Louise McMinn
                                          Astroventure: Is There Life Out There?

Design a Planet

Trial 1

Red Giant:  Star at the end of its lifetime – our sun will turn into a red giant when it is 10 billion years old.  Huge stars that last for another billion years – cool surface temperature near 3000 degrees Celsius.

Distance a planet orbits from the star:  1.3 AU

Mass – determines how much atmosphere it will have:  1.2 mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  Yes

Water – wherever we find water, we find life:  

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable.  It is way too hot for any liquid water or producers to exist. 

See what could live there: 

Extremophiles:  

Bacteria that “eats” rocks.  It uses the chemical energy and water stored in rocks to survive.  It can live deep underground.


Microbe that uses the sulfuric acid and water found in volcanic eruptions to survive.  It lives in very acidic conditions.

Earth is 1 AU away from the sun.  The distance from the sun is one factor in determining the amount of heat, and light, that a planet received.  A Red Giant star is not as hot as our Sun, a yellow star.  However, it is much larger than Earth.   This planet will be slightly larger than Earth.  Due to the heat of the planet, most organisms that currently live on Earth could not live there. However, extremophiles, that can live in more “extreme” environments, could live on this planet. 

Trial 2  - 

      Changed the distance

Red Giant:  Star at the end of its lifetime – our sun will turn into a red giant when it is 10 billion years old.  Huge stars that last for another billion years – cool surface temperature near 3000 degrees Celsius.

Distance a planet orbits from the star:  3 AU

Mass – determines how much atmosphere it will have:  1.2 mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  Yes

Water – wherever we find water, we find life:  

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable.  It is way too hot for any liquid water or producers to exist. 

See what could live there: 

Extremophiles:  

Bacteria that “eats” rocks.  It uses the chemical energy and water stored in rocks to survive.  It can live deep underground.


Microbe that uses the sulfuric acid and water found in volcanic eruptions to survive.  It lives in very acidic conditions.

Once again, the planet was too close to this red giant, therefore the planet was too hot.

Trial 3

    Changed the distance

Red Giant:  Star at the end of its lifetime – our sun will turn into a red giant when it is 10 billion years old.  Huge stars that last for another billion years – cool surface temperature near 3000 degrees Celsius.

Distance a planet orbits from the star:  5 AU

Mass – determines how much atmosphere it will have:  1.2 mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  Yes

Water – wherever we find water, we find life:  

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Success!  Your planet is the right distance from its star to be in the habitable zone.  The mass of your planet ensures a perfect atmosphere.  The volcanoes and plate movement enable a balanced carbon cycle.  Liquid water is present to support life.  Producers on your planet create oxygen and ozone.  They also provide humans with food.  Excellent.  Your planet is habitable as you’ve designed it, but a red giant is a dying star.  That means that when it was a younger star, it was much, much smaller and the planet was too far away to be suitable.  A star can only be a red giant for a few million years, which probably isn’t enough time for advanced life to evolve on a planet. 

Although only the distance was changed, the planet is now habitable.  The mass of the planet and the distance from the sun are optimal for life.  Of course, a red giant is a dying star compared to other types of stars.

New Trials

Trial 4

   Changed the Star type

Red Dwarf:  Cool stars with an average surface temperature of 3100 degrees Celsius.  Red dwarfs have an incredibly long lifetime.  No one really knows how long they last, some think it could be 100 billion years, while others think it could be as long as a trillion years.  Their lifetime is longer than the current age of the universe. 

Distance a planet orbits from the star:  .7 AU

Mass – determines how much atmosphere it will have:  1.2 mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  Yes

Water – wherever we find water, we find life:  

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice Try, but your planet is too far away from its star to be habitable for humans:  It is way too cold for any liquid water or producers to exist.  While you couldn’t live there, see what could:  

  Extremophiles:  Found in water ice



       Organisms that lived at the bottom of the ocean in deep volcano vents.  Uses the water in the ocean and chemicals from volcanoes to survive.




Bacteria that “eats” rocks.  It uses the chemical energy and water stored in rocks to survive.  It can live deep underground.




Microbe that uses the sulfuric acid and water found in volcanic eruptions to survive.  It lives in very acidic conditions.

I now tried a red dwarf star, which is smaller and cooler than our yellow star. The distance chosen,  .7 au, is still too far away to give known organisms the heat that they need, with the exception of those extremophiles.  There are extremophiles that can live in ice, Crypotendoliths have been found in Antarctica living in -150C.
Trial 5

     Changed the distance

Red Dwarf:  Cool stars with an average surface temperature of 3100 degrees Celsius.  Red dwarfs have an incredibly long lifetime.  No one really knows how long they last, some think it could be 100 billion years, while others think it could be as long as a trillion years.  Their lifetime is longer than the current age of the universe. 

Distance a planet orbits from the star:  .4 AU

Mass – determines how much atmosphere it will have:  1.2 mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  Yes

Water – wherever we find water, we find life:  

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but because your planet is outside the habitable zone, it needs extra greenhouse gases in its atmosphere to warm the planet.  The movement of plates on your planet stores the carbon dioxide underground for millions of years, which reduces the amount in the atmosphere.  It’s too cold for liquid water or producers to exist.

See what could:

Extremophiles:  Found in water ice



       Organisms that lived at the bottom of the ocean in deep volcano vents.  Uses the water in the ocean and chemicals from volcanoes to survive.




Bacteria that “eats” rocks.  It uses the chemical energy and water stored in rocks to survive.  It can live deep underground.




Microbe that uses the sulfuric acid and water found in volcanic eruptions to survive.  It lives in very acidic conditions
This planet is still not close enough to be habitable.  Although the mass of the planet is larger than earth, the atmosphere still would not be able to keep enough heat in the planet. The atmosphere helps to determine the temperature of the planet.  Although volcanic, the carbon dioxide is still not being released into the atmosphere in sufficient quantities to help keep a warm planet.
Trial 6

      Changed the Plate Movement

Red Dwarf:  Cool stars with an average surface temperature of 3100 degrees Celsius.  Red dwarfs have an incredibly long lifetime.  No one really knows how long they last, some think it could be 100 billion years, while others think it could be as long as a trillion years.  Their lifetime is longer than the current age of the universe. 

Distance a planet orbits from the star:  .4 AU
Mass – determines how much atmosphere it will have:  1.2 mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  NO
Water – wherever we find water, we find life:  

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Success!  Even though your planet is a bit far from its star to be in the habitable zone, the volcanoes keep enough carbon dioxide in the air to warm it up.  The planet will stay warm as long as it doesn’t rain too much and carry the carbon dioxide out of the atmosphere.  The mass of your planet ensures the right amount in the atmosphere.  Liquid water is present to support life.  Producers on your planet create oxygen and ozone.  They also provide humans with food.  Excellent!  A planet that is circling a red dwarf will probably be “tidally locked” to its star.  That means it doesn’t have a day/night cycle.  The only habitable regions will be near the boundary of night and day.

Developing a planet that does not have plate tectonics helped to regulate the carbon dioxide in the atmosphere, helping to keep the planet warm.  The carbon dioxide stayed in the atmosphere, and was not able to be “buried” through subduction.  

Trial 7

   Changed the star type

Yellow Star: Normal yellow stars are about average in brightness.  Our sun is a yellow star.  They are stable for about 10 billion years and have a suitable surface temperature around 5500 degrees Celsius.

Distance a planet orbits from the star:  1.5 AU
Mass – determines how much atmosphere it will have:  .1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  No

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet isn’t massive enough to have an atmosphere.  Without enough of an atmosphere, liquid water and producers can’t exist.  

Our sun is a yellow star.  However, if the planet does not have sufficient mass, it would not have enough gravitational pull to keep in the gases needed for an atmosphere, which will be needed for heat, producers, and liquid water.
Trial 8

   Changed the star type

Blue Star – a normal blue star is a very hot star with a short lifetime.  Blue stars have an average temperature of 15,000 degrees Celsius and last 10 million years or less.

Distance a planet orbits from the star:  .4 AU
Mass – determines how much atmosphere it will have:  1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  yes

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable. It is way too hot for any liquid water or producers to exist.

A blue star is very hot, if a planet is too close it would become barren as organisms could not survive in the intense heat.
Trial 9 

  Changed the distance

Blue Star – a normal blue star is a very hot star with a short lifetime.  Blue stars have an average temperature of 15,000 degrees Celsius and last 10 million years or less.

Distance a planet orbits from the star:  10 AU
Mass – determines how much atmosphere it will have:  1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  yes

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable. It is way too hot for any liquid water or producers to exist.

Even from a distance of ten times farther from the blue star as the Earth is from the sun, a planet would still be too hot to sustain life as we know it. 
Trial 10 

   Changed the distance
Blue Star – a normal blue star is a very hot star with a short lifetime.  Blue stars have an average temperature of 15,000 degrees Celsius and last 10 million years or less.

Distance a planet orbits from the star:  20 AU
Mass – determines how much atmosphere it will have:  1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  yes

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable. It is way too hot for any liquid water or producers to exist.

The distance is now twenty times farther from the blue star as the Earth is from the sun, and it is still too hot.
Trial 11

     Changed the distance
Blue Star – a normal blue star is a very hot star with a short lifetime.  Blue stars have an average temperature of 15,000 degrees Celsius and last 10 million years or less.

Distance a planet orbits from the star:  30 AU
Mass – determines how much atmosphere it will have:  1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  yes

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable. It is way too hot for any liquid water or producers to exist.

Trial 12

    Changed the distance
Blue Star – a normal blue star is a very hot star with a short lifetime.  Blue stars have an average temperature of 15,000 degrees Celsius and last 10 million years or less.

Distance a planet orbits from the star:  50 AU
Mass – determines how much atmosphere it will have:  1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  yes

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Nice try, but your planet is too close to its star to be habitable. It is way too hot for any liquid water or producers to exist.

At fifty times farther from the blue star, it is still too hot.

Trial 13

   Changed the distance
Blue Star – a normal blue star is a very hot star with a short lifetime.  Blue stars have an average temperature of 15,000 degrees Celsius and last 10 million years or less.

Distance a planet orbits from the star: 75 AU
Mass – determines how much atmosphere it will have:  1 times mass of Earth

Volcanoes – help to balance the amount of Carbon Dioxide:  Yes

Plate Movement – affects how much carbon dioxide is in the atmosphere:  yes

Water – wherever we find water, we find life:  Yes

Producers – like algae and plants, change sunlight, water, and carbon dioxide into sugar and oxygen:  Yes

Success! Your planet is the right distance from its star to be in the habitable zone.  The mass of your planet ensures a perfect atmosphere.  The volcanoes and plate movement enable a balanced carbon cycle.  Liquid water is present to support life.  Producers on your planet create oxygen and ozone.  They also provide humans with food.  Excellent!  It looks like this planet is habitable as designed, but blue stars have such a short life span that it is not likely advanced life (or even producer-type life) would have time to evolve. 
Although this planet is now habitable for some organisms that we know existed in Earth’s biological history, blue stars have a short lifetime.  Therefore the organisms would most likely not have the time to evolve into the producer type organisms that help give Earth its variety of life, and helped to give advanced forms of life. 
Virtual Planet Laboratory

Take one earth sized planet, add carbon dioxide, water vapor and methane

Place in a circular orbit

What do you get?  Life

Scientists have discovered over 100 planets outside our solar system.  These planets orbit their stars like the Earth orbits the sun and scientists want to learn is any of them are living planets

We can’t visit the planets or send spacecraft to them because they are too far away.

So NASA is planning to send huge telescopes to search for life from a distance

NASA is building a computer program, the Virtual Planet Laboratory (VPL)

VPL works like a planet-making machine that combines ingredients like geology, climate, chemistry, biology in all sorts of different ways

One way to discover far off planets is to detect the very faint light they give off

If we could see planets outside our solar system, they would glow because their atmospheres reflect the light

Planets can also glow because they are warm and give off their own heat.  

Humans can’t see that heat but special telescopes can.  

With information from telescopes, scientists can figure out which gases make up the planet’s atmosphere with a spectrometer.

A spectrometer is a tool that breaks up the light into a spectrum

When they interact with light, different types of atoms or molecules absorb different amounts of light

These wavelengths show up as dots or bright lines

Every type of molecule or atom has a unique fingerprint of lines that show up 

The scientist can identify the different gas molecules, like water vapor, oxygen or methane that are present in the atmosphere.

Each virtual planet will have its own unique virtual atmosphere.

Each virtual atmosphere will have its own Spectrum

Scientists can compare the virtual atmosphere with the atmosphere of a real planet.

If the atmospheres are the same, chances are good that the planets will be the same too 

This is because the gases in a planet’s atmosphere are created by the planet itself

The VPL will model different types of atmospheres

For example, life on earth produces oxygen, for the earth has oxygen in its atmosphere

Scientists looking for life on other planets may look for oxygen

Life on other planets might produce another type of gas

Right now, scientist know about only one planet, our Earth

Yet there might be other types of planets that support life, and the key to figuring out what these might be like is to play around with the ingredients.

The idea of creating virtual planet models is fascinating.  There are so many factors that must be considered.  Upon working with Astroventure, I could appreciate the changes that occur while focusing on seven factors.  Now extrapolate it by the interactions of just a few more variables, and the possibilities for a planet that supports some type of life become “astronomical”. One of the more important factors that I would like to convey to my students is the importance of sharing ideas and findings amongst all of the scientists involved with the field of astrobiology and space exploration.  
