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%1:2./1) Solar System )

Y ou have studied the solar system and planets in the solar system in primary school. Scan the
following AR to see a 3D animation of the solar system.

L lfo

In 2006, Pluto was nd longer
recogrised as a planel n the
solar system. Instead A s
kniowen as @ dwarl planet

vere ] ol )

ez
e Animation of the
e Solar System

w

Figure 12.1 Solar system (Not to scale)
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How s the: distance the planets and the Sun is vary -l
g between the great. Therefore, astrenomical | _\
= 2 planets and the unit and light years are usedto =" s\ -;'\“VI |
| Sun determined? maasure the relstive distances /T ,il
“ between the planats and :

Comparison of Planet Distances in the
Solar System from the Sun

« Astronomical Unit (A.LU,)
Astronomical unit (A.LL) is the average distance
between the Earth and the Sun, which is
approximately 93 million miles or 150 million
kilometres (Figure 12.2).

1 AU = 1.5 % 10" km Figure 12.2 Distance of the Earth from the Sun

« Light Years (ly)
Light years refers to the distance travelled by light in one year. Light moves at a velocity of
300 000 km every second. Therefore, light can move as far a5 9.5 x 10" km in a year.

 light year = 9.5 x 10" km

282)
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Converting Units between Astronomical Unit, Light Years and Kilometres

== To convert units between astronomical unit

(ALL) and km:

T % 3 0 o o

Distance in A.UL =

Distance of Earth from Suninly =

Distance in km

1.5 10° km

Example 1: Determine the distance of the Earth from the Sun in A.U and Iy
Solution:

Distance of Earth from Sunin km

km:

= b5 100 km

1.5 % 10 km

Distance of Earth from Sun in AU = Ts210km

= 1.0 AL
1.5 % 10" km

8.5 10 km

= 1.58 x 10-* Iy

{a) Calculate its distance in AL

(b) Calculate its distance in ly.

Solution:
(a) Distance = 1.43 x 10" km

Dhstance in AU, =

143 x 10°km

To convert units between light years (ly) and

EDi:m.nuluhn

ly 9.5 % 10% km

Example 2: Saturn is the 6 planet in the solar system which is 1.43 x 10° km from the Sun.

(b) Distance = 1.43 x 10" km

Distance in ly =

143 = 10" km

15« 10" km 9.5 % 10" km
=95 A =151 % 10y
-

-

@mw 121

- :‘; = Aim: Calculate the distance between the planets and the Sun in AL, and by.
~ Instruction

Complete the table below.

Table 12.1 Distance of planets from the Sun in AU and iy

~ | Planet | DistancefromSun (km) | DistancefromSun(A..) Distance fromSun(ly)
3  Mercury 579x10’ 039 |
I Venus 1.08 x 10* 072 |
= Earth 150 x 10° | 10 | 1.58 x 10°*
— = Mars 228 =100 |

pe Jupiter 778 % 10° I
—= | Sawm 1ax1e 95 | 151 %10

-~ Uens | 2870 |

- | | Neptune 4.5x10° 30 I :
= . » : —
== . - - ;
e —— —— o . ==
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Mercury .

» The closest planet to the Sun, approximately 57.9 million kilometres. :

« Itis the smallest planet in the solar system: The diameter of Mercury is 40%
smaller than the diameter of the Earth, and 40% bigger than the moon. In
fact, it is smaller than Jupiter's moon, Ganymede; and Saturn’s moon, Titan.

» The surface of Mercury is similar to the surface of the moon, with asteroid
craters and cliffs which are tens of kilometres high. However, because of

o &t the absence of atmosphere, light cannot be scattered. As a result, the sky
b ' RppCars

» The second closest planet to the Sun.

= Venus is known as the ‘greenhouse’ planet because of the high content of
carbon dioxide in its atmosphere.

« Venus also rotates from east to west, which differs from the Earth and other
planets which rotate from west to east. This means that on Venus, the Sun
rises from the west.

« The size and age of Venus is the same as the Earth, but its climate is far

o Ay more challenging, with a temperature of approximately 460°C.

Earth

+ The third planet from the Sun.

« The only place in the universe that is inhabited by living things.

« Earth has a layer of air known as the atmosphere, which protects the
surface of the Earth from solar wind, harmful ultraviolet rays and radiation
from outer space.

% of the Earth is covered in water and 29% land.

The fourth planet from the Sun and is also known as the ‘Red Planet.

Mars has two moons, Phobos and Demos.

Mars has a surface area that is enly 25% that of the Earth and its mass is
10% that of the Earth.

If observed fram Earth, the atmosphere of Mars can be divided into two
different areas. The brighter area is covered in dust and reddish sand, while
the poles contain frozen water and carbon dioxide.
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» Uranus takes 84 years (time on Earth) to orbit the Sun.
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The fifth planet from the Sun and also the largest planet of all eight planets
in the solar system.

Its mass is almost 320 times that of the Earth, and is twice the amount of all
the planets in the solar system.

Jupiter is said to be the protector of the Earth, as it is able to deflect huge
objects from hitting Earth with its strong gravity.

Saturn

+ The sixth planet from the Sun and the second largest planet in the solar
system,
Saturn is classified as a ‘giant gas’ planet.
It has a ring system which mostly comprises of ice with a small amount of
rocky material and dust.
To date, 62 moons have been found to orbit this planet. The size of Titan,
Saturn's biggest moon (after Ganymede) is bigger than Mercury.

+ The seventh planet from the Sun.

+ The first elements in the interior of Uranus are ice and rock. Uranus is the
third biggest planet in the solar system. Astronomers often refer to it asa
‘giant gas’ planet.

« Uranus has a ring system similar to Saturn, but it is thinner and darker.

+ It has many moons.

« Uranus is a unique planet because its axis of rotation is tilted, almost parallel
to its orbit around the Sun.

+ The eighth planet from the Sun.
« Also classified as a ‘giant gas' planet.
+ Takes almost 165 years (time on Earth) to orbit the Sun.

Video of the Solar vystem
hitpy kel sy
Science/ Videvsianpd




Table 12.2 General characteristics ;.!f-pllmr\c'u: in the solar system |

Mercury Venus Earth

Distance from
Sun (million km)

Refative mass
(% Earth) 0,055 0815 1 0.107

57.9 1082 149.6 2279

Diameter (km) 4879 12 104 12 756 6794
B Density lgem) 54 52 55 39

Cmueatiogst pall a7 887 9.8 371 |
(s | &
Awerage surface B -

Frrblinaelled 167 457 14 55

Time taken to
M arbit Sun (time on BB days 24,7 days 365 days 687 days
Earth)

Time taken for
one complete
rotation on its 59 days 243 days 24 hours 25 hours
axis
(tirme on Earth)
: Velocity of
| rotation on axis 10,89 652 146744 B&68.2
(km/h)

Mumber of
natural satellites ] o 1 2
OF Moons

78% nitrogen; 26% carbon dioxide; |
21% onygen; 0.97% 1Y% nitrogen;
inert gases and other  1.9% argon;
substances; 0.03% 0.2% oxygen,
carbon dicoide carbon monoxide

Main 94.5% carbon dioxide:

at Farts MNone 3.4% nitrogen; 0.1%
AR {no atmosphere) argon, helium, sulphur
diowide, water vapour

Mo colour, craters More than 71% of its :
: covered in fine Drlnu.:u'!dvm surface is water and S : "
Conditionof | T rocky, hasbigplains, o, o rocky, has big plains, JEREE
planet’s surface Lt volcanoes and wide ol oot Lﬁum:tﬂv#ﬂt

valleys and volcanoes



Jupiter

»
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119 years

&7

| B9.46% hydrogen;
N 10.1% helium;
(0 0.3% methane,
ammonia,

e ethane, water

Mo hard surface, Only

Wl coversd in gas.

0.7

1044

=185

29.5 years

6% hydrogen;

3% hellumg

0.4% methane, ammonia,
ethane, water

Mo hard surface. Only
covered in gas.

B83.3% hydrogen;
15.5% helium;

2.4% methane

Mo hard surface. Only
covered in gas.

80% hydrogen;
19% helium;
0.1% methane, ethane




Aim: To plan a vacation to explore outer space

Instruction
_ 1. Workin groups.
2. Choose a planet as a holiday destination.
3. Collect the features of the planet and create a tourism poster or advertisement brochure to
| attract the interest of other classmates to visit that planet.
a . 4, Present the product.

T - = -
- I i

Relationship between Temperature of a Planet and the Sun

Theoretically, planets that are closer to the Sun would receive more heat from it as compared to
plancts which are further from the Sun. However, the situation in reality is rather complex. Let us
refer to the table below to understand better.

Table 1 2.3 Distance of planet from the Sun amd the surface temperature of each planet

Planet Mercury | Venus Earth | Mars Jupiter | Saturn | Uranus | Neptune

Distance
from the Sun 579 108.2 149.6 2279 7783 1427 2871 4497

(million km)
Surface
temperature 'ﬁm 462 '395'1': '“:5“ -108  -139 -1972 -201
*c)

For planets that do not have an atmosphere

Mercury : sunlight that directly reaches its surface will cause the arca that faces the Sun to be
extremely hot, more than 427°C. The darker area is extremely cold, and its temperatures
can drop to -173°C.

For planets that have an atmosphere
(a) Earth : has clouds that reflect sunlight back into outer space but the atmosphere traps some of

the heat, which causes the greenhouse effect.

(k) Venus : has thick clouds that can reflect sunlight back into outer space, but the atmospheric
layers consist of mostly carbon dioxide which causes the greenhouse effect. Therefore,
maore heat is trapped and the surface temperature can reach up to 462°C,

{c) Mars : although it has an atmosphere, the surface pressure is extremely low compared to that
of the Earth (less than of Earth’s pressure), causing minimal effect on the surface
temperature. The surface temperature fluctuates between - 143°C to 35°C,

For giant planets
Jupiter, Saturn, Uranus and Neptune — the surface of these planets are covered in gas. These planets
receive very little sunlight, therefore their surface temperatures are extremely low.

=]



The Relationship between Density and Gravitational Pull of the Planets

The gravity on the surface of a planet depends on its mass and density.
Table 124 Relative mass, diameter, density and gravity of the planets

Planet |Mr_':‘cur'.l| Venus Earth | Mars | Jupiter | Saturn | Uranus | Neptune

“'(:"E‘:'d';‘?“ 0055 0815 1 0107 3178 95159 14536 17.147

Difeler 4879 12104 12756 6794 142984 120536 51118 49528
ity 54 52 55

(gem- 29 13 Q.7 127 15
_'t‘l" a7 8.87 9.8 371 24.7% 10.44 B.o% 1115
. (ms7) 4
The gravity of the Earth

The gravity of the Earth is 9.8 m 5%, This means that if we release an object from a certain height,
the object will fall at an acceleration of 9.8 metres per second per second.

/: The gravity of Mercury and Mars is lower than the Earth because their masses are lower than E
the Earth.
« The gravity of Venus is almost the same as the Earths because its mass is almost the same as the
mass of the Earth.
« The gravity of Jupiter is much higher compared to the Earth because its mass is extremely high
although it has a low density.
« Although Saturn, Uranus and Neptune have very high mass, their gravity is not as high as the
L gravity of the Earth because these ‘giant gas' planets have low density. l

The Relationship between Distance, Time and Speed
Table 12.5 Distance from the Sun and tine taken for cach plarnct to orbit the Sen

Planet Mtrcun_fl Venus Jupiter | Saturn Uranus | Meptunse
Distance from Sun
57.9 108.2 1495 227.9 7783 1427 2871 4497
{million km)
Time taken toorbit
% 224.7 119 295 1648
the time 88d 365days 4687d B4 years
&;'{th] = WS days WS years years years

The further a planet is from the Sun, the more time it needs to orbit the Sun.

For example, Mercury is the closest planet to the Sun. It takes only 88 days to orbit the Sun. Neptune
is the furthest planet from the Sun and it takes 164.8 years lo complete its orbit around the Sun.

T

@
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Rotational direction of the planets r——ge
All planets in the solar system rotate on their axis at different angles 5___F-. r&rﬂﬁld

‘igure 12.3), All these planets rotal west to east except Venus
(Figure 12.3) :’\]1 hese planets rotate from we to east except Ven The Barth roates from west
and Uranus. Venus rotates from east to west while Uranus rotates on te aact, and therefors we
its side. Why do these two ]:ﬂ:m;.'ls have different rotational direction sep the Sun rismg m the
as compared to the other planets? east and satting mn the west

Mercury Venus Earth Mars Jupiter Satumn Uranus  Meptune
0.1* 117 23" 25" 3 27 98" o

Figure 12.3 Rotatiomal angle and direction of the planets in the solar system

Hypothetical Situation related to the Solar System
What happens if the rotation of the Earth slows down or stops completely?

We know that the rotation of the Earth on its axis is the reason for several phenomena such as day
and night, tides and many more.

What would happen
if tha Earth rotates
slower or stops
rotating?

Longer day and night'dd
different parts of the Ear

Tcmpemmwﬂldmpinmnﬁhm -
Euththﬂdnmmmﬁm—mlglﬂ e W - -



What are natural satellites?

MNatural satellites are objects that move around planets on their own orbit. The moon is the only
natural satellite of the Earth (Figure 12.5).

M B
ol Moon orbils ™ .,
the Earth ™,

,___._---—--"""—“/’:ﬂ'I rotates

on it axs

Figure 12.5 The Earth orbits the Sun, while the Moon orbits the Earth

How would the condition and appearance of the
Earth be from the Moon?

Would the Earth have
phases if observed
from the Moon?
Just like the Earth, the Moon also rotates on its
own axis. At the same time, the Moon also moves
around the Earth on its orbit. The duration taken for
the Moon lo rotale on its axis and orbit the Earth
is about the same, which is 27 days. Therefore, the
same surface of the Moon would be facing the Earth
at all times. The Earth is four times bigger than the

Moon. How would the Earth appear from the Moon? = Y\ EY/
= I\ EY
. K X [ S
~ e <\/
Photograph 12.2 Appearance of | 1
the Earth from the Moon ]

The Earth as a Planet for Living Things

The Earth is the only planet that has life. The Earth can support
life because of a few factors such as the presence of waler,
minerals, its temperature and atmospheric content. Discuss
the characteristics of the Earth as a planet most suitable for life.
Are there other planets that are suitable for life if the resources
on the Earth are fully exhausted or the Earth is destroyed
by natural disasters and pollution? What is the role of cach

individual to preserve the Earth?
e

261




Has a lot of water for
all living processes

Has high oxygen
content for
respiratory process

Has gravity that keeps
objects from floating

Has a suitable

Receives sunlight " ;
I emperalure range
for plants to conduct I B
. not too hot or too
photosynthesis

cold

Its atmosphere
blocks harmful
ultraviolet rays from
reaching the Earth

Figure 12.7 Characteristics of the Earth as the most suitable planet for life

My Malaysia!

| Datuk O, Mazan Othman s wel known n
tha fiedd of research and development of
astronoemy n Malaysia. She has not only
recenad recognition al nabonal bevel but s
also admred in the mtemational arena
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Aim: To look for new ideas of the possibility of other planets to replace
the Earth if the natural resources on the Earth are depleted.

Instruction wha study objects in outer
e 1. Work in groups. space such as planets,
& 2. Useyour creativity or imagination to think about the possibility xﬁ;:t?:m ""'f? “:';
S mm— of a planet to support fife if the natural resources on the Earth are m:‘mﬂh"m!“ o the
depleted. Collect information from the Internet or the library. Earth,

- — 3. Present ideas using a multimedia presentation.

- .
— : : -
=2 . : =
e - - _i
- - = 1
Love Our Earth
Human life relies heavily on resources from water and earth, including to get food,
manufacturing materials and to generate energy. The increase in human population has
caused rapid exploration of the seas and land. Are the Earth’s natural resources able to
sustain the increasing needs and wants of humans?
* Ecological footprint is the measure of the ability of water and land to provide the
[ & basic needs of humans (food, water, shelter and others) as well as the ability of the
Earth to absorb all human wastes and reproduce resources after they have been used
by humans.

* Ecological footprint is the ratio measurement for six arcas, which are carbon dioxide
wasle trealment areas, construction areas, forests, agricultural areas, farming areas
and fishing arcas using the shape of a human fool.

* If the ecological footprint exceeds the ability of the Earth to renew its resources, the
Earth will be depleted of all its resources,

* Ecological footprint is different between countries.




Ecological Footprint

To measure the rate of human use of the resources of the Earth and the rate of human waste production,

Settlement Wood and paper  Food and source Seafood

I
!

The ability of the Earth to absorb
all human wastes and generate new

1961 1985 2012

= Alm: To discuss the steps and impeortance of reducing our ecological footprint.
~ Instruction
1. Work in groups.
~ . 2. Each group is assigned with collecting information on ecological footprint.
— ~ 3. Discuss:

—
(@) thestepswe can take as consumers to reduce our ecological footprint
{B) theimportance of reducing our ecological footprint.

= 4. Present the resufts in the form of a multimedia presentation.

—— —. . . -

Formativelpractice)’ s 12.1 )

1. Why are AL and Iy used to determine the distance between planets and the Sun in the solar
system?

2. Which planet is closest to the Sun?

3. What is the relationship between the surface temperature of a planet and its distance from

the Sun?

— — —_— —_— —— —
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After learning this chapter, you are able to:
12.1 Solar System

[:I Compare the distance between the Sun and the planets in the solar system using astronomical
unit (A.LL) and light years (Iy).

{__I Construct a table to compare and contrast the planets in the solar system and the Earth.

D Explore the possible relationship based on the characteristics of the planets and explain the
relationship including anomalies that may arise.

[____I Reasoning and making analogies in hypothetical situations related to the solar system.
[_] Justity why the Earth is the mostideal planet for life based on data collected.

Summative [EETTN 12 A\

1. Figure 1 shows the solar system.
(a) State the number of planets that are in the solar system.

(b} State the planet that is the nearest to and furthest from
the Sun.

€} Why does Mercury orbit the Sun faster than the Earth?

2. Figure 2 shows phenomena that happen on the Earth,

Figure 1
Sun rises in the East Sun sals in the West

Figure 2
(3) Which characteristic of the Earth causes such phenomena?

(b} Venus has a different rotational direction compared to the Earth. Predict the phenomena of
the sun rising and setting that can be seen on Venus.

ic} Predict two possibilities that might take place if the Earth stops rotating. @8k

)
-_\’ﬁ-,-,



3. Astaris 4.37 light years away from the Sun,
{al Calculate its distance in km,
b} Calculate its distance in ALL

4.  The natural resources of the Earth such as wood and fossil fuels are decreasing. J

One way to overcome this issue is to recycle materials. Design a new product that uses waste
materials. S5

5. 'I'heiﬂnnat'u:m below shows the distance of planet P, O and R in the solar system from the
Sun.

2 871 million km

P: 1082 million km
R: 7783 million km

(a) Based on the information above, which planet is the hottest and the coldest? Give reasons
for your answers.

(b} Which planet takes the longest time to orbit the Sun? Give reasons for your answers.

HOTS | Mastery 12

6. (a) Venusis considered as a twin planet to the Earth because its size, volume and density are
similar to that of the Earth. Why doesn’t this planet have any living things compared to
the Earth? &l

(b} Two studants were having a conversation about Mercury and Venus.

Aisyah : Mercury is the closest to the Earth, and therefore is the hottest planet in the
solar

System.
Pei Lui : No. Venus is the hottest planet in the solar system.

In your opinicn, who & correct? Give reasons for your answers. A

7. Europais a natural satellite of Jupiter (Figure 3) which is very unique
as there is a possibility of seawater below the surface of the ice. In
your opinion, why do scientists have an assumption that there is life
on Europa? &




