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Similarity with Area and Volume
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Scale factors
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Length Scale Factor Area Scale Factor Volume Scale Factor
× 2 × 4 × 8

× 3 × 9 × 27

× 4 × 16 × 64

… … …

× + × +
!

× +
"



Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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! and " are mathematically similar solids. The surface area 
of ! is 100	&'!. The surface area of " is 64	&'!. Work out 
the ratio of the volume of ! to the volume of ".

! and " are mathematically similar solids. The surface area 
of ! is 120	&'!. The surface area of " is 480	&'!. Work 
out the ratio of the volume of ! to the volume of ".



Worked Example Your Turn

Page 13

! and " are mathematically similar solids. The volume of ! is 
500	&'". The volume of " is 256	&'". Work out the ratio of 
the surface area of ! to the surface area of ".

! and " are mathematically similar solids. The volume of ! is 
120	&'". The volume of " is 960	&'". Work out the ratio of 
the surface area of ! to the surface area of ".



Worked Example Your Turn
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The surface area of two mathematically similar solids are 
in the ratio 16: 49. The volume of the smaller solid is 
128	&'". Work out the volume of the larger solid.

The surface area of two mathematically similar solids are 
in the ratio 9: 25. The volume area of the smaller solid is 
108	&'". Work out the volume of the larger solid.



Worked Example Your Turn
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The volume of two mathematically similar solids are in the 
ratio 64: 343. The surface area of the smaller solid is 
32	&'!. Work out the surface area of the larger solid.

The volume of two mathematically similar solids are in the 
ratio 27: 125. The surface area of the smaller solid is 
36	&'!. Work out the surface area of the larger solid.
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Volume and Surface Area of Pyramids
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Volume and Surface Area of Pyramids
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Pyramids
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Worked Example Your Turn
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Calculate the volume of the following 
rectangular-based pyramid.

Calculate the volume of the following 
rectangular-based pyramid.

5 cm

3 cm
4 cm

10 cm

6 cm
8 cm



Worked Example Your Turn
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Calculate the volume of the following 
triangular-based pyramid.

Calculate the volume of the following 
triangular-based pyramid.

5 cm

3 cm

4 cm

10 cm

6 cm

8 cm



Worked Example Your Turn
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Find the height, 1, given that the volume 
of the following rectangular-based 
pyramid is 20 &'".

Find the height, 1, given that the volume 
of the following rectangular-based 
pyramid is 160 &'".

( cm

3 cm
4 cm

( cm

6 cm
8 cm



Worked Example Your Turn
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Find the height, 1, given that the volume 
of the following triangular-based pyramid 
is 10 &'".

Find the height, 1, given that the volume 
of the following triangular-based pyramid 
is 80 &'".

( cm

3 cm

4 cm

( cm

6 cm

8 cm



Worked Example Your Turn
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EXTRA NOTES
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Volume of a cone
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Volume of a cone

Page 32

Volume of Cone =
1

3
× Area of circle × height

Volume of Cone =
1

3
× π × radius2 × height

Volume of Cone =
1

3
πr
2
h

ℎ

#



Worked Example Your Turn
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Calculate the volume of the following 
cone. Give your answer in terms of 2 and 
to 1 decimal place.

Calculate the volume of the following 
cone. Give your answer in terms of 2 and 
to 1 decimal place.

10 cm

3 cm

20 cm

6 cm



Worked Example Your Turn
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Calculate the volume of the following 
cone. Give your answer in terms of 2 and 
to 1 decimal place.

Calculate the volume of the following 
cone. Give your answer in terms of 2 and 
to 1 decimal place.

5 cm

3 cm

10 cm

6 cm



Worked Example Your Turn
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Find the height, 1, given that the volume 
of the following cone is 302 &'".

Find the height, 1, given that the volume 
of the following cone is 2402 &'".

& cm

3 cm

x cm

6 cm



Worked Example Your Turn
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Find the height, !, given that the 
volume of the following cone is 
94.2 &'$. Give your answer to 1
decimal place.

Find the height, !, given that the 
volume of the following cone is 
754.0 &'$. Give your answer to 1
decimal place.

& cm

3 cm

x cm

6 cm



Worked Example Your Turn
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Find the radius, A, given that the 
volume of the following cone is 
30C DE

".

Find the radius, A, given that the 
volume of the following cone is 
240C DE

".

10 cm

& cm

20 cm

& cm
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Worked Example Your Turn
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Surface Area of a cone
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Surface Area of a cone

Page 41

Curved Surface Area of Cone = π × radius × length

Curved Surface Area of Cone = πrl

Total Surface Area of Cone = π × radius × length + π × radius2

Total Surface Area of Cone = πrl + πr2

#

%
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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EXTRA NOTES
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Volume of Frustums
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Volume of Frustums

Page 52

Volume is the amount of space an object takes up.

A frustum is a pyramid/cone with part of the top chopped off.



Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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EXTRA NOTES
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Volume of Spheres
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Volume of Spheres

Page 58

Volume of Sphere =
4

3
× π × radius3

Volume of Sphere =
4

3
πr
3

#



Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Surface Area of Spheres
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Surface Area of Spheres

Page 66

Surface Area of Sphere = 4 × π × radius2

Surface Area of Sphere = 4πr
2

#



Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn
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Worked Example Your Turn

Page 74

A sphere has a surface area of 36C	DE!. 
Work out the volume of the sphere. Give your 
answer in terms of C and to 1 decimal place.

A sphere has a surface area of 144C	DE!. 
Work out the volume of the sphere. Give your 
answer in terms of C and to 1 decimal place.



Worked Example Your Turn
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A sphere has a volume of 36C	DE". Work out 
the surface area of the sphere. Give your 
answer in terms of C and to 1 decimal place.

A sphere has a volume of 288C	DE". Work out 
the surface area of the sphere. Give your answer 
in terms of C and to 1 decimal place.



EXTRA NOTES
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Area of a sector
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Area of a sector
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Worked example Your turn
Calculate the area of the sector: Calculate the area of the sector:

22 DE

11 DE

44 DE

With calculator to 3 s.f.

Without calculator in terms of 2

With calculator to 3 s.f.

Without calculator in terms of 2

Page 81



Worked example Your turn
Calculate the area of the sector: Calculate the area of the sector:

34 DE

68 DE

17 DE

With calculator to 3 s.f.

Without calculator in terms of 2

With calculator to 3 s.f.

Without calculator in terms of 2
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Worked example Your turn
Calculate the area of the sector: Calculate the area of the sector:

4.5	&'

4.5	&' 42°

With calculator to 3 s.f.
With calculator to 3 s.f.

Page 83



Worked example Your turn
The area of the sector is 
14.844	&'I. Find (

The area of the sector is 
7.422	&'I. Find (

The area of the sector is 
1484.402529	&'I. Find (

1	&'

42°1	&'

!	&'
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Worked example Your turn
Calculate the area of the shaded 
segment APB

Calculate the area of the shaded 
segment APB

2.7	-.2.7	-. 36°

With calculator to 3 s.f. With calculator to 3 s.f.

EXTENSION answer in terms of 2Page 87



Worked example Your turn
Calculate the perimeter of the 
sector:

Calculate the perimeter of the 
sector:

With calculator to 3 s.f.

Without calculator in terms of 2

With calculator to 3 s.f.

Without calculator in terms of 2
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Worked example Your turn
Calculate the perimeter of the 
sector:

Calculate the perimeter of the 
sector:

With calculator to 3 s.f.

Without calculator in terms of 2

With calculator to 3 s.f.

Without calculator in terms of 2
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Worked example Your turn
Calculate the arc length of the 
sector:

Calculate the arc length of the 
sector:

4.5	&'

4.5	&' 42°
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Worked example Your turn
Calculate the perimeter of the 
sector:

Calculate the perimeter of the 
sector:

4.5	&'

4.5	&' 42°

With calculator to 3 s.f.
With calculator to 3 s.f.
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Worked example Your turn

The perimeter of the sector is 50 
&'. Find (

The perimeter of the sector is 25 
&'. Find (

18	&'

18	&'
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Worked example Your turn
Calculate the perimeter of the 
shaded region

Calculate the perimeter of the 
shaded region

3	&' 2	&'

57°
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Worked example Your turn
Calculate the perimeter of the 
shaded segment APB

Calculate the perimeter of the 
shaded segment APB

2.7	&'2.7	&'
36°
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EXTRA NOTES
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Worked example Your turn

9
20

25 36

64

100



Worked example Your turn
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Venn Diagrams and Probability

What is a set?

In mathematics, it is often useful to represent a 
collection of items.
We use curly braces to indicate a set of items...

−4, 1, 3

A set is a collection of items with 2 properties:
a) It does not contain duplicates.
b) The order of the elements does not matter.

(but we usually write the items in ascending 
order)

Is it a set?
a) −3.5, 2, 9
b) 4, 5, 5, 6
c) 1
d) 1,2 , 3,4
e) 789, :;<8, =788>

Are these sets the same?
3,1,2 = {1,2,3}



Page 107

Venn Diagrams and Probability

Finite Sets vs Infinite Sets

The examples with seen have been finitely large sets.
• −4, 1, 3

But it is also possible to have sets which are infinitely large…
• “the set of all positive integers (whole numbers)”
• “the set of all odd numbers”



Page 108

Venn Diagrams and Probability



Worked example Your turn

List the following sets:
a) {factors of 15}
b) {the first four square numbers}
c) {letters in the word LONDON}
d) {possible outcomes when an ordinary coin is thrown}

List the following sets:
a) {the first four multiples of 15}
b) {the first four cube numbers}
c) {letters in the word BIRMINGHAM}
d) {possible outcomes when an ordinary dice is thrown}

Page 109



Worked example Your turn
a) U = {even numbers less than 15}

A = {prime numbers}
B = {multiples of 3}
List:

i) A

ii) B

b) U = {first 10 letters of the alphabet}
X = {vowels}
Y = {letters in the word ‘FRENCH’}
List:

i) X

ii) Y

c) U = {factors of 30}
P = {prime numbers}
E = {even numbers}
O = {odd numbers}
List:

i) P

ii) E

iii) O

a) U = {odd numbers less than 15}
A = {prime numbers}
B = {multiples of 3}
List:

i) A

ii) B

b) U = {first 10 letters of the alphabet}
X = {vowels}
Y = {letters in the word ‘ENGLISH’}
List:

i) X

ii) Y

c) U = {factors of 24}
P = {prime numbers}
E = {even numbers}
O = {odd numbers}
List:

i) P

ii) E

iii) O Page 110



Worked example Your turn
Represent as a Venn diagram:
B = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9
! = 0, 1, 3, 5, 8
" = 2, 5, 8, 9

Represent as a Venn diagram:
B = 2, 3, 4, 5, 7, 11, 13, 17, 19
! = 2, 3, 5, 11, 13
" = 5, 7, 13, 17, 19

Page 111



Worked example Your turn
Represent as a Venn diagram:
ξ =Positive integers between 1 and 10 
inclusive
A = {Prime numbers}
B = {Even numbers}

Represent as a Venn diagram:
ξ = Integers between 0 and 5 inclusive
A = {Prime numbers}
B = {Odd numbers}

Page 112



Worked example Your turn
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Worked example Your turn
Represent in a Venn diagram:
B = F>G8=87H :8GI88> 1 J>9	10	K>&;<HKL8
! = M99 ><':87H
" = ><':87H =78JG87	GℎJ>	4
O = {><':87H ;8HH	GℎJ>	3}

Represent in a Venn diagram:
B = F>G8=87H :8GI88> 1 J>9	20	K>&;<HKL8
! = P7K'8 ><':87H
" = HQ<J78 ><':87H
O = {8L8> ><':87H}
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Worked example Your turn
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Worked example Your turn
There are 130 pupils. The examinations available are: English, Maths 
and Science.

• 10 pupils are sitting English and Maths but not science.
• 20 pupils are sitting Science and Maths but not English.
• 9 pupils are sitting Science and English but not Maths.
• 13 pupils are sitting all three exams.
• 49 are sitting English in total.
• 83 are sitting Maths in total.
• 62 are sitting Science in total.

A pupil is chosen at random. What is the probability that they are sitting 
no exams?

There are 150 pupils. The examinations available are: English, Maths 
and Science.

• 15 pupils are sitting English and Maths but not science.
• 20 pupils are sitting Science and Maths but not English.
• 18 pupils are sitting Science and English but not Maths.
• 8 pupils are sitting all three exams.
• 55 are sitting English in total.
• 72 are sitting Maths in total.
• 65 are sitting Science in total.

A pupil is chosen at random. What is the probability that they are sitting 
no exams?
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Worked example Your turn
In a group of 30 mathematicians:
• 15 have studied Calculus.
• 22 have studied Topology.
• Some have studied both.
• 3 mathematicians have not yet studied either Calculus or topology.

A mathematician is chosen at random. Find the probability that the 
mathematician has studied:
a) Calculus
b) Topology
c) Both Calculus and Topology
d) Neither Calculus nor topology

In a group of 28 scientists:
• 20 have degrees in Physics.
• 18 have degrees in Chemistry.
• Some have degrees in both.
• 4 scientists have degrees which are neither Physics nor Chemistry.

A scientist is chosen at random. Find the probability that the scientist has a 
degree in:
a) Physics
b) Chemistry
c) Both Physics and Chemistry
d) Neither Physics nor Chemistry
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Worked example Your turn

The Venn diagram shows a sample of people 
who play the guitar (G) or piano (P).

Find the probability that a student plays the 
guitar, given that they play the piano.

The Venn diagram shows a sample of people 
who play the guitar (G) or piano (P).

Find the probability that a student plays the 
piano, given that they play the guitar.
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Worked example Your turn

A vet surveys 100 of her clients. She finds that
25 own dogs, 15 own dogs and cats, 11 own dogs and tropical fish, 53
own cats, 10 own cats and tropical fish, 7 own dogs, cats and tropical 
fish, 40 own tropical fish.

Draw a Venn Diagram, and hence answer the following questions:
a) P owns dog only
b) P does not own tropical ?ish
c) P(does not own dogs, cats, or tropical ?ish)
d) Given that a randomly chosen person owns a cat, what’s the 

probability they own a dog? 

The following shows the results of a survey on the types of exercise 
taken by a group of 100 people.
65 run, 8 swim,60	cycle, 40 run and swim, 30 swim and cycle, 35 
run and cycle and 25 do all three

a) Draw a Venn Diagram to represent these data.
Find the probability that a randomly selected person from the 
survey
b) takes none of these types of exercise,
c) swims but does not run,
d) takes at least two of these types of exercise.
Jason is one of the above group. Given that Jason runs,
e) find the probability that he swims but does not cycle.
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Combining Sets
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Notation

ξ BA

A

ξ BA

B

ξ BA

A’

ξ BA

B’

ξ BA

A B

ξ BA

A B’

ξ BA

A’ B

ξ BA

A’ B’

ξ BA

A ∩ B

ξ BA

A ∩ B’

ξ BA

A’ ∩ B

ξ BA

A’ ∩ B’

The opposite of a set.
Complement: ‘

B’ = everywhere not in B

Intersection: ∩
The overlap of regions.

A ∩ B = everywhere A and B overlap

Union: 
The sum of regions.
A B = A added to B



Worked example Your turn

J = 1,2,3, … , 10

L = 2,4,6,8,10

M = {3,6,9}

a) L ∩ M =

b) L ∪ M =

c) L
#
=

d) M
#
=

e) L ∩ M
#
=

f) L
#
∩ M =

g) L
#
∩ M

#
=

J = { all whole numbers }
L = { factors of 60 }
M = { multiples of 3 }

a) L ∩ M =

b) L ∪ M =

c) L
#
=

d) M
#
=

e) L ∩ M
#
=

f) L
#
∩ M =

g) L
#
∩ M

#
=
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Worked example Your turn
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EXTRA NOTES
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Tree Diagrams
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Structuring Probability Trees for Single Events



Fluency Practice
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Structuring Probability Trees
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Structuring Probability Trees
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Labelling and Calculating Probabilities
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Types Mistakes
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Independent Events
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Worked example Your turn
In bag A there are 4 white and 7 red counters. In bag B there are 
9 white counters and 5 red counters. A person takes at random 
one counter from A and one counter from B.

a) Draw a probability tree diagram to represent the situation.
b) Find the probability that the counters are the same colour.
c) Find the probability that the counters are different colours.

In bag A there are 2 white and 5 red counters. In bag B there are 
7 white counters and 3 red counters. A person takes at random 
one counter from A and one counter from B.

a) Draw a probability tree diagram to represent the situation.
b) Find the probability that the counters are the same colour.
c) Find the probability that the counters are different colours.



Worked example Your turn

A person plays a game of tennis and then a game of golf. 
They can only win or lose each game. The probability of 
winning tennis is 0.3. The probability of winning golf is 0.7. 
The results of each game are independent of each other.

a) Draw a probability tree to represent this information.
b) Calculate the probability that the person win both 

games.
c) Calculate the probability that the person wins one 

and loses one.
d) Calculate the probability that the person wins at least 

one game.

A person plays a game of tennis and then a game of golf. 
They can only win or lose each game. The probability of 
winning tennis is 0.6. The probability of winning golf is 
0.35. The results of each game are independent of each 
other.

a) Draw a probability tree to represent this information.
b) Calculate the probability that the person loses both 

games.
c) Calculate the probability that the person wins one 

and loses one.
d) Calculate the probability that the person loses at least 

one game.
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Reasoning (Independent Events)

• Does it matter which box Leyland chooses from first?

• Will the order affect the probabilities of the combined 
outcomes?
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Reasoning (Dependent Events)



Worked example Your turn
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Reasoning (Dependent Events)

• Does it matter which box Laura chooses from first?

• Will the order affect the probabilities of the combined 
outcomes?
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Exam Q Your Turn
There are two bags with numbered discs as shown.

A person chooses a disc at random from bag 1.
If it is labelled 2, he puts the disc in bag 2.
If it is labelled 1, he does not put the disc in bag 2.
He then chooses a disc at random from bag 2.
He then adds the numbers of the two discs he selected to give his 
score.
Find the probability that his score is 4.



Worked Example K297a Your Turn
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REVIEW

...with replacement:
The item is returned before another is chosen. The probability of each event on each trial is 
fixed.

...without replacement:
The item is not returned.
•Total balls decreases by 1 each time.
•Number of items of this type decreases by 1.

Note that if the question doesn’t specify which, e.g. “You pick two balls from a bag”, then 
PRESUME WITHOUT REPLACEMENT.



EXTRA NOTES
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