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EASC 2150:The Solar System 

The Plan for Today 

Science and Earth Science Concepts 

• This is a science course, and an Earth Science course, 
even though there are no prerequisites. So it is in your 
interest to have a review of some background science, and 
also some basic geological concepts, including:

• Dealing with the enormous range of numbers involved…

• Concepts of Geological Time and ‘Cosmological Time’

• Structure of matter: particles, atoms, elements, isotopes.

• Minerals, rocks, and some key aspects of Earth Sciences.

• Some concepts related to energy in the Universe. 

• Some other things that we might call ‘Essential Physics’



Some Things We Need to Know and Understand:

First, dealing with numbers!
Andromeda is the 

closest galaxy to ours. 

But ‘close’ is a relative 
term, because it is 

located 2.5 million light 

years from us.

But what does this 
actually mean?

The Universe is over 13 

billion years old.

But what does this 

actually mean? 

(Andromedra Galaxy)

Large numbers quickly 

become totally 

incomprehensible….

Like Government 

Debt Statistics…..



Dealing with Big and Small Numbers:Dealing with Big and Small Numbers:

Exponential NotationExponential Notation
•• We will discuss atoms (We will discuss atoms (very smallvery small) and planets, ) and planets, 

moons and stars (moons and stars (very largevery large), and galaxies), and galaxies (huge)(huge)……

•• …… also the distances between planets (also the distances between planets (very longvery long) and ) and 

wavelength of xwavelength of x--rays (rays (very shortvery short). ). 

•• Everyday units such as Everyday units such as metresmetres and kilograms become and kilograms become 

cumbersome because of these enormous ranges.cumbersome because of these enormous ranges.

•• The only solution is using The only solution is using EXPONENTIAL NOTATION. EXPONENTIAL NOTATION. 

So you need to know what this is and how to do So you need to know what this is and how to do 

simple calculations with such numbers.simple calculations with such numbers.

If you canIf you can’’t solve 1.5 x 10t solve 1.5 x 1088 / 5 x 10/ 5 x 1077, you will need , you will need 

to look at materials/examples in Module 2!to look at materials/examples in Module 2!



The “Rule of Thumb” for 

Exponential Numbers:

Earth-Sun distance 1.5 x 108 km

Earth-Andromeda   ~2.4 x 1022 km

Always look at the 
exponents in the 
number. Every 
difference of 1 in an 
exponent means a 
factor of 10. Negative 
exponents indicate very 
small numbers (<<< 1). 
The difference in 
exponents allows you to 
compare…. 

In exponential notation, 
the Andromeda Galaxy 
is about 2.4 x 1022 km 
away from us…..

It is INCONCEIVABLY more distant than the Sun! 

2.4 x 1022 / 1.5 x 108

Equals:

1.6 x 1014 times 

more distant….. 



Distance, Speed and Light Years
The speeds of galaxies correlate with distance

Speed of light = 3 x 108 m/s; 3 x 105 km/s

(1 Mpc = 3.26 x 106 LY)

• As the previous examples illustrate, distances are large in the

universe, even if the speed of light is immense. Some distant 

galaxies are moving at almost half that speed. What kinds of 

distance measures do astronomers and planetologists use?? 



Astronomical Units and LightAstronomical Units and Light--YearsYears

•• Special units are used routinely in astronomy.Special units are used routinely in astronomy.

•• The The Astronomical UnitAstronomical Unit ((AUAU) is the distance between ) is the distance between 

the Earth and Sun. By definition the Earth is situated the Earth and Sun. By definition the Earth is situated 

1 AU away from the Sun.     1 AU = 1.496 x 101 AU away from the Sun.     1 AU = 1.496 x 1088 km km 

~150 million km.~150 million km.

•• For example, the planet Venus is 0.72 AU from the For example, the planet Venus is 0.72 AU from the 

Sun. This distance could also be specified as 1.082 x Sun. This distance could also be specified as 1.082 x 

101088 km or about ~ 110 million km.km or about ~ 110 million km.

•• This simplifies comparisons in the Solar SystemThis simplifies comparisons in the Solar System……....

•• Beyond, we use light years. If light travels at 3 x 10Beyond, we use light years. If light travels at 3 x 1055

km/s, it covers about 9 x 10km/s, it covers about 9 x 101212 km in a full year (~ 3 x km in a full year (~ 3 x 

101077 seconds. seconds. That is a very long distance! Note that That is a very long distance! Note that 
PARSECS are not the same as Light YearsPARSECS are not the same as Light Years……....



•• Aside from the very early history of the Aside from the very early history of the 
universe, most of the time in this course we universe, most of the time in this course we 

are confronted with incredibly long periods of are confronted with incredibly long periods of 
time. Here are some common measurements. time. Here are some common measurements. 

•• 1 million yrs = 1 1 million yrs = 1 m.ym.y; 1 ; 1 m.ym.y ago = 1 Ma. ago = 1 Ma. 

•• 1 billion yrs = 1 1 billion yrs = 1 g.yg.y; 1 billion years ago = 1 ; 1 billion years ago = 1 GaGa

(note that you may encounter (note that you may encounter b.yb.y and and BaBa in some in some 

older resources).older resources).

•• The Earth formed about 4.567 The Earth formed about 4.567 GaGa (= 4567 Ma); (= 4567 Ma); 
this is also roughly the time of formation of the this is also roughly the time of formation of the 

Solar System. The Human Species is less than 2 Solar System. The Human Species is less than 2 
million years old million years old –– a tiny fraction of this time. a tiny fraction of this time. 

Measurement and Units of Time



The Full Geological Time Scale

• The period of time when life 

becomes abundant and diverse is 

only about 12% of the age of the 

Earth. However, we think that life has 

been around since at least 3.8 Ga.

• The Solar System has existed for 

only about one-third of the time that 

the Universe has existed. It is hard to 

know the age of the Universe with 

certainty, but current estimates are 

around 13.8 Ga.

• You will need to know at least the 

major divisions of the time scale.

• The oldest rocks on 
the Earth formed at 
about 4.0 Ga, but we 
do find materials 
(mineral grains) that 
are as old as 4.4 Ga. 

• How do we know?

Hadean Eon

4.0 Ga

2.5 Ga

0.54 Ga

Paleozoic Era

M
eso

zo
ic Era

Cenozoic

Era

?



• There is a wide range of temper-

atures in the solar system, from minus 

240oC or so on Pluto to > 400oC on 

Venus. If we were to consider the Sun, 

temperatures get up to millions of  o C.

• In science, we commonly use the 

Kelvin Scale for temperatures. The 

units are the same, but 0o K is equiv-

alent to – 273.15oC (Absolute Zero).

• There are very good reasons for 

using a scale that only contains 

positive numbers. Absolute Zero is as 

cold as it ever gets in the Universe. 

Temperature Scales

373 K

773 K

273 K

173 K

73 K

0 K

o F o CKelvin

On the Kelvin Scale, 

Earth’s temperature 

is about 290 K



The Three Familiar States of Matter

• You all should know this. Most types of matter can exist in 

various forms, which have distinct character. The most obvious 

example is H2O, which can be liquid, solid or gas. 



There is a fourth state of 

matter that you may be 

less familiar with, but is 

actually dominant in the 

Universe. This is PLASMA: 

a high-temperature, 

ionized gas. It makes up 

the Sun and the stars. 

The Fourth and Most Common State of Matter

There are also things about matter that we just do 

not understand. The galaxy and the Universe contain 

more matter than can be accounted for by all the 

stars. We can’t see this, so we call it “DARK MATTER”



Basic Chemistry: Atoms, Isotopes Ions and Molecules

Remember

this material ?

This is high-school 

science. We are not 

going to do this in 

detail, but this is a 

short ‘refresher’. 



Elements and the Periodic Table – Crucial Knowledge

If this graphic does not mean anything to you, there is a need

To look at materials in Module 2, or other science books. 



Elements and Isotopes – Not the same! 

•• Elements (e.g., copper, oxygen, etc.) belong to Elements (e.g., copper, oxygen, etc.) belong to 

different groups (metals, nondifferent groups (metals, non--metals and metals and 

semisemi--metals). They differ in their properties.metals). They differ in their properties.

•• Isotopes are VARIETIES of elements that share most Isotopes are VARIETIES of elements that share most 

chemical properties, but differ in atomic structure. chemical properties, but differ in atomic structure. 

Some are RADIOACTIVE Some are RADIOACTIVE –– i.e., they change to another i.e., they change to another 

element, given enough time. Other isotopes are element, given enough time. Other isotopes are 

STABLE STABLE –– they donthey don’’t change over time, but just exist. t change over time, but just exist. 

•• Both are very important in Planetary Science: Both are very important in Planetary Science: 

Radioactive isotopes provide natural clocks and stable Radioactive isotopes provide natural clocks and stable 

isotopes provide isotopes provide ‘‘fingerprintsfingerprints’’ for the ultimate sources for the ultimate sources 

of materials. of materials. 



•• How old is the Earth and the Solar System?How old is the Earth and the Solar System?

•• We consider meteorites to be the building blocks of We consider meteorites to be the building blocks of 

the terrestrial planets. By using the decay of two the terrestrial planets. By using the decay of two 

uranium (U) isotopes to isotopes of lead (uranium (U) isotopes to isotopes of lead (PbPb), we can ), we can 

calculate ages older than 4.5 calculate ages older than 4.5 GaGa for most of them. for most of them. 

•• Where did water in the oceans come from?Where did water in the oceans come from?

•• A popular idea was that it came from comets, which A popular idea was that it came from comets, which 

are mostly ice. However, measurements of the ratios are mostly ice. However, measurements of the ratios 

of stable hydrogen isotopes in comets are quite of stable hydrogen isotopes in comets are quite 

different to those measured for Earthdifferent to those measured for Earth’’s water. So it s water. So it 

looks as if this theory must be incorrectlooks as if this theory must be incorrect…………maybe.maybe.

If you donIf you don’’t know what ISOTOPES are t know what ISOTOPES are –– See Module 2!See Module 2!

The Use of Isotopes – Two Examples.



Matters of Gravity – Keeping Us in Motion

• Gravity makes the world go round, and is a fundamental 

force across the Universe. Many aspects of it remain a real 

mystery, even though we know how it works. We’ll discuss 

this in Module 4, and its use in science, but you will find this

easier if you remember some basic Newtonian physics. 



The Two-Edged Sword of Computer Models

• 21st Century planetary science inevitably makes extensive 

use of computer models, especially to solve hugely complex 

problems like planetary motions or solar fusion reactions.

• These are valuable, but it is important to know their limits…

“Garbage In….Garbage Out”

(regardless of your CPU power)



Energy in the Solar System – Some Concepts

• The kinetic energy in the solar 

system is immense – the planets 

and other things move fast. This 

comes from gravity and also the 

processes of initial formation. 

• ELECTROMAGNETIC energy 

comes from the Sun and distant 

stars, and is reflected from planets 

and moons. This information is the 

most vital source of our knowledge

An understanding of some basic physics is important…. 



• As the wavelength gets shorter, EM radiation is more energetic.

• Visible light is a very small region in the middle of the spectrum.

Important Regions of Electromagnetic SpectrumImportant Regions of Electromagnetic Spectrum
(you should have a general idea of these (you should have a general idea of these –– if not, see Module 2)if not, see Module 2)

EM radiation is defined in 

terms of wave length and  

frequency, which are 

inversely correlated. 1 Hertz 

is one cycle per second.



• The most obvious energy 

source is the Sun. Its energy 

ultimately comes from Nuclear 

Fusion – it turns hydrogen 

atoms into helium. We can 

‘analyze’ its energy output…. It 

tells us a lot about processes.

• Planets have internal 

energy as well, although 

some have lost most. 

This is both leftover 

from formation and 

produced by radioactive 

decay (fission).

Solar Flare

Volcanic

Eruption



“We came all this way to 

explore the Moon, and the 

most important thing is that 

we discovered the Earth”

(William Anders, Apollo astronaut)

• This is an Earth Science course, and there are many common 

themes within Earth Science and “Planetary Science”.

• Knowledge of some Earth Science concepts is important as 

these are ‘reference points’ for things that we observe. 



If atoms are the buiding blocks of matter, it is “minerals” that are the 

building blocks of most planets. Minerals are naturally-occurring in-

organic compounds, so we need to understand basics of chemistry.

There are thousands of minerals (especially on Earth) but you will 

only need knowledge of a few very common ones. See Module 2! are

Minerals as the building blocks of many but not all things
Sodium loses its outer electron Chlorine fills a vacant electron space

“Ionic Bonding”

Both atoms are happy! 



Chemical Elements in the Solar System

• The most abundant element in the 

Universe is hydrogen (H), followed by 

helium (He). This is also true for the 

Solar System, as virtually all mass is 

in the Sun, which is hydrogen, with 

lesser helium from fusion reactions. 

• Gas- and Ice-giant planets are fairly 

similar in composition to the Sun, but 

terrestrial planets are more varied. 

• The Earth’s crust is actually mostly 

oxygen (O) followed by silicon (Si), 

aluminum (Al), iron (Fe), calcium (Ca) 

sodium (Na) and potassium (K). 



Atoms

Molecules

Minerals

Rocks

Chemistry: how 

atoms combine to 

make molecules

Mineralogy: how 

molecules combine to 

make minerals

‘Petrology’: how 

minerals combine 

to make rocks

What are Minerals compared to Rocks? 

• Minerals are natural 

chemical compounds, and 

they are molecules – just 

combinations of atoms. 

• Most are silicates. So    

this is why Earth is    

mostly O, Si and Al

• Rocks are combinations 

of two or more minerals, 

formed by different 

natural processes. 



On Earth we define a ‘cycle’

that links all these types 

together. You’ll need some 

general knowledge of this. 

The Rock 

Cycle

(as seen 

on Earth)



• The rock cycle, as we call it, is really a manifestation of the Earth 

as a Dynamic Planet. The crust of the Earth is divided into “plates”

that are in relative motion. This is a major theme in Earth Science 

and we will explore it more when we talk about Earth in Module 7. 



Internal Structure and Activity in Planets

• What happens on 

the surface of the On 

Earth is in turn 

linked to internal 

processes, that 

cause the motions of 

the outer region we 

call the crust. These 

are ultimately linked 

to the loss of heat. 

• Discussion of this is mostly deferred until we get to Module 

7, but it is useful to keep this concept in mind. The other 

important thing to remember is that the internal structure 

and materials inside terrestrial planets define several ‘shells”

Crust (silicate rocks 

rich in Si, Al)

(silicate

rocks rich in

Fe, Mg)
(liquid Fe)

(solid Fe)



The Earth System Concept – A New Paradigm  

Biosphere
Hydrosphere

Lithosphere Atmosphere

The Earth 

is not only 

concerned 

with 

rocks! 



•• The modern view of the Earth is that it is governed The modern view of the Earth is that it is governed 
by interactions between the lithosphere (rocks), the by interactions between the lithosphere (rocks), the 
hydrosphere (oceans), the atmosphere (air) and the hydrosphere (oceans), the atmosphere (air) and the 
biosphere (life of all kinds). The Biosphere may in biosphere (life of all kinds). The Biosphere may in 
the end be the most powerful influence over time.the end be the most powerful influence over time.

•• Whatever general knowledge you have about these Whatever general knowledge you have about these 

topics or can gain will help you in understanding the topics or can gain will help you in understanding the 

really wide concepts in the course. really wide concepts in the course. 

•• Earth is not the only planet with a hydrosphere, and it Earth is not the only planet with a hydrosphere, and it 

is certainly not the only planet with an atmosphere. It is certainly not the only planet with an atmosphere. It 

may be the only planet with an may be the only planet with an ““ExtantExtant”” biosphere, biosphere, 

but the possibility of an but the possibility of an ““ExtinctExtinct”” Martian biosphereMartian biosphere is is 

still still there.there. A discovery would have huge implications.A discovery would have huge implications.

The Many “Spheres” of the Earth



What’s This? How does it happen? 

One of several topics for the next class. 



Don’t Neglect this Background Knowledge !

Mercury

Mars

• The principles of science are UNIVERSAL. Many principles in Earth 

Science apply to other planets as well, especially in the inner system. 

On these worlds, the most abundant surface rock type is BASALT –

very familiar from Earth. If you have Earth Science knowledge this will 

help. If not, look at Module 2 and later modules will provide details.


