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TOPIC 3
Non-right-angled trigonometry

3.1 Overview
3.1.1 Introduction
Human ingenuity allows us to achieve many things that at first seem
impossible. How do we determine the height of a tall object like Sydney
Tower without climbing it? How do we find the area of an irregularly
shaped field? How do sailors know where they are, or how far they are
from the nearest port?

As we progress through this topic, solutions to problems such as
finding heights of tall objects, finding bearings, calculating angles
of elevation and depression, and calculating areas will become
clear.

DISCUSSION
What other seemingly impossible things have been made possible by human ingenuity? Did solving these
problems involve mathematics?

LEARNING SEQUENCE
3.1 Overview
3.2 Review of trigonometric ratios
3.3 The sine rule
3.4 The cosine rule
3.5 Area of a triangle
3.6 Bearings and navigation
3.7 Angles of elevation and depression
3.8 Applications to practical problems
3.9 Radial surveys

3.10 Review

Fully worked solutions are available for this topic in the Resources section of your eBookPLUS.

CURRICULUM CONTENT
Students:
• review and use the trigonometric ratios to find the length of an unknown side or the size of an unknown

angle in a right-angled triangle AAM
• determine the area of any triangle, given two sides and an included angle, by using the rule A = 1

2
ab sinC,

and solve related practical problems AAM

• solve problems involving non-right-angled triangles using the sine rule,
a

sinA
= b

sinB
= c

sinC

(ambiguous case excluded) and the cosine rule, c2 = a2 + b2 − 2ab cosC AAM
• understand various navigational methods
• solve practical problems involving Pythagoras’ theorem, the trigonometry of right-angled and
non-right-angled triangles, angles of elevation and depression and the use of true bearings and compass

bearings AAM
• construct and interpret compass radial surveys and solve related problems
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3.2 Review of trigonometric ratios
3.2.1 Trigonometric ratios
Remember the following for right-angled triangles: When Egyptians �rst

used a sundial around
1500 BC they were using
trigonometry

• A ratio of the lengths of two sides is called a trigonometric ratio.
• The three most common trigonometric ratios are sine, cosine and tangent.
• Trigonometric ratios are used to find an unknown length or angle.
• It is important to identify and label the features given in the right-angled

triangle.
⬩ The hypotenuse is opposite the right angle.
⬩ The opposite side is opposite the angle 𝜃.
⬩ The adjacent side is next to the angle 𝜃.

• After labelling the sides of the triangle, choose a ratio that connects the
sides and angle which assists in finding the unknown side or angle.

θ
Adjacent

HypotenuseOpposite

• Using the triangle shown, the following three trigonometric ratios can be defined:

the sine ratio sin (𝜃) = opposite
hypotenuse

sin (𝜃) = O
H

the cosine ratio cos (𝜃) = adjacent
hypotenuse

cos (𝜃) = A
H

the tangent ratio tan (𝜃) = opposite
adjacent

tan (𝜃) = O
A

• To remember each of the ratios more easily, we can use the mnemonic SOH–CAH–TOA, where SOH
means Sin (𝜃) = Opposite over Hypotenuse and so on.

Interactivity: Trigonometric ratios (int-2577)

3.2.2 Finding an unknown side
• We can use one of the trigonometric ratios to find the length of one side of a right-angled triangle if an

angle and another side are known.
• To find the unknown side, follow these steps:

⬩ Label the sides of the right-angled triangle.
⬩ Choose the correct ratio.

100 Jacaranda Maths Quest 12 Mathematics Standard 2 5E for NSW

UNCORRECTED PAGE PROOFS



i
i

“c03NonRightAngledTrigonometry_print” — 2018/8/14 — 21:02 — page 101 — #3 i
i

i
i

i
i

⬩ Substitute the given information into the formula.
⬩ Rewrite the equation with the unknown as the subject.
⬩ Check that your calculator is in ‘degree’ mode.
⬩ Calculate the unknown length.
⬩ Take care with decimal approximations.

WORKED EXAMPLE 1

24 m

50°

x

Find the length of the side marked x in the triangle, correct to
2 decimal places.

THINK WRITE

1. Label the sides of the given triangle opp, adj
and hyp. hyp

24 m

adj
50°

x opp

2. Choose the sine ratio because x is the opposite side
and 24 m is the hypotenuse.

3. Write the formula. sin(𝜃) =
opp

hyp

4. Substitute the values for 𝜃 and the hypotenuse into
the formula.

sin(50°) =
x

24

5. Rearrange the formula to make x the subject. x = 24 sin(50°)

6. Calculate and round the answer to 2 decimal places. x = 18.39 m (to 2 decimal places)

 
WORKED EXAMPLE 2

z

12.5 m

23°15'

Find the length of the side marked z in the triangle shown,
correct to 2 decimal places.

THINK WRITE

1. Label the sides of the given triangle
opp, adj and hyp.

opp

hyp
z

12.5 m
adj

23°15'

TOPIC 3 Non-right-angled trigonometry 101

UNCORRECTED PAGE PROOFS



i
i

“c03NonRightAngledTrigonometry_print” — 2018/8/14 — 21:02 — page 102 — #4 i
i

i
i

i
i

2. Choose the cosine ratio because we are finding the
hypotenuse and have been given the adjacent side.

3. Write the formula. cos(𝜃) =
adj

hyp

4. Substitute the values for 𝜃 and the adjacent side into
the formula.

cos (23°15′) =
12.5
z

5. Rearrange the formula to make z the subject. z cos(23°15′) = 12.5

z = 12.5
cos(23°15′)

6. Calculate and round the answer to
2 decimal places.

z = 13.60 m (to 2 decimal
places)

Note: In calculating the length of the hypotenuse, the process will always involve division by the
trigonometric function.

• Trigonometry is used to solve many practical problems. It may be necessary to draw a diagram to
represent the problem and then use trigonometry to solve it.

WORKED EXAMPLE 3

A flying fox is used in an army training camp. The flying fox is supported by a cable that runs
from the top of a cliff face to a point 100m from the base of the cliff. The cable makes a 15° angle
with the horizontal. Find the length of the cable used to support the flying fox, correct to 1 decimal
place.

THINK WRITE

1. Draw a diagram to show the provided information.
Label the flying fox f.

15°
100 m

Adj

Opp

Hyp
f

2. Label the sides of the triangle opp, adj and hyp.

3. Choose the cosine ratio because we are finding
the hypotenuse and have been given the adjacent
side.

4. Write the formula. cos(𝜃) =
adj

hyp

5. Substitute the values for 𝜃 and the adjacent side into the
formula.

cos(15°) =
100
f

6. Make f the subject of the formula by rearranging it. f cos(15°) = 100

f = 100
cos(15°)

7. Calculate and round the answer to 1 decimal place. f = 103.5 m

8. Give a written answer. The cable is approximately
103.5 m long (to 1 decimal place).
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3.2.3 Finding an unknown angle
• We can use one of the trigonometric ratios to find the angle in a right-angled triangle if two sides are

known. A similar method is used to find an angle as is used to find a side.
• To find an unknown angle, follow these steps:

⬩ Draw a diagram to represent the given information in a practical problem.
⬩ Label the sides of the right-angled triangle.
⬩ Choose the correct ratio.
⬩ Substitute the given information into the formula.
⬩ Check that your calculator is in ‘degree’ mode.
⬩ Find the angle using the inverse trig functions on your calculator.
⬩ Your answer may need to be in degrees and minutes, so remember 1° = 60′ (1 degree equals

60 minutes). Check how your calculator will do this for you.

WORKED EXAMPLE 4

4.3 m

6.5 m
θ

Find the size of angle 𝜃, correct to the nearest degree, in the
triangle shown.

THINK WRITE

1. Label the sides of the given triangle and choose the
tan ratio, as side values for opposite and adjacent
have been given. 4.3 m

opp

6.5 m
adj

hyp

θ

2. Write the formula. tan(𝜃) =
opp

adj

3. Substitute the given values for the opposite and
adjacent sides in the triangle.

tan(𝜃) =
4.3
6.5

4. Make tan(𝜃) the subject of the equation by
rearranging it.

𝜃 = tan−1
(

4.3
6.5)

5. Calculate and round the answer to the nearest
degree.

𝜃 = 33°
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WORKED EXAMPLE 5

4.6 cm

7.1 cm

θ

Find the size of the angle 𝜃, correct to the nearest minute,
in the triangle shown.

THINK WRITE

1. Label the sides of the given triangle and
choose the sine ratio, as opposite and
hypotenuse values are given.

adj hyp
7.1 cm

θ

opp
4.6 cm

2. Write the formula. sin(𝜃) =
opp

hyp

3. Substitute the values for the opposite and the
hypotenuse sides into the triangle.

sin(𝜃) =
4.6
7.1

4. Make 𝜃 the subject of the equation. 𝜃 = sin−1

(
4.6
7.1)

5. Calculate and convert your answer to degrees
and minutes.

𝜃 = 40°23′

WORKED EXAMPLE 6

A ladder is leant against a wall. The foot of the ladder is 4 m from the base of the wall and the
ladder reaches 10 m up the wall. Calculate the angle that the ladder makes with the ground,
correct to 1 decimal place.

THINK WRITE

1. Draw a diagram and label the sides with the given
values.

4 m
adj

opp
10 m hyp

θ
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2. Choose the tangent ratio and write the formula. tan(𝜃) =
opp

adj

3. Substitute in values for the opposite and adjacent
sides.

tan(𝜃) =
10
4

4. Make 𝜃 the subject of the equation. 𝜃 = tan−1
(

10
4 )

5. Calculate and round the answer to 1 decimal place. 𝜃 = 68.2° (to 1 decimal place)

6. Give a written answer. The ladder makes an angle of 68.2°
with the ground.

 

Exercise 3.2 Review of trigonometric ratios

Understanding, fluency and communicating

1. WE 1 Find the value of the pronumeral in each of the following right-angled triangles. Give your answers
correct to 1 decimal place.

68°

13 cmx

a.

49°
48 m

y

b.

41°

12.5 km

z

c.

2. Find the length of the side marked by the pronumeral in each of the following right-angled triangles.
Give your answers correct to 1 decimal place.

76°

8.5 km

xa.

116 mm

9°

m

b.

20°
15.75 km

g
c.

3. WE 2 Find the length of the side marked with the pronumeral in each of the following diagrams. Give
your answers correct to 1 decimal place.

21°

4.8 m

t

a.
77°

87 mm

p
b.

36°
8.2 m

qc.

TOPIC 3 Non-right-angled trigonometry 105

UNCORRECTED PAGE PROOFS



i
i

“c03NonRightAngledTrigonometry_print” — 2018/8/14 — 21:02 — page 106 — #8 i
i

i
i

i
i

4. Find the length of the side marked with the pronumeral in each of the following right-angled triangles.
Give your answers correct to 2 decimal places.

39°

0.85 kmb

a.

13°

64.75 m 

x

b.

2.34 m

84°9'

mc.

5. WE 3 A tree casts a 3.6-metre shadow when the sun’s rays make an angle of 59° with the ground.
Calculate the height of the tree, correct to the nearest metre.

6. A 10-metre ladder just reaches to the top of a wall when it is leaning at 65° to the ground. How far from
the foot of the wall is the ladder? Give your answer to the nearest centimetre.

7. WE 4 Find the size of the angle marked 𝜃 in each of the following right-angled triangles. Give your
answers correct to the nearest degree.

7 cm

11 cm

θ

a.

15 cm

8 cm

θ
b. 14 cm

9 cm

θ
c.

8. Find the size of the unknown angle in each of the following right-angled triangles. Give your answers
correct to the nearest degree.

3.6 m

9.2 m

θ

a.

196 mm
32 mm

θ

b.

14.9 m26.8 m

θc.

9. WE 5 In each of the following, find the size of the angle 𝜃, correct to the nearest minute.

30 m

19.2 m

θ
a.

10 cm

63 cm

θ

b. 2.5 m
0.6 m

θ

c.

10. Find the size of the unknown angles in each of the following, giving your answers in degrees and
minutes.

3.5 m

18.5 m

θ

a.

16.3 m8.3 m

θ

b. 6.3 m

18.9 m

θ

c.
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Problem solving, reasoning and justification

11. WE 6 A 10-metre ladder, leaning against a wall, reaches
6 metres up the wall. Find the angle that the ladder makes with
the horizontal, correct to the nearest degree.

10 m

6 m

12. A kite is flying on a 40-metre string. The kite is 10 metres away from the
vertical as shown in the figure. Find the angle the string makes with the
horizontal, correct to the nearest minute.

40 m

10 m

kite

13. A rectangular advertising sign is 13.5 metres wide. It has a diagonal brace that makes an angle
of 24° with the horizontal.
a. Draw a diagram to represent this information.
b. Calculate, correct to 1 decimal place:

the height of the signi.

the length of the brace.ii.

14. The diagram shows a footballer’s shot at goal. To form a right-angled triangle, divide the isosceles
triangle in half. Calculate, to the nearest degree, the angle within which the footballer must kick to get
the ball between the posts.

7 m

30 m

15. A ship drops anchor vertically with an anchor line 60 metres long. After one hour, the anchor line
makes an angle of 15° with the vertical.
a. Draw a diagram to represent this situation.
b. Calculate, correct to the nearest metre:

the depth of wateri.

the distance the ship has drifted in one hour.ii.
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3.3 The sine rule
3.3.1 The sine rule

• The sine rule can be used to find the side length or angle in non-right-angled triangles.

To help us solve non-right-angled triangle problems, the labelling
convention of a non-right-angled triangle, ABC, is as follows:

A

a
B

b
C

c• Angle A is opposite side length a.
• Angle B is opposite side length b.
• Angle C is opposite side length c.
• The largest angle will always be opposite the longest side length,
and the smallest angle will always be opposite to the smallest side length.

Formulating the sine rule
• We can divide an acute non-right-angled triangle into two right-angled triangles as shown in the following

diagrams.

A

a

B

b
C

c

A

a
h

C

c

• If we apply trigonometric ratios to the two right-angled triangles we get:

Equating the two expressions for h gives:

c sin (A) = a sin (C)

a
sin (A)

=
c

sin (C)

In a similar way, we can split the triangle into two using side a as the base, giving us:

b
sin (B)

=
c

sin (C)
This gives us the sine rule:

a
sin (A) = b

sin (B) = c
sin (C)

• Use the sine rule to determine all of the angles and sides of a triangle if you are given either:
⬩ 2 sides and 1 corresponding angle
⬩ 1 side and 2 angles.

108 Jacaranda Maths Quest 12 Mathematics Standard 2 5E for NSW
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Note: The corresponding angle is an angle opposite one of the given sides. Following the labelling
conventions given above, the corresponding angle will be the same letter as one of the given sides.

• Hints for solving problems:
⬩ If you have 2 angles of any triangle, you can find the third angle, as the three angles add to 180°.
⬩ Take care with labelling the angles. Show side a opposite to angle A and so on.
⬩ The sine rule pairs the sine of an angle with its opposite side.

 

Interactivity: The sine rule (int-6257)

 

WORKED EXAMPLE 7

Find the value of the unknown length x in the triangle, correct to 2 decimal places.

10 cm

x cm

40°

35°

THINK WRITE

1. Label the triangle with the given
information, using the conventions for
labelling.
Angle A is opposite to side a.
Angle B is opposite to side b.

10 cm

Side b

Side a 

Angle BAngle A

x cm

35°

40°

2. Substitute the known values into the sine
rule.

a
sin(A)

= b
sin(B)

x
sin(35°)

= 10
sin(40°)

3. Rearrange the equation to make x the
subject and solve to 2 decimal places.
Note: Make sure your calculator is in
degree mode.

x
sin(35°)

= 10
sin(40°)

x
sin(35°)

× sin(35°) = 10 × sin(35°)
sin(40°)

x = 10 sin(35°)
sin(40°)

x = 8.92 (to 2 decimal places)
4. Write the answer. The unknown side length x is 8.92 cm.
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WORKED EXAMPLE 8

A non-right-angled triangle has values of side b = 12.5, angle A = 25.3° and side a = 7.4.
Calculate the value of angle B, correct to 2 decimal places.

THINK WRITE

1. Draw a non-right-angled triangle, labelling with the
given information.
Angle A is opposite to side a.
Angle B is opposite to side b. 12.5

7.4
B

Side a

Angle B

Angle A
25.3°

Side b

2. Substitute the known values into the sine rule.
a

sin(A)
= b

sin(B)
7.4

sin(25.3°)
= 12.5

sin(B°)

3. Rearrange the equation to make sin(B) the
subject by first cross-multiplying and then solving.
Note: Make sure your calculator is in degree mode.

7.4
sin(25.3°)

= 12.5
sin(B°)

7.4 sin(B) = 12.5 sin(25.3°)

sin(B) =
12.5 sin(25.3°)

7.4

B = sin−1

(
12.5 sin(25.3°)

7.4 )
B = 46.21° (to 2 decimal places)

4. Write the answer. Angle B is 46.21°.

Exercise 3.3 The sine rule

Understanding, fluency and communicating

1. WE 7 Find the value of the unknown length x, correct to 2 decimal places.

x cm

12 cm

45°
55°

2. Find the value of the unknown length x, correct to 2 decimal places.

16 cm
x cm

76°

39°
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3. WE 8 In triangle ABC, angle A = 22.3°, side a = 8.4 cm and side b = 10.5 cm. Calculate the value of
angle B, correct to 1 decimal place.

4. In triangle ABC, angle A = 15°48′, side a = 4.56 cm and side b = 7.63 cm. Calculate the value of
angle B. Give your answer in degrees and minutes, to the nearest minute.

5. Find the value of the unknown length x, correct to 2 decimal places.

53°

8.45 cm x cm

48.2°

6. Find the value of the unknown length x, correct to the nearest cm.

x cm

13.1 cm

84°
46°

7. For triangle ABC shown below, find the acute value of 𝜃.

30°

A

2215

BC θ

8. In the triangle ABC, angle A = 104°, angle B = 41° and side a = 55 cm. Find the length of side b,
correct to the nearest centimetre.

9. In the triangle ABC, angle A = 110°. If the lengths of the sides c and a are 48 cm and 62 cm
respectively, find the size of angle C, correct to the nearest degree.

10. Find all of the side lengths, correct to 2 decimal places, for the triangle ABC, given side a = 10.5 cm,
angle B = 60° and angle C = 72°.

Problem solving, reasoning and justification

11. In the triangle PQR, the length of the side joining points P and R is 56 mm, and the length of the side
joining Q and R is 78 mm. Angle Q is 25°. Find the angles P and R and the length of the side PQ. Give
your answers correct to the nearest whole number.

12. Part of a roller-coaster track is in the shape of an
isosceles triangle, ABC, as shown in the following triangle.
Calculate the track length AB, correct to 2 decimal places.

75°

40 m
A C

B
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13. The shape and length of a water slide follows the path of PY and YZ in the following diagram.

54°
X Y

10 m

P

Z

31°

Calculate, correct to 2 decimal places:
the total length of the water slidea. the height of the water slide, PX.b.

14. At a theme park, the pirate ship swings back and
forth on a pendulum. The centre of the pirate
ship is secured by a large metal rod that is
5.6 metres in length. If one of the swings covers
an angle of 122°, determine the distance between
the point where the rod meets the ship at both
extremes of the swing. Give your answers
correct to 2 decimal places.

15. A triangular paddock is marked out with three
posts, X, Y and Z. The fence around the
paddock is made from 4 strands of wire. The
angles at post X and post Z are 52°20′ and
83°30′ respectively. The distance between posts
X and Z is 25 metres.
a. Calculate the perimeter of the triangular paddock,

correct to 2 decimal places.
b. Fencing wire costs $4.50 a metre. Find the cost of

the wire required to fence the paddock if an extra
10 metres needs to be allowed for joins, and wire
can only be purchased in metre lengths.

3.4 The cosine rule
3.4.1 The cosine rule

• The cosine rule, like the sine rule, is used to find the unknown length or angle in a non-right-angled
triangle. We use the same labelling conventions as when using the sine rule.

Formulating the cosine rule
• As with the sine rule, the cosine rule is derived from a non-right-angled triangle being divided into two

right-angled triangles, where the base side lengths are equal to (b − x) and x.
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A

a
B

b

b – xx

C

c

A

a
h

C

c

x b – x

• Using Pythagoras’ theorem we get:

c2 = x2 + h2 a2 = (b − x)2 + h2

and
h2 = c2 − x2 h2 = a2 − (b − x)2

Equating the two expressions for h2 gives:

c2 − x2 = a2 − (b − x)2

a2 = (b − x)2 + c2 − x2

a2 = b2 − 2bx + c2

Substituting the trigonometric ratio x = c cos(A) from the right-angled triangle into the expression,

we get:

a2 = b2 − 2b (c cos (A)) + c2

= b2 + c2 − 2bc cos (A)

• This gives us the cosine rule. We can interchange the pronumerals and the cosine rule can also be
transposed to give the angle.

• To find a side:

a2 = b2 + c2 − 2bc cos (A)
b2 = a2 + c2 − 2ac cos (B)
c2 = a2 + b2 − 2ab cos (C)

• To find an angle:

cos (A) = b2 + c2 − a2

2bc

cos (B) = a2 + c2 − b2

2ac

cos (C) = a2 + b2 − c2

2ab
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• The cosine rule is used to find:
⬩ an unknown length when you have the lengths of two sides and the included angle
⬩ an unknown angle when you have the lengths of all three sides.
Note: The included angle is the angle between the two given sides. If labelling conventions are followed,
the included angle will be a different letter than both given sides.

• Hints for solving problems:
⬩ The largest angle is always opposite the longest side.
⬩ The smallest angle is always opposite the shortest side.
⬩ Always draw a diagram and label the vertices of the triangle and the sides using the labelling

conventions.

Interactivity: The cosine rule (int-6276)

 

WORKED EXAMPLE 9

Find the value of the unknown length x in the triangle,
correct to 2 decimal places.

10 cm

12.5 cm

x cm

35°

THINK WRITE

1. Draw the non-right-angled triangle, labelling with
the given information.
Angle A is opposite to side a.
If two side lengths and one angle are given, always
label the angle as A and the opposite
side as a.

10 cm

12.5 cm

x cm

35°

Angle A

Side b

Side c

Side a

2. Substitute the known values into the cosine rule. a2 = b2 + c2 − 2bc cos(A)
x2 = 102 + 12.52 − 2 × 10 × 12.5 cos(35°)
x2 = 100 + 156.25 − 250 cos(35°)
x2 = 256.25 − 204.788

3. Solve for x, but avoid rounding until the last step.
Note: Make sure your calculator is in degree mode.

x2 = 51.462

x =
√

51.462

x ≈ 7.17 (to 2 decimal places)
4. Write the answer. The unknown length x is 7.17 cm.
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WORKED EXAMPLE 10

A non-right-angled triangle ABC has values a = 7, b = 12 and c = 16. Find the magnitude of
angle A, correct to 2 decimal places.

THINK WRITE

1. Draw the non-right-angled triangle, labelling with
the given information.

12

7
Side b

Side c

Side a 

Angle A

A
16

2. Substitute the known values into the cosine rule. a2 = b2 + c2 − 2bc cos(A)
72 = 122 + 162 − 2 × 12 × 16 cos(A)

3. Rearrange the equation to make cos(A) the subject
and solve.

Note: Make sure your calculator is in degree mode.

49 = 144 + 256 − 384 cos(A)
49 = 400 − 384 cos(A)

−351 = −384 cos(A)
384 cos(A) = 351

cos(A) =
351
384

A = cos−1
(

351
384)

A ≈ 23.93°

4. Write the answer. The magnitude of angle A is 23.93°.

Note: In the example above, it would have been quicker to substitute the known values directly into the
transposed cosine rule for cos(A):

cos (A) =
b2 + c2 − a2

2bc

Exercise 3.4 The cosine rule

Understanding, fluency and communicating

1. WE 9 Find the value of the unknown length x, correct to 2 decimal places.

4 km
x km

6 km
22°
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2. Find the value of the unknown length x, correct to 2 decimal places.

16.5 m

14.3 m

x m

39°

3. WE 10 The triangle ABC has values a = 8 cm, b = 13 cm, and c = 17 cm. Find the magnitude of angle A,
correct to 2 decimal places.

4. The triangle ABC has values a = 11 m, b = 9 m, and c = 5 m. Find the magnitude of angle A, correct to
2 decimal places.

5. Find the value of the unknown length, x. Give your answer to the nearest kilometre.

30°
15 km

x km 9 km

6. Find the value of the unknown length, x, correct to 1 decimal place.

6.7 m

4.2 m

x m

41°

7. The three sides of a triangle are 4 cm, 5 cm and 7 cm. Find the magnitude of the largest angle. Give your
answer in degrees and minutes, correct to the nearest minute.

8. A triangle has two sides of 8 cm and 12 cm, and the included angle is 57°. Calculate the length of the
third side, correct to 1 decimal place.

9. Find the largest angle, correct to 2 decimal places, between two legs of the
sailing course.

13 km

18 km

15 km

10. A triangle has side lengths of 5 cm, 7 cm and 9 cm. Find the size of the smallest angle, correct to the
nearest minute.
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Problem solving, reasoning and justification

11. ABCD is a parallelogram.

8 cmA

B
C

D

6.2 cm

43°

a. Find, correct to 1 decimal place, the length of the
diagonal BD.

b. What is the size of angle ABC?
c. Find, correct to 1 decimal place, the length of the

other diagonal AC.

12. An orienteering course is shown in the following diagram. Find the total distance of the course,
correct to 2 decimal places.

8 km

x km

14.5 km

35°

13. Two air traffic control towers are 180 km apart. At the same time, they both detect a plane, P. The plane
is at a distance 100 km from Tower A at the angle shown in the diagram below. At this instant,
calculate how much closer the plane is to Tower B than Tower A. Give your answer correct to 2 decimal
places.

180 km

100 km

Plane P

Tower B

Tower A

25°

14. Britney is mapping out a new running path around her local park. She is going to run in a straight line
for 2.1 km, before turning and running for another 3.3 km. with an angle between these two legs of
105°. She then runs straight back to her starting position. How far will Britney run in total? Give your
answer correct to the nearest metre.

15. A speed boat is undergoing special tests. To do this, a
new course is charted from the marina at Arrowtown.
It takes the speed boat 1.5 hours to reach the first
destination, Beautytown, travelling at a speed of
48 km/h. From there, the speed boat changes
direction so that the angle between the first and second
legs of the course is 98°. The speed boat travels for 2
hours on the second leg at a speed of 54 km/h to reach
the second destination, Cavetown. The speed boat then
travels directly back to Arrowtown.
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a. Calculate, to the nearest kilometre, the distance between:
i. Arrowtown and Beautytown
ii. Beautytown and Cavetown
iii. Cavetown and Arrowtown.

b. The speed boat travels at 50 km/h on the last leg of the course. Find the total time the speed boat takes to
complete the course. Give your answer to the nearest minute.

3.5 Area of a triangle
3.5.1 Calculating the area of a triangle

• You should be familiar with calculating the area of a triangle using the rule, Area =
1
2
bh where b is the

base length and h is the perpendicular height of the triangle. However, for many triangles we are not
given the perpendicular height, so this rule cannot be directly used.

• Take the triangle ABC as shown below.

A

a
h

B

b C

c

• If h is the perpendicular height of this triangle, then we can calculate the value of h by using the sine
ratio:

sin (A) =
h
c

• Transposing this equation gives h = c sin(A), which we can substitute into the rule for the area of the
triangle to give:

Area = 1
2
bc sin (A)

• Notes:
1. We can label any sides of the triangle a, b and c, and this formula can be used as long as we have

the length of two sides of the triangle and the value of the included angle (the angle between
these sides).

2. The included angle can be an obtuse angle. The theory of how this works is beyond the scope of
this course.

Interactivity: Area of triangles (int-6483)
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WORKED EXAMPLE 11

Find the areas of the following triangles. Give both answers correct to 2 decimal places.

7 cm

8 cm

A

C

B

120°

a. A triangle with sides of length 8 cmand 7 cm, and an
included angle of 55°

b.

THINK WRITE

a. 1. Label the vertices of the given triangle.

7 cm

8 cm

A

C

B

120°

2. Write down the known information. b = 8 cm, c = 7 cm, A = 120°

3. Substitute the known values into the formula to
calculate the area of the triangle.

Area =
1
2
bc sin(A)

=
1
2

× 8 × 7 × sin(120°)

= 28 sin(120°)
= 24.243 711 …
= 24.25 (to 2 decimal places)

4. Write the answer, remembering to include the units. The area of the triangle is 24.25 cm2,
correct to 2 decimal places.

b. 1. Draw a diagram to represent the triangle.

7 cm

8 cm

C

A B
55°

2. Write down the known information. b = 8 cm, c = 7 cm, A = 55°

3. Substitute the known values into the formula to
calculate the area of the triangle.

Area =
1
2
bc sin(A)

=
1
2

× 8 × 7 × sin(55°)

= 28 sin(55°)
= 22.936 …
= 22.94 (to 2 decimal places)

4. Write the answer, remembering to include the units. The area of the triangle is 22.94 cm2,
correct to 2 decimal places.
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3.5.2 Heron’s formula
• Heron’s formula is a way of calculating the area of a triangle if you are given the lengths of all three

sides. It is named after Hero of Alexandria, who was a Greek engineer and mathematician.

Area =
√
s (s− a) (s− b) (s− c) , where s = a+ b+ c

2

Note: The value s is referred to as the semi-perimeter, as it is half the perimeter of the triangle.

WORKED EXAMPLE 12

Find the area of a triangle with sides of 4 cm, 7 cm and 9 cm, giving your answer correct to
2 decimal places.

THINK WRITE

1. Write down the known information. a = 4 cm
b = 7 cm
c = 9 cm

2. Calculate the value of s (the semi-perimeter). s =
a + b + c

2

=
4 + 7 + 9

2

=
20
2

= 10

3. Substitute all values into Heron’s formula to
calculate the area of the triangle.

Area =
√
s(s − a)(s − b)(s − c)

=
√

10(10 − 4)(10 − 7)(10 − 9)

=
√

10 × 6 × 3 × 1

=
√

180

= 13.416 …
≈ 13.42 (to 2 decimal places)

4. Write the answer, remembering to include the units. The area of the triangle is 13.42 cm2,
correct to 2 decimal places.

3.5.3 Determining which formula to use
• In some situations, you may have to perform calculations to determine either a side length or an angle

before calculating the area. This may involve using either the sine rule or cosine rule. The following
table should help if you are unsure what to do.
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Given What to do Example

The base length and
perpendicular height

Use:

Area =
1
2
bh

8 cm

13 cm

Two side lengths and the
included angle

Use:

Area =
1
2
bc sin(A)

104°

5 cm

9 cm

Three side lengths Use Heron’s formula:
Area =

√
s(s − a)(s − b)(s − c) ,

where s =
a + b + c

2

19 mm

12 mm
22 mm

Two angles and one side
length

Use the sine rule to determine a
second side length, and then use:

Area =
1
2
bc sin(A)

Note: The third angle may have to
be calculated. All internal angles
of a triangle add to 180.

9 cm
29°

75°

Two side lengths and an
angle opposite one of these
lengths

Use the sine rule to calculate the
other angle opposite one of these
lengths, then determine the final
angle before using:

Area =
1
2
bc sin(A)

14 cm

12 cm

72°

Exercise 3.5 Area of a triangle

Understanding, fluency and communicating

1. WE 11 Refer to the triangle shown. Find the area of the triangle correct
to 2 decimal places. 11.9 mm

14.4 mm
38°

2. Find the area of a triangle with sides of length 14.3 mm and 6.5 mm,
and an included angle of 32°. Give your answer correct to
2 decimal places.

3. WE 12 Find the area of a triangle with sides of 11 cm, 12 cm and
13 cm, giving your answer correct to 2 decimal places.

4. Find the area of a triangle with sides of 12.2 mm, 13.5 mm and 10.1 mm,
giving your answer correct to 2 decimal places.
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5. Find the areas of the following triangles. Give your answers correct to 2 decimal places where necessary.

19.4 cm

11.7 cm

a.

12.4 mm

10.7 mm
9.1 mm

b.

31.2 cm

22.5 cm

38°

c.

65°19.9 cm

41°

d.

6. Find the areas of the following triangles, correct to 2 decimal places where appropriate.
a. Triangle ABC, given a = 12 cm, b = 15 cm, c = 20 cm
b. Triangle ABC, given a = 10.5 mm, b = 11.2 mm and C = 40°
c. Triangle DEF, given d = 19.8 cm, e = 25.6 cm and D = 33°
d. Triangle PQR, given p = 45.9 cm, Q = 45.5° and R = 67.2°

7. A triangular field is defined by three trees, each one sitting in one of the corners of the field, as shown in
the diagram. Calculate the area of the field in square kilometres, correct to 3 decimal places.

2.5 km

2.3 km
1.9 km

8. The smallest two sides of a triangle are 10.2 cm and 16.2 cm respectively, and the largest angle of the
triangle is 104°30′. Calculate the area of the triangle, correct to 1 decimal place.

9. A triangle ABC has values a = 14 cm, b = 11 cm and angle A = 31.3°. Calculate, correct to 2 decimal
places:
a. the size of the other two angles
b. the length of the third side
c. the area of the triangle.

10. Find the area of the following shape, correct to 2 decimal places.

10 cm

22 cm

69°
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Problem solving, reasoning and justification

11. A regular hexagon can be divided into six equilateral triangles. If the
side of a regular hexagon measures 10 cm, calculate the area of the
hexagon, correct to the nearest square centimetre.

10 cm

12. A trapezium is divided into five identical triangles with dimensions as shown in the diagram. Find the
area and the perimeter of the shaded region. Give your answer to the nearest unit.

30 cm

90 cm

13. Part of the floor of an ancient Roman building was tiled in a pattern in which four identical isosceles
triangles form a square with their bases. The equal sides of the isosceles triangles measure 18 cm and
the base measures 12 cm. Calculate, correct to 2 decimal places where necessary, the perimeter of the
pattern and the area enclosed in the pattern.

14. A BMX racing track encloses two triangular sections as shown in the following diagram. Calculate
the total area that the race track encloses, correct to 3 significant figures.

330 m

445 m
425 m

550 m

93°

35°

15. The Bayview Council wants to use the triangular park beside the beach to host a special barbecue.
However, council rules stipulate that public areas can be used for such purposes only if the area chosen
is over 350 m2 in size. The sides of the triangular park measure 23 metres, 28 metres and 32 metres.
Determine whether it is of a suitable size to host the barbecue. Justify your answer.
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3.6 Bearings and navigation
3.6.1 Compass bearings and true bearings

• Bearings are used to describe the direction from one object to another.
• The four main directions or bearings of a directional compass are known as cardinal points or compass

points. They are north (N), south (S), east (E) and west (W).

E

S

W

N
330

30
0

24
0

210 150

120
060

030
000

090

180

27
0

• There are two types of bearings: compass bearings and true bearings.
• Compass bearings measure directions from either north or south, for example S10°W.
• True bearings are always measured from north in a clockwise direction and are written using three

digits, for example 190°T.
• True bearings and compass bearings are interchangeable. For example:

S10°W = 190°T
N30°E = 030°T

Compass bearings True bearings

E

S

W

N

60°

N60°E

E

S

W

60°

N
060°T

E

S

W

N

S40°W

40°

E

S

W

N

220°

220°T
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Bearings from A to B
• The bearing from A to B is not the same as the bearing from B to A.

Bearing from A to B

N

A

B

Bearing from B to A

N

N

A

B

• Bearings can be used to calculate:
⬩ the direct distance between objects
⬩ the distance one object is due north, south, east or west of the other object
⬩ the bearings of objects relative to each other.

• Hints for solving problems with bearings:
⬩ Draw a clear diagram.
⬩ Include the compass points on your diagram (N, S, E, W).
⬩ Remember, the compass points are at right angles to each other.
⬩ If a true bearing is given, calculate the angles between the true bearing and the compass points.
⬩ Redraw the triangle that will enable you to answer the question.

• Useful geometrical facts:
⬩ The angles on a straight line add to 180°.
⬩ The angles in a revolution add to 360°.
⬩ The alternate angles formed by parallel lines are equal.
⬩ The co-interior angles formed by parallel lines are supplementary; that is, they add to 180°.

Interactivity: Bearings (int-6481)

 

WORKED EXAMPLE 13
 

N

Town B

Town A

60°

For the given diagram, find the true bearing from:
Town A to Town Ba.

Town B to Town A.b.

TOPIC 3 Non-right-angled trigonometry 125

UNCORRECTED PAGE PROOFS



i
i

“c03NonRightAngledTrigonometry_print” — 2018/8/14 — 21:02 — page 126 — #28 i
i

i
i

i
i

THINK WRITE

a. 1. From Town A, look north and go in a clockwise
direction. Note the angle.

N

Town B

Town A

60°

The angle from north is 60°.

2. State the answer, giving the angle as a true bearing
using the correct notation.

The true bearing from Town A to
Town B is 060°T.

b. 1. From Town B, mark north to create another parallel
north line.
Remember, with parallel lines, alternate angles are
equal, so from the straight line in a clockwise
direction the angle is equal to 60°.

N

N

Town B

Town A

60°

60°

2. Note the angle from Town B, starting from North.
Remember there are 180 degrees in a straight line.

The angle from North at Town B is
180° + 60° = 240°.

3. State the answer, giving the angle as a true bearing. The true bearing from Town B to
Town A is 240°T.

WORKED EXAMPLE 14
 
A boat leaves port, heading in a direction of 310°T for 25 km.
Give your answers to the following, correct to 2 decimal
places.
How far west is the boat from its starting point?a.

How far north is the boat from its starting point?b.

THINK WRITE

a. 1. Draw a diagram, remembering to label
the compass points as well as the given
bearing.

E

S

W

N
25 km

310°
40°

2. Calculate the angle to one of the closest
compass points. In this case, choose west.
From N clockwise to W is 270°.

310° − 270° = 40°
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3. Draw a right-angled triangle with the given
information and mark what needs to be
found.
Let the distance travelled west be x.
Let the distance travelled north be y.

25 km

x

y

40°

4. Determine which trigonometric ratio
to use.

cos 𝜃 =
adj

hyp

5. Substitute the values into the formula and
solve for the unknown. cos(40°) =

x
25

25 × cos(40°) = x
x = 19.151 11
x = 19.15 (to 2 decimal places)

6. Answer the question. The boat is 19.15 km west from its starting
point.

b. 1. Using the triangle from step a 3, determine
which trigonometric ratio to use to find y.

sin 𝜃 =
opp

hyp

2. Substitute the values and solve for y. sin(40°) =
y

25
25 × sin(40°) = y

y = 16.069 69

y = 16.07 (to 2 decimal places)
3. Answer the question. The boat is 16.07 km from of its starting point.

 

WORKED EXAMPLE 15

An orienteering course has been set out in the local park.
It consists of three legs: point A to point B, then point B
to point C, and finally returning from point C to point A.
Walkers set out from point A on a bearing of N42°E for
3 km to point B. Point C is 4 km directly from point B
and on a bearing of N53°W. After reaching point C, the
walkers return directly to point A.
a. Find the distance of the third leg, correct to the

nearest metre.
b. Find the bearing of the finishing point from the

point C. Give your answer to the nearest degree as a:
i. true bearing
ii. compass bearing.
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THINK WRITE

a. 1. Draw a diagram of the orienteering course,
labelling the points A, B and C as well as
the compass points.

4 km

C

B

53°

42°

N

A

3 km
N

2. Identify the unknown side of the triangle.
Redraw the triangle with the all of the
important information, labelling the
unknown side x.

4

3

B

A

x θ

α

C

3. Calculate the angle ABC using your
knowledge of parallel and straight lines.
Note: Alternate angles are used to
calculate the 42° angle. θ can be
calculated from here.

N

N

A

B

42°

53°

θ

42°

𝜃 = 180° − 53° − 42°
= 85°

4. The cosine rule can be used to find the value
of A to C, which has been labelled x. This
is because we are given two sides and the
included angle. Substitute the values and
solve for x.

b2 = a2 + c2 − 2ac cos(B)
x2 = 42 + 32 − 2 × 4 × 3 × cos(85°)
x2 = 16 + 9 − 24 cos(85°)
x2 = 22.908 262

x = 4.786 257 6
x = 4.786 km (to the nearest metre)

5. Answer the question. The third leg is 4.786 km, to the nearest
metre.

b. i. 1. The cosine rule or the sine rule can be
used to find the angle ACB, marked 𝛼.
Substitute the values above into the sine
rule and solve for 𝛼.

a
sin(A)

= b
sin(B)

= c
sin(C)

3
sin(𝛼)

= 4.786 257 6
sin(85°)

sin(a) × 4.786 257 6 = 3 × sin(85°)

sin (𝛼) =
3 × sin(85°)
4.786 257 6

sin (𝛼) = 0.624 409 37
𝛼 = sin−1(0.624 409 37)
𝛼 = 38.638 85°
𝛼 = 39° to the nearest degree
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2. Draw a diagram with bearings marked.
Use your knowledge of parallel lines to
find the angle from North at point C
clockwise to the bearing of point A.

127°

B

C

53°α

A

𝛼 = 39°
From north at point C:
angle = 127° + 39° = 166°

3. Answer the question. The bearing of A, the starting point, from point
C is 166°T.

ii. 1. Calculate the acute angle to south. Acute angle = 180° − 166°
= 14°

2. Answer the question. The bearing of A, the starting point, from point
C is S14°E.

Exercise 3.6 Bearings and navigation

Understanding, fluency and communicating

1. WE 13 In the figure, find the true bearing from:

Town A

Town B

N

110°a. Town A to Town B
b. Town B to Town A.

2. In the figure, find the true bearing from:

Town A

Town B

N

123°

a. Town A to Town B
b. Town B to Town A.

3. From the figure given, find the true bearing of:

N

A

B

C50° 48°

103°

B from Aa. C from Bb. A from C.c.

TOPIC 3 Non-right-angled trigonometry 129

UNCORRECTED PAGE PROOFS



i
i

“c03NonRightAngledTrigonometry_print” — 2018/8/14 — 21:02 — page 130 — #32 i
i

i
i

i
i

4. Draw diagrams to illustrate the following bearings.
NEa. S42°Wb.

150°Tc. 315°Td.

5. WE 14 A boat leaves a port, heading in a direction of 285°T for 18 km. Give your answers to the
following correct to 2 decimal places.
a. How far west is the boat from its starting point?
b. How far north is the boat from its starting point?

6. A ship leaves a port, heading in a direction of 155°T
for 12 nautical miles. Give your answers to the
following correct to 2 decimal places.

a. How far east is the ship from its starting point?
b. How far south is the ship from its starting point?

7. A plane travels for 1200 km on a bearing of 115°T. Find how
far south the plane is then from its staring point. Give your
answer to the nearest metre.

8. A boat travels due north for 6 km, changes course and travels due west for 3 km, and changes course
again to travel due south for another 2 km, where it drops anchor.
a. Draw a diagram to represent this information.
b. What is the boat’s true bearing from its starting point to where it drops anchor? Give your answer to

the nearest degree.
9. WE 15 An orienteering course has been set out in the local park. It consists of three legs: from point A

to point B, then point B to point C, and finally returning from point C to point A. Walkers set out from
point A on a bearing of N36°E for 5 km to point B. Point C is 7 km directly from point B and on a
bearing of N28°W. After reaching point C, the walkers return directly to point A.
a. Find the distance of the third leg, correct to the nearest metre.
b. Find the bearing of the finishing point from the point C. Give your answer to the nearest degree as:

i. a true bearing
ii. a compass bearing.

10. A boat travelled from Port Alexander for 20 km on a bearing
of 195°T, then turned and travelled another 30 km on a
bearing of S25°E to reach Port Great, and finally returned to
Port Alexander.

a. Find the distance from Port Great to Port Alexander,
correct to the nearest metre.

b. Find the bearing of this third leg, from Port Great to Port
Alexander. Give your answer as a compass bearing,
correct to the nearest degree.

Problem solving, reasoning and justification

11. A yacht race travels a triangular course. The first leg of the
race, from the start to buoy 1, is 13 km due south. The second
leg, from buoy 1 to buoy 2, is due west. The last leg, from buoy 2 back to the start, is 18 km.
a. Calculate the total length of the course, correct to 2 decimal places.
b. What is the bearing of the starting point from buoy 2? Give your answer as a compass bearing,

correct to the nearest minute.
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12. An athlete practising for a triathlon competition
completes a swim, run, cycle circuit.
From the starting point, the swim is 1.2 km due east.
The run section is 3 km on a bearing of 120°T, and
the cycle section is directly back to the
starting point.

a. Draw a diagram to represent this information.
b. Calculate the distance, correct to 1 decimal place,

that the athlete has to ride to get back to the start.
c. Calculate the bearing, to the nearest degree, on

which the athlete rides back to the start.
13. Andriel went for a ride on her dune buggy in the desert. She rode due east for 6 km, then turned on a

bearing of S35°W for the second stage of her ride. After riding in this direction for a while, Andriel
turned again and travelled the 8 km straight back to her starting position.
a. How far did Andriel travel in the second section of her ride, correct to the nearest kilometre?
b. What was the direction of the last section of her ride? Give your answer as a true bearing, correct to

the nearest degree.

14. A life-saver is practising his swimming skills by following a
triangular course. He swims 500 metres from his starting
point on the shore to a buoy 1. From buoy 1, he swims to
buoy 2. He then swims 750 metres back to the starting point.
From the starting point, the bearings of buoys 1 and 2 are
062° and 158° respectively. Calculate the total length of the
course. Give your answer to the nearest metre.

15. A hot air balloon leaves its starting point and travels for 8.5 km
on a bearing of 125°T, then changes direction to a bearing of
SW for 16.2 km, before changing direction again to fly directly
back to its starting point.
a. Calculate, correct to 1 decimal place, the total distance the hot air

balloon has flown.
b. What was the direction of the last leg of the journey? Give your answer

as a true bearing, correct to the nearest degree.

3.7 Angles of elevation and depression
3.7.1 Angles of elevation and depression

(Angle of elevation)

Line of sight

Horizontal line

(Object)

(Observer)
A B

C

θ

• An angle of elevation is the angle between a horizontal line
from the observer to an object that is above the horizontal
line. It is the angle at which you look up to see an object.

Looking up to object C from position A, the angle of
elevation, ∠CAB, is the angle between the horizontal
line, AB, and the line of sight, AC.
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(Angle of depression)

Line of sight

Horizontal line
(Observer)

P

R (Object)

Qθ

• An angle of depression is the angle between a horizontal
line from the observer to an object that is below
the horizontal line. It is the angle at which you look down
to see an object.

Looking down at object R from position P, the angle of
depression, ∠QPR, is the angle between the horizontal
line, PQ, and the line of sight, PR.

Angles of elevation and depression are in a vertical plane.

Angle of depression

Angle of elevation

• We use angles of elevation and depression to locate the
positions of objects above or below the horizontal line.

• Angles of elevation and angles of depression are equal,
as they are alternate angles formed by parallel lines.

We can see from the diagram that the angle of depression
given from one location can give us the angle of elevation
from the other position using the alternate angle law.

WORKED EXAMPLE 16

50 m
40°

h

From a point 50m from the foot of a building, the angle of elevation
to the top of the building is measured as 40°.
Calculate the height, h, of the building, correct to the nearest metre.

THINK WRITE

1. Label the sides of the given triangle opp, adj and hyp.

50 m
adj

hyp h
opp

40°

2. Choose the tangent ratio because we are finding the opposite
side and have been given the adjacent side.

3. Write the tangent ratio formula. tan(𝜃) =
opp

adj

4. Substitute values for 𝜃 and the adjacent side. tan(40°) =
h

50

5. Make h the subject of the equation. h = 50 tan(40°)

6. Calculate and round to the nearest metre. h = 42 m

7. Give a written answer. The height of the building is
approximately 42 m.
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• In practical situations, the angle of elevation is often measured from a person’s height at eye level. In
these cases, the height at eye level must be added to the calculated answer to obtain the height of the
object from ground level.

WORKED EXAMPLE 17

10 m 1.6 m

64°

From a point 10 m from the foot of a tree, Bryan measures the
angle of elevation to the top of the tree as 64°. If the height of
Bryan’s eyes is 1.6m, calculate the height of the tree, correct to
1 decimal place.

THINK WRITE

1. Label the sides of the triangle opp, adj and hyp.

10 m
adj

hyp
opp

h

64°

2. Choose the tangent ratio because we are finding the
opposite side and have been given the adjacent side.

3. Write the tangent ratio formula. tan(𝜃) =
opp

adj

4. Substitute values for 𝜃 and the adjacent side. tan(64°) =
h

10

5. Make h the subject of the equation. h = 10 tan(64°)
6. Calculate h to 1 decimal place. h = 20.5 m

7. Add the eye height. Height of tree = 20.5 + 1.6
= 22.1

8. Give a written answer. The height of the tree is
approximately 22.1 m.

• A similar method for finding the solution is used for problems that involve an angle of depression.

WORKED EXAMPLE 18

When an aeroplane in flight is 2 km from a runway, the angle of depression to the runway is 10°.
Calculate the altitude of the aeroplane, correct to the nearest metre.

10°
2 km

h
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THINK WRITE

1. Label the sides of the given triangle opp, adj
and hyp.

10°

adj
2 km

hyp
opp h

2. Choose the tan ratio, because we are finding the
opposite side given the adjacent side.

3. Write the formula. tan(𝜃) =
opp

adj

4. Substitute values for 𝜃 and the adjacent side,
converting 2 km to metres.

tan(10°) =
h

2000

5. Make h the subject of the equation. h = 2000 tan(10°)
6. Calculate and provide the answer to the nearest

metre.
h = 353 m

7. Give a written answer. The altitude of the aeroplane is
approximately 353 m.

• Angles of elevation and depression can also be calculated by using known measurements. This is done
by drawing a right-angled triangle to represent the situation and applying an appropriate trigonometric
ratio.

WORKED EXAMPLE 19

3.6 m

5.2 m

�

A 5.2-m building casts a 3.6-m shadow.
Calculate the angle of elevation of the sun, correct to the nearest degree.

THINK WRITE

1. Label the sides of the triangle opp, adj and hyp.

�
3.6 m

adj

hypopp
5.2 m

2. Choose the tan ratio because we are given the
opposite and adjacent sides.

3. Write the formula. tan(𝜃) =
opp

adj

4. Substitute values for opposite and adjacent. tan(𝜃) =
5.2
3.6

5. Make 𝜃 the subject of the equation. 𝜃 = tan−1
(

5.2
3.6)

6. Calculate. 𝜃 = 55°

7. Give a written answer. The angle of elevation of the sun is
approximately 55°.
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Exercise 3.7 Angles of elevation and depression

Understanding, fluency and communicating

1. WE16 From a point 100 metres from the foot of a building, the angle
of elevation to the top of the building is 15°. Calculate the height of
the building, correct to 1 decimal place.

100 m

15°

2. From a ship, the angle of elevation to an aeroplane is 60°. The aeroplane
is 2300 metres due north of the ship. Calculate the altitude of the
aeroplane, correct to the nearest metre.

60°
2300 m

3. From a point out at sea, a ship sights the top of a lighthouse at an angle of elevation of 12°. It is known
that the top of the lighthouse is 40 metres above sea level. Calculate the distance of the ship from the
lighthouse, correct to the nearest 10 metres.

4. WE17 From a point 50 metres from the foot of a building, Rodney
sights the top of the building at an angle of elevation of 37°. Given
that the height of Rodney’s eye level is 1.5 metres, calculate the
height of the building, correct to 1 decimal place.

1.5 m 50 m
37°

5. Richard is flying a kite and sights the kite at an angle of elevation of
65°. The altitude of the kite is 40 metres and Richard’s eye level is
1.8 metres above ground. Calculate the length of string the kite is flying
on, correct to 1 decimal place.

40 m

1.8 m

65°

x

6. WE 18 Bettina is standing on top of a cliff, 70 metres above
sea level. She looks directly out to sea and sights a ship at an
angle of depression of 35°. Calculate, correct to the nearest
metre, the distance of the ship from the shore.

35°

70 m

7. From an aeroplane flying at an altitude of 4000 metres, a
runway is sighted at an angle of depression of 15°. Calculate
the horizontal distance of the aeroplane from the runway,
correct to the nearest metre.

15°

4000 m

8. WE19 A 12-metre high building casts a shadow 15 metres long. Calculate the angle of elevation of the
sun at this time, correct to the nearest degree.
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9. Find the angle of elevation of the kite from the ground, correct to the nearest minute. The string on the
kite is 34 metres long and the horizontal distance is 16.2 metres.

16.2 m

34 m

10. A chair lift operating in Sun Valley has an angle of elevation of 42° to the top of the ski run. If the
vertical height is 707 metres, calculate the length of the chair lift. Give your answer to the nearest metre.

Problem solving, reasoning and justification

11. At a crocodile farm, special tours are allowed at
feeding time. The tour guide dangles a piece of meat
on a strong stick at an angle of elevation of 60° from
the boat, horizontal to the water. If the stick is 2 metres
long and is held 1 metre above the water, find the
vertical distance the crocodile has to jump out of the
water to get the meat. Give your answer correct to the
nearest centimetre.

12. A student uses an inclinometer to measure the height of his house. The angle of elevation is 54°. The
student is 1.52 metres tall and stands 7.5 metres from the house. Calculate the height of the house,
correct to 2 decimal places.

13. A parachutist falls from a height of 5000 metres to the
ground while travelling over a horizontal distance of 1500
metres. Calculate:
a. the angle of depression of the descent, correct to the

nearest minute
b. the distance the parachutist travelled, correct to the

nearest metre.
14. Air traffic controllers in two control towers, which are both

87 metres high, spot a plane at an altitude of 500 metres. The
towers are in line with each other and the plane. The angle
of elevation from Tower A to the plane is 5°, and the angle of
elevation from Tower B to the plane is 7°. Find the distance
between the two towers, correct to the nearest metre.

15. Bill and Tom are 400 metres from the foot of a tower. From
that point, they measure the angle of elevation to the top of
the tower as 12°.
a. Calculate, to the nearest metre, the height of the tower.
b. Bill leaves Tom and walks 100 metres towards the tower. He finds the angle of elevation has changed.

Discuss how the angles of elevation have changed, giving the new angle correct to the nearest degree.
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3.8 Applications to practical problems
3.8.1 Pythagoras’ theorem

• You will be very familiar with Pythagoras’ theorem. Since trigonometric ratios involve right-angled
triangles, Pythagoras’ Theorem may often be used in solving practical problems. Remember,
Pythagoras’ Theorem is:

a2 + b2 = c2

where c is the hypotenuse.
BC

A

Hypotenuse

Interactivity: Pythagoras’ theorem (int-6473)

 3.8.2 Practical problems
• Hints in solving practical problems:

⬩ Read the question carefully.
⬩ Draw good diagrams to represent the information. You may need to

draw more than one diagram.
⬩ You may need to perform more than one calculation to determine either

a side length or an angle before you can answer the question.
⬩ Ensure all of the measurements are in the same units.
⬩ If you have a right-angled triangle, you can use:

– Pythagoras’ theorem
– the trigonometric ratios; sine, cosine or tangent.

⬩ The sine rule connects pairs of opposite angles and sides.
⬩ The cosine rule connects the three sides of a triangle and one angle. To

find a side, the angle must be included between the two known sides.
⬩ If angles of elevation or depression are included in a question with

bearings, it may be easier to draw two separate diagrams, one for the angle of elevation or depression
and the other with the information on the bearings.

WORKED EXAMPLE 20

From a position on the ground, the angle of elevation to
the top of a lighthouse is 25°32′. When the observer walked
28 metres directly towards the lighthouse, the angle of
elevation was 43°45′. Find the height of the lighthouse,
correct to the nearest centimetre.
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THINK WRITE

1. Draw a diagram to represent this
information. Label the points on the
diagram and the length required.

28 m

h

W

T

A B
25°32′ 43°45′

2. Determine the size of ∠ABT in ΔABT. ∠ABT + ∠TBW = 180° (angles in a straight line)
∠ABT + 43°45′ = 180°

∠ABT = 136°15′
3. Determine the size of ∠ATB. ∠ABT + ∠BTA + ∠TAB = 180° (angle sum of a

triangle)
136°15′ + ∠BTA + 25°32′ = 180°

∠BTA + 161°47′ = 180°
∠BTA = 18°13′

4. Redraw the diagram with all of the
angles marked.
Decide which side links the lighthouse
to ΔABT.
In this case, we have chosen TB.
Note: You could also use side TA
and then use the larger right-angled
triangle to find the height of the
lighthouse.

hx

W

T

A B
25°32′ 43°45′136°15′

18°13′

28 m

5. Use the sine rule to evaluate x first as
there are 2 angles and 1 side length
known.

In ΔABT:
a

sin(A)
= b

sin(B)
x

sin(25°32′)
= 28

sin(18°13′)

x = 28

sin(18°13′)
× sin(25°32′)

x = 38.607 094

6. For ΔBWT use the sin ratio to evaluate
h, the height of the light house.

In ΔBWT:

sin(43°45′) =
h

38.607 094

h = sin(43°45′) × 38.607 094

h = 26.69731

7. Answer the question. The height of the lighthouse is 26.70 metres,
correct to the nearest centimetre.
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Exercise 3.8 Applications to practical problems

Understanding, fluency and communicating

1. WE 20 From a position on the ground, the angle of elevation to the top of a lighthouse is 27°42′. When
the observer walked 34 metres directly towards the lighthouse, the angle of elevation was 38°45′. Find
the height of the lighthouse, correct to the nearest centimetre.

2. An observer, standing on level ground, measures the angle of elevation to the top of a tower to be
31°25′. The observer walks directly towards to the tower for a distance of 42 metres and finds the angle
of elevation is now 51°40′. Find the height of the tower, correct to the nearest metre.

3. Mary is 1.6 metres tall and is standing on a balcony 20 metres above the ground. She can see her friend,
Alice, who is 1.8 metres tall, on her balcony across the road and one floor down, 15 metres above the
ground. If the angle of depression is 10°, what is the horizontal distance between the friends? Give your
answer correct to 1 decimal place.

4. A hiker walked for 8 km on a bearing of 285°T, then changed
course to travel 3 km on a bearing of N20°E.

a. Calculate the direct distance the hiker is from her starting point,
correct to 1 decimal place.

b. What is the bearing the hiker has to travel to return directly to her
starting point? Give your answer as a true bearing, correct to the
nearest degree.

5. A ship left port A and sailed for 25 km on a bearing of 300°T.
It then changed course and sailed due north for 40 km to reach port B.
Calculate:
a. the direct distance from port A to port B, correct to 1 decimal place
b. the bearing of port A from port B. Express your answer as a true bearing to the nearest degree.

6. A surveyor measures the angle of elevation to the top of a mountain to be
26°35′. After walking directly towards to mountain for a distance
of 85 metres, the surveyor finds the angle of elevation to be 48°15′.
The surveyor is working on a proposal to install a cable car from the first
position to the top of the mountain.
Calculate, correct to 2 decimal places:
a. the length of the cable required for the cable car
b. the height of the mountain.

7. From the observation deck of a building that is 270 metres tall, the
angle of depression to the rooftop garden of a nearby hotel
is 67°. If the height of the hotel is one-quarter of the height
of the building, calculate the horizontal distance, correct
to the nearest metre, between the building and the hotel.

8. In an art gallery, a student is studying a large painting. From this
position, the angle of elevation to the top of the painting’s frame
is 33.2°, and the angle of depression to the bottom of the frame
is 17.6°. If the student is standing 3.5 metres away from the
painting, calculate the height of the painting, correct to 1 decimal
place.

9. A person is watching a movie on a screen that is 10 metres tall. When
the person looks at the top of the screen, the angle of elevation is 50°
and the distance along this line of vision is 18 metres. The lower
end of the screen is also above the person’s eye level.
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a. Calculate, correct to 2 decimal places, the person’s horizontal distance from the screen.
b. How far above the person’s eye level is the lower edge of the screen? Give your answer correct to

1 decimal place.
10. Two ships are anchored out to sea from a port. The first ship sights the port’s lighthouse on a bearing of

037°T. The second ship, 1200 metres due east of the first ship, sights the port’s lighthouse on a bearing
of 320°T. Calculate the distance each ship is from the port’s lighthouse, correct to the nearest metre.

Problem solving, reasoning and justification

11. A hot air balloon sets out on a bearing of S30°W and travels in this
direction for 7 km. From here the balloon changes direction and travels a
further 6 km on a bearing of S60°W.

a. Calculate the shortest distance back to the balloon’s
original position, to the nearest metre.

b. If the balloon travels at 10 km/h, how long does the entire
trip take? Give your answer to the nearest minute.

12. A lighthouse that is 50 metres tall is situated on the top of a hill. The angle of
depression from the top of the lighthouse, L, to a ship, S, out at sea is 53°, but at the
base of the lighthouse, B, the angle of depression to the ship is 38°.
a. Find the distance LS, correct to 2 decimal places.
b. Find the height, correct to the nearest metre, of the hill above sea level.

13. Surveyors are camped near the base of the hill. A communication tower is sited at the top of the hill.
From their camp, the angle of elevation to the top of the tower is 15° and the angle of elevation to the
base of the tower is 8°. They know the communication tower is 115 metres tall. Calculate, correct to the
nearest metre:
a. the distance of the camp from the top of the tower
b. the height of the hill.

14. Two kayakers paddled to the bank of a river to pitch their tents for
the night. The tents were pitched 35 metres apart on an east–west
line. Across the river stands a tall redwood tree. One of the kayakers,
Ned, reaches for his compass and notices the bearing of the redwood
tree from his tent is N25°E. The other kayaker, Kellie, finds that the
compass reading from her tent to the redwood tree is N48°W.
a. Calculate the distance from each tent to the redwood tree, correct to the

nearest metre.
b. Ned finds the angle of elevation to the top of the redwood tree is 57°.

Find the height of the redwood tree, correct to the nearest metre.
15. A group of hikers set out from their campsite and walk for 14 km on a

bearing of 175°T to the first check-in station, A. The group then
change direction and continue walking for 5 km on a bearing of S74°W to check-in station B.
a. How far are they from their campsite? Give your answer correct to the nearest metre.
b. What is the bearing of their campsite from check-in station B? Give your answer to the nearest

degree.
The hikers continue walking and arrive at a cliff. They notice the next check-in station, C, is
200 metres away from the base of the cliff.

c. If the angle of depression is 37°, how tall is the cliff? Give your answer to 2 decimal places.
d. There is a flying fox that connects the top of cliff to check-in station C. How long is the flying fox?

Give your answer to the nearest metre.
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3.9 Radial surveys
3.9.1 Radial surveys

• Surveys are carried out to determine positions of points and the distances
and angles between them. One common use of surveys is determining
boundaries of properties. Most forms of construction require surveys, and
surveyors use many different geometric and trigonometric techniques.

• In this section, we consider one surveying technique, the radial survey.
Radial surveys are useful for irregularly shaped sections of land,
particularly sections shaped like polygons.

• To begin a radial survey, the surveyor chooses a point inside the polygon
as a central position where he has a clear vision of all of the vertices,
or corners, of the polygon. The surveyor then measures the distance
and the bearing from the central position to each vertex. This allows them
to sketch the property or make a field book entry (a rough outline of
the information collected). Calculations give the length of the boundaries
and the area of the land in question, and accurate scale drawings can be
completed where necessary.

• The bearings used in radial surveys are true bearings.
• In this section, assume that any land being surveyed is flat.

WORKED EXAMPLE 21

345°

75

062°

110

250°

165°

65

60

Calculate the area of the quadrilateral given in the field diagram. All
lengths are in metres. Give your answer to the nearest square metre.

THINK WRITE

1. Draw the diagram with all the
values. Label the central position,
P, and the vertices A, B, C and D.
Mark in the direction of North
from P.

345°

75 m

062°

D A

P

N

B

C

110 m250°

165°

65 m

60 m

2. Calculate the angles at the central
position. Mark these angles on
your diagram.
Remember: The angles at the
centre must all add to 360°.

∠APB = 165° − 62°
= 103°

∠BPC = 250° − 165°
= 85°

∠CPD = 345° − 250°
= 95°

∠DPN = 360° − 345°
= 15°

∠NPA = 62°
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∠DPA = ∠DPN + ∠NPA
= 15° + 62°
= 77°

110 m

345°

75 m

062°

D

85°
103°95°

15° 62°
A

N

B

C
250°

165°

65 m60 m

P

3. For the area of a triangle, given
two sides and the included angle,

use the formula: A =
1
2
ab sin(C°)

Substitute into the formula to
calculate the area of each triangle.

Area of ΔAPB =
1
2

× 65 × 110 × sin(103°)

= 3483.373

Area of ΔBPC =
1
2

× 110 × 75 × sin(85°)

= 4109.3031

Area of ΔCPD =
1
2

× 75 × 60 × sin(95°)

= 2241.4381

Area of ΔDPA =
1
2

× 60 × 65 × sin(77°)

= 1900.0216

4. Add the four areas to give the total
area.

Total area of proposed subdivision
= 3483.373 + 4109.3031 + 2241.4381 + 1900.0216
= 11 734.1358

5. Answer the question. The total area of the property is 11 734 square metres,
to the nearest square metre.
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WORKED EXAMPLE 22

Find the perimeter, to the nearest half metre, of the quadrilateral given in Worked example 21.

THINK WRITE

1. Use the cosine rule to find the third side
of a triangle, given two sides and the
included angle.
Substitute into the formula to find each
boundary fence.

a2 = b2 + c2 − 2bc cos(A°)
For AB:
a2 = 652 + 1102 − 2 × 65 × 110 × cos(103°)
a2 = 19 541.80
a =

√
19 541.80

AB = 139.79
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For BC:
a2 = 1102 + 752 − 2 × 110 × 75 × cos(85°)
a2 = 16 286.93
a =

√
16 286.93

BC = 127.62

For CD:
a2 = 752 + 602 − 2 × 75 × 60 × cos(95°)
a2 = 10 009.402
a =

√
10 009.402

CD = 100.047
For DA:
a2 = 602 + 652 − 2 × 60 × 65 × cos(77°)
a2 = 6070.3818
a =

√
6070.3818

DA = 77.913

2. Add the four boundaries to give the
perimeter

Total length of boundary
= 139.79 + 127.62 + 100.047 + 77.913
= 445.37

3. Answer the question. The perimeter of the diagram is 445.5 metres to
the nearest half metre.

 
Exercise 3.9 Radial surveys

Understanding, fluency and communicating

1. WE 21, 22 Refer to the quadrilateral shown in the field diagram. N

A

B
C

D
320°

060°

120°

225°

46

37

55

38 P

a. Calculate the area of the quadrilateral. Give your answer to
the nearest square metre.

b. Find the perimeter of the quadrilateral. Give your answer to
the nearest half metre.

2. Refer to the quadrilateral shown in the field diagram.
All lengths are in metres.

310°

170°

255°

090°46

53
60

48a. Calculate the area of the quadrilateral. Give your
answer to the nearest square metre.

b. Find the perimeter of the quadrilateral. Give
your answer to the nearest metre.
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3. A sketch of an irregular pentagon is shown. The bearings and
lengths of the rays from a central position, P, are shown.

345°
052°

128°

190°

265° 81m

70
m

68 m

68 m

72
m

a. Find the size of the angles at the centre.
b. Calculate, correct to 2 decimal places:

i. the area of the pentagon
ii. the perimeter of the pentagon.

4. A sketch of an irregular pentagon is shown. The lengths, in metres,
and the bearings of the rays from a central position, P, are shown.

350°
040°

125°

235°

300°

65 20
60

55
50

a. Find the size of the angles at the centre.
b. Calculate, correct to 2 decimal places:

i. the area of the pentagon
ii. the perimeter of the pentagon.

5. Measurements, in metres, and bearings from a central point, P,
of a quadrilateral are shown.
Calculate, correct to the nearest integer:

340°

080°

126

112

104

270°

195°

96

a. the area of the quadrilateral
b. the perimeter of the quadrilateral.

6. Measurements, in metres, and bearings from a central point, P, of a
triangle are shown.
Calculate, correct to 2 decimal places:
a. the area of the triangle
b. the perimeter of the triangle.

055°

154°

265°

P37

53

79

7. The following notes were made by a surveyor of an irregular field.

A. 086° 34 metres
B. 172° 46 metres
C. 295° 57 metres
D. 354° 78 metres

a. Use a protractor and ruler to draw a scale diagram of this field.
b. Find the size of the angles at the centre.
c. Calculate, correct to the nearest whole number:

the area of the fieldi. the perimeter of the field.ii.
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8. A surveyor made the following notes from a field trip.

A. 045° 63 metres
B. 127° 72 metres
C. 168° 78 metres
D. 258° 84 metres
E. 324° 56 metres

a. Use a protractor and ruler to draw a scale diagram of this land. (Use the scale 1 : 1000.)
b. Find the size of the angles at the centre.
c. Calculate the area of the land, correct to the nearest square metre.
d. Find, correct to the nearest metre, the perimeter of the land.

Problem solving, reasoning and justification

072°

26295°

27

P

180°

19

9. A sketch of a triangular field from a central position, P, has been
given, with the bearings and the lengths of the rays measured.
The lengths are in metres.
a. Find the sizes of the angles at the centre.
b. Calculate, to the nearest square metre, the area of the triangular

field.
c. Find the area using Heron’s formula, and compare this with your

result from part b.
d. Discuss which method of finding the area was the easier, giving

reasons for your answer.
10. A surveyor makes a field trip to survey a proposed subdivision

of some land for a developer. He returns with this field diagram.
058°316°

238°
125°

62

5784

77

a. Calculate the area of the subdivision to the nearest square
metre.

b. The developer needs at least 550 square metres for each section
of the subdivision. Also, the local council needs 10% of the land
for the required infrastructure. What is the maximum
number of sections the developer could make from
his land development?

11. The developer was also required by the local
council to fence the boundary of the land for the
proposed subdivision in question 10. He contacted
the surveyor to supply him with these extra details.
a. Calculate the length of the boundary fence, correct

to 2 decimal places.
b. The developer needs to order the materials for the

boundary fence. An allowance of an extra 10%
was made to the order for items such as joins.
Determine how many metres of fencing the
developer will order, if fencing has to be ordered in
multiples of 20 metres.
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Questions 12 and 13 refer to the following diagram.

136

151 145

052°
332°

087°

175°

123

245°

136

12. The diagram shows the radial survey of a paddock. From the central position, rays with their lengths
and bearings have been measured. Lengths are in metres.
a. What shape is the land?
b. Calculate the size of the angles at the central position.
c. The owner needs to know the area of the paddock so he can order seed. The seed is sold in 20–kg

bags, with each bag covering 4000 square metres. How many bags of seed will the owner need to
order?

13. The owner also needs to replace the existing boundary fence. The fence consists of large posts at each
corner and small posts no more than 5 metres apart along each boundary. The fence is a wire fence, with
3 strands of wire.
a. Wire fencing needs to be ordered in 250-metre rolls. How many rolls will the owner need for the new

boundary fence?
b. What is the minimum number of small posts required when replacing the existing boundary fence?

3.10 Review
3.10.1 Summary
In this topic you have learnt:

• in right-angled triangles, how to find the:
⬩ lengths of sides
⬩ sizes of angles, using degrees and degrees and minutes

• how and when to use the sine rule to solve problems
• how and when to use the cosine rule to solve problems
• to find the area of triangles, using:

⬩ the length of the base and the perpendicular height
⬩ two sides and the included angle
⬩ Heron’s formula

• that a direction is a bearing and can be written as:
⬩ a compass bearing
⬩ a true bearing

• to use angles of elevation and depression in solving problems
• to construct and interpret compass radial surveys to find:

⬩ the lengths of the boundary
⬩ the area of the figure.
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Digital doc: Topic 3 summary — a comprehensive summary of key learning points (doc-26472)

Exercise 3.10 Review

Understanding, fluency and communicating

1. Find the length of the unknown side in each of the following triangles, correct to 1 decimal place.

23°

2.3 m

a

a.

39°

0.85 kmb

b.
76°

8.5 km

xc.

2. Find the length of the unknown side in each of the following triangles, correct to 1 decimal place.

84.6 km

60°32'
qa.

21.4 m75°19't
b.

29°32'

26.8 cm

r
c.

3. Find, correct to the nearest degree, the size of the angle 𝜃 in each of the following triangles.

θ

19 m16 m

a.

θ

4.6 m

2.3 mb. θ 116 cm
43 cm

c.

4. Find, correct to the nearest minute, the size of the angle 𝜃 in each of the following triangles.

θ
10.8 m

4.6 m

a.

θ
2.9 m

6.1 m

b.

θ
11.9 cm

13.8 cm

c.

5. A cruise ship leaves a port and travels 16 km due north
then 14 km due east to an island. How far is the cruise
ship from the port, and what is the bearing of the port
from the island? Give your answers correct to 2 decimal
places.
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6. Calculate, correct to the nearest metre, the value of x in the triangle shown.

16 m

x m

35°
42°

7. Calculate, correct to the nearest degree, the magnitude of angle A in the triangle shown.

10 15

C

A

B

34°

8. A hot air balloon travels for 15 km on a bearing of 215° T.
a. How far north/south is it from its starting point, correct to 1 decimal place?
b. How far east/west is it from its starting point, correct to 1 decimal place?
c. On what bearing will it need to travel to return directly to its starting point?

Give your answer to the nearest degree.

9. The angle of depression from a scuba diver at the water’s surface to
a hammerhead shark on the sea floor of the Great Barrier Reef
is 41°. The depth of the water is 32 metres. Calculate,
correct to 2 decimal places, the horizontal distance from the
scuba diver to the shark.

10. A ship’s compass shows a course due east of the port
from which it sails. After sailing 10 nautical miles, it
is found that the ship is 1.5 nautical miles off course
as shown in the figure at right. Find the error in the
compass reading, correct to the nearest minute.

10 nm
1.5 nm

Port

11. A student used an inclinometer to measure an angle of elevation of 50° from the ground to the top of
Uluru. If the student is standing 724 metres from the base of Uluru, determine, correct to the nearest
metre, the height of Uluru.

12. A tourist is at the edge of the Skydeck at the top of the Eureka Tower. The tourist looks down and sees
people below on the footpath. If the angle of depression is 88° and the people are 11 metres from the
base of the tower, how high up is the tourist? Give your answer to the nearest metre.

13. A tourist, 1.72 metres tall, is standing 50 metres
away from the base of the Sydney Opera House.
The Opera House is 65 metres tall. Calculate the
angle of elevation, to the nearest degree, from the
tourist to the top of the Opera House.
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14. Harry stands 50 metres from the foot of an 80-metre tall telephone tower. His eye level is 1.57 metres
above the ground. Calculate the angle of elevation, correct to the nearest minute, at which Harry must
look to see the top of the tower.

θ
1.57 m 50 m

80 m

15. A person standing at the top observation platform of a lighthouse observes a boat at an angle of
depression of 32°. If the lighthouse is 14.5 metres high and is standing on a cliff only 2 metres above sea
level, how far out to sea is the boat? Give your answer correct to the nearest centimetre.

16. For each of the triangles below, calculate, to the nearest integer:
i. the area
ii. the lengths of the unknown sides.

103°
5.2 cm

4.8 cm

a.

63°

12.4 mm

b.

17. A beacon is 80 metres above sea level. From a yacht, the beacon is sighted at an angle of elevation of 5°.
The yacht continues sailing towards the beacon. Thirty minutes later, the beacon is at an angle of
elevation of 60°. Calculate the distance, to the nearest metre, that the yacht sailed in the 30 minutes
between the two readings.

18. The three sides of a triangle are 6 cm, 8 cm and 9 cm. Calculate:
a. the area of the triangle, correct to the nearest square centimetre
b. the magnitude of the largest angle, to the nearest minute.

075°

132°
218°

340°

52 m
50 m

P

72 m

83 m

19. Consider the radial survey diagram shown.
a. Find the area of the quadrilateral, correct to the nearest integer.
b. Find, correct to the nearest integer, the perimeter of the quadrilateral.

20. The following notes were made by a surveyor of an irregular field.

A. 042° 30 metres
B. 093° 35 metres
C. 178° 32 metres
D. 260° 46 metres
E. 315° 38 metres

a. Use a protractor and a ruler to draw a scale diagram of this field.
b. Find the sizes of the angles at the centre.
c. Calculate, correct to the nearest integer:

the area of the fieldi.

the perimeter of the field.ii.
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Problem solving, reasoning and justification

21. A licensed scuba diver is searching for abalone and suddenly
realises that he is almost out of oxygen. He looks up to see the
light of the boat at an angle of 27°. If he knows the water is
15 metres deep and he has time to travel only 25 metres,
including decompression time, is he able to head straight for
the boat or will he have to go to the surface first? Justify your
answer.

22. There is a fire on the fifth floor of a building. The closest a fire
truck can get to the building is 10 metres away. The angle of
elevation from this point to the fifth floor is 69°. If the fire truck has a 30-metre ladder, can the ladder be
used to reach the fifth floor? Justify your answer.

23. A unit of cadets walked from their camp for 7.5 km on a bearing of 064°T. After a short rest, they then
continued walking on a bearing of 146°T until they came to a signpost that indicated they were 12 km in
a straight line from their camp. Find:
a. the bearing from the signpost back to their camp, correct to the nearest degree
b. the total distance that the cadets walked if they went directly back to their camp from the signpost.

Give your answer to the nearest km.
24. Three shelters have been set up on an island for a TV

reality show. Shelter B is 450 metres on a bearing of 072°T
from shelter A. Shelter C is 885 metres on a bearing of S75°E
from shelter A.
a. Calculate the distance between shelters B and C. Give your

answer to the nearest metre.
b. Contestants need to search the triangular area between shelters

A, B and C to find a prize. Calculate the area of the search,
giving your answer to 4 significant figures.

25. Fire-spotting towers are placed in a forest to monitor conditions. A tower reports a fire on a bearing of
140°T. A second tower, 21.5 kilometres due east of the first tower, reports the fire on a bearing of
210°T. Which tower is closest to the fire, and by how many metres?

26. Competitors in a local swimming event have to swim around two buoys and return to the starting point
on the shore. The first buoy is 435 metres from the start on a bearing of 337°T. The second buoy is
523 metres from the start on a bearing of 042°T.
a. Find, to the nearest metre, the shortest distance that a competitor would swim.
b. In Olympic triathlons, the length of the swimming stage is 1.5 km. Would this local swimming event

meet the Olympic standard? Justify your answer.
27. Two ships are anchored out at sea, waiting to enter a port.

The lighthouse marking the entrance to the port is a 34-metre
tower built 290 metres above sea level. The angle of elevation
from the ship Bounty to the top of the port’s lighthouse is 3.5°,
whereas the angle of elevation from the ship Victory to the top
of the lighthouse is 5.4°.

a. Which ship is closest to the port? Justify your answer.
b. The bearing of the port from the Bounty is 058°T, whereas

the bearing of the port from the Victory is 325°T. If the Victory is due east of the Bounty, calculate, to
3 significant figures, the distance between the two ships.
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28. A developer has acquired land for a new subdivision. A survey has been made, and the following
information is from the surveyor’s field notes. All lengths are in metres.

A. 080° 540
B. 170° 560
C. 240° 620
D. 320° 450

a. Use a protractor and a ruler to draw a scale diagram of this proposed subdivision. (Use the scale
1:1000.)

b. Find the sizes of the angles at the centre.
c. Calculate, correct to the nearest integer, the area of the land for the proposed subdivision.
d. The council requires an area of 600 m2 to be set aside for a playground in the subdivision, and also

requires 10% of the total land package, to the nearest square metre, for the infrastructure. Determine
the area of land available to the developer.

e. Another council requirement is for drainage pipes to be laid around the boundary. Calculate, to the
nearest 10 metres, the length of the drainage pipes if an extra 5% is to be allowed for various
contingencies.

29. Three treasure chests are buried on an island. Treasure chest B is
412 metres on a bearing of 073°T from treasure chest A. Treasure chest C
is 805 metres on a bearing of 108°T from treasure chest A.

a. Calculate the distance between treasure chests B and C, correct to the
nearest metre.

b. . Using Heron’s formula and your answer from part a, calculate the
triangular area between the three treasure chests, correct to the
nearest square metre.

i.

Find this triangular area using another method. Discuss which method is
easier and which method may be more accurate.

ii.

c. A treasure hunter misreads the information as ‘Treasure chest B is 412 metres on a bearing of 078°T
from treasure chest A.’

When the treasure hunter reaches the incorrect location for treasure chest B, how far is the
treasure hunter from the actual position of treasure chest B? Give your answer correct to
1 decimal place.

i.

Calculate the compass bearing from the treasure hunter’s incorrect location of treasure chest B to
the actual location of treasure chest B.

ii.

30. A plane flies from town A to town D via towns B and C. The first stop is at town B, which is 250 km
from town A on a bearing of 048°T. The second stop is at town C, which is 285 km from town B on a
bearing of 036°T. The plane then heads directly to town D, which is due east of town C. If the plane had
flown directly from town A to town D, it would have travelled on a bearing of 053°T.

Calculate, to the nearest kilometre:
a. the direct distance from town A to town D
b. the direct distance from town C to town D
c. the direct distance from town A to town C.
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Answers
Topic 3 Non-right-angled
trigonometry
Exercise 3.2 Review of trigonometric ratios
1. a. x = 12.1 cm b. y = 55.2 m

c. z = 9.4 cm

2. a. x = 2.1 km b. m = 18.4 mm
c. k = 5.4 km

3. a. l = 12.5 m b. p = 89.3 mm
c. p = 10.1 m

4. a. b = 1.35 km b. x = 66.45 m
c. m = 0.24 m

5. 6 m

6. 4.23 m

7. a. 𝜃 = 50° b. 𝜃 = 32° c. 𝜃 = 33°

8. a. 𝜃 = 21° b. 𝜃 = 81° c. 𝜃 = 34°

9. a. 𝜃 = 39°48′ b. 𝜃 = 80°59′ c. 𝜃 = 13°30′

10. a. 𝜃 = 79°6′ b. 𝜃 = 63°1′ c. 𝜃 = 19°28′

11. 37°

12. 75°31′

13. a.

13.5

24°

b h

b. i. 6.0 m ii. 14.8 m

14. 13°

15. a.

d

x

15°

60

b. i. 58 m ii. 16 m

Exercise 3.3 The sine rule
1. 10.36 cm

2. 10.38 cm

3. 28.3°

4. 27°6′
5. 9.05 cm

6. 17 cm

7. 47°

8. 37 cm

9. 47°

10. 12.24 cm, 13.44 cm

11. ∠P = 36°, ∠R = 119°, PQ = 116 mm

12. 20.71 m

13. a. 23.18 m b. 10.66 m

14. 9.80 m

15. a. 89.05 m b. $1651.50

Exercise 3.4 The cosine rule
1. 2.74 km

2. 10.49 m

3. 26.95°

4. 99.59°

5. 8 km

6. 4.5 km

7. 101°32′
8. 10.2 cm

9. 79.66°

10. 33°33′
11. a. 5.5 cm b. 137° c. 13.2 cm

12. 31.68 km

13. 1.14 km

14. 9.746 km

15. a. i. 72 km ii. 108 km iii. 138 km
b. 6 hours 16 minutes

Exercise 3.5 Area of a triangle
1. 52.75 mm2

2. 24.63 mm2

3. 61.48 cm2

4. 59.17 mm2

5. a. 113.49 cm2 b. 47.45 mm2

c. 216.10 cm2 d. 122.48 cm2

6. a. 89.67 cm2 b. 37.80 mm2

c. 247.68 cm2 d. 750.79 cm2

7. 2.082 km2

8. 80.0 cm2

9. a. ∠B: 24.09°; ∠C: 124.61°
b. 22.18 cm
c. 63.37 cm2

10. 205.39 cm2

11. 260 cm2

12. 900 cm2; 194 cm

13. 144 cm; 551.29 cm2

14. 167 000 m2

15. The area of 314 m2 is less than the required area of 350 m2,
so this park is not suitable for the council barbecue.
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Exercise 3.6 Bearings and navigation
1. a. 110° T b. 290° T

2. a. 237° T b. 057° T

3. a. 050° T b. 127° T c. 259° T

4. a.

45°

N

NE

b. N

42°

c. N

150°

d. N

45°

315°

5. a. 17.39 km b. 4.66 km

6. a. 5.07 km b. 10.88 km

7. 507.142 km

8. a. N

3

2

6

3

4
θ

θ

b. 323° T

9. a. 10.232 km
b. i. 178° T ii. S2° E

10. a. 47.109 km b. N9° W

11. a. 43.45 km b. N43°46′E

12. a.

1.2

3

60

60°

120°

C

S
R

N N

Nx
α

b. 4.1 km
c. N68°W or 292°T

13. a. 10 km b. 357°T

14. 2194 m

15. a. 41.6 km b. 015°T

Exercise 3.7 Angles of elevation and depression
1. 26.8 m

2. 3984 m

3. 190 m

4. 39.2 m

5. 42.1 m

6. 100 m

7. 14 928 m

8. 39°

9. 61°33′
10. 1057 m

11. 2.73 m

12. 11.84 m

13. a. 73°18′ b. 5220 m

14. 1357 m

15. a. 85 m b. Greater by 4°

Exercise 3.8 Applications to practical problems
1. 51.61 m

2. 50 m

3. 27.2 m

4. a. 8.3 km b. 126°T

5. a. 56.8 km b. 158°T

6. a. 171.76 m b. 76.86 m

7. 86 m

8. 3.4 m

9. a. 11.57 m b. 3.8 m

10. 943 and 984 m

11. a. 13 km
b. 2 hours and 36 minutes

12. a. 152.23 m b. 72 m

13. a. 934 m b. 127 m

14. a. The distance from Ned’s tent to the tree is 24 m; the
distance from Kellie’s tent to the tree is 33 m.

b. 38 m

15. a. 15.739 km b. 013°T
c. 150.71 m d. 250 m
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Exercise 3.9 Radial surveys
1. a. 3603 m2 b. 249 m

2. a. 4674 m2 b. 280 m

3. a. Angles clockwise from A: 76°, 62°, 75°, 80° and 67°
b. i. 12 146.13 m2 ii. 422.14 m

4. a. Angles clockwise from A: 85°, 110°, 65°, 50° and 50°
b. i. 5399.10 m2 ii. 330.83 m

5. a. 22 607 m2 b. 612 m

6. a. 3922 m2 b. 287 m

7. a. 354°

295°

172°

086°78 m

57 m 34 m

46 m

C

D

P

A

B

N

b. The angles clockwise from A are 86°, 123°, 59°
and 92°.

c. i. 5110 m2 ii. 301 m

8. a.

56 m

84 m

78 m

72 m

B

AE

D

C

63
 m

127°

045°

258°

324°

P

168°

N

b. The angles clockwise from A are 82°, 41°, 90°, 66°
and 81°.

c. 11 255 m2

d. 414 m

9. a. The angles clockwise from A are 108°, 115° and 137°.
b. 735 m2

c. 735 m2; areas are the same to the nearest m2, but vary
with decimal points.

d. Sample responses can be found in the worked solutions
in eBookPLUS.

10. a. 9329 m2 b. 15 sections

11. a. 394.37 m b. 440 m of fencing

12. a. Pentagon
b. The angles clockwise from A are 35°, 88°, 70°, 87°

and 80°.
c. 11 bags

13. a. 10 rolls b. 158 small posts

Exercise 3.10 Review
1. a. 5.4 m b. 1.4 km c. 2.1 km

2. a. 41.6 km b. 84.4 m c. 13.2 cm

3. a. 57° b. 27° c. 68°

4. a. 23°4′ b. 61°37′ c. 59°35′
5. 21.26 km; 221.19°T

6. 27 m

7. 57°

8. a. 12.3 km south b. 8.6 km west
c. 035° T or N35° E

9. 36.81 m

10. 8°38′
11. 863 m

12. 315 m

13. 52°

14. 57°29′
15. 26.41 m

16. a. i. 12 cm2 ii. 8 cm
b. i. 63 mm2 ii. 12 mm

17. 868 m

18. a. 24 cm2 b. 78°35′
19. a. 7615 m2 b. 362 m

20. a.

38 m

46 m

32 m

B

A

E

D

C

30
 m

35 m

093°

042°

260°

315°

P

178°

N

b. The angles clockwise from A are 51°, 85°, 82°, 55°
and 87°.

c. i. 2980 m2 ii. 213 m

21. The distance to the boat is 33.04 m. The scuba diver has
only enough oxygen for 25 m, so he needs to go to the
surface first.

22. The distance from the truck to the fifth floor is 27.90 m, so
the ladder can reach the fifth floor.

23. a. 288°T b. 28 km

24. a. 564 m b. 108 500 m2

25. The second tower is closest to the fire by 2288 m (to the
nearest m).

26. a. 1478 m
b. The distance of the swimming stage in Olympic

triathlons is 1500 m. This local event would not meet
the Olympic standard, as it is short by 22 m.
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27. a. The Victory is closest to the port by 1870 m (to the
nearest m).

b. 6460 m

28. a.

450 m

620 m 560 m

A

D

C

B

540 m
080°

240°

320°

P

170°

N

b. The angles clockwise from A are 90°, 70°, 80° and
120°.

c. 556 933 m2

d. 500 640 m2

e. 3170 m

29. a. 524 m
b. i. 95 176 m2

ii. 95 116 m2 using the sine rule. The sine rule formula
is much easier and more accurate as no
approximation occurred. In Heron’s formula, the
length of BC to the nearest metre was used, which is
not accurate.

c. i. 35.9 m ii. N14.5°W

30. a. 661 km b. 175 km c. 532 km
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