simultaneously to
determine a break-even point, and to learn how to choose the best option in everyday situations.

KEY CONCEPTS

This topic covers the following key concepts from the VCE Mathematics Study Design:
• symbolic expressions, equations and formulas
• graphical and algebraic analysis of relations including transposition of formulas and finding a

break-even point using simultaneous equations.

Source: VCE Mathematics Study Design (2023–2027) extracts © VCAA; reproduced by permission.
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4.2 Algebraic substitution and transposition

LEARNING INTENTION

At the end of this subtopic you should be able to:
• evaluate algebraic expressions using substitution
• rearrange formulas and use them to solve problems.

4.2.1 Substitution
Unknown numbers are represented with letters and are called variables.

To evaluate an expression, substitute a number in place of the variable and then use the order of operations to
work out the value of the expression.

Recall the order of operations (BIDMAS) from Topic 1 to evaluate expressions.

WORKED EXAMPLE 1 Algebraic substitution

Evaluate the following expressions by substituting a= 2 and b= 5.
3aba. 7(a+ b)b.

√

a2 + bc.

THINK WRITE

a. 1. Write the expression and substitute 2 for a and 5 for b. a. 3ab= 3× a× b= 3× 2× 5
2. Evaluate the expression. = 30

b. 1. Write the expression and substitute 2 for a and 5 for b. b. 7(a+ b) = 7× (a+ b)= 7× (2+ 5)

2. Evaluate the expression. Remember to work out the part of
the expression in brackets first.

= 7× 7= 49

c. 1. Write the expression and substitute 2 for a and 5 for b. c.
√

a2 + b =√

22 + 5

2. Evaluate the expression. Remember to follow the order of
operations.

=√

4+ 5=√

9= 3

4.2.2 Formulas
Equations are mathematical statements that show two equal expressions — that is, the left-hand side and the
right-hand side of an equation are equal. In the equation a+ 2= 6, the expression on the left-hand side (a+ 2) is
equal to that on the right-hand side (6).

A formula is a special equation or rule that describes the relationship between different quantities.

The plural of formula is formulas or formulae.
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To be able to use a formula, you need to know:
• what the formula is used for
• what the variables represent
• any specific unit requirements of the variables.

Formula What it is used for What the pronumerals represent Unit requirements
A= lw Calculating the area of a

rectangle
A represents the area of the
rectangle.
l represents the length of the
rectangle.
w represents the width of the
rectangle.

l and w must be in the
same unit.

E=mc2 Calculating the energy
contained in a given
mass

E represents the amount of energy.
m represents the mass.
c represents the speed of light.

m must be in kg.
c must be in m/s.

The variable written by itself in the formula is the subject of the formula. For example, A is the subject of the
formula A= lw.

If you are given the values of the other variables in a formula, you can evaluate the subject of the formula by
substituting these values.

WORKED EXAMPLE 2 Calculating values using substitution

In the formula S=ut+ 1

2
at2, determine the value of S if a= 10, u= 25 and t= 6.

THINK WRITE

1. Write the formula. S= ut+ 1

2
at2

2. Substitute the values of a, u and t.
Calculate the value of S using the order of
operations (BIDMAS).

S = 25× 6+ 1

2
× 10× 62

= 150+ 180= 330

3. Answer the question. S = 330

4.2.3 Changing the subject of a formula
Sometimes you may need to change the subject of a formula. You can do this by rearranging or transposing
the formula to get the variable you want as the subject of the equation. This can be done by using backtracking
techniques, or by performing inverse (opposite) operations on both sides of the formula.

Inverse operations

+ and − are inverse operations.

× and ÷ are inverse operations.
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WORKED EXAMPLE 3 Rearranging a formula

Rearrange v= at+u to make the variable a the subject of the formula.

THINK WRITE

1. Think about how the formula was built up
from a.

a was multiplied by t, then u was added to the result,
giving v.

2. Backtrack by performing inverse operations
one at a time and simplifying.

v = a× t+ u
3. Subtract u from both sides. v− u = a× t+ u− u

v− u = a× t
4. Divide both sides by t.

v− u
t

= a× ✄t

✄t
v− u
t

= a

5. Write the new formula with a as the subject. a = v− u
t

4.2.4 Solving problems involving formulas
We can solve problems involving formulas using two methods.

Method 1: Substitute the known values into the formula and solve for the unknown.

Method 2: Change the subject of the formula, then substitute the known values into the rearranged formula and
evaluate for the unknown.

Both methods usually require solving an equation. However, rearranging (or transposing) the formula to make
the unknown the subject is often more difficult.

WORKED EXAMPLE 4 Rearranging formulas to solve problems
tlvd-3516

The perimeter, P, of a rectangle is given by the formula P= 2(l+w), where l is the length and w is the
width of the rectangle.
a. Calculate the length of a rectangle with a perimeter of 3 metres and a width of 45 centimetres.
b. i. Transpose the formula to make l the subject.

ii. Use the transposed formula to calculate the length of the rectangle given in part a.

THINK WRITE

a. 1. Write the formula and substitute the
values of P and w.

a. P= 2(l+w)
2. Remember to always use the same units

(P= 300 cm).
300= 2(l+ 45)

3. Solve using inverse operations.

4. Divide both sides by 2.
300

2
= 2(l+ 45)

2
150 = l+ 45

5. Subtract 45 from both sides. 150− 45= l+ 45− 45
105= l

6. Answer the question. The length of the rectangle is 105 cm.
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b. i. 1. Write the formula. b. i. P= 2(l+w)
2. Change the subject to l by using inverse

operations one at a time.

3. Divide both sides by 2.
P

2
= 2(l+w)

2
P

2
= l+w

4. Subtract w from both sides.
P

2
−w = l+w−w

P

2
−w = l

5. Answer the question. l = P

2
−w

ii. 1. Substitute for P and w (note the units
need to be the same) and evaluate.

ii. l = 300

2
− 45= 150− 45= 105

2. Answer the question. The length of the rectangle is 105 cm.

Resourceseses
Resources

Interactivity Transposing linear equations (int-6449)
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1. WE1 Evaluate the following expressions by substituting x= 3, y= 7 and z= 15.

x+ 3ya. 3x+ 2zb. 4z− 15c. 3(2z− y)d. 5x+ 2y− ze. 4z− 2y+ xf.

2. Evaluate the following expressions by substituting x= 3, y= 7 and z= 15.

3x+ 7z− 2x+ 7a. x2 + y2b.
z

x
c.

x+ y
z

d. x(x2 + y)e.
√

2(z− y)+ x2f.

3. a. Substitute 5 for m in the expression m+ 6.
b. If the value of k is 15, calculate the value of 2k− 7.
c. Given that l= 3, calculate the value of 10l− 27.
d. If j= 15, calculate the value of 11j− 62.
e. If s= 21, evaluate 3s− 7.

4. WE2 In the formula S= ut+ 1

2
at2, calculate the value of S if a= 8, u= 12 and t= 9.
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5. The cost of hiring a kayak ($C) can be calculated using the formula C= 50+ 10h, where h is the number of
hours that the kayak is hired for.

Calculate the cost of hiring the kayak for:

a. 1 hour b. 3 hours c. 6.5 hours d. 90 minutes.

6. The perimeter of a rectangle (P) is calculated using the formula P= 2(l+w), where l is the length and w is
the width of the rectangle.

a. Calculate the perimeter of a rectangle that has:

a length of Time = 2 hours and a width of 2 cmi. a length of 15 cm and a width of 3 cm.ii.
b. Write the formula for the area of a rectangle and use it to calculate the areas of the two rectangles in

part a.

7. WE3 Rearrange the following formula to make the variable n the subject of the formula.

T= a+ nd
8. Transpose each of the following formulas to make the variable shown in brackets the subject of the formula.

C=AB+D (A)a. v= u+ at (t)b. V= Ah

3
(h)c.

9. WE4 a. Write the formula for the perimeter of the rectangle shown.

b. Calculate the length of the rectangle with a perimeter of 2 metres and a width of
28 centimetres.

c. i. Transpose the formula to make l the subject.
ii. Use the transposed formula to calculate the length of the rectangle given in

part b.

l

w

10. The total surface area of a cylinder can be found using the formula A= 2πr(r+ h) where r is the radius and
h is the height of the cylinder.

a. Rewrite the formula to make h the subject of the formula.
b. Use your formula to calculate the height of a cylinder with a radius of 3 cm and a total surface area of

160 cm2. Give your answer to 1 decimal place.

11. The distance, D km, travelled at a speed of s km/h for t hours is given by the formula D= st.
a. Calculate the distance travelled at 80 km/h for:

4.5 hoursi. 150 minutes.ii.

b. Calculate the average speed if a car travels 120 kilometres in:

1.6 hoursi. 75 minutes.ii.

c. Calculate the time needed to travel a distance of 640 kilometres at an average speed of:

80 km/hi. 60 km/h.ii.
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12. The formula F= 9C

5
+ 32 converts degrees Celsius, °C, to

degrees Fahrenheit, °F. While travelling in the USA you
discover that the weather reports give the weather forecast
in degrees Fahrenheit.

a. Calculate 40 °C in degrees Fahrenheit.
b. Transpose the formula to make C the subject.
c. Use your transposed formula from part b to convert

the temperatures shown to degrees Celsius. Give your
answers correct to the nearest whole number.

Denver: 25 °F

Seattle: 48 °F

San Diego: 67 °F

New York: 28 °F

Orlando 73 °F

13. The cost of hiring a venue for a party includes a set
amount of money, called a hiring fee, and a cost for each
person attending. The cost of hiring two different venues
for p people is given below.
Cost at venue A=$100+$5.00p
Cost at venue B=$50+$5.75p

a. Calculate the hiring fee for each venue.
b. Calculate the cost per person for each venue.
c. If 50 people are attending a party, determine which

venue it would be cheaper to hire.

14. The volume of a sphere, V, is given by the formula V= 4

3
πr3, where r is the

radius of the sphere.

A basketball is shaped like a sphere.

a. State the radius of the basketball shown in the diagram.
b. Calculate the volume of the basketball shown, giving your answer correct

to 2 decimal places.
d = 23.85 cm

15. Stopping distance is the distance required to bring a moving vehicle to a stop from the moment the brakes
are applied. The formula to calculate the stopping distance, d metres, when travelling at a speed of vm/s is:

d= v2

2𝜇g
where 𝜇 is the coefficient of friction between the wheels and the road surface and g is the gravitational force
(g= 9.8 m/s2).
Calculate the stopping distances under the following conditions. Give your answers to 2 decimal places.

a. A car is travelling at a speed of 50 km/h on a dry road with 𝜇= 0.8.
b. Road and weather conditions, such as rain, change the value of 𝜇.

i. If 𝜇= 0.45, calculate the stopping distance when travelling at a speed of 100 km/h.
ii. If 𝜇= 0.15, calculate the stopping distance when travelling at a speed of 100 km/h.

c. Comment on your findings in part b.
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4.3 Linear equations

LEARNING INTENTION

At the end of this subtopic you should be able to:
• solve linear equations including those with variables on both sides
• construct linear equations from word problems.

4.3.1 Solving linear equations

A linear equation has variables whose highest power is 1 — for example, 3a+ 5= 10 or 6− x

2
= 8.

Linear equations can be solved using inverse operations and creating equivalent equations.

When solving an equation, the last operation performed on the variable when building the equation is the first
operation undone by applying inverse operations to both sides of the equation.

WORKED EXAMPLE 5 Solving linear equations

Solve 6(a− 3)= 72.

THINK WRITE

1. To create the equation, a had 3 subtracted from it and the result
was multiplied by 6 to get 72. The last operation performed was
multiplying by 6. To undo the × 6 operation, divide both sides by 6,
as shown in black, and simplify.

1
✁6(a− 3)

1
✁6

= 72

6
a− 3 = 12

2. Looking at the equivalent equation (a− 3= 12), a has had 3 subtracted
from it. To undo the − 3 operation, add 3 to both sides, as shown in
red, and simplify.

a− 3+ 3 = 12+ 3
a = 15

3. Alternatively, the expression can be solved by applying the distributive
law and then rearranging the equation to solve for a.

6(a− 3) = 72
6a− 18 = 72

6a− 18+ 18 = 72+ 18
6a

6
= 90

6
a = 15

Solutions to equations can be checked by substituting the solution back into the equation and comparing the left-
and right-hand sides of the equation. For example, a= 15 is the solution for 6(a− 3)= 72.

LHS = 6(a− 3) RHS= 72= 6(15− 3)= 6(12)= 72

Therefore a= 15 is the solution for 6(a− 3)= 72.

4.3.2 Equations with variables on both sides
When a variable appears on both sides of an equation, inverse operations are used to collect the variable into a
single term.

TOPIC 4 Linear and simultaneous equations 111
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WORKED EXAMPLE 6 Equations with variables on both sides

Solve 4+ 2x= 5x− 8.

THINK WRITE

1. The variable appears on both sides of the equation.
Subtracting from both sides of the equation will leave only
one term containing the variable: the term 3x.

4+ 2x = 5x− 8
4+ 2x− 2x = 5x− 2x− 8

4 = 3x− 8

2. Looking at the new equation formed, 4= 3x− 8, the last
operation performed on x was to subtract 8. Add 8 to both
sides to undo this operation, as shown in red.

4+ 8 = 3x− 8+ 8
12 = 3x

3. Looking at the new equation formed, 12= 3x, the last
operation performed on x was to multiply by 3.
• Divide both sides by 3 to undo this operation, as shown

in black.
• Simplify the fraction, as shown in pink.
• Rearrange the equation so x is on the LHS.

4✚✚12
1
✁3
= 1

✁3x
1
✁3

4 = x

x = 4

4.3.3 Developing equations from a word description
To solve problems presented in words, turn the problem into an equation, solve the equation and use the solution
to answer the problem.

• Step 1: Read the question carefully and identify the unknown variables.
• Step 2: Construct an appropriate equation using your variable.
• Step 3: Solve the equation.
• Step 4: Check your solution to see if it makes sense in the context of the question.
• Step 5: Answer the question.

WORKED EXAMPLE 7 Creating equations from word problems

The ages of three sisters add to 35 years. If the eldest is 4 years older than the middle sister and the
youngest is 2 years younger than the middle sister, calculate the ages of the three sisters.

THINK WRITE

1. Read the question carefully and identify
the unknown variables.

Let m be the middle sister’s age.
Then the eldest sister is m + 4 years old and the youngest
sister is m− 2 years old.

2. The sum of the sisters’ ages is 35 years.
Construct an appropriate equation using
your variable.

Middle sister’s age + eldest sister’s age + youngest sister’s
age = 35 years
m+m + 4+m− 2= 35

3. Solve the equation by:
• subtracting 2 from both sides
• dividing both sides by 3.

3m+ 2 = 35
3m+ 2− 2 = 35− 2

3m = 33
3m

3
= 33

3
m = 11
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4. Check your solution to see if it makes
sense in the context of the question.
It is reasonable for the middle sister to
be 11 years old, which is the solution
to the equation. This makes the eldest
sister 11+ 4= 15 years old and the
youngest sister 11− 2= 9 years old.
The ages of the three sisters add to 35
years.

If m= 11,
LHS = 3m+ 2 RHS= 35= 3× 11+ 2= 33+ 2= 35
LHS = RHS
Therefore, m= 11 is a solution.

5. Answer the question. The ages of the three sisters are 15, 11 and 9.

WORKED EXAMPLE 8 Creating equations from word problems 2

A gardener constructs a fence with three strands of wire around a rectangular garden bed. She
bought a roll of wire that was 100m long and has 4m left over. If the length of the garden bed is
2m longer than its width, calculate the dimensions of the garden bed.

THINK WRITE

1. Read the question carefully and identify the
unknown variables.

Let w= the width of the garden bed.
The length will be w + 2.

2. There are three strands of wire around the
garden bed and 4 m left over. Construct an
equation to represent this using the variables.

One strand (perimeter) = 2w+ 2(w + 2)= 2w+ 2w+ 4= 4w+ 4
For three strands: 3(4w+ 4)= 12w+ 12
Add leftover wire: 12w+ 12+ 4= 12w+ 16
Total length of wire= 100
Equation:12w+ 16= 100

3. Solve the equation by:
• subtracting 16 from both sides
• dividing both sides by 12.

12w+ 16− 16 = 100− 16
12w = 84
12w

12
= 84

12
w = 7

4. Check your answer to see if it makes sense in
the context of the question.
If w= 7, the length is 9(w+ 2). One strand
of wire would be 14+ 18= 32 m long. Three
strands would be 96 m long. That leaves 4 m
left of the 100 m of wire. So the answer is
reasonable.

If w= 7,
LHS = 12w+ 16 RHS= 100= 12(7)+ 16= 100
LHS = RHS
Therefore, w= 7 is a solution.

5. Answer the question. The garden bed is 7 m wide and 9 m long.

Resourceseses
Resources

Interactivity Solving linear equations (int-6450)
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1. WE5 Solve the following equations.

3(a+ 6)= 24a. 2(b− 7)= 22b. 4(c+ 7)= 51c. 7(d− 15)= 61d.

2. Solve the following equations by using inverse operations and performing the same operations on both sides.

2a= 18a. b− 4= 48b.
c

8
= 2c.

4f= 16d. g+ 7= 11e.
u

3
= 4f.

3. State what operation is the first to be undone when solving the following equations.

3a+ 9= 87a. (b− 7)+ 3= 5b.
(c− 2)

5
+ 11= 8c.

3(2d+ 7)

11
=−1d.

4. Solve the following equations by using inverse operations.

2x+ 4= 10a. 3p− 2= 7b. 7a+ 15= 57c.

11a− 13= 119d.
c

2
+ 6= 28e.

d+ 8

7
= 1f.

5. WE6 Solve each of the following equations and check your solutions.

10a− 4= 3a+ 3a. 5b+ 1= 7b+ 5b. 6+ 2c= 5c− 3c. 12+ 5d= 3+ 4dd.

6. Solve the following equations and check your solutions.

2k+ 8=−4− ka. g− 4= 3g+ 8b. 10r+ 2= 8r− 4c.
4w+ 2= 3w+ 7d. −2q+ 7= 4q+ 19e. 2− 3v=−2v− 11f.

7. WE7 The ages of three sisters add to 45 years. The eldest sister is 5 years older than the middle sister.
The middle sister is 5 years older than the youngest sister. Calculate how old the sisters are.

8. A mother is five times as old as her son. Their ages add to 36 years. Calculate how old they both are.

9. WE8 A farmer constructs a fence with four strands of wire around a rectangular
paddock. She bought a roll of wire that was 500 m long and has 180 m left over. If
the length of the paddock is 6 m longer than its width, calculate the dimensions of
the paddock.

10. A pair of shoes and matching bag cost $175. If the shoes cost $50 more than the
bag, calculate the prices of the bag and the shoes.

11. The length of the rectangle below is 7 centimetres less than three times its width. If the perimeter of the
rectangle is the same as the perimeter of the triangle, calculate the side lengths of the rectangle and the
triangle.

w w
w + 6

w + 1

3w – 7
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12. You have 12 more than 3 times the number of marker pens in your
pencil case that your friend has in his pencil case. The teacher has
5 more than 4 times the number of marker pens in your friend’s
pencil case. Let your friend have x marker pens in his pencil case.

a. Write an expression for the number of marker pens in:

i. your pencil case
ii. your teacher’s pencil case.

b. You have the same number of marker pens as the teacher. Write
an equation to show this.

c. Calculate the number of marker pens in your friend’s pencil
case by solving the equation from part b.

13. If a number is halved and then increased by 12, it will be six more than the original number. Calculate the
value of this original number.

14. During the walkathon around the school oval, you walk five laps more than your friend, while your sister
walks 10 laps more than you. The three of you raise $96 at a rate of $3 per lap. Calculate the number of laps
each person walked.

Sponsor
name

Number
of laps Total ($) Paid

15. The two rectangles pictured have the same area but different dimensions.

a. Calculate the value of x.
b. Calculate the dimensions of the rectangles.
c. State the area of each rectangle.

42

x – 24
7

x + 36

16. For each of the following, write a linear equation and then solve it. In each case, let x equal the original
number.

a. When I multiply this number by 3, add 2 and divide by 4, the result is 5. Calculate the value of the
original number.

b. When I divide by 3, subtract 4 and multiply by 9, my answer is 9. Calculate the value of the original
number.

c. Three consecutive whole numbers add to 81. Calculate the values of the three numbers.
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17. Consider the image shown.

a. Write a rule that could be used to calculate the cost of
hiring a windsurfer for n hours.

b. Use your rule from part a to calculate the cost of hiring a
windsurfer for 6 hours.

c. You have $100 to spend. Write an equation to work out the
number of hours you can hire a windsurfer for.

d. Solve the equation from part c to calculate how many
hours you can hire a windsurfer for. (Note: You can hire
a windsurfer for a whole number of hours only.)

e. After windsurfing for as long as you can with $100, you
return the windsurfer. Calculate how much money you will
have left over.

18. Consider the image shown.

a. Calculate how many rides you need so that option 1 and option 2
shown cost the same.

b. If you were planning on having only two rides, explain which
option you would choose and why.

4.4 Linear modelling

LEARNING INTENTION

At the end of this subtopic you should be able to:
• create and solve problems using linear modelling
• graph linear relationships.

4.4.1 Introduction
Response

variable

Explanatory

variable

Many real-life situations have linear relationships. For example, a mobile phone
bill might be modelled by the linear relationship C= 12+ 0.25t, where C is the
cost in dollars and t is the number of text messages sent. This equation is in the
form y=mx+ c.
On a graph, the explanatory variable is on the horizontal axis and the response
variable is on the vertical axis. The value on the vertical axis ‘depends’ on the
value on the horizontal axis.

In practical applications, it is important to determine which variable is the explanatory variable and which is the
response variable so that they can be graphed appropriately.

In practical experiments, the explanatory variable is the variable that is changed or manipulated to determine
how this affects another variable (the response variable). For example, you could change the temperature of an
oven and determine how this affects the time taken for a clay model to dry.

Time (hours, minutes or seconds) is almost always the explanatory variable in a practical problem.
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WORKED EXAMPLE 9 Solving problems using linear modelling
tlvd-3521

A car hire company rents cars for $60 up front and a further cost of 50 cents per km.
a. Determine which variable is explanatory and which is response.
b. Write an equation relating the cost to the distance travelled.
c. Calculate the cost of travelling 200 km.
d. Sketch the graph of the relationship.
e. Calculate how far you have travelled if the cost is $335.
THINK WRITE

a. The cost depends on the distance travelled, so the cost is the
response variable.

a. Cost is response.
Distance is explanatory.

b. 1. Read the question carefully and identify the unknown
variables.

b. Let C= cost (in dollars).
Let d= distance in km.

2. • Initially the cost is $60 before any travelling is done.
This is a constant.

• The cost per km is 50 cents (or 0.5 dollars as the cost is
in dollars). This represents the gradient.

• Write the equation.

C= 0.50d+ 60

c. • The distance travelled is d.
• Substitute 200 for d in the equation.
• Write the answer.

c. Let d= 200.
C = 0.50(200)+ 60= 100+ 60= 160
The cost is $160.

d. Sketch a graph of the equation C= 0.50d+ 60.
• Use the y-intercept from the equation (0, 60) and the

point (200, 160) that was found in the previous step to
draw the graph.

• Check for restrictions on the domain:◦ The minimum number of kilometres that can be
travelled is zero, so the point (0, 60) is an endpoint.◦ There is no maximum distance that can be travelled,
so the right end of the line is an arrowhead.

d. C

d

60

(160, 200)

0

Distance (km)

C
o
st

 (
$
)

C = 0.5d + 60

e. 1. Determine the distance travelled for a cost of $335 by
substituting 335 for C.
• Solve the equation for d.

e. Let C= 335.
C = 0.50d+ 60

335 = 0.50d+ 60
335− 60 = 0.50d+ 60− 60

275 = 0.50d
1✟✟0.5 d
1✟✟0.5 = 275

0.5
d = 550

2. Write the solution. The distance travelled is 550 km.
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WORKED EXAMPLE 10 Solving problems using linear modelling 2
tlvd-3522

Two delivery companies, Express Delivery
and HotWire Delivery, charge the following
rates depending on the number of kilometres
travelled to deliver goods.

Express Delivery HotWire Delivery

Call-out fee of $10
plus 10 cents per km

Call-out fee of $5 plus
20 cents per km

a. Use the information from the table to form two equations.
b. Compare the cost for travelling 60 km. Explain.
c. Sketch the graphs to determine where the graphs intersect.
d. Solve algebraically to confirm your answer in part c.
e. Explain when it would be cheaper to use Express Delivery.

THINK WRITE

a. 1. Identify the unknown variables. a. Let C= cost in dollars.
Let d= distance in km.

2. Write an equation for the cost of each
company.

Express: C= 10+ 0.10d
HotWire: C= 5+ 0.20d

b. • To determine the cost, substitute 60 for d
in each equation.

• State the answer.

b. C = 10+ 0.10(60)= 16
Express charges $21.
HotWire:C = 5+ 0.20(60)= 17
HotWire charges $17.
It is cheaper to use Express Delivery for 60 km.

c. Create points using information from part b.
d = explanatory variable
C = response variable
– Express Delivery: (60, 16) and (0, 10)
– HotWire Delivery: (60, 17) and (0, 5)
Use the points to plot two straight lines on a
graph.
Use the graphs to estimate their intersection.

c.

y = 10 + 0.1x

y = 5 + 0.2x

10

0 d

C

20

30

40

50

60

10 20 30 40 50 60

(50, 15)

d. 1. To determine when the cost is the same,
equate the two equations.

d. 10+ 0.10d = 5+ 0.20d
10− 5 = 0.20d− 0.10d

5 = 0.10d

d = 5

0.10
d = 50

2. Substitute d= 50 into one of the
equations to find C.

C = 10+ 0.10(50)= 10+ 5= 15
Therefore, the point of intersection is (50, 15).
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e. 1. Use the graph to explain when it would
be cheaper to use Express Delivery.

e. Express Delivery becomes cheaper when the
distance is above 50 km, as the line is below the
HotWire line.

4.4 Exercise

Students, these questions are even better in jacPLUS

 

Receive immediate 

feedback and access 

sample responses

Access 

additional 

questions

Track your 

results and 

progress

Find all this and MORE in jacPLUS 

1. Explain the difference between the explanatory and the response variable.

2. Choose the situation that is modelled by the graph shown.

A. You have $100 and plan to spend $5 each week.
B. You have $100 and plan to save $5 each week.
C. You need $100 for a new mobile and plan to save $5 each week.
D. You need $100 for a new mobile and plan to spend $5 each week.
E. You have 5 weeks to save for a new mobile.

3. WE9 An electronics shop has 30 OLED TVs in stock. The manufacturer ships the
TVs in containers of 12.

a. Write a linear equation that relates the number of containers to the total number
of TVs.

b. Graph the function.
c. Explain how the gradient and y-intercept relate to the total number of TVs.

y

x

115

110

105

100

0
2 31 4 5

Weeks

S
a
v
in

g
s 

($
)

4. The graph shown represents how far your friend has jogged during
track practice.

a. Explain what the slope and the y-intercept of the graph mean in
terms of jogging.

b. If the graph had a slope of 5, explain if your friend would be
travelling faster or slower.

8

12

4

2

6

10

0
0.5 1 1.5 2

Time (hours)

D
is

ta
n

ce
 j

o
g
g
ed

 (
k

m
)

5. WE10 Two car companies charge the following rates to hire a car for
a day.

Company A:
Flat fee of $35 plus$0.20 per kilometre

Company B:
Flat fee of $25 plus$0.30 per kilometre

a. Use the information given to form two equations.
b. Compare the cost for travelling 50 km. Explain.
c. Sketch the graphs and locate where they intersect.
d. Solve algebraically to confirm your answer in part c.
e. Explain when it would be cheaper to use company A.
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6. Optican, a telephone company, is trying to attract new customers. Its new plan charges a monthly fee of $25
for unlimited texts, calls and 10 GB of data. However, when a customer uses all of their data for the month,
Optican charges 30 cents per megabyte (MB). Let C be the total cost and s one MB of excess data.

a. Write an equation to represent this information.
b. Calculate the total cost if you used 50 MB more than your allowed data this month.
c. Sketch a graph to show the relationship.
d. Determine how much excess data you used if you were sent a monthly bill of $106.
e. A start-up telephone company, Primeus, offers new customers $5 a month for unlimited texts, calls and

10 GB of data. However, they charge 70 cents per megabyte. Determine when each company is the better
deal.

7. Your friend says the following to her sister: ‘If you multiply my age in years by five and triple your age in
years, the result is 83.’ How old are your friend and her sister?

8. Write linear equations for each of the following statements, using x to represent the unknown. (Do not
attempt to solve the equations.)

a. When 3 is added to a certain number, the answer is 5.
b. Subtracting 9 from a certain number gives a result of 7.
c. Seven times a certain number is 24.
d. A certain number divided by 5 gives a result of 11.
e. Dividing a certain number by 2 equals −9.
f. Three subtracted from five times a certain number gives a result of −7.

9. Nathan’s bank balance has increased in a linear manner since
he started his part-time job. If after 20 weeks of work his
bank balance was at $560 and after 21 weeks of work it was
at $585, determine:

a. the rule that relates the size of his bank balance, A, and the
time (in weeks) worked, t

b. the amount in his account after 200 weeks
c. the initial amount.

10. The cost of producing a shoe increases as the size of the shoe increases. It costs $5.30 to produce a size-6
shoe and $6.40 to produce a size-8 shoe. Assume that a linear relationship exists.

a. Determine the rule relating cost (C) to shoe size (s).
b. Calculate the cost of producing a size-12 shoe.

11. The Robinsons’ water tank sprang a leak and has been losing water at a steady rate. Four days after the leak
occurred, the tank contained 552 L of water, and ten days later it held only 312 L.

a. Determine the rule linking the amount of water in the tank (w) and the number of days (t) since the leak
occurred.

b. Calculate the initial amount of water in the tank.
c. If water loss continues at the same rate, calculate when the tank will be empty.

12. Maria is paid $11.50 per hour, plus $7 for each jacket that she sews. If she earned $176 for one 8-hour shift,
calculate how many jackets she sewed.

13. Mai hired a car for a fee of $120 plus $30 per day. Casey’s rate for his car hire was $180 plus $26 per day.
If their final cost and rental period were the same, determine the length of the rental period.

14. A Year 12 class are raising money for a local charity. So far, they have raised $1200 in donations from
various events. The class want to reach their goal of $2100. They decide to sell cupcakes for 95c each at
lunch time for the next two weeks. Determine how many cupcakes they need to sell to reach their goal.
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15. Joseph wishes to have some flyers delivered for his grocery business. Post Quick quotes a price of $200 plus
50 cents per flyer, while Fast Box quotes $100 plus 80 cents per flyer.

a. If Joseph needs to order 1000 flyers, determine which distributor would be cheaper to use.
b. Calculate the number of flyers for which the cost will be the same if he uses either distributor.

4.5 Solving simultaneous equations graphically

LEARNING INTENTION

At the end of this subtopic you should be able to:
• solve simultaneous equations graphically by hand
• rearrange formulas and use them to solve problems
• identify special cases of simultaneous equations that are parallel, perpendicular or have multiple

solutions.

4.5.1 Introduction
Simultaneous means occurring at the same time.

When a point belongs to more than one line, the coordinates of the point satisfy both equations. The equations of
the lines are called simultaneous equations.

A system of equations is a set of equations that can all be satisfied by the same values for variables.

When the system of equations is sketched, the coordinates of the point of intersection of all of the lines are the
values of the variables that satisfy all of the equations.

To solve simultaneous equations is to calculate the values of the variables that satisfy all equations in the system
and, hence, determine the coordinates of the point (or points) of intersection for all of the lines.

WORKED EXAMPLE 11 Solving simultaneous equations graphically by hand
tlvd-3523

Solve the following simultaneous equations graphically:
y= 3x+ 1
y− 2= 2x

a. 2x− 3y= 6
x+ y= 3

b.

THINK WRITE

a. 1. Rearrange both equations into the gradient-
intercept form, y=mx+ c. a. y= 3x+ 1 y− 2 = 2x

y− 2+ 2 = 2x+ 2
y = 2x+ 2
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2. Graph both equations using the gradient m and
y-intercept c.

1

–1
–2

–2

–3

–4

–5

2

3

4

5

6

7

8

–4 21 3 5–1–3 4

(1, 4)

3. Write the solution. The solution is x= 1 and y= 4.
This is the point (1, 4).

4. Check that the solution satisfies both
equations by substituting the values x= 1
and y= 4 into both equations.

y = 3x+ 1
(4) = 3(1)+ 1

4 = 4
y = 2x+ 2

(4) = 2(1)+ 2
4 = 4

The solution is correct.

b. 1. Determine the intercepts for each equation. b. 2x− 3y= 6 x+ y= 3

• The y-intercept occurs when x= 0. y-intercept: let x= 0
2(0)− 3y = 6−3y = 6

y = −2

(0)+ y = 3
y = 3

• The x-intercept occurs when y= 0. x-intercept: let y= 0
2x− 3(0) = 6

2x = 6
x = 3

x+ (0) = 3
x = 3

• State the coordinates of the x- and
y-intercepts.

(0, −2), (3, 0) (0, 3), (3, 0)
2. On grid paper, plot the x- and
y-intercepts for each line and
join them to graph each line.

5

4

3

1

2

–2 –1 1 2 3 4 5 6 70 x

y

–4

–3

–1

–2

(3, 0)

x + y = 3

2x – 3y = 6

3. Carefully read the coordinates of the point
of intersection.

The point of intersection appears to be (3, 0),
as shown in the graph.
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4. Write the solution. The solution is x= 3 and y= 0.
This is the point (3, 0).

5. Check that the solution satisfies both
equations by substituting the values x= 3
and y= 0 into each equation.

2x− 3y = 6
2(3)− 3(0) = 6

6− 0 = 6
6 = 6

x+ y= 3
3+ 0= 3
3= 3

The solution is correct.

4.5.2 Special cases of simultaneous equations

Equations with multiple solutions
Two lines are coincident if they lie one on top of the other. For example, the blue
line and the red line in the graph shown are coincident.

There are an infinite number of solutions to coincident equations. Every point
where the lines coincide satisfies both equations and hence is a solution to the
simultaneous equations.

Coincident equations have the same equation, although the equations may have
been transposed so they look different. For example, y= 2x and 2y= 4x are
coincident equations.

–2

–2

2

4

6

8

y

y = 2x

2y = 4x

x
2

0
4

Equations with no solutions
If two lines do not intersect, there is no simultaneous solution to the equations.
For example, the lines shown in the graph do not intersect, so there is no point
that belongs to both lines.

Parallel lines have the same gradient but a different y-intercept.

For straight lines, the only situation in which the lines do not cross is if they are
parallel and not coincident.

x

y = 2x – 1

y = 2x + 1

2

0

–2
–4

4

6

8

2 6 8 104

10

12

y

–2–4–6

Perpendicular lines
Perpendicular lines meet at right angles (90°).
Perpendicular lines have negative reciprocal gradients, m1 = −1

m2

or

m1m2 =−1, where m1 is the gradient of the first line and m2 is the gradient of
the second line. For example, for the two lines shown in the graph, m1 = 2 and

m2 = −1

2
.

x

y = 2x + 1

1

0

–1

–2

–4

–3

2

3

4

1–2–3–4 3 42

y
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y =      x + 1
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–
2
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Parallel and perpendicular lines

Two parallel lines have the same gradient but different y-intercepts.

The gradients of two perpendicular lines multiplied together equal −1.
m1m2 =−1

WORKED EXAMPLE 12 Identifying equations with multiple solutions, no solutions or
one solutiontlvd-3524

For each pair of equations, determine whether the lines are parallel, perpendicular or neither.
2x+ y= 1
4x+ 2y= 2

a. y= 3x− 2
3y+ x= 6

b. y− x= 3
2y= 2x− 4

c.

THINK WRITE

a. 1. Rearrange into the slope-intercept form. a. 2x+ y = 1
y = −2x+ 1

4x+ 2y = 2
2y = −4x+ 2
y = −2x+ 1

2. State the gradient and y-intercept and
interpret the answer.

m1 =−2, c= 1 m2 =−2, c= 1
Because they are the same line, they have
multiple solutions.
Therefore, they are neither.

b. 1. Rearrange into the slope-intercept form. b. y= 3x− 2 3y+ x = 6
3y = −x+ 6

y = −1

3
x+ 2

2. State the gradient and y-intercept and
interpret the answer.

m1 = 3, c=−2 m2 = −1

3
, c= 2

The gradients multiply together to give −1.

m1m2 =−1

3× −1

3
=−1

Therefore, the equations are perpendicular.

c. 1. Rearrange into the slope-intercept form. c. y− x = 3
y = x+ 3

2y = 2x− 4
y = x− 2

2. State the gradient and y-intercept and
interpret the answer.

m1 = 1, c= 3 m2 = 1, c=−2
The gradients are the same and the y-intercepts
are different.
Therefore, they are parallel with no solution.
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4.5 Exercise

Students, these questions are even better in jacPLUS

 

Receive immediate 
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Access 
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Track your 

results and 

progress

Find all this and MORE in jacPLUS 

1. Explain in your words what simultaneous equations are.

2. For each of the following graphs, determine the coordinates of the point of intersection. Justify your
answers.

x

x – y = 1

x + y = 3

y

1

2

3

4

6

5

–1
–1–2–3–4–5 1 2 3 4 5 6 7

0

–2

–4

–3

a.

2

6

4

0.5 1.0 1.5 2.0 2.5
0

–2

–1–0.5

–4

1

5

3

–3

y

x

y + x = 2

3x – y = 2

b.

x

y

2

4

6

–1–2–3–4 1 2 3
0

–2

–4

y – x = 4

3x + 2y = 8

c.

y + 2x = 3

2y + x = 0

x

y

1

2

3

–1 1 2 53 4
0

–1

–2

–3

d.

y – 3x = 2

x – y = 2

x

y

2

4

6

–1–2–4 –3 1 2 3
0

–2

–4

–6

e.

x

y

2

4

6

–1.0 –0.5 0.5 1.0 1.5 2.0 2.5
0

–2

–4

–6

4y + 2x = 5

2y – 4x = 5

f.
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3. WE11 Solve the following simultaneous equations graphically:

y=−2x+ 8
y= 3x− 2

a. y= 2x− 3
2y+ x=−6

b.

4. Solve the following pairs of simultaneous equations by graphing the equations and identifying the point of
intersection.

y= 2x+ 3
y= 8− 3x

a. y+ 2x=−8
y= 2x+ 4

b. 2y= 12x+ 16
3y=−6x− 24

c. 2x− y=−1
3x+ y= 11

d.

5. Solve the following pairs of simultaneous equations by graphing the equations and identifying the point of
intersection.

31= y− 2x
2x+ 2y= 14

a. x+ 2y= 4
y= 2x− 3

b. x+ y= 6
2x+ 4y= 20

c. y= 2x

3
+ 2

y= 2x− 2

d.

6. Solve the simultaneous equations y+ x= 10 and −2y+ x=−5 graphically.

7. Solve the simultaneous equations y=−1

2
x+ 6 and 2y− x= 12 graphically.

8. WE12 For each pair of equations, determine whether the lines are parallel, perpendicular or neither.

y= 2x− 4
6y− 12x= 20

a. 2y= 5− 6x
3y=−9x+ 18

b. 3y+ 2x= 9
6y+ 4x= 18

c.

9. For each pair of equations, determine whether the lines are parallel, perpendicular or neither.

y=−2x+ 3

y= 1

2
x− 5

a. y= 4x+ 5
2y− 15x= 10

b. 4y= 6− x
y= 4x+ 6

c.

10. a. Identify the gradient and y-intercept of the line 2x− y= 4.
b. Write another equation for a line that is:

i. the same line as the line in part a
ii. parallel to the line in part a.

11. Solve each of the following pairs of simultaneous equations using a graphical method.

x+ y = 5
2x+ y = 8

a. x+ 2y = 10
3x+ y = 15

b. 2x+ 3y = 6
2x− y = −10

c. x− 3y = −8
2x+ y = −2

d.

12. At a well-known beach resort it is possible to hire a jet ski by the hour in
two different locations. On the northern beach the cost is $20 plus $12 per
hour, while on the southern beach the cost is $8 plus $18 per hour. The jet
skis can be rented for up to 5 hours.

a. Write the rules relating cost to the length of rental.
b. On the same set of axes sketch a graph of cost (y-axis) against length of

rental (x-axis) for 0–5 hours.

c. Determine the rental times, if any, for which the northern beach rental is cheaper than the southern beach
rental. Use your graph to justify your answer.

d. Determine the length of time for which the two rental schemes are identical. Use the graph and your rules
to justify your answer.

13. State the major error that is made when solving simultaneous equations graphically.
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4.6 Solving simultaneous equations by substitution

LEARNING INTENTION

At the end of this subtopic you should be able to:
• solve simultaneous equations using the substitution method.

4.6.1 Introduction
Substitution involves replacing a variable in an equation or formula with an equivalent value or expression.

At the point of intersection of two lines, the x-coordinate gives the same y-value when substituted into each
equation. The values of x and y are the same in both equations: (x1, y1)= (x2, y2) at the point of intersection.

Substituting the expression for one y-value into the other equation for its y-value creates a single equation with
one variable.

The same substitutions can be made using x-values to give a single equation with y as the variable.

This method of solving simultaneous equations is known as the substitution method.

The substitution method is normally used when one or both equations are written in the form y=mx+ c.
WORKED EXAMPLE 13 Solving simultaneous equations by substitution

tlvd-3525

Solve the system of equations y= x+ 3 and y= 2x+ 5.

THINK WRITE

1. Write the two equations, labelling one as
equation 1 and the other as equation 2.

y=x+3 [1]
y=2x+ 5 [2]

2. At the point of intersection, the two y-values
are equal, so [1]= [2].

At point of intersection:
[1] = [2]

x+ 3 = 2x+ 5

3. Solve the equation for x.
• x appears on each side of the equation,

so subtract x from both sides.
• Subtract 5 from both sides.

x+ 3− x = 2x+ 5− x
3 = x+ 5

3− 5 = x+ 5− 5−2 = x

4. The x-coordinate of the point of intersection is−2. To determin e the value of the y-coordinate,
substitute the value of x into either of the
equations.

y = x+ 3= (−2)+ 3= 1

5. Write the solution as the pair of coordinates
representing the point of intersection.

The solution is x=−2 and y= 1, or (−2, 1).

TOPIC 4 Linear and simultaneous equations 127

UNCORRECTED PAGE PROOFS



“c04LinearAndSimultaneousEquations_PrintPDF” — 2022/7/7 — 23:02 — page 128 — #26

WORKED EXAMPLE 14 Rearranging equations to solve by substitution
tlvd-3526

Solve the system of equations x+ 3y= 1 and y= 2x+ 5 by substitution.

THINK WRITE

1. Label the two equations as equation 1
and equation 2, as shown in purple and red.

x+ 3y= 1 [1]
y= 2x+ 5 [2]

2. At the point of intersection, the two y-values
are equal, so replace y with 2x+ 5 equation [1].

y1 = y2

x+ 3(2x+5)= 1

3. Solve the equation for x.
• Expand the brackets.
• Collect like terms of x.
• Subtract 15 from both sides.
• Divide both sides by 7.

x+ 6x+ 15 = 1
7x+ 15 = 1

7x = −14
x = −2

4. The x-coordinate of the point of intersection is−2. To determin e the value of the y-coordinate,
substitute x=−2 into one of the equations
(it does not matter which).

Substitute x=−2 into [2]:
y = 2x+ 5= 2(−2)+ 5= 1

5. Write the solution as the pair of coordinates
representing the point of intersection.

The solution is x=−2 and y= 1, or (−2, 1).
6. Check by substituting (−2, 1) into the other

equation.
Check: substitute (−2, 1) into [1]:
x+ 3y= 1
LHS = −2+ 3(1) RHS= 1= 1
LHS = RHS
The solution is correct.

4.6 Exercise

Students, these questions are even better in jacPLUS

 

Receive immediate 
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Find all this and MORE in jacPLUS 

1. Explain the advantage of solving simultaneous equations by substitution rather than by looking at
the graphs.

2. WE13 Solve the system of equations y= 5x and y=−3x+ 8.

3. WE14 Solve the system of equations x+ 3y= 5 and y= 2x+ 4 by substitution.

4. Solve the following pairs of equations simultaneously using the substitution method.

2x+ y= 17
x= 2y+ 1

a. y+ 4x= 6
y= 2x− 3

b. 3x− 2y= 5
y= 3− 4x

c. y= 1− 2x
y= 3− 4x

d.

5. Solve the following pairs of equations simultaneously using the substitution method.

y= 2x− 5
5x− y= 1

a. y=−x+ 4
5x= 3y

b. 4x− 5y= 17
y= 2x− 1

c. x=−5y+ 1
3x+ 2y= 16

d.
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6. Use substitution to solve the following pair of linear equations.

2x+ 2y= 6
y=−x+ 3

a. Explain what you notice about this solution.
b. Comment on the values of the gradients and intercepts for these equations.
c. Sketch the two equations.
d. Explain what you observe about these lines.

7. For each of the pairs of simultaneous equations below, determine whether they are the same line, parallel
lines or intersecting lines.

2x− y=−9−4x− 18=−2y
a. x− y= 7

x+ y= 7
b. x+ 6= y

x+ y= 6
c. x+ y=−2

x+ y= 7
d.

8. Determine which of the following problems has one solution, an infinite number of solutions or no solution.
Explain your answers.

x− y= 1
2x− 3y= 2

a. 2x− y= 5
4x− 2y=−6

b. x− 2y=−8
4x− 8y=−16

c.

9. Use substitution to solve each of the following pairs of simultaneous equations.

5x+ 2y= 17

y= 3x− 7

2

a. 2x+ 7y= 17

x= 1− 3y

4

b. 2x+ 3y= 13

y= 4x− 15

5

c.

−2x− 3y=−14

x= 2+ 5y

3

d. 3x+ 2y= 6

y= 3− 5x

3

e. −3x− 2y=−12

y= 5x− 20

3

f.

10. A small farm has sheep and chickens. There are twice as many
chicken as sheep, and there are 104 legs between the sheep and
the chickens. Determine how many chickens there are.

11. Solve the following pairs of simultaneous equations using the
substitution method.

a. y= 2x− 11 and y= 4x+ 1
b. y= 3x+ 8 and y= 7x− 12
c. y= 2x− 10 and y=−3x

12. a. For the pair of simultaneous equations below, state which equation is the logical choice to make x the
subject of the equation.
8x− 7y= 9
x+ 2y= 4

b. Use the substitution method to solve the system of equations. Show all your working.

13. A particular Chemistry book costs $6 less than a particular Physics book. Two such Chemistry books and
three such Physics books cost a total of $123. Construct two simultaneous equations and solve them using
the substitution method. Show your working.

14. Use substitution to solve each of the following pairs of simultaneous equations for x and y in terms of
m and n.

mx+ y= n
y=mxa. x+ ny=m

y= nxb. mx− y= n
y= nxc. mx− ny= n

y= xd.
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4.7 Solving simultaneous equations by elimination

LEARNING INTENTION

At the end of this subtopic you should be able to:
• rearrange and solve equations simultaneously using the elimination method.

4.7.1 The elimination method
The elimination method is an algebraic method to solve simultaneous equations without graphing.

If two balanced equations contain the same variables, the equations can be added or subtracted to eliminate one
of the variables. For example, the equations 2x+ y= 5 and x+ y= 3 can be solved by elimination.

Looking at the balance scale diagram, if the left-hand side of the second equation is subtracted from the
left‐hand side of the first equation, and the right-hand side of the second equation is subtracted from the
right-hand side of the first equation, the variable y is eliminated, leaving x= 2.

1
1
1
1
1

52x + y

3x + y

2x

x

Minus

Equals

x

y

1
1
1

x

y

1
1

x

Another way to represent this situation is:

2x+ y = 5−(x+ y = 3)
x = 2

In this example, the variable is eliminated by subtraction to reveal the value of x. The value of y can then be
calculated by substituting x= 2 into either equation.

2(2)+ y= 5
y= 1
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WORKED EXAMPLE 15 Identifying when to add or subtract with elimination

For each of the following pairs of simultaneous equations, state whether you should add or subtract to
eliminate a variable. State which variable will be eliminated.

3x+ y= 5
2x− y= 3

a. 2x+ 3y= 9
2x+ y= 7

b.

THINK WRITE

a. 1. Label the equations as equation 1 and
equation 2, as shown in purple and red.

a. 3x+ y = 5 [1]
2x− y = 3 [2]

2. Both the coefficients of y have the same
value; one is positive and the other is
negative.

When these equations are added, the y-
terms will cancel each other out.

Add the equations to eliminate y.

b. 1. Label the equations as equation 1 and
equation 2, as shown in purple and red.

b. 2x+ 3y= 9 [1]
2x+ y= 7 [2]

2. Both the coefficients of x have the same
value, but both are positive.
If the equations are subtracted, the x-terms
will cancel each other out.

Subtract equation 2 from equation 1
to eliminate x.

WORKED EXAMPLE 16 Solving simultaneous equations with elimination
tlvd-3527

Solve the simultaneous equations 3x+ 2y=−12 and 5x− 2y=−4 by elimination.

THINK WRITE

1. Label the equations as equation 1 and
equation 2, as shown in purple and red.
• Both the coefficients of y have the same

value. One is positive and the other is
negative.

• When these equations are added, the y-
terms will cancel each other out.

3x+ 2y=−12 [1]
5x− 2y=−4 [2]

2. Add the two equations together by:
• adding the two left-hand sides
• adding the two right-hand sides.

3x+ 2y=−12+(5x− 2y=−4)

8x=−16

3. Solve for x by dividing both sides by 8. x=−2

4. Substitute the x-coordinate into either of the
equations and solve for y.

Substitute x=−2 into [1]:
3(−2)+ 2y = −12−6+ 2y = −12

2y = −6
y = −3

5. Write the solution as the pair of coordinates
for the point of intersection.

The solution is x=−2 and y=−3,
or (−2, −3).
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6. Check by substituting x=−2 and y=−3
into the other equation.

Check: substitute (−2, −3) into [2]:
5x− 2y=−4
LHS = 5(−2)− 2(−3) RHS=−4= −10+ 6= −4
LHS = RHS
The solution is correct.

4.7.2 Multiplying equations to solve using the elimination method
If two equal quantities are multiplied by the same number, the results remain equal. Double both sides and it
remains balanced. If a variable is not eliminated when the equations are simply added or subtracted, it may be
necessary to multiply one or both equations so that when the equations are added, one of the variables is then
eliminated.

1

1

1

1

3x + 1

x
x
x
1

4

1

1

1

1

1

1

1

1

6x + 2 8

x
x
x
1

x
x
x
1

WORKED EXAMPLE 17 Solving harder simultaneous equations with elimination
tlvd-3528

Use the elimination method to solve the simultaneous equations 5x+ 3y= 12 and 7x+ 2y= 19.

THINK WRITE

1. Choose a variable to eliminate. In this case, choose
to eliminate the y-variable.

5x+ 3y= 12 [1]
7x+ 2y= 19 [2]

2. The lowest common multiple of the coefficients of
y is 6.
• Multiply equation [1] by 2 to create equation [3].
• Multiply equation [2] by 3 to create equation [4].

[1]× 2∶ 10x+ 6y= 24 [3]
[2]× 3∶ 21x+ 6y= 57 [4]

3. To eliminate y, subtract equation [3] from equation
[4] by subtracting the left-hand sides and then
subtracting the right-hand sides.

21x+ 6y= 57−(10x+ 6y= 24)

11x= 33

4. Solve for x. x= 3
5. Substitute x = 3 into one of the equations to find y. Substitute x= 3 into [1]:

5x+ 3y = 12
5(3)+ 3y = 12

3y = −3
y = −1
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6. Write the solution as the pair of coordinates
representing the intersection point.

Solution is x= 3 and y=−1, or (3, −1).

7. Check the solution by substituting the point (3, −1)
into the other equation.

To check, substitute (3, −1) into [2]:
7x+ 2y= 19
LHS = 7(3)+ 2(−1) RHS= 19= 21− 2= 19
LHS = RHS
The solution is correct.

4.7.3 Problem-solving with simultaneous equations
When solving practical problems, the following steps can be useful:

1. Determine the variables and allocate them a variable name.
2. Set up two equations using the variables.
3. Solve these equations using an appropriate method.
4. Write your solution in words.
5. Check your solution.

WORKED EXAMPLE 18 Using simultaneous equations to solve problems
tlvd-3529

Charley is passionate about Mathematics and Science. In two recent tests, the difference between
Charley’s two marks was 13 and the sum of the two marks was 183. Assuming Charley’s Mathematics
mark was their better result, determine their test results for each subject.

THINK WRITE

1. Determine the unknowns and allocate a
variable to each of them.

Let M = Mathematics result.
Let S = Science result.

2. Set up equations for the sum (+) of the test
results and the difference (–) of the results.

M+ S= 183 [1]
M− S= 13 [2]

3. Use the elimination technique to solve the
simultaneous equations by adding the two
equations to eliminate S.

M+ S = 183 [1]+ + +
M− S = 13 [2]

2M = 196

4. Solve for M. M= 196

2
M= 98

5. Substitute M= 98 into one of the equations to
solve for S.

M+ S = 183
98+ S = 183

98− 98+ S = 183− 98
S = 85

6. Write the answer. The Mathematics result is 98% and the Science result
is 85%.

7. Check your solution. 98+ 85= 183
98− 85= 13
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4.7 Exercise
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1. Explain how you know whether to add or subtract two equations together to eliminate one of the variables.

2. WE15 For each of the following pairs of simultaneous equations, state whether you should add or subtract to
eliminate a variable. State which variable will be eliminated.

x+ y=−5
2x− y=−1

a. 5x+ 3y= 19
5x+ y= 13

b. −3x+ 2y= 19−3x+ y= 11
c. 3x− 4y= 7

5x− 4y= 21
d.

3. WE16 Solve the simultaneous equations 5x+ 3y= 12 and 6x− 3y= 21.

4. Solve the following pairs of equations by subtracting equations to eliminate either x or y.

3x+ 2y= 13
5x+ 2y= 23

a. 2x− 5y=−11
2x+ y= 7

b. −3x− y= 8−3x+ 4y= 13
c.

5. Solve each of the following equations using the elimination method.

6x− 5y=−43
6x− y=−23

a. x− 4y= 27
3x− 4y= 17

b. −4x+ y=−10
4x− 3y= 14

c.

6. WE17 Use the elimination method to solve the following simultaneous equations.

3x+ 2y= 13−x+ 3y=−8
a. 4x− 2y= 7

3x+ 2y= 14
b. y− x= 5

3x− 5y=−21
c. x+ y= 20

3x+ 11y= 100
d.

7. Use the elimination method to solve the following simultaneous equations.

3x+ 2y= 10
12x− 5y= 14

a. 2x+ 5y= 4
7x+ 15y= 9

b. 3x+ 4y= 5
5x+ 2y=−1

c. 2x− 7y=−4
3x− 5y= 5

d.

8. Use the elimination method to solve the following simultaneous equations.

3x− 2y= 5
2x− 3y= 5

a. 5x+ 3y= 11
3x+ 2y= 6

b. 3x+ 7y= 8
15x+ 2y=−26

c. 12x− 3y= 6
3x+ 2y= 7

d.

9. The points (2, 3) and (−2, 6) are on the line ax+ by= 18. Determine the values of a and b by:

a. writing two equations in terms of a and b using the two points
b. solving the simultaneous equations created in part a.

10. WE18 A student had a Physics test and a Chemistry test in the
same week. The difference between the two tests’ results is 18
and the sum is 144.
Assuming the Physics result is the better result, calculate each
of the test results.

11. A Year 12 student buys some fruit for the week. They choose
to buy 6 bananas and 4 apples. The total cost was $6.24 and
they spent the same amount of money on bananas as they did
on apples.
Calculate the cost of each banana and apple.
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12. A person goes out to buy some doughnuts and coffees to share
at work. If they buy 5 coffees and 8 doughnuts, it would cost$37.50, but if they had to buy 6 coffees and 10 doughnuts it
would cost $45.50.
Determine the cost of one coffee and the cost of one
doughnut.

13. Colleen goes out to buy milk and bread for the week. If she
buys 3 cartons of milk and 4 loaves of bread it would cost$26.40, but if she bought 4 cartons of milk and 5 loaves of
bread it would cost $33.80.
Determine the price of a loaf of bread and the price of a carton
of milk.

14. A triangle is formed by the graph of the equations x+ y= 13, x+ 2y= 9 and 2x+ y= 9.
Determine the vertices of the triangle by using simultaneous equations to identify the coordinates of the
points at which each pair of lines cross.
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4.8 Review

4.8.1 Summary
doc-38012
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4.8 Exercise

Multiple choice
1. MC For the equation 2(3x− 7)= 10, the value of x is:−11

6
A. 5B.

17

5
C. 4D.

−2

3
E.

2. MC An equation of motion is given by v= u+ at. Changing the subject of the formula to t gives:

A. t= u− v
a

B. t= v− u
a

C. t= v

a
− u

D. t= u− v

a
E. t= a(v− u)

3. MC The area of a trapezium is given by the formula A= 1

2
(a+ b)h. If a= 3, b= 7 and h= 4, A is:

A. 40
B. 20
C. 24.5
D. 37.5
E. 30

4. MC Declan the electrician charges a call-out fee of $80 and then $65 per hour on top of that call-out fee.
If Declan works n hours, the total cost equation is:

A. C= 15n+ 80
B. C= 80n+ 65
C. C= 80n
D. C= 65n+ 80
E. C= 65n
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5. MC The graph shown plots the simultaneous equations y= 2x− 1 and
y=−2x+ 7. The solution to the simultaneous equations is:

(2, −2)A.
(3, 2)B.
(2, 3)C.
(2, 7)D.
(2, 2)E.

6. MC The solution to the simultaneous equations y= 5x and y= 3x− 4
using substitution is:

(5, 3)A. (−1, 5)B. (1, −7)C.
(−1, 5)D. (−2, −10)E.

7. MC To eliminate x in the simultaneous equations 3y− 2x= 5 and
2y− 2x=−3, you need to:

add the equations.A. multiply the equations.B.
divide the equations.C. subtract the equations.D.
square the equations.E.

8. MC The solution to the simultaneous equations 3y− 5x= 7 and − 3y+ x= 1
using elimination is:

(2, −1)A. (−2, −1)B. (−2, 1)C.
(3, −5)D. (5, −3)E.

4

6

7

8

9

10

2

1

3

5

–4

–2

–3

–1
21 3 4–2 –1–3–4

0 x

y

9. MC The solution to the simultaneous equations 2y− 3x= 12 and y= x

2
is:

(−6, −3)A. (6, −3)B. (−6, 3)C. (−3, −6)D. (3, 6)E.

10. MC Which of the following pairs of simultaneous equations have a solution of (−4, 5):
y− 3x= 8 and y= xA. 3y+ 2x= 7 and − 2y+ x=−14B.
2y− 3x= 8 and − y+ 2x=−6C. 2y− 2x= 14 and y− 2x= 13D.
2y− 3x= 22 and 3x− 2y= 2E.

Short answer
11. If m= 3 and n= 5, evaluate the following expressions.

m+ na. 4m+ 2nb. 6(m+ 4)c.

12. If m= 3 and n= 5, evaluate the following expressions.

4m2 − 2na.
m+ n

2
b.

√

m2 + n2 + (n−m)c.

13. Use inverse operations to solve the following equations.

4a= 24a. 2d− 6= 14b.
e+ 7

2
= 15c. 3( f− 2)= 24d.

14. The cost of taking a taxi (C) in dollars includes a flag fall of$3.50 plus $2 per km. The equation for this is C= 2k+ 3.50,
where k is the distance travelled in km.
Calculate how much it would cost to travel:

a. 22 km
b. 15.5 km.
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15. The surface area of a sphere, A, is given by the formula A= 4πr2,
where r is the radius of the sphere. A globe of Earth is approximately
spherical, with a diameter of 45 cm.

a. State the radius of the globe.
b. Calculate the surface area of the globe, giving your answer to the

nearest 100.
c. The globe is to be protected with a special clear paint finish. The cost

of the special finish is $5.67 per 100 cm2 or part thereof. Calculate
the cost, to the nearest 5 cents, of protecting the globe.

Extended response
16. You have a summer job delivering pamphlets. You are paid $22 and a further 12 cents per pamphlet

delivered.

a. Write an equation to represent the information.
b. Sketch the graph of the equation.
c. Calculate what you would earn if you delivered 1150 pamphlets.

17. Use the substitution method to solve each of the following simultaneous equations.

y= x− 2
x+ y=−6

a. 4x+ 4y= 2−5x+ y= 2
b.

18. Use the elimination method to solve each of the following simultaneous equations.

x− y = 2
x+ y = −6

a. 6x+ 8y= 2
3x− 2y= 4

b.

19. Determine the point of intersection for 2x+ y= 1 and y= 4+ x.
20. A pharmacy is having a sale on sun hats and sunscreen to promote skin

care this summer. Two bottles of sunscreen and a hat cost $33, and four
bottles of sunscreen and three hats cost $72.

a. Write a system of equations that describe the situation.
b. Solve the system by elimination to determine the cost of one bottle of

sunscreen and a hat.
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Answers
Topic 4 Linear and simultaneous
equations
4.2 Algebraic substitution and transposition

4.2 Exercise
1. 24a. 39b. 45c.

69d. 14e. 49f.

2. 115a. 58b. 5c.

2

3
d. 48e. 5f.

3. 11a. 23b. 3c.
103d. 56e.

4. 432

5. $60a. $80b. $115c. $65d.

6. a. 14 cmi. 36 cmii.

b. 10 cm2i. 45 cm2ii.

7. n= T− a

d

8. A= C−D

B
a. t= v− u

a
b.

h= 3V

A
c.

9. a. P= 2(l+w)

b. 72 cm

c. l= P− 2w

2
i. 72 cmii.

10. h= A− 2πr2

2πra. 5.5 cmb.

11. a. 360 kmi. 200 kmii.

b. 75 km/hi. 96 km/hii.

c. i. 8 hours

ii. 10 hours and 40 minutes

12. a. 104 °F
b. C= 5(F− 32)

9
c. Seattle: 9 °C

Denver: −4 °C
San Diego: 19 °C
New York: −2 °C
Orlando: 23 °C

13. a. Venue A: $100 Venue B: $50

b. Venue A: $5 Venue B: $5.75

c. Venue B

14. 11.925 cma. 7103.36 cm3b.

15. a. 12.30 metres
b. 87.48 metresi. 262.45 metresii.

c. When µ (the coefficient of friction between the wheels
and the road) is smaller, the stopping distance at the same
speed is a lot longer.

4.3 Linear equations

4.3 Exercise
1. a= 2a. b= 18b.

c= 5.75c. d= 166

7
d.

2. a= 9a. b= 52b. c= 16c.
f= 4d. g= 4e. u= 12f.

3. a. Subtract 9.

b. Remove the brackets and simplify.

c. Subtract 11.

d. Multiply by 11.

4. x= 3a. p= 3b. a= 6c.
a= 12d. c= 44e. d=−1f.

5. a= 1a. b= –2b.
c= 3c. d=−9d.

6. k=−4a. g=−6b. r=−3c.
w= 5d. q=−2e. v= 13f.

7. 10, 15 and 20 years of age

8. The son is 6 years old and his mother is 30 years old.

9. 23 metres long and 17 metres wide

10. Bag: $62.50; shoes: $112.50

11. Rectangle: 4.2 cm, 5.6 cm
Triangle: 4.2 cm, 5.2 cm, 10.2 cm

12. a. i. 3x+ 12, where your friend has x marker pens

ii. 4x+ 5

b. 3x+ 12= 4x+ 5

c. 7 marker pens

13. 12

14. Your friend walked 4 laps, you walked 9 laps and your sister
walked 19 laps.

15. a. x= 36

b. Dimensions of first rectangle: 42 cm by 12 cm
Dimensions of second rectangle: 72 cm by 7 cm

c. 504 cm2

16. 6a. 15b. 26, 27, 28c.

17. a. C= 50+ 15n, where C= cost of hiring, n= hours hired

b. $140

c. 100= 50+ 15n

d. 3 hours

e. $5

18. a. 5 rides

b. Option 2: it costs $12 for the two rides, which is $3
cheaper than option 1.

4.4 Linear modelling

4.4 Exercise
1. The response variable depends on the values of the

explanatory variable.

2. B

3. a. T= 30+ 12b, where T= total number of TVs and
b= number of containers
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b.

20

40

60

80

100

120

140

160
T

b0
2 4 6 8 10

(0, 30)

c. The y-intercept is the initial number of TV sets; the
gradient is the number of TVs in each container.

4. a. The slope (gradient) means that the friend jogs at 6 km
per hour; the y-intercept means he started at 0.

b. Slower

5. a. y= 0.2x+ 35
y= 0.3x+ 25

b. Company A = $45
Company B = $40
Company B is cheaper for travelling 50 km.

c.

y = 35 + 0.2x
y = 25 + 0.3x

20

0 x

y

40

60

80

100

120

20 40 60 80 100 120

(100, 55)

d. x = 100, y= 55 or (100, 55)

e. If you are driving over 100 km a day

6. a. C= 0.3s+ 25

b. $40

c.

20

40

60

80

100

120

C

s0
50 100 150 200 250 300

(0, 25)

d. 270 MB

e. Primeus offers a better deal when customers don’t go
over their plan or use less than 50 MB more than their
limit. Over 50 MB, Optican is the better deal.

7. Let the friend’s age = x and her sister’s age = y.
Multiplying the friend’s age by 5 gives 5x; trebling the
sister’s age gives 3y.
The total of the ages is 5x+ 3y= 83.
There are a number of possible integer answers.

Friend’s age, x 1 4 7 10 13 16

Friend’s sister’s
age, y 26 21 16 11 6 1

8. x+ 3= 5a. x− 9= 7b. 7x= 24c.
x

5
= 11d.

x

2
=−9e. 5x− 3=−7f.

9. A= 25t+ 60a. $5060b. $60c.

10. C= 0.55s+ 2.0a. $8.60b.

11. a. W=−40t+ 712

b. 712 L

c. 18 days

12. 12 jackets

13. 15 days

14. 947 cupcakes

15. a. Post Quick (cost = $700)

b. The cost is nearly the same for 333 flyers
($366.50 and $366.40).

4.5 Solving simultaneous equations graphically

4.5 Exercise
1. Simultaneous equations are two or more equations that

occur at the same time and generally intersect one another.

2. a. x− y= 1, x+ y= 3; (2, 1)
b. x+ y= 2, 3x− y= 2; (1, 1)
c. y− x= 4, 3x+ 2y= 8; (0, 4)
d. y+ 2x= 3, 2y+ x= 0; (2,−1)

e. y− 3x= 2, x− y= 2; (−2,−4)

f. 2y− 4x= 5, 4y+ 2x= 5; (−1

2
, 1 1

2

)

3.

y = –2x + 8

y = 3x – 2

–2

0 x

y

4

2

6

8

2 4

(2, 4)

a.

–2

–4

–6

–2

2y + x = –6

y = 2x – 3

–4
0 x

y

2

(0, –3)

2 4

b.
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4. a.

y = 2x + 3

y = 8 – 3x

(1, 5)

–2

–2–4
0 x

y

2

4

6

8

2 4

Intersection point (1, 5)
b.

2

–2

–4

1–1–2–3–4

(–3, –2)

–5
0 x

y

4

6

2

y = 2x + 4
y + 2x = –8

Intersection point (−3,−2)

c.

5

–5

–10

2

(–2, –4)

–2–4
0 x

y

10

4

2y = 12x + 16

3y = –6x – 24

Intersection point (−2,−4)

d.

2

–2

–4

2–2–4
0 x

y

4

6

8

(2, 5)

10

4

2x – y = –1

3x + y = 11

Intersection point (2, 5)
5. a.

10

10–10–20
0 x

y

20
(–8, 15)

30

40

20
2x + 2y = 14

31 = y – 2x

Intersection point (−8, 15)

b.
y = 2x – 3

x + 2y = 4 2

–2

–4

2–2
0 x

y

4

(2, 1)

4 6

Intersection point (2, 1)

c.

2x + 4y = 20

x + y = 6

2

–2
2–2

0 x

y

4
(2, 4)

6

8

10

4 6 8

Intersection point (2, 4)
d.

y = 2x – 2

2

–2

–4

2–2
0 x

y

4
(3, 4)

4 6

y =   x + 2
2
–
3

Intersection point (3, 4)
6. (5, 5)
7. (0, 6)
8. a. m1 = 2, m2 = 2; parallel lines

b. m1 =−3, m2 =−3; parallel lines

c. m1 =−2

3
, m2 =−2

3
; parallel lines

9. a. m1 =−2, m2 = 1

2
; perpendicular lines

b. m1 = 4, m2 = 15

2
; neither parallel nor perpendicular lines

c. m1 =−1

4
, m2 = 4; perpendicular lines

10. a. m= 2, c=−4

b. i. Answers will vary. An example is 2y= 4x− 8.

ii. Answers will vary. An example is y= 2x− 2.

11. a. The given point is not a solution.

b. The given point is a solution.

c. The given point is a solution.

d. The given point is not a solution.

12. a. Northern beach:

C= 20+ 12t, 0≤ t≤ 5
Southern beach:

D= 8+ 18t, 0≤ t≤ 5
b. Northern beaches in red; southern beaches in blue

Time (hours)

C
o
st

1 2 3 4 5
0 x

y

20

40

60

80

100

120

C = 20 + 12t

D = 8 + 18t

C

D
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c. Time > 2 hours

d. Time = 2 hours; cost = $44

13. When solving graphically it is important to make sure your
graph is accurate to ensure you have the correct intersection
point. If the answer is not an integer, it harder to determine
the exact value.

4.6 Solving simultaneous equations by
substitution

4.6 Exercise
1. It is often quicker to solve simultaneous equations by

substitution than to draw graphs for each equation.
Substitution will give an accurate answer.

2. (1, 5)
3. (−1, 2)
4. (7, 3)a.

(

3

2
, 0)b.

(1,−1)c. (1,−1)d.

5.

(−4

3
,−23

3

)

a.

(

3

2
, 5

2

)

b.

(−2,−5)c. (6,−1)d.

6. a. There is no solution.

b. The two equations have the same gradient (m=−1) and
y-intercept (c= 3).

c.

1

–1

–2

1–1
0 x

y

2

3

4

2 3 4

d. The lines are coincident.

7. Same linea. Intersectingb.
Intersectingc. Paralleld.

8. a. 1 solution

b. No solution (parallel lines)

c. No solution (parallel lines)

9. (3, 1)a. (−2, 3)b. (5, 1)c.
(4, 2)d. (0, 3)e. (4, 0)f.

10. 26 chickens

11. (−6,−23)a. (5, 23)b. (2,−6)c.

12. x+ 2y= 4a. x= 2, y= 1b.

13. Chemistry $21; Physics $27

14. x= n

2m
, y= n

2
a. x= m

1+ n2
, y= mn

1+ n2
b.

x= n

m− n
, y= n2

m− n
c. x= n

m− n
, y= n

m− n
d.

4.7 Solving simultaneous equations by
elimination

4.7 Exercise
1. If both coefficients have the same value but one is positive

and the other negative, add the equations to eliminate the
variable.
If both coefficients have the same value and both are
positive or both are negative, subtract the equations to
eliminate the variable.

2. a. Add; eliminate y.

b. Subtract; eliminate x.

c. Subtract; eliminate x.

d. Subtract; eliminate y.

3. (3,−1)

4. (5,−1)a. (2, 3)b. (−3, 1)c.

5. (−3, 5)a. (−5,−8)b. (2,−2)c.

6. (5,−1)a. (3, 2.5)b. (−2, 3)c. (15, 5)d.

7. (2, 2)a. (−3, 2)b. (−1, 2)c. (5, 2)d.

8. (1,−1)a. (4,−3)b. (−2, 2)c. (1, 2)d.

9. a. 2a+ 3b= 18, −2a+ 6b= 18

b. a= 3, b= 4

10. Physics = 81%
Chemistry 63%

11. Banana = $0.52
Apple = $0.78

12. Donut = $1.25
Coffee = $5.50

13. Bread = $4.20
Milk = $3.20

14. (3, 3), (−4, 17), (17,−4)

4.8 Review

4.8 Exercise
Multiple choice
1. D

2. B

3. B

4. D

5. C

6. E

7. D

8. B

9. A

10. B
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Short answer
11. 8a. 22b. 42c.

12. 26a. 4b. 6c.

13. 6a. 10b. 23c.
10d. 5e. 10f.

14. $47.50a. $34.50b.

15. 22.5 cma. 6400 cm2b. $362.90c.

Extended response
16. a. P= 0.12d+ 22

whereP = pay and d = number of delivered pamphlets.
b.

5

5
0 d

P

y = 0.12d + 22

10

15

20 (0, 22)

25

30

10 15 20 25 30 35 40 45

c. $160

17. (−2,−4)a.

(−1

4
, 3

4

)

b.

18. (−2,−4)a.

(

1,−1

2

)

b.

19. (−1, 3)
20. a. S = cost of a sunscreen bottle

H = cost of a hat
2S+H= 33
4S+ 3H= 72

b. 1 sunscreen=$13.50
1 hat=$6
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