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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.
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/ 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.
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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. -






















































































































































































































































































































































































































