Voyage through the
Solar System



albedo- fraction of solar energy reflected from an object back into spacanges from 0.0 to 1.0; the higher the number the greater the reflected
energy

angular diameter- angle subtended by a diameter of a distaspherical body which is perpendicular to the line between the observer and the center
of the body,usually measured in arcseconds

angular momentum- the quantity of rotation of a body, which is the product of its moment of inertia and its angular velocity

anorthosite ¢ a plutonic rock composed largely of calcic plagioclase
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apparent magnitudeg measure of the brightness of an object as seen from Earth; the lower the numberptighter the object

arcsecond; an angle measurement of 1/3600th of adegrée RS&aA Ay I 1SR o6& GUKS aeévyoz2f «a

asteroid¢ a small rocky body orbiting the Sun

asteroid beltc the circumstellar disc in the solalystem located roughly between the orbits ohe planets Mars andupiter;occupied by numerous
irregularly shaped bodies calledsteroidsor minor planets

asthenosphereg the upper layer of the Brth's mantle, below the lithosphere, there is low resistance to plastic flow and convection oscur
astronomical unit (AU); the mean distance between the Earth and the Sun, approximately 149,600,000 km

atmospherec the envelope of gases surrounding the Earth or another planet or moon

bar ¢ a metric unit of pressure equal td00,000 pascals (Paglightly less than the average atmosphemnressureon Earth at sea level
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biosignatureg any substance, such as an element, isotope, molecule, or phenomenon, that providestsi evidence of past or present life

carbon dioxideg naturally occurringchemical compounaonsisting of acarbonatom covalentlydouble bordedto two oxygenatoms

carbonaceous chondrite a member of theclass ofprimitive meteorites composed mainly osilicates oxidesand sulfides with the mineralsolivine
and serpentine
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celestial sphere; an imaginary sphere of which the observer is the center and on which all celestial objects are considered to lie
Celsius 9C)- the scale otemperature in which water freezes at 0° and boils at 100° under standard conditions

centaurg¢ aminor planetwith a semimajor axisbetween those of theouter planets has an unstable orbit that crosses the orbits of one or more of
the giant planets

chromosphereg a reddish gaseous layer immediately above the photosphefeéhe Sun or another str; constitutes the star's outer atmosphere
comet- a small, icy object made of ice, dust, and small pieces of rock, that orbits the sun and has a long Ttgdso

comparative planetology a branch of planetary science in which different natural pexses and systems are studied by their effects and phenomene
on and between multiple bodies

convectiong the movement caused within a fluid by the tendency of hotter, less dense material to rise, and colder, denser materiaktorsiter the
influence ofgravity, which results in transfer of heat

convective zong; a region of turbulent plasma between a star's core and its visible photosphere at the surface, through which energy isetrauaisf
by convection hot plasma rises, cools as it nears the surfaaad falls to be heated and rise again

core( the center of a star, planet, or other celestial body

coronag the rarefied gaseous envelope of the Sun and other stars; normally visible only during a total solar eclipse when it iassapnrregularly
shaped pearly glow surrounding the darkened disk of the moon

cosmic radiationg radiation consisting of cosmic rays
cubewano- a Kuiper belt object that orbits beyond Neptune and is not controlled by an orbital resonance with the giant planet

differentiation ¢ process in which a mixture of materials separates out into its constituent parts based on density; denser materials sitiklated
materials rise

dwarf planet- a celestial body orbiting the Sun that is massive enough to be rounded by its ownityraut has not cleared its neighboring region of
planetesimals and is ot a satellite;has to have sufficient mass to overcome rigid body forces and achieve hydrostatic equilibrium

ecliptic - a great circle on the celestial sphere representing the Swapparent path during the year; lunar and solar eclipses can occur only when the
Moon crosses it
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exoplanetg a planet that orbits a star other than the Sun

felsic- relating to or denoting a group of lightolored minerals including feldspar, feldspathoids, quartz, and muscovite

frost line- the location in the solar gstem where volatiles become ices, instead of remaining in gaseous or liquid states
galactocentrc ¢ relative to the center of the galaxy

galaxyc a system of millions or billions of stars, together with gas and dust, held together by gravitational attraction

gas giant a large planet that is not primarily composed of rock or other solid mattenhich may have a liquid metallic core

geocentricg relative to the center of the Earth

granule¢ one of the small, transient, luminous markings in the photosphere of the sun

great circleg a circle on the surface of a sphere that lies in a plane pagshrough the sphere's centelif represents the shortest distance between
any two points on a sphere

greenhouse gas a gas that contributes to the greenhouse effect by absorbing infrared radiation

habitable zoneg the range of orbits around a star within hich a planetary surface can support liquid water given sufficient atmospheric pressure
heliocentric¢ relative to the center of the Sun

helium ¢ the second most common element in the universe

heteropolymer¢ a compound formed from subunits that are natll the same

hydrogenc the most common element in the universe

hydrospherec all the waters onthe surfaceof a celestial bodyincluding lakes, rivers, seas, and clouds

hydrostatic equilibrium- when compression due to gravity is balanced by a pragsin the opposite direction; in celestial bodies it is frequently the
result of gravity pulling inward and pressure pushing outward
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ice dwarf- larger than the nucleus of a normal comet and icier than a typical asteroid

ice giantg a large planet compsed mostly of hydrogen and helium as well as water, ammonia, and methanewdgsh may have a liquid metallic
core

infrared radiation ¢ refers to energy in the region of the electromagnetic radiation spectrum at wavelengths longer than those of vigghie but
shorter than those of radio waves

jovian planetc a large planet composed mostly of hydrogen and heliplacking avisible solid surface, and whicimay have a liquid metallic core;
categories include gas giant and ice giant

Kelvin(K)¢ temperature used in science, where absolute zero is 0 K, the freezing point of water is 273 K, and the boiling point of wateiis 373
Kuiper beltc a region of the solargstem beyond the planets extending from the orbit of Neptune, at 30 AU, to approximatéyAU from the Sun
libration ¢ an oscillation of the Moon, by which parts near the edge that are often not visible from the Earth sometimes come into view
lithospherec the rigid outer part of the Earth, consisting of the crust and upper mantle

luminositty - the intrinsic brightness of a celestial object

lunar ¢ referring to the Moon

lunar eclipseg occurs at full moon, when the Sun, Earth, and Moon are in a straight line

mafic ¢ relating to, denoting, or containing a group of da¢olored, mainly feromagnesian minerals such as pyroxene and olivine

magnetic field¢ a region around a magnetic material or a moving electric charge within which the force of magnetism acts

main sequence a series of star types to which most stars belong, represented dteatzsprungRussell diagram as a continuous band extending
from the upper left (hot, bright stars) to the lower right (cool, dim stars)

mantle ¢ the region of the interior of the Earth between the core (on its inner surface) and the crust (on its outer)
maria¢ dark and relatively featureless lunar plains

mascon- large positive gravitational anomaly associated with giant impact basins on the Moon



maximum elongationg location in an orbit where a planet appears to have its largest angular separatiomfthe Sun
methanec a colorless, odorless, flammable gas that is the simplest hydrocarbon

minor planetg an astronomical object in direct orbit around the Sun that is neithepkanet nor exclusively classified as a comean be dwarf
planets, asterads, trojans, centaurs, Kuiper belt objects, and other traNeptunian objects

molten ¢ melted by intense heat

moon ¢ a natural satellite of a planet

nanoteslag a unit of magnetic flux density equal to dtesla

natural satellite- celestial body usually referred to simply as a moorthat orbits a planet or smaller body, which is called the primary
nebula- an interstellar cloud of dust, hydrogen gas and plasma

nucleosynthesig; the cosmic formation of atoms more complex than the hydrogen atom

Oort cloud ¢ a spherical shell of cometary bodies believed to surround the Sun far beyond the orbits of the outermost planets and froch aine
are dislodged when perturbed to fall toward the Sun

ophiolite ¢ an igneous rock consisting largely of serpergirbelieved to have been formed from the submarine eruption of oceanic crustal and upper
mantle material

orbital resonancec occurs when two orbiting bodies exert a regular, periodic gravitational influence on each other, usually becausethéail
periods are related by a ratio of two small integers

pascal(Pa)- unit of pressure, equal to one newton per square meter (approximately 0.000145 pounds per square inch, or 98atm@spheres)
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perturbation ¢ a deviation of a system, moving object, or process from its regular or normal state of path, caused by an outside influence

photospherec the luminous visible surface of the Sun, where there is a shallow layer of stroioglized gases

planet- an objectin orbit around the Sun, has sufficient mass for its sgiavity to overcome rigid body forces so that it assumes a nearly round
shape, and has cleared the neighborhood around its orbit



planetary nebulag an emissiomebula consisting of an expanding, glowing shell of ionized gas ejected from old red giant stars late in their lives
planetesimal- solid objects n protoplanetary diss inthe process of becoming planets

plasmag an ionized gas consisting of positive ioaad free electrons in proportions resulting in more or less no overall electric charge, typically at
very high temperatures found in stellar interiors

plutino - a transNeptunian object in 2:3 mean motion resonance with Neptune

protoplanet ¢ a large baly of matter in orbit around the Sun or a star and thought to be developing into a planet
protoplanetary disc- a rotating circumstellardiscof dense gas and dust surrounding a young newly formed star

protostar - a contracting mass of gas that represenain early stage in the formation of a star, before nucleosynthesis has begun
radiative diffusion¢ random, heatdriven motions of photons

radiative zoneg a layer of a star's interior where energy is primarily transported toward the exterior by meansaglfiative diffusion and thermal
conduction

retrograde motion¢ apparent backward motion of a celestial object, especially a planet, as a resulaahEovertaking it in its orbit

Roche limit- mimimum distance within which a small object, held togethby its own gravity, can get to a more massive object before it is pulled
apart by the tidal stresses caused by the massive object, which is approximately 2.5 times thasraf the more massive object

saros cycle; the period of time, just under 19 yea:; between successive lunar or solar eclipses occurring whenShn, Earth, and bbn are in the
same positions relative to one another

scattered disc object an object in the distantircumstellar disdn the solar ystemthat is sparsely populated by icsinor planes; a subset of the
broader family oftrans-Neptunian objects hashigh orbital ecentricity andorbital inclination, and a perihelion greater than 38U

semimajor axis¢ one half of themajor axis and thus runs from the center, through a focus, and to the perimeter

sidereal rotation period-NR G F G A2y 2F | OStSaGAlIt 202S00 20aSNISR NXBft I GA Operiodiz |
23h 56m 4.1s

silicate- any of the many minerals consisting primarily of Sit@ombined with metal ions, forming a major part of Earth's crust
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solar¢ referring to the Sun
solar eclipse; occurs at new moon, when the Sun, Moon, and Eaztte in a straight line
spectrum- the range of wavelengths or frequencies over which electromagnetic radiation extends

star - massive, luminous babf plasma that shinedue to thermonuclear fusion ints cores, which release energy that radiates inboiter space;
almost all elements heavier than hydrogen and helium were created by fusion processes in stars

subduction- the sideways and downward movement of the edge of a plate of the Earth's crust into the mantle beneath another plate

sunspot¢ temporary phenomenon on the photosphere of the Sun that appears as a dark spot compared to surrounding regions; an area of reduce
surface temperature caused by concentrations of magnetic field flux that inhibit convection; usually appear in pairs of i@mpaagnetic polarity

surface gravityc gravitational acceleration at the surface of an object; on Earth it is approximatelyl9r8s?

synchronous rotationg the result of tidal forces that over time slow theotation of the smaller body until it is synchroned with its period of
revolution around the larger body

synodic period-time for an object to reappear at the same point in the sky, relativettee Sun, as observed from Earth
tachocline¢ the transition region of the Sun between the radiative interi@nd the differentially rotating outer convective zone
terrae ¢ lunar highlands

terrestrial planet- composed primarily of silicate rockand having a solid surface

tholin - heteropolymer molecule formed by solar ultraviolet irradiation of simple organtompounds

trans-Neptunian object(TNO)- any minor planet in the solarystem that orbits the Sun at a greater average distance (senajor axis) than Neptune,
30 astronomical units (AU)

ultraviolet radiation ¢ electromagneticradiation having a wavelagth longer than that of xrays but shorter than that of visible light
volatile ¢ a substance thatevaporates easily at normal temperatures
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Stars

Astronomers cardetermine the mass, age, chemical composition and many other propertieg
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is the principal determinant in its evolution and eventual fateOther characteristics &
determined by its evolutionary history, including diameter, rotation, movement and
temperature. A plot of the temperature of many stars against their luminosities, known as a
HertzsprungRussell diagram, or ¢R diagram, allows the age and evolutionartate of a star

to be determined.

Stars spend about 90% of their lifetime fusing hydrogen to produce helium in high
temperature and highpressure reactions near the core as main sequence stars. The Sun is [
estimated to have increased in luminosity by abo40% since it reached the main sequence il
4.6 billion years ago.
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Planets

1. A "planet’is a celestial body that:
a. is in orbit around the Sun,
b. has sufficient mass for its seffravity to overcome rigid body forces so thatassumes a nearly round shape, and
c. has cleared the neighborhood around its orbit.
2. A "dwarf planet" is a celestial body that:
a. is in orbit around the Sun,
b. has sufficient mass for its seffravity to overcome rigid body forces so that it sismes a nearly round shape,
c. has not cleared the neighborhood around its orbit, and
d. is not a satellite.
3. All other objects except satellites orbiting the Sun shall be referred to collectively as "Small Solar System Bodies."

Planets are geneally divided into two main types: large lovdensity giant
planets, and smaller rockyerrestrial planets Theeight planets inour solar
systemare the four terrestrials Mercury, Venus Earth, andMars, andthe
four giant planets Jupiter, Saturn Uranus andNeptune. Six ofthese have at
least one or morenatural satellites

Kepler-20e Venus Kepler-20f

More than two thousand plaets around other stars, called exoplanetsave
been discovered iour Milky Way galaxy As of January2017, 3,565 known
extrasolar planets in 2,67planetary systemsincluding 602multiple
planetary systemsranging in size fronslightly larger than theMoon to gas
giants about twice as large as Jupitghave been discoveredAbout100 are
aboutthe same size as Earth, nine of which are at the same relative distang
from their star as Earth from the Sum the habitable zone.

On December 20, 2011, theepler Space Telescopeam reported the
discovery of the firsttarth-sizedextrasolar planetsKepler20eand Kepler
20f, orbiting a Sunlike star, Kepler20. A 2012 studyestimated that thereis an average of at least 1.6 bound planets for every star in thékiyl Way.
Around one in five Suslike starsmay have an Eartksizedplanet in its habitablezone.

(Information: https://en.wikipedia.org/wiki/Planet ; Planet comparison diagranmhttps://en.wikipedia.org/wiki/Kepler -20e#/media/File:Kepler 20-
planet lineup.jpg NASAAmMes/JPL/Caltech, public domain)
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Solar Systentormation

Solar gstemformation began 4.@villion years agowith the gravitational collapseof a small part of a gianmolecular cloud The collapsig mass
collected at the center formedhe Sun while the rest flattened into gorotoplanetary discout of which theplanets moons, asteroids and othersmall
solar g/stem bodiesformed. Theoldest inclusionf this material,found in meteorites are 4568 billionyears old, whichhelps astronomers
determine the age of thesolar g/stem.

As the material within the nebulacollapsed anccondensedjts atoms collided with increasing frequency, converting thekinetic energyinto heat.
The cener becamehotter than the surrounding discOver about 100,000 yearthe competing forces of gravity, gas pressure, magndigtds, and
rotation caused the contracting nebula to flatten into a spinnigotoplanetary discwith a diameter of about 200AU. Ahot, denseprotostar, a star
in which hydrogen fusia has not yet begunformed at the center.

At that point, the Sunwasconsideredto bea T Tauri staya star often accompanied by discof pre-planetary matter, with masses 00.001¢0.1 times

the mass of the SurWithin 50 million years, the temperature and pressure at the core of the Sun became so great that its hydrogen began to fuse,
creating an internal source of energy that countered gravitational contraction uhgdrostatic equilibriumwas achievegdand the Sun became main
sequencestar.

Theinner solar ystem, inside 4AU, was too warm for volatile molecules like water and methane to condense, so planetesimals that formed there
could only form from compound with high melting points, such as metalscludingiron, nickel, andaluminium, and rockysilicates These rocky
bodiesbecame theterrestrial planetsMercury, Venus Earth, andMars.

The outer edge of the temstrial region, between 2 and AU from the Sun, is thasteroid belt Many planetesimalsformed there, later coalescedand
formed 20;30 Moon to Mars-sizedplanetary sized bodieOrbital resonarceswith Jupiter and Saturn are strong in the asteroid belt, and
gravitational interactions scattered mangf them into thoseresonances. Jupiter's gravity increased theelocity, somany of them collided and
shattered.

Thegiant planets Jupiter, Saturn Uranus andNeptune, formed out beyond thefrost line, the pointbetween the orbits of Mars and Jupiter where

the material is cool enough for volatile icy compounds to remain solid. The ices that formed the Jovian planets were mandaatitthan the metals
and silicates that formed the terrestrial planets, allowing thggant planets to grow massive enough to capture hydrogen and helium, the lightest and
most abundantelements.The four giant planets omprise just under 99% of all the mass orbiting the Sun

The Sun isurrently a Gtype mainsequence stafG2V).In about 5billion years, the Sun will@ol and expand outwardo becomeared giant before
casting off its outer layers to become planetary nebulaand leaving behind a stellar remnant known asadnite dwarf. In the far distant future, the
gravity of passing stars will gradually reduce the Sun's planets. Some willdstroyed, others ejected intanterstellar space

(Information: https://en. wikipedia.org/wiki/Formation _and evolution of the Solar System
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Structure of the Sun

The core of the Sun extersdrom the center
to about 0.2 solar radii.tthas a density of up

to 150gm/cm3, 150 times the density of O e i Sofatvinid
water on Earth, and a temperaturef close Umbra v :

to 13,600,000 Kits surfacetemperature is |
about 5,800 K.

Granule

Corona

From about 0.2 to about 0.7 solar radii, sola

material is hot and dense enough that Photosphere
thermal radiation is sufficient to transfer the .

. K emperature -
intense heat of the core outward. Heat is minimum

transferred by radiation. lons of hydrogen
and helium emit photons, which travel a
brief distance before being reabsorbed by Chromospha s W

other ions. In this way energy makes its wa Transition QN S ok ITRIA B Th e Sun
very slowly outward. R—

All features drawn to scale

~ Prominence

Between the radiative zone and the
convective zone is a transition layer lbed the tachocline. This is a region where theeis asharp change between the uniform rotation of the radiative
zone and the differential rotation of the convective zoneesultingin a large sheanmeaningsuccessive vertical layers slide past one aneth

In the Sun's outer layer, down to approximately 70% of the solar radius, solar plasma is not dense or hot enough to trdnesferat energy of the
interior outward via radiation. Thermal convection occurs as thermal columns carry hot material topthetosphere of the Sun. Once the material
cools off at the surface, it plunges back down to the base of the convection zone, to receive more heat from the top afdizive zone.

The thermal columns in the convection zone form an imprint on the sedaf the Sun, in the form of the solar granulation and supergranulation.
Turbulent convection of this outer part of the solar interior gives rise to a "smsdhle” dynamo that produces magnetic north and south poles all over
the surface of the Sun resuitg in sunspots.

The visible surface of the Sun, the photosphere, is the layer below which the Sun becomes opaque to visible light. Abpbhetbsphere visible
sunlight is free to propagate into space, and its energy escapes the Sun entirely. Theslaperve are the chromosphere and the corona, visibinly
during a solar eclipse.

(Information: https://en.wikipedia.org/wiki/Sun#Structure; Solar interior diagramhttps://en.wikipedia.org/wiki/Sun#/media/File:Sun_poster.svg
Kelvinsong, CC BSA 3.0)
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Terrestrial Planets

Terrestrial planets all have roughly the same
structure: a central metallic core, mostlyon,
with a surrounding silicate mantle. The Moon is
similar, but lacks an iron core. Terrestrial planets
have canyons, craters, mountains, and
volcanoes andpossess secondary atmosphes
generated through internal vicanism or comet
impacts, as opposetb the gas giants, which
possess primary atmospheres captured directly
from the original solar nebula.

Theoretically, there are two types of terrestrial
or rocky planets, one dominated by silicon
compounds and another dominated by carbon
compounds, like carbonaceous chondrite
asteroids. Earth's solar system has four Terrestrial planets
terrestrial planets: Mercury, Venus, Earth and

Mars.

Dwarf planets such aCeresand Pluto, and largesmall soar system bodiesare similar to terrestrial planets in the fact that they doave a solid
surface, but arecomposed of more icy materials

During the formation of the solar system, there were probably many more planetesimals, but they have all mergédowibeendestroyed by the
remaining planetsn the solar nebula. Only one terrestrial planet, Earth, is known to have an active hydrosphere.

Earth's moonJupiter's satellites lo and Eurofa | Y R { I i dzN#aQalso bezegafdedtas ierrestrial wids, though since they orbit planets
they cannot be considered planets. lo and Europa have mainly rocky compositions despite forming beyond the frogtilarehas a solid surface and
is covered by thick nitrogen smogrlhe region of the circunrdovian dsc in which they formed was kept too warm by radiation from the preflupiter

to contain large quantities of icy material.

(Information: https://en.wikipedia.org/wiki/Terrestrial _planet; Terrestrial planets:
https://en.wikipedia.org/wiki/Terrestrial _planet#/media/File:Terrestrial _planet sizes.jpgNASAMercury image: JHUARVenusimage: JPLMars
image: HSTpublic domain)
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Structure of Earth

In early stages of Earth's formation about four andhalf billion years ago, . Asthenosphere
melting would have caused denser substances to sink toward the center in a Y jilid mantle
process calleghlanetary differentiationwhile lessdense materials migrated to  [R A e a r-t h

the crust The core idikely composed of iron (80%), along withickeland one Oceanic crust (basalti

or more light elements

The crust ranges from 5 to 70 km in depth. The thin parts aceanic crust
composed of densémafic) iron maghesium silicate rocks, like basalt. The
thicker crust is continental crust, which is lsslense and composed dfelsic)
sodium potassium aluminium silicate rocks, like granite. The crointle
boundary occurs as two physically different events. A

First,there is a discontinuity in the seismic velocity, which is known as the
a2K2NROAGA O likiyicauSeRby aichangizinitotEk composition from

Continental crust (g

drawn to scale
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rocks containing plagioclase feldspar (above) to rocks that contain no feldspars
(below). Second, there ia chemical discontinuity between ultramafic cumulates and tectonized harzburgites (ultramafic rock), which has been
observed from deep parts of th oceanic crust that have been bducted into the continental crust and preserved as ophiolite (uplifted océanrust)

sequences.
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The coremantle boundary or Gutenberg discontinuity lies between the Earth's silicate mantle and its
liquid iron-nickel outer core. This boundary is located at approximately 2,900 km beneath the surface.

Earth's mantle extends ta depth of 2,890 km, making it the largest layer of Earth. The mantle is
composed of silicate rocks that are rich in iron and magnesium relative to the overlying crust.

Seismic measurements show that the core is divided into two parts, a solid inner watte a radius of
~1,220 km and a liquid outer core extending beyond it to a radius of ~3400 km. The solid inner core wa:
discovered in 1936 by Inge Lehmann and is generally believed to be composed primarily of iron and sot
nickel.

1. continental crust2. oceanic crust; 3. upper mantle; 4. lower mantle; 5. outer core; 6. inner core;
A:a 2 K2 NR @A 6 A O ; BReutanbBe2gyDisdontinaity&:2ehmanrgBullen discontinuity

(Information: https://en.wikipedia.org/wiki/Structure of the Earth; Earth diagram:

https://en.wikipedia.org/wiki/Structure _of the Earth#/media/File:Earth _poster.svgKelvinsong, CC BYA 3.QEarth structure diagram:

https://en.wikipedia.org/wiki/Structure of the Earth#/media/File:Slice_eah.svg, Dake, CC BSA 2.5
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More About the Moon

The crust is anorthositic, composed primarily of oxygen, silicon, magnesium, iron, calcium, and
aluminium. Its thickness is estimated to be about 50 km. The dark and relatively featureless lunar
plains ae called maria, Latin for seas, since they were believed by ancient astronomers to be filled
with water, but are now known to be solidified pools of ancient basaltic lava. Maria are found almost
exclusively on the near side of the Moon, with the far sidaving only a few scattered patches. tanar

Lunar maria

The lightercolored regions of the Moon are called terrae, or highlands. Mountain ranges on the near
side are found along the periphery of the giant impact basins, many of which have been filled by mare
basalt. These e believed to be the surviving remnants of the impact basin's outer rims.

Eclipses can occur only when the Sun, Earth, and Moon are all in a straight line. Solar eclipses occur
near a new moon, when the Moon is between the Sun and Eatilmar eclipsesccur near a full
moon, when the Earth is between the Sun and Moon.

Crater

Because the Moon's orbit around the Earth is inclined by about 5° with respect to the orbit of the

Earth around the Sun, eclipses do not occur at every full and new moon. For an ettips=cur, the Moon must be near the intersection of the two
orbital planes. The periodicity and recurrence of eclipses of the Sun by the Moon, and of the Moon by the Earth, is dedwyitredsaros cycle, which
has a period of approximately 18 years 11yda8 hours.

The Moon appears larger when close to the horizon. Thiansoptical illusion

The major characteristic of the Moon's gravitational field is the presence of mascons, large positive gravitational anomsdiesiated with some of
the giantimpact basins. These anomalies greatly influence the orbit of spacecraft about the Moon, and an accurate gravitational imadekssary in
the planning of both manned and unmanned missions. The Moon has an external magnetic field of the order of onteuttdaed nanotesla, less than
one hundredth that of the Earth, and an atmosphere so thin as to be almost negligible.

Neil Armstrong became the first person to walk on the Moon as the commander of Apollo 11 by first setting foot on the Mod2:56 UTC o July
21, 1969. Eugene Cernan and Harrison Schmitt, as part of the mission Apollo 17, left the surface of the Moon on Decerb&® lhd no one has
set foot on it since.

Although many American, Soviet, and Russian unmanned spacecraft have landdaeodon,no nation currently claims ownership of any part of
the Moon's surface. Russia and the U.S. are party to the Outer Space Treaty, which places the Moon under the same juriadigtiernational
waters. This treaty also restricts the use of theddn to peaceful purposes, explicitly banning military installations and weapons of naesstruction.

(Information: https://en.wikipedia.org/wiki/Moon ; The Moondiagram:https://en.wikipedia.org/wiki/Moon#/media/File:Moon_diagram.svg,
Kelvinsong, CC BY 3.0)
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Runaway Greenhouse Effect

Earth and Venus are similar in size, density, and composition. Their atmospheres, howanarery different.
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infrared radiation,alsoknown as radiant heat. Because of their molecular strupts, gases like carbon dioxide, water vapor, and others, are
transparent to visible light but absorb infrared radiation. These compounds are called greenhouse gases. In a planetarphémgghey absorb the
scattered infrared radiation and raise the teperature of the atmosphere by trapping solar energy.

The greenhouse effect occurs in all atmospheres containing greenhouse gases, and is responsible for higher temperatuvesuldastherwise
occur. Under certain conditions the greenhouse effect canriraway."

On Earth there are large amounts of water vapor and carbon dioxide. Most of the water is in the oceans, and the carbored®piimarily bound
chemically in rocks made from carbonates, such as limestone. If we increased the effectivengssesthouse heating of Earth's atmosphere by
increasing the concentration of greenhouse gases by burning fossil fuels, which produce water vapor and carbon dioxideasubtgof burning, we
would expect the atmospheric temperature to rise, causing a gnbeuse effect.

It becomes a runaway greenhouse effect if the rising temperature approaches the boiling point of water. Oceans would beginvert to water
vapor, trapping even more heat, accelerating the greenhouse effect, causing the temperatursécand the oceans to evaporate faster, in what is
called a "positive feedback loop." Once the oceans were gone the atmosphere would finally stabilize at a much higher teomegesad at much
higher density, because all the water would now be in the atnpbere.

Suppose the runaway raised the temperature to a few hundred degrees Celsius, so high that chemical reactions begin thatdure the carbon
dioxide from the rocks into the atmosphere, a process called sublimation. Another runaway would tegur as the carbon dioxide feeding into the
atmosphere accelerated the heating, which would accelerate the transfer of carbon dioxide from the rocks to the atmospheratimosphere would
stabilize at a higher temperature and pressure after all the canbdioxide had been driven from the rocks. On Earth the resulting temperature and
pressure of the atmosphere would probably be similar to that on preseafgty Venus

On Venus, initial solar heating kept oceans from forming, or kept them from staying ara@ititey did form. Absence of rainfall and plant life kept
carbon dioxide in the atmosphere, rather than binding it in the rocks as on Earth. Venus has an environmental disasterdimasphere, thus Venus
may provide a warning of what could happentoolri Y2 a LIKSNBE AT 6S R2y Qi OFNB F2NI Al y260

(Information: https://en.wikipedia.org/wiki/Runaway greenhouse effeck
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Exploring Mars

By studying the similarities and differences betwed=arth and Mars, a process called comparative planetology, we can learn more about our own
planet as well as Mars.

Goal 1: Determine if Life ever arose on Mars

On Earth, we find life in many places where sunlight never reaches: at dark ocean dep#ideirocks, and deep below the surface. Chemical and
geothermal energy are also energy sources used by life forms on Earth, and could be used jsutosyrface microbes on MarBIASA will also look

for life on Mars by searching for biosignatures, of cant and past life, including carbon, carbonate minerals, dried waterways, and fossils, however,
it is possible that Martian life, if it exists, could possess different chemistry and form.

Goal 2: Characterize the Climate of Mars

The Martian climates regulated by seasonal changes of the carbon dioxide ice caps, the movement of large amounts of dust by the atmosphere, «
the exchange of water vapor between the surface and the atmosphere. Dust storms generally occur in the southern springnameisand can

cover the entire planet.

Goal 3: Characterize the Geology of Mars

Mars once had a magnetic field, as Earth does today. Magnetic fields shield planets from cosmic radiation,
this discovery has important implications for the prospects for diimg evidence of pasMartian life. Studying
the magnetic field provides important information about the interior structure, temperature and composition
of Mars in the past, and the age and composition of different types of rocks on the Martian surfacénefm
geologists determine the sequence of events in its history.

Goal 4: Prepare for Human Exploration of Mars ‘
Mars lacks an ozone layer, which shields us from lethal doses of solar ultraviolet radiation. A more detailed
understanding of the Martian adiation environment will provide information to assess the effects of UV
radiation on astronautsand help engineers design protective space suits and habitats.

There have been several unmanned missions to Mars sihee1960s Curiosity launched in P11,is a car
sizedrobotic roverexploringGale Crateon Marsas part of NASAs Mars Science Laboratompission (MSL). As | #
of January 2017Curiosityhas been on Mars fonearly 1600sols(Mars days)since landing on August 6, 2012. |
The rover'sgoalsinclude: investigation of the Martiarclimate and geology, assessment of whether the B o :
selected field site inside Gale Crater has ever offestvironmental conditionsfavorable formicrobial life, Curiosity selfie
including investigation of theole of water; andplanetary habitability studies in preparation for future human

exploration. In December 2012Curiosity'stwo-year mission was extended indefinitely.

(Information: https://en.wikipedia.org/wiki/Mars Exploration Program https://en.wikipedia.org/wiki/Curiosity (rover); Curiosityselfie:
https://en.wikipedia.org/wiki/Curiosity (rover)#/media/File:Curiosity SeHPortrait at %27Big_Sky%27 Drilling_Site jiMASA, public domain)
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Dwarf Planets

The tem dwarf planet was adopted in 2006 as part of a threey categorization of bodies orbiting the
Sun, brought about by an increase in discoveries of transNeptur{iBNO)objects that rivaled Pluto in
size, and finallyresulted inthe discovery of an everarger object, ErisThelnternational Astronomical
Union (IAU) currently recognizes five dwarf planetSeres Pluto, Haumeg Makemake anEris

It is suspected that anothehundred or so known objects the solar yystemare dwarf planets.
Estimates are that up to 200 dwarf planets may be found when the enKn@iper beltis explored, and

that the number may exceed 10,000 when objects scattered outside the Kuiper belt are considered -

90482 Orcus

AstronomerMike Brown identified ten knowntrans-
Neptunian objectsthe four accepted by the 1AU plus
2007 OR1pQuaoar, Sedna 904820rcus (307261)
2002 MS4and Salaciaas "virtually certain” with
another twenty highly likely

GLOS RgI NF ¢ skiicatighzaind ittoyerlaps 2007 OR10 anids moon

with the official cubewano(a Kuiper belt object that

orbits beyond Neptune and is not controlled by an orbitedsonance with the giant planetand

plutino (a transNeptunian object in 2:3 mean motion resonance with Neptundassifications. One
attempted RSFTAY A GA 2y A ais larger than the/nude®Df aRarrhaNd®metiarder than

I G & LA Ol fhere aréll&demumBetséof such objects in the Oort cloud and the Kuiper belt. It i
not clear that all ice dwaiis are actually icier than icy asteroids such as Ceres, now considered a dwa
planet. Ceres is sometimes called a terrestrial dwarf to digfuish it from Pluto and Eris.

Information: http://en.wik ipedia.org/wiki/Dwarf planet, http://en.wikipedia.org/wiki/lce dwarf ,

http://en.wikipedia.org/wiki/Plutino , http://en.wikipedia.org/wiki/Cubewano ; 2007 OR10:

https://en.wikipedia.org/wiki/(225088) 2007 OR10#/media/File:2007 OR10 and its mgamg, NASA, public domair§04820rcus:

https://en.wikipedia.org/wiki/90482 Orcus#/media/File:Orcus nasa.jpdNASA, public domain
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Jovian Planets

A jovian planetis a large planet that is not primarily composed of rock or other solid mattéwvian planetsan be subdivided into different typesyas
giants and ice giants

Agas giantis composed mainly ohydrogenand helium. Jupiterand Saturnare the @gs giants of thesolar gstem. In the 1990s it became known that
Uranusand Neptuneare really a distinct class of giant planet, being composed mainly of heavier volatile substaneesred to as "ices.'Uranus and
Neptune are now classified in the separate categoryicé giants

Jupiter and Saturrare both more than 90%ydrogen and heliunby mass with heavier elements making up between 3 and 13 percent of the mass.
They consist of an outer layer aholecular hydrogersurrounding a layer of liquidnetallic hydrogen and probably havea molten rocky core. fie
outermost part of their hydrogen atmosphere is characterized by many layers of visible clouds compsedly of water and ammonia. The layer of
metallic hydrogen makes up the bulk of each planet, and is referred to as "metallic” because large presgasehydrogen into an electrical
conductor. The gas giants' cor@say consist of heavier elements at such high temperatures (20,600

Anice giantis agiant planetcomposed mainly of elements heavier tharydrogenand helium, suchasoxygen carbon, nitrogen, andsulfur. Ice giants
consist of only about 20% hydrogen and helidsg massA jovian planet is an ice giant ifs compounds were ices when they were priméri
incorporated into the planetduringits formation, either directly in the form of ices or trapped in water ice. The amount of solid volati¥ehin the
ice giants today izvery small.

All four planets rotate relatively rapidly, which causes wind patterns to break up
into eastwest bands or stripes. These basdre prominent on Jupiter, muted on
Saturn and Neptune, and barely detectable d#iranus. The bands seen in the
jovian atmosphere are due to countesirculating streams of material called zoneg
and belts, encircling the planet parallel to its equator. Thenes are the lighter
bands, and are at higher altitudes. They have internal updraifihd are high
pressure regions.

JUPITER SATURN URANUS NEPTUNE

The belts are the darker bands. They are lower in the atmosphere, and have
internal downdraft. They are lowpressure regions. These strugkes are Bl Wolecular hydrogen Bl Hydrogen, helium, methane gas
somewhat analogous to highand low-pressure cells in Earth's atmosphere, but Metallic hydrogen B Mantle (water, ammonia, methane ices)
have a much different structure as latitudinal bands that circle the entire planet, Core (rock, ice)

as opposed to small confined cells of pressure. This appears to be a result of th
rapid rotation and uncerlying symmetry of the planet.

(Information: http://en.wikipedia.org/wiki/Jovian_planet, https://en.wikipedia.org/wiki/G as_giant https://en.wikipedia.org/wiki/lce giant; Gas
giant diagram:https://en.wikipedia.org/wiki/ Giant planet#/media/File:Gas Giant Interiors.[pdNASA, public domain)
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Moons

Thejovian planetshave extensive systems of moons, including half a dozen comparable in size to Earth's moon: the four Galileanlmdempa,
Ganymede, and Callistdsaturns Titan, and Neptune's Triton. Of the inner planets, Mercury and Venus have no moons at all, Earth has one, and M
has two tiny moons, Phobos and Deimoshich may be captured asteroids

Large planets have many moons in orbit around them becauseheirthigh
masses and substantial gravitational pull on smaller objects, including
asteroids, passing comets, and dust and ice particladthough the jovian
planets have several planetized moons, most of their moons are small,
many between 100 km and 3Dkm in diameter and smaller

{FddzNy Q& Y22y ¢AlGlYy A& GKS 2yfe Y?
composed mostly ohitrogen. Minor atmosphericcomponents lead to the
Jupiter's moons lo, Europa, Ganymede, and Callisto formation of methane and ethaneclouds and nitrogerrich organic smog.

The cimate includes wind and rain, andreates suréce features similar to
those onEarth,includingdunes,deltas, rivers, lakesand seascomposed of liquid methane and ethane. Titan hasasonal weather patternsand a
methane cycle is analogous to Eartivster cycle although at the mub lower temperature of a2 dziT dn °C). 6 b MT PPH

(Information:
https://en.wikipedia.org/wiki/Moons_of Jupiter,
https://en.wikipedia.org/wiki/Titan _(moon); Jupii S NI 3
moons:

https://en.wikipedia.org/wiki/Moons of Jupiter#/media
[File:The Galilean satellites (the four largesnoons of
Jupiter).tif, NASA/JPL/DLR, public domaiFitan:
https://en.wikipedia.org/wiki/Titan _(moon)#/media/File:
Titan_in_true color.jpg NASA, public dmain; Mimas:
https://en.wikipedia.org/wiki/Mimas_(moon)#/media/Fil
e:Mimas_Cassini.jpgdNASA/JPL/Cal Tech/Space Science
Institute, public domair)

Saturn's moon Titan Saturn's moon Mimasnd Herschel Crate
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Rings

A planetary ring consists of dust and other small particles orbdiaround a planet in a flat disshaped
region. The most famous planetary rings are those around Saturn, but the other three gas giants,
Jupiter, Uranus and Neptune, possefssnt ring or incomplete ring systems

Planetary rings can form from mat&l from the protoplanetary disanaterial that was within the Roche
limit of the planet that could not coalesce to form moongrom the debris of a moon thatvas disrupted
by a large impactor from the debris of a moon that was disrupted by tidal stresses when it passed
within the planet's Roche limit.

Saturn's rings might be quite old,ating to the early days of thedar system. Sometimes rings will hav
"shepherd"” moons that orbit near the owtr edges of rings or within gaps in the rings, which maintain
sharply defined ring edge.

Shepherd moons Prometheus a
Pandora near Saturn'b-ring

Jupiter's main ring

(Information: http://en.wikipedia.org/wiki/Planetary ring ; Shepherd ring image:
https://en.wikipedia.org/wiki/File:PIA07712 - F ring_animation_videoquality 6 framerate 5.ogv
NASA/JPL/Space Science Institute, public domaifdzLJA riash Kidgy 3
https://en.wikipedia.org/wiki/Ring_system#/media/File:Main_Ring_Galeleo forward PIA00538.jpg
NASA/JPL, public domaiRings of Uanus:
https://en.wikipedia.org/wiki/Ring_system#/media/File:FDS 26852.19 Rings_of Uranus.png
NASA/JPL/Cal Tech/University of Arizona/Texas A & Mblc domain

Rings of Uranus
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