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Right-angled triangles
In a  right-angled triangle, one of the angles is 90° 
(a right angle).

The longest side of a right-angled triangle 
is opposite the right angle and is called the 
hypotenuse.

hypotenuse

right-angled triangle

The theorem of Pythagoras 
 Pythagoras’ theorem states an important 
relationship between side lengths in a right-angled 
triangle:

a2 = b2 + c2

where a is the length 
of the hypotenuse and 
b and c are the lengths 
of the other two sides. 

Using this result, the length of the hypotenuse of a 
right-angled triangle can be found when the other 
two side lengths are known.

Example 
Q. Find the side length x in the triangle shown, 

8.3 cm

4.5 cm
x

A. By Pythagoras’ theorem, a2 = b2 + c2

 Substituting a = x  (the hypotenuse is labelled x), 
 b = 4.5 and c = 8.3 gives:

c
a

b

x2 = 4.52 + 8.32

x2 = 89.14

  x = 89.14     [taking square root]

  x = 9.4 cm (1 d.p.)   [rounding to same accuracy 
as original measurements]

Note: If the side lengths of b and c were 
interchanged, the result would still be the same.

 Exercise A:  Finding the hypotenuse 
using Pythagoras’ 
theorem

1. Find the length of the hypotenuse marked x 
in the following right-angled triangles. (All 
measurements are in centimetres. Round 
answers to 1 d.p. where necessary.)

a. 4

x
3

 

 

 

 

b. 18

7.5
x
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c. 

4.7

2.3
x

 

 

 

 

d. 3.46

2.89
x

 

 

 

 

e. 
120140

x

 

 

 

 

2.  A ramp is 1.6 metres high and is 8.4 metres 
long horizontally. Find the length of the ramp.

1.6 m

8.4 m

 

 

 

3.  The length of a hockey pitch is 80 metres, and 
its width is 60 metres. Calculate the length of 
the diagonal of the pitch. 80 m

60 m            

 

 

 

 

4.  Boz is fl ying a kite. The horizontal distance of 
the kite from Boz is 32 metres and its height 
above the ground is 18.4 metres. How long is 
the string, assuming that the string is straight 
and not sagging? 

32 m

18
.4

 m

 

 

 

 

 

5.  A ladder rests against a vertical wall and 
reaches 3.6 metres vertically up the wall. The 
foot of the ladder is 2 metres from the base of 
the wall. Calculate the length of the ladder.

           

2 m2 m

5 m

 

 

 

 

6.  A fl ag is fl ying on its pole, but the fl agpole 
is rather unstable. A stay is fastened to the 
fl agpole at one end, A, and to the ground at 
its other end, B.

 If the length of AC is 8 metres and the length 
of BC is 4 metres, calculate the length of the 
stay AB.

            

B

A

C
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10. In the grid shown below the side length of 
each small square is 1 metre.

 Two points A(1,6) and B(5,3) are plotted on 
the grid.

A

B

6

4

2

0
2 4 6

 Calculate the length of the line segment AB.

11. A square has a side length 
of 10 cm. Three smaller 
squares are formed inside the 
large square by joining the 
midpoints of the previous 
square.

 Calculate the side length of the smallest square 
in the fi gure. Give your answer to two decimal 
places.

12. An isosceles right-angled triangle has 
hypotenuse of length 8.6 cm. What are the 
lengths of the two equal sides to the nearest 
millimetre?

7. The fi gure shows two squares and 
a circle all with the same centre. 

 The length of the side of the 
smaller square is 3 cm. 

 Find the length of the side of the larger square.

8. TANGRAM

 The large square, of 
side 4 cm, is divided up 
into fi ve right-angled 
triangles, a small square 
and a parallelogram.

 Calculate the exact length of the side of the 
small square.

9. A trapezium with two right-angled vertices is 
shown.

7 cm

8 cm

17 cm

 Find the perimeter of the trapezium. Give your 
answer to the nearest millimetre.

4 cm

2 cm2 cm

2 cm

2 cmB

B C
D

F
E

G
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Finding other sides of a right-
angled triangle using Pythagoras’ 
theorem
By rearranging Pythagoras’ formula, any side length 
of a right-angled triangle can be found if the other 
two side lengths are known.

Example 
In the right-angled 
triangle ABC, the length 
of AB is 12 cm and the 
length of AC is 13 cm. 
Find the length of BC. 13 cm12 cm

B C

A

Solution:
Let BC be x cm long. The hypotenuse is AC.
By Pythagoras, a2 = b2 + c2, where a is the 
hypotenuse:
132 = x2 + 122

   x2 = 132 – 122     [subtracting 122 from both 
sides and swapping sides]

   x2 =  25
    x = 5     [taking square root]
BC is 5 cm long.

 

Pythagoras’ theorem can also be used in reverse to 
prove that a triangle is right-angled.

If the three sides of a triangle obey Pythagoras’ 
theorem, then the triangle is right-angled.

For example, a triangle whose side lengths are 
8 m, 15 m and 17 m is right-angled since 
82 + 152 = 172  [since 64 + 225 = 289]

 Exercise B:  Finding other sides of 
a right-angled triangle 
using Pythagoras’ 
theorem

1. Find the side lengths marked x in the following 
right-angled triangles. (All measurements are 
in centimetres. Round answers to 1 d.p. where 
necessary.)

a.               

12.5
15

x
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b. 

10

8 x

 

 

 

 

 

c. 

14.3

19.1
x

 

 

 

 

 

d. 
5.2

8.4

x

 

 

 

 

 

e. 

158

123x
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2. The longest side of a right-angled triangle is 
12 m. The shortest side of the same triangle is 
7.2 m. What is the length of the third side? 

 

 

 

 

 

3.  A triangle has sides of length 10.5 mm, 36 mm 
and 37.5 mm. Is the triangle right-angled? 

 

 

 

 

 

4. A triangle ABC has side lengths AB = 33 mm, 
AC = 56 mm and BC = 65 mm.

a. Show that triangle ABC is right-angled. 

 

 

 

 

 

b. Which of the vertices A, B and C is the 
right angle? Justify your answer.  

 

 

 

c. Which of the vertices A, B and C is the 
smallest angle? Justify your answer.  

 

 

 

5. The fi gure shows a simple 
pendulum, which consists of 
a small weight B suspended 
from a fi xed point O by a 
string OB of length 10 cm.

 The weight B is pulled aside, with the string 
held taut, until it is in the position C.

 In moving from B to C the weight rises 
vertically a distance of 6 cm.

 How far has the weight moved horizontally?

 

 

 

 

 

6. An equilateral triangle has side length 10 cm.

10 cm

 Calculate the perpendicular height of the 
triangle to 2 d.p.

 

 

 

 

 

B

C

O
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7. In the right-angled triangle shown below, the 

length of AB is twice the length of BC. 
A

B C

8 m

 Calculate the length of BC to 3 d.p.

8. Four right-angled triangles are joined as shown 
below. Some side lengths (in centimetres) are 
shown on the diagram.

0.5

1

3

5

6

x

 Calculate the value of x to 3 d.p.

Applications of Pythagoras’ 
theorem
When solving practical problems involving 
Pythagoras’ theorem:

•  identify the right-angled triangle involved and 
make a clear drawing of it

•  label the sides of the triangle with the 
measurements supplied (or worked out from 
the information given)

•  label the unknown side length with a letter 
such as x.

Example
Q.  A painter leans his 2.6 m ladder against a wall. 

The foot of the ladder is 0.85 m from the wall.

 How far up the wall does the ladder reach?

A. A diagram of the situation is drawn.

0.85 m

wall

la
dd

er
2.

6 
m

  Let the distance up the wall that the ladder 
reaches be x metres.

 The following right-angled triangle is used.

x2.6 m

0.85 m

 Using Pythagoras’ theorem:

 x2 + 0.852 = 2.62 [hypotenuse is 2.6 m]

 x2 = 2.62 – 0.852 [rearranging]

 x2 = 6.0375

 x = 6.0375   [taking the square root]

 x = 2.4571…

 The ladder reaches 2.46 m (2 d.p.) up the wall.

In some diagrams, an extra line may need to be 
drawn in order to form a right-angled triangle 
(remember that horizontal lines form right angles 
with vertical lines).
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Example 
Q.  A ramp joins two platforms, which are 6.3 m 

apart. If the fi rst platform is 1.5 m high and the 
second platform is 2.3 m high, fi nd the length of 
the ramp.

1.5 m 2.3 m

6.3 m

ramp

A.  By drawing a horizontal line as shown below, 
the right-angled triangle labelled ABC is formed, 
where BC = 6.3 m, AC = (2.3 – 1.5) = 0.8 m and 
the unknown side length AB is labelled x.

A

C

x

B 6.3 m
0.8 m

 a2 = b2 + c2 [Pythagoras’ theorem]

 x2 = 6.32 + 0.82

 x2 = 40.33

 x = 6.35059… [taking square root]

 The ramp is of length 6.4 m (1 dp).

In an  isosceles triangle,   
the axis of symmetry divides 
the triangle into two congruent 
right-angled triangles.

 

Example 
Q.  An athlete swims 300 metres from point A on the 

shore of a lake, to a marker at B. She then swims 
another 300 metres from the marker to the shore 
of the lake at a point C, as shown in the diagram 
below.

B

A C100 m

300 m

  If A and C are 100 metres apart, how far from 
the shore is the marker?

A.  The axis of symmetry BM of the triangle ABC is 
drawn (ABC is an isosceles triangle).

x

B

A M C50 m

300 m

  The length BM is the distance of the marker 

from the shore, marked x. BM bisects the side 

AC so the length of AM is 50 metres.

 In triangle ABM,

  3002 = 502 + x2  [Pythagoras’ theorem]

  x2 = 3002 – 502  [rearranging]

  x2 = 87 500

   x = 295.80…  [taking square root]

 The marker is 296 m (3 sf) from the shore.
 

 Exercise C:  Applications of 
Pythagoras’ theorem

1. A diagram of a playground slide is shown. The 
ladder PQ is 4.2 m long and the slide QR is 
12.3 m long. Find the distance PR between the 
base of the ladder and the end of the slide.

 
12.3 m

4.2 m

Q

P R

 

 

 

 

 

2. A fi eld ABCD is 45 m long and 32 m wide. 
Harry walks diagonally across the fi eld from A 
to C. His sister, Emily, walks around the edge of 
the fi eld, along AB then BC. 
How much further does Emily walk than Harry? 

D

BA

C

Ans. p. 55
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3. Two cars leave from the same point P. The fi rst 
car travels south at 80 km h–1 and the second 
car travels west at 60 km h–1. 
How far apart are the two cars after 3 hours? 

60 km h–1

80 km h–1

P

 

 

 

 

 

4. A ‘fl ying fox’ consists of a wire stretched tightly 
between two upright poles.

 The poles are 12 metres apart. If the height of 
the shorter pole is 2 metres and the height of 
the longer pole is 6 metres, fi nd the length of 
the wire.

12 m
6 m

2 m

5. The diagonal of the 
Wanderer’s soccer pitch 
is of length 100 metres. 
The width of the pitch is 
60 metres.  

 Calculate the length of the pitch.

6. A ladder of length 5 metres 
rests against a vertical wall. 
The foot of the ladder is 
2 metres from the base of 
the wall. 

 Calculate how far the ladder 
reaches up the wall. 2 m2 m

5 m

7.  The wheelchair ramp to a theatre is 1.2 metres 
high and is 3.9 metres long horizontally. Find 
the length of the ramp.

3.9 m

1.2 m

 

 

 

 

100 m60 m
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 Exercise A:  Finding the hypotenuse 
using Pythagoras’ theorem 
(page 1)

1. a. 5 cm   b. 19.5 cm 
c. 5.2 cm   d. 4.5 cm  
e. 184.4 cm 

2. 8.55 m  (2 d.p.) 3. 100 m

4. 36.91 m  (2 d.p.) 5. 4.12 m  (2 d.p.)

6. 8.94 m  (2 d.p.) 7. 4.2 cm (1 d.p.)

8. 2 cm   9. 44.8 cm (1 d.p.)

10. 5 m    11. 3.54 cm (2 d.p.)

12. 6.1 cm (1 d.p.)

 Exercise B:  Finding other sides of a 
right-angled triangle using 
Pythagoras’ theorem 
(page 4)

1. a. 8.3 cm   b. 6 cm 

 c. 12.7 cm   d. 6.6 cm 

 e. 99.2 cm 

2. 9.6 m    3. Yes 

4. a. Right-angled since 332 + 562 = 652 

 b.  Vertex A is 90° since it is opposite the 
longest side. 

c. Vertex C is the smallest angle since AB is 
the shortest side

5. 9.17 cm (2 d.p.) 6. 8.66 cm (2 d.p.)

7. 3.578 m (3 d.p.) 8. x = 0.866 cm (3 d.p.)

 Exercise C:  Applications of Pythagoras’ 
theorem (page 7)

1. 13.0 m (1 d.p.)  2. 21.8 m (1 d.p.)

3. 300 km   4. 12.65 m (2 d.p.)

5. 80 m   6. 4.6 m  (1 d.p.)

7. 4.1 m  (1 d.p.)

 ANSWERS

8. a = 3 cm,  b = 2.2 cm  (1 d.p.)

9. 12.2 m  (1 d.p.)  10. 5.8 m  (1 d.p.)

11. 2.64 m (2 d.p.)   12. 18.5 m (1 d.p.) 

13. 0.118 (3 d.p.)   14. 9.63 m (2 d.p.)

15. 66.46 m    16. 13.94 m (2 d.p.)

17. 4.67 m (2 d.p.)  18. 4.02 m (2 d.p.)

19. 2.97 m (2 d.p.)  20. 6.87 cm (2 d.p.)

21. a. 2r

b. length = (2r2) + (2r2) = 8r2  = 2 2 r

c. length = r2 + r2  = 2r2  = 2 r

 Exercise D:  Trigonometric ratios 
(page 13)

1. a. 

42°
A

H
O

 b. 
37°

H

O A

c. 

58°

O

A
H

 d. 

70°

O

H A

e. 
35°
A

H
O

 f. 

64°
A O

H

2. a. sin θ = 0.6 cos θ = 0.8 tan θ = 0.75

 b. sin θ = 5
13

  cos θ = 12
13

 tan θ = 5
12

 c. sin θ = 0.28 cos θ = 0.96 tan θ = 7
24

3. a. i. sin  ii. cos  iii. tan

  iv. sin  v. tan  vi. cos

3. b. i. cos  ii. sin  iii. tan

  iv. tan  v. sin  vi. cos

  vii. sin  viii. cos
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c.  sin2θ + cos2θ = b
c

2

 + a
c

2

 = b
2 + a2

c2

 = c2

c2  (by Pythagoras) = 1

 Exercise E:  Trigonometric functions 
and their inverses 
(page 15)

1. a. 0.9703 b. 0.1219 c. 0.3443

 d. 0.9100 e. 1.0000 f. 0.8590

 g. 0.0000

2. a. 42.5° b. 68.2° c. 70.5°

 d. 60.0° e. 39.8° f. 55.4° 

 g. 57.0° h. 0.0°

3. a. i. 21.4°  ii. 51.8°

b. i. 73.2°  ii. 0.9572

 iii.  No, only true when cos B = 1 and
cos A = 1

c. No, since the sine of an angle is formed 
by putting the opposite side over the 
hypotenuse; the opposite side is shorter 
than the hypotenuse, so the fraction will 
never be greater than 1. So no angle has 
a sine greater than 1 (displayed as math 
error on calculator).

 Exercise F:  Finding unknown angles in 
right-angled triangles 
(page 15)

1. 33.5°   2. 40.4°   3. 60.7° 

4. 46.6°   5. 48.2°  6. 38.1° 

7. 36.9°   8. 24.3°  9. 38.7°

10. 20.4°  11. 36.9°  12. 8.1°

13. 33.7°  14.  120°

15. 4 cm (other angle in triangle is 45° so triangle 
is isosceles)

16. 18.4°  17. 112.9°

18. a. x = 63.4°

b. y = 63.4°

c. z = 71.6°

19. 21.8°

20. The second triangle has smallest angle of size 
22.6°.

21. 101.3°

 Exercise G:  Finding unknown side 
lengths in right-angled 
triangles (page 19)

1. 5.47 cm (2 d.p.)   2. 23.1 cm (1 d.p.) 

3. 4.73 cm (2 d.p.)   4. 11.9 cm (1 d.p.) 

5. 3.7 cm (1 d.p.)   6. 3.0 cm (1 d.p.) 

7. 5.7 cm (1 d.p.)   8. 4.4 cm (1 d.p.) 

9. 11.7 cm (1 d.p.)   10. 3.3 cm (1 d.p.) 

11. 3.76 m  (2 d.p.)  12. 11.3 m  (1 d.p.)

13. 0.90 m  (2 d.p.)

14. a.  Triangle CDF is folded to sit on triangle 
CEF so the two triangles are congruent 
(i.e. they  have the same side lengths and 
angles). So ∠ECF = ∠FCD = 35° and side 
EC = DC = 10 cm

b. 7.0 cm (1 d.p.) c. 7.0 cm (1 d.p.)

15. 8.9 cm2 (1 d.p.)

 Exercise H:  Finding other unknown 
side lengths in right-
angled triangles (page 21)

1. 13.7 (1 d.p.)   2. 1.4 (1 d.p.) 

3. 15.4 (1 d.p.)   4. 10.1 (1 d.p.) 

5. 8.87 (2 d.p.)   6. 1.6 (1 d.p.) 

7. 10.1 (1 d.p.)   8. 5.4 (1 d.p.) 

9. 36.2 (1 d.p.)   10. 11.3 (1 d.p.) 

11. a. 8.2 cm (1 d.p.)

b. 9.1 cm (1 d.p.)

12. 13.17 cm (2 d.p.)

13. a. 37.86 cm (2 d.p.)

b. 17.65 cm (2 d.p.)

14. 9.7 cm (1 d.p.)

 Exercise I:  Applications of 
trigonometry (page 24)

1. 1.78 m (2 d.p.)  2. 28.5° 

3. 22.0 m (1 d.p.)  4. 75.5°

5. 83.2°   6. 4.5 m (1 d.p.) 

7. 96.8°   8. 62.0°

9. 24 m   10. 3.16 (2 d.p.)

 Exercise J:  Angles of elevation and 
depression (page 27)

1. 15.4 m (1 d.p.)  2. 1.71 m (2 d.p.)
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