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1 Similarity with Area and Volume
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Similar Solids

We can now see the relationship between length, area and volume scale
factors.

[ )

Volume scale i J Area scale
factor, k3 factor, k?
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Scale Factors

Length Scale Factor

Area Scale Factor

Volume Scale Factor

X 2 X 4 X 8
X 3 X 9 X 27
X 4 X 16 X 64

X k3

If going between sf of area and
volume, always go via sf of

sf of
volume
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Fill in the Gaps
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Fill in the Gaps
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Fill in the Gaps

Cuboid A Cuboid B
Height of A Height of B Surface area | Surface area Volume of A Volume of B
(cm) (cm) of A (cm?) of B (cm?) (cm?3) (cm3d)
15 45 120 60
90 180 2000 12000
2 20 700 12000
18 70 1750 32
10 4.3 68.8 7.2
6.8 12.5 6.6 178.2
45 125 42 656.25
11.36 15.2 54 221.184
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Worked Example

Your Turn

In the diagram ABC and AED are straight lines and BE is
parallel to CD.

G D

The length AB is 20 cm and the length BC is 27.5 cm.
The area of triangle ABE is 83.2 cm?.
Work out the area of triangle ACD.

In the diagram ABC and AED are straight lines and BE is
parallel to CD.

D

C B A

The length AB is 10.5 cm and the length BC is 18.9 cm.
The area of triangle ABE is 45 cm?.
Work out the area of triangle ACD.

Dr Frost 3240
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Worked Example Your Turn

In the diagram ABC and AED are straight lines and BE is In the diagram ABC and AED are straight lines and BE is

parallel to CD parallel to CD
D A
7 B E
¢ B A - -

The length AB is 8.5 cm and the length BC is 17 cm

The area of triangle ABE is x cm?
The area of quadrilateral BCDE is y cm?

The length BE is 8 cm and the length CD is 16 cm

The area of triangle ABE is x cm?
The area of quadrilateral BCDE is y cm?

Find an expression for y in terms of x Find an expression for x in terms of y

Dr Frost 324p
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Extra Notes
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2 Arcs, Sectors and Segments

Page 45




Arc Length and Perimeter of Sectors and Segments

Angle .
Arc Length of a Sector = 360 X 1 X Diameter
r
L= 0 X Ttd
~360 " " r
. Angle _ _ e
Perimeter of a Sector = 360 X 1t X Diameter + 2 X Radius
0
P=— Xmd+ 2r L

~ 360
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Fill in the Gaps
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Fill in the Gaps
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Fill in the Gaps

woe 9y wa0y -

wo (ZT + u§)

— |on

way,

4
1

*3[2412
*Y18ua| oay sjoym ay: | uslswelq

‘aoe|d *SapIs
|ewap '1d Jo swid) | ySiens
T 0} ul J9)dwWIdd Jo

1
SELETTIEY yisuan jo uondeuy

woQ|

— |00

wo01

— |on

Wogt

*aoe|d *sapls
*32412
fetisp 1djosuudy | qydlens *y38ua) 24 3l0 >>.w 1 | u918wel
10} uj J91PWIdd jo 4 12V foum sy L
Jo uonoeuy
SENETNIEY | yi8uaq

Page 61



Worked Example

Your Turn

A shape is formed from the sectors of two circles with centre O.

OPQ and OSR are straight lines.

0 R

8.96 cm 3.2
0 cm

The length of OS is 3.2 cm.

The length of 0Q is 8.96 cm.

Angle POS is 120°.

Calculate the perimeter of the shaded region.
Give your answer to 1 decimal place.

A shape is formed from the sectors of two circles with centre O.
OPQ and OSR are straight lines.

0
6.72 cm
P
(0]
2.4 cm
R

The length of OS is 2.4 cm.

The length of 0Q is 6.72 cm.

Angle POS is 125°.

Calculate the perimeter of the shaded region.
Give your answer to 1 decimal place.

Dr Frost 318e
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Area of Sectors and Segments

Area of a Sector =

0
A=—— XT[I‘Z

360

Angle
360

X 1t X Radius

2

r

eO
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Fill in the Gaps
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Worked Example

Your Turn

A metal component for a machine is formed from the sectors of two
circles with centre 0. The area of sector OAD is 7.7 mm?,

B
7.68 mm
o
3.2mm
D
(&

OAB and ODC are straight lines.
The length of OD is 3.2 mm.
The length of OB is 7.68 mm.

Calculate the area of the shaded region.

A metal component for a machine is formed from the sectors of two
circles with centre 0. The area of sector OAD is 4.3 mm?2.

B
6.72 mm
A
(0]
2.4 mm
D
(3

OAB and ODC are straight lines.

The length of OD is 2.4 mm.

The length of OB is 6.72 mm.

Calculate the area of the shaded region.

Dr Frost 319d
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Fill in the Gaps

Angle )
. e Circumference Area of whole Areaof
Skatei Sadins Argls (sim;?i(;’ie d) of whole circle Arcilsngth circle shaded sector

o 1

6 180 - 12n 6
2

45° 12n

3
6 =
4

6 21
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Fill in the Gaps

Angle
) —_— Circumference Area of whole Areaof
Shatch Mo Angls (simi?i())"ie d) of whole circle SIEnath circle shaded sector

6 36m 12m
7 330° 12n
8 330° 24m
9 24m 21
10 (7,4 36m

Page 76




Area of Segments

Area of Segment

Area of segment

' e — = area of sector — area of triangle
:
segment  areaof triangle = 5 7 sin @

If @ isin degrees then

o 2
area of sector =——7xr
360°

Area of segment
=im —lr2 sin@
360 2
_’-'/ Or smné |
360 2
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Fill in the Gaps

% -
Radius r cm | Arc Length | Area of Sector Area of Triangle Length of Chord Area of Segment | Perimeter of Segment
Sector Area = Triangle Area = Cosine Rule
Arc_Lf;gth %TZB %ab sinC 2 - p2+ c2 —2bccosA Area = Sector - Triangle PerTT;r;;Tr;; Are
60=15° | r=10cm 1_0 15 1 1 a® = 10% + 102 — 2(10)(10) cos(1.5) - 75— 49.87 il
- 4005 | - 2102(5) |- 5(A0A0sIn(1.5)| a2 = 185.853 .. = 25.13cm? = 28.63cm
= 15cm
= 75cm? = 49.87cm? a=13.63cm
)
0.8¢ 7cm
2)
20cm 60cm
3)
1.2° 21.6cm?
4)
61 cm 721 cm?
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Fill in the Gaps

Area of Triangle

Length of Chord

Area of Segment

Perimeter of Segment

Radius r cm | Arc Length | Area of Sector
Sector Area = Triangle Area = Cosine Rule
Arc_Le;gth %r?-e %ab sin € a? =b%+c? —2bccosA | Area=Sector - Triangle Pe”_)"“;';’ ;;T’;; e
0 =1.5¢ r=10cm l_Or 15 1 1 a? = 10% + 10% — 2(10)(10) cos(1.5) - 75 —49.87 i
2495 | - 2102(.5) | > 5(10A0)sin(1.5) | a? =185.853 . = 25.13cm? = 28.630m
=15cm
= 75cm? = 49.87cm? a=13.63cm
5)
8cm 8cm
6)
15cm 94.67cm?
7)
11cm 5.694cm
8)
2¢ 6.681cm?
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Worked Example Your Turn

The diagram shows three circles, each of radius 9 cm. The diagram shows three circles, each of radius 6 cm.
The centres of the circles are A, B and C such that ABC is a straight line The centres of the circles are P, Q and R such that PQR is a straight line
and AB = BC =9cm. and PQ = QR = 6.cm.

Y Y
N AN

Work out the total area of the two shaded regions. Work out the total area of the two shaded regions.
Give your answer in terms of 1. Give your answer in terms of .
Dr Frost 467r
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Extra Notes
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3 Volume and Surface Area of Non-Prisms
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Volume of Spheres

4
Volume of Sphere = 3 x Tt X Radius?

4
V= §T[I'3
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Worked Example Your Turn

a) A sphere has a surface area of 36w cm?. Work out the a) A sphere has a surface area of 144w cm?. Work out the
volume of the sphere. Give your answer in terms of m and volume of the sphere. Give your answer in terms of m and
to 1 decimal place. to 1 decimal place.

b) A sphere has a volume of 36w cm3. Work out the surface | b) A sphere has a volume of 2881 cm3. Work out the
area of the sphere. Give your answer in terms of m and to surface area of the sphere. Give your answer in terms of
1 decimal place. and to 1 decimal place.

Dr Frost 4060
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Worked Example Your Turn
The diagram shows a solid quarter sphere, centre O. The diagram shows a solid quarter sphere, centre O.
The volume of the solid is 9750 cm?. The volume of the solid is 3500 cm3.
Work out the surface area of the solid. Work out the surface area of the solid.
Give your answer to 1 decimal place. Give your answer to 1 decimal place.
Dr Frost 406p
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Volume of Pyramids

1
Volume of Pyramid = 3 X Area of Base X Vertical Height

Page 112




Worked Example Your Turn

Calculate the volume of the following triangular-based Calculate the volume of the following triangular-based
pyramid. pyramid.

5cm 10 cm
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Surface Area of Pyramids

1
Total Surface Area of Pyramid = 2 X Perimeter of Base X Slant Height + Area of Base

1
TSA = EPS+A

Note: This formula only works for regular pyramids (e.g., pyramids with a square base). To find the surface area of other types of
pyramids, you need to calculate the area of each face and the base separately, then add them together.
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Worked Example

Your Turn

The diagram shows a square based pyramid ABCDV. The vertex, I/, of the
pyramid is directly above the centre of the square base.

V

11 cm

A T7cm D

The length of each side of the base is 7 cm. The length of each slanted
edge is 11 cm. Find the total surface area of the pyramid. Give your
answer to 1 decimal place.

The diagram shows a square based pyramid ABCDV . The vertex, V, of the
pyramid is directly above the centre of the square base.

V

35cm

A 23cm D

The length of each side of the base is 23 cm. The length of each slanted
edge is 35 cm. Find the total surface area of the pyramid. Give your
answer to 1 decimal place.

Dr Frost 406b
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Volume of Cones

1
Volume of Cone = —

1
V= §T[I'2h

3

X Area of Circle X Height
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Worked Example

Your Turn

Calculate the volume of the following cone. Give your answer Calculate the volume of the following cone. Give your answer

in terms of T and to 1 decimal place.

A

10 cm

in terms of T and to 1 decimal place.

A

20 cm

Dr Frost 405c
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Worked Example

Your Turn

Calculate the volume of the following cone. Give your answer Calculate the volume of the following cone. Give your answer

in terms of T and to 1 decimal place.

5cm

in terms of T and to 1 decimal place.

13 cm
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Worked Example Your Turn
Find the height, x, given that the volume of the following cone | Find the height, x, given that the volume of the following cone
is 94.2 cm3. Give your answer to 1 decimal place. is 754.0 cm3. Give your answer to 1 decimal place.
A A
X cm XCcm
v v
Dr Frost 405d
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Worked Example Your Turn
Find the radius, x, given that the volume of the following cone Find the radius, x, given that the volume of the following cone
is 94.2 cm3. Give your answer to 1 decimal place. is 754.0 cm3. Give your answer to 1 decimal place.
A A
10 cm 40 cm
v v
Dr Frost 405e
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Worked Example Your Turn

Find the slanted height, x, given that the volume of the Find the slanted height, x, given that the volume of the
following cone is 37.7 cm3. Give your answer to 1 decimal following cone is 500 cm3. Give your answer to 1 decimal
place. place.

X cm X cm
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Worked Example

Your Turn

The diagram shows a solid cone. The base of the cone is a
horizontal circle, centre O, with radius 9 cm. The curved
surface area of the cone is 260 cm?. Calculate the size of angle
AVB.

The diagram shows a solid cone. The base of the cone is a
horizontal circle, centre O, with radius 4.5 cm. The curved
surface area of the cone is 130 cm?. Calculate the size of angle
AVB.
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Worked Example

Your Turn

Here is the net of a cone.

'O19cm B

19 cm
A

The net is formed from a sector of a circle, centre O, and
radius 19 cm and an additional circle for the base.
Reflex angle AOB = 258°

The net makes a cone of slant height of 19 cm.

Calculate the volume of the cone.
Give your answer correct to 1 decimal place.

Here is the net of a cone.

201°

(0] 14 cm

14 cm
A

The net is formed from a sector of a circle, centre O, and
radius 14 cm and an additional circle for the base.
Reflex angle AOB = 201°

The net makes a cone of slant height of 14 cm.

Calculate the volume of the cone.
Give your answer correct to 1 decimal place.

Dr Frost 405r
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Surface Area of Cones

Curved Surface Area of Cone = 1t X Radius X Slanted Height

CSA =Turl

Total Surface Area of Cone = 7 X Radius X Slanted Height + m X Radius?

TSA = 1trl + 1Tr2
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Fill in the Gaps

Vertical Slanted ’

Total Surface '

Volume Curved Volume :
Radius Height Height in terms of Volume to Surface Area Area Total Surface
r 3 s.f.
h | I T intermsofmT intermsofmnw Area
5cm | 12cm | 13cm 100w em?® 901 cm? 10:9
6cm | 8cm | 10cm 60m cm?
30 mm 34 mm 8040 mm?
0.7m 24m
9cm 15cm
14
2m —macm?
5
20 mm 240 mm?
151 cm? 241 cm?
17cm 320w cem? 8:5

Page 146




Volume of Frustums

Label the dimensions of each cone differently.

(A Volume of frustum =
h I", “‘\
volume of full cone —
N volume of top-sliced cone
1 1
v = —nR*H — —=nr?h

3 3
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Worked Example

Your Turn

Calculate the volume of the following frustum.

5cm

3cm

6 cm

A

Calculate the volume of the following frustum.

10 cm
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Worked Example

Your Turn

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

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

»
n n 4
I 1 \
/7 \ 1 ©\
A A
30 cm 60 cm
20 cm 40 cm
\ 4 \ 4 \ 4
Dr Frost 407c
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Worked Example

Your Turn

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

50 cm

Calculate the volume of the following frustum. Give your
answer in terms of m and to 1 decimal place.
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Worked Example

Your Turn

A cone of radius r cm is removed from a cone of radius 6 cm
and height 12 cm to give a frustum.

A N

12 cm

v

—
6 cm

The volume of the frustum is 420 cm?3

Calculate the value of r
Give your answer correct to 1 decimal place

A cone of radius r cm is removed from a cone of radius 19 cm
and height 57 cm to give a frustum.

A

\
57 .cm

19 cm

The volume of the frustum is 18407 cm3

Calculate the value of r
Give your answer correct to 1 decimal place

Dr Frost 407h
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Surface Area of Frustums

Label the dimensions of each cone differently.

Surface area of frustum =

curved surface area of full cone —

curved surface area of top-sliced cone +
two circles (top and bottom)

= tRL — wrl + wR? + nr?

Page 157




Worked Example

Your Turn

Calculate the total surface area of the following frustum.

5cm

3cm

6 cm

Calculate the total surface area of the following frustum.

A

15cm
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Worked Example

Your Turn

Calculate the total surface area of the following frustum. Give
your answer in terms of m and to 1 decimal place.

»
" 4
]
/] \
I—_‘
A
30 cm
20 cm
\ 4 \ 4

Calculate the total surface area of the following frustum. Give
your answer in terms of m and to 1 decimal place.

40 cm

N 4
A
I\
I—-‘
N
v

60 cm
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Worked Example

Your Turn

Calculate the total surface area of the following frustum. Give
your answer in terms of m and to 1 decimal place.

50 cm

Calculate the total surface area of the following frustum. Give
your answer in terms of m and to 1 decimal place.
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Extra Notes
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4 Bearings
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Can this be a Bearing?

040

Yes / No
40 Yes / No
90.5 Yes / No
158.50 Yes / No
58.5

Yes / No

Page 185




Intelligent Practice

1)
2)
3)

4)
5)
6)
7)
8)
9)
10)
11)
12)

13)

045
090
45

360

361

450

30

030

-145

260

365

180

27

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

/ No 14) -049
/ Ne 15) 049.5
/ No

16) 0180
/ No

17) 045
/ No

18) 145
/ No

19) -260
/ No

20) 0100
/ No

21) 80
/ No

22) 080
/ No

23) 0005
/ No

24) 000.5
/ No

25) 100.005
/ No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No
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Bearings

We talk about the bearing of an end point from a start point.

Here are two points, A and B.
To get from A to B we move like this.

To find the bearing of B from A,
draw a North line at A.

Turn clockwise fromm North
until we hit the line from A to B.

The bearing of B from A is 070°.

>
\\j
-]
o)
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Bearings

We talk about the bearing of an end point from a start point.

Here are two points, A and B. *
To get from B to A we move like this.

To find the bearing of A from B, i
draw a North line at B. |

B
Turn clockwise from North ‘/2 500
until we hit the line from B to A.

The bearing of A from B is 250°.
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Bearings and Parallel Lines Summary

EEEEEEERN )

Because of the parallel
North lines, there are
~orresponding al in
this bearings diagram

Because of the parallel
North lines, there are
alternate angles in this

bearings diagram

ImEEREnn N

o
L
n
L
n
n
n
n

Because of the parallel North
lines, there are co-interior angles
in this bearings diagram

iEEEEE=E NS

Page 195




Bearings and Parallel Lines

We can solve some bearings problems using facts about angles in parallel

lines.

The bearing of B from A is 110°.
Work out the bearing of A from B.

N
1

)
110° ;

M
B 360° — 70°

co-interior angles

sum to 180°

= 290°
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Worked Example

Your Turn

Find the bearing of:

Y from X

X fromY

Z from X

X from Z

Find the bearing of:

Y from X

X fromY

Z from X

X from Z
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Worked Example

Your Turn

Calculate the bearing of C from A

North
A

B
North

North

B

Calculate the bearing of C from A
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Worked Example Your Turn

The diagram shows three points, G, H and 1. The diagram shows three points, G, H and 1.
The bearing of H from G is 251°. The bearing of I from H is 051°.

The bearing of I from H is 040°. The bearing of H from G is 287°.

HI = 1G HI = 1G

N

Find the bearing of I from G.

Find the bearing of I from G.

Dr Frost 264f
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Worked Example Your Turn
North North
B B
/
# Vs

40 km / 80 km

North AJ North//
I/ [ I/ N

A 17.5 km A 35 km
a) Work out the bearing of town A from town B a) Work out the bearing of town A from town B
b) Work out the bearing of town B from town A b) Work out the bearing of town B from town A
Dr Frost 322n
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Worked Example Your Turn

The diagram shows the position of three towns B, C and D The diagram shows the position of three towns I, /] and K

J

D

The distance between C and D is 47 km The distance between K and [ is 95.2 km

The distance between C and B is 52.2 km The distance between K and ] is 86.6 km

The distance between D and B is 37.1 km The distance between I and J is 92 km

The bearing of D from C is 201° The bearing of I from K is 255°

Find the bearing of B from C Find the bearing of | from K

Give your answer correct to the nearest degree. Give your answer correct to the nearest degree.

Dr Frost 469a

Page 210




Worked Example

Your Turn

In the diagram, the three towns Abbotsley, Bowden and Cowbridge are
represented by the letters A, B and C

N

A plane flies from Abbotsley for 25 km on a bearing of 040° to Bowden.
It then flies from Bowden for 24 km on a bearing of 132° to Cowbridge.

The plane then returns directly to Abbotsley.

Find the total distance travelled by the plane.

In the diagram, the three towns Abercarn, Bagham and Caldmore are
represented by the letters A, B and C

A helicopter flies from Abercarn for 24 km on a bearing of 044° to
Bagham.

It then flies from Bagham for 16 km on a bearing of 105° to Caldmore.
The helicopter then returns directly to Abercarn.

Find the total distance travelled by the helicopter.

Dr Frost 469b
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Extra Notes
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