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Introduction  

Welcome to the universe!  We earthlings spend our lives here on Earth, busy in our affairs; we 

are born, we learn, we work, we have families, and we grow old.  We are so consumed by the 

things we do, that we do not take the time to look up, to look at the heavens, and to enjoy the 

wonders of the universe. 

Learning about astronomy is a way for all of us to share in that universe.  There are planets, 

stars, and galaxies waiting to be found.  We just need to look.  The more we understand about 

how it all works and how it all fits together, the greater its grandeur. 

There are many quality texts available for astronomy, but they are often at a higher level than is 

appropriate for introductory astronomy courses taught often to non-science majors.  New 

astronomers need a textbook that will facilitate learning and provide a way for them to 

incorporate astronomy components with things they already know.  We want to incorporate 

astronomical terminology as the reader progresses through the material, but in a way that is 

clear and seamless for non-scientists. 

Rather than create chapters that contain multiple components, we have broken the material 

into individual components.  They are arranged in a logical progression from the basics through 

planetary astronomy, the Sun, stellar astronomy, and on through cosmology.  This makes it 

easy for the reader to study components in the order that works best for them.   

Another driving principle is to lower the financial threshold to new astronomers that are ready 

to take the plunge.  This text is provided free to readers electronically.  The knowledge 

contained in this text is free. 

The purpose of this text is to take a break in our busy lives, look into the depths of the universe, 

and to try to understand what we see.  Astronomy is part of physics, so to truly understand and 

appreciate what we see, there will be some physics involved.  Although the components do 

often build on previous components, they also stand alone to teach information on a specific 

topic. 

At the conclusion of studying this text, the reader will have an understanding of the universe 

and will see how the many pieces fit together. 

Aaron Clevenson 

Astronomer 
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How to Use This Text 

The text assumes that this information may be conveyed as a single course, or as two courses of 

study:  Solar System Astronomy, and Stars and Galaxies Astronomy.  Rather than conventional 

chapters, the material is organized around Components.  If you learn the material of the entire 

text, then you will have a complete picture of the universe.   

If you are learning the material as two courses, there are some Components that are 

fundamental to both courses and are part of both courses, Components 1 through 35 and 

components 96 through 102.  These are the Basics, History, Measurements, the Sun, and 

Cosmology. 

¶ Solar System Astronomy includes: Components 1 through 102 

¶ Stars and Galaxies Astronomy incudes: Components 1 through 35 and 96 through 191 

The courses have also been broken up into teaching units to make the material manageable.  

The Solar System Astronomy Course has four teaching units, and the Stars and Galaxies 

Astronomy Course has five teaching units due to a larger amount of content.  The first two units 

are identical when taught as two separate courses. 

Teaching Units Solar System Astronomy Stars and Galaxies Astronomy 

1 Components 1 to 17 Components 1 to 17 

2 Components 18 to 35 Components 18 to 35 

3 Components 36 to 50 Components 96 to 117 

4 Components 51 to 77 Components 118 to 153 

5 Components 78 to 102 Components 154 to 191 

 

This textbook and associated learning materials are part of a complete astronomy course.  The 

course should also include laboratory sessions to study the tools used in astronomy as well as 

observing sessions.  In the observing sessions readers should experience using various types of 

telescopes, binoculars, and their eyes.  You are encouraged to keep detailed observation logs 

which include sketches and relevant observational data.    
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*** SECTION I. ASTRONOMY ɀ BASICS 

 

Diagram by CAV  
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Figure 1: Earth ς 7917.5 miles diameter 

 

Component 1  ɀ How we fit in  

Lƴ ǘƘŜ ǿƻǊŘǎ ƻŦ {ǘŀǊ ¢ǊŜƪΥ  ά{ǇŀŎŜ ǘƘŜ Cƛƴŀƭ CǊƻƴǘƛŜǊέΦ  ¢Ƙƛǎ ƛǎ ǎƻ ǘǊǳŜΦ  ²Ŝ Ƙave only begun to 

explore space; we have only begun to understand the mechanics of the universe.  The purpose 

of this text and this course is to introduce you to the universe, what we have seen out there, 

what we think we understand about how it all works, and to fit it into the perspective that we 

have as Earthlings bound to our planet.   

Like any science there is terminology to learn and concepts to grasp, but astronomy is 

something you will have with you for the rest of your life.  It is something you can share with 

your children and grandchildren.  When you go camping in the wilds, or even when you walk 

from your car to your house, the sky is there in all its wonder and variety.  Enjoy! 

Putting it all to Scale  

Our planet, Earth, is what we all know 

and love.  It is home.  It provides air to 

breathe, food to eat, water to drink, and 

a comfortable environment in which to 

live.  Although it seems quite large when 

you are standing on its surface, the 

universe is a very vast place, and on the 

scale of the universe, the Earth is but a 

ƳƛŎǊƻǎŎƻǇƛŎ ǎǇŜŎƪΦ  [ŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ 

how things measure up. 

Earth.  The earth is a roughly spherical 

ball with an average planetary diameter 

of 7,917.5 miles.  It is the only planet in 

the solar system with liquid water on its 

surface, oxygen in its atmosphere, and life. 

The Earth has: 

¶ Liquid Water 

¶ Oxygen 

¶ Life 
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Table 1: Measuring Distances in Astronomy (using miles) 

1 foot   =  12 inches 

1 mile   =  5280 feet 

1 AU   =  92955807.5 miles 

1 light-year  =  63,239.7263 AU 

1 parsec  =  3.26 light-years 

Table 2: Measuring Distance in Astronomy (using kilometers) 

1 kilometer =  1000 meters 

1 AU   =  149,597,871 km 

1 light-year  =  63,239.7263 AU 

1 parsec  =  3.26 light-years 

Figure 2: The Sun ς 870,000 miles diameter 

 

The Sun.  While Earth is the center of our 

lives, the Sun is the center of the Solar 

System.  The Sun is considerably larger 

than the Earth.  In fact, you could fit 

roughly 11л 9ŀǊǘƘΩǎ ŀŎǊƻǎǎ ǘƘŜ ŘƛŀƳŜǘŜǊ 

of the Sun.  The SunΩǎ ŘƛŀƳŜǘŜǊ ƛǎ ǊƻǳƎƘƭȅ 

870,000 miles.  It has sunspots and solar 

flares that are larger than the Earth.  The 

Earth is an average 93,000,000 miles 

from the Sun.  This is called an AU 

(Astronomical Unit).  The diameter of the 

9ŀǊǘƘΩǎ ƻǊōƛǘ ƛǎ мусΣлллΣллл ƳƛƭŜǎΦ 

The Solar System.  Everything that is 

affected by the Sun is part of the Solar 

System.  This includes all of the planets, 

moons, asteroids, comets, meteoroids, dust, and gas that are close enough to the Sun to be 

effected by the SunΩǎ ƎǊŀǾƛǘȅ.  This region extends nearly 2 light-years out from the Sun.  This is 

1.175699962 x 1013 miles or about 12 trillion miles. 

Nearest Stellar Neighbor.  The SunΩǎ ƴŜŀǊŜǎǘ ƴŜƛƎƘōƻǊ ƛǎ tǊƻȄƛƳŀ /ŜƴǘŀǳǊƛΦ  ¢Ƙƛǎ ƛǎ ŀ ǎƳŀƭƭ ǊŜŘ 

dwarf star that is 4.243 light-years away.  It is part of the Alpha Centauri multiple-star system. 

 

 

 

 

 

 

 

 

 

https://upload.wikimedia.org/wikipedia/commons/a/aa/Sun920607.jpg
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Figure 3: Local Stellar Neighborhood ς 30 light-years diameter 

 

Drawing by InductiveLoad 

The Local Stellar Neighborhood.  The limit on how far the local neighborhood extends is not 

well defined.  30 light-years diameter is a reasonable limit.  Figure 3 shows the plane of our 

solar system extended outward 15 light-years.  The red lines drawn to the stars extend outward 

from the Sun and then either upwards or downwards to represent their height above or below 

that plane. 
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Figure 4: The Milky Way Galaxy 

 

Figure 5: Andromeda Galaxy 

 

Stars in the Neighborhood.  The stars in the SunΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ Appendix 5   ς 

¢ƘŜ {ǳƴΩǎ {ǘŜƭƭŀǊ bŜƛƎƘōƻǊƘƻƻŘ.  The nearest star is Proxima Centauri. 

The Milky Way Galaxy.  Our local galaxy 

is called the Milky Way.   It is roughly 

100,000 light-years in diameter.  The 

yellow arrow in Figure 4 points to the 

location of the Sun. 

The Milky Way galaxy has a number of 

smaller companion galaxies.  These 

galaxies orbit the Milky Way. 

 

Andromeda Galaxy.  Our nearest large galactic 

neighbor is the Andromeda Galaxy.  It is located 

2.4 million light-years away.  The Andromeda 

Galaxy has many more companion galaxies than 

the Milky Way. 
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Figure 7: The Local Galaxy Group 

 
Drawing by Andrew Z. Colvin 

Figure 6: Virgo Supercluster 

 Drawing by Andrew Z. Colvin 

The Local Galaxy Group.  

The Andromeda Galaxy and 

the Milky Way Galaxy plus all 

of the companion galaxies 

comprise the Local Group.  

Its diameter is 10 million 

light-years and it is 

composed of 54 galaxies.  In 

Figure 7, members of the 

local galaxy group are 

shown.  The blue ovals 

represent distances in the 

plane of the Milky Way 

Galaxy and the lines 

represent the distance to the 

other galaxies in the plane 

and also above and below 

that plane.  The Local Galaxy 

Group consists of three Spiral 

Galaxies:  The Milky Way, 

Andromeda (M31), and M33.  

There are also many Irregular 

Galaxies and Elliptical 

Galaxies. 

The Virgo Supercluster.  The 

Local Group of Galaxies is 

one part of the Virgo 

Supercluster.  This is defined 

as the local space out to 110 

million light-years, containing 

over 100 galaxy groups and 

clusters. 
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Figure 9: The Universe 

 

Figure 8: The Local Supercluster 

 
Drawing by Klaus Dolag 

The Local Galaxy Supercluster.  

The Local Supercluster of galaxies 

is the Laniakea Supercluster.  Its 

diameter is 520 million light-years 

and is composed of over 100,000 

galaxies.  The Milky Way Galaxy is 

part of one section of the 

supercluster called the Virgo 

Supercluster. 

The Universe.  As we gaze out into 

the far reaches of space we run 

into a problem.  The further out 

we look, the farther back in time 

we are looking.  It is not possible 

to get a true picture of what the 

universe actually looks like.  We 

are able to look at galaxies and 

structures, but there is a limit to 

how far we can see.  We also do 

not know how big the Universe is.  

We know that it is larger than the 

portion that we are able to see.  

Figure 9 represents a piece of the 

universe.  It includes filaments of 

galaxies and voids where there 

are very few galaxies.   
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Figure 10: Parts of a Circle 

 

 

Component 2  ɀ )ÔȭÓ !ÌÌ !ÂÏÕÔ -Å 

Although we are not the center of the universe, we are the center of our lives:  our families, our 

activities, ourselves.  It is only natural that when we look outward at the world around us, at 

the solar system or at the universe overall, we think of it in terms of ourselves.  After all, we 

perceive the universe through our eyes, so everything we see is outward from those eyes. 

There is great pleasure and enjoyment in gazing at the heavens. I could do it for hours and 

hours.  But astronomy is a science, and that means as astronomers we need to make accurate 

observations and ǘƘŜƴ ƳŀƪŜ ŎŀǊŜŦǳƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘƻǎŜ ƻōǎŜǊǾŀǘƛƻƴǎΦ   [ŜǘΩǎ ǘŀƪŜ ŀ ŎƭƻǎŜǊ 

look at how we measure what we observe. 

Parts of a Circle 

When we measure distances in a room, we measure distance up and down (height), distance 

right and left (width), and distance away from us (length).  But when we measure distances to 

objects in the celestial sphere, we need to use spherical coordinates.  These coordinates are 

also the distance along the sphere to the right and left, distance along the sphere up and down, 

and distance away from us.  The first two, since they are along a sphere, are measured as 

angles; the angle to the right or left and the angle up or down.  

Coordinates when measured in angular distances are measured in degrees (°), arcminutes όΨύΣ 

and arcseconds όάύ (see Figure 10).  These are parts of a circle.  A complete circle is 360° 

(degrees).  Each degree is 60Ψ όarcminutes), and each arcminute is 60ά όŀǊŎǎŜŎƻƴŘǎύ. 
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The way we map the universe is based on us 

and the things with which we are most 

familiar: the Earth.  There are many coordinate 

systems that are used by astronomers.  Each 

has its pros and cons.  One way of mapping the 

universe is very similar to the way we map the 

ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 9ŀǊǘƘΦ  [ŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ Ƙƻǿ 

we map the Earth.   

Altitude  and Azimuth  

When we are in the field observing, we do not always know where the lines of Right Ascension 

and Declination are.  Sometimes we want a system that lets us easily, and without equipment, 

tell the observers around us where an object is located.  To do this we use Altitude and 

Azimuth.   

Altitude (see Figure 11) is the angular 

height above the horizon.  The horizon 

itself is 0 degrees Altitude.  The point 

directly over your head, called the 

Zenith, is located at 90 degrees 

Altitude.   

Azimuth  (see Figure 12) is the angular 

distance around the horizon, starting 

with 0 ° Azimuth at North, 90 ° at East, 

180 ° at South, and 270 ° at West.  The 

Altitude and Azimuth coordinate 

system is based on the center of your ƘŜŀŘΦ  5ƛŦŦŜǊŜƴǘ ƻōǎŜǊǾŜǊǎΩ ƘŜŀŘǎ ŀǊŜ ƛƴ ŘƛŦŦŜǊŜƴǘ 

locations, so the center of this coordinate system is different for every observer.  If they are 

close to you, then the difference is so small it is usually negligable.  

  

Figure 12: Lines of Azimuth 

 

North: 0ϲ

Northeast: 45ϲ

East: 90ϲ

Southeast: 135ϲ

South: 180ϲ

West: 270ϲ

Northwest: 315ϲ

Southwest: 225ϲ

Figure 11: Lines of Altitude 
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Component 3  ɀ How We Measure Angles 

Astronomers have sophisticated equipment that lets them very accurately measure angles in 

the sky.  But that is no help to most of us.  We find ourselves out in a field with a modest 

telescope or binoculars.  How do we take measurements?  And once we have those 

measurements how can we convert them into distances? 

Angular Distances  

Using an angular distance does not tell us how many miles or kilometers wide that angle is.  The 

actual width in miles or kilometers depends on how far away the object is.             

As you move away from the observer, the angle stays the same, but the width of that angle at 

the object grows (see Figure 13).  If you keep the angular width the same and double the 

distance, then you also double the size of the width whether in miles or kilometers. 

To measure the actual size of an object, you can calculate it from the angular distance if you 

know the distance to the object. 

 

 

 

 

 

 

 

 

 

Measuring Angles with Your Hands  

¸ƻǳ Ŏŀƴ ƳŜŀǎǳǊŜ ŀƴƎƭŜǎ ƛƴ ǘƘŜ ǎƪȅ ǿƛǘƘ ȅƻǳǊ ƘŀƴŘǎ ƘŜƭŘ ƻǳǘ ŀǘ ŀǊƳΩǎ-length.  You can easily 

measure an angular distance of 1°, 5°, 10°, and 15° (see Figure 14). 

Figure 13: Angles vs. Width 
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Figure 14: Angles by Hand 

 

1°          5°               10°          15° 

Photo by Aaron Clevenson 

Figure 15: Width and Distance 

 

 

 

 

 

 

 

 

You start at a known 

location, for example 0° 

Altitude, the horizon.  You 

add hand measurements 

until you reach your object.  

Or you could start at south, 

180 ° Azimuth, and add 

hand measurements until 

you reach your object. 

 

 

Calculating the Width: 

If you know the angular width of an 

object, and you know how far away it 

is, you can calculate its actual width 

in miles or kilometers.  This is called 

Triangulation and only requires basic 

trigonometry.  You can also calculate 

its distance if you know its actual 

width and its angular width. 

 

Equation 1 defines the mathematical meaning of tangent.  We then use that function to 

ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƻōƧŜŎǘΩǎ ǿƛŘǘƘ ƻǊ ǘƘŜ ƻōƧŜŎǘΩǎ ŘƛǎǘŀƴŎŜΦ  ²Ŝ Ƴǳǎǘ ƪƴƻǿ ǘǿƻ ƻŦ ǘƘŜ ǘƘǊŜŜ 

measurements:  distance, width, and angle.  We can then calculate the third value. 

Equation 1: Calculating Width and Distance 

Definition of the Tangent function: 

ÔÁÎ‌
ὕὴὴέίὭὸὩ ὛὭὨὩ

ὃὨὮὥὧὩὲὸ ὛὭὨὩ

ὕὦὮὩὧὸ ὡὭὨὸὬ

ὕὦὮὩὧὸ ὈὭίὸὥὲὧὩ

ὣ

ὢ
 

Calculate the Width of the Object: 

ὣ ÔÁÎ‌ ὢz 

Calculate the Distance to the Object:   ὢ  
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What You See is Not Always What It Is 

When you look into space, it appears that all of the 

stars, planets, and galaxies you see are all painted 

on a giant sphere far overhead.  We refer to this 

sphere as the Celestial Sphere.  It is an illusion.  The 

objects are all at various distances from the Earth.  

To see this for yourself, close one eye, hold a finger 

up about 6 inches from that eye, and then hold a 

finger from the other hand as far away from that 

eye as possible, but in the same 

direction.  Both fingers appear to be 

close together, but in reality they are 

over a foot apart.  This is the same for 

objects in space; they may be aligned 

and appear close together, when in 

reality they could be many light-years 

apart. 

Consider the constellation Orion.  On 

the celestial sphere the stars appear 

to be all at roughly the same distance 

(see Figure 16).  But as we see in 

Figure 17, the stars are not really 

close together.  Table 3 shows their 

actual distances from Earth. 

 

  

Table 3: Distances to Stars in Orion 

Star Distance from Earth 

Betelgeuse 642.5 light-years 

Belatrix 244.6 light-years 

Alnitak 800 light-years 

Mintaka 916 light-years 

Alnilam 1342 light-years 

Saiph 171 light-years 

Rigel 772.9 light-years 

 

 

Figure 16: Orion 

 

 

Figure 17: Orion in Profile 
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Component 4  ɀ Scienti fic Theories, Scientific Method  

Scientific Theories  

Every theory is not a Scientific Theory.  If you are trying to figure out how something works, or 

why it works, you develop a theory.  But, to be a Scientific Theory, it must be pushed further.  A 

Scientific Theory must be: 

¶ Testable 

¶ Continually Tested 

¶ Simple 

¶ Elegant 

Testable.  This means that there has to be some way to test the theory.   

Continuously Tested.  This means that although we have tested the theory in the past, we must 

continue to test it.  One job of a scientist is to try to find ways to disprove a Scientific Theory. 

Simple.  This means that a Scientific Theory should only be as complex as it needs to be. 

Elegant.  This means that a Scientific Theory should be pleasing to the mind.  A Scientific Theory 

that pulls together pieces that were previously separate, is elegant. 

Scientific Theories can Never be Proven to be True.  Scientific Theories can be proven to be 

false by one example of a repeatable outcome.  It just takes one contradiction to tear down 

part or all of a theory.  But since it is impossible to test every possible case of a situation, you 

ŎŀƴΩǘ ǇǊƻǾŜ ǘƘŀǘ ƛǘ ƛǎ ŀƭǿŀȅǎ ǘǊǳŜΦ 

/ÃÃÁÍȭÓ 2ÁÚÏÒ 

hŎŎŀƳΩǎ wŀȊƻǊ was named after William of Ockham who lived 1285 -1349 CE.  This assertion 

says that if you have more than one hypothesis that predicts a result equally well, the one with 

the smallest number of assumptions should be selected.  A more complicated solution may 

ultimately make better predictions, but initially if they all make equally good predictions, the 

smaller the number of assumptions that are made, the better.  What this means is, simpler is 

better. 

Scientific Theories must be: 

Testable, Continuously 

Tested, Simple, and Elegant 
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The Scientific Method  

There is a process that scientists follow when trying to 

understand something new and different.  It is called the 

Scientific Method (see Figure 18).  The three steps are: 

¶ Observation 

¶ Theory 

¶ Prediction 

Observation.  As scientists do their work, there are 

things we do not understand.  

These things are brought to our 

attention as we do observations.  

Theory.  To try to understand 

why and how things happened, 

scientists develop a theory of what could have caused what they have seen.  Since this is to be a 

Scientific Theory, it must be tested. 

Prediction.  Based on our Scientific Theory, we make a prediction about what should happen in 

the future.  We then test our Prediction by making more Observations. 

Although you can start anywhere in the circle, most often we initially see something we want to 

understand, so usually we start with Observation.     

Working the Process  

Some examples of Scientific Theories and how they were tested are: 

¶ NewtonΩǎ [ŀǿǎ ƻŦ DǊŀǾƛǘȅ.  The laws depend on a gravitational constant.  If the 

theory is correct, then everywhere we look in the universe we should see the same 

gravitational constant.  When we look at Venus, Mars, or Jupiter, we see that they 

behave as Newton predicted with his laws. 

¶ EinsteinΩǎ ¢ƘŜƻǊȅ of General Relativity.  This theory says that space is curved in the 

vicinity of massive objects.  If this is true, then when there is a Total Solar Eclipse, 

stars that are slightly behind the Sun should appear beside the Sun as their light 

curves around the Sun.  During a Total Solar Eclipse this is seen to be true, in the 

amount predicted by the Theory of General Relativity.  

Figure 18: Scientific Method 

 

 

The Scientific Method involves:  

Observation, Theory and Prediction 
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Component 5  ɀ Remembering Which Star is Which  

Since early prehistoric times, humans have needed to know what time of year it was.  This 

information would tell them when to expect the annual floods or heavy rains.  It would tell 

them when the last frost can be expected.  It would tell them when to expect the yearly animal 

migrations.  As humans began to leave land and go forth in boats, the stars could also tell them 

information on their latitude, and eventually even their longitude.  These early humans 

discovered that the cycles in the stars would repeat year after year.  To use the sky as a 

calendar, you need to be able to identify specific stars and groupings of stars.  Although those 

groupings have changed over the years and from culture to culture, many cultures have created 

constellations to identify those groupings. 

The Babylonians. The earliest evidence that we have found that demonstrate the use of 

constellations to map the sky date back to approximately 3000 BCE.  They were found in 

Mesopotamia (in modern Iraq).  It appears that most of their constellations were created from 

1300 to 1000 BCE.  These constellations were often adopted by the Greeks and Romans and 

modified to utilize their myths.  The Babylonians had two functions for their constellations.  

One was related to their gods and symbols, the other was a farming calendar and contained 

everyday items such as farm workers, animals, and tools related to farming. 

The Chinese. The oldest record of a star chart with constellations done by the Chinese is from 

1092 CE.  There is much evidence of the Chinese charting the night sky for thousands of years 

prior to this.  There is some evidence that suggests that the Chinese constellations may have 

been influenced by those of Mesopotamia.  Chinese astronomers were very accurately 

recording astronomical events and phenomina for millennia. 

The Indians (of India).  Indian astronomers were also influenced by the Mesopotamians.  But 

there is evidence that they were recording astronomical events for many millennia.  These 

constellations were largely based on their religion.  Their oldest texts date back to 1400 to 1200 

BCE. 

The Egyptians.   Egyptian astronomy began earlier than 4000 BCE.  There are ancient stone 

circles that appear to be based on astronomical events and alignments.  Starting at about 300 

BCE the Greek and Babylonian astronomy began to influence the Egyptian astronomy. 

The Greeks.  Much of the astronomy from the Greeks was adopted from the Babylonians 

before 300 BCE.  The constellations were often changed to reflect Greek mythology and gods. 

The Romans.  Roman astronomy was very closely related to the Greek astronomy.  

Constellations were again changed to reflect Roman mythology and legends. 
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Figure 19: Ursa Minor 

   
Drawing by John Flamsteed (1729)      Stick Figure       IAU Boundaries 

 

 

 

Arabians.  Between 700 and 1500 CE the Islamic world was making great strides in astronomy.  

This coincides with the Dark Ages in Europe.  During this time, the Europeans were not 

progressing much in astronomy.  Many of the star names in use today as well as some of the 

terminology can be traced to Islamic roots. 

The Modern Era.  Stars and constellations of the far 

south were not visible from northern Africa, Asia, and 

Europe.  These constellations and stars were named by 

explorers from those areas that first travelled 

southward around 1600 CE. 

Modern Constellations.  The modern constellations 

were defined by the International Astronomical Union (IAU) in 1922 CE.  There are officially 88 

constellations defined.  These constellations, although often represented by images or stick 

figures, actually occupy a region of the sky.  The IAU defined the limits of those regions and the 

lines follow lines of Right Ascension and Declination. 

Note:  All of the stars within the IAU Boundaries are considered part of that constellation, 

whether they are part of the stick figure or not.  Boundaries are 

along lines of Right Ascension and Declination.  

Note:  The IAU boundaries cover the entire sky.  There will never 

be a need to change the existing constellations and we will never 

need more constellations. 

Note:  The curved boundaries in the image on the right are due to the constellation being so 

close to the North Celestial Pole that the lines of Declination appear as curves.  

There are 88 

constellations. 

The International 

Astronomical Union 

(IAU) set the current 

list of constellations 
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Component 6  ɀ Nothing is Perfect in Astronomy  

Perfection is a unique state.  A circle is a unique case of the broad class of ellipses.  A sphere is a 

unique case of the broad class of ellipsoids.  Although it is possible with billions and billions of 

cases that one will sometimes approach these unique cases, they are rare and unexpected. 

Planets 

According to the definition of Planet developed by the Internation Astronomical Union, the first 

requirement is to be massive enough to have gravity pull an object into a roughly spherical 

shape.  But no objects in the universe are perfect spheres.  Since all objects rotate, and since 

rotation creates a centripetal force of the material of the object, all objects tend to bulge 

slightly at the equator.  Spheres become oblate spheroids. 

Orbits  

A perfect orbit would be a circle.  But during the formation of star systems collisions occur so 

things that might initially start out as a circle will evolve into an ellipse.  Orbits of planets 

around stars, and moons around planets, are ellipses. 

The Sun 

Aristotle believed that beyond the Moon all of the universe was perfect.  When Galileo peered 

through his telescope and noticed that the Sun has dark areas on its face (sunspots), this 

showed that the Sun was not perfect.  A perfect Sun would have a uniform color with no 

markings whatsoever.  

  



Astronomy for Mere Mortals ς An Introductory Astronomy Text 
 

32 
 

Component 7  ɀ Space is Really Big! 

Here on the planet Earth, with an average planetary diameter of 7,917.5 miles, we tend to 

measure things in miles and kilometers.  And locally we measure in feet and inches, or meters 

and millimeters.  But when we move out into space we have to have larger scales to work with.  

For example, the distance that light travels in a year is about 6 trillion miles (6,000,000,000,000) 

or 10 trillion kilometers.  That is way too many zeros to keep track of.  So in astronomy we refer 

to this distance as a light-year.   

Astronomical Distance Scales  

¶ Astronomical Unit.  This is the average distance from the Sun to the Earth.  It is equal to 

92,955,807.3 miles or 149,597,871 kilometers. 

¶ Light-Year.  A light-year is the distance that light travels in a vacuum in a year.  It is equal 

to 5,878,499,810,000 miles or 9,460,528,400,000 kilometers. 

o Note:  Although the term light-year contains the word year, which relates to 

time, a light-year is actually a unit of distance. 

o Note:  Although the speed of light is an upper speed limit, light travels at 

different speeds through different materials.  

¶ Parsec.  A parsec is equal to 3.26163344 light-years, or nearly 3.3 light-years. 

o Note:  This is the distance from 

Earth required to see the mean 

radius of the Earth's orbit around 

the Sun as 1 arc-second of 

angular distance. 

  
Table 4: Metric Conversion Factors 

Unit Conversion Example 

м ¢ŜǊǊŀΧ Ґ  1,000,000,000,000 standard units Terrasecond 

м DƛƎŀΧ Ґ  1,000,000,000 standard units GIgasecond 

м aŜƎŀΧ Ґ  1,000,000 standard units Megasecond 

м YƛƭƻΧ Ґ  1,000 standard units Kilosecond 

  Second 

1 Standard Unit =  млл /ŜƴǘƛΧ Centisecond 

1 Standard Unit = мΣллл aƛƭƭƛΧ Millisecond 

1 Standard Unit = 1,000,000 Micro Microsecond 

1 Standard Unit = мΣлллΣлллΣллл bŀƴƻΧ Nanosecond 

 

 

3.3 light-years = 1 parsec 
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Component 8  ɀ Everything in Space is Moving 

EinsteinΩǎ ¢ƘŜƻǊȅ of Special Relativity indicated that there is no absolute frame of reference in 

the universe.  You can relate to objects from your personal frame of reference, but it is no 

different than any other frame of reference. 

This component takes us directly to motion of us on Earth.  Early people thought that the Earth 

was the center of the universe because it appears that we are not moving and that everything 

else is revolving around us.  This is not the case. 

The Motions of the Earth.  In 

an airplane, travelling at 550 

miles per hour at 35,000 feet 

in the air, if there is no 

turbulence, and if the window 

shades are closed, we would 

feel the same motion that we 

would feel sitting on the 

ground at the gate.  But on 

take-off and landing, we feel 

acceleration, the changes in 

velocity (acceleration and 

deceleration). 

There are many motions for 

which people on the Earth experience no 

accelerations or decelerations, which include: 

¶ EarthΩǎ wƻǘŀǘƛƻƴ.  Every 24 hours people on 

ǘƘŜ 9ŀǊǘƘ ǊƻǘŀǘŜ ŀǊƻǳƴŘ ǘƘŜ 9ŀǊǘƘΩǎ ŀȄƛǎΦ 

 

¶ EarthΩǎ wŜǾƻƭǳǘƛƻƴ.  Once a year the Earth completely revolves around the Sun. 

 

¶ Precession.  Every 26,000 years the EarthΩǎ ǇƻƭŜ ǊƻǘŀǘŜǎ ŀǊƻǳƴŘ ƛǘǎ ŎŜƴǘŜǊ ƻŦ tǊŜŎŜǎǎƛƻƴΦ  

The angular radius of this Precession is 

roughly 23.5 degrees.  This is the same type of 

motion that you see on a top as it wobbles as 

it is slowing down. 

 

Figure 20: Precession 

 

 

Figure 21: Nutation 

 

Precession ð each turn 

takes 26,000 years 
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¶ Nutation.  There is also a small change in the axial tilt of the Earth from year to year.  

This is called Nutation.  The principal sources of Nutation are the Sun and the Moon. The 

term having the largest effect has a period of 6798 days and is caused by the Moon. 

 

¶ Galactic Rotation.  The Sun is 

orbiting the center of the 

Milky Way Galaxy.  One 

orbital revolution takes 

roughly 250 million Earth 

years.          

 

 

¶ The SunΩǎ hǊōƛǘŀƭ 

Oscillations.  As the Sun 

orbits the center of the Milky 

Way Galaxy there is also an 

up and down motion.  This 

oscillation has a period of 

about 35 million years. 

 

 

  

¶ Galactic Attraction.  But even Galaxies are in motion relative to one another.  The 

Andromeda Galaxy is approaching the Milky Way Galaxy at a speed of roughly 250,000 

miles per hour.  Since there is no absolute frame of reference, this means that to 

creatures in the Andromeda Galaxy, we are approaching them at 250,000 mph. 

 

¶ Location on Earth.  An observers latitude affects the times of sunrise and sunset.  On 

ǘƘŜ 9ŀǊǘƘΩǎ ŜǉǳŀǘƻǊ ǘƘŜ ƭŜƴƎǘƘǎ ƻŦ Řŀȅǎ ŀƴŘ ƴƛƎƘǘǎ ŎƘŀƴƎŜ ǎƭƛƎƘǘƭȅ ŘǳǊƛƴƎ ǘƘŜ ȅŜŀǊΣ ōǳǘ ŀǘ 

the north and south poles, the day-night cycle becomes quite extreme due to the tilt of 

the Earth and its orbit around the Sun.  There are many days when the Sun does not set. 

 

¶ And there are many moreΧ  These are some of the many motions that we are 

experience living on the Earth.   

Figure 22: ¢ƘŜ {ǳƴΩǎ hǊōƛǘ 

 

 

Figure 23: ¢ƘŜ {ǳƴΩǎ hǊōƛǘŀƭ hǎŎƛƭƭŀǘƛƻƴǎ 
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Component 9  ɀ Motions of the Earth  

Humans measure the passage of time.  We measure based on the motions of the Earth, the 

Sun, and the Moon.  Motions discussed in Component 9 have a direct effect on time 

measurements on Earth.   

Sidereal Time  

As we discuss different time measurements, there are 

often two different values depending on which bodies 

are used to determine the cycle.  One of the terms is called Sidereal.  These terms are based on 

the positions of the relatively fixed locations of distant stars.  An easy way to remember this is 

the REAL in Sidereal.  Since the distant ǎǘŀǊǎ ŘƻƴΩǘ ŀǇǇŜŀǊ ǘƻ ƳƻǾŜ ƳǳŎƘ ƛƴ ƻǳǊ ƭƛŦŜǘƛƳŜΣ ǘƘŜƛǊ 

locations are essentially fixed in space: these are the REAL coordinates.  The other term used 

relates to the specific bodies that are involved:  Tropical Year, Synodic Month, and Solar Day. 

Years 

The Earth is orbiting the Sun. Due to our axial tilt, there is a point each year when the Sun 

appears as far above the equator as it gets.  If we measure the time from one of these points to 

the next, we measure a Tropical Year.  This is the time required for the Earth to experience the 

ŦƻǳǊ ǎŜŀǎƻƴǎΦ  .ǳǘ ŘǳŜ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ tǊŜŎŜǎǎƛƻƴ, we are slowly changing our orientation 

towards the stars.  The Sidereal Year is the time it takes to return to the point where the stars 

are in the same location in the sky, about one year later.    A Tropical Year is approximately 365 

days, 5 hours, 48 minutes, and 45 seconds (or roughly 365.25 days).  A Sidereal Year is 20 

minutes and 24.5 seconds longer than the Tropical Year (or roughly 20.5 minutes longer). 

Months  

As the Moon orbits the Earth it makes one orbit in a month.  The Synodic Month is the time it 

takes the Moon to return to the exact same phase and is dependent on the location of the Sun 

relative to the Earth and the Moon.  This is the time it takes to go from one Full Moon, through 

the phases, and back to the next Full Moon.  A Synodic Month is on average 29 days, 12 hours, 

44 minutes, and 2.8016 seconds (or roughly 29.5 days).  A Sidereal Month is the time required 

for the Moon to return to the same Right Ascension in the sky as it was the previous month.  A 

Sidereal Month is 27 days, 7 hours, 43 minutes, and 11.5 seconds (or roughly 27.5 days).  The 

Sidereal Month is about 2 days shorter than the Synodic Month.  This difference is due to the 

fact that the Earth is moving in its orbit around the Sun while the Moon is orbiting the Earth. 

Sidereal relates to the 

position of the stars 
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Days 

As the Earth rotates on its axis, sometimes we are facing the Sun and sometimes we are facing 

away from the Sun.  A Solar Day is defined as the time it takes for the Sun to go from directly 

south on one day to directly south the next day (solar transits).  A Sidereal Day is the time it 

takes a star to go from directly south on one day to directly south the next day.  But during that 

day, the Earth has moved about 1 degree around the Sun.   A Sidereal Day is 23 hours, 56 

minutes long.  The Solar Day is about four minutes longer and is our 24-hour day. 

 

 

 

 

 

 

  

Figure 24: Earth Months 

.  

 

Figure 25: Earth Days 
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Seasons 

As the Earth revolves 

around the Sun, the 

9ŀǊǘƘΩǎ ŀȄƛǎ ǊŜƳŀƛƴǎ 

pointed at the same 

point in the sky.  

Currently that point is 

very close to the star 

Polaris in Ursa Minor.  

This means that some of 

the time the axis is tilted 

in the direction of the 

Sun, and sometimes it is tilted away from the Sun.  (Figure 26)  When your hemisphere is 

pointing towards the Sun, you experience summer.  When your hemisphere is pointing away 

from the Sun, you experience winter.  

hƴ ǘƘŜ 9ŀǊǘƘΩǎ ŜǉǳŀǘƻǊΣ ǘƘƛǎ ƳŜŀƴǎ ǎƻƳŜǘƛƳŜǎ ǘƘŜ {ǳƴ ƛǎ ƴƻǊǘƘ ƻŦ ŀƴ ƻōǎŜǊǾŜǊ ŀƴŘ ǎƻƳŜǘƛƳŜǎ 

the Sun is to the south.  Throughout the year though, the Sun is close to overhead and the 

amount of sunlight reaching the ground is constant throughout the year.  As the latitude of an 

observer increases and 

moves away from the 

equator, the changes are 

more significant.  Light 

rays from the Sun are 

more concentrated when 

the sun is higher in the 

sky and they are spread 

over a larger area when 

the Sun is lower in the 

sky. (Figure 27) 

The Summer Solstice is 

the time of year when 

the Sun is at the highest point north of the equator.  The Winter Solstice is the time when the 

Sun is at the lowest point south of the equator.  The Vernal Equinox and the Autumnal Equinox 

are the two times when the Sun crosses the equator.  

Figure 27: Concentration of Sunlight 

 

 

Figure 26Υ ¢ƘŜ 9ŀǊǘƘΩǎ !Ȅƛŀƭ ¢ƛƭǘ ŀǎ ƛǘ hǊōƛǘǎ ǘƘŜ {ǳƴ 
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The Moonõs Phases: 
1. New Moon 

2. Waxing Crescent Moon 

3. First Quarter Moon 

4. Waxing Gibbous Moon 

5. Full Moon 

6. Waning Gibbous Moon 

7. Third Quarter Moon 

8. Waning Crescent Moon 

Component 10  ɀ Lunar Phases  

Each Synodic Month, the moon orbits the Earth.  Sometimes it is between the Earth and the 

Sun, and sometimes it is on the opposite side of the Earth from the Sun.  As it travels around 

the Earth we see sunlight on the side of the Moon that is facing the Sun, but usually the sunlit 

side is not facing the Earth.  As a result we see different amounts of the sunlit face.  This is what 

produces the phases of the Moon that we see. 

Tidally Locked  

Over billions of years, 

the moon has been 

tugging on the Earth 

with its gravity.  On the Earth, this causes tides in our oceans.  On the Moon, this has slowed 

the MƻƻƴΩǎ Ǌƻǘŀǘƛƻƴ.  Currently the Moon is Tidally Locked to the Earth.  This means that its 

rotational period is equal to the time it takes to complete one orbit around the Earth.  As it 

moves around the Earth, it rotates just enough to keep one side facing the Earth all the time. 

This tugging on the Moon is increasing its speed in its orbit.  This has the effect that the Moon is 

moving away from the Earth at a rate of about 1.48 inches per year.   

Just as the MoonΩǎ Ǌƻǘŀǘƛƻƴŀƭ ǇŜǊƛƻŘ slowed down to tidally lock the Moon to the Earth, the 

ǎŀƳŜ ŜŦŦŜŎǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴŀƭ ǎǇŜŜŘΦ  Lǘ ƛǎ ǎƭƻǿƛƴƎ ŘƻǿƴΦ  .ǳǘ ǿŜ ǿƛƭƭ ƭƛƪŜƭȅ 

never become tidally locked to the Moon.  There are two reasons for this: 

1. As the Moon moves away from the Earth, the effect decreases.   

2. In about three billion years the oceans will boil away.  When this happens the effect will 

further lessen since it is largely caused by the ocean tides on Earth. 

Cause of the Phases 

Phases are caused by the alignment of the Sun, Moon, 

and the Earth.  When the side that is facing the Sun is 

lit, the side facing away from the Sun is dark.  As the 

Moon orbits the Earth, the lit side is sometimes the 

same side facing the Earth.  This is the Full moon.  

About two weeks later, the dark side is facing the Earth.  

This is the New Moon.  During the month we see less or 

The Moon rotates in exactly the same time 

as it takes to revolve around the Earth 
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Figure 28: Moon Phases 

 

(The outer circle of moons shows the shape or the phase we see from Earth) 

more of the MƻƻƴΩǎ ƭit side depending on where the Moon is in its orbit around the Earth.  

Waxing ς increasing in size.  Starting at New Moon, the moon is waxing until it reaches the Full 

Moon.  This includes the phases of Waxing Crescent, First Quarter, and Waxing Gibbous. 

Waning ς decreasing in size.  Starting at the Full Moon, the Moon is Waning until it reaches the 

New Moon.  This includes the phases of Waning Crescent, Third Quarter, and Waning Gibbous. 

From our perspective on Earth, the Quarter Moons are half illuminated.  The term Quarter 

relates to the monthly lunar cycle.  If you consider the cycle from New Moon until the next New 

Moon, the Quarter Moons are a quarter of the complete cycle.  The Full Moon is really the 

Second Quarter Moon, but we call it the Full Moon. 
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Component 11  ɀ Eclipses 

Eclipses 

An eclipse is when one object moves in front of another object and blocks the light from the 

Sun.  The Earth is involved with two categories of eclipses:  Lunar Eclipses and Solar Eclipses. 

EarthΩǎ {ƘŀŘƻǿΦ  ¢ƘŜ 9ŀǊǘƘΩǎ {ƘŀŘƻǿ Ƙŀǎ ǘǿƻ ǇŀǊǘǎΥ ǘƘŜ Umbra and the Penumbra (see Figure 

29).  If an object is inside the Umbra, the Earth is blocking all sunlight from reaching the object.  

If an object is in the Penumbra then the Earth is partially covering up the Sun and some of the 

SunΩǎ ƭƛƎƘǘ ƛǎ ǎǘƛƭƭ ǊŜŀŎƘƛƴƎ ǘƘŜ ƻōƧŜŎǘΦ 

Lunar Eclipses.  Lunar Eclipses are caused when the Moon moves into the shadow of the Earth 

(see Figure 29).  Sunlight is blocked from reaching the Moon by the Earth.  The Moon is Full. 

 

 

 

 

 

 

 

 

 

 

 

There are three types of Lunar 

Eclipses:  Total Eclipse, Partial 

Eclipse, and Penumbral Eclipse.  

A Total Lunar Eclipse (position 2 

in Figure 29 and left side of 

Figure 30) is when the Moon 

moves completely inside the 

Umbral shadow of the Earth, so 

the entire Moon does not receive any light from the Sun.  A Partial Lunar Eclipse (position 1 in 

Figure 29 and center of Figure 30) is when the Moon is only partially in the Umbral shadow of 

the Earth.  Part of the Moon receives no sunlight, but the rest of the Moon is only partially 

blocked by the Earth and some sunlight reaches that part of the Moon.  A Penumbral Lunar 

Eclipse (position 3 in Figure 29) is when the Moon is in the Penumbral shadow of the  Earth, but 

Figure 29: Lunar Eclipse Mechanics 

 

 

Figure 30: Lunar Eclipses 
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is not in the Umbral shadow at all.  In this case the Moon appears darker than it usually is when 

it is Full, but the change is not obvious to the casual observer.  There are also times when the 

Moon does not even enter the Penumbral shadow of the Earth (positon 4 in Figure 29 and right 

side of Figure 30).  At these times we see a normal Full Moon.  

Note:  Anyone on the Earth, who can see the 

Moon, can see the eclipse, no matter what type of 

eclipse it is.  In fact even if you are elsewhere in 

space, if you can see the Moon then you can see it 

in Eclipse. 

Note:  When the Moon is in Total Lunar Eclipse, it is usually not black; it does not disappear.  It 

usually turns red.  This is because the red light from the Sun, although not reaching the Moon 

directly, does bend through the EarthΩǎ ŀǘƳƻǎǇƘŜǊŜ and reaches the Moon indirectly. 

The Danjon Scale.  The Danjon Scale provides a means to measure the darkness of an eclipse. 

 

Solar Eclipses.  Solar 

Eclipses are caused 

when the Moon moves 

between the Earth and 

the Sun.  The MƻƻƴΩǎ 

shadow reaches the 

Earth and you have a 

Solar Eclipse (see Figure 

33).  The Moon is New. 

Table 5: Lunar Eclipses 

0 - Very dark eclipse: The Moon is almost invisible, especially at mid-totality. 

1 - Dark Eclipse, gray or brownish in coloration: Details are distinguishable only  

with difficulty. 

2 - Deep red or rust-colored eclipse: There is a very dark central shadow, while  

the outer edge of the umbra is relatively bright. 

3 - Brick-red eclipse: The Umbral shadow usually has a bright or yellow rim. 

4 - Very bright copper-red or orange eclipse: The Umbral shadow has a bluish  

or very bright rim. 

 

Figure 31: Solar Eclipses 

 

Lunar Eclipses happen 

only during a Full Moon 
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There are three types of Solar Eclipses:  Total Eclipse, Partial Eclipse and Annular Eclipse.  A 

Total Solar Eclipse (see Figure 32) creates a shadow that follows a narrow path across the face 

of the Earth.  If you are 

within that path you will 

see the Total Solar 

Eclipse.  If you are 

outside of that path, but 

not too far away you will 

see a Partial Solar Eclipse.  

Annular Solar Eclipses are 

a special case.  The Moon 

and the Earth both orbit 

in ellipses, not in circles.  

This means that some of 

the time they are closer 

together and sometimes 

farther apart.  When an 

object is closer it 

appears larger.  When it 

is farther away it 

appears smaller.  This 

means that the Sun may 

be too large for the Moon to completely cover, or the Moon may be too small to cover the Sun.  

In either case, instead of a Total Solar Eclipse, you will see an Annular Solar Eclipse (see Figure 

33).  There will be a ring of Sun (an annulus) around the moon. 

Total Solar Eclipse  of August 2017  

For information on the next Total Solar Eclipse 

that will be in North America, go to NASAΩǎ {ƻƭŀǊ 

Eclipse page:       

http://eclipse.gsfc.nasa.gov/SEplot/SEplot2001/SE2017Aug21T.GIF (Cut and paste this 

address into an internet browser.) 

  

Figure 32: Solar Eclipses 

  

Figure 33: Annular Eclipse Mechanics 

 

Solar Eclipses happen 

only during a New Moon 
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Total Solar Eclipses  ɀ Recent and Near Future  

 

Perfect Alignment  

The MoonΩǎ ƻǊōƛǘŀƭ ǇƭŀƴŜ ƛǎ ƴƻǘ ǘƘŜ 

same as the EarthΩǎ ƻǊōƛǘŀƭ ǇƭŀƴŜ (see 

Figure 35).  Only when the Sun, the 

Moon, and the Earth are in a straight 

line will you see an eclipse.  The Ecliptic 

ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǇƭŀƴŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ 

orbit.  By definition the Sun and the 

Earth are always in that plane.  But the 

MƻƻƴΩǎ ƻǊōƛǘŀƭ ǇƭŀƴŜ ƛǎ ƛƴŎƭƛƴŜŘ ŀōƻǳǘ 

р ŘŜƎǊŜŜǎ ŦǊƻƳ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊōƛǘŀƭ 

plane.  Eclipses occur where the two 

orbital planes intersect (see Figure 36), 

Figure 34: Eclipse Paths 

 

Figure 35: Moon's Orbital Axis Tilt 
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Figure 36: Perfect Alignments

 

 

and only when the Moon is in a place in its orbit that is crossing that intersection.  These two 

events are called lunar nodes.  The ascending node is where the Moon is moving from south of 

the ecliptic to north of the ecliptic.  The descending node is where the Moon is moving from 

north of the ecliptic to south of the ecliptic. 

 

Note:  This means that you will see Lunar Eclipses at 

the most twice each year, when the Line of Nodes 

points to the Sun.  This is also true for Solar 

Eclipses.  There will be at most two per year. 

 

 

  

Lunar or Solar Eclipses 

occur twice each year 
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***  SECTION II. ASTRONOMY ɀ HISTORY 

 

Photo by Citypeek 

 

Photo by Kristian H Resset 

 

 

A more thorough discussion of astronomical history is available in Appendix 6   ς The History of 

Astronomy. 
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Component 12  ɀ The Science of Early People  

Why the Stars? 

It all began so long ago that there are no records.  Early people, with no modern technology, 

but they were beginning to learn new skills; Farming and Sailing.   

If you lived somewhere like the Nile River valley, you would be washed out by floods each year.  

There was a flooding season, but you had no calendars, so you had no way to know when it was 

going to happen.  If you planted your crops before the flood, the seeds would be washed away.  

If you wait too long, you may not have enough time for your seeds to grow and produce food.  

There were locusts too.  You needed to know when they were likely to arrive so you can harvest 

your crops before they arrive.  Too early, and you will get less to eat.  Too late, and the locusts 

will eat your harvest.  Knowledge of the stars was useful in Agriculture. 

If you stay near shore when sailing, then you are probably ok, but if you venture far from shore 

you need to know where you are.  Without it, you may run out of food and water before you 

reach land or the winds may carry you far off course and you could land in an unfriendly land.  

Knowledge of the stars was useful in Navigation. 

The solution is in the stars.  Early people, sitting around the campfire would notice rhythms in 

the movement of the stars.  A few things move separately (the moon, the planets), but most of 

the stars behaved and moved like clockwork.  They could be used as a calendar or a map. 

Early Records of Tracking Movements in the Sky  

The earliest records date back to around 1800 BCE and are from the Babylonians (in current day 

Iraq).  Initially, the observations focused on the Sun, Moon, and Venus; but later included 

Mercury, Jupiter, and Saturn as well.  They were able to use this data to create predictions of 

their motions.  The primary purpose of this study appears to have been for religious reasons.  It 

is believed that early people used these early tools to more closely connect themselves to the 

greater universe.  

Early Structures for Reading the Sky  

Early people found ways to build structures that they could use to predict the seasons.  They 

worked with the tools they had and the materials on-hand and build astronomical tools.  The 

study of these early structures is called Archeoastronomy.  There are lists of these sites from all 

over the world. 
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Stone Circles.  Initially, they would mark 

points in a circle that would enable them 

to watch for events in the sky.  When 

these events happened they would know 

the seasons would be about to change.  

The easiest way for them to do this was to 

set stones on the ground in a big circle, 

sometimes with spokes.  A good example 

of one of these is the Bighorn Medicine 

Wheel located atop  Medicine Mountain 

near Lovell, Wyoming.   

 

Deciphering the 

layout.  The early 

people did not 

leave instructions 

for their tools.  

Astronomers and 

historians have 

tried for years to 

understand  how 

they would have 

been used.  

The large stone 

circle has a 

central circle and 

six smaller circles 

or cairns around 

the edge.  These 

seem to have 

served as focal 

and observation 

points.                                  

 

Figure 37: Bighorn Medicine Wheel 

Photo by US Forest Service 

Figure 38: Bighorn Medicine Wheel ς the Astronomical Connection 

 

 

Photo by a composite of multiple photos 
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There are also many stone circles in Europe and elsewhere in the world.   

Stonehenge.  In England, early people dragged huge stones many miles and set them in the 

ground in the form of a great circle.  Stonehenge was built between 3000 BC and 2000 BC.  It is 

amid a large collection of burial mounds and other prehistoric structures. 

 

El Caracol.  El Caracol is an astronomical observatory built at Chichen Itza by the pre-Columbian 

Maya civilization in Mexico.  It was built around 906 AD.  The tower is badly damaged, but of 

the 29 celestial events that were important to the Maya, 20 can be observed from the tower. 

Figure 39: Stone Circle in Ireland 

 

 
Photo by Ardfern 

Figure 40: Stonehenge 

 
Photo by Adrian Pingstone 
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Other Sites with an Astronomical Twist.  There are many other 

sites around the world where, although they may not have 

been observatories, their construction was based on 

astronomical phenomina.  These were often related to the 

ŎǳƭǘǳǊŜΩǎ ƳȅǘƘƻƭƻƎȅ ƻǊ ǊŜƭƛƎƛƻƴΦ 

 

The Great Pyramids of Egypt at Giza.  These are burial 

chambers to the pharaohs.  Their bases and some passageways 

are aligned to north and to celestial objects.   

 

Newgrange.  This is a burial mound in Ireland.  The upper 

passageway is situated so that on the Winter Solstice sunlight 

will travel down the passageway 

and illuminate the burial chamber 

at the end. 

 

 

 

 

 

 

 

Figure 41: El Caracol 

  
Photo by Daniela 

Bertienová 

Figure 44; Entrance to Newgrange 

  
Photo by Superchilum 

Figure 43: Winter Solstice 

 
Photo by Dentp 

Figure 42: The Great Pyramids of Giza, Egypt 

  
Photo by Filip Malikovic 
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Figure 45: Temple of Abu Simbel 

 Photo by Fanny Schertzer 

Temple of Abu Simbel in Egypt.  The temple is constructed such that on October 22 and 

February 22, the rays of the first rays of the morning Sun penetrate the sanctuary and illuminate the 

sculptures on the back wall, except for the statue of Ptah, the god connected with the Underworld, 

who always remained in the dark. The other statues are (from left to right) Amun Ra, Ramesses, and 

Ra-Horakhty.  

 

  

Figure 46: Sanctuary at Abu Simbel 

 Photo by Man77 

Early people built stone structures to tell the seasons for 

planting, harvesting, and when to expect the annual floods.   

Knowing the patterns and timing of the stars helped with 

navigation. 
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Component 13  ɀ The Beginning of Scientific Thinking  

If you do not have a scientific approach to analyze what you see, you do not have a complete 

scientific method.  In the early days of science this limited people to two steps: Observe and 

Think About It. 

Observe 

Humans have always observed the world around them.  It would initially be to look for edible 

plants, game animals, shelter and water.  As humans began to have more leisure time, they 

would have more time to think about what they see around them.  When humans began to use 

language, they would be able to discuss the things they observe with others.  When humans 

began using writing, they then had a way to keep a record of their thoughts and observations. 

Think About It  

When you think about what you observe, you must try to fit what you see into your view of the 

world.  If you see things you have never seen before, then you need to try to understand what 

you see.  But, if you do not have a scientific method to analyze what you see, you only have the 

ability to apply what you know.  This was the case for early scientists. 

As early as 2900 BC thinkers were beginning to apply the principles of philosophy.  Around 400 

BC philosophy had evolved to the place where thinkers like Aristotle were trying to define the 

world around them including the science that would grow into astronomy.   

Early Scientists  

Eudoxus of Cnidus (408-355 BC).  Eudoxus was a Greek astronomer, mathematician, and 

scholar.   He created models of the universe.  The Earth was a sphere at the center.  To explain 

the moons motion he needed three spheres:  the outermost for daily motion, the second for 

monthly motion, and a third to explain the changes above and below the ecliptic.    He had a 

similar model to explain the motions of the Sun including three spheres:  the outermost for 

daily motion, then yearly motion, and a third for changes in Declination.  The five visible planets 

(Mercury, Venus, Mars, Jupiter, and Saturn) each had models consisting of four spheres:  the 

outermost for daily motion, motion through the signs of the zodiac, and two inner spheres to 

explain Retrograde Motion.  Lastly there was a sphere for the distant stars.  He is credited with 

being the first person to try to apply mathematical solutions to the observed motions of the 

heavens.  Aristotle and Callippus were his students.   
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Callippus (370-300 BC).   Callippus was a Greek astronomer 
and mathematician.  He added 7 more spheres to the 
models of Eudoxus; 2 for the sun, 2 for the moon, and one 
for each of the inner planets: Mercury, Venus, and Mars.  His 
observations of the Sun indicated that the seasons were 
different lengths which implied the Sun did not move at a 
constant speed along the ecliptic.  He called this the solar 
anomaly.  He created an accurate lunisolar calendar. 

Aristotle (384-322 BC).  Aristotle was a Greek Philosopher 

who wrote 8 books related to Physics.  Some of his 

conclusions that relate to astronomy include: 

¶ A void is not only unnecessary but leads to 

contradictions. 

¶ Time is a constant attribute of movements and does not exist on its own but is relative 

to the motions of things. Time is defined as "the number of movement in respect to 

before and after", so it cannot exist without succession. 

¶ He described the celestial bodies thus: the first things to be moved must undergo an 

infinite, single and continuous movement, that is, circular. 

¶ The planets and stars, which have their source of motion within themselves (by virtue of 

aether), aspire to emulate the uniform circular motion of their particular mover. Thus 

captivated, their tireless performance is entirely the result of their own desire. This is 

one way in which the movers are said to be unmoved. 

¶ He viewed the aether as a fifth element.  It was divine and perfect.   

 

These conclusions implied a number of things that would influence how humans would view 

the universe for centuries.  Some examples are: 

 

¶ The heavens are perfect beyond the moon.  

¶ The universe is filled with an aether.  There is no vacuum. 

¶ Time is unchanging as it marches forward. 

¶ Everything travels in circles and spheres. 

¶ The earth is the center of the Universe.  (Geocentric, by Ptolemy) 

 

Figure 47: Aristotle 
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Figure 48: tǘƻƭŜƳȅΩǎ aƻŘŜƭ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎŜ - Geocentric 

 

 Drawing by Pearson Scott Foresman 

The Earth appeared to early humans to be 

the center of the universe.  This is the 

Geocentric Model.  It is wrong. 
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Component 14  ɀ A Scientific Approach is Born  

For 2000 years the philosophy of Aristotle was dominating the science of astronomy.  It was not 

until some brave scientists decided to challenge this philosophy based on new observations 

that the science of astronomy began to move ahead. 

Those Who Cleared the Field and Planted the Seeds 

Nicolaus Copernicus (1473-1543).  Copernicus did not create 

a heliocentric model of the solar system, but he is given 

much credit for popularizing it.  He was a German 

mathematician and astronomer.  His model put the Sun at 

the center with the planets orbiting the sun, and the moon 

orbiting the Earth.  The problem with his model was he was 

unable to go beyond orbits being circles.  His model was very 

bad at predicting future positions of the planets.  This 

shortcoming played a major role in the delay of the 

acceptance of the heliocentric model 

 

Tycho Brahe (1546-1601).  

Tycho Brahe was the best 

observer of all time who 

did not use a telescope.  

He was a Danish 

nobleman.   

His observations were 

done using a quadrant and 

he provided very accurate 

positional information for 

many stars and planets.  

His accuracy was typically 

within 1 arcminute. 

He also made observations of the Supernova in Cassiopeia in 1572. 

 

 

Figure 49: Nicolaus Copernicus 

 

Figure 50: Tycho Brahe 

 

Figure 51: The Quadrant 
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Figure 52: YŜǇƭŜǊΩǎ aƻŘŜƭ ƻŦ ǘƘŜ {ƻƭŀǊ {ȅǎǘŜƳ - Heliocentric 

 

Figure 54: .ǊŀƘŜΩǎ aƻŘŜƭ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎŜ 

 

 

Johannes Kepler (1571-1630).  

Kepler was a great 

mathematician.  Due to his 

poor eyesight he was not a very 

good astronomer.  However, as 

an apprentice to Tycho Brahe, 

he eventually had access to the 

best available observational 

data.  Using his mathematical 

skills, Kepler was able to 

determine the rules by which 

the planets appeared to 

behave.   

Figure 53: Johannes Kepler 

 

Kepler used Tycho 

Braheõs data to 

determine the 

Laws of Planetary 

Motion 
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Figure 55: YŜǇƭŜǊΩǎ мǎǘ [ŀǿ 

 

KeplerΩǎ [ŀǿǎ ŀǊŜΥ 

1. Planets move in ellipses, not 

circles, and the Sun is at one 

focus. 

2. A line connecting the planet 

to the Sun will sweep out an 

equal amount of space in an 

equal amount of time.  

3. The square of the orbital 

period of a planet is 

proportional to the cube of 

the semi-major axis of its 

orbit.          

KeplerΩǎ [ŀǿǎ ƴƻǿ ǇǊƻǾƛŘŜŘ ŀ ōŀǎƛǎ 

for a heliocentric model of the solar 

system that was accurate enough to 

beat the accuracy of the geocentric 

models, and it was simple and 

elegant. 

  

Figure 57: YŜǇƭŜǊΩǎ оǊŘ [ŀǿ 

 

Figure 56: YŜǇƭŜǊΩǎ нƴŘ [ŀǿ 

 

                    Diagram by RJHall 

The Heliocentric 

Model places the 

Sun at the center of 

the Solar System 
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Figure 58: Galileo Galilei 

 
Photo by Adrian Pingstone 

Galileo Galilei (1564-1642).  Based on the telescope 

invented in 1608 by Hans Lippershey (1570-1619) in 

the Netherlands, Galileo was able to develop his own 

ǘŜƭŜǎŎƻǇŜΦ  ¢ƘŜ ƳȅǘƘ ƻŦ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ [ƛǇǇŜǊǎƘŜȅΩǎ 

telescope is that his children were in his spectacle 

shop, and while playing with two lenses they were 

able to see things across the street much more 

clearly.  Galileo, upon hearing of the invention 

created one. 

 

Galileo is given credit for being the first person of record to 

point the new telescope towards the heavens and to record 

what he saw.  Specifically, he observed:   

¶ Sunspots on the surface of the sun. 

¶ Moons orbiting Jupiter. 

¶ Mountains on the moon. 

¶ Phases of Venus. 

His observations provided 

significant evidence that 

much of what was 

believed in the geocentric 

model of the universe and 

based on AristotleΩǎ 

conclusions was incorrect.  The moonΩǎ ƻǊōƛǘƛƴƎ WǳǇƛǘŜǊ 

proved that not all objects revolved around the Earth.  

Sunspots on the Sun proved that not everything beyond the 

Moon was perfect.  And lastly, the phases of Venus 

ŎƻƴǘǊŀŘƛŎǘŜŘ ǘƘŜ ƘŜƭƛƻŎŜƴǘǊƛŎ ƳƻŘŜƭΩǎ ǇƻǎƛǘƛƻƴƛƴƎ ƻŦ ±Ŝƴǳs.  

The heliocentric model showed Venus to be close to the 

Earth.  Its phases could not have been the 

approximately 18 months that Galileo observed.  

That would put Venus much further away from 

the Earth.  

  

Figure 59: DŀƭƛƭŜƻΩǎ aƻƻƴ 

 Sketch by Galileo 

Galileo is the first person 

on record to have turned a 

telescope to the night sky 

Galileo observed: 

¶ Sunspots 

¶ Jupiterõs Moons 

¶ Lunar Mountains 

¶ Venusõ Phases 
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Isaac Newton (1642-1726).  Newton was an English 

physicist.  He was able to provide the scientific theory that 

explained why KeplerΩǎ ƳƻŘŜƭ ƻŦ ǘƘŜ ǎƻƭŀǊ ǎȅǎǘŜƳ worked:  

How gravity ǿƻǊƪŜŘΦ  bŜǿǘƻƴΩǎ ƭŀǿǎ ƻŦ motion provided an 

answer until Einstein developed relativity.   

NewtonΩǎ [ŀǿǎ ŀǊŜΥ 

1. An object either remains at rest or continues to move at 

a constant velocity, unless acted upon by an 

external force . 

2. A force is an objectôs mass multiplied by its 

acceleration:                F = m * a. 

3. For every action, there is an equal and opposite 

reaction. 

 

First Law ς part 1:  With no outside 

influence the pool balls remain at rest. 

 

First Law ς part 2:  When the cue hits 

the cue ball, a force is applied to the 

cue ball and it moves. 

Third Law:  When the cue ball hits the 

red ball, if it is a perfect shot, the cue 

ball will stop, and the red ball which 

was not moving will move at the 

speed and in the direction in which 

the cue ball was moving. 

Figure 60: Isaac Newton 

  

Figure 61: bŜǿǘƻƴΩǎ CƛǊǎǘ [ŀǿ ς Part 1 

 
Drawing by Rcsprinter123 

Figure 62: bŜǿǘƻƴΩǎ CƛǊǎǘ [ŀǿ ς Part 2 

Photo by Escuela Virtual de Deportes 

Newton developed the 

Laws of Motion that 

explained why 

Keplerõs Laws worked 

https://upload.wikimedia.org/wikipedia/commons/3/39/GodfreyKneller-IsaacNewton-1689.jpg
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Component 15  ɀ (ÁÒÖÁÒÄ 5ÎÉÖÅÒÓÉÔÙȭÓ #ÏÍÐÕÔÅÒÓ 

In the late 1800s and early 1900s the 

astronomical community was busy 

investigating the luminosities and spectra of 

stars.  Harvard University had thousands of 

images  that were taken that needed to be 

analyzed.  They hired women to compute 

the data of the stars on those images. 

These women astronomers analyzed 

hundreds of thousands of stars, taking 

millions of measurements.  They were paid 

25 cents per hour. 

Their first major publication to come from their work was a 

catalog of the luminosity and spectra of tens of thousands of 

stars in 1890. 

Annie Cannon was awarded the first honorary degree awarded 

to women at Oxford for her significant contributions to the 

classification of stars. 

In 1897, Antonia Maury 

undertook the most detailed 

study to investigate star 

spectra that had even been 

done.  Her data formed the 

basis for the HR-Diagram.  She 

proposed the classification 

system that we still use today. 

In 1908, Henrietta Leavitt 

discovered the Cepheid 

Variable Star period-

luminosity relationship.  

Figure 64: Annie Cannon 

 
Public Domain 

Figure 65: Antonia Maury 

 
Public Domain 

Figure 66: Henrietta Leavitt 

 
Public Domain 

Figure 63: Harvard College Computers - 1892 
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Component 16  ɀ Modern Astronomy  

Since the time of Newton many men and women have contributed to our progress and 

knowledge in astronomy.  There are too many to enumerate all of them.  Instead, we will focus 

on the first American woman astronomer and a fairly recent and familiar astronomer. 

Women in Astronomy  

Maria Mitchell (1818-1889).  While many women have 

contributed to our knowledge in astronomy, Maria Mitchell 

is credited with being the first professional American 

woman astronomer.  She discovered comet C/1847 T1 in 

мупт ǳǎƛƴƎ ŀ ǘŜƭŜǎŎƻǇŜ ŀƴŘ ǊŜŎŜƛǾŜŘ ǘƘŜ YƛƴƎ ƻŦ 5ŜƴƳŀǊƪΩǎ 

Cometary Medal. 

A Modern Theoretical Astrophysicist  

Albert Einstein (1879-1955).  Albert Einstein had the ability 

to imagine things that most of us would never imagine to 

imagine.  His thought experiments that he used to think 

through new and different explanations for the way the 

universe works are legendary. 

Einstein received a Nobel Prize for his explanation of the 

Photoelectric Effect which paved the way for our 

understanding of how light behaves as photons (particles). 

He also created the Special Theory of Relativity and 

General Theory of Relativity over 100 years ago.  Relativity 

explains why NewtonΩǎ [ŀǿǎ Řƻ ƴƻǘ ǉǳƛǘŜ ǿƻǊƪ ǿƛǘƘ 

MercuryΩǎ ƻǊōƛǘ ŀǊƻǳƴŘ ǘƘŜ ǎǳƴΦ  ¢ƘŜȅ ŀƭǎƻ ƳŀƪŜ Dt{ 

possible. 

  

       

  

Figure 68: Albert Einstein 

 

Figure 67 Maria Mitchell 

 
Painting by H. Dasell (1851) 

Public Domain 
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*** SECTION III. ASTRONOMY ɀ MEASUREMENT 
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Figure 69: Lines of Latitude 

 

Component 17  ɀ Earth -Based Coordinates 

Earth  Coordinates  

Here on Earth, we use a spherical 

coordinate system of Latitude and 

Longitude.   

Latitude (see Figure 69) defines how far 

above or below the equator an object is 

located.  The drawing to the right shows 

how the lines of Latitude are arranged 

on the surface of the Earth.  Latitude is 

measured in degrees, arc-minutes, and 

arc-seconds.  0 degrees is the equator 

and the poles are at 90 degrees. These 

angles are measured from the center of 

the Earth.                                                          

Longitude (see Figure 70) defines where 

an object is located as you move around 

the Earth.  The drawing to the left shows 

how the lines of longitude are arranged 

on the surface of the Earth.  Lines of 

longitude start at the North Pole, circle 

the Earth, and pass through the South 

Pole.  Longitude is measured in degrees, 

arc-minutes, and arc-seconds.  We need 

to define a starting point, or where the 

longitude equals zero.  This line was 

defined as the longitude line that passes 

through the Royal Observatory in 

Greenwich, England.  These angles are 

measured from the center of the Earth 

too. 

 

Figure 70: Lines of Longitude 
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Right Ascension and Declination  

A coordinate system that astronomers 

use extends the Latitude and Longitude 

system that we use on Earth.  It is 

measured in Right Ascension and 

Declination.  Declination values (see 

Figure 71) are Latitude values extended 

into space.    

Declination is measured from the 

Celestial Equator in degrees, arc-

minutes, and arc-seconds.  0 degrees is 

on the Celestial Equator.  +90 degrees, or 

90° N,  is the North Celestial Pole 

(Celestial North), and -90 degrees, or 90° 

S,  is the South Celestial Pole.      

¢ƘŜ 9ŀǊǘƘΩǎ ŜǉǳŀǘƻǊ ƛǎ ŜȄǘŜƴŘŜŘ ƻǳǘ ƛƴǘƻ ǎǇŀŎŜ ŀƴŘ ƛǎ ŎŀƭƭŜŘ ǘƘŜ /ŜƭŜǎǘƛŀƭ 9ǉǳŀǘƻǊΦ  Right 

Ascension values are Longitude values extended out into space.  But, we do not use degrees; 

we use Hours to measure the Right Ascension values.  Each hour of Right Ascension is equal to 

15 degrees.  This means there are 24 hours of Right Ascension, just as there are 24 hours in a 

day.  They are measured in hours, arc-minutes, and arc-seconds.  The 0 hour line for Right 

Ascension passes through the Royal 

Observatory in Greenwich, England on the 

Vernal Equinox.  Looking down from the 

Celestial North Pole at the Celestial Equator 

we would see a circle marked off in 24 hours 

of Right Ascension (0 hours through 23 

hours). 

This coordinate system, Right Ascension and 

Declination, is a good system for conveying 

information to other astronomers or people 

who are not standing right next to you.  Stars 

and Deep Space Objects do not move in 

relation to Right Ascension and Declination, 

except over very long periods of time.  This 

means that anyone can look up the 

Figure 71: Lines of Declination 

 

Figure 72: Lines of Right Ascension 
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coordinates on a star chart and find the 

object with their telescope, and the 

coordinates are all the information they 

need from you to find it. 

However, the Sun, the Moon, the planets, 

asteroids, comets and transient events (such 

as Meteors and man-made satellites) move 

independently of the background stars.  

Their location in Declination and Right Ascension change rather quickly, over years, days, 

minutes, and sometimes even seconds.  In these cases someone needs to know the Right 

Ascension, Declination, Date and Time, and sometimes your Latitude and Longitude as well. 

Which to Use? 

The accuracy of the Altitude and Azimuth Coordinate System and the Right Ascension and 

Declination Coordinate System is the same.  It depends on how accurately you measure the 

angles.  Using your hands is not very accurate, but using a calibrated telescope mount can be 

very accurate.   

The coordinate system to use depends on what you are observing and who you are 

communicating those coordinates to.  For objects beyond the solar system when you are 

communicating to other observers who are not standing beside you, then Right Ascension and 

Declination are best.  They provide a coordinate system that is independent of you, the 

observer.  But these coordinates are tough to generate if you are describing the location of a 

new object. 

But when you are 

describing the 

location of a new 

object, or an 

object that is 

within the Solar 

System, then 

these objects may 

move relative to the background stars.  This means that their Right Ascension and Declination 

may not be known, or it may be changing. 

Right Ascension and 

Declination are extensions 

of Earthly coordinates into 

space and are the Celestial 

Coordinates 

The accuracy of either coordinate system is 

only a function of how accurately you measure 

the coordinates for the object.  If you use your 

hands, they will be less accurate than if you 

used a well calibrated piece of equipment. 



Astronomy for Mere Mortals ς An Introductory Astronomy Text 
 

65 
 

When you are talking to another observer who is standing right next to you, the easiest system 

to use is Altitude and Azimuth.  This lets the other observer see where you are looking at that 

time. 

The difficulty with communicating an Altitude and Azimuth is that for a distant observer to 

recreate the situation you are seeing, you must also communicate the date, time, your latitude, 

and your longitude. 
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Component 18  ɀ The Nature of Light  

We can relate to light.  It is the thing that lets us see our surroundings. But there are many 

interesting characteristics of light. 

Light as Waves 

Diffraction.  To see light behave as a wave, you only need to shine it 

through a small hole in a wall.  The image that the light makes on a 

screen beyond the wall is not a well-defined spot.  Instead, there are 

diffraction rings.  Figure 73 shows this effect from light shown 

through a pinhole.  This is the same effect you see in a telescope 

when the objects are far out of focus.  

Figure 74 shows the apparatus to produce diffraction rings.  The red 

lines represent the peaks of the light waves.  The white between the red lines represents the 

valleys of the light waves. 

Refraction.  As light passes from one medium 

to another the path followed by those waves 

is bent.  For example, passing from air into 

the glass of a lens will cause the light waves 

to bend (see Figure 75).   

This is the principle involved in lenses used in 

refracting telescopes and binoculars.  Different 

frequencies of light will bend different 

amounts.  Red light will bend less than Blue 

light as it passes through a lens. 

Figure 73: Diffraction 
Rings 

  
 

Figure 74: Diffraction Ring Generation 

 

Figure 75: Refraction 

Photo by Ajizai 
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Reflection.  Light that comes into 

contact with a reflective surface will 

bounce off the surface at an angle 

equal to the angle at which it 

arrived.    

This is the principle involved in 

mirrors in reflecting telescopes.  It is 

also the principle involved in the 

prisms in binoculars (see Figure 76). 

Figure 77 shows a wave and labels 

the significant parts.   These parts 

include: 

¶ Crest ς the top of each 

wave. 

¶ Trough ς the bottom of each 

wave. 

¶ Wavelength ό˂ύ ς the distance between any two Crests or Troughs.  It is usually shown in 

nm (nanometers). 

¶ Amplitude (a) ς the height of the wave above the equilibrium state 

¶ Equilibrium State ς the line where the amplitude is zero. 

Figure 77: Parts of a Wave 

 

Figure 76: Reflection 

 
Photo by Zátonyi Sándor 
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Equation 3: Photon Energy 

Ὡ Ὤz Ὢ 

Ƙ ƛǎ tƭŀƴŎƪΩǎ /ƻƴǎǘŀƴǘΦ  Ƙ Ґ 6.626176 * 10-34 joule-seconds. 

Figure 78: The Photoelectric Effect 

 

Light can behave as waves and also 

at times as particles (photons) 

In addition to these features, there are additional characteristics that need to be understood. 

¶ Velocity (c) ς Light in the vacuum of space has a maximum speed.  It is called the Speed 

of Light.  The Speed of Light is 299,792 km/sec in a vaccuum or 186,282 mi/sec.  In this 

class we will use 300,000 km/sec or 186,000 mi/sec.  The Speed of Light is shown by the 

ǎȅƳōƻƭ άcέ ƛƴ ŜǉǳŀǘƛƻƴǎΦ 

¶ Frequency (f) ς when a light wave passes you, this is the number of crests that pass you 

per second.  1 crest per second is one hertz.  The Frequency is equal to the speed of 

light divided by the wavelength.  

¶ Period (P) ς The Period of a light wave is the time it takes for the wave to pass you 

measuring from crest to crest.  The Period equals one divided by the Frequency. 

 

 

 

 

 

 

Light as Particles (photons ) 

Light also behaves like small 

massless particles called photons.  

Einstein won his Nobel Prize in 

Physics for his studies of the 

Photoelectric Effect which 

demonstrated the particle nature of 

light.  

Light of lower frequencies (infrared 

and red) is too low energy to eject 

electrons from the metal surface.  

As the frequency increases, the energy increases.  Once you have enough energy electrons can 

be ejected.  Higher energy photons result in higher velocity electrons.  More photons of the 

same frequency cause more 

electrons to be emitted. 

 

Equation 2: Frequency, Wavelength and Period 

Ὢ   ‗   ὴ  
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Electromagnetic Radiation does not 

need a medium in which to travel.  It 

can travel through the vacuum of space. 

Electromagnetic Radiation and the Vacuum of Space  

Sound waves in air and waves in water require atoms and molecules to move from place to 

ǇƭŀŎŜΦ  ¢ƘŜ ƭƛƴŜ ŦǊƻƳ ǘƘŜ ƳƻǾƛŜ !ƭƛŜƴΥ άLƴ ǎǇŀŎŜ ƴƻ ƻƴŜ Ŏŀƴ ƘŜŀǊ ȅƻǳ ǎŎǊŜŀƳΦέ ƛǎ ŎƻǊǊŜŎǘΦ  {ƛƴŎŜ 

space is a vacuum, sound waves are not able to travel through space.  Electromagnetic 

radiation is different.  Light waves can travel through a vacuum.  If this were not true, then 

space could not be a vacuum or we would see nothing beyond our atmosphere.  The Earth 

would be cold and dark.  But we do see stars and we do receive sunlight, and we now know that 

space is indeed a near vacuum. 
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Visible Light is: 

Red, Orange, Yellow, 

Green, Blue, and Violet 

Different frequencies tell us 

information about events at 

many different energy levels. 
 

Component 19  ɀ Electromagnetic Radiation  

Visible Light  

Colors. We see light that ranges from Red to Violet.  This is called the visible light spectrum.  

Although this is a gradual transition from Red to Orange and eventually to Violet, we break the 

colors that we see into groups:  Red, Orange, Yellow, Green, Blue, and Violet.  We remember 

the list by ROYGBV. όbƻǘŜ ǘƘŜǊŜ ƛǎ ƴƻ άLέΦ  LƴŘƛƎƻ ƛǎ ǊŜŀƭƭȅ ŀ ŘŜŜǇ ōƭǳŜΦύ  

We will discuss the characteristics of light in more detail under later principles, but for now the 

basics are useful to know. 

Frequency.  Frequency increases as you move from Red to Violet. 

Energy.  The energy of the photons increases as you move from Red to Violet. 

Wavelength.  Wavelength gets shorter as you move from Red to Violet. 

The Big Picture  

But, the Visible Light part of the spectrum is only a tiny part of the overall Electromagnetic (EM) 

Spectrum.  There are many larger pieces that we do not see.  

Radio Waves.  This is very low energy, and low frequency, radiation.  We use Radio Waves in 

our daily lives for radio transmission, television transmissions, mobile phones, and GPS.  This is 

how we communicate with satellites and spacecraft. 

Figure 79: Visible Light Spectrum 
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Figure 80: Electromagnetic Spectrum 

 

Infrared.  Infrared Light is redder than 

red light, and is not visible to our 

eyes.  When you go outside on a 

sunny day and you feel all warm and 

snugly, that warmth is infrared 

radiation coming from the Sun. 

 

Ultraviolet.  Ultraviolet Light is more violet than violet light.  This too is not visible to our eyes.  

This is the type of radiation they use when you go to a tanning salon.  It is responsible for 

sunburns, skin cancer, and cataracts. 

X-Rays.  Even higher energy and higher frequency are the X-Rays.  We use this to see bones and 

teeth without the interference from muscles and skin. 

Gamma Rays.  And at the top of the scale are the Gamma Rays.  These are very high energy 

with very high frequency.  There are no typical day-to-day uses for this type of radiation. 

Electromagnetic Spectrum   

Electromagnetic radiation types: 

Radio, Infrared Light, Visible 

Light, Ultraviolet Light, X-Ray, 

and Gamma Ray 
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Component 20  ɀ Tools for Mere Mortals  

Most celestial objects are too far away for us to travel to them to study them.  Humans have 

only been to the Moon.  Even our spacecraft are just now at the edge of the solar system, still 

light-years from the nearest stars.  The only information we are able to get about those objects 

is brought to us on electromagnetic radiation.   

Our eyes have pupils that dilate in the dark to about 5 mm in diameter.  All of the light that we 

see from distant celestial objects must come in through those two tiny openings.  To enable us 

to gather more information, we must gather more light.  We build large telescopes, some with 

diameters of 30 meters, which collect light coming from those distant objects and focus it down 

ǘƻ ǘƘŜ р ƳƳ ŦƻǊ ƻǳǊ ŜȅŜǎΩ ǇǳǇƛƭǎΣ ƻǊ ǘƻ ǎŜƴŘ ƛǘ ǘƻ ŀ ŎŀƳŜǊŀΦ 

Refracting Telescopes  - Refractors  

Galileo was familiar with optics, and that meant he could make lenses.  The original telescopes 

used lenses to focus the light.  These are Refracting Telescopes.  They refract the light through 

the glass of the lenses.  Galileo assembled his first telescope in 1609. 

 

GalileoΩǎ ǘŜƭŜǎŎƻǇŜ had different optics than what is in modern Refracting Telescopes.  The light 

coming from a distant source arrives as parallel rays of light.  The objective lens (on the left) 

bends the light.  On the right end of the telescope, before the light reaches the focal point, a 

concave-concave eyepiece straightens the light before it goes to the eye of the observer.  This 

resulted in rather low magnification and a small field of view. 

Figure 81: Galileo's Telescope 
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          Focal Plane 

Refracting telescopes have different optics than what was inside GalileoΩǎ ¢ŜƭŜǎŎƻǇŜΦ  ¢ƘŜ ƭƛƎƘǘ 

coming from a distant source arrives as parallel rays of light.  The objective lens (on the left) 

bends the light.  On the right end of the telescope, after the light reaches the focal point, a 

convex-convex eyepiece straightens the light before it goes to the eye of the observer.  By using 

different eyepieces, those with different focal lengths, it is possible to get different 

magnifications.  Johannes Kepler designed this type of telescope in 1611. 

Chromatic Aberration.  There is a problem with this simple design for a refracting telescope.  It 

is called Chromatic Aberration.  This is the result of the fact that different wavelengths of light 

focus at different distances from a lens.  This means the red, blue, and green light will all focus 

at different focal planes (see Figure 83). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 82: Kepler's Telescope (Refractor) 

 

Figure 83: Chromatic Aberration and an Apochromatic Lens 

 
Lens drawing by Egmason 
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Telescopes with additional lenses to eliminate this are called Apochromatic Refractors. 

Reflecting Telescopes - Reflectors  

Newtonian Telescope.  In 1668, Isaac Newton constructed the first known reflecting telescope.  

Newton realized that light could be focused using a parabolic mirror.  Light that reaches the 

mirror will always focus at the focal point for the parabaloid.  Newtonian Telescope use a 

secondary mirror to deflect the light before the focal point to an eyepiece in the side of the 

telescope. 

 

 

 

 

 

 

 

 

 

 

Note the Newtonian Focal Point and the 

Primary Focal Point in Figure 84. 

Coude Telescope.   A telescope that uses the 

Coude Focal Point is similar to a Newtonian 

Telescope, but the secondary mirror sends 

the light back towards the primary mirror.  

Before  it reaches the primary mirror it is 

redirected by a tertiary mirror out of the 

telescope.  In large research facilities this exit 

is often done through the Altitude axis of 

rotation.  This is simpler if you want to use 

fiber optics to send the signal to a control 

room or additional instruments. 

Figure 85: Coude Focus 

 
Drawing by Jailbird 

Figure 84: Newtonian Telescope 

  

Drawing by Krishnavedala 

 

Two categories of telescopes: 

Refracting and Reflecting 
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Cassegrain Telescopes.  Large aperture newtonian telescopes become very large.  It is easy to  

imbalance them by connecting a heavy camera or CCD to the Newtonian Focus.  Cassegrain 

Telescopes were developed to provide shorter telescope lengths and centerline installation for 

cameras and CCDs.  These are often called Catadiopric Telescopes.  This means that they 

incorporate mirrors and lenses in their design. 

The light is folded inside the telescope, so the length of the telescope is roughly half of the 

length of a similar Newtonian Telescope.  The light reflects off a Primary Mirror, reaches the 

secondary mirror and is then reflected back through a hole in the primary mirror to the 

Cassegrain Focal Point. 

Two common types of Cassegrain Telescopes are the Schmidt-Cassegrain and the Maksutov 

Cassegrain.   These variations have a thin glass lens that the light passes through as it enters the 

telescope. 

Focal Points.  So depending on the mirror configuration, there are four focal points used in 

astronomical telescopes: 

¶ Prime Focus 

¶ Newtonian Focus 

¶ Coude Focus 

¶ Cassegrain Focus 

 

 

 

Figure 86: Cassegrain Telescope 

 
Drawing by Griffinjbs 

 

The four focal points:  

¶ Prime Focus 

¶ Newtonian Focus 

¶ Coude Focus 

¶ Cassegrain Focus 
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Two types of mounts: 

Alt/Az and Equatorial 

Other Designs.  There are many other designs of 

telescopes that have been developed to try to 

enhance the quality of the image.  The ones 

presented here are the types that are most 

common, and that we will encounter in this class. 

Altitude/Azimuth (Alt/Az) Mount.  An Alt/Az 

mount is a simple mounting for a telescope.  It lets 

the telescope move  up and down (altitude) and 

the telescope can rotate (azimuth).  This is ideal 

for a manually operated telescope since the 

movements align with the orientation of the 

observer.  If you are using this mount and taking 

images with your telescope, it is necessary to make guiding adjustments in both altitude and 

azimuth.  This is more complex and not ideal for taking images.  The mount is simple, easy to 

use and much lighter than an equatorial mount. 

Equatorial Mount.  An equatorial mount is designed 

to follow objects in the night sky as they move across 

the sky due to the EarthΩǎ ǊƻǘŀǘƛƻƴΦ  ¢ƘŜ ƳƻǳƴǘΩǎ 

movements are in Declination (angle above and 

below the Celestial Equator) and Right Ascension 

(angle along the Celestial Equator).  Once you have 

found an object, it is only necessary to adjust the 

Right Ascension to guide the telescope .  Declination 

will not change.  This means that Equatorial Mounts 

(see Figure 88) are better suited to taking images.   

The mount tilts the telescope at an angle equal to the 

ƻōǎŜǊǾŜǊΩǎ [ŀǘƛǘǳŘŜ.  It is oriented towards north and 

it is ready to observe or to take images.  The mount is 

heavier than the Alt/Az Mount due to the counter 

weights. 

 

 

 

 

Figure 88: Equatorial Mount 

 
Photo by Gn842 

Figure 87: Altitude/Azimuth Mount 

 
Photo by Bashir001 
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Dobsonian Telescope.  A Dobsonian Telescope is a 

telescope designed to sit on a flat surface.  It can be 

pointed up and down (altitude) and can be rotated 

(azimuth).   This design was invented by John Dobson 

in the 1950s (see Figure 89).  These telescopes are a 

simple design with a simple mount, and are a very 

cost effective way to make a telescope.  These 

telescopes are responsible for bringing large aperture 

telescopes into the hands of the the general 

population.  Dobsonian Telescopes are always Alt/Az 

mounted. 

Parts of a Typical Telescope  

A refracting telescope has far fewer parts than a 

reflecting telescope. 

 

 

 

  

Figure 89: Dobsonian Telescope 

Photo by JamesStewart669 

Figure 90: Parts of a Refracting Telescope 

 

Figure 91: Parts of a Newtonian Telescope 
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Figure 92: A CCD Chip 

 
Photo by Serych 

Component 21  ɀ Recording What We See 

When we view objects with our eyes, we may marvel at the detail, we may be in awe of their 

beauty, but they are fleeting glimpses and are soon gone.   To continue studying the objects, 

and to be able to review them at our leisure, we often want some way to record what we see.  

In the early days, this was done on glass plates or with film cameras.  Today there are better 

tools to capture those images. 

The CCD 

The CCD chip (Charge-Coupled Device) is 

an electronics chip that senses photons 

and converts them into electricity.  The 

chip may contain thousands or millions of 

cells, called pixels.  As the influx of 

photons increases, the charge increases 

proportionately.  As the number of pixels 

increases, the resolution of the image 

also increases. 

CCD chips in astronomy cameras often 

are black and white, not color.  This 

means that every pixel is used to capture 

a piece of the image.  Color cameras use neighboring pixels for different colors, so the 

resolution is reduced.  To get a final color 

image, pictures are taken through color 

filters.  Each color filter sees only that 

specific color of light.  When the pictures 

are combined (stacked) on a computer, 

the result is a color image.  The most 

common set of color filters are red, 

green, and blue. 

CCD Filters.  Standard filters used to 

generate color images are red, green, and blue.  Images are taken with no filter and also with 

each of the color filters.  These images are then combined (stacked) using computer software to 

create a full-color image. 

Figure 93: CCD Chip Color Mask 

 
Drawing by Lozere 
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Using the CCD Data 

Spectroscopy.  If the light from the celestial object is sent through a spectroscope, it will be 

broken down into its individual components.  This can then be recorded by the CCD and the 

spectrum can be analyzed on the computer. 

Photometry.  Photometry is the study of brightness of the light from an object.  CCD detectors, 

unlike film cameras record light coming in linearly.  This means that if you collect an amount of 

light from a star (X) over a time (T), then if you have an object twice as bright it will collect two 

times the amount of light (2X) in the same amount of time.  Or, the same object recorded for 

twice as long will also capture twice the amount of light (2X).  This analysis is most often done 

using a computer to analyze the pixels in the image. 

Astrometry.  Another activity that uses CCD images is Astrometry.  With the accuracy of CCD 

detectors it is possible to use the computer to calculate the precise location of an object 

relative to known objects in the image.  This is valuable for tracking the movement of asteroids 

and comets. 
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Figure 94: Active Optics Actuators, the Microlensing 
Observations in the Astrophysics (MOA) telescope 

 
Photo by Evil Monkey 

To eliminate problems from the 

atmosphere and light pollution, 

we place telescopes: 

¶ At high altitudes to get 

above the atmosphere 

¶ In the deserts to have low 

humidity 

¶ Remote from civilization 

Component 22  ɀ Seeing More Detail  

If you are observing with a telescope sitting on the ground on Earth, there is only so much you 

can do with the telescope itself to improve the images it records.  You can provide better 

optics, larger apertures, and higher resolution CCD chips, but that is the extent of that which 

you control.  You still have the atmosphere between your telescope and the objects.  We will 

explore techniques that have been pursued to overcome challenges caused by the atmosphere. 

Location, Location, Location  

For a long time astronomers have built 

their telescopes in locations where the 

atmosphere produces less of a 

challenge.  Criteria for placement 

include: 

¶ High:  High altitudes ς to get 

above much of the 

atmosphere. 

¶ Dry:  Desert climates ς to 

reduce the impact of humidity. 

¶ Remote:  to reduce the impact 

of light pollution from civilization.  

¢Ƙƛǎ ƛǎ ǿƘȅ Ƴŀƴȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŀƴŘ 

most productive observatories are located on 

mountain tops.  Examples would include the 

mountains of Chile, the mountains of Hawaii, 

and even the mountains of West Texas. 

Active Optics  

But location is not all you can do.  You can 

build the mirrors of your telescope so that 

they can be adjusted while in use to 

compensate for changes in the atmosphere.  

This is done by employing computers to 

analyze the images and make quick corrections for disturbances.  This can compensate for 

changes in the mirror due to temperature and barometric pressure changes, changes in the air 
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temperature inside the dome, and even turbulence in the atmosphere.  Changes in dome 

designs, mirror temperature control, and mirror shape control all contribute to better imaging 

from the telescope.  Resolution can be improved to tenths of an arc-second, far better than can 

be obtained without active optics. 

Adaptive Optics  

In an effort to further improve the capabilities of a 

telescope, and to compensate for additional 

disturbances in the atmosphere, astronomers employ 

Adaptive Optics.  Adaptive Optics provides a means to 

adjust the parts of the mirror in real-time.  Using a 

laser, an artificial star is created high in the 

atmosphere.  This artificial star is above most of the 

atmosphere and when changes are noted in the 

appearance of this star, the mirrors can be adjusted to 

compensate.  These changes can be done thousands 

of times per second.  This provides sharper images of 

real stars and other celestial objects.  The lower the 

frequency of the light being observed, the easier it is 

to apply Adaptive Optics.  This is due to smaller affects on Infrared Light in the atmosphere than 

Visible Light.  Also, the lower the frequency, the greater the tolerances for making adjustments.  

  

Figure 95: The Keck II telescope on Mauna 
Kea, Hawaii with Adaptive Optics Laser 

  
Photo by Paul Hirst 
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Figure 96: Hubble Telescope 

 

Component 23  ɀ Space from Space 

The EarthΩǎ ŀǘƳƻǎǇƘŜǊŜ, although very valuable to life on Earth, is a hindrance to most 

astronomy.   Some frequencies are able to penetrate the atmosphere to telescopes on the 

ground, but some cannot.  Visible Light and Radio Waves are not hindered by the atmosphere 

itself, but there are air currents in the atmosphere, light pollution, dust, clouds, birds, and 

humidity that reduce the quality of images taken in the visible part of the spectrum.  

Fortunately, Radio Waves are not impacted. 

To eliminate these problems, all you need to do is eliminate the atmosphere.  The solution is to 

place telescopes in space.  Initially, small telescopes and observatories at many different 

frequencies were placed on satellites.  These were followed by larger and higher resolution 

observatories.    These large observatories are 

often referred to as the Great Space Observatories: 

¶ Spitzer Telescope (Infrared Light)  

¶ Hubble Telescope (Visible Light) 

¶ Chandra X-Ray Telescope 

¶ Compton Gamma Ray Observatory 

¶ James Webb Telescope (Infrared Light) 

In 1946 Lyman Spitzer proposed placing telescopes in space.  The result of his lobbying was the 

launch of the Hubble Space Telescope in 1990.  But there were many observatories before, and 

since, Hubble. 

Visible Light Observatories  

In 1989, the European Space Agency launched the 

Hipparcos Observatory.  The purpose of this observatory 

was to accurately measure the locations of stars.  It was 

followed by the Hubble Telescope in 1990.  Hubble and 

James Webb have yielded an incredible number of images 

of objects and deep space fields.  The Hubble Ultra-Deep 

Field image is roughly the size of a full moon.  The early galaxies visible in the image are 13.2 

billion light-years away.  This means they are the universe as seen roughly 450 million years 

after the Big Bang.  Almost every object in the Hubble Ultra Deep Field image and the James 

Webb Deep Field image is a galaxy or proto-galaxy. 

We put telescopes in 

space to overcome 

problems with looking 

through the atmosphere 
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Figure 97: James Webb Deep Field Image 

 



Astronomy for Mere Mortals ς An Introductory Astronomy Text 
 

84 
 

Component 24  ɀ Seeing Beyond the Visible  

There are many forms of electromagnetic radiation that we are not able to see.  Some we can 

sense (Infrared Light makes us feel warm, Ultraviolet Light causes sunburns and skin cancer), 

some we use (Radio Waves for communications, X-Rays 

to see broken bones), but all of them are travelling 

through the universe with information to share.   To 

άǎŜŜέ ǘƘŜǎŜ ƻǘƘŜǊ ŦƻǊƳǎ ƻŦ ǊŀŘƛŀǘƛƻƴΣ ǿŜ ƴŜŜŘ ǘƻ ǳǎŜ 

special instruments that can detect it and that can 

provide the information they contain in a way that we 

can understand it. 

Radio Observatories    

We construct very large telescopes to detect Radio 

Waves.  The largest single dish radio telescope is the 

FAST (Five-hundred-meter Aperture Spherical 

Telescope) located in China.  It was built using mountains as 

the base and began operation in September 2016.  The 

sensors that detect the radio waves are located at the prime 

focus and are suspended from cables.  Since the telescope 

ŎŀƴΩǘ Ǉƻƛƴǘ ŀǘ ǎǇŜŎƛŦƛŎ ƻōƧŜŎǘǎΣ ǘƘŜ ǎŜƴǎƻǊǎ can be moved 

along the cables to point in slightly different directions. 

 

The largest steerable radio telescope in the world is the 

National Radio Astronomy Observatory in Green Bank, 

WV.  It has a dish that is over 300 feet across and stands 

at a total height of over 450 feet.  The receiver is 

located at the prime focus, but the dish is designed so 

ǘƘŜ ǇǊƛƳŜ ŦƻŎǳǎ ƛǎ ƻŦŦ ǘƻ ǘƘŜ ǎƛŘŜΣ ƻǊ άƻŦŦ-ŀȄƛǎέ ǎƻ ǘƘŜǊŜ 

is no obstruction to the incoming light.   

 

Figure 98: FAST Observatory 

 
Copyright Jeff Dai, 

Used with permission.                   

Figure 100: Green Bank Telescope 

 
Photo by NOAA                   

Figure 99: Off-Axis Optics 

 
Photo by NOAA                   

The largest radio telescope in the 

world, FAST, is located in China 
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Infrared  Observatories  

Infrared and Ultraviolet telescopes are very similar in 

design to Visible Light Telescopes.  The detectors are 

designed to detect light at the different wavelengths.  

Since these frequencies of light do not penetrate 

through the atmosphere very well, these are not 

productive as ground-based telescopes. 

The first large Infrared Telescope is the Spitzer Space 

Telescope.  This telescope was launched in 2003 and 

was placed in EarthΩǎ ƻǊōƛǘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 9ŀǊǘƘ ǘƻ ŜƴŀōƭŜ 

it to be far from the infrared radiation of the Earth. 

The position of the Spitzer Telescope is the red rectangle in the blue orbit in Figure 102 .  Earth 

is the blue dot.  The white dot is Venus, and the red dot is Mars.             

 

Figure 101: Spitzer Telescope 

 

Figure 102: Spitzer Telescope Orbit 
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Figure 104: James Webb Telescope Orbit 

 

The most recent Infrared telescope is the James Webb Space 

Telescope.  It was launched on December 25, 2021. This 

telescope observers near and mid-infrared light.  The mirror 

is gold to better reflect infrared light. 

To increase its sensitivity to infrared light, the telescope is 

located in an orbit around the Earth-Moon L2 Lagrange Point. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ultraviolet  Observatories  

In 1968 the OAO-2 observatory was launched to study the 

stars in ultraviolet.  There was no Great Space Observatory to 

study ultraviolet light from space, but there is an instrument 

on the Hubble Telescope that images in the ultraviolet.  The 

most notable being the Galaxy Evolution Explorer (GALEX) 

launched in 2003. 

 

Figure 105: GALEX Telescope 

 

Figure 103: James Webb Telescope 
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X-Ray Observatories  

The first X-Ray Observatory was launched in 1970 called the 

Uhuru.  The Chandra X-Ray Telescope, one of the Great Space 

Observatories, was launched in 1999.  Unlike telescopes that 

observe in other parts of the electromagnetic spectrum, X-

Ray Telescopes must use nested concentric rings to focus X-

Ray photons because they are so powerful they would fly 

through parabolic dishes.  

 

 

 

 

 

 

 

 

 

 

  

Figure 104: Chandra Telescope 

 

Figure 107: Chandra Telescope Structure 

 

X-Ray Telescopes use nested rings to 

focus the powerful X-Ray photons.  
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Gamma Ray Observatories 

Gamma Rays are very powerful photons.  They 

are so powerful that they cannot be focussed at 

all.  So there are no Gamma Ray Telescopes.  In 

1972 the Second Small Astronomy Satellite 

(SAS-2) was launched to study Gamma Rays.  In 

1991 the Compton Gamma Ray Observatory 

was launched as one of the Great Space 

Observatories.   

 

The mission for the Compton Gamma Ray Observatory ended in 

2000.  It completed an all-sky survey in Gamma Ray frequencies. 

  

  

Figure 08: Compton Gamma Ray Observatory 

 

Figure 109: Moon Image 
(Gamma Rays) 

 

Gamma Rays are so powerful 

that they canõt be focused! 
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Component 25  ɀ Seeing it All  

Different telescopes have taken surveys of the entire sky.  At different frequencies they tell us 

information about different sources of photons.  Without information at all these frequencies, 

we are still in the dark. 

 

 

 

 

 

  

Figure 115: X-Ray All Sky Survey (ROSAT) 

 

Figure 117: Gamma Ray All Sky Survey 
(EGRET) 

 

Figure 111: Ultraviolet All Sky Survey 
(GALEX) 

 

Figure 112: Infrared All Sky Survey 
(WISE) 

 

Figure 110: Radio All Sky Survey 
(PLANCK) 

 

Figure 116: Visible Light All Sky Image 

 

Information at different frequencies:  combined, 

we have a more complete picture of the universe 
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Interferometry uses 

multiple telescopes to 

improve resolution 

Component 26  ɀ Interferometry  

Another technique that will improve the resolution in an image is called Interferometry.  This is 

the combining of signals from multiple telescopes that are taken at the exact same time.  There 

is a difference in the signal that each telescope receives because of the distance between the 

telescopes.  Sometimes the signals are synchronized and sometimes they are not.  When these 

signals are combined the result is constructive and destructive interference that emphasizes 

the signal and enhances the resolution of the objects in the image. 

The improved resolution is equivalent to a telescope 

with a mirror or dish that is the diameter of the 

grouping of telescopes.  This means that radio 

telescopes can attain resolutions similar to those that 

are available in visible light telescopes. 

Timing however is critical.  The shorter the wavelength, the more difficult it is to synchronize 

the telescopes.  Radio Wave Interferometry is the easiest to do.  It can also be done with 

Infrared Light and Visible Light.  Shorter frequencies require coordination and timing that is not 

available today.  

VLA ɀ Very Large Array  

One Radio frequency interferometer is 

called the VLA, the Very Large Array.  It is a 

group of 27 radio telescopes in ŀ ά¸έ 

pattern.  Each telescope is 82 feet in 

diameter and the dishes can be moved to 

positions 22 miles across.    

VLBA ɀ Very Long Baseline Array  

Another even larger configuration of radio telescopes is called the Very Long Baseline Array 

(VLBA).  10 Telescope are located across the Earth and can be configured to a total baseline size 

of 4970 miles. 

Figure 118: VLA in New Mexico 

  
Photo by CGP Grey 
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Figure 119: VLBA World Map 

 
 

Figure 120: VLT Telescopes 

  
Photo by the ESA  

Figure 121: Horsehead 
Nebula 

 
Photo by the ESO  

Interferometry can be done with 

Radio, Infrared and Visible Light 

VLT ɀ Very Large Telescope 

The Very Large Telescope (VLT) array is a group of four 

Visible Light Telescopes located in the mountains of 

Chile.  Each telescope is 8.2 meters in diameter.  By 

using all four telescopes and interferometry, the 

astronomers get a resolution 25 times better than 

when they use a singe telescope.  They are able to see 

objects at magnitude 30.  
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Figure 122: The Hydrogen Atom 

 

Figure 123: The Carbon Atom 

 

Not all photons emitted by 

atoms are Visible Light 

Component 27  ɀ Photons from Electron Energy  States 

Photons are the particles that transmit energy of the electromagnetic force.  But where do 

photons come from?  Photons are created by vibrating charged particles: electrons and 

protons.  Photons of different frequencies come from different sources. 

Electron Energy  States 

Electrons surround the nucleus of atoms.  Different 

atoms have different numbers of electrons.  It is easiest 

to understand how these electrons behave if we start 

with the simplest atom of all, Hydrogen.   

Hydrogen has one electron and one proton.  The 

electron does not orbit the nucleus like a planet orbits 

the sun, but it exists in a shell surrounding the nucleus.   

For comparison, Carbon has 6 protons, 6 neutrons, and 6 

electrons.  The electrons exist in two shells. 

Ground State and Excited States.  When you have more 

electrons you have more shells.  Each of these shells 

represents an energy level.  In an undisturbed atom the 

electrons will be in their lowest energy state, their 

Ground State.   But when photons with just the right 

amount of energy impact the electrons they are 

absorbed and the electron will move to a higher energy 

state, and Excited State.  There is an unlimited number 

of these Excited States.  There is also one ultimate state, 

where the electron is ejected from the atom.  This is called Ionization. 

Photon Emissions.  When an electron drops 

from an Excited State to a lower Excited State or 

to the Ground State it emits a photon.  Each 

photon for every jump by each electron in each 

atom has a unique frequency. 
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Photons returning to the 

Ground State may jump 

Directly to the Ground 

State, or they may Cascade 

through multiple jumps 

Figure 124: The Hydrogen Emission Series 

 

Electrons, on their way back to the Ground State 

may either jump to it directly, or they may 

cascade through multiple jumps.  Each jump can 

be through one or more energy states.  Each 

jump emits a photon.  

Hydrogen Electron Transition Series.  There are 

groupings of the transitions based on the 

destination of the jumps.  These are called 

series, and some of them have specific names. 

¶ Lyman Series ς Jumps ending in the Ground State   (infrared) 

¶ Balmer Series ς Jumps ending in the 1st Excited State  (visible light) 

¶ Paschen Series ς Jumps ending in the 2nd Excited State  (ultraviolet) 

¶ Brackett Series ς Jumps ending in the 3rd Excited State  (ultraviolet) 

¶ Pfund Series ς Jumps ending in the 4th Excited State   (ultraviolet) 

¶ Humphreys Series ς Jumps ending in the 5th Excited State  (ultraviolet) 
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The two that you 

should know by name 

are the Lyman Series 

and the Balmer Series 
Table 6: The Greek Alphabet 

ʰ  - alpha  ˄ - nu 

ʲ ς beta  ˅ - xi 

ʴ ς gamma  ˇ - omicron 

ʵ ς delta  ˉ - pi 

ʶ ς epsilon  ˊ - rho 

ʸ ς zeta  ˋ - sigma 

ʹ ς eta   ˍ - tau 

ʻ ς theta  ˎ - upsilon 

ʽ ς iota   ˒ - phi 

ˁ ς kappa  ˔ - chi 

˂ ς lambda  ˕ - psi 

-˃ mu   ˖ - omega 

Equation 4: The Rydberg Formula 

‗
ρ

Ὑᶻ
ρ
ὲρ

ρ
ὲς

 

 ˂= Wavelength 

R = Rydberg Constant:  1.097 x 107 mī1 

n1 = Final Energy State 

n2 = Initial Energy State 

Example 1: The Rydberg Formula, an Example 

The name of the Series tells you the Final Energy State.  Lyman = 1, Balmer = 2, etc. 

¢ƘŜ DǊŜŜƪ [ŜǘǘŜǊ ǘŜƭƭǎ ȅƻǳ ǘƘŜ Lƴƛǘƛŀƭ 9ƴŜǊƎȅ {ǘŀǘŜΦ  ʰ Ґ {ŜǊƛŜǎ Ҍ мΣ ʲ- Series +2, etc. 

For the Balmer-Delta transition:  N1 = 2  N2 = 6 
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ρ

πȢςτσψzρπ
 

 

‗ τȢρπςzρπ ά τρπȢς ὲά 

 

The concept continues to higher levels as well, but 

they do not have specific names.  

Transition for electrons in the hydrogen atom can be 

calculated.  Since there is only one electron in the 

atom the process is rather simple.  

 

To do this, use the Rydberg Formula. 
 

To use this formula you need to input the two Energy States.  For the Ground State use n = 1.  

For the 1st Excited State use n =2.  For th 2nd Excited State use n=3, etc.  
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Figure 128: Cascade Back to Ground 
State 

 

Figure 125: Hydrogen 1st Excited State 

 

Figure 126: To the 5th Excite State 

 

Figure 127: Direct Back to Ground State 

 

A photon of that wavelength that impacts the hydrogen electron will cause that electron to 

jump from the 1st Excited State to the 5th Excited State.  If the electron then jumps back directly 

to the 1st Excited State, it will emit that same wavelength photon. 
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Figure 129: Black Body Curves 
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Component 28  ɀ Black Body Curves 

In the ideal case, an object with a temperature radiates a continuous spectrum in the shape of a 

black body curve. 

Blackbody Curves  

As the temperature of an object increases, 

the curve changes: 

¶ Total area under the curve; total 

energy emitted increases. 

¶ Peak intensity gets higher. 

¶ Peak frequency gets higher.  

¶ Peak wavelength gets shorter.  
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Equation 5: Converting Between Temperature Scales 

Ὕ Ὕ ςχσ or  Ὕ Ὕ ςχσ 

 

Ὕ
ᶻ

 or Ὕ
ᶻ

σς 

 

 

Astronomers measure 

temperatures in Kelvin 

Temperature  Scales 

In astronomy, temperatures are most often shown in Kelvin (K).  In the United States, 

temperatures are most often shown in degrees Fahrenheit (°F).  Much of the world uses 

degrees Celsius (°C). 

Celsius and Kelvin are the same temperature scale, 

but Kelvin is 273° more than Celsius.  Fahrenheit is a 

bit more complicated. 

 

 

 

 

 

Water freezes at 32° F.  This is equal to 0° C or 273 K. 

Water boils at 212° F.  This is equal to 100° C or 373 K. 

Absolute zero, the point where all motion stops, is 0 K.  This is equal to -273° C or -459° F. 

Hydrogen fusion occurs at 10 million° C.  This is equal to 10,000,273 K or 18,000,032° F. 
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Figure 130: Continuous Spectrum 

 

Figure 131: An Emission Spectrum 

 

Figure 132: An Absorption Spectrum 

 

Kirchhoffõs Laws define the 

type of spectrum we see 

Component 29  ɀ Kirch hoffȭÓ ,Á×Ó 

Gustav Kirchhoff noticed that there was a relationship to spectra observed and their path to us.  

He summarized his findings in KirchhƻŦŦΩǎ [ŀǿǎ Governing the Formation of Spectra.  His laws 

state: 

1. First Law:  A hot solid, liquid, or dense gas will emit a Continuous Spectrum.  

2. Second Law:  A low density gas will emit light in a spectrum that has bright lines that are 

specific to the elements and molecules in that gas.  These are Emission Lines. 

3. Third Law:  A Continuous Spectrum that travels through a cool thin gas will have dark 

lines that are specific to the elements and molecules in that gas.  These are Absorption 

Lines. 

The application of this to astronomy is that we can learn information about the source and the 

history of light from distant objects by 

examining their spectra. 
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Figure 134: Blackbody Curve with Absorption Lines 

 
Drawing by Nick84 

Figure 133: What We See 

 

The observer on the left would see an Absorption Spectrum because the dust in the cloud 

would remove specific frequencies from the light reaching the Earth.  The observer at the 

bottom would see some of those frequencies reemitted in their direction as bright lines of an 

Emission Spectrum.  The observer on the right would see the continuous spectrum of the star 

because there is no intervening gas and dust cloud. 

When we examine spectra seen on Earth some 

of the frequencies are absorbed by the 

atmosphere.  The yellow in the drawing 

represents the spectrum of the Sun as it is 

emitted from the Sun ōŜŦƻǊŜ ƛǘ ŜƴǘŜǊǎ ǘƘŜ 9ŀǊǘƘΩǎ 

atmosphere.  The red in the drawing represents 

ǘƘŜ ǎǇŜŎǘǊǳƳ ŀǎ ǎŜŜƴ ǘƘǊƻǳƎƘ ǘƘŜ 9ŀǊǘƘΩǎ 

atmosphere.  The black line represents the ideal 

blackbody curve for an object the same 

temperature as the sun.  This represents the 

image as seen by the observer on the left in the 

drawing above.  
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The Emission Spectra 

for Molecules is More 

Complex than for Atoms 

Figure 136: Atomic Hydrogen vs. Molecular Hydrogen Spectra 

 

Figure 135: 21-Centimeter Radiation 

 

Component 30  ɀ More Energy  States 

As was noted previously, many bright lines seen in spectra come from photons emitted when 

an electron drops from an excited state to a lower level.  But there are many more events 

which can cause a photon to be emitted. 

Atoms 

Electron energy state changes can generate photons that 

are infrared, visible light, and ultraviolet.  When you have 

more than one electron, you get bright lines from each of 

the electrons and there is an effect from other electrons in 

the atom.  So unlike the Rydberg Formula that is useful for 

calculating the emission lines for hydrogen, a similar formula does not exist for other elements. 

There is an additional form of radiation that is emitted when an electron that is excited with a 

spin that matches the proton in the hydrogen atom returns to ground state.  It is called 21-

Centimeter Radiation.  This is part of the Radio Spectrum. 

Molecules 

When you have atoms combined to form molecules 

there are more emission lines than you would 

expect from the atoms individually.  The spectrum 

for molecules is more complex than for atoms. 
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Figure 137: Molecular Rotation 

 

 

Figure 138: Molecular Vibration 

 

Molecules emit photons when:  

¶ their vibration state returns to the ground state 

¶ their rotation state returns to the ground state 

¶ the rotation direction for their electron returns to the 

ground state 

 

Molecules also have preferred states for their rotation 

and vibration.  When they are excited and return to the 

ground state they emit a photon.  A change to a lower 

energy state in Rotation will emit a photon in the Radio 

part of the spectrum.  A change to a lower energy state in 

Vibration will emit a photon in the Infrared part of the 

spectrum.   
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Figure 139: True Motion 

 

Figure 140: Doppler Effect 

 

Component 31  ɀ The Doppler Effect  

There are times when astronomers look at lines in spectra, and they are not at the frequency 

that they should be.  Sometimes they are moved toward the red end of the spectrum, and 

sometimes they are moved towards the blue end.  This is due to radial motion of the object 

being observed. 

Radial Motion  

Radial Motion is the movement 

of an object towards or away 

from the observer.  It is one 

part of True Motion.  The other 

component of True Motion is 

Transverse Motion.  We can 

measure Transverse Motion by 

taking images at two different 

times and measuring the 

movement of the star over the 

time between the images. 

Doppler Effect 
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Equation 6: Doppler Effect Calculation 

ὙὩὧὩίίὭέὲ ὠὩὰέὧὭὸώ
ὃὴὴὥὶὩὲὸ ὡὥὺὩὰὩὲὫὸὬ ὃὧὸόὥὰ ὡὥὺὩὰὩὲὫὸὬ ὧz

ὃὧὸόὥὰ ὡὥὺὩὰὩὲὫὸὬ
 

 

Recession Velocity = how the object is moving away from you. 

Actual Wavelength = the wavelength that the object should be displaying. 

Apparent Wavelength = the wavelength that the object appears to have. 

C = the speed of light. 

The Doppler Effect is a change in 

frequency due to radial motion.  It lets 

us calculate an objectõs radial velocity. 

As a spacecraft is moving, the light from the stars in front of the ship appears to be shifted 

toward the blue end of the spectrum (blueshift).  This is because as each crest arrives at the 

spacecraft the spacecraft has moved a little closer towards the star.  The crests arrive faster 

than they should.  They are closer together, the frequency is higher, and appears to have 

moved in the blue direction.  

Light from the stars behind 

the ship appears to be shifted 

toward the red end of the 

spectrum (redshift).  This is 

because as each crest arrives 

at the spacecraft the 

spacecraft has moved a little 

further away from the star.  The crests arrive slower than they should.  They are further apart, 

the frequency is lower, and appears to have moved in the red direction. 

This is the same effect we hear with sound waves.  Police sirens, train whistles, and other noises 

change from a higher frequency as the object is approaching to a lower frequency after the 

object has passed.  We use the Doppler Effect in our daily lives when the Police use radar 

detectors to measure our speed, and when the weathermen measure the motion of raindrops 

in a thunderstorm.  

We use a common line in the spectra with a known wavelength, such as the Balmer Series 

Hydrogen-Alpha:  656.3 nm.  We measure the apparent wavelength from the lines that appear 

in spectra. 

We can then combine this radial velocity with the transverse velocity that we can measure from 

ƛƳŀƎŜǎ ŀƴŘ ǿŜ Ŏŀƴ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƻōƧŜŎǘΩǎ ǘǊǳŜ ƳƻǘƛƻƴΦ 
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Figure 141: Light from a Rotating Star 

 

Component 32  ɀ The Language of Light 

There are many things that we can learn about an object by studying its spectrum.  This is a 

summary of the things we can measure and what they tell us. 

Peak Frequency ς the Temperature of the object. 

By determining the peak frequency of the light emitted from an object we can tell its surface 

temperature.  Some stars are so hot that their peak temperature is not in the visible part of the 

spectrum; it is in the ultraviolet. 

Doppler Shift ς the Recession Velocity of the object. 

A change in the frequency of known lines in the spectrum tells us the recession velocity of the 

ƻōƧŜŎǘΦ  ¢Ƙƛǎ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǳǎŜŦǳƭ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ IǳōōƭŜΩǎ [ŀǿ for distant galaxies.  

Presence of Lines ς the Composition of the object. 

Every element has a unique signature; a unique set of lines.  By deciphering those lines it is 

possible to identify individual elements and molecules present in the object or an intervening 

dust cloud.  These lines may be present outside of the visible part of the spectrum.  They could 

be radio, infrared, visible, or ultraviolet. 

Width of the Lines ς Rotation, Temperature, 

Turbulence, Magnetic Field.  

Lines have different widths depending on the 

environment where they were born.  Many different 

factors have an impact on line width.  If an object is 

rotating, one side of the object will be red-shifted.  The 

other side will be blue-shifted.  These effects from across 

the disk of the object combine to create broader lines 

centered on the frequency of the line.  Higher 

temperatures cause the atoms and molecules to move 

faster.  If they are moving away from the observer when 

they emit their photons then the light will be red-shifted.  

Otherwise they will be blue-shifted.  The combination of all these photons will yield a broader 

line.  Turbulence works the same way.  Magnetic fields have the effect of creating multiple lines 

for each transition.  Often these lines are so close together that they appear as broader lines. 
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Component 33  ɀ How Far is That? 

Measuring the distance to an object is an important part of astronomy.  Depending on how far 

away the object is, different techniques are needed to measure the distance.  On Earth, we can 

use a tape measure to determine a distance, but sometimes the distances are still too great to 

measure them manually.  When this is the case, there are technological solutions we can use.  

There are also many different techniques for measuring astronomical distances.   

The Distance Tools  

We will discuss 7 different techniques used to measure astronomical distances.   

 

Inside the Solar System 

Table 7 shows the distances that are measurable 

by each of the techniques we will discuss.  Inside 

the solar system we measure distances in AUs.  

The Oort Cloud, in the most distant reaches of 

the solar system, is at a distance of roughly a 

light-year.  This means that Radar and Stellar 

Parallax will meet our needs.  

Table 7: Measuring Astronomical Distances 

Technique Minimum Distance Maximum Distance 

Radar 0 10 AU 

Stellar Parallax 0 660 light-years 

Spectroscopic Parallax 0 66,000 light-years 

Cepheid Variable Stars 100 light-years 10 million light-years 

Tully-Fisher Relation 1 million light-years 1 billion light-years 

Type Ia Supernovae 1 million light-years 3.3 billion light-years 

Hubble's Law 660 million light-years (no upper limit) 

 

Equation 7: Measuring Distance with Velocity 

Velocity: 

ὠὩὰέὧὭὸώὈὭίὸὥὲὧὩὝzὭάὩ 

Distance: 

ὈὭίὸὥὲὧὩ
ὠὩὰέὧὭὸώ

ὝὭάὩ
 

Velocity is the Speed of Light 
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Radar.  Radar transmits 

radio waves in the direction 

of an object.  They bounce 

off that object and return in 

our direction.  Since we 

know that radio waves 

travel at the speed of light, 

we can calculate the 

distance based on how long 

it takes the signal to return.  

In astronomy, radar will 

work for distances out to 

about ten AU.  This would 

be a circle centered on the 

Earth reaching to Saturn.  

Mercury, Venus, Mars, and 

sometimes Jupiter are 

within the circle and we 

would are able to measure 

their distances from Earth.  
    

 

Stellar Parallax.  Stellar Parallax is based on a 

technique that we use on Earth to measure long                                                                                      

distances in surveying:  Triangulation.  

Triangulation and Stellar Parallax use trigonometry 

to measure the distance to a far object based on a 

measured baseline distance and a measured angle. 

      

           
 

                                      

 

Figure 142: Using Radar in the Solar System 

 

Figure 143: Triangulation 

 












































































































































































































































































































































































































































































































































































































































































































































































