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WELCOME TO THE MASTER ASTRONOMER PROGRAM  

All of us at Cedar Breaks National Monument are glad that you are excited to learn more about 

astronomy, the night sky, and dark sky stewardship. 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 Program is an interactive, hands-on, 40-hour workshop developed by 

Cedar Breaks National Monument that weaves together themes of astronomy, telescopes, dark 

sky stewardship, and science communication. The Program is aimed at individuals with little or 

no prior astronomy experience, but who are excited to learn more.   

The objectives of the Master Astronomer Program are to: 

¶ CƻǎǘŜǊ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŀǇǇǊŜŎƛŀǘƛƻƴ ƻŦ ŘŀǊƪ ƴƛƎƘǘ ǎƪƛŜǎ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜƛǊ ƪƴƻǿƭŜŘƎŜ ƻŦ 

astronomy, celestial objects, and telescope use.  

¶ Educate 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.   

¶ Enable and empower participants to educate others about astronomy, dark sky 

stewardship, and dark sky friendly lighting by giving them a robust, science-based 

understanding of these topics combined with instruction in effective communication and 

teaching techniques.  

¶ Cultivate a passionate and knowledgeable group of volunteers dedicated to astronomy 

education and promoting stewardship of dark night skies in their community. 

By the end of the 40-hour Master Astronomer Workshop, participants will be able to: 

¶ Use their expanded knowledge of astronomy to promote dark sky stewardship by 

facilitating meaningful connections between individuals and the night sky. 

¶ Independently set up and operate a backyard telescope and be able to locate and explain 

the significance of several prominent celestial objects. 

¶ Articulate the significance of dark night skies by explaining the impact of light pollution on 

many different aspects of society.  

¶ 9ǾŀƭǳŀǘŜ ƻǳǘŘƻƻǊ ƭƛƎƘǘƛƴƎ ŦƛȄǘǳǊŜǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜȅ ŀǊŜ άŘŀǊƪ ǎƪȅ ŦǊƛŜƴŘƭȅέΣ ŀƴŘ ǎǳƎƎŜǎǘ 

concrete actions that interested citizens can take to help preserve dark skies in their 

community.    
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About this Handbook 

The Master Astronomer Handbook is a reference for you throughout the Program and beyond. 

To get the most out of workshop, we 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 hands-on activities that reinforce the concepts that we feel are most important 

for beginning astronomers and dark sky enthusiasts to learn.  

Each chapter begins with a series of goals that we have identified as key to being able to 

communicate the topic to others. Words in bold 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 deeper into a 

particular subject, the άFor More Informationέ 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. While every effort has been made to 

ensure that the information within is up-to-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 love to hear from you.  

Instructional Philosophy 

One of the unique aspects of the Master Astronomer Program is that it is not simply an 

astronomy course or a series of lectures by astronomy experts. While we use slide 

presentations from time to time, most workshops will revolve around hands-on, 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 promotes retention, understanding, and appreciation of the topic being taught. 

Whenever practical, workshops will be held outside under the actual night sky.  

Volunteer Service 

The Master Astronomer Program was modeled after the Master Gardener and Master 

Naturalist programs 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 volunteer service in astronomy and dark skies education 

and outreach within one year of workshop completion.
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CHAPTER 2.1 - LIGHT 
 

 

 

 

 

 

 

 

Ten images of our Milky Way Galaxy taken in ten different wavelengths of light, from radio 
waves on top, to gamma rays on the bottom. (NASA/Goddard Space Flight Center)  
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What is Light? 

Light brings us the news of the universe 

φSir William Bragg, 1933 

Unlike geologists, ecologists, and chemists, astronomers rarely get to examine the objects they 

study in person. In most cases, analyzing light from astronomical objects is the only way to 

learn about our universe. Everything in this handbook, from stars and galaxies to telescopes 

and light pollution, involves light. Without light, astronomy would not exist. At the same time, 

ƭƛƎƘǘ ƛǎ ǘƘŜ ƎǊŜŀǘŜǎǘ ǘƘǊŜŀǘ ǘƻ ŀǎǘǊƻƴƻƳȅΣ ŀǎ ǿŜΩƭƭ ǎŜŜ ƛƴ Chapter 3.1.  

Light, or electromagnetic radiation, is a form of energy. WhŜƴ ǿŜ ǳǎŜ ǘƘŜ ǿƻǊŘ άƭƛƎƘǘέ ƛƴ 

everyday conversation, we are typically referring to visible light, which is just one type of 

radiation on the electromagnetic spectrum (Fig 1). WŜ ŎŀƴΩǘ ǎŜŜ ǘƘŜ ƻǘƘŜǊ varieties with our 

eyes, but astronomers can detect them using special cameras and telescopes. We use these 

other forms of light to, among other things, communicate with people around the globe (radio 

waves), keep hamburgers hot (infrared radiation), and to take pictures of our innards (x-rays).  

Chapter 2.1 Goals  
After reading this chapter and participating in the corresponding workshop activities, you should be 

able to:  

¶ Compare and contrast the many types of electromagnetic radiation (light) and explain why 

different types of astronomical objects emit different wavelengths of light.  

¶ Use the magnitude system to estimate the brightness of stars and other objects, and explain the 

difference between magnitude and luminosity.  

¶ Describe the practice of spectroscopy and at least one way it is used by astronomers to learn 

more about the universe.  

¶ Explain the basic physiology of human vision at night and how dark adaptation affects our ability 

to observe the night sky.  

 

Figure 1-The different types of ele ÃÔÒÏÍÁÇÎÅÔÉÃ ÒÁÄÉÁÔÉÏÎȢ ɉ.!3!ȭÓ )ÍÁÇÉÎÅ ÔÈÅ 5ÎÉÖÅÒÓÅ) 
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Wavelength and energy 

The many varieties of light on the electromagnetic spectrum differ based on their energy. Light 

behaves both as a wave and a particle. 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) and low energy: radio waves. Radio waves can be sent around the globe, 

and even to other planets, using relatively little energy, making them excellent for long-distance 

communication. Because they carry so little energy, we don't notice them as they pass through 

the air around us. 

As wavelength decreases however, energy increases. We are all familiar with the damaging 

effects of ultraviolet radiation, an energetic, short wavelength form of light that causes skin 

cancer and sunburns. And at the high energy end of the electromagnetic spectrum, we find x-

rays and gamma-rays, extremely energetic types of 

light that can cause serious damage to human cells. 

Everything in the universe, with the possible 

exception of black holes and whatever dark matter 

is, emits electromagnetic radiation. Which type(s) 

they emit depends largely on their temperature. 

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 

objects need telescopes capable of detecting gamma 

rays and x-rays, while those studying cool interstellar 

clouds of hydrogen require radio telescopes. Table 1 

shows examples of astronomical objects that emit 

different wavelengths of light. The collage on the 

cover of this chapter shows ten images of our Milky 

Way Galaxy, each captured in a different wavelength. 

Trying to understand the universe through visible light 

alone is like listening to a Beethoven symphony and 

hearing only the cellos. 

φastronomer James B. Kaler 

Table 1: The Electromagnetic 
Spectrum in Astronomy 

Wavelength: Emitted by: 

Gamma ray 
Supernovae 
Active galactic nuclei 
Colliding neutron stars 

X-ray 

Solar corona 
Pulsars 
Accretion disks around 
black holes 
Supernovae remnants 

Ultraviolet 
(UV) 

Stars (esp. young, 
massive stars) 

Visible 
Stars of all kinds 
Emission nebulae 

Infrared (IR) 

Planets 
Cool stars 
Nebulae 
Humans 

Microwave 
Cosmic Microwave 
Background 

Radio 
Interstellar gas and 
dust clouds 
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We humans have evolved to see only visible light, so our naked eye view of the universe is, in a 

way, biased. Visible light is only a tiny sliver of the light around us. As we speak, our Sun is 

emitting radio, infrared, visible, ultraviolet, and x-ǊŀȅǎΦ ¸Ŝǘ ǿŜ Řƻƴϥǘ άǎŜŜέ Ƴƻǎǘ ƻŦ ǘƘŜ ƭƛƎƘǘ ǘƘŀǘ 

the Sun and other stars emit. For 

example, the brightest star in the 

night sky to our eyes is Sirius, in the 

constellation Canis Major. But if our 

eyes could see in the ultraviolet, 

{ƛǊƛǳǎΩ ƴŜƛƎƘōƻǊ !ŘƘŀǊŀ ǿƻǳƭŘ ǎƘƛƴŜ 

the brightest instead. So our eyes lie 

to us ς or, at least, are not telling us 

the whole story.  

False color   

Iƻǿ Ŏŀƴ ǿŜ άǎŜŜέ ǿŀǾŜƭŜƴƎǘƘǎ ǘƘŀǘ 

are invisible to our eyes? Many 

telescopes and cameras are sensitive 

to other regions of the 

electromagnetic spectrum. After the 

light is collected, astronomers can use false color images to display the data. A false color (or 

representational color) image 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 radiation (the hand) while blue and purple represent lower intensities 

(the cold-blooded lizard). False color is used extensively in astronomy, so keep this in mind as 

you enjoy astronomical images. While false color images are incredibly useful, they are not a 

realistic representation of what the human eye would see looking at the same object.  

Reflections, Scattering, and Absorption 

{ƻ ŦŀǊΣ ǿŜΩǾŜ ōŜŜƴ ǘŀƭƪƛƴƎ ŀōƻǳǘ ǿƘŀǘ ƪƛƴŘǎ ƻŦ ƭƛƎƘǘ ŀǎǘǊƻƴƻƳƛŎŀƭ ƻōƧŜŎǘǎ emit, or generate 

ǘƘŜƳǎŜƭǾŜǎΦ ¸Ŝǘ ǎƻƳŜ ƻōƧŜŎǘǎ ŘƻƴΩǘ Ŝmit any visible light, but are still visible to the naked eye. 

Others shine brightly in visible light, yet are invisible to regular telescopes. How can this be? 

LŦ ȅƻǳΩǾŜ ŜǾŜǊ ǎŜŜƴ ŀ planet like Jupiter or Mars ƛƴ ǘƘŜ ƴƛƎƘǘ ǎƪȅΣ ȅƻǳΩǊŜ ǎŜŜƛƴƎ ƴƻǘ emitted light, 

but reflected light. Reflection occurs when light bounces off of a surface rather than being 

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

reflect visible light from the Sun like a mirror. If the Sun stopped 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 

Figure 2-Infrared image of a lizard in a human hand. 
This is a false color image, meaning that the colors are 
not true, but used to represent varying intensities of 
infrared radiation, which would otherwise be 
invisible to the human eye. (NASA/IPAC/Caltech)  
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planet Earth do not emit their own 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 by scattering. 

Scattering occurs when light 

runs into particles that are 

smaller than the wavelength 

of the light itself. Our 

atmosphere is especially 

skilled at scattering light. Of 

all the colors of sunlight that 

enter our atmosphere, blue 

light has the shortest 

wavelength, so it gets 

scattered the most. This is 

why the sky is blue during the daytime. In the evening, as the sun sets, sunlight must pass 

through a thicker layer of our 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 see in Chapter 3.1: Introduction to Light Pollution. 

Finally, some objects absorb certain wavelengths of light entirely. For example, dusty molecular 

clouds are often opaque to visible light, shrouding our view of stars and solar systems being 

born inside, as well as anything beyond them. Fortunately, the long wavelengths of infrared 

radiation are relatively unaffected by the dust, making infrared telescopes useful for studying 

things that lurk in dusty corners of the universe.  

The Cosmic Speed Limit 

All forms of electromagnetic radiation travel at the speed of light in a vacuum (the vast 

majority of outer space is essentially a vacuum). The speed of light, often 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 Cedar City to Salt Lake City in one millisecond. By the 

ŜƴŘ ƻŦ ŀƴ ŜƴǘƛǊŜ ǎŜŎƻƴŘΣ ǘƘŜ ƭƛƎƘǘ ŎƻǳƭŘ ƘŀǾŜ ŎƛǊŎƭŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ŜǉǳŀǘƻǊ ƳƻǊŜ ǘƘŀƴ ǎŜǾŜƴ ǘƛƳŜǎΦ  

Light travels so fast that how long it takes light to get somewhere turns out to be a useful way 

to measure the universe. Somewhat confusingly, a light-year (ly) is not a period of time, but 

rather the distance that light travels in one year. One light-year is equal to about 9.46 trillion 

kilometers (9,460,000,000,000 km) or six trillion miles.  

Figure 3-Jupiter seen in emitted infrared light (left) and 
reflected visible light  (right) . (Left: NASA/JPL-Caltech, Right: 
NASA/ESA/A. Simon)  
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Light from the surface of the Sun reaches Earth in about eight minutes, so we say that the Sun is 

άŜƛƎƘǘ ƭƛƎƘǘ-ƳƛƴǳǘŜǎέ ŀǿŀȅΦ .ŜȅƻƴŘ ƻǳǊ {ƻƭŀǊ {ȅǎǘŜƳΣ ŘƛǎǘŀƴŎŜǎ ŀǊŜ ŀƭƳƻǎǘ ŀƭǿŀȅǎ ŜȄǇǊŜǎǎŜŘ ƛƴ 

light-years, because using miles or kilometers quickly becomes cumbersome. 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 as it is now, but as it was in the past. For example, when we look at 

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

it 25 years ago. And Vega is our next door neighborΧŎosmically speaking that is. The Hubble 

Space Telescope can see galaxies that are billions of light-years away, giving astronomers a peek 

into what our universe looked like in its infancy. 

Measuring Light with the Magnitude System  

Astronomers spend a lot of time 

looking at light and have long 

needed a way to measure it. For 

more than 2,000 years, 

astronomers have used 

apparent magnitude to express 

the brightness of objects in the 

sky. When you hear a stargazer 

ǊŜŦŜǊ ǘƻ ŀ άнƴŘ ƳŀƎƴƛǘǳŘŜ ǎǘŀǊΣέ 

they are making a statement 

about its apparent brightness.  

The Greek astronomer 

Hipparchus developed the 

magnitude system starting 

around 129 B.C.1 He referred to 

the brightest stars in the sky as 

άŦƛǊǎǘ ƳŀƎƴƛǘǳŘŜΣέ ǎƭƛƎƘǘƭȅ 

ŘƛƳƳŜǊ ǎǘŀǊǎ ŀǎ άǎŜŎƻƴŘ 

ƳŀƎƴƛǘǳŘŜΣέ ŀƴŘ ǘƘŜ ŦŀƛƴǘŜǎǘ 

ǎǘŀǊǎ ǘƘŀǘ ƘŜ ŎƻǳƭŘ ǎŜŜ ŀǎ άǎƛȄǘƘ 

ƳŀƎƴƛǘǳŘŜΦέ IƛǇǇŀǊŎƘǳǎΩ ǎȅǎǘŜƳ 

is why star magnitudes often 

ǎŜŜƳ άōŀŎƪǿŀǊŘǎέ to many 

people: the higher the 

magnitude, the fainter the star.  

Figure 4-The apparent magnitude scale used to express the 
brig htness of objects in the sky. Also shown is the 
magnitude of the faintest object detectable by various 
telescopes. (NPS/Zach Schierl) 
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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 scale used by astronomers 

today and the magnitudes of several well-known celestial objects. The biggest change is that 

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

assigned negative magnitudes.  

It is important to note that the magnitude scale is logarithmic. Moving one magnitude up or 

down the scale corresponds to a 2.5x change in brightness. Moving up or down five magnitudes 

corresponds to a 100 fold change in brightness. For example, a sixth 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 a star appears from 

Earth, not how bright it actually is. If we want to know the intrinsic brightness of a star, that is, 

how much light it actually emits, we must look at its luminosity. 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, and how far away it is. 

Because objects appear dimmer with increasing distance, apparent magnitude 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 low. In contrast, 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 away. Be careful not to confuse luminosity with magnitude, and watch your step 

around generic terms like "brightness" that could refer to either. Table 2 compares the 

luminosity, apparent magnitude, and distance of several celestial objects to further illustrate 

this concept.   

Table 2: Luminosity, apparent magnitude, and distance of selected objects2 

Object 
Luminosity 

(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 light-years 

Altair (star) 10.6 0.76 16.8 light-years 

Deneb (star) 196,000 1.25 3227 light-years 

Mu Cephei (star) 283,000 4.23 5258 light-years 

Andromeda Galaxy 2.6x1010 3.44 2.5 million light-years 

Quasar 3C 273 ~4.0x1012 12.9 2.4 billion light-years 
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Spectroscopy 

Spectroscopy is the study of the ways in which atoms absorb or emit electromagnetic radiation. 

Spectroscopy involves using a spectrograph to split light into its component wavelengths, 

creating a spectrum (plural=spectraύΦ ¸ƻǳΩǾŜ ŜƴƎŀƎŜŘ ƛƴ ōŀǎƛŎ ǎǇŜŎǘǊƻǎŎƻǇȅ ȅƻǳǊǎŜƭŦ ƛŦ ȅƻǳΩǾŜ 

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, star, or galaxy 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 these objects. 

Some objects, such as incandescent light bulbs, emit a continuous spectrum (Fig 5). That is, 

ǘƘŜȅ ŜƳƛǘ ƭƛƎƘǘ ŀŎǊƻǎǎ ŀ Ŏƻƴǘƛƴǳƻǳǎ ǊŀƴƎŜ ƻŦ ǿŀǾŜƭŜƴƎǘƘǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƻōƧŜŎǘΩǎ 

temperature. At first glance, our Sun appears to emit a continuous spectrum, but in 1802 the 

English chemist and physicist William Wollaston discovered something strange. Wollaston 

ƴƻǘƛŎŜŘ ǘƘŀǘ ǘƘŜ {ǳƴΩǎ ǎǇŜŎǘǊǳƳ ŀŎǘǳŀƭƭȅ ŎƻƴǘŀƛƴŜŘ ƎŀǇǎ: narrow sections of the spectrum 

where no light was present. These gaps, now known as absorption lines (Fig 5) were soon 

found in the spectra of other stars as well.   

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 lines, determined via laboratory tests. This means that 

astronomers can use absorption lines as a sort of chemical fingerprint to determine what 

elements exist inside a star or other object. Today, astronomers classify stars based on the 

pattern of absorption lines present in their spectra, a concept discussed in greater detail in 

Chapter 2.7: Stars. 

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).  ɉ.!3!ȭÓ )ÍÁÇÉÎÅ ÔÈÅ 5ÎÉÖÅÒÓÅɊ 

Continuous spectrum  

Emission line spectrum  

Absorption line spectrum  
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Low density objects, such as tenuous clouds of hot gas, emit very specific wavelengths of light 

rather than a continuous spectrum. When this happens, we say that the spectrum contains 

emission lines (Fig 5). Somewhat like burning different substances in a Bunsen burner, the color 

of the emission lines also tells us something about the composition of the object in question.   

Spectroscopy is a relatively new tool in the astronomer's toolbox, and an incredibly important 

ƻƴŜΦ ¢ƘŜ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ǎǇŜŎǘǊŀƭ ƭƛƴŜǎ ŀƴŘ ŎƘŜƳƛŎŀƭ ŜƭŜƳŜƴǘǎ ǿŀǎƴΩǘ ǳƴǊŀǾŜƭŜŘ ǳƴǘƛƭ 

1860, but since then spectroscopy has been used to discover the expansion of the universe, 

measure the distance to stars and galaxies, and reveal many other insights 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 

ōŜΧǳƴŘŜǊǿƘŜƭƳƛƴƎΦ 9ǾŜƴ ǿƘŜƴ ǘƘŜ ƴƛƎƘǘ ǎƪȅ ƛǎ ŦǊŜŜ ŦǊƻƳ ƭƛƎht pollution, we have to consider 

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 eyes manage to see well during the daytime, yet 

also glimpse faint galaxies millions of light-years away at night? 

The answer lies in the anatomy and physiology of our eyes. Our retinas contain two different 

types of image-forming cells: rods and cones. Cones function best when there is a lot of light 

entering our eye. They are responsible for our daytime or photopic 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 dormant 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)  
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In contrast, our rods function admirably in low light. Rods are responsible for scotopic 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 to a dark one. Rods need at least 20-30 minutes of darkness before they reach 

their greatest sensitivity, leading to the temporary blindness we experience when going from a 

bright room to a dark room.3  

The process of allowing our rods to achieve maximum sensitivity is called dark adaptation. 

During dark adaptation, our eyes become roughly 100,000 times more sensitive to faint light.4 

Unfortunately, even very brief exposure to a bright source of light, such as a flashlight, cell 

phone screen, or a bright moon, can completely reset the dark adaptation process, preventing 

your eyes from reaching their full potential for another 30 minutes. In many urban and 

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

full dark adaptation.5 

During the day, our eyes are most sensitive to green and yellow light, but at night our eyes 

become more sensitive to blue wavelengths. For this reason, astronomers often use red lights 

at night to help preserve dark adaptation. 

High elevation also limits our ability to see well at night. The decreased oxygen supply at high 

altitudes actually limits the effectiveness of our rods. Rod sensitivity has been found to 

decrease by 5% at 1100 meters (3600 feet), 18% at 2800 meters (9186 feet), and 35% at 4000 

meters (13,123 feet) without the use of supplemental oxygen.6 While a 14,000 foot peak might 

be a great place to put a telescope (because the thinner air minimizes atmospheric distortions), 

itΩǎ not be the best place to look at the night sky with the 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: 

¶ All light is the same; there is only one kind of light. 

¶ Radio waves, x-rays, ultraviolet rays, etc.ΧŀǊŜ ƴƻǘ ǘȅǇŜǎ ƻŦ άlight.έ 

¶ Planets άshineέ the same way that the Sun does.  

¶ Planets emit their own visible light. 

¶ A light-year is a measurement of time. 

¶ It takes only a few minutes for your eyes to adapt to the dark 
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Questions for thought 

¶ Light travels at a finite speed. What are some consequences of this? (Hint: think about 

how we communicate with distant spacecraft.) 

 

¶ Many images from large telescopes such as Hubble are false-color images. What does 

this mean? Are these images real? Fake? How would you describe this concept to 

someone? 

 

¶ The human eye can see objects down to magnitude 6 or 7 from a dark site. The Hubble 

Space Telescope can see objects down to magnitude 30. Approximately how many times 

more sensitive is Hubble to faint light compared to the human eye?  

 

¶ Given that the human eye requires ~30 minutes to dark adapt, how many people ever 

get to see a fully dark-adapted view of the night sky? Can you think of any situations in 

which dark adaptation might be impossible?  

 

¶ Many wavelengths of light (such as infrared and x-rays) are blocked partially or 

completely by EarthΩǎ ŀǘƳƻǎǇƘŜǊŜ. How are astronomers able to study objects that emit 

these wavelengths?  

 

¶ How does spectroscopy help astronomers better understand the universe? What 

ƛƴŦƻǊƳŀǘƛƻƴ Řƻ ǿŜ ƎŜǘ ŦǊƻƳ ǎǇŜŎǘǊƻǎŎƻǇȅ ǘƘŀǘ ǿŜ ŎŀƴΩǘ ƎŜǘ ǎƛƳǇƭȅ ōȅ looking at an 

object through a telescope?  

For More Information 

¶ Astronomy Cast Episode 16: άAcross the Electromagnetic Spectrumέ: 

http://www.astronomycast.com/2006/12/episode-16-across-the-electromagnetic-

spectrum/  

¶  ά¢ƘŜ aǳƭǘƛǿŀǾŜƭŜƴƎǘƘ aƛƭƪȅ ²ŀȅέ όb!{!ύΥ https://mwmw.gsfc.nasa.gov/  

¶  ά¢ƻǳǊ ƻŦ ǘƘŜ 9ƭŜŎǘǊƻƳŀƎƴŜǘƛŎ {ǇŜŎǘǊǳƳέ όb!{!ύΥ https://science.nasa.gov/ems  

¶ άThe Stellar Magnitude Systemέ ό{ƪȅ ϧ ¢ŜƭŜǎŎƻǇŜύΥ 

http://www.skyandtelescope.com/astronomy-resources/the-stellar-magnitude-system/  

http://www.astronomycast.com/2006/12/episode-16-across-the-electromagnetic-spectrum/
http://www.astronomycast.com/2006/12/episode-16-across-the-electromagnetic-spectrum/
https://mwmw.gsfc.nasa.gov/
https://science.nasa.gov/ems
http://www.skyandtelescope.com/astronomy-resources/the-stellar-magnitude-system/
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CHAPTER 2.2: CELESTIAL MOTIONS 
 

 

 

 

 

 

 

 

Star trails over La Verkin Creek, Zion National Park, Utah. This long-exposure photograph 
looks east, and capture s the 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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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 sky 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 stars for 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 the most part, the changing appearance of the sky is due not to the movement of the stars 

or planets themselves, but rather to our own pƭŀƴŜǘΩǎ Ƴƻtion through space. 

Diurnal motion 

From an early age, most of us become familiar with how the Sun rises in the east and sets in the 

west. This is an apparent movement caused by the EarthΩǎ counterclockwise (as seen from 

above the North Pole) rotation around its axis. To experience this for yourself, stand up straight 

and slowly rotate counterclockwise. Notice how stationary objects appear (or rise) and 

disappear (set) from your field of vision as you rotate, just like the Sun appears to rise and set 

ŘǳŜ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ rotation.  

Because our lives increasingly take place indoors at night, or under the fog of light pollution , we 

often overlook the fact that this same motion occurs at night. The rotation of the Earth causes 

nearly everything in the sky, including the Moon, planets, and distant galaxies, to rise and set 

on a daily basis. The daily rising and setting of objects due to EarthΩǎ Ǌƻǘŀǘƛƻƴ is known as 

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 motion for yourself is through a telescope. While some telescopes 

have motors that follow, or track, objects as they move across the sky, many others do not. 

Observe a star through a non-motorized telescope and you will witness it drift from the field of 

Chapter 2.2 Goals 
After reading this chapter and participating in the corresponding workshop activities, you should be 

able to:  

¶ ¦ǎŜ 9ŀǊǘƘΩǎ ǊƻǘŀǘƛƻƴΣ ƻǊōƛǘΣ ŀƴŘ ƻǘƘŜǊ ƳƻǾŜƳŜƴǘǎ ǘƘǊƻǳƎƘ ǎǇŀŎŜ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ ŀǇǇŀǊŜƴǘ Ƴƻǘƛƻƴ 

of objects in the sky and the natural cycles of light and dark on our planet.   

¶ Describe how and why the apparent motion of the Moon and planets differs from the apparent 

motion of the stars and constellations. 
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view in a matter of seconds or minutes as the EarthΩǎ 

rotation carries it across the sky. It can be tempting 

to attribute this motion to the movement of the stars 

themselves, but in reality it is simply a manifestation 

of our own ǇƭŀƴŜǘΩǎ rotation. 

Circumpolar stars and constellations 

One special case is the stars and constellations 

located near the north celestial pole, the point in the 

sky located directly above EarthΩǎ ƴƻǊǘƘ ƎŜƻƎǊŀǇƘƛŎ 

pole. This point is, at the moment, near the 48th 

brightest star in the night sky, a star we call Polaris, 

or the North Star. Because Polaris is closely aligned 

with the EarthΩǎ Ǌƻǘŀǘƛƻƴŀƭ ŀȄƛǎΣ ƛǘ ŀǇǇŜŀǊǎ ƳƻǊŜ ƻǊ 

less stationary in our night sky (Fig 1). Stand and 

rotate again, only this time fix your gaze on an object 

directly above your head, that is, above your 

rotational axis. As you spin, notice how this object 

remains stationary, while objects in your peripheral 

vision appear to rise and set. 

Here in the Northern Hemisphere, stars appear to 

revolve counterclockwise around the north celestial 

pole (Fig 1). The further a star is from the pole, the larger circle it will trace out. Consequently, 

stars and constellations that lie very close to the north celestial pole trace out such small circles 

that they might never set from your location. These are known as circumpolar stars and 

constellations. The closer you are to the North Pole, the more of them there will be. Note that 

this idea holds in the Southern Hemisphere, where all stars appear to rotate around the south 

celestial pole. Unlike the relatively bright Polaris however, the South Star (Sigma Octantis) is a 

dim bulb, ranking as the 2,707th brightest star in the night sky.  

What is a day?   

Earth takes 23 hours and 56 minutes to complete one full rotation on its axis. This period is 

known as a sidereal day, and is also the time it takes for a given star to return to the exact same 

spot in the sky. A solar day, the time it takes for the Sun to return to the same spot in the sky 

(i.e., noon to noon) is four minutes longer: 24 hours. This slight difference is due to 9ŀǊǘƘΩǎ orbit 

around the Sun. In the time it takes Earth to rotate once, we have moved about 1° in our orbit. 

Therefore, the Earth needs to rotate for an extra four minutes before the Sun returns to the 

same spot on the sky (Fig 2). 

Figure 1-Stars "trail" in long -exposure 
photographs because Earth's rotates 
on its axis. The North Star, Polaris, is 
the star that appears stationary in the 
center. (Zach Schierl)  
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Annual motions 

Earth orbits the Sun at an average velocity of 108,000 km/hr (67,000 mi/hr). Celestial motions 

that result from our orbit are known as annual motions. It takes one year (or άannumέ), or 

365.25 days to be precise, for the Earth to complete one full orbit around the Sun. Because of 

that extra quarter of a day, we add a leap day to our calendar every four years. Just as Earth 

rotates counterclockwise, it (and all the other planets) also orbits the Sun in a counterclockwise 

direction as seen from above the North Pole.  

As we orbit the Sun, the night side of 

Earth faces out into different directions 

of space, giving us the pleasure of 

seeing different stars and constellations 

at different times of year (Fig 3). 

.ŜŎŀǳǎŜ ƻŦ 9ŀǊǘƘΩǎ ƻǊōƛǘΣ we have 

summer constellations and winter 

constellations. If not for annual motion, 

ǿŜΩŘ ǎŜŜ ǘƘŜ ǎŀƳŜ ǎǘŀǊǎ ŜǾŜǊȅ ƴƛƎƘǘ ƻŦ 

the year.  

Due to our orbital motion, a given star 

will rise about four minutes earlier each 

night. This may seem trivial, but it adds 

up to about 30 minutes per week and 2 

hours per month. A star rising in the 

eaǎǘ ŀǘ ƳƛŘƴƛƎƘǘ ƻƴ bŜǿ ¸ŜŀǊΩǎ 9ǾŜ ǿƛƭƭ 

rise at 8 pm by the end of February.   

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)  

Figure 3-The stars and constellations that we see at 
night change  throughout the year as Earth orbits 
the Sun and the night side of Earth faces out into 
different directions of space. (Lunar and Planetary 
Institute, Houston)  
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The Reason for the Seasons 

One of the most prevalent misconceptions in 

astronomy is that the seasons are caused by 

changes in the EarthΩǎ distance from the Sun. 

Because our orbit is an ellipse, not a circle, our 

distance from the Sun does vary, although this is 

not the cause of the seasons. Earth is closest to 

the Sun (147 million km, or 91.4 million mi) in 

early January, at a point in our orbit known as 

perihelionΦ .ȅ ǘƘŜ CƻǳǊǘƘ ƻŦ WǳƭȅΣ ǿŜΩǾŜ ǊŜŀŎƘŜŘ 

our greatest distance from the Sun (152 million 

km, or 95 million mi) at a point known as 

aphelion. The fact that we are closest to the Sun 

in January when most of the U.S. is experiencing 

the bitter cold of winter is often sufficient to 

debunk the idea that seasons are related to our 

distance from the Sun.    

Seasons are actually the result of the EarthΩǎ axial 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 axis always tilts towards Polaris (at least on human 

timescales), the orientation of the tilt relative to the Sun changes as we orbit (Fig 5). On one 

side of our orbit, the Northern Hemisphere leans towards the Sun, while six months later the 

Figure 4-4ÈÅ %ÁÒÔÈȭÓ ÒÏÔÁÔÉÏÎÁÌ ÁØÉÓ ÉÓ 
tilted 23.5° relative to the ecliptic (the 
plane of our orbit around the Sun). 
(NPS/Zach Schierl)  

Figure 5-4ÈÅ %ÁÒÔÈȭÓ ÁØÉÓ ÍÁÉÎÔÁÉÎÓ Á ÃÏÎÓÔÁÎÔ ÔÉÌÔ ÔÏ×ÁÒÄ 0ÏÌÁÒÉÓȟ ÒÅÓÕÌÔÉÎÇ ÉÎ ÄÉÆÆÅÒÅÎÔ 
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 leans towards the Sun while the Northern Hemisphere leans away (Fig 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.   

The point in our orbit when the 

Northern Hemisphere leans most 

directly towards the Sun is known 

as the summer or June solstice 

(Fig 5). On the other side of our 

orbit is the winter or December 

solstice, when the Sun is up for the 

shortest amount of time in the 

Northern Hemisphere. In between 

are the spring (or vernal) and 

autumnal equinoxes, the days 

when neither hemisphere is 

leaning toward the Sun and day 

and night are roughly equal for all 

locations on Earth. 

The Zodiac and Ecliptic 

LǘΩǎ ƻŘŘ ǘƻ ǘƘƛƴƪ ŀōƻǳǘΣ ōǳǘ ǘƘŜ ǎǘŀǊǎ ǿŜ ǎŜŜ ŀǘ ƴƛƎƘǘ ŀǊŜ ǎǘƛƭƭ ǘƘŜǊŜ ŘǳǊƛƴƎ ǘƘŜ ŘŀȅΣ ǿŜ Ƨǳǎǘ ŎŀƴΩǘ 

see them because the sky is so bright. Imagine for a moment that we could magically darken 

the daytime sky behind the Sun, perhaps by conjuring a total solar eclipse. We would see the 

Sun superimposed on a canvas of background stars and constellations. As we orbit the Sun, it 

appears to άǿŀƴŘŜǊέ through the stars and constellations, eventually returning to the same 

position relative to the stars one year later. The apparent path of the Sun across the sky is 

called the ecliptic, which also represents the plane of our orbit around the Sun. The movement 

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

During its annual journey around the ecliptic, the Sun passes through a set of constellations 

collectively known as the zodiac όCƛƎ тύΦ ά9ŎƭƛǇǘƛŎέ ŀƴŘ άȊƻŘƛŀŎέ Ƴŀȅ ōŜ ŦŀƳƛƭƛŀǊ ǘŜǊƳǎ ǘƻ ȅƻǳ, 

perhaps due to their prominence in western astrology. While astronomy and astrology were 

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

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

nobles), today they are two unrelated disciplines, with drastically different goals and motives.  

Figure 6-From mid -ÎÏÒÔÈÅÒÎ ÌÁÔÉÔÕÄÅÓȟ ÔÈÅ 3ÕÎȭÓ ÐÁÔÈ 
across the sky is much shorter and lower dur ing winter 
than it is in summer, leading to fewer hours of daylight 
and colder temperatures. (U.S. Naval Observatory 
Astronomical Applications Department)  
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Fun Fact 
¢ƘŜ ǿƻǊŘǎ άȊƻƻέ ŀƴŘ άȊƻŘƛŀŎέ ŀǊŜ 

derived from the same root: most 

of the zodiac constellations 

represent animals. 

As Master Astronomers, the zodiac and ecliptic are important. All the planets orbit in more or 

less the same plane as the Earth and Sun, so they too appear to follow the ecliptic, as does our 

Moon. Thus, if we want to observe planets or the Moon, 

the zodiac constellations are where we will find them. 

Astronomers are often asked about astrological signs or 

άǎǳƴ ǎƛƎƴǎΦέ ¢ƘŜǎŜ astrological concepts are rooted in 

ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ {ǳƴ ƛǎ ŀƭǿŀȅǎ άƛƴέ ƻƴŜ ƻŦ ǘƘŜ ȊƻŘƛŀŎ 

constellations (that is, in front of its stars during the 

daytime). Your sun sign is supposedly the constellation that the Sun was άinέ on your birth date. 

This topic reveals an important distinction between astronomy and astrology. Due to the 

wobble of the EarthΩǎ ŀȄƛǎ ƻǾŜǊ ǘƛƳŜΣ ǘƘŜ {ǳƴ ƴƻ ƭƻƴƎŜǊ lives in each zodiac constellation for the 

same period of time it did millennia ago when the astrological signs were first established. 

Table 1 shows the dates that the Sun resides in each astronomical zodiac constellation in the 

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

constellations, the Sun actually passes through a thirteenth: Ophiuchus, the Serpent Bearer. If 

you were born between Nov 30th and Dec 17th, consider yourself lucky to be an Ophiuchan! 

Our Changing Moon 

{ƻ ŦŀǊΣ ŀƭƭ ǘƘŜ ŎŜƭŜǎǘƛŀƭ Ƴƻǘƛƻƴǎ ǿŜ ƘŀǾŜ ŘƛǎŎǳǎǎŜŘ ƘŀǾŜ ōŜŜƴ ǘƘŜ ǊŜǎǳƭǘ ƻŦ 9ŀǊǘƘΩǎ ƳƻǾŜƳŜƴǘΣ 

either rotational or orbital, through space. bŜȄǘ ǿŜΩƭƭ ŜȄǇƭƻǊŜ Ƙƻǿ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ƻǘƘŜǊ 

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 day, just like the Sun and stars, due to the rotation of the 

Figure 7-The Sun's annual path alon g the ecliptic (orange line) passes through thirteen 
constellations, including Ophiuchus, that are collectively known as the zodiac. 
(NPS/Stellarium)  

Ophiuchus 
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Earth. However, because the Moon also orbits Earth once every 27.3 days, its movement and 

appearance in the sky is more complicated. 

The MoonΩǎ orbit around Earth is inclined by about 5° relative to our orbit around the Sun (Fig 

8). As a result, the Moon generally follows the ecliptic like the Sun, but deviates from it slightly. 

Because the Moon orbits us once every 27.3 days (also in a counterclockwise direction as seen 

from above the north pole), it makes a complete circuit through the zodiac about once per 

month instead of once per year like the Sun. While the stars rise four minutes earlier each 

ƴƛƎƘǘΣ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ aƻƻƴΩǎ ǊŀǇƛŘ ŜŀǎǘǿŀǊŘ Ƴƻǘƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ ȊƻŘƛŀŎΣ ƳƻƻƴǊƛǎŜ ƎŜǘǎ ŀōƻǳǘ 

50 minutes later each night. 

Lunar Phases 

Unlike many other objects, the aƻƻƴΩǎ ŀǇǇŜŀǊŀƴŎŜ changes as it moves across the sky. The 

Moon goes through a complete set of phases every 29.5 days (Fig 9). (Can you guess where the 

ǿƻǊŘ άmonthέ comes from?) What causes the Moon to behave in this way?  

The first thing we need to understand is that the Moon does not emit its own visible light. We 

see the Moon only via reflected sunlight. Because the Moon is (roughly) spherical, half of it lit 

by the Sun at any given moment. Which phase we observe from Earth simply depends on how 

much of the lit half we can see. When 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.  

Table 1: The Astronomical Zodiac Constellations 

Zodiac constellation: Sun in residence from:  Length of stay: 

Aries (Ram) April 19 ς May 13 25 days 

Taurus (Bull) May 14 ς June 19 37 days 

Gemini (Twins) June 20 ς July 20 31 days 

Cancer (Crab) July 21 ς August 9 20 days 

Leo (Lion) August 10 ς September 15 37 days 

Virgo (Maiden) September 16 ς October 30 45 days 

Libra (Scales/Balance) October 31 ς November 22 23 days 

Scorpius (Scorpion) November 23  - November 29 7 days 

Ophiuchus (Serpent Bearer) November 30  - December 17 18 days 

Sagittarius (Centaur Archer) December 18 ς January 18 32 days 

Capricornus (Sea-goat) January 19 ς February 15 28 days 

Aquarius (Water bearer) February 16 ς March 11 24 days 

Pisces (Fishes) March 12 ς April 18 38 days 

https://en.wikipedia.org/wiki/Aries_(constellation)
https://en.wikipedia.org/wiki/Taurus_(constellation)
https://en.wikipedia.org/wiki/Gemini_(constellation)
https://en.wikipedia.org/wiki/Cancer_(constellation)
https://en.wikipedia.org/wiki/Leo_(constellation)
https://en.wikipedia.org/wiki/Virgo_(constellation)
https://en.wikipedia.org/wiki/Libra_(constellation)
https://en.wikipedia.org/wiki/Scorpius_(constellation)
https://en.wikipedia.org/wiki/Ophiuchus_(constellation)
https://en.wikipedia.org/wiki/Sagittarius_(constellation)
https://en.wikipedia.org/wiki/Capricornus_(constellation)
https://en.wikipedia.org/wiki/Aquarius_(constellation)
https://en.wikipedia.org/wiki/Pisces_(constellation)
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Figure 8-4ÈÅ -ÏÏÎȭÓ ÏÒÂÉÔ ÁÒÏÕÎÄ %ÁÒÔÈ ÉÓ ÉÎÃÌÉÎÅÄ ÂÙ υЈ ÔÏ ÔÈÅ %ÁÒÔÈ-Sun orbital plane. Note 
that this figure is not drawn to scale. (Byron Inouye, University of Hawai'i ) 

Figure 9-The phases of the Moon (Wikimedia user: Andonee, CC BY-SA 4.0) 

https://creativecommons.org/licenses/by-sa/4.0/deed.en
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To simulate lunar phases for yourself, stand about six feet away from a bright lamp (the Sun) 

located near head level. Find a golf ball (or any reflective spheroid) to represent the Moon. You 

get to be the Earth. Begin by facing the lamp and holding the ōŀƭƭ ƻǳǘ ŀǘ ŀǊƳΩǎ ƭŜƴƎǘƘ. Hold the 

Moon slightly above or below the lamp so it does not block your view of the light. (Remember 

that the Moon orbits on a plane inclined 5° to the Earth-Sun system, so this is realistic.) In this 

orientation, note how the entire lit half of the Moon is facing away from Earth, meaning that 

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

Now rotate 180° and face away from the lamp. Again, hƻƭŘ ǘƘŜ ōŀƭƭ ŀǘ ŀǊƳΩǎ ƭŜƴƎth and slightly 

above your head so that light from the lamp hits it. Notice how this time the entire lit half of 

the Moon is facing you (the Earth) so we see a full moon. By rotating and holding the golf ball in 

different positions, you can simulate the entire set of lunar phases shown in Figure 9.  

The Moon always keeps the same hemisphere facing Earth. This is not because the Moon 

ŘƻŜǎƴΩǘ ǊƻǘŀǘŜ όƛǘ ŘƻŜǎύ ōǳǘ ōŜŎŀǳǎŜ ǘƘŜ aƻƻƴ ǘŀƪŜǎ ǘƘŜ ǎŀƳŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜ ǘƻ ǊƻǘŀǘŜ ƻƴ ƛǘǎ 

axis as it does to orbit us (about 27 days), a phenomenon known as synchronous rotation. The 

side we never see from Earth is known as the far side. However, you may have noticed during 

the golf ball activity that the far side of the Moon is lit by the Sun during new moon. While 

there is a far side of the Moon, there is no perpetually dark side. Pink Floyd was wrong.  

Eclipses 

.ŜŎŀǳǎŜ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ ƛǎ ƛƴŎƭƛƴŜŘ ōȅ рϲ ǘƻ ƻǳǊ ƻǊōƛǘ ŀǊƻǳƴŘ ǘƘŜ {ǳƴΣ ǘƘŜ aƻƻƴ ǳǎǳŀƭƭȅ ǇŀǎǎŜǎ 

slightly above or below the Sun at new moon. About twice per year though, the Earth, Moon, 

and Sun line up and the ƴŜǿ Ƴƻƻƴ ŎƻƳǇƭŜǘŜƭȅ ƻǊ ǇŀǊǘƛŀƭƭȅ ōƭƻŎƪǎ ǘƘŜ {ǳƴΩǎ ƭƛƎƘǘΦ This is a solar 

eclipse. When the new moon completely ōƭƻŎƪǎ ǘƘŜ {ǳƴΩǎ ŘƛǎƪΣ ǿŜ ƎŜǘ ŀ total solar eclipse, 

ŀƭƭƻǿƛƴƎ ǳǎ ǘƻ ǎŜŜ ǘƘŜ {ǳƴΩǎ ƻǳǘŜǊ ŀǘƳƻǎǇƘŜǊŜΥ ǘƘŜ ŎƻǊona (Fig 10). Total solar eclipses are 

possible because the Moon and Sun have roughly the same apparent size. While the Moon has 

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

Figure 10 -4ÈÅ ÔÈÒÅÅ ÔÙÐÅÓ ÏÆ ÓÏÌÁÒ ÅÃÌÉÐÓÅÓȡ ÔÏÔÁÌ ɉÌÅÆÔȟ ×ÉÔÈ ÔÈÅ 3ÕÎȭÓ ÃÏÒÏÎÁ ÖÉÓÉÂÌÅɊȟ ÐÁÒÔÉÁÌ 
(center), and annular (right). (Total/partial: NASA/MSFC/Joseph Matus. Annular: Wikimedia 
user Smrgeog, CC BY-SA 3.0) 

https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Total solar eclipses are rare, and more often the new moon blocks only part of the Sun, causing 

a partial solar eclipse (Fig 10). A third variety, an annular solar eclipse, occurs when the Moon 

is ǘƻƻ ǎƳŀƭƭ όǘƘŜ aƻƻƴΩǎ ŀǇǇŀǊŜƴǘ ǎƛȊŜ ǾŀǊƛŜǎ ōŜŎŀǳǎŜ ƛǘǎ ƻǊōƛǘ ŀǊƻǳƴŘ ǳǎ ƛǎ ǎƭƛƎƘǘƭȅ ŜƭƭƛǇǘƛŎŀƭύ ǘƻ 

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 standing in ǘƘŜ aƻƻƴΩǎ ǎƘŀŘƻǿΦ IƻǿŜǾŜǊΣ 

because the Moon is small compared to Earth, the shadow only covers a small portion of our 

planet, meaning that any given eclipse is only visible from certain areas of 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ   

Lunar eclipses can occur during full moon, when the Earth passes between the Sun and Moon. 

In this case, the normally bright full moon darkens as it enters EarthΩǎ ǎƘŀŘƻǿΦ The Moon never 

goes completely dark because of sunlight refracted through our atmosphere to the surface of 

the Moon. This causes the characteristic dark red or orange color of the Moon during a lunar 

eclipse (Fig 11). Because the 9ŀǊǘƘΩǎ ǎƘŀŘƻǿ ƛǎ much larger than the Moon itself, lunar eclipses 

last longer and are visible across a much larger portion of Earth as compared to solar eclipses.  

Lunar Influence 

Because of its proximity to us, the Moon influences life on Earth more than any other celestial 

object besides the Sun. For example, the Moon is by far the brightest source of natural light at 

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

nighttime environment. Moonlight is known to influence animal behavior and physiology1, and 

likely influenced human behavior as well prior to the advent of electric lighting.2 Unlike light 

pollutionΣ ƳƻƻƴƭƛƎƘǘ ƛǎ ŀ ƴŀǘǳǊŀƭ ǎƻǳǊŎŜ ƻŦ ƭƛƎƘǘ ǘƘŀǘ Ƙŀǎ ŜȄƛǎǘŜŘ ǘƘǊƻǳƎƘƻǳǘ 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅΦ  

The Moon is also the primary cause of our tides (the Sun also plays a small role). It is large 

enough and close enough that the side of the Earth facing the Moon experiences a stronger 

gravitational attraction than the side facing away. This causes the Earth to physically flex in 

response to the uneven gravitational pull. The most obvious consequence of this is the cyclic 

rising and falling of water levels in large bodies of water such as oceans and the largest lakes.  

Figure 11 -A series of images showing t he progression of a total lunar eclipse. At left, the 
-ÏÏÎ ÉÓ ÊÕÓÔ ÂÅÇÉÎÎÉÎÇ ÔÏ ÅÎÔÅÒ ÔÈÅ %ÁÒÔÈȭÓ ÓÈÁÄÏ×Ȣ %ÖÅÎÔÕÁÌÌÙȟ ÔÈÅ -ÏÏÎ ÉÓ ÅÎÔÉÒÅÌÙ 
ÉÍÍÅÒÓÅÄ ÉÎ %ÁÒÔÈȭÓ ÓÈÁÄÏ×ȟ ÂÕÔ ÓÕÎÌÉÇÈÔ ÒÅÆÒÁÃÔÅÄ ÔÈÒÏÕÇÈ %ÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÓÔÉÌÌ ÒÅÁÃÈÅÓ 
the Moon, giving it a dee p red color. (Steve Schultz)  
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Wandering Stars 

Ancient Greek sky watchers noticed that out of all the stars in the sky, there were five that, in 

addition to rising and setting each day, wandered among the stars. They called them ǇƭŀƴŢǘŜǎ 

asteresΣ ƳŜŀƴƛƴƎ άǿŀƴŘŜǊƛƴƎ ǎǘŀǊǎΦέ ¢ƻŘŀȅΣ ǿŜ Ŏŀƭƭ ǘƘŜƳ planets. While the Greeks were 

certainly not the first to notice the peculiar motions of these objects, astronomers nevertheless 

use their name to this day. The planets appear to move relative to the fixed stars because they, 

like the Earth, are in orbit around the Sun. All eight major planets orbit in nearly the same plane 

as the Earth and Sun so they closely follow the ecliptic and can always be found in one of the 

zodiac constellations (Figs 7, 12). 

Inferior planets, those closer to the Sun than us, and superior planets, those further from the 

Sun than us, behave differently. The inferior planets, Mercury and Venus, never stray far from 

the Sun as seen from Earth. Because MercuryΩǎ ƻǊōƛǘ ƭƛŜǎ ǎƻ ŎƭƻǎŜ ǘƻ ǘƘŜ {ǳƴΣ ƛǘ ƴŜǾŜǊ ŀǇǇŜŀǊǎ 

more than 28 degrees away from the Sun in our sky. (A degree is an angular measurement on 

the sky, equal to 1/360th of a circle. The sky from horizon to horizon spans 180Ǔ.) Because we 

have to look toward the Sun to see Mercury, it is only visible in twilight either just after sunset 

or just before sunrise. Most of ǘƘŜ ǘƛƳŜ ƛǘ ƛǎ ǎƻ ŎƭƻǎŜ ǘƻ ǘƘŜ {ǳƴ ǘƘŀǘ ƛǘ ƛǎ ƭƻǎǘ ƛƴ ƻǳǊ ǎǘŀǊΩǎ ƎƭŀǊŜ 

entirely. Venus is slightly easier to spot, but still 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 night, depending on where they are 

in their orbit relative to Earth. Superior planets are best observed when they reach opposition, 

the time when they are directly opposite the Sun in the sky and at their highest point in the sky 

Figure 12 -Four planets and the Moon as seen from Cedar Breaks NM in August 2018. Note 
how all five objects lie close to the ecliptic. (Zach Schierl)  
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at midnight. The superior planets appear brightest and largest during opposition because we 

are closest to them. By definition, the inferior planets can never appear opposite the Sun in the 

sky because they are closer to the Sun than we are.    

Because each planet orbits the Sun at a different speed, each planet also traverses the zodiac at 

a different rate. Planets closer to the Sun complete an orbit faster than those further out. 

Venus, for example, appears to race around the sky quickly, while Saturn takes decades to 

complete a circuit of the zodiac and remains visible in the same general 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 or online, such as at http://www.nakedeyeplanets.com/visibility.htm  

Slow Motions 

9ŀǊǘƘΩǎ ƻǊōƛǘ ŀƴŘ Ǌƻǘŀǘƛƻƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ aƻƻƴ ŀƴŘ ǇƭŀƴŜǘǎ ǊŜǎǳƭǘǎ ƛƴ ŀƴ 

ever changing view of the sky. ²ƘƛƭŜ ǿŜΩǾŜ now covered the motions that control what our sky 

looks like on a day to day basis, many others affect the appearance of the sky on larger 

timescales. ²ŜΩƭƭ ōǊƛŜŦƭȅ ƭƻƻƪ ŀǘ ǎƻƳŜ ƻŦ ǘƘŜǎŜ ƛƴ ǘƘƛǎ Ŧƛƴŀƭ ǎŜŎǘƛƻƴΦ  

Precession 

EarthΩǎ Ǌƻǘŀǘƛƻƴŀƭ ŀȄƛǎ άwobblesέ over time in a process called axial precession (or simply 

precession). While the amount of tilt changes slightly (between 22°-24.5° over 41,000 years), it 

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

traces out a circle in the night sky. In other words, the celestial poles are not fixed relative to 

the stars, but instead wander around the northern and southern skies. This means that we have 

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)  

http://www.nakedeyeplanets.com/visibility.htm
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different north stars thru time (Table 2). As of 2017, Polaris lies within one degree of the north 

celestial pole, making it a decent north star. As we speak, the north celestial pole is drifting 

even closer to Polaris, and by 2100 will be within one half degree (the diameter of the full 

moon) of the star.3 From that point onward, the north celestial pole will begin leaving Polaris 

behind. In less than a thousand years, Polaris will no longer be an accurate north star.  

Figure 13 shows the precession of the north and south celestial poles. Notice that most of the 

time there is no bright star near either pole. ²ŜΩǊŜ fortunate right now in the Northern 

Hemisphere. Polaris is the 48th brightest star in the sky, making it bright enough to be seen from 

all but the most light-polluted locations. It is one of the brightest stars to come near either 

celestial pole during the entire 25,772 year precession cycle.4 In contrast, the closest naked eye 

star to the south celestial pole is, as of 2017, Sigma Octantis, which ranks 2,707th in brightness.5 

Proper Motion  

²ƘŜƴ ǿŜ ǘŀƭƪ ŀōƻǳǘ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ǘƘŜ {ǳƴ ƻǊ ǇƭŀƴŜǘǎΣ ǿŜ Řƻ ǎƻ ƛƴ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘŜ άŦƛȄŜŘέ 

stars. But are the stars really fixed? Over the course of a single human lifetime they certainly 

seem to be; constellation patterns ŘƻƴΩǘ ŎƘŀƴƎŜ ŀǇǇǊŜŎƛŀōƭȅ ƻƴ ƘǳƳŀƴ ǘƛƳŜǎŎŀƭŜǎΦ But the stars 

are moving, as is our Sun and entire Solar SȅǎǘŜƳΦ ²Ŝ ŘƻƴΩǘ Ŝŀǎƛƭȅ ƴƻǘƛŎŜ ŦƻǊ ǘƘŜ ǎŀƳŜ ǊŜŀǎƻƴ 

that a fast-moving, high-altitude jetliner appears to creep slowly across the sky. The stars are so 

far away that, even though they are all moving rapidly in different 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 known as proper 

motion. Only a few stars are close enough for this effect to be detectable by backyard 

astronomers. .ŀǊƴŀǊŘΩǎ {ǘŀǊΣ ƛƴ ǘƘŜ ŎƻƴǎǘŜƭƭŀǘƛƻƴ hǇƘƛǳŎƘǳǎΣ Ƙŀǎ ǘƘŜ ƭŀǊƎŜǎǘ ǇǊƻǇŜǊ Ƴƻǘƛƻƴ ƻŦ 

any star, and it only moves the equivalent of half the diameter of the full moon in a typical 

human lifetime.6 On large timescales, these small changes add up though. Star patterns such as 

the Big Dipper and Orion that are familiar today will look very different millennia from now (see 

Chapter 3.2, Figure 2). 

Table 2: 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 (Alpha Cygni) 

+12,000 (14,000 CE) Vega (Alpha Lyrae)  
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Galactic Motion 

On an even larger scale, the Sun and all the other stars, gas, and dust in our Milky Way Galaxy 

are orbiting the center of the galaxy at roughly 725,000 km/hr (450,000 mi/hr). While this is an 

incredible speed, the Milky Way is so large that it still takes the Sun about 230 million years to 

complete one orbit of the galactic center. Consequently, this movement does not change our 

view of the sky in any significant way.  

Furthermore, the Milky Way is itself moving with respect to other nearby galaxies. For example, 

we are hurtling toward our nearest large galactic neighbor, the Andromeda Galaxy, at about 

320,000 km/hr (200,000 mi/hr). Astronomers forecast a collision of titanic proportions in 

several billion years, although the likelihood of any two stars or planets colliding is essentially 

zero, due to the fact that galaxies are mostly empty space. 

Universal Expansion 

Finally, we now know that the universe as a whole is expanding, and that almost all galaxies 

(except those close enough to be gravitationally bound to each other, like the Milky Way and 

Andromeda) are moving further and further apart from each other. The Milky Way is moving 

away from every galaxy in the universe ǘƘŀǘ ƛǎƴΩǘ ŀ ǇŀǊǘ ƻŦ ƻǳǊ Local Group of galaxies. While 

such motions are important for understanding the origin and evolution of the universe, they 

simply ŘƻƴΩǘ ŀŦŦŜŎǘ Ƙƻǿ ǘƘŜ ƴƛƎƘǘ ǎƪȅ ŀǇǇŜŀǊǎ ŦǊƻƳ Earth on a night to night basis.   

Table 3: Celestial Motion Cheat Sheet 

Motion: Why it Happens: 

Rise and set of the Sun, Moon, planets, and stars Daily rotation of Earth 

Different stars/constellations visible at different 
times of year 

Orbit of Earth around the Sun 

Sun travels through the zodiac constellations Orbit of Earth around the Sun 

Sun appears higher in the sky in summer than in 
winter 

Tilt of EarthΩǎ ŀȄƛǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƻǊōƛǘŀƭ 
motion around Sun 

tƭŀƴŜǘǎ ŀǇǇŜŀǊ ǘƻ άǿŀƴŘŜǊέ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ŦƛȄŜŘ 
stars 

Orbit of planets around the Sun 
combined with EarthΩǎ ƻǊōƛǘŀƭ Ƴƻǘƛƻƴ 

Constellation patterns change slowly over 
thousands of years 

Motion of Sun relative to other stars 
within the Milky Way Galaxy  

North star changes over time Wobble of EarthΩǎ Ǌƻǘŀǘƛƻƴŀƭ ŀȄƛǎ  

Review 

Common misconceptions 

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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¶ Orbit and rotation are the same thing.  

¶ It is hotter in the summer because Earth is closer to the Sun. 

¶ Day and night are exactly equal on the equinoxes. 

¶ The Moon has a perpetually dark side. 

¶ The Moon does not rotate on its axis. 

¶ The phases of the Moon are caused by the Earth casting its shadow on the Moon. 

¶ The Full Moon controls human behavior. 

¶ The North Star is constant ŀƴŘ ŘƻŜǎƴΩǘ change/move. 

¶ There are 12 zodiac constellations. 

Questions for thought 

¶ Think about the constancy of celestial motions over time and the patterns of light and 

dark created by the rising and setting of the Sun and Moon. How have these patterns 

influenced organisms on Earth? Do humans have any influence over these patterns? 

 

¶ Imagine you were an astronomer several thousand years ago observing the night sky. 

What might you have made of the 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 how the night sky works? 

 

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

 

¶ Mars rotates on its axis every 24 hours and 37 minutes, and orbits the Sun every 780 

Earth days. 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 the Solar System experience eclipses like we do? What is needed for 

an eclipse to occur? 

For More Information 

¶ Kinesthetic Astronomy activity on celestial motions, developed by Cherilynn Morrow 

and Mike Zawaski: http://www.spacescience.org/eduresources/kinesthetic.php 

¶ Stellarium (free open source planetarium software for your computer): 

http://www.stellarium.org/  

¶ άVisibility of the planetsέ: http://www.nakedeyeplanets.com/visibility.htm 

 

http://www.spacescience.org/eduresources/kinesthetic.php
http://www.stellarium.org/
http://www.nakedeyeplanets.com/visibility.htm
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 Chaco Culture National Historical Park, a unit of the National Park Service that protects the 
remains of numerous archaeoastronomy sites. (National Park Service)  
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Introduction to Archaeoastronomy 

Before the telescope was invented, 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 do. The Earth needed measuring. The distances to the 

Sun, Moon, and planets needed to be determined. Navigators needed a way to accurately 

measure longitude and latitude. And calendar makers needed to figure out how to make the 

days, weeks, and seasons fit comfortably into a year. These are all things that we take for 

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

Archaeoastronomy is a combination of archeology and astronomy. It is the study of the 

astronomical knowledge of ancient or prehistoric cultures. There is a lot of guesswork and 

professional disagreement in archaeoastronomy because history is not an open book. 

Architecture, paintings, statues, and other physical remains that could be astronomical in 

nature are often placed into the archaeoastronomy category but consensus is often a hard-

fought battle. 

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

observatories. Stonehenge is one oft-cited example, and serves as a good example for the 

possibilities and problems of archaeoastronomy in general. In 1720, William Stukeley worked 

ǿƛǘƘ ŀǎǘǊƻƴƻƳŜǊ 9ŘƳǳƴŘ IŀƭƭŜȅ όƻŦ IŀƭƭŜȅΩǎ /ƻƳŜǘ ŦŀƳŜύ ǘƻ ǎƘƻǿ ǘƘŀǘ {ǘƻƴŜƘŜƴƎŜ ǿŀǎ 

purposely laid out to align with the north magnetic pole. He believed that its builders knew 

about magnetism and even tried to date the site using this assumption. Stukeley estimated that 

Stonehenge was completed in 460 BCE1, however modern archeologists place the beginning of 

construction around 3000 BCE and the end of construction around 1600 BCE, so it seems that 

Stukeley was over a thousand years off.  

{ǘǳƪŜƭŜȅ ǿŀǎƴΩǘ ǳƴƛǉǳŜ ƛƴ Ƙƛǎ ƎǊŀƴŘƛƻǎŜ ǎǘŀǘŜƳŜƴǘǎ ŀōƻǳǘ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ {ǘƻƴŜƘŜƴƎŜΦ {ƻ Ƴŀƴȅ 

non-predictive theories have arisen over the years that Stonehenge begins to feel like a giant 

catalyst for wishful thinking. But what do we actually know about it? We know Stonehenge was 

Chapter 2.3 Goals 
After reading this chapter and participating in the corresponding workshop activities, you should be 

able to:  

¶ Provide examples of the roles the sky played in the lives of ancient societies and develop an 

appreciation for the sky as an important cultural heritage resource.  

¶ Explain the significance of several archaeoastronomical sites, and summarize the challenges of 

ascribing astronomical significance to archaeological sites.  

¶ Describe the rise of astronomy as a scientific discipline and human understanding of the universe 

at the dawn of the telescopic age.  
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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 was 

is much less clear. 

One of the inherent problems of archaeoastronomy is that many possible sites come from 

times and places where people were not using written language. Although we lose languages 

every day, there are still around 7,000 distinct languages in the world and only about 200 are 

written languages.2 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).   

Stonehenge is one of the best known mystery megaliths in the western world, but is not 

unique; a large number of megalithic sites exist all over the planet. Megalithic structures go way 

back and are found all over the world. Wurdi Youang in Australia may have stones to mark the 

solstice and equinoxes3 while El Infiernito in Colombia may have been used to track the 

equinox.4 Stones may have been erected to track the Sun, Moon, or stars, or they may have 

been used as large sundials. In any caseΣ ƘǳƳŀƴƛǘȅΩǎ ƻōǎŜǎǎƛƻƴ ǿƛǘƘ ŀǎǘǊƻƴƻƳȅ Ƴŀȅ ƘŀǾŜ ōŜŜƴ 

slightly outdone by its seemingly universal obsession with really big rocks.  

The point is that Stonehenge is in no way unique. People have gone back and forth about the 

observatory hypothesis for Stonehenge 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 

ǇǳǊǇƻǎŜǎΦ [ŜǘΩǎ ŜȄŀƳƛne some of these possible uses. 

How to Tell Time (in 4000 Easy Steps) 

{ŀȅ ȅƻǳ ƳŜŜǘ ǘƘŜ ƭƻǾŜ ƻŦ ȅƻǳǊ ƭƛŦŜ ƛƴ мрфрΣ ōǳǘ ȅƻǳΩǊŜ ƎŜǘǘƛƴƎ ǊŜŀŘȅ ǘƻ Ǝƻ ƻƴ ŀ ƭƻƴƎ ƧƻǳǊƴŜȅ ǿƛǘƘ 

your family, and you want to come back to the same spot you met them in a few months. LeǘΩǎ 

say you want to see them on August 19th at midnight. Unfortunately your beloved is on the 

Wǳƭƛŀƴ ŎŀƭŜƴŘŀǊ ŀƴŘ ȅƻǳΩǊŜ ǳǎƛƴƎ ǘƘŜ DǊŜƎƻǊƛŀƴ ŎŀƭŜƴŘŀǊΦ ¸ƻǳ ƪƴƻǿ ǘƘŀǘ !ǳƎǳǎǘ мфth is the night 

of a full moon, but in the Julian calendar, that happens on August 9th meaning 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 non-standardized calenŘŀǊǎ ǿƻǳƭŘ ƘŀǾŜ ƻƴ ƻƴŜΩǎ ŘŀǘƛƴƎ ƭƛŦŜΣ ƛǘΩǎ 

important to know things like when to plant the crops, around what time the last frost is most 

ƭƛƪŜƭȅ ǘƻ ƻŎŎǳǊΣ ŀƴŘ ǿƘŜƴ ȅƻǳ ǎƛƳǇƭȅ ŎŀƴΩǘ ƛƴǾŀŘŜ wǳǎǎƛŀ ōŜŎŀǳǎŜ ǿƛƴǘŜǊ ƛǎ ŎƻƳƛƴƎΦ 

We know that one year is the time it takes for the Earth to go around the Sun, but even before 

people understood that the Earth orbited the Sun, people knew that one year was the time it 
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takes for the Sun to travel back to the same position in the sky at the same time. For example, 

from June solstice to June solstice, the Sun will return to the same place. If you notice the Sun 

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 does one calculŀǘŜ лΦнпн Řŀȅǎ ǿƛǘƘƻǳǘ ŀ ŎƭƻŎƪΚ [ŜǘΩǎ 

say we round up and just go with the Julian year (365.25 days) adding a leap year every four 

ȅŜŀǊǎΦ ¸ƻǳǊ ŎŀƭŜƴŘŀǊ ƛǎ ƎŜǘǘƛƴƎ ƻŦŦ ǘǊŀŎƪ ōȅ ŜƭŜǾŜƴ ƳƛƴǳǘŜǎ ŜǾŜǊȅ ȅŜŀǊΦ ¢Ƙŀǘ ŘƻŜǎƴΩǘ ǎŜŜƳ ƭƛƪŜ ŀ 

lot. It would take 130 years before the calendar was off by even one day. So in one human 

ƭƛŦŜǎǇŀƴΣ ƛǘΩǎ ƴƻǘƘƛƴƎΦ .ǳǘ ŀŦǘŜǊ ŀ ŦŜǿ ƳƛƭƭŜƴƴƛŀΣ ƛǘ ǿƻǳƭŘ ǿǊŜŀƪ ƘŀǾƻŎ ƻƴ ǘƘŜ ŎŀƭŜƴŘŀǊΣ ŀƴŘ ƴƻ 

one wants to celebrate Halloween in August.  

When the Julian year was instituted by Julius Caesar, replacing 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 confusing to have an extra three months added to the year, but in 

order to get the year back on track, it was necessary.5 

An entire book could be written on the standardizing of the year, month, days, and hours. 

Indeed, many such books have already been written because 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 pretty arbitrary thinking to not recognize the time slice of άone 

dayΦέ {ƛƳƛƭŀǊƭȅΣ ŀ άyearέ is pretty universal (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 

go from 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 year mesh well with the phases of the Moon (the 

time it takes from one phase to the same phase). Making a solar calendar work with a lunar 

calendar was maddening because it takes almost 360 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 360, so itΩǎ 

tempting to create a calendar with only 360 days. The problem is of course, the Mƻƻƴ ŘƻŜǎƴΩǘ 

have an even 30 day cycle, it has a 29.53 day cycle, and the Sun has a 365.24219 day cycle.  

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

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

divisible only by 1, 5, 73, and itself. You could theoretically make a 365-day year made up of five 

months of 73 days, but that correǎǇƻƴŘǎ ŀǎǘǊƻƴƻƳƛŎŀƭƭȅ ǘƻ ŀƭƳƻǎǘ ƴƻǘƘƛƴƎΦ LǘΩǎ ōŀǎƛŎŀƭƭȅ useless. 
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HƻǿŜǾŜǊ ǘƘƛǎ ŘƛŘƴΩǘ ǎǘƻǇ ǘǿƻ Ǝǳȅǎ ƛƴ ǘƘŜ мфслǎ ŦǊƻƳ ŎǊŜŀǘƛƴƎ ǎǳŎƘ ŀ ŎŀƭŜƴŘŀǊΣ ŎŀƭƭƛƴƎ ƛǘ ǘƘŜ 

Discordian Calendar and creating a parody religion to go along with it. 

Two major problems arose that clever people circumvented in most calendars: First, it was 

common to add in five άextraέ Řŀȅǎ ǘƻ ǘƘŜ ŎŀƭŜƴŘŀǊΦ ¢ƘŜǎŜ ǿŜǊŜ Řŀȅǎ ǘƘŀǘ ŘƛŘƴΩǘ Ŏƻǳƴǘ ŀǎ ŘŀȅǎΣ 

and often they were special. For the Maya, the five nameless days (or Wayeb) were days added 

to the year, not as part of a 365-day year, but as non-days to a 360-day year.6 

While calendar keeping is no longer the job of astronomers, for many centuries it was an 

integral part of 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 keeping track of the Sun. These 

άobservatoriesέ can be very old. For 

example, the Kokino Observatory in The 

Republic of Macedonia is from the Bronze 

Age and may have been used to track the 

Sun (Fig 1).7  

¢ƘŜ ά.ǊŀȊƛƭƛŀƴ {ǘƻƴŜƘŜƴƎŜέ ƻŦ /ŀƭœƻŜƴŜ 

was erected about 1,000 years ago and is 

aligned with the winter solstice. This 

alignment leads some archaeologists to 

conclude that it was an observatory.8   

Another such observatory, Chanquillo, is a megalithic site built around 300 BCE in Peru. It has 

мо άteethέ or towers that mark the annual rising and setting of the Sun. From the observational 

platform, the Chanquillo inhabitants would have been able to determine the day of the year 

within an accuracy of two to three days just by observing the Sun.9 

In addition to tracking the Sun, 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 period. A synodic period is the time it takes for an 

oōƧŜŎǘ ǘƻ ŀǇǇŜŀǊ ŀǘ ǘƘŜ ǎŀƳŜ Ǉƻƛƴǘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƻǘƘŜǊ ƻōƧŜŎǘǎ ŀƴŘ ƛǘ ǘǳǊƴǎ ƻǳǘ ǘƘŀǘ ±ŜƴǳǎΩ 

synodic period, the time it takes for Venus to return to the same place in the sky in relation to 

the Sun-Earth system, is 584 days. EarthΩǎ ȅŜŀǊ ƛǎ оср ŘŀȅǎΣ ŀƴŘ ƭong before people debated 

whether or not the Earth travelled 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 the Earth and background stars.  

Figure 1-The Kokino Observatory in Macedonia. 
(U.S Embassy in Macedonia)  
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Mesoamerican cultures, such as the Mayans, figured out that eight Earth years equaled five 

Venus synodic periods, and worked this period into their calendars. Compared to other well-

known cultures and calendars, the Mayans and Aztecs were preoccupied with the planet Venus, 

and recorded and predicted its movements.10      

A number of archaeoastronomy sites 

exist in North America as well. For 

example, the Medicine Mountain 

National Historic Landmark has been 

suggested by astronomer John Eddy to 

align with the summer solstice, and the 

stars Sirius, Aldebaran, and Rigel (Fig 2).11  

Another archaeoastronomy site that had 

a suggested calendrical use is at 

Namoratunga. Built around 300 BCE, on 

the western side of Lake Turkana (a large 

lake that runs from Northern Kenya to 

Southern Ethiopia), the Namoratunga site stands with stones encircling what appears to have 

ōŜŜƴ ŀ ōǳǊƛŀƭ ǎƛǘŜΦ ¢ƘŜǎŜ ǎǘƻƴŜ ǎƭŀōǎ ǿŜǊŜ ŜǊŜŎǘŜŘ ƛƴ ǘƘŜ ŘŜǎŜǊǘ ōǳǘ ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƪƴƻǿ ƛŦ ǘƘŜȅ 

were aligned to some astronomical objects.12 Like Stonehenge, Namoratunga offers us a 

ƎƭƛƳǇǎŜ ƛƴǘƻ ǘƘŜ Ƴŀƴȅ άmaybesέ that are ubiquitous in archaeoastronomy.  

One last extremely ancient calendar on our list is from the Nabta Playa in Egypt. Before the 

early dynasties of ancient Egypt, people settled in the Nubian Desert between 9000 and 3000 

BCE. Although this area is now part of the Sahara, one of the largest deserts on Earth, the 

climate was not always so harsh. Monsoons in the summer reached the playa, and by 5000 BCE 

stone megaliths had been erected. These have been suggested to align to the solstice, but like 

other megalithic structures, there is no general consensus.13  

Separating megalithic structures used for astronomical markers and megalithic structures used 

for other purposes is not always 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 

!ƴȅƻƴŜ ǿƘƻΩǎ ŜǾŜǊ ǿƻǊƪŜŘ ƻǳǘǎƛŘŜ ƪƴƻǿǎ ǘƘŀǘ ǘƘŜ Řŀƛƭȅ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ {ǳƴ ŀŦŦŜŎǘǎ ǘƘŜ Earth. 

Indeed, we now know that the Earth formed with the Sun and other planets around 4.6 billion 

years ago. The Sun is what makes liquid water and therefore all life on Earth possible, it causes 

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



Chapter 2.3: History of Astronomy 
 

43 
 

wind, it correlates to the seasons (although in reality our own ноΦрх axial tilt  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 and recorded history simply does not go back as far 

humankind.14 Did people 200,000 years ago know the Sun was an integral part of their 

existence? 100,000 years agoΚ рлΣлллΚ ²Ŝ ŘƻƴΩǘ ƪƴƻǿΦ 9ǾŜƴ ǿƘŜƴ ǿŜ ŦƛƴŘ ŎƭǳŜǎΣ ƭƛƪŜ ǘƘŜ 

direction some early humans were buried, ƻǊ ŎŀǾŜ ŀǊǘΣ ƻǊ άƻōǎŜǊǾŀǘƻǊƛŜǎέ ǘƘŀǘ ŀƭƛƎƴ ǘƻ ǘƘŜ {ǳƴΣ 

we have to be careful not to over-interpret data.  

Another question we have to ask ourselves is whether or not a particular site or object 

correlated to astronomy was for religious, scientific, or artistic purposes. 

We have to recognize that science, as we know, it ƘŀǎƴΩǘ ōŜŜƴ ŀǊƻǳƴŘ ŦƻǊ ǾŜǊȅ ƭƻƴƎΦ ²ƘŜƴ ǿŜ 

ǎŀȅ άǎŎƛŜƴŎŜέ ǿŜ ŀǊŜ ǘŀƭƪƛƴƎ ŀōƻǳǘ ŀǊŜŀǎ ƻŦ ǎǘǳŘȅ ǘƘŀǘ Ŏŀƴ be physically and objectively tested, 

can be known, and can be quantified. Art is subjective and therefore not a science. The vast 

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

ŀ ǎŎƛŜƴŎŜΦ ¢Ƙƛǎ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ ǇƭŀŎŜ ŦƻǊ ŜƳǇƛǊƛŎƛǎƳ ƛƴ ŦƛŜƭŘǎ ǘƘŀǘ ŀǊŜ ƴƻǘ άƘŀǊŘέ 

science. Indeed we have a whole category of fields under the umbrella of social sciences 

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

.ŜŦƻǊŜ ǘƘŜ ǊƛƎƻǊƻǳǎ ŘŜōŀǘŜ ƻǾŜǊ ǿƘŀǘ ƛǎ ŀƴŘ ƛǎƴΩǘ ŀ ǎŎƛŜƴŎŜ ǘƻƻƪ ƘƻƭŘ ƛƴ ǘƘŜ нлth century, the 

boundaries between astronomy, astrology, philosophy, and religion were quite blurry. For 

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

Ionians of an eclipse, and told them the year in which it would take place. Herodotus recorded 

that the Medes and Lydians, when they observed this predicted eclipse, stopped fighting, and 

were both anxious to have terms of peace agreed on.15 Why did they stop fighting? To observe 

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

They could have stopped fighting and watched and recorded the eclipse out of sheer scientific 

ŎǳǊƛƻǎƛǘȅΣ ōǳǘ ƛǘΩǎ Ƨǳǎǘ ŀǎ ǇƭŀǳǎƛōƭŜ ǘƘŀǘ !ƴŀȄƛƳŜƴŜǎ ǿas recounting a superstitious episode in 

human history.  

Another example is the ά5ŜƳƻƴ {ǘŀǊΣέ Algol in the constellation Perseus. Algol dips in 

brigƘǘƴŜǎǎ ǊƻǳƎƘƭȅ ŜǾŜǊȅ сф ƘƻǳǊǎΦ LŦ ȅƻǳ ǿŀǘŎƘ !ƭƎƻƭ ŦƻǊ ŀ ǿŜŜƪΣ ȅƻǳΩƭƭ ƴƻǘƛŎŜ ƛǘ ƎŜǘǎ ƳƻǊŜ ǘƘŀƴ 

three times dimmer in just under three days. !ƴŎƛŜƴǘ ǇŜƻǇƭŜ Ƴŀȅ ƘŀǾŜ ƪƴƻǿƴ ŀōƻǳǘ !ƭƎƻƭΩǎ 

variability, as the very name Algol (Demon Star) could be a reference to its odd behavior. We 

have to ask ourselves: were people paying attention to the behavior of the star for pragmatic 

reasons, or superstitious ones? We must also ask ourselves when looking at the Mayan 

Calendar: did 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 own άŦƻǳƴŘƛƴƎ ŦŀǘƘŜǊǎέ of astronomy were full 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 mysticism. However, even a very cursory reading of Kepler or Newton 

will reveal that this is pure fiction. Standing on the shoulders of Copernicus, Kepler did shatter 

ǘƘŜ ƎŜƻŎŜƴǘǊƛŎ ƳƻŘŜƭ ǳǎƛƴƎ ŜƳǇƛǊƛŎƛǎƳΣ ƛǘΩǎ ǘǊǳŜΣ ōǳǘ ƘŜ ŀƭǎƻ ōŜƭƛŜǾŜŘ ƛƴ ŀǎǘǊƻƭƻƎȅ ŀƴŘ ǿŀǎ ǾŜǊȅ 

invested in mysticism.16 Yet we talk about him as though he existed in a lab 24/7. 

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

of Uranus and got it renamed ς you think Uranus is bad? William Herschel had named it after 

King George III. But Bode was also instrumental in getting the main asteroid belt discovered. He 

ŘƛŘ ƛǘ ōȅ ǎǳƎƎŜǎǘƛƴƎ όƻǊ ŜȄǇƻǳƴŘƛƴƎ ƻƴ WƻƘŀƴƴ ¢ƛǘƛǳǎΩǎ ƛŘŜŀύ ǘƘŀǘ ǘƘŜ Ǉƭŀnets should be lined up 

in the Solar SȅǎǘŜƳ ŜǾŜƴƭȅΣ ōǳǘ ǘƘŜǊŜΩǎ ŀ ƎŀǇ ōŜǘǿŜŜƴ aŀǊǎ ŀƴŘ WǳǇƛǘŜǊΦ IŜ ǎŀƛŘΥ ά/ŀƴ ǿŜ 

believe that the creator of the universe ƭŜŦǘ ǘƘƛǎ ǎǇŀŎŜ ŜƳǇǘȅΚ /ŜǊǘŀƛƴƭȅ ƴƻǘΦέ Iƛǎ ǇƻǇǳƭŀǊƛȊŀǘƛƻƴ 

of this idea, later called the Titius-Bode Law, led to the discovery of the first asteroids, Ceres, 

Pallas, and Vesta. But his reasoning was wrong. The Titius-Bode Law does not work. It doeǎƴΩǘ 

work for our Solar SȅǎǘŜƳΣ ŀƴŘ ƛǘ ŘƻŜǎƴΩǘ ǿƻǊƪ ǿƛǘƘ ƻǘƘŜǊ ǎƻƭŀǊ ǎȅǎǘŜƳǎΣ ƘƻǿŜǾŜǊ ƛǘ ŘǊƻǾŜ 

astronomers all around the western world to look for something in between Mars and Jupiter. 

His idea was predicated upon nothing more than celestial numerology and a religious feeling. 

But we still got the main asteroid belt 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 to 

make early astronomers fit into modern scientific frames is futile. 

Archaeological Sites 

Perhaps the most famous archeological site that may have some astronomical significance in 

North America is Chaco Canyon in northern New Mexico. The largest house, Pueblo Bonito, has 

700 rooms arranged around a semicircle, covers 4.5 acres, contains rooms five stories high, and 

includes many underground chambers called kivas. It was built sometime between 950 CE and 

1125 CE by the ancestral Puebloans.   

Of the many archaeoastronomical theories associated with this area, perhaps the most 

interesting is the depiction of what could have been the 1054 supernova (now known as the 

Crab Nebula) on one of the canyon walls, and the Sun dagger on Fajada Butte, a spiral that curls 

around like a snake and has a sliver of light that strikes it in the middle on the summer solstice. 

In general, structures at Chaco Canyon displays a strong degree of symmetry along the cardinal 

points.17 Cardinal directions, that is, east (where the Sun rises), west (where the Sun sets), 
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north, and southΣ ŀǊŜ ŀƭƳƻǎǘ ǳƴƛǾŜǊǎŀƭΦ LŦ ŀ ǎƻŎƛŜǘȅ Ƙŀǎ ŎŀǊŘƛƴŀƭ ŘƛǊŜŎǘƛƻƴǎΣ ƛǘΩǎ ŀ ƎƻƻŘ ƛƴŘƛŎŀǘƻǊ 

ǘƘŜȅΩǾŜ ōŜŜƴ ǎǘǳŘȅƛƴƎ ǘƘŜ {ǳƴΩǎ ƳƻǾŜƳŜƴǘΦ 

What is interesting about the cardinal points is that many separate cultures came to use them 

independently. Contrast that with the plethora of different calendars that exist. Some have an 

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

Řŀȅǎ ό.ŀƘŀΩL /ŀƭŜƴŘŀǊύΣ ƻǊ му ƳƻƴǘƘǎ ŜŀŎƘ ǿƛǘƘ нл Řŀȅǎ ŀnd 5 extra days (Mayan Calendar). 

Some calendars predominantly follow the Sun (Gregorian Calendar), others the Moon (Islamic 

Calendar), others follow the rising of constellations (Borana Calendar) or setting of specific stars 

(Mursi Calendar). But can we ŎƻƴǎƛŘŜǊ ŎŀƭŜƴŘŀǊǎ άŀǎǘǊƻƴƻƳȅέΚ 

Likewise, cŀƴ ǿŜ ŎƻƴǎƛŘŜǊ ŘŜǇƛŎǘƛƻƴǎ ƻŦ ŜǾŜƴǘǎ ƛƴ ǘƘŜ ǎƪȅ ǘƻ ōŜ άŀǎǘǊƻƴƻƳȅέΚ The Chaco Canyon 

άSupernovaέ may be an artistic depiction of a regular star, a supernova, a variable star, or some 

other phenomena. In 1843, for example, the hypergiant star Eta Carinae erupted (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 Australia were recorded discussing the ǎǘŀǊΩǎ brightness, color, and 

location and this remains in their oral history.18 While Eta Carinae can only be seen in the 

Southern Hemisphere, a phenomenon like it is possible in the Northern Hemisphere sky. The 

/ƘŀŎƻ /ŀƴȅƻƴ άSupernovaέ could be a depiction of a great myriad of celestial phenomena.  

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 the Seven Wonders of the 

Ancient World still standing today (Fig 3). 

Originally 146.5 meters (481 feet), it was the 

tallest man-made 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. 

YƘǳŦǳΩǎ tȅǊŀƳƛŘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŀŎŎǳǊŀǘŜƭȅ 

built structures in the world. It is incredibly flat, 

even, and well-oriented. It includes inner shafts 

that run in straight lines through the structure.  

The northern shaft would have been aligned to the star Thuban at the time of its structure. 

Although Thuban was no longer the north star when the pyramid was constructed in 2550 BCE, 

there was no true north star at the time, and Thuban was as close to a north star as any visible 

Figure 3-Giza Pyramid Complex. (Brooklyn 
Museum) 
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star in the night sky would have been. Thuban was off by about 1.7 degrees from true north. 

Nevertheless, the north shaft was aligned to this άnorthέ star.19  

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 well-documented alignments were not made for 

observation, but rather for religious purposes. This does not lessen the impressiveness of the 

archaeologic ŦŜŀǘ ƻǊ ǘƘŜ ŀƴŎƛŜƴǘ 9ƎȅǇǘƛŀƴΩǎ ƻōǾƛƻǳǎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ǎǘŀǊǎΣ ōǳǘ ƛǘ Ŏŀƴ ōŜ 

difficult to disentangle cultuǊŜǎΩ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ƘŜŀǾŜƴǎ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŜǎǘ ƛƴ ƘŜŀǾŜƴΦ  

Another great example is the zenith tubes in Central America. South of Mexico City lies the 

Oaxaca Valley and the capital city of the Zapotec civilization, Monte Alban. The Zapotec go 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 

overhead. Lǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘƛǎ ǿŀǎ ŀ άzenith tube,έ that is, that the room inside this building 

was built to catch the light of the Sun only when it was directly overhead. This building, Building 

J, may has have been used as a calendar temple, but it also may have been used to study the 

Sun, or for religious purposes.20  

In all these cases, and many others, we need to ask ourselves: if there 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 

LǘΩǎ Ŝŀǎȅ ǘƻ ǎŜŜ Ƙƻǿ ǿŜ ŎƻǳƭŘ ŀǘǘǊƛōǳǘŜ ŀǎǘǊƻƴƻƳƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ǘƻ ŀ ǎƛǘŜ ǘƘŀǘ Ƴŀȅ ƴƻǘ ƘŀǾŜ 

anything to do with astronomy, or how we could attribute astronomical significance to a site 

that is aligned to celestial phenomena for religious or other non-scientific purposes. These are 

Type I Errors, or false positives. You cŀƴ ǘƘƛƴƪ ƻŦ ŦŀƭǎŜ ǇƻǎƛǘƛǾŜǎ ŀǎ άcrying wolfέ or seeing 

ǎƻƳŜǘƘƛƴƎ ǘƘŜǊŜ ǿƘŜƴ ƛƴ ǊŜŀƭƛǘȅΣ ƛǘ ƛǎƴΩǘΦ  

But what about missing something when it is there? Archaeoastronomy is subject to this type 

of error as well, known as Type II Errors.  

In the 1700s, Europeans began to explore the islands of the Pacific Ocean and were surprised to 

find common languages throughout Polynesia. This in itself is astounding, 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 not only impressive, but immediately tells us something 

about Polynesia; people from islands far away from each other had 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 evidence that Polynesian navigators were exceptionally familiar with the stars, their 

directions, and their motions. 

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

Mangareva marked the solstices accurately by placing stones on either side of the solstice Sun 

during the rising and setting.21 wŀǇŀ bǳƛΩǎ ό9ŀǎǘŜǊ LǎƭŀƴŘύ Ƙŀǎ ƳŜƎŀƭƛǘƘǎ ό!Ƙǳ IǳǊƛ ŀ ¦ǊŜƴƎŀύ ǘƘŀǘ 

are oriented toward the rising Sun on the June solstice, and because of their odd location inland 

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

was a very purposeful placement.22  

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

less than one square mile in area, just above the Tropic of Cancer. This is the closest Hawaiian 

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

ǳƴƛƴƘŀōƛǘŜŘΣ aƻƪǳƳŀƴŀƳŀƴŀ ƛǎ ŎƻǾŜǊŜŘ ƛƴ ŘƻȊŜƴǎ ƻŦ ŀƭǘŜǊǎΦ ²ƘȅΚ LǘΩǎ ŀ ƳȅǎǘŜǊȅΣ ōǳǘ ǘƘŜ Ƴƻǎǘ 

intriguing explanation is that its location, just above the Tropic of Cancer at the limits of the 

SǳƴΩǎ ƻǾŜǊƘŜŀŘ ǇŀǎǎŀƎŜΣ ƳŀŘŜ ƛǘ ŀ ǎǇŜŎƛŀƭ destination.23  

Perhaps the most compelling living evidence of Polynesian astronomy is the language itself. For 

every star or constellation you can name, there is a Hawaiian, Maori, Tongan, and Samoan 

name for it. For example, the name for the stars of the 

Pleiades cluster is similar across Polynesia.  

Language in this case is very telling. Of course, 

constellations are different in other cultures, but the fact 

that a language has names for its own constellations means 

that people were paying ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ƴƛƎƘǘ ǎƪȅΦ LǘΩǎ 

certainly possible that a society that gives just a few names 

to astronomical objects (Sun, Moon, stars) may have been 

ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŀǎǘǊƻƴƻƳȅΣ ōǳǘ ǿŜ ŎŀƴΩǘ ǘŜƭƭ ŦƻǊ ǎǳǊŜ ǿƛǘƘƻǳǘ 

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, is undeniably interested in astronomy. This is what we find in Polynesian languages.  

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

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

ǎƪȅ ǘƘŀǘ ǿŜ ǎƛƳǇƭȅ ŘƻƴΩǘ ǳǎŜ ƛƴ 9ƴƎƭƛǎƘΣ ƘŀǾe Hawaiian names.24 There are also many divisions 

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 

ƻƴŜΩǎ ƘŜŀŘΣ ǘƻ ǘƘŜ Ƙƛghest place in the fixed heavens.25 

Table 1: Polynesian names for 
the Pleiades star cluster 

Mataliki Tonga 

Matalike Vanuatu 

aŀǘŀǊƛΩƛ Tahiti 

Matariki Maori 

Makeriker Pohnpei 

aŀƪŀƭƛΩƛ IŀǿŀƛΩƛ 

[ƛΩƛ Samoa 
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Language tells us how people see the sky. For example, in the Hawaiian language, Venus has 

several names including: Hokuloa (great star), Ka hoku komohana (star of the west), and 

YŀΩŀǿŜƭŀ (the star close to the Sun).26 YŀΩŀǿŜƭŀ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ǘŜƭƭǎ ǳǎ ǎƻƳŜǘƘƛƴƎΤ ǿŜ ŘƻƴΩǘ ƴŜŜŘ 

to find a book wheǊŜ ŀƴŎƛŜƴǘ Iŀǿŀƛƛŀƴǎ ǿǊƻǘŜ Řƻǿƴ άwe have found a star that follows the Sun 

all the timeΦέ We know they knew that Venus followed the Sun because they named it after its 

behavior. In this 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 tradition, 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 themselves have already told us something: that astronomy 

was important. 

Ancient Astronomy 

Once a writing system emerges, if the language is translatable, and if the documents are well-

ǇǊŜǎŜǊǾŜŘΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴ ŀƴŎƛŜƴǘ ŎǳƭǘǳǊŜΩǎ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ǎǘŀǊǎ ōŜŎƻƳŜǎ ƳǳŎƘ ŜŀǎƛŜǊ ǘƻ 

disentangle. Many cultures with a written language simply wrote down what 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 cultures 

regionally, chronologically, or a myriad of 

ƻǘƘŜǊ ǿŀȅǎΣ ōǳǘ ƭŜǘΩǎ Ǝƻ ōȅ subject. Whether 

watching the Sun, the Moon, the stars, 

meteorites, or comets, a pattern emerges: 

people recorded objects and their behavior 

long before they understood them. In many 

cases, these objects took on a spiritual or 

mystical role within the culture, and in some 

cases became extremely important not just 

because of their celestial status, but because 

of their usefulness. Think of the Greek and 

Roman fascination with the planets, but also 

ǘƘŜ ƳȅǎǘƛŎƛǎƳ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜƳΦ WǳǇƛǘŜǊ ǿŀǎƴΩǘ 

just a planet, he was a god.  

Table 2:  Partial Timeline of Known Solar 
Observations 

Year 
 

2137 
BCE 

A total eclipse of the Sun is 
mentioned in Historical Documents 
of Ancient China. 

800 BCE 
Sunspots ŀǊŜ ǊŜŎƻǊŘŜŘ ƛƴ /ƘƛƴŀΩǎ 
Book of Changes. 

499 BCE 
Anaxagoras taught that the Sun is 
self-luminous. 

830 CE 
Habash al-Hasib determines time 
using the altitude of the Sun. 

1050 CE 
During a total eclipse of the Sun on 
August 30th, it was surrounded by a 
άred ringέ (the chromosphere?) 

1613 CE 
Christopher Scheiner records 
faculae on the solar surface. 
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What becomes difficult to 

disentangle is who did what first. 

What was the first observatory? 

Was it the megalithic structures 

of Nabta Playa (5000 BCE)? Or 

was there an observatory built 

for astronomical research at 

Taosi in Shanxi Province, China 

(2300 BCE)? Or perhaps it was 

/ƘŀƴǉǳƛƭƭƻΩǎ мо ¢ƻǿŜǊǎ ƛƴ tŜǊǳ 

(300 BCE).  

²Ŝ ŘƻƴΩǘ ƪƴƻǿ ǿƘŜƴ ƻǊ ǿƘŜǊŜ 

the first observatories were built, 

because time steadily erases 

history. We do know that 

observations of the heavens have 

been made by every known 

society on every habitable 

ŎƻƴǘƛƴŜƴǘΣ ōǳǘ ǿŜ ǎƛƳǇƭȅ ŘƻƴΩǘ 

know when the first sundial or 

gnomon or observatory was built. 

We can only know which ones 

have survived the creeping 

invalidation of time.   

Problems in Archaeoastronomy 

Too Many Possibilities 

Imagine the place where you live. Perhaps a house or an apartment. Is it facing some cardinal 

direction? Probably. But why? Many cities lie on a grid system. Here in Utah, we have 100 

North, 300 East, etc. Your home Ƙŀǎ ŀ ƘƛƎƘ ŎƘŀƴŎŜ ƻŦ ŦŀŎƛƴƎ ǘƘŜ ǎǘǊŜŜǘΣ Ƨǳǎǘ ōŜŎŀǳǎŜ ƛǘΩǎ ŜŀǎƛŜǊ 

to build a path to a front door than an oddly placed door. You also probably live in a square-ish 

building, which, since one side is facing the street and the street is a cardinal direction, means 

that all four sides are aligned to the four cardinal directions. Additionally, if you have windows, 

ǘƘŜȅΩƭƭ ōŜ ƻƴ ǘƘŜǎŜ ŎŀǊŘƛƴŀƭ-facing sides of the house, and the Sun will probably stream into at 

least one of them on at least one of the solstices or the equinoxes. Now imagine 5,000 years 

into the future. Archeologists find huge cities all lined up to the cardinal directions with millions 

of houses oriented to the solstice Sun. Can they conclude that we were obsessed with the 

Table 3:  Partial Timeline of Known Stellar Observations 

Year  

400 BCE !ƭŎƻǊ άƘŀǎ ōŜŎƻƳŜ ŀ ƭƛǘǘƭŜ ǎǘŀǊΣ ǎƻƳŜǘƛƳŜǎ 
visible and sometimes invisible, like an omen 
ǇƻǊǘŜƴŘƛƴƎ ƴƻ ƎƻƻŘΧέ ǉǳƻǘŜŘ ŦǊƻƳ ǘƘŜ 
Mahabharata. 

310 BCE Aristarchus of Samos was born. Wrote that the 
Sun and the stars have the same nature. 

140 CE Claudius Ptolemy enumerates 6 stars as being 
άfiery redέ: Arcturus, Aldebaran, Pollux, 
Antares, Betelgeuse, and Sirius (which is not 
red and does not belong in his list of red 
ǎǘŀǊǎΧύ 

300 CE Cleomedes states that the fixed stars are larger 
than the Sun. 

724 CE A Chinese expedition was sent to the South 
Seas to observe Canopus and stars further 
south that had not yet been named. 

~500 CE !ǊȅŀōƘŀǘŀ ƎƛǾŜǎ ǘƘŜ ǎǘŀǊǎΩ ŘƛǎǘŀƴŎŜǎ as 
4,400,000 distances of the Sun (what we now 
call AU). 4.4 million astronomical units is 
roughly 70 light-years away. 

1029 CE Azarquiel, an Arabian astronomer, proved the 
Sun had an apogee with the use of background 
stars. 

1230 CE Erazmus Witelo wrote that stars twinkle 
because of moving air currents. 
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alignment of the Sun or the cardinal directions? That we had a special affinity for four-sided 

living quarters because they made astronomical sense to us? Of course not. 

We build four-sided houses 

ōŜŎŀǳǎŜ ǘƘŜȅΩǊŜ Ŝŀǎȅ ǘƻ ƳŀƪŜΦ ²Ŝ 

have streets that run to the 

cardinal directions because it 

makes city planning, layout, and 

navigation easier to deal with. 

²ŜΩǊŜ ōŀǊŜƭȅ ŜǾŜƴ ŀǿŀǊŜ of when 

the solstice is going on, much less 

ƛŦ ƛǘΩǎ ŀƭƛƎƴŜŘ ǇǊƻǇŜǊƭȅ ǘƻ ǘƘŜ 

kitchen or bathroom or bedroom 

or living room window. But what 

if archeologists find a cookie-

cutter housing project still 

standing in 7021 CE, and it turns 

ƻǳǘ ǘƘŀǘ ƛǘΩǎ ǘƘŜ ōŀǘƘǊoom 

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

ōŀǘƘǊƻƻƳǎ ƘŜƭŘ ǎƻƳŜ ŀǎǘǊƻƴƻƳƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ǘƻ ǳǎΚ ²Ƙŀǘ ƛŦ ƛǘΩǎ ǘƘŜ ƪƛǘŎƘŜƴ ǿƛƴŘƻǿΚ hŦ 

course, we know why that happens; there are a lot of windows on any given house, and 

ƴŜƛƎƘōƻǊƘƻƻŘǎ ŀǊŜ ƻŦǘŜƴ ŎƻƴǎǘǊǳŎǘŜŘ ōȅ ǘƘŜ ǎŀƳŜ ŎƻƳǇŀƴȅΦ ¢ƘŀǘΩǎ ƛǘΦ 9ƴŘ ƻŦ ǎƛƎƴƛŦƛŎŀƴŎŜΦ  

¸Ŝǘ ƛǘΩǎ Ŝŀǎȅ ǘƻ fall into this trap with archaeoastronomy. Sometimes there are just too many 

possibilities. This is the problem with something like Stonehenge. Its complexity makes it 

ƛƳǇƻǎǎƛōƭŜ ǘƻ ǎŀȅ ǿƛǘƘƻǳǘ ŀ Řƻǳōǘ ǘƘŀǘ ƛǘΩǎ ŀƭƛƎƴŜŘ ǘƻ ŀƴȅǘƘƛƴƎΦ LǘΩǎ ǘƻƻ ōƛƎΦ LǘΩǎ ǘƻƻ ǊƻǳƴŘΦ ¢ƘŜǊŜ 

are an enormous number of things it could align to, and an enormous number of things that 

could just be coincidence. This ƛǎ ǿƘȅ ŀǊŎƘŜƻƭƻƎƛǎǘǎ ŀƴŘ ŀǎǘǊƻƴƻƳŜǊǎ ŎŀƴΩǘ Ŏŀƭƭ ƛǘ ŀƴ 

observatory, but can only say it might have been built to correlate with some astronomical 

phenomena.  

Lack of Communication or Shared Cultural Understanding 

!ǎ ǿŜΩǾŜ ǎŜŜƴ ǿƛǘƘ ǘƘŜ Mayan calendar, we may go into a culture with expectations only to find 

ƻǳǘ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƛǊ ǊŜŀǎƻƴƛƴƎ ŀǘ ŀƭƭΦ Why have a Venus Cycle at all? Not 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇǳǊǇƻǎŜ ƻǊ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ŀƴ ŀǊŎƘŀŜƻŀǎǘǊƻƴƻƳȅ ǎƛǘŜ ŘƻŜǎƴΩǘ ƴŜƎŀǘŜ ƛǘǎ 

astronomical importance. Archaeoastronomers are constantly trying to avoid seeing things that 

ŀǊŜƴΩǘ ǘƘŜǊŜ while not missing things that are simply because they ŘƻƴΩǘ ŀǇǇŜŀǊ άrightέ to 

modern eyes.  

Figure 4-And here we see the astronomical significance of 
these gigantic lines. Notice their cardinal dire ctions... 
(Walter Mittelholzer, public domain)  
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Cultural Eradication 

Many societies could have told us themselves about their astronomy, if conquerors and 

ŜȄǇƭƻǊŜǊǎ ƘŀŘƴΩǘ ǿƛǇŜŘ ǘƘŜƳ ƻǳǘ ƻǊ ŘŜŎƛƳŀǘŜŘ ǘƘŜƳ ǘƻ ǘƘŜ Ǉƻƛƴǘ ǘƘŀǘ ŀ ŎǳƭǘǳǊŀƭ ƘŜǊƛǘŀƎŜ 

became almost impossible to maintain. There is no way around this reality. Much of history has 

been purposely destroyed, and some of it will never be recovered.   

.Ï× 9ÏÕ 3ÅÅ ÉÔȟ .Ï× ÉÔȭÓȣKinda Moved 

Another challenge is that the sky today ŘƻŜǎƴΩǘ ƭƻƻƪ exactly the same as it did 1,000, 4,000, or 

10,000 years ago. Earth experiences a variety of movements we are relatively unaware of, but 

that affect how the sky looks over time. Axial precession, described in Chapter 2.2, takes about 

26,000 years to complete one cycle and causes the pole star (for us the north star) to shift. We 

saw how the 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 discussed in Chapter 2.2:  

¶ EarthΩǎ ƻǊōƛǘ ǎƘƛŦǘǎ ŦǊƻƳ ŀƭƳƻǎǘ ŎƻƳǇletely circular to mildly elliptical. How long does it 

take to go from circular to elliptical and back? About 400,000 years.  

¶ EarthΩǎ ŀȄƛŀƭ ǘƛƭǘ ŎƘŀƴƎŜǎ ƻǾŜǊ ǘƛƳŜΦ Lǘ ǘŀƪŜǎ пмΣллл ȅŜŀǊǎ ǘƻ ǎƘƛŦǘ ŦǊƻƳ нн ŘŜƎǊŜŜǎ ǘƻ нпΦр 

degrees and back again. The last maximum was reached in 8700 BCE. We are currently 

at a 23.44 degree tilt. 

²Ŝ ŘƻƴΩǘ ƴƻǘƛŎŜ Ƴƻǎǘ ƻŦ ǘƘŜ Sun-Moon-Earth motions within one human lifetime, but over 

thousands or tens of thousands of years, these motions change the way the sky appears to the 

inhabitants of Earth. If we are considering a site like the Great Pyramid at Giza (built around 

4560 years ago), or Nabta Playa (which was built around 7000 years ago), we cannot rely 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, the vast mŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀƴƎǳŀƎŜǎ ŀǊŜ ǳƴǿǊƛǘǘŜƴ ƭŀƴƎǳŀƎŜǎΣ ŜǾŜƴ 

ǘƻŘŀȅΦ ¢ƘŜ ŦƛǊǎǘ ǊŜǉǳƛǊŜƳŜƴǘ ƻŦ ŜƳǇƛǊƛŎŀƭ ŀǎǘǊƻƴƻƳȅ όǘƘŀǘ ƛǎΣ ŀǎǘǊƻƴƻƳȅ ǘƘŀǘΩǎ ŘƻƴŜ ǳǎƛƴƎ ǘƘŜ 

scientific method) is the ability to stand on the shoulders of the people that came before, and 

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 lists of numbers ς for 

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

¢Ƙƛǎ ƛǎƴΩǘ ǘƻ ǎŀȅ ǘƘŀǘ ǎƻŎƛŜǘƛŜǎ ǿƛǘƘƻǳǘ ŀ ǿǊƛǘǘŜƴ ƭŀƴƎǳŀƎŜ ƴŜǾŜǊ ǇǊŀŎǘƛŎŜŘ ŜƳǇƛǊƛŎƛǎƳΣ Řŀǘŀ 

collection, tabulation, etc. There is likely no culture that has ever existed that neglected to 
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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 scientific achievements. This brings us to the second 

requirement: In order for a society to practice empirical astronomy, they must have preserved 

their data. What can destroy data?   

¶ Purposeful destruction, such as the burning down of the Library of Alexandria, or the 

systematic burning of books by Qin Shi Huang, or in more recent history, the Khmer Rouge 

which destroyed almost all of the books in the National Library of Cambodia. A great many 

libraries have been purposely destroyed throughout civilization often as a byproduct of 

political violence. Coups, wars, revolutions, and rebellions are usually hard on scientific 

advancement.   

¶ Data can also ōŜ ƭƻǎǘ ǎƛƳǇƭȅ ǘƘǊƻǳƎƘ ƴŀǘǳǊŀƭ ŘŜƎǊŀŘŀǘƛƻƴ ƻǾŜǊ ǘƛƳŜΦ LǘΩǎ ƴƻǘ ǎǳǊǇǊƛǎƛƴƎ ǘƘŀǘ 

most of the preserved papyrus, scrolls, books, cloth, and even buildings, come from fairly 

ŘǊȅ ŜƴǾƛǊƻƴƳŜƴǘǎΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ōŜŎŀǳǎŜ ǇŜƻǇƭŜ ŘƛŘƴΩǘ ƭƛǾŜ ƛƴ ƘǳƳƛŘ ŀǊŜŀǎ ǘƘƻǳǎŀƴŘǎ ƻŦ ȅears 

ago, but water destroys relics of the past at an incredible rate.  

And finally, a third requirement is that the society in question must have been around long 

enough to have made noticeable observations in the field of astronomy. That can be difficult, 

given that in order to collect data on things like the behavior of the stars, you need a multi-

generation study of the sky. While the heavens do move and change, those changes typically 

occur on 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 

ƻŦ ǘƘŜ ŀŎǘǳŀƭ ŀǎǘǊƻƴƻƳȅ ǘƘŀǘΩǎ ǘŀƪŜƴ ǇƭŀŎŜ ƻƴ ƻǳǊ ǇƭŀƴŜǘΦ  .ǳǘ ǘƘŜ Řŀǘŀ ƛǎ ŀ ƭƛǘǘƭŜ ŜŀǎƛŜǊ ǘƻ ǎƻǊǘ 

through with early astronomy as opposed to archaeoastronomy.  

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

stars, planets, comets, meteorites, the Sun, changes in the motions or behavior of these objects 

over time, and what the universe is made out of, where it came from, where ƛǘΩǎ ƎƻƛƴƎΣ ŜǘŎΦ ŀƭƭ 

fall into the field of astronomy. Finding ways to measure the universe, understanding time, 

position, and changes in the heavens, all contributes to our knowledge of the cosmos. Once we 

understand those changes, predicting them becomes astronomy 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 considered an invention in its own right: 

written records. Tables of astronomical data come from all over the world. For example, around 

555 CE in the Sasanian Empire, the Zik i Sahriyaran (The Royal Astronomical Tables) were 

revised for the king, Anushiruwan (Khosrow I). In 595, Ananias of Sirak was born and went on to 
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compile data on the orbit of the Moon 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, except Antarctica.   

Some, like the Mayan Venus Tables (also known as The Dresden Codex), followed a planet and 

recorded its behavior (Fig 5). In these tables, Venus is specifically recorded and its appearances 

and disappearances in the morning and evening sky are foretold for the reader. This makes the 

ŎƻŘŜȄ ǇǊŜŘƛŎǘƛǾŜΥ ¢Ƙŀǘ ƛǎΣ ǘƘŜ aŀȅŀƴǎ ŦƻǳƴŘ ŀ ǇŀǘǘŜǊƴ ƛƴ ǘƘŜ ǇƭŀƴŜǘΩǎ ƳƻǾŜƳŜƴǘǎΣ ŀƴŘ ŎǊŜŀǘŜŘ 

tables to predict that behavior. 

Other tables, like the Venus Tablet of Ammiὄaduqa from the 1600s BCE, not only record the 

behavior of the planet Venus, but also carry a lot of omens and prophecies around that 

behavior.27 These astrological prophecies are fanciful, but nevertheless we know that Venus 

was being watched and recorded. Without access to older tablets rich with astronomical data, 

someone like Aristarchus never could have made discoveries about long-term changes, such as 

the precession of the equinoxes.  

Astronomical tables can be thought of as a pre-telescopic instrument; without them, long-term 

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, the Moon, 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 bits calleŘ ŘŜƎǊŜŜǎΣ ǿŜ Ŏŀƴ ōŜƎƛƴ ǘƻ ǎŀȅ άthe Moon takes up this much of the 

circleέ ŀƴŘ άCapella is this many degrees away from Polluxέ etc. These degrees are arbitrary ς 

ǘƘŀǘ ƛǎΣ ǘƘŜȅ ŘƻƴΩǘ ƘŀǾŜ ŀƴ ŀŎǘǳŀƭ ǳƴƛǘ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘΦ ¢ƘŜȅϥǊŜ relational. They simply take up 

a certain percentage of the circle ς in this case, a giant sphere laid over the sky.  

Figure 5 -Six pages of the Mayan Venus Table, circa 1300 CE. (Public domain)  
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Using an armillary sphere (Fig 6), or a much smaller 

circle, we can tell how far away things are from each 

other in degrees. These trigonometric, angle-based 

instruments were the first truly precise method of 

taking measurements in astronomy. An armillary 

sphere simply showed a representation of the sky. 

Sometimes they included tick marks for degrees, but 

older ones just showed the circles of the sky, and 

how they behave from the vantage point of Earth.  

Some of the oldest armillary spheres come from 

China. Around 104 BCE, Lo Hsia Hung flourished and 

designed one of the first armillary spheres (if not the 

first). He also wrote that the Earth ƳƻǾŜǎ άconstantly 

but people do not know itΦέ In 52 BCE Keng Shou-

Chhang introduced the first permanently fixed 

equatorial ring (the outside ring of an armillary 

ǎǇƘŜǊŜύΦ Lƴ ǘƘŜ ȅŜŀǊ уп /9 Cǳ !ƴ ŀƴŘ /Ƙƛŀ YΩǳŜƛ ŀŘŘŜŘ 

an ecliptic ring to Keng Shou-/ƘƘŀƴƎΩǎ ŜǉǳŀǘƻǊƛŀƭ 

ring, and about 100 years after that, Tshai Yung 

wrote of an 8 foot circumference armillary sphere. By 

260 Wang Fan created a complete celestial sphere.28 

Ptolemy also had an armillary sphere, and made calculations using another instrument: the 

quadrant (Fig 7). A quadrant is one quarter (quad) of a circle, marked with degrees. If the 

quadrant is correctly 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 lies (its 

altitude). Quadrants were in use at least by the 

2nd Century, by Ptolemy, who was famous for taking fairly 

accurate measurements.29 

By the 1200s, the Persian scientist Nasir al-Din el Tusi was 

using the torquetum, a complex machine following the 

rules of the quadrant, but made additionally complicated 

by having degrees for the equator, as well as the altitude, 

and being portable (Fig 8). Though el-Tusi is more famous, 

he did not invent the torquetum. He took the design from 

Figure 6-Diagram of an armillary 
sphere. (Public domain)  

Figure 7-0ÔÏÌÅÍÙȭÓ 1ÕÁÄÒÁÎÔȢ 
(Public domain)  
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a 12th century Andalusian mathematician and 

inventor: Jabir ibn-!ŦƭŀƘ όŀƭǎƻ ƪƴƻǿƴ ŀǎ άGeberέ). 

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 sky 

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 seconds equals a 

minute, there are 60 arcminutes in every degree, 

and 60 arcseconds in every arcminute. This means 

that there are 1,296,000 arcseconds in a spherical 

sky. While a 1-foot by 1-foot quadrant might be large 

enough to put a quarter of the degrees of the sky 

onto (90 degree tick marks), it's certainly not large 

enough to put a quarter of the sky in arcseconds 

ƻƴǘƻ ōŜŎŀǳǎŜ ȅƻǳ ǎƛƳǇƭȅ ŎŀƴΩǘ Ŧƛǘ онпΣллл ǘƛŎƪ ƳŀǊƪǎ 

on a 1-foot by 1-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-

Turkic-Mongol empire) astronomer/king. In the 1400s 

he built an enormous observatory at Samarkand, one 

with a quadrant 55 meters (180 feet) high.30 This 

allowed him to make much more accurate 

observations of almost 1,000 stars and their positions. 

Lǘ ǿŀǎƴΩǘ ǳƴǘƛƭ ¢ȅŎƘƻ .Ǌŀhe that Ulugh Beg was one-

upped, though Tycho did it 150 years later.  

Tycho Brahe had what every astronomer wishes they 

could find: a wealthy 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. 

¢ƘŜ ƪƛƴƎ ŦƛƴŀƴŎŜŘ .ǊŀƘŜΩǎ ŎŀǊŜŜǊΣ ōǳƛƭŘƛƴƎǎ, and 

equipment, virtually ensuring that the next generation Figure 9-Tycho Brahe sitting in his 
mural quadrant. (Publi c domain)  

Figure 8-Drawing of a torquetum.  
(Public domain)  
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of accurate astronomical measurements would belong to Denmark. This castle observatory was 

ŎŀƭƭŜŘ ά¦raniborgέ and it was full of pre-telescopic instruments, including armillary spheres and 

a large mural quadrant (Fig 9). 

Tycho Brahe had an interesting life. He 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. 

²Ŝ ŘƻƴΩǘ ƪƴƻǿ ŦƻǊ ǎǳǊŜ ǿƘŀǘ ǘƘe duel was about, but the legend is that it was over a 

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

lived from 1546-1601), he made enough observations that Johannes Kepler was able to form 

his famous laws of planetary motion using his data.31 .ǊŀƘŜΩǎ ǉǳŀŘǊŀƴǘ ǿŀǎ ƴƻǘ ŀǎ ƭŀǊƎŜ ŀǎ 

¦ƭǳƎƘ .ŜƎΩǎΣ ōǳǘ ƛǘ ƘŀŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘǊŀƴǎǾŜǊǎŀƭ ƭƛƴŜǎ ǘƘŀǘ ƳŀŘŜ ƳŀǊƪƛƴƎ ǎƳŀƭƭŜǊ ǎǇŀŎŜǎ 

easier. These early observations, using non-telescopic 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 Sun-Earth-Moon connection works, and where the 

Earth exists in the universe. Without this pre-telescopic time periodΣ ǘƘŜ άōƛƎ Ǝǳƴǎέ ƻŦ ŜŀǊƭȅ 

astronomy, such as Galileo, Newton, and the Herschels, would have been hampered. Whether 

blocking unwanted light, measuring the degrees between stars, or making careful observations 

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

understanding of the universe long before the advent of the telescope.   

Conclusion 

Trying to keep in mind all of these facts, the different sky, religious and cultural significance, 

whether or 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 changing heavens in a way we barely 

ƴƻǘƛŎŜ ǘƻŘŀȅΦ .ŜŎŀǳǎŜ ƻŦ ƳƻŘŜǊƴ ƛƴǾŜƴǘƛƻƴǎ ƭƛƪŜ ŎƭƻŎƪǎΣ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ǊŜƭȅ ƻƴ ǘƘŜ ǎǘŀǊǎ ŦƻǊ 

ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƛƳŜΦ ²Ŝ ŘƻƴΩǘ ǊŜƭȅ ƻƴ ǘƘŜ ƴƛƎƘǘ ǎƪȅ ƻǊ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ Sun to tell us 

ŀōƻǳǘ ǘƘŜ ǎŜŀǎƻƴǎΣ ƻǊ ǿƘŜƴ ƛǘΩǎ ǘƛƳŜ ǘƻ ƘŀǊǾŜǎǘ ŎǊƻǇǎΣ ƻǊ Ƙƻǿ ŦŀǊ ǿŜΩǾŜ ǘǊŀǾŜƭŜŘΦ ²ŜΩǾŜ ƎƛǾŜƴ 

ǳǇ ǾƛǊǘǳŀƭƭȅ ŀƭƭ ƳȅǎǘƛŎƛǎƳ ǎǳǊǊƻǳƴŘƛƴƎ ŎŜƭŜǎǘƛŀƭ ƻōƧŜŎǘǎΣ ōǳǘ ǿŜΩǾŜ ŀƭǎƻ ƎƛǾŜƴ ǳǇ ŀ ǎƘŀǊŜŘ ŎǳƭǘǳǊŀƭ 

understanding of how the heavens behave.  

Modernity also separates us from our ancestors; most people on the planet live in cities that 

are so bright they block out much of the night sky. Most of us will never look up and see Algol 

ŀƴŘ ǿƻƴŘŜǊ άǿƘȅ ŘƻŜǎ ǘƘƛǎ ǎǘŀǊ ƎǊƻǿ ŘƛƳΚέ Most of us will never see Thuban and compare it to 

Polaris. When we wander down a lighted street at night and can only see the very brightest 

ǎǘŀǊǎ ŀƴŘ ƴƻǘƘƛƴƎ ŜƭǎŜΣ ǿŜ ŀǊŜƴΩǘ ǎŜŜƛƴƎ ǘƘŜ ƘŜŀǾŜƴǎ ŀǎ ƻǳǊ ŀƴŎŜǎǘƻǊǎ ǎŀǿ ǘƘŜƳΦ ²Ŝ ŀǊŜ 
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ǎǳǊǊƻǳƴŘŜŘ ōȅ ƻǳǊ ƻǿƴ ŎǊŜŀǘƛƻƴǎ ŀƴŘ ƘŀǾŜ ŎǊŜŀǘŜŘ ǘƘŜ ƳƻŘŜǊƴ ǎƪȅ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ǿŜΩǾŜ 

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 from this chapter, see if you can explain why each misconception is 

inaccurate: 

¶ !ǎǘǊƻƴƻƳȅ ŘƛŘƴΩǘ ǎǘŀǊǘ ǳƴǘƛƭ ǘƘŜ ǘŜƭŜǎŎƻǇŜ ǿŀǎ ƛƴǾŜƴǘŜŘ. 

¶ Astronomy was practiced only in a few places (e.g. only in Greece). 

¶ Astronomy has always been different from astrology or mythology. 

Questions for thought 

¶ Iƻǿ ǿƻǳƭŘ ȅƻǳ ŘŜŦƛƴŜ άŀǎǘǊƻƴƻƳȅέΚ ²ŜǊŜ ǘƘŜ ǇŜƻǇƭŜ ŀƴŘ ŎǳƭǘǳǊŜǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ 

chapter practicing astronomy? Why or why not? What conditions need to be met before 

ǿŜ Ŏŀƴ Ŏŀƭƭ ƻōǎŜǊǾƛƴƎ ǘƘŜ ǎƪȅ άŀǎǘǊƻƴƻƳȅέΚ  

 

¶ Why was the sky important to ancient cultures? Is the sky still important for any of the 

same reasons or have our values changed? Why or why not?  

 

¶ How has the sky changed over the past several thousand years? Is it easier or harder to 

watch the sky today? Are there things that the ancients would have been able to see 

ǘƘŀǘ ǿŜ ŎŀƴΩǘ ǘƻŘŀȅ? 

 

¶ How would you respond if someone suggested that only a few civilizations seem to have 

practiced astronomy in the past? 

For More Information 

¶ Ancient Astronomy: An Encyclopedia of Cosmologies and Myth, by Clive Ruggles, 

2005 

¶ Empires of Time, by Anthony Aveni, 2002 

¶ Journal of Astronomy in Culture: http://escholarship.org/uc/jac  

¶ Skywatchers, Shamans, and Kings, by E.C. Krupp, 2004 

http://escholarship.org/uc/jac
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The gold-plated primary mirror of NASA's James Webb Space Telescope (JWST), currently 
scheduled for launch in 2021. (NASA/Chris Gunn)  



Chapter 2.4: Telescopes & Observatories 

60 
 

Mathematical Morsels 
Most telescope mirrors and lenses are circular, so 

the total light collecting area of a telescope can be 

calculated using the formula for the area of a circle: 

ὃ “ὶ, where r is the radius of the objective. 

Because the radius is squared, doubling the aperture 

of a telescope results in a four-fold increase in the 

amount of light collected. In other words, aƴ уέ 

ǘŜƭŜǎŎƻǇŜ ƎŀǘƘŜǊǎ ŦƻǳǊ ǘƛƳŜǎ ŀǎ ƳǳŎƘ ƭƛƎƘǘ ŀǎ ŀ пέ 

telescope, not twice as much as you might expect.  

 

 

Telescopes and Astronomy 

O telescope, instrument of knowledge, more precious than any scepter. 

φJohannes Kepler, in a letter to Galileo (1610) 

wŜǎǘǊƛŎǘŜŘ ōȅ ƻǳǊ ǇƻƻǊ ƴƛƎƘǘ Ǿƛǎƛƻƴ ŀƴŘ ǎƘǊƻǳŘŜŘ ōȅ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΣ ǿŜ ŀǊŜ ǳƴŀōƭŜ ǘƻ ǎŜŜ 

very far into the universe with the naked eye. A telescope collects light from the sky, 

augmenting our vision and allowing us to see and study fainter and more distant objects. While 

backyard telescopes collect visible light, research-grade telescopes can be designed to gather 

any wavelength of light on the electromagnetic spectrum. Radio telescopes, x-ray telescopes, 

and infrared telescopes are all indispensable tools for modern astronomers.   

Contrary to popular belief, magnification is not a useful metric for comparing telescopes. A 

ǘŜƭŜǎŎƻǇŜ ƛǎ ōŜǎǘ ǘƘƻǳƎƘǘ ƻŦ ŀǎ ŀ άƭƛƎƘǘ ōǳŎƪŜǘΦέ ¢ƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŀǘǘǊƛōǳǘŜ ƻŦ ŀƴȅ ǘŜƭŜǎŎƻǇŜ 

is the diameter, or aperture, of its main light gathering lens or mirror, known as the objective. 

LŦ ȅƻǳ ƘŜŀǊ ǎƻƳŜƻƴŜ ǊŜŦŜǊ ǘƻ ŀƴ άŜƛƎƘǘ ƛƴŎƘ ǘŜƭŜǎŎƻǇŜΣέ ǘƘƛǎ ǎƛƳǇƭȅ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǇǊƛƳŀǊȅ ƭŜƴǎ 

or mirror is eight inches in diameter. Just 

like a wider bucket collects more rain, 

wider telescopes collect more light, 

leading to brighter and better views. 

Figure 1 compares the aperture of major 

telescopes around the world.  

Larger aperture telescopes also have 

better resolving power, or resolution. 

This refers ǘƻ ŀ ǘŜƭŜǎŎƻǇŜΩǎ ŀōƛƭƛǘȅ ǘƻ 

distinguish very small or closely spaced 

objects. For example, even though the 

Moon is very bright and can be seen well with a small telescope, we would need a large 

telescope with excellent resolving power to distinguish small craters on the Moon, or to see the 

lunar landers from the Apollo missions (the latter is impossible with Earth-based telescopes.)  

Chapter 2.4 Goals 
After reading this chapter and participating in the corresponding workshop activities, you should be 

able to:  

¶ Describe the purpose of a telescope in astronomy and how they are measured and compared.  

¶ Compare and contrast several different types of telescopes and mounts, and list some 

advantages and disadvantages of each.  

¶ Evaluate the suitability of a location for observing the night sky by considering multiple factors, 

such as climate, light pollution, and elevation.  
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Who invented the telescope?  

Spoiler alert: iǘ ǿŀǎƴΩǘ DŀƭƛƭŜƻΗ ¦ƴǘƛƭ ǘƘŜ мтǘƘ ŎŜƴǘǳǊȅΣ ǘƘŜ ƻƴƭȅ ǘƻƻƭǎ ŀǎǘǊƻƴƻƳŜǊǎ ƘŀŘ ŦƻǊ 

studying the heavens were the human eye and measuring instruments such those described in 

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

from the pre-telescopic era, such as the realization that the Sun, not the Earth, is the center of 

our Solar System. 

Figure 1-!ÐÅÒÔÕÒÅ ÃÏÍÐÁÒÉÓÏÎ ÏÆ ÓÏÍÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÌÁÒÇÅÓÔ ÁÎÄ ÍÏÓÔ ÆÁÍÏÕÓ ÔÅÌÅÓÃÏÐÅÓȟ 
including several still in the planning and development stage. (Wikimedia user: Cmglee, CC 
BY-SA 3.0) 

https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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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 will never know for sure. The 

knowledge that a series of lenses held in sequence can magnify distant objects has existed since 

at least the mid-1500s1Σ ŀƴŘ Ǉƻǎǎƛōƭȅ ŀǎ ŦŀǊ ōŀŎƪ ŀǎ !ƭƘŀȊŜƴΩǎ ǿƻǊƪ ƛƴ ǘƘŜ ƭŀǘŜ фллǎΦ2 The year 

1608 is often cited as the year that tƘŜ ǘŜƭŜǎŎƻǇŜ ǿŀǎ άƛƴǾŜƴǘŜŘΣέ but in practice this was 

merely the year in which the device began to be seen as potentially useful, as opposed to being 

viewed as a novelty item. 

The first applications of the telescope were militaristic, not scientific. In 1608, a Dutch spectacle 

maker named Hans Lipperhey presented the rudimentary telescope he had constructed to a 

Dutch army commander. The army quickly realized its utility: άThe said glasses are very useful in 

sieges and similar occasions, for from a mile or more 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, can be seen by means 

of this instrument.έ3 

The army paid Lipperhey 300 guilders on the spot, very roughly equal to $25,000 today. In 

exchange, he agreed to produce more telescopes for the army and not to reveal the secrets of 

his device.4 Despite [ƛǇǇŜǊƘŜȅΩǎ ǇǊƻƳƛǎŜ, knowledge of the telescope quickly spread throughout 

Europe. Glassmakers in many countries soon 

produced their own versions, and scientists 

discovered that the new instrument had 

applications beyond war.  

The first documented astronomical use of 

the telescope was British astronomer 

Thomas HarriotΩǎ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ aoon 

in August 1609 (Fig 2).5 Galileo would make 

his first telescopic observations of the Moon 

later that same year. By early 1610, Galileo 

had constructed telescopes good enough to 

discover the four largest moons of Jupiter, 

and had also observed Venus and Saturn (Fig 

3 left). 

Many others made improvements to the telescope in the following decades. One of the biggest 

leaps came in 1668 when Isaac Newton built his first reflecting telescope using polished mirrors 

instead of lenses to collect light. This made telescopes cheaper and allowed them to be built 

much larger, although the design did not become common until the mid-1700s.6 Modern 

Figure 2-A sketch of the Moon made by English 
astronomer Thomas Harriot in 1609 using a 
telescope, the earliest such observation on 
record. (Public domain)  
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advancements in optics, materials, and electronics have brought telescopes into the 21st 

century. Many large telescopes are now barely recognizable as such (Fig 3, right) and for just a 

few hundred dollars, amateur astronomers can now purchase backyard telescopes 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).  

Figure 3-Two of GaÌÉÌÅÏȭÓ ÓÕÒÖÉÖÉÎÇ ÔÅÌÅÓÃÏÐÅÓ ɉÌÅÆÔɊ ÁÎÄ 
-Ã$ÏÎÁÌÄ /ÂÓÅÒÖÁÔÏÒÙȭÓ ρρ ÍÅÔÅÒ ɉτσσ ÉÎÃÈɊ (ÏÂÂÙ-
Eberly Telescope in Texas (right), one of the largest 
telescopes in the world . (Zach Schierl)  

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 

Refracting telescopes, commonly known as refractors, use a 

series of glass lenses to gather light. The early telescopes of 

Galileo and others in the 1600s were refractors. Light enters 

the telescope via a lens (in practice, usually a pair or triplet 

of lenses) near the opening of the optical tube (Fig 4). Light 

rays are refracted (bent) by the lens, causing them to 

converge near the other end of the tube and form an image. 

The image is viewed via an eyepiece located at the opposite 

end of the optical tube from the primary lens (Fig 5).  

Refractors require high quality, transparent glass, because 

light must be transmitted through the lens. This makes 

refractors more expensive than other types of telescopes. 

The weight of the lenses must be supported from the side so 

that the light path is not obstructed, which significantly 

limits the maximum aperture of a refractor. The largest 

refracting telescope in the world, located at the Yerkes 

Observatory in Williams Bay, Wisconsin, is just плέ ƛƴ ŘƛŀƳŜǘŜǊ. Due to their high cost and size 

limitations, refracting telescopes have been largely abandoned by professional astronomers in 

favor of reflectors. Smaller refractors remain popular with amateurs and astrophotographers 

because of the sharp, high quality images they produce. 

Refractors are subject to a phenomenon known as chromatic aberration, in which colored 

fringes of light appear around bright celestial objects such as the Moon and planets. This 

happens because 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 known as apochromatic 

refractors. Instruments that only contain two lenses, and thus suffer from more chromatic 

aberration, are known as achromatic refractors. 

Table 1: Refracting Telescopes 

Advantages Disadvantages 

¶ Crisp, sharp images of bright objects 

¶ Tube is sealed from dust and dirt 

¶ Optics do not need regular alignment  

¶ Good for astrophotography 

¶ Image can be right side up in order to 
facilitate terrestrial viewing 

¶ Expensive. Highest cost per inch of 
aperture 

¶ Limit to how big lenses can be made  

¶ Long, bulky optical tubes 

¶ Chromatic aberration a problem in 
cheaper models 

Figure 5-A 120mm backyard 
refracting telescope.  The 
eyepiece is located at bottom 
right. (Wikimedia user: 
fractal.scatter, public domain)   
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Reflecting telescopes 

Reflecting telescopes, commonly known as reflectors, forgo 

lenses and instead use highly-polished reflective mirrors to 

gather and focus light (Fig 4). The concept of using mirrors in a 

telescope was explored by Niccolo Zucchi in the early 1600s, 

and the first functioning reflecting telescope was built by Isaac 

Newton in 1668.7 The most common variant is still known as a 

άbŜǿǘƻƴƛŀƴ ǊŜŦƭŜŎǘƻǊέ ƻǊ ǎƛƳǇƭȅ ŀ άbŜǿǘƻƴƛŀƴΦέ 

In a Newtonian reflecting telescope, light enters the 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 aluminum, and reflects light back towards a 

small angled mirror (the secondary mirror) set near the 

opening of the tube. This mirror redirects the light through the 

side of the tube to an eyepiece. As a result, the observer 

typically looks through an eyepiece located on the side of the 

optical tube, rather than at the end as with a refractor (Fig 6).  

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 and figured. Furthermore, mirrors can be supported from below, 

permitting the massive apertures of many modern telescopes. Nearly all research-grade 

telescopes built since the dawn of the 20th century are reflectors, including the famous Hubble 

Space Telescope. The 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 downside of reflectors 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 known as collimation. Even routine 

handling or transporting a reflector in the back of a vehicle can be enough to 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 

vehicles. Larger models sometime have collapsible tubes to improve portability, but these can 

make the telescope more time-consuming to set-up.  

Figure 6-A 4.5" reflecting 
telescope. Note the eyepiece 
at upper right, on the side of 
the optical tube. (NPS/ Zach 
Schierl)  



Chapter 2.4: Telescopes & Observatories 

66 
 

Table 2: Reflecting Telescopes 

Advantages Disadvantages 

¶ Cheap. Lowest cost per inch of 
aperture 

¶ Very large apertures are possible, 
good for seeing faint objects 

¶ Free from chromatic aberration 
 

¶ Open tube design allows dust and dirt 
to enter telescope 

¶ Requires frequent alignment of 
mirrors (collimation) 

¶ Often large and bulky  

¶ Not appropriate for 

¶  terrestrial viewing 

Catadioptric telescopes 

Catadioptric (or compound) telescopes use a 

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 a tracking drive and a GoTo 

computer controller that can assist the user in locating 

objects. 

One of the most ubiquitous catadioptric telescopes is 

the Schmidt-Cassegrain. These telescopes have a very 

distinctive short & stubby appearance (Fig 7). Using 

both lenses and mirrors effectively folds the light path 

and allows the optical tube to be very short and 

compact, making for a very portable telescope 

compared to other designs. Disadvantages of Schmidt-

Cassegrains are a small field of view, and high cost per 

inch of aperture. Like a refractor, the eyepiece is 

typically located on the bottom end of the optical tube.  

Table 3: Catadioptric Telescopes 

Advantages Disadvantages 

¶ Compact size, portable 

¶ Closed tube, no dust/dirt on optics 

¶ Free of chromatic aberration 

¶ Excellent for astrophotography 

¶ Optics do not need regular alignment 
or maintenance  

¶ Higher cost per inch of aperture than 
reflectors 

¶ Heavy 

¶ Hard to obtain wide-field views 
 

Figure 7-An 8" Schmidt -Cassegrain 
telescope. (NPS/Zach Schierl)  
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Mount designs 

A good telescope is nothing without a solid mount. 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 axes: azimuth (side to side) and altitude 

(up/down). These are known as altazimuth mounts, 

often abbreviated simply as alt/az (Fig 8).  

A common altazimuth variant is the Dobsonian mount 

(Fig 9). Developed by amateur astronomer John Dobson 

in the 1950s, Dobsonian-mounted telescopes (which are 

almost always 

reflectors) rest on a 

box-like lazy susan 

structure, usually 

constructed of low-cost 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 set-up and operate. The 

simplicity of the mount also means they are extremely 

ŎƘŜŀǇΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ млέ ǊŜŦƭŜŎǘƛƴƎ ǘŜƭŜǎŎƻǇŜ (Fig 9) on a 

Dobsonian mount can be purchased for ~$600, thousands 

less than a 10" computerized Schmidt-Cassegrain (Fig 8). 

Dobsonians are great for beginning telescope users. 

However, most Dobsonian mounts do not have tracking 

drives and must be manually adjusted to track objects as 

they move across the sky. As a result, Dobsonian telescopes 

are not suitable for long-exposure astrophotography. Some 

knowledge of the night sky is also required to find objects, 

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

άtǳǎƘ¢ƻέ ǘŜŎƘƴƻƭƻƎȅΣ ǿƘƛŎƘ ǘŜƭƭǎ ǘƘŜ ǳǎŜǊ Ƙƻǿ ǘƻ ƳƻǾŜ ǘƘŜ ǘŜƭŜǎŎƻǇŜ ƛƴ ƻǊŘŜǊ ǘƻ ƭƻŎŀǘŜ ǘƘŜ 

desired object, but does not locate the object automatically or track the object after it is found.  

 

Figure 9-! ρπȱ ÒÅÆÌÅÃÔÉÎÇ 
telescope on a Dobsonian  
mount. (NPS/Zach Schierl)  

Figure 8-A Schmidt-Cassegrain 
telescope on an altazimuth mount. 
Red arrows indicate the axes of 
rotation. (NPS/Zach Schierl)  



Chapter 2.4: Telescopes & Observatories 

68 
 

Table 4: Dobsonian Mounts 

Advantages Disadvantages 

¶ Simple & easy to use 

¶ Cheap 

¶ Facilitates learning the night sky 

¶ Expensive add-ons needed to 
automatically track objects 

¶ Knowledge of sky needed to find objects 

¶ Not suitable for astrophotography 

Equatorial mounts 

Equatorial mounts are the most common alternative to 

altazimuth mounts and are usually attached to the top 

of a tripod. Like alt/az mounts, equatorial mounts allow 

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

third axis that is aligned with the north celestial pole 

(Fig 10). This allows movement of the telescope on the 

other two axes to essentially mimic the rotation of the 

Earth, making it easy to track objects as they move 

across the sky. Most equatorial mounts are equipped 

with a tracking drive, small motors attached to each 

axis that continuously move the telescope to 

ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ 9ŀǊǘƘΩǎ ǊƻǘŀǘƛƻƴΦ ²ƛǘƘƻǳǘ ǘƘŜǎŜ ƳƻǘƻǊǎΣ 

sky objects will quickly drift out of the field of view.   

Equatorial mounts are a must for long exposure 

astrophotography. However, for basic observing they 

can be overkill as they are typically heavier, more 

complex to set-up, and much more expensive than 

alt/az mounts.  

Telescope Nuts & Bolts  

Focal length 

The focal length of a telescope is the distance that light travels from the objective to the focal 

point or eyepiece. For reflectors and refractors, the focal length is approximately the same as 

Table 5: Equatorial mounts 

Advantages Disadvantages 

¶ Allows for easy tracking of celestial objects  

¶ Permits astrophotography 

¶ Often more robust & sturdy than alt/az 
mounts 

¶ Expensive 

¶ Heavy & bulky 

¶ Increased set-up time and more 
difficult for beginners to use 

Figure 10 -A reflecting telescope on 
an equatorial mount. The axis shown 
by the red line must be precisely 
aligned with the north celestial pole.  
(NPS/Zach Schierl)  

to north 

celestial 

pole 
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the length of the optical tube. In Schmidt-Cassegrain telescopes, the folded light path makes 

the focal length much longer than the tube itself.  

Focal length is important because, among other things, it helps determine the magnification of 

the telescope when used in combination with different eyepieces (see below). Telescopes with 

longer focal lengths generally provide better views at higher magnification than telescopes with 

shorter focal lengths.  

Eyepieces and magnification 

Regardless of telescope type, the final 

step in starlƛƎƘǘΩǎ ƧƻǳǊƴŜȅ ǘƻ ȅƻǳǊ ŜȅŜ ƛs 

the eyepiece. An eyepiece is a small 

metal cylinder containing a series of 

small lenses inserted into a telescƻǇŜΩǎ 

focuser (Fig 11). Unlike the telescope 

itself, the function of an eyepiece is to 

magnify the image before the light 

reaches your eye. Which eyepiece is 

used determines both the 

magnification and field of view of the telescope. Because eyepieces are interchangeable, these 

parameters will vary depending on the chosen eyepiece. Eyepieces are measured by their focal 

length (in millimeters), which is stamped on the eyepiece itself (Fig 11). Eyepieces with shorter 

focal lengths yield higher magnification views. Information on how to calculate magnification 

can be found in Chapter 4.1: Using a Telescope. Eyepiece quality is important and it is not 

uncommon for a single eyepiece to cost more than a small telescope. 

Most research-grade telescopes forego eyepieces entirely and instead use CCD cameras or 

spectrographs to record light 

collected by the telescope. 

Digital cameras are far more 

sensitive to faint light than the 

human eye, allowing them 

άǎŜŜέ ƻōƧŜŎǘǎ ƛƴ ƳǳŎƘ ƎǊŜŀǘer 

detail and in color (Fig 12). 

Today, almost no astronomical 

research is actually done by 

astronomers looking through 

the eyepiece of a telescope.  

 

Figure 11 -A variety of different telescope eyepieces. 
(NPS/Zach Schierl)  

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 

measured by their magnification. As we've 

seen though, eyepieces are 

interchangeable and thus any telescope 

can be used across a wide range of 

magnifications. For example, a medium-

sized backyard telescope may be capable 

of magnifications from 20x to over 500x. 

CǳǊǘƘŜǊƳƻǊŜΣ ƳƻǊŜ ƳŀƎƴƛŦƛŎŀǘƛƻƴ ƛǎƴΩǘ ŀƭǿŀȅǎ ōŜǘter. Most of the time, high magnification 

eyepieces actually produce blurrier views than low magnification eyepieces. Why is this?    

Remember that aperture ƛǎ ǘƘŜ ǘǊǳŜ ƳŜŀǎǳǊŜ ƻŦ ŀ ǘŜƭŜǎŎƻǇŜΩǎ ŎŀǇŀōƛƭƛǘƛŜǎΦ ²ƘƛƭŜ ōƻǘƘ ŀ сέ ŀƴŘ ŀ 

мнέ ǘŜƭŜǎŎƻǇŜ ƳƛƎƘǘ ōŜ ŎŀǇŀōƭŜ ƻŦ ƳŀƎƴƛŦȅƛƴƎ ŀƴ ƻōƧŜŎǘ оллȄΣ ǘƘŜ мнέ ǘŜƭŜǎŎƻǇŜ Ƙŀǎ gathered 

four times as much light as a result of its larger 

aperture. Magnification simply means spreading 

out the same light over a larger area so when an 

image is magnified, it gets bigger but it also 

becomes dimmer (Fig 13). For this reason, larger 

aperture telescopes that have more light to work 

with can better handle high magnifications. 

Deploying high magnification eyepieces on small 

aperture telescopes is generally a bad idea.  

In addition, the more an astronomical object is 

magnified, the more any turbulence or instability in 

9ŀǊǘƘΩǎ ŀǘƳƻǎphere is also magnified. Unless 

atmospheric conditions (known by astronomers as 

seeing conditions) are superb, extremely high 

magnifications will usually result in blurrier views. 

Consequently, many of the best views through 

backyard telescopes are had at low magnifications. 

Caveat Emptor 

Many telescopes sold in department stores, big-box 

stores, and catalogs advertise extremely high 

magnifications, or tout extravagant claims about 

Ƙƻǿ άŦŀǊέ ǘƘŜ ǘŜƭŜǎŎƻǇŜ Ŏŀƴ ǎŜŜ όCƛƎ мпύΦ ¢ƘŜǎŜ 

Figure 13 -Simulation of how a view of Saturn 
through a backyard telescope deteriorates with 
increasing  magnification. Note how Saturn 
becomes larger, but also increasingly dimmer 
and blurrier. (NPS/Zach Schierl)  

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

http://www.rocketroberts.com/


Chapter 2.4: Telescopes & Observatories 
 

71 
 

telescopes are almost always cheaply made, poor-quality 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 all telescopes are equipped with a finder (or 

finder scope), a smaller telescope used to help locate 

objects (Fig 15). Without a finder, locating an object 

through a telescope eyepiece can be extremely 

challenging because the field of view is so small. LǘΩǎ ǎƻǊǘ 

of like looking through a soda straw at 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 a 

toilet-paper tube instead of a soda straw. When looking 

for an object, begin by locating it in the finder, which will 

usually have cross-hairs. If the telescope and finder and 

well aligned with each other, centering the object in the 

cross-hairs will also place it right in the center of the 

main eyepiece. Most finders have apertures of 30-60mm 

and magnifications of 5-10x, similar to (half) a pair of 

basic binoculars.   

Some telescopes have a zero-power finder or Telrad (Fig 15) in addition to, or in lieu of, a 

traditional finder. A zero-power finder does not magnify the sky at all, but instead projects a 

bulls-eye, target, or red dot onto the sky to show where the telescope is pointed. When looking 

for bright, naked eye objects, a zero-power finder is often sufficient. A traditional finder is 

helpful when looking for fainter objects that are not visible to the naked eye.  

Tracking drives 

Many backyard telescopes are equipped with motors that slowly move the telescope in order 

ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ 9ŀǊǘƘΩǎ ǊƻǘŀǘƛƻƴΦ Yƴƻwn as tracking drives or clock drives, these motors 

allow the telescope to keep up ǿƛǘƘ ŀƴ ƻōƧŜŎǘ ŀǎ ƛǘ ƳƻǾŜǎ ŀŎǊƻǎǎ ǘƘŜ ǎƪȅ ŘǳŜ ǘƻ 9ŀǊǘƘΩǎ ǊƻǘŀǘƛƻƴΦ 

Tracking drives are commonplace on equatorial and alt/az mounts, but are difficult and 

expensive to install on a Dobsonian mount. Tracking drives are very useful on telescopes used 

at busy education or outreach events, otherwise the operator will have to manually adjust the 

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

high-quality equatorial mount are required for long-exposure astrophotography.  

Figure 15 -A Schmidt-Cassegrain 
telescope equipped with a 
traditional finder telescope (left) 
and a Telrad zero -power finder 
(right). (NPS /Zach Schierl)  
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GoTo systems 

In addition to a tracking drive, many modern backyard telescopes are equipped with a 

computerized GoTo system 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 are 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) GPS-enabled models are starting to make this 

alignment process more beginner-friendly, 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 manually. They 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 telescope. Pilots 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 your way around the sky, because the computer is doing all the work for 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 fainter and require 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 site. In short, telescopes, especially large ones, are best used from 

locations that are dark, high, calm, and dry. 

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 of cloud-free 

nights each year, and have low average humidity. Portions 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, cloud-free skies is of little use if swamped by the light 

pollution of a nearby city. In addition to good weather, a location relatively free of skyglow is 

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 light 

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 and encroaching suburbs.  

Light pollution is not a concern for all observatories. For example, an observatory built for the 

sole purpose of studying the Sun would not be concerned about light pollution, although air 

quality may still be an issue. Radio telescopes are also not affected by visible light pollution, but 

may be impacted by radio transmissions and often must be built in radio-quiet zones.  

Elevation 

We live at the bottom of a vast ocean of air. Much like a diver looking out of a swimming pool 

sees a 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 therefore dimmer and fuzzier than 

they would be without our atmosphere. 

CƻǊǘǳƴŀǘŜƭȅ ŦƻǊ ŀǎǘǊƻƴƻƳŜǊǎΣ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ōŜŎƻƳŜǎ ǘƘƛƴƴŜǊ ǿƛǘƘ ŀƭǘƛǘǳŘŜΦ !ǎ ŀ 

general rule, the higher you go, the better the view will be. Elevations exceeding ~6,000 feet 

get you above Ƴƻǎǘ ƻŦ ǘƘŜ ǿŀǘŜǊ ǾŀǇƻǊ ƛƴ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΣ ŀ ǇǊƛƳŀǊȅ ŎǳƭǇǊƛǘ ƻŦ ŦǳȊȊȅ ǾƛŜǿǎΦ 

Very few research-grade 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 atmosphere. Many large research 

telescopes are now equipped with a technology known as adaptive optics to 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 gigantic telescopes. Amazingly, some large telescopes with 

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

much more expensive space-ōŀǎŜŘ ǘŜƭŜǎŎƻǇŜǎ ǘƘŀǘ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ƭƻƻƪ ǘƘǊƻǳƎƘ ŀƴȅ ŀǘƳƻǎǇƘŜǊŜ 

at all. Note that while telescopic views of the sky improve with altitude, naked eye stargazing 

improves only up to a certain elevation because the decreased oxygen supply negatively 

impacts our night vision (see Chapter 2.1).  

Geographic location 

Astronomers prefer to build observatories near the equator, so that objects in both the 

Northern and Southern 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 frequent aurorae ǘƘŀǘ ǎŜǊǾŜ ŀǎ ŀ άƴŀǘǳǊŀƭέ ǎƻǳǊŎŜ ƻŦ ƭƛƎƘǘ ǇƻƭƭǳǘƛƻƴΦ LƴŎƛŘŜƴŎŜ ƻŦ 

natural disasters, available infrastructure, and political stability are other factors astronomers 

take into account when building large, expensive observatories. A list of major ground-based 

observatories is in Table 6.  
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Table 6: Selected Major Ground-Based Observatories 

Name Location Elevation (ft) Largest telescope 

Mauna Kea Observatory Mauna Kea, Hawaii 13,600 
Twin 10 meter  

Keck Telescopes 

Cerro Pachon 
Andes Mountains, 

Northern Chile 
8,907 

8.1 meter Gemini South 
Telescope 

Cerro Paranal Observatory 
Atacama Desert, 
Northern Chile 

8,645 
4 x 8.2 meter  

Very Large Telescope 

Roque de los Muchachos 
Observatory 

La Palma, Canary 
Islands, Spain 

7,438 
10.4 meter  

Gran Telescopio Canarias 

McDonald Observatory Fort Davis, Texas 6,790 
10.0 meter  

Hobby-Eberly Telescope 

South African Astronomical 
Observatory 

Sutherland, South 
Africa 

5,899 
9.2 meter South African 
Large Telescope (SALT) 

Mt. Graham International 
Observatory 

Mt. Graham, Graham 
County, Arizona 

10,469 
Twin 8.4 meter Large 
Binocular Telescope 

Las Campanas Observatory 
Atacama Desert, 
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. While space telescopes are extremely expensive 

compared to ground based telescopes, they offer some major advantages.  

First and ŦƻǊŜƳƻǎǘΣ ǎǇŀŎŜ ǘŜƭŜǎŎƻǇŜǎ ƻōǎŜǊǾŜ ǘƘŜ ǎƪȅ ŦǊƻƳ ŀōƻǾŜ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΦ 

Atmospheric turbulence is a major problem for Earth-bound telescopes, and a telescope in 

space will typically achieve much better resolution (resolving power) than a telescope with an 

identical aperture on Earth. Furthermore, in space, there is no weather or light pollution to 

contend with; it is dark and clear 24 hours a day, seven days a week, 365 days per year.   

While space telescopes are amazing tools, they are also expensivŜΧvery expensive. Advances 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 lower cost.8 At least for 

astronomers dealing with visible light, it is generally much more cost-effective to build Earth-

based telescopes.  

However, certain wavelengths of light (such as gamma rays, x-rays, ultraviolet, and infrared 

radiation) are almost completely absorbed by our atmosphere (Fig 16). In these cases, a space 

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 encountered misconceptions 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 take pictures of celestial 

objects. 

¶ Professional astronomers spend most of their time looking through telescopes. 

¶ Large telescopes are needed to see interesting things. 

¶ ! ǘŜƭŜǎŎƻǇŜ Ƙŀǎ ŀ ǇŀǊǘƛŎǳƭŀǊ άǇƻǿŜǊΦέ 

¶ All telescopes can see through clouds and/or rain. 

Questions for thought 

¶ 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? 

Figure 16 -%ÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÂÌÏÃËÓ ÓÏÍÅ wavelengths of the electromagnetic spectrum 
(such as gamma rays, x-rays, and ultraviolet) while transmitting others (such as visible light, 
and some radio and infrared radiation). (NASA)  
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¶ Several modern telescopes, such as those on Mauna Kea in Hawaii, have provoked 

controversy because they have been built on mountaintops considered sacred to native 

inhabitants. How would you approach this situation? How can astronomers balance 

scientific progress and traditional beliefs?  

 

¶ If you were asked to recommend 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?  

 

¶ If you were going to build an observatory in your area, where would you put it? Be sure 

to consider all the factors discussed in the 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?  

 

¶ Is a larger aperture telescope always better? Can you think of any instances in which a 

smaller telescope might provide a better view of an astronomical object? 

For More Information 

History of the Telescope 

¶ άThe Telescopeέ όDŀƭƛƭŜƻ tǊƻƧŜŎǘΣ wƛŎŜ ¦ƴƛǾŜǊǎƛǘȅύΥ 

http://galileo.rice.edu/sci/instruments/telescope.html  

Choosing a Telescope 

¶ http://www.skyandtelescope.com/astronomy-equipment/how-to-choose-a-telescope/  

¶ http://www.skyandtelescope.com/astronomy-equipment/telescope-buying-guide/ 

¶ http://www.adorama.com/alc/0014311/article/A-Beginners-Guide-to-Telescopes 

¶ http://www.universetoday.com/83208/choosing-a-new-telescope-goto-or-not-goto/ 

¶ Star Ware: The Amateur Astronomer's Guide to Choosing, Buying, and Using Telescopes 

and Accessories, by Phillip S. Harrington, 4th Edition (2007) 

Astronomy Weather Forecasts 

¶ Clear Sky Charts (astronomy focused weather forecasts): http://cleardarksky.com/csk/ 

Space Telescopes 

¶ The Hubble Space Telescope: https://www.spacetelescope.org/  

¶ άObservatories Across the Electromagnetic Spectrumέ όb!{!ύ: 

https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum_observatories1.html  

¶ άaŀƧƻǊ Space Telescopesέ ό{Ǉŀce.com): https://www.space.com/6716-major-space-

telescopes.html  

http://galileo.rice.edu/sci/instruments/telescope.html
http://www.skyandtelescope.com/astronomy-equipment/how-to-choose-a-telescope/
http://www.skyandtelescope.com/astronomy-equipment/telescope-buying-guide/
http://www.adorama.com/alc/0014311/article/A-Beginners-Guide-to-Telescopes
http://www.universetoday.com/83208/choosing-a-new-telescope-goto-or-not-goto/
http://cleardarksky.com/csk/
https://www.spacetelescope.org/
https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum_observatories1.html
https://www.space.com/6716-major-space-telescopes.html
https://www.space.com/6716-major-space-telescopes.html
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CHAPTER 2.5: THE COSMIC CAST OF CHARACTERS 
  

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

Astronomy compels the soul to look upward and 

leads us from this world to another.   

Ʉ0ÌÁÔÏ 
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Introducing the Cast 

The night sky contains a diverse array of beautiful sights. From the ephemeral flash of a meteor 

to the fleeting glimpse of a faint galaxy billions of light-years away, there is always something 

exciting to see under a dark night sky. The cosmic menagerie can be confusing though. ²ƘŀǘΩǎ 

the difference between a galaxy and a solar system anyways? Why are there so many different 

kinds of nebulae? What exactly are all those colorful clouds in Hubble Space Telescope images? 

Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ȅƻǳΩƭƭ ƳŜŜǘ ǘƘŜ ƴƛƎƘǘ ǎƪȅΩǎ Ŏŀǎǘ ƻŦ ŎƘŀǊŀŎǘŜǊǎ and get a better sense of the 

universe's contents, as well as our place within it. 

Our Cosmic Address 

You are probably used to giving people directions to your home or apartment. As Master 

Astronomers, the ability to describe our ŎƻǎƳƛŎ άŀŘŘǊŜǎǎέ is an important skill:   

¶ We live on the Earth, one of eight planets and numerous asteroids, comets, and dwarf 

planets orbiting a star: the Sun. Collectively, these objects comprise our Solar System.  

¶ Our Sun is one of several hundred billion stars in the Milky Way Galaxy, a vast collection 

of stars, gas, and dust orbiting a central supermassive black hole. Many, if not most, of 

the stars in the Milky Way have their own solar systems (see Chapter 2.9). 

¶ The Milky Way is the second largest galaxy in the Local Group of galaxies. Most of the 

galaxies in the Local Group are dwarf galaxies, but it also contains the behemoth 

Andromeda Galaxy, which will collide with the Milky Way in about 4.5 billion years.1  

¶ The Local Group is a small part of the massive Virgo Supercluster of galaxies. 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 as Laniakea.2 

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 100. Even the nearest galaxies to us are nearly four billion times as far 

away as Pluto. The universe is a vast place, but telescopes and dark night skies bring it a little bit 

ŎƭƻǎŜǊΦ [ŜǘΩǎ ōŜƎƛƴ ƻǳǊ ǘƻǳǊΗ 

Chapter 2.5 Goals 
After reading this chapter and participating in the corresponding workshop activities, you should be 

able to:  

¶ Briefly explain the significance and science of each major category of object visible in the night 

sky to a general audience.  

¶ Facilitate an 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.   
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10 billion ly  
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Meteors & Meteor Showers 

Most of us have seen a meteor (or shooting star) at some point in our lives, perhaps while 

watching a meteor shower or storm (Fig 1). Despite their common name, shooting stars have 

nothing to do with stars. 

Instead, the typical meteor is a 

small piece of space rock 

disintegrating in the EarthΩǎ 

upper atmosphere, just 80-120 

km (50-75 mi) above you.3 This 

makes meteors the closest 

astronomical objects visible to 

the naked eye. 

Where do these rogue rocks 

come from? Our Solar System is 

full of debris left over from its 

birth: thŜ άǎŀǿŘǳǎǘέ ƻŦ ǇƭŀƴŜǘŀǊȅ 

formation. These leftovers range 

in size from microscopic dust 

grains, to pebble-sized rocks known as meteoroids, to asteroids hundreds of kilometers wide. 

While tons of this debris collides with Earth every day, most of the smaller particles disintegrate 

or vaporize in the atmosphere before reaching the surface.4 Only larger meteoroids have 

enough mass to reach the ground as meteorites.  

Meteoroids collide with Earth at a minimum speed of 40,000 km/hr (25,000 mi/hr)5, fast 

enough to ionize ƎŀǎŜǎ ƛƴ 9ŀǊǘƘΩǎ atmosphere around the meteoroid and producing the flash of 

light we see as a meteor. Larger meteoroids can produce meteors so bright that they cast 

shadows on the ground. In some cases, the meteoroid may visibly fragment into smaller pieces 

or emit audible sounds. These spectacular meteors are known as fireballs or bolides.  

Observing Meteors 

You can see meteors on any clear night. The darker your sky, the more you will see. Meteors 

can appear anywhere in the sky, so a site with few obstructions is ideal. The naked eye is best; 

telescopes and binoculars are not useful because their field of view is so small. YƻǳΩƭƭ ŀƭǎƻ ǎŜŜ 

more meteors during the early morning hours, just before sunrise. During this time, you are 

ǎǘŀƴŘƛƴƎ ƻƴ ǘƘŜ άŦǊƻƴǘ ǿƛƴŘǎƘƛŜƭŘέ ƻŦ Earth as it travels on its orbit around the Sun. Just as 

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

this side of Earth than the trailing side on which we stand in the evening hours. Given ideal 

viewing conditions, 4-16 meteors per hour can be seen in the early morning hours, varying 

Figure 1-Dozens of meteors flash across the sky in this 
ÃÏÍÐÏÓÉÔÅ ÉÍÁÇÅ ÔÁËÅÎ ÄÕÒÉÎÇ !ÕÇÕÓÔȭÓ Perseid Meteor 
Shower. (NASA/JPL) 
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slightly depending on the time of year.6 This number is lower in the evening hours, and/or 

under even moderately light polluted skies.  

During meteor showers, Earth passes through denser concentrations of debris (often left 

behind by comets) and the rate of meteors can increase dramatically for several hours or days. 

The path of all meteors associated with a particular shower can be traced back to a single point 

known as the radiant. Meteor showers are typically named for the constellation in which the 

radiant lies. Rates of 50 or more meteors per hour are not uncommon during major meteor 

showers (Table 1), while rarer and less predictable meteor storms can generate several 

hundred or thousand meteors per hour.  

Table 1: Selected Annual Meteor Showers7 

Shower name: 
Peak Dates  

(varies by year): 
Meteors per 
hour at peak: 

Comments: 

Quadrantids Jan 3-4 120 
Strong shower, but short duration peak 
(~6 hrs) 

Eta Aquarids May 6-7 40 
Peak rates best seen from Southern 
Hemisphere 

Perseids Aug 11-12 100 
Famous shower, occurs during warm 
Northern Hemisphere months 

Orionids Oct 21-22 20 
Unpredictable storms can increase rate to 
50-75 meteors per hour 

Leonids Nov 17-18 15 
Famous for producing impressive meteor 
storms about every 33 years 

Geminids Dec 13-14 150 
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 moonlight) and that the radiant constellation is high overhead, which typically occurs in 

the pre-dawn hours. If these conditions are not met (e.g., you watch from your backyard or in 

the evening hours) you will not see the άŀŘǾŜǊǘƛǎŜŘέ ƴǳƳōŜǊ ƻŦ ƳŜǘŜƻǊǎΦ 

Aurorae 

Anyone fortunate enough to have seen one can excitedly relate the story of their first aurora. 

Aurorae are natural light displays that occur in our upper atmosphere, 80-480 km (50-300 mi) 

above the EarthΩǎ ǎǳǊŦŀŎŜ.8 In the Northern Hemisphere they are known as the Aurora Borealis 

(northern lights), and as the Aurora Australis (southern lights) in the Southern Hemisphere. 

Aurorae owe their existence to the Sun, which constantly emits a stream of high-energy 

electrons and protons into space, known as the solar wind. Upon arrival at Earth, these charged 

ǇŀǊǘƛŎƭŜǎ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ƻǳǊ ǇƭŀƴŜǘΩǎ magnetic field and atmosphere in complex ways. Generally 

speaking, aurorae occur when particles from the solar wind excite atmospheric gasses such as 
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oxygen and nitrogen, generating the red, pink, purple, and green colors that are most common 

during auroral displays (Fig 2).  

Aurorae are most commonly observed in a zone around the north and south magnetic poles. 

Alaska, northern Canada, Scandinavia, and southern New Zealand are among the best places to 

see them. Aurorae are occasionally visible as far south as the southern United States, Mexico 

and the Caribbean, but only about once per decade (or once per solar cycle) on average.9 For 

example, a naked-eye aurora was seen from Cedar Breaks NM on Memorial Day Weekend 

2017. During periods of intense solar activity the Sun experiences coronal mass ejections, in 

which massive amounts of the SǳƴΩǎ ŀǘƳƻǎǇƘŜǊŜ are ejected into space. A coronal mass 

ejection aimed directly at Earth is a common cause of visible aurorae at low latitudes. While the 

resulting aurorae can be spectacular, these solar storms can also damage satellites and 

electrical grids. A current aurora forecast can be found at http://www.spaceweather.com.  

Artificial Satellites 

Of all the celestial characters, one sight is unique to 20th and 21st century observers: artificial 

satellites. More than 1,000 operational satellites are currently in orbit around Earth, along with 

many other non-operational satellites and pieces of space junk.10 A handful of these are 

occasionally visible from Earth in the hours following sunset and preceding sunrise. 

Satellites move at a constant rate across the night sky, making them appear similar at first 

glance to aircraft. The key difference is that most satellites maintain a nearly constant 

brightness as they cross the sƪȅΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜȅ ŘƻƴΩǘ blink. (One exception is the Iridium 

satellites, which are famous for producing bright, short-lived flares. However, these satellites 

are currently being deorbited and the flares are likely to cease in 2019.) Unlike aircraft, 

ǎŀǘŜƭƭƛǘŜǎ ŘƻƴΩǘ ŜƳƛǘ ǘƘŜƛǊ ƻǿƴ ƭƛƎƘǘΦ ²Ŝ see them only when sunlight bounces off a reflective 

surface on the satellite and back to our eyes. Like a tall mountain peak, satellites high overhead 

ōŀǎƪ ƛƴ ǘƘŜ {ǳƴΩǎ Ǝƭƻǿ ŜǾŜƴ ŀŦǘŜǊ ǘƘŜ {ǳƴ Ƙŀǎ ǎŜǘ ŦǊƻƳ ƻǳǊ ǾŀƴǘŀƎŜ point on Earth, explaining 

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)  

http://www.spaceweather.com/
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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 have large reflective 

surfaces and rival the 

brightest stars and planets in 

the sky (Fig 3).   

Satellites bright enough to 

see with the naked eye tend 

to be those in low-Earth 

orbit, the zone extending up 

to 2,000 km (1,200 mi) above 

EarthΩǎ ǎǳǊŦŀŎŜΦ CƻǊ ŜȄŀƳǇƭŜΣ 

the International Space 

Station orbits Earth about every 90 minutes, at a height of about 400 km (250 mi). Most 

satellites have predictable orbits and websites such as www.heavens-above.com can help you 

determine when a particular satellite will be visible from your location. Like meteors, satellites 

are best observed with the naked eye because they move too rapidly to track with a telescope, 

although you may occasionally catch a glimpse of one passing through a telescope eyepiece.  

Solar System Objects 

The Moon and planets are usually the first objects that new stargazers or telescope owners 

become acquainted with. In this ŎƘŀǇǘŜǊΣ ǿŜΩƭƭ ōǊƛŜŦƭȅ discuss how to observe Solar System 

objects and then learn more about them in Chapter 2.6: Our Solar System. 

The Moon 

Derided by many astronomers, professional and amateuǊ ŀƭƛƪŜΣ ŀǎ ŀƴ ŀƴƴƻȅƛƴƎ άƴŀǘǳǊŀƭέ ǎƻǳǊŎŜ 

of light pollution, the Moon is nevertheless a spectacular object in binoculars or a small 

telescope. It is best viewed during the crescent or quarter phase when sunlight hits the Moon 

at a shallow angle. This creates shadows that reveal fine detail among the deep craters, jagged 

mountain ranges, broad valleys, and smooth plains (maria) of the lunar surface (Fig 4). The 

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

night side of the Moon (Fig 4).  

As full moon nears, sunlight strikes the visible portion of the Moon more directly, washing out 

many of these features, much like direct sunlight at noon washes out the fine detail sought by 

landscape photographers on Earth. In addition, the Moon is so bright when full that it can be 

uncomfortable to look at through a telescope without a moon filter to decrease the brightness.  

Figure 3-A 30-second exposure captures the motion of the 
International Space Station (center right) across the night 
sky. The light dome of Las Vegas is at left. (Zach Schierl)  

http://www.heavens-above.com/
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A frequently asked question about lunar observing is: 

ά/ŀƴ L ǎŜŜ ǿƘŜǊŜ ǘƘŜ ŀǎǘǊƻƴŀǳǘǎ ƭŀƴŘŜŘΚέ While the 

general area of the Apollo 11 landing site, Mare 

Tranquilitatis (the Sea of Tranquility), is more than 850 

km (528 mi) wide, the lunar lander, flag, and footprints 

left behind are far too small to be seen with even the 

largest Earth-based telescopes. A typical backyard 

telescope can only resolve objects as small as about one 

mile across on the lunar surface.11 

Another pernicious lunar myth is that the Moon is larger 

when on the horizon. In reality, this is nothing more 

than an optical illusion. Next time you see a bright 

orange full moon rising above the eastern horizon, hold 

up a dime at the end of your arm next to the Moon and 

note its apparent size relative to the dime. Repeat a few 

hours later when the Moon is higher in the sky and ȅƻǳΩƭƭ ǎŜŜ ŦƻǊ ȅƻǳǊǎŜƭŦ ǘƘŀǘ ƛǘ ƛǎ ǘƘŜ ǎŀƳŜ 

size. In fact, the Moon is actually farther away when on the horizon and is thus ever so slightly 

smaller, however the difference is essentially imperceptible to the human eye. 

Planets, Dwarf Planets, and their Moons 

Some of the best sights in the night sky are the planets of our own Solar System. Five of the 

seven planets (besides Earth) are visible to the naked eye, and mercifully are even bright 

enough to be seen from heavily light polluted areas. The outermost planets (Uranus and 

Neptune) and the dwarf planets (like Pluto) are fainter and require a telescope to see.  

With the naked eye, planets can be difficult to tell apart from stars. However, because the 

ǇƭŀƴŜǘǎ άǿŀƴŘŜǊέ relative to the background stars (see Chapter 2.2), we can detect them by 

watching for their movement from night to night. Like the Sun and Moon, the planets appear to 

follow the ecliptic and can always be found in one of the 13 zodiac constellations. If you are 

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

ŘƻƴΩǘ Ŧƛǘ ƛƴǘƻ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŎƻƴǎǘŜƭƭŀǘƛƻƴ ǇŀǘǘŜǊƴǎΦ  

While movement will betray planets to the naked eye, a telescope quickly reveals their true 

nature. All the major planets will appear as discs, as opposed to points of light like stars, 

through backyard telescopes. Several, such as Jupiter and Mars (when it is close to us), can 

exhibit great detail. Numerous moons 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 appearance of each planet to the naked eye and through a 

telescope.   

Figure 4-! ÖÉÅ× ÏÆ ÔÈÅ -ÏÏÎȭÓ 
terminator through a backyard 
telescope. (NPS/Zach Schierl) 
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Asteroids 

Asteroids, rocky pieces of rubble 

left over from the formation of 

the Solar System, appear merely 

as star-like points of light even 

through large telescopes. The 

term άŀǎǘŜǊƻƛŘέ was coined by 

British astronomer William 

IŜǊǎŎƘŜƭΤ ƛǘ ƳŜŀƴǎ άǎǘŀǊ-ƭƛƪŜέ ƛƴ 

Greek. Even with large telescopes, 

the only characteristic that 

distinguishes asteroids from stars 

is that, like planets, asteroids 

orbit the Sun and thus move or 

άǿŀƴŘŜǊέ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ 

background stars over time (Fig 

5). Only a few asteroids, such as 

Ceres and Vesta, are large and 

bright enough to be easily seen with backyard telescopes.  

Comets 

Comets are a relatively rare sight in our night sky, but can be far more spectacular than 

ŀǎǘŜǊƻƛŘǎΦ hŦǘŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ άŘƛǊǘȅ ǎƴƻǿōŀƭƭǎ,έ comets are city-sized chunks of ice, rock, and 

dust that orbit the Sun on elliptical 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 comet approaches 

the Sun, it begins to lose 

mass and develop a coma 

(atmosphere) and possibly a 

tail (Fig 6). If a comet is large 

enough, or passes close 

enough to Earth, during this 

time they can brighten 

enough to be visible in small 

telescopes or, in rare cases, 

even to the naked eye. 

Figure 5-Asteroid 2005 YU55 (white streak) as seen on 
the evening of  November 8, 2011. This near -Earth 
asteroid appears as a streak because it was passing inside 
the radius of the Moon's orbit , and thus moving across the 
sky very rapidly , when this long -exposure image was 
taken. (Whitman College/Zach Schierl)  

Figure 6-Comet McNaught graced the Southern Hemisphere 
skies in 2007, becoming one of the brightest comets on 
record. ( ESO/Sebastian Deiries, CC BY 4.0) 

https://creativecommons.org/licenses/by/4.0/deed.en
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Naked eye comets are rare and their arrival is often 

unpredictable. While some comets have regular, 

predictable orbits and appear in our sky periodically, 

these are typically dimmer and only visible through 

telescopes (Fig 7). There are some exceptions however, 

such as Comet 1P Halley όIŀƭƭŜȅΩǎ /ƻƳŜǘύ which is 

usually bright enough to see with the naked eye when it 

rounds the Sun every 76 years.  

Comets are unique among astronomical objects in that 

they are officially named for their discoverers (with a 

ŦŜǿ ƘƛǎǘƻǊƛŎŀƭ ŜȄŎŜǇǘƛƻƴǎ ǎǳŎƘ ŀǎ IŀƭƭŜȅΩǎ /ƻƳŜǘΣ ǿƘƛŎƘ 

was named for, but not discovered by, Edmund Halley). 

Today, many new comets are found by automated 

survey telescopes, hence comet names such as Comet 

C/2013 US10 Catalina, Comet 2003 X1 PanSTARRS, and Comet 252P LINEAR. 

Stars 

Stars, large luminous spheres of plasma like our Sun, are by far the most abundant type of 

object visible in the night sky, both to the naked eye and with telescopes. Under reasonably 

dark and moonless skies, the naked eye can see upwards of 5,000 stars, a small telescope is 

ŎŀǇŀōƭŜ ƻŦ ŘŜǘŜŎǘƛƴƎ ǎŜǾŜǊŀƭ ƳƛƭƭƛƻƴΣ ŀƴŘ ŀ мрέ ǘŜƭŜǎŎƻǇŜ Ŏŀƴ ǎŜŜ оул ƳƛƭƭƛƻƴΦ12  

aƻǎǘ ǎǘŀǊǎ ŘƻƴΩǘ ƭƻƻƪ ǘƘŀǘ ŘƛŦŦŜǊŜƴt through a telescope than they do to the naked eye. Except 

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 

closer look. Perhaps the most obvious stellar property 

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

naked eye) is color, which indicates the surface 

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

ŎƻƭƻǊΣ ǿƘŜǊŜŀǎ ŎƻƻƭŜǊ ǎǘŀǊǎ ŀǊŜ ƻǊŀƴƎŜ ƻǊ ŜǾŜƴ ǊŜŘΦ ²ŜΩƭƭ 

explore the science of stars in more detail in Chapter 2.7.   

Double, binary & multiple stars 

A double star is any pair of stars that appear very close to 

each other in the night sky (Fig 8). In most cases, the two 

stars are close enough that they are only revealed as a 

pair by using binoculars or a telescope. Multiple stars are 

groupings that contain three or more individual stars.    

Figure 7-Comet PanSTARRS, 
sketched through a 10" telescope. 
(Michael Vlasov) 

Figure 8-The double star Albireo  
(Beta Cygni), a brilliantly colored 
orange/blue pair easily visible in 
backyard telescopes . (Wikimedia 
user: Hewholooks, CC BY-SA 3.0)  

https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Some double stars are true companions, while others only appear close together. If two stars 

lie along nearly the same line of sight, but actually lie at different distances from Earth, we call 

the coincidental pair an optical double. Usually though, double stars appear close to each other 

because they are close to each other. Many doubles are gravitationally bound to each other in a 

binary star system, where the two stars orbit a commoƴ ŎŜƴǘŜǊ ƻŦ ƳŀǎǎΦ 5ƻƴΩǘ ŜȄǇŜŎǘ ǘƻ ǎŜŜ a 

binary star system revolving through a telescope though; most binary stars take centuries or 

millennia to complete one revolution. 

Because stars form in groups, binary stars are common. More than half of the Sun-like stars in 

the Milky Way are thought to be part of binary or multiple star systems, a percentage that only 

increases for more massive stars.13 

Among similar stars, our Sun is the 

oddball in that it is a single star 

without a companion (Fig 9). In 

contrast, stars smaller than the Sun, 

which make up the bulk of the stars 

in the Milky Way but 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.14 

Double stars make excellent targets 

for backyard telescopes. They are 

typically classified based on the 

amount of separation between the 

ǎǘŀǊǎΦ άWƛŘŜέ ŘƻǳōƭŜ ǎǘŀǊǎ ŀǊŜ easy targets fƻǊ ǎƳŀƭƭ ǘŜƭŜǎŎƻǇŜǎΣ ǿƘŜǊŜŀǎ άǘƛƎƘǘέ ŘƻǳōƭŜǎ Ƴŀȅ 

require larger telescopes and/or exceptional seeing to split. Arguably the most beautiful double 

stars are those with a strong color contrast, such as the one shown in Figure 8. 

Variable stars 

Variable stars are stars whose apparent magnitudes are not constant, but vary over time. 

Some variable stars change so dramatically in brightness that they can be visible with the naked 

eye one month and then require a telescope to see the next. Some vary on a timescale of 

hours. Others oscillate slowly over many years. Some exhibit regular, periodic variations. Others 

are erratic and unpredictable. The cause of the variability depends on the star in question.   

Perhaps the most well-known variable star is Algol in the constellation Perseus. Meaning 

ά5ŜƳƻƴΩǎ IŜŀŘέ ƛƴ !ǊŀōƛŎΣ !ƭƎƻƭ ǇŜǊǇƭŜȄŜŘ ŀǎǘǊƻƴƻƳŜǊǎ ŦƻǊ ŎŜƴǘǳǊƛŜǎΦ !ƭƎƻƭΩǎ ŀǇǇŀǊŜƴǘ 

magnitude is normally 2.1, making it a moderately bright naked eye star similar to Polaris, our 

Figure 9-This illustration imagines a hypothetical 
Earth -like planet orbiting in a  binary star system. How 
would life be different on a planet with multiple suns? 
(NASA/JPL-Caltech) 



Chapter 2.5: The Cosmic Cast of Characters 
 

89 
 

current North Star. Every 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 is caused by a smaller, dimmer star partially eclipsing the larger, brighter 

star every 2.86 days. Algol is thus an eclipsing variable star; that is, its variability is not due to 

any change in the star itself, but rather because some of its light is blocked from reaching us 

during these miniature eclipses.   

In contrast, pulsating and eruptive variables vary 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 unstable in some way. These stars often pulsate, expanding and contracting on regular 

timescales, or experience erratic bursts or eruptions that change the light output of the star. A 

classic example is the star Mira in the constellation Cetus. Mira is a red giant star 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), to 10 (requiring binoculars or a small telescope to see). 

Cepheid variables are a particularly useful type of pulsating variable star. The period of their 

variability is directly proportional to their luminosity. Astronomers can estimate the distance to 

these stars by comparing their luminosity (how bright the star actually is) to their 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.  

Deep-Sky Objects 

The term deep-sky object (or deep-space object) generally refers to any astronomical object 

that is not a star or part of our Solar System. Deep-sky objects include nebulae, star clusters, 

and galaxies, all of which are popular targets for backyard telescopes. While a few deep-sky 

objects are visible to the naked eye, most are faint and require binoculars or a telescope to see. 

Dark skies are also critical for optimal viewing of deep-sky objects. 

In the following pages, you will see many colorful images of deep-sky objects. Remember that 

cameras capture far more color and detail than our eyes do. To give you a better sense of what 

ǘƘŜǎŜ ƻōƧŜŎǘǎ ƭƻƻƪ ƭƛƪŜ ǘƻ ǘƘŜ ƘǳƳŀƴ ŜȅŜΣ ǿŜΩǾŜ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ŀ ƴǳƳōŜǊ ƻŦ ǎƪŜǘŎƘŜǎ ƳŀŘŜ ŀǘ ǘƘŜ 

eyepiece of a backyard telescope. 

Nebulae 

Nebula (plural=nebulae) means άǾŀǇƻǊέ ƻǊ άƳƛǎǘέ ƛƴ [ŀǘƛƴΣ ŀƴŘ ƛǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ DǊŜŜƪ 

nephelionΣ ƳŜŀƴƛƴƎ άƭƛǘǘƭŜ ŎƭƻǳŘΦέ15 This term has historically been applied to any celestial 

object with a hazy or cloudy appearance, which, given the size and quality of early telescopes, 

was just about everything other than stars and planets. Objects such as star clusters and 

galaxies were classified as nebulae as recently as 100 years ago. We now reserve the term 

άƴŜōǳƭŀέ ŦƻǊ ƛƴǘŜǊǎǘŜƭƭŀǊ ŎƭƻǳŘǎ ƻŦ Ǝŀǎ and/or dust, of which there are several distinct types:  
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Emission Nebulae 

Emission nebulae are clouds of hydrogen gas and 

dust that emit their own visible light. Ultraviolet 

radiation from nearby hot, young stars ionizes the 

hydrogen, causing it to emit a specific wavelength of 

red light. While they appear colorless, grey, or green-

ish in backyard telescopes (Fig 10), long-exposure 

photographs always reveal the characteristic red 

color of emission nebulae (Fig 11).  

Emission nebulae are often ƴƛŎƪƴŀƳŜŘ άǎǘŜƭƭŀǊ 

ƴǳǊǎŜǊƛŜǎέ because they are associated with the birth 

of new stars. Many emission nebulae are found 

alongside dark, cold molecular clouds that are 

collapsing to form new stars and solar systems. 

These newborn stars are the source of the energy 

that ionizes the hydrogen and causes it to glow. While these nebulae may appear dense in 

photographs, they are actually extremely tenuous. 

Even the densest emission nebula or molecular 

cloud contains less matter per cubic centimeter 

than the best vacuum chambers on Earth.16  

Emission nebulae are among the largest deep-sky 

objects. Many appear several times larger than the 

full moon, and the clouds can physically span 

dozens to hundreds of light-years of space. 

However, because their light is spread out over 

such a large area, many are actually too faint to see 

with the human eye (even with a telescope) and 

are best captured on camera (Fig 11). A few of the 

closest and most compact emission nebulae, such 

as the Orion Nebula and the Lagoon Nebula, are 

among the most spectacular sights visible with a 

backyard telescope and are actually bright enough 

to appear as fuzzy patches to the 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) 

Figure 10 -The Orion Nebula (M42), 
sketched through an 8" telescope . 
(Michael Vlasov) 

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

In contrast to emission nebulae, 

reflection nebulae do not emit 

their own light, but instead 

contain tiny dust particles that 

reflect or scatter light from 

nearby stars. Like emission 

nebulae, they usually appear 

colorless to the human eye. In 

long-exposure photographs 

however, they are always a 

vibrant shade of blue. Just like 

particles in EarthΩǎ ŀǘƳƻǎǇƘŜǊŜΣ 

the dust grains preferentially 

scatter blue wavelengths of 

light, giving reflection nebulae 

their consistent color. 

Reflection nebulae are often even fainter than emission nebulae; very few are bright enough to 

see in backyard telescopes. Perhaps the best example in 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 difficult to see by eye (Fig 12). 

Dark Nebulae 

In contrast to all other types of nebulae, dark nebulae are 

defined by an absence of light. Once thought to be literal 

άƘƻƭŜǎ ƛƴ ǘƘŜ ƘŜŀǾŜƴǎ,έ these dark features are actually 

dense (~1,000 particles per cubic centimeter) clouds of 

dust and hydrogen molecules (molecular clouds) that are 

opaque to visible light.17 As a result, they often appear as 

dark silhouettes against a backdrop of stars or a bright 

emission nebula (Fig 13). Many large dark nebulae are 

easily visible to the naked eye under dark skies as the 

black rifts and lanes in the Milky Way (Fig 14). 

While these clouds block visible light, infrared radiation 

can pass through them with ease, allowing astronomers to 

see through the clouds and study the newborn stars that 

often lie inside.  

Figure 12-The Pleiades star cluster (M45) is surrounded by 
a blue reflection nebula. ( NASA, ESA, AURA/Caltech, 
Palomar Observatory ) 

Figure 13 -The Horsehead Nebula 
in Orion is perhaps the sky's most 
famous dark nebula, albeit one 
that is difficult to see thro ugh a 
backyard telescope. (ESO, CC BY 
4.0) 

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
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Planetary Nebulae 

The final two varieties of nebulae 

both involve star death. Planetary 

nebulae have nothing to do with 

planets whatsoever. Early telescopic 

astronomers observed their often 

spherical, planet-like shape and 

bestowed the confusing name that 

we sadly live with to this day.  

Perhaps a more accurate moniker 

for these objects woulŘ ōŜ άƎƘƻǎǘ 

ƴŜōǳƭŀŜΦέ These objects are 

expanding shells of gas representing 

the remains of small to medium-sized stars (Fig 15). While stars larger than about eight times 

the mass of our Sun end their lives in violent explosions known as supernovae, smaller stars like 

our Sun experience a less violent death and become planetary nebulae.  

In this case, the outer layers of the dying ǎǘŀǊ ŜȄǇŀƴŘ ƛƴǘƻ ǎǇŀŎŜ ŀǎ ŀ άōǳōōƭŜέ ŎƻƴǎƛǎǘƛƴƎ ƻŦ 

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 more complex patterns. 

MeanwhƛƭŜΣ ǘƘŜ ǎǘŀǊΩǎ core collapses to form a hot, dense white dwarf. Ultraviolet radiation 

from the white dwarf ionizes the medley of 

expanding gasses, making planetary nebulae some 

of the most colorful objects in the sky in 

photographs. Technically, planetary nebulae are 

also emission nebulae, but they are so different 

from the stellar nurseries discussed earlier that 

they are usually treated as an entirely different 

class of object.  

Only about 3,000 planetary nebulae are currently 

known in the Milky Way Galaxy.18 This low number 

is due to their finite and relatively short lifetime. As 

the gases spread out, they eventually get too far 

from the white dwarf to be ionized. The gases in a 

planetary nebula typically glow for just 10,000-

20,000 years before the continued expansion 

renders them invisible.  

Figure 15 -The Ring Nebula (M57), one of 
the brightest planetary nebulae in the 
night sky. Note the faint white dwarf in 
the center of the nebula.  (The Hubble 
Heritage Team -AURA/STScI/NASA) 

Figure 14 -The black patches snaking throug h the Milky 
Way are dark nebulae: clouds of interstellar dust that 
block our view of distant stars. (NPS/Zach Schierl)  
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As a general rule, planetary nebulae are small, faint, and 

best observed with large telescopes under dark skies. 

Some are so small that they are hard to distinguish from 

stars. Still, a handful are bright enough to view through 

small telescopes, such as the Ring Nebula (M57) and the 

Dumbbell Nebula (M27) (Figs 15-16). However, like nearly 

all deep-sky objects, they are not bright enough for the 

human eye to see the color present in photographs.  

Supernovae Remnants (SNRs) 

In contrast to small stars, when a massive star dies its 

core collapses, rebounds upon itself, then blows the star 

to smithereens, all in a split second. This event is known 

as a supernova. The brightest supernovae can briefly 

outshine all the other stars in the host galaxy combined. 

Often, a neutron star or black hole is left behind in the aftermath. While the death of a massive 

star is the most common cause of supernovae, several other mechanisms can also produce 

similar stellar explosions. Supernovae are 

discussed more extensively in Chapter 2.7.  

Supernovae are so luminous that when one 

occurs within a few thousand light-years of 

Earth it can be seen in the daytime. 

Supernovae that close are rare however: on 

average only 4-5 occur in the entire Milky 

Way Galaxy each century.19 Furthermore, 

the Milky Way is currently in a drought. The 

most recent supernova observed in the 

Milky Way occurred in 1604, prior to the 

development of the telescope.20 We 

frequently see supernovae in other galaxies, 

but due to their great distance these appear 

only as faint points of light and require very 

large telescopes to study.  

Somewhat easier to see are the handful of 

supernovae remnants (SNRs) scattered 

across the sky. While supernovae dim dramatically within a matter of weeks or months, the 

aftermath often glows for thousands of years (Fig 17). Only a few supernova remnants emit 

enough visible light to be seen using backyard telescopes; most emit predominantly radio 

Figure 16 -The Dumbbell Nebula 
(M27), sketched through an 8" 
telescope. (Michael Vlasov ) 

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. Loll-Arizona 
State University)  


























































































































































































































































































































































































































































































































