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TOPIC 13
Spherical geometry

13.1 Overview
13.1.1 Introduction
It has been known for over 2000 years that the earth
is round. The great Greek philosopher, Aristotle,
observing the movements of the stars, noted that
small changes in position resulted in a different view
of the stars. If the earth was flat, everyone would
see the same stars at any given time, but those in
the northern hemisphere see different stars to those
in the southern hemisphere. Sailors from the ancient
world also noted the curved nature of the earth’s
surface. As they sailed towards a land mass with a
mountain, more of the mountain was revealed as they
approached the land.

The first full view of the earth was the famous
‘Blue marble’ shot taken by the crew of Apollo 17
on December 7, 1972 as they left the Earth’s orbit for
the Moon.

Although it looks like a perfect sphere from space,
the earth is not a perfect sphere; it is squashed at the
poles and bulges slightly at the equator. This shape is called an oblate spheroid. The flattening at the poles
and bulge at the centre is thought by scientists to be caused by the force of the rotation of the earth. GPS and
other satellites have allowed scientists to measure the size and shape of the earth to within a centimetre.

When calculating distances between two points on the surface of the earth the assumption that the earth
is spherical in shape and at the same elevation must be made. This will not be an exact distance, but a close
approximation.

LEARNING SEQUENCE
13.1 Overview
13.2 Circle mensuration
13.3 Right-angled triangles within a sphere
13.4 The earth as a sphere (Great circles and small circles)
13.5 Time zones
13.6 Review: exam practice

Fully worked solutions for this topic are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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13.1.2 Kick off with CAS
Calculating circular areas with CAS

The area of a sector of a circle can be calculated using the formula, Area of sector =
𝜃°

360°
× 𝜋 × r2, where 𝜃

is the angle subtended at the centre of the circle by the arc AB as shown in the diagram.

A B

C

r rθ

After considering how the formula for the sector of a circle was determined, can you
determine the formula for the length of the arc of a circle?

We can use CAS to define formulas which allow us to quickly and efficiently calculate
the areas of different shapes.
1. Use CAS to define and save the formula for calculating the area of a sector

Asector =
𝜃°
360°

𝜋r2.

2. Use CAS to define and save the formula for calculating the length of an arc of a circle.

Arc length = 𝜃°
360°

× 2𝜋r.
3. A company intends to build a transparent viewing platform on a scenic mountain top, similar to the one

depicted in the photograph below.
After some initial research they have decided that a viewing platform that has curved sides rather than

straight sides will look more interesting and provide room for a greater number of people to stand
directly in front of the railing.

In the diagram below, the shaded area represents the area of transparent glass needed to complete the
viewing platform.

Transparent safety glass

To carparkViewing
platform

3 m

10 m

70°

Calculate the surface area of safety glass needed to complete the structure.
4. Calculate the length of the curved outside railing.
5. Circular structures are very costly. If the company had built a rectangular platform of transparent safety

glass 3 metres wide on 3 sides of a central opaque square 4 metres by 4 metres, would there have been
less viewing room against the railing for the visitors?

Please refer to the Resources tab in the Prelims section of your eBookPLUS for a comprehensive step-by-step guide on
how to use your CAS technology.
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13.2 Circle mensuration
In section 11.2 the formula for calculating the circumference of a circle was given.

Circumference (C) is the perimeter of a circle.

C = 2 × 𝜋 × radius
= 2𝜋r

r

     
    

   
   

C
ir

cu
m

fe
ren

ce of a circle 

Unit 4 AOS M3 Topic 2 Concept 1

Circle mensuration Summary screen and practice questions

13.2.1 Arc length
• An arc is part of the circumference of a circle.
• The arc length of a circle is calculated by finding the circumference of a

circle and multiplying by the fraction of 360° that the angle forms at the
centre of the circle.

Arc length = 𝜃°
360°

× 2𝜋r

where r = radius of the circle and 𝜃 = the angle the ends of the arc makes with the centre of the circle.

A
rc

 le
ngth

r

r
θ

Interactivity: Arc length (int 6270)

WORKED EXAMPLE 1

Calculate the arc lengths for each of the following shapes, correct to 2 decimal places.

2.4 cm

a.

7.2 cm
45°

b.

THINK WRITE

a. 1. Determine the angle the ends of the arcs make with
the centre.

a. 𝜃 = 360° − 90°
= 270°

TOPIC 13 Spherical geometry 3
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2. Substitute the values into the arc length equation. Arc length =
𝜃°

360°
× 2𝜋r

=
270
360

× 2 × 𝜋 × 2.4

= 11.3097
≈ 11.31 cm (2 decimal places)

3. Write the answer. Arc length = 11.31 cm

b. 1. Determine the angle the ends of the arcs make with
the centre.

b. 𝜃 = 360° − 45°
= 315°

2. Substitute the values into the arc length equation. Arc length =
𝜃°

360°
× 2𝜋r

=
315°
360°

× 2 × 𝜋 × 7.2

= 39.5841
≈ 39.58 cm (2 decimal places)

3. Write the answer. Arc length = 39.58 cm

13.2.2 Area of circles, sectors and segments
In section 11.2, the formula for calculating the area of a circle was given.

Area of a circle

A = 𝜋 × radius2

= 𝜋r2

r

Circle

Sectors
A sector is a part of the area of a circle, as shown by the shaded area in the diagram.
The angle 𝜃, at the centre of the circle, subtends the arc AB. The area of the sector
CAB is calculated using:

Asector =
𝜃°

360°
𝜋r2 A B

C

r rθ

Segments
A segment is formed by joining two points on the circumference with a straight
line, known as a chord. This forms two areas, with the smaller area being the minor
segment and the larger area the major segment. This is shown by the blue (minor
segment) and pink (major segment) sections in the diagram.

Major segment

Minor segment
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To work out the area of the minor segment, first draw to the centre of the circle. This
creates a sector. The following equation can then be used to calculate the area of the
minor segment:

AMinor segment = Asector − Atriangle

= 𝜃°
360°

𝜋r2 − 1
2
r2sin 𝜃

= r2 (
𝜃°
360°

𝜋 − 1
2
sin 𝜃)

A B

C
r rθ

WORKED EXAMPLE 2

From the circle shown, which has a radius of 8 cm, calculate:
the area of the blue sectora.

the area of the minor segment of the circle.
Give your answers correct to 2 decimal places.
b.

A

B

C

8 cm

95º

THINK WRITE

a. 1. Use the formula for the area of a sector in degrees. a. ASector =
𝜃°

360°
× 𝜋r2

r = 8

𝜃 = 95°

2. Substitute the quantities into the formula and
simplify.

ASector =
𝜃°

360°
× 𝜋r2

=
95°

360°
× 𝜋(8)2

= 53.0580

3. Write the answer correct to 2 decimal places. ASector = 53.06 cm2

b. 1. Use the formula for the area of a segment in degrees. b. AMinor segment = r2
(

𝜃°
360°

𝜋 −
1
2

sin (𝜃))
r = 8
𝜃 = 95°

2. Substitute the quantities into the formula and
simplify.

AMinor segment = 82
(

95°
360°

𝜋 −
1
2

sin 95)
= 21.1798...

3. Write the answer correct to 2 decimal places. AMinor segment = 21.18 cm2

Interactivity: Area length (int-6270)
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Exercise 13.2 Circle mensuration

1. WE 1 Calculate the arc length of each of the following shapes, correct to 2 decimal places.

2.45 m

120º

a.

45º
5 cm

b.

2. Calculate the arc length of each of the following shapes, correct to 2 decimal places.

14.25 cm

a.

110°

23.48 mm

b.

3. Calculate the areas of the following shapes.

6 cm

45º

a. 2 m120ºb.

5 mm

300º

c.

4. WE 2 From the circle shown, which has a radius of 12.5 cm,
calculate:
a. the area of the minor sector
b. the area of the minor segment of the circle.

Give your answers correct to 2 decimal places.

B

12.5 cm

A

C

150°

5. From the circle shown which has a radius of 22 m, calculate:
a. the area of the minor sector
b. the area of the minor segment of the circle.

Give your answers correct to 2 decimal places.

B

22 m

A

C

34°

6. Calculate the area of the shaded shape shown, correct to
2 decimal places.

16 km
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7. MC A minor sector is formed by an angle of 123° in a circle of diameter 9 cm. The area of the minor
sector is closest to:

86.94 cm2A. 63.62 cm2B. 41.88 cm2C. 15.17 cm2D. 21.74 cm2E.
8. Calculate the difference in area between a sector of a circle formed by an angle of 50° and a sector of a

circle formed by an angle of 70° in a circle of radius 3 cm. Give your answer correct to 2 decimal places.
9. A church window is made in the shape of a semicircle with three equal

stained glass sections. Calculate the area of one of the stained glass
sections. Give your answer correct to 2 decimal places.

5 m

10. Calculate the areas of the shaded region in the following shapes, correct to 2 decimal places:

12 cm

20 cm

a.

100°C

B

A

7.3 cm

b.

8 cm

60°
60°

60°
60°

c.

11. A circular garden bed is to be landscaped with grass, plants and
mulch. Given the circular garden is designed with the shown
dimensions:
a. calculate the area of the grassed area, correct to 2 decimal

places
b. calculate the area of the mulched area, correct to 2 decimal

places
c. calculate the area of the planted area, correct to 2 decimal

places.
d. If the cost of grass, plants and mulch are $40, $55 and $15 per metre respectively, calculate the cost

of landscaping the circular garden correct to the nearest cent.

5.75 m

Grass
Plants
Mulch

115°

12. Early-model vehicles had a single
windscreen-wiper blade to remove water
from the wind-screen. (The bus at right has
two single blades of this type.)

Using the dimensions given in the
diagram:
a. What area (to the nearest whole number)

did the blade cover?
b. What percentage (to 1 decimal place) of

the windscreen was cleared?

120 cm

60 cm

45 cm

140°

13. A minute hand on a clock face moving from the number 12 to the number
4 position sweeps out a sector of area 104.72 cm2. What is the length of the
minute hand to the nearest cm?

12 1
2

4

3
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14. MC A circle of diameter 10 cm is divided into 9 equal sectors. The area of one sector is closest to
8 cm2A. 9 cm2B. 21 cm2C. 34 cm2D. 35 cm2E.

15. A search light on the front of a surf life saving club covers an area in the shape
of a sector as shown in the diagram at right.

S

l 130º

The search light is positioned at S and can turn through an angle of 130°. The shaded area in the
diagram is the area covered by the searchlight. If the shaded area is 280 m2, what is the maximum
distance, l, that the searchlight can reach? (Give your answer correct to 2 decimal places.)

16. The diagram below shows two identical circles of radius 12 cm just touching each other. Calculate the
area of the shaded region. Give your answer correct to two decimal places.

 

13.3 Right-angled triangles within a sphere
Trigonometry and Pythagoras’ theorem can be used to solve problems involving the solution of right-angled
triangles within a sphere.

a2 + b2 = c2

WORKED EXAMPLE 3

Calculate the length of x in the following sphere. Give your answer correct to two decimal places.

9 cm
O

x

8 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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THINK WRITE

1. A right angle has been formed at the centre of the
circle.
Pythagoras’ theorem can be used.

a.

9 cm
O

x

c2 = a2 + b22. Substitute the values in the question for a, b and c.

a = 9
b = 9
c = x
x2 = 92 + 923. Calculate

x2 = 81 + 81
= 162

x =
√

162

x = 12.73 cm

.

 
WORKED EXAMPLE 4

A B C

D

O 20 cm

10 cm

A hemispherical block of wood of radius 20 cm is sliced so that
the distance OB is 10 cm
Find the radius AB of the circular cut, correct to 2 decimal places.a.

Find the circumference of the new circle that passes
through A and C.

b.

Find the area of this circular cut.c.

Find the distance from A to C passing through D. Give
your answer correct to 2 decimal places.

d.

THINK WRITE

a. A right-angled triangle OBC is formed which has a
hypotenuse of 20 cm and one side of 10 cm, so
Pythagoras’ theorem may be used.

O

B C

10 cm
20 cm

r
r2 + 102 = 202

r2 = 400 − 100

r =
√

300

≈ 17.32 cm

TOPIC 13 Spherical geometry 9
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b. Use the rule for circumference of a circle, C = 2𝜋r. C = 2 × 𝜋 × 17.32
= 108.83 cm

c. Use the rule for area of a circle, A = 𝜋r2. A = 𝜋 × 17.322

= 942.48 cm2

Using the great circle through ADC, the angle
subtending the minor arc AC is required.

17.32 cmA C

D

B

O
θ–
2

20 cm

sin(
𝜃
2)

=
17.32

20
𝜃
2
= 60°

𝜃 = 120°

length of minor arc AC =
𝜃

180
× 𝜋 × r

l =
120
180

× 𝜋 × 20

≈ 41.89 cm

TI | THINK WRITE CASIO | THINK WRITE

c. 1. On a Calculator page, press
trig and then complete the
entry line as:

sin−1

(
17.32

20 )
Press ENTER.

c. 1. On the MAIN screen, tap Trig
and then complete the entry
line as:

sin−1

(
17.32

20 )
Press EXE.

2. The answer appears on the
screen.

𝜃
2
= 59.9971

𝜃
2
= 60°

𝜃 = 120°

2. The answer appears on the
screen.

𝜃
2
= 59.9971

𝜃
2
= 60°

𝜃 = 120°
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Exercise 13.3 Right-angled triangles within a sphere

1. WE 3 Calculate the length of x in the following sphere, correct to 2 decimal places.

6.2 cm
O

x

2. Calculate the length of the pronumeral in the following sphere, correct to 2 decimal places.

5 cm
O

x

3. Calculate the length of x in the following sphere, correct to 2 decimal places.

22 cm

x
O

4. WE 4 A hemispherical block of wood of diameter 2.8 m is
sliced so that the distance OB is 120 cm. O

2.8 m

A B

D

C

120 cm

a. Find the radius AB of the circular cut correct to
1 decimal place.

b. Find the circumference of the new circle that passes through
A and C, correct to 2 decimal places.

c. Find the area of this circular cut, correct to 2 decimal places.
d. Find the distance from A to C passing through D, correct to

1 decimal place.
5. Calculate the radius of the small circle formed when a circular cut is made

1.2 m from the centre of a sphere of diameter 4.6 m. Give your answer correct to two decimal places.
6. Calculate the circumference of the small circle formed 12 cm from the centre of a sphere of radius 18 cm.

Give your answer correct to 3 significant figures.

TOPIC 13 Spherical geometry 11
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7. A ping-pong ball of radius 2 cm has 2 holes made in it and a string is threaded through the holes. If the
length of string needed to go from one hole to the other is 3 cm, find the distance from the centre of the
ping-pong ball to the middle of the string. Give your answer correct to 2 decimal places.

8. A hemispherical fish bowl of radius 15 cm contains water to a depth of 12 cm. Find the surface area of the
water, correct to 1 decimal place.

13.4 The earth as a sphere

Equator

N

S

Meridian
of

longitude

A great circle is a circle that divides a sphere
into two equal hemispheres, where the centre
of the great circle is the centre of the sphere.

As with a circle, the circumference of
a great circle can be calculated by using
C = 2𝜋r.

The great circles that we will focus on are
those that are related to Earth. These are the
lines of longitude (also known as meridians),
which pass through the north and south poles.
The equator is also a great circle.

13.4.1 Latitude and longitude
Parallels of latitude run from east to west and measure the angle north or south of the equator. The merid-
ians, or lines of longitude, measure the angle east or west of the prime meridian, which passes through the
Greenwich Observatory (0° longitude) in London, England.

30°N

Equator

Lines of latitude

30°

30°W
30°

Prime
meridian

Lines of longitude

Measuring distances with great circles between any two points on the Earth with the same longitude, or
between any two points on the Equator, is along a great circle.

To conduct calculations in relation to great circles on Earth, consider the centre of the circle as the centre
of the Earth, with the radius being 6400 km.

The shortest distance between two points on the Earth that have the same longitude, or which are both on
the Equator, is the great circle arc length between those points.

12 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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T his is a birds eye view from directly above the North Pole

180°

0°
30°E

60°E

90°E

120°E

150°E150°W

120°W

90°W

60°W

30°W

Prime meridian

North Pole

Unit 4 AOS M3 Topic 2 Concept 2

Earth modelled by a sphere Summary screen and practice questions

 

Interactivity: Great circles (int-6271)

WORKED EXAMPLE 5

Calculate the distance travelled in the following situations correct to the nearest kilometre:
an aeroplane that travels along the equator from a point of longitude 48°W to 22°Ea.

a boat that travels from a point M: 36°S, 138°W to point N: 40°S, 138°W.b.

THINK WRITE

a. 1. Both points lie on the equator, which is a great
circle. The angle between the two points is made of
2 parts, from the starting point to 0°, then from 0° to
the finishing point.

a.

48°W 0°

rr

22°E

𝜃 = 48° + 22°
= 70°

r = 6400 km

2. The distance between the two points is the arc
length. Substitute 𝜃 and r into the arc length formula
and simplify.

arc length =
𝜃

360°
× 2𝜋r

=
70

360
× 2𝜋 × 6400

= 7819.075...

TOPIC 13 Spherical geometry 13
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3. Answer the question correct to the nearest
kilometre.

The aeroplane travelled 7819 km.

b. 1. Observing that M and N lie on the same longitude
138°W, path MN is along a great circle. Since both
latitudes are S, the angle 𝜃 is formed by their
difference.

b.

r

r

N 40°
M 36°

𝜃 = 40° − 36°
= 4°

2. The distance between the two points is the arc
length. Substitute 𝜃 and r into the arc length formula
and simplify, using the radius of the Earth as
6400 km.

arc length =
𝜃

360°
× 2𝜋r

=
4

360
× 2𝜋 × 6400

= 446.804...
3. Answer the question correct to the nearest

kilometre.
The boat travelled 447 km.

Unit 4 AOS M3 Topic 2 Concept 4

Distance between points on a sphere Summary screen and practice questions

13.4.2 The shortest distance
Measuring distances with small circles 60°N

90°

60°S

30°N

30°S

0°Equator

With the exception of the equator (which is a great circle), lines
of latitude form small circles which have a radius smaller than
6400 km.

To calculate the distance along a parallel of latitude, first the
radius of the small circle must be found using trigonometric ratios,
and then the formula for arc length may be used.

WORKED EXAMPLE 6

Calculate the distance along the parallel of latitude between Melbourne, Australia 38°S, 145°E
and Hamilton, New Zealand 38°S, 175°E. Give your answer correct to the nearest kilometre.

14 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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THINK WRITE

a. Both points lie on the 38th parallel south. The angle
between the two points is the difference between the
longitudes.

a.

Hamilton

Melbourne30°

38°

175° − 145° = 30°

b. The radius of the Earth is 6400 km. The radius of
the small circle is calculated using the right-angled
triangle and the complementary angle.

Hamilton

Melbourne30°

6400 km

r
r

52°

sin 𝜃 = O
H

sin 52° =
r

6400

r = 6400 sin 52°

= 5043.2688... km

c. Using the radius of the small circle and the angle of
30°, calculate the distance using arc length.

l =
𝜃°

180°
× 2𝜋r

=
30

180
× 2𝜋 × 5043.2688...

= 5281.29887
≈ 5281 km

Interactivity: Great circles (int-6271)

Exercise 13.4 The earth as a sphere

1. WE5 Calculate the distance travelled in the following situations correct to the nearest kilometre:
a. an aeroplane that travels along the equator from a point of longitude 23°W to 35°E
b. a boat that travels from a point M: 12°S, 100°W to point N: 58°S, 100°W.

TOPIC 13 Spherical geometry 15
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2. Calculate the distance travelled in the following situations correct to the nearest kilometre:
a. a plane that travels along the equator from a point of longitude 67°W to 15°E
b. a yacht that travels from a point P: 36°S, 98°E to point Q: 81°S, 98°E.

3. Calculate the distance travelled by an aeroplane travelling along the equator from a point of longitude
36°W to 123°E. Give your answer correct to the nearest km.

4. Calculate the distance travelled by a cruise ship that travels from point P: 18°N, 25°W to point Q: 30°S,
25°W. Give your answer correct to the nearest km.

5. Calculate the great circle distances shown in these figures. Give your answers correct to the nearest
kilometre.

S

E

N

W

21°N 58°W
72°N 58°W

Q

P

a. N

S

E

Y

X

W

30°N 134°E

72°S 134°E

b.

S

E

D F

N

W

38°E
34°W

c.

S

E

N

L

M

W

70°E

128°W

d.

6. Calculate the shortest distance, correct to the nearest kilometre, between two points with the same
longitude that form the following angles at the centre of the Earth.
a. 12°
b. 3°
c. 0.5°
d. 0.08°

7. Calculate the distance between two points on the equator that form the following angles at the centre of
the Earth. Give your answers correct to the nearest kilometre.

15.75°a. 10.31°b.

8. Use meridians to calculate the shortest distance, correct to the nearest kilometre, between the following
cities and the North Pole.
a. London (51.51°N, 0.13°W)
b. Rome (41.90°N, 12.50°E)
c. Dallas (32.78°N, 96.80°W)

9. Melbourne (37.83°S, 145°E) and Port Douglas (16.48°S, 145°E) are on the same meridian. What is the
shortest distance (correct to the nearest kilometre) between the two towns?

16 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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10. The cities of Washington in the USA and Lima in Peru are 5625 km apart. They both lie on the same
meridian. What is the angle formed at the centre of the Earth by the two cities? Give your answer
correct to 2 decimal places.

11. The cities of Port Hedland in Australia and Nanjing in China are 3795 km apart. They both lie on the
same line of longitude. What is the angle formed at the centre of the Earth by the two cities? Give your
answer correct to 2 decimal places.

12. Use meridians to calculate the shortest distance, correct to the nearest kilometre, between the following
cities and the equator.
a. Bangalore (12.97°N, 77.57°E)
b. São Paulo (23.55°S, 46.63°W)
c. Tokyo (35.68°N, 139.68°E)

13. Find the distance, correct to the nearest kilometre, between Moscow 56°N, 38°E and Copenhagen 56°N,
13°E along the parallel of latitude.

14. Find the distance, correct to the nearest kilometre, between Prague 50°N, 14°E and Krakow 50°N, 20°E
along the parallel of latitude.
Use the information in the table to answer questions 15 to 18.

City Latitude Longitude
Sydney 34°S 151°E
New York 41°N 74°W
Cape Town 34°S 19°E
Naples 41°N 14°E
Budapest 47°N 19°E
Prague 50°N 14°E

15. a. Which cities are on the same meridian of longitude?
b. If two points represented these cities, what would be the angle subtended between them at the centre

of the Earth?
16. a. Which cities are on the same parallel of latitude?

b. If two points represented these cities, what would be the angle subtended between them at the centre
of the Earth?

17. a. Calculate the radius, correct to 2 decimal places, of the circle which forms the 34°S parallel of
latitude.

b. Calculate the distance, correct to the nearest kilometre, between Sydney and Cape Town along this
parallel of latitude.

18. a. Calculate the radius of the circle, correct to 2 decimal places, which forms the 41°N parallel of
latitude.

b. Calculate the distance, correct to the nearest kilometre, between New York and Naples along this
parallel of latitude.

19. WE 6 a. An aircraft flies from Tampa Florida 28°N, 82°W to Corpus Christi Texas 28°N, 97°W. How
far, correct to the nearest kilometre, has it flown along the parallel of latitude?
b. From Texas it then flies to Oklahoma City 35°N, 97°W. Calculate the total distance, correct to the

nearest kilometre, travelled by the aircraft.
20. An aircraft begins at Melbourne Australia and travels non-stop around the 38°S parallel of latitude until

it returns to Melbourne. How far has it travelled correct to the nearest kilometre?

TOPIC 13 Spherical geometry 17
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21. Melbourne and Hokkaido Island in Japan lie on the same line of longitude and are 9094 km apart. If
Melbourne has a latitude of 37.83°S, find the latitude of Hokkaido Island, which is north of Melbourne.
Give your answer correct to 2 decimal places.

22. The cities of Perth and Beijing lie on the same line of longitude and are 7985 km apart. If Perth has a
latitude of 31.95°S, find the latitude of Beijing, which is north of Perth. Give your answer correct to
2 decimal places.

13.5 Time zones
The world is divided into 24 different time zones.

If you move from one time zone to another in an easterly direction, you need to move your clock forwards.
If you move from one time zone to another in a westerly direction, you need to move your clock backwards.

The International Date Line is the line on Earth where a calendar day officially starts and ends. If you
cross the International Date Line in an easterly direction, your calendar goes back one day. If you cross the
International Date Line in a westerly direction, your calendar goes forward one day.

The time in England used to be called Greenwich Mean Time (GMT), but is now known as Coordinated
Universal Time (UTC). It is referred to as Zulu time in the military.

UTC is the reference point for every time zone in the world. Time zones are either ahead of or behind UTC.
For example, the time difference between Melbourne and Los Angeles is 18 hours, not taking into account

Pacific Daylight Time (PDT). This is because Melbourne is 10 hours ahead of UTC (UTC+10) and Los
Angeles is 8 hours behind UTC (UTC–8)
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WORKED EXAMPLE 7

What time is it in Melbourne (UTC+10) if the time in London is (UTC) 9.00 am?

THINK WRITE

1 Melbourne is 10 hours ahead of London. Add
10 hours to the London time.

The time in London is 9.00 am.
The time in Melbourne is 9.00 am +
10 hours.

2 Calculate the time in Melbourne. The time in Melbourne is 7.00 pm.

Unit 4 AOS M3 Topic 2 Concept 5

Time zones Summary screen and practice questions

13.5.1 Longitude and time difference
We spoke about longitude with great circles in section 13.4. Longitude is also linked to time differences
around the world. As with the time zones map of the world shown at the start of this section, each 1 hours
time difference is linked to a change of 15° in longitude. This enables us to calculate time differences between
countries and cities if we know the difference in their longitude.

WORKED EXAMPLE 8

Calculate the time difference between Perth with a longitude of 116°E and Cairns with a longitude
of 146°E.

THINK WRITE

1. Find the difference in their longitudes. Difference = 146° − 116°
= 30°
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2. Each 15° represents a time difference of 1 hour.
30°
15°

= 2

Therefore passes through two 1 hour
time differences.

3. Write the time difference. The difference between Perth time and
Cairns time is 2 hours.

Exercise 13.5 Time zones

1. WE7 What time is it in Melbourne (UTC + 10) if the time in London (UTC) is 11.45 am?
2. What time is it in Los Angeles (UTC − 8) if the time in Sydney (UTC + 10) is 3.35 pm?
3. a. How does the local time change as you move around the world in a westerly direction?

b. How does the local time change as you move around the world in an easterly direction?
4. What is the time in Melbourne (UTC + 10) if the time in London (UTC) is:

11.33 ama. noonb. 2.55 pmc. 7.14 am?d.

5. What is the time in Los Angeles (UTC − 8) if the time in Melbourne (UTC + 10) is:
2.30 pma. noonb. 6.05 amc. midnight?d.

6. Your friend in New York wishes to call you. If you wish to receive the telephone call at 6.00 pm in
Melbourne (UTC + 10), at what time in New York (UTC − 5) should your friend make the call?

7. To have the time zones work in Santa’s favour:
a. to which country should he deliver his presents first
b. what direction should he travel from his first country?

8. A plane flew from Melbourne to London. Some of
the details of the trip are listed.

• Departure date: Friday 5 August
• Departure time: 8.00 am
• Travel time: 25 hours

a. What was the time and date in Melbourne
(UTC + 10) when the plane arrived in London
(UTC)?

b. What was the local time (UTC) when the plane
arrived?

9. WE8 Calculate the time difference between Perth with a longitude of 116°E and Hamilton (NZ) with a
longitude of 176°E.

10. Calculate the time difference between Memphis (USA) with a longitude of 90°W and Philadelphia
(USA) with a longitude of 75°W.

11. MC The time difference between a city with a longitude of 42° compared to a city with a longitude of
87° is:

1.5 hoursA. 2 hoursB. 2.5 hoursC.
3 hoursD. 4 hoursE.

The following information relates to questions 12 and 13.
The city of Memphis, USA is positioned at longitude 90°W and latitude 35°N, compared to the city of Los

Angeles, USA at longitude 120°W and latitude 35°N.
12. Determine the time difference between the two cities.
13. If the plane departed Memphis at 9.30 am local time and the journey took 3 hours and 32 minutes, at

what time did it arrive at Los Angeles in Los Angeles time?
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14. The city of Melbourne has a longitude of 145°E and the city of Hamburg (Germany) has a longitude of
10°E.

If it takes 22 hours and 45 minutes to fly from Melbourne to Hamburg (including stopovers), at what
time would a tourist land in Hamburg if their flight left Melbourne at 5.45 pm?

The following information relates to questions 15 and 16.
A cargo ship travels from Perth (115°W longitude and latitude 33°S) to Cape Town, South Africa

(20°E longitude and latitude 33°S). The ship set sail at 4.00 am on 3 April and travelled at an average
speed of 15 m/s

15. If the journey from Perth to Cape Town was
8700 km, calculate the duration of the trip correct
to the nearest minute.

16. a. Find the time in Perth when the ship arrived at
Cape Town.

b. Find the time difference between Perth and
Cape Town.

c. Find the local time of the ship’s arrival.

13.6 Review: exam practice
Multiple choice
1. An arc of a circle is formed by an angle of 80° in a circle of radius 10 cm. The length of the arc is

closest to:
14 cmA. 13.5 cmB. 13 cmC. 12.5 cmD. 12 cmE.

2. The area of a minor sector of a circle formed by an angle of 67°in a circle of radius 22 cmis closest to:
160 cm2A. 212 cm2B. 488 cm2C. 283 cm2D. 282 cm2E.

3. The area of a minor sector of a circle formed by an angle of 135° is 180 cm2. The radius of the circle is
closest to:

12 cmA. 12.4 cmB. 152.7 cmC. 152.8 cmD. 160.2 cmE.
4. In the sphere below, the length of x is:

O
x

15 cm

15 cmA. 10 cmB. 225 cmC. 112.5 cmD. 10.6 cmE.
5. Perth is at approximately (31°S, 115°E) while Hong Kong is approximately at (22°N, 115°E). The

distance between Perth and Hong Kong is approximately:
19 kmA. 98 kmB. 1000 kmC. 3547 kmD. 5920 kmE.

6. Rachel is a flight navigator. She is responsible for calculating the distance between Stockholm
(60°N, 18°E) and Budapest (47°N, 18°E). Rachel’s answer would be closest to:

1375 kmA. 1452 kmB. 2833 kmC. 11 890 kmD. 11 952 kmE.
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7. The shortest distance between two places A and B on the earth’s surface with coordinates
A (40°S, 130°E) and B (40°S, 159°E) is closest to:

1300 kmA. 1867 kmB. 2470 kmC. 11 254 kmD. 12 112 kmE.
8. A plane leaves London (50°N, 0°) at 9:00 am Sunday, London time and flies to Sydney (33°S, 150°E).

The flight takes 20 hours. Calculate the time in Sydney when the plane arrives.
3.00 pm MondayA. 7.00 pm MondayB. 3.00 am MondayC.

9.00 am MondayD. 9.00 pm MondayE.
9. What is the radius of the small circled formed when a circular cut is made 33 cm from the centre of a

sphere of diameter 1 m?
0.11 mA. 0.38 mB. 0.45 mC. 0.94 mD. 3.14 mE.

10. If the time difference between Melbourne and Perth is 4 hours, then which of the following is true?
The difference in latitude is about 60°.A. The difference in latitude is about 15°.B.

The difference in latitude is about 45°.C. The difference in longitude is about 60°.D.

The difference in longitude is about 45°.E.

Short answer
1. Calculate the arc length (correct to 2 decimal places) of a sector with radius 12.5 cm and an internal angle

of 135°.
2. Calculate the area of a sector created in question 1, correct 2 to decimal places.
3. The end-points of the radii that form a sector in question 1 are joined with the straight line, thus dividing

the sector into a triangle and the minor segment. Calculate the area of the minor segment, correct to two
decimal places.

4. The hour hand of a clock is 20 mm long and the minute hand is
25 mm. The clock face at right shows the time at 4 o’clock. What
is the distance between the tips of both hands (correct to the nearest
mm)?

20 mm

25 mm 120°

5. Calculate the difference between the circumferences of a small circle formed 10 cm and a small circle
formed 15 cm from the centre of a sphere of radius 20 cm. Give your answer correct to 2 decimal places.

6. Calculate the outer perimeter (shown in red) and shaded area of
the flower.

r = 22 mm

r = 11 mm

7. Calculate the shortest distance from Newcastle, Australia (latitude 33°S, longitude 153°E) to Mendoza,
Argentina (latitude 33°S, longitude 72°W), correct to the nearest kilometre.

8. Estimate the time difference between Newcastle and Mendoza from question 7 to the nearest hour.
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Extended response

1. a. A maker of a new perfume is considering a spherical shape for the perfume bottle. If the initial
prototype of the bottle has a radius of 3.5 cm what is the total volume of the bottle, including the lid.
Remember the equation to calculate volume is V = 4

3𝜋r
3. Give your answer correct to the nearest cm3.

b. Marketing information suggests that new perfume sales increase if there is also a handbag size
perfume bottle available as a promotion.

The perfume is expensive to produce so the company will only consider giving away 1
8 of the volume

of the large bottle. What is the radius of the small bottle of perfume?
2. a. The lid of the perfume bottle in question 1a has a circular base. The centre of the base is 2 cm from the

centre of the bottle. What is the radius of the base of the lid? Give your answer correct to two decimal
places.

b. A gold stripe of 4 cm is to be painted on the rim of the lid. What percentage of the rim of the lid will
have the gold stripe?

3. The perfume company wants to set up a meeting between their sales team in Sydney (33°S, 150°E) and
Los Angeles (34°N, 120°W). What is the time in Los Angeles when it is 8.00 am on Wednesday in
Sydney?
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Answers
Topic 13 Spherical geometry
Exercise 13.2 Circle mensuration
1. a. 5.13 m b. 27.49 cm

2. a. 22.38 cm b. 102.45 mm

3. a. 14.14 cm2 b. 4.19 cm2 c. 65.45 cm2

4. a. 204.53 cm2 b. 165.47 cm2

5. a. 143.61 m2 b. 8.28 m2

6. 201.06 km2

7. E

8. 1.57 cm2

9. 3.27 m2

10. a. 804.25 cm2 b. 20.26 cm2 c. 110.85 cm2

11. a. 18.20 m2 b. 70.69 m2 c. 14.98 m2 d. $2612.25

12. a. 2474 cm2 b. 34.4%
13. 10 cm

14. B

15. 15.71 m

16. 61.81 cm2

Exercise 13.3 Right-angled triangles within a sphere
1. 8.77 cm

2. 7.07 cm

3. 15.56 cm

4. a. 72.1 cm b. 453.09 cm c. 16336.28 cm2 d. 151.49 cm

5. 1.96 cm

6. 843 cm

7. 1.32 cm

8. 678.6 cm2

Exercise 13.4 The earth as a sphere
1. a. 6479 km b. 5138 km

2. a. 9159 km b. 5027 km

3. 17 760 km

4. 5362 km

5. a. 5697 km b. 11 394 km c. 8042 km d. 22 117 km

6. a. 1340 km b. 335 km c. 56 km d. 9 km

7. a. 1759 km b. 1152 km

8. a. 4299 km b. 5373 km c. 6392 km

9. 2385 km

10. 50.36°

11. 33.97°

12. a. 1499 km b. 2631 km c. 3985 km

13. 1562 km

14. 431 km

15. a. Cape Town and Budapest
Naples and Prague

b. Cape Town and Budapest − 81°
Naples and Prague − 9°
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16. a. Sydney and Cape Town
New York and Naples

b. Sydney and Cape Town − 132°
New York and Naples − 88°

17. a. 5305.84 km b. 12 224 km

18. a. 4830.14 km b. 7419 km

19. a. 1479 km b. 2261 km

20. 31 688 km

21. 43.58°N

22. 39.54°N

Exercise 13.5 Time zones
1. Melbourne time is 9.45 pm

2. Los Angeles time is 9.35 pm the day before.

3. a. Backwards b. Forwards

4. a. 9.33 pm b. 10.00 pm c. 12.55 pm d. 5.14 pm

5. a. 8.30 pm the day before b. 6.00 pm the day before
c. 12.05 pm the day before d. 6.00 am

6. 3.00 am

7. a. New Zealand b. Westerly direction

8. a. 9.00 am Saturday 6 August (Melbourne time) b. 11.00 pm Friday 5 August

9. 4 hours difference

10. 1 hours difference

11. D

12. 2 hours time difference

13. 11.02 am

14. 7.30 am the next day

15. 6 days, 7 hours and minutes

16. a. 9.07 pm on 9 April b. 9 hours c. 12.07 pm on 9 April

13.6 Review exam practice
Multiple choice

A1. D2. B3. E4. E5.
B6. C7. A8. B9. D10.

Short answer

1. 29.45 cm

2. Area of sector = 184.08 cm2

3. Area of the segment = 128.84 cm2

4. 39 mm

5. 25.71 cm

6. Area 4942 mm2, perimeter 311 mm

7. 15 080 km

8. 9 hours’ time difference

Extended response

1. a. 180 cm3 b. 1.75 cm

2. a. 2.87 cm b. 22.16%
3. 2.00 pm Tuesday
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