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 Okay.  Today we’re going to be continuing our discussion of ancient astronomy, 

what people knew thousands of years ago and what they didn’t know.  And one of the first 

things I want to mention today is that although we use the decimal system pretty much in 

a standard way today, that wasn’t in use thousands of years ago.  Many different groups 

of people had different ways of counting.  Some people may have used a number system 

based on 10, others used number systems based on 12 or 20 or 60.  There were lots of 

different number systems.  And for that reason, we have kind of inherited some of those 

different number systems. 

 If you look at your watch or your clock, you will notice that there are 24 hours.  If we 

were working on a decimal system, there should be 10 hours in a day.  But there aren’t; 

there are 24.  So somebody was using a system based on 24 or actually 12.  There was 

thought to be 12 hours during the day, 12 hours at night.  And so we have 24 hours.  Each 

of those hours is broken up into 60 minutes.  If we were using the decimal system, each 

hour should be broken up into 10 minutes or 100 minutes but not 60.  And so somebody 

was using 60s instead of 10s or 100s.  The minute is broken up into 60 seconds.  So it 

wasn’t just an arbitrary choice to use 60 minutes in an hour.  It was something that was 

specifically decided.  Sixty seconds in a minute, 60 minutes in an hour. 

 Now, why 60?  What would you choose 60?  Sixty is actually divisible by many 

numbers.  If you want to divide it by 30 or 15 or 10 or 12, you can divide it evenly by all 

those different numbers.  And so it was a convenient unit.  And so the ancient peoples 

decided that 60 was a good number and so they divided the hour into 60 minutes and the 

minute into 60 seconds.  Whether it’s on purpose or just accidently, it turns out that one 

second is probably a convenient unit because it’s approximately one heartbeat.  Your 
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normal pulse is probably around 60 beats per minute.  And so it could be that the second 

was chosen, the length of time of one second was chosen as a heartbeat.  So a natural 

unit of measuring time worked out.  And so you have 60 minutes, 60 beats per minute, 

and then they just use 60 minutes per hour and then divided the day up into 24 hours.  So 

that’s definitely not a decimal system.  It’s a different system. 

 We also have the same problem with angles in the sky.  There are 360 degrees 

around the sky or around a circle.  If we were using a decimal system, we would have 100 

degrees around a circle — but we don’t.  We have 360.  And so that system is based on 

the 60s again because 6 times 60 is 360.  And so that worked out very nicely.  Each 

degree around the sky, each of the 360 degrees itself is broken up into 60 parts.  So a 

degree is 60 minutes of arc.  Notice the time.  There are 60 minutes in an hour, but in 

angle measurement there are 60 minutes of angle in one degree.  They used the same 

word for different measurements.  That can be confusing, but try not to get too confused 

about it. 

 If you have 60 minutes of angle in one degree, you can also divide that 60 minutes 

for each minute into 60 seconds.  So there are 60 seconds of angle in one minute of angle.  

There are 60 minutes of angle in one degree.  And there are 360 degrees all the way 

around the sky. 

 Now, you might wonder, “Well, why did they choose 360 and 60 minutes for each 

degree?”  I don’t know.  The sun in the sky actually covers about half a degree, so I don’t 

think it was the sun.  Although historically some astronomers a long time ago thought the 

sun covered about one degree of sky, so they may have originally thought that they were 

measuring the size of the sun and using that as their unit of degree.  But it turns out that 
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the sun only covers half a degree.  So if they were assuming that, they made a mistake by 

a factor of two. 

 The moon also covers about half a degree of sky.  So if you’re trying to visualize 

how much is one degree a round the sky, it’s twice the size of the sun up in the sky or twice 

the size of the moon.  One minute of angle is really the minimum you could possibly see 

with the naked eye.  If you were looking at something up in the sky, you might be able to 

see detail down to about one minute.  If you were looking at the moon and you saw the 

shadowing on the moon -- the face on the moon or some people see a little bunny rabbit in 

the shadowing — the detail you can see with the naked eye is just about one minute of 

angle.  You can’t see any smaller than that. 

 Interestingly, even though the telescope wasn’t invented until the 1600s, one 

second of angle, one 60th of a minute, one second of angle is about the greatest detail you 

can see through a modern telescope.  So if you’re looking through a large, modern 

telescope and you’re trying to see little bits of detail in what you’re staring at, you can see 

detail down to about one second of angle.  So it’s still a convenient unit in a way.  It’s like 

the unit for one second of time is a heartbeat — that’s a convenient unit.  The convenient 

unit for telescopes is one second of arc.  That’s the detail you can see.  For the naked eye, 

it’s one minute of arc or angle and the sun and moon cover about half a degree.  So if 

you’re trying to get a feeling for how large they are, that’s one way to do it. 

 Okay.  Here is a drawing of a happy student learning about angles.  And I want to 

point out there is a very big difference between measuring angles and measuring 

distances.  When you’re looking up at the sky, you measure an angular separation 

between stars.  So we always talk about two stars being 10 degrees apart or 30 degrees 
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apart.  We never talk about them being a certain distance apart.  They may be a certain 

distance apart.  We may know from other measurements that two stars are 30 light years 

apart.  That’s an actual linear distance between them.  But when we’re looking at the sky 

at night, we don’t know how far apart those stars really are in linear distance.  All we know 

is their angular separation. 

 So you see on this drawing — you could have stars at different distances from us 

or from each other but they would have the same angular separation from each other.  So 

keep in mind that when we’re looking at the sky, we don’t know how far away things are.  

We don’t know how far away they are from each other.  All we know is the angular 

separation between objects.  And that’s how we describe most objects in the sky, as 

having a particular position in the sky, a particular angle from something else.  And 

sometimes we’ll pick a standard place in the sky and then we’ll say, “This star is 30 

degrees away from that standard position,” or “This object is 20 degrees away from this 

other standard position.” 

 Now, some of the standard positions  we can use?  The north celestial pole.  That’s 

a particular place in the sky that stays the same.  So if I wanted to measure the position of 

an object, I could say it was 30 degrees from the north celestial pole.  Actually, what we 

usually do is we define  the celestial equator which is 90 degrees from the north celestial 

pole in any direction.  So if the north celestial pole is up there, the celestial equator is 90 

degrees away from it and it’s a circle around the sky. 

 So I can say that a star is 30 degrees from the north celestial pole or I could say it’s 

60 degrees from the celestial equator.  That’s equivalent.  Because the north celestial 

pole and the equator are 90 degrees apart.  So as long as I define how I’m measuring my 
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angles, I can measure the angle from either one.  Astronomers tend to measure the 

angles from the equator more than from the pole.  So if we say that a certain star is at a 

certain position, we will say it’s a certain number of degrees away from the celestial 

equator either north or south.  Because there is a south celestial pole also.  So objects in 

the southern hemisphere would be south of the celestial equator, objects north of the 

celestial equator would be in the northern hemisphere. 

 So angular measure has nothing to do with actual distance or separation of objects 

in distance.  It’s strictly the angle.  And keep in mind there are 360 degrees all the way 

around the sky.  If you’re looking from one horizon to the next across the sky, you are 

seeing 180 degrees of sky.  That’s as much as you can see.  You see half the sky at any 

particular time, 180 degrees from one horizon to the other.  Ninety degrees from overhead, 

your zenith, down to the horizon, all the way around.  Understand?  Okay. 

 Now, I’m going to talk about some ancient astronomers — we call them 

astronomers.  Back when they were actually working they were probably considered 

philosophers or mathematicians.  But since we’re only going to discuss the astronomy 

that they learned, we’ll call them astronomers. 

 The first astronomer I want to mention — and you know he’s not an astronomer; 

he’s more a mathematician — is Pythagoras.  You’ve probably run across the name 

Pythagoras with the Pythagorean Theorem.  You run into that in algebra.  Well, 

Pythagoras was a mathematician.  But he was more than that.  He was a philosopher, he 

was a scientist, he was a musician, he did many different things.  But he always brought 

everything back to mathematics and to geometry.  And so when he began studying the 

universe, the sky, he noted right away that the sun was round.  Now, you’ve probably 
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noted that yourself.  He also noted that the moon was round.  Sometimes it looks like a 

crescent but sometimes it’s full.  And even when it looks like a crescent, sometimes you 

can see the non-lit side a little bit because the earth actually reflects light onto the moon.  

And so you can see a very thin outline of the moon showing that it’s always round. So he 

noted that the sun was round and that the moon was round. 

 He then decided that the earth was probably round.  Even though he couldn’t see 

the earth because he’s on it, he decided it was not flat; it was round.  Why?  Well, he had 

no proof but it was just his logical feeling, his logical reasoning, that if the sun is round and 

the moon is round the earth should be round.  Also the sphere, a round sphere, is a 

perfect geometrical shape.  And Greeks were very much into geometry.  And having the 

earth as a perfect sphere just seemed right. 

 And so here we have a round earth which Pythagoras pushed.  He taught all of his 

students that the earth should be round and that they should believe that, and they did.  

So the Pythagorean school which he was the head of took it on faith that the earth was 

round.  They had no proof for it.  They just believed that it made sense. 

 Now, within the next couple of hundred years, people actually began to prove that 

the earth was round.  You first start out with an idea and then, of course, you have to 

prove it, right?  If it’s gonna be scientific, you have to have some way to back it up.  So we 

start out with Pythagoras around 550 B.C., if you want to know about when he lived, and 

he was talking about a spherical earth and moon, and then he figured out how the phases 

of the moon occur.  It may be obvious to you or it may not be.  How do the phases of the 

moon occur?  The phases of the moon occur because the sun is shining on the moon. 

 Now, I’m gonna do a little demonstration here so I’m gonna have to turn the lights 
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out.  This is going to be the sun.  I don’t have a real sun in here so this will be the sun.  

Everybody see the sun shining on the wall?  Here’s the earth lit up by the sun.  Notice that 

only this side of the earth is lit up.  Notice that its shadow is round.  No matter which way 

I move the earth, ignoring the bar that’s around it, the shadow stays round.  That will be 

important in a minute. 

 This is the moon.  It’s also round.  It also has a round shadow.  When you see the 

moon over here — now, you’re looking at it from the perspective of somebody outside the 

solar system or maybe from Mars or somewhere else.  But imagine you’re on the earth.  If 

you look at the moon in this position, you don’t see it.  The reason you don’t see it is it’s 

daytime -- because you’d have to be on this side of the earth — and it’s in the direction of 

the sun.  If you look at the moon in this position, you see that the moon is half lit up as 

seen from the earth.  Because now the earth is over here, the moon is back this way.  If 

you’re looking at the moon from the earth, you will see it half lit up.  Can you see that? 

 As the moon moves around the earth and gets over to this position, now you can 

only see it from the night side of the earth.  You’re over on the day side.  You can’t see the 

moon.  You have to be on the night side of the earth and you see all of the moon lit up.  

Because the side that’s toward the earth is the side that’s lit up.  So as the moon goes 

around the earth, you start out with not being able to see the moon at all.  We call that new 

moon, or although technically it should be called no moon.  Then as the moon starts to go 

around the earth in its orbit, from the earth you would see partially lit up moon.  We see 

that as a crescent phase. 

 Then as it gets farther around, you see half of the moon lit up.  Remember, you’re 

on the earth looking at the moon so you see it half lit up.  We call that quarter moon.  I 
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know it’s inconsistent.  But when we get over to here, we don’t call that half moon.  This is 

quarter, this is full.  If we were being consistent, we should call this half moon instead of 

quarter and this full or we should call this quarter and this half.  But we don’t.  We see a 

fully lit moon here even though only half of it is lit.  It’s the side toward us.  And over here 

we call it quarter moon.  

 So you have to remember these different phases.  Start out with new moon, 

crescent moon, quarter moon.  Now, what’s the phase between quarter moon and full 

moon?  That’s when about three-fourths of it looks lit up.  We call that gibbous.  It’s not a 

word you use every day.  In fact, it’s only used with the moon mostly.  So it’s a gibbous 

moon when more than half of it seems to be lit up, but it’s not quite full yet.  So the moon 

is going around the earth in orbit and we see the different phases of the moon, depending 

upon where it is in that orbit.  It takes the moon about a month to go around and so this 

cycle of the phases is a month.  Start out with full moon, go around to new moon — that’s 

about two weeks, two more weeks and we’re out to full moon again.  Is that clear? 

 Notice I’ve fudged a little bit.  I don’t have the distances right here.  The sun would 

actually be in the next lecture hall.  Because the sun is quite far away from us.  And so 

even though the earth and moon seem to be fairly close together — and they’re actually 

farther apart than I’ve put them — the sun would be very far away.  So my scale here is 

not quite correct.  But the general idea is correct as to how the moon goes around the 

earth and so you see different phases. 

 Notice that when the moon is new or crescent or quarter phase, you can see it just 

as well during the daytime as you can at night.  If you know where to look in the sky, you 

can see the moon during the day.  But when the moon gets over near full, if you’re on the 
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daytime side, you’re not really going to see it because it’s on the other side of the earth.  

And so you’re more likely to see the moon at night if you’re on the night side of the earth 

when it’s near full moon.  Most people notice the moon when it’s near full because it’s up 

at night and it’s fairly bright.  Most of it’s lit up.  And so that’s why people think that most of 

the time the moon is up at night and the sun is up during the day.  But half the month the 

moon is actually on the same side of the sky as the sun. 

 Okay.  One other thing that was not discovered by Pythagoras but actually came 

up a little bit later was as this moon goes around the earth, you notice that its shadow is 

falling on the earth here.  Everybody see the shadow of the moon on the earth?  From the 

earth, that would be an eclipse of the sun.  The sun is being blocked by the moon as it 

goes around in front of the earth.  There’s another situation.  The moon goes around near 

full and instead of going like this, it goes through the earth’s shadow.  Notice it’s no longer 

lit up.  Look at it on the wall.  Here’s the moon, it goes into the earth’s shadow, and you no 

longer see it lit up.  That would be an eclipse of the moon.  So we do have situations 

where the moon can go between the earth and sun and we get an eclipse of the sun -- 

someplace on the earth suddenly becomes dark -- and other situations near full moon 

when the moon could go right into the shadow of the earth and then back out.  This 

understanding of what causes eclipses came within 100 years after Pythagoras decided 

that the earth was round and figured out how the phases worked. 

 Now, you might think as the moon go around the earth we should have an eclipse 

every month.  I’ve got the moon going like this and it goes in front of the sun.  Later on it 

goes into the shadow of the earth.  But, as I said, we don’t have the scale right here.  The 

sun should be very far away.  The moon should be much farther from the earth than I have 
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it here.  And so it’s very easy for the shadows to miss because things are actually much 

farther apart than I’m showing.  And so the actual situation is not quite so simple. 

 Here we have a drawing showing the phases of the moon as I’ve just shown you.  

Start out at new moon, which is labeled as Day Zero, and then we go around to Day 2 or 

3 and then up to Day 7.  Notice the quarter moon is about seven days after new moon.  

That may be one of the reasons why our weeks are 7 days long.  Why did the ancients 

decide to make a week 7 days?  Maybe it was a quarter of the phases of the moon.  

Another way to break up the time into manageable units. 

 And so we have first quarter and then gibbous, full moon, then back to gibbous 

which means between full and half lit up, then third quarter — notice there’s no second 

quarter.  There’s a first quarter and a third quarter because second quarter is really full 

moon.  So the terms are inconsistent but that’s the way they’re used.  And then finally to 

the final crescent phase and then back to new moon.  Now, that makes it look as it we  

should have an eclipse every month.  But this drawing will help to explain why we don’t — 

I hope. 

 This shows the entire process with the sun and the moon and the earth.  And you’ll 

notice that over on the lower left — lower right it says, “Favorable for eclipse.”  That’s 

because the moon’s orbit is tilted a little bit with respect to the earth’s orbit.  And so only 

when the tilts line up do we have the possibility of the moon and the earth shadows also 

lining up so that they hit each of the objects.  Three months later when you’re over here in 

the upper right, it’s unfavorable for eclipses because the moon’s orbit is still tilted the 

same way but now the direction to the sun is different.  And so what you have are the 

shadows missing, going below the earth or below the moon, and then three months after 
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that you’re now halfway around the earth’s orbit.  The orbit tilt lines up again and again 

you have favorable for eclipses.  So essentially every six months you have a favorable 

condition as far as the position of the moon’s orbit, with respect to the earth’s orbit for 

eclipses to occur. 

 In order to understand why this is occurring this way, you’d have to have some 

understanding of what’s going on.  Over 2000 years ago when the Greeks were trying to 

understand eclipses, they didn’t believe that the earth moved.  They believed that the 

moon went around the earth but they also believed that the sun went around the earth.  

So it was not obvious to them why these eclipses were only occurring about every six 

months.  When we look at this drawing, we can show you a consistent explanation of why 

the eclipses occur.  But for the Greeks, it was a mystery because they really did not 

understand how the earth went around the sun and how the moon’s orbit was tilted with 

respect to the earth’s orbit.  They were trying to work out some motion of the sun around 

the earth and motion of the moon around the earth so that every once in awhile they just 

kind of lined up and you got an eclipse.  Whereas if you look at it this way, it seems fairly 

logical that you’re going to get eclipses about every six months. 

 When we have a favorable condition for eclipses, we often refer to that as eclipse 

season.  So if you’re going to have an eclipse, that’s when it’s going to occur.  You don’t 

necessarily have an eclipse every time you have an eclipse season because the moon 

has to be new at a particular date in order for its shadow to fall directly on the earth, and 

the moon has to be full at a specific date in order for it to go through the earth’s shadow.  

Well, if the phase of the moon is wrong, if the moon is at quarter phase when it’s at a 

position favorable for eclipses, you won’t get an eclipse because the moon is not in the 
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right position.  And so you may have a favorable condition for eclipses every six months 

but you may not get an eclipse every six months. 

 Usually we get a couple of eclipses per year.  We may get one lunar eclipse at one 

favorable condition.  We may get one solar eclipse at another favorable condition.  So we 

do get a couple of eclipses every year.  Some years we get several, other years we may 

only get one.  It just varies, depends on exactly where the moon is as the earth is going 

around the sun.  And since they’re not all lined up neatly, it varies from one year to the 

next. 

 Now, if we look at this eclipse in detail — look at the top picture — you see that the 

moon has a shadow that is cone shaped.  Now, the picture is again not to scale because 

the sun is actually much farther away from the earth and moon than we show here, but the 

sun is much larger than the moon and so it causes the shadow of the moon to be cone 

shaped.  As a result of that, the shadow of the moon just barely reaches the earth.  In fact, 

sometimes it doesn’t quite reach the earth.  And so you might have a perfect condition for 

an eclipse -- the moon goes directly between the earth and sun -- but it’s shadow doesn’t 

quite reach the earth and so you don’t have a total eclipse.  You might have a partial 

eclipse.  You see some of the sun go away.  But not the entire sun. 

 When you have an eclipse of the moon, the earth’s shadow is also conically 

shaped but the earth’s shadow is definitely bigger than the moon.  And so whenever the 

moon goes directly into the earth’s shadow, you will get a total eclipse.  But there are 

situations where the moon might only go through the edge of the earth’s shadow.  In that 

case, you get a partial eclipse of the moon.  So you can have total eclipses of the sun, 

partial eclipses of the sun, total eclipses of the moon or partial eclipses of the moon.  It just 



ASTRO 114 Lecture 5 13 

depends on how accurately the moon goes through the earth’s shadow or how well it’s 

positioned for its shadow to fall on the earth.  So sometimes we get good eclipses, 

sometimes we get not so good eclipses. 

 Here’s an example showing the solar eclipse when the moon is fairly close to the 

earth — in the top picture.  You see that the shadow reaches the earth and as the moon 

moves around in its orbit, the shadow sweeps across the earth.  So the moon is actually 

moving and its shadow hits the earth on one side and then sweeps across the earth hour 

by hour.  So an eclipse like this might last most of the day because the moon is moving in 

its orbit, the shadow is moving across the earth.  On that particular picture you see that 

the eclipse went across South America and the Pacific Ocean.  If you were wanting to see 

this eclipse, you would have to go to South America in order to see it.  If you stayed up in 

the United States, you would miss the eclipse completely. 

 Because that eclipse of the sun only occurs at a specific place on the earth.  And 

it’s a fairly small place.  The width of that dark line across the earth is usually 50 miles 

across or less.  And so if you want to see an eclipse of the sun, you have to find out where 

it’s going to occur and then you have to go to that place at that particular time, hope that 

the weather is good, and then you have a chance to see it.  If you stay in one place, if you 

were to stay in Springfield, Missouri, waiting for an eclipse, you might get old waiting.  

Even though eclipses are occurring every six months or every year, they are not 

necessarily occurring in the middle of the United States. 

 The next eclipse here is about 20 years from now.  So if you’re waiting for a solar 

eclipse here, it’s going to be a long wait.  Whereas there might be a nice eclipse 

somewhere else — South America, Africa, Europe, someplace else — within the next 
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year or two.  And so solar eclipses are difficult to see because they only occur at a small 

place on the earth. 

 A lunar — well, before I get to lunar eclipses, notice in the lower picture the moon 

happens to be a little farther from the earth.  Its shadow doesn’t quite reach the earth and 

so you get nowhere where there’s a total eclipse.  You can go down to South America and 

see a partial eclipse.  In other words, you would see part of the sun being blocked but at 

no time would it get dark.  At no time would the entire sun disappear from the sky behind 

the moon.  So if you were going to spend money and travel to an eclipse, make sure it’s a 

total eclipse and not a partial eclipse.  

 And, actually, there are tours to eclipses.  Every year or two you will see 

advertisements for cruise ships going to the Eastern Pacific or the Eastern Atlantic or 

some other place where an eclipse is occurring.  Because it may not be convenient from 

land but a lot of the eclipses go across oceans and a ship can move itself into position 

right where the eclipse is going to occur.  So if you’re interested in taking a tour, you want 

to spend a week on a ship sailing around the Atlantic or Pacific, you could have the 

excuse that you were going to see an eclipse. 

 The eclipse only lasts a few minutes.  In fact, the longest possibly eclipse only lasts 

7 minutes.  You’re only under that shadow for 7 minutes.  So you may spend an entire 

week on a cruise ship to see a 7 -minute eclipse.  But it would still be worth it because the 

entire sky gets dark right in the middle of the day and you can see stars coming out, you 

can see planets in the sky, and so many people consider it a great opportunity.  And so 

they do travel all around the earth just to see these eclipses. 

 Now, as far as eclipses of the moon, I would not bother to travel somewhere just to 
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see an eclipse of the moon.  And the reason is, if you look at this drawing which shows 

you several possible eclipses, notice that in the lower part of this picture you see the 

moon only going through the edge of the earth’s shadow.  And so the moon starts out as 

full, pretty bright, and then it gets harshly dark — it becomes dimmer — and then only 

when it gets right to the middle of the eclipse does part of it actually go black.  That’s not a 

very good eclipse.  It might be interesting.  But when you want to see a good lunar eclipse, 

you want to have the moon go through the upper part of the drawing where it goes right 

through the center of the earth’s shadow.  And so the entire moon goes black during the 

middle of the eclipse. 

 Notice that anyone on the night side of the earth can see that eclipse.  The eclipse 

does not only occur for a small portion of the earth the way a solar eclipse occurs.  

Anybody on the night side of the earth can see that eclipse.  So if you’re figuring your odds 

of seeing the next lunar eclipse, it’s pretty much 50 percent.  You’re either gonna be on 

the day side of the earth and you’re going to miss it or you’re gonna be on the night side of 

the earth and you’re gonna get to see it.  So if you’re waiting around in Springfield, 

Missouri, for a lunar eclipse, your chances are much better.  We tend to have a lunar 

eclipse every few years.  And so if you’ve never seen a lunar eclipse and you want to see 

one, your wait would only be at most a few years.  You might miss one eclipse because 

we’re on the daytime side of the earth at that moment when the eclipse occurs, but there’s 

a 50 percent chance you’ll be on the night side.  And so you have a pretty good shot at it. 

 Also lunar eclipses are much more leisurely than solar eclipses.  I mentioned that 

that solar eclipse occurs in 7 minutes and it’s over.  It takes the moon hours to go through 

the earth’s shadow.  Since the earth’s shadow is much larger than the moon, the moon 
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goes into the shadow — that takes about an hour.  It goes across the shadow — that 

takes a couple more hours.  And then it comes out of the shadow and that takes another 

hour.  So if you’re watching a lunar eclipse, you can come outside, take a look at it, go 

back in the house, come out a little while later, see the next part of it.  There’s no rush.  It 

takes all evening or part of the night for the eclipse to occur.  Solar eclipses — 7 minutes 

or less; lunar eclipses — several hours.  Solar eclipses — in one particular place on the 

earth maybe once every 100 years; lunar eclipses — every couple of years you’ll get to 

see one at any place on the earth. 

 Okay.  That’s all for today.  Continue this tomorrow. 

 


