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This book is amntroduction to Astronomy. While providing education, the book is
meant to spark passion for the science and the space industry by highlighting discoveries and
outcomes. Do you want tee a part of this exciting fieldur nation needs your help tontinue
to reach new heights in space science and industry. Be sure to check the end of your CD for
professional opportunities.

As we bajin our study, take a moment to pondemwhere we aein space and what we live
on; a very special planet.

A beautiful earthrise over our Moon
Photo courtesy of NAS




A note to the reader

The Earthrise photo was taken by a man standing on the Moon, looking back at his
home planet, Eartil he ground upon which he was standirsgd to be a part of Earth. The
Moon used to be so close to us that much of the horizon would have been half covered by a
primordial moonrise. This desolate satellite is slowly drifting away, at a rate of a litieaove
inch a year.

Something to pondeé | f | n@throubghcadekescope at a mgmon the Moon, and he
is looking up through telescop¢ me on Earthat the same time, how can Wwethbe lookingup
at each otherPleasediscuss this dilemma.

A virtual vacuum of space surrounds our planet. It can be airless, dark, and cold. Or it can
be radiation filled, bright and hot. You will learn whnpdwhat is in the Universe and how it
works.

Please explore the book and DVD much as scientists explore the Universe, with a
guestioning spirit and curious mind. While reading you might want to ask yourself a few
guestions:

1 What, or who,created the Universe?
1 Does it exist for a ppose or is it a random place that is devoid of reason?
1 What unanswered questions remain about the Universe?

1 Whatis in thisbook and DVD that could apply to your life?

The informaiton in this book represenéssampling ofvhat has been discovered about
planet, our star, our solar system, and beyond. If you find this fieldidy stteresting there are
videos, books, lectures, web sitegices, conventions, workshop®iagazines, and college
courses available. Staypdated on theonstant flow of informatioloncerningnew discoveries
resulting from the exploration space.

Jeff Scott
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Chapter 1

Astronomy Basics

Tour Guide

Required Work:
Homework Cd
Workbook: Pages 1 -4
Test Provided by

the Teacher

Required Work:
Homework DVD

Workbook: Pages 1 -4 1
Astronomy Basics Test

(Teacher Provided)




A photo from the Hubble Space Telescope
Courtesy NASA

What is astronomy? Weén did it
begin? Astronomy is a study of virtually
everything beyond earth. Tlagademic
discipline includes studying planets, solar
systems, stars, galaxies, cometsgiamstls,
nebulae, moons and theniverse itselfYou
will learn about these fields of study as you
read this book.

Astronomy has produced a relatively
new field: astobiology. So far, this
scientific endeavor only speculates about
possible alien life. But, as you will study in
this book, there are possibilities of alien life
even irside our solar systemaR of the
astronomical science community is actively
listeningfor new signs of life in theosmos
(Another word for universe.)rhis
organization is called th®ETI Institute.
The abbreviation stands fd8earchfor
Extra Terrestrial Intelligence.

A very active parbf astronomy
consists of teams of astronomérsking for
exoplanets These exoplanets are circling
starsoutside our solar system. Literally

hundreds of these planets have been found.

Several new ones are discovered every
month.

Many new discoveries that have

been made over the last ¥€ars havdeen
heavily computer dependent. Modern
astronomy relies upon technology, math and
scientific method.

Skills and Tools of
the trade

Astronomy is a visually based
science. The skill of careful observation is
essential to understanding and discovery.
Many astronomical skills weresgtelopedas
long as 5,00@earsaga Before written
history began, people had noticed the
interrelationshig betweerhhe Sun, Moon
andtheEarth. Observations resulted in a
rudimentary understanding of the timing of
days, nghts, monthly patterns of moonlit
shapes and the seasons. Missing were
scientific reasons for these events. When
there were no answers for natural
occurrences, observers concluded that it was
caused by actions of the gods.

Astrology and itsastrologerswere
cosmos based, religious fortune tellers and
At hebwgdd 0, messenger s.
studied the stars, planets, the moon and sun
and then tried to derive meaning for their
movements. At times important decisions
(war, marriags, coronations, etc.jvere
timed because giredictions put forth by
these astrologers.

Some of their observationgere
quite helpful. They auld advise when to
plant andharvest. They could determine
when the next full moon night would occur.
For those who lived near coasts,tloeuld
predict tides. They learned to use star
patterndor day and night time navigation.

The skills of writing and mapping
drasticallyimproved thiscombined religion
and science adistrology andstronomy. By
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mapping and writing down observations,
others vere able taeutilize thesaved
information. Soon they were able to not only
observe, but alsecordandpredict
astronomical events over long periods of
time.

The study of astronomy/astrology
became an importandevelopment in the
history ofcivilization. Skills of predicting
weatler patterns and seasons allowed man to
time harvests. From thigachman ro
longer had to just hunt, gather and maintain
flocks. Agriculture was developed, ctiem
greater food supplies thied to larger
populations, spare time to build, invent and
develop communities.

Star observatioand mapping allowed for
thenavigation oinew landand sea routes
Trade and exchanges of idabes/eloped
between cultures. Over time, ancient
civilizations gained wealth, power and
improved technology based on the increased
amounts of food and tradinat wasnspired

by studying the cosmos.

Mathematics wasntegral to the
advancement ofstronomical studiesThe
ancient people of Egypt and Greece
developed algebra and geometry. Through
these math skills and little else, a Greek
citizen namedAristarchus, in 270 BC first
figured out how far thenoon was from the
earth.

This brings us to another important
componentphilosophy. Greek philosophers
developed this rational process of thought.
This skill is the foundation of astronomy.
We now call this process: tlseientific
method:

1) Propose a quésn.

2) Observe and research.

3) Construct a hypothesis.

4) Check it through experimentation.

5) Draw a conclusion. (It may be
supportive of the hypothesis, or
prove the hypothesis wrong.

If wrong, go back to step 3)
6) Record or report the results.
Often the results eabring additional
guestions.
Maybe it was not always the
i g o d s thereawawsal, rational reason?

Observation, recording through
pictures and writing, mapping the skies,
advance mathematics, and scientific
methods are the foundations of astronomy.

When paganism declindd/orship of
several or many gods)d the influences of
monotheism which is a wship of one all
powerful god, Judaism Christianity and
Islam) aroseastrology as a popular religion
declined. No more of Apollo riding the sun
chariot across the sky!

Astrology, as found todayis no
longer dominant over astronomy.igt
looked upon as a superstition that ttiesie
the cosmos tdortunetelling, personality
traits and daily life.

The Next Step:
Western
Enlightenment

Western culture suffered serious
setbacks when the Roman Empire was
shattered during thé™centuryAD. The
Dark Ages began in Western Europe and
centuries of learning werest. It took a
thousand years before science in western
cultureregaired whathadbeen forgotten
Thefifteenth and sixteenth centuries were
the time of theRenaissancdor rebirth of
learning Thisoccurredmainly in Italy. It
established the scholastic ground work for
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modern astronomy. This was a time when
ancient writings of a thousand yedrsfore
found their way back into books of Western
Europe.

(Somé@ of what was relearned turned
out to be false. But other knowledge,
including advanced math and the rational
thought, were used as the skills needed to
allow modern western culture to expand

The Catholic Church accepted the
ancient philosophies of the Wmarse,
includingP t o | etmegnbtisat the sun
orbited the earth and that the earth was the
center of the universe. This was challenged
by two men and one instrument. The men
wereNicholas Copernicus (Niclas
Kopernik) andGalileo Galileeand te
instrumentwas theelescope

Copernicusa Polish mathematician,
was educated in medicine, mathematics,
astronomy andstrologyin Poland andhn
renaissance Italy. He provéasroughmath
and observationthe earth rotates on an axis
andthatthe earth circles thgun not visa
versa. He published a treatise on tiistter
in 1543, the same year he died|led theDe
RevolutionBus Erbium(in Latin). In it he
called theheliocentric systemthe logical
explanatoro f t he ear t htldes
sun. This was fst put forth by Aristarchus,
a Greek philosopherho lived 1,800 years
earlier than Copernicus.

Some of his views were twisted and
spun by a friend who had the book published
and had changed the title to include the word
ftheord0 . Thi s s a meonseng n ,
then wrote in the book that the heliocentric
system may prove to be false. Copernicus
saw his published book while he was in a
very weak state on the last day of his life.

He never read the revisions.

At first thosewho opposed
C o p e r nviitings webe the newly rising
ProtestantsAbout 70 years latdmis ideas
werealsoopposed by the Catholic Church
Galileo Galileebrought them forth to
support his own findings. He opposed the
Catholic Church backeid Platonic Plato)
version that the earth was at thenter of
the Universeand all celestial objects circle
the Earth This belief was rather remarkable
consideringhe fact thaGalileo became a
priest in his later years.

Galileo did notinvent the original
telescopeput he was the one wthimst
turned it towardhe Heavens.

He was excellent at math and had a
keen scientific mind. This combination of
technology and skill advancede studies on
astronomy.

Here are some Galilean quotes that
best sum up his attitudemwards: science,
ignorance, government and church:

1) The Cosmos and Math

A( The universe) cannot
have learnt the language and become
familiar with the characters in whichig

M &utit@r. It i9wWhitte ihnfathdmtical
language and the letters are triangles, circles
and other geometric figures, without which
means it is humanly impossible to

comprehend a single wo
2) Governing the Scientists
guestions of scien

%bu%a‘?nooléjuﬁ worth the humble reasoning

of a single individual
3) The Church and Science

il do not feel obliged
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same God who endowed us with sense,
reason and intellect intended us to forgo
t heir use. o0

4) The Second Guessers and
Detractors:
AAlIl truths are easy
are discovered; the point is to discover
t hem. o

Galileo, an Italian born 21 years after
the death of Copernicus, studied medicine
but also had a keen interest in mathematics
and astronomy. Althoughe is best known
for his ideas on astronomy, he also
discovered the sedseof the pendulunater
the basis for his ideas about making a
pendulum clock(An example of this style
of time piece is the grandfather clock.

However his most famous inveian
was a telescope that could magnify up to
twenty timeswhat can be seen lilye naked
eye. He searched the skies and even closely
observed the sun. Galileo made significant
discoveries concerning the Moon and
Jupiter.

Galileo thought he saw oceans or
seas on the surface of the Moon. These areas
he named: fAmareodo (sea
still called by the same names today, even
though there are no seas on the Moon. He
found spots on the sun. He observed a
supemova, (exploding star). He found four
moons circling Jupiter. He thought that
Jupiter might be a star with its own solar
system. Not a bad guess at the time.

Galileo Galilee read the works of
Copernicus, triedut the math and agreed
with findings. He publishedik works
concerning the verification of the
heliocentric system and ended up in the
Inquisition, a court held by the Catholic

Church to try people accused of religious
heresiesthat run counter to church doctrine.

He was tried twice and the second time he

was convicted and spent the rest of his life

under house arrest. He died in 1638, at the

age of 74, a blind man
tmistake Galileormade avimed he ctaded@thet h e y
sun through a telescope!)

As time went on, the Catholic and
Protestant churches aspted the new
discoveries and loosened religious control
over scientific research and their findings.

With the use of math and telescopes
many discoveries have been made. All the
planets were located. Many asteroids and
comets were not only trackéadit their
physical characteristics were better
understood. Physics was tigmastronomy
by Sir Isaac Newtonand his laws of
gravity.

Did You Know?

Gravity is the glue that keeps the entir
Universe together. It is a force of
attraction that bindsparticles together
to form atoms and so on, up the scale}
to the mass of the Universe itself.

The greater the cumulative mass, the
greater the attracting power. Gravity
attraction can be mutual. The greater
the distance between objects the less
gravitationd influence or attracting
power.

Edwin Hubble discovered thiaour
galaxy was not the totalniverse, but was
one of manyAlbert Einstein, a




mathematician and astrophysicisteated
formulaeexplaining space/ time, dimensions
and how they related to each other. By the
mid 20" century:nebulas more moons and
more of the size and scope of our universe
had been discovered.

Recently, a now integral organ was
added tohe body of astronomicatudies:
thecomputer Vast amounts of information
were processed, allowing more advanced
explorations and the use of more tools that
continue to provide amazing discoveries.
Computers become more and more
powerful. A hand calculator that onean
buy at the storolds more computing
powertodaythan the Apollo astronauts had
when their capsuleent to the moon in
1969.

Without computersgxoplanets
(planets beyond our solar systeoould not
have been discovered. The Big Bang theory
could not be adequately studied. We could
not look for asteroids and comets that are
dangerous to uSatellites orbiting
spacecrafthat provide communications and
observationswould not have been inaged.
Nor could probes go into the depths of
space. Without the computer, the academic
advancement of astronomy would have
stalled some fifty years ago.

Where We Are Now?

The United States was at the
forefront of astronomy for decades. Our
engineeringand advanced technologies,
backed by a flourishing economy, allowed
us to explore the @&mos. The Soviet Union,
(Russia)lso provided important and
practical additions to astronomy and space
exploration. China has now entered the
manned space environme(Thina put a

man into space with their own rocket over
forty five years after America and Russia

had done so, which tells how difficult and

expensive that effort was.)

Today space sciences and the
associated government agencies are
changing the emphasesprogram funding.
The Shuttle Rogram isshutting down.
Privatized, low obit, space flights are being
encouragedAmerican plas of revisiting the
Moon havebeen postponed or possibly
cancelled. The American plan of sending
humans to Mars is being disdad. These
were safety, technological, political and
economic- based judgments. Robotic and
computer- based probes will be
emphasized. NASA will prioritize a sizable
sum of its future budget to observe climate
changes.

Indian, Japanese, European, @&se
and other space programs are becoming
more sophisticated. I n
rockets and their capsules will be providing
the only way for our astronauts to get rides
to and from the International Space Station.
Chi nwikoeautstd ( Chi nese
may be the next to step on the Moon. Will
this change againWill A merica keep
dwindling in itsdominance in space sciences
and exploration?

ast

That will be a decision that is up to
you, your fellow Americans and your
elected leadrs.

arkgoaalt ages 1 -2
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Chapter 2

Time

Required Work:
Homework cD
Workbook: Pages 5
Test Provided by
the Teacher




relative location between objectsln earlier

There is a day andthere it i mewas) at onk pointonsidered

. . only a measurement of passimgpments and
IS a nlght' predictable event®ow, we know the true
There is a dark and meaning oftime.
there iS a ||ght Our modern world cultures are

virtually run by the clock anthe calendar.

Why is it dark during

Our Earthrotates, it spins around. It

the nlght’? alsoorbits, meaning that it circles around
. another object. Thaibject is the Surlhe
Why is the day so Earth rotates onoshen it completes a
. period that we call a twenty four hour day.
Vefy bnght? When the Earth circles the Sun once, we call
it ayear.

Do you know what time it isBy the
way, do you reallin know WheeEearesixtysaeands inieach
this section you will learn about the meaning ~ Minute. Sixty minutes make an hour. It is
and usage of time on Earth. approximately 24,000 miles around the
middle of our planetPlanet Earth spins
For thousands of years our ancestors about one thousand miles an hour. Hence
did not have a scientific explanation of why ~ there are 24 hours inday. Three hundred

there was a day and night. Usually their sixty five and a quarter days make a year.
explanations were religious. For the Greeks,  This is an approximation; every year

the Sunwas a god named Apollo. Fotany actually has a few extra seconds of
ancientcultures the Moon was also a god or ~ Measured time, this extra time isdkad by
goddess. atomic clocks. A second or tware added

every few years.

Many celestial caused events _ _
became predictable over time. An example Our Earth is moving around the Sun
would be the seasons: winter, fallpsmer on an invisible track, held in place by the
and spring, whi cditswer ®ullpfgravityglhngverstgps. gt will g
fromthegods. o For most o fCONHNYaRANAINGIQN this trgck yntil either

no one knew why these seasansurred the Sun changes it grgational forces or
and changed. there is an unforeseen future catastrophe.
Mathematics proves that time can One of the reasons our ancestors

only moveforward. Physics proves time can ~ could not figure out the true mechanisms
move either way. Past time and future time ~ that govern cycles of days, nights or years

canbe measured, but not the present was because they thought that thewdrse
was circling around thedtth They also
Time is not only a sequence of thought that the earth was the center of this
events, buta measurement of speed and circle. To them this seemed true.




The Seasons

The Earth is tilted. During its yearly
orbit different parts of the planet are
exposed to more daylight. During these
same windows of time the opptespart of
Earth has much less sun exposure. For the
middle part of the earth, thejuator, these
changes are equal to approximately 12 hours
of each all year long.

During the winterin the northern
half of our planet oNorthern Hemisphere
there is &ss sunlight. It gets darker and
colder. At the very top of thelanet, hat we
call the North Pole, there can be virtual
darkness for a few months. During our
summer, what is known as the South Pole
has the same darkening and chilling
experience. Meanwtglthe warmth of the
increased summer sunlight is heating up the
northern hemisphere.

In the northern and southern
hemispheres spring starts on the day of the
vernal equinox A vernal equinox has a
balance of hours between daylight and night.
The Anciens rejoiced when this occurred,; it
was a day of celebration. For the growers of
food this was the day to start the planting.
The plant life of our planet has developed a
rhythm based on the
sun. The plants wither, die or sleep dgrin
the winter and then begin a renewal of life
with the advent of spring.

The Months

Where we are and how fast we are
going give us a measurement of the years,
days, minutes, seconds and also seasons.
What about the months?

Months can vary accordjto
different cultures. In our calendar, we have
twelve of themOther calendars, such as the
Mayans, have had twenty or more. Certain
months have more days than others.
February, which has 28 days, has an extra
day during leap year, every fourth year.
Generally, months were at first lined up with
Moon orbits around the Earth. One orbit is
about twenty nine and a half days. Every
full moon, (when a person on Earth can see
a full circle of the Moo because of reflected
sunligh) marked the beginning of awe
period, ormonth. Every week of a month is
delineated by different visual effects given
by sun light reflection off the Moon. These
are: full moon, quartemoon, crescent, (or
eighth mooi, and half moon. Each one of
these effectne up withai Mo o o, y
Monday.

Did you know?
Easter Sunday is determined by the first
Sunday after the first full moon and after the
vernal equinox.

ear%

The Science of Time
Measurement

We mark our lives by location and
speed. We are timed by:
Wherewe are in relation to the Sug. th

R ich pé)rtrisbgétthg the'mBsY &

least light at a particular point on our

orbital path.

To give this idea mg
change our usual terminology into a more
scientific set of words.

A judge is té&ing to a convicted
criminal He states: i

in 14/24ths of a rotational time period for

your sentencing. o0 The

9
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pronounces: il have f
here is your sentence: you shall serve 10
orbits and 3 rotatiahin the state prison for
your crime. You may have your sentence
reduced to 6 orbits for good behavior.
Before you leave, you may visit with your
familyfora1/28o0f a rot at i

If you were on Mercury, this would
be a generous visiting tenand a short
sentence. Mercury orbits the sun every 176
earth days. It takes 59 earth days for it to
spin (rotate) once. Maybe it is better to go to
Mercury for your trial if you are arrested and
convicted!

Time is relativeas to where you are
and the speeds you are travellimgis is
defined and explained bia¢ Theory of
Relativity, whichwas created byplbert
Einstein. We have all heard df = mc2
But what does that mean?

on.

onovingl witly respectgauthe blsegrvera n d
In other words, motion and rest are relative,
notabsolute.

Yes, time is relative. Time is different
according to speed and location.

0

Did you know?

It wasin the year 1278 that Pope
John 1 ordered Dennis the Little to create
the modern Christian calendar.

The first year of our calendar is
based on té birth date of Jesus Christ.
Despite Dennisd be
probably five year
into account the quarter of a day extra
needed for every yea
ended up with leap years.

[da W ds)

Universal Time

Universal time is affected by gravity
and motion. It is also affected by the

Actual |l y,yot hearfeT h eepansion of space and the universe itself.

theories. One ispecialrelativity and the
other isgeneralrelativity.

According to general relativity:

Time moves slower in higher gravitational
fields. This distorts, bends, or warps time.
Light will bend with gravity.

Rotating massedrag surrounding space

time with it.

The Universe is expandingnd the outer
areas should be moving even faster than
light speed.

This theory has been confirmed many times.

According to special relativity:

If | see two events happen simultaneously,
andher observer of the same two events
maynot see it simultaneously.

Moving clocks tick slower than stationary
clocks.

Objects are shorter in the direction they are

We 6 | | have three obj
certain speed. Then, one these objects
accelerate. The faster the object accelerates,
the moe timewithin that object slows down.
However the objects staying behind keep a
steady pace with their previotime - speed.
Time has nothanged its pace for the two
remaining objects, onlfor the faster one.

Later in this course you willeg more
i nformation concerni
regions expanding at an ever more rapid
rate. Time is slowing for the outer reaches.
We are accelerating at a lesser pace; our
time is slowing at a lesspace.

arinaalt ages J 4
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Chapter 3

Solar System Overvie

There are several aspectoto solar

Required Work:
Homework cD

Workbook: Pages 7 -12
T errestrial Planet Test
(Teacher Provided)

system. Buthen there is the body of the
11




solar system itself. Think of it this way, you
have studied the many organs, but there is
more to the body itself.

Themass of the solar system mostly
lies on a dise shaped flat plane called the
plane of the ecliptic Surrounding thiss a
gaseous, magnetic bubble.

The Sun (our star)makes up most of
the volume of the sol
(99.86%) andnits measurablenergy. It is
also the gravity anchoil he gas planets
account for over 99% of the remaining mass
of our solar system.

The majority of the planets, moons
and asteroids follow the same basic
grautational rules that goverour solar
system; lhey even travel in the same
direction around the Sun. If you looked
down toward the north pole of the sun, these
objects would be moving counter clockwise.

The orbiting objects that dominate
the Solar System can be classified into three
groups:

PlanetsEarth, Jupiter, Neptune (all
planets) and so on.

PlanetoidsCeres, Pluto (all
planetoids) and so on.

Small Solar System Celestial
Bodies Hal |l eyds Comet ,
Moon, (all moons) and so on.

The composition of these objedall
into three gearal areas: They contain one,
some or all, of eithelypes ofrock, gas or
ice. Therock can range fromang/
(silicateg, to minerals such as saétad
metals such as iron or golda&es range
from hydragen, oxygen (a gaseous metal),
ammonia and methane molecules such as
water vapor andtber molecular
compositions. ¢e can be composed of not
only water, but also carbon dioxide,

methane, and even more exotic frozen gases.
They can be large blocks or floating crystals.

Throughout
there ardlows of particles areoming from
the Sun. They movejuickly at speeds up to
nearly 1,000,000 miles per howarried by
what is calledsolar winds. This creates an
atmosphere to the Solar System known as
theheliosphere
ar systembbs mass

If there is atmagghere, there should
be weather! The Sun has magnetic storms
and solar flares that result in solar winds of
charged particles and of energy. If there is
an atmosphere, does it protect and shield as
ours does? The answeryiss Our
heliosphere shields odangerous cosmic
rays that emanate from outside our solar
system.

ot Pgas 940

Solar Regions

Theinner solar systemregion
beyond the sun is dominated by four rocky
planets: Mercury, Venus, Earth and Mars.
These argerrestrial planets. They are
rocky and have verlttle to substantial
amounts of atmosphere. In this area there

(ae brlly thee® Mb@ris &nd about 1OBO other

floating objects of any consequence. They
do have occasional intrudessich asomets
that are either in elliptical orbit around the
sun or are heding into one of the planets or
the Sun itself.

The nextregion is very distinct.ubt
beyond Mars and before the gas planets.
This region is called thAsteroid Belt. I t 0s
filled with rocks that vary greatly in size and
composition. There is speculatithat this is
debris left over from a platary/planetoid

12
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collision ortherewereother influences such
as gravity influences (Jupiter) that would not
allow these rocks to coalesce into a planet.

Beyond the asteroid belt lies the
realm of the gas plareknown as theuter
solar system Jupiter, Saturn, Uranus and
Neptune. The Sunds i
andthe planets are very cold. &te are
multitudes of moons. Over 99% of all
moons are found cirelg these planets. The
moonsvary from traditionaln nature to
captured asteroids with retrograde orbits,
andthere areeven ice/water moons that
have the potential to host life.

Next is theKuiper Belt, a cold and
dark region that contains rocks, ice and is
guite cold. This area contains dwarf planets
also known agrans - neptunian
planetoids. The most famous resident is the
one time planet called Plutthat isnow
classified as &rans neptunian plutoid. Not
all of these objects, includirfgjuto, are
found on the plane of the ecliptic. Pluto
travels at a 17% angle of that plane while
orbiting the Sun. Itis populated by an
estimated 100,000 objects that are 50 miles
in diameter-or wider. Here, the Sun seems
not much bigger or brighter than ottstars.
The sundés influence
to 50AU from the sun(The measurement
of 1AU is equal to 93,000,000 miles, or the
distance from the Sun to theuh.)

The region dominated by thegpiets,
heliosphere an&un is called the
interpl anetary medium. It contains two
regions of dust. They are flattened ard
found on the plane of the ecliptic. The inner
region is called theodiacal dust cloud It
is found from outside the sun to the planet
Jupiter. The other zodiacal dusineis
found from the most outer gas planets to the
Kuiper Belt.

n

There is another regionalled the
Scattered Disk is found at the edge of the
Solar System and iopulated by icy objects
that will find their way into the inner parts
of the Solar System. Their orbits were
affected by Neptune iearly formation of
the solarrsysters. Thetimarbtipdthséendit@ r e
be erratic andange from within the Kuiper
Belt to as faas 150 AU from the Sun. They
also do not follow the plane of the ecliptic,
but rather are angled to itsftimost famous
inhabitant is the planetoid called Pluto.

The Outer Regions

Surrounding these regions is an area
called theOort Cloud. This is compeed of
cometsthat eventually head towards the
inner solar systepare composed of ice and
dustandcentaurs(Objects that can reach
the size of planetoids and have unstable
orbits that change over tim&hey can be
composed of ice, carbonized and dusty
materials.). It does not circulate on the plane
of the ecliptic. It is found in all direans.
That is why it is termed cloud It is
inhabited by up to &illions bits of dust and
ice. Its outer borders may be as far out as
one light year from the sun. light year is
ghe amount of tiend light fakes (at $86,000 o m 3
miles a seconjdto travel in a year, aabout
19 trillion miles! It can be influenced by the
passing slight gravity pulls ofats andoy
the galactic tidal force of our galaxy.

Where does ousolar System end?
Good questionlt is not exact and varies

accordingtoth&un o6 s altidveryi ti eg.

far from the Sun, about 155 to@&U. As
the Sun and its systetravels aroundhe
Galaxy; it has abow shockthat precedes it.
This is much the same as a bow shock in
front of a moving ship. In the direction that
the sun is traveling, the bow shock is 200

13




AU in front of it.
wake, itis only 100 AU out tde border.

The border of the Solar System
where it meets interstellar space doiv
shockstartsis called theheliopause Here,
there is a colli®n of interstellar wind and
electromagnetic particles from the Sun. It is
a turbulent area. How do we kndhat? We
have had our first probes reach this area
(Voyagersl and 2), which were launched
in the late 1970s to explore the outer planets
and beyond. They are still transmitting!

The Voyager 1 probe is now more
than 9 billion miles from Earth. Voyager & i
7 billion miles away. Taveling at a speed of
well over 3 AU a year, it takes many hours
for their signal, traveling at light speed, to
reach Earth. It will be several more years
before they transverse the heliopause and
enter interstellar space.

In interstellar space, there are still
particles of dustplasma ad ionized gasare
known as thenterstellar cloud. It is found
throughout the galaxy between the solar
masses and their star systems.

In 2009, Voyager detected a
magnetic field at the edge tife Solar
System that apparently holds the interstellar
clouds together. Our solar system is
currently passing tlmugh one of these
clouds

It is nicknamed thé&ocal Fluff, it is
about 30 light years in diametd& he cloud
consists rainly of helium and fdrogen

B e latonmsdeft dvér FomSBun andiest superrmoval |

(exploded star).

solarshock edge of the
WavE T, heliosphere
- " -
- .
- AT
’ 5
!.f Voyager 2 \ V\
b .
! | Radio
| Sun '& A Emission
\ Voyager1 , )
\ Jo

interstellar

heliosphers space

Credit NASA

Our Sun, also names$bl, has
gravitational influences that may extend out
as far amut astwo light yaars. Within that
area, there may bmany objects yet to be
discovered.

Our Solar System travels on an arm
of our Milky Way galaxy. The arm is called
theOrion Arm , or theLocal Spur. It is one
of many millions of stars on this arm. Each
starhas its own system with its own peculiar
inhabitants.

[arkgoaalt RS /-
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Chapter 4
Our Sun

Required Work:

Homework cD Questions
Workbook: Pages 13 - 20
Sun Test (Teacher Provided)



http://umbra.nascom.nasa.gov/images/latest_eit_171.gif

What is the Sun? Why does the Sun
shine? Is it just a ball of burning gas? To us
on Earth, it is much more than that; it is an
anchor and protector, a heater and source of
constant energy. It is dangerous and, at the
same time, life providing. It is the wter of
our solar system. It may prote be the
instrument of doom tour Earth.

The Sun is huge. It is the most
dominant object in our solar system. About
99.8% of all the mass of our solar system is
in the Sun. If one adds up all the planets,
moons, asteroids, comets and dust in our
system, theéotal would equal little more
than 1% of the Surt is not a huge star.
After all, the largest stars can be as much as
1,000 times larger than ours. But the Sun is
more massive and brighter than 95%hod
stars in our galaxy.

The Sun sends out lots of energy. But
what kind energyloes it emi2 Most of it is
light (photons) and infrared rays. The
infrared rays are not only seen but are also
felt. We call it heat. These are forms of
electromagnetic radiation.

The Sun is very dangerous. Not only
does it send out light, heat and radio waves,
but dangerous ultraviolet rays, gamarad
X rays emittedrom it would kill us if it
were not forthe protection of our
atmosphere.

The Sun is hot, so hot that it can burn
our skin from 93,000,000 miles away! It is a
blazing nuclear furnace. Not only is it hot,
but it shoots out flames for more than two
hundred thousand miles before pulling back
to the Sunbs fi ewucges su
light. It creates photons that speed out
beyond our solar system, even beyond our
galaxy. Some of these photons have now
traveled nearly 5 billion years, moving at

186,000 miles per second. Someone far out
in the Universe could be just now receiving
this light message. It is the story of the
beginning of our solar system and of the star
that rules it.

It pulls in debris that could otherwise
hit circling objects. Our star keeps us from
wandering away and smashing into other
objects.

The Sun spins, just adher large
bodies in spacdttakest he st ar 6s
about25 days to rotate. The upper and lower
regions take about 28 earth days for a
complete turn. Why? Becaa the object is
made of gass nota solid.

e d

The Sun iiolent. It does not have a
stable surface area. Portions as big as Texas
come to the surface, then cool ansbghpear
in less than 5 minuteSolar storms and
explosiongush out flames and winds that
contain cosmic parties, known as solar
cosmic rayghat rave effects for hundreds of
millions of miles. The raymade up of
mostly ejected protonkave some heavier
nuclei and electrons. These rays can cause
great harm to space travelers, probes and
satellites. They cannot
protective atmospherbut can create a
magnetic storm when caling with the
upper atmosphere.his may lead to
interference or disruptions in our electrical
power grids and communications.

Cosmic ConcepEmotions

The Sun has been praised, cursed, missg
and evenworshipped. This object inspireg

emotions. D d

Write an essay titled: How the Sun Affect
My Emotions. Include examples of its
influences on your life as well as what

would life be without it.
16
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Solar flares on return trips from to the
surface.Photo Courtesy NASA

Some more facts:

The Sun puts out a tremendous amount
of power. The amount of energy the Earth
alone receives is equal to 126 watts per
square foot pesecondThat means that one
weekso6 wort hlamlihgosol ar
Earth is equal to us using all our natural
reserves of gas, oil, and coal on the entire
planet during the same amount of time. The
difference is that the Sun will be able to do
that every week for billions of years.

The average distant®tween the Sun
and Earth is 93,000,000 mil€sAU).

It takes about 8.3 minutes for the Sun
born light to reach us at this distance.

Thediameter of the Sun is 864,000
miles.

It has a surface gravity 28 times
stronger han that of Earth.

More than 7Glements(atoms) can be
found in the Sun. The main ingredients are
hydrogen (72%) and helium (26%); the core
is thought to be 38% helium.

Hattnaat ages 9= 10

The Sun orbits the center of our galaxy
every 250million earth years.

Our Sun
onedb, star.
star s,
generation. Thehave the highest amounts
of helium and heavier elements inside them.

i S populatomvn a s
Ther eofar e

Did you know?
The very same elements found in the Sun
are found in your body.

Our star as well as all other main
sequence stars, is made entirely of gas that is
also sensitive to magnetism. We call this
kiﬁdnofegéqglééma The Sun has layers

known as t hhereSunds at

Dissecting Our Sun

Thecoronais the highest layer of
the Sunds at mosphere.
million miles into space. It is very hot and is
seen as an uneven halo around the Sun
during total solar eclipses.

Next is an area that is called the
transition region. It is a hot area that cannot
be detected with observations during a solar
eclipse. It emits light in the ultraviolet
bands. It receives most of its energy from
the corona.

Thechromosphereis a thin,
17
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transparent layer that extends out 6,000
miles from thephotosphereOne can only

see it from Earth when there is a total
eclipse of the Sun. A solar eclipse means the
Moon is between the Earth and the Sun.

The Moon will block out all buthe very

outer edges of the Sun from our sight.

Thephotosphereis the lowest level of
the atmosphere. It is about 300 miles thick
and is the visiblsurface of the Sun. Itis
about 10,000 degrees Fahrenheit.

The Sun has a grainy lodhn its
photosphere. Its appearance resembles a
leathery skin. The bright areas called
granuleshave been seen as big as 625 miles
wide. They are the result of rising currents
from theconvection zone The darker
surrounding areas are about 300 degrees
coder. Those dark areas are from
descending gases and typically last five
minutes.

The granules can be part of
greatersuper granulesthat can be up to
19,000 miles in diameter. These are
composed of a number of granules banding
together. Super granulean last for several
hours.

oraaat ks 11 - 12

Beneath the photosphere is the
interior of the Sun. Pressures and
temperatures increase from here to the core.
No liquid or solid elements can withstand
these pressures and heat. Therefore, all is
hot pressured gas.

Pressures farther down in the core
can be as high as 200 billion Earth
atmospheres. The density is over 200 times

that of water.

Nuclear reactions take place in the
core, or center of the Sums hydrogen is
converted in to helium. This is an area
wherethe density of the star is 15 times that
of lead. Here, the gas pressures are 2 million
times that of t Rusioneart
(when two atomic nuclei merge.) takes place
here. Nuclear matter is turned into energy.
Photons are created. These aeefhrticles
that, when grouped together in a moving
stream, we call light. Some are absorbed.
Others escape.

The radiation zone surrounds the core.
It is named theadiation zone because the
energy that passes through it is mainly
radiation innature. This makes up 48
percent of the Sunds
photon over 1,000,000 years to pass through
this zone.

m ¢

Spiricules are jets of gas that reach
out as far as 6,000 miles into space and are
up to 600 miles wide. Found in the
chromospherehey last anywhere from 5 to
15 minutes.

Did you know?

Itis estimated that it takes up to 1 million
years for a photon|{to ¢
radiation zone and reach the surface. It then

takes less than 9 minutes to get to Earth.
That means the light you see from the Sun is
about 1 million years and 9 minsteld!

Sunspotsare darker areas found on
the photosphere, usually found in groups of
two or more, these spots can last from a few
hours to a few months. They can best be

18
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seen during sunrise or sundet not look

for them without expert help and prope
instruments! The first observations of
sunspots were recorded in China around 800
BC. Galileo was the first to observe them
with a telescope.

oot rges 19 14

A typical sunspot is as big as our
planet. Some have been seen that are as
large as 10 of our planets pugtiher. The
spots are still brighter than some surfaces of
cooler stars. But they are not as hot as the
surrounding areas of the Sun. They often
appear where solar storms are occurring.

Sometimes there are no sunspots on
the surface. At other times pdepave
recorded as many as 250 of them. There
seems to be a pattern of activity called the
sunspot cycle It is about 11 years from the
startto end. When it is at its higher leve
activity it is called thesunspot maximum

The Sun, like earth, hasmagnetic
field. If taken as a whole, it is only twice as
strong as the earthos
areas, there are concentrations of magnetism
that can be astrong as 3,000 times that of
Earth. These areas are where we find
sunspots. Sunspots aiktd super magnets.
This magnetic field shows up before the spot
can be seen and it lingers for a while after
the spot is gone. There is a background
magnetic field around the Sun. The
magnetic axis is tilted at 15 degrees from
true north and south.

This field is filled with energized
particles created by
gas convections. They cause outbursts of
radiation and other materials.

Did you know?

The Sunds magnetic |fiel
billion miles. That is beyond Pluto! When |it
reaches there it bends and returns to the
Sunbds southern hemiisph

trip of 8 billion miles!

Every 11 or so years the magnetic
poles on the Sureverse This happens just
after the sunspot activity reaches its height,
thus creating a cycle of solar activity of 22
years.

Solar flaresare tremendous
explosions of light, radiation and particles.
They can reach a height up to 200,000 miles
and can produce more energy than our world
can create in 100,000 years. Flares can send
out 20 billion tons of matter into space
during an eruption. fiese flares have a life
span of only a few minutes. They are mostly
seen when there is an abundance of sunspot
activity.

Prominencesare arched ionized
gases that occur on the limb of the Sun. _
Mbgnegid fillds ar3l dunspotd stipplEtiger t a i 1
energy for themSolar winds are streams of
electrically charged particles flowing out
from the Sun. Unlike our wind, it is we
thin, hot and extremely fast, anerage
speed is close to 1 million fes per hour.
The solar wind takes about 4 days to travel
from the Sun tohte Earth. Sunspot activities
affect these winds. When there are sunspots,
the winds are the strongest. The wirdsl
up somewhere beyond Neptune.

t h e TReWMAH not stajoreveithe N a n d

same as it is now. Previously, it was
mentioned that the Sun will grow dimer.
As time goes on the Sun will start running
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short of its main fuel, hydrogen. On the
other hand, it has been developing a new
fuel that will eventually power the star;
helium The Sun will smeday switch over
completelyburning helium and will turn red
in color. The temperature will drop, and the
star will dramatically expand. It will then be
ared giant, burning helium The closest
three planets that presently are orbiting the
Sun will be actually end up within our sun!
The Sun will once again change. This time it
will end up as avhite dwarf, burning the

last of its hydrogenDuring this phase it will
burn off the lasof its hydrogen. Eventually,
the sunlight will flicker and dim. Finally it

will end up being a black, burned out, cinder
ball in spae.

The Sun is about half way through
its life cycle. It has a little less than 5 billion
years of life to go. Right now it is nearly as
bright as it will ever be. It is brighter now
than 2 billion years ago and it is brighter
than it will be 2 billion yearsn the future.

oot rges 9= 19

Solar Photo Album

Looks at the Sun. Above the solar wind
can be seen and below solar flares are
photographed in 2007. Credit NASA
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Chapter 5

Planets Introduction and the

TerrestrialPlanets

Required

Homework cd
Workbook: Pages 21
Astronomy Basics Test

(Teacher Provided)
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The Planets

Planets varyn size and composition.
Planetdrom rocks more than a few
thousand miles wide to huge balls of gas that
can approach star size. They may or may not
have atmospheres. Distances from the
central star can be near or far. Some have
one moon, others have mamnd still others
have no moonat all. However, thegall
have something in commothey orbit stars
and are round in shape

Planets are thought to have been
created from left over debris of star
formations. There were pieces of colliding
rock and dust that stuck togethand they
became planetoids, or small planets, which
evolved and gradually grew larger. As their
masses grew, their increased gravitational
pull caused more debris to be drawn in until
there was one object only. Little else was
left in the general area. Gradual coglitook
place, and the planets ended up rocky or
liquid/ gaseous or made of gases only.

The Terrestrial
Planets

Mercury

Mercury is the closest planet to the
Sun. I't is in the
atmosphereBurned on oneide and frozen
ontheo t h e rsurface is Ett@d by
numerous impacts from asteroids, comets
and general space debris. There are more
craters on Mercury than on our Moon. It has
no atmosphere. It is hot in the day, up to 450
degrees Fahrenheit in most regions and over
840 degees near the equator. At night lows
can rach-275 degrees. Like the Moo,

out ‘?nrthe go

has asynchronized rotation: the same side
always faces the Sun.

S\
e

Courtesy of NASA
Mercury silhouetted against the Sun.

In ancient times Mercury was
thought to be twetars. The Greeks called
the morning fAstaro
view Hermes. During the fifth century they
concluded that it was

In 1991 radar signals were bounced
off the poles of Mercury; indications are that
both poles hae ice sheets. The Sun stays at
the horizon lines at the poles; thenedf it is
always below freezinmn thePolar Regions

The rotation of the planet gives it an
oddly long day. Because it rotates slowly the
Mercurian day is twice as long as the
Mercurian year. At a speed of 30 miles per
second, making it the fastest orbiting, planet

gr%fst%m, ﬂsfé)rbi{alhygar i%é‘é nos
earth days long, and the Mercurian day is
176 Earth days long. It maintains an
elliptical orbit around the Sun with an
average 086 million miles between
Mercury and the surface of our star. It does
have a complete planetary rotation every 59
days, making it the second slowest in
rotation, next to Venus.
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Mercury is Mootike in appearance
and has no life. It has no water except for
polar ice sheets. It does have a very thin
atmosphere. It is madgp of helium,
hydrogen, oxygen and sodium.

Courtesy of NASA

The sunds rays
powerful on Mercury thathey arehere on
earth. It reflects only 6% of the sugtht
shone on it. The sun would appear 2 %2 times
largerin the sky, than it does heiéhas no
moons. l'tds a small
Mercurybs diameter i
equator, which makes it 2/5 the size of earth.
The gravity is about 1/3 of osir

ar

Mercury is covered by a thin layer of
silicates has many deep craters that look
like what we have on our Moon. The largest
crater is 800 miles across. There are some
indirect signs of volcanism, but there are no
cones or volcanic mountains. Its core may
be liquid ironthatit makes up as much at %
of its radius.

e

S

Courtesy of NASA
Cross section of Mercury

Itis the closest planet to the Sun. It is
difficult to send probes there.eBause of the
increased dangers of being sosgdo the
Sun. ts distance from us and the unlikely
ability of it providing informational benefits
thatcould come from its exploration, no
human exploration has been planned.

oot rges 17- 10

Cosmic Conceptgroximity

Mercury is very close to the Sun. Too close f
life to exist. It also resembles our Moon, with
the cratered appearance.

Write a short essay on why it may be
important as to the distance a planet is from
the Sun and the size a planet is when
considering a chance of it harboring life.

Title: Dead Planet / Live Pt

Minimum: 100 words.
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Venus

Courtesy of NASA

Known as thdiplanet of love and
mystenp, it is the second planet from the
Sun. Shrouded in a thick cover of claud
Venus is one of the five originally known
planets. Inhe daysof the ancient Greeks,
Venuswas called Phosphorus. The
Babylonians, Egyptians and Chinese thought
they were seeing two staRythagoras
proved it was glanet, which means
Awander er amongst the
Greek. TheMayans used Venus as a point
of calculation to construct their accurate
calendar. The Romans associated the planet
with love, and their goddess of love is
named Venus.

Venus is the thirdbrightest object in
our sky:(First the Sun, then the Moon and
then Venukx

Did you know?
A key to discovering the distance from the
Sun to the Earth was the measuring of
distances between Venus and our star.
This was done by Mikhail Lomonosov of
Russia in the 1700s.

One rotation of Venus is equal to 243.1
Eath days,making it a very slowurning
planet. It has a 225 earth day year. So, for
Venus the day is longer than the year!

Venus is a virtual twin of Earth in
size. Itis 7,519 miles wide at the equator.

Shrouded in a thick sef clouds
partly composed of tag sulfuric acid, it has
a day time temperature of nearly 900
degrees. The atmosphere is nearly ninety
times the thickness of the air around Earth.
This means that the pressures are great, and
moving through its atmosphere would
resemble walking in watesiowly.

Storms full of lightning and sfuric
acid rain give the planet hellish quality.
Venus is suspected of having many active
volcanoes. Probes have taken a set of radar
images that reach below the clouds to give
us a feel for the landscape. In many ways the
geography resembles Earth, with one major
exception; it has nwater.

f i Xfistkecéntl Blané i@ abbufd
66,000,000 miles from the Sun. Venbad
virtually the samesize and chemit¢a
composition as our planet did. So, why did
these two planets end up so diffefeMenus
is 25,000,00 miles closer to the Sun,
putting Venusvi t hin i tsd outer
exposing it to a large volume of solar winds.

It is a cloudy, burning, acidic,
pressured hell, with molten sulfur lakes
dotting the surface and acid steam clouds
rising up, creating sulfuric acid droplets that
rain down @ the landscape. Venus has
carbon dioxide as the dominant gas in its
atmosphee. It also has a unique featuhat
occursnightly to its atmosphere. The air
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glows This is caused by the reconnecting of
oxygen atoms intanoleculesduringnight

time. Therds atomic oxygen, hydrogen and
helium in the higher clouds of Venus, but
there is no measurable nitrogen in its air.
These chemical clues suggest that there were
ancient seas afeuterium, a heavy isotope

of hydrogen.

Courtesy of NASA
Artist conception of weather underneath the
clouds.

Even though there are thick sets of
clouds and a thick atmosphere, some
sunlight does reach the surfasemuch so
that pictures can be taken without lighting
aids.This is because the Sund®ser and
therefore so hght it can penetrate these
dense layers of clouds.

A certain rock type has been
discovered on the surface. Granite! This is
another parallel with Earth. Venus is what
Earth could have been. (You can see that the
Sun has a very powerful influence ds i
planets.)

araaat hgas 1= 20

Planet Earth
Letdos take a shor
this planetods i
gives us something by which to contrast and
compare, when studying the Universe.

Our planet is a wondrous thing. Full
of color and life, The Earth is changing,
growing and decomposing. Earth is our
home, our only home
discover it through new eyes.

What makes Earth so wonderful
and unique?

The Earth is adrd and rocky planet.
Our planet is covered in a rock that we call
thecrust. The scientific name is
lithosphere, which averages a depth of
twenty miles. The thinnest part of theust
is under the oceans aiglusually about five
miles in thickness. Itsrgatest thicknessi
where there are mountains. Thédrean be
up to eighty miles in depth. There are
different kinds of rock in the lithosphere.
Igneousrock is found where molten rocks
have reached upwards into the crust. This is
part of a process callerolcanism

Sedimentary rockscan also be found.
They were created by the pressure of
sediments over long periods of time. In the
crust we findores rocks containing metals,
such as gold, silver and copper.

We have rocks containinginerals
that have changed in composition and
appearance due to the force of leegn
pressures. Anineral is a naturally
occurring solid that has an orderly
crystalline structure and is of a consistent
chemical composition. Examples include:
diamonds, topaz, rues, emeralds,
aquamarines, and jade. (It does not include

25

t

f

nterest.

(0]




