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 Okay.  We’ve been talking about light.  We’ve been talking about how atoms 

interacted with light.  I wanted to mention why electrons can only be in specific orbits of an 

atom.  I don’t know if that curiosity crossed you mind.  Why would an electron only be able 

to be in orbit number 1 or orbit number 2 or orbit number 3 and not in any of the other 

orbits?  Well, that has to do with the nature of electrons themselves. 

 Although we tend to think in our minds that an electron is a particle and that it’s 

going around, so you’re probably thinking orbits like orbits of the planets around the Sun. 

You’re thinking of this electron going around a nucleus of an atom.  It’s a nice way to think 

about it, but it’s probably not the reality of the situation.  Because an electron is not just a 

particle.  It also has a wave nature.  We talked about photons being describable as 

particles or as waves.  Well, it turns out that electrons themselves can be described as 

particles or waves.  And so you have to concern yourself with the wave nature of the 

electron to understand why it can only be in certain orbits. 

 Okay.  Here’s a drawing showing you two visions or views of an atom, and this one 

we’ll just call hydrogen although it’s really not.  There’s a proton in the middle but they 

show three different electrons going around it and that’s pretty impossible.  So this is just 

a drawing of an atom with a nucleus in the middle and three orbits.  Okay.  The electron 

you’re thinking about is going around in an orbit and it can go from one orbit to another.  

But you’re thinking about orbits like the orbits of the planet. 

 This electron, though, is actually a wave that has to fit into its orbit.  And notice that 

in this drawing on the right we show the electron as a wave with three bumps on it, going 

around in the orbit.  The wave fits into the orbit three times.  And so it goes around in orbit 
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number 1 evenly three times.  You go out to orbit number 2 and the wave fits into that orbit 

four times.  Now, there is no whole number between three and four.  In other words, the 

electron can be in orbit number 1 and fit three times around the orbit or it can be in orbit 

number 2 and fit four times around the orbit, but it can’t fit three and a half times around its 

orbit.  In other words, it has to fit the orbit properly. 

 And so it can be in orbit number 1 or it can gain some more energy and jump up to 

orbit number 2 and vibrate as it goes around as a wave one extra time, but it has to fit 

properly into the orbit.  So it can’t be between orbits 1 and 2 or it wouldn’t fit properly into 

the orbit.  Now, if you look at orbit number 3, you see five waves.  So it fits properly into 

orbit number 3.  By vibrating five times around its orbit it comes back to its same position.  

And so you can’t have it vibrate four and a half times going around its orbit.  Because it’s 

a wave and we think about a wave as a continuous thing.  It literally has to fit evenly in the 

orbit to be there.  And so you can have it in orbit number 1, orbit number 2, and orbit 

number 3 but nowhere in-between because it has to fit evenly.  You could extend this to 

orbit number 4.  There would be six vibrations.  Orbit number 5, seven vibrations, and so 

on.  And so there are only specific orbits that a particular electron can be in so that it 

actually fits properly into the atom as a wave.  And since electrons are part wave and part 

particle, you can think of them as just particles going around in orbit.  But to understand 

why you have only those specific orbits, you’ve gotta think about it as a wave.  Does that 

make sense?  Okay. 

 Now, when we have a particular atom and particular orbits, the exact energy that 

any electron needs to go from, let’s say, orbit 1 to orbit 2 depends on the forces in the 
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atom.  The electron is a negative charge.  Everything in the nucleus is a positive charge.  

So there’s a pull between the negative charge and the positive charge.  If the electron 

wants to go to a bigger orbit, it has to fight against the pull of the nucleus.  And so it needs 

a certain amount of energy to get from orbit 1 to orbit 2, or orbit 2 to orbit 3, to move away 

from that nucleus. 

 Well, the amount of charge depends on the kind of atom.  Hydrogen has a different 

nuclear charge from helium, helium has a different nuclear charge from lithium, and so on.  

So in every different kind of atom, the amount of energy that an electron needs to jump 

from one orbit to another is different.  So each atom has unique orbits for its electrons and 

the amount of energy needed to go from one orbit to the next is also unique.  Which 

means the lines you see in the spectrum caused by hydrogen will, of course, be in a 

different place from the lines that you see in the spectrum from helium.  Just because the 

energy that the electrons need, which is what they’re stealing in the spectrum, are gonna 

be different for each kind of atom. 

 But for a specific kind of atom — let’s say hydrogen, the electron orbits are always 

going to be the same regardless of which hydrogen atom you’re looking at.  And so the 

lines in the spectrum will always be the same for the same element.  So I can look at lines 

in the spectrum and I can tell just by where they show up in the spectrum which element 

caused those lines. 

 Now, of course I have to make those measurements in a laboratory first.  I have to 

take some of that material, make it absorb photons, make it give off photons to see which 

wavelength it does that at.  But once I’ve done it in a laboratory, I can then look at a 
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spectrum of a star light years away and those same kinds of atoms will produce the same 

lines in the spectrum in the same places.  Because it’s a universal thing those atoms are 

the same and they have the same orbits. So once you’ve actually found out where 

the lines are in the spectrum, you always can identify them in another spectrum. 

 So just to review one more time.  We have the three different kinds of spectra that 

we’ve been talking about.  The continuous spectrum from violet to red and that spectrum 

is usually caused by a hot, dense object and it follows Vene’s law and the Stefan 

Boltsman law that we talked about earlier.  And hotter objects give off more blue light, 

cooler objects give off more red light, but all objects that are giving off light, according to 

Plank’s laws, are giving off continuous spectra.  You see some light at all wavelengths. 

 But if you introduce a cool gas or actually any kind of a thin gas between you and 

that light, then you can get an absorption spectrum, lines in the spectrum, because the 

atoms in that gas absorb only specific photons.  In this case here we have hydrogen lines 

and usually they’ll label the lines in a spectrum so you can tell which ones they are.  

Notice that these all are labeled with an H for hydrogen.  And quite often they’re also 

labeled with Greek letters because there’s more than one hydrogen line.   

 And so, for example, over here you have H Alpha — that’s the red line of 

hydrogen — and then H Beta — that’s the turquoise or green/blue line of hydrogen, and 

then H Gamma which is in the blue/violet part of the spectrum, and then H Delta which is 

in the violet part of the spectrum.  But there’s also H Epsilon, Zeta, Eta, and so on, out in 

the ultraviolet.  So we usually label them so you can understand which elements they are.  

And if  this was showing helium lines, then they would be labeled HE for helium and that 
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particular line that it was. 

 So if you’re trying to identify a spectrum, quite often you’ll see that the lines are 

already identified for you.  If you don’t have them identified and you’re trying to identify a 

certain line, there are actually tables published that list by wavelength — notice the 

wavelength is also labeled here in microns — by wavelength which lines are from which 

elements.  And you can just go down the wavelengths, pick out the line you’re interested 

in, and see which element is producing that line. 

 Now, I make it sound easy.  You just go and look in the tables.  Sometimes you 

discover that a particular line at a certain wavelength could be produced by two or three 

different elements.  Because sometimes, by accident, they just happen to be in the same 

place.  Not because they have exactly the same orbits, but the energies just happen to 

come out equal.  Well, how do you decide which element you’re working with?  Are you 

working with calcium or are you working with iron?  If the two lines are in the same place, 

how do you know? 

 Offhand, you don’t.  You see one line and it’s in one particular place where two 

elements could produce it.  You don’t know which element it is.  What you then have to do 

is look for other lines of those two elements.  For example, with hydrogen you have a 

multiple number of lines here.  You would not see H Alpha without there being an H Beta 

or an H Gamma.  And so if you only saw one line, you can’t identify maybe which element 

it is.  But if you look for other lines of that same element and you don’t see any, and there 

should be some, then maybe it’s not that element.  Maybe it’s a different one.  And so you 

look up the different element and you say, “Ah, it’s got lines here and here and here.  And 
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so the line that I was confused about has to be from this other element because the other 

lines are also there.”  So any time you get confusion because you’ve got two lines that 

could be produced in the same place, you resolve that by finding other lines.  Which are 

probably not in exactly the same place for the two elements. 

 Now, I also mentioned earlier but I’ll mention it again that you can see the Doppler 

shift in a spectrum.  This is a shift of the lines, one way or the other in the spectrum, 

caused by an object moving.  We talked that when we talked about how we’d discover 

planets around other stars.  We look at the spectrum of the other star and we see the 

other star apparently moving because the lines in its spectrum are shifting.  Well, this is a 

normal occurrence, this Doppler shift, and it happens in emission spectra and it happens 

in absorption spectra.  You see these two examples up here.  You have the lines in 

slightly different places, although I think you could probably say, “Yeah, those are the 

same set of lines,” because they all have the same relationship to each other.  It’s just the 

whole set of lines has been shifted a little bit. 

 And so the Doppler shift doesn’t shift the lines a lot.  It usually does not shift a line 

so much that you wouldn’t recognize which lines they were.  You might see that they’re in 

a slightly different place in the spectrum, but then all of them are shifted the same amount.  

And so you can notice that there’s a shift and not that you have a bunch of unidentified 

lines.  And so the Doppler shift is a small shift but it’s enough that I can tell that one of 

these objects is moving away and the other is coming toward, but I don’t know which 

because I don’t know where the zero point is.   

 But you don’t know which spectrum has been shifted.  You look at those two up on 
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the screen and you can’t tell.  So you have to have a zero point somehow.  So usually 

when astronomers take a spectrum, let’s say, of a star or a galaxy and they’re maybe 

looking for a Doppler shift, they will also on the same image, same photographic plate, 

same digital image, they will put a spectrum of something in the observatory.  A light 

source that’s sitting right next to a telescope.  That light source is not moving.  And so any 

lines in its spectrum are gonna be at their normal position.  And so you put them right next 

to — on the same spectrum and then you can tell which way the spectrum has been 

shifted.  You can’t tell just looking at a picture of it because it’s not very obvious.  But once 

you have what we call a standard spectrum, right on that same photograph or image, then 

you can tell which way the lines got shifted.  Question? 

 [Inaudible student response] 

 Yeah.  If I were measuring the exact position of these lines, the exact wavelength 

in microns would be slightly different. 

 [Inaudible student response] 

 Well, as I said, it might be hard to te ll if they moved a lot, but they only move a little 

bit.  And so you can see that the pattern is the same.  The pattern is obvious.  And so 

you’re almost looking for the pattern more than you are an individual line to see that 

something has shifted.  And so when you look at the spectrum of most stars, you’ve got 

dozens of lines to look at.  And the pattern stays the same.  And so it’s obvious that all of 

‘em just shifted a little bit. 

 Now, once in a while the shift is so large that it fools astronomers.  They don’t even 

realize they’re looking at hydrogen lines or helium lines.  They think the lines are way over 
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here somewhere, they’re something else.  And we’ll talk about that later.  When we first 

discovered quasars, astronomers looked at the spectra of quasars and they couldn’t 

identify any of the lines.  The lines were all in odd places in the spectrum.  And it was 

because they were Doppler shifted so much that they didn’t even recognize that the 

pattern was the same.  They thought, “Gosh,” you know, “these are just new lines but 

they’re all in the wrong places.”  But it was because it was a very large Doppler shift that 

just threw them off. So, yeah, once in a while you could be -- 

 [Inaudible student response] 

 No.  In fact, what I’m showing up here as an example is about the maximum you’re 

likely to see for a normal star.  Yeah.  In most cases you need a microscope to measure 

the shift.  It’s not very obvious. 

 Okay.  Now I’d like to turn our attention a little bit to the instruments that we use to 

gather that light.  Having all this light from stars doesn’t help us unless we can study it in 

some way.  And so I’m going to start talking about telescopes, the telescopes that we use 

to gather light from stars and galaxies and planets and all other objects in the universe so 

that we can find out about them. 

 Now, there are generally two types of telescopes.  We have refracting telescopes 

which use lenses and we have reflecting telescopes which use mirrors.  Now, I think using 

the word “reflecting” -- you’re used to hearing about a reflection from a mirror so I think 

you can keep the two straight.  A reflecting telescope uses mirrors because it reflects the 

light in some way.  Refracting telescopes — you may not be so familiar with the word 

“refracting.”  That means bending.  So a lens bends the light but does not necessarily 
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reflect it.  These two words are close: refracting and reflecting.  If I mumbled it, you 

probably wouldn’t know which one I’d said because they’re that close.  But keep them 

straight.  They are different.  Refracting, light is bent by lenses; reflecting, light is reflected 

by mirrors.  Now I’ll talk a little bit more about these in detail. 

 This is a drawing of a lens and it shows you that if you have light coming in from the 

left over here — and notice the light beam is parallel.  All the photons are coming in in the 

same direction from some object off the screen.  The light hits a piece of glass.  Now, 

you’ve all seen lenses so you know what a lens looks like.  You’ve seen lenses on your 

cameras, lenses on telescopes maybe, you have a lens in your eye.  It’s curved material 

that’s transparent and usually we make them out of glass but lenses can be made out of 

other things.  The lens in your eye is not made out of glass.  You can make lenses out of 

water, actually, if you want to.  They’re hard to keep in one shape, but technically you can. 

 And so you have a curved, in this case, piece of glass that’s transparent.  When the 

light goes through that glass, because the glass is curved, the light changes direction 

because of what we call refraction or bending in the glass.  And so the light comes in 

parallel.  But when it comes out from different parts of that lens, it comes out in different 

directions.  And since the lens is curved, the light is usually bent, if you properly curved 

the lens, so that all the light goes through one point which we call the focal point. 

 So the idea of a good lens is that if you have parallel light coming in, no matter 

where it hits that lens, that light is bent so it all goes through one point, through the focus 

or the focal point.  This is the basis for every telescope.  At the front of a refracting 

telescope you have a lens and that lens focuses the light at a certain distance behind the 
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lens, and then you do something with that light to see it.  So the first thing you have to 

know is that the lens gathers light.  It takes light from somewhere and gathers it together 

to a focus. 

 Now, here’s a drawing of an entire telescope.  We have the lens up front.  We have 

the light coming in from a star, off the screen on the left.  The light goes through that lens 

and then is focused at the back of the telescope.  So so far, so good.  It’s exactly what I 

just described.  We call that front lens an objective lens.  This is just a name given to it by 

astronomers so we can quickly talk about a telescope.  If I want to describe the lens, I just 

say “the objective lens.”  And that’s because there may be more than one lens, so I want 

to know which lens I’m talking about, which piece of glass. 

 Notice that on the other end of the telescope we have another lens which is called 

the eyepiece lens.  Now, why is it called the eyepiece lens?  Because that’s where you put 

your eye.  And the eyepiece of a telescope is that place where you put your eye.  So it’s 

just been named an eyepiece.  Could’ve been called an eyespot or an eyeplace.  It was 

just called an eyepiece. 

 So the light is focused right there.  Notice that it says that the focal point is actually 

in front of the eyepiece lens.  Just a little bit, but it is in front of the eyepiece lens.  At that 

place where there is a focus, what you will get is an image of whatever object is out here 

in the sky.  So if there’s a star out there, right at that point of the focus there will be an 

image of the star.  In other words, you will have light that has been brought to a focus that 

is an image of that star. 

 What you want to do is make that image look bigger.  That’s the purpose generally 



ASTRO 114 Lecture 31 11 
 
for the telescope, is to make things look bigger.  And so you are using this eyepiece lens 

as a magnifier.  Now, most of you have probably used a lens as a magnifier.  You take a 

single lens and you put it in front of something and you move it back and forth to get it 

focused.  But then it makes whatever you’re looking at look larger.  What’s happening is 

that the light from, let’s say, a page of text goes through the lens and is focused somewhat 

which changes the angle that the light’s coming in.  It then goes into your eye and so you 

see the light spread out a little bit, and so everything looks a little bit bigger.  So you can 

use a single lens as a magnifier. 

 Well, in a telescope you’ve got two lenses.  One of them is producing the image of 

whatever object is out in space, but it’s a little image.  It’s a little, tiny dot of a star produced 

by that front lens.  But you want to look at that dot and you want to magnify it, so you’re 

taking a second lens and you’re looking at that image just as if you were looking at a page 

of text.  You’re looking at the image and it’s looking larger because of that magnifying 

lens. 

 So the magnification does not come from the front lens.  It comes from the 

eyepiece lens.  Which means if I have several different magnifiers — and you’ve seen 

some magnifiers.  They’ll sell them and say that they magnify twice.  Others will say they 

have three times magnification or five times magnification.  It’s a different lens in each 

case.  Well, I can take a different eyepiece lens and put it in the same spot to look at that 

image and I will see the image different sizes.  So I can change the magnification of a 

telescope by changing the eyepiece lens.  I don’t have to change the whole telescope, 

just the lens at the back end. 
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 And so many telescopes — if any of you have ever bought a telescope a t a store — 

come with more than one eyepiece.  It might have two or three because they have 

different magnifications.  Sometimes you want to magnify something a lot, sometimes you 

don’t.  You just want to magnify it a little bit.  And so the magnification is coming from the 

eyepiece lens because it’s being used as a magnifier.  The front lens, or the objective lens, 

is only being used to produce the image but not to do much of the magnification. 

 Now, it helps if that lens up front produces a nice large image to start with.  

Because if you’ve got a nice large image to start with, you’re gonna get more 

magnification when you finally do use the magnifier lens.  And to determine how big that 

image is that’s being produced by the projective lens, what you have to see is how long 

the focal length is.  Notice in this telescope it has a very long focal length, whereas in that 

first lens I showed you it had a relatively short focal length.  What’s the difference?  A 

short focal length lens will produce a small image.  A long focal length lens will produce a 

larger image to start with.  And so then you have a larger image here that you can 

magnify. 

 So you really have to choose your two lenses carefully, but you can bury that 

eyepiece lens to change your magnification within certain limits.  This is all refracting 

telescopes.  What I’m telling you about these telescopes was discovered right around the 

time Galileo built his first telescope.  Galileo made his own lens.  He heard about the 

invention of the telescope.  He ground his own piece of glass into the lens.  It had a certain 

focal length.  He put an eyepiece there and he looked at the objects and they looked 

bigger. 
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 Couple of years later Johannes Kepler got excited about telescopes and decided 

to figure out how they actually worked.  And so he studied the lenses.  He figured out 

about focal lengths and magnifying, and he wrote the first book on optics in which he 

described how you could make a telescope with different magnifications.  And so this all 

goes back to about 1612 when Kepler first published his book.  So this is not new 

information.  It’s been known for almost 400 years. 

 But this was always lens telescopes.  You had a couple of lenses and you 

magnified the light.  In around 1660s it became obvious, after having telescopes for 50 

years, that not all telescopes were as good as people would like.  Galileo’s telescope was 

not perfect.  Galileo’s telescope had a lot of problems.  You could see things but they were 

a little bit blurry.  Everybody tried to make better telescopes.  People read Kepler’s book 

on how to make a better telescope and they tried to make ‘em better. 

 But they discovered there were just certain problems and the problems had to do 

with the lenses themselves.  The lenses just don’t focus the  light all to one point.  You can 

have problems because of the glass itself.  You know, there are various things that can be 

wrong.  So in the 1660s Isaac Newton was thinking about telescopes and he decided to 

try a completely different thing.  Newton decided to try to make a telescope with mirrors by 

reflecting the light to a focus.  

 And this is a drawing of Newton’s original arrangement of his telescope.  He had a 

mirror, a curved mirror — remember the lenses are curved so they bend the light to a 

focus.  Well, Newton figured that if he had a curved mirror, they would reflect the light to a 

focus.  So he ground a curved mirror and so the light comes in parallel.  We just have two 
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beams on each side to make it simple.  The light goes in, hits the mirror, bounces off at an 

angle, and you’ll notice that the two light beams do go to a focus.  But notice this is a little 

bit more complicated.  Because the light didn’t just bounce back to a focus right here.  

Newton put a second mirror in to make the light go to the side. 

 Now, when you first look at that you might think, “Well, that’s getting a little more 

complicated.”  With the refracting telescope you’ve just got one lens and one lens, and 

they’re in a straight line.  The light comes in, goes to a focus , and you’re done with it.  But 

Newton also realized that his head was not transparent.  If he had a mirror here and the 

light was coming in from the left, and he had the light go to a focus right there, where 

would he have to put his head to look through the magnifier?  He would have to put his 

head right here so that his eyepiece was right there.  And, of course, if his head is 

between the light and the mirror, he’s gonna block all the light. 

 And so he had to figure some way to get his head out of the telescope.  And so he 

put his head over here below the eyepiece.  But in order to do that, he had to put a little 

second mirror in to sort of reflect the light around the corner.  And so it’s a more 

complicated design.  It requires two mirrors and a magnifying eyepiece instead of one 

lens and a magnifying eyepiece.  But he discovered that he could get better images 

because the mirror does not suffer from the same problems that a lot of lenses do and the 

mirror gave a more accurate focus. 

 It wasn’t a perfect invention.  He invented it more as a challenge to see if he could 

do it.  He built a telescope.  Mirror was about 2 inches across.  It was just a little telescope 

you could put on a table.  He used it, he saw that it worked, he realized that it could be a 
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nice invention, it could be something that would help people, and then he didn’t tell 

anybody about it.  In his usual fashion, he stuck it away in a corner.  And one time when 

Edmund Halley was visiting him — Edmund Halley was a good friend of Isaac Newton 

and he knew that Isaac Newton often discovered things and invented things and never 

told anybody about it.  So Edmund was always very careful to ask him what he was 

working on and what he’d done lately and what he’d discovered lately.  And one day 

Edmund Halley noticed this little telescope-y thing sitting on the table and asked Newton 

about it, and Newton said, “Aw, that’s a different kind of telescope I invented.”  And Halley 

was all excited about it and said, “Hey, can I take this and show it to everybody because 

it’s nice?”  Newton said, “No, it’s not a very good telescope.  You know, I just made it to 

see if it would work.  But if you really want to show people, I’ll make a better one.” 

 So he made a better one and gave it to Halley, and that telescope is still on display 

in England in a British museum because it was such an important invention and Newton 

hadn’t really thought much about it.  He just, you know, made it for his own fun.  But it has 

turned out to be a major invention, the reflecting telescope.  So not only did Newton 

discover a lot of things about gravity and light and invent calculus, he also invented a 

different kind of telescope. 

 Most telescopes today — if you go to a major observatory — use mirrors.  They do 

not use all lenses.  So the reflecting telescope is now the standard telescope.  But, oddly 

enough, it’s not Newton’s design.  Because there’s more than one possible design for a 

reflecting telescope and here’s the one that most astronomers actually use today. 

 Now, I have to spend a minute talking about this.  First of all, this one was invented 
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by an astronomer named Cassegrain.  You’ve never heard of him before.  Now, when I 

mention Isaac Newton, you’ve heard of him before.  He invented a lot of things.  He 

discovered a lot of things.  Cassegrain, as far as we know, invented nothing, discovered 

nothing, and almost did nothing in astronomy except invented this telescope.  That was it.  

One shot deal.  That’s all he ever did and he’s still famous because it’s an extremely good 

design.  And it’s the one that most astronomers use today.  If you go out to our Baker 

Observatory and you look at our biggest telescope, it is exactly this design.  Same design 

that Cassegrain came up with in 1670. 

 Now, let’s look at it carefully.  It’s got a  mirror just like Newton’s has.  Now, in this 

one it’s labeled as the objective mirror because it takes the light from the object and 

focuses it.  There’s the second mirror.  So far the same as Newton’s design, one main 

mirror and a second mirror.  But you notice a problem here.  Cassegrain aligned the 

second mirror so that the light was focused toward the second mirror and then reflected 

right back toward the first mirror.  But that’s gonna cause a problem because then the 

light’s gonna hit the first mirror and be reflected again. 

 Well, Cassegrain didn’t want that to happen so he drilled a hole in the center of his 

first mirror.  So there’s actually a hole right in the middle of the first mirror so that the light 

goes right through to the eyepiece which is at the back end of the telescope.  So what he 

was trying to do was to preserve the general design that the refracting telescope had.  

The refracting telescope had a lens, the lens focused the light, there was an eyepiece at 

the other end, and your head was behind the eyepiece.  With this design, the light comes 

in, hits the mirror, goes to the second mirror, and then back through a hole in the first 
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mirror so the light eventually is going in a straight line to an eyepiece at the back end of 

the telescope and you put your head behind it.  So this preserves the same design, in a 

way, as the refracting telescope but by using a much more complicated system of two 

mirrors instead of one lens.  So you have this second mirror, eyepiece here, and then your 

head at the back end. 

 Why is it a better design than Newton’s?  Well, for one thing, one simple thing, if 

you’re trying to point a telescope — you want to point it, let’s say, at the moon — it’s much 

easier if you can stand right behind it and point it.  If you have to stand at the side of the 

telescope the way Newton’s design is and look in sideways, you’re pointing it at a 90 

degree angle to the way you’re looking, it’s a lot harder to tell where you’re pointing it.  So 

just pointing the telescope is more difficult with Newton’s design. 

 But it turns out that when astronomers tried to put instruments on a telescope — if 

you have the instruments hanging off one side of the telescope as you would with 

Newton’s design, it makes the telescope lopsided, unbalanced.  Whereas if you can put 

the instruments back here where the eyepiece is on this telescope, it’s balanced.  And so 

those are two benefits of Cassegrain’s design over Newton’s design.  And yet if you go to 

a store today and say to somebody, “I want to buy a reflecting telescope, an inexpensive 

reflecting telescope,” you will be shown only Newton designed telescopes with the 

eyepiece on the side.  You will not be shown Cassegrain telescopes.  And the reason is I 

used the word “inexpensive.”  Newton’s design is a  lot cheaper to build than Cassegrain’s 

design. 

 And I’ll show you why.  You probably did not notice it when I showed the other 
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design.  When you look at Newton’s design, this is a flat mirror.  Fairly easy to make a flat 

mirror.  It’s the kind you use when you look in the mirror in the morning.  It’s a flat mirror.  

Cassegrain’s design requires a curved mirror.  See how it’s got a curve to it?  It’s not flat.  

It’s a curved surface.  And the shape of that curve is much more difficult to grind than the 

shape of the basic mirror, and so it’s much more expensive to build because it takes an 

optician much more time to make the second mirror than it does the first one sometimes.  

And so that is cost.  The more expensive design.  And it is harder to make. 

 In fact, we usually give Newton the credit for inventing the reflecting telescope.  

Why?  Because he built one that Edmund Halley was able to take and show everybody 

else and it worked.  There’s the proof.  It worked.  Cassegrain designed his, tried to make 

one, ground his mirrors and everything and tried to get it to work, and had a heck of a time 

because he couldn’t get this mirror the right shape.  On paper he had a great design but 

he couldn’t get one to work well.  And so people didn’t want to give him credit for having 

invented the reflecting telescope when he didn’t have a good working model. 

 And so Newton got the credit even though the two of them invented it literally the 

same year.  So sometimes if you get one that works it’s better than one that may be 

theoretically better but you can’t get it to work.  And so it’s only later on when optics 

became much more detailed that astronomers could build a better telescope and grind a 

better mirror that were able to make Cassegrain telescopes.  It’s a better design, but it’s 

much more expensive to make.  It’ll cost you three times as much for a Cassegrain 

telescope — same size telescope — as it will for a Newtonian telescope. 

 Okay.  Last thing I want to mention has to do with the various powers that we talk 
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about when we’re discussing telescopes.  Now, I’ve already mentioned the first one: light 

gathering power.  The more light a telescope can gather, the brighter the objects will look 

through the telescope.  Now, if you’re looking at the sun, this is not a problem.  In fact, with 

the sun you want a pretty small telescope because the sun is already too bright and you 

don’t need all that light.  But if you’re looking at a very faint star, you want as much light as 

you can get because you’re not gonna see it if it’s too faint. 

 And so the bigger that front lens on a refracting telescope or the bigger the mirror 

on a reflecting telescope, the objective mirror, the more light can get focused to the focus 

point.  And so astronomers always want bigger and bigger telescopes.  Galileo’s first 

telescope had a lens about one inch in diameter.  He then made a bigger one.  I think his 

biggest had a lens about two inches in diameter.  Still pretty small.  But astronomers pretty 

quickly realized that if they could make a bigger te lescope, a bigger lens or a bigger mirror, 

they could see a lot more detail.  They could see a lot more of the universe because a lot 

of stars were very faint.  And so they kept making bigger and bigger telescopes.  I’ll talk 

more about those tomorrow.  I’m not finished.  I’ll talk more about them tomorrow but I’m 

not gonna show you any more about those today.   

 The second thing is the magnification that we usually consider the power of a 

telescope.  If you go to a store to buy a cheap telescope, the first thing you will see is 500 

power.  That’s what they always want to tell you about it.  300 power.  What they’re only 

talking about is the magnification.  It’s only part of the telescope.  It tells you how much 

that one eyepiece lens magnifies.  But since you get blinded by the number 500 or 300, it 

doesn’t occur to you that the lens might only be one inch in diameter and it doesn’t gather 
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any light.  It’s gonna have a lot of magnification but you’re gonna have very faint images. 

 The third thing you need to worry about with any telescope is what we call the 

resolution.  That’s the detail that’s available.  You can have a nice telescope but 

everything looks blurry.  Everything looks nice and bright, everything is very large, but it’s 

all very blurry.  That means it has no detail available, no resolution.  So another power of 

a telescope you want to worry about is how much detail can you see.  How well are the 

lenses made, how well is the mirror ground so that you can actually see detail.   

 So it’s not just one thing; it’s three: light gathering, magnification, and resolution.  

Okay.  We’ll continue this later. 

 


