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Knowledge about our Earth and its place in the Solar System has accumulated by 

Scientists over thousands of years

Ranginui (Rangi) the Sky Father and 

Papatuanuku (Papa) and the Earth Mother 

embrace in darkness. Their children soon 

become restless and worn out from the 

living conditions. Tanemahuta (Tane) wishes 

to separate the mother and father. Most of 

the sons finally agree with the plan and the 

children begin to divide Rangi and Papa, 

even though their task is very difficult. Tane

finally succeeds as he places his shoulders 

against the earth and his feet against the 

sky. Now that the separation is complete, 

there is a clearly defined sky and earth.

Humans have always looked up at the stars and sky and tried to make sense of                         

what they saw. Before we started to use the process of science to explain how the                  

world around us worked, we had many myths and legends to help us understand what 

we could observe and how it came to be.

https://teara.govt.nz/en/artwork/29201/tane-separating-rangi-and-papa
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Eratosthenes and the circumference of the Earth

Eratosthenes (276-196bc),                        

Greek mathematician, astronomer, 

geographer, and poet, measures size 

of earth ~ 40,000km  and distance to 

moon using Pythagoras’ theory of 

angles and distance. This is the first 

recorded step towards discovering 

more about the Solar System using a 

Scientific process.

https://www.wired.com/2008/06/dayintech-0619/ https://matematickasekcija.wordpress.com/poznati-matematicari/eratosten/



Aristarchus and the size and distance to the Sun

Aristarchus (310-250bc), 

Greek astronomer estimates 

the approximate size and 

distance of sun ~ 150 

million km away and 35x 

earths diameter. His 

measurements were not 

accurate but he established 

that the Sun was very large 

and far away.  He also 

developed a theory that the 

Sun was in fact at the 

center of the Solar System. 

Unfortunately no reliable 

observations could be 

made to back up his theory.



Ptolemy and his Earth centred theory

Ptolemy (AD100-170), Egyptian philosopher wrongly supported the idea that 

the Earth is in the middle of solar system. He decided the other planets move 

in complicated circles within circles to account for observations of the four 

planets in the sky that they could see with their eyes. Because of his influence 

and lack of scientific discovery to prove otherwise his theory stuck for over 

1500 more years.
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Copernicus and his Earth centred theory

Nicolaus Copernicus 

(1473-1543) Polish 

astronomer states 

that the Sun is at the 

center of the solar 

system. For many 

hundreds of years the 

rediscovered theory 

of Ptolemy (where the 

Earth was at the 

center) had been 

accepted by the 

Church. This had a big 

influence on the 

Scientific community 

as well as the every 

day life of people. 

https://www.spaceanswers.com/astronomy/heroes-of-space-nicolaus-copernicus/



Galileo and his 

observations of the 

Solar System

Galileo (1564-1642), 

Italian physicist and 

astronomer uses the 

newly developed 

telescope to prove that 

the Earth moves around 

Sun by witnessing the 

transit of Venus across 

the Sun. He also 

observes the moons of 

Jupiter orbiting. Galileo 

published a now famous 

book on his discoveries 

and spent the rest of his 

life under house arrest 

for his “dangerous” 

ideas.
http://www.astronoo.com/en/biographies/galilei.html
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Kepler and his elliptical orbits of the planets

Johannes Kepler (1571-1630), German astronomer discovers planets                            

move in elliptical orbits around the Sun rather than circles. This helped 

explain why some planets appeared to wobble in their orbits and gave 

stronger evidence towards the Sun centered theory.

http://www.ancient-origins.net/history-famous-people/how-did-skeptical-astrology-johannes-kepler-contribute-our-view-cosmos-007944



Isaac Newton 

(1642-1727), English 

physicist and  

mathematician, 

formulated laws of 

gravity and 

motion—laws that 

explain how objects 

move on Earth as 

well as through the 

universe. Newton’s 

ideas helped 

scientists 

understand why 

planets orbited 

around the Sun 

and moons orbited 

around planets.

Newton and his theory of Gravity

http://www.newtoncollege.com/sir-issac-newton-s-biography



Einstein and his theory of relativity

Albert Einstein (1879-1955) 

German-born American 

physicist wrote the theory of 

relativity where he states 

gravity bends space-time 

and speed of light always 

travels at the same speed 

towards an observer no 

matter what speed the 

observer is moving. Einstein’s 

ideas helped to explain many 

of the mysteries about the 

universe.
http://www.techandfacts.com/interesting-facts-and-information-about-albert-einstein/



Penzias and Wilson

find background 

radiation in 1964 using 

a radio telescope, as 

evidence for Big Bang 

model. The 

microwaves they 

discovered are from 

the left over EM 

radiation waves first 

released from the Big 

Bang. The Big Bang 

theory for the origin 

of the universe now 

becomes widely 

accepted.

Penzias and Wilson and their evidence for the Big Bang theory
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The Big Bang Theory is currently accepted explanation of the beginning of the 

universe

The Big Bang theory states that the universe started as just an extremely 

concentrated point of energy. This began to expand extremely rapidly in all 

directions and matter formed out of the energy. All the sub-atomic particles 

in the universe were made in the first few minutes. As the universe cooled, 

the sub-atomic particles formed Hydrogen and Helium atoms. This matter 

formed the raw material for stars and galaxies. 

Most astronomers 

believe that the 

universe came 

into existence in a 

single moment –

called the Big 

Bang theory. 

Latest research  

has the Universe 

dated at 13.8 

billion years old.

https://www.collective-evolution.com/2017/08/27/if-the-big-bang-started-the-universe-what-or-who-started-the-big-bang-what-about-the-multi-verse/
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Evidence supporting the ‘Big Bang’ theory

>Greater ‘red shift’ in further away galaxies – they are traveling faster

>background microwave radiation from all directions 

A balloon blown up demonstrates how matter and eventually all 

galaxies were moved further apart during the rapid expansion period 

straight after the Big Bang.

Expansion of the Universe
http://nupex.eu/index.php?lang=en&g=textcontent/nuclearanduniverse/fromthebeg
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Making of the Solar System

Around 4.6 billion years ago, our 

Solar System was formed from a 

huge cloud of stardust (debris from 

older exploded stars) contracted 

under gravity

The mass began to spin as it contracted – much like a figure skater – and formed 

a disc with a bulge at the center.

The bulge developed into the sun, which contains 99% of the Solar System mass. 

The sun got hotter as the material compressed together, until finally it was hot 

enough for a nuclear reaction to start



The remaining material was 

flung out along a single 

plane and material lumped 

together at various 

distances from the sun to 

form planets.

The gravity created by the 

planets mass causes the 

planets to become spheres.

The gravity of the sun 

causes the planets to orbit 

the sun rather than 

traveling away.

Moons around planets 

were created in a similar 

way to the planets around 

the sun.

The Earth, Sun, Planets and stars have all formed from matter left over from the 

Big Bang 



Our Sun, and the Planets  orbiting around it, is just one of an estimated 100 – 400 billion 

other stars that make up our Galaxy ”The Milky Way”, many of them also having planets.

A galaxy is made up of billions of stars as well as gas and dust. The components of the 

galaxy are held together by gravitational attraction., and move together. 

Our Galaxy “The Milky Way”

There are estimated to be around one hundred billion galaxies in the Universe.

The shape of our galaxy is called a spiral., but galaxies come in many different shapes and 

sizes.

We are 

here

https://www.universetoday.com/22285/facts-about-the-milky-way/



The daily and annual movements of Earth

Actual movement of heavenly bodies occurs when they are moving from 

one point to another through space. Apparent movement occurs when 

stationary objects appear to move across the sky due to the motion of 

the Earth.

Earth’s surface

Sun

Apparent movement of the sun across 

the sky during the day.

Actual movement of Earth and Sun



From Earth we can see stars 

in the sky – it is difficult to see 

them during the day because 

the sunlight overpowers the 

starlight but they are still 

there.

Stars do move but because 

they are so far away from us, 

we can’t normally detect this 

easily. It is because the earth 

is moving. Earth spins on its 

axis once every 24hours 

eastwards. Earth orbits 

around the sun once every 

year

Why do the Stars move across our night sky?



The length of a day depends upon the speed of its rotation on its axis

The Earth rotates around an invisible axis through its center. 

The period of one rotation of a planet is known as its day. 

There is great variation in the length of day between the planets, with 

Venus taking 243 Earth days to rotate, and the gas giants only a few 

hours.

Why do planets spin?

A number of factors may 

be involved;

Initial spin from solar 

system formation.

Transfer of momentum 

from impact with celestial 

bodies.

Mass and density create 

spin.



A year is one complete orbit of the Sun

The Earth completes 

an entire orbit 

around the sun in 

365 days. The period 

of one revolution of 

a planet's orbit is 

known as its year. 

Different planets 

have different 

lengths of time to 

complete one orbit 

or year. All planets in 

the solar system 

orbit around the Sun.



The year length of Planets differ

The planets orbit around the Sun in the same direction - counter-

clockwise. They also orbit around on the same plane (except for the 

dwarf planet Pluto which appears to have been “knocked off course” by 

another object in the past. The closer to the Sun, the shorter a Planet’s year is.



Planets also have varying degrees of axial tilt; they lie at an angle to          

the plane of the Sun’s equator. This causes seasons.

The point at which each hemisphere is farthest/nearest from the Sun is 

known as its solstice. 

Jupiter's axial tilt is very small, so its seasonal variation is minimal; Uranus, 

on the other hand, has an axial tilt so extreme it is virtually on its side, 

which means that its hemispheres are either perpetually in sunlight or 

perpetually in darkness around the time of its solstices.

Earth’s has two solaces each year.

The Earth is tilted



The Earth orbits in an Ellipse 

The planets move around the 

Sun in elliptical orbits. 

The planets orbit around the Sun 

due to gravity. The Sun  also is 

attracted towards the planets but 

to a much smaller extent. The 

result of this gravity and 

movement mean that planets do 

not orbit in circles but instead in 

squashed circles called ellipses. 

At times during an orbit a planet 

may be closer or further away 

from the Sun. 

Aside from Mercury which is 

closest to the Sun and feels the 

effect of the Suns gravity the 

most, the other planets have 

elliptical orbits that are very 

nearly circular.



The amount an ellipse is ‘squashed’ is called its eccentricity. The ellipse of                          

Earth’s orbit around the Sun has very little eccentricity – i.e. its close to circular. 

Pluto’s orbit is very eccentric.

The Earth orbits in an Ellipse 



Retrograde motion is when the orbital motion of a planet appears to be in            

the opposite direction to its usual motion past the stars. 

Apparent movement through 

space of Venus
Actual movement through 

space

This is an apparent motion – much like from inside a car in a carwash that appears 

to move backwards

Venus

Earth

Some planets appear to move in retrograde motion



The Earth orbits around the Sun, like the other planets, and the Moon orbits 

around the Earth

Planets orbit stars. Planets do not give off their own light, they reflect 

light from stars. 

Earth orbits the Sun 

once every 365.25 days.  

( 1 year ) 

Earth spins anti-

clockwise on an axis at 

23.5o to the plane it 

orbits around the sun. 

Earth takes 24hours to 

complete one rotation, 

only one half of Earth is 

exposed to light from 

the sun at any given 

time; creating periods of 

day and night. 



A star is a mass of extremely hot gas. It gives off 

heat and light energy produced by nuclear 

reactions. 

❑ The sun consists of extremely hot gases 

held together in a sphere by gravity.

❑ Nuclear reactions occur inside the sun

❑ Hydrogen is changed into helium

❑ Huge amounts of energy are released

❑ The interior temperature is 14 million °C

❑ The surface temperature is 5,800 °C

❑ The sun emits radiant energy 

(light/heat)

The Sun is the closest star to the Earth



A satellite is the name given to a small 

object that orbits a planet.

Planets have their own natural 

satellites called moons. The Mass of 

the planets results in gravity, causing 

the moons to orbit. Earth has just one 

moon – called the Moon. The Moon is 

made of solid rock and is covered in 

craters. The Moon’s gravity pulls at the 

earth (the water moves towards it but 

solid earth can’t) and creates tides 

twice a day. The Moon spins on its axis 

at exactly the same rate as it orbits 

around the Earth so we only ever see 

the same side facing us. There is no 

dark side of the Moon because all 

parts of it eventually receive sunlight. 

The Earth has one natural satellite,  the Moon.



The tilt of the Earth’s axis causes seasons

Earth's distance from the sun has little to do with the seasons. The 

seasons are caused by the tilt of the earth on its axis as it revolves around 

the sun. The earth is tilted at a 23.5 degree angle from a vertical axis 

drawn perpendicular to the plane of the earth's orbit around the sun. This 

tilt causes some parts of the earth to get slanting rays of sunlight some of 

the year and vertical rays of sunlight at other times.



When a hemisphere of the earth is tilted toward the sun, it is summer in 

that hemisphere. When it is tilted away from the sun, it is winter. Energy 

from the sun, in the form of radiant energy, is spread over a larger area of 

the earth that is tilted away from it – this makes the energy less 

concentrated – therefore we feel less warmth and light (winter)

Summer and Winter
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The length of the day is linked with the season 

The length of the day at 

any point on Earth is 

determined by the 

amount of time that it 

faces the Sun. Only at 

two times during the 

year does the day have 

exactly 12 hours of 

daylight and 12 hours of 

darkness. At all other 

times of the year the day 

is either longer (in 

summer) or shorter                            

(in winter) than 12 hours.
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Equinoxes are days in which the hours of day and night are of equal 

length. Two equinoxes occur each year. 

The vernal equinox occurs in late March (this is the beginning of Autumn 

in the Southern Hemisphere); the autumnal equinox occurs in late 

September (this is the beginning of spring in the Southern Hemisphere). 

Occurs in 

autumn in NZ

Occurs in 

spring in 

NZ

Equinoxes
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The solstices are days when the Earth reaches its farthest northern              

and southern points in it’s orbit around the sun.

In the Southern Hemisphere the summer solstice occurs on December 21 

or 22 and marks the beginning of summer (this is the longest day of the 

year). The winter solstice occurs on June 21 and marks the beginning of 

winter (this is the shortest day of the year).

Summer 
solstice

Winter 
solstice

NZ tilted away from 
the sun

NZ tilted towards 
the sun

Solstice



The Northern and Southern hemispheres experience opposite seasons                             

and that equatorial areas do not have  “hot/cold” seasons 

The further a country is from the 

equator the more difference there 

is in daylight hours between 

summer and winter. At the North 

and South Poles the summers have 

24hours of sunlight and the winters 

have 24hours of darkness. 

At the equator the 

light from the Sun 

falls directly 

overhead all through 

the year so there is 

no difference in 

hours of daylight. 

New Zealand falls 

somewhere between 

these two extremes. 



The Lunar cycle and the phases of the moon

As the Moon revolves around the Earth it appears to change shape. 

These different shapes are called the phases of the Moon.

Sun

Earth

New moon

crescent

Last 

quarter

gibbous

crescent

gibbous

First 

quarter

Full moon

Waxing

Waning



Formation of the Moon

It is believed that the Moon was formed early in the Earths formation when a Mars sized 

planet collided into Earth and the material ejected into space joined together due to 

gravity. 

The Moon is moving slowly away from the Earth and eventually it will be too far away to 

cover all of the Sun and we will no longer have total solar eclipses. 



Eclipses

Eclipses occur when one body in space moves into the shadow of another 

body. 

Sun

Moon Earth



Solar eclipses occur when the new Moon passes between the Sun and Earth

Total solar eclipses are very rare events as the Moon is so small in comparison to the 

distance to the Sun. A total eclipse allows us to see the corona (outside layer) of the 

Sun and Stars behind the Sun, whose light is bent by gravity. Einstein used this 

observation during a total eclipse as evidence for his theory of general relativity.



Lunar eclipses occur when a full Moon moves into the shadow of the Earth

Earth's axis is tilted some 23.5 degrees against the Earth–Sun plane (which causes 

the seasons); and the Earth–Moon plane is tilted about 5 degrees against the Earth-

Sun plane (without a tilt, there would be an eclipse every two weeks, alternating 

between lunar eclipses and solar eclipses). 



Tides on Earth are caused by the gravitational pull of the 

moon (and to a lesser extent, the Sun.)

Moon

Earth

The Mass of both the Earth and Moon create gravity which pulls the two together. 

As the water on the Earth is much freer to move then we see this bulge slightly 

towards the Moon creating tides. Due to a number of factors including the spin of 

the Earth the water on the opposite side of the Earth also bulges out.

Because the bulge of water remains in the same position relative to the Moon and 

the Earth spins once every 24hours then we experience two high tides each 

24hours as we move past the position of the two bulges of water.



Spring or Neap tides are created  due to the positions of the 

Moon and the Sun in relation to Earth

A spring(or King) tide is created when the gravitational pull of the Moon and the Sun, 
due to their positions, work together to produce an extra large tidal difference. 
This occurs at full Moon as above and New Moon when the Moon and Sun are on the 
same side as earth.



A Neap tide is created when the gravitational pull of the Moon and the Sun, due 

to their positions, cancel each other out to some extent, to produce an extra small 

tidal difference. This occurs at first quarter and third quarter positions when we 

only see half the lit Moon in the sky.

Low tide

Gravitational 

pull of the 

Moon

Moon 

Gravitational 

pull of the 

Sun

High tide

Spring or Neap tides are created  due to the positions of the 

Moon and the Sun in relation to Earth
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Because of Earth’s rotation the stars are not in the same 

place throughout the night

As the earth orbits the Sun we see a different portion of the sky.

There are some stars we see at all times of the year from New Zealand, 

like the stars that form the constellation the Southern Cross, and others 

that we never see, like the North Star.
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Visual objects in the New Zealand night sky include the 

Southern Cross, and Matariki (the Pleiades)

People have grouped stars into imagined patterns called constellations since ancient 

history. The most famous constellations are those that form the 12 signs of the zodiac 

(Leo, Aries, and Cancer etc.) but our most well known and visible constellation seen 

only in the Sothern hemisphere is the Southern Cross. 

We use a planisphere (starwheel) to predict which constellations we can see in the sky 

at what time of the year and what time of the day
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A constellation is a group of stars seen from the earth. 

Constellations are seen as a 

2 dimensional view (like 

seeing them on a flat sheet) 

of 3 dimensional space –

where stars in a single 

constellation are at different 

distances from earth. 

Different constellations can 

be seen at different times of 

the year and from different 

places on Earth. Stars that 

make up a constellation may 

be brighter because:

❑ they are closer to Earth

❑ and/or they are 

bigger/brighter stars
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Visual objects in the New Zealand night sky include the southern cross,  

and Matariki (the Pleiades)

Matariki is the Māori name for a cluster of stars – a seven-

star constellation that appears in late May or early June 

each year.
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Each winter the stars of Matariki

and Puanga signal the end of one 

year in Aotearoa and the 

beginning of the next.

The rise of Matariki is a time to 

celebrate and prepare for the  

Māori New Year. It was a time 

when crops were harvested, and 

seafood and birds were collected –

a time of celebration and food, 

but also a time for preparing and 

storing for times of shortage 

ahead.

Matariki was a time to practise 

manaakitanga – to share kai and 

present offerings to others.

Matariki



Pleiades Crux

Scorpio

Orion

Taurus Sagittarius

Main constellations in the Southern Night Sky



The Features of our Solar System

The solar system is made up of the Sun, the nine planets that orbit the 

Sun and various natural satellites, asteroids, comets and meteors. 

https://en.wikipedia.org/wiki/Solar_System
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Terrestrial planets are those planets (and possibly dwarf planets) that are 

similar to Earth — with bodies largely composed of rock: Mercury, Venus, 

Earth and Mars. Venus is the Planet which is the closest size to Earth but 

because of its thick poisonous atmosphere creating extremely hot surface 

temperatures, Mars is the closest in environment.

The Terrestrial Planets

Mercury Venus Earth Mars
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The gas Giants are Planets with a composition largely made up of gaseous 

material and are significantly more massive than terrestrials: Jupiter, Saturn, 

Uranus, Neptune. Ice giants are a sub-class of gas giants, distinguished from 

gas giants by their lack of hydrogen and helium, and a significant composition 

of rock and ice: Uranus and Neptune.

The Gas Giants

Jupiter Saturn Uranus Neptune
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Sun

Radius 1,400,000km

Spin (day) 27 days

Mass (Earth 1:330,000)

Surface temperature 5,500°C

Like most stars, the Sun is made up primarily 

of hydrogen (specifically, 71 per cent 

hydrogen, 27 per cent helium, and 2 per 

cent other, heavier elements). Near the 

center of the Sun the temperature is almost 

29 million degrees F and the density is 150 

times that of water.

The energy thus produced is transported 

most of the way to the solar surface by 

radiation. Photons of light may take as long 

as 100,000 years to emerge from the core, 

undergoing a “random walk” outwards 

through the Sun’s dense interior. 
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Mercury

Radius (Earth 1:0.38)

Distance from Sun AU (Earth 1:0.39)

Spin (day) 58.7 days

Orbit (year) 87.9 days

Mass (Earth 1:0.06)

Cloud top temperature -180°C to 430°C

Moons 0

Gravity (Earth 1:0.38)

Because its surface consists of rough, porous, dark-

coloured rock, Mercury is a poor reflector of sunlight.   

Mercury has only an extremely thin atmosphere, 

containing sodium and potassium, apparently spreading 

from the crust of the planet.                                                     

In 1991 powerful radio telescopes on Earth revealed signs 

of vast sheets of ice in Mercury’s polar regions

http://antwrp.gsfc.nasa.gov/apod/image/0111/mercury_mariner10.jpg
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Venus

Radius (Earth 1:0.95)

Distance from Sun AU (Earth 1:0.72)

Spin (day) 243 days - Retrograde

Orbit (year) 224.7 days

Mass (Earth 1:0.82)

Average Surface temperature 460°C

Moons 0

Gravity (Earth 1:0.98)

The surface pressure is 96 times that on the 

Earth—more dense than water; the atmosphere 

of the planet consists almost wholly of carbon 

dioxide (CO2). The cloud base is at 50 km and the 

cloud particles are mostly concentrated sulfuric 

acid. Venus rotates very slowly on its axis, and 

the direction is retrograde (opposite to that of 

the Earth).  
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Earth

Radius 6,378km

Distance from Sun (AU=1)149,600,00km

Spin (day) 23.93 hours

Orbit (year) 365.26 days

Average Surface temperature 15°C

Moons 1

Gravity 9.8ms-2

The Earth and its satellite, the Moon, also move 

together in an elliptical (nearly circular) orbit 

about the Sun. The temperature of the Earth 

allows for water to exist in its three states and it is 

the only planet where life is found.
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Mars

Radius (Earth 1:0.53)

Distance from Sun AU (Earth 1:1.52)

Spin (day) 24.6 hours

Orbit (year) 686.9 days

Mass (Earth 1:0.11)

Average Surface temperature -87°C to 17°C

Moons 2

Gravity (Earth 1:0.38)

Mars has two small, heavily cratered moons, Phobos

and Deimos, which some astronomers consider to be 

asteroid-like objects captured by the planet very early 

in its history. The reddish colour of the planet results 

from its heavily oxidized, or rusted, surface. 

Conspicuous bright caps, composed of frozen water 

and CO2, mark the planet’s polar regions.  
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Jupiter

Radius (Earth 1:11.2)

Distance from Sun AU (Earth 1:5.2)

Spin (day) 9.9 hours

Orbit (year) 11.9 years

Mass (Earth 1:318)

Cloud top temperature -125°C

Moons 16

Gravity (Earth 1:2.34)

Jupiter’s composition is very similar to that 

of the original gas cloud from which the 

solar system formed—a composition that 

survives in today’s Sun. The proportion of 

helium is about 24 per cent, close to the 

amount in the Sun. Proportions of heavier 

elements, such as carbon, nitrogen, and 

sulfur have been increased by billions of 

years of bombardment by meteoroids and 

comets.
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Saturn

Radius (Earth 1:9.42)

Distance from Sun AU (Earth 1:9.54)

Spin (day) 10.6 hours

Orbit (year) 29.5 years

Mass (Earth 1:95)

Cloud top temperature -140°C

Moons at least 18

Gravity (Earth 1:0.93)

The average density of Saturn is only one eighth that 

of the Earth, as the planet consists mainly of 

hydrogen. The enormous weight of Saturn's 

atmosphere causes the pressure to increase rapidly 

towards the planet’s interior, where the hydrogen 

first condenses into a liquid, and is then compressed 

into a metallic state. The visible rings may be only 5 

m thick. They are thought to consist of aggregates of 

rock, frozen gases, and water ice.



Uranus

Radius (Earth 1:4.01)

Distance from Sun AU (Earth 1:19.2)

Spin (day) 17.2 hours - retrograde

Orbit (year) 84 years

Mass (Earth 1:14.5)

Cloud top temperature -200°C

Moons at least 27

Gravity (Earth 1:0.90)

Uranus’s axis is “lying down” in relation to its orbit. 

The consequence is that each pole faces the Sun for 

42 years (half the “year” of Uranus) and then is in 

darkness for 42 years.  Uranus's atmosphere consists 

largely of hydrogen and helium, with a trace of 

methane. Uranus’s satellites; all revolve about its 

equator and move in the same sense as the planet 

revolves. The two largest moons are Oberon and 

Titania.



Neptune

Radius (Earth 1:3.88)

Distance from Sun AU (Earth 1:30.1)

Spin (day) 16.1 days

Orbit (year) 164.8 years

Mass (Earth 1:17.2)

Cloud top temperature -200°C

Moons 8

Gravity (Earth 1:1.13)

The temperature of the surface of Neptune is 

about -218° C much like Uranus, which is more 

than 1.5 billion km closer to the Sun. Scientists 

assume, therefore, that Neptune must have some 

internal heat source. The atmosphere consists 

mostly of hydrogen and helium, but the presence 

of up to three per cent methane gives the planet 

its striking blue colour. 



Pluto (and Charon)

Radius (Earth 1:0.18)

Distance from Sun AU (Earth 1:29.4)

Spin (day) 6.4 days

Orbit (year) 247.7 years

Mass (Earth 1:0.002)

Surface temperature -220°C

Moons 1

Gravity (Earth 1:0.07)

Approximately one-fifth the mass of the Earth’s 

Moon, Pluto is primarily composed of rock and 

ice. It has an eccentric squashed orbit that is 

highly tilted with respect to the other planets 

and takes it closer to the Sun than Neptune 

during a portion of its orbit. Pluto and its largest 

satellite, Charon, could be considered a binary 

system because they are closer in size than any 

of the other known celestial pair combinations in 

the solar system.

Dwarf Planets



Ceres

Spin (day) 9.1 hours

Orbit (year) 4.6 years

Mass (Earth 1:0.00015)

Surface temperature -106°C

Gravity 0.27ms-2

Ceres is the smallest dwarf planet in the Solar 

system and the only one located in the main 

asteroid belt. Ceres follows an orbit between 

Mars and Jupiter, within the main asteroid belt, 

with a period of 4.6 years.                                          

Observations of Ceres coupled with computer 

models suggest the presence of a rocky core 

overlain with an icy mantle. This mantle of 

thickness from 120 to 60 km could contain 200 

million cubic kilometers of water, which is more 

than the amount of fresh water on the Earth.  

Dwarf Planets

http://en.wikipedia.org/wiki/Image:Ceres_optimized.jpg


Eris

Diameter 2400km

Spin (day) 8 hours

Orbit (year) 557 years

Distance from Sun AU (Earth 1:97) at furthest

Surface temperature -246°C

Moons 0

Eris is the largest known dwarf planet in the 

solar system and the ninth largest body orbiting 

the Sun. It is a trans-Neptunian object (TNO), 

orbiting the Sun in a region of space known as 

the scattered disc, just beyond the Kuiper belt. 

Eris is classified as a scattered disk object that 

are believed to have been "scattered" from the 

Kuiper belt into more distant and unusual orbits 

following gravitational interactions with Neptune 

as the solar system was forming. 

Dwarf Planets

http://upload.wikimedia.org/wikipedia/commons/9/91/EightTNOs.png


Asteroid

The term asteroid is 

generally used to 

indicate a diverse group 

of small celestial bodies 

that drift in the solar 

system in orbit around 

the Sun.

Comet

A comet is a small body 

in the solar system that 

orbits the Sun and (at 

least occasionally) 

exhibits a coma (or 

atmosphere) and/or a 

tail.

Meteor

A meteor is the visible 

path of a meteoroid that 

enters the Earth’s (or 

another body's) 

atmosphere, commonly 

called a shooting star or 

falling star. 

Small Solar System bodies

http://en.wikipedia.org/wiki/Image:Comet_P1_McNaught02_-_23-01-07.jpg


Telescopes (space, optical and radio), rockets, satellites, space stations 

and probes have helped humans investigate space

Space can be explored by;

- The unaided eye; eg from the Southern hemisphere, stars appear to rotate 

clockwise around a point in the sky called the South Celestial Pole.

A starmap or planisphere can be used 

to locate an name stars, given date, 

time and latitude
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Space can be explored by;

- Telescopes (light, radio, and space)

Light

A light telescope is a 

light gathering 

device, which 

increases the 

brightness and size of 

planets and stars.

Radio

These telescopes are 

recognised by their 

large collecting dishes 

which detect and 

magnify radio waves 

from space.

Space

These space 

telescopes detect 

infra-red and ultra-

violet waves without 

interference  from 

Earth’s atmosphere.

Telescopes (space, optical and radio) have helped humans investigate space



The lens closer to the 
object is called the 
objective lens.

The lens in the eyepiece 
magnifies the image formed by 
the objective lens.

Both are convex—that 
is, thicker in the middle 
than at the edges.

Light refracting Telescopes



Light enters 
telescope

Concave objective mirror reflects 
light

Light reflecting Telescopes



Very Large Array

Radio telescopes detect 

electromagnetic radiation 

from space at wavelengths 

ranging from about 1 mm to 

more than 1 km. the 

resolution (ability to 

distinguish detail) of a single 

instrument is low. However, 

when signals from a group 

of telescopes pointing at the 

same object are combined, 

resolution is dramatically 

improved. 

The Very Large Array (VLA) in Socorro, New 

Mexico, has 27 dishes whose individual signals 

can be combined to form a single high-

resolution image.

Radio Telescopes
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This image was 

captured by the 

Hubble telescope, in 

orbit around Earth.

The telescope uses 

solar panels on the 

sides to collect 

energy to power 

movements in the 

telescope. 

Initially when the 

telescope was placed 

in orbit in 1990, 

human error caused 

a focussing problem. 

A manned flight was 

eventually sent up to 

fix the problem. 

Space Telescopes



Space can be explored by;

Space stations; e.g. international space station (ISS), currently being used by United 

States, Canada, Japan, Russia, and Europe.

A view of the completed ISS in high 

orbit around the Earth

International Space Station

The assembly of the ISS in orbit began in 

1998. The ISS has more than 100 

components and required 44 

spaceflights by at least three space 

vehicles to deliver the components into 

orbit. One-hundred and sixty 

spacewalks, were required to assemble 

and maintain the ISS, which is was 

completed in 2010 and has an 

anticipated life of 10 years at a projected 

total cost of $35 to $37 billion. The ISS 

can to house up to seven astronauts. 

Space Stations



Salyut

The Russians (then the 

Soviet Union) were the 

first to place a space 

station, called Salyut 1, in 

orbit in 1971. The Soyuz 

11 crew was the first crew 

to live on Salyut 1 for 24 

days; but tragically, they 

died upon returning to 

Earth. The Salyut 

program eventually led 

to the development of 

Russia's Mir space 

station.

History of Space Stations - Salyut



Skylab

Skylab was modified from 

the third stage of a Saturn V 

moon rocket. Skylab was 

never meant to be a 

permanent home in space, 

but rather a workshop 

where the United States 

could test the effects of 

long-duration space flights 

on the human body. When 

the flight of the third crew 

was finished, Skylab was 

abandoned. Skylab re-

entered the Earth's 

atmosphere and burned 

over Australia in 1979. 

History of Space Stations  -Skylab



Mir

In 1986, the Russians launched the 

Mir space station; Mir was intended 

to be a permanent home in space. 

Modules contains telescopes and 

scientific equipment. Mir was 

damaged by a fire and crashed 

with a supply ship. The Russian 

space agency could no longer 

afford to maintain Mir, so in 

February 2001, Mir's rocket engines 

were fired to slow it down. Mir re-

entered the Earth's atmosphere on 

March 23, 2001, burned and broke 

up. Debris crashed in the south 

Pacific Ocean about 1,000 miles 

(1,667 km) east of Australia. 

History of Space Stations - Mir



Space can be explored by;

Probes; spacecraft able to escape Earth’s gravity.

A space probe is an 

unmanned space mission 

in which a spacecraft 

leaves Earth's orbit. The 

first successful space 

probe was the Soviet Luna 

1, which studied the Moon 

in 1959. Since then, space 

agencies in the United 

States, Europe and Japan 

have flown probes to each 

of the eight other planets 

in the solar system and 

several asteroids and 

comets. 
Galileo mission to Jupiter

Space exploration Instruments help us learn more about our universe
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Specialised instruments are needed for space exploration, including; 

- Sophisticated observational and communication devices to send                 

information back to Earth.

- Remote-controlled vehicles to explore planets.

The Mars Rover was sent 

to Mars via an 

unmanned space craft.

It was able to move 

around the planet 

remotely, taking 

readings, pictures and 

analysing samples. The 

Rover was then able to 

send the information 

back to Earth.

Space exploration Instruments help us learn more about our universe



Satellites have different types of orbits;  - Equatorial orbits cross the sky from west 

to east.  - Polar orbits travel north to south or south to north.  - Geostationary 

orbits remain at fixed points above the Earth’s surface

Geostationary Orbits

A geostationary orbit is one in 

which the satellite is always in 

the same position with respect to 

the rotating Earth. The satellite 

orbits at an elevation of 

approximately 35,790 km By 

orbiting at the same rate, in the 

same direction as Earth, the 

satellite appears stationary 

Geostationary satellites provide a 

"big picture" view, enabling 

coverage of weather events.

Artificial Satellites



Satellites have different types of orbits;  - Equatorial orbits cross the sky from west 

to east.  - Polar orbits travel north to south or south to north.  - Geostationary 

orbits remain at fixed points above the Earth’s surface

Polar Orbits

In a polar orbit, the satellite 

generally flies at a low altitude and 

passes over the planet's poles on 

each revolution. The polar orbit 

remains fixed in space as Earth 

rotates inside the orbit. As a result, 

much of Earth passes under a 

satellite in a polar orbit. Because 

polar orbits achieve excellent 

coverage of the planet, they are 

often used for satellites that do 

mapping and photography.

Polar Satellites



There are thousands of artificial satellites orbiting the Earth. They are put into 

orbit by rocket launch vehicles. 

Sputnik 1 Satellite 

Launched on October 4, 1957, the 

Sputnik 1 was the first craft in orbit 

around the earth. Named from the 

Russian phrase for “travelling 

companion of the world” (Sputnik 

Zemli), it was a small satellite 

measuring only 58 cm (23 in) across. 

It circled the earth once every 96.2 

minutes and transmitted information 

about the earth's atmosphere. After 

57 days aloft, it re-entered the 

atmosphere and was destroyed.

The First Man-made satellite in space



There are thousands of artificial satellites orbiting the Earth. They are put into 

orbit by rocket launch vehicles. 

Environmental Satellite

The Nimbus satellite circles the earth 

in an orbit that passes over the 

North and South Poles several times 

a day, imaging the surface on each 

pass. Because the earth rotates, each 

pass produces a new set of pictures, 

and the entire earth can be imaged 

every day. Pictorial information 

about the earth’s atmosphere and 

oceans is relayed back to the 

surface, where it is used to monitor 

changes in the environment. Google 

Maps uses these satellites to get 

their data. 

Weather Satellites



There are thousands of artificial satellites orbiting the Earth. They are put into 

orbit by rocket launch vehicles. 

Communications Satellite 

The Syncom 4 communications satellite 

was launched from the space shuttle 

Discovery. Modern communications 

satellites receive signals from the earth, 

amplify them, and retransmit them, 

providing television, telefax, telephone, 

radio, and digital data links around the 

world. Syncom 4 follows a 

geosynchronous orbit—that is, it orbits at 

the same rate at which the earth spins, 

keeping the satellite in a fixed position 

over the surface. This type of orbit 

enables uninterrupted communication 

links between ground stations.

Communications Satellite 



Satellites for telecommunications must be at fixed points above the Earth’s 

surface. To achieve this, satellites have to be placed accurately at extremely high 

altitudes. 

Satellites must be -

❑ Released at the correct altitude, to 

prevent them spiralling into the 

Earth if to close, or leaving Earth’s 

orbit if to far.

❑ Released in at a speed to match 

Earth’s spin speed

❑ Released in the correct location 

over a specified Earth location

❑ Released at the correct angle, 

important if relaying information 

from a dish

Placing Satellites into Space

http://en.wikipedia.org/wiki/Image:OrbitingCannonBalls.png


A light year and how astronomers use it

Because of the vast 

distances in space the 

measurement of a light 

year is used to gain 

some understanding of 

the relative position of 

objects from each other 

in the universe. 

Light travels at 300,000 

km per second so a light 

year is the distance that 

light travels in one year. 

(300,000 x 60 x 60 x 24 x 

365 km)

Our closest stars in light years



The large distances between the components of the solar system

After a tight space race between U.S.S.R. and the U.S.A. to reach the Moon, the 

Americans finally succeeded on the 20th July, 1969, on Apollo 11.

That's one small step for a man, one giant leap for mankind.

—Neil Armstrong (First man to touch the Moon’s surface).

Travelling at the speed of a fast passenger jet, 1000km, it would take 16 days to 

reach the Moon – ~384,000km away. 

Astronauts reached the Moon in four days however, as they were travelling much 

faster. They needed to reach at least 40,000km to escape Earth’s gravity (called 

the escape velocity).

Travelling to Mars will take a lot longer, however. Mars is 203 time further away 

from Earth than the Moon is. Jupiter is 1635 times further away.

Most of the solar system is empty space; distances are so huge it takes a long 

time to travel between planets. 



Compared to the large distance between the Earth and the Moon, the distances 

to the other planets and the Sun is much greater again. The first four planets are 

relatively close compared to the outer gas planets.  

How far apart are the planets?

Because of the vast distances in the solar system we use Astronomical Units. An 

astronomical unit is the average distance from the Earth to the Sun. The Moon is 

0.0026 AU from the Earth, Mars is 1.52 AU, Jupiter is 5.20 AU, Pluto is 39.5 AU

As of August 2006, Voyager 1 is 100 AU from the Sun, the furthest of any man-

made object. Proxima Centauri (the nearest star) is ~268 000 AU away from the 

Sun. 

The mean diameter of Betelgeuse is 2.57 AU. (Red Giant). The distance from the 

Sun to the center of the Milky Way is approximately 1.7×109 AU. 



Huge temperature differences exist in space. The further planets are from 

the Sun, the colder they are. 

A planet's year depends on its distance from the Sun; the farther a planet 

is from the Sun, not only the longer the distance it must travel, but also 

the slower its speed, as it is less affected by the Sun's gravity.

HOTTER COLDER

SHORTER LONGER

It gets cooler, the further from the Sun
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Gravity in Space

Gravity has many effects;

- rockets must initially travel at speeds of at least 40 000km per hour to escape 

Earth’s gravity

- Objects freely falling in space appear to be weightless

- Gravity decreases rapidly as an object moves away from its source
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The problems associated with space travel and establishing 

bases on other planets

Space can be explored by;

Rockets. - The different positions of the planets in their orbits means that there 

are only small amounts of time when spacecraft can be launched to reach their 

correct destination.

Rockets are the 

means by which we 

can launch objects 

into space. 

Propulsion is 

usually through 

chemical fuel.

Solid-fuel rocket engines 

have three important 

advantages: 

Simplicity 

Low cost 

Safety 

They also have two 

disadvantages: 

Thrust cannot be controlled. 

Once ignited, the engine 

cannot be stopped or 

restarted



Spaceships must maintain life support systems

Space exploration is 

complicated because there are 

so many problems to solve and 

obstacles to overcome. 

These problems include:

❑ The vacuum of space 

❑ Heat management problems 

❑ The difficulty of re-entry

❑ Orbital mechanics

❑ Micrometeorites and space 

debris

❑ Cosmic and solar radiation 

❑ The logistics of having 

restroom facilities in a 

weightless environment
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To sustain a permanent environment in outer space where people can live and work, a 

space base or ship must be able to provide the following things:

❑ life support 

❑ atmosphere control

❑ supply and recycling 

❑ water recycling 

❑ temperature control

❑ food supply 

❑ waste removal 

❑ fire protection

❑ propulsion 

❑ communications and tracking 

❑ Navigation

❑ electrical power

❑ Computers

❑ resupply 

❑ emergency escape route

Life support in space ships
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To establish permanent bases on the Moon or Mars, systems will be needed to 

produce food, purify water and create oxygen from the carbon dioxide humans 

expel. Humans will also have to withstand the effects of radiation, very cold 

temperatures, isolation and different forces of gravity. 

Permanent bases on other Planets

http://www.humanmars.net/2014/04/


