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The Solar System 

There are eight planets in our Solar System. They all orbit the Sun in roughly circular paths. 
 
Mercury, Venus, Earth and Mars are known as the inner planets. Mercury is closest to the 
Sun. It is covered with craters and looks like our own Moon.  
 
During the day it can be as hot as 430 °C. At night, it cools to –170 °C.  
 
Venus reflects a lot of light from the Sun and can often be seen in the evening, just after 
sunset. Its atmosphere is carbon dioxide, which is a greenhouse gas and traps heat from the 
Sun. This means the planet is even hotter than Mercury.  
 
Sometimes Venus is called the Evening Star but it is not a star! 
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Extra Information Sheet.... Saturn 

Saturn is the sixth planet from the Sun and the 
most distant that can be seen with the naked eye.  
 
Saturn is the second largest planet and is best 
known for its fabulous ring system that was first 
observed in 1610 by the astronomer Galileo Galilei.  
 
Like Jupiter, Saturn is a gas giant and is composed 
of similar gasses including hydrogen, helium and 
methane. 
 
 Saturn was known to the ancients, including the 
Babylonians and Far Eastern observers. 
 
 Saturn turns on its axis once every 10 hours and 34 
minutes giving it the second-shortest day of any of 
the solar system’s planets. 
 
Fusion does not occur in Saturn as it is a gas giant. 
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The Solar System 

Between Mars and Jupiter is the asteroid belt. Asteroids are 
lumps of rock left over from when the Solar System was 
formed. The largest asteroid is called Ceres. It is about 1000 km 
across. 
 
Some asteroids have orbits that pass close to Earth and some 
even hit it. About 65 million years ago, an asteroid landed in 
Mexico. We think it caused the climate to change. This meant 
that dinosaurs could 
not survive. 
 
The four outer planets are sometimes called the gas giants. 
They are made mainly of gas and liquid. Temperatures on these 
planets vary from –150 °C to –220 °C. 
 
All the gas giants are surrounded by one or more rings. Saturn 
has thousands. The particles in Saturn’s rings may be as small as 
a grain of sugar or as large as a house. The particles may have 
come from bits of comets or asteroids that broke up before 
reaching the planet. 
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Dwarf Planets 

Dwarf planet, as defined by the International Astronomical Union 
(IAU), is a celestial body orbiting the Sun that is massive enough to 
be rounded by its own gravity but has but is too small to be called a 
full sized planet and is not a satellite. 
 
The term dwarf planet was adopted in 2006 as part of a three-way 
categorisation of bodies orbiting the Sun. This classification states 
that bodies large enough to have cleared the neighbourhood of their 
orbit are defined as planets, while those that are not massive enough 
to be rounded by their own gravity are defined as small solar system 
bodies. Dwarf planets come in between.  
 
The IAU currently recognizes five dwarf planets—Ceres, Pluto, 
Haumea, Makemake, and Eris. However, only two of these bodies, 
Ceres and Pluto, have been observed in enough detail to 
demonstrate that they fit the definition. Eris has been accepted as a 
dwarf planet because it is more massive than Pluto.  
 
It is suspected that at least another 40 known objects in the Solar 
System are dwarf planets 
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POWERSEEKER 127EQ TELESCOPE 

If you wish to explore space why not think about 
buying a pair of good binoculars (£60) or cheap 
reflecting telescope such as this one (£150) which 
can view the moon and stars. 

 

Crucial thing to look for is easy adjustment and a 
counterbalance weight... 

Basic Equipment 

http://www.celestron.com/browse-shop/astronomy/telescopes/powerseeker-127eq-telescope
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http://en.wikipedia.org/wiki/Reflecting_telescope 

Reflector Telescopes 

The Newtonian telescope was the first successful reflecting telescope, completed by Isaac 
Newton in 1668.  It usually has a parabolic primary mirror which avoids the problem of using 
a circular mirror where rays don’t all focus on the same point. Figure b shows this 
(exaggerated) as the light from the far sides of a lens don’t reach the “intended” focal point 
and fall short (positive aberration). This is the same when you think about the curve of a 
mirror. This puts the cost up of making telescopes that form good sharp images. 
 
A flat secondary mirror reflects the light to a focal plane at the side of the top of the 
telescope tube and a variety of optical lenses produce magnification and focus via refraction. 

 a) perfect lens 

b) Real world lens 

http://en.wikipedia.org/wiki/Reflecting_telescope
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Often the news app for 
the BBC has lots of 
space science articles 
and sometimes tells 
you about what you 
can see in the sky in 
the next week or so! 

 

Google sky map APP 
gives a 3D view which 
works in the day time 
as well and does not 
even need a telescope! 

 

You can download for 
free and get spotting 
planets! 

Astronomy - APPS 

https://play.google.com/store/apps/details?id=com.google.android.stardroid&hl=en_GB
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12.3 Phases of the Moon 
Moon Phases 



 www.animatedscience.co.uk 

Lunar Astronomy Sea of Serenity 

Sea of Tranquillity 

Sea of 
Crises 

Sea of 
Nectar 

Tycho 
Crater 

Copernicus 
Crater 

Kepler 
Crater 

Sea of 
Showers 

http://www.animatedscience.co.uk/
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Lunar Astronomy 
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http://www.animatedscience.co.uk/


South Pole-Aitken Basin 

Formed 4.3 billion years ago the diameter of this impact crater is equivalent to the distance from London 
to Athens. Approx 2,500 kilometres (1,600 miles). 6km (3.7 miles) deep in some places. On Earth similar 
craters are only 1-300m deep. (Picture was taken by the Apollo 17 crew.) 
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Moon Facts 

The moon is not a planet, but a satellite of the Earth. The surface area of 
the moon is 14,658,000 square miles or 9.4 billion acres. Only 59% of the 
moon's surface is visible from earth. The moon rotates at 10 miles per hour 
compared to the earth's rotation of 1000 miles per hour. The moon's 
diameter is about 1/4 the diameter of the Earth. About 49 moons would fit 
inside the Earth. 
 
When a month has two full moons, the second full moon is called a blue 
moon.  
 
From Earth, we always see the same side of the moon; the other side is 
always hidden. 
 
The dark spots we see on the moon that create the image of the man in the 
moon are actually craters filled with basalt, which is a very dense material. 
It is the only extraterrestrial body that has ever been visited by humans. 
 
The first space craft to send back pictures from the moon was Luna 3 (built 
by the Soviet Union) in October 1959. The moon has no global magnetic 
field. 
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Earth 

Earth is our home planet. Scientists think Earth formed billions of years ago. 
Four planets in the solar system are bigger than Earth. Three planets are smaller. 
It is the third-closest planet to the sun. Only Mercury and Venus are closer. 
 
Earth has been called the "Goldilocks planet." In the story "Goldilocks and the 
Three Bears," a little girl named Goldilocks liked everything just right. Her 
porridge couldn't be too hot or too cold. And her bed couldn't be too hard or 
too soft. On Earth, everything is just right for living things. It's warm, but not too 
warm. And it has water, but not too much water. 
 
Earth is the only planet known to have lots of liquid water. Liquid water is 
important for life. Earth is the only planet where life has been found. 



Animated Science 
2015 

Night & Day 

Imagine an early caveman watching the Sun as it 
passes across the sky. He may have thought 
there was a new Sun every day. 
 
He then probably worked out that it was the 
same Sun every day. He saw the Sun rise in the 
morning and disappear in the evening. We still 
call it sunrise and sunset. The Sun ‘rises’ in the 
east. 
 
Night and day are caused by the Earth spinning 
on its axis every 24 hours. This gives us day time 
and night time. Half of the Earth is always in 
darkness. We can see this clearly from space. 
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Seasons Seasons 
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Winter & Summer Sun 

So we can see that the rays from the Sun 
are also more concentrated in summer 
because they strike the surface of the 
Earth full on, almost at a right angle (see 
diagram). This makes the heat from 
them very concentrated. 
 
In winter the rays strike the Earth at a 
more oblique angle. 
 
You can see from the diagram that this 
means they are ‘spread out’ when over a 
wider area. This is why it is colder in 
winter. 

In the summer it is hotter as the sun hits the 
surface of the earth at 90 degrees.  In the winter 
as the same sun is angled the sunshine is spread 
out further so it is cooler. 
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A lunar eclipse occurs when the Moon passes 
directly behind the Earth into its umbra (shadow).  
 
This can occur only when the sun, Earth, and moon 
are aligned exactly, or very closely so, with the Earth 
in the middle.  
 
Hence, a lunar eclipse can occur only on the night of 
a full moon.  
 
A total lunar eclipse has the direct sunlight 
completely blocked by the earth's shadow. The only 
light seen is refracted through the earth's shadow. 
This light looks red for the same reason that the 
sunset looks red, due to scattering of the more blue 
light. Because of its reddish colour (blood moon) 

Lunar Eclipse 
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As seen from the Earth, a solar eclipse is a type of eclipse that occurs when 
the Moon passes between the Sun and Earth, and the Moon fully or partially blocks 
("occults") the Sun.  
 
This can happen only at new moon when the Sun and the Moon are in conjunction as 
seen from Earth. In a total eclipse, the disk of the Sun is fully obscured by the Moon. 
In partial and annular eclipses, only part of the Sun is obscured. 
 
If the Moon were in a perfectly circular orbit, a little closer to the Earth, and in the 
same orbital plane, there would be total solar eclipses every month. However, the Moon's 
orbit is inclined (tilted) at more than 5 degrees to the Earth's orbit around the Sun 
(see ecliptic), so its shadow at new moon usually misses Earth.  
 
Total solar eclipses are rare at any particular location because totality exists only along a 
narrow path on the Earth's surface traced by the Moon's shadow or umbra. 

Solar Eclipse 
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Nasa Solar System Data... 

Nasa Data Table Mercury  Venus   Earth  Mars  Jupiter  Saturn  Uranus   Neptune 

Mass (1024kg) 0.33 4.9 6.0 0.64 1900 570 87 100 
Diameter (km) 4900 12100 12800 6800 143000 120500 51100 49500 

Density (kg/m3) 5430 5240 5520 3900 1330 690 1270 1640 
Gravity (N/kg 3.7 8.9 9.8 3.7 23.1 9 8.7 11 

Length of Day (hours) 4223 2800 24 25 9.9 10.7 17.2 16.1 
Distance from 
Sun (106 km) 

57.9 108.2 149.6 227.9 778.6 1433.5 2872.5 4495.1 

Orbital Period (days) 88 225 365 687 4331 10747 30589 59800 
Orbital Velocity (km/s) 47.4 35 29.8 24.1 13.1 9.7 6.8 5.4 

Mean 
Temperature (C) 

167 464 15 -65 -140 -195 -200 

Number of Moons 0 0 1 2 62 27 14 
Ring System?         Yes Yes Yes Yes 

Global Magnetic 
Field? 

Yes   Yes   Yes Yes Yes Yes 

This data table shows some real NASA data, we sometimes compare the planets of 
the solar system with these variables... 
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Fusion Summary..... 

They form new 
Atoms i.e. 

Helium 

In the Sun, 
Hydrogen and other 

atoms lose their 
electrons to form a 

“Plasma”  

Structure of a 
Hydrogen Atom 

The “free” 
protons and 

neutrons that 
float around are 

pressed 
together 

Item Relative Mass 

Protons & 
Neutrons 4 x 1.007825 = 

4.0313 

Helium 
4.0037 

Lost mass = - 0.0276 

They lose mass 
converting to 
Energy = mc2 
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The Universe..... 

Milky Way – our Galaxy 

Inner planets 

Village 

Your School 

Nearby Galaxy... 
Andromeda 

The Solar System 

Earth & Moon 

Nearby Stars 
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The Constellations 

In 1922 the International 
Astronomical Union officially 
recognised the 88 modern 
constellations, covering the entire 
sky. They began as the 48 classical 
Greek constellations laid down 
by Ptolemy.  
 
12 of the 88 constellations 
compose the zodiac signs 
in astrology which is not science in 
any way shape or form! 
 
Each constellation is just a random 
collection of very far away stars in 
3D which have various sizes and 
compositions. 
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Orion? 

Proper 
Name 

Distance 
(L Yrs) 

Betelgeuse    643 

Rigel    772 

Bellatrix    243 

Mintaka    900 

Alnilam    1359 

Alnitak    800 

Saiph    724 

Constellations are funny really as they and 
the idea of “astrology”  and the patterns 
are not really significant in Science.  

 

Look at the distances here for Orion they 
are all spread out and just appear as a 
pattern which is entirely random when 
you think in 3D! 

http://en.wikipedia.org/wiki/Alpha_Orionis
http://en.wikipedia.org/wiki/Beta_Orionis
http://en.wikipedia.org/wiki/Gamma_Orionis
http://en.wikipedia.org/wiki/Delta_Orionis
http://en.wikipedia.org/wiki/Epsilon_Orionis
http://en.wikipedia.org/wiki/Zeta_Orionis
http://en.wikipedia.org/wiki/Kappa_Orionis
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Betelgeuse 

1. Betelgeuse is 640 light years from Earth. 
2. It is classed as a red supergiant and is the tenth brightest star in the night sky. 
3. As part of the Orion constellation Betelgeuse can be easily found in the night 

sky through most of the year. 
4. High mass stars such as Betelgeuse burn their fuel (fusion) extremely quickly, 

as a result they exist for only a few million years, stars such as our sun exist 
for billions of years. 

5. At only 10 million years old Betelgeuse is already near the end of its lifespan 
and is expected to explode as a supernova in the next million years. 
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Nearby Galaxy - Andromeda 

1. While Andromeda is the largest galaxy in the 
Local Cluster 
 

2. Since it is the nearest spiral galaxy to us, 
astronomers use the Andromeda Galaxy to 
understand the origin and evolution of such 
galaxies. 
 

3. The Andromeda Galaxy is approaching the 
Milky Way at approximately 100 to 140 
kilometres per second. 
 

4. The spiral arms of the Andromeda Galaxy are 
being distorted by gravitational interactions 
with two companion galaxies, M32 and M110. 
 

5. The Andromeda Galaxy is the most distant 
object you can spot with the naked eye. You 
need a good spot away from bright lights in 
order to see it. 
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The Milky Way galaxy 

Our local area of space is not just 
the planets but is part of a vast disc 
of matter including other stars and 
black holes spinning like a vast 
catherine wheel.  
 
When we look out we might see 
stars in another arm or those in 
other galaxies, far, far away where 
we have no idea what is taking 
place.... 
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Hertzsprung–Russell Diagram 

A scatter plot of stars showing 
the relationship between the 
brightness against surface 
temperature.  This one also has 
solar radius (a comparison of 
size for our sun). It is a tricky 
graph as the y-axis is a log scale 
as the differences are massive! 
 
Plotted in 1910 by Ejnar 
Hertzsprung and Henry 
Russell to see how stars evolve 
over time and how luminosity 
can be compared... 
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Life Cycle of Stars 

White 
Dwarf 

Planetary 
Nebula 

Neutron Star 
(x 3-10 mass) 

Main Sequence  
Red Giant 

 like us 
(1-3x mass) 

Protostar 

Main Sequence  
Red Supergiant 
(3-10 or more 

mass) 

Supernova 

Black Hole 
(x10 above mass) 

Black 
Dwarf 

Gas 
Nebula 
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Nebula 

Most nebulae are of vast size, even 
millions of light years in diameter and 
hard to see. However, some like the carina 
nebula are more visible. 

 
1. A nebula is a collection of gas and dust  

and hydrogen between many stars.   
 

2. The dust is pulled together by gravity 
in a smaller area.   
 

3. It collapses further and forms a proto 
star.   
 

4. Pressure increases due to increased 
density.   
 

5. Atoms collide more often so 
temperature increases. Thermal 
energy increases (converted from 
GPE) 
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Proto-star 

A proto star is a very young star that 
is still gathering mass from its parent 
nebula.  

The proto stellar phase is the earliest 
one in the process of stellar 
evolution. 

For a 1x solar-mass star it lasts about 
1,000,000 years. The phase begins 
when a nebula cloud first collapses 
under the forces from its own 
gravity.  

It ends when the proto star blows 
out remaining gas nebula and is 
revealed as an optically visible 
pre-main-sequence star. 

This later contracts to become a 
stable main sequence star 
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F-type Main-Sequence Star 

During the ‘main sequence’ period of its life cycle a 
star is stable because the forces within it are 
balanced. 

This is the longest stage of the star’s life where the 
star is stable fusing hydrogen to helium. Energy 
radiating away from the star balances the pull of 
gravity. 

Later when most Hydrogen has been used up.  The 
core is now mostly He. The core contracts under 
the force of the star’s gravity.  

 

This makes the core much hotter.  He nuclei fuse to 
form C, N and O. 

Outer layers expand up to 100 times in size with 
the outside a lot cooler 

Our Sun will form a red giant in about 4Bn years 
and burn all the inner solar system planets to a 
crisp! 
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These more advanced images of the 
fusion of hydrogen show how a chain of 
particles is pushed together to form 
larger atoms, energy and spare protons. 

In the sun all atoms are stripped of their 
electrons so we don’t draw them. The 
sun is a state of matter we call a plasma. 

Other particles are also involved such as 
positron (anti electron) and neutrinos 
(tiny mass less particle) 

These reactions show how energy is 
released in the process. (MeV) 

MeVHHeHH

MeVnHeHH
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Fusion in Stars 
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Giants & Supergiants 

A giant star is a star one with a substantially 
larger radius (at least x3) and luminosity than a 
main-sequence (or dwarf) star of the same 
surface temperature.  

Giant stars have a radius up to a few hundred 
times and luminosities between 10 and a few 
thousand times of our sun  

Super giants are the largest stars with masses 
from 10 to 70 solar x our sun and brightness 
from 30,000 up to hundreds of thousands times 
the solar luminosity. They vary greatly in radius, 
usually from 30 to 500, or even in excess of 
1000x that our sun. 

The CNO cycle (for carbon–nitrogen–oxygen) is 
one of the two known sets of fusion reactions 
by which stars convert hydrogen to helium, it 
acts as a catalyst  and produces energy in larger 
stars 1.3 times as massive that our Sun. 
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Planetary Nebula 

An expanding, shell of ionised gas 
ejected from red giant stars late in their 
lives. Also are relatively short-lived 
phenomenon, lasting a few tens of 
thousands of years, compared to a 
typical stellar lifetime of several billion 
years. 

At the end of the star's life, during the 
red-giant phase, the outer layers of the 
star are expelled by strong forces. After 
most of the red giant's atmosphere is 
spread out, the UV radiation from the 
hot bright core, called “planetary 
nebula” ionises the outer layers of gas 
causing it to glow brightly. 

Planetary nebulae likely play a crucial 
role in the chemical evolution of the 
Milky Way as they produce some 
medium sized elements such as carbon, 
nitrogen and oxygen. 

NGC6326 planetary nebula with glowing 
wisps of outpouring gas that are lit up by 
a small binary central star.  
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White Dwarf / Black Dwarf 

White dwarfs are thought to be the final 
evolutionary state of stars whose mass is not 
high enough to become a neutron star. 

When all the He has been used up, the star 
becomes a white dwarf, which cools 
gradually. 

There is a white dwarf at the centre of this 
cloud of dust. The dust is matter thrown out 
from the outer layers of the red giant which 
collapsed to form the white dwarf.  

A white dwarf is very hot when it forms 
(millions of Kelvin but as it is no longer fusing 
it will gradually cool.  

Over a very long time, a white dwarf will cool 
and its material will begin to crystallise 
(starting with the core). And become a cold 
black dwarf. However, this may take over 14 
billion years so we have not seen any yet. Concept art of a black dwarf 

against a field of stars 
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Supernova 

When the core of a star has 
fused to become mostly iron, 
over the course of a couple of 
weeks it collapses becoming 
very dense and heats up to 
billions of degrees C.   

The atoms split up into 
neutrons.  The outer layers are 
pulled in by gravity and it 
explodes in a Supernova.   

The core is now left as a 
neutron star, or if the original 
star was big enough, a black 
hole.  (x10) Atoms larger than 
Fe are formed in the process. 

A false colour image composited of data from three 
sources. Red is infrared data from the Spitzer Space 
Telescope, orange is visible data from the Hubble 
Space Telescope, and blue and green are data from 
the Chandra X-ray Observatory. The cyan dot just 
off-center is the remnant of the star's core. 
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Supernova remnant Cassiopeia A 

Neutron Star 

A neutron star is the collapsed core of a 
large (10–29 solar masses) star found after 
a supernova. They are small and very 
dense. 
 
The gravitational collapse, that compresses 
the core past the white dwarf star density 
to that of atomic nuclei with neutron stars 
are composed almost entirely of neutrons. 
 
Neutron stars that can be observed are 
very hot and typically have a surface 
temperature around 6×105 K and have 
massive gravitational fields. 
 
As the star's core collapses, its rotation 
rate increases  to 100’s of times per 
second emitting EM radiation that make 
them detectable as pulsars. 
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Artists Impression 

Black Holes 

A neutron star may be so large that when 
it collapses the structure of the neutrons 
themselves collapses and the matter is 
converted to energy to form a black hole.  
 
One important feature of a black hole is 
the Schwarzschild radius where all light 
or matter is sucked in and destroyed. If 
you go into this radius, you will not come 
out! 
 
At the centre of a black hole is a 
singularity or point where gravity acts 
towards.  
 
X-Rays are sometimes given off by black 
holes and we often see them by their 
absence in space as they suck in the local 
light from other stars, or obscure it. 
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12.6 The Flammarion woodcut 
The Flammarion woodcut 1888 

The engraving depicts a man, dressed as a 
mediaeval pilgrim and carrying a pilgrim's staff, 
who peers through the sky as if it were a curtain 
to look at the hidden workings of the universe.  
 
One of the elements of the cosmic machinery 
bears a strong resemblance to traditional 
pictorial representations of the "wheel in the 
middle of a wheel" described in the visions of 
the Hebrew prophet Ezekiel. 

The caption that accompanies the engraving in Flammarion's book translates as 
 
"A missionary of the Middle Ages tells that he had found the point where the sky and the 
Earth touched..." 
 
The text that accompanies the image reads, in part... 
 
"What, then, is this blue sky, which certainly does exist, and which veils from us the stars 
during the day? ... And yet this dome does not exist. In a balloon, I myself have risen higher 
than where the Greek gods were supposed to live without getting to this point, which of 
course disappears at the same rate in which we approach it. 

s
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12.6 Timeline of discoveries 

 In 1610 Galileo made a 
telescope with 3 x 
magnification by using 
ground and polished glass 
 
Galileo made observations of 
the Moon and discovery of 
four moons of Jupiter. 

Galileo 1610.... 
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12.6 Timeline of discoveries 

Herschel: discovered Uranus and originally thought it was a comet. 
 
1781: He made a speculum mirror out of copper and tin, cast, ground and 
polished to make a highly reflective surface. The image above shows a similar 
telescope made in 1847. 

Herschel – Uranus 1781 
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12.6 Timeline of discoveries 
Tombaugh discovered Pluto using a blink comparator 
after 7000 hours of looking.  The “blink comparator2 
computer finds differences between photos taken of 
the same area of the sky at different times. This is now 
completed using digital algorithms. 

Pluto - 1914 
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12.6 Timeline of discoveries 
In 1977 radioactive isotopes were 
used to generate electrical energy 
to power a space probe. They 
create heat which is converted to 
an electrical current to power the 
probe. 
 
Voyager 1: a space probe that has 
been past Jupiter and Saturn 

Voyager 1 - 1977 
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Dark Matter 1930’s 

Remarkably, it turns out there is five times 
more material in clusters of galaxies than 
we would expect from the galaxies and hot 
gas we can see.  
 
Most of the stuff in clusters of galaxies is 
invisible and, since these are the largest 
structures in the Universe held together by 
gravity, scientists then conclude that most 
of the matter in the entire Universe is 
invisible.  
 
This invisible stuff is called 'dark matter', a 
term initially coined by Fritz Zwicky who 
discovered evidence for missing mass in 
galaxies in the 1930s.  

There is currently much ongoing research by scientists attempting to discover exactly what this 
dark matter is, how much there is, and what effect it may have on the future of the Universe as a 
whole. 
 
There are lots of ideas for what form the mater could take but so far we have not detected exactly 
what it is! 
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In 1990 A telescope was  put in orbit 
around the Earth so that images are 
not blurred by the Earth’s atmosphere 
  
It was called the Hubble space 
telescope after Edwin Hubble. Here 
are  pictures taken of the birth of a 
star 
 
Hubble profoundly changed our 
understanding of the universe by 
demonstrating the existence of 
galaxies other than our own, the 
Milky Way.  
 
He also realised that the Universe was 
expanding confirming the “big bang” 
as more than just a theory. 

Hubble Telescope - 1990 
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12.6 Mission to Mars 
Up to the end of 2006 there had been 37 
launches heading towards Mars Only 18 were 
successful 
 

In 1965 the Marina 4 space probe transmitted 
the first  close-up images of Mars. It took 4 days 
to transmit the images to Earth and they 
showed a surface cratered like the moon. 

 
Viking 1 & 2  (1975) took observations of the 
structure and composition of the atmosphere 
and surface revealed volcanoes, lava plains, 
canyons, wind formed features and evidence of 
past surface water. 
 
Path finder 1996 used solar panels charged  
with rechargeable batteries. Communications 
were lost  a year later for unknown  reasons. 

Mission to Mars 
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12.5 Light years 
A light year is a measure of the time it takes for light to 
travel a certain distance. 

Visible Light (ROY-G-BIV) is energy in the form of an 

Electromagnetic wave. Which can be transferred through 
space 

Light travels through space (a vacuum) at a constant speed 
of 300, 000 km/s or 300,000,000 m/s. 

This is very fast and so is useful to be able to express very 
large distances. We talk about them as “light years”. 

In fact if you think that 1 year is 365 x 24 x 60 x 60 seconds 
then after 1 year, light has travelled……. 

 

1 light year = 9 460 730 472 580.8 km 

 

Polaris is about 430 light-years from Earth  

Light Years.... 

time

cedis
speed

tan


There are... 
 
 31536000s  
 
in a year 

http://en.wikipedia.org/wiki/Light-years
http://en.wikipedia.org/wiki/Light-years
http://en.wikipedia.org/wiki/Light-years
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Parsecs.... A2 Physics! 

One of the oldest methods for astronomers to calculate 
the distance to a star was to record the difference in angle 
between two measurements of the position of the star in 
the sky.  
 
The first measurement was taken from the Earth on one 
side of the Sun, and the second was taken half a year later 
when the Earth was on the opposite side of the Sun.  
 
Thus, the distance between the two measurements was 
known to be twice the distance between the Earth and 
the Sun.  
 
The distance to the star could be calculated using 
trigonometry.  
 
Since the parsec is based on an angle and the distance 
between the Earth and the Sun, it is fundamentally derived 
from the degree and the astronomical unit.  
 
The length of a parsec is about 30.857 petametres, 
3.26156 light-years or 1.9174×1013 miles.  

This is only for those of you 
who might come across it 
on the web for comparison! 
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Understanding gravitational field strength, g  

GCSE Gravitational Field Strength “g” is 
defined as a region in space where a small 
test mass feels a force due to its mass. We 
can define it two ways, but both are 
equivalents (the same). The example is for a  
baby with a mass of 10kg on Earth 

F   = ma        Force = mass x acceleration 
w = mg      Weight = mass x gravity 

To understand this better in A-Level 
Physics we can more usefully define “g” 
in terms of the mass of the planet and its 
radius, with the universal gravitational 
constant “G”. The example below is 
shown for the earth 

2r

GM
g 

m

F
a 

m

W
gor 

In your exam you can 
use... 
 
g = 10ms-2 

g = 10Nkg-1 

110
10

100  Nkg
kg

N
g

g = 9.81ms-2 

g = 19.81Nkg-1 
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Differences in the orbits of comets, moons and planets 

Planets 
 
The planets take different amounts of 
time to go around the Sun. A single 
orbit is called the planet's year, and 
the further out a planet is the longer its 
year takes. 
 
The orbits of the planets in the solar 
system are almost circular with the Sun 
near the centre. Many diagrams show 
the orbits very squashed from top to 
bottom.  

Comets 
Comets are balls of ice and dust in 
orbit around the Sun. The orbits of 
comets are different from those of 
planets - they are highly elliptical. A 
comet's orbit takes it very close to the 
Sun speeding up and then far away 
again. The time to complete an orbit 
varies - some comets take a few years, 
while others take millions of years to 
complete an orbit. 

Asteroids 
Asteroids are rocky objects, smaller 
than planets. Most of them are found 
in an 'asteroid belt', in orbit around the 
Sun between Mars and Jupiter.  The 
minor planet Ceres is found here, too.  
 
Asteroids can crash into each other. 
When they do, they may break apart 
and their orbit may change. 

Dwarf Planet 
A dwarf planet is a planetary-mass 
object that is neither a planet nor 
a natural satellite. It is in direct orbit 
of the Sun, and is massive enough for 
its gravity form a sphere but has not 
cleared the neighbourhood of other 
material around its orbit (i.e. Rocks) 
as “g” gravity caused by the planet is 
quite low. 

Satellites 
These can be either manmade in terms 
of weather, telescopes, TV, GPS or spy 
satellites or natural such as our own 
moon and placed in fixed orbit. 
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Gravitational force causes.. 
moons to orbit planets 
the planets to orbit the sun 
artificial satellites to orbit the Earth 
comets to orbit the sun 

It helps to use the GCSE formula to 
explain this (can use words instead) 
  
Centripetal force is increased when: 
 
• the linear speed is increased; 
• the mass is increased; 
• the radius is decreased 

r

mv
F

2



1. When we think about “g” acting on objects, it is almost like a 
plane flying on a string around a spike in the ground. 
 

2. The plane is pulled towards the centre of the spike constantly 
The forwards motion ensures it does not crash into the spike. 
 

3. The centripetal forces caused by the gravitational field make 
moons, planets, satellites or comets to orbit in a circular or 
elliptical fashion. 
 

4. The forwards velocity of a planet ensures it does not crash 
into the sun 

F 

v 
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For GCSE Physics we say that each solar 
body will follow an orbit in a time 
according to a simple formula which 
relates radius of orbit, and velocity of 
body. 
 
 
 
 
 
From this equation we can see that the a 
larger orbit will mean a longer time 
period. This means that the velocity of 
orbit will be lower for planets further 
away. (see graph for examples). 
 
This is a simple version of a more complex 
(more accurate equation) and works pretty 
well for the moon but as you get further 
away it is not so good. 

Relationship between orbital speed, orbital radius and time period 

v

r
T

2
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Worked Example..... Earth 
 
Radius of orbit = 149.6 million km 
Time for Orbit = 365.25 days  
 
r= 149.6 x 106km 
r = 149.6 x 109m 
r = 1.496 x 1011m 
 
T = 365.25 * 24 * 60 * 60 
T = 31557600s 
 
v = 2r/T 
v = (2 * 1.496 x 1011m) / 31557600s 
v =  29,785.67ms-1 

v =  29,785 ms-1 

v=  29,790 ms-1    (4 sig figs) 
 
v=  29,800 ms-1    (3 sig figs) 

Using the relationship between orbital speed, orbital radius and time period 

v

r
T

2
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Kepler studied planetary bodies and realised that 
planets don’t actually orbit in a circle but actually 
speed up and slow down as the move in an ellipse.  
 
This means our Maths is adjusted so that the area 
swept out by the motion of the body is always the 
same each second, so that when the body is further 
away it reduces speed his formula for A-Level 
Physics was... 
 
 
 
 
In essence this showed that the further you are 
away the longer the orbit time is. 
 
We could plot a graph in terms of “astronomical 
units” (mean distance from Earth->Sun) against the 
time for orbit in Earth years. We get an amazing 
graph! 

The relationship between orbital speed, orbital radius and time period 

32

32 4

rT

r
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Line Spectra... 

When we talk about “Line Spectra” for an atom we simply mean that an atom can 
absorb or emit radiation at certain frequencies.  

 

If we look at the frequencies emitted or absorbed we can see a spectrum with 
omissions. 

656nm 
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How are Line Spectra Made... 
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Geissler Tubes 

Hydrogen 

Violet (380-435nm)  
Blue(435-500 nm)  
Cyan (500-520 nm)  
Green (520-565 nm)  
Yellow (565- 590 nm)  
Orange (590-625 nm)  
Red (625-740 nm) 

Argon 

Nitrogen 

Neon 

Helium 

These low pressure tubes 
emit light which can be 
viewed with a spectroscope 
to separate the individual 
wavelengths of light. 
 
We can analyse the gas 
atoms by their fingerprint. 
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Spectral Gases  

Imagine that we look towards a star and then pass its light through a cold gas 
then then a prism to make an absorption spectrum. 
 
What elements would be present? 

Star X 
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Spectral Gases & Shift  

Here are three spectral diagrams from a star. The first one is a reference diagram.  The 
second two are shifted across to the red end of the spectrum.  
 
Hence, they are moving away from us. We can tell how fast they are moving by the 
shift. The middle band is actually shifted by a distance of 100Å (angstrom) or 100 x 10-

10 m. (10nm). This translates to a speed of 24,000 km/hour or 15,000 mph.  
 
The bottom band is shifted by 760Å or (76nm) which translates to a speed of 
136,000km/hour or 84,000 mph. 

Near close static 
Star of know type 

Similar Star moving 
away from us 

Similar Star moving 
away from us (really 

fast) 



Animated Science 
2015 

Spectral Gases Conclusion 

So these pictures show us that the lower stars are moving away from us 
 
Also the further they are away the faster they travel. 
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Credits... 

Thanks goes to the following sources of information... 
 
https://www.nasa.gov 
 
https://en.m.wikipedia.org 
 
http://nasa.tumblr.com/post/150688852794/zodiac 
 
https://en.m.wikipedia.org/wiki/Nuclear_fusion# 
 
http://hyperphysics.phy-astr.gsu.edu/hbase/NucEne/fusion.html  
 
 
 
 

https://www.nasa.gov/
https://en.m.wikipedia.org/http:/nasa.tumblr.com/post/150688852794/zodiac
https://en.m.wikipedia.org/http:/nasa.tumblr.com/post/150688852794/zodiac
https://en.m.wikipedia.org/http:/nasa.tumblr.com/post/150688852794/zodiac
https://en.m.wikipedia.org/http:/nasa.tumblr.com/post/150688852794/zodiac
http://nasa.tumblr.com/post/150688852794/zodiac
https://en.m.wikipedia.org/wiki/Nuclear_fusion
http://hyperphysics.phy-astr.gsu.edu/hbase/NucEne/fusion.html
http://hyperphysics.phy-astr.gsu.edu/hbase/NucEne/fusion.html
http://hyperphysics.phy-astr.gsu.edu/hbase/NucEne/fusion.html

