
1 

 

 

 

 

 

 

 

 

 

 

 

Is  the universe the way it is because it was designed 

with man in mind? 

 

• The widely accepted principle of mediocrity (also 

called the Copernican principle), is advocated by Carl 

Sagan and Frank Drake, among others.  

 

• The principle of mediocrity concludes that the Earth is 

a typical rocky planet in a typical planetary system, 

located in a non-exceptional region of a common 

spiral galaxy. Hence it is probable that the universe 

teems with complex life.  

 
 

Anthropomorphic (formed for man) 



RARE EARTH HYPOTHESIS (GOLDILOCKS PLANET) 

• The term "Rare Earth" originates from Rare Earth: Why 

Complex Life Is Uncommon in the Universe (2000), a book by 

Peter Ward, a geologist and paleontologist, and Donald 

Brownlee, an astronomer and astrobiologist. 

 

• In planetary astronomy and astrobiology, the Rare Earth 

hypothesis argues that the emergence of complex 

multicellular life  on earth, required an improbable 

combination of astrophysical and geological events and 

circumstances. The hypothesis argues that complex 

extraterrestrial life requires an earth like planet with similar 

circumstance and that few if any such planets exist.  
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Ward and Brownlee argue to the contrary: planets, planetary 

systems, and galactic regions that are as friendly to complex life as 

are the Earth, the Solar System, and our region of the Milky Way 

are very rare. 
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• Early modern science allegedly put an end to 
the anthropomorphic conceit by showing, not 
only was earth not the center of the universe, but 
there was nothing special about the earth.  
“Copernican Principle” 

 

• Science may now be discovering that we and 
our planet are far more special than we could 
have known.  
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Anthropic Principle 

• Anthropic Principle: The Universe appears to be fine-tuned to support life as we 

know it 

– There are many characteristics of Earth that are necessary to support life as we 

know it 

• There are many, many stars with potential planets similar to ours 

• But their location, need for a moon, similar sun, liquid water, etc greatly limits 

the available list 

– There are many values in physics that must be very close to their current values in 

order to support life 

 

 

YOU ARE HERE 
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Goldilocks Zone - Origin of the term 

• In astronomy the habitable zone (more accurately, 

circumstellar habitable zone or CHZ) is the term for the 

region around a star within which it is theoretically 

possible for a planet with sufficient atmospheric pressure 

to maintain liquid water on its surface. Contemporary 

alternatives terms include "HZ", "life zone", and 

"Goldilocks Zone".  

• The significance of the concept is in its inference of 

conditions favorable for life on earth – since liquid water 

is essential for all known forms of life,  

 



What is the Habitable zone/Goldilocks zone 

 

• The term "Goldilocks planet" is used for any planet that 

is located within the circumstellar habitable zone (CHZ) 

although when used in the context of planetary 

habitability the term also implies terrestrial (rocky) 

planets with conditions roughly comparable to those of 

Earth.  
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Conditions required for the “zone” 

• Planets distance from its star 

– "The planet has to be the right distance from the host 

star so it's not too hot and not too cold that liquid 

water can exist," says Paul Butler of the Carnegie 

Institution of Washington.  

 

 



Of course the habitable zone is a function of a stars size 
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Conditions required for the “zone” 

• The planet also has to have the right surface 

gravity. Which is to say, the right amount of 

mass to hold onto an atmosphere and to protect 

its liquid water on the surface 

 

• Surface gravity is proportional to the mass of the 

planet 

 



What happens if we kept the Earth in its current orbit within the 

Sun's Habitable Zone, but made it larger or smaller?  

 
• Make the Earth smaller  

– Too small to retain a warm atmosphere (green house gasses)  

– Interior planet would cool rapidly, and it would lose its magnetic 

field, making the atmosphere vulnerable to loss to the solar wind.  

– An example of a "too small" planet is Mars. Mars is almost within 

the Sun's habitable zone, but it is too small, and is a frozen 

desert world with a very thin atmosphere, solidified interior, and 

virtually no magnetic field.  

• Make the Earth bigger  

– It can now retain H and He in its atmosphere, and so can build a 

very heavy atmosphere.  

– Leads to an atmosphere that is too hot and too high pressure for 

liquid water.  

– Abundant Hydrogen shifts the basic chemistry from oxidizing 

chemistry to reducing chemistry.  
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Conditions required for the “zone”   Type of Orbit 

• The orbit of the Earth and other planets within the Solar System is 

roughly circular. A circular orbit allows the planet’s temperature to 

remain stable, near the triple point of water. Such an orbit is known 

as a 'continuously habitable orbit'    

• Many exoplanets have been found with eccentric orbits, which may 

cause them to spend some of their orbit outside of the zone. 

– Temperature instability due to an eccentric orbit would cause 

water on such planets and their moons, should it exist, to likely 

go through extreme seasonal sublimation and deposition cycles. 

Standing bodies or surface water would be unstable and 

transient. It is currently unknown whether life is capable of 

adapting to such extreme cycles, should it be even capable of 

starting in the first place. 
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Conditions required for the “zone”   - magnetic field 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• The earth’s magnetic field deflects high energy ionized 

radiation away from the earth, protecting life on the 

planet. 
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• Natural defenses against space weather, may be 

required for planets to sustain surface water for 

prolonged periods. 

• Electromagnetic radiation emitted by parent stars can be 

directly dangerous to complex surface life on planets in 

the habitable zone. 

http://en.wikipedia.org/wiki/File:Magnetosphere_rendition.jpg


Conditions required for the “zone”-  Effect of the Moon 

• The axis of a planet rotates like a child's top over tens of 

thousands of years due to the gravitational pull of its star. 

Although the center of gravity remains constant, the direction 

of the tilt moves over time, or precesses (as astronomers call 

it). 

• A planet see-sawing back and forth on its axis as it orbits the 

sun would experience wide fluctuations in climate, which 

could potentially affect the evolution of complex life. 

 

• The axis of the Earth's spin is tilted at an angle of ~ 23° to the 

perpendicular to the plane of the Earth's orbit (its obliquity), 

an effect which gives us our seasons. 
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Tilt of the earth 
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Effect of the Moon 

• This tilt angle is fairly stable, and has only varied by a 

few degrees over the last 600 million years or so. This 

stability is because the moon reduces the gravitational 

pull of both the Sun and Jupiter on the Earth's axis. 

•  Without the moon, the axis would be subject to much 

greater variation, leading to much wilder swings in 

seasonal climatic change 

• Scientists estimate that only one percent of any 

terrestrial planets will have a substantial moon.  This 

means that most such planets are expected to 

experience massive changes in their tilt.  
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Galactic Habitable Zone 

• The notion that the location of a planetary system within a galaxy 

must also be favorable to the development of life has led to the 

concept of a Galactic Habitable Zone (GHZ), developed in 1995 by 

Guillermo Gonzalez.  
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Galactic Habitable Zone 

• Many scientists believe that the center of the galaxy is 

composed of a massive black hole.  Any object that 

passes near the event horizon of this hole is sucked in, 

never to appear again.  

• Had our planet occupied an area near the Milky Way’s 

center, it would be unlikely to survive even a short 

amount of time. The center of the Galaxy is awash in 

harmful radiation. Solar systems near the center would 

experience increased exposure to gamma rays, X-rays, 

and cosmic rays, which would destroy any life trying to 

evolve on a planet.  
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Galactic Habitable Zone 

 

• The density of gases and interstellar matter in the spiral 

arms leads to the formation of new stars.  

 

• Although these spiral arms are the birthplaces of stars, it 

would be dangerous for our solar system to cross 

through one of them. The intense radiation and 

gravitation of a spiral arm would cause disruptions in our 

Solar System just as surely as if we were closer to the 

center of the Galaxy.  
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http://en.wikipedia.org/wiki/Carbon-based_life


Galactic Habitable Zone 

• "At our location, our orbital period is very similar to that 

of the pattern speed of the spiral arms," says Gonzalez. 

"This means that the time interval between spiral arm 

crossings will be a maximum, which is a good thing, 

since spiral arms are dangerous places. Massive star 

supernovae are concentrated there, and giant molecular 

clouds can perturb the Oort cloud comets leading to 

more comets showers in the inner solar system."  
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Galactic Habitable Zone 

 

• The outer edges of the galaxy pose a threat to 

existence of life as well. In these regions, the heavier 

elements essential for life are not found in any 

abundance.  These heavier elements (iron, silicon etc). 

are required for rocky (terrestrial) planets to form.   

 

• Our location, presumed to be between the Sagittarius 

and Perseus arms of the Milky Way, enables Earth to 

safely exist, without the threat of powerful supernovas, 

black holes, stellar collisions, or elemental deprivation. 
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Physical Constants 

• Many of the constants of the physical universe are also 
finely tuned to support life, such as the Gravitational 
coupling constant (attractive force between masses) 

– If larger value: 

• star formation would be more massive leading to 
hotter more erratic burning stars 

– unfavorable for life 

– If smaller value: 

• star formation would be less massive leading to 
more constant burning 

– but insufficient mass to produce low atomic weight 
atoms necessary for life 
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Physical Constants 

• Strong nuclear force coupling constant (holds atomic nuclei 
together) 

– If larger value: 

• Large atomic nuclei favored 

– lack low atomic weight atoms necessary for life 

– If smaller value:  

• Only low atomic weight (or H only) atoms only. 

– No heavy metals necessary to support “rocky” 
planets 
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Physical Constants 

• Electromagnetic coupling constant (binds 

electrons to protons in atoms) 

– If larger value: 

• Electrons would be held so tightly to nucleus there 

would be no ionic or covalent binding therefore no 

molecular interactions necessary for life 

– If smaller value: 

• Electrons would be held so weakly electrons would 

not be held in shell around atom again loss of binding 

capability. 



Physical Constants 

  

Balance of cosmic mass density and cosmic dark 

energy represent the most equsite fine-tuning 

anywhere in the sciences 

– A cosmos expanding too slowly produces only 

neutron stars and black holes.   

– A universe expanding too rapidly produces no stars at 

all and, therefore, no planets. 
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THE FUTURE 

 

• Astronomers have found hundreds of planets orbiting other 

stars in the past decade, but they have all been so far from 

their suns that any water would be solid ice or so close that 

liquid water would boil away. As the numbers mount, it seems 

to be just a matter of time before the Kepler project finds what 

astronomers are really looking for:  an Earth-like planet 

orbiting its star in the "Goldilocks zone"—that is, at just the 

right distance for liquid water and life. 

 

 

 



THE FUTURE 

• NASA is also considering an observatory named "TESS"--the 

Transiting Exoplanet Survey Satellite. The MIT-led mission is 

specifically designed to find exoplanets in the local galactic 

neighborhood.  TESS would study hundreds of stars within 50 

light years of Earth, close enough to study in some detail.  

– "With better detectors and instruments designed to block 

the glare of the parent stars, these next-generation 

telescopes could not only find a Goldilocks planet, but also 

tell us what its atmosphere is made of, what sort of cloud 

cover graces its skies, and maybe even what the surface 

is like—whether oceans cover part of the globe, how much 

land there is, and so on," says Hudgins.  
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Conclusion 

• "This is a good theory," says Borucki of the Galactic 

Habitable Zone. "I think this idea is a spark that will 

initiate similar research. Like a spark plug, it can't drive 

the car, but it provides the necessary impetus to get the 

car moving."  
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