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 Today we’re gonna be talking about more than just astronomy.  We’re gonna be 

discussing science in general.  Now, I’ve already mentioned to you we are gonna be 

talking about other sciences and so I thought I’d review that. 

 Although this course is Astronomy, we do have some physics that we need to learn 

about.  The reason you need to learn about physics is that astronomers use light to learn 

most of what we know about the universe.  And so physicists study light specifically.  And 

so when astronomers are using light, we have to understand what light does and how it 

works.  And so we’ll be learning a little bit of the physics of light. 

 We’ll also be learning a little of the physics of gravitation because planets go in 

orbits around the sun because of gravity.  And so we have to know a bit about gravitation.  

So you’ll be learning a little bit about physics as we’re learning about the astronomy. 

 In addition, we have some geology to learn about.  Why would we be learning 

about geology in an astronomy class?  Because we’re studying other planets.  If you’re 

looking at the moon, looking at its surface, you’re looking at Mars and its surface, you’re 

really doing geology.  You’re studying the rocks, you’re studying the structure of the 

surface.  Astronomers that do planetary work are usually referred to as planetary 

geologists.  They’re not even called astronomers quite often.  So we have planetary 

geology. 

 There is even a section of studying the sun that is getting into a geological area of 

sizemology.  You’ve probably heard of sizemology: studying vibrations in the earth, 

learning about earthquakes and such.  There is a group of astronomers that are now 

studying the sun, studying what they call astro-sizemology.  So geology is even getting 

mixed into star work. So we’re getting things a bit twisted up, you might think, but 
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what we’re really doing is just broadening our horizons. 

 In addition to that, we need to learn some chemistry.  Why would you want to learn 

some chemistry?  We have to know what the universe is made of.  When I talk to you 

about the sun and tell you that it’s made mostly out of hydrogen, helium, and a little bit of 

everything else, we’re discussing chemistry.  We’re talking about the elements. When we 

talk about clouds in space that have molecules in them, right away we’re discussing 

chemistry.  We’re discussing the molecules of chemistry.  And so we’ll be learning a little 

bit about chemistry.  Not an awful lot, but a little bit about each of these subjects. 

 Now, you might wonder about biology.  We have studied Mars a little bit.  We think 

we have found the possibility that there is life or was life on Mars.  Your textbook mentions 

a rock that was found in Antarctica that apparently came from Mars.  And in that rock they 

found some very small things that looked like fossils.  And so if the rock did come from 

Mars and if there are fossils in the rock, there’s a possibility that there was life on Mars.  

And so we have to worry a little bit about biology. 

 Now, you might think that we wouldn’t worry much about biology if we’ve only 

found the possibility of fossils on Mars, that that would be it.  But NASA considers the 

study of biology very important along with the study of astronomy.  And I wanted to show 

you what NASA is doing these days but I can’t do it.  I’ll show it this way.  This is a sheet 

describing the Astro-biology Institute of NASA.  Astro-biology Institute.  We haven’t found 

much biology elsewhere but NASA is preparing for it.  They actually have an institute.  

There’s an International Journal of Astro-Biology.  I’m not quite sure what they’re going to 

be publishing in it, but there’s already an International Journal of Astro-Biology.   So 

when we talk about combining astronomy with other sciences, even biology is being 
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combined. 

 Now, of course, the last thing on this list you would kind of expect to be part of 

astronomy and that is mathematics.  As the author of your text says, and many other texts 

say, mathematics is the language of science.  Whenever you’re studying any of these 

sciences, you do have to know some mathematics.  Because there are many 

mathematical relationships in all of these sciences and so we use those in order to 

understand the science completely. 

 So we’re going to be studying astronomy but we’re also going to be studying some 

physics, some geology, some chemistry, some biology, and we’re going to have a little bit 

of mathematics mixed in with those.  Try not to panic. 

 Most of what I want to talk about today is science in general.  Without being very 

specific about which science we’re discussing, I want to talk about the scientific method.  

I’m sure you’ve all heard of it.  It’s kind of a buzzword that gets used in most high school 

science classes.  But what is the scientific method?  It’s a specific way of looking at the 

universe.  It’s a specific way of learning something. 

 Now, what we have with the scientific method is, first of all, we observe something.  

We see something happening.  Once we have observed it, we then decide to look at it in 

more detail to try to find out what’s going on.  And so once you’ve made observations, you 

then try to analyze them.  And so you begin to look at those observations in detail to try to 

make sense out of them.  Once you’ve analyzed them, you come up with an idea as to 

what is going on.  The idea is called a hypothesis.  You’re not sure exactly what is going 

on.  You’ve seen something happen, you’ve looked at it carefully, and you come up with a 

hypothesis as to what’s going on.  You might say your hypothesis is your best guess.  It’s 
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an idea.  Your hypothesis as to what’s going on could be very different from somebody 

else’s because it is a best guess and other people may have other guesses. 

 Once you’ve figured out a guess, you then go into more detail on that guess.  You 

fill in some of the blanks in your guess to see if it makes sense as a model.  A model is a 

guess that seems to be working a bit.  It seems to give you a framework for describing 

what’s going on.  If you have that model for quite a while and you test it many times and it 

seems to work, you can then start to claim that that model is a theory.  Instead of just 

having a model, you have a more sophisticated thing which we call a theory. 

 So a theory is a model that has been proven over and over again.  It’s not 

something that you just invented.  The hypothesis is what you invented, your best guess.  

You then worked on that hypothesis and it seems to be making sense, and so it becomes 

a model.  Once the model has been tested over and over again and seems to work, then 

refer to it as a theory. 

 So if you hear somebody say, “Ah, I’ve got a theory about that,” no, they really 

have a hypothesis.  The theory is a much more detailed, much more proven kind of thing.  

And so the scientific method is starting at observations, going to analysis, then to a best 

guess, then to a model, and then to a theory. 

 There’s one thing about theories that are important, though — that is important.  

Theories have to lead to predictions.  In other words, your theory is to what is going on 

has to allow you to predict something to test the theory.  A perfect example is discussing 

whether the earth goes around the sun or the sun goes around the earth.  Thousands of 

years ago astronomers assumed that the sun went around the earth and they also 

assumed that all the planets went around the earth. 
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 Now, what did they have for observations?  They had the motions of those 

wanderers in the sky which they called planets.  They seemed to move around the sky.  

And so they analyzed those observations to try to make sense of it.  And they noticed that 

the planets seemed to go along a line.  They looked like they were going around us.  That 

was the impression they got.  And so they came up with a hypothesis that the earth was 

the center of the universe and everything went around it.  Seems logical, seems to follow 

the observations.  

 They then built a model — at least some of the astronomers thousands of years 

ago built models — to describe how planets went around the earth, how the sun went 

around the earth.  And that model seemed to work pretty well.  They were able to mimic 

the motion of the planets around the earth.  And so after a while that model became a 

theory.  And, in fact, many people thought it was a fact. 

 Some people confused a theory with a fact.  It’s so well known, it’s so well 

understood that you think it has to be right.  But you should keep in mind that a theory is 

never proven beyond all doubt.  Any theory can still be shown to be wrong at some point 

because it has to make those predictions.  It has to say something about what’s going on 

in the universe. 

 Now, if you have this theory that everything is going around the earth, then you 

have to make predictions.  You would have to be able to explain that if you see Mars over 

here on one particular year, that several years later you’re going to see Mars over 

somewhere else in the sky.  You have your model and your theory as to how it’s all going 

to move so you make a prediction.  Mars is here today.  Three years from now it will be 

over there.  Three years from now, if you look and Mars is over where you predicted it, you 
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like your theory.  It seems to work well. 

 Well, thousands of years ago astronomers did come up with this theory that 

everything went around the earth and they were able to predict the positions of planets 

using that theory.  That theory was in use for fifteen hundred years and it worked very well.  

It didn’t work perfectly; it worked very well.  In other words, sometimes the positions of the 

planets were a little bit off.  But it was pretty good.  And so most people just continued to 

use it. 

 But if it’s not perfect, there’s always the opportunity for somebody else to come up 

with a different hypothesis.  Maybe one you haven’t thought about.  One such as the earth 

goes around the sun.  Sounds crazy.  Everybody’s been using everything going around 

the earth for fifteen hundred years, but somebody comes up with the idea, a new 

hypothesis, that maybe the earth is actually going around the sun. 

 And so he then builds a model to describe how that would work, looks at it and 

starts to fill in the details, and says, “Hey, yeah.  It works pretty well.”  And so after a while, 

after studying the model and doing calculations and seeing that it works well, comes up 

with an alternate theory.  An alternate theory as to what’s happening in the heavens.  

Everything is not going around the earth; now the earth is going around the sun and all 

those other planets are also going around the sun.  A completely different theory.   

 But that theory has to be tested also.  And so that theory has to make predictions.  

You make predictions using this new theory and it works.  You predict that Mars is over 

here during a certain time.  Several years later it’s now over somewhere else.  Exactly 

where you predicted it would be. 

 Now you have a problem.  You have two theories, both of which seem to work.  
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What’re you going to do?  Frankly, you can sometimes have a problem.  Sometimes you 

can explain the same observations with two completely different theories.  The only thing 

you can do is to keep making observations, keep making predictions, predict where 

everything should be at certain times and compare the two theories.  See which one 

works the best.  And if you’re lucky, you may make just the right observation.  One theory 

may actually fit those observations, the other theory may not fit the observations.  

Suddenly you have a difference in the prediction.  

 You had two theories that looked pretty good.  They were both doing the same 

thing until you made the critical observation that showed that one theory actually gave you 

a better answer than the other one.  It is then necessary to say that the theory that gave 

you the better answer is the better theory.  It may not be what you might think of as the 

correct theory,  but it is a better theory. 

 Sometimes you may have to go through four or five or six different theories before 

you come out with one that fits all the observations all the time.  So the scientific process 

never ends.  It continues on.  You make observations, you compare it with your theory.  

From your theory you make new predictions.  You compare those with the observations.  

And after a while you settle on one particular theory because it seems to work most of the 

time or all the time.  Whenever it only works most of the time, you will have theoreticians 

trying to come up with new theories. 

 And so when Greek astronomers were originally suggesting that everything went 

around the earth and that theory seemed to work — everybody was happy — but it didn’t 

work perfectly.  There seemed to be some discrepancies.  And so Copernicus came up 

with a new theory that everything went around the sun.  He modeled it, he did the 
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calculations, he made the predictions, and it worked.  And so then he had to choose 

between the two theories. 

 Sometimes it’s even possible to choose between the two theories when they give 

you the same answers.  You have two separate theories that both predict the same things 

and essentially give you the same answers, there is still a way of separating them.  

Sometimes we just say, “Choose the simplest theory.”  If you’ve got one theory that’s very 

complicated and has a whole bunch of parts to it, and you have the other one that’s only 

got a couple of parts, and they give you the same answers, the simpler theory is the better 

choice.  Nature does not need to be more complicated than necessary. 

 And so if you have two theories that give you the same answers, but one is much 

more strangely put together, you would want to choose the simpler theory.  And actually 

that’s how Copernicus decided that his idea that everything went around the sun was 

better than the older Greek theory that said everything went around the earth.  He got the 

same answers that the Greek theory did as far as predictions.  He really could not tell the 

difference with the predictions.  The only difference was his theory was a bit simpler.  It 

had fewer steps.  It had fewer assumptions.  And so for that reason he decided it’s 

probably right — or better.  Shouldn’t say it was right; it was just better. 

 Now, you might wonder how many theories you can come up with — you know, 

would start to look the same after a while.  There were actually three theories as to how 

the heavens moved.  I’ve mentioned one, everything going around the earth.  I mentioned 

the second one, the one we believe today, everything goes around the sun.  But there 

was actually a third theory.  It was sort of a combination of those two.  It was all the planets 

go around the sun except the earth.  The sun went around the earth and all the other 
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planets went around the sun.  Now, there’s a combination of the two.  That was never 

seriously accepted by many people.  It was figured it was either everything going around 

the sun or everything going around the earth.  Trying to  mix the two just didn’t seem to 

make a lot of sense.  But that theory was out for a while.  And so you can come up with 

third, fourth, fifth theory if you want to.  But in the end it has to be able to predict what’s 

going on and you have to compare it with your observations.  If the predictions are not 

very good, the theory is not very good. 

 Now, what are these observations?  The observations are your evidence.  Without 

evidence you do not have science.  You might have an opinion, you might have a belief, 

but you do not have science unless you have evidence to back it up.  A lot of people 

believe in UFOs.  I believe in UFOs.  Now, you might say, “Oooh, he believes in UFOs.”  

Yeah, I believe because I know what the three letters mean: Unidentified Flying Ob ject.  

That’s all that means.  UFO means Unidentified Flying Objects.  I’m sure there are lots of 

Unidentified Flying Objects up in the sky.  Now, whether I believe the UFOs 

are .extraterrestrials flying to earth, that’s a totally different story.  No, I don’t necessarily 

believe that.  I believe there are UFOs, Unidentified Flying Objects, but they may be 

secret military planes or something else that’s going on that could be explained.  But 

when people see them, they’re unidentified.  But what you consider that unidentified 

object is something else.  If you want to believe that they are extraterrestrials, that they 

have come from some other star system and they are checking us out, then you’d better 

show me some evidence. 

 And I know people who believe that there are extraterrestrials watching us have 

tried to show evidence.  They have jittery pictures of UFOs going through the sky and they 



ASTRONOMY  114 Lecture 2 10 

could be disks somebody threw up in the air, for what you can see on the pictures.  

Sometimes we’ve actually been able to figure out how it was faked.  Somebody threw a 

frisbee and then took a picture of it from the distance.  Looks like a UFO going through the 

sky.  Sometimes it’s just a cloud lit up by the sun near the horizon.  Sometimes you see a 

flat cloud that looks like a disk.  So if you’re not aware of what you’re looking at, you might 

think it’s actually a flying machine out there, something in the distance. 

 The planet Venus is famous for being mistaken as a UFO.  When the planet Venus 

shows up early in the morning before dawn, sometimes it so bright above the horizon 

people think there’s a plane coming in or some sort of an object there.  Pilots in aircraft 

have actually chased the planet Venus, thinking they were chasing a UFO.  And so you 

can explain many of those sightings without resorting to extraterrestrials.  If you want to 

believe it’s an extraterrestrial, then you have to have some evidence that it’s an 

extraterrestrial.  And you need concrete evidence, not just a little picture of a blurry, round 

object moving along.  We want to see a piece of the spacecraft.  We want to see one of 

the occupants of the spacecraft.  Now, I’ve seen some pictures that look like occupants of 

spacecraft but they’re always kind of strange pictures, too.  You never see the real object.  

Just a picture of something that looks like E.T.  Well, we know E.T. is a movie that was 

made in Hollywood.  And so they can make those pictures in Hollywood, too, or 

somewhere else. 

 And if you’re going to have a theory or a hypothesis as to what’s going on when 

you see these things moving through the sky, you’ve got to have lots of evidence.  

Evidence quite often is not just pictures but actual measurements.  Now, if we get down to 

more mundane things, talking about evidence of the planets going around the sun, we 
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make measurements of how the planets move as they go across the sky.  We measure 

very accurately how those planets move from day to day, week to week, month to month.  

And then we draw what that motion looks like and try to figure out whether it’s going 

around the sun or going around the earth. 

 So evidence quite often is measurements.  And those measurements have to be 

made carefully.  Usually when a particular theory is being tested and predictions are being 

made, many different scientists will make the measurements.  We don’t trust just one 

scientist, have him go out and do all the measurements, because he might make a 

mistake.  So you might have ten or twelve different scientists working on the same 

problem and they make those measurements independently and then they compare them.  

If they all three — each one made the measurements independently and they all came up 

right, then you can say, “Okay.  That theory had good predictions that fit the observations 

and the measurements were made by many people and they agree.” 

 But you can make mistakes.  There’s always an error in any measurement.  In your 

text there’s this drawing which shows one measurement.  If I make one measurement of 

where an object is — let’s say I’m trying to measure the  position of the planet Mars.  If I 

only make one measurement, then all I have is one number.  My little light is not working.  

One number.  I don’t know how accurate that number is.  That’s my position.  If I make 

three measurements of the position of that planet, then I see that I’m not so good.  I 

measured it three times and I got three different positions of it. 

 But I now know that I’m not doing things perfectly.  And if I were to guess where the 

object really was with those three measurements, I would probably pick somewhere near 

that plus sign there.  Because it’s sort of between them.  And if you were trying to guess 
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where the actual position was, that’d be pretty much what you’d do. 

 And so you want to make measurements more than once.  In the bottom two 

frames here you can see that after a bunch of measurements, I’m beginning to hone in on 

the actual position.  And I realize that some of my measurements are worse than others.  

A whole bunch of them are within a certain distance of what I think the actual position is, 

but there are always a couple that seem to be farther away.  So sometimes you make a 

bigger error than others.  And the more measurements you make, the better things get.  

After making thirty measurements, I’m pretty confident that the position that I’m really 

looking for is at the plus sign.  Because I’m hitting all around it and I can see what my error 

is on any one measurement, but I’m pretty confident that I’m getting close. 

 So any time you make measurements you want to make more than one.  You want 

to determine what kind of error you’re getting and repeat measurements help you to 

understand how much of an error you have.  And when you’ve got plenty of 

measurements you can start to believe the numbers.  

 When astronomers make measurements in the positions of planets, they don’t 

make one measurement; they make many.  There’s a slight complication in that the planet 

keeps moving.  So as you’re making the measurements, the actual planet is changing its 

position.  And so instead of having a dot you might have a line.  The planet is moving 

along this line and I’ve got a bunch of dots all around the line, but you still get a pretty 

good measurement of where the planet was at any particular time along the line. 

 When you’re making these kinds of measurements, after you’ve made many of 

them, you have an idea of how accurate your measurements are.  We talk about the 

standard error of the measurement.  That means every time you make the measurement 
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there’s a little bit of a difference in the result you got.  It’s the uncertainty of knowing the 

correct value.  And so whenever you make a measurement of a position, let’s say, you 

would give the standard error of that measurement or essentially you’re saying how 

accurate you think it is. 

 Accuracy is how close you believe it is to the real value the planet is at some 

particular position.  Your measurement of it may only be approximately right and so you 

have the accuracy given by your uncertainty in your measurements.  And so if you tell 

somebody, “I made a measurement of the position of the planet and it is accurate to this 

event, this value,” then they are not going to worry that you made only one measurement 

and you may be way off.  You’ve actually measured the accuracy of your value and it’s 

more believable. 

 Now, sometimes people confuse the term precision with the term accuracy.  They 

are different.  Accuracy is how close you are to the real value.  Precision is how well 

you’re able to repeat your measurements.  Now, I’ll give you an example that will make 

you understand the difference.  Let’s say I was trying to measure the length of this podium, 

from here to here.  I take a meter stick and I put it up on the podium and I measure it.  And 

it comes out — mmmm, you know — seventy millimeters — or seventy centimeters.  I tell 

you it’s seventy centimeters.  If I put the ruler down — I put it back up and I measure it 

again and I get seventy-one centimeters.  I put it down and I measure it again and I get 

sixty-nine centimeters.  I’m pretty crude.  I’m getting within a centimeter but it’s not exact. 

 And so if I did this measurement ten times and you averaged all the values, you 

might come out with about seventy centimeters.  And so you might say, “Okay.  This 

podium is about seventy centimeters across.”  And you might believe that it was pretty 
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accurate.  It’s only accurate if everything else is under control.  My precision is maybe one 

centimeter, ‘cause I repeat the measurement and I get within one centimeter each time, 

so I might believe that my accuracy is one centimeter. 

 But I might have a systematic error.  Now, what is a systematic error?  Well, maybe 

a disgruntled student from last semester decided to fix me good.  And he came into the 

classroom before class started and he cut off the first centimeter on my meter stick.  Then 

he came in with a saw and he cut off the first centimeter.  So I pick up the meter stick and 

I put it at this end, and I measure the position here and I’m getting seventy centimeters, 

but my meter stick is wrong.  It’s not really a meter stick.  Somebody’s cut off the first 

centimeter. 

 So I’m getting a precision of one centimeter.  I’m getting it within one centimeter 

every time I measure it but my accuracy is never going to get any better because I’ve got 

a systematic error.  My measuring instrument is wrong.  And somebody else with another 

meter stick would come down here and say, “Ahh, it’s seventy-one,” or sixty-nine or some 

other measurement, because I’m using a bad meter stick.  My precision would be fine but 

my accuracy would be bad. 

 And that’s why sometimes you have to have more than one person make the 

measurement.  I might think I’m doing a very good job here making this measurement, but 

it’s only if somebody else comes in with another meter stick and remakes the 

measurement that they notice there’s something odd going on here.  All the numbers are 

off.  So precision is how well I can repeat my measurement but the accuracy is how close 

it is to reality.  And that’s two different things.  If you’ve got a systematic error, you’re never 

going to get more accurate.  You may get more precise but you’ll not be more accurate. 
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 A particular case of the difference between accuracy and precision happened back 

in the late 1980s when the Hubbell space telescope was being built.  The company 

building the mirror for the telescope decided they were going to make the most accurate 

mirror ever.  They were going to make a mirror that was perfect.  And so they set up all 

their equipment and began to grind the mirror very precisely.  Their precision was very 

good.  They ground every bit of that mirror to exactly the same shape and they tested it 

and retested it and that shape was just the same all the way around the mirror.  Extremely 

precise mirror. 

 And then they put it in the telescope and they put it up in space.  Then the 

astronomers looked through it and said, “Hey, it’s fuzzy.  The images are not very good.  

What’s wrong here?”  Everybody was nervous.  This was supposed to be the best mirror 

ever made.  It was worse than the mirror we have out at our Baker Observatory.  What 

was going on?  Well, the precision was extremely good.  But when they set the equipment 

up, one of the opticians in deciding how far the grinder was going to be from the mirror 

missed by a couple of millimeters in the height of the machine.  And so his accuracy was 

off because he had a systematic error.  He had set the machine up wrong and so he 

ground that mirror just perfectly but to the wrong shape.   Difference between 

accuracy and precision.  Very precise but not accurate at all.  Because it was set up 

wrong to start with. 

 So you’ve got to be careful.  A little postscript to that story.  There were actually two 

mirrors made.  One company made one mirror and a separate company made the other 

mirror.  Why did they do that?  Well, NASA was actually worried that in getting everything 

together and putting it in the telescope and getting it up into space, something might go 
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wrong with one of the mirrors.  What if they dropped it or — you know, they’d have a big 

problem.  And so they decided to make a backup mirror just in case. 

 Well, the mirror they put into the telescope was very precise but very inaccurate.  

The other mirror that sat in the warehouse was precise and accurate.  It was actually a 

correctly ground mirror.  But it never went into the telescope because nobody knew that 

the other mirror was wrong.  And so it wasn’t until they put it up in space, actually began to 

make the measurements with it, that they discovered the horror, that it was the wrong 

mirror — well, they didn’t even know that the other mirror was right.  All they knew was 

that that one was wrong. 

 But by then they realized they could not bring the telescope back to earth to put the 

other mirror in.  Once you put that telescope up in space, it’s a one-way trip.  You can’t 

fold it back up, put it back in the shuttle and bring it back.  It would never survive the trip.  

And so they were stuck.  They had a good mirror on the ground and a lousy mirror up in 

space, and they couldn’t do anything about it.  The other mirror that should’ve been in that 

telescope is now in use in another telescope on the earth.  Because it was a good 

mirror — they didn’t want to waste it, so they put it in an observatory somewhere.  So it’s 

being used on the ground as a regular telescope.  And so it took five years before they 

were able to put corrective optics into the Hubbell telescope up in space to make it work 

right. 

 What should’ve been done and what wasn’t -- in hindsight you can always say, “Oh, 

they should’ve done that -- they should’ve tested that telescope on the ground.” But they 

didn’t want to because the mirror was perfectly clean.  When you put it up in space you 

want to keep it clean.  And they were afraid if they started doing tests on the earth they 
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might get it dirty or get stuff on it and mess it up.  And they were so sure that both of these 

companies that made the mirrors were excellent companies, they didn’t really worry about 

the fact that one of ‘em might have a systematic error.  Because they had made many 

telescopes before that and they all came out right. 

 And so you can never be sure.  Even if you’ve got a scientist who has made 

accurate measurements for many, many years, you still shouldn’t believe just his 

measurements only because he might make a big mistake sometime.  And if you’re using 

his observations only, you might have a systematic error.  You may be trying to prove a 

theory that’s wrong and think it’s right because this one person has done it so well in the 

past that you’re trusting his data now.  Always have somebody check.  Always have 

someone else make independent measurements because then you have a better chance 

of being accurate and not just precise.  Any question on that? 

 When you’re analyzing something you have to use several different techniques.  

You have to use logic.  Science is very logical.  We try to avoid being illogical.  We have to 

use two different forms of logic.  One form is called deductive reasoning and deductive 

reasoning is the simplest kind.  If you have this and you have that, then you conclude 

you’ve got something else.  

 So for an example — here’s an example of deductive reasoning.  The earth is 

larger than the moon.  We know that.  We’ve known that for over two thousand years.  I 

have a second statement.  The sun is larger than the earth.  How long have we known that?  

Over two thousand years.  We have known those two statements as correct for over two 

thousand years. 

 But deductive reasoning would say that if the earth is larger than the moon and the 
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sun is larger than the earth, then logically the sun is larger than the moon.  You can follow 

that pretty easily.  If the earth is larger than the moon and the sun is larger than the earth, 

then the sun is larger than the moon.  What other choice do you have?  It’s obvious — well, 

maybe if you’re illogical it’s not obvious.  But if you follow the logic, it has to follow.  

There’s no choice.  So deductive reasoning is pretty straightforward.  You have this, you 

have that, you must have the conclusion that follows. 

 What most scientists work with, however, is the second of these and that’s 

inductive reasoning.  Now, what is inductive reasoning?  This is not quite as obvious, not 

quite as precise.  It says that you take a few examples and you generalize.  So if we were 

doing inductive reasoning you would say, for example, Newton’s Law of Gravity 

adequately explains all orbits in our solar system that may be measured.  Astronomers 

make measurements of all the motions in the solar system and Newton’s Laws of Gravity 

adequately explains all of them.  That’s what we have observed.  We then use what we 

call inductive reasoning to generalize this statement even more.  And so we would 

generalize it by saying that Newton’s Laws of Gravity adequately explains all orbits in the 

universe.  Now, that’s a generalization. 

 We started out measuring only the orbits in the solar system and it worked for all of 

those, and we then expand that and say that Newton’s Laws will work for all orbits in the 

universe which is a much bigger place.  I can’t prove that.  I might be wrong.  This is 

something that will need to be tested by prediction.  If I’ve got this theory of gravitation, I’m 

gonna have to look at some orbits elsewhere in the universe to make sure that this 

statement makes sense.  It’s not obvious.  It may be correct — I’m not saying it’s wrong.  It 

may be correct but I have not proved it.  It does not follow obviously that that is the case. 
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 And so you have to look at orbits of newly detected objects in the solar system.  

Now, that’s still looking around the solar system.  I make the assumption that these laws 

hold everywhere because I’ve seen it hold in the solar system so I have to look more in 

the solar system.  I might find an object going around the sun that does not follow 

Newton’s Laws.  Right away Newton’s Laws have a problem. 

 Or I look at objects going around other stars.  That’s looking out somewhere else to 

another sun and seeing if those orbits follow Newton’s Laws.  I make those 

measurements, I make the predictions, and I see if they agree.  Or I can look at orbits of 

stars around each other.  That’s generalizing even farther.  Because if you think about it, 

Newton’s Laws were determined from planets going around the sun.  But if you have stars 

going around each other, those are suns going around suns, that’s an even more general 

kind of thing. 

 And so these two ways of using logic are quite different.  Deductive reasoning — if 

you have A and you have B, C is obvious.  But with inductive reasoning you make some 

measurements, you see that it works in a certain number of places, you then generalize 

and say that it always works.  And you may be wrong or you may be right.  But it has to be 

tested over and over again. 

 Most theories in astronomy and in science in general are based on inductive 

reasoning, and so they have to be tested over and over again in new situations.  If it’s 

working in the solar system, fine.  But is it working around another star?  Is it working 

when stars are going around each other?  You could even add on to that and say what 

about in other galaxies?  Would it work there? 

 And so it always has to be tested.  You can never assume it’s perfect.  It’s very 
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good as long as it works.  But because it’s based on inductive reasoning it could be wrong 

at some point.  Okay.  We’ll continue this tomorrow. 

  

 

 

 

 

 

 


