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Figure 1: The Orion Constellation 
– (Image courtesy of Akira Fujii, 
NASA, STSci) 

The Sky: 

·  .Naked Eye Stars: "naked eye" = without a telescope ~ 6000 stars 

·  ~ 88 Constellations:    mesopotamia- >
1
2

 latin& modern  - <
1
2

 

In the past these were taken very seriously! 

Astrology!! (In fact, an influential astronomer named 

Kepler made astrological readings for the paying 

nobility of his research. He also devised astrological 

musical harmonics for each of the known six 

wandering stars.) 

All around the world cultures (ancient and new) have celebrated heroes, gods, and mythical beasts by 

naming groups and patterns of stars, which we call constellations. 

Constellations 

A constellation is a grouping of stars that are found in the same 

region of the visual nighttime sky that are connected together to form 

a figure. What stars are grouped together and what figure they related 

too depended deeply upon the culture and mythological stories that 

where developed to describe the stars – many different cultures (i.e. 

Greek, Roman, Eurasian, Native American, Norse) had very different 

descriptions of the sky and “constellations,” however, a few very 

bright groupings of stars tended to repeat (i.e. Orion – Figure 1) even 

if the names and figures the stars represented where different. 

Constellations are often composed of stars that are in the same 
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general direction in the sky but are not physically related, usually being significantly different distances from 

Earth. In modern times, there are 88 officially designated regions in the sky that are defined as 

constellations.  

Zodiacal Constellations:  

Sun's Path across the sky during the year: The Sun is observed to 

apparently move eastward in a complete circle around the sky day after 

day throughout the year. The path the Sun follows intersects with 12 

constellations (13 in some cultures). These constellations held special 

meaning to early civilizations and became what is now known as the 

Zodiac (Figure 2). 

Joe Trivia Note!! Your own "sign" is determined by how the sky looked 2000 years ago!! 

NOT the way it looked when you where actually born!! The astrological sky has been 

“frozen” since the Babylonian era. Constellations drift with respect to the Sun and time of 

year, thus it was annoying astrologers that certain zodiacal signs would not always occur 

during specific times of year. Your actual zodiacal sign, where the Sun was located in the 

sky on your birth date, is actually about one to one and a half signs backward. For 

instance, an astrologer would say I’m an Aquarius, while the Sun was actually in Capricorn 

when I was born. Move one sign backwards in the current modern calendar year. 

 

 

 

 

 

 

 

 

Figure 2: The 12 Mythological Zodiacal Constellations. Hey? What is 
your sign, baby? 
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Asterisms 

In addition to the official constellations, the sky also contains a 

number of less formally defined pop-culture star groupings called 

asterisms. Like constellations, the stars appear to be in the same region 

of the sky while they may in fact be at vastly varying distances from 

Earthly observers. For, example stars in Big Dipper (and therefore also 

Ursa Major) range in distances from 68 to 210 light-years (Figure 3).  

"Ursa Major" = Constellation   

"Big Dipper" = Asterism 

 

Modern View of Constellations: Accidental Alignments: 

Caution: When looking at a constellation's star pattern, it is tempting to conclude that you 

are seeing a group of stars that are all relatively close to each other. In fact, most of these 

stars are nowhere near each other! Stars are at varying distances and are moving in 

varied directions!! Constellations are temporary and will distort in about 105 years.) 

·  Historical & Cultural Value!!  

·  What's your sign?   

·  1-800-psychic!! 
 

Joe Astronomy: Some night during the semester find a dark patch of night sky. Spend a 

few hours just looking up at the stars. I am sure you will be amazed at what you see even 

in as little as two hours. This was the MTV and cable TV of the ancient world. There was 

always something new to see and some thought new to explore about the night sky. 

 

 

 

Figure 3: The image contains 
the constellation called “Ursa 
Major” while the marked area 
contains the modern asterism 
“The Big Dipper.” (Image 
courtesy of Akira Fujii, NASA, 
& STSci) 
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Brightness of Stars 

Hipparchus (190-120 B.C.) of Nicaea, Bithynia (now the modern city of Iznik, Turkey) is 

considered one of the greatest natural astronomers of antiquity. He studied and 

mathematically modeled the positions of the Sun & Moon, described ideas on how to predict 

solar and lunar eclipses, used trigonometric mathematical principles to described 

astronomical events, and very importantly compiled a comprehensive star catalog in which he described 

not only stellar positions but developed a method of stellar brightness. 

"Magnitude Scale"  

Hipparchus developed a magnitude class system of star brightness around 150 B.C. He put what he 

observed to be the brightest stars into the 1st class magnitude, the next brightest into 2nd class, then 3rd, 

and so on in order of decreasing brightness. He actually missed a few stars that where brighter than his 1st 

magnitude class! This created a magnitude scale problem that we still work around today. Astronomers, 

mathematicians, and modern measuring devices have quantified the magnitude scale since its creation, but 

there are a few simple ways to understand it. 

·   The smaller the magnitude the brighter! (Negative too!)  

·  The larger the magnitude the dimmer! 

·  Apparent Visual Magnitudes - "apparent" brightness – The brightness of an object (star) as it 

appears in the sky. Apparent Magnitude is affected by distance, so a nearby relatively dim star my 

appear much brighter in the sky than a much more distant star that is in reality a very hot and big 

star with a much larger intrinsic brightness. Therefore, we need…. 

·  Absolute Magnitude - intrinsic "real" brightness of the star. 
 

1 mag   =  2.512 times in brightness. 

2 mag diff. = 2.512́2.512 times in brightness. 

3 mag diff. = 2.512́2.512́2.512 times in brightness. 

4 mag diff.  = 2.512́2.512́2.512́2.512 times in brightness. 

5 mag diff. = (2.512)5 = 100 times in brightness. 
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"There is a time…..TURN,TURN,TURN!!" 

Stars: How they move - practical everyday experience. These are observations of the stars that were 

for centuries made with only the naked eye and great patience. We will start with what may seem the 

obvious, but often does lead to a few surprises. 

·  Daily (Nightly) - Stars rise in the "East" and set in the "West." 

·  Why??? Earth's rotation is "West" to "East" (Eastward) 

·  Annually (Yearly) - some seasonal, some always, some never (for us)  

 

 

 

 

 

 

 

 

 

Diurnal Motion 

·  Daily progress of the Sun & stars across the sky.  

·  Why??? Revolution of Earth about the Sun!! 
 

"The Days of Our Lives!" (or) "One Day at a Time!" 

·  Sidereal Day: Earth makes one complete rotation (Figure 5) 

·  Solar Day: Time between noon one day, and noon he next! (How different?)  

Apparent Solar Day > Sidereal Day by about 4 minutes 

·  Variations do occur because 

o Earth's orbit is elliptical 

o Earth's Axis of Rotation is tilted on its axis! 

Figure 4: The observer’s latitude on the surface of the Earth will determine the stars that are 
"always," "seasonal," or "never" visible. For a person in the northern hemisphere (like us) there 
will be some stars and constellations when we look into the northern nighttime sky that we can 
observe all year long night after night. If we look more toward the eastern, western, and 
southern nighttime sky the stars and constellations will change during the seasons as the year 
progresses. If we try to look too much toward the southern sky, the Earth itself gets in the way 
and we can not see the stars beyond it even though they are there in the sky . 

always 

seasonal 

never 

always 

seasonal 

never 
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Celestial "Seasons" Sphere:  

Earthly coordinates in Space. 

When looking for objects in the sky (i.e. stars, moon, & planets) it is useful to use a coordinate system 

that many people have experience using. Astronomers often expand the directions that we are used to 

using (N,S,E,W) into the heavens and imagine them attached to a ficticious sphere surrounding the Earth. 

This sphere is called the “Celestial Sphere” and we mark special events, dates, and objects  on it, while 

Figure 5: The position of the Sun, Earth, and Moon lead to the technical difference between a solar 
and sidereal day. 
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realizing that this is just a first step in finding our way around the nighttime sky. Reference maps on the sky! 

- A simple extension of Earth's coordinate structure out into the heavens. To the Ancients: We were inside 

a hollow sphere centered on us. We know better, but for directions it is very useful. 

Ecliptic 

The ecliptic is the apparent motional path the Sun follows across the sky during the year. As the Sun 

traces out this path in relation to Earthly observers and stars in the heavens, the path closely follows the 

Zodiacal Constellations and the motions of the planets in the sky throughout the course of the year. 

 

 

 

 

 

 

 

 

 

 

 

Cycles of the Sky:  

There are many repeating cycles that can be traced out as time progresses across the celestial sphere. 

Seasons on Earth (or most any planet) are caused by the tilt of the planet’s rotational axis. The angle of the 

tilt determines the angle that the Sun’s warming rays hit the surface of the planet and the variation of any 

seasonal changes that might occur because of it. For instance, around the month of June for people living 

in the northern hemisphere the Sun’s rays more directly hit that region of the Earth and we call it “summer” 

with the Sun high in the sky while at the same time for people living in the southern hemisphere, the Sun is 

low in the sky and the rays do not hit very directly and it is “winter.”   

Figure 6: The Celestial Seasons Diagram: The tilt and position of the Earth about the Sun determine which hemisphere of the 
Earth is experiencing a particular season. Notice the person at position (1) looks more to the horizon, thus lower in the sky to 
find the sun – WINTER! The person viewing from (3) looks nearly straight up in the sky to find the Sun – SUMMER! If we 
follow the position of the Sun across the sky (the dashed line around the Earth at position (1)) we will slowly mark out the 
ecliptic path of the Sun and begin to create the Celestial Sphere. 
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Sun moves around the "celestial sphere," through stars along the ecliptic. Why? Because the Earth 

orbits the Sun!! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Seasons:  

Why? Earth's axis is tilted! Without the tilt (23.5o with respect to ecliptic) the "celestial equator” equals 

the ecliptic! Sun would always be over the Earth's equator (no seasons!) With tilt, the sun goes above and 

below the equator (Tropics of Cancer and Capricorn) � Seasons! 

 

Figure 7: The celestial sphere is a projection of earthly coordinates onto the heavenly sky. The 
celestial equator and the cardinal points are projected onto the sky in relation to the Earth's tilt with 
respect to the Earth's orbit about the sun (23.5o). The ecliptic shows the path of the sun across the 
celestial sphere during the year. 

North Circumpole  
(N. Celestial Pole) 

(3) Summer  
Solstice  
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(4) Autumnal 
Equinox  
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Equinox  

(March 21) 

23.5o  
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Caution: It is a common misconception that the Earth is closer to the Sun in the summer 

and farther away in the winter. In fact, the Earth is closer to the Sun in January, when it is 

winter in the northern hemisphere, and farthest away in July!! And this is only true for those 

of us living on the Earth’s northern hemisphere. 

 

 

 

 

 

 

 

 

Length of Day & Night  

(December in Salisbury) 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: The observer's sky during certain positions of the Earth about the Sun. On the 
summer solstice the Sun's path is highest above the celestial equator. On the winter solstice 
the Sun is lowest below the celestial equator. 

(3) Path of Sun at Summer Solstice (1) Path of Sun at Winter 
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Figure 9: The length of an observer's day will depend in the season the observer is 
experiencing and the observer's latitude. For example, an observer near the northpole 
in the diagram will experience 24 hours of darkness while at the south pole 24 hours of 
daylight. 
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What is a "day" really? 

·    Equator:  ( )Day N alwight ays=  

·  ' ''   (Salisbury)   (Winter)DaN y Night<38 2153�  

·  North Pole (0° to 23.5° from pole) all night! 

·  ' ''     (Summer)DayS Night>38 2153�  

·  South Pole (all day!) 
 

At an "Equinox" 

Sun is directly above equator (ecliptic and CEQ cross) and there is "equal day and night" for everyone! 

 

Precession  

There is a long term complication when 

describing cycles in the sky! Cycles themselves also 

have cycles that repeat. The Earth’s rotational axis 

wobbles like a spinning top, thus the orientation and 

direction the axis points in the sky is continuously 

changing (Figure 10). This slow wobble of the Earth’s 

rotation is caused by the slow combined gravitational 

changes caused by the Sun and Moon. Precession 

produces a list of complications and small fixes that 

need to be realized when describing the cycles in the 

sky as time goes on. A complete precessional cycle is 

nearly 26,000 years (a complete wobble), Earth's axis 

remains at 23.5° while precessing. Consequences! 

 

 

Figure 10: The 
Earth's axis of 
rotation precesses, 
that is it wobbles 
around in a circular 
pattern like a 
spinning top wobbles 
as it spins. 
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·  Pole Star is temporary! (Polaris now, Vega in about 

13,000 years.)  

·  Seasons Drift!! What? The seasons shift through 

calendar over time! (Remember how astrologers froze 

the sky 2000 years ago?! They didn’t want to deal with 

long term complications.) 

·  Orbital Sidereal Year - one complete orbit around the 

Sun  (365d,6h,9m,10s)   

·  Tropical Year (Year of Seasons) - time between one 

vernal equinox and the next vernal equinox. 

(365d,5h,48m,46s) 

·  RESULT:  13,000 orbits = 13000.5 seasonal cycles! 
 

 

NOTE! Speaking of which! When did the "new" millennium start? 2001? 2000? Or how 

about around 1995? 1996? Little known trivia! The currently adopted Gregorian Calendar 

is a hodgepodge of fixed, changed, and altered fudged timing! Gregorian Monks trying to 

correct for leap years, leap seconds, etc… attempted to "fix" the calendar system a few 

centuries ago. Depending on which calendar cultural history you investigate, changes and 

fixes have created anywhere from a couple weeks to years of difference. For example, if 

you where alive in 1582, you went to bed on the evening of Thursday, October 4th and 

woke up the next morning and it was Friday, October 15th (10 days vanished from the 

calendar!).  Riots occurred in Britain during another such adoption of calendar changes 

(more days vanished, one day it is Sept. 2, 1752, the next was Sept. 14) because people 

realized they where being “taxed” and charged rent for “missing days.” Workers protested 

with chants of “give us our 11 days!” Hey! Not to mention, what about other calendars? 

Hindu, Chinese? Tibetian? All have many different years associated with them. 

 

Figure 11: Currently (2008 
AD), the “north star” is a star 
named Polaris. As the Earth’s 
axis precesses there will be no 
“north star.” In about one-half a 
precess cycle, the nearest star 
to the direction of the Earth’s 
rotational axis will be Vega (the 
“north star” at that time – 
15,008 AD). 
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The Moon's Phases & Tides 

As the moon moves around the Earth, a ground based observer will see the moon to proceed through 

a cycle of phases. It seems to change from a crescent to full and back again. The phase looks different 

from one day to the next because the observer sees different regions of the moon’s sunlit surface as the 

moon orbits the Earth. The observed appearance of the sunlit moon’s surface is known as the phase. 

There are some general guidelines when naming the phase that you observe (Figure 12). 

Naming Phases:  

As view from Earth!! 

·  Crescent �  when less than 1/2 of face is bright. 

·  Gibbous �  when more than 1/2 of face is bright. 

·  Waxing �  when amount bright is growing. 

·  Waning �  when amount bright is shrinking. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Note: The Moon rises in the East about 51 minutes later each day!! 

Sunlight 

Sunlight 

(3) First Quarter 

(7) Third Quarter 

(8) Waning 
Crescent 

Earth 

The general locations 
and orientations for the 
phases of the moon. 

Earth spins on its 
axis in the same 
direction as the 

(1) New  Moon (5)  Full Moon 

(6) Waning 
Gibbous 

(4) Waxing 
Gibbous 

(2) Waxing 
Crescent 

Figure 12: The Lunar Phase Diagram. When the moon is between the Sun and Earth, the surface receiving 
direct sunlight is turned away from the Earth and all we can try to observe is darkened. Astronomers call this 
darkened view a new moon phase. The moon's position about the Earth in relation to the sun determine how 
much of the lit portion of the moon the observer on the Earth is able to view (Figure 14). 
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The Rising and Setting Moon!  

(What does "rise" mean? What does "set" mean?) 

   Rises  Sets  Let's Practice a few!!! How about…. 

·  New  Sunrise  Sunset 

·  1st Qtr.  Noon  Midnight 

·  Full  Sunset  Sunrise 

·  3rd Qtr.  Midnight Noon 
 

 

Two Different Lunar Periods: 

·  Sidereal Lunar Period: One complete orbit around the Earth. Just one complete trip around to the 

same beginning location. Moon's Sidereal Period is 27.3 days. 

·  Synodic Lunar Period: Time between one full (new) moon until the next full (new) moon. 

"Moonth." Why??? Earth is also revolving around the Sun! We need to get the same orientation to 

get successive like moon phases. Synodic period is 29.5 days. (The month – see Figure 15). 

 

(1) New 
Moon  

Figure 14: The naming on the moon's phases. 

(2) Waxing 
Crescent

(3) 1st 
Quarter  

(4) Waxing 
Gibbous

(5) Full  
 

(6) Waning 
Gibbous

(7) 3rd 
Quarter  

(8) Waning 
Crescent
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 EarthShine 

Leonardo DaVinci ~ 500 years ago. We can actually view a small amount of glow from the shaded 

portion of the moon. Sunlight manages to reflect off of the Earth and its atmosphere towards the moon. The 

light then bounces from the moon back to the Earth where we see a dimly lit shadowed portion of the moon 

not in direct sunlight. 

 

 

 

 

 

 

 

Figure 16: Earthshine is simply the reflection of sunlight off of the Earth’s atmosphere 
towards the moon that also reflects off the moon back towards the Earth. This gives 
observers on Earth the ability to slightly see the darkly shaded portion of the moon’s 
surface. Without the reflected light for Earthshine, the moon’s darkened side would be 
completely dark with no hint of “glow.”  The image to the right shows a composite picture 
of the sunlit surface of the moon and the earthshine portion that we see because of the 
reflected light. 

 

Figure 15: The different orientations for the solar synodic and sidereal 
periods. There is a difference between a simple orbital period (sidereal) 
and the time between the same phase (synodic). 

Sidereal  
Period 

Moon 

Sun 

Synodic  
Period 


