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EASC 2150:The Solar System 

The Plan for Today 

Important Scientific 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’



You are HERE!You are HERE!You are HERE!

– The Solar System is about 4.6 billion years old. 

– Probably about 300 billion stars in our Galaxy.

– The number of galaxies in the universe is not known 

– The Universe is at least 93 billion light years across. 

– The Earth is just one planet in one solar system. The 

scale of the system is huge, but nothing even close to 

the scale of the wider universe. 

(actually the Andromedra

Galaxy)



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.

•• e.g. Mass of a hydrogen atom = e.g. Mass of a hydrogen atom = 

0.00000000000000000000000000167 kg0.00000000000000000000000000167 kg

•• Mass of the Sun = Mass of the Sun = 

1988920000000000000000000000000 kg1988920000000000000000000000000 kg

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



Would a few commas help?Would a few commas help?

•• Mass of Sun = Mass of Sun = 
1,988,920,000,000,000,000,000,000,000,000 kg1,988,920,000,000,000,000,000,000,000,000 kg

(Makes it a bit easier to count the zeros(Makes it a bit easier to count the zeros……))

How about using larger units of mass?How about using larger units of mass?

•• 1,000,000 = 1 million (6 zeros)1,000,000 = 1 million (6 zeros)

•• 1,000,000,000 = 1 billion (9 zeros)1,000,000,000 = 1 billion (9 zeros)

•• 1,000,000,000,000 kg = 1 trillion (12 zeros)1,000,000,000,000 kg = 1 trillion (12 zeros)

•• 1,000,000,000,000,000,000 = 1 million trillion (18)1,000,000,000,000,000,000 = 1 million trillion (18)

• Mass of Sun= 1,988,920 trillion trillion kg (24 zeros)

or… approx 2,000,000 trillion trillion

= 2 million trillion trillion kg (30 zeros)



How about using scientific prefixes?How about using scientific prefixes?

•• kilo = 1,000 (a thousand)  e.g. 1 kilo = 1,000 (a thousand)  e.g. 1 kilometrekilometre = 1000 m= 1000 m

•• mega = 1,000,000 (a million); mega = 1,000,000 (a million); gigagiga = 1,000,000,000 (same = 1,000,000,000 (same 

thing as a billion, think of gigabytes of storage). You might thing as a billion, think of gigabytes of storage). You might 

have Terabytes (same thing as a trillion, or 1000 have Terabytes (same thing as a trillion, or 1000 GbGb))

•• 1,000 grams = 1 kilogram (kg)1,000 grams = 1 kilogram (kg)

•• 1,000 kilograms = 1 1,000 kilograms = 1 megagrammegagram (Mg); or a metric (Mg); or a metric tonnetonne..

•• 1,000,000 kilograms = 1 1,000,000 kilograms = 1 gigagramgigagram ((GgGg))

•• 1,000,000,000 kilograms = 1 1,000,000,000 kilograms = 1 teragramteragram ((TgTg); or 1 million ); or 1 million 

tonnestonnes…….we can go on like this forever..we can go on like this forever.

• Mass of Sun = 1,988,920,000,000,000,000 billion tonnes.



Are any of these methods useful? Are any of these methods useful? 

Not really. They may have use in a given Not really. They may have use in a given 

context, or for things of a certain size range, context, or for things of a certain size range, 

but they are mostly a source of confusion.but they are mostly a source of confusion.

How can we reduce this confusion?How can we reduce this confusion?

Dealing with Unimaginable NumbersDealing with Unimaginable Numbers



Why not just count the zeros?Why not just count the zeros?

•• This is the principle of This is the principle of ““scientific notationscientific notation””, also , also 

known as known as ““exponential notationexponential notation”” or or ““powers of powers of 
ten notationten notation””. Why ten?  . Why ten?  -- count your fingers!count your fingers!

•• 1,000 = 1 x 101,000 = 1 x 1033

•• 1,000,000 = 1 x 101,000,000 = 1 x 1066

•• 1,000,000,000,000,000,000,000,000,000,000 =      1,000,000,000,000,000,000,000,000,000,000 =      

1 x 101 x 103030

•• Mass of Sun = 1.98892 x 10Mass of Sun = 1.98892 x 103030 kg  (~ 2 x 10kg  (~ 2 x 103030 kg) kg) 

•• Note that the exponent (30 in this case) means Note that the exponent (30 in this case) means 
move the decimal place 30 places to the right.move the decimal place 30 places to the right.



Another ExampleAnother Example

•• The distance between Earth and the Sun is The distance between Earth and the Sun is 
approximately 149,600,000,000 approximately 149,600,000,000 metresmetres. Or, more . Or, more 
conveniently 149,600,000 conveniently 149,600,000 kilometreskilometres,,

•• This can be written more conveniently in This can be written more conveniently in 
exponential notation as 1.496 x 10exponential notation as 1.496 x 1011 11 metresmetres. . 
Check that this is so by starting with 1.496 and Check that this is so by starting with 1.496 and 
moving the decimal point 11 places rightmoving the decimal point 11 places right

•• We can approximate it (if we choose) as about We can approximate it (if we choose) as about 
1.5 x 101.5 x 1011 11 metresmetres (or 1.5x10(or 1.5x108 8 km).km).

•• The distance between Earth and the Moon is The distance between Earth and the Moon is 
384,400 km 384,400 km –– What is this in Exponential Form??What is this in Exponential Form??

•• 3.84 x 103.84 x 105 5 km  km  -- but webut we’’ll call it 4 x 10ll call it 4 x 1055



How much further would it take to get to How much further would it take to get to 

the Sun from Earth compared to getting to the Sun from Earth compared to getting to 

the Moon, if speed is constant?the Moon, if speed is constant?

We divide the distance to the Sun by the We divide the distance to the Sun by the 

distance to the Moondistance to the Moon…….but how, exactly?.but how, exactly?

1.5 x 101.5 x 1088 divided by 4 x 10divided by 4 x 1055

= 0.375 x 10= 0.375 x 1033 = 3.75 x 10= 3.75 x 102 2 

== 375 times longer375 times longer

An Example of a CalculationAn Example of a Calculation……



Multiplying and Dividing ExponentialsMultiplying and Dividing Exponentials

We multiply or divide the first part of the We multiply or divide the first part of the 

number in the usual way: e.g., 1.5 divided number in the usual way: e.g., 1.5 divided 

by 4 is 0.375. But we then SUBTRACT the by 4 is 0.375. But we then SUBTRACT the 

exponentsexponents: e.g., 8 : e.g., 8 –– 5 = 3. 5 = 3. 

If we multiplied the same numbers, what If we multiplied the same numbers, what 

would the answer be ?would the answer be ?

1.5 x 101.5 x 1088 multiplied by 4 x 10multiplied by 4 x 105 5 = 6 x 10= 6 x 101313



The “Rule of Thumb” for 

Exponential Numbers
Always look at the 
exponents in the 
number. Every 
difference of 1 in an 
exponent means a 
factor of 10. So, if the 
exponents differ by 6, 
then the relative 
amounts in  size/time/ 
whatever is about a 
million. 

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

1.6 x 1014 times 

more distant….. 



Some Exponential Numbers You Some Exponential Numbers You 

Might Already Know AboutMight Already Know About

•• Can anyone tell me what 6 x 10Can anyone tell me what 6 x 102323 represents? This represents? This 

one is just a number; it has no units.one is just a number; it has no units.

•• How about this one ?  : 3 x 10How about this one ?  : 3 x 108 8 

(a clue here (a clue here –– the units represent speed)the units represent speed)

•• And finally, try this one. What about 3.15 x 10And finally, try this one. What about 3.15 x 1077

(a clue here (a clue here -- the units represent time)the units represent time)

These are all important in physical These are all important in physical 
science. And some may surprise you. science. And some may surprise you. 



A small glass of 
water (18 g) has 
6 x 1023 water 
molecules in it

(AVOGADRO’S 
NUMBER)

There are 
about 3.15 x 
107 seconds 
in a year.

(About 31 
milion) 

The Starship Enterprise has to travel 
enormous distances with the help of 
its fictional warp drive and dilithium
crystals. But the laws of physics 
decree that no object can move 
faster than the speed of light (C) 
which is about 3 x 108 metres per 
second. We’ll come back to this one 
at the end of our course……



A surprising conclusion to ponder. 

Our galaxy probably contains 300 billion 
stars, or 3 x 1011 stars.

A recent (2016) study suggested 200 trillion 
galaxies in the entire Universe (2 x 1014).

So, the number of stars in the Universe is 
less than the number of water molecules in 
a 2 litre bottle from Sobey’s (2000 g H2O)



•• For example 3 x 10For example 3 x 10--44 means that we start with 3 and means that we start with 3 and 

move the decimal point 4 places to the move the decimal point 4 places to the leftleft givinggiving……

3 x 103 x 10--44 = = 0.00030.0003

•• The diameter of a hydrogen atom = The diameter of a hydrogen atom = 1 x 101 x 10--1010 m = m = 

0.0000000001 m0.0000000001 m. . 

(Start with 1 and move decimal point 10 places left.)(Start with 1 and move decimal point 10 places left.)

•• The wavelength of xThe wavelength of x--rays is ~ 10rays is ~ 10--99 m, the wavelength m, the wavelength 

of visible light it is ~ 10of visible light it is ~ 10--66 m.m.

•• Calculations for negative exponents follow same rule.Calculations for negative exponents follow same rule.

Exponential notation also works for 

extremely small numbers



Distance and Speed
The speeds of galaxies correlate with distance

(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
•• Exponential notation is helpful in specifying large Exponential notation is helpful in specifying large 

and small numbers but we have other tricks to deal and small numbers but we have other tricks to deal 

with distances.with distances.

•• 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 ~ 100 million km.km ~ 100 million km.

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



•• Distances outside the solar system are so huge that Distances outside the solar system are so huge that 

they are specified in units of they are specified in units of lightlight--yearsyears..

•• A lightA light--year is the year is the distancedistance that light travels in a year.that light travels in a year.

•• Light travels at ~3 x 10Light travels at ~3 x 1088 m/sec and there are ~3 x 10m/sec and there are ~3 x 1077

seconds in a year. seconds in a year. 

•• 1 light1 light--year is approximately 9 x 10year is approximately 9 x 101515 m (or 9 x 10m (or 9 x 101212

km) or 6 x 10km) or 6 x 1044 AU.AU.

•• So, the nearest stellar So, the nearest stellar neighbourneighbour for the Solar for the Solar 

System is System is ProximaProxima Centauri, at a distance of some Centauri, at a distance of some 

4.25 light years. Or 2.5 x 104.25 light years. Or 2.5 x 1055 AU AU –– about 250,000 about 250,000 

times as far away as our Sun.times as far away as our Sun.

•• The The ParsecParsec, used in stellar astronomy, is about 3.26 , used in stellar astronomy, is about 3.26 
light years. It has a different origin rooted in light years. It has a different origin rooted in anglesangles, , 
and allows quick calculation from observations.and allows quick calculation from observations.

Astronomical Units and LightAstronomical Units and Light--YearsYears



Parsecs and LightParsecs and Light--

Years are Different!Years are Different!

• In Sci-Fi, there is often some mixing up of Parsecs and Light 

Years. But a starship captain needs to know the difference!

Parsec is a contraction of Parallax Second. Parallax is a method 

used to estimate the distance of objects, based on their 

apparent ‘displacements’. It is based on trigonometry, so it is an 

angular measurement. A ‘second’ is 1/3600 th of a degree. We 

will explain the idea of Parallax later in the course. 

A Light Year

is NOT a unit

of time!



ProximaProxima Centauri is a Hell of a Long Way Away.Centauri is a Hell of a Long Way Away.

But the good news is that it may have a planetBut the good news is that it may have a planet……. . 

In 2016, astronomers reported evidence for a rocky ‘exoplanet’ in 

the Proxima Centauri system, about 4.2 light years from Earth, and 

possibly in a habitable zone. Packing bags may however be 

premature, as this red dwarf star emits large amounts of X-rays. 

https://www.newscientist.com/article/

mg23130884-100-proxima-b-closest-earth-like-planet-discovered-right-next-door/

1 LY is 6 x 104 A.U. : 4.2 LY is about 250,000 times distance to the Sun



•• Some graphs describe processes occurring over Some graphs describe processes occurring over 
a huge a huge rangerange of timescales or distances or size.of timescales or distances or size.

•• e.g. the expansion of the universe needs to be e.g. the expansion of the universe needs to be 

considered from tiny fractions of a second to considered from tiny fractions of a second to 
billions of yearsbillions of years……..how can we show this?..how can we show this?

•• Instead of a Instead of a ‘‘linearlinear’’ graph going left to right in graph going left to right in 

even units a even units a ‘‘logarithmiclogarithmic’’ graph goes up in graph goes up in 
units of powers of 10. It allows much easier units of powers of 10. It allows much easier 

representation of quantities that cover large representation of quantities that cover large 
ranges. These are widely used in science.ranges. These are widely used in science.

Another important use of exponential 

notation is drawing graphs



• Example: The orbital period (year) of planets vs distance.  We 

see a SYSTEMATIC linear trend indicating mathematical links

• A graph like this 
could not be 
constructed without 
the use of 
logarithmic 
scales….it would be 
huge, and all the 
inner planets would 
be in a tiny corner. 

• We often find that 
patterns emerge 
when log scales are 
employed……



Or, for, example, part of the early history of the universe…….

The details here are beyond the scope 

of this course….illustration only! 

Log 10

Seconds



•• 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



Geologic time compressed into a single year
Compress for example, the entire 4.5 billion years of geologic time 

into a single year. On that scale, the oldest rocks we know date

from mid-March. Living things first appeared in the sea in May. Land 

plants and animals emerged in mid-November, and the widespread 

swamps that formed the Pennsylvanian coal deposits flourished for 

about four days in early December. Dinosaurs became dominant in 

mid-December, but disappeared on the 26th, at about the time the 

Rocky Mountains were first uplifted. Man-like creatures first 

appeared during the evening of the 31st, and the most recent 

continental ice sheets began to recede about one minute and 15 

seconds before midnight. Rome ruled the western world for 5 

seconds from 11.59:45 to 11.59:50. Columbus ‘discovered’ America 

3 seconds before midnight, and the science of geology was born 

with the writings of James Hutton just slightly more than one 

second before the end of our eventful year of years. 

(from Don Eicher’s book Geologic Time, first published in 1978)



The Geological Time Scale

• This shows the geological time scale used 

internationally, and some of these names will be 

familiar if you have done any Earth Science 

courses. Some should be familiar anyway, like 

“Jurassic”, from “Jurassic Park”

• There are also time-scales that we apply to 

planetary bodies such as the Moon and Mars. 

• The Phanerozoic Era (when fossils are 

common) is a mere 12% of the entire history of 

Earth. The Precambrian is a much more 

immense period of time, but it is likely that life 

was around in some form from very early times.
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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.

• 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?



• 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, 

we have temperatures that are 

millions of  o C in the interior.

• 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).

• This is the lowest possible temper-

ature, when there is no motion of 

atoms or molecules. 

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



Why do we use the Kelvin Scale anyway?Why do we use the Kelvin Scale anyway?

•• Largely because it is a measure that is Largely because it is a measure that is always always 

positivepositive, and the starting point for the scale is , and the starting point for the scale is 

the lowest possible temperature.the lowest possible temperature.

•• Temperature is a measure of the motion of Temperature is a measure of the motion of 
atoms or molecules, which ceases at atoms or molecules, which ceases at --273.15273.15ooCC

•• Remember that other temperature scales are Remember that other temperature scales are 

artificialartificial: designed to use familiar measures : designed to use familiar measures 
such as the freezing and boiling points of such as the freezing and boiling points of 

water, or the human body temperature. water, or the human body temperature. 

•• Using negative numbers in physics equations Using negative numbers in physics equations 
causes a lot of mathematical complications!causes a lot of mathematical complications!

•• EarthEarth’’s average temperature: 17s average temperature: 17ooC or 290 KC or 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. 



States of Matter States of Matter –– Changes with Conditions Changes with Conditions 

•• The matter we know generally changes state in The matter we know generally changes state in 
response to temperature response to temperature –– becoming a liquid becoming a liquid 

when hot, and a gas when really hot. However, when hot, and a gas when really hot. However, 
the state of matter can also relate to Pressure. the state of matter can also relate to Pressure. 

•• The molecules or atoms in matter are in The molecules or atoms in matter are in 

motion (this gives us heat), and those in liquids motion (this gives us heat), and those in liquids 
and gases move faster than those in solids. and gases move faster than those in solids. 

•• The physical The physical behaviourbehaviour of a given state of of a given state of 

matter will also depend on conditions. Butter is matter will also depend on conditions. Butter is 
a solid, but you cana solid, but you can’’t spread it straight from t spread it straight from 

the fridge. At room temperature it is softer. the fridge. At room temperature it is softer. 



Atoms and molecules 

will move faster at 

higher temperatures, 

but in reality their speed 

will vary in any 

substance. In the atmos-

phere of a planet, some 

small gas molecules may 

achieve speeds that are 

more than “Escape 

Velocity” – they are lost. 

This gas molecule can escape a planet’s 

gravitational field, but most will not do this. But 

imagine the situation at higher temperatures…..



Why don’t the Moon and Mercury have Air? 

• The answer lies in size and temperature. These are small worlds

that have weak gravity. Both experience wide temperature ranges so 

gas molecules or atoms will be lost to space as they move too fast. 



Can water exist on Mars?  If so, when? 

• Current pressures and temperatures on Mars are generally below 

the ‘triple point’ in the water phase diagram. This means that only 

solid and vapour phases of water can exist (unlike the Earth). 

Earth’s

Atmosphere

The question then 

becomes “did Mars 

once have a thicker 

atmosphere?”. The 

evidence for ancient 

water suggests that 

it did. So what 

happened? 



Plasma – A Fourth State of Matter

In nature In a lab

• The most abundant state of matter in the Universe is not a 

solid, liquid or gas – but PLASMA. This is electrically conductive 

hot matter made of ionized gas and ‘free’ electrons (to follow). 

• On Earth, we see it as lightning and flames. In the universe, it 

forms stars and other things like nebulae. 



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 Atoms -

• An element is the basic component of chemistry (“a 

substance that cannot be resolved into simpler 

substances by chemical means”). Elements are organized 

on the Periodic Table of elements. You know what this is. 

• An atom is the basic unit of an element (“the smallest 

particle of an element that retains all the physical and 

chemical properties of the element”). 

– Example: a piece of copper wire consists entirely of 

the element copper. It contains a huge number of 

individual copper atoms, each identical to all the 

others. (What do we mean by the word “huge”? 63.5 

grams of copper contains 6 x 1023 atoms of copper. 



Every atom is made up of combinations of three 

different atomic particles:

• Electrons (-1 electrical charge; very small mass)

• Protons (+1 electrical charge; large mass)

• Neutrons (0 electrical charge; mass = proton + electron)

• The protons and 

neutrons in an atom 

are combined in the 

central part of the 

atom, a region that is 

known as the nucleus. 

• The electrons in an 

atom are arranged in 

electron shells located 

at different distances 

around the nucleus. 

A simplified version of the structure of an atom, 

showing the nucleus and two electron shells.
(Merali and Skinner text, Fig. 2.1)



This should look familiar to you from school

• The periodic table is a logical arrangement of chemical 

elements, ordered by atomic number (number of protons). 

Columns of elements in the table have similar properties. 



Number of Electrons in an Atom – Nature of ‘ions’

• Added together, the total number of electrons
contained in all the electron shells of an atom equals the 
number of protons in the nucleus of that atom – this 
balances the electrical charges. 

• Example: A carbon atom has atomic number = 6, and so 
has 6 protons in its nucleus and 6 electrons in its electron 
shells. This maintains the neutrality of atoms.

• Since electrons and protons have equal but opposite 
electric charges, it follows that atoms are electrically 
neutral (i.e. the positive charge contributed by the 
protons exactly cancels the negative charge contributed 
by the electrons). 

• Atoms become ions (charged atoms) by losing or gaining 
electrons. Ions are either Cations (+) or Anions (-).



Are all Atoms of an Element the Same – NO! 

• All atoms of a given element contain the same number 
of protons in their nucleus. This determines behaviour.

• However, atoms also contain neutrons, and the number 
of neutrons can vary, without affecting chemical 
properties. Most elements have more than one isotope. 
An isotope of an element has the same number of 
protons but different number of neutrons.

• Isotopes are extremely important in science. Most 
importantly, some isotopes are UNSTABLE – over time 
they change into another isotope of another element. 
The rate at which they change can be measured. 

• Consequently, Radioactive Isotopes provide Natural 
Clocks that we can use to date minerals and rocks. 

• Secondly, stable isotopes of light elements (e.g., Oxygen, 
Sulphur) can react differently in various processes. 



• Example: All atoms of carbon have atomic number = 6 and so 
have 6 protons in their nucleus. 

– Some carbon atoms have 6 neutrons, some have 7
neutrons and some have 8 neutrons meaning that there 
are three common isotopes of carbon having atomic mass 
numbers of 12 (6p + 6n), or 13 (6p + 7n) or 14 (6p+ 8n).

• These 3 carbon isotopes are designated 12C, 13C and 14C.

• Hydrogen has 3 isotopes: 1H, 2H (deuterium) and 3H (tritium). 
“Heavy water” is made with deuterium. Oxygen has two 
common isotopes, 16O and 18O.  Uranium has lots of isotopes, 
some more radioactive than others, e.g., 235U, 238U. 

• Isotopes are valuable. Radioactive isotopes provide us with 
geological clocks which we can use to date rocks and events. 
Stable isotopes trace processes, or give us ‘fingerprints’. 

Neutrons make Isotopes - some examples



•• 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 isotopes to different isotopes of lead (uranium isotopes to different isotopes of lead (PbPb), we ), we 

can calculate ages older than 4.5 can 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, A popular idea was that it came from comets, 

which are mostly ice. However, a few which are mostly ice. However, a few 

measurements of the ratios of hydrogen measurements of the ratios of hydrogen 

isotopes in comets suggest that these are quite isotopes in comets suggest that these are quite 

different to those in Earthdifferent to those in Earth’’s water. So it looks s water. So it looks 

as if this theory must be incorrectas if this theory must be incorrect…………

The Use of Isotopes – Two Examples. 



The rate of decay 

depends on the 

amount of that 

element left – and 

the ‘half-life’ is a 

measure of the 

speed of any 

natural clock. 

What happens 

after MANY half-

lives have passed?

• The concept of “Half-Life” is IMPORTANT. This is the period of 

time needed for HALF the atoms of a radioactive isotope to decay

to a ‘daughter isotope’. We can measure this in a laboratory, so 

we have a way of understanding the speed of the clock. 



•• If we look at the radioactive isotopes that exist today, If we look at the radioactive isotopes that exist today, 

we find that all NATURAL radioactive elements that we find that all NATURAL radioactive elements that 

are PRIMARY (meaning that they start a chain of are PRIMARY (meaning that they start a chain of 

decay, rather than being some intermediate product) decay, rather than being some intermediate product) 

have very long half lives (> 700 My). They are the only have very long half lives (> 700 My). They are the only 

ones left around.ones left around.

•• But what about the Solar System in the Past? But what about the Solar System in the Past? 

•• In the early days of the Solar System, there were In the early days of the Solar System, there were 

many other radioactive isotopes around that are now many other radioactive isotopes around that are now 

extinct. They were important sources of energy and, extinct. They were important sources of energy and, 

because their daughter isotopes still exist, we can still because their daughter isotopes still exist, we can still 

use them to understand very early processes. use them to understand very early processes. 

The Role of Extinct Isotopes 



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)



•• (1) Every computer model, no matter its complexity, (1) Every computer model, no matter its complexity, 

depends on assumptions and inputs. If these turn out depends on assumptions and inputs. If these turn out 

to be false or inaccurate, the results may be invalid. to be false or inaccurate, the results may be invalid. 

•• (2) Computer models that use (2) Computer models that use ‘‘ensemble predictionensemble prediction’’

(multiple runs that vary inputs and assumptions) are (multiple runs that vary inputs and assumptions) are 

more reliable, if the results indeed converge. more reliable, if the results indeed converge. 

•• (3) If a model says that something is impossible or (3) If a model says that something is impossible or 

highly unlikely, this is more likely to be correct than highly unlikely, this is more likely to be correct than 

the conclusion that something the conclusion that something may bemay be possible.possible.

•• (4) Just because a computer model concludes that (4) Just because a computer model concludes that 

something is something is possiblepossible, if does not prove that it actually , if does not prove that it actually 

happened that way.happened that way.

Kerr’s Rules of Computer Model Theory
(unpublished at the moment, and likely to remain so!)



Summary Slides –

Some Key Points from The Class

(Module 2 – Part 1)
• Summary slides are not provided for this class as it represents background. 

Elsewhere, these will provide a summary of the really important ‘take-

home’ points from classes. However, don’t assume that this is the limit on 

what we expect you to learn from the class, because some of the details in 

individual topics should also be absorbed. It’s a guide to key concepts only.

• This is background science material and you can find it in many sources. The 

Seeds and Backman text has some information in Chapter 1 (Here and Now) 

and in Chapter 6 (Light and Telescopes); also in Chapter 7 (Atoms and 

Spectra). You may wish to consult some other basic scientific textbooks for 

some other material. Introductory Earth Science textbooks commonly have 

some background on physics and chemistry and also will cover some of the 

topics summarized in Part 2 of this module.


