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	pre-MS
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	proton-proton chain

primary source of energy to Sol

fusion process in core of Sol

dominant in low mass Main Sequence stars
	1H + 1H


2H +e+ + neutrino
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
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3He + 3He
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	triple alpha process

fusion process in post Main Sequence stars (Giants)


	4He + 4He
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8Be + photon

8Be + 4He
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Figure 3-1

Life in our Galaxy

In order to have life like us it must be on the surface of a planet in a stable orbit around a stable star.  There are approximately 100,000,000,000 stars in the Milky Way.  Many stars will not be suitable for life like us, so we should begin a process of elimination.


Giants and variable stars will be unstable.  The events leading up to white dwarf formation would destroy planets and leave the star with no planets.  So, only the main sequence stars will be of interest to us.  Approximately 96% of stars are main sequence.  This leaves us with 96,000,000,000 stars left to consider.


Upper main sequence stars will have very short lives, too short for life to begin on a planet, too short to even form planets.  F5 and hotter stars have life spans too short for our purposes and will be excluded.  Only about 2% of stars fall in this category, reducing our list of potentially life supporting stars to 94,000,000,000.


A planet could not maintain a stable orbit in a binary star system.  This makes binary stars unsuitable as life supporting candidates.  Approximately 60% of stars are part of a binary or multiple star system, reducing our candidates to 38,000,000,000.


Now let’s consider the orbit we want these planets in.  If a plant orbits too close to the star, it will be too hot.  If it orbits too far, it will be too cold.  In between is a region called the life zone.  The location of the life zone depends on the star.  Consider figure 3-1.  A hot star, like spectral class F8, will have a life zone far from the star.  For a cool star, like M1, the life zone must be close to the star.  That is a hazard that will prevent life from forming on such a planet.


If there were a planet orbiting within the life zone of the M1 star, then the gravity of the star would cause a resonance in the rotation and revolution of the planet.  If that planet has a liquid surface, then the resonance will be 1:1.  This means the planet will rotate in such a way that it will keep one side facing the sun at all times, and the other constantly faces away.


The side facing the star would be very hot and the side facing away would be very cold.  The twilight zone of the planet, the area at the edge of light and darkness, would be plagued by severe storms as warm fronts met with cold fronts.


If Earth were to become tidally locked to the sun, as this hypothetical planet is, it would be disastrous for us.  The temperature would drop on the one side and precipitation would be in the form of snow.  Spring will never come for that side of Earth, and so the snow will never melt.  Snow will continue falling, pressing the layers of snow into glaciers.


On the daylight side the oceans and lakes will be drying up.  There will be evaporation and the water will be replaced by rain, but some of the water will be lost as glaciers on the dark side.  Eventually the daylit side will be dried up.  Once snowfall ceases on the dark side, the temperature will drop further, causing carbon dioxide to freeze out of our atmosphere and be deposited on the surface of the glaciers.  Once the carbon dioxide is removed from our atmosphere, the temperature will drop further.  Other gasses will freeze out of the atmosphere until the atmosphere is too thin to support life.


So, a cool main sequence star cannot support life on a planet in the life zone because the planet would be tidally locked to the star, spelling disaster for the inhabitants.  K5 and cooler stars have life zones too close to support life.  For this reason these stars should be excluded from the survey.  Approximately 80% of our galaxy’s stars fall in this category.


Finally we have some information to eliminate many useless stars and concentrate on a smaller sample.  This reduces our candidate list to about 11,000,000,000.  This just gives us a list of star candidates.  There are other factors that enter into the odds.


There are three planets in the life zone of Sol, but only one of them supports life like us.  The two are the moon and Mars.  Neither has adequate mass to hold enough atmosphere.  How many planets in life zones can we expect to have adequate mass to hold a suitable atmosphere?   Will it have a suitable chemistry?  Probably.


Some astronomers argue that our moon was essential to the formation of life on Earth.  It is said that without the moon to stir up our oceans, by way of the tides, then life would never have begun here.  Once we find a planet in the life zone, what are the odds that it has a moon to stir up its oceans?  What would weather patterns be like on Earth if there were no continents?  Would we have the storm systems that stir up our ocean?


How long does it take life to get started?  How long does it take to develop intelligent life?  Are we even the first intelligent life on Earth?  Once there is intelligent life, how long does it take to develop the social structure needed for technological growth?  How long does that technological civilization last?  Do we coexist with any others?


The question of life elsewhere has only been clarified, not answered.  The problem is that the odds and timetables are mostly unknown.  The optimistic result says we coexist with a billion other civilizations in the galaxy.  The pessimistic result says we are alone.


Assuming these other civilizations exist, how do we contact them?  Radio offers us our best chances at this time.  We transmit non-natural signals in the directions of candidate stars.  If there is intelligent life on a planet orbiting that star, and if they have a radio telescope pointed in our direction at the time when the signals arrive, then they will receive our transmission.  If they are intelligent they will decipher it and broadcast a reply.  If we have our radio telescope pointed at their star at the time the signal reaches us, then we will have made contact.  Since there are several light years distance between any planetary systems, it will be a long delay between our transmission and their reply.  If they are genuinely interested in reaching us, they will continue broadcasting in our direction, increasing the odds that we receive their reply.

Bode's formula






	Planet
	n
	a
	actual

	Mercury
	0
	0.4
	0.387

	Venus
	1
	0.7
	0.723

	Earth
	2
	1.0
	1.0

	Mars
	4
	1.6
	1.524

	
	8
	2.8
	2.77

	Jupiter
	16
	5.2
	5.203

	Saturn
	32
	10.0
	9.539

	Uranus
	64
	19.6
	19.18

	Neptune
	
	
	30.06

	Pluto
	128
	38.8
	39.44


	jovian

(like Jupiter)
	terrestrial

(like Earth)

	large
	small

	high mass
	low mass

	low density
	high density

	mostly gas
	rocky

	only cloud tops visible
	surface scarred with craters

	many moons
	few or no moons

	rings
	no rings detected


	jovians
	Jupiter
	Saturn
	Uranus
	Neptune

	diameter
	11 D
	9.5 D
	4 D 
	3.9 D 

	mass
	318 M 
	95 M
	14.5 M
	17 M

	density
	1.33 g/cm3
	0.70 g/cm3
	1.30 g/cm3
	1.64 g/cm3

	moons
	16
	23?
	15
	8


	terrestrials
	Mercury
	Venus
	Earth
	Mars

	diameter
	0.38 D
	0.95 D
	 1 D
	 0.53 D

	mass
	0.0553 M 
	0.8150 M
	1 M
	0.1074 M

	density
	5.43 g/cm3
	5.24 g/cm3
	5.515 g/cm3
	3.94 g/cm3

	moons
	0
	0
	1
	2


	Plutonoids
	diameter
	mass
	density
	moons

	Pluto
	0.18 D
	0.002 M
	1.97 g/cm3
	1


	planetesimals


	cm to km sized particles stuck together to form planets
	

	accretion


	the fusing of planetesimals into larger bodies
	

	solar wind
	blew away excess gas and dust

cut off planet formation
	

	fusion
	nuclear process by which heavier atoms are made from lighter

source of energy for sun and other stars
	

	fission
	nuclear process by which heavy atoms are split into two or more

heated interior of planets
	

	bombardment


	rapid series of impacts on planets that heated the surface of terrestrial planets
	

	differentiation
	process that caused dense matter to sink to the center and light

material to float to the surface
	

	outgassing
	gaseous by products of fission trapped beneath hardened surface

eventually reach the surface to escape
	



Making Planets:
As the sun formed at the center of the solar system, the planets formed too.  Picture a spherical cloud of gas and dust, as in figure 3-2.  This cloud spun around an axis.  Dust particles at the equator of this cloud were able to hold their distance from the center because of the centrifugal effect.  The particles far from the equator were pulled toward the equator (figure 3-3), forming a disk of dust (figure 3-4).  The sun formed in the center, hidden by all the dust.  That means that the cloud of gas and dust was dark and cold.

If we could look closely, down into the disk, we would see many tiny dust particles orbiting around the distant center.  There is no uniformity in their motions though.  Most particles orbit in the same direction, but some are going sideways and even a few go backwards, as shown in figure 3-5.

These dust particles will collect together to form the planets.  Accretion is the process of gathering may small particles into fewer, but larger particles.  The question now is, what process will make accretion possible?  The gravitational attraction between these tiny dust particles is insignificant and cannot compete with the speed of the particles.  If two particles, made of similar substances collide in the vacuum of space, they will stick together.  It’s called the cold weld.  This is the process that will begin accretion.  It’s often called condensation.

If the temperature is too high, then the particles will be going to fast.  If they hit too fast, they break the others apart.  This is why the cold darkness is important.

The particles will stick together, forming intricate patterns, much like snowflakes.  These flakes are more like dust bunnies, those fluffy lint balls you get when you sweep a long hallway.  As these grew larger, collisions became more likely, and accretion accelerated.  Picture these growing much like cotton candy.

When these get to about 1km in diameter, gravity begins to play a role.  These lint balls only have to pass near each other, and gravity does the rest.  Lint balls will absorb each other, making even bigger lint balls.  Eventually their own gravity will compact them into something like pocket lint.


At some point in the formation these things deserve a better name.  We call them planetesimals.  Their gravity would eventually crush the planetesimal into something rocky.  Many of these planetesimals had enough mass, and therefore enough gravity to gather an atmosphere from the gas in the cloud of gas and dust.  These atmospheres were extensive, much like jovian atmospheres.


As these planetesimals orbit the hidden protosun, they sweep up gas and dust, growing in the process.  The planetesimal grows rapidly in this way, but all those collisions slow the planetesimal in its’ orbit.  This causes the planetesimal to spiral in toward the protosun.  Many planetesimals will fall into the protosun, but our interest is in the ones that don’t.



Inside all this the sun completes its’ formation.  In the process it sheds excess mass, pushing outward with the solar wind.  This wind pushes the gas and dust outward, creating a clear bubble within the solar system.  This planetesimal will continue spiraling in until it crosses over into the clear bubble.  As it crosses over it is bombarded by all the dust that has been cleared from the inner solar system, accelerating its’ formation briefly.


Once it crosses into this clear bubble, further accretion is limited.  It can no longer sweep up gas or dust while orbiting, since they are now gone, removed by the solar wind.  The solar wind has swept away everything small.  The planetesimal will still collect other planetesimals and rocks, but that will be limited in comparison.

Furthermore, it is now exposed to direct sunlight and the solar wind.  This will heat up the atmosphere, accelerating the gas molecules.  Many will be accelerated enough to escape the planetesimal’s gravity.  The planetesimal will lose the original atmosphere, making it terrestrial without an atmosphere.  Some planetesimals are far enough from the sun that they will not heat up so much.  They will retain their atmospheres and we will call them jovians.


The terrestrial planets will undergo further changes before they become the planets we recognize.  Bombardment will continue, making the biggest planetesimals even bigger.  Each impact heats the surface, making the surface molten from frequent impacts.  This terrestrial planet will have radioactive elements inside.  Atoms will split (fission), giving off heat and smaller atoms.  This will make the interior molten too.

With an entirely molten planet differentiation is possible.  Differentiation is when a mixture separates according to density.  It the case of a planet, high-density stuff will sink to the center while low-density stuff rises to the surface.  This gave the terrestrial planets cores of iron and nickel.

The bombardment of the surface eventually slowed to the point that the surface could cool and harden.  This meant that the gasses produced in the interior by fission would only rise toward the surface, but would be trapped under that hardened crust.  Eventually the gas finds its’ way to the surface through faults and shifting of the plates.  When it does the gas is released, giving the terrestrial planet an atmosphere.  This is called outgassing.

Outgassing didn’t give planets a breathable atmosphere, only gasses like CO2, N2 and H2O.  Planets also acquired more gasses from cometary bombardment, perhaps a lot more.  Two terrestrial planets still have atmospheres of CO2, but our atmosphere has changed.

Because of our ideal distance from the sun, the water vapor in our early atmosphere condensed into clouds.  The rain gave us lakes that eventually grew into oceans, thanks to continued rainfall.  The wave action in our oceans, particularly waves breaking onto shorelines, took air underwater.  CO2 dissolved into the ocean, so our ocean was carbonated.

The carbon in our ocean played a part in the formation of plant life in our oceans.  This life spread rapidly, taking the carbon and depositing it on the ocean floor to become limestone.  The plants gave off their waste product, O2, and the ocean became saturated with it.  Eventually the ocean couldn’t hold anymore O2 and it bubbled out.  When the O2 was bombarded with UV it changed into O3, also known as ozone.

By depleting our atmosphere of CO2, N2 became the most plentiful gas in our atmosphere.  And, in adding O2, we are left with our modern atmosphere of 76% N2 and 23%O2. 
Astronomy

Sample Test 3
Essay Questions (20ADVANCE \U 1.50%ADVANCE \D 1.50):
Answer one of the following.  Indicate your choice with the Arabic numeral.

	1) Describe the life and death of a star like the sun.
	

	2) Explain the 22-year cycle of solar activity.


	

	3) Explain what the Maunder minimum is and how it affected Earth’s climate.


	

	4) Explain how carbon 14 dating works and how it can be used to trace solar output through history.


	

	5) Explain how Neptune and Pluto were discovered.


	

	6) When selecting stars that might support life like us we must exclude the cool K and M stars.  Why?
	

	7) Summarize the sources of energy to our civilization and explain how most of these come from the sun.
	

	8) Describe the evolution of Earth's atmosphere.  Begin after the loss of its primordial atmosphere and continue through the formation of the ozone.
	

	9) Jovian planets are found in one region of the solar system and terrestrial planets are found in another.  Where is each type of planet found?  Explain why. 
	


Short Answer (20ADVANCE \U 1.50%ADVANCE \D 1.50): 
Answer each question using the name or the astronomical term.

1) The reaction below is called the _________________________________________.

4He + 4He  8Be + photon






8Be + 4He  12C + photon

2) What is the primary source of energy to Sol?
______________________________

3) All ________________________________ planets have rings.

4) The objects that later formed the planets are called _________________________________.

5) The surfaces of terrestrial planets were heated by bombardment.  The interior was heated by ___________________.

6) The interiors of terrestrial planets were heated by fission.  The surface was heated by _____________________.

7) What process gave atmospheres to terrestrial planets? _________________________.

8) I was discovered by Clyde Tombaugh in 1930 and, despite many objections, I’m still labeled a planet.  I have been called planet-X and the Flagstaff ObjectADVANCE \D 2.0.  Earth astronomers now call me 




           __________________________________.

9) The deepest layer of the solar atmosphere visible is called the _________________________.

10) I perturbed the orbit of newly discovered Uranus.  Leverrier studied the perturbations and I was found in 1846.  Earth astronomers call me _____________________.

11) I was accidentally discovered in 1781 by William Herschel and later identified as a planet.  I orbit the sun at a distance of 19 AU and rotate with an obliquity of 98°ADVANCE \D 1.50.  Earth astronomers call 









   me __________________.

12) The layer of the solar atmosphere that can only be seen during eclipses or from space is called 









   the __________________________________.

13) This layer is just above the solar photosphere.  It can be seen during solar eclipses or by using special filters.  The shape is roughly spherical, but magnetic fields cause non-spherical           








         structure in this layer.  What is this layer called?     __________________________________

14) There was a seventy year period in which the eleven year sunspot cycle stopped.  What is that period called?
________________________________________

15) Slide identification: ________________________________

Multiple Choice (60ADVANCE \U 1.50%ADVANCE \D 1.50): 
Indicate the best answers on your Scantron.

51) Slide identification:
a) jovian

b) terrestrial
c) planetary nebula

52) Slide identification:
a) photosphere

b) granulation



 
c) chromosphere

d) corona

53) Stars form from ...







a) planets
b) gas and dust

c) brown dwarfs


d) black holes 

54) The primary source of energy to Sol is ...





a) the proton- proton chain.
b) oil.
 
c) coal.


d) the solar wind.

55) The brightest star is also the closest.  The proper name is...



a) Sol

b) Alpha Centauri
c) Sirius
 
d) the sun 

56) Once the sun and planets formed from the solar nebula, the remaining gas and dust was cleared away by...

a) differentiation

b) outgassing


c) fusion

d) fission

e) the solar wind

57) The fusion of hydrogen into helium takes place in Sol's ...



a) photosphere

b) chromosphere

c) corona

d) core


e) sunspots

58) Which is the most important means of energy transport in Sol’s envelope?

a) conduction

b) convection

 c) radiation

d) accretion

e) resonance

59) Which is the most important means of energy transport in Sol’s core?


a) conduction

b) convection

 c) radiation

d) accretion

e) resonance

60) Which is the least important means of energy transport in Sol?



a) conduction
b) convection
 c) radiation
d) accretion

e) occultation

61) Why does it take so long for energy to escape from a radiative zone of a star?

a) occultation

b) random walk

c) fission

d) accretion

e) conduction

62) An alpha particle is ...







a) smaller than a proton.
b) smaller than a quark.



c) a helium nucleus.
d) a nucleus with one proton and one neutron. 

63) Which is an adequate description of main sequence star behavior?


a) fusion in the core
b) fusion of hydrogen into helium


c) fusion in the envelope
d) fusion of hydrogen into helium in the core

e) CNO cycle in the core 

64) A terrestrial planet is mostly formed.  The surface has hardened, but the interior is still molten.  The fission process has produced gases that are trapped beneath the surface.  As these gases reach the surface they escape, becoming an ocean and/or an atmosphere.  What do we call this process?





a) differentiation

b) the solar wind

c) fusion


d) fission

e) outgassing

65) Which is not terrestrial?
a) Mercury
b) Venus
c) Mars




d) the moon
e) Pluto

66) Which is not a characteristic of a terrestrial planet?




a) high-density

b) rocky surface




c) many moons 

d) scarred surface.
e) close to sun.

67) The longest phase of a star's life is the...





a) protostar phase.
b) the main sequence phase.


c) giant phase.

c) variable phase.

e) nova phase. 

68) Which energy source is not solar in origin?





a) hydroelectric

b) geothermal
 
c) coal
 

d) wind 


e) all 
69) The most massive planet in the solar system is ...




a) Earth

b) Jupiter
c) Saturn
d) Pluto

70) Which of these can't be seen when looking at Sol's photosphere?


a) limb

b) terminator
 c) sunspot
d) granulation

71) The energy output of Sol, during sunspot maximum, is ...



a) more than usual.
b) less than usual.




c) the same as any other time.

72) Cosmic rays make 14C, which gets into our food chain.  What blocks cosmic rays, reducing the levels of 14C?

a) the aurora borealis
b) solar activity

c) the Kuiper Belt
d) granulation

e) the Little Ice Age

73) There is one force responsible for the tides on Earth, tidally locked moons and the Roche limit surrounding each planet.  What is that force?



a) LaGrange force
b) differential gravity
c) resonance clearing
d) momentum transfer
e) solar wind

74) On some days we see that high tide is very high and low tide is very low.  What kind of tides do we call these?







a) spring tides
b) neap tides
c) lunar tides
d) node tides

75) On some days we see very little difference between high tide and low tide.  What kind of tides do we call these?







a) spring tides
b) neap tides
c) lunar tides
d) node tides

76) As a result of tidal friction, the earth's rotation is slowing.  The moon's orbit is also being affected by tidal evolution.  How will the moon's orbit change?


a) It will become more circular.
b) It will become more eccentric.

c) It will orbit farther from the earth.




d) It will orbit closer to the earth.
e) It will enter the Roche limit. 

77) There is a limiting distance from a planet.  That distance is 2.44 times the radius of the planet from its center.  If anything, such as a moon, were to enter that range, it would break apart.  The dust would fill our atmosphere, blocking sunlight and then we'd die.  This limiting distance is called ...






a) the Roche limit

b) lower limit 
c) upper limit


d) the differential limit

78) Which of the following is true with respect to tidal evolution?



a) Earth days were longer.






b) Total eclipses were visible over a wider area.



c) Moon days were longer.

d) Months were longer.

79) Suppose you have an observatory on the side of the moon that faces directly away from Earth.  When will you be able to observe Earth next?



a) A week from now

b) Two weeks from now


c) Never



c) Twelve hours from now


e) Twenty seven days from now

80) Astronomers knew Uranus had rings before they were even seen.  What type of observation revealed this?

a) conduction
b) convection
 c) radiation



d) accretion
e) occultation 

81) Although I am not really a planet I can be classified as a terrestrial.  Earth astronomers call me ...
a) Ganymede
b) Titan

c) Phobos
d) the moon

e) Pluto

82) Which planet has the highest density?
a) Earth

b) Venus



c) Jupiter
d) Saturn
e) Pluto 

83) Which planet has the lowest density?
a) Earth

b) Venus



c) Jupiter
d) Saturn
e) Pluto 

84) Earth's daytime sky appears blue because





a) oxygen reflects blue light.





b) water covers a majority of the surface.




c) Earth dust reflects blue light.





d) molecules in the atmosphere scatter more blue light.


e) microscopic dust particles scatter red light and the blue passes through.
85) The earth is shielded from harmful radiation and high-energy particles by several different things.  Which doesn't shield the earth from anything?



a) the magnetic field
b) the ozone
c) the atmosphere


d) aurora borealis
86) What makes it possible to measure the magnetic field of sunspots?

a) differential gravity

b) Zeeman effect


c) occultation


d) perturbation



e) Bode's formula
































































































































































































































































































































































































Figure 3-7
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