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m Book 1 Shape & space 1

Shape and space 1

Geometrical shapes play an important role in many fields,
including architecture and engineering. For example,
truss bridges rely on the forces in a framework of beams
arranged in a triangular pattern. We will study triangles
and other geometrical shapes in this section.

We will also study Pythagoras’ Theorem. Pythagoras of
Samoa (570-495BC) was a well-known mathematician,
scientist and religious teacher. He was inspired to study
mathematics and astronomy, but also made important
discoveries in music and medicine. His most famous
theorem, Pythagoras’ Theorem, was possibly discovered
by the Babylonians in 1000BC and probably even earlier (%)

by Indian and Chinese mathematicians. &hagofas of
K Samos (570-495BC) p»

Learning objectives

’
Use the angle properties of triangles to solve ge trical problems

Use the angle properties of quadrilaterals tq@/e geometrical problems

Find the length of sidesin a right—anglet@mgle

Solve problems using Pythagoras’ Th{ m

Find the area and perimeter of t les and quadrilaterals

Find the area and perimetgr, SNicles and semicircles

Find the area and peri \of shapes made from triangles and quadrilaterals
m Find the areaQ&perimeter of sectors and shapes made from sectors

Basic principles

B Angles on a straight line sum to 180°.

a+b=180°

B Vertically opposite angles are equal.

(o> .
%.4 a=c¢ b=d
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Parallel lines. B Equilateral triangle. All three sides are the
same length and all three angles are 60°.
A
: feo\
a\ ¢

Alternate angles a are equal

. 60° . 60°
Corresponding angles ¢ are equal 1
Co-interior angles sum to 180° z + ¢ = 180° c‘)\
Isosceles triangle. Two sides are the same length B Solve equat@scpor x such as:
and two angles are the same size. 52=32+ 6

2 ﬁ%z

(@16

You can find common factors of algebr@?erms as well as numbers.

The common factor of 3xy and 6x A

Algebraic expressions can beﬂ@ten using brackets if the terms have common factors.
3xy + 6x =3x(y + 2) A\

The inverse (oppos'Q}‘Qquuaring is finding the square root.

To solve an equation involving a square, find the square root.

72 =100
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Triangles

The angle sum of a triangle is 180°.

PROOF

ABC is any triangle.
Through B draw a line parallel to AC.
(1) d+b+e=180° (angles on a straight line)

2) d=a (alternate angles)
(B) e=c (alternate angles)
Substituting (2) & (3) into (1) gives a + 4+ c= 180°, < é\ ¢
©
- One angle of a triangle is 60°. 6Q
m What is the sum of the other two angles? c’)\@
Reasoning a+b+60=180° &\0
= a+b=120° 00
a 60°

’
Interior and exterior angles N

When one side of a triangle is ex\@ﬁed,
the exterior angle is forme(b

(&0 exterior angle
N
O
«04\
4

interior angle
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Reasoning

Copy and complete the table for each of the triangles below.

a c 120° 7] G 45"
Triangle 1 Triangle 2
a p 150°
Triangle 3

‘
Exterior angle KK ¢ a+b

Triangle 1 120°

Triangle 2 45° OQ
Triangle 3 @3
Triangle 4 \Q x°
What do you notice atqlcpe sum of the two opposite interior angles, a + 4?
Activity 1 shows ;I”@Q(ebexterior angle of a triangle equals the sum of the opposite interior angles.
Writing out the@tulations for triangle 4, including reasons, would give a proof of this result.

Angle s the exterior angles of a triangle
Imagin€you are walking around a triangular field ABC.

Start at 4, facing B.

Walk to B then turn anti-clockwise through
angle 4 to face C. b)\B

Walk to C then turn anti-clockwise through
angle cto face 4.

Walk to A4 then turn anti-clockwise through
angle 4 to face B again.

You have turned through 360°.

You have also turned through a + 4 + c. /Q/
Soa+b+c=360°.

Y

-
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Shape & space 1

Special triangles

Some triangles have special names and properties.

Intersect at
one point

-+

hypotenuse

o

Equilateral triangle

All sides are equal

All angles are 60°

Lines of symmetry go to the
mid-points of the sides and
are at right angles to the sides.
Rotational symmetry of order 3

An isosceles triangle can always be cut
into two equal right-angled triangles.
This is very important for solving

problems using Pythagoras’ Theorerr\

or trigonometry later in
the book.

ABC and BCD are iso?gles triangles.
AB is parallel to Q@Q
ZACEis 1403\(9

Find tbigof the angle marked x.

£ACE is an exterior angle of AABC
= £CAB + £ABC = 140°

2CAB = £ABC

= £ABC=140°+2=70°

£2ABC = «2BCD

4BCD = 2CBD =170°

= angle x = 180° - (70° + 70°) = 40°

Isosceles triangle
Two sides are equal
Two angles are equal &
Line of symmetry goes to@
mid-point of the side a

is at right angles t @side.

No rotational sy@& ry

ight-angled triangle
ne angle is 90°
O The hypotenuse is the
longest side
No lines of symmetry
No rotational symmetry

00&\
Q
N

/

140 f

A

(AABC is isosceles)

(alternate angles)
(ABCD is isosceles)

(angle sum of triangle)
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- Work out the size of angle 4BC.

Reasoning 2FCD + «CDE = 180° (co-interior angles)

2FCD =x (vertically opposite angles)

3x =180

x=60°
£BAC = 50° (£BAC = x - 10)
2ABC=10° (angle sum of a triangle)
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Exercise 1 1> Work out the sizes of the angles marked with a letter.

d
X

[12°

2P ABCand CDE are straight lines. AE is parallel to BD.
Work out the size of A
a ABD
b BDC

¢ AEC

d ACE &O ¢
3P Work out the size of each angle marked with a letter.éQ
a C \'@
00
68° K&
)
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4P ABis parallel to CD.
EG=FG
AEG=110°

Calculate the size of DGH.

m 5P Calculate the size of each lettered angle.

Reasoning

m 6 > Calculate the size of angle «. 00

Reasoning

7» ABCisa tria@@ M
Disa E)O" AC. A ﬂ

Finddsx\_,ize of angle ACB. Q

QS ’
8P Angle AFC° = x° and angle ACB = °. A

a Whatis the value of x? é G
b What is the value of y? %

67
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Exercise 1* 1» ABCand CDE are straight lines. AE is parallel to BD.
E
2%
68°
A
C B
Work out the size of
a ABD b AED ¢ BDC d ACE
2 > Work out the size of each angle marked with a letter. $\

a B

3P CDEFis a straight line. 4 B
ABis parallel to CF. v
DE = AE. Diagram NOT
accurately drawn
Calculate the size of the angle
marked x. X
You must give reasons for c D I E" F

your answer.
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m 4P Calculate the size of each lettered angle. You must give reasons for your answers.

o7

x 50°
m 5P Atriangle ABC has exterior angles as shown.

Reasoning a Find the value of .

b Show that ABCis an isosceles triangle.

6 » Work out the size of angle QSP. Give rea or your working,.
O
R >
’
Q
XX __2x+35

» 2x-20 _QQ R
S

7»  Sketchand la{&/vo different isosceles triangles with at least one angle of 50°.

WC{ t the size of each angle.

Quadrilaterals

8> Inan i;e@es triangle, one angle is three times the size of each of the other two angles.

Interior angles

Dty

A quadrilateral can always be split into two triangles.
The angle sum of each triangle is 180°. c<L

So the angle sum of the quadrilateral is 360°. =>4

S0
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Exterior angles

In the same way that you imagined
walking around a triangular field,
imagine walking around a
quadrilateral field ABCD.

Again you turn anti-

clockwise through 360°.

Soa+b+c+d=360°

The sum of the exterior angles
of a quadrilateral is 360°.

Special quadrilaterals X\
The diagrams show quadrilaterals with special names and proper @O

The square, rectangle, parallelogram and rhombus have par&eQdes that are not shown on the
diagrams to avoid confusion. %)
&

Squlare Rectangle () ) Kite
;i\ I /L )
N
T Q\'l
Four equal sides at right- @es at right angles to Can be divided into two
angles to each other. Qaach other. different sized isosceles
Opposite sides are par Q) Opposite sides are parallel. triangles.
Diagonals are of eq%@ugth Diagonals are of equal length Right angles are possible
and bisect each oy at and bisect each other. as interior angles. Note the
right-angles. .\%\ equal angles and equal sides.
A Diagonals are at right angles

Q\O to each other.

Rhombus Parallelogram Trapezium
Four equal sides. Opposite sides are equal. Two sides are parallel.
Opposite sides are parallel. Opposite sides are parallel. An isosceles trapezium has
Diagonals bisect each other  Diagonals bisect each other. the other two sides equal in
at right-angles. length.

Right angles are possible as
interior angles.
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ABCD is a quadrilateral with angles as shown.

m a Find angle «. B

Reasoning b Show that BCis perpendicular to 4D.

a «ADC=30° (angleson a straight line add up to 180°)
«2DCB =240° (angles at a point sum to 360°)
x=360-50-30 - 240 = 40°

(internal angles of a quadrilateral cLeo*
sum to 360°) 150°
A

b Extend BC to meet 4D at point E. b

Since x = 40° and angles in a triangle sum to 180° 6\

180° - 50° - 40° = 90° &O

Then AEB =90° (angle sum of a triangle is 180°) 6Q

BC'is perpendicular to AD. \'@

&
Nk
’
Q
Z
150°
D

n this qua r| a angles
POR and QR\Nfe equal Qv R L e PSR
ORS |QN Qnes the size of PSR. need to find 2 angie
PSR isXwice the size of QPS. this a@i s
Find the size of QPS. p 2 x angle QPS

Let QPS be x.

PSR=2x QPS=2x

QPS =17 x PSR =17 x 2x = 3x
POR=QRS=3x

Angles in the quadrilateral sum to 360°.
360°=x+2x+ 3x+ 3x
360° = 9«
x = 40°
QPS = 40°
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Exercise 2

Shape & space 1

» The sum of the interior angles of a quadrilateral is 360°.

» The sum of the exterior angles of a quadrilateral is 360°.

1P The four angles of a quadrilateral are 90°, 3x + 15°, x + 25° and x + 55°. Find «.

2P Thediagram shows a kite. Find the size of angle a. w

3 Workout the size of D

fo5 A
a angle DAB

A

M
b 247Y Q)

A ‘ Y
¢ MNK

) S

4P Work out the size of angle 4BC. ,
Give reasons for your workmb

S o
O
\0 w
&©
5p ABC@\a parallelogram. B C
an isosceles triangle. i
EFis a straight line. Angle BAD = 64°.
Work out the size of angle CEF.
Give reasons for your working. 647 |
A D E F
6 » Work out the size of angle ABD. BCD is a straight line.
Give reasons for your working.

156°
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Exercise 2* 1P  Find the value of «.

5x-10

5x+ 20
3x 2x

2P ABCDis an isosceles trapezium. BCE is an isosceles triangle.
DCEF'is a straight line. Angle BEF' = 132°.

Work out the size of angle DAB. Give reasons for your Work@

N
D c . fazo %Q

A B

3 Work out the size of angle ACB. Gi\@sons for your working.

c Vs D
K\\ é\' 125°
x<Q
OQ
o @)
74
4 Q}v 110°
N 5

P

4P In this&%ﬂrilateral, angles POR and QRS are equal.
PSR is é of angle ORS.

Angle QPS is ? of angle ORS.

equal
angles
g \R
Q
4
= QRS
7 S
P

a Find angle PSR.
b Show that angle QPS is a right angle.
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m 5P Theinterior angles of a quadrilateral ABCD are B

Reasoning

Key points

Reasoning

shown in the diagram. >

a Find the value of x. A g @ C
b Show that the quadrilateral is a trapezium.

6» a Thediagonals of a rectangle intersect at 76°.
Find the angle that a diagonal makes with a longer side of the rectangle.

b The diagonals of a rectangle intersect at «. 5\
Find the angle, in terms of «, that a diagonal makes wit@mger side of the rectangle.

8

Pythagoras’ theorem 6\,@

of the sides of right-angled triangles. It is pro the most famous mathematical theorem in

the world. 0

In a right-angled triangle, the longesg\si'de is called the hypotenuse. It is the side opposite the
right angle. Q

Pythagoras’ Theorem states t@n a right-angled triangle, the square of the hypotenuse is equal
to the sum of the squares @e other two sides.

The Greek philosopher and mathematician Py@*ﬂs found a connection between the lengths

Side ais a) X e hypotenuse. a

e Ina tri@k if @® = 6 + 2 then the triangle
is Qﬁangled with side a4 as the hypotenuse. -

Calculate side a.

From Pythagoras’ Theorem:

a’ =0+ 2

ﬂ2=32+52 5cm a
=34

a=V34 3cm

a=5.83cm (to 3 s.f)
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Calculate side 4.

m From Pythagoras’ Theorem:

Reasoning a? =0+

112= 42 + 82 gcm Licm

P =112 - 82

=57 b
b=+5T7
b=1755cm (to 3 s.f)

Exercise 3 Find length «x in these right-angled triangles to 3 s.f. O
1p 2p »
y 5cm ’{% x
00
&

X 12cm Q\' 11cm
%)

17cm

7P Find the diagonal length of a square field of side 50 m.

8 » Afishing boat sails from Bastia in Corsica. It travels 15 km due east, then 25 km due south.
It then returns directly to its starting point. What is the total distance that the boat travels?

9P A3.5m ladder rests against a vertical wall. Its base is 1.5m away from the wall.
How far up the wall is the top of the ladder?

10 > A large rectangular Persian rug has a diagonal length of 12m and a width of 6m.
Find the length of the rug.



Exercise 3*

Shape & space 1

Find length a in these right-angled triangles to 3 s.f.

1p a

7cm : : |

5cm
T
9cm
3
a 14m
5m 12m

5P Calculate the distance between the points (7, 4) and (-5, 300
6 » Find the side length of a square whose diagonals are OQ long.
7 »  Thuso sails his boat from Mogadishu directly nor @»st for 50km, then directly south-east

for 100 km. He then sails directly back to Mog%ﬂu at 13:00hrs at a speed of 25 km/h.

What time does he arrive? &K
8 » Atriangle has vertices 4(-2, -1), B(- % C(6, 5).

a Show that the triangle is rlght—b& ed

’

b  Which side is the hypote
9P Afierce guard dog is tie y a 15m chain to a post that is 6m from a straight path.

Over what distance a@ he path is a person in danger from the dog?
10 >

When Giani on the ladder, it falls down the wall 0.25m and its base is now 2 m away
from the Vn@ ind the length of the ladder.

N\

A ladderis ri%iﬁggainst a vertical wall. Its base is 1.5m away from the base of the wall.

Perim{@r and area of triangles and quadrilaterals

Perimeter

The perimeter of a shape is the distance around the outside.

Area

Area of a rectangle = base x height = 45

Area of a square = base x base = 4°

Area of a triangle = % x base x height = %b/y
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A quadrilateral can always be split into two triangles to calculate its area.

Area of a rectangle and square

Total area = Area 1 + Area 2
_1 1
= be + Zb/y
= bh

A square is a rectangle where 5= 4

Area of a square = 22 where be is the length of a side.

Area of a parallelogram
Total area = Area 1 + Area 2

_1 1
= 50h+5bh

<&
&
00

N

Total area = Area 1 + Area 2

= é/.] P4
Q
Area of a trapezium \Q
Total area = Area 1 + Area 2 O

=don+Lab N
B
ot QY

0

*

Area of adé}nbus

Arho |s a parallelogram with four equal sides.
The two diagonals bisect each other at right-angles.

NI@

As the diagonals bisect each other, the height of
triangle ABC is ﬁ

The area of triangle ABC'i is < > % p X Z @

The height of trlangle ACDis also 5 so the area of

triangle ACD is also S X px Z _P_f’

rg, P9 _FH

Thetotalarea|54 VARIE

~ |T

77
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- Find the area and perimeter of the quadrilateral ABCD, where the lengths are in cm.

Using Pythagoras in triangle BCD:
BD?=3%+4°
BD?* =25
BD=5cm

Using Pythagoras in triangle ABD:
132 =5+ AD?
169 = 25 + AD?
AD? = 144 (s)\
AD=12cm KO

Perimeteris 13 +3 +4+12=32cm 6Q

2
AreaofBC,’D=%x4><3=6cm2 &KQ)

Total area = 30 + 6 = 36 cm? 00

Area of ABD =1 x 12 x 5=30cm? c’)\.g

. EO\O(\
@A\
Q
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- A rhombus has one diagonal of length 8 cm and a total area of 24 cm?. Find the perimeter.

Area of a rhombus =% . B
Area = 8xp
2
8| 4 o
48=8xp
p=6
As the diagonals bisect each other at right angles, the rhombus
is made up of four equal right-angled triangles with shorter D
sides of 3cm and 4cm. 6\ P
Using Pythagoras’ Theorem on one of these triangles gives: Q\O
AB*=3% + 47 6
AR =25 c},@
AB=5 &KQ)
The perimeter =4 x5=20cm 00
Key points » The perimeter of a shape is the djstgpce around the outside.
x<Q
Exercise 4 1 The diagram shows ag}re within a rectangle. The dimensions are in mm. Find the
shaded area.
O

w

D\OQ Drawing not
. \% to scale
)

QQG 4
2 > Find the area of this shape. All dimensions are in cm.

3 _________
T O ]
2

5 3 Drawing not
to scale

[ | [ ]
16

3 » The perimeter of a square is 12cm. Find the area.
4P The area of a square is 49 cm®. Find the perimeter.

5P The area of a square is 25cm? Find the length of a diagonal.
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6 P The area of this parallelogram is 60 cm?. Find 4.

[/}

12cm

7 »  The two parallel sides of a trapezium are 4cm apart. Their lengths are 5cm and 7.cm.
Find the area.

8 P The area of a trapezium is 36 cm®. The two parallel sides have lengths of 3cm and 5cm.
How far apart are the parallel sides?

9P Anisosceles triangle has a perimeter of 25cm. One of the sides$'§9 cm long. There are two
possible triangles, find the lengths of the sides of both tria@.

10 > The width of a photograph is three times the height.&h@ea of the photograph is 75cm?.
Find the dimensions of the photograph. Q

11 » Triangle ABC has vertices at A(-1, 1), B(5, 5) a@(z, 1).
a Find the area of triangle 4BC. O&
b  Find the perimeter of triangle A@\C’

12 > The base of an isosceles triangl\e"w twice the height Acm. Find an expression for the area in

terms of A.
&

Exercise 4* 1P The area of the shap %cmz. All dimensions are in cm. Find the value of «.

] _ ‘\\(b\z
2 (o\o
QP

o

Drawing not
to scale

L]
[]

6

2P The length of a rectangle is twice the width. The perimeter of the rectangle is 30cm.
Find the area.

3 » The perimeter of an equilateral triangle is 6 cm. Find the area correct to 3 s.f.

4P The height of an isosceles triangle is three times the base. The area is 24cm?.
Find the perimeter.
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5p

6 )

7

8

@D 12> Theareaof a rhombus is 120cm?

The area of a trapezium is 36 cm?® and the two parallel sides are 6 cm apart. If the length
of one of these parallel sides is 4cm, what is the length of the other?

An isosceles triangle has a perimeter of 16 cm. One of the sides is 6¢cm long. There are
two possible triangles, find the area of the larger one.

The diagram shows a shaded triangle and a white triangle, with dimensions in cm.
Find the area and perimeter of each triangle.

Drawing not
5 to scale

8 3 6\

The shaded area is 65m?. Find the perimeter of the sha@area.

- 0 O
5m C}Q

1om Drawing r&@

to scale
&
1 O
\/

10m

127 cm. What is the are he screen to 4 s.f.?

@D o> Theheightofa rectangu!a@vision screen is 1—96 of the width. The diagonal measures

@i 10» Triangle ABCha aorea of 16 square units and vertices at 4 (-2, 1), B(-2, 5) and C(p, —4).

a Find the@& of p.

b Find ’Ngerimeter of triangle ABC.

€p 11> Sho@}t the points 4 (5, 3), B (4, -4) and C (-3, -3) form the vertices of an isosceles

-angled triangle.

One of the diagonals has length 40cm.
Work out the perimeter of the rhombus.
Round the answer to 3 significant figures.
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Circles

Circle

The perimeter of a circle is called the circumference.

If Cis the circumference, 4 the area and » the radius, then

C=2nr
A=nr
Semicircle
A semicircle is half a circle cut along a diameter. $\
The perimeter is half the circumference of the circle plus the dmme{@ 0 P=nr+2r. @
The area is half of the area of the circle, so 5 A— —72 6Q

The circumference of a circle is 10 cm. Find the radué,)o

Using C=2nr

10=2nr (Solve the equation %Q&’the value of )

10

2n
=1.59cm (to 3 s.f) (,\\
x<Q

The area of a circle is 24 C@Oind the radius.
Using A = nr? (&

24 = 7172 ’\O Solve the equation to find the value of 7)

&

=2.76cm (to 3 s.f)

10cm
7'=

24cm?

Quadrant

A quadrant is quarter of a circle.

The perimeter is a quarter of the circumference of the circle plus &
twice the radius, so P=2" + 2r

2
The area is a quarter of the area of the circle, so.4= ﬂTr
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_ The shape shown consists of a rectangle and a quadrant. Find the perimeter and area of

Exercise 5

the shape.

The radius of the quadrant BCD is 3cm, so BC=3cm. o
Perimeter=4B + BC +arc CD + DE + EA
443+ 7X3 1443

4 B [ D
=18.7cm (to 3 s.f)

Area = area of quadrant BCD + area of rectangle ABDE 4Cm
_mx32 l
==zt 12
=19.1cm? (to 3 s.f) <—3 cm—

Find the perimeter and area of each of the following shapes, g@&nswers to3s.f.
All dimensions are in cm. All arcs are quadrants or sem|C|rcl

1> 2 .
‘ & )
P—— 00& | |

5p

In quegons 7109, give your answers to 3 s.f.

7 » Find the radius and area of a circle with circumference of 6cm.
8 P Find the radius and circumference of a circle with area 14 cm?.

9 » The minute hand of a clock is 80 mm long. How many metres does the end of the hand
travel in 12 hours?

10 > A car wheel has a diameter of 48 cm. How many revolutions (one complete rotation) does
the wheel make on a journey of 12 km? Give your answer to the nearest whole number.
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Exercise 5* Find the perimeter and area of each of the following shapes, giving answers to 3 s.f. All dimensions
are in cm. All arcs are quadrants or semicircles.

CH R

2 )

3p

CH

O& 12—

@ 7> Theareaofa qang'?t of a circle is 8 cm?. Find the radius and perimeter.

8P Acowis tm@ rope to one corner of a 20m square field.
The coyw ove inside half the area of the field.

How Icmé Is the rope? >0m

Q\

20m

9 Anew circular coin has just been made which has a circumference in cm that is
numerically the same value as the area in cm?. What is the radius of the coin?

stance

di
@D 10> The radius of the Earth is 6380km. HINT Q10: Speed = = 2=
Before calculating speed in

m/s convert the distance into
b  Find the speed of a point on the equator in m/s. m and the time into seconds.

a How far does a point on the equator travel in 24 hours?

11 > The shape shown consists of a square and a semicircle.
The perimeter is 22cm.
Find the radius of the semicircle and the area of
the shape. Give the answers to 3 s.f.
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P Ares

An arc is part of the circumference of a circle. )

The arc shown is the fraction 57+ 360 of the whole circumference. Arc

So the arc length is 555 x 277,

_ Find the perimeter of the shape shown. h g

4cm N
Arc ",
4cm //I 5\
\\\ \\\\ ’// OO
Using Arc length = 360 X 277 Q&
Arc length _%X 2m x4 =5585cm 6

Perimeter = 5.585 + 4 + 4 =13.6cm (to 3s.f) Q)

2
_ Find the angle marked x. K‘

. ~
. ~

9cm QQ

12 cm

\ 9 cm // \@
- OQ

Using Arc length = 360 rg)

12 = %9 (Solve the equation to find the value of x.)

x 360
271 x9

A =76.4° (to 3 s.f)
O
_ Find thadluSr

~

20 cm

Using Arc length = % x 2mr

20 = % x 2y (Solve the equation to find the value of r)
_ 20 x360
T 50 x2n

=22.9cm (to 3 s.f)

Key point « E Arclength 525 x 277
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1p

_ In Questions 1-4, find the perimeter of the shaded shape. Give answers to 3 s.f

r 4
_3cm h

30

4P

7cm

_- -
~
- ~

In Questions 5 and 6, find the angle marked «. Give the ansv@% 3sf.
5p

-

~

5 cm \\\ K@ 2 cm 6 cm \\

i OK \\

3cm ‘} o ‘l
5am /// \)Q

In Questions 7 and §, find the r

%@Q&ve the answers to 3 s.f.
> o

\ 8p

24 cm

_ In Questions 1 and 2, find the perimeter of the shape. Give answers to 3 s.f.
1p T

2>
3.7¢m
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In Questions 3 and 4, find the angle marked «. Give the answers to 3 s.f.

- 4p

s 38 cm

In Questions 5 and 6, find the radius r. Give the answers to 3 s.f.

. (1 4 .
\\\ 235cm rem \\\
8.2 cm 3 }
1
,” rcm //’

~o -

x9

7 » The minute hand of a clock is 9cm long. HOVK\@dOGS the end travel in 35 minutes?

8 > Find the perimeter of the shape to 3 s. 00

\)0

110°

: /\ Zcmgo

9[> The perimeter of th€yHape is 28 cm. rcrr'cm

Find the value \ . 70°/

Q rcm ZQ, rcm
. O ’
Sectors . N
&2

A sector %@rcle is a region whose perimeter is an arc ’ :
and t
Sector
The sector shown is the fraction === 360 of the whole circle. of circle .
2 N
So the sector area is == 360 x 77l . -

Find the area of the sector shown.

i =X 2
Using sector area = 360 XTTr

65 2
A—360xn><7

=27.8cm? (to 3 s.f)

87
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_ Find the angle marked x.

i =% 2
Using sector area = z¢5 x 7

Area=12cm?
12= 3—’6‘0 x 71 x 52 (Solve the equation to find the value of x.)
L 12360
%52

=55.0° (to 3 s.f)

_ Find the radius of the sector shown.

Using sector area =+ x 772
360 Area =Qcm2

50 = % x mr? (Solve the equation to find the value of 7. OO
_ 50 x360
re= 70x 7 GQ

2 ¥
=9.05cm (to 3 s.f) OKKQ)
o

x<Q
_ In Questions 1-4, find the are@' the shape. Give answers to 3 s.f.

O >

4P
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In Questions 5 and 6, find the angle marked «.

5p T 6» 72cm? .
3cm \\‘ 3 cm\\\
6cm? i
3cm //I 8cm /,/'

\
N
N 4 ~
~

-

7>

12cm?

%)
_ In Questions 1 and 2, find the area of the shadetgépe. Give answers to 3 s.f.

1p G2 S
72cm \)Q
\ v
; X
72 / \0(\
Cm / 18cm 18cm 7

N 7

N
. .
- O \\\ -7

In Questions 3 and 4, figthe angle marked x. Give the answer to 3 s.f.

4 .
> 38cm?
6.5cm,
6.5cm y

N
N
~
S

-
-

In Questions 5 and 6, find the radius r. Give the answer to 3 s.f.

5p 6>

7 cm \ 423cm?

5.2cm?

7
N
~ 7 ~
~
~<
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Exercise 8

Shape & space 1

7>

8»

9[>

10>

11>

Find the area of the shape to 3 s.f.

110°

~ -

~ N2
2cm T~ 2am

2cm 2cm

The area of the shape is 54cm?.

Find the value of »to 3 s.f. rem

7 cm
o

. rcm < rcm
Find the shaded area. v

Radius 4cm cs)\
O

\

8

Three circular pencils, each with a diameter of 1 re held together by an elastic band.
What is the (stretched) length of the band? @ e answer to 3 s.f.
Pencil

Elasticgo\'

ba®
Three drinks mats, @@with a diameter of 8cm,
are placed on a jQQle"as shown.
Find the blu ed area. Give the answer to 3 s.f.
O

\
4\

Give e@*&nswer to 3 s.f. where appropriate (unless instructed otherwise).

1p

2p

Work out the sizes of the angles marked with letters.

a ﬁ b
A

AFB and CHD are parallel lines.
EFD s a straight line.
Work out the size of the angle marked . Diagram NOT

accurately drawn
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3 P Calculate the size of each lettered angle.

Reasoning w

4P Calculate a.

4\ 05\
: <

5P Calculate c

Q)
<
O\
10

6» ABCDis a rectangul ce of paper. Find the length AC.

B \\0 C
o
21| \O(\

Qé\ 30 D
m 7» Calculate a

Reasoning
3
a
2
4
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HINT Q8: Convert 8 P Aramp is used to go up one step.

lengths to the The ramp is 3 m long. The step is 30cm high.
same units. Step
Ramp
3m 30cm
X

How far away from the step (x) does the ramp start?
Give your answer in metres, to the nearest centimetre.

9 » The two parallel sides of a trapezium are 5cm and 7cm long. They are 4cm apart.
Calculate the area.

10 > The shape consists of a rectangle and an isosceles trianglié?dimensions incm.
Calculate the area and perimeter of the shape. Q

6 00
11 > A parallelogra rea 72cm? has one side 9cm long and the
longer dig is 17 cm. Calculate the perimeter.
2N
.I' 12 Thes shown consists of a rectangle and a quadrant.
'r@we area and perimeter of the shape.

4cm

|

«2cm>
@ 13 » Find the area and perimeter of the sector shown. 8cm
40°
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.I. 14 P The radius of a circle is 7cm. Find the area and perimeter of the shaded sector.

50°

/

Semicircle

15 P> Find the area and perimeter of the shaded shape.

\\
Q]
m \

Exercise 8* Give each answer to 3 s.f. where appropriate ur@&nstructed otherwise.

1» ABCand CDE are straight lines. Q

E
AE is parallel to BD.

Work out the size of Q\., D
a ABD x<Q

OQ
@) C A
: AN
¢ ACE (b

b AED

2P ABCand? are straight lines.

A Bx o
ACis@gﬂel to DF, and BE = BF.
te the size of the angle marked x.
u must give reasons for your answer.
1119
3P Find length x in this triangle. D L F
X
15cm
10cm

4P  Find the diagonal length of a square of area 1000 cm?.
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5P  The diagram shows the side of a shed. Find

a the height of the door 4B

b the area of the entire side of the shed.

272 mM—>

6 > Atunnel has a semicircular cross-section and a diameter of 10 m. If the roof of a bus just
touches the roof of the tunnel when the bus is 2m from one side, how high is the bus?

T [ [ T
T T T T T T T 179
_ ot

@B 7> The perimeter of a rhombus is 60cm. One '5&%[ is 2 the length of the other diagonal.
Find the area of the rhombus. 00

@B 3> The shape consists of an isosceles @ngle and an isosceles trapezium. All dimensions are
in cm. The area of the shape ia(O'cmZ. Find the value of .

3

12

Qﬂ

9 » Find the area of an equilateral triangle of perimeter 30cm.

m 10 > Calculate the area and perimeter of each of these shaded shapes.

Reasoning a b

4cm
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Reasoning

OCTE >

Reasoning

OCTE >

Reasoning

(H Y4

(H g

The perimeter of a semicircle is 24 cm. Find the radius in cm and area in cm?®.

The diagram shows a square inscribed in a circle.
The vertices of the square lie on the circumference of the circle.

The area of the circle is 817cm?.

Find the area of the shaded region in cm? correct to 4 s.f.

The diagram shows a shape made from a sector of a circle with radius 10 mm and centre O,
and an isosceles triangle OAB.

i K
O
©
A éQ
x<Q
Angle AOB = 15° and OA = 50 mm. O
Find the perimeter in mm and the area of t @Pape in mm?2,

The drawing shows the end view of t Gircular cans of radius acm resting on a table.
The cans are touching as shown. Sh@ hat the shaded area is given by aZ(Z - g) cm?,

Show that t ('gance between the two points 4(1, 7) and B(4, -8) is given by 226

*

where £ | nstant to be found.
HIN sﬁ}t the points on a graph.

(H g Q-l% the exact area of the square with two adjacent vertices given by A(1, 3) and B(-2, -4).
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Exam practice: Shape and space 1
EEETEED)  tereisa hombus.

The diagonals of the rhombus are 12.cm.

a Work out the lengths of the sides of the rhombus.

b Work out the area of the rhombus.

[4]
m PQS is an isosceles triangle with PQ = QS.
m PRS is another isosceles triangle with PR = PS.
Problem solving Find the value of «.
Reasoning P .
Ll X Q K00
00
- N
’
® Q [4]

ﬂm The shape shown is made up @é}fectangle a parallelogram and a right-angled triangle,

with all dimensions in cm. 0

The area of the parallelogram is 52 cm?.

Find the area and perimeter of the shape. [4]
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um The diagram shows the sector of a circle ABCD with centre O. D

Reasoning OA is three times AD.
The perimeter of the shaded area is 18cm. 3(% e C
Find the shaded area in cm? O'/’///’ ”

um The paper label shown in the diagram is made from a rectangular sheet of paper

measuring 8cm by 12 cm. The corners are rounded by quarter circle cuts of radius 2.cm.
An equilateral triangle of side 4cm is cut from the middle of one 12 cm side.

- 12 ™ O‘\
:& /\: &O
8 (,)\'@

2 bQ
VAVANE
e RN

Calculate \,

a the percentage increase in @heter from the original rectangle [2]

b the percentage decrea@ area from the original rectangle. [2]

ﬂ A, B,Cand D are poi@n a circle.
m ABCD is a squgr%@ide 7cm.

AN
Problem solving
Analysis
Reasoning
D B
C

The area of the shaded region as a percentage of the whole circle area is m(r — 2)%.

Show that 7 =——2 [5]

4

[Total 25 marks]
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Chapter summary: Shape and space 1

The angle sum of a triangle is 180°. The sum of the interior angles of a quadrilateral is 360°.

x=a+b

The exterior angle of a triangle equals the sum of the
opposite angles.

When doing problems, mark any angles you work out on
a neat sketch of the diagram.

&
@ P

An isosceles triangle can be divided into two equal

right-angled triangles. The s@f the exterior angles of a quadrilateral is 360°.
a (&’c +d=360°

I
.Q\'

The sum of the exterior angles of&@ngle is 360°
a+b+c=360° &O

Ca V Pythagoras’ theorem

a?=b+c2

‘ Side a is always the hypotenuse.

The converse is also true. ¢
If in a triangle a2 = 4% + % then the
triangle is right-angled.
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Perimeter and area of triangles and

quadrilaterals

The perimeter of a shape is the distance round the
outside.

Area of triangles and quadrilaterals
The area of a triangle is 4 = % xbxh

‘Area equals half base times height’

h h
B
b b
— Area of a rhc@tus B
P A rhomb a parallelogram
with f qual sides. The two
di als bisect each other
5 fcht-angles. q|A @
’ P 1
Area of rectangle = 44 Q\' Area=5" 5
Area of square = 4? \@
A quadrilateral can always be split into two trla&@ to D
calculate its area. P

>
)

&

\
{ area = Area 1 + Area

Area of a parallelogram

b

Area = bh

Area of a trapezium

~\ Area 2
h =
P cs)\ Area = a +0)

Circles
2
The perimeter of a circle is called C
the circumference.
Circumference, C=ndor C=2nr
Area, A = nr®

@ Arclength =575 x 277 Sector
o 2
@ Sectorarea=sg5 x 7

Arc

99
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