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SECTIONL:

ABOUT THIMASTERASTRONOMERPROGRAM




Section 1: About the Master Ashomer Program

WELCOME TO THEM ASTERASTRONOMERPROGRAM

All of us at Cedar Breaks National Monument are glad that you are excited to learn more about
astronomy, the night sky, and dark sitewardship In addition to learning about these topics,

we also hope to empower you to share your newfound knowledge with your friends, family,
and neighbors, so that all residents of Southern Utah can enjoy our beautiful dark night skies.

The Master Astronomer Progm is an interactive, hanesn, 40hour workshop developed by
Cedar Breaks National Monument that weaves together themes of astronomy, telescopes, dark
skystewardship and science communication. The Program is aimed at individuals with little or
no priorastronomy experience, but who are excited to learn more.

Theobjectivesof the Master Astronomer Program ate:

f C2a0GSNJ LI NIAOALIYGAQ | LIWINBOAIFIGAZ2ZY 2F RIEN] YA
astronomy, celestial objects, and telescope use.

1 Eduwate and inform citizens and civic leaders about the aesthetic, cultural, ecological, and
economic benefits of dark night skies, how they are currently being threatened, and
potential solutions.

1 Enable and empower participants to educate others aboutcasimy, dark sky
stewardship and dark sky friendly lighting by giving them a robust, sciyased
understanding of these topics combined with instruction in effective communication and
teaching techniques.

1 Cultivate a passionate and knowledgeable grotipolunteers dedicated to astronomy
education and promoting stewardship of dark night skies in their community.

By the end of the 4Bour Master Astronomer Workshop, participants will be able to:

1 Usetheir expandedknowledge of astronomy to promote darkysstewardship by
facilitating meaningful connections between individuals and the night sky.
1 Independently set up and operate a backyard telescopelandble to locate and explain
the significance of several prominent celestial objects.
1 Atrticulate the significance of dark night skies by explaining the impact of light pollution on
many different aspects of society.
T 9@ tdzZ S 2dziR22NJ ft AFKGAY I FAEGIZNBAE (G2 RSG SN
concrete actions that interesteditizens can take to help preserve dark skies in their
community.



Section 1: About the Master Astronomer Program

About this Handbook

The Master Astronomer Handbook is a reference for you throughout the Program and beyond.
To get he most out of workshopwe highly recommend that you read the relevant handbook
chapters prior to each workshop session. Due to time limitations, we will not cover 100% of the
material presented in these pages, nor are you responsible for knowing all of it. Workshops will
revolve around hand®n activities that reinforce the concepts that we feel are most important
for beginning astronomerand dark sky enthusiasts learn.

Each chapter begins with a serieggohls thatwe have identified as key to being able to
communicate he topic to others. Words ibold throughout the text have a corresponding
glossary entry in Appendix A. At the end of each chapter are review questions and a list of
common misconceptions about the chapter topic. For those interested in diving degpex
particular subject, th@&For More Informatiog section at the end of each chapter contains links
to resources that will allow you to expand your knowledge of the topics presented in the
chapter.

Please note that this handbook is a living document. 8nery effort has been made to

ensure that the information within is ufp-date and accurate, astronomy is a rapidly evolving
field and new discoveries seem to occur daily. If you find errors or have suggestions on how to
improve the handbook, we would Ve to hear from you

Instructional Philosophy

One of the unique aspects of the Master Astronomer Paiagis that it is not simply an
astronomy courser a series of lectures by astronorayperts While we use slide

presentations from time to time, most whkshops will revolve around hands, multimodal
learning activities which not only promote, but require, active participation by attendees. We
ask for your full participation in these activities. Pedagogical research has shown that active
learning promote retention, understanding, and appreciation of the topic being taught.
Whenever practical, workshops will be held ougsighder the actual night sky.

Volunteer Service

The Master Astronomer Program was modeled after Mester Garéner and Master
Naturalistprograms taught across the country. A core element of these programs is volunteer
service that gives participants practice sharing their knowledge with others and a way to remain
engaged with the program content.

In line with this model, in order to become an official Master Astronomer, program participants
must contribute at least 10 hours of volunteemrgiee in astronomynd dark skieeducation
and outreach within one year of workshop completion.
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Chapter 2.1: Light

Chapter 2.1 Goals

After reading this chapter and participating in the corresponding workshop activibesshould be
able to:

i Compare and contrashe many t/pes of electromagnetic radiation (light) and explain why
different types of astronomical objects emit different wavelengths of light.

I Use the magnitude system to estimate the brightness of stars diner@bjects, and explain the
difference between magnitude and luminosity.

9 Describe the practice of spectroscopy and at least one way it is used by astronomers to lea
more aboutthe universe.

1 Explain the basic physiology of human vision at night andderk adaptation affects our ability
to observe the night sky.

What is Light?

Light brings us the news of tlmiverse
@ Sir William Bragdl933

Unlike geologists, ecologists, and chemists, astronomers rarely get to examine the objects they
study in person. In most casesjalyzindight from astronomical objectssthe only way to

learn about our universeéeverythingn this handbookfrom stars ad galaxies to telescopes

andlight pollution, involveslight. Without light, astronomy would not exist. At the same time,

fAIKG Aa GKS INBFGISad Gcoaped3idl. G2 FadNRy2Yesx | a

Light or electromagnetic radiationis a form of energy. Wy ¢S dzaS (KS g2 NR af
everyday conversation, we are typically referringstsible light which is just one type of

radiation on theelectromagnetic spectrunfFig )WS O y Qi avarktieswkh®ur2 G K S NJ
eyes,but astronomers cametect themusing special cameras and telescopes. W¥e thae

other forms of light toamong other thingscommunicate with people around the gloleadio

waves, keep hamburgers hoinffrared radiation), and to take pictures of our innardsiays).

gamma ray ultraviolet infrared radio
X-ray Visible™. microwave
L
shorter wavelength longer wavelength
higher frequency g s e— i lower frequency
higher energy lower energy

A W\A/\A

Figure 1-The differenttypesofele AOOT | ACT AOEA OAAEAOQEI T8 j). !
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Wavelength and energy

Themany varietieof light on the electromagnetic spectrum differ based on their energy. Light

Chapter 2.1: Light

behaves both as a wave and a patrticle. If we think of light as a wave, we can refer to its
wavelength the distance between two successive wave crests or troughs. Wavelength is
important because it tells us how energetic the light is.

At one end of the electromagnetic spectrum (Fig 1) we find light with a long wavelength

(measured in meters) ahlow energy: radio waves. Radio waves can be sent around the globe,

and even to other planets, using relatively little energy, making them excellent fordistance
communication. Because they carry so little energy, we don't notice them as they pasgtih

the air around us.

As wavelengtldecreasefiowever, energyncreasesWe are alfamiliar with thedamaging
effects ofultraviolet radiation, an energeti¢ shortwavelengthform of lightthat causesskin
cancer and soburns. And at the higkenergy e of theelectromagneticspectrum we find x-

rays andgammarays extremely energetic types of

light that can causseriousdamageto human cells.

Table 1: The Electromagnetic
Spectrum in Astronomy

Everything in the universe, with the possible

Wavelength:

Emitted by:

exception ofblack holesand whateverdark matter
is, emits electromagnetic radiation. Which type(s)
they emit depends largely on their temperature.

Gamma ray|

Supernovae
Active galactic nuclei
Collidingneutron stars

Hotter objects generally emit more energetic forms
of light than cooler objects. For example, a hot star
might emit mostly ultraviolet light, while a cool
planet (like Earth) emits mostly infrared radiation.
Consequently, astronomers studying hot, energetic

X-ray

Solar corona
Pulsars
Accretion disks around
black holes
Supernovae remnants

objects need telescopes capable of detecting gamn
rays and xays, while those studying cool interstellar

Ultraviolet
(V)

Stars (esp. young,
massive stars)

clouds of hydrogen require radio telescopes. [€ab
shows examples of astronomical objects that emit
different wavelengths of light. The collage on the

Visible

Stars of all kinds
Emission nebulae

cover of this chapter shows ten images of ditky
Way Galaxyeach captured in a different wavelength

Trying to understand the universe through biisilight

Infrared (IR)

Planets
Cool stars
Nebulae
Humans

alone is like listening to a Beethoven symphand
hearing only the cellos.

Microwave

Cosmic Microwave
Background

@ astronomerJames B. Kale

Radio

Interstellar gas and
dust clouds

11



Chapter 2.1: Light

We humans havewmlved to see only visible lighdp our naked eye view of the universe is, in a

way, biased. ¥ible light is only a tiny sliver of the light around us. As we speak, our Sun is
emitting radio, infrared, visible, ultraviolet, and\d- & a ® Si ¢S R2yUiG aasSSé

5

the Sun and other stars emkor
example, he brightest star in the NASA/IPAC
night sky to our eyes is Sirius, in the
constellationCanis Major. But if our
eyes could see in the ultraviolet,
{ANRdzZZAQ ySAIKO2NJ
the brightest instead. So our eyes lie
to usc or, at least, are not telling us
the whole story.

76.1

False color

! 2_"’ _ _O by S aasse Figure 2-Infrared image of a lizard in a human hand.
are invisible to our eyes? Many This is a false color image, meaning that the colors are

telescopes and cameras are sensitivnot true, but used to represent varying intensities of
to other regions of the infrared radiation, which would otherwise be

) invisible to the human eye. (NASA/IPAC/Caltech)
electromagnetic spectrum. After the

light is collected, astronomers can usése colorimages to disgly the data. A false ami (or
representational colgrimage uses colors of visible light to represent different intensities of
wavelengths that we can't see.

For example, Figure 2 is an image from an infrared camera. Yellow and white represent higher
intensities of infrared radition (the hand) while blue and purple represent lower intensities

(the coldblooded lizard). False color is used extensively in astronomy, so keep this in mind as
you enjoy astronomical imaged/hile false color images are incredibly useful, they areanot
realistic representation of whahe human eye would seleoking at the same object.

Reflections, Scattering, and Absorption
{2 FINE 6SQ@S 06SSy Glf1Ay3 | o 2aniorddakrate | Ay Ra 2
GKSYaSt gSao | Si midhyiSible2ight Bitaiestill RBolé 0 ihe riaked eye.

Others shine brightly in visible light, yet are invisible to regular telescéfm®s.can this be?

LF & 2 dzQJ SplatkedieNapiteSoSNardly (0 KS yAIKG & @nitEdligh? dzZQNB 3
but reflectedlight. Reflectionoccurs when light bounces off of a surfae¢her thanbeing

absorbedLike humans, planets are too cold to emit their own visible light. Instead, the planets

reflect visible light from the Sun like a mirror. If then&topped shining, all the planets would

wink out in visible light shortly thereafter, but would continue glowing at infrared and radio
wavelengths (Fig 3). Without reflection, the world would be a dark place. Most objects on

12



Chapter 2.1: Light

planet Earth do not emit theiown visible light. Except for things like monitors and screens,
light bulbs, and perhaps fireflies, everything around you is visible due to reflected light.

Light can also interact with
matter byscattering
Scattering occurs when light
runs into particles that are
smaller than the wavelength
of the light itself. Our
atmosphere is especially
skilled at scatterig light. Of
all the colors of sunlight that
enter our atmosphere, blue

light has the shortest Figure 3-Jupiter seen in emitted infrared light (left) and
. reflected visible light (right) . (Left: NASA/JPL-Caltech, Right:
wavelength so it gets NASA/ESA/A. Simon)

scattered the most. This is

why the sky is blue during the daytime. In the evenagythe sun setsunlight must pass
through a thickerdyer ofour atmosphere, resulting in even more scattering of blue light. The
more blue light you scatter, the redder the remaining sunlight appears, which is why sunsets
and sunrises often have brilliantly ruddy hues. This phenomenon also has important
consequences for light pollution, as we will se€dhapter 3.1: Introduction to Light Pollution.

Finally, some objectabsorbcertain wavelengthsf light entirely.For example, dustynolecular
cloudsare often opaque to visible light, shrouding our view of stars and solar sg&teimg
born inside as well as anything beyond thefortunately, thdong wavelengths of infrared
radiationare relatively unaffected by the dust, makimgrared telescopesiseful for studying
things that lurk in dusty corners die universe.

The Cosmic Speed Limit

All forms of electromagnetic radiation travel at tepeed of lightin a vacuum (the vast

majority of outer space is essentially a vacuum). The speed of liggn, denoted by the letter

c, is approximately 300,000 km/sec (186,000 mi/sec, or about 671 million mi/hr), and is the

fastest allowable speed in the universe. To put this number into perspective, if Utah were a

vacuum, light could make the trip from Cedaity to Salt Lake City in one millisecond. By the

SYR 2F |y SyYyUuANB aSO2yR:I GKS fA3IKG O2dA R KI @S

Lighttravels so fast that how long tiakes light to gesomewhere turns out to be a useful way
to measurethe universe Somewhat confusingly, laght-year (ly) isnot a period oftime, but
rather the distancethat light travels in one yeaOne lightyear is equal to laout 9.46 trillion
kilometers (9,460,000,000,000 km) sixtrillion miles.

13



Chapter 2.1: Light

Light from the surface of the Sun reaches Earth in about eight minutes, so we say that the Sun is
GSAIKYIAY deBE&EE gl ed . Se2yR 2dz2NJ { 2T NJ {&adaSyx
light-years, because using miles or kilometers quickly becomedersome. As a result,

looking at the night sky is, in a way, like travelling back in time. Even the light from the nearest
stars, travelling at the cosmic speed limit, takes years to reach us. When we look at a celestial
object, we are not seeing it asi$ now, but as it was in the past. For example, when we look at

the star Vega, located about 25 ligitars from Earth, we are seeing the light that was leaving

it 25 years ago. And Vega is our next door neigkbosmically speaking that.i¥he Hubble

Sace Telescope can see galaxies thatgfionsof lightyears away, giving astronomers a peek

into what our universe looked like in its infancy.

Measuring Lightwith the Magnitude System
Astronomers spena lot of time
looking at lightandhave long

needed a way to measure it. Fo
more than 2,000 years,

astronomers have used
apparent magnitudeto express /'
the brightness of objects in the 20" telescope limit (17) :

sky. When you hear a stargaze 6" telescope limit (14) ’ ]

N A “ , Binocular limit (10)
NBEFSNJ U2 I aH y Naked eye limit, dark site (7)
they are making a statement Naked eye limit, city (5)
about its apparent brightness.

<————— Hubble Space Telescope limit (31)

< Ground-based telescope limit (28)

Andromeda Galaxy (3) -
Polaris (2.5) i

TheGreek astronomer
Hipparchugleveloped the
magntude systenstarting
around 129 B.&He referred to
the brightest stars in the sky as
GFANRBRG YI 3yAaildz
RAYYSNIJ adl NB |
YIF3yAlGdzRSzZ¢ +y
a l.'l I NR& L'l K | L'l K S The Sun (-26.8)
YAy AGdzZRSPE | A
is whystar magnitudesoften
aSSY aol tomany NR
people the higherthe Figure 4-The apparent magnitude scale used to express the
magnitude, thefainter the star.  brig htness of objects in the sky. Also shown is the

magnitude of the faintest object detectable by various
telescopes. (NPS/Zach Schierl)

Sirius (brightest star, -1.5)
Venus at brightest (-4.4)

<——— Quarter Moon (-9)

Apparent Magnitude

<———— FullMoon (-12.5)

14



Chapter 2.1: Light

While the magnitude system has been tweaked over time, it still closely resembles the system
devised by Hipparchus so long ago. Figure 4 shows the magnitude scaleyusstbnomers

today and the magnitudes of several wielown celestial objects. The biggest change is that

the brightest objects in the sky, such as the Sun, Moon, planets, and brightest stars, are now
assignecdhegativemagnitudes.

It is important to noe thatthe magnitude sale s logarithmic. Movingne magnitude up or
down the scale corresponds to a 2.5x change in brightness. Moving up orfo@mmagnitudes
corresponds to a 100 folchangein brightnessFor example, gixth magnitude star is 100
times fainter than a first magnitude star.

Magnitude vs. Luminosity

While the apparent magnitude system is useful, it only tells us how bright aggerarsfrom
Earth, not how bright iaictuallyis. If we want to know the intrinsic brightness of a stattis,
how much light it actually emits, we must look atlisninosity. Luminosity is defined as the
total amount of electromagnetic radiation emitted by an object per second.

Apparent magnitude depends on two factors: the luminosity of the star, andfaoawayit is.
Because objects appear dimmer with increasing distaapparentmagnitude and luminosity

don't always correlate. Many of the closest stars to our Solar System are not even visible to the
naked eye because their luminosities are so lovedntrast, one of the most luminous stars in

the night sky, Rho Cassiopeiae, is barely visible to the naked eye because it is more than 8,000
light-years awayBe careful not to confuse luminosity with magnitude, and watch your step
around generic termsHKe "brightness" that could refer to eithef.able 2 compares the

luminosity, apparent magnitude, and distance of several celestial objectsttefuliustrate

this concept.

Table 2 Luminosity,apparentmagnitude, and distance of selected objeéts
: Luminosity . :

Object (relative to Sun) Apparent magnitude Distance
Sun 1 -26.8 8 light minutes
Proxima Centauri :
(closest star to Sun) 0.0017 11.01 4.2 lightyears
Altair (star) 10.6 0.76 16.8 lightyears
Deneb (star) 196,000 1.25 3227 lightyears
Mu Cephei (star) 283,000 4.23 5258 lightyears
Andromeda Galaxy 2.6x10° 3.44 2.5 million lightyears
Quasar 3C 273 ~4.0x10° 12.9 2.4 billion lightyears

15



Chapter 2.1: Light

Spectroscopy

Spectroscopys the study of the ways in which atoms absorb or emit electromagnetic radiation.
Spectroscopy involves usingpectrographto split light into its component wavelengths,

creating aspectrum(plural=spectra) ® , 2 dzQ@S Sy 3l ISR AYAD I EAADQAFISC
ever used a prism to display the rainbow of colors contained within sunlight or a light bulb.

If a photo of an astronomical object is worth a thousand words, then a spectrum is worth a
thousand photos. Analyzing the spectrum of a planet, stagalaxy is almost always more
illuminating than looking at a photo. Most modern research telescopes use spectrographs to
record detailed spectra of the objects they observe. Studying these spectra can reveal volumes
about the composition and nature of éise objects.

Some objects, such ascandescentight bulbs, emit aontinuous spectrun(Fig 5)That is,

GKSe SYAO tA3IKG I ONRaa | O2yGAydzz2dza NIl y3IS 27
temperature. At first glance, our Sun appears to emit a continispestrum, but in 1802 the

English chemist and physicist William Wollaston discovered something strange. Wollaston
Yy2U0AOSR (KFd GKS {dzy Qa »nadbvisédidievof the@pedain £ & O2 y
where no light was present. These gaps, now knowabssrption lines(Fig 5) were soon

found in the spectra of other stars as well.

. - Continuous spectrum

‘ | || I Emission line spectrum

I“ - Absorption line spectrum

Figure 5-Different types of spectra are emitted by different types of objects. Incandescent

light bulbs emit a continous spectrum (top). Hot gas emits light only at very  discrete
wavelengths, producting an emission line spectrum (middle). Light passing through a cooler

gas produces an absorption spectrum when certain wavelengths of light are absorbed by the

gas (bottom).j . ' 31 80 )i ACET A OEA 51 EOGAOOAQ

We now know that absorption lines are the result of atoms and molecules in a star's
atmosphere absorbing certain wavelengths of light. Each atom or molecule produces a
characteristic set of absorption &S, determined via laboratory tests. This means that
astronomers can usabsorption lines as a sort of chemical fingerptmtletermine what
elements exist inside a star or other object. Today, astronomers classify stars based on the
pattern of absorptiorines present in their spectra, a concept discussed in greater detail in
Chapter 2.7: Stars.

16



Chapter 2.1: Light

Low density objects, such snuousclouds of hot gas, emitery specific wavelengths of light
rather than a continuous spectrum. When this happens, we saythigaspectrum contains
emission linegFig 5) Somewhatike burning differensubstancesn aBunsen kbirner, the color
of the emission linealsotells ussomething about theeomposition of the objecin question.

Spectroscopy is a relatively new toollre astronomer's toolbox, and an incredibly important

2ySd® ¢KS O02yySOilAz2zy o0SG6SSy aLISOGNIE fAySa |y
1860, but since thespectroscopy has been used to discover the expansion of the universe,

measure the distanceotstars and galaxies, and reveal many otimsights into our universe.

Seeing in the Dark: Human Vision at Night

Stepping out of a brightly lit cabin or tent and looking up at a dark night sky can

0SXdzy RSNBKSE YAYyId 9@Sy ¢ KhEpbllutii Se hfve @ Koiisidar] & A &
another factor that determines how many stars we can see: our own eyeballs

A sunny day is roughly one billion times brighter than the darkest night, yet our eyes are able to
function in both environments. How do our eyemnage to see well during the daytime, yet
also glimpe faint galaxies millions of lightears away at night?

The answer lies in the anatomy and physiology of our eyes. Our retinas contadfiffievent

types of imagdorming cells:rodsandcones Cones function best when there is a lot of light
entering our eye. They are responsible for our daytimelwtopic vision but are almost

useless at night. Cones are unique in their ability to detect color. This is why at night, when our
cones lie dormat due to low light, most objects appear gray and monochromatic (Fig 6). Only
the brightest celestial objects, such as planets and some bright stars, are bright enough to
activate our cones and allow us to see their color.

Figure 6-On the left is an image of the Lagoon Nebula taken with a backyard telescope. The
true color of the nebula, reddish -pink, is apparent in the long-exposure photograph. On the
right, the photo has been altered to approximate what the human eye would see when
looking at the nebula through the same telescope. Because the nebula is not bright enough to
trigger the color -seeing cones in our eyes, the nebula appears gray and monochromatic .
(Zach Schierl)

1/



Chapter 2.1: Light

In contrast, our rods function axirably in low light. Rods are responsible $optopic vision or
night vision which we use anytime we are in a dark environment. Somewhat like transition
lenses for eyeglasses, our rods need a period of adaptation when going from a bright
environment toa dark one. Rods need at least20 minutes of darkness before they reach
their greatest sensitivity, leading to the temporary blindness we experience when goingfrom
bright room to a dark roon.

The process of allowing our rods to achieve maximsensitivity iscalleddark adaptation
Duringdark adaptationpur eyes become roughly 100,000 times more sensitive to faint fight.
Unfortunately, een very brief exposure to a bright source of light, such as a flashlight, cell
phone screen, oabright moon, can completely reset the dark adaptation procesgventing
your eyes from rachingtheir full potential for another 30 minutedn many urban and

suburban areas, light pollution itself is bright enough to prevent our eyes from ever achieving
full dark adaptation’

During the day, our eyes are most sensitive to green and yellow light, but at nigbyes
become more sensitive to blue wavelengtii®r this reason,stronomers often use red lights
at nightto help preserve dark adaptation.

High devation also linits our ability to seavell at night Thedecreased oxygen suppdy high
altitudes actualljlimitsthe effectiveness of our rods. Rod sensitivity has been found to

decrease by 5%t 1100 meters (3600 feet), 18% at 2800 meters (9186 feet) 3&A6l at 4000
meters (13,123 feet) without the use of supplemental oxy§&vhile a 14,000 foot peak might

be a great place to put a telescope (because the thinner air minimizes atmospheric distortions),
itQ@dot be the best place to look at the night skytlwihe naked eye

Review

Common misconceptions

Below is a list of commonly encountered misconceptions about light. As a way to review
content from this chapter, see if you can explain why each misconception is inaccurate:

1 Alllight is the same; there isity one kind of light

Radio waves,-kays, ultraviolet raysetcX  NB y 2 (dight® LJIS&a 2 F
Planetsishinet the same way that the Sun daes

Planets emit their own visible light

A lightyear is a measument of time.

It takes only a few minutes for yoeyes to adapt to the dark

= =4 =4 4 A
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Chapter 2.1: Light

Questions for thought
1 Light travels at a finite speed. What are some consequences of(thiis2 think about
how we commnicate with distant spacecrajt.

1 Many images from largeelescopes such as Hubble are fatedorimages. Wat does
this mean? Are these images real? FaeW would you describe this concept to
someone?

1 The human eye can see objects down to magnitGae 7 from a dark site. Thdubble
Space Telescope can s@gects downto magnitude 30. Approximately homany times
more sensitive is Hubble to faint ligbdmpared to the human eye?

1 Given that the human eye requires ~30 minutesléok adapt how many people ever
get to see dully dark-adapted view of the night sky? Can you think of any situations in
which dark adaptation might be impossible?

1 Many wavelengths of lightsuch as infrared andnays)are blocked partially or
completely byEarttQ a I (i Y. Haw dikeSistiBnhomers able study objects that emit
thesewavelengths?

1 How does spectroscopy help astronomers better understandutiieerse& What
AYF2NXYIGAZ2Y R2 S 3S3G FTNRY 3&ldSkbagaiand O2 LR (K
object through a telescope?

For More Information

1 Astronomy CadEpisode 160Across the Electromagnetic Spectréim
http://www.astronomycast.com/2006/12/episodd 6-acrossthe-electromagnetie
spectrum/

T akKS adzZ GAgl @St Sy 3 (itpsdmwimiv.gsfchdsagov/ 6 b ! { ! 0 Y

T a¢2dzNJ 2F (GKS 9t SOUG NE MtbsT/gcncendsafavddns i NHzY ¢ o6 b!

{ dThe Stellar MagnitudSystens o6 { 1 & 3 ¢Sf Sa02LIS0Y
http://www.skyandtelescope.com/astronomyesources/thestellarmagnitudesystem/
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http://www.skyandtelescope.com/astronomy-resources/the-stellar-magnitude-system/




CHAPTER2.2: CELESTIAMOTIONS

Star trails over La Verkin Creek, Zion National Park, Utah. This long-exposure photograph
looks east, and capture sthe motion of stars rising above the canyon rim. Hidden just behind
the tree branches at upper left is Polaris, the North Star. All ot her stars appear to r evolve
counterclockwise around this point as the Earth rotates on its axis. ( Zach Schierl)
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Chapter 2.2: Celestial Motions

Chapter 22 Goals
After reading this chapter and participating in the corresponding workshop activities, you shoult
able to:

f 'a4S 9FNIKQa NRGFGA2YZT 2NBAGE FYyR 2GKSNJ Y:
of objects in the sky and the natural cycles of light and dark on our planet.

1 Describe how and why the apparent motion of the Moon and planets differs frorapharent
motion of the stars and constellations.

Introduction

Humans have been watching the sky since antiquity. Today, stargazing is usually a leisure
activity, but this hasn't always been the case. Our ancestors had a much stronger connection
with the Ky than we do today, not necessarily because they wanted to, but because they had
to. The predictable motions of objects in the sky were the means by which humans have
historically kept time and navigated around the globe.

While most of us have traded stafor smartphones, there is still value in learning why the sky
looks and changes the way it does. Understanding celestial motions can help you better
understand our place in the universe, and is of great practical use when operating a telescope.
For themost part, the changing appearance of the sky is mloito the movement of the stars

or planets themselves, but rather to our owh ¢ y* S {didd &hroge space.

Diurnal motion

From an earlyage, most of us become familiar witlow the Sun rises in the eband sets in the
west. Thigs anapparentmovement caused by thEarthQ @ounterclockwise (as seen from
above the North Polaptation around its axisTo experiencghis for yourself, stand up straight
and slowly rotatecounterclockwiseNotice how sationary djectsappear (or rise) and
disappear (sgtfrom yourfield of visionas you rotate, just like the Swappears to rise and set
RdzS (2 {rétafon9 | NI KQ&

Because our lives increasingly take place indoors at night, or under the liggtgsollution, we
often overlook the fact that this same motion occurs at nighte rotation of theEarthcauses
nearlyeverything in the skyincluding the Moon, planets, and distant galaxiesrise and set

on a daily basis.HE dailyrising and setting ofbjectsdue toEartlQ & NIZsikholria® y
diurnal motion. Due to diurnal motion, nearly all species on Earth have evolved under natural
cycles of light and dark stemming from the rising and setting of the Moon and Sun.

The easiest way to see this motitor yourself ighrough atelescope While ©me telescopes
havemotors that follow, ortrack, objects as thgmove across the sky, many othelg not.
Observea starthrough a nommotorized telescope and you will witneggrift from the field of
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view in amatter of seconds or minutess theEarthQ a
rotation carriest across the skyit can be tempting

to attribute this motion to themovement of the stars
themselves, bt in reality it issimply amanifestation
of our ownLJt | yr&afiaR.a

Circumpolar stars and constellations

One special casethe stars and constellations
located near thenorth celestial pole the pointin the
sky located directly abovearttQa y 2 NI K 3
pole. Thigoint is, at the momentnearthe 48"
brightest star in the night sky, a star we d2dllaris

or the North Star Because Polaris is clogeligned
withtheEarttQa NR GF GA2y € | EA
less stationary in our night skkig 1) Stand and
rotate againonly this timefix your gazeon an object
directlyaboveyour headthat is, aboveyour
rotational axisAs you spinnotice how this object
remainsstationary, while objects in your peripheral

Figure 1-Stars "trail" in long -exposure

vision appear to rise and set. photographs because Earth's rotates
on its axis. The North Star, Polaris, is

Here in theNorthern Hemisphere starsappear to the star that appears stationary in the

revolvecounterclockwise arounthe north celestial center. (Zach Schierl)

pole (Fig 1). The further a star is from thegdhe larger circle it will trace ou€onsequently,
stars and constellations thdie very close to the north celestial pole trace out such small circles
that they might neversetfrom your location These are known asrcumpolar starsand
constellatiors. The closer you are to the North Pole, the more of them there wilNmge that

this idea holds in th&outhern le¢misphere where all stargppear to rotate around theouth
celestial poleUnlike the relatively bright Polaf®wever, theSouth StaSgma Octantisis a

dim bulb, ranking ashe 2707" brightest star in the night sky.

What is a day?

Earth take223 hours and 56 minute® completeone full rotation on its axis.hisperiodis

known as asiderealday, and is also the time it takes forgavenstar to return to theexactsame
spot in the skyAsolar day the time it takes fothe Sunto return to the same spot in the sky
(i.e., on to noon) is four minutes longe24 hours Thisslightdifference isdue to9 I NJDrkitQ a
around the Sun. In the timit takesEarthto rotate once,we have moved about®lin our orbit
Therefore, the Eartimeeds to rotate for an extra four minutes before the Sun returns to the
same spot on the sky (Fig 2).
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Star overhead Earth at Noon
(Day 2)

Sun and star overhead Earth at Noon

Distant star (Day 1)

Earth’s orbit

Figure 2-The four minute difference between the sidereal and solar day is due to the fact that
Earth is also moving in its orbit around the Sun . (NPS/Zach Schierl)

Annual motions

Earthorbitsthe Sun at an average velocity 18,000 km/hr(67,000 mi/h). Celestial motions
that result from ourorbit are known asnnual motiors. It takes one year (ofannune), or
365.25 days to be precise, for th®arthto complete one full orbit around the Sun. Because of
that extra quarter of a day, we addi@ap dayto our calendar every four yeardust as€arth
rotates counterclockwisat (and all the other planetsylso orbits the Sun in a counterclockwise
direction as seen from abowvbe North Pole.

As weorbit the Sun, the night side of
Earthfaces out into different directions
of space, giving us the pleasure of
seeing different stars and consteilans
at different times of yea(Fig 3).

SOl dza S 2 F w@&Hawl K Q 3
sunmer constellationgndwinter
constellationsIf not for annual motbn,
sSQR aSS GKS arys
the year

Due to our orbital motiona given star
will rise about four minutes earlier eac
night. This may seemnivial, but it adds

up to about 30 minutes per week and 2
hours per month A star rising in the Fjgﬁ{eﬁ-The ;s;ars arr:d (t:?r?steIIationséha:Lwebstee at
« o L P night change throughout the year as Earth orbits
caa u b4 YARYAIKU 2 yhe sunand the night side of Earth faces out into
rise at 8 pm by the end of February different directions of space. (Lunar and Planetary

Institute, Houston)

24



Chapter 2.2: Celestial Motions

The Reason for the 8asons North Celestial Pole |
One of themost prevalent misconceptions in
astronomy is that theseasonsare caused by
changes in théearthQ distancefrom the Sun.
Because our orbit ian ellipse, not a circle, our
distance from the Sudoesvary, although this is
not the cause of the seasons. Eartlelissest to
the Sun {47 million km, 0©1.4 million mi) in
early January, at a point in our orbit known as
perineliond . & GKS C2dzNIIK 2
our greatest distance from the Subb@ million
km, or 95million mi) at a point known as
aphelion. The fact that we are closest todtSun
in Januarywhen most of the U.S. is p&riencing

the bitter cold of winteris often sifficient to Figure4-4 EA %AOOEB O Of Of
debunk the idea that seasons are related to ourlilted 23.5° relative to the ecliptic (the

. plane of our orbit around the Sun).
distan@ from the Sun. (NPS/Zach Schierl)

South Celestial Pole

Seasons are actually the result of tBarthQ @xial tilt combined with our orbital motion. Our
rotational axis is tilted by 23.5° relative to the plane in which we orbit the Sun, known as the
ecliptic (Fig 4)While our rotational axiglways tilts tovards Polarigat least on human
timescales)the orientation d the tilt relative to the Surthangesas we orbit(Fig 5. Onone

side d our orbit, the Northern Hemispherkeanstowards the Sun, whilsix months latethe

March Equinox

(Spring - N)

(Fall - S)
June Solstice 4 December
(Summer - N) Solstice
(Winter- S) _.4; /7 (Winter - N)

.’ (Summer - S)

5
September equinox
(Fall - N)
(Spring - S)
Figure5-4 EA %AOOESO A@EO | AET OAET O A AT T O0AT O (
hemispheres being tilted toward the Sun at different points in our orbit, causing the
changing seasons. (Wikimedia User: Colavine, public domai n)
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Southern Hemisphere leaatowards the Surwhile the Northern Hemisphere leans awgdyg 5.

When a given hemisphere is leaning away from the Sun, it follows a lower path across the sky
each day (Fig 6), resulting in fewer hours of daylight and less solar heating. Solar radiation also
strikes us less directly when the Sun is lower in the sky. These two factors combine to produce
the colder temperatures we
experience during local winter.

Thepoint in our orbit when the /,'
Northern Hemisphereleans most

directly towards the Suis known

as he summeror Junesolstice

(Fig 5)On the dher side ofour

orbit is thewinter or December

solstice when the Sun is up for the

shortest amount of timen the
Northern Hemisphere In between
are thespring(or vernal)and
autumnal equinoxes the days
when neither hemispherés

Winter

Figure 6-Frommid-I T OOEAOT 1 AOEOOAA
leaning towardhe Sun and day  across the sky is much shorter and lower dur ing winter
and night areoughlyequal for all than itis in summer, leading to fewer hours of daylight

and colder temperatures. (U.S. Naval Observatory
Astronomical Applications Department)

locations onEarth

The Zodiac and Ecliptic

LGQa 2RR (2 GKAY]l lFo062dzi> odzi GKS aidlFNB 6S asSs
see them because thekyis so bright. Imagine for a moment that we could magically darken

the daytime sky behind the Superhaps byonjuring atotal solar eclipse We would see the

Sun superimposed on a canvas of background stars and constellations. As we orbit the Sun, it
appears taa g |y Eh@®dghthe stars andonstellations, eventually returning to the same

position relative to the stars one year ¢at The apparent patbf the Sun across the sy

calledthe ecliptic, whichalsorepresents the plane of owrbit around the SunThe movement

of the Sun along the ecliptic over the course of a year is anathgortant annual motion.

During its annugjourney around the ecliptic, the Sun passes throaget ofconstellations

collectively known as theodiaco CA 3 170 ® 49 O0f ALJIAOE yR &l 2RAI O¢
perhaps due to theiprominencein western astrology. While astronomy and astrolagere

intertwined centuriesago (Johannes Kepler, who established the laws of planetary motion in

the 17" century,often paid his bills by making astrological predictions for kings and other

nobles), today they are twaonrelateddisciplines, withdrastially different goals and motives.
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As MasterAstronomers the zodiac and ecliptic are importalll the planetsorbit in more or
lessthe same plane as thearthand Sun, so they too appear to follow the eclipis does our

Moon. Thus, if we want tobserve planet®r the Moon
the zodiac constellations are where wal find them. Fun Fact

¢tKS g2NRa alz22¢
Astronomers are often asked aboastrological signs or | derived from the same rootnost
G & dzy' & A Jagtéoloyical cokcBgiate rooted in of the zodiac constellations

GKS FIFO00 GKIG GKS {dzy A a| fepregehténinalsa Ay ¢ 2ylS 27F
constellations (that ign front ofits stars during the
daytime). Your sun signssipposedlythe constelléion that the Sun wasing on your birth date.

This topic reveals amportant distinction between stronomy and astrologybue to the

wobble of theEarthQ& | EA & 2 @S NI ( AiveSirseach foSiacdndisflatighFor the2 y 3 S NJ
sameperiod of time itdid millennia agavhen the astrological signs were first established

Table 1 Bows the dates that the Sun resides in easfronomicakzodiac constellation in the

present day. Furthermore, while the astrological zodiac famously contains twelve

constellations, the Sun actually passeough a thirteenth:Ophiuchusthe Sepent BearerlIf

you were born between Nov 8tand Dec 1%, consider yotself lucky to be an Ophiuchan!

Our Changing Moon

{2 FINE |ff (GKS OStSaildAlft Y22uA2ya ¢S KIS RAA
either rotational or orbital, througlspaceb SE(i 6S5Qt t SELX 2NB K2¢ GKS Y
objects, such as the Moon and planets, affects our sky.

While we now know that not everything revolves around us, at least one thing still does: the
Moon. The Moon rises and sets each gagt like theSun and stars, due to the rotation of the
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Table 1: The Astronomical Zodiac Constellations

Zodiac constellation:

Sun in residence from;

Length of stay:

Aries(Ram) April 19¢ May 13 25 days
Taurus(Bull) May 14¢ June 19 37 days
Gemini(Twins) June 20z July 20 31 days
Cancer(Crab) July 21¢ August 9 20 days
Leo(Lion) August 1Q; September 15 37 days
Virgo(Maiden) September 1& October 30 45 days
Libra(ScaleBalance October 31¢ November 22 23 days
ScorpiugScorpion) November 23- November 29 7 days
OphiuchugSerpent Bearer) November 30- December 17 18 days
SagittariugCentaur Archer) December 1& January 18 32 days
CapricornugSeagoat) January 1€, February 15 28 days
Aquarius(Water bearer) February 1& March 11 24 days
PisceqFistes March 12¢ April 18 38 days

Earth. However, because the Moon also orbits Eartbe every 27.3 days, its movement and
appearance in the sky is more complicated.

The Moo @rbit around Earth is inclined by abobt relative to our orbit around the Sufirig

8). As a result, th&oon generallyfollows the ecliptidike the Sunbut deviates from islightly.
Because the Moon orbits us once every 27.3 daig in a counterclockwise direction as seen

from above the north pole)it makesa complete circuit through theadiac about once per

month instead of once per year like the Sihile the stars rise four minutes earlier each
YAIKGZ 0SSOl dzaS 2F (KS a22yQa NILAR Slkadsl NR
50 minutedater each night.

Lunar Phases

Unlike mary other objects, the 2 2 Yy Q& | Lchal§gkeshis iyh®$&s across the sky. The
Moon goes througta complete set ophasesevery 29.5 days (Fig 9Lan you guess where the
g 2 NiRonth comes from?) What causes the Moon to behave in this way?

The first thhg we need to understand is that the Moon does not emit its swgible light We
see the Moon only via reflected sunlight. Because the Modroigghly) sphericahalf ofit lit

by the Surat any given moment. Which phase we observe from Earth sidgggnds on how
much of the lit half we can se&/hen we can see the entire lit half, we call it full moon. When
the lit half faces away from us, we call it new moon.
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_ Typical
ane of o fullmoon
oon
Earth-sun ‘ot;:d garth Yy
orbital plane e
Typical
new moon
Figure8-4EA -T1180 1T OAEO AOiT O1 A %A O Gstin ofbifal plaheANotE 1
that this figure is not drawn to scale. (Byron Inouye, University of Hawai'i )
first quarter
waxing gibbous ‘) waxing crescent
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waning gibbous waning crescent

third quarter
Figure 9-The phases of the Moon (Wikimedia user: Andonee, CC BY¥SA 4.0
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Tosimulate lunar phases for yoursettand about six feet away from a bright lamp (the Sun)

located near head level. Findgalf ball(or any reflective spherojdo represent the Moon. You

get to be the EarthBegin byfacing the lamp antiolding thed | £ £ 2 dzi  I. Boldithdly Qa f S
Moon slightly above obelow the lamp sat does not block your view of the lighRemember

that the Moon orbits on a plane inclined 5° to the Eagin system, so this is realistin this
orientation, note how the etire lit half of theMoon is facingawayfrom Earth meaning that

we cannot see it at all. This is a new moon.

Nowrotate 180°andface away from the lampAgain, 2 f R G KS 6 I thfandklighthy Ny Qa f
above your head so that light from the lamp hitsSNotice howthis time the entire lit half of

the Moon is facing you (the Eartep we see &ull moon.By rotating and holding thgolfball in

different positions, you casimulatethe entire set of lunar phases shown in Figure 9.

The Moon always kexs the same hemisphere facing Earfhis is not because the Moon

R2SayQi NROGIGS 6AG R2Sa0 odzi 6S0OldzasS GKS az22y
axis as it does to orbit us (about 27 days), a phenomenon knowyrafironous rotation The

sidewe never see fronkarthis known as théar side Howeveryou may have noticed during

the golf ball activity thathe far side of the Moon i by the Sunduring new moonWhile

there is afar side of theMoon, there is no perpetuallgiark side. Pink IByd was wrong.

Eclipses

. SO0ldzaS (KS a22yQa 2NDbDAG A& AYyOftAySR o0& pc (2
slightly above or below the Sun at new moon. About twice per year thouglEahiy Moon,
andSunlineupandthé S ¢ Y22y O2YLX SGSte& 2NJ ThiskeIsdldr f f & o0f :
eclipse.When the new moorcompletelyd f 2 O1 a G KS { dnyfaDsblarRchipse = ¢S 3IS
Fff26Ay3a dza G2 aSS (KS ofadsfQqTotdl salarSedlipsesiare 2 & LIK S NS
possible because the Moon and Sun have roughly the same apparent size. While th@adoon

only 1/400" the diameter of the Sun, it just happens to be about 400 times closer

Figure 10-4 EA OEOAA OUDPAO 1T &£ Oi1 A0 AAI EPOAOGY 01 O
(center), and annular (right). (Total/partial: NASA/MSFC/Joseph Matus Annular: Wikimedia
user Smrgeog, CC BYSA 3.0
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Total solar eclipses are rare, and mofeen the new moon blocks onjyart of the Sungcausing

apartial solareclipse(Fig 10). A thirdariety, anannular solareclipse occurswhen the Moon

isi22 &aYlLtft O60GKS a22y Q& | LI NByid &aATS OIFNASE 0!
block the entire sun, resulting in a narrow ring of sunlight around the dark Moon (Fig 10). When

you witness a solar eclipse, you are essentially standiigdnrS a2 2y Qa aKI|lI R2gd | 2
because the Moon is small compared to Earth, the shadow only covers a smtialh @f our

planet, meaning that any given eclipse is only visible fcemain areas 09 I NI K Q& & dzNF I OS

Lunar eclipsesan occur during full moon, when thlgarthpassedetween the Sun and Moon.
In this casethe normally bright full moon darkesas itentersEarttQ & & KiheRvbéndever
goescompletely dark becausef sunlightrefracted through our atmosphere to the surface of
the Moon This causes the characteridtiark red or orange colasf the Moon during a lunar
eclipse(Fig 11). Because tifel NI K Q & maidk large? than thé Mooitself, lunar eclipses
last longer ad arevisible acrosa much larger portion dEarth as smpared to solar eclipses.

Lunar Influence

Because of its proximityp us, the Moon influences life on Earth more than any otbelestial

object besides the Sulror example,lte Moon is by far thérightest source of natural light at

night. On the handful of nights around full moon, its illumination dramaticdtlrsthe

nighttime environment Moonlight is known to influence animal behavior and physiotpgpd

likely influenced human behavior as well prior to the advenglettric lighting? Unlikelight

pollutonz Y22yt A3IKG A& | ylFiddaNFf &d2dz2NOS 2F f A3IKG

The Moon is alsohe primary cause of ourdes (the Sun alsolpys a small role)t is large
enough and close enough that the side of the E&athingthe Moonexperiences a stronger
gravitationalattraction than the side &cingaway. Thisauses the Earth to physically flex in
response to the uneven gravitationalilh The most obvious consequence of this is the cyclic
rising and falling of water levels liarge bodies of watesuch as oceans and the largest lakes.
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Wandering Stars

Ancient Greek sky watchers noticed that out oftladl stars in the sky, there were five thai

addition to rising and setting each dayandered anong the stars. fley called theniJt | vy T (0 S &
astere§ YSIFYyAYy3 daél yRSNRY I phrnkets MBildothe Gte2lRWwate> ¢S O
certainly not he first to ndice the peculiar motions of these objects, astronomers nevdese

use their name to this dayrheplanets appear to move relative to the fixed stars because they,

like theEarth are in orbit around the Surll eight major planets orbih nearly the ame plane

as theEarthand Sun so theglosely follow the ecliptic and can always be found in one of the

zodiac constellation-ig 7, 12.

Inferior planets those closer to the Sun than uasndsuperior planetsthose further from the

Sun than usbehavedifferently. The inferior planets, Mercury and Venus, nesteay far from

the Sinas seen from EarttBecauséMercuryQa 2NDBA G f ASa az 0O0tz2asS G2
more than 28degreesaway from the Sun in our skfAdegreeis an angular measurement on

the sky, equal to 1/3600of a circle. The sky from horizon to horizon spanso.l&écause we

have to lookoward the Sun tasee Mercury, its only visible in twilight eithgust after sunset

or just before sunriseMostof i KS GAYS Al A& a2z Of2as G2 GKS {d
entirely. Venusis slightly easier to spot, bgtill never gets more than 48° away from the Sun

Neither Mercury nor Venus will ever be visible in the middle of the night.

In contrast the superior planets can be seen at any time of nigepending on where they are
in their orbit relative to Earth. Superior planets drest observed when they readpposition,
the time when they are directly opposite the Sun in the sky and at thgirdst point in the sky
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at midnight. The superior planetppearbrightest and largest duringppositionbecause we
are closest to themBy definition, the inferior planets can never appear opposite the Sun in the
sky because they are closerttee Sunthan we are.

Because achplanet orbits the Sun at a different speeshch planet also traverses the zodiac at
a different rate.Panets closer to the Sun complete an orbit faster than those further out.
Venus, for example, appearsitace around the skyugckly, while Saturn talsdecades to
complete a circuit of the zodiac and remainsible in the same gemal part of the sky for years
at a time Information on the current visibility and positions of the planets can be found in
astronomy periodicals awnline, such as dittp://www.nakedeyeplanets.com/visibility.htm

Slow Motions

9 NI KQA 2NDBAG FYR NRiOFGAZ2Y O2Y0AYSR 6AGK (KS
ever changingiew ofthe sky2 K A f S na@wsdédesl themotions that control what our sky

looks like on a day to day basis, many offafect the appearance of the skydarger

timescales2 SQf f ONARSFte 221 G az2vy$sS 2F GKSasS Ay Gf
Precession

EarttDa N ( | dwvabblgstoter tim&ih @process callexial precessiorfor simpy

precession. While theamountof tilt changes slightly (betweer22°-24.5° over 41,000 yesy, it

is thedirectionof the tilt that changes more dramatically. Over a 25,772 year period, the axis

traces out a circle in the night sky. In other worili& celestial pols are not fixed relative to

the stars, but instead wander around the northern and southern sKies means that whave

Figure 13-Circles representing the precession paths of the north (left) and south (right)
celestial poles. Cross indicates the current position of the poles. (NPS/Stellarium)
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different north starsthru time (Table2). As of 2017, Polaris lies within one degree of the north
celestial pole, makipit a decent north star. As we speak, the north celestial pole is drifting
evencloser to Polarisand by2100will be within one half degre@he diameter of the full

moon) of the star® From that point onward, th@orth celestial pole wilbegin leavind®olaris
behind In less than a thousand years, Polaris will no longer be an accurate north star.

Figure 13hows theprecession of the north and south celestial polstice that most of the

time there is no bright stanear either pole2 S Qftidanate right now in theNorthern
Hemisphere. Polaris is the #®rightest star in the sky, making it bright enough to be seen from
all but the most lighipolluted locations|t is ane of the brightest stars to come near either
celestial pole during the entire52772 year precession cyélén contrast, the closest nakezye

star to the south celestial pole is, as of 2017, Sigma Octantis, which rank& By #ffightness’

Table2: Past and Future Pole Stars

Years from Now Closest Pole Star
-9400 (7400 BCE) Rukbalgethi Shemali (Tau Herculis)
-4800 (2800 BCE) Thuban (Alpha Draconis)
-3000 (1000 BCE) Kochab & Pherkad (Beta & Gamma Ursa Minoris
Present Polaris(Alpha Ursa Minoris)
+5500 (7500 CE) Alderamin (Alpha Cephei)
+8000 (10,000 CE) Deneb (Alph&ygni)
+12,000 (14,000 CE) Vega (Alpha Lyrae)

Proper Motion

2 KSy ¢S 0FLt1 Fo2dzi GKS Y20SYSyid 2F (GKS {dzy 2N
stars. But are the stargallyfixed? Over the course of a single human lifetimeytiertainly

seemto be; constellatiorpatternsR2 y Qi OK I y3S | LILINS OAButdte 8tar® y K dzY
aremoving, as is our Sun and entire Solar8G SY® 2 S R2y Qi Sl aAirte y20AC
that afastmoving,high-altitude jetliner appears to creeglowlyacross the skyThe stars are so

far away thateven though they are all moving rapidiydifferent directions, it takes many

years for us to detect that movement.

The slow and gradual shift in the relative position of the stars over time is knopwopsr

motion. Only a few stars are close enough for this effect to be detectableackyard
astronomers. I Ny I NRQa {0FNE Ay GKS Oz2yaidStftldAz2y h LIk
any starand it only moves the equivalent of half the diameter of the full moon in a typical

human lifetime® On large timescales, these small changes add up thdstgh patternssuch as

the Big Dipper and Orion that afamiliar today will look very different diénnia fom now(see

Chapter 3.2, Figure)2
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Galactic Motion

On a1 evenlarger scale, the Sun and all the other stars, gas, and dust iMitdoyr Way Galaxy
are orbiting the center of the galaxy at roughi25,000 km/hr 450,000 n’hr). While this is an
incredible speed, thdilky Way is starge that it still takes th&unabout230 million years to
complete one orbibf the galactic centetConsequently, this movement does not change our
view of thesky in anysignificantway.

Furthernore, theMilky Wayis itself moving with respect tother nearby galaxies:or example,

we are hurtling towardur nearest large galactic neighbtine Andromeda Galaxy, about
320,000 km/hr 200,000 niYhr). Astronomers forecast eollision of titanic poportions in

several billion years, although the likelihood of any two stars or planets colliding is essentially
zero, due to the fact that galaxies arestly empty space.

Universal Epansion

Finally, we now know that theniverseas a whole is expandingnd that almost all galaxies
(except those close enough to be gravitationally bound to each other, likBlitkg Wayand
Andromeda) are moving further and further apart from each otfAdre Milky Way is oving
away from every galaxy in theniversell K I G A a y Q fLocal GradipNghlaxi2sivhilg dzNJ
such motions aremportant for understanding the origiand evolution of theuniverse they
simplyR2y Qi I FFSOG K26 ( ESthoyfdniht to nighi bsisk LILIST NA T NP

Table3: Celestial Mdion Cheat Sheet

Motion: Why it Happens

Rise and set of th8un, Moonplanets, and stars| Daily rotation ofEarth

leferent stars/constellations visible at different Orbit of Eartharound the Sun

times of year

Sun travelshrough thezodiacconstellations Orbit of Eartharound the Sun

Sun appears higher in the sky in summer than| TiltofEarttQa | EA & O2 Yo A
winter motion around Sun

tflySaa | LIISENI G2 a g | Orbitof planets around the Sun

stars combined withEarttQ& 2 ND A G |
Constellatiorpatterns change slowly over Motion of Surrelative toother stars
thousands of years within the Milky Way Galaxy

North star changes over time Wobble ofEarttQa NRB O G A2 Y
Review

Commonmisconceptions
Below is a list of commonly encountered misconceptions about celestial motions. As a way to
review content from this chapter, see if you can explain why each misconception is inaccurate:
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=A =4 =4 4 4 -4 -4 A A

Orbit and rotation are the same thing

It is hotter h the summer becausgarthis closer to the Sun

Day and night arexactlyequal on the equinoxes.

The Moon has a perpetualtark side

The Moon does not rotate on its axis

The phases of the Moon are caused by Hethcasting its shadow on the Moon
The Full Moon controls human behavior

The Nrth Sar is constant Y R R 2h&rgye/nibiie

Thee are 12 zodiac constellations.

Questions for thought

1

Think about the constancy of celestial motions over time and the patterns of light and
dark created by theising and setting of the Sun and Moon. How have these patterns
influenced organisms oBarth? Do humans have anmyfluence over these patterns?

Imagine you were an astronomer several thousand years ago observing the night sky.
What might you have made tfie complex motions of the Sun, Moon, and planets?

In an age when few of us still navigate or tell time using the stars, why might it be
important for people to understand celestial motions and hdw hight sky worka

How do celestial motions affect you as a stargazer? As a telescope operator?

Mars rotates on its axis every 24 hoansd 37 minutes, and orbits thau® every 780
Earthdays. How would celestial motions be different (or the same) on Mars? Would the
Sun and stars still rise and set? Does Mars have seasons? Do you need other information
to determine the answer?

Do other planets in th&olar System experience eclipsesdikve do? What is needed for
an eclipse to occur?

For More Information
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T

Kinesthetic Astronomwctivity on elestialmotions, developed by Cherilynn Morrow
and Mike Zawaskhttp://www.s pacescience.org/eduresources/kinesthetic.php
Stellarium(free open sourcelanetarium software for your computgr
http://www.stellarium.org/

oVisibility of the planets http://www.nakedeyeplanets.com/visibility.htm



http://www.spacescience.org/eduresources/kinesthetic.php
http://www.stellarium.org/
http://www.nakedeyeplanets.com/visibility.htm

CHAPTER2.3: HISTORY OFASTRONOMY

Chaco Culture National Historical Park, a unit of the National Park Service that protects the
remains of numerous archaeoastronomy sites. (National Park Service)

37



Chapter2.3: History of Astronomy

Chapter 23 Goals

After reading this chapter and participating in the corresponding workshop activities, you shoult
able to:

1 Provide examples of the roles the sky played in the lives of ancient societies and develop a
appreciation for the sky as an important cultural heritage resource.

I Explain the significance of seveaachaeoastronomical sites, and summarize the challenfes
ascribing astronomical significance to archaeological sites.

9 Describe the rise of astronomy as a scientific discipline and human understanding of the un
at the dawn of the telescopic age.

Introduction to Archaeoastronomy

Before the telescope wainvented, astronomy was limited to what we could see with our

naked eyes. It may seem strange that observatories were built many years prior to the advent
of the telescope, but there was plenty to dihe Earthneeded neasuring The distances to the
Sun,Moon, and planets needed to be determinddavigators needed a way to accurately
measurelongitude and latitude And calendar makers neededfigure out how to make the

days, weeks, anseasondit comfortably into a yearThese are all things that wake for

granted today but that posed great challenges to skywatchers of the .past

Archaeoastronomys a combination of archeology and astronomy. It is the study of the
astronomical knowledge of ancient or prehistoric culturdser® is a lot of guesswogdnd
professional disagreement in archaeoastronomy because history is not an open book.
Architecture, paintings, statues, and other physical remains ¢batdbe astronomical in
nature are often placed into the archaeoastronomgtegory but consensus iten a hard
fought battle.

Many possiblarchaeoastronomy sites exist around the world, but few that are obvious

observatories. Stonehengeose oftcited example, anderves as a good example for the

possibilities and problems of archaeoastronomy in gahdn 1720, William Stukeley worked

GAOGK | AGNRPY2YSNI 9RYdzyR I ffSe 62F I+HfftSeqQa /2
purposely laid out to aligwith the north magnetic pole. He believetat its builders knew

about magnetisnand even tried to date the site using this assumptistukeleyestimated that
Stonehenge was completed in 460 B®Bwevermodern archeologists place the beginning of
construction around 3000 BCE and the end of construction around 1600 B€&sems hat

Stukeley was over a thousand years off.

{Gdzl St Se g1 ayQi dzyAljdzS Ay KAa 3INIYRA2AS aidl ds
non-predictive theories have arisen over the years that Stonehenge begins to feel like a giant
catalyst for wishful thiking. But what do we actualknowabout it? We know Stonehenge was
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built by humans. We know that it took over a thousand years to construct. Those are facts. It
makes sense that the people who constructed it built it for a reason. But what that reason wa
is much less clear.

One of the inherent problems of archaeoastronomy is that many possible sites come from
times and places where people were naing written languageéAlthough we lose languages
every day, there are still around 7,000 distinct langusagethe world and only about 200 are
written language$.Many languages were simply never written. For a large portion of human
history writing was often difficult (carving) or expensive (printing) or easily worn away by time

(paper/papyrus).

Stonehenges one of the best known mystergegalithsin the western world, but is not

unique; a large number of megalithic sites exist all over the plaviegalithic structures go way

back and are found all over the world. Wurdi Youangustralia may have stones to mark the
solsticeand equinoxes while El Infiernitoin Colombiamay have been used to track the

equinox”* Stones may have been erected to track the Sun, Moon, or stars, or they may have

been used as large sundials. Inany ZaseK dzY I YA 1@ Qa4 20aSaairzy oA0GK |
slightly outdoneby its seemingly universalbsessiorwith really big rocks.

The point is that Stonehenge is in no way unique. People have gone back and forth about the
observatoryhypothesidor Stonehage for centuries now, but was El Infiernito an actual
observatory? How could it have been used? Many archaeoastronomy sites may simply have
been used to tell time, or mark the solstice and equinox, or may have been used for religious
LJdzNLJ2 & S & dnepofé dd theséSpadsiMases.

How to Tell Time (in 4000 Easy Steps)

{lF& @e2dz YSSG GKS t20S 2F @2dzNJ ftAFS Ay wmMphppX 0o
your family, and you want to come back to the same spot you met them in a few month£ ke

say you want to see them on August™#& midnight. Unfortunately your beloved is on the

Wdzft Aty OFf SYRFENJ YR &2dzQNB dzaay 3 (icthe migNS 32 NA |
of a full moonbut in the Julian calendar, that happens on Audifsmeaning your beloved is

not synced to your time schedule. You never meet again and you end up permanently alone.

This tragedy could have been prevented if someone had just standardized the calendar.

Besides the negative impact nstandardized caleRl NA ¢2dz R Kl @S 2y 2y SQa
important to know things like when to plant the crops, around what time the last frost is most
tA1Ste (12 200dz2NE FyR 6KSy &2dz aAyLXa OFyQi Ay

We know that one year is the timetakes for theEarthto go around the Sun, bvenbefore
people understood that th&arthorbited the Sun, people knew that one year wasg time it
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takes for the 8n to travel back to the same position in the sky at the same time. For example,
from Jure solstice to June solstice, therswill return to thesame place. If you notice thei$

sets at a specific point on a specific day, in just over 365.242 days, it will set in the same
location again.

Now of course, there are problems. How doesone chldulS n®unu RIF&a ¢A (K2 dzi
say we round up and just go with the Julian year (365.25 days) adding a leap year every four
@8SIFNB® | 2dzNJ OF €t SYRFNJ Aa 3ISGaGAy3a 2FF GNIY O] oeé
lot. It would take 130 yeansefore the calendar was off by even one day. So in one human
fAFSALIYS AGQa y20KAYy3Id .dzi FFGSNIIF FSg YAtfS
one wants to celebrate Halloween in August.

When the Julian year was instituted by Julius Caesplacing the Roman Calendar in 46 BCE,
the calendar was already off by about 80 days. In order to start off correctly, the year 46 BCE
was decreed in Rome to have 445 days (in order to offset the 80 day drift) and it was a
nightmare. It was extremely cfusing to have an extrinree months added to the year, but in
order to get the year back on track, it was necessary.

An entire book could be written on the standardizing of the year, month, days, and hours.
Indeed, many such books have already been emithecause standardizing time was so

laborious and so controversial that it makes for some entertaining history. Not every unit of
time can become so controversial; days are universal because night and day are obvious
enough that it would take some pretsyrbitrary thinking to not recognize the time slicedasine

dayb e { A Y yehdishnietdy tiniversal(how long it takes the Sun to return to the same

place in the sky/how long it takes to get to the longest day or longest night/how long it takes to
gofrom winter to winter or summer to summer). However seasons, months, weeks, and how to
reset the calendar to combat drift, varied across the world.

Many calendars try to find a way to make a yearstmevell with thephasesof the Moon (the

time it takes fom one phase to the same phase). Making a solar calendar work with a lunar
calendar was maddening because it takéwost360 days from year to year, and there are

roughly 12 full moons of roughly 30 days each in that time period. 12 times 30 is 360Q,30 it
tempting to create a calendar with only 360 dayhe problem is of course, theM2 y R2 Say Qi
have an even 30 day cycle, it has a 29.53 day cycle, arlithieas a 365.24219 day cycle.

360 is an almost magical number that divides into oh so many athebers like 10, 12, 20, 24,

30, 60, 72, and 16 otherthfortunately the number 365 is an ugly train wreck in comparison,

divisible only by 1, 5, 73, and itself. You could theoretically make @&pyear made upf five

months of 73 days, butthatcordeLl2 Y R& F &G NRBYy 2YAOF f f & iseless f Y2 &
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H2 6 SOSNJ 0KA&d RARY QU ad2L) G2 3IFdz2a Ay (GKS wmdc n
Discordian Calendar and creating a parody religion to go along with it.

Two major problems ase tat clever people circumvented in most calendars: First, it was
common to add ifivecextr&é Rl @& G2 (GKS OFf SYRINX» ¢KSaS gSNB
and often they were special. For the Maya, fivee nameless days (or Wayeb) were days added

to the year, not as part of a 36fay year, but as nodays to a 36@lay year’

While calendar keeping is no longer the job of astronomers, for many centuries it was an
integral partof the study of the heavens, so it makes sense that ancient astronomy was often
tied to timekeeping.

Ancient Calendars

Many archaeoastronomy sites deal with
just keepingrack of the 8n. These
oobservatorieg can be very old. For
example, the Kokino Obsgatory in The
Republic of Macedonia is from the Bronz
Age and may have been used to track the
un (Fig 1)

¢CKS 4. NITAtALY {02
was erected about 1,000 years ago and {& S

al!gned with the winter solstlce..Thls Figure 1-The Kokino Observatory in Macedonia.
alignment leads some archalogiststo  (U.S Embassy in Macedonia)

conclude that it was an observatoly.

Another such observatory, Chanquillo, is a megalithic site builtraf@00 BCE in Peru. It has
M oteethe or towers that mark the anual rising and setting of theu8. From the observational
platform, the Chanquillo inhabitants would have been able to determine the day of the year
within an accuracy of two to tiee days just by observing ther®’

In addition to trackig the $in, Venus was a particularly interesting object to Mesoamerican

and South American cultures. Venus is the brightest recurring object in the night sky after the

Moon, and also has an interesting synodic per®ddynodic periods the time it takes for an

002S0G (G2 FLWSFNI G GKS alryYS LRAYG Ay NBfFGAZ2Y
synodic period, the time it takes for Venus to return to the same place in the sky in relation to

the SunEarthsystem, is 584 daygarttQd & S| NJ A aong lefore pebpte debatdd y R
whether or not theEarthtravelled around the Sun, they knew that it took 365 days for the Sun

to return to the same place in the sky in relation to tharthand background stars.
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Mesoamerican cultures, such as the Mayans, gdusut thateight Earthyears equadd five

Venus synodic periods, and worked this period into their calendars. Compared tovegher

known cultures and calendars, the Mayans and Aztecs were preoccupied with the planet Venus,
and recorded and predicted itaovements'°

A number of archaeoastronomy sites
exist in North America as well. For
example, the Medicine Mountain
National Historic Landmark has been
suggested by astronomer JoHildy to
align with the summer solstice, and the
stars Sirius, Aldebaran, and Ri¢fgl 2)™

Another archaeoastronomy site that hadss
a suggested calendrical use is at
Namoratunga. Built around 300 BCE, or
the western side of Lake Turkana (a larc
lake thatruns from Northern Kenya to
Southern Ethiopiathe Namoratunga site stands with stones encircling what appears to have

0SSy I o0daNAIf aAldSd ¢KSaS adz2yS atloa 6SNB SN
were aligned to some astronomicabjects’? Like Stonehenge, Namoratungaef us a

3f AYLAS A yragbeditiaSare dbiqyidus iin archaeoastronomy.

Figure 2-Bighorn Medici ne Wheel, Wyoming.
(National Park Service )

One last extremely ancient calendar on our list is ftbeNabta Playan Egypt Before the

early dynasties of ancient Egypt, peopkdtled in the Nubian Desert between 9000 and 3000
BCE. Although thmreais now part of the Sahara, one of the largest desert&arth the

climate was not always so harsh. Monsoons in the summeheséthe playa, and by 5000 BCE
stone megaliths hadden erected. These have been suggested to align to the solstice, but like
other megalithic structures, there is no general consendus.

Separating megalithic structes used for astronomical marksegnd megalithic structures used

for other purposes is nadlways possible. We have to be careful when looking at structures that
have a great many stones and therefore a great many possible alignments, because we may
over-interpret data towards an astronomical bias. Regardless of archaeoastronomical purposes,
megalithic structures occur all over the world, and are impressive feats of human ingenuity.

The Heavens vs. Heaven

lye2yS 6K2Qa SOSNI g2NJ SR 2dziaARS (y2Farth GKFG 0
Indeed, we now know that th&arthformed with the Sun and other plang around 4.6 billion

years ago. fie un is what makes liquid water and therefore all lifeBarthpossible, it causes

42



Chapter 2.3: History of Astronomy

wind, it correlates to the seasons (although in reality our ewa dxiattilt is responsible for

seasons), and without it plants would not be a viable form of life. We are totally dependent on

the Sun. Life as we know it is not possible without a host star. Anatomically modern humans

have been around for about 195,000 years andrded historysimply does nogo back as far
humankind** Did pegle 200,000 years ago know therBwas an integral part of their

existence? 100,00@earsag pnnnnkK 2SS R2y Qi (y26® 90SYy 6KS)
direction some early humans were buri@INJ OF @S | NIZ 2NJ a20 a SN (2 NA
we have to be careful not to oventerpret data.

Another question we have to ask ourselves is whether or not a particular site or object
correlated to astronomy was for religious, scientific, olisdit purposes.

We have to recogize that scienceas we knowit K a y Qi 6 SSy | NBdzy R FT2NJ @S
alre aaOASYyO0S:e¢ ¢S I NB L fbephyskaly an@atigéctiveNdstedy 2 T  a
can be known, and can be quantified. Art is subyecaind therefore not a science. The vast

majority of history will never be known, is subject to many interpretations, and is therefore not

I a0ASYyOS® ¢KA& R2SayQi YSIty GKIFIG GKSNB Aa y?2
science Indeed wehave a whole categoryfdields under the umbrella afocial s@nces

precisely because they use both qualitative and quantitative methods in their research.

. SF2NB GKS NAI2NRdza RSOl 4GS 2 PSNI "ekntuly, theda | YR A
boundaries between astronomy, astrology, philosopydreligionwere quite blurry. For

example, Anaximenes of Miletus, born 585 BCE, wrote that Thales of Miletus forewarned the

lonians of areclipse,and told them the year in which it would take place. étdotus recorded

that the Medes and Lydians, when they observed phiedictedeclipse, stopped fighting, and

were both anxious to have terms of peace agreedtwhy didthey stop fighting? To observe

and record the eclipse for future generations? Or dhdyt believe the eclipse was an omen?

They could have stopped fightirand watched and recorded the eclipse out of sheer scientific
OdzNRA2aAdGes odzi AGQ&A 2 dadrécountiaig alslipersttiods@fisbde inK I G ! y
human history.

Another example isthd 5 S Y 2 y Alfolin-tiéBoéstellation PerseusAlgol dips in

brigk iySdaa NRdzZKf& SOSNE c¢d K2dzZNEP LT &2dz ¢+ GOK
three times dimmer in just under three daysy OA Sy & LIS2 L)X S Yl & KI @S 1y2
variability, as the very name Algol (Demon Star) could be a reference to its odd bekéior.

have to ask ourselvesiere people paying attention to the behavior of the star for pragmatic

reasons, or superstitimiones2Ve must also ask ourselves when lookati¢ghe Mayan

Calendar: @l the Mayans track Venus because they believed this would help smooth out any

bumps in the calendar, or for religious purposes?
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Perhaps it was both.

Even our owrét T 2 dzy’ R A y & asfFdnamig BekeEull of superstition. We like to think of the

founders of western astronomy as being interested exclusively in facts and having a pure

scientific mind, clear of mysticistllowever, evera very cursory reading of Kepler or Newton

will reveal that this is pure fictionStanding on the shoulders of Copernickiepler did shatter

GKS 3S20SYiGNARO Y2RSft dzaAy3a SYLANROAAYZXZ AGQa 0
invested in mysticism?® Yet we talk about him as though he existedilab 24/7.

Another notable, though less famous example is Johann Elert Bode, who determined the orbit

of Uranus and got it renameglyou think Uranus is bad? William Herschel had named it after

King George lll. But Bode was also instrumental in gettiegiain asteroid belt discovered. He

RAR Al o0& &adz33SadAy3a o2 N SE LI deBhbuddbe ldgd upN2 K Yy Y
intheSolar&a 4 SY S@Syfes odzi GKSNBQa F 3IFLI 6SGsSSy
believe that the creator of theniversef ST GKA A& &aLJl OS SYLIWieK / SNIF A
of thisidea, later called the TitiuBode Law, led to the discovery of the first asteroids, Ceres,

Pallas, and Vesta. Buistreasoning was wronghe TitiusBode Law does natork. It do&i y Q (i

work forourSolar&a 4 SY> |yR AU R2SayQi 62N] 6AGK 230KSN.
astronomers all around the western world to look Bamethingin between Mars and Jupiter.

His idea was predicated upon nothing more than celestial numerolodyaaeligious feeling.

But we still got themain asteroidbelt out of it.

All this is to say it took millennia for astronomy to become disentangled from religion and
astrology. We have to view the history of astronomy through the correct lens, and trying
make early astronomers fit into modern scientific frames is futile.

Archaeological Sites

Perhaps thenost famous archeological site that may have some astronomical significance in
North America is Chaco Canyiomorthern New MexicoThe largest housd?ueblo Bonito, has
700 rooms arranged around a semicita@evers 4.5 acres, contains rooffinge stories high, and
includes many underground chambers calkdebs It was built sometime between 950 CE and
1125 CE bthe ancestral Puebloans.

Of the manyarchaeoastronomical theories associated with this apsahapsthe most

interesting is the depiction of whatouldhave been the 1054upernova(now known as the

Crab Nebula) on one of the canyon walls, and3me dagger on Fajada Buttespiralthat curls
around like a snake and has a sliver of light that strikes it in the middle on the summer solstice.
In generalstructures atChaco Canyon displays a strong degree of symmetry alongatdenal
points.’’” Cardinal directions, that igast(where the Sn rises)west (where the Sun sets),
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north, andsouth> | NS | fYy2ald dzyAGSNAERIFIf® LT || az20AS4e K
GKS2 Q@S 0SSy aitdzReAy3d GKS {dzyQa Y20SYSyiao

What is interesting abouhe cardinal pointss that many sepate culturescame to use them
independently Contrast that with the plethora different calendars that exist. Some have an

added 13" month (Hebrew Calendar), or 19 months each with 19 days and an added 4 extra

RF&a o.FKFQL /It SYyRI ND I ndSNkim gays\\ayan €adenddr). OK ¢ A (
Some caledars predominantly follow theus (Gegorian Calendar), others theddn (Islamic

Calendar), others follow the rising of constellations (Borana Calendar) or setting of specific stars
(Mursi Calendr).ButcanweOD2 Y A RSNJ Ol ft SYRIFINAR alF aGNRy2YeéK

Likewise,ey ¢S O2yaARSNI RSLIOUAZ2ya 2 TheSmaéoyCargonAy G K
oSupernovamay be an artistic depiction of a regular star, a supernova, a variable star, or some

other phenomena. In 1843, for ample, the hypergianstar Eta Carinaerupted (but did not

go supernova), causing it to become the second brightest star in the sky for a short while. Later

the Boorong people of Australi@ere recorded discussinge d G I-bhghtdess, color, and

location and this remains in their oral historyWhile Eta Carir@can only be seen in the

Southern Hemisphere, a phenomenon like it is possible in the Northern Hemisgkehe

/| KI O2 /Supéracétould be a depiction of a great myriad of celestial phraena.

r” ' : N What about alignments to the stars? Is that

- astronomy?The Great Pyramid, or the Pyramid of
Khufu, is the tallest pyramid in the world, the
largest in the Great Pyramid Complex, and the
only member of theSeven Wondersf the
Ancient World still standing todayrig 3)
Originally 146.5 meters (481 feet), it svthe
tallest manmade object for almost 4000 years,
until it eroded to the point that the Strasbourg
Cathedral in France (142 meters/466 feet)
overtook it in 1647.

YKdzZFdzQad t @8N} YAR Aa 2yS 27F |
built structures in the world. It is incredipflat,

even, and welbriented. It includes inner shafts

that run in straight lines through the structure.

Figure 3-Giza Pyramid Complex. (Brooklyn
Museum)

The northern shaft would have been aligned to the star Thuban at the time of its structure.
Although Thuban was no longer therth star when the pyramid was constructed in 2550 BCE,
there was o true north gar at the time and Thuban was as close to@th star as any visible
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star in the night sky would have been. Thuban was off by abouddgreesfrom true north.
Nevertheless, the mth shaft was aligned to thignorthé star®

There is no clear astronomical purpose for the alignment, but there may be a connection

between Egyptian religion and the North Star. This provides an insight into some
archaeoastronomical sites; that some waticumented alignments were not made for

observation, but rather for religious purposes. This does not lessen the impressiveness of the
archaeologicF S G 2NJ 0KS | yOASYy(d 93eLIJiAlyQa 200A2dz
difficult to disentangle cultNB a4 Q Ay G0SNBad Ay (GKS KSI @Sya | yR

Another great examplesthe zenithtubes in Central America. South of Mex City lies the
Oaxaca Vallegndthe capital city of the Zapotec civilization, Monte Alb@he Zapotego back

at least 2500 years in civilization, reaching their apex of power and influence around 500 CE.
One of the buildings at this ancient site contains a room with a 1.5 meter (5 foot) tube straight
overheadL (G A & LJ2 & & A 04er8th tlbkélthat is[itifatthie rognh idside thiscbuilding
was built to catch the light of th&un only when it was directly overhead. This building, Building
J, may has have been used as a calendar terhptat also may have been used to study the
Qun, or for relighus purpose$’

In all these cases, and many others, we need to ask ourséitiesre is a clear astronomical
aspect to a site or object, what was its purpose? Was its purpose religious, artistic, scientific,
pragmatic political, or even accidental?

The Specific Case of Polynesia

1

(et

LiQa Slae (2 aSS K2g 6S O2dzZ R FGGNROdzGS | aiNER

anything to do with astronomy, or how we could attribute astronomical significance to a site
that is aligned to celestial phenomena fi@ligious or other nosscentific purposesThese are

Type | Errorsor false positives. Yol G KAY 1 2 7F @rying &wdE orlskeigh G A S a
a2YSUKAY3 GKSNB gKSy Ay NBIFtAGezZ Ad AayQio

But what about missing something whensthere? Archaeoastronomy is subject to this type
of error as well, known abype Il Errors

In the 1700s, Europeans began to explore the islands of the Pacific Ocean and were surprised to
find commonlanguages throughout Polynesia. This in itself is astowg) considering how
widespread Polynesia is geographically. To put it into perspective, this would be as surprising as
finding a similar language between China, Saudi Arabia, and Germany. The geographic distance
is so large that a similar language is ooty impressive, but immediately tells us something

about Polynesia; people fromslands far away from each othkad regular contact with one

another. Without the aid of a compass, how does one navigate the vast Pacific Ocean? There is
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a lot of evidencehat Polynesian navigators were exceptionally familiar with the stars, their
directions, and theimotions.

We know that Polynesian astronomy was robust before Western presence. The people of

Mangareva marked the solstices accurately by placing stoneejiher side of the solsticeus

during the rising and settingfw I LI bdzA Q& 69F &G SNJ Laf I yRO KIa Y¢
are oriented toward the rising Sun on the June solstice, and because of their odd location inland

on the island (as opposed the more wellknown megaliths close to the shore), it is likely this

was a very purposeful placemefft.

Another example is Mokumanamana, an uninhabitable rock hundreds of miles from Kauai and

less than one square mile in area, just above the Tropic ofeéCankis is the closest Hawaiian

Island to where thedun could reach its zenith at the most northern latitude, and though

dzy AYKIF 0 AUGSRTE az21dzYtryryYryl A& O20SNBR Ay R21 Sy
intriguing explanation is that its locatiojust above the Tropiaf Cancer at the limits of the

Szy Q& 2 GSNKSIF R LI adestimabor” Y RS AdG | &LISOAL ¢

Perhaps thenost compelling living evidence of Polynesian astronomy is the languagehtself
every star or constellation you can name, there is a Hawaiian, Maori, Tongan, and Samoan

name for it.For example, th name for the stars of the . :
leiadel i< simil | ) Tablel: Polynesian names for
Pleiade<lusteris similar across Polynesia. e
Language in this cagevery telling. Of course, Mataliki Tonga
Matalike Vanuatu

constellations are different in other cultures, but the fact = —
al gl NRAR QA Tabhiti
that a language has names for its own constellations meaugs - riki

. . Maori )
that people were paying 6 0 Sy G A2y G2 GK Makerlkér" B Pohnpe; 1Qa
certainly possible that a society that gives just a few nameg | 1TFEAQA I F 61 A
to astronomical objects (Sun, Moon, stars) may have bee [ A QA Samoa

AYGSNBaAaGSR Ay laluNRBy2Y@s o0dzi S Ol yQu GaSftf ¥F2
documentation.

However,a society that gives every star a name, categorizes astronomical objects into groups
(planets vs. stars vs. meteorites), and ascribes directional or usable information to objects in
the sky, isindeniablyinterestedin astronomy. This is what we find inlfp@eesian languages.

Astronomical concepts and terms are also pervasive in many Polynesian languages. Concepts

like the zenith, the horizon, the meridian, the cardinal points, éleéptic, and even areas of the

al1é UKIFd ¢S &A YL} ée Havmja@ramakdHere Arg alse yialyf divididhE K| &
of the sky in the Hawaiian language. David Malo, a Hawaiian historian, laid out nine separate
levels of the sky in the Hawaiian language in 1903 from the lowest being a place just above

2y S04 KS Ilghestplace in theiged eavefs
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Language tells us how people see the §lor.example, in the Hawaiian language, Venus has

several names includingtokuloa(great star) Ka hoku komohanéstar of the west), and

Y QI @h® star close tothe®)®Y | QF BFf LI NI A Odzf | NJ St & dza &2 Y
to find abookwh&lE | Yy OA Sy G | | & lwk haveyfoiind & & thas follBwas thg” Sua

all the timed ¥e know they knew that Venus followed the Sun because they named it after its
behavior. Irthis way, language can tell us something about archaeoastronomy just as much as

finding ancient observatories and physical objects.

Polynesian culture offers us very few glimpses from the past for a variety of reasons, including a
long history of oral tdition, cultural decimation through colonialism, and living in a tropical
environment where even if things like wood henge or papyrus had been created they would
simply never have survived the weather (humidity is hard on history). But we do know that an
enormous number of astronomical terms exist across these nations in the original languages,
and that means that the languages themselvasdalready told us somethinghdt astronomy

was important.

Ancient Astronomy

Once a writing system emerges, if the language is translatable, and if the documents are well
LINSASNISRY dzy RSNEGFYRAY3A |y FyYyOASy(d OdzZ GddzZNBQa
disentangle. Many cultures with a written language simply wrote devat they saw in the

heavens, and if those records survived time and chaos, then we have a wonderful sliver of

insight into the past.

We can Study these ancient Cu'tures TableZ Part|al T|mel|ne Of Known Sal'
Observations

regionally, chronologically, or a myriad of
2AKSNI 1 & az subjaziwnetd (Rl .
watching the Sun, the Moon, the stars, e A total eclipse of theu is
meteorites, orcomets,a pattern emerges: BCE mentiqned inHistoricaI Documents
people recorded objects and their behavior of Ancient China

long before they understood them. In many Belalofelelz SUNSPOLS: NE NBO2NRS
Book of Changes

cases, these objects took on a spiritual or A tauaht that theus |
. L . naxagoras tau at theu8 is
mystical role within the culture, and iose 499 BCH g 9

selfluminous.

cases beaae extremely important not just Habash aHasibdeterminestime

because of their celestial status, but becaus 830 CE using the altitude of the &.
of their usefulness. Think of the Greek and During a total eclipse of th&un on

Romanfascination with the planets, but also FEeS0ReI= August 38, it was surrounded by
GKS YeadAaoOray | LI A S ored ring (the chromosphere?) | 3y Q1
just a planet, he was a god.

Christopher Scheiner records
faculae on the solar surface.
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What becomes difficult to Table3: Partial Timeline of Known Stellar Observation
disentangle is who did what first.

What was the frt observatory? || [

Was it the megalithic structures [A0:=e= | £ O2NJ 6 Kl a 6S02YS |
of Nabta Playa (5000 BCE)? Or visible and sometimes invisible, like an omen

was there an observatory built Lz D 7 Ry = e S22 RXE

; ¢ ical h at Mahabharata.
or as. .roromlca_ rese‘_arc a ) Aristarchus oSamos was bornVrote that the
Taosi in Shanxi Province, China

Qn and the stars have the same nature.
(2300 BCE)? Or perhaps itwas FVGF&=Y Claudius Ptoley enumerates 6 stars as beinc
/| KIyljdzAatt2Qa wmo dfiery reck: Arcturus, Aldebaran, Pollux,

(300 BCE). Antares, Betelgeuse, and Sirius (which is not
red and does not belong in his list of red

2SS R2Yy QU 1y26 ¢ aidl NaXoO

the first observatories were built, [ltlei@=" Cleomedes states that thexed stars are large
because time steadily erases than the &in.

history.We do knowthat iz e = A Chinese expedition was sent to the South
Seas to observe Canopus and stars further
south that had not yet been named.

| NBIl OKFGF 3IAGSaasi KS
> ) -y e ) 4,400,000 distances of theus (what we now
O2yuAysSyuz odzu callAU). 4.4 millionastronomical unitsis

know when the first sundial or roughly 70 lightyears away.

gnomon or observatory was built [ {10ZE@ = Azarquiel, an Arabian astronomer, proved th
We can only know which ones Sun had ampogeewith the use of backgrounc
have survived the creeping SEIS : _

. . . (Zeiche = Erazmus Witelovrote that stars twinkle
invalidation of time. : :

because of moving air currents.

w
s
o
09)
0O
[Tl

observations bthe heavens have
been made by every known
society on every habitable

l
a1
o
o
m

Problems inArchaeoastronomy

Too Many Possibilities

Imagine tke place where you live. Perhags$houseor an apartment. Is it facing some cardinal
direction? Probably. But why? Many cities lie on a grid syskéere in Utah, w have 100

North, 300 East, etc. Yourhorfel & KA 3IK OKIFIyOS 2F FIOAy3d (KS
to build a path to a front door than an oddly placed door. You also probably live in a sghare
building, which, since one side is facing the street and the street is a cardinal direcians

that all four sides ar aligned to the four cardinal direction&dditionally, if you have windows,
GKSe@Qftt 0S dafinglsideS af e Houseyana yBdn Will probably stream into at

least one of them on at least one of the solstioeshe equinoxes. Now imagine®O0 years

into the future. Archeologists find huge cities all lined up to the cardinal directions with millions
of houses oriented to the solsticaus. Can they conclude that we were oksed with the

49



Chapter2.3: History of Astronomy

alignment of the 8n or the cardinal directions? That we had a special affinity for-taded
living quarters because they made astronomical sense to us? Of course not.

We build foursided houses
1 0SOl dzaS GKS&QNB Stk ae
have streets that run to the
cardinal directions because it
makes city planning, layout, and
navigation easier to deal with.
2 SONB o0 NBfoBwhé&@dSy | 4
T/ s wed the solstice is going on, much less
S8le AT AGQa fAIYSR LINE LI
S ¢ j & kitchen or bathroom or bedroom
ﬁ < s or living room window. But what
B 7. ' == S if archeologists find a cookie
Figure A_l—An(_j h_ere we see the gstronpmica_ll signh_‘icance of cutter housing project still
these gigantic lines. Notice their cardinal dire ctions... . .
standing in 7021 CE, and it turns

(Walter Mittelholzer, public domain) ’ ) j ; > R
2dz0 UKIF O domQa UKS oOfF

window that was aligned closest to the solstice rising or setting? Will they then think our

ol iKNRP2Ya KSfR a42YS |AGNRY2YAOLE aAA3IYyATFTAOlIYOS
course, we know why that happens; there are a lot of windows on amndieuse, and
YSAIKO2NK22Ra INB 2FGSy O2yaidNHz2GSR o6& GKS al

. SO A0 @akintdthistrapwith Archaeoastronomy. Sometimes there are just too many
possibilities. This is the problem with something likenBteenge. Its complexity makes it
AYLRaarotsS G2 alré gAlGK2dzi I R2dzod0 GKFG AdGQa |
are an enormous number of things it could align to, and an enormous number of things that

could just be coincidence. THisa ¢ K& | NOKS2f23Aada FyR FadNRBy2)Y
observatory, but can only saynitight have been built to correlate with some astronomical

phenomena.

Lack of Communication orfShared Cultural Understanding

14 6SQ@S aMagay caleridgnie maykgs into a culture with expectations only to find

2dzi GKFG 6S R2y Qi dzy R $Nyhavé aVenusiGy@ealRNNS I a2 y A y 3
dzy RSNRGIFYRAY 3 (GKS LldzN132aS 2NJ aA3dyAFAOLyOS 27
astronomical importane. Archaeoastronomers are constantly tryingaimid seeindghings that

I NB y Q whilél riotEidddhg things that arseimplybecause theyR 2 y Q i tighttis | NJ &
modern eyses.

50



Chapter 2.3: History of Astronomy

Cultural Eradication
Many societies could have told us themselves about their astronomy, if conquerors and
SELX 2NBNA KIRYyQl 6ALISR GKSY 2dzi 2NJ RSOAYI GSR
becamealmostimpossible to maintainThere isno way around this realityMuch ofhistory has
been purposely destroyed, and some of it will never be recovered.

I x 910 3AA KindaMoved x E OGS O8
Another challenge is that the sky todRy2 S & y @xactlyth2 8aine as it did,000, 4000, or
10,000 years agdzarth experiencea variety of movements we are relatively unaware lofit
that affect how the sky looks over timAxial precessiondescribedn Chapter 2.2takes about
26,000 years to complete one cycle and causes the pole star (for uettiestar) to shift. We
saw howthe Great Pyramid of Giza would have been aligned closely to Thuban when it was
built in 2560 BCE. Many other stars have been, and will be again, the pole star.

In addition to the movements discussedGhapter 2.2

 EartQa 2ND A G & KA T igtaly cFoN@taymildly eMigiéali Ho® Bng dbes it
take to go from circular to elliptical and back? About 400,000 years.

1 EarttQ& | EALFE GAftG OKIFy3ISa 208SNIGAYSo LG GF1S
degrees and back again. The last maxn was reached in 8700 BCE. We are currently
at a 23.44 degree tilt.

2 S R2y Qi vy 2 (SurovonEarthniotiodsfwithinforge human lifetime, but over
thousands or tens of thousands of years, these motions change the way the sky appears to the
inhabitants ofEarth If we are considering a site like the Great Pyramid at Giza (built around
4560 years ago), or W& Playa (which was built around 7000 years ago), weaaely on the
modern sky to tell us about the way buildings were aligned in the past.

Early Astronomy
Where is the cutoff between archaeoastronomy and early astronomy?

As we discussed, thevastne 2 NA 1& 2F (GKS ¢g2NI RQa fFy3dza 3Sa |
G2RIFeé® ¢KS FANRG NBIIZANBYSYyd 2F SYLANROFE | &ad
scientific method) ishe ability to stand on the shoulders of the people that came betord

this is much easier to do when a society is reliant upon writing for glimpses into the past,

instead of oral tradition. This is especially true when dealing with large numbers or large

datasets because humans are notoriously bad at remembering long listsrafersc for

example, how many phone numbers do you really know off the top of your head?

CKAA AayQid (2 alreée GKFEG a20AS0ASa gAdGK2dzi | &N
collection, tabulation, etcThere is likely no culture that has everiged that neglected to

51



Chapter2.3: History of Astronomy

study the night sky. But we are biased against cultures that did not have a writing system
because history is only a study of what remains today, and we are biased towards cultures that
have longstanding documentation of their sdidic achievements. This brings us to the second
requirement: In order for a society to practice empirical astronomy, they must peagerved

their data Whatcan destroy data?

1 Purposeful destruction, such as the burning down of the LibraAletandria, or the
systematic burning of books by Qin Shi Huang, or in more recent higterithmer Rouge
whichdestroyed almost all of the books in the National Library of Cambodia. A great many
libraries have been purposely destroyed throughout cafion often as a byproduct of
political violence. Coups, wars, revolutions, and rebellions are usually hard on scientific
advancement.

 Datacanalsoo S f 2ai aAyYLi e (GKNRdAK Yyl {idz2N}» f RS3INI RI
most of the preserved papyrus, scrolls, books, cloth, and even buildings, come from fairly
RNE SYGANRYyYSytGad ¢KAaA A& y20 0SOI dzaass LIS2 LI S
ago, but water destroys relics of the past at an incredible rate.

And finally, a third requirement is that the society in question nhaste been around long
enoughto have made noticeable observations in the field of astronomy. That can be djfficult
given that in order to collect data on things like the behavior of the stars, you need a multi
generation study of the skyVhile the heavens do move and change, those chahgasally
occuron time scales much longer than the human lifespan.

All of this means that when we talk about early astronomy, we are talking about a tiny fraction
2F GKS OUdzarf lFadNRy2Ye GKIFOQa Gl 1Sy LXIFOS 2y
through with early astronomy as opposed to archaeoastronomy.

Astronamy is a vast and wide and deep field. What can be considered astronomy? The study of

stars, panets, comets, meteorites, thau8, changes in the motions or behavior of these objects

over time, and what theniverseis made out of, where it came from, whekeli Q&4 3I2 Ay 3T S
fall into the field of astronomy. Finding ways to measure twheserse understanding time,

position, and changes in the heavens, all contributes to our knowledge of the cosmos. Once we
understand those changes, predicting them becsnmastronomy as well.

Pre-Telescopic Instruments

An enormous number of instruments besides the telescope have been used to ascertain
information about the heavens. The first one must be considaer@thvention in its own right:
written records. Tables ofstronomical data come from all over the world. For example, around
555 CE in the Sasanian Empire, the Zik i Sahriydh@nRoyal Astronomical Tablegere

revised for the kingAnushiruwan (Khosrow I). In 595, Ananias of Sirak was born and went on to
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comple data on the orbit of théloon based off of the changes on its face. These tables are not
unique and tables just like them compiling astronomical data appeared all over the world, and
include civilizations from every continent, extémtarctica.

Some, like the Mayan Venus Tables (also known as The Dresden Codex), followed a planet and
recorded its behaviofFig 5) In these tables, Venus is specifically recorded arappearances

and disappearances in the morning and evening sky are foretold for the reader. This makes the
O2RSE LINBRAOGAOGSY ¢KIG Aax GKS aleélya F2dzyR |
tables to predict that behavior

Other tables, like the &hus Tablet oAmmitadugafrom the 1600s BCE, not only record the
behavior of the planet Venus, but also carry a lot of omens and prophecies around that
behavior?’ These astrological prophecies are fanciful, but nevertheless we know that Venus
was being wiched and recordedwithout access to older tablets rich with astronomical data,
someone like Aristarchus never could have made discoveries aboutdangchanges, such as
the precession of the equinoxes.

Astronomical tables can be thought of as a-gkescopic instrument; without them, lontgrm
changes in the heavens would not have been observable. These tables, which by and large
simply recorded observations, make up the very earliest beginnings to a true understanding of
the behaviors of the Sun, thdoon, the planets, and the stars.

The Armillary Sphere, the Quadrant, and Trigonometry

If we divide the sky up into a full circle, and we say that circle is made up of 360 arbitrary

smaller but equal bitscalk RSIANB Sa s 4 S thOMogn ta@eS dpikhys mich of thé & &
circléé | @aRelladis this many degrees away from Pélaig. These degrees are arbitragy

GKFG Aazx GKSe R2y QiU KIF @S | slatibnaliToey simpyzgkeiap 2 F Y S
a certain percentage of the circtgn this case, a giant sphere laid over the sky.

53



Chapter2.3: History of Astronomy

Using an armillary sphei&ig 6) or a much smaller
circle, we can tell how far away things are from eac
other in degrees. These trigonometric, anglased
instruments were the first truly precise method of
taking measurements in astronomy. An armillary
sphere simply showed a represetitan of the sky.
Sometimes they included tick marks for degrees, b
older ones just showed the circles of the sky, and
how they behave from the vantage point Barth

Some of the oldest armillary spheres come from
China. Around 104 BCE, Lo Hsia Hlmgished and
designed one of the firgrmillary sphers (if not the
first). He also wrote that th€arthY 2 @ Sdénstaintly
but people do not know b h 52 BCE Keng Shou
Chhang introduced the first permanently fixed
equatorial ring (the outside ring of armillary
ALKSNBO® LYy GKS &SIFNyn
an ecliptic ring to Keng ShéuK K y 3 Qa S|
ring, and about 100 years after that, Tshai Yung Figure 6-Diagram of an armillary
wrote of an 8 foot circumference armillary sphere. [Sphere. (Public domain)

260 Wang Fan created a complete celeissphere®®

Y Qdz

Ptolemy also had an armillary sphere, and made calculations using another instrument: the
guadrant(Fig 7) A quadrant is one quarter (quad) of a circle, marked with degrees. If the
guadrant iscorrectly pointed at the horizon, then the other side will be pointed straight up (to
the zenith) because it's a 90 degree angle. A sliding bar in
the middle then allows an astronomer to sight a star and
determine how many degrees above the horizon it (ies
altitude). Quadrants were in use at least by the

2" Century, by Ptolemy, who was famous for taking fairly
accurate measurements.

By the 1200s, the Persian scientist NasiDal el Tusi was
using thetorquetum, a complex machine following the
rulesof the quadrant, but made additionally complicated
by having degrees for the equator, as well as the altitude,
and being portabl€Fig 8) Though ellusi is more famous,
Figure 7-0 OT 1 AT U6 O 1 ( he did not invent the torquetum. He took the design from
(Public domain)
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a 12" century Andalusian nthematician and
inventor:Jabiribn! ¥t | K 0| f &ébeE) y 2
The torquetum allowed even more complex
measurements to be taken of the night sky and
became popular with astronomers from the 1100s
well into the 1500s.

One consideration we have to make is this: If the sl
can be divided into 360 degrees, it must become
apparent at some point that those degrees can
further be divided. Just like on a clock, where 60
minutes equals an hour, and 60 secondsi@s a
minute, there are 6@rcminutesin every degree,
and 60arcsecondsn every arcminute. This means
that there are 1,296,000 arcseconds in a spherical
sky. While a oot by 1-foot quadrantmight be large
enough to put a quarter of the degrees of thky
onto (90 degree tick marks), it's certainly not large
enough to put a quarter of the sky in arcseconds  Figure 8-Drawing of a torquetum.

2y 2 0SOldzaS @2dz aA YLJ) &Publicdomain) nn GAO
on a oot by I-foot instrument.

# In order to get more accurate measurements of the

. sky, astronomers had to build bigger instruments. The
best example of this is Ulugh Beg, a Timurid (Persian
. TurkicMongol empire) astronomer/king. In the 1400s
he built anenormousobservatory atSamarkand, one
with a quadrant 55 meters (180 feet) highThis
allowed him to make much more accurate
observations of almost 1,000 stars and their positions.
LG ¢ ay Qi hizyhatAlugh Bey@ésdne. NI
upped, hough Tycho did it 150 years later.

Tycho Brahe had what every astronomer wishes they

could find:awealthy patron. He was basically given

the island of Hveen to build a castle observatory, paid

for by Frederick the II, King of Denmark at the time.

¢CKS 1Ay3a FAYIYOSR ,anlll KSQ&a OIF N

Figure 9-Tycho Brahe sitting in his equipment, virtually ensuring that the next generation
mural quadrant. (Publi ¢ domain)
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of accurate astronomical measurements would belong to Denmark.caktte observatory was
Ol t f r@niborg dnd it was full of préelescopic instruments, including armillary spheres and
alarge mural quadrant (Fig 9).

Tycho Brahe had an interesting lifele was the oldest son in a family of ten children. His uncle

was wealthy and a friend to the King of Denmark. In his 20s he got into a duel and lost his nose.

2 S R2y Qi 1Y 26 eduel Nas amdeNIBut thekdgend i tKat it was over a

mathematical disagreement. Although the telescope was not invented within in his lifetime (he

lived from 15461601), he made enough observations that Johannes Keglsrable to form

his famous laws gflanetary motionusing his datd>. NI KS Q& ljdzZt RN} yi 61 a y2i
' fdzZa3K . S3Qasx o6dzi AG KFR GKS FTR@GFydFr3asS 2F GNIy
easier.These early observations, using Atescopic equipment, were fundamental in laying

the groundwork for later astronomers.

Many treatises with tables of data abound from this time period, discussing how light and

lenses work, how the stars move, how the StarthhMoon connection works, andhere the

Earth exists in theniverse. Without his pretelescopic time period ( KS &oA 3 3Fdzyaé 2
astronomy, such as Galileo, Newton, and the Herschala]d have been hamperedlVhether

blocking unwanted lightneasuring the degrees between stars, or making careful observations

on the movement otelestial bodies, astronomers have been making progress in our

understanding of theainiverselongbefore the advent of the telescope.

Conclusion

Trying to keep in mind all of these facts, the different sky, religious and cultural significance,
whether a not a site was built purposely for astronomy or if its astronomical alignments are
mere coincidence, etc. is difficult when studying ancient cultures and their relationship to
astronomy.

It is likely that many ancient societies were aware of the chanbaavens in a way we barely
Yy20A0S G2RIe@d . SOFdzaS 2F Y2RSNY Ay@SyidAizya fA
AYF2NNYIFGAZ2Y 1 o2dzi GAYSd® 2SS R2yQiaunmBdies 2y (KS
o2dzi GKS &aSIa2y & KENPRRAKOWRPALIAQA2HAKE40FI NI 6SQ
dzLJ @ANILidzl f €& Fff YeadAOAAY &Adz2NNRBdzyRAYy3I OSft Sai
understanding of how the heavens behave.

Modernity also separates us from our ancestors; most peoplée planet live in cities that

are so bright they block out much of the night sky. Most of us will newr lp and see Algol

FYR 62yRSNJ agKe R2 $astofius wikineveriséeNthuBaNEnd coRpareé K to
Polaris. When we wander downighted street at night and can only see the very brightest
AGFNB YR y20KAYy3 StasSz ¢S FNByQid asSSAy3a GKS
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AdZNNRB dzy RSR 0& 2dzNJ 246y ONBFGA2ya yYyR KIFI@S ONBI
created modern cities.

For humans alive today, the past is a foreign country, separated by a vast chasm of time and
technology.

Review

Common misconceptions

Below is a list of commonly encountered misconceptions about the history of astronomy. As a
way to review content fronthis chapter, see if you can explain why each misconception is
inaccurate:

f 'AaGNRPY2Ye RARYQG &GFNI dzydAtf GKS GSt SaozLlS
1 Astronomy was practiced only in a few pla¢egy. only in Greece)
1 Astronomy has always been different from astrologyrgithology:

Questions for thought
T 126 ¢2dAZ R @2dz RSTAYS alFaidNRy2Ye@eéK 2SNB (KS
chapter practicing astronomy? Why or why not? What conditions need to be met before
S OFly OFff 20aSNWAYy3a (KS aileée aladNRy2Ye¢K

1 Why was the lsy important to ancient cultures? Is the sky still important for any of the
same reasons or have our values charijéthy or why not?

1 How has the sky changed over the past several thousand yeat&asar or harder to
watch the sky today? Are thereitigs that the anciersgwould have been able to see
GKFG ¢S DFryQid G2RI @&

1 How would you respond if someone suggested that only a few civilizations seem to have
practiced astronomy in the past?

For More Information
1 Ancient Astronomy: An Encyclopedia of Cdegies and Mythpy Clive Ruggles,
2005
1 Empires of Timeby Anthony Aveni, 2002
Journal of Astronomy in Culturettp://escholarship.org/uc/jac
1 Skywatchers, Shamans, and KingsE.C. Krupp, 2004

=a
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CHAPTER2.4 - TELESCOPE® OBSERVATORIES

The gold plated primary mirror of NASA's James Webb Space Telescope (JWST), currently
scheduled for launch in 2021. (NASA/Chris Gunn)
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Chapter 24 Goals

After reading this chapter and participating in the corresponding workshop activities, you shoult
able to:

9 Describe the purpose of a telescope in astronomy and how they are measured and compar

I Compare and contrast several different types of telescopes and mounts, and list some
advantages and disadvantages of each.

9 Evaluate the suitability of a location for observing the night sky by considering multiple factc
such as climate, light pollutiomnd elevation.

Telescopes and Astronomy

O telescope, instrument of knowledgeore precious than any scepter.
@ Johannes Kepler, in a letter to Galileo (1610)

WSAGNAOGSR o0& 2dzNJ LI22NJ yAIKIG GAaAirzy yR &KNRJz
very far into the universe with the naked eyetefescopecollects light from the sky,

augmenting our vision and allowing us to see and study fainter and mdentiabjects. While

backyard telescopes collect visible ligi@searchgradetelescopes can be designed to gather

any wavelength of light on thelectromagnetic spectrumRadio telescopes;ray telescopes,

and infrared telescopes are all indispensablelsdor modern astronomers.

Contrary to popular beliefnagnificationis not a useful metric for comparing telescopés.
0§SftSaod2LS Aa 0Sald GK2dAKG 2F Fa | at A3KG o6dz0]
is thediameter, or aperture, of its main light gthering lens or mirror, known as tlabjective.

LT @2dz KSIFNJ a2YS2yS NBFSNI G2 +y aSAIKG AyOK i
or mirror is eight inches in diameter. Just

like a wider bucket collects more rain, Mathematical Morsels

wider telescopes collect nme light, Most telescope mirrors and lenses are circulao,

leading to brighter and better views. the total light collecting area of a telescogan be

Figure 1 compares the aperture wfajor calculated using the formula for the area of a circ
telescopes around the world. 0 “i , wherer is the radius of the objective

Becauseltte radius is squaredloublingthe aperture
Larger aperture telescopes also have of a telescoperesults in afour-fold increase in the
better resolving power or resolution amount of light collectedIn other words, §
Thisrefersi 2 I (St Sa 02 LIGNUIREEEE NGNS NI RGN V- T =30 i A
distinguish very smatir closely spaced telescope, not twice as much as you might expect.
objects.For examplegven though the
Moon is very bright and can be seen well with a small telescope, we would need a large
telescopewith excellent esolving power to distinguistmall craters on the Moon, @o see the
lunar landerdrom the Apollo missionghe latter isimpossble with Earthbasedtelescopes.)
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Great Paris Exhibition
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(lens at the same scale)
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Gaia Kepler
Earth- Sun L2 point Earth-trailing
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Hubble Space (1998-2000) 0 5 ..10m
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Overwhelmingly Lar(ge Telescope

(cancelle:

Tennis court at the same scale Arecibo radio telescope at the same scale Basketball court at the same scale
Figure 1-1 BAOOOOA AT I PAOEOIT 1T & O1TT A T &£ OEA x1 0l
including several still in the planning and development stage. (Wikimedia user: Cmglee,CC
BY-SA 3.0

Who invented the telescope?

Spoileralertit gl ay Qi DFfAfS2H ! yiAf (GKS mt1(iK OSy(dzNE
studying the heavens were the human eyelaneasuring instruments such those described in

Chapter 2.3Even so, some of the most significant discoveries in the history of astronomy came

from the pretelescopic era, such as the realization that the Sun, not the Earth, is the center of

our Solar Sgtem.
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The question of who invented the telescope is convoluted and controversial, to put it mildly.

The invention of such a significant instrument has been ascribed to many over the years and

many nations claim it for themselves. It is likely that we melter know for sure. The

knowledge that a series of lensksld in sequencean magnify distant objects hasisted snce

at leastthe midl5008x ' yR Ll2aaArofée & FFEN ol OTheyedr ! f KIF 1T S
1608 is often cited as the year th& S §( St S & O2 LIS kuiih gracticé tfigh@s/ i S R

merely the year in whicthe device began to bseenas potentially usefylas opposed to being

viewed as a novelty item.

The first applications of the telescope were militaristic, not scientifid.88, a Dutch spectacle
maker named Hans Lipperhey presenthd rudimentary telescope he had constructemla

Dutch army commandeiThe army quickly realizats utility: dThe said glasses are very useful in
sieges and similar occasions, for from a milenore away one can detect all things as distinctly
as if they were very close to us. And even the stars which ordinarily are invisible to our sight

and our eyes, because of their smallness and the weakness of our sight, canli®ysaeans
of this instrument.&>

The amy paid Lipperhey 300 guilders on the spary roughly equal to $25,0G0day. In
exchange, he agreed to produce more telescopes for the armynahtb reveal the secrets of
hisdevice? Desplte[ A LILIS NXK S @& knawledgnl & te téleéScopguicklyspread throughout
rjz,}—‘ ; O Europe @assmakers in many countries soon
:f'f 20 r 444" produced their own versias) andscientists

: discovered that thenewinstrumenthad
applications beyond war.

The first documentea@stronomical use of

the telescope was8ritish astronomer

Thomas Harridkd 2 0 A SNWlodm 2y 2 F
in August 1609 (Fig 2)Galileo would make

his firsttelescopicobservations of the Moon

later that same year. By early 1610, Galileo

: : had construced telescopegood enough to

Figure 2-A sketch of the Moon made by English  discover the four largest moons of Jupiter,

astronomer Thomas Harriot in 1609 using a and had also observed Venus and Saturn (Fig
telescope, the earliest such observation on

record. (Public domain) 3 left).
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Many others made improvements to thielescope in the following decades. One of the biggest
leaps came in 1668 when Isaac Newton built his feflecting telescopeausingpolished mirrors
instead of lenses to collect lighthis made telescopes cheaper and allowed them to be built
much largr, although the design did not become commuantil the mid-1700s® Modern

62



Chapter 2.4: Telescopes & Observatories

-A$STTAT A /| AGAOOGAOI OUBO pop
Eberly Telescope in Texas (right), one of the largest
telescopes in the world . (Zach Schierl)

B

advancements in optigsnaterialsand electronics have brought telescopes into thé'21

century. Many large telescopes are now barely recognizable as such (Fig 3, right) and for just a
few hundred dollars, amateur astronomers can now purchamsekyardelescopes that rival

those used by professionals just a century ago.

Lenses or Mirrors?

Modern telescopes generally fall into one of three categories, based on the optical design used
to collect light(Fig 4)

Mirror

Reflector Refractor Compound

Figure 4-Diagram showing how light is gathered an d focused by the three most common
telescope optical designs. (Sky & Telescope/Gregg Dinderman & Brett Pawson)
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Refracting telescopes

Refractingelescopes, commonly known asfractors, use a
series ofglass lenses to gathéght. Theearlytelescopes of
Galileo and others in the 1600s wardractors Light enters
the telescope via a lens (in practice, usually a pair or triple
of lenses) near the opening of tloptical tube (Fig 4. Light
rays arerefracted (bent) by the lens, causing theo _
converge near thether end of the tube and form an image
The image is viewed via ayepiecelocated at the opposite §
end of the optical tube from the primary leiBig 5)

Refractors require high quality, transparent glass;duse
light mustbe transmittedthroughthe lens This makes
refractors more expensive than other types ofestopes. _ B
Th iaht of the | b df he sid Figure 5-A 120mm backyard

e weight of the lensasnust be supported from the side S(refracting telescope. The
that the light path is not obstructed, which significantly  eyepiece is located at bottom
limits the maximum aperture of a factor. The largest ][ight- I(Wikimedia u|'§,er: _
refracting telescope in the worJdocated at the Yerkes ractal.scatter, public domain)
Observatory in Williams Bay, Wiscons#justn n ¢ Ay . [Ruk to idrhi§h\ebst and size
limitations, refracting telescopes habeen largely abandonelly professional @asonomersin
favor of reflectorsSmaller refractors remain popular with amateurs and astrophotographers
because of the sharp, high quality images they produce.

| =

Refractors are subject to a phenomenon knowrchsomatic aberration in which colored
fringes of lighappear around bright celestial objects such as the Moon and planets. This
happenshecause lenses bend different colors of light at different angles. Adding additional
lenses can reduce this effect, but at the expense of increased cost. Refractors with-a three
element primary lens that minimizes chromatic aberration are knowapaghranatic
refractors. Instruments that only contain two lenses, and thus suffer from more chromatic
aberration, are known aachromaticrefractors.

Table 1: Refracting Telescopes

Advantages Disadvantages

1 Crisp, sharp images of bright object 1 ExpensiveHighest cost per inch of

9 Tube is sealed from dust and dirt aperture

1 Optics do not need regular alignmer {1 Limit to how big lenses can be made

1 Good for astrophotography 1 Long,bulky optical tubes

1 Image can be right side up in order { 1 Chromatic aberratiomm problem in
facilitate terrestrial viewing cheaper models
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Reflecting telescopes

Reflectingelescopes, commonly known eeflectors, forgo
lenses and instead use higtggplished reflective mirrorso
gather and focus light (Fig.4The concept of using mirrors in &
telescope was explored hyiccolo Zucchi in the early 1600s,
and the first functioning reflecting telescope was built by Isa
Newton in 1668. The most common variant is still known as
GbSGli2y Al yYNINBRYISHO® 2IlEa RS 6 (2

In a Newtonian reflecting telescope, light ergehe optical
tube and travels the length of the tube before striking a
concave primary mirror at the bottom of the tube (Fig 4). The
primary mirror is coated by a very thin layer of reflective
material, such as aluminunand reflectdight back towards a -"
small angled mirror (the secondary mirror) set near the
opening of the tube. This mirror redirects the light through tteigre 6-A 4.5" reflecting
side of the tube to an eyepiece. As a result, the observer telescope. Note the eyepiece
typically looks through an eyepiece located on the side of that UPPer right, on the side of

. . . _.the optical tube. (NPS/ Zach
optical tube rather than at the end as with a refractor (Fig G)Schieprll) ube. (

In a reflector, light does not pass through the mirrors but rather bounces off of them.
Consequently, mirrors are much cheaper to manufacture than lenses because only one face
needs to be polished arfiured. Furthermore, mirrors can be supported from below,

permitting the massive apertures of many modern telescopes. Nearly all resgeadb

telescopes built since the dawn of the 20th century are reflectors, including the famous Hubble
Space Telescopd@he largest reflectors have diameters exceeding 10 meters, ~10 times the
diameter of the largest refracting telescope. Reflectors are also extremely popular among
amateur astronomers because of their low cost per inch of aperture.

The primary downsidefaeflectors is that they require more maintenance than refractors. The
open tube design of a reflector allows dust and dirt to accumulate on the mirrors over time.
Occasional cleaning must be done very carefully to avoid scratching the delicate reflective
coatings on the primary mirror. To obtain sharp images, the primary and secondary mirrors
must also be carefully aligned with each other, a process knowolasation. Even routine
handling or transporting a reflector in the back of a vehicle can beigmoo knock the mirrors
out of alignment, so frequent checks are a must. Finally, reflecting telescopes typically have
long optical tubes, making larger aperture models bulky and difficult to transport in smaller
vehiclesLarger models sometime have egkible tubes to improve portability, but these can
make the telescope more timeonsuming to seup.
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Table 2: Reflecting Telescopes

Advantages

Disadvantages

Cheap Lowest cost per inch of
aperture

Very large apertures are possible,
good for seeindaint objects

Free from chromatic aberration

= =4 =4

Open tube design allows dust and d
to enter telescope

Requires frequent alignment of
mirrors (collimation)

Often large and bulky

Not appropriate for

terrestrial viewing

Catadioptric telescopes
Catadioptric (or compound) telescopsusea

combination of lenses and mirrors to gather and focus

light (Fig 4. Over the past several decades,

catadioptric telescopes have become one of the most
common backyard telescope designs. Most models
come equipped with &acking driveand aGoTo
computer controller that can assist the user in locating
objects.

One of the mat ubiquitouscatadioptric telescopes

the SchmidtCassegrainThese telscopes have a very
distinctiveshort & stubbyappearanceFig 7) Using
both lenses and mirrorsffectivelyfolds the light path
and allows the optical tube to be very short and
compact, making for a very portable telescope
compared to other design®isadvantages of Schmidt
Cassegrains are a smiadld of view, and high cost per
inch of apertureLike a refractor, the eyepiece is
typically located on the bottom end of the opticailte.

Table 3: Catadioptric Telescopes

Advantages

Disadvantages

= =4 4 -4 2

Compact size, portable

Closed tube, no dust/divn optics
Free ofchromatic aberration
Excellent for astrophotography
Optics do not need regular alignmer
or maintenance

= =4

Higher cost pemch of aperture than
reflectors

Heavy

Hard to obtain widedfield views
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Mount designs

A good telescope is nothing without a isbinount. Many
cheap telescopes sold at department stores or big box
retailers have decent optics, but a mount so flimsy that
they are essentially useless.

Alt/az (altitude/azimuth) & Dobsonian mounts

The simplest type of mount allows the telescope to be
moved on two axesazimuth (side to side) andltitude
(up/down). These are known astazimuth mounts,

often abbreviated simply aalt/az (Fig 8)

A common altazimutlvariantis the Dobsonianmount
(Fig 9). Developed by amateur astronomer John Dobs:
in the 1950s, Dobsoniamounted telescopesxhich are
almost always Figure 8-A Schmidt-Cassegrain
reflectors) rest on a telescope on an altazimuth mount.

boxlike lazy susan Red arrows indicate the axes of
rotation. (NPS/Zach Schierl)
structure, usudly

constructed of lowcost materials such as plastic or

particleboard. The telescope can be easily moved up/down

and side to side by hand, making Dobsonians by far the

easiest type of telescope to sap and operate. The

simplicity of the mount also mearey are extremely

OKSI LD C2NJ SEI YLX S= (Fig9ommé NBTFE &
Dobsonian mount can be purchased for ~$600, thousands

less than a 10" computerized SchmidassegraifFig 8)

Dobsonians are great for beginning telescope users.

However, mosDobsonian mounts do not have tracking

drives and must be manually adjusted to track objects as

Figure 9-1 pmé OAA& A they move across the sky. As a result, Dobsonian telescopes
telescope on a Dobsonian are not suitable for longxposure astrophotography. Some

mount. (NPS/Zach Schierl) knowledge of the night sky is also requir® find objects,

as most Dobsonians do not have Gabmputer controllers. Some are now offered with

Gt dzaKe2¢ GSOKy2ft2383 gKAOK GSffa (GKS dzaSNI K25
desired object, but does ndbcate the object automaticallyrdrack the object after it is found.
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Table 4: Dobsonian Mounts

Advantages Disadvantages
1 Simple & easy to use 1 Expensive addns needed to
1 Cheap automatically track objects

Knowledge of sky needed to find object
Not suitablefor astrophotography

1 Facilitates learning the night sky

= =4

Equatorial mounts

Equatorialmounts are the most common alternative to N
altazimuth mounts and are usually attached to the tof

of a tripod. Like alt/az mounts, equatorial mounts allor &

a telescope to be moved on two axes, but also add a| R

third axis that is aligned witthe north celestialpole ’tgnorth
(Fig 10). This allows movement of the telescope on t 7 celestial
other two axes to essentially mimic the rotation of the#® ] % pole

Earth, making it easy to track objects as they move
across the sky. Most equatorial mounts are equipped
with atracking drive small motorsattached to each P
axis that continuously move the telescope to
O2YLISyaldS F2NJ 9FNIKQa N
sky objects will quickly drift out of the field of view.

Equatorial mounts are a must for long exposure i
astrophotography. However, fordsic observing they  Figure 10-A reflecting telescope on
can be overkill as they are typically heavier, more  an equatorial mount. The axis shown

. by the red line must be precisely
complex to seup, and much more expensive than aligned with the north celestial pole.

alt/az mounts. (NPS/Zach Schierl)

Telescope Nuts & Bolts

Focal length
Thefocal lengthof a telescope is the distance that lighavelsfrom the objectiveto the focal
point or eyepiece. For reflectors and refractors, the focal length is approximately the same as

Table 5: Equatorial mounts

Advantages Disadvantages
1 Allows for easy tracking of celestial objeg 1 Expensive
1 Permitsastrophotography 1 Heavy & bulky
1 Often more robust & sturdy than alt/az 1 Increased setip time and more
mounts difficult for beginners to use
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the length of the optical tube. In Schmi@assegrain telescopes, tf@ded light pathmakes
the focal length much longer thathe tube itself.

Focal length is important because, among other things, it helps determineégmificationof

the telescope when used in combination with different eyepieces {sdow). Telescopes with
longer focal lengths generally provide better views at higher magnification than telescopes with
shorter focal lengths.

-

Eyepieces and magnification : e
Regardless dklescope typethe final ] =
stepinstarh I K G Qa 22 dzNy - [ 1
the eyepiece.An eyepiece is a small

metal cylinder containing a series of
small lensednserted into aeles@ LIS ¢
focuser (Fig 11). Unlike thelescope
itself, the function ofan eyepiece is to
magnify the image before the light
reaches your eyalVhich eyepiece is  Figure 11 -A variety of different telescope eyepieces.
useddetermines both the (NPS/Zach Schierl)

magnificationandfield of view of the telescopeBecause eyepieces are interchangeablesthe
parameters willvary depending otthe chosen eyepiecd&yepieces are measured by their focal
length(in millimeterg, which is stamped on the eyepiece its@ifig 11)Eyepieces witlshorter
focal lengths yieldhighermagnification views. Information on how to calculate magnification
can be found irChapter 4.1: Using a Telescopgepiece quality is important and it is not
uncommon for a single eyepiece to cost more than a small telescope

eepView™ 35,

Most researchgradetelescopes forego eyepieces entirely andtead useCCD camerasr
spectrographdo record light
collected by the telescope.
Digital @ameras ardar more
sensitive to faint light than the
human eye, allowing them
46asSS¢ 202S0@n
detailand in color(Fig 12).
Today, almosho astronomical
research isctuallydone by
astronomers looking throgh
the eyepiece of a telescope.

Figure 12 -A visual sketch (left) and photograph (right) of the
Orion Nebula as seen through telescopes of a similar
aperture. (Sketch: Michael Vlasov, Photo: Zach Schierl)
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The Magnification Myth

One of the most prevalent myths in
astronomy is that telescopes are
measuredby their magnification. As we've
seen thougheyepieces are
interchangeable and thus any telescope
can be used across a wide range of

Figure 13-Simulation of how a view of Saturn
through a backyard telescope deteriorates with

magnifications. For example, a medium increasing magnification. Note how Saturn

becomes larger, but also increasingly dimmer

sized backyard telescope may be capabhan d blurrier. (NPS/Zach Schierl)

of magnifications from 20x to over 500x.
CdZNIKSNXY2NB>X Y2NB Y| Iy MdstoQhe iimezhjgh agnjfication | £ ¢ | & &
eyepieces actually produce blurrier views than low magnification eyepieces. Why is this?

Remember thagpertureA & (G KS GNXzS YSFadaNBE 2F | St Sa02LISC
MHE (SESa02LIS YAIAKG 6S OFLIoftS 2F YGathidrgdh Fe Ay 3
four times as much lighds a rsult of its larger

aperture. Magnification simply means spreading

out the same light over a larger arsa when an

image is magnified, it gets bigger but it also

becomes dimmer (Fig 13). For this readamer

aperture telescopes that have more light tmwk

with can better handle high magnifications.

Deploying high magnification eyepieces on small

aperture telescopes is generally a bad idea.

AEROSPACE & NAUTICAL DEPOT SALE

Super-Powerful 100-BILLION MILES

DEEP SPACE

not Ws telephoto, wide-nngk&
but only$29 95 . S

This once-a-year ‘Depot-Overstock’ release to the public!
Brings Ih M oon, Dista nt Stars, Planets, Comets,
he Close-Up View

In addition, the more an astronomical object is
magnified, the more any turbulence or instability in
9 I NI K Ophere-isialé@ndagnified. Unless
atmospheric conditions (known by astronomers as
seeingconditions) are superb, extremely high

; magnifications will usually result in blurrier views.
NICAL SPECIFICATIONS | .
-a Conseqently, many of the best views through

changeable ey 'phw 200, 30X, 40X
telephoto and deep probe viewing

*Full r using controls for both primary and

secondary body eylinders

+45° astronomical fold mirror

+Lens hoods H

*Multi element optical system for sharp image quality E

+ Both cxit pupil lenses and objective high-impact i
lenses engineered for maximum transmissions

+ Total spectrum clarity for both night and day viewing |

,,,,,,,,

Figure 14 -Advertisement for a cheap,
but likely poor quality, telescope. (Joe
Roberts, www.rocketroberts.com )
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Caveat Emptor

Many telescopes sold in department stores,-bimx
stores, and catalogs advertise extremely high
magnifications, or tout extravagant claims about
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telescopes are almost alwagheaply made, poequality instruments that make such claims to
take advantage of people with little or no knowledge of how telescopes actually work. Any
reputable telescope manufacturer will advertise their telescopes based on aperture, NOT
magnification If you ever encounter a telescope advertised by magnification, run away...fast!

Finder telescopes

Nearly altelescopes are equipped withfeader (or
finder scopg, a smaller telescopesed to help locate
objects (Fig 15). Without a finder, locating an object
through a telescope eyepiece can be extremely
challengingbecause the field of view is so smallii Q &
of like looking through a soda straat the night sky and
trying to find something.

Finder telescopes alleviate this problem because they
have a much wider field of view, perhaps more akin to
toilet-paper tube instead of a soda straWhen looking
for an object, begin by locating it in the finder, which w
usually havesrosshairs If the telescope and finder and
well aligned with each other, centering the object in the
crosshairs will also place ifght in the center of the ~ Figure 15-A Schmidt-Cassegrain
main eyepiece. Most findeisave apertures of 360mm If;i?t?é)ﬁ:l ﬁﬂggﬂee?e‘g’ggpz (et
and magnifications of-20x, similato (half) a pair of and a Telrad zero -power finder
basic binoculars. (right). (NPS /Zach Schierl)

Some telescopes hawezero-power finderor Telrad(Fig 15)n addition to, or in lieu of, a
traditional finder A zerepower finder doesiot magnify the sky at all, buhsteadprojectsa
bullseye, target, or red dot onto the sky to show where the telescope is pdiwhen looking
for bright, naked eye objects, a zepower finder is often sufficientA traditional finder is
helpful when looking for fainter objects that are not visible to the naked eye.

Tracking drives

Many backyard telescopese equipped with motorghat slowly move the telescope in order

G2 O02YLISyal dS ¥F2 N vunfsracking NiveoRciock /e, thésaniprd Y y 2
allow the telescopetokeepup A UK |y 202S00G Fa Al Y20S&a I ONR A
Tracking drives are commplaceon equatorial and alazmounts, but are difficuland

expensivedo instal on a Dobsonian mount. Tracking drives are very useful on telescopes used

at busy education or outreach events, otherwise the operator will havedauallyadjust the

telescope for visitors every few minutes. Extremely accurate tracking drorabined with a

high-quality equatorial mount argequired forlong-exposure astrophotography
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GoTo systems
In addition to a tracking drive, many modern backyard telescope®quipped with a
computerizedGoTosystem that can automatically locate objects in the night sky.

GoTo telescopes have both advantages and drawbacks. To initialize a GoTo system, the
telescope must first be manually aligned on several known stars or planets. While computerized
telescopes ee often marketed toward beginners, this alignment process requires some prior
knowledge of the sky, which can be frustrating for users who are not yet familiar with the stars
and constellations. Newer (and more expensive)-6e&bled models are starting tmake this
alignment process more beginnétendly, although there can still be a steep learning curve.

Once initialized, GoTo telescopes can find objects quickly, and introduce users to a wider
variety of objects than they might be able to find manuallhey are also very useful for busy
outreach events where it is important to be able to find and track objects quickly.

GoTo telescopes have an important place in amateur astronomy, but are inherently more
complex than an alt/az or Dobsonian telescopéots don't learn to fly on 747s, and likewise

GoTo scopes aren't always the best choice for beginning astronomers. They take longer to set
up, need access to a power source, and cost more. Consistent use of a GoTo telescope can also
hinder learning youway around the sky, because the computer is doing all the work far you

Where to observe?

Bright objects like the Moon and planets can be observed from just about anywhere, even light
polluted cities. However, most astronomical objects are much faintdrraguire a unique set

of conditions to be seen well. In this section, we'll briefly look at some of the factors that make
for a good observing sitén short, elescopes, especially large ones, are best used from
locations that are dark, high, calm, ang/d

Climate

Not surprisingly, good weather is one of the most important criteria for a good observing site.
The best locations for astronomy receive minimal rainfall, have a high percentage offdeud
nights each year, and have low average humidityti®s of the Atacama Desert and the
American Southwest can have 300+ clear nights per year, very dry air, and little rain.

Light Pollution

An observatory located under dry, clofigee skies is of little use if swamped by tight

pollution of a nearby cit. In addition to good weather, a location relatively freeskyglowis
crucial for modern observatories. Even a little bit of skyglow can interfere with or prevent
observations of fainter objects such as galaxies and supernovae. An eye toward future ligh
pollution conditions is important as well. For example, many observatories built in the early
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20th century were located in remote areas far from city lights when first constructed, but are
now dealing with the effects of expanding metropolitan areas endroaching suburbs.

Light pollution is not a concern fatl observatories. For example, an observatory built for the
sole purpose of studying the Sun would not be concerned about light pollution, although air
guality may still be an issue. Radio telgses are also not affected by visible light pollution, but
may be impacted by radio transmissions and often must be built in +equiiet zones.

Elevation

We live at the bottom of a vast ocean of air. Much like a diver looking out of a swimming pool
sees distorted view of the Earth above, our atmosphere hinders our ability to observe the
night sky. Starlight entering our atmosphere is absorbed, scattered, and distorted by gases and
particulates. Views of the night sky from Earth's surface are thereforendinand fuzzier than

they would be without our atmosphere.

C2NIlidzyF 6Ste& F2NJ FadNRYy2YSNARZ GKS 9FNIKQa vz
general rule, the higher you go, the better the view will be. Elevations exceeding ~6,000 feet
getyouabover2 & 2F GKS 41 GSNJ OFLIRNIAY 9FNIKQa | dvy?2
Very few researclgrade observatories are located below 6,000 feet, and many are located well

above 10,000 feet.

Technology can also help solve the problem of our shaky athesepMany large research

telescopes are now equipped with a technology knowmadaptive opticsto help counteract

the effects of that ocean of air above us. Think of adaptive optics like the image stabilization on

your digital camera, only for gigantieléscopes. Amazingly, some large telescopes with

adaptive optics situated at high altitudes can now achieve an image quality comparable to

much more expensive spagel 8 SR (1St Sa021LJSa GKIFd R2y Qi KI @S |
at all. Note that while teéscopic views of the sky improve with altitude, naked eye stargazing

improves only up to a certain elevation because deereasedxygen supply negatively

impacts our night visiorsée Chapter 2)1

Geographic location

Astronomers prefer to build obsert@ies near the equator, so thatbjects in both he

Northern and Suthern Hemisphere skies are visible. Unfortunately, weather patterns close the

equator are often not conducive to astronomy, so most large telescopes end up being built at
mid-latitudes.Polar areas are avoided due to the presence of 24 hour sunlight for half the year,

as well as frequerdurorael K & & SNINS fléa a2 deNOSI R F f AIKG L2
natural disasters, available infrastructure, and political stability are other factors astronomers

take into account when building large, expensive observatories. A list of major ghased

observatories is ifTable 6.
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Table 6: Selected Major GrouABased Observatories
Name Location Elevation (ft) Largest telescope
Mauna Kea Observatory| Mauna Kea, Hawaii 13,600 Twin 10 meter
Keck Telescope
Cerro Pachon Andes Mounta_uns, 8.907 8.1 meterGemini South
Northern Chile Telescope
Atacama Desert, 4 x 8.2 meter
Cerro Paranal Observaton Northern Chile 8,645 Very Large Telescope
Roque de los Muchachos| La Palma, Canary 7 438 10.4 meter
Observatory Islands, Spain ' Gran Telescopio Canari;
: 10.0meter
McDonald Observatory Fort Davis, Texas 6,790 HobbyEberly Telescope
South African Astronomicg Sutherland, South 5 899 9.2 meter South African
Observatory Africa ' Large Telescope (SALT
Mt. Graham International | Mt. Graham, Grahan Twin 8.4 meter Large
. 10,469 .
Observatory County, Arizona Binocular Telescope
Atacama Desert, ,
Las Campanas Observato Northern Chile 7,810 Twin 6.5 m telescopes

Space Telescopes

Over the past several decades, astronomers have been increasingly turning to telescopes
located in space to probe the universe. Wisfgce telescopeare extremely expensive
compared to ground based telescopes, they offer some major advantages.

FirstandF 2NBY2aids aLl OS GStSad2LlSa 20aSNWS (GKS
Atmospheric turbulence ia major problem foEarthbound telescopesanda telescope in

space wiltypicallyachieve much betteresolution (resolving power) than a telescopéhan
identical aperture on Earth. Furthermore, in space, there is no weather or light pollution to
contend with; it is dark and clear Z¥urs a day, seven days a week, 365 days per. year

While space telescopes aaenazing tools, they are also exper&idery expensiveAdvances in
adaptive optics now allow some ground based telescopes to equal or exceed the image quality
of the Hubble Space Telescope in certain situations, and at a much lowérAtdsast br
astronomers dealing with visible light,i$ generally muchmore costeffective to build Earth

based telescopes.

However, certain wavelengths of light (such as gamma rangsyss ultraviolet, and infrared
radiation) are almost completely absorbed by our atmosphere (Fig 16). In these casasea s
telescope the only option for observing objects that emit light in these wavelengths. The
majority of the more than two dozen active space telescopes observe the sky in wavelengths
other than visible light.
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Review

Common misconceptions

Below is a list of commonly encounteradsconceptions about telescopes. As a way to review
content from this chapter, see if you can explain why each misconception is inaccurate:

The main purpose of a telescope is to magnify objects in space.

Longer telescopes can see more than shorter ones.

Most/all telescopes use lenses.

The Hubble Space Telescope is the largest telescope.

Galileo invented the telescope.

Galileo was the first person to observe the night sky with a telescope.

The Hubble Space Telescope travels across the universe to talteepiof celestial
objects.

Professional astronomers spend most of their time looking through telescopes.
Large telescopes are needed to see interesting things.

I GStSad02LIS KI apélk LI NI A Odzf F NJ aLI2 g SN
All telescopes can see through clouds and/or rain.

=A =4 =4 4 A -4 -4

=A =4 -4 -4

Questions for thought
1 How has the telescope changed astronomy and how we look at the night sky? What
sorts of discoveries have been made using telescopes that would not have been possible
with the naked eye?
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1 Several modern telescopes, such as those on Maunarkigawaii, have provoked
controversy because they have been built on mountaintops considered sacred to native
inhabitants.How would you approach this situation? How can astronomersioala
scientific progresandtraditional beliefs?

T If you were asked toecommend a telescope for someone just getting started in
astronomy, what kind would you recommend and why? Are there any types that you
would steer them away from?

1 If you were going to build an observatory in your area, where would you put it? Be sure
to consider all the factors discussedliie chapter Are there any other factors not listed
here that you would need to take into consideration? Would your house be a good
location for an observatory?

1 Is alarger aperture telescope always better? Cantink of any instances in which a
smaller telescope might provide a better view of an astronomical object?

For More Information

History of the Telescope
 dThe Telescope 6 DI fAfS2 tNRP2SOGZ wAaAOS | YyABSNBAGREV
http://galileo.rice.edu/sci/instruments/telescope.html

Choosing a Telescope

1 http://www.skyandtelescope.com/astrononrequipment/howto-choosea-telescope/
http://www.skyandtelescope.com/astrononigquipment/telescopebuyingguide/
http://www.adorama.com/alc/0014311/article/ABeginnersGuideto-Telescopes
http://www.universetoday.com/83208/choosing-new-telescopegoto-or-not-goto/
Star Ware: The Amateur Astronomer's Guide to Choosing, Buying, and Using Telescopes
and Accessoriedy Phillip S. Harrington, 4th Edition (2007)

= =4 =4 A

Astronomy Weather Forecasts
1 Clea Sky Chartgastronomy focused weather forecastijtp://cleardarksky.com/csk/

Space Telescopes
1 The Hubble Space Telescop#ps://www.spacetelescope.org/
1 d&ObsrvatoriesAcross the Electromagnetic Spectrém o b:! { ! ©
https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum_observatoriesl1.html
1 &al SmadélTelescopes océ.dalin) https://www.space.com/6716émajor-space
telescopes.html
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CHAPTER2.5: THEC osMIC CAST OFCHARACTERS

Astronomy compels the soul to look upward and
leads us from this world to another.
gol A

The summer night sky dazzles above the Green River in Dinosaur National Monument,
Colorado. (NPS/Dan Duriscoe)
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Chapter 25 Goals

After reading this chapter and participating in the corresponding workshop activities, you shoult
able to:

9 Briefly explain the significance and science of each major category of object visible in the n
sky to a general audience.

I Facilitate @ understanding of the size and scale of the universe, and our place within it, by
explaining the relative distances to objects in the night sky.

Introducing the Cast

The night sky contains a diverse array of beautiful sights. From the ephemeralffiasteteor

to the fleeting glimpse o faint galay billions oflight-yearsaway, there is always something

exciting to see under a dark night sky. The cosmic menagerie can be confusing thdughii Q &

the difference between a galaxy andalar systemanyways? Why are there so many different

kindsof nebulae? Whatexactlyare all those colorful clouds Hubble Space Telescoprage®

Ly GKA&a OX$ &Il SNES e dAK § 4 4né geta bédter Geinse Bfthe OK I NI O ¢
universe's contents, as well as our place within it.

Our CosmicAddress
You are probably used to givipgopledirections to your home or apartment. As Master
Astronomersthe ability to describe ou® 2 & YA O  dslamRitpdtiar skik:

1 We live on the Earth, one of eigplanetsand numerousasteroids comets anddwarf
planetsorbiting astar: the Sun Collectively, these objects comprise @olar System

1 Our Sun is one of several hundred billion stars inNfil&y Way Galaxy a vast collection
of stars, gas, and dust orbiting a central supermadsiaek hole Many, if not most, of
the stars in the Milky Way have their own solar systems Geapter 2.9

1 The Milky Way is the second largest galixthe Local Groupof galaxiesMost of the
galaxies in the Local Group atearf galaxies but it also contains the behemoth
Andromeda Galaxy, whiahill collide with the Milky Way in about 4.5 billion years.

1 The Local Group is a small part of the massive Virgo Superabfigialaxies. Many other
galaxies belonging to the supercluster are visible with a small telescope in the spring, in
the direction of the constellation Virgo. Some astronomers suggest that the Local Group
is part of an even larger supercluster known asidlees?

The graphic on the next page gives a sense of the relative distance to different objects in the
universe Note that the graphic is logarithmic; that is, for each step on the ladder, the distance
increases by a factor of 10Bven the nearest galaes to us are nearly four billion times as far
away as PlutoThe universe is a vast place, but telescopes and dark night skies bring it a little bit
Oft 2aSNX¥ [SiQa 060S3AAY 2dzNJ (2 dzZNH
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A
10 billion Iy
Other Galaxies 100 million ly
1 million ly
\ 4
Center of A A 1\
Millky Way Galaxy Nebulae Star clusters 10,000l

Other stars ‘l' ‘1,

100 ly
v
A 1 light -year (ly)
100 billion miles
'1‘ 1 billion miles
Planets
Solar System ‘l’
y 10 million miles
The Moon
100 ,000 miles
Satellites 1.000 miles
v Meteors, Aurorae
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Meteors & Meteor Showers
Most of us have seenraeteor (or shooting starat some point in our lives, perhaps while
watchinga meteor showeror storm (Fig 1). Despite their common narabooting starhave
nothing to do with stars.
Instead, the typical meteor is a
small piece of space rock
disintegrating in theearthQ a
upper atnosphere just 80-120
km (0-75 mi)above you? This
makes meteors the closest
astronomical objec visible to
the naked eye.

Where do these rogue rocks
come from?0ur Solar $stemis

full of debrisleft over from its ) S
Birthi S G 3 1 & Rdza G ¢ Foure Lborens ofmeteors lash across e s ne
formation. These leftovers rangeshower. (NASAIPL)

in size from microscopic dust

grains, to pebblesized rock known asmeteoroids, to asteroidshundreds ofkilometerswide.
While tons of thiglebris collides withearthevery day, most of the smaller particles disintegrate
or vaporizein the atmosphereefore reaching the surfackOnly larger meteoroidbave

enough mass to reach the groundrasteorites.

Meteoroidscollidewith Earthat aminimumspeed 0f40,000 km/hr 25,000mi/hr)>, fast

enough toionized 4 S& AaymosphemBréuftthe meteoroidnd producing the flash of
light we see as a meteor. Larger meteas can produceneteors so bright that thegast
shadows on the ground. In some cases, the maigbmay visibly fragment into smaller pieces
or emit audibé sounds Thesespectacular meteorsra known adireballs or bolides

Observing Meteors

You can see meteors @my clear nightThe darker your sky, the more you will séeteors

can appear anywhere in the sky, so a site with few obstructioide& The naked eye is best;

telescopes and binoculars are not useful because fiwdit of viewis so smally2 dzQf f | f a2 &
more meteors during the early morning hours, just before sunrise. During this time, you are
adFyRAY3 2y (KS Eath 4R aliels oriity dibit ErduBdithie Sun 2)dst as

splattered bugs tend to accumulate on the front windshield of your car, more meteoroids hit

this side ofEarththan the trailing side on which we stand in the evening hoGisenideal

viewing conditims,4-16 meteors per hour ca be seen in the early mornirgurs varying
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slightly depending on the time of ye&ihis number is lower in the evening hours, &rd
under even moderately light polluted skies.

During meteorshowers Earthpasses through deser concentrations of debr{gften left
behind bycomets and the rate of meteors can increase dramatically for several haudsyys.
The path ofall meteors associated with particular showeran be traced back to a single point
known as theadiant. Meteor showers ar¢ypicallynamed for theconstellationin which the
radiant lies. Rates of 50 or more meteors per hour are not uncommon dorajgr meteor
showers(Table 1)while rarer and less predictable metestormscan generate averal

hundredor thousandmeteors per hour.

Table 1:Selected Annual Meteor Showefs

Peak Dates Meteors per :
Showername: . : : Comments:
(varies by year): | hour at peak:
Quadrantids Jan 34 120 Strong shower, but short duration peak
(~6 hrs)
Eta Aquarids May 67 40 Peak_ ratedest seerfrom Southern
Hemisphere
) Famous shower, occurs dig warm
Perseids Aug 1112 100 Northern Hemisphere months
Orionids Oct 2122 20 Unpredictable storms can increase rate
50-75 meteors per hour
Leonids Nov 1718 15 Famous foproducing impressive meteor
storms about every 33 years
Geminids Dec 1314 150 Typically the strongest and most reliable
meteor shower of the year

Note that the peak rates listed for each shower assume the sky is dark (minimal light pollution
& no moonlght) and that the radiant constellation is high overhead, which typically occurs in
the predawn hours. If these conditions are not met (e.g., you watch from your backyard or in

the evening hours) you will not see tidkel RS NII A 4 SR ¢

Aurorae

ydzYo SN 2F YSiS2N

Anyonefortunate enough tchave seen onean excitedly relate the story of tlirefirst aurora.
Auroraeare natural light displays that occur our upper atmosphere80-480 km 50-300 m)
& BxNgReNG@tBern Hemispherethey areknown as theAurora Borealis
(northern lighs), and as theédurora Australis (southern lighs) in the Southern Hemisphere.

above theEartm a

Aurorae owe their existence tihe Sun, which constantly emits a stream of hegtergy
electrons an protons into spaceknown as thesolar wind Upon arrival aEarth thesecharged

LJ NI A Of Sa

Ay U S Miagdiic figldaddratmasgiiite inJEompleS wagsknerally

speaking, arorae occur wherparticlesfrom the solar windexciteatmosphericgasses such as
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Figure 2-Auroral displays as seen from the International Space Station (left) and Yukon -
Charley Rivers National Preserve, Alaska (right). (Left: N ASA, Right: National Park Service)

oxygen and nitrogergenerating the red, pink, purple, and green colors that are most common
during auporal displays (Fig 2).

Aurorae are most commonly observed in a zone around the north and south magnetic poles.
Alaska, northern Canada, Scandinavia, smuthernNew Zealand are among the best places to
see them Auroraeare occasionallyisible & far south ashe southern United Stated/exico

and the Caribbean, but only about once per decade (or once per solar cycle) on alVEcage.
example, a nakegyeaurora was seen from Cedar Breaks NM on Memorial Day Weekend
2017 During peiods d intense solar activitthe Sun experiencecoronal mass ejectiog in

which massivamounts of the 8zy Q& | (i ¥réeajettid $tdBpace. A coronal mass
ejection aimed directly aEarthis a common cause ofsibleaurorae at low latitudes While the
resulting aurorae @n be spectacularhese solar stormsan alsalamage satellites and

electrical grié. A current aurora forecast can be foundhdtp://www.spaceweather.com

Artificial Satellites

Of all thecelestial cheacters, one sight is unique 80" and 2£' century observersartificial
satellites. More than 1,000 operationaatellites arecurrently in orbit aroundearth along with
many othernon-operational satellits and pieces of space junk® A handful of these are
occasionally visible frofgarthin the hours followiig sunset and preceding sunrise.

Satellites move at a constant rate across the night, skgking them appear similat first

glanceto aircraft. The key difference is that most sateb maintain a nearly constant

brightness as they crossthg € ® Ly 2 (i K S NJblink (Qiesdizceptiok iS @e IRz Q
satellites, which are famous for produagi bright, shorlivedflares. However, these satellites

are currently being deorbitednd the flares are likely to cease in 2019nlike aircraft,
alGSttAGSa R2y Qi s&Yhen only Wed suNighbaugcestok @fiedtide 2 S
surface on the satellite anidlack toour eyes. ike a tall mountairpeak satellites highoverhead

olFal Ay GUKS {dzyQa 3t 2¢ SGSy poirfan Sath exfaking dzy K|

Qx
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why we can see them even
after dark.Most satellites are
faint, but larger ones such as
the International Space
Station havdargereflective
surfaces andival the
brightest stars and planets in |
the sky(Fig 3)

Satellites brigh enough to
see with the naked eyend
to be thosein low-Earth
orbit, the zoneextending up

to 2,000 km (1200 mi)above Figure 3-A 30-second exposure captures the motion of the
EarthO 3 A dzNJF | O § o!nternational Space Station (center right) across the night
sky. The light dome of Las Vegas is at left. (Zach Schierl)

the International Space
Station orbitsEarth about every 90 minutes, at a height of ab400 km 250 mi). Most
satellites have predictable orbitmmdwebsites such asww.heavensabove.concanhelp you
determine when a particular satellite will be visible from your locatldke meteors, satéles
are best obsrved with the naked eye because they move too rapidlyrdok with atelescope,
although you may occasionally catch a glimpse of one passing through a teleyeppece.

Solar System Objects

The Moon and planets are usually the first objects that is¢avgazers or telescope owners
become acquainted with. IntBO K I LJ0 S NE dis&QisHow to obbEkv&aldr §stem
objectsand then learn more about them i@hapter 2.6: Our Solar System.

The Moon

Derided by many astronomers, professionaland amditeul t A { S~ Fa Fy Fyy2eAy:
of light pollution, the Moon is nevertheless a spectacular object in binoculars or a small

telescopelt isbest viewed during the crescent or quartghasewhen sunlight hits the Mon

at a shallow angleThis ceatesshadows that reveal fine detail amotige deep craters, jagged

mountain ranges, broad valleys, and smooth plamar{@) ofthe lunar surface (Fig 4yhe

greatest detail is typically seen along tteeminator, the dividing line between the day and

night side of the Moon (Fig 4).

As full moon nears, sunlight strikes thisible portion of theMoon more directly, washing out
many of thesdeatures,much like direct sunlight at noon washes out the fine detail sought by
landscape photographers dfarth Inaddition, the Moon is so bright when full that it can be
uncomfortable to look athrough a telescope without a moon filter to decrease the brightness.
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A frequentlyasked question about lunar observing is:

Fy L &aSS 6KSNB (WHetiea 0 N2 y I dzi
general area of the Apollo 11 landingesMare

Tranquilitatis (the Sea of Tranquility), is more tI&50

km (528 miywide, the lunar lander, flag, ahfootprints

left behind are far too small to be seen with even the
largestEarthbased telescopes. A typical backyard

telescope can only resolve objects as small as aboat

mile acroson the lunar surfacé’

Another perniciousunar myth is thatthe Moon is larger
whenon the horizonln reality, this is nothing more
than an opticalllusion.Next time you see a bright

Figure 4-1 OEA i £ O A orange full moon rising above the eastern horizoolch
terminator through a backyard up a dime at the end of your armext to the Moon and
telescope. (NPS/Zach Schierl) note its apparent size refive to the dime. Repeat a few

hours later when the Moon is higher in the sky an@ dzQf f 4SS TFT2NJ @82 dzNBSE T
size In fact, the Moon isctuallyfarther away when on the horizoand is thus ever so slightly
smaller,howeverthe differenceis essentially imperceptible to the human eye.

Planets, Dwarf Planets, andheir Moons

Some of the best sights in the night sky are the planets of our own Solar System. Five of the
seven planets (besiddsarth are visible to the naked eye, antercifullyare even bright

enough to beseenfrom heavily ight polluted areas. The outermost plangtdranus and
Neptune)andthe dwarf planets(like Pluto) are fainter and regye a telescope to see

With the naked eye, planets can be difficult to tell apart fretars.However, lecause the

LJ |y Sia raative i tRRé&Shddkground stafsee Chapter 2)2we can detect therby

watching for their movement from night to nightike theSunandMoon, the planetsappear to

follow the eclipticandcan always be founith one of the B zodiac constellations|f you are

familiar with the zodiac constellations, you cdentify planets by looking for bright stars that

R2y QG FAG Ayd2 GKS GNIRAGAZ2YLEFE O2yadaSttlriArzy

While movement will betraplanetsto the naked ge, atelescopequicklyreveaktheir true
nature. Allthe major planets will appear as disa@s opposed to points of light like stars

through backyard telescopeSeveral, sch as Jupiter and Ma(s/hen it is close to usgan

exhibit great detailNumerousmoons of Jupiter and Saturn are also visible with small
telescopes, and their orbital motion around their host planet can be observed in as little as a
few hours.Table 2 summarizes the appearancesath planeto the naked eye and through a
telescope
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Asteroids
Asteroids rocky pieces of rubble |
left over from the formation of
the Solar System, appear merlg
as starlike points of light even
through large telescope3he

termd I & (0 SwvbLcairied by
British astronomer William :
| SNEOKSET Al %6
Greek.BEvenwith large telescopes, @
the only characteristic that
distinguishes asteroids from starg

is that, Ike planetsasteroids Figure 5-Asteroid 2005 YU55 (white streak) as seen on
orbit the Sun andhus move or  the evening of November 8, 2011. This near -Earth

Lo <A A .« , asteroid appears as a streak because it was passing inside
aglhyRSNE N‘B. tl u Athe radius of the Moon's orbit , and thus moving across the
background stars over time (Fig sky very rapidly , when this long -exposure image was

5).Only a few asteroidsuch as taken. (Whitman College/Zach Schierl)
Ceres and Veatare large and
bright enough to beeasilyseenwith backyard telescopes.

Comets

Cometsare a relatively rare sight in our night sky, but can be far more spectacular than
FAGSNRARaAD® hTFiSy RSéacamds ar&ify-sidedchuitk&Rot ibeirdck, and2 ¢ o6 | £ f
dust thatorbit the Sun orelliptical paths Most comets spend the majority of their lives in the

outer Solar System, where

they are invisible even with

large backyard telescopes.

When a cometapproaches
the Sunjt begins to lose
massand develop coma
(atmosphereandpossibly a
tail (Fig &.If a comet is large
enough, or passes close
enough to Earth, during this
time they can brighten

enough to be visible in small

Figure 6-Comet McNaught graced the Southern Hemisphere telescopes or, in rare cases,
skies in 2007, becoming one of the brightest comets on

, » even to the naked eye.
record. (ESO/Sebastian Deiries, CC BY 4.0 y
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Naked eye comets are rare and their arrisgaften
unpredictable While some cometbhave regular,
predictable orbits and appear in our sky periodically,
these are typicallgimmer and only visible through
telescopes (Fi@). There are some exceptions however
such aComet 1P Halleg | | £ € S& @dchis 2 YS
usually bright enough to see with the naked eye when
rounds the Sun every 76 years

Comets arainique among astronomical objects in that
they areofficiallynamed for their discoverers (with a

¥FS6 KAAG2NRAOIEf SEOSLIAZY | 2
was named for, but not discovered by, Edmund HalleyFigure 7-Comet PanSTARRS,

Today, manyew comets arfound by automated ?I\l;ﬁ::%gee? \t/r?;‘;g%? a 10" telescope.
surveytelescopes, hence comet names such as Come.

C/2013 US104ialina, Comet 2003 X1 PanSTARRS, and Comet 252P.LINEAR

Stars

Stars largeluminousspheres oplasmalike our Sun, are by far the most abundant type of

object visible in the night sky, both to the naked eye and watescopesUnder reasonably

dark andmoonless skies, the naked eye can gpe/ards 05,000 stars, a small telescope is

OFLI 6fS 2F RSGSOGAYyI aSOSNIf YA A2YyTZ yR | ™
az2zald adl NER R2y tQirougha ®lescap&thai they Aokt Sakdsl ¥yeExcept

for the Sun, all stars appear as points of light, even with large telescopes. Yet stars exhibit many
other interesting properties that make them worth a

close look. Perhaps the most obvious stellar property

that can be seen with a telescope (and in some cases,

naked eye) is colpmwhichindicates the surface

temperature of a star. Very hot stars are blue or white i

O2f 2NE 6KSNBLFa 022t SNJ adt N S@S

explore the science of stars in moretdiéin Chapter 2.7

Double, binary& multiple stars

Adouble staris any pair of starthat appearvery close to
each other in the night sky (Fig.8n most caseghe two
starsareclose enough that they arenly revealed as a

Figure 8-The double star Albireo
) _ _ ) (Beta Cygni), a brilliantly colored

pair by using binoculars or a telescopéultiple starsare  grange/blue pair easily visible in
groupings thacontain three or more individual stars. backyard telescopes . (Wikimedia
user: Hewholooks, CC BYSA 3.0

87


https://creativecommons.org/licenses/by-sa/3.0/deed.en

Chapter 2.5: The Cosmic Cast of Characters

Some double stararetrue companions, while others ongppearclose together. If two stars

lie along nearly the same line of sight, but actualhatidifferent distances fronkarth we call

the coincidental pair anptical double.Usually though, double stars appear close to each other
because thewreclose to each otheMany doubles argravitationally bound to each other in a

binary starsystemwherethe two stars orbitacommg OSY GSNJ 2F Yl aad 52y Qi
binary starsystem revolving through &lescope though; most binary stars take centuries or

millennia to complete one revolution.

Because stars form in grougsnary stars are commorMore than half othe Sunlike stars in
the Milky Way are thought to bepart of binary or multiple str systems, a percentage thanly
increases for more massive stars.
Amongsimilarstars, our Sun is the
oddball in that it is a singlstar
without a companion (Fig)9in g
contrast, $ars smaller than the Sun, &
which make up the bulk of the stars &
in the Milky Waybut are poorly
represented in the night sky, are
more likely to be single than binary,
likely because they form in smaller
groups to begin witH?

Double stars make excellent targets . . _ _
Figure 9-This illustration imagines a hypothetical

for backyard telescopes. They are  garh _jike planet orbiting in a  binary star system. How
typicallyclassified based orhe would life be different on a planet with multiple suns?

amount of separation between the (NASA/JPL-Caltech)

a0l WERRS &4 R2 dzodasy tagpetsf N aVNB f (St Sao021LJ5azx SKSNBI
require larger telescopes and/or exceptiosaleingto split. Arguably the most beautiful double

stars are those with a strongplor contrast, such as the one shown in Figure 8.

Variable stars

Variable starsare stars whosapparent magnitudesare notconstant, but vary over time.
Some variable stars change so dramatically in brightness that they can be wisibthe naked
eyeone monthand then require a telescope to see the next. Some vary on a timescale of
hours Cthers oscillate slowly over many years. Some exhibit regular, periodic variafitess
are erratic andunpredictable.Thecause of the variability depends the starin question

Perhaps the most weknown variable star is Algol in the constellation Perseus. Meaning
458Y2yQa | SIFRé Ay INFoAOT ! f32f LISNLI SESR | &i
magnitude isnormally2.1, making it a moderately bright kad eye stasimilar toPolaris, our
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current North StarEvery 2 days, 20 hours, and 49 minutes however, its magnitude dims to 3.4
for about 10 hours, then returns to 2.1. We now know that Algol is part of a binary star system,
and that its variability isaused by a smaller, dimmer star partially eclipsing the larger, brighter
star every 2.86 days. Algoltisisaneclipsingvariable star; that ists variability isnot due to

any change in the star itself, but rather because some of its light is bldakedeaching us

during these miniature eclipses.

In contrast pulsatingand eruptivevariablesvary in brightness due to actual changes in the
amount of light emitted by the star. Such stars are usually either near birth or near death, and
are unstablen some wayThese stars oftenylsate, expanding and contracting on regular
timescales, or experienagratic bursts or eruptions that change the light output of the star.
classic example is the star Mira in the constellation Cetus. Miraeid giantstar that pulsates

with a period of 330 days. Its magnitude over this 330 day period ranges from 3.5 (easily visible
to the naked eye), td 0 (requiring binoculars or a small telescope to see).

Cepheid variablesire a particularly useful type of pulsating variable star. The period of their
variability is directly proportional to theluminosity. Astronomers can estimate the distance to
these stars by comparing their luminosity (how bright the star actually id)dir apparent

magnitude (how bright it appears). Individual Cepheids can be seen in distant galaxies, allowing
astronomers to determine not only the distance of the star, but also the host galaxy.

DeepSky Objects

The termdeep-sky object(or deep-spae objeci generally refers to any astronomical object
that isnot a star orpart of our Solar System. Desgy objects includaebulag star clusters
andgalaxies all of which are popular targets for backyard telescopes. While a few-sleep
objects arevisible to the naked eye, most are faint and require binoculars or a teledoogee.
Dark skies are also critical for optimal viewing of dekp objects.

Inthe following pages, you will see many colorful images of eigpobjects. Remember that

camera capture far more color and detail than our eyes To.give you a better sense of what
GKSasS 202S0Ga t221 tA1S 2 GKS Kdzv¥kry SéSs 4SQ
eyepiece of a backyard telescope.

Nebulae

Nebula(pluralnebulag@ meansd @1 LI2Z NE 2NJ aYAalué Ay [FOGAYy>S |yR
nephelior Y S y Ay 3 3Thié térth haSistdbi¢ally dermbefpplied to any celestial

objectwith a hazy or cloudy appearance, which, given the sizegaatity of early telescopes,

was justabout everything other than stars and planets. Objects such as star clusters and
galaxiesvere clasdied as nebulaas recently as 100 years ago. We now reserve the term

Gy SodzZ € F2N AY (aSdoBdiss df whiciNthetefar deiRedial dibtE typad: &

89



Chapter 2.5: The Cosmic Cast of Characters

Emission Nebulae

Emission nebulaare clouds ofhydrogen gasind
dustthat emit their own visible light. Ultraviolet
radiation from nearby hot, young staisnizes the
hydrogen, causing it to emit gscific wavelength of
red light.Whilethey appear colorless, grey, or green
ish in backyard telescopes (Fi@),long-exposure
photographsalwaysrevealthe characteristic red
color of emission nebulae (Fig)11

Emission nebulae amfteny A O1 Y YSR &aaid Sttt
y dzNBE DechuSeitheyre associated with the birth

of new stars. Many emission nebulae are found

Figure 10-The Orion Nebula (M42), alongside dark, coltholecular cloudghat are

sketched through an 8" telescope . collapsing to form new stars and solar systems.

(Michael Viasov) These newborn stars are the sourcetloé energy

that ionizes the hydrogen and cawsseto glow.While these nebulae magppear dense in
photographsthey areactually extremely tenuous.
Even the énsest emission nebula or molecular
cloud contains less matter peubic centimeter
than the kest vacuum chambers on Earth.

Emission nebulae are among the lastgeep-sky
objects Many appear several times larger than the
full moon, and the clouds carhgsically span '
dozens to hundreds of lightears of space.
However, lecause their light is spread out over
such a large area, many are actuadly faint to see
with the human eydeven with a telescopeand ~ §
are best captured on camera (Fig 11). A fdihe
closest and mest compact emission nebulasuch
as the Orion Nebula and the Lagoon Nebala
among the most spectacular sightisiblewith a
backyard telescope and aestuallybright enough
to appear as fuzzy patches tive naked eye.

Figure 11-The North American Nebula
appears nearly four times larger than
the full moon, yet because its light is
spread out over such a large area, it is
usually visible only in long -exposure
photographs. (Oliver Stein, CC BY¥SA 3.0
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Reflection Nebulae

In contrast to emission nebulae
reflection nebula do not emit
their own light, but instead
contain tiny dust grticles that
reflector scatterlight from
nearby starsLike emission
nebulae they usuallyappear
colorless to the human eyén
long-exposure photographs
however, they are always a
vibrant shade of blueJust like
particles inEarttQa | (Y2

the dust grains preferentially  Figure 12-The Pleiades star cluster (M45) is surrounded by
scatter blue wavelengthsf a blue reflection nebula. ( NASA, ESA, AURA/Caltech,
Palomar Observatory )

® - hd

light, givingreflection nebulae
their consistent colo

Reflection nebulae are often even fainter than emission nebulae; verafewright enough to
see in backyard telescopes. Perhaps the best gkain the entire sky is M78 in the

constellation Orion. The Pleiades star cluster (a.k.a. the Seven Sisters) is surrounded by
reflective dust that shows up prominently in photographs but is diffittukee by eye (Fig 12).

Dark Nebulae

In contrast toall other types ofnebulae,dark nebulaeare
defined by an absence of ligltbnce thought to be literal
GK2ft Sa Ay .¢taegeSlarikiéatu@sSayactually
dense (~1000 particles per cubic centimeterjoudsof
dust andhydrogen molecules (molecular cloudegat are
opaque to visible light’ As a result, thepften appear as
dark silhouettes against a backdrop of starsa bright
emission nebulaFig B). Many large dark nebulae are
easily visible to the naked eymder dark skies as the
black rifts and lanem the Milky Way(Fig 4).

While these cloudblock visible light, infrared radiation ~Figure 13-The Horsehead Nebula

can pass through them with ease, allowing astrononters!" Oron is perhaps the sky's most
famous dark nebula, albeit one

see tirough the clouds and study the newborn stars thatihat is difficult to see thro ugh a

often lie inside. backyard telescope. (ESO,CC BY
4.0)
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Planetary Nebulae

The final two varieties of nebulae
both involve star deathPlanetary
nebulaehavenothing to do with
planets whatsoewve Early telescopic
astronomers observed theaften
spherica) planetlike shape and
bestowed the confusing name that
we sadly live with to this day.

Perhaps a more accurateoniker
for these djectswouR 6 S & gFigure 14-The black patches snaking throug h the Milky
A - A . Way are dark nebulae: clouds of interstellar dust that
y S 0 dziThesk ®kjects are block our view of distant stars. (NPS/Zach Schierl)

expandingshells of gas representing

the remains of small to mediwsized stars (Figh). While stars larger than about eight times
the mass of our Sun end their lives in violent espins known asupernovae, smaller stardike
our Sunexperiencea less violent dath andbecome panetary nebulae.

In this case,te outer layes of thedyingd (i F NJ SELJ yR Ayid2 aLlk OS & |
various gasses: hydrogen, helium, nitrogen, oxygen, and neon to name a few. In some planetary
nebulae, this bubble is symmetrical and neat, while others exhibit mongptex @tterns.

Meanwhk f S5 {cér&coltapsés klibém a hot, denadite dwarf. Ultraviolet radiation

from the white dwarf ionizes the medley of

expanding gassenjaking planetary nebulae some

of the most colorful objects in the gkn
photographsTechnicallyplanetarynebulae are

also emission nebulae, but they are so different

from the stellar nurseriesidcussed earlier that

they are usuallyreated as an entirely different

class of objet.

Only about 00planetary nebulae i@ currently
known in theMilky WayGalay *® This low number
is due to their finite and relatively short lifetimés
the ga®s spread out, they eventualjettoo far
from the white dwarf to be ionizedl'he gases ia
planetary nebula typically glow for just 10,600

Figure 15-The Ring Nebula (M57), one of

the brightest planetary nebulae in the ] )
night sky. Note the faint white dwarf in 20,000 years before the contied expansion

the center of the nebula. (The Hubble renders them invisible.
Heritage Team -AURA/STScI/NASA)
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As a general rule, planetary nglae are small, faint, and
best observed with large telescopes under dark skies.
Some are semall that trey are hardto distinguish from
stars.Still, a handful aréright enough to view through
small telescopessuch as the Ring Nebula (M57) and the
Dumbbell Nebula (M27) (Fig§-16). However, like nearly
all deepsky objects, they are not briglenough for the
human eyeo seethe color present in photographs.

Supernovae Remnants (SNRs)

In contrast tosmall starswhen amassivestardies its
core collapsesebounds upon itself, then blowde star
to smithereens, all in a split second. This event is KnOWEjgre 16-The Dumbbell Nebula

as asupernova The brightest supernovasan briefly
outshine allthe other starsin the hostgalaxycombined

(M27), sketched through an 8"
telescope. (Michael Vlasov)

Often, aneutron staror black holeis left behind in the aftermathWhile the death of a massive
star is the most common cause of supernovae, several other mechanisms can also produce

Figure 17-The Crab Nebula (M1) is the rem nant
of a supernova that appeared in the sky in 1054
AD. (NASA, ESA, J. Hester and A. Lerizona
State University)

similar stellar explosion§upernovae a
discussed more extensively @Ghater 2.7.

Supernovae are so luminous that when one
occurswithin a few thousand lighyearsof
Earth it can be seeim the daytime
Supernovae that close are rare however: on
average only 4 occur in the entire Milky
Way Galaxy each centutyFurthermore,

the Milky Way is currently in a drought. The
most recentsupernovaobserved in the

Milky Wayoccurredin 1604, prior to the
development of the telescop® We
frequently see supernovae in other galaxies,
but due to ther great distance thesappear
only asfaint points of light and requireery
large telescopes to study.

Somewhat asier to see are theandful of
supernovae remnants (SNiRscattered

across the sky. While supernovdien dramatically within a matter of weks or months, the
aftermath often glowsfor thousandsof years (Fig )70Only afew supernova remnants emit
enough visible light to be seen using backyard telescapest emit predominantly radio
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