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INTRODUCTION TO ASTRONOMY TRANSPARENCIES 
 
 
CONTENT:  This is one of a series of transparencies in the sciences designed to aid teachers in grades 
4-8.  The visuals and supporting information can be used as a stand-alone curriculum or to illustrate
concepts introduced in textbooks and lectures.  The descriptions and images proceed from the Earth, to 
the Moon and Sun, to the Solar System, and beyond.  The overheads also progress from the more basic 
principles to increasingly complex concepts and theories.  Each page of information corresponds to 
one of the overheads: 
 
1.  The Sun and the Earth:  the make-up of the Sun; day and night; seasons; the Northern lights 
 
2.  The Moon’s Phases and Eclipses:  how positions cause phases and eclipses 
 
3.  The Inner Planets:  their make-up, distances, orbits, temperatures, moons, etc. 
 
4.  The Outer Planets:   their make-up, distances, orbits, temperatures, moons, etc. 
 
5.  Asteroids, Comets, and Meteors:  the make-up, the paths, and the probable origins of each 
 
6.  Nebulae:  the make-up, the appearance, and the nature of the different types of nebulae 
 
7.  The Life Cycle of Stars:  the birth, development, and death of the three different sizes of stars 
 
8.  The Constellations:  the apparent pictures; the signs of the zodiac; distances in space 
 
9.  Galaxies, Clusters and Binary Systems: the types of these collections of stars 
 
10.  The Evolution of Stars and the Universe: the leading theories about stars and the universe. 
 
 
SOURCES:  While some of the images were created especially for this packet, most came from the 
internet.  Almost all of the latter are in the public domain.  For the others, permission was received 
from the photographer, artist, or agency.  Credit is given along with the picture itself, and the internet 
addresses on the back pages list the locations of the images and the information used in preparing this 
packet.  (Especially helpful were the websites of the APOD series� the Astronomy Picture of the Day 
from NASA, National Aeronautics and Space Administration.) 
 
USE:  There is a collection of images on each transparency.  This arrangement allows related topics to 
be conveniently grouped and allows costs to be minimized.  (A simple way to display only a few of the 
images at a time is to cover the other images with a sheet of paper.)  The descriptions are intended to 
assist teachers in presenting information…This is one of the ten sets in the science transparency 
series,—Animals, Astronomy, Ecology, Energy Resources, Geology, Human Body, Matter, 
Oceanography, Weather, and Work, Force, and Motion.  These and other offerings can be viewed at 
www.k8resources.com. 
 
Text:  © 2008, Michael Berkowitz, k8resources, Saco, Maine 
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1.  THE  SUN  AND  THE  EARTH

Northern lights (3)
Credits:  SOHO, NASCOM, NASA; Don Pettit, ISS, NASA; Jody Majko, APOD

Surface of the Sun; night and day on the Earth; seasons
Credits:  SOHO, NASCOM, NASA (Suns); GSFC, NASA (Earth); Jetstream, NWS, NOAA
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1.  THE  SUN AND THE  EARTH 
 
 
 
The Sun is a large sphere of 75% hydrogen and 25% helium.  Because of its huge mass, the 
gravitational pull causes the pressure at its core to be 340 billion times as great as that on Earth.  The 
compressed gases reach 27 million degrees Fahrenheit.  The heat and pressure cause nuclear reactions 
in which hydrogen atoms combine to form helium,� and in the process give off energy.  This energy 
passes through the radiative and convective zones.  At the surface (the photosphere), light and heat are 
emitted into space. 
 
 
 
Day and night are caused by the Sun’s light reaching the Earth which spins around its axis—(an 
imaginary line between the North and South Pole).  The Sun’s rays light half of the Earth at a time.  As 
the Earth rotates once on its axis in 24 hours, each day is divided into periods of daylight and darkness.  
 
 
 
The seasons are caused by the tilt of the axis and the Earth’s circling around the Sun.  The 23.5 degree 
tilt of its axis causes the North Pole to sometimes lean toward the Sun and sometimes away, depending 
on the location in the orbit.  During the autumn equinox (roughly September 22nd) and spring equinox 
(roughly March 20th) the Sun is directly overhead at the equator causing day and night to be equal in 
length.  (Actually, rays strike each location a few minutes longer than twelve hours, due to the bending 
of the Sun’s rays by the atmosphere.)  From late March to late September, with the Earth’s axis tilting 
toward the Sun, the Northern hemisphere receives sunlight that is more overhead and visible for more 
than half the day (leading to summer).  From late September to late March (including the winter 
months), with the tilt away from the Sun, the Sun is lower and visible for less than half the day.    
During the winter solstice (usually December 21st), the axis tilts most directly away.  The Sun is then 
overhead at latitude 23.5 degrees South, the Tropic of Capricorn.  During the summer solstice (usually 
June 21st), the Sun is overhead at latitude 23.5 degrees North, the Tropic of Cancer.  (These names 
derive from the night-time constellations that are directly above these regions.)  Many people falsely 
assume that the Earth is closer to the Sun in summer and further in winter.  Its perihelion, or closest 
point in its orbit, occurs on January 3rd; its aphelion, or furthest distance, on July 4th.  The distance 
from the Sun is much less a factor than the directness of the Sun’s rays. (The seasons are reversed in 
the Southern hemisphere, due to the tilt of the axis.) 
 
 
 
The Northern Lights, or Aurora Borealis, begin with a social flare or explosion on the surface of the 
Sun.  These energy outbursts propel electrons through space in solar winds.  Those charged particles 
are drawn toward the Earth’s poles by its magnetic field.  When the electrified particles collide with 
gases in the atmosphere, photons (light packets) are created.  While these can interfere with radio, 
television and other communications systems, they are more famous for their sometimes spectacular 
light shows of streaks, pulsations and colored “clouds.”  These displays occur in the far northern 
latitudes; likewise, the Southern Lights (Aurora Australis) can be seen from the southern extremes.  
(The phenomenon also occurs on planets and moons which have a magnetic field and an atmosphere.) 
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2.  THE  PHASES  OF  THE  MOON  AND  ECLIPSES

TOTAL  LUNAR  ECLIPSE

umbra

penumbra

The moon, as viewed from the Earth during the nighttime lunar eclipse: 

The Moon passes through the Earth’s shadow.

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

SOLAR ECLIPSE: The Moon blocks the Sun’s light.
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Moon’s phases as seen from above:
Credits;  JPL, NASA (Sun); GSFC, NASA (Moon and Earth)

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

Moon’s phases as seen from Earth:
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2.  THE  MOON’S  PHASES  AND  ECLIPSES 
 
The phases of the Moon are caused by the Moon’s revolving around the Earth.  The Sun lights up the 
side of the Moon facing it.  We see the phases of the Moon because of the differing amounts of light 
that are reflected back toward the Earth.  As the Moon travels around the Earth each 29 1/2 days, 
different amounts of the lit portion of the Moon face the Earth.  When the Earth is between the Moon 
and the Sun, we face the lit side (full moon).  This occurs at night, with the Moon rising at sunset, and 
setting at sunrise.  When the Moon is between the Earth and the Sun, we face the dark side (new 
moon).  There is a gradual progression between these extremes:  On the first days following the new 
moon (1), a sliver is visible (crescent, 2), increasing to a half-circle (first quarter, 3), enlarging from 
there (waxing gibbous, 4) to a complete circle (full moon, 5).  In the last two weeks of the lunar cycle 
the order is reversed as the Moon seems to shrink� waning gibbous (6), last quarter (7), waning 
crescent (8), to new moon (9). 
 
A lunar eclipse occurs when the Moon’s light is blocked (or eclipsed) as the Moon itself passes 
through the shadow of the Earth.  This can only happen during some full moons—only those when the 
Earth comes directly between the Sun and the Moon.  Because the orbit of the Moon is tilted five 
degrees to that of the Earth, the three will be aligned at most three times per year.  As it can pass 
through either a part of or all of the Earth’s shadow, the Moon can be eclipsed (or blocked) to varying 
degrees.  (1) In the penumbral shadow, some of the Sun’s rays reach the Moon and some are blocked 
by the Earth.  When the Moon passes through this slight shadow, the change is hardly detectable.  (2)  
A partial eclipse occurs when part of the Moon is in the deeper umbral shadow, and part is not.  This 
can last up to 3 1/2 hours.   (3) A total eclipse is when the entire Moon passes through the umbral 
shadow, with none of the Sun’s rays directly reaching the Moon.  During this time of totality (up to an 
hour), the Moon will appear a faint yellow, orange, copper, red, or brown.  This dimmer glow results 
from the Sun’s light being bent around the Earth by its atmosphere.  The particles in the air absorb 
blue-colored wavelengths and bend or refract the others.  The actual hue depends upon the amount of 
dust and clouds at the time, and the brightness can be influenced by such factors as recent volcanic 
eruptions.  Since the change of lighting is taking place out on the surface of the Moon, the lunar eclipse 
is visible from anywhere on Earth that is experiencing a clear enough night.  (The edge of the round 
Earth’s shadow on the Moon’s surface is curved. This was cited as early evidence that the Earth is 
round.  Other evidence included the gradual disappearance of a ship’s mast as it sailed out over the 
horizon and the fact that different constellations are visible from different latitudes.) 
 
A solar eclipse occurs when the Moon’s shadow falls upon the Earth.  This can only happen during 
those New Moons when the Moon passes directly between the Sun and the Earth.  A partial solar 
eclipse is when part of the Sun’s visible circle is blocked, or eclipsed, by the Moon.  The more exciting 
total solar eclipse, lasting only several minutes, occurs when the Moon’s umbra traces a path across 
the surface of the Earth.  This path, while less than 200 miles wide, can extend to 10,000 miles long.  
No direct sunlight is seen then, but there is a shimmering corona of glowing plasma that emanates from 
the Sun.  This occurs when the Moon is close enough to the Earth to block out the Sun’s entire surface.  
(If the Moon’s elliptical orbit takes it further away, an annular eclipse of up to twelve minutes will 
result.  In this case, the three are perfectly aligned, but the slightly more distant Moon cannot obscure 
the full circle of the Sun� leaving an annulus, or ring, of the Sun visible.  It is very dangerous to view 
the Sun directly, even during an eclipse.  The rays can burn the retina, causing reduced vision or 
blindness.  The easiest method is to construct a pinhole viewing, or even to watch the images on the 
ground of the Sun cast by spaces between the leaves of a tree.  Some special welder’s glasses or dense 
photographic filters can be used, but not sunglasses. 
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3.  PLANETS

Mercury
Credit:  Mariner 10, NASA

Venus
Credit:  
Magellan 
Project, JPL, 
NASA

Earth
Credit:  Apollo 17 Crew, 
NASA

Mars
Credit: Mars 
Exploration 
Rover Mission, 
JPL, NASA

Jupiter
Credit:  Voyager 1, 
NASA

Saturn
Credit:  
Cassini 
Imaging 
Team, SSI, 
JPL, ESA, 
NASA

Ringed 
Uranus
Credit:  E. 
Lellouch, T. 
Encrenaz (Obs. 
Paris), J. Cuby, A. 
Jameson (ESO-
Chile), VLT Antu, 
ESO

Neptune
Credit:  
Voyager 2, 
NASA

Dwarf 
Planets:
Pluto and Ceres

Credits:  R. Albrecht 
(ESA/ESO), NASA;

NASA, ESA, J. 
Parker, SwRI

Planets 
and 
Dwarf 
Planets
Credit:  
International 
Astronomical 
Union, NASA
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3. (AND 4).  THE  INNER  PLANETS 
 
 
The inner planets, those located within the asteroid belt, include Mercury, Venus, Earth, and Mars.  
They are also known as the terrestrial planets, because they are dense, made mostly of rock and metal, 
and have solid surfaces.  They rotate slowly, have few satellites and no rings. 
 
 
Mercury  is the closest planet to the Sun, but its orbital path brings it anywhere from 29 to 43 million 
miles away.  When Mercury’s earlier volcanic activity stopped, its crust cooled, shrank, and hardened.   
A thin mantle and crust now cover the iron core of this, the second smallest planet.  The extremely thin 
atmosphere contributes to huge variations in temperature� from 800 degrees Fahrenheit in the daytime 
to -279 at night.  With so little air, the sky black even in the day, despite the bright Sun’s large image, 
almost tripled compared to that seen from Earth.  With such a thin atmosphere, meteoroids have been 
able to reach the surface causing many craters.  In the shadows of those craters near the poles, water in 
the form of ice probably exists. 
  
 
Venus, the second planet, has the most circular orbit of the planets.  Under the crust is a large rocky 
mantle.  Consisting mostly of iron at high temperatures, the inner core fuels Venus’s volcanic activity:  
Most of the surface is covered with volcanic rock, with vast lava flows and 100,000 shield volcanoes.  
There are some crater clusters from the break-up of meteorites large enough to have survived the thick 
atmosphere.  The air consists mostly of carbon dioxide, and the clouds are made up of sulfuric acid.  
The thickness of the atmosphere causes both a very high pressure and a strong greenhouse effect.  As a 
result, temperatures on Venus can reach 900 degrees Fahrenheit, even higher than on Mercury, which 
is only half the distance from the Sun. 
 
 
Earth, the densest planet, is made up mostly of iron, oxygen, silicon, and magnesium.  Unlike the 
other terrestrial planets, its surface is relatively young, being changed by earthquakes, volcanoes, and 
erosion.  Tectonic processes cause several types of shifts in the crust’s plates� subduction (where 
collisions cause the edge of one plate to slide under another), spreading apart (caused by magma), and 
transverse motion (at such boundaries as the San Andreas fault).  The Earth’s mantle is thick, and the 
innermost part of the core is solid, mostly made of iron, and is hotter than the surface of the Sun.  
Animal and plant life are supported by the solar system’s only known liquid water and an atmosphere 
of 77% nitrogen, 21% oxygen, and a small amount of carbon dioxide.  So far the water and carbon 
dioxide have served to keep temperatures stable, but the possible acceleration of the greenhouse effect 
may alter the environments needed for different species. 
 
 
Mars, the red planet, is dry, dusty and cold. It probably has a dense core and a molten rocky mantle.  
Its thin crust has rift valleys, hills, and plains; and some of its mountains and canyons are much larger 
than those found on Earth.  Having no plates, these features are the result of volcanoes in the past.  Its 
atmosphere is very thin.  That, along with its extremely elliptical orbit, makes its surface temperature 
vary widely, from -200 to +80 degrees Fahrenheit.  The air on Mars is predominantly gaseous carbon 
dioxide, and its polar ice caps are made up of solid carbon dioxide (dry ice).  Evidence suggests that 
there was liquid water on the surface of Mars long ago and that there is some subsurface ice now. 
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4.  THE  PLANETS

Number of 
Moons

Revolves in

(Earth time)

Rotates in 

(Earth time)

Diameter

(in miles)
Distance to 
Sun (miles)

1248 years7 days14503.67 billionPluto

2165 years19 hours308002.80 billionNeptune

1584 years16 hours322001.74 billionUranus

2430 years10 hours74600887 millionSaturn

1612 years10 hours88600484 millionJupiter

2687 days25 hours4200141 millionMars

1365 ¼ days23 hr. 56 min.790093 millionEarth

0225 days243 days754067 millionVenus

088 days59 days303036 millionMercury

Source of data:  Nineplanets.org
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(3. AND) 4.  THE  OUTER  PLANETS 
 
The outer planets include the Jovian, or gaseous, planets of Jupiter, Saturn, Uranus, and Neptune.  
These planets are made up largely of hydrogen and helium, have low densities, and rotate rapidly.  
They also have rings, deep atmospheres, and multiple satellites. 
 
Jupiter is by far the largest planet, being more than twice as massive as the other eight combined.  It 
has a small rocky core and a gaseous outer layer.  Its gravitational attraction puts hydrogen under such 
great pressure that it is in a liquid metallic state.  Predominantly hydrogen and helium, Jupiter also has 
small amounts of methane, water, and ammonia, along with some trace elements…Chemical variations 
and temperature differences cause the bands of colors,� the lighter “zones” and darker “belts”.  
Neighboring bands move in opposite directions, often with strong winds.  The bands’ colors are 
determined by the heights, the colors, and the amounts of the different sulfides that are in the tops of 
the clouds.  Jupiter has faint rings and is known for its distinctive moons, such as Io with its volcanoes 
and Ganymede which is larger than Mercury. 
 
Saturn is the second largest planet, but it is the least dense,� being less dense than water.  Like 
Jupiter, Saturn is made up of mostly hydrogen, with helium, water ice, methane, ammonia, and rock.  
Also like Jupiter, Saturn has layers,� a small rocky core, a middle layer of liquid metallic hydrogen, 
and an outer gaseous layer that blends with its atmosphere.  Its bands are fainter than Jupiter’s, but 
Saturn has very distinct rings of water ice particles.  Its gaseous nature and rapid spin cause it to be 
flattened (oblate).  Saturn’s winds can reach speeds of 1000 miles per hour.  Storms are also visible as 
rising warmer “air” composed of ammonia gases breaks through the clouds. 
 
Uranus, the third largest planet, is atypical in that it spins on an axis that is at a right angle to the plane 
of its orbit.  Accordingly, its moons travel in approximately circular paths perpendicular to the 
elliptical orbit of Uranus.  It is composed of rock and ices, with a gaseous surface.  Its atmosphere is 
mostly hydrogen and smaller amounts of helium and methane.  It is the methane’s absorption of red 
frequencies that gives the planet its blue-green appearance.  Its bands of rapidly blowing clouds are 
fainter than those of Jupiter and Saturn; its rings are also fainter. 
 
Neptune, the fourth largest planet, has the solar system’s fastest winds.  Temperature differences cause 
the winds and such storms that create its Great Dark Spot.  Neptune is composed of rocks and ices, and 
its atmosphere also has hydrogen, helium, and methane.  The irregularities (perturbations) in its orbital 
path suggested the existence of another, more distant planet. 
 
--------------------------------------------------------------------------------------------------------------------------- 
 
Dwarf Planets:   The name “planet” means wanderer� as they seem to wander against the background 
of stars.  The eight planets share many properties:  They are in the same plane, spin in the same 
direction, and have similarly shaped orbits.  After long being considered a planet, Pluto is no longer 
included in that category because of its atypical characteristics:  It has a highly elliptical orbit, (one 
which brought it closer to the Sun than Neptune was between 1979 and 1999).  Compared to the 
planets, Pluto spins in the reverse direction, and its orbit is not in the same plane.  With a surface of 
solid water ice and methane, Pluto is in many ways similar to the icy bodies of the distant Kuiper Belt.  
In 2006, astronomers identified dwarf planets Pluto, Ceres (in the asteroid belt) and Eris (in the Kuiper 
Belt).  Like planets, they orbit the sun and are massive enough to have a roundish form, but, unlike the 
planets, dwarf planets have other objects in their neighborhoods. 
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5.  ASTEROIDS,  COMETS,  AND  METEORS

Ida and Dactyl: Asteroid and Moon 
Credit: Galileo Project, JPL, NASA

Asteroid Gaspra's Best Face
Credit: Galileo Project, NASA

Comet Hale-Bopp's Developing Tails
Credit: A. Dimai & D. Ghirardo (Col Druscie Obs.), AAC

Comet C/2002 T7 (LINEAR) 
Credit: Svend and Carl Freytag, Adam Block (KPNO), NOAO, AURA, NSF 

Barringer Crater on Earth
Credit: D. Roddy (LPI)

Dawn of the Leonids
Credit: Yan On Sheung

Sunset with Hale-Bopp at Keck
Credit: W. Keel (U. Alabama in Tuscaloosa) 

Springtime Comet Fever
Credit: A. Dimai and D. Ghirardo, (Col Druscie Obs.), AAC
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5.  ASTEROIDS, COMETS, AND METEORS 
 
 
 
 
Asteroids are small rock and iron bodies which orbit the Sun.  Most are located in the Main Belt 
between Mars and Jupiter.  Others are NEAs (Near-Earth Asteroids), Trojans (bound with Jupiter’s 
orbit), or Centaurs (beyond Saturn).  They are mostly made of silicates (stone), with lesser amounts of 
iron and nickel.  While 7,000 are known, there are no doubt many more too small to have been 
detected to date.  Nevertheless, the sum total of their mass is believed to be less than the Moon’s.  
Scientists think that they date from the origin of our solar system, with their fragmented nature caused 
by either a collision involving an earlier planet or the failure of the matter to have coalesced into a 
planet. 
 
 
 
 
Comets are known as “dirty snowballs.”  The “head” contains a solid nucleus and a surrounding coma 
(a dense cloud of dust and gases). There can be two tails� a dust tail and an ion tail (a stream of fine 
dust particles that are blown off the comet by solar winds).  A sparse hydrogen cloud forms when 
ultraviolet rays start a chemical process that releases hydrogen atoms.  Their orbits are highly 
elongated since they near the Sun and yet pass far beyond Pluto.  They are brightest when they are near 
enough to the Sun that their particles reflect light and actually fluoresce.  The more famous comets 
include Halley’s, the extremely bright Halle-Bopp, and Shoemaker-Levy (which streaked into Jupiter’s 
atmosphere).  Sometimes they are the cause of meteor showers:  The Perseid meteor shower occurs as 
the Earth passes near the orbit of Swift-Tuttle and encounters debris from that comet. 
 
 
 
 
Meteors “burn” up in the Earth’s atmosphere; meteorites are big enough to land on Earth; meteoroids 
are the objects out in space.  They are usually from asteroids; occasionally, from comets.  Some are 
made of iron and nickel; some are a stony iron; some are similar in composition to the inner planets 
(common chondrites); some are similar to the Moon and Mars (chondrite); some are similar to the Sun 
(carbonaceous chondrite).  As they enter the Earth’s atmosphere at tremendous speeds, the friction 
with air particles causes them to look like “shooting stars.”  On a clear night, a few each hour would be 
average viewing.  During a meteor shower, one hundred per hour can be seen.  Occasionally a brilliant 
fireball will streak across the sky.  When observed, a meteor is called a “fall;” when located on the 
Earth, the meteorite is a “find.”  The mass of a meteorite and the speed of its impact cause a crater.  It 
is possible that a meteorite whose crater is in the Yucatan caused the climatic changes that led to the 
extinction of the dinosaurs.  In 1908, a meteor which probably burned up over Siberia created a 
supersonic roar and leveled trees in a several mile radius. 
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The remaining pages include:

6. Nebulae

7. Star Cycles

8. Constellations

9. Galaxies

10. The Evolution of Stars and the Universe
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