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 Right-angled triangles
In this standard, the following right-angled triangle formulae and results are assumed to be known. 

Pythagoras’ theorem

a2 + b2 = c2

Trigonometry ratios (SOH – CAH – TOA)

sin  y
r

cos  x
r

tan  y
x

The following example illustrates these processes. It is usual to round degrees to 1 decimal place.

Example

1. sin 42° = 
x

8 6.
 SOH 

x = 8.6 sin 42°  rearranging 
x = 5.8 cm (1 d.p.)

2.  tan 58° = 
2 3.
x

 TOA 

  x tan 58° = 2.3 multiplying by x

  x = 
2 3

58
.

tan  dividing by tan 58° 

x = 1.4 m (1 d.p.)

3. cos  = 
3
5

     CAH 

 = cos–1 (0.6)  taking inverse cosine
 = 53.1°

4. x2 = 1.32+ 1.52  Pythagoras’ theorem 
x2 = 3.94 simplifying
x = 3 94. taking square root
x = 2.0 cm (1 d.p.)

5. x2 + 56.22 = 83.12   Pythagoras’ theorem 
x2 = 83.12 – 56.22  rearranging 
x2 = 3 747.17
x  = 3 747.17 taking square root
x  = 61.2 cm (1 d.p.)

b
c

a

yr

x


x
8.6 cm

42°

x

2.3 m

58°

3

5


x

1.5 cm1.3 cm

x
83.1 cm

56.2 cm
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1. Find the missing side lengths, using Pythagoras’ theorem. 

a.    x

12

5
b.    

x

8.9

7.4

  

c.    
x

24.3

17.5
d.    

x

51
84

  

2. Find the lengths of the sides marked x in the following triangles. Round answers to 1 d.p.

a.    

x

12.9 mm

47°

b.    x

8 
cm 60°

  

c.    x

4.8 cm

56°

d.    

x

3.5 m

35°

  

Answers
p.  72
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 Problem solving with cosine rule for sides
In application problems you will need a clear drawing, using the information given.

Example

A parallelogram has short sides of length 8.3 m and long sides of length 12.7 m. If the acute angle 
between a short and a long side is 39º, fi nd the difference between the lengths of the shorter and 
longer diagonals. Give your answer to the nearest centimetre.

Solution

The diagram below shows the parallelogram with its shorter diagonal drawn.

39°

8.3 m

12.7 m

x

x2 = 12.72 + 8.32 – 2 × 12.7 × 8.3 × cos 39º a2 = b2 + c2 – 2bc cos A

 = 66.3421

x =   66.3421      taking square root 

 = 8.15 m (2 d.p.)

The diagram below shows the longer diagonal, and the given dimensions.

Since co-interior angles between parallel lines are supplementary, the angle in the triangle is 
180 – 39 = 141º.

141° 8.3 m

12.7 m

y

By the cosine rule:

y2 = 12.72 + 8.32 – 2 × 12.7 × 8.3 × cos 141º a2 = b2 + c2 – 2bc cos A

 = 394.0179

y =    394.0179      taking square root 

 = 19.85 (2 d.p.)

The difference between the lengths of the two diagonals is:

y – x = 19.85 – 8.15

 = 11.70 metres
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1. A boat leaves a port and sails 7 km on a 
bearing of 050°. It then sails 9 km on a bearing 
of 150°. The boat then returns to port. How far 
is the journey home?

2. A bar is suspended from a peg by two ropes, 
one of length 4.5 m, the other of length 5.5 m. 
The angle between the ropes is 39°. Find the 
length of the bar. 

     

3. Mary is 100 m from Jo and her bearing from Jo 
is 045°. Sara is 120 m from Jo on a bearing of 
105° from Jo. How far apart are Mary and Sara?

4.  The fi gure shown is an isosceles trapezium. 
Find the length marked b.

     

Answers
p.  72

N

N

9

7
50°

150° 39°
4.5

5.5

72°

32 mm
b

35 mm
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10. A bar of length 4 m is suspended by 2 ropes of lengths 2.6 m and 3.6 m attached to the same peg.

a. Find the angle between the two ropes. b.  Find the area of the triangle formed by the 
ropes and bar.

     

11. A circle is inscribed in an equilateral triangle, as 
shown.

  Calculate the area of the equilateral triangle, if 
the radius of the inscribed circle is 2 cm.

12. Find the area of the given triangle. 
 Hint: Find a missing side fi rst.

  13.4 m

60°

40°
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13. Calculate the area of each isosceles triangle shown below.

a.   40 cm
120°

b.  
35 m

42°

       

14. A triangle has two sides of length 4 cm and 5 cm 
and an included angle labelled , as shown alongside.

 The area of the triangle is 8 cm2.

a.  Find the size of the angle between the two 
given sides.

b. Find the length of the third side of the 
triangle.

     

c. Find the size of the largest angle in the 
triangle.

d. If the size of angle  is doubled, does this 
double the area of the triangle?

  


4 cm

5 
cm
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 Radian measure
Angles can be measured in radians as well as in degrees.

In a circle of radius 1, the angle subtending an arc of length 1 at the 
centre of the circle, is said to be of size 1 radian.

The circumference of a circle of radius 1 is 2, so an angle of 360° is 
equivalent to 2 radians. 
Dividing by 2 gives the conversion relationship:

 radians = 180°

Using this relationship, angles can be converted between degrees and radians. For example,

 90° = 
2

 radians or 1.57 radians (3 s.f.).

 1 radian = 
180

 degrees or 57.3°.

A quick rule for converting between degrees and radians 
is shown in the diagram alongside.

Example
1. Convert 85° to radians, to 3 d.p.
2. Convert 2.5 radians to degrees, to 1 d.p.
3. Convert 135° to radians, in terms of .

4. Convert 3
4

 to degrees.

Solution
1. 85° = 85 × 

180
 radians

 = 1.484 radians

2. 2.5 = 2.5 × 180  degrees
 = 143.2°

3. 135° = 135 × 
180

 radians

 = 
135
180

 radians

 = 3
4

 radians   simplifying 

4. 3
4

 = 3
4

 × 180  degrees

  = 135°

Alternatively, 3
4

 = 
3
4

 × 180° 

      since  radians = 180° 

    = 135°

Note: When fi nding a trigonometric function of an angle in radians, the calculator must be 
put in radian mode.

1

1
1 radian

–1

–1 1

degrees radians


180


180
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1. Convert the following angles to radians. Give answers as exact multiples of . 

(For example 90° = 
2

 radians.)

a. 45° b. 30° c. 60° d. 135°

e. 270° f. 210° g. 150° h. 300°

2. Convert to radians. Round answers to 4 d.p.

a. 96° b. 25° c. 122° d. 250°

e. 330° f. 58.3° g. 75.5° h. 288.3°

3. Convert the following angles expressed in radians to degrees, to 1 d.p.

a. 2 b. 1.96 c. 2.78 d. 0.07

e. 1.4 f. 0.86 g. 3.1892 h. 4.826

4. Convert the following angles expressed in radians to degrees.

a. 
2

b. 
3

c. 
6

d. 
4

e. 2
3

f. 5
2

g. 7
4

h. 8
9

Answers
p.  73
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7. A circle is drawn with a triangle inside it. Two 
of the vertices lie on the circumference of the 
triangle, and the third 
vertex is at the centre 
of the circle. The 
angle at the centre 
of the circle is 
labelled .

8. A circle of radius 8 cm overlaps with a circle of 
radius 12 cm as shown.
If PQ has length 10 cm, fi nd the shaded area, 
to 1 d.p.

8 cm

P

Q

12 cm

  

a.  Write down the area of the minor segment 
shown in the fi gure, where  is in radians 
and the radius of the circle is R.

    
b.  For the same fi gure, write down the area 

of the triangle.

   
c.  When the area of the triangle is equal 

to the area of the segment, prove that 
 = 2sin .

    
d. By considering the area of the circle and 

the area of the minor sector with angle , 
fi nd the area of the major sector. 
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 Application problems involving circular measures
Practical problems involving circular measures include the following applications.
• Depth of water in fi gures with semi-circular cross-sections, such as troughs.
• Arcs and sectors formed by security light coverage, overlapping radar areas, etc.
• Segments formed by the cross-sections of lenses, overlapping circles or sliced from a sphere.

Example
A trough has a semi-circular cross-section, of diameter 
2.4 metres. The length of the trough is 4.5 metres. The 
water in the trough is 1 metre deep at its deepest point. 
Find the number of litres of water in the trough.

Solution

The diagram shows the cross-section of the trough, where O is the centre of the circle (of radius 
1.2 m), AB is the water level, M is the midpoint of AB. 

The cross-section of water is a segment ABC of the circle centre O, of radius 1.2 m. To fi nd the area 
of the segment, the size of AOB is required.

Triangle AOB is isosceles (OA and OB are radii of length 1.2 m), so the line of symmetry OM 
divides the triangle into two congruent right-angled triangles.

In right-angled triangle OAM, OM = 1.2 – 1 = 0.2 m  water is 1 m at deepest point 

Let MOA = x

 cos x = 
0 2
1 2
.
.

 (CAH)

 x = cos–1 (0 2
1 2
.
. )

  = 1.4033 radians

So AOB = 2.8066 radians   doubling x

Area sector AOB = 
1
2

 × 1.22 × 2.8066 = 2.0208 m2  area of sector = 
1
2

r2

Area triangle AOB = 
1
2

 × 1.2 × 1.2 × sin 2.8066 = 0.2367 m2  area of triangle = 
1
2

absin C

So area of segment = 2.0208 – 0.2367 = 1.7841 m2

Volume of water = 1.7841 × 4.5 = 8.0284 m3  V = area of cross-section × length 
 = 8 030 L (3 s.f.)  1 m3 holds 1 000 L 

1m

2.4 m

4.5 m

A

C

B

O

M

1 m

0.2m1.2 m 1.2 m

A

O
x

M

0.2 m
1.2 m
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 Answers
Note: Answers may vary a little, due to rounding.

 Right-angled triangles (page 2)
1. a. 13  b. 11.6 (1 d.p.)

 c. 16.9 (1 d.p.) d. 66.7 (1 d.p.)

2. a. 13.8 mm b. 16 cm

 c. 7.1 cm d. 6.1 m

3. a. 38.7° b. 36.9°

 c. 53.1° d. 46.2°

4. 5.0 m 

5. 4.8 m

6. 2 020 m 

7. 35.9°

8. a. i.
x
r

ii.
y
x

 b. i.
y
x

ii. tan 

 c. i. x2 + y 2 = r2

ii. sin2 + cos2 = 
x
r

y
r

2 2

   = 
x

r

2

2
+

y

r

2

2

   = 
x y

r

2 2

2
= 

r

r

2

2
= 1

 Problem solving with right-angled triangles (page 6)
1. 24.06 m

2. a. 68.2° b. 20.4 m

3. a = 10.39 cm, b = 7.61 cm

4. a. a = 1.73 m b. b = 1.10 m

5. a. 16 km b. 308°

6. a. i. AQ = 
h
65°tan

 or 0.466h

ii. BQ = 
h
60°tan

 or 0.577h

 b. h = 5.39 m (2 d.p.)

7. h = 3.83 m

8. Student proof outline follows. 

(Height of trapezium is 4sin ; base is 4 + 2 × 4cos 

= 4 + 8cos ; using area formula, area is
1
2

 × (4 + 4 + 8cos ) × 4sin  = 2sin  (8 + 8cos ).

Taking 8 out as common factor gives required result.)

 Cosine rule for sides (page 10)
1. a. 7.17 b. 4.86 cm

c. 6.25 d. 9.39 m

e. 10.8 cm f. 24.1 km

2. 14.3 cm

3. BD = 13.3 cm

 Problem solving with cosine rule for sides (page 13)
1. 10.4 km (1 d.p.)

2. 3.5 m (1 d.p.)

3. 111.4 m (1 d.p.)

4. b = 54.2 mm

5. 8.1 cm 

6. 15.1 cm

7. 5.0 km

8. 14.5 m

9. 45.9 cm

10. 7.03 metres

11. 22.8 cm

12. 1.37 m

13. 31.03 km h–1 (2 d.p.)

14. a. Proof using cosine rule

 b. Proof using cosine rule

15. AB = 12.5 km

16. 36.5 cm

17. Using the cosine rule, the length of AB is 7.864 cm, so the radius 
of the large semicircle is 3.932 cm and the radius of the small 
semicircle is 1.966 cm. Using circumference formulae, the fi rst and 
second routes are the same length (12.35 cm). Route 3 has length 
12 cm, so is the shortest route.

 Cosine rule for angles (page 19)
1. a. i. 31.8°  ii. 114.6°

b. i. 104.5° ii. 46.6°

 c. 95.7° d. 118.2° e. 139.0° f. 94.9°

2. a. 78.5° b. 3.86 m

3. a. b. 656.7 m

c. 78.9°

4. 130° or 320°  

5. 68.9°

6. The cosine of the angle is greater than 1, which means there is 
no solution for the angle. Dave’s triangle cannot be drawn as the 
difference between the lengths of the longer two sides is greater 
than the length of the remaining side.

7. 26.4°

8. 48.3°

9. 62.5°

10. a. h = 5.2 cm

 b.  = 70.5°

11. 32.3°

12. Anna 126°, Ben 052°

400 m

700 m

N

32° 35°
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