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 We’re gonna continue our discussion today of the scientific method and we’re 

gonna be finishing up Chapter 1, and then we’ll begin Chapter 2 which is more or less the 

history of astronomy.  So we’ll be doing both of those today. 

 I wanted to start out today discussing how we number things in astronomy.  We 

usually talk about powers of 10.  And the reason is that astronomy has so many large 

numbers and, as you’ll find out when we go through the semester, many small numbers 

that we have to have an easier way of writing them than just writing them out all the way 

along.  It’s easy if you’re writing the word one or ten.  When you start writing words like ten 

thousand, five hundred and twelve it’s a long set of words.  And so you prefer to use 

numbers.  If you’re using numbers and you start talking about millions or billions, even the 

numbers get extremely long.  And so we like to have a shorthand that helps us to write 

those very large numbers without spending five minutes putting zeroes in. 

 And so we talk about powers of 10 where 1 is 10 to the 0, 10 is 10 to the 1, 100 is 

10 squared or 10 to the 2, 1000 is 10 to the 3 or 10 cubed.  Now, up to that point it’s just as 

easy to write the 100 out or the 1000 out as it is to put 10 to the cubed or 10 squared.  But 

once you get larger than 1000 -- when you get up to 10,000 it’s 10 to the 4.  Those are 

only three digits: 1, 0, and a 4.  Whereas if you had to write out the 10,000, you have a 1 

plus 4 zeroes.  And so once you get past 10,000 it’s better to use these powers of 10 

because it’s easier to write. 

 So you have 10 to the 5th, which is hundred thousand; 10 to the 6th, which is a 

million; 10 to the 7 which is 10 million; 10 to the 8 which is 100 million; 10 to the 9 which is 

a billion.  And we keep going:  10 to the 10, 10 billion; 10 to the 11, 100 billion; 10 to the 12, 

a trillion.  These are pretty big numbers.  Beginning to sound like the national debt.  You 
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can even go up to 10 trillion, 10 to the 13; or 100 trillion, 10 to the 14.  I could keep going.  

We can go up to 10 to the 15 which is a quadrillion.  But we don’t usually bother with 

those. 

 So keep in mind that you can write  the number very easily, even if it’s an extremely 

large number like a billion.  If you had to write a billion out, notice that you’ll have 9 zeroes 

after the 1.  You’ve gotta start counting them.  There’s so many zeroes you have to count 

‘em to make sure they’re all there.  Or a trillion.  You’ve got 12 zeroes after the 1.  

Whereas writing a trillion is quite easy as 10 to the 12. 

 So we will use those powers of 10 when we’re discussing large numbers in 

astronomy.  Keep in mind that the very words that are used to describe large numbers are 

that they’re astronomical — because they’re very large.  And so we will be discussing 

numbers in billions, sometimes in trillions, quite often in millions.  And so you’ll be seeing 

10 to the 6 as a million, 10 to the 9 as a billion, 10 to the 12 as a trillion.  If you can 

remember those three, you can fill in the rest of it. 

 Now, we’re usually going to be using the metric system in here.  We’re going to be 

discussing meters and kilometers.  It’s not going to be inches or feet or miles.  Although 

sometimes I’ll probably mention those units because they’re more familiar to you, but I’ll 

always try to mention also the metric unit so that you get familiar with that. 

 There are lots of prefixes that go with those large numbers.  And so if you’re 

looking at these numbers, 10 to the 15th I mentioned was a quadrillion.  Well, if you’re 

trying to describe that, you would use the term peta.  If you’re talking about trillions, 10 to 

the 12, you would say tera.  Now, some of those numbers you’ve probably never heard 

that prefix.  But I’m now hearing discussions of tera-bites of data being stored by 
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computers.  So we’re talking about 10 to the 12th bites of data.  That’s a lot of data. 

 If you have billions it’s giga, millions — mega, thousands — you’re more familiar 

with kilo, kilometer, kilogram.  You’ve heard of those.  A hundred, hecto; 10 is deca, one 

doesn’t have a prefix.  And then when we go to very small numbers we also have to worry 

about powers of 10.  So a tenth, 0.1, is 10 to the -1.  One-hundredth, 0.01, is 10 to the -2.  

So when we’re using decimals or 1 over a number, we say 10 to the negative whatever 

that number is. 

 And so you can see we can already go all the way up to 10 to the -15 if we have to, 

a quadrillionth.  And if you had to write that out, 0. and then a whole bunch of zeroes and 

a 1 at the end, it’s a lot easier to write it as 10 to the -15.  So even small numbers benefit 

from the powers of 10.  And we will be talking about numbers that are that small.  When 

we’re talking about the sizes of atoms and nuclei inside of atoms, we are down around 

that 10 to the -12th to 10 to the -15th region.  So those numbers will also show up in your 

text.  Extremely small as well as the extremely large.  If you still are not sure about those 

powers of 10, they are found in the Appendix of your text.  So you could take a look there 

and kind of review them. 

 Now, as far as our scientific method that we discussed yesterday, the author 

shows an example of using the scientific method — can you read that? — which has to do 

with the discovery that the earth goes around the sun.  You start out with some 

observations and it says “Tycho Brahe compiled new accurate data on planet positions.”  

Now, we’ll be talking about that in the next chapter.  That happened in the 1500s.  He 

found new positions, very accurate positions, for the planets.  That’s the observations.  

Then the analysis, “Astronomers measured the rate of motion of those planets as a result 
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of having those new positions.”  Then Copernicus proposed that the planets go around 

the sun.  He had a hypothesis.  He didn’t actually prove it or come up with a detailed 

theory, although he did fill lin his hypothesis enough that he actually built a model.  But 

then Johannes Kepler described the planet orbits using that model and pretty well set the 

stage for Isaac Newton to come along with his theory of gravitation and motion.  And by 

combining the observations of Tycho Brahe, the hypothesis of Copernicus, the model of 

Johannes Kepler filling in Copernicus’s ideas, we came up with the theory of the motions 

of all the objects in the solar system. 

 Notice that once you’ve got a theory, you can then predict what’s going to happen.  

You can go on and predict how the planets should move.  If the predictions had failed — 

and they didn’t; but if they had failed, you see that there’s a loop back here, back to 

hypothesis.  If your predictions fail when you’ve gone through all of this work, then you 

have to start with a new hypothesis.  A new idea as to what’s going on in order to figure 

out how those planets move. 

 But if you test it and you get a correct prediction, then you have more observations 

which then back up your hypothesis.  So any time you have a theory and you test it, you 

make predictions, you compare your predictions with the reality.   If the test passes — 

which you always hope it does if you’ve worked on the theory for a long time — then you 

have additional evidence in favor of your theory.  But if for some reason the test fails, you 

have to throw the theory out.  You have to get a new hypothesis, build a new model, come 

up with a new theory.  So new theory is completely perfect.  It may be extremely good.  

Every test has passed.  But there’s always that possibility that at some point somebody 

will make a test, a valid test, and will discover that there’s a problem with the theory. 
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 Sometimes you can just tweak the theory.  If the theory is fairly complicated, 

maybe you’ve got one part of it a little bit wrong.  So you adjust that part and then 

everything else works fine.  But sometimes you look at the theory and there’s a big 

problem.  The predictions are not working.  You can’t just keep using the theory and 

ignore the predictions.  You have to come up with a new theory or a modified theory at 

least.  Any question on that?  I hope by now you understand what the scientific method is.  

It’s seeing what’s going on, coming up with an idea of how to explain it, building a model of 

how it all works, filling in the details until you have a theory, and then using that theory to 

make predictions to test your theory. 

 At the end of the chapter the author discusses other systems of knowledge.  These 

are not science.  For example, the author discusses the appeal to authority.  Because 

so-and-so said it’s correct, it must be right.  Well, that may go a certain way.  You may 

have somebody you think really knows what’s going on and so that person said, “This is 

the way it is.”  But that’s not science.  That’s just an appeal to authority.  That would be like 

my saying, “Well, since Copernicus thought the planets went around the sun, they have to 

go around the sun.”  Without, you know, looking at the theory or worrying about whether 

it’s going to follow after you’ve made some predictions.  If I just accepted it without any 

question, that would be an appeal to authority.  So in science we always have to check the 

authority.  He may be an authority but he may be wrong.  And so we don’t just appeal to 

authority; we check the authority. 

 There’s also superstition.  One of the closest superstitions to astronomy is 

astrology.  Some of you may not quite know the difference.  Astronomy is the study of the 

university, the scientific study of the universe.  Astrology is giving planets or positions in 
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the sky a certain power over your individual life.  For example, saying because Mars was 

in a certain place in the heavens when you were born, that’s going to affect your 

personality.  That would be astrology.  So it discusses planets. 

 If you read an astrology column in the newspaper it might mention Jupiter and 

Saturn and Mars.  It might almost start to sound scientific.  But all of a sudden it begins to 

say because Mars is here or the moon is there, something is going to happen to you or 

you’re going to lose money or you’re not going to feel well.  There is some personal 

interaction with the positions of those planets.  That is not scientific.   

 If you actually calculate the amount of gravitation that the planet Mars has and how 

it could affect you, there’s not enough gravity there to make any difference.  And so it’s 

superstition.  It’s something that’s been around for thousands of years.  Astrology comes 

and goes.  It used to be extremely popular.  It died out in the 1800s and then in the 20th 

century it kind of came back.  And so it seems to be still sort of popular at the present time.  

You still see articles in newspapers about it.  But it is not science.  It’s superstition.  It’s not 

based on any real forces of nature for anything physical that’s going on.  It’s strictly based 

on positions of the planets and somebody’s opinion as to what those will do. 

 The author also mentions the advocacy system.  This is deciding who’s right by 

arguing about it.  This happens a lot in a court of law.  Somebody brings a suit against 

someone else.  Did the person really commit the crime?  Well, that’s what you’d really like 

to know but that’s not necessarily what the lawyers are trying to prove.  They’re just trying 

to get the client off.  And so if they can get a verdict of innocent whether the person did it 

or not, the lawyers are happy.  And so you have an advocacy system that does not 

necessarily follow reality or truth.  It sometimes does but you’re never sure. 
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 Advertising tends to be an advocacy system.  You see a famous football player on 

television, drinking your favorite beer.  It makes you think, “Well, maybe that’s pretty good 

beer.  He drinks it.”  Well, he’s advocating that you should drink that beer.  Why?  Well, 

maybe because he does like it or maybe just because he was paid a lot to say that.  

Maybe he doesn’t drink beer at all.  You don’t know.  Somebody’s advocating something, 

they don’t necessarily believe it’s true.  They’re just telling you to believe that it’s true. So 

in science we try to avoid that.  We try to actually find out what is the closest thing to reality.  

The worth truth is a little touchy but reality is about as close as you can come. 

 The author ends the chapter by mentioning relativism.  He mentions that there are 

certain educated people who believe that science or appeal to authority or superstition or 

the advocacy system — they’re all equal.  It’s all relative.  If we follow that completely, we 

could never know anything for sure.  They may be different ways of knowing but they’re 

not all necessarily equa l. 

 And so the author of your text does not believe in relativism — and frankly I don’t 

either.  There are better ways of knowing and there are worse ways of knowing.  

Superstition and astrology are much worse than scientific method and astronomy.  And I 

will advocate that. 


