
ASTRONOMY – SOLAR SYSTEM 

 

SOLAR SYSTEM - The solar system is the collection of planets and their moons in orbit around 

a sun, together with smaller bodies such as asteroids, meteoroids, and comets.  

The solar system has 2 parts. 

1. The inner solar system: It includes Mercury, Venus, Earth, Mars.  

2. The outer system: It includes Jupiter, Saturn, Uranus, Neptune and Pluto. Inner planets are 

separated from the outer planets by the Asteroid Belt. 

 

 

  



HOW DID THE SOLAR SYSTEM FORM 

This is an important question and one that has been difficult for scientists to understand because 

the creation of the Solar System happened billions of years before people existed. It is believed 

that the Solar System evolved from a giant cloud of dust and clouds. This dust and clouds began 

to collapse under the weight of its own gravity. As it did, the matter within this began moving in a 

giant circle, just like the water moves around the center of a drain in a circle.  

At the center of this spinning cloud, a star began to from. This grew larger and larger as it collected 

more dust and gas that collapsed into it. Further away from where this star was forming, there 

were smaller clumps of dust and gas that were also collapsing. The star in the center eventually 

ignited forming our Sun, while the smaller clumps became planets, moons, comets and asteroids.  

Once the Sun ignited, atomic particles began to blow outward from the Sun. These were powerful 

solar winds and they slowly pushed the remaining gas and dust out of the Solar System. With no 

more gas or dust, the planets, asteroids, moons and comets stopped growing.  

You will notice that the 4 inner planets are much smaller than the 4 outer planets. This is because 

they are located closer to the Sun where the solar winds are stronger. As a result, the dust and 

gas was blown away much more quickly from the inner solar system. This gave these planets 

less time to grow and they remained smaller. 

Another difference is that the inner planets are made up of rock and dust, while the outer planets 

are made of gas and water. This is also because of the solar winds. As the outer planets grew 

larger, their gravity had time to accumulate massive amounts of gas, water as well as dust.  

  



THE ASTEROID BELT, THE KUIPER BELT, AND THE OORT CLOUD 

ASTEROID BELT 

This band separates the inner and outer planets and is located between Mars and Jupiter. It is 

made of thousands of objects that are too small to be considered planets, even though some are 

100 miles across and some have their own moons. These are called asteroids or minor planets. 

KUIPER BELT 

Further out, beyond the orbit of Pluto, there is another belt called the Kuiper Belt. It is also made 

up of thousands of objects too small to be considered planets. They are made of mainly frozen 

gas with small amounts of dust and are called dirty snowballs or comets. Sometimes, these 

comets get thrown off their orbit towards the Inner Solar System, where the frozen gas tail melts 

with a big show of light. 

 

 

OORT CLOUD 

Beyond the Kuiper Belt, there is a vast area called the Oort Cloud. It is jumbled and disorganized 

and has millions of additional comets. They do not orbit the Sun but move in a completely random 

direction, and at extremely high speeds.  



 

 

HELIOSPHERE 

The Sun’s solar winds begin to push out until they finally begin to mix with and get lost with winds 

from other stars. This creates the Heliosphere and scientists define this as the outer boundary of 

the Solar System. It is about 15 billion miles from the Sun.  

 

 

  



SUN – The star that is the central body of the solar system, around which the planets revolve and 

from which they get light and heat.  The earth is about 93 million miles from the sun. The Sun is 

the nearest star to Earth. 

The Sun is about 92% hydrogen. It is slowly being changed into helium in a nuclear reaction.  

Solar – Something pertaining to or determined by the sun – solar hour, solar energy, solar store.  

LAYERS OF THE SUN 

CORE: The layers of the Sun are made up of hot gases. They are not solid like the layers of the 

Earth. The energy of the Sun moves from the inner most core to the outer regions. The core is 

where the energy is first formed. The temperature here is about 27 million degrees F. 

RADIATIVE ZONE: The energy moves out from the core through the radiative zone next. It is 

slightly cooler than the core. Its temperature is about 4.5 million degrees F. 

CONVECTION ZONE: This is the next layer. Convection is how energy moves from the inner 

parts of the Sun to the outer part that we see. It is like the bubbling of a hot soup. The Sun’s 

convection zone has a temperature of about 2 million degrees F 

PHOTOSPHERE: This is the Sun’s visible surface. The bubbling of the convection layer makes 

granular patterns that we can see on the photosphere. They look small but are the size of the 

Moon. Sun spots which indicate magnetic storms are also visible on the photosphere. This layer 

of the Sun is about 10,000 degrees F, but the Sunspots are cooler, about 7800 degrees F. 

CHROMOSPHERE: This is the next layer. It has huge solar flares and loops of hot gases shooting 

up thousands of miles. This layer is hotter and its temperature is about 50,000 degrees F. 

CORONA: This layer is above the chromosphere, but we can only see it during a solar eclipse. It 

is very thin. It is also very hot, about 4 million degrees F and scientists are still trying to understand 

why. It is the outermost layer of the Sun. 



 

  



PLANET– Any of the nine large heavenly bodies revolving around the sun, and shining by 

reflected light – Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune. Pluto was 

considered a planet but is now considered a dwarf planet. Saturn is the planet that has many 

rings. It has 18 known moons, more than any other planet. The smallest planet was Pluto but now 

it is Mercury. The largest planet is Jupiter.  

Planets can be grouped by composition  

1. Rocky planets (Mercury, Venus, Earth, Mars, Pluto): They are made of rocks & metals. 

They are heavy, move slowly, have no rings and few moons.  

2. Gas planets (Jupiter, Saturn, Uranus, Neptune): They are made of gases; hydrogen & 

helium, and are light, move quickly (like balloons), have rings & moons.  

 

 

 



KEY FEATURES OF PLANETS 

1. Mercury – It is the closest planet to the Sun and has high extreme temperature. It is a small 

rocky planet with no moons. It has no atmosphere and like the Moon, has many craters on its 

surface. It revolves around the Sun every 88 days and has a weak magnetic field. 

2. Venus – It is 2nd closest to the sun and even hotter than Mercury. It is similar to Earth in Mass 

and size and has few craters. It is the flattest planet and turns the opposite direction to 

practically all the other planets. It is a rocky planet and is surrounded by thick yellow clouds 

which are made up of sulphuric acid which is poisonous. It has no moons and is usually visible 

to the naked eye. It is a very bright planet. A day on Venus is longer than its year.  

3. Earth – It is 3rd closest to the Sun. It is small and rocky and the only known planet with life on 

it. About ¾ of the Earth’s surface is covered with water. It is the only planet on which water 

can exist in liquid form on the surface. This is the reason that life can be sustained on it. It has 

I moon. It has a strong magnetic field which is distorted into a tear drop shape because of 

solar winds. It has Van Allen radiation belts which are areas where particles from the Sun are 

trapped, like a bar magnet traps paper clips.  

4. Mars – It is 4th from the sun. It is a small rocky planet which is cold and lifeless. It has ice caps 

at both poles, made up of carbon dioxide or dry ice. It is visible to the naked eye. It has two 

tiny moons called Phobos and Deimos which orbit close to its surface. It has a thin atmosphere 

and a reddish dusty surface. It is called the Red Planet. It is tilted 24 degrees and also has 

seasons. Olympus Mons is a huge volcano on Mars and Mariner valley is a huge valley. 

5. Jupiter – It is very large, twice as large as all other planets combined. It is a gas planet. Its 

main feature is a Great Red Spot, an enormous oval on it. It has four moons and is very bright 

(2nd to Venus). It has powerful gravity and a thick atmosphere of hydrogen and helium. The 

swirls and bands which surround Jupiter are the tops of clouds high in its atmosphere. Jupiter 

has the most moons. 

6. Saturn – It is a large planet. It is a gas planet. It has rings around it. These rings are made up 

of particles which circle Saturn at different speed. It has 18 moons, the most of all the planets. 

Saturn is noticeably flattened at the poles because of its very fast rotation (1 day is 10 hours 

and 39 minutes) 

7. Uranus – It is 7th from the sun. It is a gas planet with a center of mostly rock and ice. It also 

has rings or particles which circle the planet. It spins differently from most planets because it 

seems to be tilted sideways instead of right side up. It has 15 moons. Because Uranus 

appears to be tipped on its side, its rings go vertically rather than horizontally and poles are 



on the side rather than the top & bottom. It has a blue-green color which is formed in its 

atmosphere due to methane absorbing red light. 

8. Neptune – It is the 8th planet from the Sun. Like Uranus, the blue color comes from the gas 

methane in its atmosphere. It has 8 moons, 1 of these is very large called Triton. 

 

DWARF PLANETS  

The reason Pluto, Ceres, Haumea, Eris are called dwarf planets is due to the fact that the path of 

their orbits is not clear. They orbit in regions that are populated by lots of other objects. The 8 

traditional planets make their journey (orbits) around the sun with very little getting in the way. 

Another difference between the 8 regular planets and dwarf planets, is that dwarf planets tend to 

be smaller than regular planets. 

 

The Dwarf planet category was created in 2004 after it was found that there were several objects 

in the solar system like Pluto. They had tilted and elliptical orbits that did not fit in with the rest of 

the planets in the solar system. They were too round and too large, to be called asteroids or 

comets either. The category of Dwarf Planets was created and it is expected that more planets 

may be added as new ones are discovered. 

 

 

 

 

 

 



 

KEPLER’S LAWS 

 

1. The first law says that the planets move on a special path called an ellipse. 

2. The 2nd law states that planets move more quickly when they are nearer to the Sun. 

3. The 3rd law says that the further away a planet is from the Sun, the longer its year is. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



ROTATION– The movement or turning around of the earth or a heavenly body, on its axis.  

What causes Day and Night 

This is caused by the rotation of the Earth on its axis. An important fact – if the Earth’s axis was 

completely straight, all places on Earth would experience equal times of day & night i.e. 12 hours 

of day and 12 hours of night. 

 

However, since the Earth’s axis is tilted and since the Earth is a globe, certain places have more 

hours of day than night. In extreme places, like the North or South Pole, the sun may never set 

or rise at different times of the year. So for a while, they have all day or all night. 

We do not see the moon and stars during the day because their fainter lighter is overshadowed 

by the sun’s bright light. 

 

AXIS – The central line about which a rotating body, such as the earth turns. It is an imaginary 

straight line passing through the North Pole, the center of the Earth and the South Pole. The Earth 

rotates around this axis.  

 

REVOLUTION – It is the orbiting of one heavenly body around another. If the axis is outside the 

body, if the object is orbiting about another object, then one complete orbit is called a revolution. 

But if the object is turning about on an axis, passing through itself, then one complete cycle is 

called a rotation. This difference can be summed up as “the Earth rotates on its axis and revolves 

around the Sun”.  

 

ORBIT – The curved elliptical path that a planet follows when moving around the sun.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Inertia – Newton’s first law of motion deals with a property of objects called inertia. It says that an 

object that is at rest (or stationary) tends to remain at rest, while an object in motion tends to stay 

moving, until a force acts to change that state of rest or motion. 

Inertia is a measure of how hard it is to get an object to speed up or slow down. This often depends 

on the mass of an object. The heavier it is, the harder it is to move it or slow it down. 

How do gravity and inertia affect orbit 

In general a planet has inertia and wants to keep moving in a straight line. However the larger 

body (Sun on planets, Earth on Moon) has a larger gravitational pull and wants to pull the smaller 

object to it. The forces reach a state of balance and cause a circling or orbiting. 

Orbits are the result of a perfect balance between the forward movement of a body in space (like 

a planet or moon), and the pull of gravity on it from another body in space (like a large planet or 

star). These forces of inertia and gravity have to be perfectly balanced for an orbit to happen. 

An inward force towards the center of a circle is called centripetal force. 

 

The combination of inertia and gravity is also what keeps a satellite orbiting around the Earth. 

 

 

 

        Object speeding 

 Gravity attracting Object tries to move                           the balance of forces 
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APHELION AND PERIHELION – The Earth’s orbit around the Sun is not round. It is 

elliptical. This means that there will be times when the distance between the Earth and 

the Sun varies. Perihelion is the point in the Earth’s orbit when it is nearest to the Sun. It 

occurs around January 3rd. Aphelion is when the Earth is furthest away from the Sun and 

it occurs around July 4th. Seasons however are NOT due to aphelion and perihelion, they 

are caused by the tilt of the Earth. 

 

 

SEASONS – One of the four natural periods or divisions of the year – spring, summer, autumn 

and winter. Each has specific climate conditions.  

Tilt of the earth – The earth is not exactly straight. The Earth’s axis is tilted from straight by 

23.45 degrees.  

The tilting of the earth is what gives us the 4 seasons of the year – spring, summer, fall, and 

winter. This is because since the earth is tilted, different parts of it are closer to the sun at different 

times of the year. The 23.45 degree tilt of the Earth causes some places to be nearer the sun, get 

more sunlight and have summer. The opposite happens in places that are further away. 

Star – Any of the heavenly bodies, except the moon, appearing as fixed luminous points in the 

sky at night.  
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MOON – A natural satellite of the earth or a planet – an object that revolves around the planet in 

an elliptical orbit and is visible by reflection of sunlight (they shine by reflected light). Planets vary 

in the number of their moons e.g. Mercury and Venus have none, Earth has one and Jupiter has 

17 or more.  

FEATURES OF THE MOON: The Moon has no magnetic field today but had a weak one in the 

past. Heat flow experiments show that the Moon is losing heat.  

CRATERS: These are formed by the impact of objects from space. The Moon has no atmosphere 
to protect it. The Moon also has more craters than Earth because erosion has removed many of 
the craters on Earth.  
  
MARIA: These are large dark flat areas. They were formed by huge lava flows that covered low 
lying areas, billions of years ago. 
 
HIGHLANDS: They are light colored heavily cratered regions at higher elevations than maria. 
 
MOUNTAINS: These are formed as a result of violent impacts of debris from space that created 
the maria. 
 
VALLEYS: They are depressions, the most famous of which is the Alpine Valley. 

 

 

 

 

 

 

 

 

 



PHASES OF THE MOON – The revolution of the Moon around the Earth makes the moon 

appear to have changing shapes in the sky. This depends on the amount of sunlight hitting it. 

These changing shapes of the bright part of the moon, is called its phase. The phase of the moon 

depends on its position in relation to the Sun and Earth. 

Because the Moon revolves around the Earth, it appears as if the Moon is changing its shape. 

The changing shape of the bright part of the moon (that we see) is called its phase. The moon is 

lit up because it reflects the light from the Sun. The part of the Moon facing the Sun is lit up. The 

part facing away from the Sun is in darkness. From Earth, we see the Moon grow from a thin 

crescent to a full moon, and then shrink back to a crescent again, before disappearing for a few 

days.  

1. Waxing – When the bright part is getting bigger, the moon is waxing. 

2. Waning – When the bright part is getting smaller, the moon is waning. 

3. Gibbous moon – When the moon shape is more than half lit. 

4. Crescent moon – When the moon shape is less than half lit. 

The phases of the moon depend on its position in relation to the Sun and Earth There are eight 

phases of the moon. It takes 29.5 days to go through all eight phases and this is called a lunar 

month. The eight phases of the Moon are: 

1. New Moon – No moon is visible 

2. Waxing Crescent – Moon becoming bigger, less then ½ lit 

3. 1st quarter 

4. Waxing gibbous – Moon becoming bigger, more than ½ lit. 

5. Full Moon 

6. Waning gibbous – Moon becoming smaller, more than ½ lit up. 

7. Last quarter 

8. Waning crescent – Moon becoming smaller, less than ½ lit up. 



 

 

CRATER– The surface of the moon has many depressions or craters. These craters are because 

of asteroids, comets or meteorites hitting the moon. There is no atmosphere on the moon to help 

protect it from these impact forces.  

MOONLIGHT – The light from the moon.  

 

 

 

 

 

 

 



APOGEE AND PERIGEE - The Moon revolves around the Earth in an orbit that is not circular, it 

is elliptical. The point on this ellipse when the Moon is closest to the Earth is called perigee. The 

point at which it is farthest from the Earth is called apogee. Apogee and perigee refer to the 

distance from the Earth to the Moon.  

The apogee and perigee of the moon have an effect on the tides here on Earth. When the moon 

is at apogee, the furthest distance from the Earth, it has less gravitational pull which can 

contribute to lower tides. When the moon is at perigee, closer to the Earth, there is more 

gravitational pull which contributes to the opposite effect of higher tides. 
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ECLIPSES 

Lunar eclipse – A lunar eclipse happens when the moon passes through the shadow of the 

earth. As the Earth orbits around the sun, it sometimes comes between the Sun and Moon. When 

this happens, the Earth blocks out some of the sunlight that would normally reach the Moon, and 

creates a shadow on the Moon’s surface. This means that the Moon cannot be seen from Earth 

and is called a lunar eclipse. 

                        

 

 

Solar Eclipse – A solar eclipse occurs when the Moon goes in front of the Sun and blocks most 

of the Sun’s light from the Earth.  

  



CONSTELLATION – An easily recognizable group of stars that appear to be located close 

together in the sky, and that forms a picture, if lines connecting them are imagined. Constellations 

are usually named after an animal, a character from mythology or a common object like Big 

Dipper, Andromeda, Delphiniums, Hydra, Leo, Cancer, and Pegasus. Constellations are a group 

of stars that makes an imaginary shape in the night sky when lines connect them. Constellations 

are not real objects; they are just patterns, as seen from our observation point on Earth. There 

are 88 official constellations. 

 

 

 
SEASONAL AND CIRCUMPOLAR CONSTELLATIONS 
 
Because of the rotation of the Earth and its orbit around the Sun, we divide constellations into 

two groups. Some never rise or set and are called circumpolar. All the rest are seasonal. 

Seasonal constellations are not visible all year round. As the Earth travels around the Sun, at 

different seasons, different constellations cross the sky.  

 

Circumpolar constellations refer to a group of constellations that never set when they are 

viewed from the viewer’s latitude. They are always above the horizon, even in the daytime. They 

are called circumpolar because they circle the pole star. Considered an important effect in 

astronomy, they are different from seasonal constellations. Circumpolar constellations stay in 

the sky. Circumpolar constellations revolve around the pole and thus are visible all year long 

from that hemisphere (i.e constellations that are circumpolar to the north pole are visible all year 

long in the northern hemisphere) 



 

Circumpolar constellations are made up of the Ursa Major, Ursa Minor, Cassiopeia, Cepheus, 

and Draco. Any constellation that is found in the Zodiac is NOT circumpolar; those are seasonal 

instead. The circumpolar constellations are among some of the most well known star groups. 

Everyone knows the Big Dipper in Ursa Major, the great Bear.  
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In addition to the sun and planets, the solar system contains many small bodies known as 

asteroids, comets and meteoroids. 

ASTEROID – They are also called minor planets (small planet). They also revolve around in Sun 

in orbits but are only about 1- 480 miles in diameter. These minor planets revolve around the sun 

in a region called the Asteroid Belt. They are rocky, metallic bodies and commonly lie between 

the orbits of Mars & Jupiter. About 60 asteroids have been named. The most commonly accepted 

theory about how asteroids formed, is that they are pieces of matter that never fully coalesced to 

form a planet. 

 

COMET – It is a celestial object (thing in space) that orbits the sun in an elongated (long) and 

eccentric path. It has a solid core but when it comes close to the sun, it heats up forming a gas 

tail streaming away from it. Some comets have orbital period around the sun of 200 years. A 

famous one is the Haley’s Comet that passes close to the Earth every 76 years.  

Comets are often called dirty snowballs because they are mixtures of ice and dust. The nucleus 

of a comet is the only active part of a comet. Once a comet comes near the sun, the ices contained 

in the nucleus turn to gas and plasma, creating a long 

visible tail that extends from the nucleus. Comets are 

of two types. 

1. Short period comets – They complete their orbit 

around the sun in two hundred years or less. 



2. Long period comets – They take more than two hundred years to orbit the sun. They have 

very long elliptical orbits. 

 

METEOROIDS, METEORS & METEORITES 

Meteoroids are small chunks of rock that are capable of intersecting the Earth’s orbit. If a 

meteoroid enters the Earth’s atmosphere, it is called a meteor or shooting star. This is because 

they create a streak of light when they enter the Earth’s atmosphere. This is due to their high 

speeds when they enter the atmosphere and the friction that they encounter, heats the 

surrounding area. Meteors enter the Earth’s atmosphere regularly and most nights, a few meteors 

can be seen. 

Meteoroids vary in size, most are small. Since most of them originate from asteroids (which are 

planetary objects that never fully formed a planet), they are studied closely to gain knowledge 

about planets & their formation. 

 

 



QUASARS 
 
Some objects in the universe shine brighter than trillions of stars. They are quasars. A 
quasar is an extremely bright, extremely distant, high-energy source.  
 
Since quasars are at a great distance, and light comes to Earth from them after billions 
of years, this means they are very old. Since the universe is expanding, the wavelength 
of light coming from them has lengthened or red shifted (shifted to the red end of the 
spectrum)  
 
Quasars may also be connected to black holes, or may be galaxies in an infant stage. 
 
 

  



SPACE WEATHER 

Even though the Sun is 93 million miles away from Earth, its activity has an 

impact on our planet, far beyond light and heat. This can be the constant 

stream of particles from solar winds, the unpredictable bombardment from 

solar flares and coronal mass ejections, and sunspots crossing the solar 

surface. All these fall under the definition of space weather. 

SOLAR WIND: Sometimes when the Sun is very active, the hot gases 

shooting out from the Sun are so powerful that they blow away from the 

Sun. They stream away in all directions and can move 1 million miles per 

hour. These are called solar winds. 

 

SUN SPOTS 

Almost any picture you see of the Sun will show sunspots. These are dark 

dots on the surface of the Sun and they are even visible from Earth. They 

are dark areas that are cooler than the surrounding areas. Sunspots are 

always in pairs and are intense magnetic fields (about 5000 times greater 

than the Earth’s magnetic field). You can think of sunspots as pores on the 

surface of the Sun where lines of magnetic force enter from one, and exit 

from the other. That is why they occur in pairs. Sunspots can be very large, 



upto 50,000 miles in diameter. The Sun has a magnetic field that is twisted 

around inside the Sun as it spins. There are places where this magnetic 

field rises up from below the Sun’s surface and pokes through, creating 

sunspots. Sunspots are magnetic and can have a north pole and a south 

pole like a magnet.  

 

 

SOLAR FLARES 

A solar flare is a sudden brightening observed on the surface of the Sun. It 

is a tremendous explosion that happens when energy stored in twisted 

magnetic fields above sunspots, is suddenly released. This release of 

magnetic energy that has built up in the solar atmosphere, is equal to 

millions of atomic bombs exploding. A solar flare contains high energy 

photons and particles. Even though solar flares stay close to the Sun, the 

material thrown into space by these explosions is radioactive. The solar 

flares emit radiation across the entire electromagnetic spectrum, from radio 

waves to gamma rays. When the energized particles that are released from 

solar flares race towards us, they arrive in only 8 minutes. Astronauts in 

space and spacecrafts risk being hit by these hazardous particles. Man 

made radiowaves travel through this part of the atmosphere, so radio 



communication can be disturbed. Satellites can be caught up in this and 

the resulting friction can slow down their orbit and bring them back to Earth. 

This radiation can affect space crafts, people in space, corrode equipment, 

overload cameras, and expose humans to dangerous radiation.  

 

 

CORONAL MASS EJECTION (CME) 

A coronal mass ejection is a massive burst of solar wind and magnetic 

fields rising above the solar corona, or being released into space. CME’s 

release huge quantities of matter and electromagnetic radiation into space. 

The ejected material is plasma consisting of mainly electrons and protons. 

The magnetic field lines that twist to form solar flares, can like a rubber 

band snap and break under tension and then reconnect. The gaps no 

longer hold the Sun’s plasma and this explodes into space as a CME.  

The Sun can produce almost 5 CME’s per day but most of them miss 

Earth. However if they do reach the Earth’s magnetic sphere, it can 

damage electronic equipment, power transformers, and oil and gas 

pipelines.  



When the energy from a solar storm reaches the vicinity of Earth, charged 

particles in our planet’s upper atmosphere interact with air to create the 

Aurora or Northern Lights, which is a fantastic display of color.  

 

 

SOLAR PROMINENCE 

A solar prominence is an arc of gas that erupts from the surface of the Sun.  

It is a very large and bright gaseous feature extending outward from the 

Sun’s surface, often in the shape of a loop. Prominences can go thousands 

of miles into space. They are held above the Sun’s surface by strong 

magnetic fields and can last for many months. At some time in their 

existence, prominences will erupt spewing enormous amounts of solar 

materials into space.  

 



 SUN CENTERED AND EARTH CENTERED MODELS 

These are two different theories about the motion of the stars and planets.  

Heliocentric Theory (Sun centered): This was given by Copernicus. It 

states that the Sun is the center of the Universe and the planets rotate 

around it. This theory was confirmed by Galileo.  

Geocentric Theory (Earth centered): This theory was given by Ptolemy. It 

is an outdated theory that believed that the Earth was the center of the 

Universe and all other objects orbited around it.  

 

 

 

 

 



LATITUDE AND LONGITUDE 

These are imaginary lines on the Earth to locate where cities and things are.  

LATITUDES – When looking at a map, latitude lines run horizontally, like the horizontal rungs of 

a ladder. They are also called parallels. Latitude lines run horizontally from east to west. They 

are parallel and equidistant from each other. Each latitude is 69 miles apart.  

Latitudes are numbered from 00 - 900 North and South. Zero degrees latitude is the Equator. The 

Equator is the imaginary line that divides the Earth into a Northern and Southern hemisphere. 900 

N is the North Pole and 900 South is the South Pole.  

Important lines of latitude  

1. Equator – It is 00 latitude and is the exact center that divides the earth into 2 hemispheres.  

2. Tropic of Cancer – It is 23.50  North  

3. Tropic of Capricorn – It is 23.50  South 

The area between the Tropic of Cancer and the Tropic of Capricorn is called the tropics. The 

tropics are warm with no seasons. Higher latitudes usually have colder climate because they 

are near the Arctic & Antarctic. A latitude of 80 degrees will be much colder than a latitude of 30 

degrees   

 

 



LONGITUDE -   Longitude lines run vertically from north to south and are also known as 

meridians. They are widest at the Equator and converge at the poles. The longitude line which 

runs through Greenwich in England is 00 degree longitude or the Prime Meridian.  

Longitude is measured in degrees East or West of the Prime Meridian. There are 180 degrees or 

longitudes east of the Prime Meridian and 180 longitudes degrees west. This makes a total of 

3600  

International Date Line – The 1800 line at the other side, is neither 1800 east nor west and is 

called the International Date Line. It is the 1800 Meridian on the opposite side of the Earth where 

the Eastern & Western hemispheres meet. It also marks the place where each day beings. The 

west side of the line is always 1 day ahead of the east side because the Earth rotates east of its 

axis. If you cross the date line going west, you gain a day. 

SIGNIFICANCE OF LATITUDE & LONGITUDE  

Lines of longitude are vertical lines running from North to South Pole. Lines of latitude are 

horizontal lines running east-west. When combined as a set of coordinates, they are very accurate 

in locating places on the globe.  

 



TIDES 

Tides are the rise and fall of the ocean’s waters because of the gravitational effects (forces) of 

the Moon and Sun. The Moon has a much greater impact than the Sun because it is much nearer. 

The high and low tide is caused by the gravitational forces between the earth and moon. An 

incorrect way of thinking is that the moon attracts all the water, causing a high tide on the side of 

the earth close to the moon and a low tide on the side far from the moon. If this was the case, 

there would be a high tide once per day. But there are 2 tides / day. There are generally two high 

tides in a day and two low tides.  

The part of the earth both away and close to the moon gets high tides. While low tide occurs at 

right angles to the moon. The Moon pulls the water closest to it. Therefore there is a high tide on 

that side. There is also a high tide on the opposite side. Low tides happen in between. 

Tidal Range: The difference between the high tide and low tide is the tidal range. It can vary 

from a centimeters to several meters. 

 

 



  



SPRING TIDES – As mentioned before, the Moon and Sun both affect tides. When the sun and 

moon are together and aligned, the gravitational pull of both of them is combined. This produces 

extra high, high tides and extra low, low tides. These are called spring tides. They occur during 

the full moon and new moon. 

 

 

 

 

 

NEAP TIDES – When the sun and moon are at right angles, their effects and the pull on the 

earth’s tides tends to cancel each other. These results in high tides that are lower than usual, and 

low tides that is higher than usual. These are called neap tides. They occur during the quarter 

moon phase. (first and third quarter) 

 

 



  

TIDAL BORE 

A tidal bore occurs in very few locations worldwide. The interaction of a tide 

with the outgoing current from a river into the sea, can sometimes produce 

a solitary wave that goes up the river from its mouth. 

It is usually seen where incoming tides are funneled into a shallow, 

narrowing river via a broad bay. A tidal bore is a large wave that is caused 

by the constriction of a high tide as it enters a long, narrow, shallow inlet.  

The precondition for the creation of a tidal bore is that the outflow speed of 

the river be greater than the incoming speed of the wave from the ocean. 

As waves approach the estuary, their speed generally becomes slower 

while the river is flowing out. This creates a block of the incoming tide and it 

sweeps over the river water and into the estuary as a frothy front or a 

conspicuous wave. 

http://www.youtube.com/watch?v=LWumonz87rA 

 

http://www.youtube.com/watch?v=LWumonz87rA
http://www.google.com/url?sa=i&rct=j&q=what+is+a+tidal+bore&source=images&cd=&cad=rja&docid=KPJPPESUfQdfXM&tbnid=VosksLeFL4zrMM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Tidal_bore&ei=_nSKUYLnFYKC8ASWjYG4Ag&bvm=bv.46226182,d.dmQ&psig=AFQjCNGPOvIfRGmocLq9zxSOOMVnIHW8ow&ust=1368114789262551
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TELESCOPES 

An instrument that we look through, for making distant objects look larger and nearer. 

The modern telescope was invented by Galileo Galilei in 1610. Telescopes show us 

distant objects. The bigger and better the telescope, the more details it reveals in distant 

objects and thus the more we learn about these distant objects. 

How do Telescopes work – It is important to understand the nature and properties of 

light to understand the workings of a telescope, because without light, telescopes would 

be useless. A beam of light is wave, that carries energy to the receiver. The eye sees 

images of waves with short length. These are called visible light. But there are light waves 

of lengths that the eye is unable  to see. Telescopes help us see these. 

OPTICAL TELESCOPES – These telescopes have lenses in them that collect light 

from objects in the sky. These lenses focus light by either bending it (refracting 

telescopes) or reflecting it to form an image (reflecting telescopes). 

Refracting telescope 

The initial design came from Hans Lippershey, but the modern refracting telescope was 

made by Galileo. A refracting telescope works just like a magnifying glass. It uses a 

convex glass lens to bend light and bring it into focus. This lens is thicker in the center 

than the edges. This bends the light at the edge of the lens more. It allows all the light to 

come together at a focus point, where the image is created. When someone looks through 

the eyepiece, a concave lens magnifies the image. Refracting telescopes have two 

problems- images are not always clear because the light is being bent. Also the size of 

the lens is limited and this limits the power of the telescope. For most researching 

purposes, the refracting telescope has been superseded by the reflecting telescope.  



 

 

 

 

 

 

http://www.astronomynow.com/astrofest2011blog/istar%20cft152-8.jpg
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http://www.google.com/url?sa=i&rct=j&q=refracting+telescope&source=images&cd=&cad=rja&docid=zjMH1Oiw17z36M&tbnid=q6PnFO_pgDMibM:&ved=0CAUQjRw&url=http://amazing-space.stsci.edu/resources/explorations/groundup/lesson/basics/g8a/&ei=3XCBUdmqL8W22gW_poCABw&psig=AFQjCNHxw9usD_7rkm-281Gtc_aFPzsMvg&ust=1367523665757035


Reflecting telescope 

Isaac Newton invented the reflecting telescope. Reflecting telescopes use curved mirrors 

instead of lenses. A large concave mirror collects and reflects the light to make an image. 

Once the image is formed, a lens in the eyepiece magnifies the image. It was possible to 

see better images with this type of telescope because mirrors could make clearer images 

since the mirror could be made larger than lenses. It is still used today. A reflecting 

telescope is very large and heavy though. 
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RADIO TELESCOPE  

 In contrast to an ordinary telescope which produces visible light images, a radio telescope has 

antenna that picks up radio waves and radiation from different sources and planets. The largest 

radio telescope is in Puerto Rico. Radio telescopes are very large and are located in remote 

areas, where the radio waves emitted from TV’s, radio and other appliances will not interface with 

their function. 

A radio telescope is a very sensitive receiver of radio waves and can pick up signals that optical 

telescopes cannot because the length of radio waves is much longer than light. Radio telescopes 

hare two basic components. 

1. A dish shaped antenna that points to the sky to collect radio waves and feeds them to a 

receiver. 

2. A receiver that turns the radio waves signal and stores it as information in computer. 

 

 

 

 

 

 



SPACE PROBES 

A space probe is an unmanned craft which is sent into space to do research. When we want to 

get close up pictures and information about the planets, moons, comets and asteroids in our solar 

system, space probes are sent. They carry cameras and instruments far out into the solar system. 

They can even orbit around planets or moons to study them more closely. 

 

 



SPACE RADIATION 

Space radiation is emitted by the Sun, other stars and other high energy objects 
outside the Earth’s atmosphere. This radiation bombards the Earth on a regular 
basis but other than UV rays, we do not pay much attention to this radiation 
because the Earth has several natural barriers that protect us from the worst 
radiation.  

Radiation comes in varying strengths. The three types are alpha, beta and 
gamma radiation. These have different energy levels. 

1. Alpha particles: these are the weakest and can easily be blocked by the 
skin or a piece of paper. 

2. Beta particles: these are stronger and can penetrate the skin. It can strike 
our DNA and cause mutations of the genes. However aluminum or other 
substances of similar density can deflect these particles. 

3. Gamma particles: these are the strongest radiation particles and the most 
common radiation in space. Only the most dense particles can stop them 
and absorb them. 

The Earth’s atmosphere is the main shield that protects us from space radiation. It 
works in two ways. 

1. The Earth uses its natural magnetic field called the magnetosphere, to 
redirect dangerous particles away from the surface. Radiation is made up of 
high energy particles so the Earth’s magnetic field deflects them. 

2. The second way the Earth protects us, is through the density of our 
atmosphere. Any remaining radiation that gets past our magnetosphere is 
the lower levels of our atmosphere. This leaves only the weakest and the 
more beneficial types of radiation behind.  

Space radiation is a practical concern for space crafts. These do not have the 
perfect defenses that the Earth has with its magnetosphere and atmosphere. This 
puts astronauts at risk whenever there is a solar storm, or from the radiation of 
space. Scientists are developing technologies that can protect humans and space 
crafts from space. One invention is a satellite that acts as an early warning system, 
allowing the astronauts to find shelter. The other new technology is an artificial 
ionic shield that mimics the Earth’s magnetosphere and redirects dangerous 
particles away from astronauts.  

 



  



INTERNATIONAL SPACE STATION 

The International Space Station is a large space craft. It is an artificial satellite 

that orbits around the Earth. It is also a science lab. Many countries worked 

together to build it and work together to use it. It orbits at about 220 miles above 

Earth.  

It is made of many pieces that were put together in space by astronauts. The first 

piece was launched in 1998 by a Russian rocket. After that more pieces were 

added. The first crew arrived on it two years later in 2000. People have lived on it 

ever since then. Morepieces were added and its construction was completed in 

2011. 

The space station is as big as a house with 5 bedrooms. It has 2 bathrooms, a 

gym, and a big window. Six people are able to live there. It weighs about 1 million 

pounds and is big enough to cover a football field. It has science labs from the 

US, Russia, Japan, and Europe.  

The space station is made of many parts called modules. Labs on space station 

let astronauts do research. On the sides of the space station are solar arrays 

which collect energy from the sun and convert it into electricity. Robot arms are 

present on the outside. They helped build the ISS and can also move astronauts 

around outside, and control science experiments. There are airlocks that serve 

as doors. There are docking ports as well, that act as doors. The docking ports 

allow visiting space crafts, new crew, and supplies to enter. 

The space station is a home in orbit. Crew members do research here that could 

not be done on Earth. They study what happens to people in space and what 

space is like. The ISS serves as a gateway from which people can be sent even 

further deep into space. 

 

http://www.google.com/url?sa=i&rct=j&q=international+space+station&source=images&cd=&cad=rja&docid=8MvlIPwnzP8kMM&tbnid=iq6uevH3TASYJM:&ved=0CAUQjRw&url=http://www.arrl.org/news/international-space-station-experiences-loss-of-communications-with-ground-control&ei=pjGBUbieFae32wWl8YGICA&bvm=bv.45921128,d.aWM&psig=AFQjCNFAeRAsHqNzaCR0HKD3-ZfFWyP54Q&ust=1367507741789828


HUBBLE TELESCOPE 

The Hubble Space Telescope is a large telescope in space. It was launched by 

NASA in 1990 and named after an astronomer Edwin Hubble. The Hubble 

telescope is the size of a school bus and weighs two elephants. It travels around 

the Earth at 5 miles per hour and orbits the Earth every 97 minutes.  

Hubble faces towards space. It takes pictures of planets, stars, and galaxies. It 

has seen the birth and death of stars, galaxies that are billions of light years 

away. It has also seen comets crash into Jupiter’s atmosphere. Hubble is able to 

see space between than other telescopes. This is because the Earth’s 

atmosphere blocks some of the light from space. Since Hubble orbits high 

enough above Earth, it is able to avoid this problem and see more.  

Hubble pictures have helped scientists guess the age and size of the universe. It 

has also helped understand how the planets and galaxies form. Hubble has 

spotted black holes which suck in everything around them including light. Hubble 

has also helped to discover dark energy which is a strange force that causes the 

universe to expand faster as time goes on. Hubble has also given information on 

the explosions that occur when stars die. The Hubble Telescope has been 

repaired five times.  
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ROCKET 

A rocket is used to launch things into space. Rockets burn a propellant fuel. The 

rocket engines convert the fuel into a hot gas which is pushed out through the 

back of the rocket. This propels the rocket into the air with great force, enough to 

break out of the Earth’s atmosphere. The work of three pioneering scientists lead 

to the development of rockets. These were Konstantin Tsiokovsky (Russia), 

Robert Goddard (USA) and Hermann Oberth (German).  

A rocket is different from a jet engine. A jet engine needs air to work. In space, 

an engine has nothing to push against. Rockets work according to Newton’s third 

law of motion which states that for every action, there is an equal and opposite 

reaction. The engine and combustion process, creates a thrust backward and 

moves the rocket forward. Unlike a jet engine, a rocket must carry both fuel and 

an oxidizer (such as oxygen) that allows the fuel to burn. Since rockets carry their 

own oxidizer, they are able to operate in the vacuum of space.  

There are two main types of rocket engines: liquid fuels and solid fuels. The main 

engines of the space shuttle use liquid fuels. On the side of the space shuttle are 

two solid rocket boosters which use solid fuels. Fireworks also use solid fuels. 

Uses of rockets: Rockets are an essential part of space travel. Jets are 

unsuitable for space flight because an airplane relies on air flowing underneath 

the wings to keep them aloft. After a certain altitude, there is no atmosphere, no 

air to support the planes wings. This is where rockets come in. They burn fuel 

which allows a space shuttle or probe to enter space. Rockets are used to carry 

satellites and probes into space. These help in our daily communication, monitor 

weather, and study other planets or objects in space. 
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SPACE SHUTTLE 

The space shuttle was designed to take astronauts and cargo into space. It can 

take as many as seven astronauts to and from space. The first space shuttle 

flight took place in 1981. It was retired in 2011 after being launched more than 

130 times. 

The space shuttle has done many kinds of jobs. It has launched satellites from its 

cargo bay. It has been a science lab while orbiting Earth. It’s crews have fixed 

the Hubble Telescope and worked on the ISS.  

Parts of the space shuttle: It has three main parts. The first part is the orbiter, 

which is the only part that goes into orbit around Earth. It is also the part where 

crew members live and work. The second part is the external fuel tank. This 

connects to the bottom of the orbiter for launch. The third part is two solid rocket 

boosters which are long and thin. 

How the space shuttle launches and lands: It takes off like a rocket. The solid 

rocket boosters and main engines on the orbiter provide the thrust for launch. 

The SRB’s fall off after 2 minutes and fall into the ocean where they are 

recovered for reuse. The main engines fire for another 6 minutes and then the 

external tank drops off. Shortly after this, the shuttle and crew are in orbit. The 

space shuttle lands like a plane. While in orbit, it fires engines to slow down and 

stop orbiting. After it reenters Earth’s atmosphere, it glides in for landing.  
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SPACE SATELLITE 

A satellite is an object that orbits around another object. A satellite can be natural 

or artificial. The Earth and the moon are examples of natural satellites. The Earth 

orbits around the Sun while the Moon orbits around the Earth.  

In the context of spaceflight, a satellite is an object that has been placed into orbit 

by humans. The world’s first artificial satellite was Sputnik 1 which was launched 

by the Russia. There are a few hundred satellites currently operational, while 

thousands of unused ones orbit as space debris.  

When satellites reach the end of their mission, they can either be deorbited (very 

rarely done), the satellite can be left in its current position, or it can be moved to 

a graveyard orbit.  

Uses of satellites: They help us in weather predictions and to track hurricanes. 

They provide information about clouds, oceans, land, and ice. They measure 

gases in the atmosphere, like carbon dioxide and ozone, and the amount of 

energy that the Earth absorbs and emits. They monitor volcanoes and their 

smoke. Satellites that face toward space take pictures of other planets, the sun, 

faraway galaxies and, black holes and more. This helps us to better understand 

our solar system. They watch for dangerous rays coming from the sun, explore 

asteroids and comets, the history of stars, and search for evidence of water. 

Satellites are also used for communication such as GPS, phone signals, and TV 

signals. Since they are high above Earth, they can collect data from larger areas 

and spread it further.  

Parts of a satellite: They come in many shapes and sizes. But most have at 

least two parts in common- an antenna and a power source. The antenna sends 

and receives information, often to and from Earth. The power source provides 

electricity. It can either be a solar panel or a battery. 

How do satellites orbit Earth: Most satellites are launched into space using 

rockets. A satellite orbits Earth when its speed is balanced by the pull of Earth’s 

gravity. Without this balance, it would fly in a straight line into space or fall back 

to Earth. Satellites orbit the Earth at different heights, speeds and paths. There 

are two most common types of orbits. 

1. Geostationary: these satellites travel from west to east over the equator. 

They move in the same direction and at the same rate that the Earth is 



spinning. From Earth, it would seem as though this satellite is standing still 

since it is always above the same location.  

2. Polar-orbiting: These travel in a north-south direction from pole to pole. 

As the Earth spins underneath, they can scan the entire globe in strips. 

Why don’t satellites crash into each other: Satellites can collide in space. But 

NASA and other international organizations keep track of satellites in space. 

Collisions are rare because when a satellite is launched, it is placed into an orbit 

designed to avoid other satellites. But orbits can change over time. And the 

chance of a crash increases as more and more satellites are launched into 

space. In 2009 an American and Russian satellite collided in space but this is the 

first time this happened. 
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LIFE CYCLE OF A STAR 

A star has a life cycle. It begins, grows and then dies out.  

A star begins as a large cool mass of gas which is forced to contract due to gravity. Its temperature 

rises, eventually leading to a process of nuclear fusion that produces a steady and vast output of 

energy. It’s life can last about 10 billion years, before its energy supply is exhausted and it 

collapses. Depending on their size, stars can finally become white dwarfs, supernovas, black 

dwarfs, neutron stars or black holes.  

A star’s life cycle is determined by its mass. The larger it’s mass, the shorter the life cycle. Below 

are the many steps in the evolution of a star. 

 

1. NEBULA – It is a cloud of dust and gas in space. Stars are formed from nebula. The nebula 

begins to shrink under the pull of its own gravity and this forms a protostar, the beginnings of 

the star. 

2. MAIN SEQUENCE STAR – Eventually temperatures and pressures are so high that nuclear 

fusion happens in the core of the cloud, and the star becomes stable, shining for millions of 

years. Our sun is at this stage now. (it is a main sequence star). The star is mainly a hot ball 

of gas, with hydrogen fusing into helium at its core. The star has two sections – The core 

where fusion occurs and an outer gaseous shell. Stars live out the majority of life in this main 

sequence. 



As they fuse and achieve nuclear fusion, stars shine energy into space. Over the years, the star 

contracts and becomes smaller due to the heat and light energy lost. 

  

RED GIANT PHASE – Once the hydrogen in a star begins to run out, and it is not being converted 

into helium by nuclear fusion in the core, the star begins to die. The inner core contracts, the 

helium fuses into carbon. The outer shell expands and starts to cool and glow red. Massive stars 

form red supergiants. All stars evolve the same way up to the red giant phase. After that, the 

amount of mass a star has, will determine the life cycle path that it will take. 

WHITE DWARF AND BLACK DWARFS  For a low mass star, after the fuel runs out, the core 

collapses and the outer layers are shed or expelled as planetary nebula (dust and clouds). The 

core shrinks and collapses to a small size and has used up most of all of its nuclear fuel. This is 

called a white dwarf. 

It eventually cools to form a black dwarf. This is a non-radiating ball of gas, that has formed from 

a white dwarf which has finished all of its energy. 

SUPERNOVA - In a massive mass star, the helium core becomes carbon, and eventually iron. It 

takes more energy to break up an iron nucleus. The energy collapses in and crushes the star and 

results in an explosion called a supernova explosion. This is a death explosion of a star, resulting 

a sharp increase in brightness of the star, followed by a gradual fading. 

NEUTRON STARS: These are formed in medium mass stars. After a supernova explosion, the 

protons and electrons combine leaving stars composed mainly of neutrons. The compact core 

becomes a rapidly whirling ball of neutrons and that why it is called a neutron star. 

BLACK HOLE – The most massive stars destruct to black holes. The core of a massive star 

remains, even after a supernova explosion. No nuclear fusion is taking place to support the core, 

so it is swallowed by its own gravity. It now becomes a black hole that swallows any matter or 

energy that comes near it. Black holes are not visible, and are detected by X-rays which are given 

off, as matter falls into the hole. 



 

 

 

 

  



WHAT DO THE COLORS OF STARS REPRESENT 

In the sky, stars appear to be different colors. The color of a star is a function of its temperature. 

Stellar classification is a classification of stars, based on their color and spectral characteristics. 

Most stars are currently classified using the letter O, B, A, F, G, K and M (memorized by the 

sentence- oh be a fine girl, kiss me). O are the hottest stars and M the coolest. 

O – Blue 
B – Blue/ White 
A – White 
F – Yellow / White 
G – Yellow 
K – Orange 
M – Red 
 

 

  



HERTZSPRUNG-RUSSELL DIAGRAM 

All stars are not the same. Some are just beginning to form in nebulae, others are main sequence 

stars, and others are beginning to die. The life cycle of a star can be compared to the life cycle of 

humans. The Hertzsprung-Russell diagram is a tool that shows relationships and differences 

between stars. It is like a “family portrait”. It shows stars in different stages and of different ages. 

Remember, a protostar (or a forming star) is similar to a human pregnancy-the star is forming and 

gaining mass, but it is not truly “born” yet. Once nuclear fusion begins in a star, the star is born. 

Stars live the majority of their life in the main sequence phase, then burn fuels other than 

hydrogen, they expand, then reduce in core temperature, and eventually die. The HR diagram 

has stars on it at every phase of their life cycle. It is like taking a family picture. There will be new 

babies, teenagers, parents and grandparents. It is a representation of stars throughout their lives.  

In the HR diagram, each star is represented by a dot. The position of the dot on the diagram tells 

us two things about the star: its luminosity (or absolute magnitude) and its temperature.  

X Axis: The vertical axis represents the star’s luminosity or absolute magnitude. Luminosity is 

the amount of energy a star radiates in one second. It is how bright or how dim a star appears. It 

is the intrinsic brightness of a star. The scale is a “ratio scale” in which stars are compared to 

each other based upon a reference (the Sun). 

Y Axis: The horizontal axis represents the star’s surface temperature. It is usually in Kelvin scale. 

It is important to realize that in this graph, the higher (hotter) temperatures are on the left and 

the lower (cooler) temperatures are on the right. This is also a “ratio scale”. 

  



How to read the HR diagram: If you look at some basic regions, the Sun is approximately in the 

middle of the diagram. 

• A star in the upper left corner will be hot and bright.  

• A star in the upper right corner will be cool and bright 

• A star in the lower left corner will be hot and dim. 

• A star in the lower right corner will be cool and dim.  
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Main Sequence Region: Most of the stars lie within a region called the main sequence. It is a 

curved line sloping from the upper-left to the lower-right of the HR diagram. There is a main 

sequence region because there is a predictable relationship between the brightness, temperature 

and the size of a star. Bigger stars are brighter, hotter, with more energy radiated out into space. 

In the HR diagram, the most massive stars are located in the upper left curve of the main 

sequence region. The smallest stars are located in the lower right region. 

General Rules 

• Different stars have different masses 

• The most massive stars shine more brightly than smaller stars 

• The majority of a star’s life cycle is spent as a main sequence star 

• The surface temperature and brightness of a star changes drastically over the course of 

a star’s life. 

• A star with large mass will radiate more energy into space and appear hotter and brighter 

than a star with a smaller mass. 

• Larger mass stars have greater luminosity (brightness) than larger mass stars. 

Exceptions to the Rule 

• Red giants: Stars that have cool surface temperatures would generally not appear very 

bright. But if they are massive enough (they have to be huge), they will have high 

luminosity (brightness). These stars are called red giants or supergiants. 

• White dwarfs: Stars that have very hot surface temperatures but appear dim are known 

as white dwarf stars. They shine with intensity but are so small that the total amount of 

energy given off is very small. Kind of like a flashlight in a dark room.  

 

 

 

 

 



ABSOLUTE AND APPARENT MAGNITUDE 
 
Apparent Magnitude: When we look up into the sky, we see some stars which 

appear very bright, and others which are so faint that we can barely detect them. 

Apparent magnitude is a measure of the brightness a star appears to have as we 

observe it in the night sky from Earth. There are two factors that determine the 

apparent brightness of a star in the sky- the amount of light it emits and its 

distance from Earth. However the apparent magnitude or brightness of a star may 

not be a true reflection of its actual brightness. 

Absolute Magnitude: Since we often want to compare the properties of stars, we 

need a measure of brightness which is connected directly with luminosity. We 

need a scale of measurement which does not depend on distance. Astronomers 

convert apparent to absolute magnitude, to compare stars equally, as if they were 

side-by-side at a standard distance. Absolute magnitude is the magnitude a star 

would have, if it was placed at a distance of 10 parsecs from the Sun. A parsec is 

a distance equal to 3.3 light years.  
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GALAXIES 

Galaxies are huge collections of stars, dust and gas. They contain millions of stars, and range in 

size from a few to several thousand light years across. There are hundreds of billions of galaxies 

in the universe. They come in different sizes, shapes and brightness. Like stars, they can be found 

alone or in larger groups called clusters. They are divided into three basic types – spirals, elliptical 

and irregulars. Earth is in the Milky Way galaxy. 

TYPES OF GALAXIES BASED ON SHAPE 

Spiral Galaxy:  They have a bulging center and their long twisting arms are areas 

where stars are being formed. These spiral arms are circling waves. Some of the stars 

in this galaxy are very large and glow very brightly. Any area near them glows like a 

fluorescent light. The spirals that we see are glowing clouds illuminated by hot stars.  
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Elliptical Galaxy: 

The stars found in elliptical galaxies are very old. This is because elliptical galaxies 

don’t create new stars and the only stars that are found in them were created a long 

time ago. The stars in this galaxy are often very close together, making the center look 

like one giant star.  
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Irregular galaxy: Irregular galaxies are simply all of the galaxies which are not spiral or 

elliptical. They can look like anything. Most irregular galaxies were probably spiral or 

elliptical until they had some type of accident which changed their shape. And some 

irregular galaxies just evolved that way. 
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BINARY STAR – These are two stars orbit around a common center of mass. The brighter star 

is called the primary, and the other star is called the companion or secondary star. It can 

sometimes appear as a visual object. 

   

 

STAR CLUSTERS 

Star clusters are groups of stars that are usually gravitationally bound. They are of two types 

1. Globular clusters – These are tight groups of old stars which are gravitationally bound. 

2. Open clusters – These are more loosely clustered groups of stars and are often very young. 

These become disrupted over time as they move through the galaxy, and may no longer be 

gravitationally bound but they continue to move together broadly. 

 

 



LIGHT YEAR 

The fastest thing we know is light. It travels at a speed of 16,000 miles per second. To get an idea 

of how fast this is, light can travel 7 times around the Earth in 1 second. 

A light year is a way of measuring distance. It is a unit of measurement that tells us, how far things 

in space are distant from us. With the sun, stars, planets being so far from us, it is not practical to 

use units of mile or kilometer. 

A light year is the distance that light travels in 1 year. Nearest star to us is 4.3 light years away. 

 

 

 

 

 

 

 



ASTRONOMICAL UNIT 

An astronomical unit is the average distance between the Earth and the Sun, which is about 93 

million miles or 150 million kilometers. Astronomical units are used to measure distances within 

our solar system. For example, Mercury is about 1/3rd of an AU away from the Sun, while Pluto is 

40 AU away from the Sun.  

Mercury         0.3-0.4 AU 

Venus            0.7 AU 

Earth             0.9 – 1.1 AU 

Mars             1.3 – 1.6 AU 

Jupiter           4.9 – 5.2 AU 

Saturn           9.5 – 10.1 AU 

Uranus          18.4 – 20.1 AU 

Neptune       29.8 – 30.4 AU 

Pluto             29.7 – 49.3 AU 

 

 

 

 

 

 



THE BIG BANG THEORY 

This theory tells of how our universe originated. It states that a big bang like an explosion created 

the universe. This theory is based on the observation that other galaxies are moving away from 

our own at great speed, in all directions, as if they are being propelled by an explosive force. 

Scientist believe that just before the big bang, the entire vastness of the universe was compressed 

into a hot, dense, small mass. About 10-20 billion years ago, this exploded and the entire 

universe’s known matter, energy, even space and time was created from some ancient unknown 

type of energy. 

After the big bang, the universe expanded with great speed in a few seconds, from it’s very small 

size to an astronomical size. Expansion is still continuing though very slowly. 

It is believed that after the bang and when time passed and matter cooled, more diverse atoms 

formed and they eventually condensed, into the stars and galaxies of our present universe. The 

Big Bang theory does leave questions unanswered, like what caused the bang. 

 

 

 



ORIGINS OF LIFE 

 

There are many theories about the origin of life. The most commonly accepted is the 

theory of evolution. According to this theory, about 15 billion years ago, the Universe 

was just a speck of mass, no bigger than the size of a pin. Eventually after a long time, 

this speck exploded in a Big Bang. All of a sudden, in a giant flash of heat and power, 

the Universe was born. Over billions of years, it became the Universe that we have 

today. Slowly stars began to form, and then the planets. 

 

In a galaxy called the Milky Way, a medium sized yellow star began to form which 

became known as Sol. Around that star, eight planets formed. The 3rd one was Earth. 

About 4.6 billions of years ago, the Earth looked very different. It looked red and orange, 

and was covered with lava. The atmosphere contained poisonous gases instead of 

breathable oxygen.  

 

For the first 500 million years, The Earth was a lifeless ball of hot lava. For another 300 

million years after that, it was too hot for water to form. Finally, after 800 million years, 

Earth cooled enough for liquid water to form. Rains began to fall, forming oceans, rivers 

and lakes. However there was still no life and the atmosphere still had a mix of 

poisonous gases including carbon monoxide, carbon dioxide, nitrogen, hydrogen 

sulfide, methane, and cyanide. 

 

Biologists believe that the process that created life is called evolution. Earth’s ancient 

oceans were filled with chemicals needed for life. These chemicals were not alive, they 

were sloshing around and were called “primordial soup”. This soup was filled with amino 

acids, proteins, lipids, and other basic things that are found in life forms.  

 

It is believed that life began in these ancient oceans in pools of water called tidal pools. 

These pools were full of the “primordial life soup”. Over millions of years, as the 

ingredients splashed around, the 1st cells were formed. A cell is a basic unit of life. The 



1st cells were very simple. Since there was little oxygen available, they probably did not 

need it to survive. The cell ate from the same soup of things that created it.  

 

Over millions of years, the food supplies of soup dwindled. New types of cells were 

formed. These were called producers. They could create their own food, using 

chemicals around them and energy from the Sun. These were ancestors to modern day 

plants. As the 1st cells did their living functions, they released oxygen. Over a long 

period of time, the atmosphere changed. As it changed, so did life. The next important 

advancement was to cells that used oxygen. Because oxygen is a much more efficient 

gas, this opened the door to creating larger, faster, and more complex life forms. 

 

The next major advancement was the development of multicellular organisms. Life was 

not limited to just one cell anymore. The cells also began to have different jobs; some 

acting as eyes, hearts, brains. Life became more complex.  

Biologists believe that something called Natural Selection directed evolution. The law 

says that the strongest life forms survive while the weaker ones die out, and is called 

survival of the fittest. This determined what future animals would look like. For example, 

if hippos with bigger mouths for feeding survived, or giraffes with longer necks…then 

this would determine what the next generation of new animals would look like….with 

bigger mouths and longer necks.  

 

Over millions of years, plants and animals evolved into many different forms…some 

with big mouths, the ability to fly, teeth, eyes etc. All this evolution was guided by the 

law of survival of the fittest. 

 

For example if we look at how birds learned to fly. Many millions of years ago, there 

were bird-like animals that could not fly. Over time, some of them developed the ability 

to hop, and possibly even glide for short distances. This ability gave them an 

advantage; they could more easily escape predators and find food. The next generation 

of birds could glide further and higher. Eventually over millions of years, birds evolved 

into becoming very skilled flyers, from eagles to humming birds.  



 

Evolution is still continuing today, guided by the law of survival of the fittest. The plants 
and animals of today will be different in the future. Even human beings may look 
different. 


