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1 Changing the Subject

A formula is a mathematical equation containing two or more
variables.

Suppose that you have the formula such as 2x = 3a

: . 3a . .
We could write this formula as x = - in which case we would say

that x is the subject of the formula, or that x is given/written in
terms of a.

Note: x is the subject of the formula above as it appears on its own
on one side of an equals sign.
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1.1 Subject of a Formula

The subject of a formula is the variable that is being worked out. It
can be recognised as the letter on its own on one side of the equals
sign.
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Is a the subject?

a=3x+1

a is the subject

a is the NOT subject

a+1=3b+2

a is the subject

a is the NOT subject

4a = 3b + 2

a is the subject

a is the NOT subject

4b+ 2 =a

a is the subject

a is the NOT subject

a=5a—-—7b+3

a is the subject

a is the NOT subject

a’?=3b+2

a is the subject

a is the NOT subject

a is the subject

a is the NOT subject

_ 7b +55¢

¢ 2

a is the subject

a is the NOT subject

Vb =a

a is the subject

a is the NOT subject

Ja=bh

a is the subject

a is the NOT subject

a+0=5>b

a is the subject

a is the NOT subject
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Fluency Practice

Formula

Is a the subject?

a=b+3

b+3=a

a+3=Db>

a+c=>

ac=>

a = bc

a=bc—6

a=bc—x

a=bc—a

a = bc — a®

—a=b+3
1
“=b+3
a
a’?=b+3
a=>b?+3
2a = b%? +3
va=Db*+3
b2 43
= 72
b2+3_
S —=a
p2+3
2a —a
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1.2 Addition and Subtraction
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Worked Example Your Turn

Make x the subject of the Make x the subject of the
following formulae: following formulae:

(@) y=x+2z (@) y=x+k

(b) y=x—-w (b) y=x—gq

() y=x+Ars (c) y=x—+ab
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Intelligent Practice

Make x the subject for each of the following formulae:
1) y=x+a
2) y=b+x

3) y=x+abc

4) y =def +x
5) y=x—a
6) y=-b+x

7) y=x—abc

8) y=—def +x
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1.3 Multiplication and Division
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Worked Example

Your Turn

Make x the subject of the
following formulae:
(@) y=ax

Make x the subject of the
following formulae:

(@) y=bx
(b) y=—-
© y=-%
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Intelligent Practice

Make x the subject for each of the following formulae:

1) y=ax
2) y=—ax
3) y=bcx
4) y = —bcx
5) y==<
- _x
7 y=-
— __x
S)y_ Vbec
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1.4 Addition or Subtraction then Division
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Worked Example Your Turn

Make x the subject of the Make x the subject of the
following formulae: following formulae:
y=mx-+c y =abx +c
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Intelligent Practice

Make x the subject for each of the following formulae:
1) y=ax+b

2) y=Db*+ax

3) y=ax+ bcd

4) y=d?%ef +ax

5) y=ax—b»b

6) y=—Vb+ ax

7) y =ax — bcd

8) y =—vbcd + ax
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1.5 Addition or Subtraction then Multiplication
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Worked Example Your Turn

Make x the subject of the Make x the subject of the
following formulae: following formulae:
(a) y=%+c (a) y=£+c
_ _Xx 2 __* 2
(b) y=—2+c (b) y=—-"+e
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Intelligent Practice

Make x the subject for each of the following formulae:

1)y=§+c
2)y=—§+c
3)y=%—c
4)y=—%—c
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1.6 Brackets
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Worked Example Your Turn

Make x the subject of the Make x the subject of the
following formulae: following formulae:

y=p(x+q) y=px—q)
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Fluency Practice

Make x the subject of these equations.

There are two ways to rearrange each equation so there are
two sets of answer boxes. You only need to fill in your answer
once. Use the boxes where your answer fits best.

alx+ b) =c X=—- - or x= ——

2(x+a)=b X= — - or X = |—

a(x-6)=>b xX=—+ or x= ——

c(7+x)=2 X=r- or x= —
Extension:

The following formula can be used to convert temperatures
from Fahrenheit (F) into Celsius (C):

dS(F—32)
9

Find a formula to convert temperatures from Celsius (C) into
Fahrenheit.

C =
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1.7 Powers and Roots
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Worked Example Your Turn

Make a the subject of the Make a the subject of the
following formulae: following formulae:

(a) 2a° =c (a) 2(a+ b)*=c
(b) 2\Ja=c (b) 2Va—b=c
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Intelligent Practice

Make a the subject for each of the following formulae:

1) 2a°+b=c 1) 2dJa+b=c
2) 2a°—-b=c 2) 2dJa—-b=c
3) 6a’2—b=c 3) 6/Ja—b=c
4) 2(a—=2b)*+b=c 4) 2Ja—2b+b=c
5) 2(a+2b)’-b=c 5) 2Va+2b—b=c

6) 6(a+2b)*—b=c 6) 6va+2b—b=c

Page 23




1.8 Review and Problem Solving
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Fluency Practice

Question 1: Make y the subject of each of the following

(@) y+w=c (b) y-p=m (c) m+y=s
(d) y-2g=n (e) 3y=c (f) ay=w

(8) ==w () > =2c () a=y+p
()c=y-k k) y*=s M y*=x
(m)Vy=g (n) my=c (0) n-y=t
(p) ry=c (q) 4my=b (r) y+7t=c+r
() 5=w () y?=k+x (W) A=xy

Question 2: Make x the subject of the following formulae

(@) 4x+c=w (b) dx-t=8 (c) xX*+3=h
(d) 2x+2y=P () s=x*-3 (f) y=xz+s

(8) = +2=w ) X -5=w () £ =n
(j) 3y=4x+1 (k) x*+a =v () x*-4=5y
(m) X+t =2¢ (n) wW+X =37 (0) A = Trx>

m u

(p) A=%bx (q) V=abx (r) v*=u?+ 2ax
() 222 =y () 2% -4 () 3% cw

Question 3: Make c the subject of the following

(@) (a+c)’=t (b) v=u+ac (c) v=mc*h
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Fluency Practice

Question 1: Make x the subject of each of the following

() A=Y%(x+Yy) (b) A =mr? + 2mrx
m
(c) T=3x*-y (d) 8= %
(e) s =uy + ¥axy? (f) Yaw=Yax +t
. x*3 t
® = (h) 9= 52

(i) p=3(y + 2x)? (j) 12w =34(2x + a)
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Intelligent Practice

Make a the subject of the following formulae:

1)

2) 2

3)
4)
5)
6)
7)
8)

9)

2a=Db 10)

ac—2=5»>

ac—d=>»

a+2 _
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Extension

Question 1:

Question 2:

Question 3:

k:y2+q t=—+1
\ﬁ:\3+0~ t—|:_‘£
-8

e K S

The circumference of a circle is given as ¢ = 2nr
Make the radius, r, the subject of the formula.

The formula to convert degrees Fahrenheit to degree Celsius is

5
=C
" (F-32) =

Find the formula to convert from degrees Celsius to degrees Fahrenheit by

making F the subject.

Can you spot any mistakes below?

v
4

t -

Express vin terms of ¢

e
b
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Linear Rearrangements

XZ-0l-=45 (@) x3 -z =4

x5 -z- =4 OL— =xz —dg (9
0=0L—4G + x2 (o)) XZ-0l=4g ¥
G-0L—-=2x (o {&-g-=x

0L = 46 + xg (8) G- =0L+ X (@

(&-g=x (@ g -oL=2x
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Change the Subject — Science Formulae
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2 Angles in Polygons
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2.1 Polygons
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Frayer Model — Polygon

Definition

Literally translates to “many
angles”. Generally recognised
as a 2D shape made up of 3 or
more connected straight lines.

Characteristics

* Made of connected straight
lines (no gaps)

* Flat shape

Examples

QIR
il
ﬁ@%@

Non Examples

O
.

d
«
A\

/\

Triangle

Quadrilateral

oF

Pentagon Hexagon

O00@

Heptagon Octagon

Nonagon Decagon
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Frayer Model -

Regular Polygon

Definition

A polygon with all sides equal
sized and all interior angles
equal sized.

Characteristics

e All connected straight sides
All sides equal sized

All angles equal sized

Examples

"
/N O

Non Examples

[y £
40 b
(_J
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Fluency Practice
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2.2 Interior and Exterior Angles

Exterior

Exterior

Interior

Interior Interior

Exterior

Interior Interior

Exterior /

 The interior angles of a polygon are on the inside.

Exterior

* The exterior angles of a polygon are on the outside.

* The interior and exterior angles form a straight line.

Interior Angle + Exterior Angle = 180°

Page 36




2.3 Interior Angles

Examples

NS
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Sum of Interior Angles

Number of Sides Name of Shape Interior Angle Sum
3 Triangle 180°
4 Quadrilateral 360°
5 Pentagon 540°
6 Hexagon 720°
7 Heptagon 900°
8 Octagon 1080°

Note: The polygon can be regular or irregular.

Sum of interior angles of a polygon = (n — 2) x 180°
where n is the number of sides on the polygon
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Why?

A polygon with n sides can be split into n — 2 triangles (with all
triangle angles in the corners), and each triangle’s angles add up to
180°.

e.g.

5 sides

3 triangles

3 X 180° = 540°

So the interior angles in a pentagon sum (add up) to 540°
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Derivation 2
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Derivation 3
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Worked Example Your Turn

Find the sum of interior angles Find the sum of interior angles
of this polygon. of this polygon.
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Fluency Practice
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Worked Example Your Turn

Find the sum of the interior Find the sum of the interior
angles of a polygon with angles of a polygon with
30 sides. 60 sides.
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Fluency Practice

Question 2:
(a) 10 sides

(e) 50 sides

Work out the sum of the interior angles for polygons with

(b) 14 sides (c) 20 sides

(f) 80 sides (g) 100 sides

(d) 45 sides

(h) 200 sides
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Worked Example Your Turn
Find angle x. Find angle x.
130°
160°
150°
135°
1300 135°

120°

1100
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Fluency Practice
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Fluency Practice

Question 1:  Find the missing angle in each irregular polygon

(b) (c)

(d) (e) ()
] A
143 150° 127°
X
202°
- 155° 123°
(g) (h) Q)
N L
140° 130°
d 110° 272°
280°
43° X
(k) ()

136° 108°

140° 76°
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Worked Example Your Turn

The sum of the interior angles of | The sum of the interior angles of

a polygon is 3240°. a polygon is 6840°.
How many sides does the How many sides does the
polygon have? polygon have?
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Fluency Practice

Question 3:  Work out the number of sides of polygons with these sum of interior angles
(a) 1260° (b) 2880° (c) 3960° (d) 5040°

(e) 12240° (f) 15840° (g) 2340° (h) 89640°

Page 51




Fluency Practice
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2.4 Exterior Angles

Examples

é

LN

=
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Sum of Exterior Angles

Note: The polygon can be regular or irregular.

Sum of exterior angles of a polygon = 360°
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Why?

Why?
All the exterior angles can fit around a point, and angles around a
point add up to 360°.
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Worked Example Your Turn

Find angle x Find angle x

Page 56




Fluency Practice
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Worked Example Your Turn

Find angle x Find angle x

Page 58




Fluency Practice
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Fluency Practice
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Worked Example Your Turn

A regular polygon has 12 sides. | A regular polygon has 48 sides.
Find the size of each exterior Find the size of each exterior
angle. angle.
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Fluency Practice

Question 6: Each of the polygons below are regular.
Calculate the size of each exterior angle, y.

(a) (b) (c)

------

regular pentagon

regular octagon

(d) ()

regular nonagon regular decagon regular dodecagon
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Fluency Practice

Question 7: Calculate the size of each exterior angle in regular polygons with

(a) 15 sides (b) 18 sides (c) 20 sides (d) 24 sides
(e) 30 sides (f) 36 sides (g) 40 sides (h) 45 sides
(i) 60 sides (j) 72 sides (k) 90 sides (1) 200 sides
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Worked Example Your Turn

A regular polygon has 12 sides. | A regular polygon has 48 sides.
Find the size of each interior Find the size of each interior
angle. angle.
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Fluency Practice

Question 4: Each of the polygons below are regular.

Calculate the size of each interior angle, x.

(a) (b)

regular pentagon reqular hexagon

(d) ()

regular nonagon regular decagon

(c)

regular octagon

regular dodecagon
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Fluency Practice

Question 5:  Calculate the size of each interior angle in regular polygons with

(a) 15 sides (b) 20 sides (c) 24 sides (d) 30 sides
(e) 36 sides (f) 40 sides (g) 50 sides (h) 60 sides
(i) 72 sides (j) 80 sides (k) 90 sides (1) 100 sides

Page 66




Worked Example

Your Turn

A section of a two different
regular polygons are show
below. How many sides do they
each have?

12°

@

A section of a two different
regular polygons are show
below. How many sides do they

each have?

40

150°
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Fluency Practice
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Fluency Practice
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Worked Example Your Turn

The interior angle of a regular The interior angle of a regular
polygon is 160°. polygon is 140°.

How many sides does the How many sides does the
polygon have? polygon have?
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Fluency Practice

Question 8: Shown below is one interior angle from regular polygons.
Calculate how many sides the polygons have.

b
@ T (b) —= ) ——

(d) — () —o™ (f) R
177° 168.75° 172 5°
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Worked Example Your Turn

The size of each interior angle of | The size of each interior angle of
a regular polygon is 9 times the | a regular polygonis 11 times
size of each exterior angle. How | the size of each exterior angle.
many sides does the polygon How many sides does the

have? polygon have?
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Worked Example Your Turn

These are regular polygons. These are regular polygons.
Find x Find x
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Extension

Question 1:

(a)

In each diagram below, two regular polygons are shown.
Calculate x.

(b) (c) (d)

m )
X X

Question 2:

Question 3:

Question 4:

Question 5:

Question 6:

Question 7:

Question 8:

X
Shown is a regular pentagon. /\
Find y. \ /

A regular polygon has 18 sides.
Calculate the size of each interior angle.

A regular polygon has 30 sides.
Calculate the size of each interior angle.

Explain why this cannot be an interior angle from regular polygons.

173°

A polygon has an interior angle that is five times larger than the exterior angle.
How many sides does it have?

Explain why regular hexagons tessellate.

Explain why regular pentagons do not tessellate.
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Fluency Practice
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2.5 Review and Problem Solving
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Worked Example Your Turn

a) Calculate the sum of the a) Calculate the sum of the
interior angles of a hexagon. interior angles of a
pentagon.

b) Calculate the size of one b) Calculate the size of one
interior angle of a regular interior angle of regular
hexagon. pentagon.

c) The sum of the interior c) The sum of the interior
angles of a polygon is 2700°. angles of a polygon is 2160°.
Calculate the number of Calculate the number of
sides. sides.
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Fill in the Gaps

Size of one interior

Number of Sum of interior )
. angle in a regular
sides angles
polygon
3 180°
360°
7
9
10 144°
1800° 150°
13 1980°
14

2700°
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Worked Example

Your Turn

a) What is the total of the
interior angles of a 9- sided
shape?

b) Calculate the size of an
interior angle in a regular
octagon.

c) Aregular polygon has an
exterior angle of 12°. How
many sides does it have?

a)

b)

What is the total of the
interior angles of a 14- sided
shape?

Calculate the size of an
interior angle in a regular
pentagon.

c) A regular polygon has an

exterior angle of 10°. How
many sides does it have?
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Fill in the Gaps
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Ratio and Polygon Angles

a regular polygon

(1) exterior angle : interior angle = 1 : 2
how many sides does the polygon have?

(2) exterior angle : interior angle =2 : 7
how many sides does the polygon have?

(3) exterior angle : interior angleis 2 : 13
how many sides does the polygon have?

(4) exterior angle : total of the interior angles = 1 :
how many sides does the polygon have?

(5) exterior angle : total of the interior angles = 1 :
how many sides does the polygon have?

(1) the numbers of sides are the ratio 1 : 2
the interior angles are in the ratio 2 : 3
how many sides do they have?

(2) the numbers of sides are the ratio 2 : 3
the interior angles are in the ratio 12 : 13
how many sides do they have?

(3) the numbers of sides are the ratio 3 : 5
the interior angles are in the ratio 20 : 21
how many sides do they have?

(4)  the interior angles are in the ratio 7 : 6
the exterior angles are inthe ratio 1: 3
how many sides do they have?

(5) the interior angles are in the ratio 5 : 6
the exterior angles are inthe ratio 5 : 2
how many sides do they have?

24

suobAjod sejnbas om)
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Regular Polygons with Algebra
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Regular Polygon Angles
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Regular Polygon Angles
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3 Straight Line Graphs
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3.1 Coordinates

Coordinates are pair of numbers written in the

form (x,y) where x is the amount moved horizontally, and y the
amount moved vertically from the origin on a graph. The two
values are referred to, in order, as the x-coordinate and the
y-coordinate.
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Worked Example Your Turn

Plot the coordinates: Plot the coordinates:
(2,5) (3,4)

(2, —5) (3' _4)

(—2,5) (—3,4)

(=2,-5) (—3,—4)
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Fluency Practice

Question 1:

Question 2:

€))
(b)
(@
(d)
(e)
(f)
(8
(h)

Question 3:

A3 1)
B(2,5)
C(5,4)
D(1,1)
E (4, 0)
F(0,1)
G(3,3)
H (0,0)

y

Write down the coordinates of the points A, B, C, D, E, F, G and H.

y

5 x

Make a copy of the grid shown and then plot the points:

Write down the coordinates of the points A, B, C, D, E, F, G and H.

1
C
3
A
2 X
Bx 1
4 3 2 -1 0 1 2 3 4F~*
X -1X
D F H
-2 X
G
Ex -3 X
-4

Question 4: Make a copy of the grid shown and then plot the points:

(a)
(b)
(0
(d)
(e)
)
(8
(h)
Q)
()
(k)

A(1,4)
B(-1,1)
C(-3,-4)
D (2,-1)
E (-2, 0)
F(-1,-2)
G (3,-2)
H (0, -4)
1(-2,2)
J (_4' _1)
K (0,1)

L]
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Extension

Question 1:

Question 2:

Question 3:

Three points are shown on a grid.
ABCD is a rectangle.

(a) PlotD
(b) Write down the coordinates of the point D

Two points are shown on a grid
ABC is an isosceles triangle.

(a) PlotC
(b) Write down the coordinates of the point C

Make a copy of the grid shown.

(a) Plotthe point A (-3, -2)

(b) Plot the point B (1, -2)

(c) Plotthe pointC (3,1)

(d) Plotthe pointD (-1, 1)

(e) What type of quadrilateral is ABCD?

— N W -~ w =)

2 3 4
y
B
6.
5
4
3
2
1
o 2 3 4
y
4
3
2
1
3 2 -1 0 4
-1
-2
3
-4
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Extension

For each question 4-5 below, you will need copies of this grid.

Va4
5

4

3

24

1

I
(=2}
I
w
|
E=
I
w
|
[3%)
|
—
S
—
(S
w
S
W
(=2}
=V

Question 4: (a) Plot the following coordinates
(3) 0) (_3' _2) (11 _4) (11 2) (_3! 0) (_1r _4) (3' _2) (_11 2)

(b) Join the shapes to make a polygon.
(c) Name the polygon that you have drawn.

Question 5: (a) Plot the coordinates A (-4,1), B(1,-2)and C (2, 1)
(b) ABCD is a kite.
(c) PlotD
(d) Write down the coordinates of the point D.

Question 6: James has been asked to plot the coordinates A (-3, 2), B (0, 2), C (-1, -4) and
D (4,-4)

Can you spot any mistakes?

— [ w ES v e
t

6 -5 -4 -3 -2 -1 O 2 3 4 5 6 x
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Quadrilaterals and Coordinates
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Quadrilaterals and Coordinates

alenbs e (z|)

(0 ‘9)
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(6°2)

alenbs e (g)
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(2°9)
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3.2 Horizontal and Vertical Lines

Graphs of the form y = ¢ and x = ¢, will either be a horizontal or
vertical line.
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Horizontal and Vertical Lines

o
L 4
+
+

S

w

N

What do these coordinates have in common?
What is different?

I !

-3 2 -1 0 1 ) 3

What do these coordinates have in

common?
What is different?

3
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Horizontal and Vertical Lines

The relationship of the shared characteristic between points can be

written as an equation.

All of these points have ay
coordinate of 5.

The straight line can be described
as y = 5 because this is true for
every point on the line.

The relationship of the shared characteristic between points can be

written as an equation.

N

N

All of these points have an x
coordinate of 1.

The straight line can be described
as because this is true for
every point on the line.
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Worked Example Your Turn

Find the equation of the line: Find the equation of the line:
4 4

w
w

S = N
o = N

-~
-

N
N
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Worked Example Your Turn

Find the equation of the line: Find the equation of the line:
5 1 5
4 4

w
w

S = N
& = N

w
!
£
w
~N
I
—
o
-
N
w
-
w
o
-
w
!
£
wio
w
~N
I
—
o
—_
N
w
-
w

-
-~

N
|
~ N
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Horizontal and Vertical Lines

Which of these lines can be described as ‘x = ‘or'y= ’?
How many can you ‘name’?
Why can’t some of the lines be written as ‘x = "or'y= ?
2 ] 4
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Fluency Practice

Vertical and horizontal lines.

1) Fill in the boxes with the equations of the straight lines.

2
2
2 0 2 ) 2 0 2
-2 -2
-4
2) Write the equation of the line that all of the 4) A point has the coordinates of (3, -5).
following points will fall on. (a) What are the equations of the horizontal

and vertical lines that this point is on?
(a) (4r 5)! (4'r 9)! (4ro)l (41'3)

(b) (_101 2)! (173I 2)' (1012); ('03r2)
(b)  The line is vertical. Which of those two
(c) (4.3,0.1), (0,0.1), (-9, 0.1) equations from (a) will it be?

(d) (=3 10), (=3, -3), (~3,05), (—3,-0.1)

5) A shape is made by the area enclosed by the
linesx=1,x=9,y=2andy=5.

i ?
3) Thinking carefully about the coordinates can (a)  Whatis the shape?

you find the equation of...

(a) The x-axis (b)  What s the area of the shape?

(b)  The y-axis
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Fluency Practice

6) Write down the equation of the straight line 7) There is a rectangle below with a side
that would make the enclosed shape a square. missing. If the area of the rectangle is 24cm?,
what will be the equation of the missing line?

4 4
2 2
0 2 4 6 0 2 4 6
2 2
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3.3 Drawing Straight Line Graphs

A linear equation is drawn as a straight line on a set of axes.
To draw the graph we need coordinates.

We generate these coordinates by substituting values into the
linear equation.
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Worked Example Your Turn

Plot the graph of Plot the graph of
for the values -2 < x <2 for the values -2 < x <2
X X
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Worked Example Your Turn

Plot the graph of Plot the graph of

y=-2x+1 y=—4x—2

forthevalues -2 <x <2 forthevalues -2 <x <2
X X
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Fluency Practice

1)y=2x+3 2)y=2x+4

X -2 -1 1 2 X -2 -1

y y
3)y=2x+5 4)y=3x+5

X -2 -1 1 2 X -2 -1

y y
5)y=3x+1 6)y=3x-1

X -2 -1 1 2 X -2 -1

y y
7)y=3x-2 8)y=3x-3

X -2 -1 1 2 X -2 -1

y y
9)y=3x-5 10)y=4x-5

X -2 -1 1 2 X -2 -1

y y
11)y=-4x-5 12)y=-2x-5

X -2 -1 1 2 X -2 -1

y y
13)y=-"2x-5 14)y ="2x + Y4

X -2 -1 1 2 X -2 -1

y y
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Worked Example Your Turn

Plot the graph of Plot the graph of

2x +y =28 2x —y =28

forthevalues -2 <x <2 forthevalues -2 <x <2
X X
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Worked Example Your Turn

Plot the graph of Plot the graph of

x+2y=8 x—2y =28

forthevalues -2 <x <2 forthevalues -2 <x <2
X X
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Fluency Practice

Question 6: For each equation, complete the table of values and draw its graph for values of
x from -1 to 3.

Y A
8
(@) x+y=3 7
14 [ o1 ] 2]3 .
L 5
4
(b) 2x+y=4 3
IENK: ‘ 1 ’ 2 | 3 ]
| 1
(o) X+2y=-2 -1 [ 1 2 3 =
x [ 1 [ o1 2 | 3 o
y \ -2
3
(d 2x-y=4 -4
4 0 1 2 3 =
=6
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Extension

Question 7:  For each equation, draw its graph for values of x from -2 to 3.

() x+y=8

(h) 2x+y=12
(i) x+2y=10
§)) 2x+3y=12

(k) 2x+5y-20=0
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Intelligent Practice

Plot each pair of linear graphs on the axes given.

Write a sentence about what you notice about each pair of lines.

1) On the axes on the right, plot the graphs of
y =2x+1and
y=3x+1

Table of values of y = 2x + 1
X -2 -1 0 1 2

y

Table of values of y = 3x+ 1
X -2 -1 0 1 2

y

2) On the axes on the right, plot the graphs of
y =2x—1and
y=2x—2

Table of values of y = 2x — 1
X -2 -1 0 1 2

y

Table of values of y = 2x — 2
X -2 -1 0 1 2

y

3) On the axes on the right, plot the graphs of
y = —2x and
y=—-2x+1

Table of values of y = —2x
X -2 -1 0 1 2

y

Table of values of y = —2x + 1
X -2 -1 0 1 2

y

||||||

||||||

123456

X

||||||

123456

X

123456

X
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Intelligent Practice

4) On the axes on the right, plot the graphs of
y = %x and
y = 2x

Table of values of y = %x

X -2 -1 0 1 2
y

Table of values of y = 2x
X -2 -1 0 1 2

y

5) On the axes on the right, plot the graphs of
y=- %x and
y=-—-2x

You need to draw your own tables of values form now on.

6) On the axes on the right, plot the graphs of
y = %x + 1 and
y=—-2x+3

7) On the axes on the right, plot the graphs of
y= %x +1and

y=—§x+3

EXTENSION:

Generalise the conclusions you have made from the questions above. What do you

||||||

||||||

||||||

||||||

notice? Can you give another pair of equations that follow the same rule?
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3.4 Gradient

The gradient tells us how steep a line is, therefore the bigger the
gradient the steeper the line is.

A positive gradient is a straight line which slopes up to the right.

A negative gradient is a straight line which slopes down to the right.
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Starter

0§
0T

0l—
09—

0§
0T

=05 + 07

= 05—+ 0T

05—
0l—

= 01— + 0§
= 0T + 0§

01
0§

01—
0§

01
05—

=05+ 0T~

(« m ( (« m
§—'T—'G"7
:SIamsue 31q1Ssod

= 05—+ 0T~

0§
(0 B

05—
0T

=0T~ + 05—
=0T + 05—

_ 0t
0§
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Gradient

Word .
Gradient
Word Noun
class
Definition | 1. an inclined part of a road or railway; a slope.

2. anincrease or decrease in the magnitude of a
property (e.g. temperature, pressure, or
concentration) observed in passing from one point or
moment to another.

Example | “The car has fail-safe brakes for use on steep gradients.
Synonyms | Slope, incline
Origins From the Latin ‘gradus’, meaning step.
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Worked Example

Your Turn

Calculate the gradient between
the coordinates:

a) (—2,—1)and (5,7)
b) (2,—1)and (-5,-7)

Calculate the gradient between
the coordinates:

a) (—4,2)and(6,8)
b) (—4,2)and (—6,—8)
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Worked Example Your Turn

Find the gradient of: Find the gradient of:

6 6
— 5 — 5
4 4
3 3
2
1 1
6 5 -4 3,/2 -1 0 1 2 3 4 5 6 x 6 -5 -4 -3 -2 -1 0 2 3 4
1 1
-2 -2
3 3
-4 -4
-5 -5
-9 -

4 4
’ \
\\ 2
1 1

6 -5 -4 -3 -2 -1"0\1 2 3 4 5 6 x 6 -5 -4 -3 -2 -1 0 1\, 2 3 4
1 1
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Worked Example Your Turn

Find the gradient of: Find the gradient of:

6 6
—_ 5 1 —_ 5
a a
3 3
2
, -
S 5 4 3 2 a0 1 2 3 4 5 6« S 5 4.3 2 a0 1 2 3
1 1
-2 -2
3 | 3
Pal -4
-5 ! -5
-6 | -6
y ¥
6 6
— 5 1 —_ 5
a a
3 3
2 2

3 3
-2 -2
3 ‘ 3
a4 a4
-4 -4
5

-5 i -5
& &
-6 -&
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Worked Example Your Turn

Find the gradient of: Find the gradient of:

y / ¥ i

-2 -1 1 o - 3 X
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Fluency Practice

Find the gradient of each of these lines

Question 1:

(a)

~—~
()
—

(b)

<«
o
N

Ao o~ © ®vw ¥ 0o o — |7 9
T
o
)
AR
%
~
©
"
<«
o
«
N o O w»v ¥ 0 o~ o~ T 9
T
o
)
%
3
~
o
"
<«
=
«
M &~ O . . oA = I 9

-2

-~
5}
—

(d)

M ©~ © wvw ¥ . o~ o~

y876543/

2 -1 0

> 00 ~ o el < g o —
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Fluency Practice

Question 2:

(a) 2

(e) -3

Question 3:

~—~
QL
—

L T R Y N NEEC RS

Draw lines with the following gradients

(b) 4 () 7 (d) -1

(f) -5 (@ % (h) 10

Find the gradient of each of these lines

2 Jo| 1 2
-1

@

- N W A L o N e

Question 4:

1
(@) 25

(&) &

()

(b)
b)’A
8
7
6
5
4
3
2
/1
T 5 6 7 s 2 a0 1 2 3 4 5 6 7 8«x
-1
-2
(e)
V4
8
7
\6
5
4
3
2
1
4 s 6 7 8 x 2 10 1 2 3 4 5 6 7 8«x
-1

Draw lines with the following gradients

® - @ @

W =

1 3
(e 3 (h) ~F

ot >

B T O T

1 2 3 4 5 6 7 8 «x

(c)
y
8
\;
5
4
3
2
1
2 10 2 3 4 5 6 71 8 x
-1
-2
V4
8
7
6
5
4
3
2
1
—27101234567\8):
-1
-2
Y.
8
7
6
5
4
3
2
1
2 -1 O 1 2 3 4 5 6 7 8 x
-1
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Fluency Practice

Question 5:

(a)

!
I\\ 1
S b & L Lol BN\e o o 5 B =

(d)

- n w a2 wfe 2

L L L Lo

Question 6:

() y

.’\x

Find the gradient of each of these lines

(b)

(e)

Find the gradient of each line shown below

/ (4,11)

A(1,5)

(b) y
B (6, 8)

(@) ,

B (2,6)

x /A (4,0)

(e)

Yy
A (—3,>)\

A (-4,-9)

X \\ X
B (4,-6)

()

() y

A(-2,1)

()

Y

A (b\,\a (-1,3)
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Fluency Practice

(8)

A2, 7)Y

B (4,5)

Question 7:

(a) (1,4)and (3, 10)
(d) (-8, 6)and (0,-2)
(8) (-2,1) and (8,-7)

(h)

A(75,-4) B[(25.38) —

]

(b) (0,0) and (3, 12)
(e) (-5,-9) and (1, 3)
(h) (-2,9) and (4, 7)

X

(1)

/

y
B (25, 110)
A (5, 20)

/

Work out the gradient of the line passing through these pairs of points
(c) (5,-2)and (9, 14)

(f) (-7,-2) and (1, -4)

(i) (-4.5,3) and (6,-7.5)

X
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Worked Example Your Turn

The gradient connecting the two | The gradient connecting the two
points (2a, 5) and (7a, 8) is 6. points (3a, 7) and (5a, 12) is 6.
Solve for a. Solve for a.
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Worked Example Your Turn

The gradient connecting the two | The gradient connecting the two
points (2, 10) and (5, d) is 4. points (-3, -10) and (2, d) is 12.
Solve for d. Solve for d.
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Fluency Practice

£

4 3 L0C i€
Question 1:  Alisha says that the gradient of the line is 2. [ ? \2 [

Explain her mistake. o

30N

Question 2: Find the gradient of the line passing
through the points (4a, —a) and (64, 5a)

Question 3: The line passing through (5, -2) and (8, c) has a gradient of 3.
Find c.

Question 4: The line passing through (-8, —-9) and (-2, h) has a gradient of 4.
Find h.

Question 5: The line passing through (3, -4) and (m, 10) has a gradient of 2.
Find m.

Question 6: The line passing through (-2, 5) and (2, n) has a gradient of -2
Find n.

Question 7: The line passing through (1, p) and (5, 1) has a gradient of 0.75
Find p. y
250

Question 8:  Find the equation of the line shown
200
150

100

50

0 X
0 5 10 15 20 25
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3.5 Equation of Straight Line Graphs

Straight line graphs can be written in the form y = mx + c,
where m is the gradient, or steepness of the graph and c is the y-
intercept of the graph, where the graph cuts through the y-axis.

X -3 -2 -1 0 1 2 3 4 y=mx tc
Jy C

\ O 4

+m
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Gradient

y=2x+3

Let us look at different ways to present information about the
gradient.

...goes through (0, 3) and has a gradient of 2

...goes through (0, 3) and each time you move 1 unit to the
right, you need to move 2 units up to find the line again

...goes through (0, 3) and each time you move 2 units to the
right, you need to move 4 units up to find the line again

...goes through (0, 3) and each time you move 5 units to the
right, you need to move 10 units up to find the line again

...goes through (0, 3) and (1, 5)
...goes through (0,3) and (2,7)
...goes through (0, 3) and (5,13)

...goes through (0, 3) and (—8,—13)
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y-intercept

y=2x+3

Let us look at different ways to present information about the
y-intercept.

* ..has a gradient of 2 and y-intercept of 3

* ..has a gradient of 2 and crosses the y-axis at 3
« ..hasagradient of 2 and goes through (0, 3)

* ..hasagradientof2andy =3 whenx =0

« ..hasagradient of 2 and goes through (1, 5)

« ..hasagradient of 2 and goes through (—1,1)

e ..hasagradient of 2 and goes through (-2, —1)

e ..has agradient of 2 and goes through (17,37)
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Equation

y=2x+3

Let us look at more abstract ways to present information about the
line.

e ..goes through (2,7) and (6,15)

e ..goes through (—4,—5) and (6,15)

e ..goes through (—4,—-5) and (—10,—17)

» ..goes through (0,3),(a,b) and (a+ 3,b + 6)

e ..goesthrough (4,7),(a—2,b+1)and (a+1,b+7)
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Worked Example Your Turn

y=2x—1 y=3x—-4

Gradient: Gradient:

y-intercept: y-intercept:
y=-2x+6 y=-3x+6
Gradient: Gradient:

y-intercept: y-intercept:

2x+3y =6 3x +2y =6
Gradient: Gradient:

y-intercept: y-intercept:
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Fluency Practice

Question 1: Write down the gradient of each of these lines.

(a) y=3x+1 (b) y=2x-5 (c)y=7x+4 (d) y=10x+5
(e) y=x-2 (f) y=6x (g) y=-4x+3 (h) y=-3x-7
() y=50+3 () y=—32-9

Question 2:  Write down where each of these lines cross the y-axis (y-intercept)

(a) y=2x+3 (b) y=7x+1 (c) y=3x-2 (d) y=x-5
(e) y=2x (f) y=-4x+6 (g) y=-5x-3 (h) y=-3x
) y=ze+s ) y=—201

Question 12: Find the gradients and the y-intercepts of each of these lines

(a) x+y=10 (b) x-y=4 (c) 2x+y=6

(d) 3x-y=-1 (e) 8x+2y+9=0 (f) 5x-2y-4=0
(g) 7x=1-2y (h) 15y -6x=8 (i) 23x+ 2y =5
() sy - %ex=1 (K) %5x + 34y = 1%
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Worked Example Your Turn

Write in the form y=mx + ¢ Write in the formy = mx + ¢
the line with: the line with:
Gradient 2 and y-intercept 3 Gradient 3 and y-intercept 4

Gradient % and y-intercept —3 Gradient —2 and y-intercept —1

Gradient —% and y-intercept 0 Gradient % and y-intercept 0

Gradient 0 and y-intercept 4 Gradient 0 and y-intercept —5
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Discussion

What about the equation of a straight line with gradient co?
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Fluency Practice

Question 3:  Write down the equation of the lines below

(a) gradient of 3 and y-intercept of 6 (b) gradient of 2 and y-intercept of -1
(c) gradient of -4 and y-intercept of 3 (d) gradient of 8 and y—-intercept of 4
(e) gradient of 1 and passing though (0, 4) (f) passing through (0, -2) with gradient 4

(g) gradient of -5 and passing through the origin.
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Worked Example Your Turn

Find the equation of: Find the equation of:
— 5 — 5
4 4
3 3
2
1 1
6 -5 -4 -3 /-2 -1 co 1 2 3 4 5 6 x -6 -5 -4 -3 -2 - co 2 3 4

4 4
’ \
\\ 2
1 1

6 -5 -4 -3 -2 -1"0\1 2 3 4 5 6 x 6 -5 -4 -3 -2 -1 0 1\, 2 3 4
1 1
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Worked Example Your Turn
Find the equation of: Find the equation of:
5 1 5
4 4
3 3
? v
1 1
6 -5 -4 -3 -2 -1 c0 1 2 3 4 5 6 x 6 -5 -4 <3 -2 -1 co 1 2 3
/‘-“ -4
5 1 5
4 4
3 3
2 2
1
e 5 4 3 2 1% 1\1\3 4 5 6 x e 5 4 3 2 1% 1 2
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Worked Example Your Turn

Find the equation of: Find the equation of:

y / ¥ i

-2 -1 1 o - 3 X
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Fluency Practice

Find the equation of each line

Question 5:

(@)

~—
(S}
—

(b)

©
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)
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)
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©
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«
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©
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T
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(e)
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“
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«
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o =~ o v ¢ = a ~ |07 g

n
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©

“

<«

@
/2
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T

[e19]

h —

(k)

© © = o

® © = «

=2
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Fluency Practice

Question 6: Find the equation of each line below.

(a) (b) ()
Y y Y
B (3.11) B (2,17) B (5,9)
/ A (0, 5) / A (0, 3)
X X / X
/ / A (0, -1)
(d) (e) ()
Y A-4,20)|7 y
A (0, 8) ‘
T B (8,4)
X X
A(-3,y/s(o, B0

Question 7:  Find the equation of the straight line that passes through the points

(a) (0,3)and (4, 19) (b) (0, 2) and (6, 20) (c) (0,0)and (1,4)
(d) (0,-9) and (9, 0) (e) (0,-6)and (7, 8) (f) (-8,-10) and (0, 14)
() (0,2) and (10, 7) (h) (-4,1) and (0, 7) (i) (-4, 0) and (0, 18)
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Worked Example Your Turn

Find the equation of the line, Find the equation of the line,
given a point and the gradient: given a point and the gradient:
(—6,22) Gradient 3 (—2,5) Gradient 4
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Fluency Practice

Question 8: Find the equation of the straight line that:

(a) has a gradient of 4 and passes through the point (1, 10)
(b) has a gradient of 2 and passes through the point (-3, 3)
(c) has a gradient of 1 and passes through the point (5, 2)

(d) has a gradient of -3 and passes through the point (-2, 8)
(e) has a gradient of -5 and passes through the point (3, -1)
(f) has a gradient of %2 and passes through the point (4, 5)
(g) has a gradient of %5 and passes through the point (-5, -5)

(h) has a gradient of -%4 and passes through the point (9, 15)
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Worked Example Your Turn

Write the equation of the line in | Write the equation of the line in

the form y = mx + ¢ which the form y = mx + ¢ which
passes through the points (2,3) | passes through the points
and (5,—9) (3,10) and (=5, 18)
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Worked Example Your Turn

Write the equation of the line in | Write the equation of the line in

the form y = mx + ¢ which the form y = mx + ¢ which
passes through the points passes through the points
(2,—3) and (7,-5) (3,—2)and (—7,5)
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Fluency Practice

Question 9:  Find the equations of the lines below

(a) y (b) Y (© ’
/ /‘/"B/(3 19) ® (th.20)
/ B (3,8) / A(1,13) A5, 2)
e X g g '
A(-3,2) /
(@) , (e) Y Y '
A (-1,5) AC4.3) /@
, ) A (-6, -2) N P x
\&(91_25) \)N\
B (_4’N

Question 10: Find the equation of the straight line that passes through these pairs of points

(a) (2,5)and (4, 11) (b) (-4,2)and (1,7) () (-5,-8) and (-4, -4)

(d) (-1,-2)and (-6,3) (e) (-6,-4)and (-3,2)  (f) (3,5)and (4, 1)

(g) (-5,4)and(5,2) (h) (1,6)and (5,4) (i) (-10,-5)and (-7, 4)
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Worked Example

Find where the line intercepts the axes:

Line x-intercept | y-intercept
y=2x+3
y=3x+2
y=3x—2
y=2x—3
y=3—2x
y=2-—3x
2x +3y =6
3x+2y =6
y=ax+b
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Your Turn

Find where the line intercepts the axes:

Line x-intercept | y-intercept
y=4x+5
y=5x+4
y=5x—4
y=4x—5
y=5—4x
y=4—5x
4x + 5y = 20
5x + 4y = 20
ax + by =c
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Fluency Practice

Question 11: Find the coordinates where the following lines cross the x-axis

(@) y=2x+6 (b) y=-x+4 (c) y=3x+9
(d) y=x-5 (e) y=4x+1 (f) y=-2x+10
(8) y=-4x-10 (h) y=5x+3 (i) y=%x+3
(j) x+y=8 (k) 4x+2y+7=0 (1) 3x+2y-8=0
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Worked Example Your Turn

Does the point (2,9) lie on the | Does the point (2, 9) lie on the
liney = 4x + 17 liney =9 — 2x?
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Fluency Practice

Question 4:

(a) Does the point (2,5) lieontheliney=3x-17?

(b) Does the point (4, 1) lie on the liney=3x+17?

(c) Does the point (3, 1) lieon theliney=x-37?

(d) Does the point (5, 7) lie on the liney = -3x + 22 ?
(e) Does the point (-4, —-8) lie on the liney = -2x ?

(f) Does the point (-1, 8) lieon theliney =2x+ 117?
(g) Does the point (12, 60) lie on the liney =7x - 18 ?
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Extension

Question 1:

Question 2:

Question 3:

Question 4:

Question 5:

Question 6:

The point (5, -2) lies on which lines below

Line A Line B Line C
y=x+7 y=—3x+ 13 y=4x — 18
Line D Line E

Do the points (1, 4), (4, 10) and (9, 20) lie in a straight line?

Aline has equationy = 2x + 6

The line crosses the x—axis at the point A
The line crosses the y—axis at the point B
The point C has coordinates (1, 8)

(a) Find the coordinates of the point A
(b) Find the coordinates of the point B

(c) Find the equation of the straight line passing through the points A and C.

Do thelinesy =3x+ 1 and 4x - 2y + 3 = 0 have the same gradients?

Line 2

Line 1 has equationy = 3x - 12
(a) Find the coordinates of P

(b) Find the equation of Line 2

Line 1

Lexi says the line below has an
equation of y=-2x+8
Explain her mistake.

"4
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3.6 Review and Problem Solving

Page 151




Worked Example Your Turn
y =5x + 10 y = 5x + 15
ax +by =d ax +by =d
Gradient: Gradient:
X intercept: X intercept:
y intercept: y intercept:
Sketch: Sketch:
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Fill in the Gaps

(€0 (021
€
Al
(Z1—"0) i
(6—0) (0°e)
(0c-) €
99— = £ — b4
g+xz =4
4o1as 1dassayur ydaouRur x jualpess p =4q +xp I2+xw=A~«
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Fill in the Gaps

s ERIENT]]

(¥1—0) oN
14
0°8 1
(0°8) c
vz = Ay — x¢
14
0%V -
(0v) c
4
¢ = Ag +x¥
v+ Rm —=A
1
4o1axs 1dasuayur £ 1doouzur x Jualpess P =4q +xp I2+xu=A~«

14”

€l

1

1T

0]
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Fill in the Blanks

) _ oint on An_other
SEt‘l:!:nI iagtI:ct"I‘.i?‘lfe SR CEEOEC: InteYrcept Atllze Litne :ﬁ;":i :2
y=x—3 | (-5, [ | ([3,10)
y=1+2x | @) (0=
-3 Lo | (E9

st
-8 | (0.2
(1,1) (5,13)
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