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The core objective of this title is to explain geographical principles and concepts through illustrations and engage students in the learning 
process of the physical aspects of geography through several line diagrams, 3D/2D artwork, field-based photographs, and locations of 
features marked on satellite imageries as it is.

Whilst the main concern of this book is to study the physical environment, where appropriate, the effects of human activities on the 
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The physical environment has enormous variety and is of great complexity. It is forever changing and to   
understand the nature and causes of the changes, it is necessary to study the individual components involved.  
The  processes operating in the many systems of the environment produce changes. An examination of the sys-
tems and of the interactions among their component processes results in a clearer understanding of both the 
diversity and the unity that characterize the physical environment.

This book examines the systems and their processes, the landforms associated with these, and the  relationships 
between living organisms and the inorganic environment within specific natural ecosystems. Every attempt is 
made to focus attention on all the main components of the physical environment as well as on the associated 
inter-relationships. Whenever possible, a wide range of landforms from within the framework of the British envi-
ronment are examined.

Whilst the main concern of this book is a study of the physical environment, where appropriate, mention is 
made of the effects of human activities on the environment. Although these activities have been going on for a 
very long time, it is only in the last five decades that the changes have reached a global dimension. The most wide-
spread of these are air and water pollution and it is important that proper attention be given to these, especially 
in respect of the adverse direct and indirect affects they have on vast numbers of plant and animal species which 
threaten the delicate balance of many natural ecosystems.

The text is extensively illustrated with diagrams and photographs, which are numbered on a chapter basis for 
easy reference.

Varied exercises and a set of key facts are given at the end of all chapters.
 R B Bunnett  

 1987

Preface
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Preface to the Indian Edition
‘Light precedes every transition. Whether at the end of a tunnel, through a crack in the door or the flash of an idea, it is 
always there, heralding a new beginning’

— Teresa Tsalaky

Physical Geography in Diagrams by R. B. Bunnett was first published in 1965. The fourth edition of this book came 
in 1988 (ISBN: 9780582225077). When Pearson India, editorial team asked me to adapt the 4th edition for 
Indian students, I felt  overwhelmed. I am being entrusted to bring this wonderful book into life again! I feel 
privileged for being given a chance to work on this book. It took me more than a year to make certain changes. 
While I was working on them, I realized how much effort had gone into the original version of the book to make 
it a most established title in this subject!. This annotated version retains all the distinctive features of the orig-
inal edition. Consequently, it should be read as an updated edition to the original work and in no way should 
be interpreted as a completely new book in itself. I am associated with teaching profile for nearly 30 years, and 
can claim with confidence that this adaptation work will not only help students but faculties who are teaching 
Geography, for various levels of students, too will find this book extremely useful in their day to day lesson plans. 
Even students who have not studied Geography earlier can find this book extremely engaging for their further 
reading or for competitive readiness.

The core objective of this title is to explain geographical principles and concepts through illustrations and 
engage students in the learning process of the physical aspects of geography through several line diagrams, 
3D/2D artwork, field-based (i.e., real-life) photographs, and locations of features marked on satellite imageries 
as it is.

With all said that, after using this book for classroom resources, it convinced me that some parts of the content 
need to be reworked and data should be updated as per the latest developments in today’s World. In last 30 years, 
there were no substantial changes in the content of this book, so it was a necessity to take this book forward for 
our next generation of students. We have tried our best to update the content along with new pedagogical ele-
ments, chapter-end questions, and also included as many new diagrams, maps, visual aids wherever possible. The 
goal has been to attempt to incorporate new technologies and methods to make the book relevant and useful for 
the current generation of students. I believe that present book addresses key concerns from the student’s point of 
view and in each chapter there are few sections which pro-actively connect students to their role as a stake holder 
in creation and sustenance of different geographies around them.

The book which was earlier in black and white format is now available in its four-colored version. I have 
tried to include more recent photographs clicked during my field visits with students, family, and friends and 
have attempted to make visible the location of the places and physical features photographed through Google 
maps. As no single photograph was available from the original text, we had to buy many of these photographs 
which were not readily available from different libraries and museums of the world. Now the book is almost 
double the size with more than 500 pages and covers diverse areas all with enriched explanation visualized 
through more than 1,150 diagrams and 3D/2D artwork. The journey of coming out with the present version 
was  beautiful . . . there was so much to know, read, and understand. It has not only added to my knowledge, but 
also has enabled me to grow as a human being.

Again, I wish to thank the Pearson team for trusting me with this work. I also wish luck to all those students, 
researchers, teachers, and practitioners who are going to use this book in future.

Seema Mehra Parihar
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 1 1

The Solar System: 
Positions and Time1

Learning Outcomes 
After completing this chapter, you should be able to:

 ● Visualize solar system, inner and outer planets and their positioning. 
 ● Locate the position of a place on the earth’s surface.
 ● Understand the importance of Sun as the main input in the earth’s energy system.
 ● Compute different time zones in different locations of the world.

Keywords
Solar System, Earth’s radiation, Latitude, Longitude, Geoid, Greenwich Meridian Time 
and International Date Line. 
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1.2  Chapter 1

Introduction
In our solar system, there is the sun and eight planets. The planets are categorized in 
two different groups—the terrestrial planets (innermost planets) and gas giants (the 
outer planets). We are going to study about these terrestrial planets and outer planets 
of the solar system and understand the relevance of positions and time on the earth’s 
surface in this chapter. The terrestrial planets include Mercury, Venus, Earth and Mars. 
These planets are composed of silicate rocks. The other four planets, i.e., gas giants or 
outer planets are Jupiter, Saturn, Uranus and Neptune. These four gas giants are huge 
in size and are composed mostly of helium and frozen hydrogen (no solid surface).

The Solar System
Contemporary observations are changing our understanding of planetary system. 
The International Astronomical Organization (IAU) in 2006 resolved that ‘plan-
ets and other bodies in our solar system be defined into three distinct categories: 
‘planet,’ ‘dwarf planet,’ and ‘small solar system bodies.’ A planet is a celestial body 
that is in the orbit around the sun, has sufficient mass for its self-gravity to over-
come rigid body forces so that it assumes a nearly round, hydrostatic equilibrium 
shape, and has cleared the neighbourhood around its orbit. However, the ‘dwarf  
planet,’ unlike the planet, has neither cleared the neighbourhood around its orbit 
nor is a satellite. ‘As per Resolution 5A of IAU’ all other objects, except satellites, 
orbiting the sun shall be referred collectively as small solar system bodies.’

The eight planets in our solar system are Mercury, Venus, Earth, Mars, Jupiter, 
Saturn, Uranus and Neptune (Figure  1.1). The IAU (2006) has further resolved 
‘Pluto’ as a dwarf planet by the above definition, thereby recognized as the prototype 
of a new category of trans-Neptunian objects.

The sun has a central position in our solar system and all planets revolve in ellip-
tical orbits around it. The first time Nicolaus Copernicus (an astronomer, mathema-
tician and scientist from Poland), in 1514, proposed the heliocentric theory of 
the solar system in his work Commentariolus. The ordering of planets in increasing 

FIGURE 1.1 The Sun and the Eight Primary Planets of our Solar System.

According to NASA, 
‘two of the outer planets 
beyond the orbit of 
Mars—Jupiter and 
Saturn— are called 
gas giants; the more 
distant Uranus and 
Neptune are called ice 
giants.’ This is because 
where the first two are 
dominated by gas, the 
last two have more ice. 
All forms contain mostly 
hydrogen and helium.
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order of distance from the sun is: Mercury—57.9 million km; Venus—108.2 
 million km; Earth—149.6 million km; Mars—227.9 km; Jupiter—778.3 million km; 
Saturn—1427.0 million km; Uranus—2871.0 million km; and Neptune—4497.1 
 million km. The size of the planets is as follows in decreasing order:

In our solar system, the earth is a unique planet which supports life and is thus 
termed as the living planet. It is the third planet nearest to the sun, Mercury is the 
nearest planet to the sun and Jupiter is the largest planet of our solar system.

Almost all the energy of the solar system is derived from the sun. The surface of the 
sun is covered with burning gases at a temperature of about 6000°C. Mercury, the small-
est planet, is nearest to the sun. Some of the planets, e.g., Earth, Jupiter and Saturn, 
have small celestial bodies called satellites in orbit around them. The moon is the sat-
ellite of the earth.

Each planet takes a different amount of time to complete one orbit around the 
sun. This is because their distances from the sun vary. Mercury completes its orbit in 
88 days, which means that 1 year on Mercury lasts for 88 days. The earth completes 
its orbit in 365¼ days—the length of 1 year on earth. The moon takes about 27 days 
to revolve about the earth.

Table 1.1 provides a brief overview of the eight primary planets in our solar sys-
tem, in order from the inner solar system to outward.

Jupiter, Saturn, Uranus, Neptune, Earth, Venus, Mars, Mercury.

  Table 1.1 Overview of the eight primary planets in our solar system

PLANET DISCOVERY NAMED FOR DIAMETER ORBIT DAY

Mercury
Known to the ancients 
and visible to the 
naked eye

Messenger of 
the Roman 
Gods

3031 miles 
(4878 km)

88 Earth 
days

58.6 Earth days

Venus
Known to the ancients 
and visible to the 
naked eye

Roman Goddess 
of Love and 
beauty

7521 miles 
(12,104 km)

225 Earth 
days

241 Earth days

Earth
Known to the ancients 
and visible to the 
naked eye

7926 miles 
(12,760 km)

365.24 
days

23 hours 56 
minutes

Mars
Known to the ancients 
and visible to the 
naked eye

Roman God of 
war

4,217 miles 
(6,787 km)

687 Earth 
days

Just more than 
one Earth day

24 hours 37 
minutes

Jupiter
Known to the ancients 
and visible to the 
naked eye

Ruler of the 
Roman Gods

86,881 miles 
(739,822 km)

11.9 Earth 
years

9.8 Earth hours

Saturn
Known to the ancients 
and visible to the 
naked eye

Roman God of 
agriculture

74,900 miles 
(120,500 km)

29.5 Earth 
years

About 10.5 Earth 
hours

Uranus
1781 by William 
Herschel

Personification of 
heaven on Earth

31,763 miles 
(51,120 km)

84 Earth 
years

18 Earth hours

Neptune 1846
Roman God of 
water

30,775 miles 
(49,527.5 km)

165 Earth 
years

19 Earth hours

Note: Pluto was considered as the ninth planet till 2006, when the International Astronomical Union (IAU) decided to call 
Pluto a dwarf Planet, reducing the list of real planets in our solar system to eight.
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 Table 1.2 Important Dimensions of the Earth

PARAMETER VALUE

Equatorial circumference 40,075 km

Equatorial diameter 12,742 km

Polar circumference 40,024 km

Polar diameter 12,713 km

Total surface area 51,09,00,000 km2

Surface of the Earth

Land

Sea

Geoid

Ellipsoid

FIGURE 1.2 Shape of the Earth

GPS
Topography

H h

Ellipsoid Geoid

Orthometric
Height

Ellipsoidal Height
from GPS

= -
Geoid
Height

H h N
Oceans

N

FIGURE 1.3 Illustration of Earth’s Geoid Shape and 
Reference of Ellipsoid

FIGURE 1.4 A Model of Earth’s Gravity Field Made with 
Data from European Space Agency’s GOCE Satellite.

Shape of the Earth
In reality shape of the earth is not a perfect sphere, but an oblate spheroid—a 
sphere with a bulge around the equator (Figure 1.2). The earth is bulged outward at 
its equator because of the centripetal force occurring due to rapid rotation of earth 
on its axis. Similarly, the earth is flattened at the poles, and the equatorial diameter 
is large than the polar diameter by about 43 km. This actually makes a pretty big 
difference. Important dimensions of the earth are given in Table 1.2. 

Therefore, the shape of the earth is referred as earth-like, i.e., ‘geoid.’ In addi-
tion, there are intervening highlands and oceans on the 
earth’s surface. The geoid is the equipotential surface 
that defines sea level, and is expressed relative to the 
reference ellipsoid (Figure 1.3). Temporal variations in 
the geoid are caused by lateral variations in the internal 
densities of the earth, and by the distribution of masses 
(primarily hydrological) upon the surface of the earth. 
Mass excess (either sub-surface excess density or positive 
topography) deflects the geoid upward. 

The gravity map (Figure  1.4) is what is known as 
a geoid; based on data, it was created by a European 
satellite called the Gravity field and steady-state Ocean 
Circulation Explorer (GOCE). Studying the geoid 
(Figure 1.5) can help us understand tectonic processes 
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FIGURE 1.5 Earth’s Figure: Gravity and Geoid 
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and different natural phenomena like earthquakes. Scientists have established that 
large earthquakes move enough mass to change the gravity field. The change guides 
the mechanism of the quake and how much slip and uplift occurred, especially in 
offshore areas where it is difficult to observe (earth’s crust) directly.

Phases of the Moon
The illuminated part of the moon appears to vary in size as it revolves around the 
earth. In Figure 1.6, the two circles represent moon positions. The outer circle 
clearly shows that exactly half of the moon is illuminated all the time. The inner 
circle shows what the moon looks like to us on earth during its different posi-
tions, e.g., at full moon it is a circle. Look at the moon on different nights in any 
1 month, and find out whether the part of the moon that is not illuminated can 
be seen.

Because eclipses of the sun or moon happen relatively infrequently, they were 
always a cause of wonder, even fear to early peoples. Their explanations are fairly 
simple as shown in Figure 1.7. There were two solar eclipses during 1987, neither 
of which was visible from Great Britain.

New Moon

Sun’s Rays

Full Moon

First Quarter
Earth

Last Quarter

FIGURE 1.6 The Way the Moon Appears from Earth 
During its Revolution Around the Earth.

Sun

Partial Eclipse Total Eclipse

Corona

Moon Earth

Sun

MoonEarth

Sun Moon

Eclipse of the Sun (Moon Comes Between Earth and Sun)

Eclipse of the Moon (Earth Comes Between Moon and Sun)

Eclipse of the Sun as Seen from the Earth

FIGURE 1.7 Eclipses of the Moon and Sun.

The Sun as an Input into the Earth’s  
System
Of all the solar radiation reaching the earth’s atmosphere, 33 per cent is reflected 
back into the space by the upper atmosphere while the remaining 67 per cent pro-
ceeds into the atmosphere. Figure 1.8 shows the image of Sun producing energy. Out 
of this, 14 per cent is absorbed by the atmosphere and 53 per cent reaches the surface.
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Out of the 53 per cent that reaches the surface, some is 
reflected back into the atmosphere and some is absorbed 
by the surface soil and water, which raises the surface 
temperature. The amount reflected into the atmosphere 
depends on the nature of the surface, e.g., snowfields 
reflect up to 80 per cent of the radiation; water surfaces 
reflect from 5 to 40 per cent according to whether the 
sun’s rays are vertical or oblique. A soil surface covered 
with vegetation usually reflects about 10–30 per cent. All 
of this is shown in Figure 1.9 (a), but it must be noted that 
the energy values given in this diagram are averages for the 
earth as a whole. As we shall see later, they vary according 
to the season, the latitude, the amount of water vapour in 
the air, and the amount of cloud cover.

Figure  1.9(b) shows that the energy reflected and 
 re-radiated back into space equals the energy received. 
This incoming and outgoing energy is sometimes called  
the global energy balance. We shall see later that this energy 
balance fuels the earth’s other major cycles—the ocean 
 currents and atmospheric circulation, as well as the hydro-
logical cycle and the food cycle of which we all form a part.

The solar energy input to the earth’s  surface is vast in 
amount but is dissipated in various ways. Figure 1.10 illus-
trates this process. You will see that some of the energy is 
converted into heat, some powers the hydrological cycle, 
atmospheric circulation and the waves and currents of the 
oceans, and some powers the food cycle through the process 
of photosynthesis, which in turn links with the fossil fuels. It is important to remember 
that the bulk of the energy used by humankind throughout the world is solar energy 
that has been locked up, for vast periods of time, in the fossil fuels (oil, including 
natural gas and coal). The rest of the energy used by humankind comes from nuclear 
fission, flowing water, the wind, and to a lesser degree, geothermal activity.

FIGURE 1.8 Sun Produces an Enormous Amount 
of Energy. Nearly White Areas are the Hottest, 
White Deep-Red Regions are the Coolest. This 
Image was Taken in Extreme Ultraviolet Light by the 
Earth-Orbiting Solar and Heliospheric Observatory 
(SOHO) Satellite.

100% Solar Radiation

Snow Water Vegetation

Reflected
2% 53% Reaches

Earth’s Surface

20%
Absorbed

80%
Reflected

33% Reflected into
Space from Top of
Atmosphere

14% Absorbed
by Atmosphere

Of the 53% Reaching Earth’s Surface

95% Absorbed
from Vertical Rays
60% from Oblique Rays

5% Reflected with
Vertical Rays
40% Reflected with
Oblique Rays

70% – 90%
Absorbed

10% – 30%
Reflected

51% Absorbed
by Surface

(a)

FIGURE 1.9 (a) The Amount of Solar Energy Reflected from and Absorbed by the Earth’s Surface Depends 
on The Nature of the Surface;(continued)



M01_BUNNXXXX_01_SE_C01.indd Page 8 19/03/19  3:17 PM

1.8  Chapter 1

(b) Absorbed by the
Atmosphere

Direct Radiation

Diffused

Radiation

Tropopause

Solar Radiation

100

Deflected
by the Earth

Radiated Directly to SpaceTransferred fromEarth to
Atmosphere Radiated fromAtmosphere

14

Absorbed and
re-Radiated

Reflected and
Deflected

35

65

17
34

Absorbed
by Earth

61

6

27

2

17

48

34

Reflected by the
Atmosphere

Reflected by
the Clouds

(continued) FIGURE 1.9 (b) Earth’s Solar Energy Budget—Notice What Happens to 100 Units of Solar 
Energy When it Reaches the Earth’s Atmosphere.

Solar Radiation

Direct Radiation

Direct Conversion to Heat

Evaporation and
Precipitation

Winds, Waves, Currents

Photosynthesis
Storage Plants

Fossil Fuels

Decay

Animals

Storage
Water Ice

Short-
wavelength
Radiation

Long-
wavelength
Radiation

FIGURE 1.10 The Dissipation of the Solar 
Energy Input.

Position and Time

The position of a place on the 
earth’s surface
Take a large ball (to represent the earth) and mark two 
points on it in the centre so that they are exactly opposite 
to each other. Draw a line right a round the ball so that it is 
midway between the points all the way. The line divides the 
ball into two equal parts and because the ball is a sphere, 
each part can be called a hemisphere. In the case of earth, 
we call this line the equator, and you can see that it is a cir-
cle. One of the points is called North Pole and the other the 
South Pole (Figure 1.11).

We can now draw more circles parallel to the north and 
south of the equator. These can be called parallels or lines of 
 latitude. Latitude refers to the angular distance from north 
or south of the equator.
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North Pole

O̊

South Pole
Southern

Hemisphere

Northern
HemisphereNorth

South
Equator Equatorial Plane

FIGURE 1.11 The Poles, the Equator and the 
Two Hemispheres.
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North Pole
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FIGURE 1.12 A Line of Latitude Gives the 
Angular Distance of a Place North or South 
from the Equator.

Equator

90˚ N
80˚ N
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20˚ N
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60˚ N

Equator

Equator North
Pole

20˚ N
40˚ N60˚ N
80˚ N

80˚ N

90˚ S(a) (b)

FIGURE 1.13 Parallels of Latitude on a Globe  
(A) from the Side and (B) from the North Pole.

This idea is applied to the earth. The equator is given a 
value of 0°. The North Pole has a latitude of 90°N and the 
South Pole has a latitude of 90°S. Every other place on the 
earth’s surface has a latitude of so many degrees north or 
south of the equator (Figure 1.12). Notice that the equator is 
the longest parallel. Figure 1.13 shows what the parallels look 
like on a globe from (a) the side and (b) a pole.

We can draw another set of circles on the ball, all of which 
pass through the two poles. That part of each circle between the 
poles can be called a meridian or line of longitude. This idea is 
applied to the earth also. The meridian, which passes through 
Greenwich, near London, is given a value of 0°; the opposite 
meridian, therefore, will have a value of 180° (Figure  1.14). 
Longitude refers to the angular distance east or west of the 
Greenwich Meridian. All places except those on Meridian 180° 
will have longitudes so many degrees east or west of Greenwich 
(Figure  1.15). Figures  1.14 and  1.16 show what the meridians 
look like from the side and from a pole, respectively.
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FIGURE 1.14 (a) Lines of Longitude; (b) The Greenwich 
Meridian.

South Pole

North Pole

45˚

0̊

45
 ̊E 45˚

45˚

45˚

FIGURE 1.15 A Line of Longitude Gives the 
Angular Distance of a Place East or West of 
Greenwich.




