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Section A: Linear Functions and Graphs 
 

 
Linear Equations 
 

 Definition: Equations where the highest power of a variable is 1.  
 

 Gradient-intercept form: 
 
 

𝒚 = 𝒎𝒙 + 𝒄 
 

𝒘𝒉𝒆𝒓𝒆 𝒎 = 𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕 =
𝒓𝒊𝒔𝒆
𝒓𝒖𝒏

=
𝒚𝟐 − 𝒚𝟏

𝒙𝟐 − 𝒙𝟏
 

 
𝒂𝒏𝒅 𝒄 = 𝒚 𝒊𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕 

 
 No singular solution for a linear equation in two variables.   

 
 All pairs of coordinates (𝑥, 𝑦) that satisfy the equation lie on a line. (Hence, linear equations).  

 
 

 
Space for Personal Notes 
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Let’s have a look at sketching some of these equations. 
 

 
 
Question 1 Walkthrough. 
 
Sketch the graphs of each of the following linear relations, labelling all axes intercepts with their coordinates.  
 

𝑦 =  2𝑥 − 4 
 

 
 

 
 
Question 2  
 
Sketch the graphs of each of the following linear relations, labelling all axes intercepts with their coordinates.  
 
 

𝑦 =  −3𝑥 + 5 
 

 
 

  

X-int : x=0 X-int : y
=0

y = = 4 22-4 = 0

⑧

(0 ,-4) (2,0) x=2

(2,0)

· (0,-4)

X-int : x=0 X-int : y
= 0

(0,5) - 3x+5 = 0

3x=5
· (0,5)

⑳
(5 ,03 x =5

(5 ,0)
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Sub-Section: Inequality 
 

 
 
Inequalities Rule 
 

𝒙 >
𝒃
𝒂

, 𝒘𝒉𝒆𝒓𝒆 𝒂 < 𝟎 
 

 Multiplying both sides by a negative number ___________ the inequality sign. 
 

 
 
Question 3  
 
Solve each of the following for 𝑥: 
 

9 − 6𝑥 ≤ 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Space for Personal Notes 
 
 
 
 
 
 
 
 
 
 
 

 

flip

Option 1 : Rearrange Inequalities Rule:
+6x +br - 9 = 9

9 =2+64 -Gr -7

-2 -2 =
-6 = -6

7 1 6x x76
= 6 =6 ↓

E = x ⑮
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Exploration: Graphs of Linear Inequalities 
 

 Instead of just representing ____________  on the Cartesian plane, the graph of a linear inequality 
represents an entire __________________  (𝒙, 𝒚) which satisfies the inequality.  

 
 Step 1: Put the equation into the form of  ______________  

 
 Step 2: Sketch the linear equation, ignoring the inequality sign.  

 
 If the inequality is inclusive (≤ 𝑜𝑟 ≥), we draw a [solid] / [dotted] line.  

 
 If the inequality is exclusive (< or >), we draw a [solid] / [dotted] line 

 
 Step 3: Shade the region either above or below the line 

 
 If 𝒚 > or 𝒚 ≥: __________  

 
 If 𝒚 < or 𝒚 ≤: __________  

 
 

 
Question 4 Walkthrough. 
 
Sketch the linear inequality 𝑦 − 1 − 𝑥 ≥ 0 on the axes below.  
 
 

 
 

 

a line
shaded region

y=mx+c

O
O

above ① Find line

below
Cuale
y subject)

② Find intercepts
(Makeu=

y
=0)

y=mx+C X-int : (-1 ,0) ③ Shetch Above/Below
① Y>+1 Y-int : Co , 1)

Inclusive/Exclusive

14
y = a+1ySx+

-
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Question 5  
 
Sketch the graphs of each of the following linear inequalities, labelling all axes intercepts with their coordinates, 
and shading the appropriate regions. 
 
a. 4𝑥 + 2𝑦 = −6 
 

 
 
 
b. 5𝑥 − 2𝑦 − 8 ≤ 0 
 

 
 

  

/

&

455 X-int: (5,0) Eu=4 = 0

2y 5x
- SjY-int : (0. -4) = x = 4

yx-4
x=

·
190)

· (0.-4)
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Section B: Midpoint and Distances 
 

 

Sub-Section: Midpoint 
 

 
 
Discussion: How might we find a midpoint between two points? 
 
 
 
 

 
 
Midpoint 
 

 
 

 Definition: The midpoint, 𝑀, of two points 𝐴 and 𝐵 is the point halfway between 𝐴 and 𝐵. 
 

𝑴(𝒙𝒎, 𝒚𝒎) = (
𝒙𝑨 + 𝒙𝑩

𝟐
,

𝒚𝑨 + 𝒚𝑩

𝟐__________________________
) 

 
 The midpoint can be found by taking the _____________________ of the 𝑥-coordinate and 𝑦-

coordinate of the two points. 
 

 

Taking the average
!

UAR

average
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Question 6  
 
Find the midpoint between (3, −5) and (−2, 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Space for Personal Notes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

10s

1-2
,7)
· (t,1)

12
6 2.5 2.5S ~ 18 A

6

-

5

·

(3
,
-5)
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Sub-Section: Distance Between Two Points 
 

 
 
Distance Between Two Points 
 

 Definition: The distance between two points (𝑥1, 𝑥2) and (𝑦1, 𝑦2) can be found using Pythagoras’ 
theorem: 

 

Distance = √(𝒙𝟐 − 𝒙𝟏)𝟐 + (𝒚𝟐 − 𝒚𝟏)𝟐 
 

 
 

How does this formula work? 
 

 
 
Exploration 
 

 
 

 Try to construct a Pythagoras’ theorem with the three sides above ☺   
 

 

c2 = a2+ b2

Cistance2Fuzu,(+ (bz b,?

2

b2

a
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Question 7  
 
Find the distance between (4, 5

2
) and (−1, − 1

2
). 

 
 

 
 
 
 
 
 
 
 

 
 
Question 8 Extension. 
 
a. Find a point(s) on the line 𝑦 = 𝑥 + 3 which has a distance of 4 from the point (−2, −3). 
 
 
 
 
 
 
 
 
 
b. Give a reason as to why there is more than 1 more point found in part a. 
 

  
 

 
 
 
 

 

(4,

Na
-

distance = (4-(-1))+ (E- (2))2
=134 S E = 3
-I

= (5) 2+ (3)2 Hiz)
5

=

34 units/

CAS

T

· 3

⑧

-3

(3)
In
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TIP: Don’t hesitate to define a point by letting its 𝑦-value be the function (linear in the above question!) 
 

 
 

Sub-Section: Vertical Distance VS Horizontal Distance 
 

 
 
Discussion: How can we find a horizontal distance between two points? 
 
  
 

 
 
Horizontal Distance 
 

 
 

Horizontal Distance= 𝒙𝟐 − 𝒙𝟏 where 𝒙𝟐 > 𝒙𝟏 
 

 Find the difference between their 𝑥-values. 
 

 
 
Question 9  
 
Find the horizontal distance between the two points (1,9) and (13, −4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Change in 2.

↳⑭ (1 ,9)

↳ distance- ⑧

C I I12

⑧

n=1 m=13(131-4)
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What about vertical distance then? 
 

 
 
Vertical Distance  
 

 
 

Vertical Distance= 𝒚𝟐 − 𝒚𝟏 where 𝒚𝟐 > 𝒚𝟏 
 

 Find the difference between their 𝑦 values. 
 

 
 
Question 10  
 
Find the vertical distance between the two points (1,9) and (13, −4). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Key Takeaways 
 

 A midpoint is simply an average point. 
 

 The distance between two points is derived from Pythagoras’ theorem. 
 

 Horizontal distance is simply the difference in their 𝑥-values 
 

 Vertical distance is simply the difference in their 𝑦-values. 
 

  

(1 ,9)

y = 9 ·

13

y = -4
-

· (13
,
-4)
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Section C: Line Geometry 
 

 

Sub-Section: Parallel and Perpendicular Lines 
 

 
 
Discussion: What do we need for the two lines to be parallel? 
 
 
 
 
 
 
 
 

 
 
Parallel Lines 
 

 
 

 
 Parallel lines have the __________________ gradient. 

 

𝒎𝟏 = 𝒎𝟐 
 

 
 
Space for Personal Notes 
 
 

 

Some m /gradient)

same
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Question 11  
 
Find a line which is parallel to 𝑦 = 2𝑥 − 1 passing through the point (−1,3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
TIP: Try to ignore the constant term of the line we must be parallel to. Simply focus on its gradient.  
 

 
 
Discussion: What about perpendicular lines? 
 
 
 

 
 
Space for Personal Notes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

y=2x- 1

① m= 2 (parallel

-② Sub (-1 .3)
·

' EquateGradient-: - y = 2x+C · (-1,3)

2 Sub point tosolve
(+c)

3 = 2(-1) + c

: c=5M.+s

->
They intersect ot 90

-

b

↳ negation neciprocal of othegradient.
Y

nm , xmy = +
,

- a
b

b
3 m =

W a a

-a

m =

b

m.m =
8b a

=-1
,
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Perpendicular Lines 
 

 
 

 A line which is perpendicular to another line has a gradient which is the __________________________ 
of the gradient of the first line. 

 
 
 

  
 

 
 
Question 12  
 
Find a line which is perpendicular to 𝑦 = −3𝑥 − 1 passing through the point (5, −1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

negative reciprocal

m : I=Sub
:

y= -x+ c
... c=
↳ :
y
: Ex-
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Sub-Section: Angle Between a Line and the 𝒙-axis 
 

 
 

How do we find the angle between a line and the 𝒙-axis? 
 

 
  
Angle between a Line and the 𝒙-axis 
 

 
 

 The angle between a line and the ________________________ direction of the 𝒙-axis (anticlockwise) 
is given by 

𝐭𝐚𝐧(𝜽) = 𝒎 

 
 

 
Question 13 Tech-Active. 
 
Find the angle made between the line 𝑦 = 2𝑥 − 6 and the 𝑥-axis measured in the anticlockwise direction. Give 
your answer in degrees correct to two decimal places. 
 
 
 
 
 
 
 
 
 
 

 

(0

positive

(CAS)
-

tan(8) = 2

8 : tan" (2)
= 63 .438/
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NOTE: Angles from the 𝑥-axis measured anticlockwise = ____________________________ angles. 
 

 Don’t worry about it too much, it’s just convention! (More on this in circular functions.)  
 

 
 

How does this formula work? 
 

 
 
Exploration: Angle between a line and 𝒙-axis. 
 

 Consider a line in the visual below.  
 

 
 

 Construct a right-angle triangle with the angle 𝜃. 
 
 
 
 
 
 
 
 
 

 Consider the opposite and adjacent sides of the right-angle triangle. What can we call them? 
 
 
 
 
 
 
 
 
 

 Hence what does tan(θ) equal to given that tan = opposite/adjacent? 
 

  

positive

X

[ Y

-

X

O

16
[ Y

A
-

X

O
tan 8 :0Riseem

16
[ Y

A
-
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Sub-Section: Angle Between the Two Lines 
 

 
 

Slightly more complicated now! 
How about an angle between two lines? 

 
 

 
Acute Angle Between Two Lines 
 

 
 

𝜽 = |𝐭𝐚𝐧−𝟏(𝒎𝟏) − 𝐭𝐚𝐧−𝟏(𝒎𝟐)| 
 

 Alternatively: 
 

𝐭𝐚𝐧(𝜽) = |
𝒎𝟏 − 𝒎𝟐

𝟏 + 𝒎𝟏𝒎𝟐
| 

 
 For your understanding, note that this formula is derived from the tan compound angle formula 

covered in SM12. 
 

 
 
NOTE: |𝑥| just takes the positive value of 𝑥. 
 

 

Y2 Y

b + 0 + 180 -a = 180

⑳- b

⑯ Iso-a

I Imeguida
b a 11 Mches inside

131 = 3
+e,

1- 21 =C
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Question 14 Tech-Active. 
 
Find the acute angle between the lines 3𝑥 + 2𝑦 = 2 and 𝑦 = 4

7
𝑥 + 1. Give your answer in degrees correct to two 

decimal places.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
TIP: Make sure your CAS is in degrees. 
 

 
 

Let’s see if it’s consistent with parallel lines! 
 

 
 
Exploration: Understanding parallel lines using the angle between two lines formula 
 

 When two lines are parallel, what must be the angle 𝜃 between them? 
 

𝐭𝐚𝐧(𝜽) = |
𝒎𝟏 − 𝒎𝟐

𝟏 + 𝒎𝟏𝒎𝟐
| 

 
 Let’s substitute the value of 𝜃 and see what we get! 

 
 
 
 
 
 
 
 
 
 

 This looks rather familiar, doesn’t it? 
 

 

(CAS)

-
2
y = -3x+ 2 A : tan'(z)-tau)
y = - 3x+1 , y =En+

14
= 8 . 050

0 :0
-

tan (0) = m ,
- M2

1+ m,Mz

0 =
m
,
-M2

1+m
,mz
>

m

-maF:The,
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And now perpendicular lines! 
 

 
 
Exploration: Understanding perpendicular lines using the angle between two lines formula 
 

 When two lines are perpendicular, what must be the angle 𝜃 between them?  
 

𝐭𝐚𝐧(𝜽) = |
𝒎𝟏 − 𝒎𝟐

𝟏 + 𝒎𝟏𝒎𝟐
| 

 
 
 
 

 Let’s substitute the value of 𝜃 and see what we get! (Note: tan(90) = 𝑈𝑛𝑑𝑒𝑓) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 This looks rather familiar, doesn’t it? 
 

 
 
Key Takeaways 
 

 Parallel lines have the same gradient. 
 

 Perpendicular lines have a negative reciprocal gradient. 
 

 The angle between a line and 𝑥-axis is given by tan−1(𝑚). 
 

 Tangent of the angle between two lines is given by | 𝑚1−𝑚2
1+𝑚1𝑚2

|. 

 
 The parallel lines and perpendicular lines formula is consistent with the angle between the two lines 

formula.  
 

  

-
O : Goo

tan (90% =

m
,
- mc

:
1 +m

,me = o
1 + m, m2

undefined = m.
-M2 - d

m
,m2 =

- 1

mm2 They are perpendicular

m=kn(0)
a

= tau/90%
1 = m: Reise I

Run
=

J
T

= undefined



Kahoot Break !

Comin)
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Section D: Simultaneous Equations 
 

 

Sub-Section: Finding Simultaneous Equations for Two Variables 
 

 
 
Simultaneous Linear Equations 
 
1. Elimination Method:  
 

 Add or subtract one equation from the other in order to ____________ one of the variables. Then 
have an equation in one variable that can be solved easily. 

 
2. Substitution Method 
 

 Make one of the variables the subject (generally 𝑥 or 𝑦) and ____________ that value into the 
other equation. 

 
 

 
Question 15 Walkthrough. 
 
Solve the following simultaneous linear equations using either elimination or substitution. 
 

2𝑥 − 𝑦 = 8 and 2𝑦 + 5𝑥 = 11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

eliminate

Sub

0- G

Elimination :
52+ 2y = 11 ...

↳ similar fum,+ (4x -2y = 16)... 2x0 one of the
94 = 27 variables are not

the subject
/u

= 3

5(3)+2y = 11 (Jub in $)
Substitution:

↳ When a variable
2
y
= - 4

is the subject

⑳ leasy to sub)
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Question 16  
 
Solve the following equations for 𝑥 and 𝑦. 
 
a. 2𝑥 − 5𝑦 = 4 and 2𝑥 + 𝑦 = 16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. −3𝑥 + 2𝑦 = 2 and 2 − 2𝑦 = 𝑥 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2x +
y
= 16

- (2x - 5y = 4) 2x- 5(2) = 4

2x = 14E
- 3x + 2y = 2

+(2 -

2y = x)

-



                          

 VCE Mathematical Methods ½      
 

 

MM12 [1.1] - Linear & Coordinate Geometry - Workbook 23 

 
Question 17 Extension. 
 
Solve the following: 
 

−3𝑥 + 2𝑦 = 10 and −10 + 𝑦 = 3
2

𝑥 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Fenty = 10
-Entzy = 10 -

3u+ zy
:2

↳
.

/
: No solutions,
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Sub-Section: Number of Solutions For Two Variables 
 

 
 

What does the geometry look like for each number of solutions? 
 

 
 
Exploration: Geometry of the number of solutions between linear graphs 
 

 Unique Solution 
 

𝒎𝟏 ≠ 𝒎𝟐 
 

 
 

 They just need to have ______________________. 
 
 
 
 
 
 
 
 

1 intersection
--

differentgradient
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 Infinite Solutions 

 

𝒎𝟏 = 𝒎𝟐 𝑨𝑵𝑫 𝒄𝟏 = 𝒄𝟐 
 

 
 

 They just need to have the same ________________ and the same _________________. 
 

 In other words, they have to be the ____________________. 
 

 No Solutions 
 

𝒎𝟏 = 𝒎𝟐 𝑨𝑵𝑫 𝒄𝟏 ≠ 𝒄𝟐 
 

 
 

 They need to have the _________________ but _______________ +𝑐. 
 

 They have to be two different ________________ lines. 
 

 

* intersections

-

gradient yintercept
some line

same gradient different
pordle
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General Solutions of Simultaneous Linear Equations 
 

 Two linear equations are either: 
 

 The same line is expressed in a different form. In this case, they have _____________ solutions. 
 

 Unique lines which are parallel. In this case, they have ______________ solutions. 
 

 Unique lines which are not parallel. In this case, they have _______________ solution. 
 

 
 
Question 18 Walkthrough. 
 
Consider the following pair of simultaneous equations in terms of 𝑘 ∈ ℝ\{0}: 
 

𝑦 = 𝑘𝑥 + 5 
 

𝑦 =
2𝑥

𝑘 − 1
− 5𝑘 

 
a. Find the value of 𝑘 for which there are no solutions to the simultaneous equations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D

O

A

(5)
1

"parallel" + "different c "

m, = me & C,

n= 45+ -5k

uF - 1

h(k- 1) = 2

n= n- 2 = 0 I.
(k-2)(n+ 1) = 0

-
↳ :

nizn
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b. Find the value(s) of 𝑘 for which there is a unique solution to the simultaneous equations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. Find the value of 𝑘 for which there are infinite solutions to the simultaneous equations.  
 
 
 
 
 
 
 
 
 
 
 

 
 
TIP: It’s a good idea to substitute your answer back into the equations to see if the criteria are met for 
each part. 
 

 
 
Space for Personal Notes 
 
 
 
 
 
 
 

 

m
, + Ma

m
,
= Mz

u= 2
,
k= -1

W

: K+ 2 and UF - 1

↳ : KEIR 52,-1 , 0]
↑
except

m, = my & = C2
+C

u= 2
,
n=14k= 1

n= -1

-

:
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Question 19  
 
Consider the following pair of simultaneous equations in terms of 𝑘 ∈ ℝ\{0}: 
 

𝑦 =  
𝑥

1 − 2𝑘
− 2𝑘 

 
𝑦 = −𝑘𝑥 − 2 

 
a. Find the value(s) of 𝑘 for which there is a unique solution to the simultaneous equations. 
 
 
 
 
 
 
 
 
 
b. Find the value of 𝑘 for which there are infinite solutions to the simultaneous equations. 
 
 
 
 
 
 
 
 
 
c. Find the value of 𝑘 for which there are no solutions to the simultaneous equations. 
 
 
 
 

 
 
Space for Personal Notes 
 
 
 
 
 
 
 
 
 
 
 
 

 

2 min

A

m, Mc 2u2 n + 1

in + - h /2n-n- 1 = 0

(2k+1)(k- 1) =0
: KF 1 and KFE

I
m,M2 Mi=My &=

nF1 and : U= /; -2n = -

: Weir EE, 1 ,03
,

n= 1, k= 1=
m, = mz & C

,
#2

=
⑮I
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Question 20 Extension. 
 
Consider the following pair of simultaneous equations in terms of 𝑎 ∈ ℝ\{0}: 
 

𝑎𝑥 − 2𝑦 = −5 
 

−3𝑥 + (𝑎 − 1)𝑦 = 5 
 
a. Find the value(s) of 𝑎 for which there are no solutions to the simultaneous equations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. Find the value(s) of 𝑎 for which there is a unique solution to the simultaneous equations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

/Box Method

⑮

a+ -2 a 3

E-2, 5, 03
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c. Find the value(s) of 𝑎 for which there are infinite solutions to the simultaneous equations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Space for Personal Notes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

⑮
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Contour Check 
   

Learning Objective:  [1.1.1] – Solve and Graph Linear Equations and Inequalities 
 

Key Takeaways 
 

 Linear equations are in the form of 𝑦 = __________ where 𝑚 is the ______________ and 𝑐 is the 
_______________.  
 

 The inequality sign ____________ when you multiply by a negative. 
 

      

Learning Objective:  [1.1.2] – Find Midpoint, Distance (Horizontal & Vertical) 
Between Two Points Or Functions 

 
Key Takeaways 

 
 Midpoint is simply the ____________ of 2 points. 

 
 Distance formula is derived from ______________________.  

 
 Horizontal distance is the distance between ____  values. 

. 
 Vertical distance is the distance between _____ values. 

 
      

Learning Objective:  [1.1.3] – Find Parallel and Perpendicular Lines 
 

Key Takeaways 
 

 Parallel lines have the ________  gradient. 
 

 Perpendicular lines have ______________________ gradient. 
 

      
 
 
 
 
 
 
 
 
 

mr+I gradienty-intercept
flips

average
Pythagores Theorem

R

Y

same

negative reciprocal
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Learning Objective:  [1.1.4] – Find the Angle Between a Line and 𝒙 axis or Two 
Lines 

 
Key Takeaways 

 
 To find the angle between a line and the 𝑥 axis we can use equation 𝑚 = __________ . 

 
 To find the angle between two lines we can use 𝜃 = ___________________________________ or  

 
tan(𝜃) = ____________________. 
 

  

Learning Objective:  [1.1.5] – Find The Unknown Value for Systems of Linear 
Equations 

 
Key Takeaways 

 
 Two linear equations have unique solution if they have ______________ gradients. 

 
 Two linear equations have infinitely many solutions when they have _________________ gradient 

and _________________ constant.  
 

 Two linear equations have no solution when they have _________________ gradient and 
_________________ constant. 
 

  

fan

tan
- 1(m. ) - tan(M2)

m ,
-M2

1+m,mz

different
some

same

some

different
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1-on-1 Maths Consults 
 

 
What Are 1-on-1 Maths Consults? 
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