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INTRODUCTION TO ASTRONOMY TRANSPARENCIES

CONTENT: This is one of a series of transparenitigbe €iences designed to aid teachers in gt
4-8. The visuals and supporting information carubed as a stand-alone curriculum or to illustrat
concepts introduced in textbooks and lectures. deseriptions and images procdesim the Earth, t
the Moon and Sun, to the Solar System, and beyd@heé. overheadalso progress from the more b:
principles to increasingly complex concepts andties. Eah page of information corresponds
one of the overheads:

1

2.

8.

9.

The Sun and the Earthhe make-up of the Sun; day and night; seagbad\orthern lights

The Moon’s Phases and Ectiasérow position: ¢ auss phase ~and eclipses

. The Inner Planetgheir make-up, distances, orbits, temperatunemns, etc.

The Outer Planetstheir make-up, distances, orbits, temperaturegmns, etc.

Asteroids, Comets, 7.0 1 et otk 2 (1ake-up..he patl s, and e Drcvau'e ormjilesach

. Nebulae the mak=-up;the eppecra.scs, and the natu. e ahffercric types of nebulae

. The Life Cycle of Starsthe birth, development, and death of the thifferdnt sizes of stars

The Constellationsthe apparent pictures; the signs of the zodlstances in space

Galaxies, Clusters al u oini 1y ~ys ethe ty,)es ol th 2se co.'ectid’is @ stars

10. The Evolution of Stars and the Univertbe leading theories about stars and the universe

SOURCES: While some of the images were creatpdceslly for this packet, most came from
internet. Almost all of the latter are in the pakdomain. For the others, permission was rect
from the photographer, artist, or agency. Crexlgiven along with the picture itself, and the ints
addresses on the back pages list the locationseoithges and the information used in preparing
packet. (Especially helpful were the websiteshef APOD series the Astronomy Picture of the D
from NASA, National Aeronautics and Space Admirgstn.)

USE: Thereis-a ccllection ¢f imagac or. eaca paraicy. This arrangement-ailcns related topi
be conveniently grouped and allows costs to bermiz&d. (A simple way to display only a few of 1
images at a time is to cover the other images wisiheet of paper.) The descriptions are inteno
assist teachers in presenting information...Thisng of the ten sets in the science transpal
series,—Anmals, Astronomy, Ecology, Energy Resources, Geglogjgyman Body, Matte
Oceanography, Weather, and Work, Force, and Motibnese and other offerings can be viewe
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. THE SUN AND THE EARTH

SAMPLE
(ONLY FOR
PREVIEW)

Surface of the Sun; night and day on the Earth; seasons
Credits: SOHO, NASCOM, NASA (Suns); GSFC, NASA (Earth); Jetstream, NWS, NOAA

Go to www.k8resources.com

Northern lights (3)

Credits: SOHO, NASCOM, NASA; Don Pettit, ISS, NASA; Jody Majko, APOD



1. THE SUN AND THE EARTH

The Sunis a large sphere of 75% hydrogen and 25% heliuBecause of its huge mass,
gravitational pull causes the pressure at its tofige 340 billion times as great as that on Eafthe
compressed gases reach 27lionl degrees Fahrenheit. The heat and pressuse ¢aiclear reactio
in which hydrogen atoms combine to form heliunand in the process give off energy. This en
passes through the radiative and convective zoAeshe surface (the photosphere), light and hez
emitted into space.

Day and night are caused vj~the Sun’s ight re ack.n¢ the Zaitkehwspins around its axis-ai(
imaginary line between theNorth and Scutiy POIE )e Sur s ray < lioht half of the Earth at a tinfes
the Earth rotates once on its axis in 24 hourd) éay is divided into periods of daylight and daaks

The seasonsire causelyy .2t of he axis anr. the Eal in's cicling@a 1a t 2 Sun. The 23.5 dec
tilt of its axis cause s tl e No th Fitisometim, s lean to\ .wa the Sui wid sometimey, agpendin
on the location in tl e oirzit. Duaring th.oauturamiegx (rcughly Seg@kar 22nd) and spring equir
(roughly March 20th) the Sun is directly overheadha equator causing day and night to be eqt
length. (Actually, rays strike each locatiariew minutes longer than twelve hours, due tdotreding
of the Sun’s raysypthe atmosphere.) From late March to late Sepéemviath the Earth’s axis tiltir
toward the Sun, the Northern hemisphere recesuadight that is more overhead and visible for &
than half the day (lealing t¢ suin er). zron. | ¥ t&8mber t2 la e Marcfincluding the winte
months) with the tilt a vay frym the Sun, the Sun s lowas v s ble for less than half the d
During the winter solstice (usually Decernnbel 21, axis ults most di‘ectly away. The Sun isn
overhead at latitude Z8degrees South, the Tropic of Capricorn. Durhlmgsummer solstice (usue
June 21st), the Sun is overhead at latitude 23gteds North, the Tropic of Cancer. (These n:
derive from the night-time constellations that dieectly above these regie.) Many people false
assume that the Earth is closer to the Sun in sunamz further in winter. Its perihelion, or clot
point in its orbit, occurs on January 3rd; its dpme or furthest distance, on July 4th. The dist
from the Sun is much less a factor than the diessrof the Sun’s ray§The seasons are reverse
the Southern hemisphere, due to the tilt of the.axi

The Nortriern Lighs;-or Aurora‘3derealis, beygin with-a socldl flareaplosicn en the surface of
Sun. Theserergy outbursts propel electrons through spacelar svinds. Those charged partic
are drawn toward the Earth’s poles by its magnetld. When the electrified particles collide w
gases in the atmosphere, photons (light packe¢éskiaated. Whilehiese can interfere with rac
television and other communications systethgy are more famous for their sometimes specit
light shows of streaks, pulsations and colored Udk” These displays oacin the far norther
latitudes; likewisethe Southern Lights (Aurora Australis) can be sem the southern extrem
(The phenomenon also occurs on planets and mooiek Wwave a magnetic field and an atmosphere.




2. THE PHASES OF THE MOON AND ECLIPSES
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Moon’s phases as seen from above:
Credits; JPL, NASA (Sun); GSFC, NASA (Moon and Earth)
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The rr[on, a&dEMhljuEeWte)nar eclipse:

SOLAR ECLIPSE: The Moon blocks the Sun’s light.

Go to www.k8resources.com

The sun, as viewed from the Earth during the daytime solar eclipse:

Credits: John Walker/Fourmilab, eclipse 2001; John W alker/Fourmilab/Lunar Eclipse: November 2003



2. THE MOON'S PHASES AND ECLIPSES

The phases of the Moorare caused by the Moon'’s revolving around thelEafthe Sun lights up t
side of the Moon facing itWe see the phases of the Moon because of theidgfamounts of ligt
that are reflected back toward the Earths the Moon travels around the Earth each 29 14,
different amounts of the lit portion of the Moorcéathe Earth. When the Earth is between the |
and the Sun, we face the lit side (full moon). sTbéecurs at night, witthe Moon rising at sunset, ¢
setting at sunrise. When the Moon is between thighEand he Sun, we face the dark side (i
moon). There is a gradual progression betweereteggemes: On the first days following thean
moon (1), a sliver is visible (crescent, 2), insiag to a half-circle (first warter, 3), enlarging fro
there (waxing gibbous, 4) to a complete circlel (fabon, 5). In the last two weeks of the lunar c
the order is reversed as the-*aon ceemrs to shtninc gibk~u=. (6), last quarter (7)amnc
crescent (8), to new moon (9,

A lunar_eclipse occurs when the Moon’s light is blocked (or echgpys as the Moon itself pas:
through the shadow of the Earth. This can onlypleapduring some full moons—only thos@en th
Earth comes directly between the Sun and the MoBacause the orbit of the Moon is tilted i
degrees to that of the Earth, the three will bgred at most three times per year. As it can
through either a part of e=2!l of therd@s shadow:-the Maz=-zcan e eclizzad (or blockedjarying
degrees. (1) In the Her umbrial spacov’, somoobtimes re vs reich th: 4Aoo', and some are blc
by the Earth. Wher: the Mo~n jass 2s througl tightssha low, 1.2e ctar ge s hardly detectalf®
A partial eclipse occurs when part of the Moonnishe deeper umbral shadow, and part is not.
can last up to 3 1/2 hours. (3) A total eclipsevhen the entire Moon passes through the ui
shadow, with none of the Sun’s rays direcgching the Moon. During this time of totality (tgoar
hour), the Moon will appear a faint yellow, orangepper, red, or brown. This dimmeogl result:
from the Sun’s light being terwaura-tie Earthitbyavicsphere,  The particles in the aircabs
bluecolored wavelength : ard hena of *2f-ac th: o hé'=>acii1e u': de pends upon the amot
dust and clouds at the 'me, ad 12e ariohtne=sbe: mi nencec by <uch factors as recent volc
eruptions. Since the change of lighting is takptere out on the surface ¢ the Moon, the lunapse
Is visible from anywhere on Earth that is experieg@ clear enough night. (The edge & thunt
Earth’s shadow on the Moon’s surfasecurved. This was cited as early evidence thatEarth i
round. Other evidence included the gradual disagmee of a ship’s mast as it sailed out ove
horizon and the fact that different constellatians visible from different latitudes.)

A solar_eclipseoccurs when the Moon’s shadow falls upon thettiEaiThis can only happen duri
those New Moons when the Moon passes directly miwbe Sun and the Earth. A partial s
eclipse is when part of the Sun’s visible circléliscked, or eclipsed, by the Moon. The more axg
total solar eclipselasting only several minutes, occurs when the Moamsra traces a path acr
the surfac2 of the Ea'tr. This pah. whil>legs (BOD mii'es wde, ceniexiend to 10,000 miles
No direct sunligit is seen then, put there 1s aisteririg corona of glowy piasma that emanates fr
the Sun. This occurs when the Moon is close endagite Earth to block out the Sun’s enstaface
(If the Moon’s elliptical orbit takes it further @y, anannular eclipseof up to twelve minutes w
result. In this cse, the three are perfectly aligned, but the dirghiore distant Moon cannot obsc
the full circle of the Sun leaving an annulus, or ring, of the Sun visibleis lvery dangerous to vie
the Sun directly, even during an eclipse. The s burn tk retina, causing reduced visior
blindness. The easiest method is to construchlaofe viewing, or even to watch the images or
ground of the Sun cast by spaces between the led\etee. Some special welder’s glasses or
photographic filters can be used, but not sungtasse




3. PLANETS

Mercury Venus
Credit: Mariner 10, NASA Credit:
Magellan
Project, JPL,
NASA
Earth ‘ ‘ I Credit!
Credit: Apollo 17 Crew, Exploration
NVASYAY Rover Mission,
JPL, NASA
( Saturn
Juplter Credit:
Credit: Voyager 1, Cass_ini
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Team, SSI,
Ringed
Uranus Neptune
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Encrenaz (Obs. NASA
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Chile), VLT Antu,

ESO
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Egﬁgts Planets

' and
Pluto and Ceres Dwarf
Credits: R. Albrecht
(ESA/ESO), NASA; Planets
NASA, ESA, J. Credit: .
Parker, SWRI International

Astronomical
Union, NASA



3. (AND 4). THE INNER PLANETS

The inner _planets, those located within the asteroid belt, includerddey, Venus, Earth, and Ma
They are also known as the terrestrial planetsalsethey are denseade mostly of rock and met
and have solid surfaces. They rotate slowly, Hawesatellites and no rings.

Mercury is the closest planet to the Sun, but its orlpth brings it anywhere from 29 to 43 mill
miles away. When Mercury’s earlier volcanic adinstopped, its crust cooled, shramakd hardene
A thin mantle and crust now covtite iron core of this, the second smallest plafiéie extremely thi
atmosphere contributes to huge arieions ‘n tetg = 0 1 80(C ucyrees Fahrenheit in the day
to -279 at night. With so little &ithe skv black 2ver .inine day, acspite the briyt’'s large imag
almost tripled compared to tiat 2e.n frem E-rtlith \8uch f2.thin atmogphere, matgds have bee
able to reach the surface causing many craterthelshadows of those cratewsar the poles, water
the form of ice probably exists.

Venus, the second p’anci, 1.as e ncst circule orbihe pianets. C'nczr u e crust is a large r
mantle. Consisting nastly o' irona h gh tem seres, the #incr core "u¢.s7 enus’s valaactivity:
Most of the surface 's cuveied with vc.caaic roeih vast lava fic:c ard00,900 shield volcano
There are some crater clusters from the brgakf meteorites large enough to have survivedhtok
atmosphere. The air consists mpsif carbon dioxide, and the clouds are made ugutitiric acid
The thickness of the atmosphere causes both ahiginpressure and a strong greenhouse effect.
result, temperatures on Venus can reach 900 defedesnheit, even higher than on ey, whict
is only half the distance ron tte Sun.

Earth, the densest planet, is made up mostly of irongery silicon, and magnesium. Unlike
other terrestrial planets, its surface is relajiwgdung, being changed by earthquakes, volcanoes, a
erosion. Tectonic processes cause several typshitt$ in the crust’s platessubduction (whel
collisions cause the edge of one plate to slideeuadother), spreading apart (caused by magma
transverse motion (at such boundaries as the Sdreas fault). The Earth’s mantle is thick, anc
innermost part of the core i®l&l, mostly made of iron, and is hotter than tlheface of the Su
Animal and plant life are supported by the solatem’s only known liquid water and an atmosp

of 77% nitrogen, 21% oxygen, and a small amountasbon dioxide. So far the watand carbo
dioxide have served to keep temperatures stableéhbipossible acceleration of the greenhouset
may alter tiic-environments neered for d fferentige

Mars, the red planet, is dry, dusty and cold. It prdpdias adense core and a molten rocky ma
Its thin crust has rift valleys, hills, and plaimg)d some of its mountains and canyons are mugh!
than those found on Earth. Having no plates, tihesteires are the result of volcanoes in the phls
atmosphere is very thin. That, along with its extely elliptical orbit, makeds surface temperatt
vary widely, from 200 to +80 degrees Fahrenheit. The air on Mapsedominantly gaseous cartl
dioxide, and its polar ice caps are made up ofismdibon dioxide (dry ice). Evidence suggests
there was liquid water on the surface of Mars lagg and that there is some subsurface ice now.



4. THE PLANETS

SAMPLE

Source of data: Nineplanets.org

EINEY | e (R | e
les (Earth time alh ttwe) | Moons
Mercury 36 million 3030 59 days 88 days 0
| PRENEW- |
Earth 93 million 7900 23 hr.56 min. | 365 V4 days 1
Mars 141 million 4200 25 hours 687 days 2
Jupiter 484 million 88600 10 hours 12 years 16
Saturn 887 million 74600 10 hours 30 years 24
“Gotg ww =SOUTrCes . com
Uran 84 billion 322 ours J?Af years 15
Neptune 2.80 hillion 30800 19 hours 165 years 2
Pluto 3.67 billion 1450 7 days 248 years 1




(3. AND) 4. THE OUTER PLANETS

The outer planetsinclude the Jovian, or gaseous, planets of Jypaturn, Uranus, and Neptu
These planets are made up largely of hydrogen atidni, have low densities, and rotate rap
They also have rings, deep atmospheres, and neuigiellites.

Jupiter is by farthe largest planet, being more than twice as masssvthe other eight combined
has a small rocky core and a gaseous outer ldigegravitational attraction psi hydrogen under su
gred pressure that it is in a liquid metallic statéredominantly hydrogen and helium, Jupiter alsc
small amounts of methane, water, and ammonia, alsthgsome trace elementChemical variatior
and temperature differences cause the bands ofscolthe lighter “zones” and darker “belts”
Neighboring bands move = c¢aposi'e d ecticas wobatl stro .y winds. The bands’ colors
determined by the heights, 22 colurs ai ¢ the al 3onf th 2 diffc =2nt sulfides that are in the tof
the clouds. Jufer has faintwinos e1d 1< ko' n or its dis’ metin nons, such as lo with its volcan
and Ganymede which is larger than Mercury.

Saturn is the second largest planet, but it is the |elestse, being less dense than watekike
Jupiter, Saturn is made up of mostly hydrogen, Wighum, water ice, methane, ammonia, and rock
Also like Jupiter, S«utursias ayerra smalicrocky core, evndd'cavergueid metallic hydroger
and an outer gaseou ; laye 11ct tleads wivr itogpimer : _Its "ands a = f=2.nter than Jupiter’s,
Saturn has very d stirit rirgs of vat r ice p eBcl Its gi seous .nature anc rapid spin causebg
flattened (oblate). Jaturn’s winds can reach sp@#d 000 milegper hour. Storms are also visible
rising warmer “air” composed of ammonia gases s¢hkough the clouds.

Uranus, the third largest planet, is atypical in thadpins on an axis that is at a right angle to tiame
of its orbit. Accordingiyitgncans wave' in gporaamately circu'ar paths padpeular to th
elliptical orbit of Uranu s ' is corpc =ad. of rorad icc =, ~ith @ gas 2oL 5 surface. Its atmosps
mostly hydrogen and : maller amour ts of he ium e hane. ' is tie riethane’s aljg®mn of rec
frequencies that gives the planet its bfween appearance. Its bands of rapidly blowingidgoar:
fainter than those of Jupiter and Saturn; its risugsalso fainter.

Neptune, the fourth largest planet, has the solar systéas®st winds.Temperature differences ca
the winds and such storms that create its Gred Bpot. Neptuné composed of rocks and ices,
its atmosphere also has hydrogen, helium, and meth@he irregularities (perturbations) in its ¢el
path suggested the existence of another, morentistanet.

Dwarf P'anets: Tiie-name “nlenet” means wandziars they s2zmitewanderagainsi the backgi
of stars. ~The eigav-planats share 'mahy groperti€sey-arc’in we same: piang, 'spin in the ¢
direction, and have similarly shaped orbits. Aftng being considered a planet, Pluto is no lc
included in that category becauseitsf atypical characteristics: It has a highlypgical orbit, (on
which brought it closer to the Sun than Neptune Wwasveen 1979 and 1999). Compared tc
planets, Pluto spins in the reverse direction, iarbit isnot in the same plane. With a surfac
solid water ice and methane, Pluto is in many v&yslar to the icy bodies of the distant Kuiper €
In 2006, astronomers identified dwarf planets Rl@eres (in the asteroid belt) and Eris (in thep&t
Belt). Like planets, they orbit the sun and are ma&senough to have a roundish form, but, unlike
planets, dwarf planets have other objects in theighborhoods.



5. ASTEROIDS. COMETS. AND METEORS

Asteroid Gaspra's Best Face Ida and Dactyl: Asteroid and Moon
Credit: Galileo Project, JPL, NASA

(ONLY FOR

Comet C/20006 T7 (LINEAR) Comet Hale-Bopp's Developing Tails

Credit: Svend and Carl Freytag, Adam Block (KPNO), NOAO, AURA, NSF Credit: A. Dimai & D. Ghirardo (Col Druscie Obs.), AAC

Springtime Comet Fever Sunset with Hale-Bopp at Keck
Credit: A. Dimai and D. Ghirardo, (Col Druscie Obs.), AAC Credit: W. Keel (U. Alabama in Tuscaloosa)

Go to www.k8resources.com

Dawn of the Leonids Barringer Crater on Earth
Credit: Yan On Sheung Credit: D. Roddy (LPI)



5. ASTEROIDS, COMETS, AND METEORS

Asteroids are small rock and iron bodies which orbit the Suvost are located in the Main B
between Mars and Jupiter. Others are NEAs (Nath Asteroids), Trojans (bound with Jupit
orbit), or Centaurs (ly@nd Saturn). They are mostly made of silicatésnés), with lesser amounts
iron and nickel. While 7,000 are known, there apedoubt many more too small to have t
detected to date. Nevertheless, the sum totahef mass is believed to be sethan the Moon’
Scientists think that they dat> from fne or cinoa < dlar sy stem with their fragmented nature ee
by either a collision involving ar eaiir Dlcre tb 2 railu e of he matter to have coalesced a
planet.

Cometsare knowm a’, “cirty shownals. The ‘fead” con ains "1 dal cl :us.und a surrounding cc
(a dense cloud of d i1st and gaes, Tere ca béatlso . dust tail ~.nc an ion tail (a stream of
dust particles that a:e blown off the comet by selands). A sparse hydrogen cloud formker
ultraviolet rays start a chemical process thatasde hydrogen atoms. Their orbits are hi
elongated sincthey near the Sun and yet pass far beyond Pltitey are brightest when they are 1
enough to the Sun that their particles reflecttlighd actually fluoresce. The more famous co
include Halley's, the ext ciii2ly uiight Hiane-30@ ¢ ST iveimc ker vy (vihich streaked into Jupite
atmosphere). Sometim »s.tie o th ocaus? i m i Joers: Tne rerseid meteor shower occl
the Earth passes near t'ie orbi' of Sw - Tuttle <amck ur 2r=.deir’is “om hat comet.

Meteors “burn” up in the Eartts atmosphere; meteorites are big enough to larteaotn; meteoroic
are the objects out in space. They are usualiy fasteroids; occasionally, from comets. Somu
made of iron and nickel; some are a stony iron;esame similar in composition to thener planet
(common chondrites); some are similar to the Mawah llars (chondrite); some are similar to the
(carbonaceous chondrite). As they enter the Eadirmosphere at tremendous speeds, the fr
with air pariicles catises them to lookelite hosiing stars.” _On a clear night, a few eaotirlwould b
average v.ewina. LCuring @ meteor stiower; one teduer 1oL car ne seer. .Qccasionally a bri
fireball will streak across the sky. When observadneteor is called a “fall;” when lated on th
Earth, the meteorite is a “find.” The mass of denate and the speed of its impact caaseater.
IS possiblethat a meteorite whose crater is in the Yucatarsed the climatic changes that led tc
extinction of the dinosaurs. In 1908, a meteorclvhprobably burned up over Siberia creat:
supersonic roar and leveled trees in a severalnauliels.
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