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Astronomy: Earth

average standard
density atmosphere
mass (kg) | radius (km)| (gm/cm®) (pascals)
5.97 x 16° 6,378 5.514 101,325
mean distance
from Sun perihelion | aphelion
(km =1 AU) (km) (km) axial tilt
1.496 x10 | 1.471x 10| 1.521x 16 23.45
average escape
gravity orbital speed velocity orbital
(m/sz) (km/s) (km/s) eccentricity
9.81 29.78 11.186 0.0167
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Astronomy: Equinoxes and Solstices
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Astronomy: Celestial Sphere

celestial sperean
imaginarysphere of
arbitrarily largeradius
concentricwith Earth
all objects in the
observer'sskycan be
thought of asprojected
upon the inside grface
of the celestial sphere

(Image surce:
https://en.wikipedia.org/wiki/Celestial _spherémage source: Lunar and Planetary
Institute)
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Astronomy: Ecliptic

The Sun
appears here
on March 21.

Astronomy: Milankovitch Cycles (1)
Milankovitch cyclesdescribes the collective effects of changes in HagtHs
movements orclimate theorythat variations ineccentricity axial tilt, and
precessiorof Earth's orbit strongly influenced climatic patterns
eccentricity Earth's orbil eccentricity varies between nearly circular, with
the lowest eccentricity of 0.000055, and mildly elliptical, highest eccentrid
of 0.0679, with the mean eccentricity of 0.0019
axial tilt varies with respectt i K S LJ | ¢tSt; s 2.49 dbibdiy K

(Source of (1):

https://en.wikipedia.org

Astronomy: Milankovitch Cycles (2)

Jwiki/Milankovitch _cycl

)

variations take approximately 41,000 years to shift between 22.1° and 24
and back again; when obliquity increases, amplitude of the seasonal cycl
insolationincreases, sumers in both hemispheres receiveore radiative
solarflux, and less in winters; when the obliquity decreases, summers re
less and winters receive more

precessiontrend in direction of Earth's axis of rotation relative to fixed sta|
period of about26,000 yearsgyroscopic motion is due to tidal forces exert
by the Sun and the Moon on Earth; both contribute equally to this effect.

(Image source:

https://en.wikipedia.org
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Equinax
5000 years ago an
o

es#t/media/File:Precessi

15000 years fr

on_ard_seasons.syg
Krishnavedala, CC A

3.0)



mailto:tucsonkosmicgirl@gmail.com
http://denisemeeks.com/science/notebooks/notebook_astronomy.pdf
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Equator
https://en.wikipedia.org/wiki/Sun
https://cbsboston.files.wordpress.com/2015/09/sky.jpg
https://cbsboston.files.wordpress.com/2015/09/sky.jpg
https://en.wikipedia.org/wiki/Imagination
https://en.wikipedia.org/wiki/Sphere
https://en.wikipedia.org/wiki/Radius
https://en.wikipedia.org/wiki/Concentric
https://en.wikipedia.org/wiki/Sky
https://en.wikipedia.org/wiki/Projective_geometry
https://en.wikipedia.org/wiki/Celestial_sphere
https://www.quora.com/What-is-the-ecliptic
https://www.quora.com/What-is-the-ecliptic
https://www.quora.com/What-is-the-ecliptic
https://www.quora.com/What-is-the-ecliptic
https://www.quora.com/What-is-the-ecliptic
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Climate
https://en.wikipedia.org/wiki/Eccentricity_(orbit)
https://en.wikipedia.org/wiki/Axial_tilt
https://en.wikipedia.org/wiki/Precession
https://en.wikipedia.org/wiki/Eccentricity_(orbit)
https://en.wikipedia.org/wiki/Insolation
https://en.wikipedia.org/wiki/Milankovitch_cycles
https://en.wikipedia.org/wiki/Milankovitch_cycles
https://en.wikipedia.org/wiki/Milankovitch_cycles
https://en.wikipedia.org/wiki/Milankovitch_cycles#/media/File:Precession_and_seasons.svg
https://en.wikipedia.org/wiki/Milankovitch_cycles#/media/File:Precession_and_seasons.svg
https://en.wikipedia.org/wiki/Milankovitch_cycles#/media/File:Precession_and_seasons.svg
https://en.wikipedia.org/wiki/Milankovitch_cycles#/media/File:Precession_and_seasons.svg

Astronomy: Sidereal and Synodic Periods (1)

Earth Moon
sidereal
sidereal rotation | sidereal orbital | period in | synodic period
period in hours period in days days in days
23h 56m 4.099s 365.25636 27.32166 29.53059

sidereal periodamount of time that it takes an object to make a ful§ retrograde motion:

orbit, relative to thestars the sidereal day is 23h 56s
synodic periodamount of time that it takes for an objetd reappear
at the same point in relation to two or more other objects

synodic period between two bodiesl = 1 +i
Psyn Pl I:)2

P, and P, are the orbital periods of the two bodies

Astronomy: Sidereal and SynodReriods (2)

prograde motion:
lengthof siderealday

lengthof solarday = -
1 lengthof siderealday

orbital period

lengthof siderealday

lengthof solarday = -
. lengthof siderealday

orbital period

Astronomy: Sidereal and Synodic Periods (3)
On aprogradeplanet like
Eath, the stellar dayis shorter \
than thesolar day At time 1, F o w
the Sun and a certain distant /12/‘)
D)

star are both overhead. At
time 2, the planet has rotated
360° and the distant star is
overhead again but the Sun is
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is not until a little later, at time
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(Image source:
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Astronomy: Equation of Time
apparent solar timetime indicated by a sundial
mean solar timeaverage as
indicated by welregulated
clocks

equation of time difference .

between apparent solar time /\
9l 0 270 340
& Day of year

and mean solar time
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above the axis: sundial will
appear fast relative to a
clock; below the axis sundial

will appear slow
(Image source:
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Astronomy: Universal Time and Coordinated Universal Time

universal timetime standardobased on Earth's rotation; modern
continuation ofGreenwich Mean TimgGMT), themean solar timeon
the Prime Meridian at Greenwich, London, UK

Coordinated Universal Ti{@TC) primarytime standardby which
the world regulates cldes and timeis within about 1 second ahean
solar timeat 0° longitudedoes not observelaylight saving time

(Sourceshttps://en.wikipedia.org/wiki/Universal Time
https://en.wikipedia.og/wiki/Coordinated Universal Time

Astronomy: Julian Date and GMST
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Astronomy: Time Zones

(Image source:
https://en.wikipedia.org/wiki/Time zone#/media/File:Standard World Time Zoneq
g, TimeZonesBoyCC BBA 4.0)
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1. Theorbit of a planet is arllipse =
with the Sun at one of the two ‘_;'/'/ NN
foci.

. A line segment joining a planet
and the Sun sweeps out equal
areas during equal intervals of
time.

. The square of therbital periodof
a planet is proportional to the

YSLX SN a

fl (sun) 4]

planer 2 Planet 1 —
'Y

N

cube of thesemimajor axisof its orbit. P?=a®
(Image surce:
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Astronomy: Orbits (1)
orbital speed y = /Gﬂ escape speegl = 2GM
r r

gravitational constat G = 6.67408 x 16'N mz/kg2
M = mass of body around which object is orbiting
I = distance of orbiting body from the center of masb

gravitational potential energy) = GMm
r
orbital period ;’% P Qs> gravity g = —;
¢cVGM =+ r
two massive bodies orbiting each other._ & 2 83,2

&leM, +M,) 9

Astronomy: Orbits(2)
retrograde motion motion backward from the norm
perigee point in the orbit of the moon or a satellite at which it is
nearest toEarth
apogee point in the orbit of the moon or a satellite at which it is
furthest from Earth
periheliort point in the orbit of a planet, asteroid, or comet at whicH
is closest to the sun
aphelion point in the orbit of a planet, asteroid, or comet at which §
is furthest from the sun
periapsis the point in the path of an orbiting bodyt avhich it is
nearest to the body that it orbits
apoapsisthe point in the path of an orbiting body at which it is
farthest fromthe body that it orbits

Astronomy: Orbit Classifications (1)

1 altitude classifications

9 low Earth orbit (LEO): orbits ranging altitude from 160
kilometers (100 statute miles) to 2,000 kilometers abawvean
sea level

1 medium Erth orbit (MEO)orbits with altitudes at apogee
ranging between 2,000 lkimetersand that of the
geosynchronous orbdt 35,786 kilometers

9 geosynchronous orbi{GEQ)circular orbit with an altitudeof
35,786 kilometersperiod equals onaidereal daycoinciding withy
the rotation period of the Earth

9 high Earth orbif{HEO)altitudes at apogee higher than that of th
geosynchronous orbit

Astronomy: Orbit Classifications (2)

9 eccentricity classifications
1 circular orbit has areccentricityof O and path traces a circle
9 elliptic orbit eccentricitygreater than 0 and less than 1 whose orbit
traces the path of aellipse
1 Hohmann transfer orbitorbital maneuver that moves a spacecraft frory
onecircular orbitto another using two engingnpulses
9 geosynchronous transfer orbigeocentrieelliptic orbitwhereperigeeis
at the altitude of alow Earth orbitfLEO) andpogeeat altitude of a
geosynchronousrbit
1 highly elliptical orbifHEO)geocentric orbit with apogeelmve 35,786
km and low pegee of about 1,000 kitthat result in long dwell times
nearapogee
(Sourcehttps://en.wikipedia.org/wiki/Geocentric_orhjt

Astronomy: Orbital Element$1)

1 eccentricity(e): shape of the ellipse, describing how much it is elongatej
compared to a circle

9 semimajor axiga). sum of theperiapsis and apoapsis distanaisgided by
two

91 inclination(i): vertical tilt of the ellipse with respett the reference plane

9 longitude of the ascending node j horizontally orients thescending
nodeof the ellipse with respect to the reference frametsrnal point

9 argument of periapsié .: defines the orientation of the ellipse in the
orbital plane, as an angle measured from the ascending node to the
periapss

1 true anomaly(n) atepochMg): defines the position of the orbiting body
along the ellips at a specific time (the "epoch™)

Astronomy: Orbital Element$2)

r.-r
e= 2P o= perihelion distance I, = aphelion distance
a+r,
r, +r . . _ GM
a= object circular velocity, = ,/—
2 a

o . 1+e . . 1-e
perihelion velocityy =v aphelion velocityy, =v_. |[——
PoN1-e l+e

velocity at distance i = ’GM%- 18
¢cr a-

Astronomy: Celestial Coordinate Systems (1)

fundamental plane coordinates primary direction
coordinate system|  center point (0° latitude) poles latitude longitude (0° longitude)
horizontal observer horizon zenith, altitude (a) or azimuth (A) north or south point
(also calledAlt-A2) nadir elevation of horizon
equatorial center of theEarth| celestial equator celestial poles declinationo 4 U | right ascensiordo h 0f  vernal equinox
(geocentric)/center hour angle(h)
of the Sun
(heliocentric)
ecliptic ecliptic ecliptic poles ecliptic latitude (i ) | ecliptic longitude(<)
galactic center of theSun galactic plane galactic poles | galactic latiude () | galactic longitude ] galactic center
supergalacic supergalactic plane| supergalactic |supergalactic latitudg supergalactic intersection of
poles (SGB longitude SGI) supergalactic plane
and galactic plane

(Souce: https://en.wikipedia.org/wiki/Celestial _coordinate systgm
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Astronomy: Celestial Coordinate Systems (2)
/I, 20aSNWBSNDa f2y3AddRS
Jo=ObSNBSND&a €I GdAdGdRS
e = obliquity of the ecliptic, 23.43787
g, = local sidereal time

g = Greenwich sidereal time

hour anglea A right ascension
h=g -a=qg;-/,-a
a=q -h=qg;-/,-h

Astronomy: Celestial Coordinate Systems (3)
equatoriala A ecliptic
sina cose + tand’sine
cosa

tan/ =

sinb =sindcose- cosdsinesina

sin/ cose+tanbsine
tana =
cos/

sind = sin bcose+ cosb sinesin/

Astronomy: Right Ascension and Declinatiéth)
right ascensionabbreviated racelestial equivalenof terrestriallongitude
measured from thevernal equinoxor the First Point of Arigswhich is the
place on thecelestial sphersvhere theSuncrosses theelestial equatofrom
south to north at the Marctequinox currently locatedn the constellation
Piscesmeasured in hours (h), minutes (m), and seconds (s), with 24h
equivalent to a full circle
declinatiokY F 6 6 NS@ALF GSR RSOT &de&vozf T
point on thecelestial spherén the equatorial coordinate systepmeasured
north or south of thecelestial equatoralong thehour circlepassing through
the point in question
hour angle measures the angular distance of an object westward along th
celestialequatorfrom the observer'sneridianto the hour circlepassing
through the objectalways increasing with | NIi K Q & mayBelcondider2)
a means of measuring the time sinceasject crossed the meridiamsteron
the observer'selestial merithn has a zero hour angle

Astronomy: Right Ascension and Declination (2)

(Image source:
http://astronomy.nmsu.edu/nic
ole/teaching/ASTR505/lectusd
ecture08/slide05.htmlIM. Vogt,
New Mexico State University)

Astronomy: Phases of the Moon (1)

overhead

phase moonrise time moonset
new 6 am noon 6 pm
waxing crescent 9 am 3 pm 9 pm

first quarter noon 6 pm midnight
waxing gibbous 3 pm 9 pm 3 am
full 6 pm midnight 6 am
waning gibbous 9 pm 3 am 9am
third quarter midnight 6 am noon
waning crescent 3am 9am 3 pm

WANING
CRESCENT

WANING
GIBBOUS

@ WAXING
GIBBOUS

WAXING CRESCENT

1st QUARTER

SOUR

(Image source: NASAublic domai

Astronomy: Lunar and Solar Eclipses (1)

lunar eclipseoccus when theMoon passes directly behind thearth
into its umbra(shalow), can occur only when the sy Earth, and
moon are aligned"éyzygy), with the Earth in the middlea lunar
eclipse can occur only the night ofudl moon

solar eclipseoccurs when thévioon passes between th8unand
Earth,and the Moon fully or partially blocksg¢cults) the Suncan
happen only ahew moonwhen the Sun and the Maoare in
conjunctionas seen from Earth in an alignmengyzygy unZa tofal
eclipse the disk of the Sun is fully obscured by the Mpiorpartial
and annuar eclipsesonly part of the Sun is obscured

Astronomy: Lunar and Solar Eclipses (2)

Solar
eclipse

(Image source:
https://en.wikipedia.org/wiki/Luna_eclipse#/media/File:Solar_lunar_eclipse_diagral
ng, Tomruen CC BBA 4.0)
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Bortle Dark Sky Scale (1)

Bortle Dark Sky Scale (2)

clasdtitle NELM clasdtitle NELM
1 excellent|7.6- [ zodiacal lightgegenscheinzodiacal band, 3 rural sky [6.6¢ [ zodiacal light is striking in spring and autumn, and cold
dark sky 8.0 airglow readily visible 7.0 still visible
1 many constellations, particularly fainter ones, barely 1 some light pollution evident at the horizon, darbove
recogniable due to large number of stars M nearer surroundings are vaguely visible
1 manyMessierandglobular clustersare nakedeye M the summer Milky Way still appears complex
objects M M15, M4, M5, andM22 are nakedeye objects
T _M33is a direct visiomaked-eye object N M33is easily visible withaverted vision
2 typical [7.1¢ [f zodiacal light is distinctly gllowish, bright enough to cag 4 rural/ 6.1¢ [ zodiacal light still visible
truly dark|7.5 shadows at dusk and dawn surban 6.5 [{ light pollution domes visible in several directions
sky T airglow may be weakly visible near horizon transition 1 clouds illuminated in the directions of the light sources
M summer Milky Way highly structured dark overhead
1 many Messier objects and globulatusters are naked 1 surroundings clearly visible, even at a distance
eye objects M Milky Way well above the horizon but lacks detail
M M33 is easily seen with naked eye N M33difficult, averted vision object, visible when high
NELMc naked eye liriting magnitude
Bortle Dark Sky Scale (3) Bortle Dark Sky Scale (4)
class |[title NELM clasdtitle NELM
5 sub- 5.6¢ [ only hints of zodiacal light are seen on the best nights 7 sub- 4.6¢ [ light pollution makes the entire sky light gray
urban |6.0 autumn and spring urban/ 5.0 | Milky Way invisible
sky 1 light pollution is visible in most, if not all, directions urban 1 M31 andM44 may be glimpsed, but with no detail
M clouds are noticeably brighter than the sky transition M brightest Messier objects are dim
M Milky Way very weak or invisile near the horizon, l0oks 8 |citysky |4.1¢ [ sky is light gray porange, one can easily read
washed out overhead 4.5 [ stars forming familiarconstellatiors weak or invisible
6 bright |5.1¢ i zodiacal light is invisible 1 M31 and M44 barely glimpsed by experienced observs
sub- |55 A light pollution makes the sky within 35° of horizon M only bright Messier objects detectablewith telescope
urban grayish white - 9 |innercity[4.0 [ sky is brilliantly lit
sky M clouds apywhere in the sky appear fairly bright sky M many constellationsbarely visible
I surroundings are easily visible _ M aside fromPleiades no Messier objechaked eye visible
T Milky Way is only visible near the zenith M only observable objects artoon, planets, a few
M M33is not visibleM31 is modestly apparent bright star clusters

(Sourcehttps://en.wikipedia.org/wiki/Bortle scalp

Observational Astronomy (1)
radio astronomy uses radiation outside the visible range withvelengths
greater than approximately one mm; different from most other forms of
observational astronomy in that the observeatlio wavesan be treated as
wavesrather than discretgphotons
infrared astronomyfounded on the detection and analysisiofrared
radiation, wavelengths longer than red light and outside the range of our
vision; useful for studying objects that are too cold to radiate visible light,
as planetscircumstellar disksr nebulae
optical astronomymodern images are made using digital detectors,
particularly usinghargecoupled deices(CCDs) and recorded on modern
medium; visible light itself extends from approximately 460© 7000 A that
same equipment can be used to observe sarear-ultravioletandnear
infraredradiation

Observational Astronomy (2)
ultraviolet astronomy employs UWavelenghs between100 and 320;
light at those wavelengths absorbed by the Earth's atmosphere, requiringg
observations to be performed from upper atmosphere or space; suited to
study of thermal radiation and spectral emission lines from blue stars,
planetary nebulagsupernova remnantsactive galactic nuclei
X-ray astronomy:X-rays absorbed biarth's atmosphereall Xray
observations must be performed frohigh-altitude balloonsrockets or X-ray
astronomy satellitesX-ray sourcesncludeX-ray binariespulsars supernova
remnants elliptical galaxiesclusters of galaxiesctive galactic nuclei
gamma ray astronomygsatellitesobservesastronomical objects at shortest
wavelengths most gammaray emitting sources are actualjammaray
bursts, objects which only produce gamma radiation for a few millisecdad
thousands of seconds before fading away
(Sourcehttps://en.wikipedia.org/wiki/Astronomy

Astronomy: Structure of the Sufil)

Internal structure:
core

radiative zone
convection zone

Subsurface flows

(Image source:

http://solarsystem.nasa.

ov/planets/sun/indept
NASA, public domain)

Astronomy: Structureof the Sun(2)
description
extends from center to about 2€25% of the solar radius
density of up tolSOg/cms, temperature close to 15.7
million K
thermal radiation primary means of energy transfer;
temperature drops from approximately 7 million to 2
million K; transfer of energy byadiation; convection
density dropsfrom 20 g/cnf’ to only 0.2 g/cm°’

layer
core

radiative zone

tacholine region where uniform rotation of radiative zone and
differential rotation of the convection zone results in a
largeshear

convecive extends from 0.7 solar radii (200,000n) to near the

zone surface; temperature drops to 5,700 K and the density

only 0.2 g/m'3
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Astronomy: Structureof the Sun(3)

layer description

photosphere |visible surface of the Sun, is the layer below whithe
Sun becomes®paqueto visible light; about 6000 K

chromosphere|layer about2,000km thick, dominated by a spectrum of
emission and absorption lines

transition temperature rises rapidly from around 20,00Qin the

region upper chromosphere to coronal temperatures closer to
1,000,000K

corona has a particle density around 0m™to 10° m™; the
average temperature of the corona and solar wind is
about 1,000,00Q2,000,000 K; in the hottest regions it is}
8,000,00@20,000,000 K

heliosphere [tenuous outermost atmosphere of the Sun, filled thithe
solar wind plasma

Astronomy: Sunspots, Solar Flares, and Coronal Mass Ejectio
sunspot temporaryphenomenaon solarphotosphere appear as dar
spots areas of reduced surface temperature caused by concentra
of magnetic field flwnhibiting convection usually appear in pairs of
opposite magneti@olarity; number varies according to approximatd
1l-yearsolar cycle
solar flare sudden flash of brightness observed near $ais surface
involves a broad spectrum of emissiorggergy releas of typically
10% joulesof energy
coronal mass ejectiarunusually large release pfasmaand magnetic
field from the solarcorong often followsolar flaresand are normally

present during aolar prominenceruption
(Sourceshttps://en.wikipedia.org/wiki/Sunspat
https://en.wikipedia.org/wiki/Solar_flare
https://en.wikipedia.org/wiki/Coronal mass_ejectipn

Astronomy: ProtorProton Chain
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(Image source:
https://en.wikipedia.org/wiki/Proton%E2%80%93proton_chain_reaction#/media/Fi
usionintheSun.sygBorb, CC BSA 3.0)
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Astronomy: CNO Cycle
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(Image sourcehttps://en.wikipedia.org/wikilCNO _cycle#/media/File:CNO_Cycle.svq
Borb, CC BSA 3.0)

Astronomy: Aurora Borealis and Aurora Australis (1)
aurora naturallight disgay in the sky, predominantly seen in the hi
latitude Arcticand Antarcticregions; produced when the
magnetospheras sufficiently disturbed by thsolar windthat the
trajectories of charged particles in both solar wizd
magnetospheric plasmanainly in the form of electrons and protond
precipitate them into the upper atmosphere
(thermospheréexospherg, where their energy is lost; the resulting
ionization and excitation of atmospheric constituents emits light of]
various colors

Aurora Borealisnorthern hemisphere aurora
Aurora Australissouthern hemisphere aurora

Astronomy: Aurora Borealis and Aurora Australis (2)

color description

red at highest altitudes, excited atomic oxygen emits at 630.0
nm; visible only under more intense solar actiyj scarlet,
crimson, and carmine are the most ofteseen

green at lower altitudes the 557.7 nm emission (green) dominat
most common color; from excited molecular nitrogen, whi
transfers energy by collision with oxygen atoms

blue at lower altitudes,molecular nitrogen produces visible ligh|
in both red and blue parts of the spectrum, with 428 nm
dominant

ultraviolet [has been observed; also seen on Matapiter and Saturn

infrared part of many auroras

yellow, pink |mix of red, green, or blue; yellowgreen common

(Sourcehttps://en.wikipedia.org/wiki/Aurorg
e

Astronomy: Structure of theMoon (1)

The Moon idifferentiated, with a geochemicallgistinctcrust,

mantle, andcore. It has a solidon-rich inner core with a radius of 24
km and fluid outer core made of liquid iron with a radius of roughi\
300 km. Around the core is a partially molten boundary layer with
radius of about 500 km, thought to have developed throfigtctional
crystallizationof a globalmagma ocearshortly afterformation 4.5
billion years ago. Crystallization of this magma ocean would have
created amaficmantle from theprecipitationand sinking of the
mineralsoliving, clinopyroxene andorthopyroxene after about three
quartersof the magma ocean had crystadlit, lowerdensity

plagioclaseminerals could form and float into a crust atop.
(Sourcehttps://en.wikipedia.org/wiki/Moor)

Astronomy. Structure of the Moon (2)

Crater

(Image sourcehttps://en.wikipedia.org/wiki/Moon#/media/File:Moon_diagram.syg
Kelvinsoig, CC B3.0)
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Astronomy:Saros Cycle and Metonic Cycle
saros cycle period that can be used to predietlipsesof
the Sunand Moon
metonic cyclenearly acommon multipleof the solaryearand
the synodic lunamonth

saros cycle |metonic cycle
223synodic | 6,940 days 3
months = 235 synodic
6,585.3211 dayy months =
=18 years, 11| 19 years
days, 8 hours

Astronomy: Lunar Topography

Near side Far side

(Image sourcehttps://en.wikipedia.org/wiki/Moon#/media/File:MoonTopoLOLA.pnol
Mark A. Wieczorek, CC BY)3.0

Astronomy: Lunar Geology (1)

The prevailing hypothesis is that the Eagithoon system formed as af Its most visibldeatureis the giant farside South PoleAitken basin

result of the impact of Mars-sized body, nametdheig with the

proto-Earth(giant impac}, that blasted material into orbit about the
Earth that then accreted to form the present Eafttoon system. Theg
Moon's gravitational influence produces tloeean tidesbody tides
and theslight lengtheningf the day. Its current orbital distance is
aboutthii @ G A YS& 9 I Wt ifs QpareRt siza tBelsS/ N

almost the same as that of tH&un, resulting in the Moon covering tl§ Orientale which haveregionally low elevations and elevated rims.

Sun nearly precisely in totablar eclipse

Astronomy: Lunar Geology (2)

2,240 kmin diameter, the lagest crater on the Moon the second
largest confirmed impaatrater in the Solar Systerit is 13 kmdeep,
the lowestpoint on the surface of the Moon. The highest elevation
are loated directly to the northeast. inight have been thickened by
the oblique fomation impact of the South Poksitken basin. Other
large impact basinsncludelmbrium, Serenitatis Crisium Smythij and

far side of the lunasurface ion averageabout 1.9 km higher than
that of the near side. The discoveryfatilt scarpcliffsimpliesthat the
Moon has shrunk within the past billion years, by about 90 meters|

Astronomy: Lunar Geology (3)

The dark and relatively featureless lunar plaamscalledmaria(Latin
for "seas"; singulamare),and wereonce believed to be filled with
water. They arelargesolidified pools of ancierttasalticlava. Although
similar to terrestrial basalts, lunar basaltaye more iron and no
minerals altered by wateMost of these lavas erupted or flowed intq
the depressions associated wiithpact basinsSeverageologic
provincescontainingshield volcanoeand volcanidomesare found
within the near side "marid Almost all maria are on the near side o
the Moon, and cover 31% of the surface of the near side, compar
with 2% of the far side

Astronomy: Lunar Geology (4)

There are estimated to babout 30,000 craters wider than 1 kon
the near side.Thelunar geologic timescalis based on the most
prominent impact events, includingectaris Imbrium, andOrientale,
characterized by rings of uplifted material, between dueds and
thousands of kilometers in diametefhe lack of an atmosphere,
weather and recent geological processes mean that many of thes
craters are welpreserved. Because impact craters accumulate at l
nearly constant rate, counting the number of craters per unit area
be used to estimate the age of the surface

(Sourcehttps://en.wikipedia.org/wiki/Moor)

Astronomy: Brief Lunar Exploration History 198972 (1)

Astronomy: Brief unar Exploration History 1959972 (2)

date spacecraft | country date spacecraft |country date spacecraft | country date spacecraft |country
Jan 4, 1959 Luna 1 USSR | Aug 27, 1966 Luna 11 USSR Sep 18, 1968 Zond 5 USSR| Nov 17, 1970 Luna 17 USSR
Mar 4, 1959 Pioneer 4 USA | Oct 22,1966 Luna 12 USSR Nov 14, 1968 Zond 6 USSR | Nov 17,1970 Lunokhod 1 | USSR
Sep 14, 1959 Luna2 USSR| Nov 10, 196€Lunar Orbiter 4 USA Dec 24, 1968 Apollo 8 USA | Feb5,1971] Apollo 14 USA
Oct 6, 1959 Luna 3 USSR | Dec 24, 196¢ Luna 13 USSR May 21,1969 Apollo 10 USA | Jul 30, 1971] Apollo 15 USA
Jul 31, 1964 Ranger 7 USA | Feb 8, 1967|Lunar Orbiter § USA Jul 20, 1969 Apollo 11 USA | Aug 4, 1971 PFS1 USA
Feb 20, 1964 Ranger 8 USA [ Apr 20, 1967 Surveyor 3 USA Aug 11, 1969 Zond 7 USSR| Oct 3, 1971 Luna 19 USSR
Jul 20, 1965 Zond 3 USSR| May 8, 1967|Lunar Orbiter4| USA Nov 19, 1969| Apollo 12 USA | Feb 21,1974 Luna 20 USSR
Feb 3, 1966 Luna 9 USSR| Aug 5, 1967|Lunar Orbiter § USA Apr 14, 1970 SIV USA | Apr 21,1972 Apollo 16 USA
April 3, 1966 Luna 10 USSR| Sep 11, 1967 Surveyor 5 USA Sep20, 1970 Luna 16 USSR| Apr 24, 1972 PFS2 USA
Jun 2, 1966 Surveyor 1 USA [Nov 10, 1967 Surveyor 6 USA Oct 24, 1970 Zond 8 USSR| Dec 11, 1974 Apollo 17 USA
Aug 14, 1966| Lunar Orbiter 1| USA | Apr 10, 1968 Luna 14 USSR

(Sourcehttps://en.wikipedia.org/wiki/Exploration_of the Moon
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Astronomy: Sun (1)
Age: 4.6 billion years
Distance from galactic center: 26,000 ly
Orbital period: 225¢ 250 million years around the center
of the galaxy
Average orbital speed: 251 km/s around the center of the galaxy
Sidereal rotation period (solar day) 25.4 E&rth days
Equatorial radius: 6.96 x 16km (109 x Earth)
Surface area: 6.09 x 167 km® (12,000 x Earth)
Volume: 1.41 x 18°km3 (1,300,000 x Earth)
Mass: 1.99 x 16°kg (333,000 x Earth)
Mean density: 1.41 gm/cni(0.26 x Earth)
Center density 162.2 gm/cni (29.4 x Earth)

Astronomy: Sun (2)

Surface gravity: 274 m/g (27.9 x Earth)

Escape velocity: 617.7 km/s
Apparent magnitude:  -26.74
Angular diameter: onQ 6ndp RSIAINBS&D

Temperature: 5,778 K photosphere, 1.57 x ¥0in the
core
Luminosity: 3.828 x 1w

Atmospheric compositiornZ3.5% hydrogen, 24.6% helium, trace
amounts of oxygen, carbon, iron, neon,
nitrogen, silicon, magnesium, and sulfur

Astronomy: Sun (3)

(Image source:
https://en.wikipedia.org/wiki/Sun#g
[media/File:Sun_white.jpgGeoff
Elston, CC BY 4.0)

Astronomy: Planet Types
terrestrial planetthat is composed primrily ofsilicaterocksor
metals have a glid planetary surfaceall terrestrial planets may havq
the same basic type of structure, such as a central metadlie,
mostlyiron, with a surrounding silicateantle
jovian usually primarilcomposedof low-boiling-point materials,
rather thanrockor other solidmatter, butmassive solid planetsan
also exist, sometimes known gas giant®r ice giants, depending or]
composition
dwarf: aplanetarymass objecthat is neither glanetnor anatural
satellite it is in direct orbit of the Sun, and is massive enough for if
gravity to crush it into daydrogatic equilibriumshape (usually a
spheroid, but it has notleared the neighborbod of other material
around its orbit

Astronomy: Mercury (1

(Image source:

https://en.wikipedia.org/wik/Mer
cury (planet)#/media/File:Mercul
y_Globe
MESSENGER_mosaic_centered

0OdegNOdegE.jpgNASA/APL,
public domain)

Astronomy: Mercury (2)

9 smaller but more massive thaanymedeand Titan

9 consists of ~70% metallic and 30siticate material

9 core ocupies about 55% of itsolume

9 core has a higher iron content than that of any other major planet in
the Solar Systa

9 500-700 km silicatemantle

9 crustestimated to be 35 km thick

9 numerous narrow ridges, extending up to several hundred kilometef
in length

1 extensivemare-like plains and heavy cratering similar to those on thg
Moon, indicatinggeological inactivityfor billions of years

(Sourcehttps://en.wikipedia.org/wiki/Mercury (planef)

Astronomy: Mercury (3
ancient
5.79 x 10km (0.387 AU)
Orbital perod: 0.24 years (88.0 days)
Synodic period: 0.32 years (115.9 days)
Average orbital speed: 47.4 km/s
Sidereal rotation period (Mercury day):

Discovery date:
Semimajor axis:

58.7 Earth days

Mean radius: 2,439.7 km (0.38 x Earth)
Surface area: 7.48 x 10km?(0.15 x Earth)
Volume: 6.08 x 16°km? (0.056 x Earth)
Mass: 3.30 x 16°kg (0.055 x Earth)

Mean density: 5.43 gm/cn? (0.98 x Earth)

Astronomy: Mercury (4)
3.70 m/$ (0.38 x Earth)
4.25 km/s (0.38 x Earth)

Surface gravity:
Escape velocity:

Apparent magnitude:  +5.7 to-2.6

Angular diameter: ndopé G2 wmoté

Albedo: 0.12

Temperature: 340 K mean, 100 K minimum, 700 K
maximum

Number of satellites: 0

Surface pressure: trace

Atmospheric compositiom2% mdecular oxygen, 29% sodium, 2294
hydrogen, 6% helium, antraces of other
elements
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Astronomy: Venus (1

(Image source
https://en.wikipedia.org/wiki/Venu
s#t/media/File:Venuseal color.jpg
NASA/Ricardo Nunegublic
domain)

Astronomv:Venus(g)

9 has a core, mantle, and crust

1 densestatmosphereof the four terrestrial planets, consisting of morg¢
than 96%carbon dioxide

9 atmospheric pressurat the surface is 92 times that of Earth; by far
hottest planet with a mean arface temperature of 735 K @2°C;
863°F); dense Glouds

1 surface is isothermal

9 clouds ma produce lightning

1 has 167 large volcanoes over 100 km across

(Sourcehttps://en.wikipedia.org/wiki/Venu$

Astronomy: Venus (B

Discovery date:
Semimajor axis:
Orbital period:

Synodic period:
Average orbital speed:

Sidereédrotation period (Venus day): -243.0 Earth days (retrogradq

Mean radius:
Surface area:
Volume:
Mass:

Mean density:

ancient

1.08 x 18km (0.723 AU)
0.615 years (224.7 days, 1.92 Venus sold
day)

1.60 years (583.9 days)
35.0 km/s

6,051.8 km (0.95 x Earth)
4.60 x 18 km? (0.90 x Earth)
9.28 x 16" km? (0.87 x Earth)
4.87 x 16" kg (0.82 x Earth)
5.24gm/cm’ (0.95 x Earth)

Astronomy:Venus (4

Surface gravity: 8.87 m/$ (0.90 x Earth)
Escape velocity: 10.36 km/s (0.93 x Earth)
Apparent magnitude:  -4.9 t0-3.8

Angular diameter: hbdPTé G2 ccodné
Albedo: 0.69

Temperature: 737K

Number of satdites: 0

Surface pressure: 9.2 MPa (92 x Earth)

Atmospheric compositio®6.5%carbon dioxide 3.5%nitrogen,
0.015%sulfur dioxide 0.007%argon
0.002%water vapor 0.0017%carbon
monoxide 0.0012%helium, 0.0007%meon

Astronomy: Earth (1

(Image source:
https://en.wikipedia.org/wiki/Earth
#/media/File:The Earth_seen_ frofl

Apollo_17.jpgHarrison Schmitt,
public domain)

Astronomy: Earth (2)

1 outer layer ischemically distinctsilicatesolid crust

1 highly viscoussolid mantle.

1 crust is separated fronmantle bya 2 K2 N2 A 6 A6 RA & (

1 crust thicknessvaries from about6 km under oceans to 3@50 km for
continents

1 crust andcold, rigid, top of upper mantleknown aslithosphere

1 tectonicplates on lithosphere

1 beneathlithosphere is asthenosphergelatively low-viscosity layer or
which lithosphere rides

1 important changes irmantle crystal structureoccur at 410 an&60km
below surface, spanningransition zoneseparatingupper and lower
mantle

1 beneath the mantle, an extremely low viscosity liquimbiter core outer
lies above a solidghner core

Sourcehttgs://en.wikigedia.org/wiki/EartQ

Astronomy: Earth (3

Semimajor axis:

Orbital period:

Average orbital speed:
Sidereal rotation period:
Mean radius:

Surface area:

Volume:
Mass:
Mean density:

1.50 x 18km (1.000 AU)

1.000 year (365.26 days)

29.8 km/s

23h56 m4.1s(0.997 vs)

6,371.0 km

5.10 x 16km? (1.49 x 18km” land, 3.61 x
10° km® water)

1.08 x 1¢ km3

5.97 x 16 kg

5.51 gm/cn?

Astronomy: Earth (3

Surface gravity: 9.81 m/¢

Escape velocity: 11.19 km/s

Albedo: 0.367

Temperature: 288 K mean, 184 K minimum, 330 K
maximum

Number of satellites: 1

Surface pressure: 101.325 kPa

Atmospheric compositiornZ8.08% nitrogen, 20.95% oxygen, 0.9309
argon, 0.0402% carbon dioxide, ~1% wa
vapor
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Astronomy: Moon (3

(Image source:
https://en.wikipedia.org/wiki/Mo
on#/media/FileFullMoon2010.jp
g, Gregory H. Revera, CC®Y
3.0)

Astronomy: Moon (2

1 geochemicallydistinct crust, mantle, core

1 solid iron-rich inner core withradius possibly assmall as 24&m

1 fluid outer core primarily made of liquid iron withradiusabout 300km

i partially molten boundary layemaround corewith radiusabout 500km

1 structure thought to have developed througffractional crystallization
of global magma oceashortly atter formation 4.5billion years ago

1 createdmafic mantle from precipitation and sinkirg of minerals
olivine, clinopyroxene, and orthopyroxene

1 after about three-quarters ofmagma ocean had crystallisethwer-
density plagioclasemineralsformed and floated into crust atop

1 geochemicabkuggestrust of mostlyanorthosite

1 mafic mantle compositionmore iron-rich thanEarthQ a

9 crustabout 50 kmthick

(Sourcehttps://en.wikipedia.org/wiki/Moor)

Astronomy: Moon (3

3.85 x 16km (0.00257 AU)
Orbital period: 27d 7 h43 min 11.5 s (27.321 days)
Synodic period: 29d 12h 44 m 2.9 s (29.530 days)
Average orbital speed: 1.022 km/s

Semimajor axis:

Sidereal rotation periogMoon day: 27.322 Earth days
Mean radius: 1,737.1 km (0.27 x Earth)
Surface area: 3.79 x 10km’ (0.074 x Earth)
Volume: 2.20 x 16°km? (0.020 x Earth)
Mass: 7.34 x 16°kg (0.012 x Earth)

Mean density: 3.34 gm/cni (0.61 x Earth)

Astronomy: Moon 4)
1.62 m/$ (0.17 x Earth)
2.38 km/s (0.21 x Earth)
-2.5t0-12.9,-12.4 at full moon

Surface gravity:
Escape velocity:
Apparent magnitude:

Angular diameter: HpdPoé¢ (2 onodmé

Albedo: 0.136

Temperature: 220 K mean, 100 K minimum, 390 K
maximum

Qurface pressure: 10" Pa day, 10° Pa night
Atmospheric compositiorrace

Astronomy: Mars (}

(Image source:
https://en.wikipedia.org/wiki/Mars
#/media/File:Mars 23 aug_2003

ubble.jpg Hubble Space Telescop
public domain)

Astronomy: Mars (2

1 rotational periodand seasonal cycles A YA f | N§ G2 9 NJ

9 site of Olympus Monsthe largestvolcanoand secondhighest known
mountain in the Solar Systepand ofVallesMarineris, one oflargest
solar systencanyons

1 moons Phobosand Deimos which may be captured asteroids

9 dense metallic core oerlaid by less dense materials

9 core with radius of about 1,794 + 65 km consisting primarilyirah and
nickel with about 16¢17%sulfur

9 core surrounded by a silicatmantle that formed manytectonic and
dormant volcanic features

9 besides silicon and oxygemost abundant elements in the crust are
iron, magnesium aluminum, calcium andpotassiuny average
thickness of the planet's crust about 50 km

(Sourcehttps://en.wikipedia.org/wiki/Mar9

Astronomy: Mars (3
ancient
2.28 x 18km (1.523 AU)
1.88 years (686.7 days)
Synodic period: 2.13 years (778.0 days)
Average orbitalgeed:  24.1 km/s
Sidereal rotation period (Mars day) 1.03 Earth days

Discovery date:
Semimajor axis:
Orbital period:

Mean radius: 3,389.5 km(0.53 x Earth)
Surface area: 1.45 x 186km?’ (0.28 x Earth)
Volume: 1.63 x 16" km3 (0.15 x Earth)
Mass: 6.42 x 16°kg (0.11 x Earth)
Mean densiy: 3.93 gm/cn? (0.71 x Earth)

Astronomy: Mars (4
3.71 m/s? (0.38 x Earth)
5.03 km/s (0.45 x Earth)

Surface gravity:
Escape velocity:

Apparent magnitude:  +1.8 t0-2.9

Angular diameter: oPpé (G2 HpODME

Albedo: 0.17

Temperature: 210 K mean, 130 tinimum, 308 K
maximum

Number of satellites: 2

Satellites: PhobosDeimos

Surface pressure: 0.636 kPa
Atmospheric compositiorf5.97% carbon dioxide, 1.93% argon, 1.8
nitrogen, 0.146%xygen, 0.0577% carbon monoxide
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(Imagésoufée: http:
1.13715 NASA/JPL, public domain)
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Astronomy: Mars (5)

VIKING 2 =5

Astronomy:. Ceres (1

(Image source:
https://en.wikipedia.org/wiki/Cere|
s_(dwarf planet)#/media/File:Cel
s - RC3-

Haulani_Crater (22381131691)
cropped).jpg Justin Cowart, CC B
2.0)

Discovery date:
Semimajor axis:
Orbital period:

Synodic period:
Average orbital speed: 17.905 km/s
Sidereal rotation period (Ceres day) 9.1Zarthhours

Mean radius:
Surface area:

\Volume:
Mass:

Mean density:

Astronomy: Ceres (P

January 1, 1801 by Guiseppi Piazz
4.14 x 16km (2.768 AU)
4.60 years (1,680 days)
1.23 years (449 days)

473 km (0.0742 Earth)
2.77 x 16km’ (0.0054 x Earth)
8.26 x 18km® (0.00076 x Earth)
9.39 x 16 kg (0.00016 x Earth)
2.16 gm/cni (0.392 x Earth)

Surface gravity:
Escpe velocity:

Apparent magnitude:

Angular diameter:
Albedo:
Temperature:

Number of satellites:

Astronomy: Ceres (8
0.28 m/s? (0.0285 x Earth)
0.51 km/s
+6.7 to +9.3
noyné G2 ndooé
0.09
167 K
0

Astronomy: Lagest Moons

Ganymede| Titan | Callisto lo Moon | Europa| Triton
planet Jupiter Saturn | Jupiter | Jupiter | Earth | Jupiter [Neptune
radius (km 2634 2576 2408 1818 | 1737 | 1561 | 1353
semmajor | 1,070,400(1,221,87(1,882,70( 421,800 384,399 671,100 354,800
axis (km)
sidereal 7.155 15.95 16.69 | 1.769 | 27.32 | 3.551 | -5.877
period (hr)
discovery 1610 1655 1610 1610 N/A 1610 | 1846
year
discovered| Galileo [ Huygens| Galileo | Galileo | ancient| Galileo| Lassell

Astronomy: Jupiter(1)

(Image source:
https://en.wikipedia.org/wiki/Ju

piter#/media/File:Jupiter_and i

s_shrunken Great Red Spot.

, NASA/ESA and Ao®n, public
domain

Astronomy: Jupiter (2)

boundaries

T gas giant:massl/l,OOOth of the Sun, 2 ¥ times that of all the other
planets inSolar System combined

1 primarily hydrogen and helium

1 outer atmosphere segregated into several bands at different
latitudes, resulting i turbulence and storms alog their interacting

9 prominent result is theGreat Red Spot
9 more than 60 moons

(Sourcehttps://en.wikipedia.org/wiki/Jupite}
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https://en.wikipedia.org/wiki/Great_Red_Spot
https://en.wikipedia.org/wiki/Jupiter

Astronomy: Jupiten(3)

ancient

7.78 x 16km (5.202 AU)
Orbital period: 11.86 years (4,332 days)
Synodic period: 1.09 years (398.9 days)
Average orbital speed: 13.1 km/s
Sidereal rotation period (Jupiter day) 9.93 Earth hours

Discovery date:
Semimajor axis:

Mean radius: 69,911 km (10.97 x Earth)
Surface area: 6.14 x 16°km’ (121.9 x Earth)
Volume: 1.43 x 18°km3 (1,321 x Earth)
Mass:

Sun)

Mean density: 1.326 gm/cni(0.24 x Earth)

Astronomy: Jupiter(4)
24.8 m/s2 (2.53 x Earth)
59.5 km/s (5.31 x Earth)

Surface gravity:
Escape velocity:

Apparent magnitude:  -1.6 t0-2.9

Angular diameter: Hpdy ¢ (2 pnomé
Albedo: 0.34

Temperature: 165K

Number of satellites:  at least 67

Large satellites:
Ring system:

Ganymede, Callisto, lo, Europa
faint, three main segments made of dust

1.90 x 16" kg (317.8 x Earth, 1/1047 of th] Atmospheric compositior89.8% hydrogen, 10.2% helium, ~0.3%

methane, ~0.026% ammonia, ~0.003%
hydrogen deuteride, 0.0006% ethane,
0.0004% waterices

Astronomy: Saturn (1

(Image source:
https://en.wikipedia.org/wiki/Saturn#/media/File:Saturn_during_Equinox,jpg
NASA/JPL/Space Science |nggit public domain)

Astronomy: Saturn2)

1 gas giant

1 only 1/8th average density of Earth

1 interior composed of core ofrongnickeland siliconand oxygen
rocks

1 core is surrounded by deep layer afetallic hydrogen intermediate
layer ofliquid hydrogenand liquid helium

1 prominent ring systemof 9 continuous mainrings

9 more than 60 moons

(Sourcehttps://en.wikipedia.org/wiki/Saturi

Astronomy: Saturn (3

ancient

1.43 x 18km (9.554 AU)
Orbital period: 29.46 years (10,759 days)
Synodic period: 1.04 years (378.1 days)
Average orbital speed: 9.69 km/s
Sidereal rotation priod (Saturn day) 10.66 Earth hours

Discovery date:
Semimajor axis:

Mean radius: 58,232 km(9.14x Earth)
Surface area: 4.27 x 16°km? (83.7 x Earth)
Volume: 8.27 x 16" km?3 (764 x Earth)
Mass: 5.68 x 16°kg (95.1 x Earth)

Mean density: 0.69 gm/cni (0.13 x Earth)

Astronomy: Saturn (4
8.96 m/s? (0.91 x Earth)
35.5 km/s (3.17 x Earth)

Surface gravity:
Escape velocity:

Apparent magnitude:  +1.2 to-0.24

Angular diameter: Mn®dpé (2 HNnodmME
Albedo: 0.30

Temperature: 88 Kto 151 K

Number of satellites:
Largest satellites:

at least & with regular orbits

Titan, Rhea, lapetus, Dione, Tethys,
Enceladus, Mimas

water ice,trace amounts of rock, particleg
from micrometer to meter sizes
Atmospheric composition:96%hydrogen, 3% helium;0.4%
methane, ~0.0% ammonia, ices

Ring system:

Astronomy: Uranus (1L

(Image source:
https://en.wikipedia.org/wiki/Ura
us#/media/File:Uranus2.jpg
NASA/JPL/Cal Tech, public dom

n

Astronomy: Uranuq2)

1 ice giant

9 atmosphere primarilyhydrogenand helium

9 containsicesincluding water,ammonia andmethane, traces of
other hydrocarbons

9 coldest planetaryatmosphere minimum temperature of 49K
ObHHND®HC/ U

9 complex, layerectloud structure with water thought to make up the
lowest clouds and methang¢he uppermost layer of clouds;

11 interior is mainly composeaf ices and rock

I (Sourceshttps://en.wikipedia.org/wiki/Uranug
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