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Section A: Linear Functions and Graphs

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

& Gradient-intercept form:

y=mx-+c [11'33)
rise —
where m = gradient = —— = _Hz Y

run

and c = J.f@wff—

» No singular solution for a linear equation in two variables.

o= X,

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

Linear Equations Definition

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.

= 2x—4
}’—itd': xe=o 3: X-iuk: Y=0
ye-q | 2%=4% =O
Ce)-4) B v =2
CZ/OD
Question 2

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

J-iut: 2z0 y= -3x+5 X-iwk: y=0
(5D
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Sub-Section: Inequality

Inequalities Rule

b
x>a,wherea< 0

» Multiplying both sides by a negative number ?‘A‘P the inequality sign.

Question 3
Solve each of the following for x:
. 9—-6x<2
Spiton 4 zwwa»je Twequolities Rep,:
o t6n -9 -9
V=2+6¢ ~br < -7
-2 =2 -6 -
+< 62 x =g
6 26 !
+
7 7
-‘zr:?x 7 6 )

Space for Personal Notes
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Exploration: Graphs of Linear Inequalities

» Instead of just representing & [‘M on the Cartesian plane, the graph of a linear inequality

represents an entire W %SM(x, y) which satisfies the inequality.
» Step 1: Put the equation into the form of ?5 M"’C

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

G If the inequality is inclusive (< or =), we draw a / [dotted] line.

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

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

c Ify>0ry2:aw @ ﬁﬂd— UM
& Ify<orys:mgli (Md“'d Shl-it«*)

Question 4 Walkthrough. ( “‘Au‘. Xeo & °)
Sketch the linear inequality y — 1 — x = 0 on the axes below. J'

Yematl X-iut: (-1,0) 2) Skl
() Yz 241 yikiCoD © suti. Mma/siod
Tnclugiva [Ecclugiel

¢ ™

jc)u” 3?7(:\'}

Y
A

15

0.5
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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.

/. 4x + 2y = —6
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Section B: Midpoint and Distances
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Tatu.u.a e aVeVajb !

8’ >
Sub-Section: Midpoint o ‘
Discussion: How might we find a midpoint between two points? =

Midpoint

("z.' )

X, + X
@ 1 21

2

CED.
» Definition: The midpoint, M, of two points A and B is the point halfway between A4 and B.

XptX
MG ) = (= -‘%_‘15.)

-

» The midpoint can be found by taking the e of the x-coordinate and y-
coordinate of the two points.

Definition
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Question 6

Find the midpoint between (3, —5) and (—2,7).

(2

(-2,2)
7))
aAS as

e,

6

—°
s (3, -5)

Space for Personal Notes
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Sub-Section: Distance Between Two Points

Distance Between Two Points

theorem:

Distance = /(x; — x1)% + (y; — y1)?

» Definition: The distance between two points (x, x,) and (y,, ¥,) can be found using Pythagoras’

Q
®
a

Definition

How does this formula work?

AN

Exploration J
. <R
" aewfhncc ﬂ -

WV

N

4

» Try to construct a Pythagoras’ theorem with the three sides above ©
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Question 7 (4', -zs)
Find the distance between (4, 2) and (—1,— %). 4"{2-;; _is:s

. R (s 2 AL a3 S

dixtmee = | (4= ()% (2-(2) ;
“le——"4 2
- - S
g ,J (:5)3'-1-(3)2 FHy3)

a.' @

Find a point(s) on the line y = x + 3 which has a distance of 4 from the point (-2, —3).

b. Give areason as to why there is more than 1 more point found in part a.

N

W
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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!)gy

Qo>
Q
®

"0
|
¥

Sub-Section: Vertical Distance VS Horizontal Distance

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

aﬁdﬂﬂb in Z.

Horizontal Distance

("21 52)
®

G

Horizontal Distance= x, — x; where x, > x;

» Find the difference between their x-values.

Question 9

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

= @ (1,92)
4 distnee. ¢ @ [

fls,-q)
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~

What about vertical distance then?

Vertical Distance

("zl 52)
@
@
("f: 51)

Vertical Distance= y, — y, where y, > y,

» Find the difference between their y values.

Question 10

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

(,9)
g1 —

15

N\ l /
Key Takeaways @

M A midpoint is simply an average point.
M The distance between two points is derived from Pythagoras’ theorem.
M Horizontal distance is simply the difference in their x-values

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

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘1 2
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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?

Suc w [T“uwf}

825 W0

Parallel Lines

» Parallel lines have the SG_FAL gradient.

mq; =m,

Definition

Space for Personal Notes
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Question 11

7=

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

O m=2 (porlil)

(+>
3= &(-N+c

@ sh (13) O Equede Cdiead.

S Y= e @ Sub pod osfiq

Gy P CYes)
~—_ S VU ~NL.

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

=
2 n‘j intered oF %
- - ﬁa%
Discussion: What about perpendicular lines? \p
_» mﬁ% nLs, V'ot,a! af oftlw
b '"‘8 P | vadred
>
Space foNRersonal Notes - m, X M_\ = -|
';.
b
> m < i
Q
. -Q
M o
M' ‘m = b . —a
Q
- __l ‘14
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Perpendicular Lines

g=mzx+oz

» Aline which is perpendicular to another line has a gradient which is the 4&&?‘“ '&wao

of the gradient of the first line.

Y

Question 12

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

m : —1 .é. > &46(&"')’

=

= Fs)+c
L Ye Txt ¢ s

e 1&_—&
€= 3

< °°-J= -KLX.-:_?
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Sub-Section: Angle Between a Line and the x-axis

o>
-

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

~

Angle between a Line and the x-axis

N

A

y/

A

is given by

Vv

LAY
» The angle between a line and the glh‘l‘- direction of the x-axis (anticlockwise)

tan(@0) = m

Question 13 Tech-Active. ( C AS?

. —
your answer in degrees correct to two decimal places.

(0 =<

= (3.4

0= tw'(R)

36//

Find the angle made between the line y = 2x — 6 and the x-axis measured in the anticlockwise direction. Give

ate ceometry - Workbook
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NOTE: Angles from the x-axis measured anticlockwise = 4F§KV( angles. ﬁ/

» 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.
A
! 6
€ 7 ?
v
» Construct a right-angle triangle with the angle 6.
A
o)
| e =
) A
v
» Consider the opposite and adjacent sides of the right-angle triangle. What can we call them?
A
] Aive
'm 9 s e t 2 (P
0 s o
& e >
. A
v
» Hence what does tan(0) equal to given that tan = opposite/adjacent?

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘1 7
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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

Y
N
bt+etiga = 18O
6 : a-b
< 0 7 > X
Vv 'M
0 = ltan‘l(ml) - tan‘l(mz)l jaﬁs]‘VM
» Alternatively: b Qa I Malay "ﬂf&
0) — m; —m, ,3l = 3
tan( ) B 1+ mim, "‘4‘ =)

& 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. /

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘1 8
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Question 14 Tech-Active. [ Cnsl)

Find the acute angle between the lines 3x + 2y =2 andy = gx + 1. Give your answer in degrees correct to two
decimal places. /

an-gmz 6,

&~ 86-05°

SO

TIP: Make sure your CAS is in degrees.

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

» When two lines are parallel, what must be the angle 6 between them?

m;—m
tan(0) = ! 2

1+mmm,

s0’
» Let's substitute the value of 8 and see what we get! 9 —)

‘]3»\(0') s | MiTMa

"fm'Mz

0O =

» This looks rather familiar, doesn't it?

[ =0 .
m-m, ! M& "‘n‘j“

I+mm, 'am.lu

Lets see if it's consistent with parallel lines/ .

\\c—

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘1 9
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And now perpendicular lines/ .

4

» When two lines are perpendicular, what must be the angle 6 between them?

m; —m;

tan(0) =

1+ mim,

0‘ 90’ /

» Let's substitute the value of 6 and see what we get! (Note: tan(90) = Undef)

tan (%.) - M~ My . [tmm,
o e [ D
Unde = M= Mz
lmm, ‘ Tisy e poerciaty]
u=ion(e)

a
» This looks rather familiar, doesn't it? R‘;W%‘)

\

Exploration: Understanding perpendicular lines using the angle between two lines formula | :}‘

/|

P4

te
] e—wm: -

= undefse 4

Kev Takeaways

M Parallel lines have the same gradient.
M Perpendicular lines have a negative reciprocal gradient.

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

1m2|

M Tangent of the angle between two lines is given by | rive—

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

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘20
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Section D: Simultaneous Equations

Sub-Section: Finding Simultaneous Equations for Two Variables @

Simultaneous Linear Equations Definition
1. Elimination Method:

& Add or subtract one equation from the other in order to M 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 Slqb that value into the
other equation.

Question 15 Walkthrough.

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

@ 2x—y=8and2y+5x=116
VY on i
Sn-tay = | ...@

+ (4x -z(.jd = 1p)- zy@(" S""::‘" %W

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘21
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Question 16
Solve the following equations for x and y.

a. 2x—5y=4and2x+y =16

21'2“5-.:[6

b. —3x+2y=2and2 -2y =x

MM12 [1.1] - Linear & Coordinate Geometry - Workbook
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Solve the following:

—3x+2y=10and —10 +y = >x
A

-:%’“ﬁj‘Jo

“ddzyclp - ,
= otz

~/

o,l Ab MWJ PR

MM12 [1.1] - Linear & Coordinate Geometry - Workbook
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Sub-Section: Number of Solutions For Two Variables

I
-

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

Exploration: Geometry of the number of solutions between linear graphs r_\}‘

1 Tidesechon
» Unique Solution

1

=

mlrf:mz

G They just need to have _d&#%d&d

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘24
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v inderadion

» Infinite Solutions

—

m4 :mzAND C1 = Cy

N

llllllllllllllllllll)x

\L 1 2 3
G They just need to have the same W and the same Tv_-fd‘u_uﬁ

& In other words, they have to be the e W .

» No Solutions

m4 =m2AND C1 * Cy

/ a2 a2 1 2 2 21 . 2 2 21, 5 44
N

/L 1 2 3

@ They need to have the SAme ?\Jp\j‘ but &W +c.

& They have to be two different _M lines.

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘25
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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 s
& Unique lines which are parallel. In this case, they have ° solutions.
& Unique lines which are not parallel. In this case, they have -1 solution.

solutions.

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

y=kx+5

-5k

Y k=1

a. Find the Valuf;‘ of k for which there are no solutions to the simultaneous equations.
O "
Poallt” 4+ “dsfleed o

M - m, N e, ¥ c,

. R
k=2 n 52 -sl

k # -1
[L[lb“o )
kW -2 =0

(k—2700+1) =0

> 2 w=2,-1 | k-l
—

C

| . , N\
MM12 [1.1] - Linear & Coordinate Geometry - Workbook e l(_ s 2 )
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b. Find the value(s) of k for which there is a unique solution to the simultaneous equations.

My My

m, =M,
Q"& 4/ bk=-l

okt 2 ad Ly -l

O - owe lR\ ) a,—n,of
’Lw%ﬁ

¢. Find the value of k for which there are infinite solutions to the simultaneous equations.
M: = mz, # C, = 6'2
5, #C,
= -l
k=2 , k="l ? b = -/ 2

_ _
N

TIP: It's a good idea to substitute your answer back into the equations to see if the criteria are met for g

each part.

Space for Personal Notes
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Question 19

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

4 x
1-2k

y= -2k

y==kx—2

a. Find the value(s) of k for which there is a unique solution to the simultaneous equations.

‘“—,¢M{ > 2kz-l(.¢l

, j 3
(24 b 2=kl

(2k+1)(k=1) #D
~ k# | and k#%

b. Find the value of k for which there are infinite solutions to the simultaneous equations.
M, #m “=m, § g=;
‘e 5 b e\ §2,),0
277)
A

W edT e lE § e

- - <> ' =
e 4 el =@
¢. Find the value of k for which there are no solutions to the simultaneous equationss

M,‘”‘Z ? cl¢CZ

Space for Personal Notes
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Consider the following pair of simultaneous equations in terms of a € R\{0}: / w MM
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.

1% -2 o 2

)
QG /e \ Z—zljl 0_}

MM12 [1.1] - Linear & Coordinate Geometry - Workbook
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¢. Find the value(s) of a for which there are infinite solutions to the simultaneous equations.

Space for Personal Notes
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Contour Check

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

Key Takeaways

O Linear equation;jre in the form of y = MAA & where m is the j”J‘;‘J and c is the
(4

O The inequality sign z#. S 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 @ of2 points.

Distance formula is derived from ﬁd“yh% -n"b""

Horizontal distance is the distance between 2& _ values.

O O O 0O

Vertical distance is the distance between ff values.

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

Key Takeaways

O Parallel lines have the &”\C gradient.

8
O Perpendicular lines have%M‘Mgradient

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘31
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Learning Objective: [1.1.4] - Find the Angle Between a Line and x axis or Two
Lines

Key Takeaways

O To find the angle between a line and the x axis we can use equationm = ﬁ Q .

O To find the angle between two lines we can use § = ' M -'b or
M, =72
tan(0) = .
/

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

Key Takeaways

O Two linear equations have unique solution if they have AlM gradients.

O Two linear equations have infinitely many solutions when they have Same gradient

and &nz constant.

O Twaq linear equations have no solution when they have .SNM\" gradient and
A&M constant.

MM12 [1.1] - Linear & Coordinate Geometry - Workbook ‘32
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What Are 1-on-1 Maths Consults?

>

Individual 30-minute consultations via Zoom with a Contour tutor, where you can ask questions,
clarify doubts, get tips, advice, and support in a one-on-one format.

Complimentary (yes, entirely free) with your Contour enrolment (as long as you're enrolled in a Maths
subject at Contour). You can book up to a week in advance.

SAVE THE LINK. AND MAKE THE MOST OF THIS (FREE) SERVICE!
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