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ASTRONOMY HAS THEREFORE
ALWAYS BEEN AN

OBSERVATIONAL SCIENCE.




But, while science was built
on observation, it has since
come to include much more.
After all, observation alone
can sometimes trick us.

e -

/ REMEMBER THAT, TO EARLY
7 HUMANS, IT WAS QUITE OBVIOUS,
THROUGH OBSERVATION, THAT THE
EARTH WAS FIAT

—— /-/

— e

But today’s scientific methods
have “proven” otherwise.

*



Nevertheless, astronomy proceeded on the level of
pure observation for thousands upon thousands
of years before people finally crossed the thresh-
ola from prehistory into history.

Anthropologists and archaeologists have
made highly educated conclusions about
what went on before
the invention of writing.

However, when the ﬁ d

Sumerian civilization & 93°Po7,qq. FRAE
ot Mesopotamia (1Rog)
invented writing

sometime around oD L\
2500 BC, they invent- | \
ed history as well. And C)

when they began to ?\
record the events and N\
facts they considered impor-

tant, they included their observations of astrono-

my, which, by that time, were e

. - o .
already quite sophisticated < AREN'T YOU GOING T0 WRITE

EuPHRAT S

\

T T
-

DOWN HOW FAR | GARRIED YOUR
SORRY #@! YESTERDAVII? "




As profoundly important as their achievemente were,
the Mesopotamia ne’ only explanations for their
astronomical observations were in the realm of

astrology.

han suggesting nat-+

ural explanations fok the observa- - .
tions, they instea#l believed there
. were supernatural explanations

= %for how the patterns of
the heavens explained
and predicted ¥
events o

The Mesopotamiang led the world in astronomy arnd
astrology for thousands of years. However, when
the anclent Greeks became intrigued - sometime %
around OO BC - they added an essential new ele- QQ
ment to observation:

N
THEORY. ¥

The Greeks conatructed Q&
conciusions, explanations %Q’
and predictions vased on @
natural phenomena and Q

about natural phenomena, &



The ancient Greeks had
different theories for
everything, which were
endlessly tossed about as
something of a national
past-time!

(You get the ideal)

Arguments and debates raged on and on.



The Greek tradition of debating
theories led the world in just
about all areas of thought,
including astronomy. In time,
their intellectual traditions
were passed on to Rome.

| ‘

IRl | 212 e e

fy intellectual
traditions were lost.
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Chat didn't begin to
change until about

the 14t century. "



FOI”TZU Hﬁt@ly the traditions and the spirit of the

classical world began to return in the j40h century with the
Renaissance (from the French word meaning rebirth’), At this
time, science finzily reemerged, and continued its bold march for-
ward. Moreover, the thinkers of the later Renaissance empha-
sized yet another itmportant element beyond observation and

" experimentation.
From this time forward, people used S_VSfemaﬁG
means to test their theories,

f SCIENTIFIC ME THOD

Fut very simply: The patt@rnes and phemomema
of nature are observed. Theories
are then made to account for these
observations.

Next, these theories are tested.

If a theory fails 2 test it is disproved and
discarded.

If a theory passes a test, then it must pass
another.

If it continues to pass more and more tests,
the ecientists consider it increasingly
likely that the theory is true.

If a theory pasees all the tests and
5 aleo backed up by more and more
observation then, at some point, we
can comfortably eay that the theory is

confirmed.




The material in Astronomy for
Beginners represents our present-day
knowledge of the universe, as revealed by
the sciences of astronomy, physics,
mathematics, chemistry, biology, geolo-
gy and others. So far, the explanations
presented here have passed all the
teste. A new discovery, a new insight, a
new experiment could, of course, always
come along and compel us to modify our
theories. But at this point in time, most
experts in the field are quite confident
in our current level of understanaing -
and also quite confident that there is
always much more To learn.

Disregarding the arrows in the figures above, which hori-

zontal line is longer? Our initial observation might lead
us to think that Line A is longer than Line B. But a sim-
ple experiment to test this theory - by measuring the
lines with a ruler - reveals that both lines are equally
long. Observation, theory, and experimentation:

- science in its purest form!



So the scientific method is the
primary intetlectual tool of .

modern science. But /“”'/fhls IS A BOOK A BOUT\
wnat about the more <\ ASTRONOMY. RIGHT? /

specific, technological
tools of modern astronomy?

Well, from prehistory until the
start of the 170 century, the
primary tools used by most
astroncmers were their eyes and
thelr brains.

However, in 1009 the firet tale-
scope was invented. The telescope magnified the light from dis-
tant stars and planets, so astronomers could observe the
neavens more closely. We've since learned that the light from
dlstant objects in space can tell us quite a lot avout those
objects.

We've also
learned that
there’s much
more to light
than meets
the eye.




€ when ordinary sun-
FOR EXP\MP\' Y ght passes
through a priem - a
glass object with a
triangular shape - it emerges in
the colors of the rainbow. This had
been cbaerved for some time, but
it was the English physicist Sir
lsaac Newton (1042 - 1727} who
first came to understand why.

Rays of white light are actually made up of
separate, colored rays of light, which our eyes
normally see together as white. The prism
bends, or refracts, the light and physically

separates it into ite component colore: red, orange, yellow, green,
blue, indigo, and violet. .

Re

Red light is bent the least, and violet
light is bent the most. Moreover, a rain-

SPeCTRLUM pow iteelf is also the refraction of white
light, bent by raindrops or water vapor
into its component colors,



How was Newton able to figure this all out?

Experimentation

which, in this case, is Just
a fancy word for playing
around with prisms! Newton
found that if he isolated
any sinale ray of colored
light and passed it through
another prism, ite color
wouldnt change. That is, it
could not be refracted, or
reduced, any further.
Newton aleo found that, if
he were to send all of the
refracted rays of colored
light together into another
prism, they would then
recombine and reemerge as
white light. The more
Newton experimented, the
more his theories were con-
firmed. What our eyes per-
celve as regular white light
's actually a collection of all
of the primary colors,

Once again,
appearances can be aleceptive.




Stars like the Sun are
massive objecte. They
have 50 much mass
compressed 50 tightly
together that they
generate stagaeringly
high termperatures,
which in turn generate
constant nuclear
reactions. Theee
nuclear reactions
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VISIBLE LIGHT WAVELENGTHS ARE
MEASURED IN THE DISTANCE FROM THE TOP OF
ONE WAVE TO THE TOP OF THE NEXT WAVE.
“NM” STANDS FOR NANOMETER, WHICH IS ONE

BILLIONTH OF A METER.

release immense
amounts of energy in the form of photons - subatomic particles of
light. These particles travel in waves, ana tnese waves come in differ-
ent sizes, or different wavelengthes. White light, as we've eeen, can ve
separated into a spectrum of colors, and each color has a different
wavelength. Red light has the longest wavelength, and violet lignt hae
the shortest.

sohsua AhDLo But here's
ULTRA- CTMM MitAowave WAVES where things
P ity 3 T get even more
RAY RAY ]W‘“"‘“ L URF VK Fra AN interesting. The
tO ot \o 1ot s ‘:)‘1 ;r ..;:1 “;:—— viaible light
THE ELECTROMAGNETIC SPECTRUM that we can

see with our
eyes is only one tiny fraction of all of the light - all of the energy -
emitted by the Sun. There are wavelengths of light that are snort-
er Than visible light: we call them gamma rays, X-rays ana ultravio-
let light. There are also wavelengths of light that are longer than
visible light: those are called infrared, microwaves and radio waves.
All of these different wavelengths of light together make up what
is known as the electromagnetic spectrum. And vecause these
different wavelengths have different properties, detecting them
can give ue different kinds of information about any astronomical
object that emits or absorbs them.




The standard optical tele-
scope, one means of detec-
tion, magnifies a star’s vis-
ible light. Most tele-
scopes use lenses but
some, called charged-
coupled devices, are
computerized and dig-
ital. A epec-
troscope 15
a Lelescope
that can
break up the
spectrum of vislble light

into its component parts, By analyzing the variations in the col-
ored bands of light emitted or absorbed by an object, we can die-

cover that object’'s temperature and chemical composition.

THE LoveiLL RADIc TELescopre
CHeSHIRe, U. K1)

Furthermore, radio telescopes, which look like giant satellite dish-
es, are telescopes designed to receive an object’s radio wave
emissions. Kadio waves can also give us information about an
object’s temperature, as well as the speed and direction of its
movement. In addition, tnere are gamma ray telescopes, X-ray
telescopes, ultraviolet telescopes
and infrared telescopes. These
telescopes come in the
forme of immense Earth-
based observatories,
as well as space-
based telescopes in
orbit around the
Farth, such as the
Hubble Space Telescope.




All of
AW thcoe tools,
in addition to our

endeavors in space

exploration, give us
volumes of information
3 about the
universe we live in.

.
.

/SO WHAT EXACTLY HAVE WE LEARNED . * ®
\_ ABOUT OUR UNIVERSE AFTER ALL THIS?
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And that which sings and
contemplates in you is still dwelling
within the bounds of that first
moinent which scattered the stars
into space.

- Kahlil Gibran, o 0
oA, e B v

"



In the beginning...
all things were one,

We refer to the original
state of our universe as
the initial singularity,
wherein everything we
know to exist - matter, enaray,
time, and epace - existed as

one eingle reality, unimaginably
small and infinitely dense. Thie all-
encompassing reality was smaller
Than an atom, and nothing elee
existed outside of it.

THAT Seems
tMPoSsBLE (s
YO ComPRAHEND ! m

It this notion seems impossible 1o compretiend - that's because
it iel No one really understands and, in fact, when we trace the
history of the universe back to this original state of affairs, the
18\/\/6 Of S(Ii(iﬂ(,'(i, A We kﬂ()V\:‘ T)ht?ﬂ"‘

essentially hreak down.

But somenow - roughly 12 1o 19 biliion years ago
- This initial sirauiarity burst forth in what we
call the Big Bang, qiving birth to a creative,
expanding, and dynamic universel




Cravity is one of the fundamental forces by which matter is
attracted to matter. On one hand, if the rate of expansion of the
early univeree had been much faster than it was, it would have
been too fast for gravity to have been able to draw matter
together. Neither galaxies, nor etars, nor planets, nor people
could have ever existed, ae all of the material unleashed by the
Pig Bang would have just scattered apart endlessly into infinity.

Or the other hand, as Stephen Hawking states in A Brief
History of Time... ——

T “IF THE RATE OF o
EXPANSION ONE SECOND AFTER THE BI6 BAN[\

HAD BEEN SMALLER BY ONE PART IN A HUNDRED
THOUSAND MILLION MILLION, THE UNIVERSE

. WOULD HAVE RE-COLLAPSED BEFORE IT EVER
\\._\ REACHED ITS PRESENT SIZE " /

G S
STE‘P Hen H;\w P“\ - T

“I FELL LIKE MY BRAIN 1S SMALLER BY ONE \i\g
PART IN A HUNDRED THOUSAND MILLION ~J
~. MILLION THAN STEPHEN HAWKING'S.” -

Fortunately for us, the rate of expansion after the
Big Bang was apparently perfectly balanced with the Y
amount of matter in the universe. If it hadn't been perf@ctly
balanced, we wouldn’t have the encrmous and beautiful com-
plexity that we see when we look up into the night sky - or, for
that matter, when we look all around our world.

We still don't know for certain whether this is an . ..

— open universe tnat will continue to expand forever
into infinity, or ifit is a . . .

’ closed universe that will one day re-collapse upon iteelf in a
pig crunch, to return to a state of singularity. But by
most indications, we have several billion years before
we even have to begin to worry about that.



“BUT THE BIG BANG IS

JUST A THEORY,

RIGHT?”

Yes and no!

The Big Bang is a theory - but it's a theory supported by
overwhelming evidence. The 6><p5ﬂ6§0ﬂ of the universe, how-
ever, is not a theory, but something that can be observed.
Firat and foremost, if the universe is expanding as we go
forward in time then, if we trace the history of the universe
backwards in time, we can visualize it all stemming from a
commen beginning.

Early in the 2oth century, astronomers and physicists
firet exploring the idea of the Big Bang reasoned that, with
50 much matter and energy packed together, the early uni-
versge had to have been so hot, and so dense, that nuclear
rezctions would have occurred everywhere at once. Nuclear
reactions release radiation in the form of radioactive par-
ticles so, if all of this is true, then we should still be able
to detect the residuatl heat radiation of the Big Bang
throughout the universe. By now, billions of vears later,
they estimated this radiation should have cooled
immensely, to be just a few degrees above
aboolute zero.

| ABSOLUTE ZERO IS
[ THEORETICALLY THE LOWEST
4\ TEMPERATURE POSSIBIE. -




FARLY IN THE 20™ CENTURY
ASTRONOMERS DID NOT YET HAVE
THE TECHNOLOGY TO DETECT SUCH
RADIATION. 50, FOR A TIME, THE
THEORY OF THE BIG BANG SEEMED
LIKE A GOOD ONE, BUT IT HAD
YET TO BE CONFIRMED.

i
s o h-

08mic microwave back-
' ground radiation, and is
"0 widely considered to be
confirmation 'ff-t.lms Big
Bang event.
I oy

~ . ‘p::.'.'

i :
I o
e O ﬁrﬁuﬂ!::f} !
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Ih the moments immediately after the Big Bang,
the universe would have still been so tightly
packed together that everything would have
essentially existed as a single fireball of
energy. But as the univerae rapidly

expanded, it would also cool, which would
allow for different physical processes to

emerge. T T e

<ﬁ$’ AN ANALOGY, THINK ABOUT HOW

LIQUID WATER, WHEN COOLED AND
__FROZEN, TURNS INTO SOLID ICE. -

The first forms to emerge within the first eecond after the Big
Barg were quarks - the basic building blocks of elementary parti-
e LeCTRON cles, Dﬁer‘er'ﬂ: compinations
of these variously charged
ATOMIC entitigg 00N com}‘?imed tg
NucLevs form the subatomic parti-
cles of protons and neu-
trons. During the next three
tminutes, as the early uni-
@ verse continued to cool,
these protons and relitrons
then bonded together to
form atomic nuclei.

Although this occurred within just the first three minutes of
time, it took hundreds of thousands of years before the universe
had expanded and cooled enough for the supatomic varticles of
electrons to surround these atomic nuclel. And when the first
electrons bound themselves into orbit around the first
atomic nuclei, they were finally able to form the firat
atoms - the fundamental particles of matter.



[ IF THE CREATION OF MATTER OUT OF PURE W
" ENERGY SEEMS DIFFICULT TO UNDERSTAND,
1 LET ME TRY TO EXPLAIN.

/ IN MY SPECIAL THEORY OF RELATIVITY, \
| CAME UP WITH A LITTLE EQUATION THAT .
YOU MAY HAVE HEARD OF: £ = MC2.
TECHNICALLY, THIS MEANS THAT ENERGY (E)
IS EQUAL TO MASS (M), TIMES THE SPEED
OF LIGHT (C), MULTIPLIED BY ITSELF
(SQUARED). BUT THIS 1S REALLY JUST A
FANCY WAY OF SAYING THAT MATTER AND
\\ ENERGY ARE TWO SIDES OF THE SAME COIN. /

/" FOR EXAMPLE, IN THE NUCLEAR EXP[OSIONS\
THAT TAKE PLACE INSIDE STARS, TINY
ATOMS ARE HEATED AT SUCH EXTREME TEM-
PERATURES THAT THEY ARE FUSED TOGETHER
70 FORM NEW ATOMS, BUT IN THE PROCESS,
SMALL PARTS OF THE ORIGINAL ATOMS ARE
| BURNED OFF AND RELEASED AS TREMENDOUS
_ AMOUNTS OF ENERGY WHICH WE CAN SEE
\ IN THE FORM OF LIGHT /

/" ON THE OTHER HAND, WHEN THE PURE
ENERGY OF THE EARLY UNIVERSE EXPANDED |
AND COOLED, IT WAS TRANSFORMED INTO
MATTER. SO, IN A NUTSHELL, WE CAN SAY |
THAT ENERG IS EXTREMELY HOT MATTER,

AND MATTER IS FROZEN ENERGY. WHICH IS |

PRETTY COOL! A




Different combinations of

protons, neutrons and HYDROGEN

electrons form different ) . )
kinds of atoms, or ele-

ments, Roughly one billion

vears after the Big Bang,

the simplest and most HELIUM
abundant elements -

hydrogen and helium - began to condense, forming gaseous
molecular clouds, or nebulae (Latin for ‘clouds’). Eventually,
through the force of gravity, the hydrogen and helium atome

within these molecular clouds collap&ed upon themselves,
forting the first stars.

The intense pressures and
remperatures within stars gen-
erate constant nuclear reac-
tione, burning hydrogen atoms
inte helium, and processing
tremendous amounts of energy
and light. As eTars
reach old age, however -
and what constitutes
oid age depende on the
Type of star - their
systems become
increasingly unstabtie.

SRS
!—CARBON

This means that helium

atoms become fused into
heavier elements such as
carbon, nitrogen, oxygen,
silicon and iron. These
elements (among many
otheres) are the building
blocks for planets and
living things.




When a large, dying star
finally explodes in what is
called a
SUPERNOVA,
these heavier elements are
scattered into the universe -
where they can then go o




L]

T FrANTasTIC FouR;

Physiciats have been able to identify four fundamental forces in
the universe that emerged from the Big Barg, and which act on
various forms of matter.

The strongest of these forces is the
strong nuclear force, which binds gquarks
together Lo create protons and neutrons
and also binds protons and neutrons
together to create atomic nuclei.

The nextstrongest force is the
electromagnetic force, which is responsible
for binding electrons around atomic nucle
to create atoms.

Less strong io The weak interaction, which
is in charge of the natural disintegration of
atomic nuclel, releasing radioactive energy
in the form of subatomic particles.

Surprisingly, the weakest force in the universe
io the force of gravitation, which attracte

larger bodies of matter together, from collec-
tions of atoms to collections of galaxies. H

While the other three forces are stronger than gravity, they can

act only over very emall distances. By contrast, gravity may be

the weakest force, but its range is unlimited. For example, it may

hot be strong enough to assemble the constituent parte of 4

tiny atom, but it can nelp to keep the planets in orbit around the
oun, over the spaces of hundreds of millions of miles,

(" MORE oN THIS TO coME! )

P —



STILL 1 THE DRRK

Of course, there is still much, much more about
the nature of our universe that we still don't
understand. For example, observations of many
hearby galaxies, as well as our own, indicate that
all of the visible matter known to exist may not be
anywhere near the amount of matter necessary to
explain how all of these vast systems are held
together by gravity. This has led astronomers to
believe that a mysterious, undetected source of
matter - referred to as

DRRK MATTER

may account for as much as 90% of all of the
matter in our universe,

More recently, observations of the expansion of our
universe have also revealed another completely
unexpected result: Whereas we would expect the
gravitational effects of all of this matter in the
universe to eventually slow down its rate of expan-
sion, it instead seems as if the universe is current-
ly expanding faster and faster! Once again, the
precise nature of this accelerating force, now
known as

DRARK EﬁERGY,

remains a mystery. Nevertheless, it is currently
believed to account for as much as two thirds of
all of the energy in our universe!




Galaxies con-
tain between
one million
and one tril-
lion etars,
and the uni-
verse is
believed to
contain as
many as 100
billion galax-
iee. On an
outer arm of a spiral
galaxy we cali the
Milky Way, we find our | . T
solar aystem, which "
began its life in the
form of a molecular

cloud.

S R
Arcuna D billion years ago, tne center of this primor-
dial nebula began to collapee to form our star, the
Sun. About five percent of the original nebulous
material remained, however, continuing to revolve
around this proto-star and eventually condensing
into planets.




The French astronomer and
mathematician Pierre Simon,
‘Marquis de Laplace (1749 -
1827) and the German
philosopher Immanuel Kant
(1724 - 18604) both deserve
credit for independently coming
up with the theory of the origin and
formation of the solar system, which, in
its general terms, is most widely accepted
today.

. ){’}ﬂ/// f//f//f‘/

Fend

The Kant-Laplace nebular hypothesis stated
that - rather than being created as is - our
solar system evolved from this earlier primor-
dial state, a rotating nebula of gas and dust.
They reasoned that the center of the

solar nebula must have collapsed

upon itself through the force of

gravity to become our Sun,

while the planets and their

moons condensed from a

surrounding disk, which orig-

inally looked something like

the rings of Saturn.

Furthermore, it was because e Foors
this primordial solar nebula A orgnss o
originally rotated as one piece Sorggelere
tnat the planets that emerged

from it came to revolve around the Sun in the

same direction in which the Sun rotates.




The Sun at the center of our solar
system s an average star.

The temperatures at its center  Sun's core but, soon after it
reach up to around does, it fuels the entire

29,000,000 s0lar aystem at
degrees OH COME ON, DO I LOOK the epeed of light.
Fahrenheit AVERAGE TO YoU?

(10,000,000 The Sun contains

degrees Celsius),
with nuclear

about 99% of ali of
the mass in our

reactions solar systerr,
constantly with a volume
fusing ite about
hydrogen 1,250,000
atoms times the
into heli- size of the
umm, and Earth's. As
processing the Earth and
energy at a the other plan-
rate equiva- ets orbit the
lent to about Sun, the Sun

100 billion nuclear orbits the center of
bombe ver second! our galaxy at a speed of

over 500,000 miles per hour
It takes millions of years for (800,000 km/hr).
This energy to
escape the

Jensity IT TAKES OUR PLANET ONE YEAR
and 70 REVOLVE AROUND THE SUN,

BUT IT TAKES THE SUN OVER 250
pressure MILLION YEARS TO REVOLVE
of the

AROUND THE CENTER OF
THE GALAXY.



BEFORE YOU GO ANY FURTHER, ALLOW ME TO TELL YOU A
LITTLE BIT MORE ABOUT HOW GRAVITY HOLDS THE SOLAR

N\

SYSTEM TOGETHER. YOU SEE, | HAD BEEN SITTING OUT IN

J—
\@ | MY APPLE ORCHARD ONE FINE ENGLISH AFTERNOON,
i WHEN | HAPPENED TO SPOT AN APPLE FALL FROM A TREE.

— N o

{ / é IT WAS THEN THAT | REALIZED THAT THE
FORCE THAT PULLED THE APPLE DOWN TO THE
GROUND WAS THE SAME FORCE THAT HOLDS
THE PLANETS IN THEIR ORBITS AROUND THE
SUN - WHICH [S WHY THEY DON'T 6O FLYING
OFF INTO SPACE!

HOWEVER, THE REASON WHY THE PLANETS DON'T 60
CRASHING INTO THE SUN 15 BECAUSE OF ANOTHER FAC-
TOR {NVOLVED, NAMELY, MOMENTUM, THAT IS, THE
PRIOR STATE OF MOTION OF THE PIANETS, WHICH ACTS
AGAINST THE FORCE OF THE SUN’S GRAVITY.

SAY WE WERE SOMEHOW TO STEP QUT INTO THE SOLA
SYSTEM AND GENTLY PLACE OUR APPLE WITHIN THE

\ i /
' / ALLOW ME TO ILLUSTRATE. \
R

"? SUN'S GRAVITATIONAL PULL, WITHOUT ANY PRIOR

4{ SPEED ON THE APPLE'S PART, IT WOULD, IN TIME, BE
L) PULLED STRAIGHT DOWN INTO THE SUN.

Y

- ‘\ ON THE OTHER HAND, IF WE WERE TO THROW OUR

APPLE OUT INTO THE SOLAR SYSTEM WITH TREMENDOUS
SPEED, THEN THIS SPEED WOULD GIVE THE APPLE
\ J N MOMENTUM AND DIRECTION, EVEN WHILE THE SUN'S

GRAVITY WOULD KEEP IT IN ITS ORBIT - JUST AS IT !
/ DOES WITH ALL OF THE PLANETS IN OUR SOLAR SYSTEM. /
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& the firet planet from the Sun,

whose rocky, moenlike surface

reflects a bright white light cn Earth,
often making it brighter than most of
the stars in our sky. Mercury's diame-
ter is a little less than one-third the
size of the Earth’s, and is the smallest

planet in our solar system,

wn
LIV W
®,

A year on Mercury goes by pretty fast. It only takes about £&
days for Mercury to circle the Sun, whereas it takes the Barth
about 305 days. At the same time, a day on Mercury is pretty
slow. Mercury rotates only once about every H6 days, whereas

the Earth rotates once every 24 hours.

Because Mercury's rotation rate is so slow, and because it's so
close to the Sun, at about 3& million miles (58 million km) away,
it experiences huge changes in temperature. Mercury's daytime
aide, facing the Sun, reaches temperatures of up to £10 degrees
F (4320 C), while its nighttime side, facing away
from the Sun, can dip down to -280 degrees
F (180 C).

“MERCURY IS NAMED FOR ME, THE
ROMAN GOD OF TRAVEL, COM-
MERCE, THIEVERY AND CUNNING. AS
THE MESSENGER OF THE 6ODS, |

& 4. HAD WINGS ON MY SANDALS AND
' MY CAR MAKING ME FAST AND
SWIFT - JUST LIKE MY PLANET'S
MOTION IN THE HEAVENS.”



s

I8
&% ‘t‘b &L *‘QA is the sec-

ond plmet from the Sun, at about
o7 million miles (10& million km)
away. It takes about 225 days to
orbit the Sun, and an even longer peri-
od of time - about 243 days - to rotate
on ite axis. Venus is the closest planet to
the Earth, and is roughly the same size - just
slightly emaller. Because its surface is almost completely covered
vy a layer of clouds, it reflects about 20% of the light from the
Sun, making it the brightest of all of the planets in our sky.
Depending on ite position, it can appear as much as twelve times
brighter than the brightest star, Sirius.

Beneath its layer of clouds - made out of concentrated sulfuric
acid - Venus is a hot, volcanically active world. Around 500 million
years ago, Venus is believed to have gone through an extraordinari-
ly dramatic volcanic period, which covered ite surface with floods
of lava, beneath an atmosphere made up almost entirely of carbon
dioxide (COZ). Carbon dioxide, known as a greenhouse gas, has
the effect of trapping the Sun’s heat in the atmosphere, creating
an average, steady surface temperature on Venus of about 858
degrees F (409 degrees C).

Depending on its position in one and the samel The
relation to the Sun, the planet "\23 morning star they referred
Yenus is sometimes seen in to as Lucifer, the light-
the morning and some- bearer, who was thought
times in the evening. The to bring in the day,
ancients, nowever, were while the evening
unaware that these two star was Venus her-
exceptionally bright self, the Roman god-
objecte were actually dess of love and
peauty.
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i& the third planet from the
Sun, at about 93 million
miles (120 million km) away.
The average distance from
the Earth teo the Sun is also
known as the astronomical
unit (AU), and is used as a mea-

aure of cther astronomical distances.

A AV Q@  About 4.5 billion years ago,
0 there is believed to have
ocecurred a period of time
© known as the Late Heavy

Bombardment, in which frag-
ments of the early solar system systematically impacted the
planet. One of the fragments to collide with the young Earth was
very likely a rogue planet, or planetesimal, at least the size of
Mars. At that geological time, the Earth would have still been a
largely molten planet beneath its thin outer crust. As a result, a
collision of this scale would have been o intense that significant
parts of the Earth’s crust and mantle would have been ejected
into space upon impact. The debris of molten rock would have
then coalesced and solidified
to form
our Moon,
developing
an orbit
very close
to the
Earth.




SINCE THEN, THE MOON HAS SLOWLY DRIFTED
AWAY FROM THE EARTH, AND IT CONTINUES
10 DO 50 TODAY AT THE RATE OF ABOUT ONE

AND A HALF INCHES PER YEAR.

The chaotic period of the Late Heavy Bombardment - in which
the solar system may have resembled a aiant game of billiards
would also neatly explain a number of other oddities.

because the solar eystem originally
emerged from a single rotating nebula, we
woula naturally expect all of the planets in

the solar system to revolve around the Sun
in the same direction in which the Sun rotates -

and this is
indeed the
We would also generally expect all of case.
the planets to rotate on thelr
axes in the same direction,
which most,  but not all,
of them do.
enus rotates on
its axis in a direc-
m tion opposite o that
{'Q of ?he other planete, BUT if they were once
7 while Uranus rotatse knocked off of their
at a 90-degree 'tait reqular rotations by
to 't?h@ plane of ite rogue pianetesimals,
orbit. These planets then their quirky behav-
are therefore excep- ior is much easier to
1;|o|r16 to the general understand.
rule.




Just past the Earth's orbit, we find

AA“

VAR
“g) '."‘} ‘&&‘b the fourth

planet, at about 1.5 AU from the

Sun. Mars is a dry, red, desert world,
with 2 diameter about one half the
size of the Earth’s. Very similar to the
Farth, Mars takes about 24.5 hours to

rotate on ite axis, but a much longer period of PHOBOS
time - about 687 Earth days - to orbit the Sun.

DEIMOS

REMEMBER, AU STANDS FOR
ASTRONOMICAL UNIT, WHICH IS
THE AVERAGE DISTANCE BETWEEN
THE EARTH AND THE SUN.

Although it now appears to be a dead, rocky pianet. it was once
volcanically active and boasts the largest (but extinct) volcano
i the known solar system: Olympus Mons, 370 miles (595 km)
across and 15 miles (24 km) high - about three times as high as
Mount Everest! Mars also has two polar ice caps, and small
amounts of water vapor and oxygen in its atmosphere, which is
otherwise composed mainly of carbon dioxide. The two emall,
oddly-shaped moons of Mare, Phobos, at about 15 miles (20 km)
in diameter, and Deimos, about 7.5 miles (12 km) in diameter,
may have originally been asteroide that were long ago trapped in
ite orbit.

THE RED PLANET WAS NAMED FOR
ME, THE ROMAN GOD OF WAR,
WHILE ITS TWO MOONS WERE

NAMED AFTER MY TWO ATTENDANT
SONS, PHOBOS, OR FEAR (FROM
WHOSE NAME WE GET THE WORD

‘PHOBIA’), AND DEIMOS, OR PANIC.




r'n ,‘",t‘ .. also called minor
planets, are ﬁmaHf’r, rocky objects, probably left over from the
tumultuous beginning of the early solar system. Most of the
asteroids in our solar system vary from less than a mile to rough-
ly ©00 miles (1000 km) in diameter, and are found in regular

orbits between Mars and Jupiter - at about 2.3 AU from the Sun.

Although most aster-

oo o LASTERDIDG! oo Sl oids are well behaves,
b T ’ - staying right where they
‘3 = belgmg, esomela@temi.d@
ne have highly elliptical orbite
Tur0 . . .
cene” that will occasionally bring them
near the Larth. From tine to
st s, Fime, the Earth has been hit by

asteroids that intersect our orbit
and enter our atmosphere. Most of these have been emall and
relatively harmiess. However, it is estimated that zs many as
2,000 asteroids more than a half a mile in diameter could poSSi-
vly collide with the Earth at times far into the future.

One asterold, about & miles (10 |
Kilometers) in diameter that collid-

ed with the Earth about ©5 million
years ago. s now widely believed
responsiple for the extinction of
the dinosaurs. The explosion from
such a gigantic impact could have
easily blanketed the Farth's
atmosphere with trillions of tons
of debris - enough to block out the
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light and the heat from the Sun for many months on end. That
would then result in a planet-wide ice age. As evidence, the geo-
logical record reflects exactly such z level of debris and, in 1997,
an impact crater was discovered in Mexico's Yucatan Feninsula,
This almost certainly confirms this dinosaur extinction theory,

Fortunately for us, catastrophic collisions like this one

probahly only occur ahout oace every 100 million years or so!




Juet past the asteroid belt is
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AU from the Sun.

Jupiter is the largest planet in the solar system, with a volume
about 1,400 times the size of the Earth’s,

Unlike the smaller, rocky, inner planets (Mercury, Venus, Earth
and Mars), the larger, outer planete are mostly made of gas.
Astronomers believe that Jupiter has a small core made out of
oolid rock and iron. This core is surrounded by an ocean of liquid
metallic hydrogen, which in turn is surrounded by an immense
gaseous atmosphere, primarily composed of hydrogen and helium
- the same elements that compose stars. In fact, Jupiter's com-
position is probably directly left over from the early primordial
nebula that formed the Sun. Actually, it Jupiter had been about
&0 times larger, it would have been large enough to generate
nuclear reactions, thus becoming the second star in our solar
system!

Jupiter takes almost 12 years to orbit the Sun, but only about
10 hours to rotate——an. exceptionally fast rotational period.
That's why the planet bulges in the middie, which can be seen
clearly when viewed through a good telescope.

YOU'VE GOT TO STOP SPINNING
S0 FAST OR YOU'RE NEVER
GOING TO GET RID OF THAT

GuT!!




Jupiter's light and dark bands are atmospheric currents, con-
stantly swirling clouds of frozen ammonia and methane. The
outer, gaseous surface of Jupiter is turbulent - lots of high
winds, strong lightning, and wild cyclone-like storms.

iter's distinctive Grea ot is a cyclone twice the
ze of Earthl It's the [argest storm in the solar system, with
winds reaching up to 270 miles (435 km) per hour. It haa
ed for at least three centuries!

5urrounded by a small ring of solid, rcac:pkwr particles
b!y m the nearby asterold b A

' Jupiter has at least 16 moons,
our of which are about the size of the planet
Mercuryl - They can be seen easily with a stan-
dard pair of binoculars. These four moons are
called the Galilean sateliites, after Galileo Galilei
(1564 - 1642), the italian astronomer who first
discovered them in the year 1610,

lois u rocky world, alive with fierce volcanic activity.

£ur0ﬂu has a thin ulmosphere of oxygen and an icy exterior
heneath which may fay an immense global ocean - and o distant
possibility for life!

Ganymede and Callisto, the two largest moons, are the outer-
most of the four Galifean satelllies and are both icy worlds cov-
ered with craters.

JUPITER, THE KING OF THE
PLANETS, WAS NAMED AFTER ME,
THE ROMAN KING OF THE 60DS,

WHILE MOST OF THE MOONS THAT

A ORBIT JUPITER ARE NAMED AFTER

£\ THE WOMEN IN MYTHOLOGY WHOM
PURSUED.
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5a><th planet, about 10 AU from the . Q.
Sun, and is the second largest N

planet in the solar system. Its
volume i over S00 times the
size of Earth's.

Like Jupiter, Saturn
has a long year
(almost 20 Earth years)

and a short day (just over 10

nours). Ite composition is also similar to

Jupiter's: a solid core, an ocean of liquid metallic hydrogen, and an
atmosphere composed mainly of primordial hydrogen znd helium, com-
plete with storm clouds and bright bands of atmospheric currents.

Saturn’s distinctive bright rings, made up of frozen gas, rock, and ice,
were also discovered by Galileo in 1610, and can also be seen clearly
with a good telescope. Saturn is furthermore surrounded by at least
20 moons. The most interesting of these Is the largest moon, Titan,
a world larger than Mercury and almost as large as Mars. Titan has a
thick atmosphere, which like our own is composed mostly of nitrogen.
Beneath its cloudy exterior, its interior is believed to be made of rock
and lce and, like Europa, there is also a possibility that Titan might
be capable of harboring some form of life.



“THE SECOND LARGEST PLANET WAS NAMED AFTER ME A
TITAN NAMED SATURN. | WAS THE FATHER OF THE GODS AND
THE KING OF THE UNIVERSE - UNTIL | WAS DETHRONED AND

SURPASSED IN GREATNESS BY MY SON, JUPITER. MANY OF

SATURN'S MOONS, SUCH AS ATLAS, RHEA, AND HYPERION,
ARE NAMED AFTER OTHER TITANS, WHILE MOST OF THE REST

REPRESENT A VARIOUS AND SUNDRY COLLECTION OF

MYTHOLOGICAL CHARACTERS.”

G



The seventh planet,
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about 12 AU from the Sun. Like the
other gas giants, Uranus is largely
composed of hydrogen and helium,

but it gets its bluish-green color from
significant amounts of methane in its
atmosphere as well. Uranus is the third
largest planet in the solar system, with a
volume about 64 times the size of Earth's, Uranus is also sur-
rounded by nine faint rings of dust, rock, and ice, as well as 15
simall moons. It has a 17-hour day and takes &4 Earth years to
orbit the Sun.

Before the Titans gave birth to the gods,
the Earth and the Sky gave birth to the
Titana. The Greeks called Mother
Earth, Gaea, and Father Sky, Uranus
- after whom the seventh planet is
hamed. Unlike the rest of the planets,
the moons of Uranus are not named after
figures from mythology, but rather after
characters from Shakespeare’s plays.
Uranus was first discovered in 1761 by the . — .
British astronomer, Sir William s
Herschel (1758 - 1822), and for a /
time it was actually called the plan- /
et Herschel (which is probably a

nicer namel).

“I’LL NEVER UNDERSTAND WHY
THEY CHANGED THE NAME!”



The eighth planet,

Pl O
{ q 4% o . ‘
R, | 4 ‘1"; !! 1 JI; bii_’:” ie about 30 AU from the

Sun, and is very similar in size, color,
and composition to Uranus.
The fourth largest planet,
its volume is about &
times the size of the
Earth’s. Its atmos-
phere is also com-
vosed largely of
nydrogeh and heli-
um, and it gets its
bright blue color from
methane as well. Storms

are aleo raging on Neptune's surface, with winds reaching

up to 1,500 miles (2400 km) per hour - the strongest winds
known in the solar system! Neptune has a 16-hour day and takes
165 Earth years to orbit the Sun. It has five small, dusty rings,
and eight moons, the largest of which, Triton, is another intrigu-
ing icy world, with a nitrogen atmosphere, active geysers, and
perhaps a possivility for life.

TRITON
00.-3‘0'

“

“WE ARE HERE,
WE ARE HERE,
WE ARE HELLERE!

The bright blue planet of
Neptune is named after the
Roman god of the sea. Many of
Neptune’s moons, such as
Triton and Proteus, are named
atter other sea divinities, while
the moons of Naiad and
Nereid are named after differ-
ent types of water dwelling
nymphs. e




No longer the ninth planet,

i
i

i about 39 AU from the
Sun. Flute is a yellowish,
rocky world with a light
methane atmosphere,
with a diameter about one
fifth the size of the Earth's
—or about two-thirds the size of

our Moon. It takes over six days to rotate, and almost 250
Barth years to orbit the Sun. Pluto also has one large satellite,
Charon, which is very close in size to Pluteo itself. Fluto also has
two smalier satellites, called Nix and Hydra, which were discov-

ered in 200D. =
PLANE OF THE ECLIPTIC /
\ E

CHARON

The ecliptic is the general plane of orbit for the (-
Earth and all of the planets in our solar system —

but not for Plute, whose orbit tilte away from the
plane of the ecliptic at an angle of about 17 degrees.
Furthermore, Fiuto's highly elliptical orbit sometimes
actually brings it closer to the Sun than
Neptune.




Because Fluto is so small, and because its orblt s 50 eccentric,
astronomers questioned for years whether it really deserved to be
considered a planet at alll Between 20 and 100 AU from the Sun,
on the outer edge of the known solar system., lies the Kuiper belt
(rhymes with piper), a ring of rocky, icy bodies, much smaller than
most planets and much larger than most astercids. In 2006, the
International Astronomical Union finally decided that Flute wouid
ro longer be consldered a planet. As consolation for Fluto, it may
ro longer be the emallest planet, but it can now consider iteelf
the largest and mightiest object in the Kuiper beltl

PLUTO’S ORBIT

\

e
f Fluto is named after the Roman god of
the dead, while ite companion, Charon, is
hamed after the ferryman who took the
souls of the dead across the
river of lamentation, and

ito The underworld.




The planets can be distinguished by their steady light (whereas
stars twinkle), their locations along the path of the ecliptic (the
same path that the Sun takes across the sky), and by their wan-
dering nature in relation to the otare. In fact, the word ‘planet’

comes from the Greek word planetos, meaning ‘wanderer’.

/ / AND MANY LOCAL NEWSPAPERS
4, e WILL OFTEN TELL YOU EXACTLY

T WHEN THE MAJOR PLANETS RISE
\\AND SET ON ANY GIVEN NIGHT.

GREATEST
EASTERN
ELONGATION
During the course of a single night, as the Earth

turns, the planete appear to move from east to west, just like
the Sun, the Moon, and the stars.

But a closer look revealse that from one night to the next, against
the background of the stars, the planete generally tend to move

F
o —— to east.

The major planets - Mercury, Venus, Mars, Jupiter, and
Saturn - can all be ecen easily with the naked eye.
Uranus, however, is quite difficult to see with the
naked eye, and Neptune can only be seen with a good
telescope.




While all of the planets wah “Bkies at various times
throughout the year, the best times to view the inner planets,
Mercury and Venus, are when they are at or near their greatest
elongations. At such times, from our persepective, they are at
their farthest points away from the Sun and ite glare. At their
greatest western elongations, they can be seen just after sun-
set, and at their greatest eastern elongations, they can be .
seen just before sunrise.

p—
SUN
O GREATEST
— K-‘ WESTERN

ELONGATION

EARTH

M\
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Mercury reaches its greatest elongations between three to five
times a year. When it does, it appears just above the horizon
at a little under two hours before sunrise or after sunset.

With its longer orbit, Venus can reach elongation, at most,
twice a year, and some years not at all. When Venus reaches
greatest elongation, it appears well above the horizon about
three hours before sunrise or after sunset.




The pest times to view the outer planets are when
they are at opposition.
CONJUNCTION 3

EARTH

i(_‘OPPosmom

At such times, they
are 160 degrees
opposite from the
Sun in our sky. Thus,
when the Sun sets,
the planet in opposi-
tion will rise in the
east and will remain in
the sky throughout
the night, at its
‘closest and brightest
point to the Earth.

MARS 1S IN OPPOSITION ABOUT ONCE
EVERY TWO YEARS; JUPITER, ABOUT
ONCE EVERY THIRTEEN MONTHS;
SATURN, URANUS, NEPTUNE, AND PLUTO,
ROUGHLY ONCE A YEAR.
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So far, the Earth is the only planet in the solar sys-
tem and, indeed, the only planet in the universe in
which life is known to exist. Biologists believe that
life originated on Earth, over 3.5 Fillion years ago, in
the form of single-celled microorganisms, which
somehow acauired the abilities to process energy,
reproduce, and later to evalve. The ingredients for
life - which don't appear to be too uncommon else-
where in the universe - seem to include organic com-
pounds (which are molecules based on carbon
atoms), water, and
some form of energy,
such as light or
heat. But although
on one level it's easy
encugh to say what life is (We
know it when we see itl), on another
level it is still not understood
how ar why life originated in the
first place. When millions of non-
living organic compounds some-
how arganize themselves and
spring to life, this is no small
source of wonder!




That zaid, the argument in favor of life beyond
Earth goes something like this: The universe in
which we live contains a countlese number of
stars, and many distant solar systems,
not too unlike our own, have zlready
been observed elsewhere n the galaxy.
In such a vast and complex place, with
50 many poesipiiities, it shouldnt be
too surprising if life on other worlds
turned out to be somewhat common.

The more skeptical argument, however,
asserts that life itself Is such a singuiar
mystery tThat, for all we know, it may have
only originated at one time, and on one plan-
et - which just s0 happens to be our own,

Aa yet, we have no conclusive evidence that
life exiots anyplace else but home,

A famous Martian
meteorite, which NASA
went public with in 1990,
showed signs that some
interpreted as evidence
that microorganisms
may have once existed
on Mars, but in the final
analysis it was a long
way off from proof.

evidence of absence, as the saying goes, and
hasn't atogoed scientists from

lltl llll-ll—
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Some scientists reason
that if life were able to
arise on other planets, and
evolve into creatures with advanced
forms of intelligence, then perhaps
these extraterrestrial beings would
be able to transmit communica-
tion through space via radio
waves, just as we do with radio k’ -_
and television.

Radio waves may not be visi-
ble to the human eye,

but just like waves of vis-
ible light, they're strong enough to travel vast
distances at top speed.

While a standard optical telescope pointed at
a star is designed to receive that star's visi-
ble light, a radio telescope pointed at a star
s designed to receive that star's radio wave
emissions. And while stars and other objects
in the universe do emit radio waves naturally,
an artificial message sent via radio waves

should appear to be quite distinct.



THE ARECIBO RADIO TELESCOPE
LY IS THE WORLD'S LARGEST RADIO TELESCOFPE.

[T'S IN PUERTO RICO. TS 305 METRES (1000 FEET).
SETI GETS 1O USE IT FOR ABOUT 3 WEEKS EVERY
SPRING AND ANOTHER 3 WEEKS EVERY FALL.

Since the 19607s, there have been repeated attempts to search
the heavens for radio wave messages from other stars. The most
famous of these has been the Search for Extra Terrestrial
Intelligerice (SETH. This program was officially begun by NASA in
1992, only to have its budget completely cut by the US Congress
in 1992, Nevertheless, it continues today through the support of
private fundirg.

So far, no messages have been found, but then again this isn't
aimple work. In order to receive a possible signal, a radio telescope
has to be pointed at a specific star - and there happer to be
guite a lot to choose froml SETs goal is to receive and analyze
data from 1,000 etars in the galaxy. Furthermore, to assist in

. this endeavor, the University of
California at Berkeley has a program
callea SETI@Home, which allows individu-
als to participate in this project over the
Internet. After downloading free software, a
pereonal computer can be used to help
analyze radio wave data - which could
just end up being the first signals from
intelligent life beyond our planet! One way
or another, the search will go on. ..




CHRPTER 3:
EARTH, SuN, MOoOON

As the Sun revolves around the
Milky Way Galaxy, the Earth
revolves around the Sun, and the
Moon revolves around the Earth.

The relationship between

the Earth and the Sun

defines the Earth’s seasons
hd the length of the year,

and the relationship
between the Earth, the
Sun, and the Moon creates
some rather remarkable
celestial events.

=</
’S TAKE A CLOSER
LOOK...




Cruising at about 67,000 miles per hour (108,000 km/hr), it
takes our planet one year to complete its roughly circular,

counterclockwise orbit around the Sun.
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To be more precise,

it takes B6D.2422 daye, which s to say, 26D days. D hours, 49
minutes, and 12 seconds! We try to ignore this extra 24% of a
day in our calendars until about once every four years, when we
just can't put it off any longer. By that time, an entire extra day
has added up, 0 we add February 29 inte the leap year, to try
to keep our calendzrs roughly up to speed with the solar year.




To be even more precise,

our orbit around the Sun isn't exzctly circular. Technically, it's an
ellipse. The Earth’s average distance from the Sun is about 93
million miles. However, each year, around January 417’h, we reach
our perihelion, our closest point. to the Sun, when we're about
91.5 million miles away, and six monthe later, around July 411 e
rezch our aphelion, our farthest point from the Sun, when we're
about 94.5 million miles away.
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INTERESTINGLY, OUR PERIHELION AND
APHELION HAVE VERY LITTLE EFFECT
ON OUR SEASONS.

When the Southern Hemisphere experiences eummer at
veribelion, it recelves just 6% more solar encrgy than when the
Northern Hemisphere experiences surimer at aphelion. Our sea-
50Ns are determined instead by the relationship between the tilt
of the Farth's axis of rotation and the degree of the Sun'e most

direct heat, that is, the piaﬂe of the ecliptfc.
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KEPLER'S LR
Our distance from the Sun doesn’t determine
our seasons, but it does determine our speed.
This was first discovered by the German
astronomer, Johannes Kepler (1571 - 1630), in
the early 17th century... .

MY FIRST LAW OF PLANETARY MOTION STATED
THAT ALL PLANETS WILL ORBIT THEIR SUN IN
ELLIPTICAL PATHS, WITH THEIR SUN AS ONE

FOCUS OF THEIR ORBIT - THAT 15, CLOSER TO
ONE END OF THEIR ORBIT THAN THE OTHER.

ELLIPTICAL
ORBIT

{ PLANET

—

.
t
]
L] - -

f‘ MY SECOND LAW OF PLANETARY MOTION WAS THAT AN
ELLIPTICAL PATH WILL CAUSE VARIATIONS IN SPEED. THUS,
WHEN PERIHELION BRINGS US CLOSER TO THE SUN, THE EARTH
WILL MOVE A LITTLE FASTER ALONG IN ITS ORBIT, AND WHEN
APHELION TAKES US FARTHER FROM THE SUN, THE EARTH Will
MOVE A LITTLE MORE SLOWLY ALONG IN ITS ORBIT

o

/

PERIHELION/ AFHE“DN [ SIMILARLY MY THIRD LAW OF PMNETARA

{;:ESJSR isslﬁ\é\éi}ﬂ | MOTION WAS THAT A PLANET'S DISTANCE |
// FROM ITS SUN WILL ALSO DETERMINE HOw

FAST IT GENERALLY MOVES IN IT5 ORBIT. IN
OTHER WORDS, THE CLOSER THE PIANET IS TO
THE SUN, THE FASTER IT WILL MOVE; THE FAR-
THER A PLANET IS FROM THE SUN, THE SLOW-
ER T WILL MOVE. THIS IS ONE REASON WHY

MERCURY - 50 CLOSE TO THE SUN - HAS AN

ORBIT OF JUST 85 DAYS, WHILE PLUTO - SO

\ FAR AWAY FROM THE SUN - HAS AN ORBIT OF |
i "ﬁi—'-f?:;\ NEARLY 250 EARTH YEARS. '




The ecliptic is the plane of our orbit around the Sun and, as we
have already mentioned, it is also the general plane of orbit for
all of the other planets in our solar system. One way o concep-
tualize the plane of the ecliptic is Lo imagine a line connecting
the center of the Sun to the center of the Earth, As the Farth
revolves around the Sun, our imaginary line draws a plane in its
path. Extend this plane out into space, beyond the Earth, and
you have the plane of the ecliptic.

C IR From our perspective
on Earth, we can also
conceptualize the path
of the ecliptic as the
path of the Sun
against the back-
ground of the sky. But,
of course, the Sun
doeent actually move
Across the sky. It just
appears that way
because the Farth is
spinning on its axie.

- IS

N
THIS IS HOW WE CAN
SEE THE PATH OF THe |
ECLIPTIC FROM EARIH./"
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The Earth’s axis can be
thought of as a straight line
going directly through the cen-
ter of the Earth, with one end
at the North Fole, and the
other end 2t the South Fole.
However, in relation to the
plane of the ecliptic, the
Earth's axis is tilted at about
25.5 degrees.



The tilt of the Earth’s axis of rotation, and ite changing
relationship to the plane of our orbit, naturally divides the
year into four seasons. On the vernal equinox, which falls
around March 21°%, the Earth’s axis of rotation is at a
225 degree sideways tilt in relation to the plane of the
ecliptic (rather than being tilted northward or southward),
50 that the Sun's light covers both the Northern
Hemisphere and Southern Hemisphere equally. At noon, the
Sun is directly above the equator, at zero degrees lati-
tude, and all over the world the day and the night are
equally about 12 hours long.




As the Earth spins on its axis,
the most direct sunlight (also
called solar noon) remains
directly above the equator,
Because the Sun remains
above the equator, from our
perepective during the day, it
will appear to rise in the east,
and set in the west.

In the three months following
the vernal equincx, the Earth
will complete the first quarter
of its revolution around the
Sun, moving 20 degrees, coun-
terclockwise, in its 260-degree
orbit. During this time, the
path of the Sun will slowly
move north, from being directly
above the equator at noen, to
veing directly above the tropic
of Cancer, at 23.5 degrees
nerth latitude.

In the Northern Hemisphere, the
days will become longer and
the nights will become shorter

In the Southern Hemisphere, the
aays will become shorter and the
hights will become lornger.




On the summer solstice, which falls around June 2127, the
North Fole is tilted sunward, 23.5 degrees, and the Sun's
rays beat down most directly upon the Northern
Hemisphere. At noon, the Sun is directly above ite north-
ernmost point, the tropic of Cancer, at 25.5 degrees
north latitude. In the Northern Hemisphere, this is the
iongest day and the shortest night of the year. In the
Arctic Circle, above 66.5 degrees north latitude, there are
24 hours of daylight!




AL the same time, the Southern Hemisphere
& experiencing winter, because the South Fole
s tilted away from the Sun. For the
Southern Hemisphere, this is the winter sol
stice - the shortest day and the longest
hight of the year. In the Antarctic Circle,
below ©6.5 degrees south latitude, there are

24 hours of darkness,

In the three months following the summer
asolstice, the Earth will -.’:-’1'1'1[:‘|£T,--_‘: the second
quarter of its revolution around the Sun
moving ancther 20 degrees, counterclock-
wise, in its 260-degree orbit. During this
time, the path of the Sun will slowly move
south, from being directly above the tropic of
Cancer at noon, to being directly above the
equator,

At this time, as the Earth spins on its axis,
the most direct sunlight remains directly
avove the tropic of Cancer. Because the Sun
remaineg at its northernmost point, from our
perspective during the day, it will appear

Lo rige in the northeast, and set in the

northwest.

In the Northern Hemisphere,
the days will become shorter and
the nights will become
longer

In the Southern Hemisphere,
the days will become
longer and the nights
will become shorter,




By the autumnal equinox, which falls around
September 224 the Earth's axis of rotation has
again reached a 23.5 degree sideways tilt in relation
to the ecliptic, s0 that the Sun’s light covers both the
Northern Hemisphere and the Southern Hemisphere
equally. At rnoon, the Sun is once again directly above
the equator, and all over the world the day and the
hight are equally about 12 nours long.




As the Earth spins on its axis,
the mast direct sunlight from
the ecligtic again remains
directly above the equator. From
aur perspective during the day,
the Sun will again appear to rise
in the east, and set in the west.

In the three months following the
autumnal equinox, the Earth will
complete the third quarter of its
revolution, moving ancther 20
degrees, counterclockwise, along
its 300-degree orbit. During this
time, the path of the Sun will
continue to move south, from
being directly above the equator
at noon, to being directly above

the tropic of Capricorn, at 23.5
degrees south latitude,

In the Northern
Hemisphere, the days will
continue to become shorter
and the nights will con-
tinue to become
longer

In the Southern
Hemisphere, the days will
continue to become
longer and the
hights will continue to
become shorter,




On the winter solstice, which falls around December 2219,
the Earth's South Pole is tilted sunward, 23.5 degrees, and
the Sun's rays beat down most directly upon the Southern
Hemispnere. At noon, the Sun is directly above its south-
ernmost poirt; the tropic of Capricorn, at 23.5 degrees
south latitude. In the Southern Hemisphere, this is the
summer solstice, the longest day and the shortest night
of the year. In the Antarctic Circle, below 66.5 degrees
south latitude, there are 24 hours of daylight.
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AL this time, as the Earth spins on its axis,
the most direct sunlight from the ecliptic
remains directly above the tropic of
Capricorn. From our perspective during the
day, the Sun will appear to rise in the
southeast, and set in the southwest,

At the same time as the Southern
Hemisphere is experiencing summer, the
Northern Hemisphere is experiencing winter.,
In the Northern Hemisphere, the winter sol-
stice is the shortest day and the longest
hight of the year. In the Arctic Circle, above
085 degrees north latitude, there are 24
hours of darkness.

In the three months following the winter sol
| § stice, the Earth will complete the final quar-
i § ter of its revolution around the Sun, moving
1 another 20 degrees, counterclockwise, to
complete the 360-degree orbit that it
' began at the last vernal equinox. During this
| time, the path of the Sun will slowly move
north again, from being directly above the
tropic of Capricorn, to being back above the
equator.

the days will become
longer and the nights
will become shorter,

f
ll' L " Smnw 'n the Northern Hemiaphﬁre,

- In the Southern Hemisphere,
DN the days will become shirier and
& the nights will become
longer.



As it happened, Syene lay
essentially right on top of
the Tropic of Cancer, at
about 23.5 degrees north
latitude. Thus, at noon on
the summer solstice, the
Sun was pretty much
directly overhead in Syene.
But because Alexandria
was further to the north -
and because the Earth is
curved - this would not
have been the case in
Alexandria.

eratostbenes and tl

Eratosthenes was a remarkable
scholar who lived in the Egyptian
city of Alexandria in the third
century BC. As the director of
the famous Library of Alexandria,
Eratosthenes read that at noon
oh the summer solstice, in the
Egyptian city of Syene, a vertical
object, such as a columrn or an
obelisk, would cast no shadow.
Eratosthenes found this intrigu-
ing because in Alexandria, which
was about D00 miles (or 500
kilometers) to the north of
Syene, vertical objects did in fact
cast shadows at this time.




1 the Summer Solstice

Incredibly, Eratosthenes was able to
figure out that this was indeed the
explanation - which meant that the
Earth wasn't flat, as many people at
the time believed. Eratosthenes
went on to gompare the dif-
ference between the direc-
tions of the shadows in
Alexandria and Syene, and
found that they differed

by about 7 degrees. From this, he was able to
deduce that between the two cities the Earth
must have had a curvature of about 7 degrees.
If there were 260 degrees of curvature around
the edge of a sphere, and if 360 divided by 7
vielded 21, then, he reasoned, the distance
between Alexandria and Syene must have been
very nearly one-fiftieth of the distance all the
way around the Earth’s surface.

As a result, not only did Eratosthenes figure
out that the world was round, but by multipiy-
ing the number of miles between Alexardria and
Syene by b1, he was also able to figure out, very
closely, just how big the planet zctually was,




Just as the Earth has a counterclockwise, slightly elliptical orbit
around the Sun, so does the Moon have a counterclockwise,

slightly elliptical orbit around the Earth. When the Moon is at ite
perigee, its closest point to the Earth, it's about 226,000 miles

away, about 28.5 times the length of the Earth. When the Moon

io at ite apogee, its farthest point from |

the Earth, it'e about 252,000 miles e
away, about 32 times the length of el
the Earth. At perigee, the Moon
appeare about 12% larger

than at apogee.

%, © Compared to the size of the Earth, the Moon is
relatively small, with a radius just about one-fourth the
7 size of the Earth’s. If you were to get in your moon-
fe R1GEE  buggy and drive from one side of the
Moon to the other, it would be about
the same distance as driving across the United
States, say from Boston to San Francisco.
Nevertheless, it is still large enough to have a
considerable effect on the ocean’s tides, which
regularly rise and fall in accord with the Moon's
gravitational pull. High tide will always occur
shortly after the Moon reaches its zenith, its eART w
highest position overhead.

Just as one half of the Earth is always lit by the Sun, o one half
of the Moon is alsc always it by the Sun. However, from our
verepective, as the Moon revolves around the Earth, it

appears o pass through several different phases.
66



AT the new moon phase, the side facing away from the Earth
is lit, and from our perspective, the Moon Is shrouded in dark-
hess. As the Moon revolves, it enters the waxing crescent
phase, and each night a larger crescent becomes visible. By
the titme it entere the first quarter phase, a half moon can be
seen. As it continues to revolve, it enters the
APObee waxing gibbous phase, still appearing to
poN become larger arnd laraer until it becomes a
full moon, when the entire lit side can be
seen from Earth. Continuing, it enters the
125 waning gibbous pnase, and less and less of it
& scen each night. AL the last quarter phase, once again, a
half moon is seen. Finally, during the waning crescent phase,

each hight a emaller crescent is visible, until the Moon once
again enters the new moon phase.

The lunar month is the period of time it takes for the Moon to
complete this cycle. Traditionally, the lunar month is reckoned
from new moon to new moor, and laste about 29.5 daye.
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Autumnal equinox is known as the Harvest Moon and holds
this distinction because of its curiously large and bright
appearance. During this time, the Moon's orbit is such that
it rises gracefully over the eastern horizon in the early
ing; rather than ascending straight towards its zenith.
of the extra light from this moon, so the tradition
armers can work in the fields, collecting the autumn
veet, well past the setting of the Sun, The effect is simi-
lar at the time of the subseauent full moon - the Hunter's

'_'a:[:'appcare larger over
in the eky - a phenomenon
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If the Moon's orbit around the Earth lay precisely on
the plane of the ecliptic, we would see two full
eclipees during each funar month. At each rew
moon, we would see s total solar
eclipse. The Moon would pass
directly between the Earth and the
Sun, temporarily casting ite shad-
ow onto some parts of the Carth.

At sach full moon, we would see a total lunar eclipse. The Larth
would pass directly between the Sun and the Moon, casting ite
shadow onto the surface of the Moon.

eapTY . .
AR EcLiPTic

Of course, this is not the case. In relation 1o the plane of the
ecliptic, the Moon's orbit 1ilte at an angle of aboul © degrees, and
thus the Moon itself varies from as much as 20,000 miles above and
below the ecliptic. Furthermore, the two pointe in the Moon's orbit that
intersect the plane of the ecliptic, calied the nodes. do not remain in a
fixed position, but continually revolve around the Earth, as the Farth
revolves around the Sun.

In order for an eclipse to take place, the Farth, the Moon, the Sun - and
the nodes of the Moon's orbit - must all be in close alignment, Because
of the complex cycles of eclipses, there can be vo mores than five soiar
eclipses, and no more than three lunar eclipsaes, in any aiven year.
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"The Dragon
\ ) that ‘Dreooured

Before humanking was
able to piece together
a more accurate
underatanding of the
heavens, solar and
lunar eclipses were
viewed as highly unnat-
ural evente, ana
regarded with fear and
superstition.

In myths and folkiore from
otherwise diverse cultures

throughout the world, these temporary
moments of darkness over the Sun or the
Moon were interpreted, in one way or another, as
evil omens brought on by some sort of malevolent,
mythelogical creature out to devour the venerated
heavenly orb. According to various customs, in order to
drive away this darkly intrusive force, people would
gather outdoors at such times, shouting and singing
and banging on drums, until the Sun or the Moon would
return safely from the throes of destruction.

AND, APPARENTLY, THIS
WORKED EVERY SINGLE
TIME!




There are a number of different kinds of solar and lunar

eclipses.

A solar eclipee can be total, when the Moon ‘M\,//

Or it may be a partial solar eclipse. wher the
Moon only partially grazes the disk of the Sur.

completely covers the disk of the Sun,

In addition, there 8 also something called an
annular solar eclipse. We have already seen
how the Moon varies in its orbit between
apogee and perigee. By a fortunate coinci-
dence, Wa average size as seen from the
Earth is just about the same size 25 the disk
of the Sun 85 seen from Earth. However, when
the Moon (e cloger to apegee, it is not large
enoligh Lo completely cover the disk of the
Sun, 20 that when an annular solar eclipse
reaches ite maximum, a large ring of the Sun
i seen around the Moon!

A lunar eclipee can alzo be total, when the
Earth’s shadow compietely covers the face of

the Moon.
' ﬂ

Or it may be a partial lunar eclipse, when
the Earth's shadow only partially covers
the Moon.
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Furthermore, theve is also the phenomeanon of a penumbrai lunar echpse 'P:f
[ ru. aned L \lf. Maon cast. two different types of shadows in the lignt of th
S The umbra 1o the darker, more narrowly focused snadow, and the
penumbra o the lighter, more broadly focused shadow.

Diring a wennmbrat lunar
shly Lhe vague,

‘ PART AL
penlrhbra shadow of the

e L

pam of
..... T ALY
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During a eclar eclipse. the Moon's smalier
and more focused umbral snadow hits the
Farth. Because of this - and because the
Moon itself 19 e0 much smaller than the
Earth - a solar eclipee of any kind ls best
seen when observed from locations within the
nAarrow path of the Moon's umbral shadow.

it vou have the opportunity to oboerve 4
sae yolr should never lock at it direct-
W A 1T um burn your retinas Lo the point '
of Plind The only cafe waye to obeerve o WHILE A SOLAR ECLIPSE
B @(,;-1111 e ““!“—”“ Are either to project the A izz:: g:g:gg ;z :JFE';IE
irmmr" wil % A rinhole projector, or Lo view

Lo g dolar e (The best, | OPPOSITE BECALSE THE MOON
Hu j Lo ERICE o get in touch with your PROJECTION SCREEN, A LUNAR
lovat planatarium or observatory 1o learn ECLIPSE OF ANY KIND CAN BE SEEN
o about what they may have to offer) - EqUALLY WELL FROM JUST ABOUT
ANYWHERE ON THE NIGHT
SIDE OF THE EARTH FACING

THE MOON.




The Eclipse that Saved the Day!

The Greek nistorian, Herodotus, writing in the fifth century
BC, tells of a war in Asia Minor between the Lydians and the
Medes, which had lasted for five years, with neither side
appearing to be winning. In the sixth year, however, in the
midst of a fierce battle, the Moon suddenly eclipsed the
Sun, and darkness fell over the battlefield. As luck
would have it, both sides interpreted this as a sign
from the gods that they should immediately make
peace - and so they didl Because astronomers are
able to calculate the cycles of eclipses both for-
ward and backwards in time, we now know that

_-. this event must have ocourred on
O May Z&th in the year 585 BC.




hon trillion star's, but Ofy the clearest of mght-s
weire lucky if we can see abbut 2,050 of them.

d@Fthe Alpha Centau;i_ star system, w
4.3 light years away. ,*

NOTHING TRAVELS FASTER
THAN THE SPEED OF LIGHT,

' “w
hearly © trllllon miles (9 5 trillioh km), so even the
]

closest stars are almost unimaginably far away. e
. .
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CAMELOPAE LA LIS

(not to scalell)

Az the Earth spine on [t
axis, most of the stars in
the night eky appear to move
from east to west - except
Folaris, which staye firmly in
ite place, like a nail in the
center of the northern eky.
Folaris and the other stare
nearby are called north cir-
cumpolar etars (Latin for
‘near the pole’), and in the
Northern Hemisphere remain
above the horizon
throughout the year.



The easiest way
to locate the
North Star is
to find the Big
Dipper, which is
located in the
bright, north
circumpelar
constellation of
Ursa Major
(Latin for
‘Great Bear’),
and trace an
imzaginary ling

-
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CAMELTARDALIS

Northern
Curcumpolar
Constellations

connecting the

stars Merak and Dubhe about six times their distance from each
other. They point almost directly towards Folaris, which is also the

tip of the Little Dipper‘@ handle.

Sovthern
ET.{_uLuM Curcumpolar
\ / Constellations
HYPRUS
N\C"’QA C Tucama
o ocivs
CHRMAeLeo
DCTANS
Musca
=-<> AFuS
%
CRUX
(SUUTHeiw T

CRass) OCTANUS IS THE CLOSEST
STAR TO THE SOUTH
- CF.!.F.S'TMI. PGLE -

n the “outhern
Hemisphere, the south cir-
cumpolar constellations
remain above the horizon
throughout the year. The
South Fole doesnt point
towardes any star in par-
Ticular, but the famous
south circumpolar con-
stellation, the Southern
Cross, does point almost
directly towards the
south celestial pole.
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Non-circumpolar stars - stars that are not near the poles - are
found lower in the sky, and are visible at different times through-
out the year, relative to our orbit around the Sun. For exatrple, in
January, the non-circumpolar constellation of Orion is prominent
in the night sky, but eix months later, when the Earth is on the
opposite side of the Sun, Orion is no longer visible,

The exact locations of all non-circumpolar stars depend on the
time of the year, as well a5 one's latitude. The celestial meridian
i an imaginary line in the sky running north and scuth, directly
above the observer. The celestial equator (s an imaginary line in
the sky running east and west, projected outwara from the
Earth's equator. A stargazer standing at the Earth's equator
would thus see the stars of tne celestial equator directly over-
head, running east and west, North of the equator, these same
stars would be seen lower in the southern sky, while south of the
equator, the same stars would be seen lower in the northern sky.

.

THE BEST WAY TO LOCATE THE STARS ™~

IN YOGUR NIGHT SKY IS THROUGH THE E
USE OF A STAR CHART MADE FOR .
YOUR GENERAL LATITUDE. ._/,/“*\-i

e




The Muth of the Great Bear

Ursa Major is an extremely prominent constellation in tne north-
ern sky, and has captivated our attention since ancient times.
Today we primarily think of it as the Big Dipper, anda Homer tells
us that the ancient Greeks also usad to think of it as the Wagon.

[ts name, however, means ‘Great Dear’, ana this is
ite story. ..

Jupiter, tne king of the gods,
was up to his usual,
amorous self, when he feli in
love with the woman
Callisto, whom he, in due
. course, Impregnated,

On discovering this,
W Jupiter's jealous wife,
Junoe, became characteristically furious, and as
punishment, after Callisto had given birth to her
son, Juno had Callisto transformed into a bear.

But as if this were not vengearce encuagh, when Callisto’s son,
Arco, grew older, Juno tried to connive a situation in which the
young iad, while out hunting, would end up killing nis own mother.
Completely unaware of what he was actually doing, he sighted the
vear, pulled back his arrow, and released it from its string.




Fortunately, just at that moment,
Jupiter intervened, rescuing
Callisto and placing her in the
heavens in the form of the Great
Bear. Later, her son would also
come to join her in this privileged
place, in the form of Urea Minor, or
the lLesser
Bear (also
known to us
today as the
Little Dipper).

uRSAa MATeR

This infuriated Juno as well, and she
successtully lobbied Neptune, the god
of the seas, to forbid the Great
Bear and the Lesser Bear from
ever entering into his waters, As
a result, these two constellations
- apart from nearly all the others
- are destined to remain above the
horizon, throughout the
entire year.



The Zodiac

The twelve constellations of the zodiac (from a Greek word mean-
ing ‘little animals’) are non-circumpolar constellations, which lie
along the path of the ecliptic - the same general path taken
across the eky by the Sun, the Moon, and the planets. According
to ancient superstition, a persons astrological sign is determined
by the constellation through which the Sun passes on the day of
his or her birth. (That same constellation would not be visible in
the night eky until about six months later, when the Earth is on
the opposite side of the Sun.)

THe SUN'S APPARENT PATH THROUGH
THE CONSTELLATIONS



However, aside from there being absolutely

no logical reason why the zodiacal constel- o PoLAR;S
lations should have any effect on o
our personality or behavior, NeGh
another difficulty with astrology

is something called the precession of .\‘
the equinoxes. This refers to the fact \ wWHeRE UL
that thﬁe gravitational tugs WHeRE ougR ' ’, AX'S S
of the Sun and the Moon AXIS w,‘u_

cause the tilt of the Earth’s Be
axis to shift over time. Because
of the precession of the equinoxes, the
celestial poles slowly change their
positions with respect To the stare. In

@)

avout 12,000 years from now, the
North Foie will point towards a new
North Star: Vega. But in another 12,00

-~
Z\ years, L will again point towards : !
¢ Tolaris. )
aies \
) . \
Due to this long-term wﬂ““[l{lgeffect, the Earth |
is in a somewhat different position today with
~ respect to the zodiac than it was over 5,000 years ago, when
— p astrology was in its prime,

FOR EXAMPLE, 3,000 YEARS AGO, ON \
THE VERNAL EQUINOX, THE SUN

PASSED THROUGH THE CONSTELLATION
. OF ARIES. y

" ACCORDING TO MODERN ASTROLOGY, HOWEVER, A -
PERSON BORN ON THE VERNAL EQUINOX TODAY

( WOULD STILL BE CONSIDERED AN ARIES - IN SPITE

\ OF THE FACT THAT THE SUN NOW HAPPENS TO BE IN

o A DIFFERENT POUSITION ON THE VERNAL EQUINOX,
"*--.\_J‘VAMEU, IN THE CONSTELLATION OF PISCES! T
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The celestial sphere ie an imaginary spnere used by astronomers
to depict the stars as seen from the Earth, With the Larth at
ite center, the Earth's poles point directly towards the celestial
poles, the Earth's equator extends outwards to describe the
celestial equator, while the path of the ecliptic crosses the celes-
tial equator at an angle of about 23.5 degrees.

AUTUMNAL EQUINDX
12 HouRrs RIGHT ASCENN

WINTER SolLSTILE
(3 HourS RIGHT ASceNSion

NoRTH C(ETi/
490° DépA

CcLiPTC

SouTH CELESTIAL POLE
~90°% PECLINATION

VEeRNAL equiNoX
I?Ro HOURS
RiGHT ASCENSION



The celestial sphere io used as a map to locate objects in the
sky with celestial coordinates. Just as the Earth's EqUaTOr des-
ignates zero degrees latitude, the celestial equator desigrates
zero degrees declination. North of the celestial equator, declina-
tion is measured in positive numerical degrees (from zero to
+90). South of the celestial equator, declination is measured in
negative numerical degrees (from zero to -90). Thus, the north
celestial pole lies at +90 degrees declination, and the south
celestial pole lies at -90 degrees declination.

Whereas the celestial latitude of declination is mea-
sured in degrees, minutes, and seconds, the
celestial longitude of right ascension is mea-
sured in hours, minutes, and seconds. Right
ascension begins at the point on the
IAL Pole celestial ephere that depicts the etars
ATioN as seen on the celestial meridian at
the time of the vernal equinox. The
celestial ephere is then divided into
24 vertical hour lines: The line of the
vernai equinox is the zero hour line,
the line of the summer solstice is
the © hour line, the autumnal
equinox is the 12 hour line, and the
. winter solstice ig the 18 hour line.
SuMmmeR SelSTICE
e Hours .R"::'HT A star lying exactly on the zero
ASCENSI0 hour line and on the celestial equa-
tor would thus have the celestial
coordinates: zero hours right ascen-
sion, zero degrees declination, while a
star lying on the 12 hour line, 10
STIAL equAaTbR degrees above the celestial equator,
DecLNATION would have the coordinztes: 12 hours right
ascension, 10 degrees declination.




The universe Ts populated by many different types of etars, which
vary on the scales of age, size, deneity, pressure, and brightness.
At their cores, stars are capable of a2 number of different Types
of ruclear reactions, which correspond to different etages of their
natural lifetimes.

Stars are primarily composed of hydrogen and helium, but differ-
ent types of nuclear reactions can produce different types of
atoms, or chemical elements. When different typee of elements
are burned, they give off different colore, which can be scen in the
details of the epectrum of light emitted by a star. (And the sci-
ence that studies the spectra of light 15 called spectroscopy.)

By analyzing the color of a star's light, ecientiste are therefore

able to discover information about its temperature and chermical
composition, which, in addition to its size, can aleo indicate its
stage of evolution

As a result, it is known that stars that give off a
bluish-white light are generally the youngest and
the hottest stars.

Red and orange
stars are older
and cooler, ang

Stare that are
yellow seem to be in
their prime.



white stars tend
to be in their final
stages.

Our own star, the Sun, is a
healthy, average, yellow star,
just approaching ite mid-life.

Based on observations of
similar stars, its crisis

probably won't come about
for ancther 5 billion years or
s0. AL that time, when the
majority of the hydrogen

atems in ite core have been
fused into helium, then the
nuclear reactions generated by
hydrogen will begin to expand out-
wards, and [ts size will begin to swell,
Meanwhiie, under the force of gravity,
its remaining nelium atoms will
collapse at ite core, forming
their own nuclear reactions,
and creating new, heavier ele-
menta, such as oxygen and carbor.

At this stage, the Sun
will become a red giant,
and its mass will likely
continue to swell to
such a volume that it
will come to encompass
the orbits of Mercury,
Venus, and the Earth.



As the Sun's volurme expands, its
temperature will cool. Ferhaps a5
soon as a half a billion years later,
when 1t has burned off
the bulk of its matter
and can no longer gen-
erate the temperatures
necessary for nuclear
reactions, ite remaining ele-
ments will steadily shrink,
collapsing upon their own gravi-
ty to become a small white
dwarf - about as small as the
Earth, but incredibly dense.
At this stage, although the
Sun will no longer be capa-
vle of nuclear reactions, it
will nevertheless continue
to shine from the
heat generated by
its own gravitation;

that is, until it ultimately dies off completely, perhaps to
become a black dwarf - the dark and lifeless chemical remaing
of a once mighty star.




~than the Sun,
a blue super

3 MUCH more

Lrone can ther
neutron star, whic




The very largest stars will also explode in supernovae, but
rather than turning into neutron stars, such stars can turn
into black holes - extraordinary phenomena so dense that
hothing can escape their gravitational pull - not even light
itself. Maturally, a black hole Is ratha, .
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Another type of star, called a variable star, will display a fluctuat-
ing brightress, which can have a number of causes.

A star's variability may be intrinsic, when its brightness is actually
chanaging. Examples of intrinsic variables are eruptive stare unger-
going explosions, and pulsating stars, which vary in brightness due
to imbalances between their cores and their outer layers.

i

" WEY, GET OUT OF

A star's variability may aleo be extrinsic, | ™ ey L
P

or caused by external factors, such as TR
when one star is periodically eclipsed by another.,
‘ariable stars called Cepheide will display their
variations at a quick and steady pace, over

ays or weeks, while long-term variables can
take periods of over a year.
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A star's brightness is measured in terms of its magnitude.

Absolute magnitude measures the intrinsic brightness of stars,
based on how they would be seen from a uniform distance.

Apparent magnitude measures the brightness of stars as seen
from the Earth, determined by both their absolute magnitude
and by their actual distance from the Earth.

The brighter the star is, the lower the number of its

magnitude. First magnitude stars, with a magnitude
of 1.5 or less, are 100 times brighter than sixth mag-
hitude stars, with magnitudes
between 5.5 and 6.5,

" JUST BECAUSE YOUR

" MAGNITUDE IS HIGHER
The brightness of the DOESN'T MEAN YOU'RE

. BRIGHTER!!
planets is also judged by ——_ e \
maghitude,

6.6 Uranus, which is barely visible to
the naked eye, has an apparent
magnitudes of about 5.6,

while Venus, the brightest
4 planet, has an apparent
magnitude of -4,



As for the brightest stars in our okies... with ah avparent
magnitude of 0.2, Yega is the fifth brightest
star, found in the northern, non-circumpolar
conatellation of Lyra, which is prominent
in the late summer and early autumn.

Vega s a young blue starn about 20 light years
away, which is orbited by ite own solar system.

RooTes

Alpha Centauri is the Third bright-
gol obar, with an apparent. magni-
tude of -0.A, located in the constel-
lation of Centaurus. Alpha Centaur
io actually a triple star: Aipha
Centauri A, Alpha Centaurt B, and
Froxima Centauri C. The three
stars orbit each other and, in fact,
over half of the etare that we see
from the Earth are double, or mul-
tiple, stars of this type. To the
naked eye, they appear as one, but
with a good telescope they can
often be distinguished.

The red giant Arcturus
io the fourth brightest
star in the heavens,
with an apparent mag- LYRA
nitude of -0.00.

Arcturus ie found in The northern, non-cir-

cumpolar constellation of Bodites, which s
ARCTU RUS prominent in late spring and early eummer.

Yl :

ALPHA CENTAURI C/



Uwpus

cAR"“A

Canopus ie the second brightest atar, a blue star with an apna-ari
maghitude of -0.7, located in the constellation of Carina.

Centaurus and Carina are both to be found among the south

circumpolar constellations.

And The very brightest star as seen from the

Earth is the double star of Sirius, with an

apparent magnitude of about -1.5. Sirius s 4
blug star orbited by a white dwarf |t is
aloo known as the Dog Star appearing,
as it does, in the constellation of
Canie Major (Latin for ‘Great Dog’),
which is prominent in the winter
months, just south of the
celegtial equator. Six months
later, in the hottest: days of CAN'S MATOR
the northern summer,
Sirine and the Sun rise
together, and thie is
where we get the
expression, "the
dog days of
summer’]


























































































































































































