PLANETARY ASTRONOMY

Two things we know about stars 


Light


Gravity

~10,000 years ago people were nomadic


followed herds

Before permanent civilization - had to have agriculture and predict seasons

Position of stars correlates w/seasons


-beginning of Astronomy - calendar making

Astronomy is the first science

_____

Things they noticed ~10,000 years ago


-Daily Motion (24hr) - rotation of Earth - circumpolar stars



- 360°/24hrs = 15°per hr

Sun size subtends .5° or 1/2°


-Yearly Motion



-closest to sun on January 4th



-23 1/2° tilt - tilt of earth axis




-cause of seasons 





tilt, orbit around sun




see different stars at different seasons





Orion - winter





Scorpio - summer




Spica used to plant and harvest

_____

Can still see the unilluminated part of the moon because of earthshine - sunlight reflected off earth

Synchronous orbit = 1/27 days

Moon pulls on earth (ocean/high tide)


-as moon pulls tide, the earth has to pull the tide past the moon


-this slows down earth’s orbit

-as the ocean is pulled past, the moons pull speeds up the moons orbit and it moves out


-the earth used to have a 10-12 hr day - till the moon slowed it down

Photosphere - body of the sun

Corona - Chromospheres - atmosphere of the sun

D = diameter of an object

d = distance
α = angle


D = αd / 206,265

C = circumference
C = 2 π r


36° * 60 * 60 / 2 π = 206,265

_____

Diurnal Motion - daily motion - rotation of the earth

Celestial Sphere - where the stars reside

Celestial Pole - Polaris

Celestial Equator - Earth's equator on celestial sphere

Zenith - directly overhead

Meridian - Imaginary line splitting sky into east and west

Vernal Equinox - 1st day of spring - 3/21

Autumnal Equinox - 1st day of autumn - 9/21

Winter Solstice - 1st day of winter - 12/21

Summer Solstice - 1st day of summer - 6/21

Waxing gibbous - between 1st quarter and full moon

Waning gibbous - between full and 3rd quarter

Waxing crescent - between new and 1st quarter

Waning crescent - between 3rd quarter and new

Sidereal month - once around the earth - 27 days

Synodic month - once around - from full moon to full moon


-the moon has to make up the distance the earth has moved

Moon moves 13° per day (360°/27 days)

Stars and Sun 15° per hour westward

Moon moves east 13° per day eastward

Lunar eclipse - happens on full moon

Solar eclipse - happens on new moon

Greeks


-geocentric universe - earth centered model



-tool to predict things that happened

Aristotle - 200BC


-daily motion - 24hrs


-yearly motion - 24 hrs plus 1°


-Sun - 24 hrs plus 1°

Aristarchus - Sun centered

Planets - means wanderer


-5 known planets - Mercury, Venus, Mars, Jupiter, Saturn

Venus and Mercury - never far away from the sun


-can never see Venus at midnight

Epicycles - Mercury and Venus have hubs that are connected with the sun's orbit. The planets revolve around the hub. 

Mars, Jupiter, Saturn - retrograde motion - move eastward

Geocentric view lasted until 1500 AD

Aristotle's model


-predicted



-daily motion of stars



-yearly motion of stars



-motions of Mercury and venus



- motions of Mars, Jupiter, and Saturn

Eratosthenes - 150BC


-June 21st read that a well in Syene, Egypt cast no shadow

-On June 21st, Eratosthenes measured the shadow of the stick in Alexandria


-needed to know the height of stick and length of shadow


- α = α1

- α = 7.2°

Distance from Alexandria to Syene is an angle of 7.2°

-360° / 7.2 = 50 (25, 000 mile circumference)

-distance from Syene to Alexandria is 1/50th of circle

Celestial pole is 90° @ north pole

Celestial pole is 0° @ equator

Ptolomey - 150 AD


-measured stars magnitude



-1st - 6th mag


-put all of stolen data into a book - The Almagest

Copernicus - 1500 AD


-The Almagest was read by Copernicus


-Heliocentric model


- his model was not published till after his death

Brunno took this idea and thought of the possibility of life outside earth and was burned

Elongation - orbits of planets interior to earth (inferior)

Inferior Conjunction - alignment of venus and earth in front of the sun


-venus is closest

Superior Conjunction - venus is on opposite side of the sun from earth

Greatest Elongation - appears furthest away from sun from our perspective (any interior planet) 


-venus - furthest away @ 47°


-mercury - furthest away @ 27°


-only see mercury or venus at sunrise or sunset

Opposition - Earth and superior planets are in line


-jupiter at opposition in January

_____

Galileo - 1610


-50 years after Copernicus


-Copernicus made the heliocentered system


-Galileo proved the sun centered system



-phases of venus



-looked @ Jupiter and found its moons


-1st to really use the telescope for observations



-saw sunspots, saw they moved



-proved the sun orbits on an axis

Kepler


-wanted geometric figures to explain the positions of planets

Brahe


-measured the angles between the sun and planets


-took the observations that Kepler needed

Kepler got Brahe's observations/info at his death

-with Brahe's work, Kepler found that the planets orbit the sun in elipses

_____

Kepler's 1st Law


-All planets travel in an ellipse with the sun at one focus



-E centricity = E = c / a




-E = 0 = circle




-E = 1 = line



-E centricity can vary from 0 to 1

Kepler's 2nd Law


-Planets sweep out equal areas in equal times 



-nearest point = perihelion



=farthest point = aphelion
Kepler's 3rd Law


-The period2 = average distance from the sun3


-p2 = a3  -  p = year, a = AU


-period is the time around sun - one year



-Jupiter's year is 12 years




-122  = a3 




-144 = a3



-5.24 = a




-Jupiter is 5.24 AU away from sun

Newton's 1st Law

-a body at rest or moving does so at a constant rate unless acted upon

Newton's 2nd Law


-acceleration of an object is proportional to the net outside force



-harder you push the object the greater the acceleration

-force = mass (acceleration)



-f = ma



-force of gravity = G M1 M2 / dist2

-mass has 2 properties



-inertia - resists motion



-acceleration - chg of speed or direction


-mass - property of object


-weight - reaction of mass to gravity

Newton's 3rd Law


-every action has an equal and opposite reaction

_____
Light 


-appears to be a wave


-186,000 miles/sec = C


-form of energy that acts on objects further away

(v) speed - how fast the wave is moving

(u) frequency - # of wavelengths per second

(λ) wavelength


v = λ u
speed = wavelength (frequency)

Light - accelerating electric charges


-electromagnetic energy

Spectrum


-Radio, TV, Microwave, Infrared, Visible, UV, Xrays, Gamma rays


(long wavelength)




(short wavelength)


(lower frequency)




(higher frequency)


(low energy)






(high energy)

Ways of making energy


-hot solid - blackbody


-hot gas - emission

Temperature - avg speed of molecules


-T = temperature in Kelvins

Wien's Law


-f = δ T4


-f = flux = amount of energy being given off



-δ = constant 

_____
Distance - astronomical units (AU) - average distance from earth to sun



-light year (Ly) - distance light travels in 1 year




-6 trillion miles




-300,000 km/s




-186,000 mi/s

s = d / t


-s = speed


-d = distance


-t = time

t = d / s 
same as 
t = d / c

10/15
Spectrum


-continuous - hot solid


-emission - line - caused by gases - emitted by the gas

-absorption - cool gases - you see all of the colors except those that are the right energy to move the electron up to the next level



-the energy is released but not in the same direction (not seen)

Scattering


-light bumps into molecules

Telescopes


-function is to collect light (radio→gamma)


-less atmosphere on top of a mountain - up above the absorbing layer


that absorbs infared


-radio and visible light gets thru atmosphere



-most telescopes are radio or visible light

-adaptive optics - increases resolution - takes out twinkling - atmosphere interference

-3 things telescopes do


-gather light



-by objective lens


-better resolution (clarity)



-distinguish objects


-magnify



-depends on eyepiece



-mag = focal length / focal length eyepiece




-mag = 1250mm / 20mm = 62 power

-refractors - lens

-reflectors (Newtonian) - mirror

_____
Solar System


-terrestrial



-merc, venus, earth, mars


-jovian



-jupiter, Saturn, Uranus, Neptune, Pluto 

Observation


1 - chemical makeup



-formation


2 - all orbit around sun counter clockwise


3 - all orbit sun in a plane


4 - Nebula - stars forming



-90% Hydrogen



-  9% Helium



-  1% Other

Density


-mass / volume = elements



-earth's density = 5.5 g/cm3


-density of earth's crust = 3/3 g/cm3 




-iron/nickel core



-jupiter = 1/3 g/cm3 

_____
1 / dist2 = amount of light/heat planets receive from sun


-jupiter = 1 / 52 = 1 / 25

anything inside earth's orbit is too hot for liquid water to exist

stars that wobble have planets

accretion - accumulation of material to form larger objects

terrestrial - closer, smaller because hotter

jovian - larger because cooler

ice and grains survive better at colder temperatures, more solids around to form planets

atoms move slower and can be captured

Moon


-Maria - composed of basalt - very few craters - 3.8 billion years old


-Craters - same as earth - lots of craters - 4.2 billion years old


-Highlands - 
" 
"
"

Theories


-fission - earth was spinning so fast, part of it bulged out and broke off


-capture - would not be able to have perfect circular stable orbit


-co-creation - diff makeup


-leading theory - earth was hit and piece broke off

Moon has no atmosphere


-no plate techtonics


-crust-like

Space temperature is -300°

_____
Terrestrial planets

Planet
Size


Diam


Albedo
Density

Merc

4800km

3000mi

.12

5.4 g/cm3 

Venus
12000km

8000mi

.59

5.2 g/cm3 

Earth

12000km

8000mi

.39

5.5 g/cm3
Mars

6800km

4000mi

.15

3.9 g/cm3
Moon




2000mi

.11

3.4 g/cm3
Mercury, Mars, Moon - low reflectors

Mercury, Venus, Earth - have similar density

Mercury


-600°F daytime temp - 250°F nighttime temp


-takes 88 days for Mercury to revolve around sun


-see it at sunrise or sunset/ never more than 27° away from sun


-rotates every 58 days

Venus


-can't see surface from Earth because of clouds


-clouds are sulfuric acid


-860°F day or night

Solar System



Diameter




AU

-Sun - 800,000mi diameter








-100 Earths across in diameter




-Mer - 3,000mi - about size of moon

.39

-Ven - 7,000mi - about size of Earth

.72

Terrestrial

-Ear - 8,000mi diameter 



1.0

-Mar - 4,000mi diameter



1.5

-Jup - 11 times size of Earth



5.0

-Sat - 9 times size of Earth



10.

-Ura - 5 times size of Earth



20.

Jovian

-Nep - 5 times size of Earth



30.

-Plu - 1,200mi diameter



39.5

Venus


-hot, can't see surface, thick atmosphere, CO2 

Earth


-N2, O2, H2O 

Mars

-1/2 size of Earth, we see surface, dark changes w/seasons, ice caps, lines, cooler (38° or 60°), thin atmosphere, iron oxide (rust) 

Bruno

-monk who said there could be humans on other planets and was burned

Orson Wells


-War of the Worlds - book of HG Wells

1936 - people believed martians existed

Mars


-Valley Marianaris (canyon) - plate tectonics


-Olympis Mons - largest mountain in solar system - size of AZ


-thicker crust than Earth


-not very many craters


-water exists as gas or ice (no liquid)


-no organic compounds

Moon


-neither moon or Mercury has plate tectonics

Venus, Mercury, Mars - all have developed atmospheres

Avg temp of Earth - 58°F


-if no atmosphere - 31°F

Mercury and moon are similar

Greenhouse Effect


-H2O and CO2 - greenhouse gases


-Earth's avg temp should be -17°F

Earth receives light and reradiates it as infared


-our avg temp doesn't vary more than 1/2°

Global warming


-industrial revolution - 1700ad


-burned coal, oil, and gas - started smog

±3°F would drastically chg our environment

+3°F - flooding, more deserts


-our weather is dependent on water, sun, and temp


-changes in weather patterns

1757 - Herschel found Uranus

-noticed a perturbation - speed up and slow down - caused by Neptune

Uranus - 84 year orbit

Neptune - 165 year orbit

1930 - found Pluto - 247 year orbit


-albedo - like moon - 11% - with albedo - guessed size


-40AU


-Pluto occultation showed that its size is 1200mi

Outside Neptunes orbit there is a mass of debris called the Oort Cloud - extends about 1ly out from sun - 1/4 way to next star Alpha Centauri

There is something that causes the perturbation of Neptune and Uranus and causes the meteors and comets to leave the Oort Cloud and come towards the sun or leave system


-could be brown dwarf

Comets


-ice balls in Oort Cloud


-something causes perturbation - either coming in or leaving


-majority of comets come around sun then leave system completely


-rarely a comet has a stable elliptical orbit

Halley's Comet - every 76 years


-largest comet - 10mi in diameter

-as it comes close to sun the ice chgs from ice to vapor chging size to 10,000mi diameter

Between Mars and Jupiter there is an asteroid belt


-largest are about 600mi in diameter

Meteors come in 3 varieties


-Iron - iron/nickel


-Iron/Stone - crust and iron/nickel


-Stoney - just like crust

_____
Jupiter


-Jovian


-band/belts - cloud layers


-90%H, 9%He, 1%other


-11 times size of Earth - 80,000mi


-10hr rotational period


-not round - equator rotates faster than poles


-1.39g/cm3 - density


-.44 albedo - reflects about 40% of light


-only planet that gives off its own light - infared



-gives off its own heat - more heat than it receives



-caused by gravitational shrinkage


-if Jupiter had 90 times more mass it would be a sun


-bands are combination of 



-rotation



-heat


-Jupiter receives 1/25 light/heat from sun - 5AU from sun


-material comes up, cools off, goes back down



-material coming up - white



-material going down - brown


-middle moving faster - causes shearing

Great Red Spot - hurricane 3 times the size of Earth - been going for at least 300 years

Comet hit Jupiter - Levy in '94

-broke into 9 pieces and collided with Jupiter - put holes in atmosphere

Solar system of its own


-has 4 large moons - closest to farthest -



-Io, Europa, Ganymeade, Callisto



-Ganymeade is largest moon in solar system (3,000mi)

Io


-Denisity - 3.5g/cm3 


-Albedo - .63


-rocky with some ice


-has volcanoes - only moon with volcanoes


-2,000mi diameter


-Jupiter is strong enough to make a high tide of Io's crust



-moves it ~3ft upward



-this friction causes the melting of interior and volcanoes

Europa


-Albedo - .64


-Density - 3g/cm3 


-50% ice / 50% rock


-force of Jupiters gravity pulls up the ice on Europa



-friction warms the interior, under ice crust could be liquid water

Ganymeade


-Albedo - .43


-Density - .19g/cm3

-mostly ice w/some rock

Callisto


-Albedo - .17


-Density - .18g/cm3 


-mostly ice w/some rock

Jupiter has high magnetic field


-Hydrogen under liquid pressures makes it conductive/acts like metal



-gives Jupiter its magnetic field

Saturn


-composition - 90%H, 9%He, 1%other


-9 times size of Earth


-10AU


-Density - .69


-Albedo - .46

Titon


-2nd largest moon in solar system


-has an atmosphere of Nitrogen about as thick as Earth's

Jupiter, Saturn, Uranus, Neptune - all have rings


-bands made up of particles which follows Kepler's laws


-particles are ice

Uranus and Neptune


-Jovian


-5 times size of Earth


-1977 occultation of Uranus gave diameter of planet



-found rings of Uranus

Saturn's rings - moon came too close

Jupiter's rings - meteors hitting moons and causing dust and debris

