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 Well, today we’re gonna continue our discussion of telescopes and other 

instruments that are used on telescopes. 

 I mentioned during the last class the various powers that we discuss when we talk 

about telescopes.  As far as astronomers are concerned, the major power they worry 

about is the light gathering power.  How much light can this telescope bring in and focus to 

an image?  Astronomers have a fixation on size.  The bigger the better.  And if you can 

make it even bigger than that, that’s even better.  So astronomers have been trying to 

build larger and larger telescopes since Galileo made his first telescope.  And we’ve 

gotten pretty good at it. 

 The thing, as I mentioned already, that most people try to sell you a telescope by 

describing its magnification: how much can you blow the image up and make it look much 

larger.  So, you know, they say 500 power magnification.  That’s actually one of the least 

important things about a telescope.  Of these three, I would label it last in importance. 

 And then the resolution, the detail you can see, would be second in importance 

behind the light gathering power.  Because if you can’t see detail, you’re not gonna see 

very much.  If you have a telescope that can magnify 500 times, but when you blow 

something up 500 times all you see is a big round blur, might as well have a small blur.  

Big blur doesn’t make it any better. 

 And so you want something that gives you detail, gives you a nice clear sharp 

image.  And a clear sharp image is resolution, being able to see little things in the picture.  

You get a picture of the Moon, you don’t want it to just be big; you want to see all the little 

craters and all the mountains and everything else on the Moon.  And so the resolution is 
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very important. 

 When we build telescopes professionally for astronomical research, we worry first 

about the light gathering power, then about the resolution, and then as an afterthought 

we’ll worry about magnification. 

 Now, magnification is important to see things.  And so, for example, if we were 

looking at an object such as the Moon through a telescope, what you might see are three 

different images up here -- 50 power.  Usually we use an X for the power, the 

magnification of the telescope.  So looking through the telescope you would see the entire 

disk of the Moon — in this case it’s a crescent Moon so you’re not seeing the entire thing.  

When you get to twice that power, you’ve got 100 power, notice the image looks twice the 

size.  And so you can see more detail, assuming that the resolution is very good. 

 Then if I really want to see detail, I want to look at just that one little sea on the 

Moon, then I might go up to 250 power.  A lot of times telescopes are actually sold by 

power beyond their capabilities.  Resolution of a good telescope.  If you build a telescope 

that is well designed and well made, you can only get about 50 power per inch of size of 

telescope.  So if we have a bunch of 8-inch telescopes, the mirror is 8 inches across.  The 

maximum power you should ever use that telescope at is 8 x 50 power.  50 power per inch?  

That means 400 power would be the absolute maximum.  Why?  Because that’s about the 

limit as far as the resolution is concerned.  If you make a telescope properly, you only get 

a certain amount of detail per inch of telescope.  The bigger the telescope, the more detail 

you can see.  And so you just are limited by the size of the telescope. 

 And so if I saw an ad that said 800 power for this telescope, I would know they’re 
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having me on because it’s only good up to 400 power.  And so the other factor of 2 is a 

waste.  All you’re gonna see is a bigger blur.  Yes? 

 [Inaudible student response] 

 Not much.  If you have a refractor that is well made, it will give you about the same 

resolution as a reflector that is well made.  I’ve had a lot of people tell me that they prefer 

refractors if it’s not too expensive.  Refractors tend to be more expensive than reflectors of 

the same size.  But a refractor people feel might have a little bit better resolution for the 

same size, but not much.  It’s pretty close.  But some purists would say, “I’d rather have a 

refractor if I’m looking at things like the Moon.”  Rather than a reflector.  But I haven’t 

noticed much difference, frankly. 

 So astronomers want larger telescopes so you can get more light gathering power 

and higher resolution, see more detail.  Magnification is not the important thing.  Back in 

the 1600s we had two kinds of telescopes: refractors, using lenses, and reflectors, using 

mirrors and lenses.  Now, just because Newton invented the reflecting telescope and it 

was considered superior in design because it gave slightly better images — and that may 

seem the reverse of what I’ve said now.  I said that refractors are preferred.  That’s 

because we can make better lenses today than we could back in the 1600s.  Whereas 

back in the 1600s, mirrors were pretty good and we haven’t improved quite as much on 

the design of the mirrors.  So refractors have caught up, I might say, with reflectors. 

 There is a basic problem with a refractor, though.  It’s a lens.  And lenses by their 

nature have to be held on the edge.  You can’t put your hand under the lens to hold it up 

‘cause that blocks the light.  So you have to hold a lens around the edge.  Well, 
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astronomers kept trying to build bigger and bigger telescopes to get more light gathering 

power, to get more resolution, but in doing so the lenses got heavier and heavier.  If you 

build a lens that’s this big, it’s gotta be fairly thick and that’s a big piece of glass.  That 

starts to weigh hundreds of pounds.  And so when you get to a large lens, you’re still 

holding it on the edge, the thin edge, but there’s a lot of weight. 

 And astronomers discovered, around the end of the 1800s, around 1895, that they 

could not make bigger lenses.  They had hit a brick wall, in a way.  At 40 inches, 

essentially one meter across, the lens reached such a heavy weight that if you continued 

to hold it on the edge and you made a bigger one, it actually warped under its own weight.  

The glass was not strong enough.  And so if you tried to make a 60-inch lens, it would 

actually warp and so you couldn’t use it.  You grind it perfectly, hold it on the edge, put it 

up in the telescope and it would warp. 

 And so they discovered that a 40-inch lens was the limit.  That was it.  There’s one 

40-inch refracting telescope that was built.  There was an attempt at a 48-inch and that’s 

when they discovered the problem.  They tried to make a bigger lens and it wouldn’t work 

right.  They couldn’t hold it on the edge and keep it from warping.  So at that point they 

realized lenses had reached their limits. 

 But astronomers wanted to build bigger telescopes and so they said, “Okay.  Let’s 

go back to the reflectors.”  Now, why weren’t they building reflecting telescopes that big 

already?  They had built one or two.  But the problem with mirrors until the 20th century 

was that they were made out of metal.  They were not glass like today’s mirrors.  If you 

look at a mirror, you’re looking at a piece of glass that has an aluminum coating on it but 
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it’s mostly glass.  Back in the 1800s or 1700s, whenever anyone made a mirror, they 

made it out of solid metal and then they just polished the metal until it was like a mirror.  

The problem with metals back in the 1700s and 1800s was that they corroded.  Nobody 

could figure out how to make a good mirror that didn’t corrode within a couple of months. 

 And so you get a nice, beautiful, polished surface and two months later it’s all rusty.  

You make a lens of any size and it stays essentially the same as the day it was made 

unless you put fingerprints on it.  But otherwise, it doesn’t decay, it doesn’t get cloudy, it 

just stays a nice perfect lens.  So astronomers realized very quickly, as far as 

maintenance was concerned, lens were far superior.  You just dust ‘em once in awhile 

and they continue to work for years and years and years.  Mirrors corrode almost 

immediately and you’ve always gotta keep repolishing them and repolishing them to the 

point where you spend more on polishing the mirror than it originally cost.  And it also 

means part of the time your telescope’s not operational. 

 And so most astronomers avoided mirrors until they hit that brick wall of you can’t 

make the lens any bigger.  And so once they got to 40-inch lenses, then they started 

having to think about how can we make a bigger telescope with a mirror?  And the reason 

you can make a bigger telescope with a mirror is because you can hold the mirror on the 

backside of it.  The light’s not going through the mirror, so you can support a big mirror, a 

60-inch or an 80-inch mirror, on the backside and you can hold it up pretty nicely.  You 

don’t have to hold it around the edge.  So that was the big difference. 

 And so right around the beginning of the 20th century there was a big shift from lens 

telescopes to mirror telescopes.  So the biggest lens telescope, 40 inches — interestingly, 
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it’s still working today over 100 years after it was made.  The 40-inch telescope is still in 

use.  In fact, almost every large refracting telescope ever made is still in use today.  The 

lenses do last forever, essentially, if you keep ‘em clean.  And so they lasted but they 

were limited because of their size. 

 And so then astronomers said, “Okay.  We’ve gotta perfect making mirrors better.”  

And that’s when astronomers realized they could make a mirror out of glass — in other 

words, grind it as if it were a negative lens — make it out of glass and then coat it, just coat 

the glass with some material.  And they started the coating first with silver, because it 

reflects very nicely, but then they realized that silver also corroded.  And so you coat that 

mirror with silver and a few months later you’re recoating it because the silver has 

corroded.  It goes black. 

 And so finally after awhile, by the middle of the 20th century, they were coating all 

their mirrors with aluminum.  And although aluminum can corrode, it corrodes very slowly 

and it’s not that detrimental to the mirror.  So you can coat a mirror with aluminum and it 

will stay looking pretty good for several years.  You still have to get it recoated periodically, 

maybe every 5 years or — depends on where you are or how bad the weather is and stuff, 

but every 5 years we have our mirrors realuminized.  When just put a new coating of 

aluminum on and then it’s as good as new.  So you still have to maintain it, but it’s not 

quite as bad as every few months.  And it’s because we make the mirror now out of glass 

and just put that thin coating.  You can just remove the old coating and put a new one.  

You don’t have to repolish anything. 

 So in the 20th century, it was the century of mirror telescopes and they got bigger 
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and bigger and bigger.  Astronomers realized they could build a mirror as big as they 

could get someplace to pour it.  You have to pour a big piece of glass and make it nice and 

flat, and then grind it.  And so 60-inch mirrors were made, 72-inch, 100-inch, 120-inch.  It’s 

getting pretty big.  120-inch mirror, that’s 10 feet across.  Right? 

 Then the giant telescope was finally made, the 200-inch telescope at Mount 

Palomar.  It was made during the 1930s.  It was considered the biggest possible mirror 

telescope that could be made.  Why?  Because even though you’ve got a mirror, you still 

have to support it.  And when you get up to a mirror that’s 200 inches across, you’re 

talking about a mirror that would fill the entire center section of this lecture room.  That 

thing weighs many, many tons.  And so it becomes a problem of just moving the telescope 

around.  It’s so big it’s hard to move.  

 And so when people did calculations of how big the mount would have to be, how 

much energy you’d have to use to move it and how you keep it going smoothly, they said 

200 inches was about the limit.  So when that telescope was built in the 1930s, that was 

about it.  200 inches.  Nobody thought about building a bigger one.  Until the Soviet Union 

decided they were gonna try to one-up the United States and they decided they’re gonna 

build a slightly bigger telescope.  And so they tried to build a 240-inch.  Just a little bit 

bigger — and they never got it working right.  It was so big and so unwieldy, they really 

had trouble pointing the thing and making it work right. 

 So for years astronomers in the United States would hear these rumors about this 

giant telescope that the Soviet Union had built and all the troubles they were having trying 

to make the thing work.  I think it is actually working today, but only because technology 
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has finally advanced enough that they were able to get the thing going.  But when they 

built it in the 1960s, they could not get it to work right.  It was just too big and too heavy 

and they couldn’t point it easily. 

 So a 200-inch seemed the limit until the 1990s.  All of a sudden technology caught 

up in the 1990s and astronomers realized they had been thinking the wrong way.  They 

had been thinking about solid mirrors.  You have a piece of glass that’s 200 inches across 

and it’s this thick and it’s solid.  Of course it’s gonna be heavy.  But it’s only the front 

surface of the mirror that you’re using.  That’s a very thin amount of glass right on the front 

end and all you’re doing is aluminizing it.  The rest of that glass is just sort of there.  And 

so somebody suddenly realized you could make the mirror hollow.  Just have little 

supports inside the mirror but most of it hollowed out.  So if you hollow out the mirror, it’s 

a lot lighter. 

 And so once that was realized astronomers said, “Aha.  We’re gonna build bigger 

telescopes.”  Well, in the last 10 years we have several 400-inch, twice the size, almost as 

big as this room, that have been built.  Because once they realized they could make those 

mirrors a lot lighter, they wanted bigger telescopes.  They were not happy with a 200-inch 

that had been built back in the 1930s.  They wanted enormous telescopes. 

 It was also realized that you don’t have to make it out of one mirror.  You know, you 

get sort of a mental block.  The mirror has to be bigger, bigger, bigger.  And then all of a 

sudden somebody says, “Well, how about we use 10 little mirrors and put ‘em next to 

each other?  You know, that’s easier.”  And so there were some multiple mirror telescopes 

made where each mirror was actually a part of a bigger telescope.  And so these 
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breakthroughs all seem to have occurred right around the 1990-91 time period.  Bigger 

telescopes started being designed and built, and now they’re already in operation.  So we 

have some very large telescopes that have just come on line in the last three, four, five 

years. 

 Now, what I’d like to do is show some slides of a lot of these different kinds of 

telescopes.  Okay.  This is a telescope from the 1600s.  It’s not actually a picture ‘cause 

photography hadn’t been invented then, so this is actually a drawing of a telescope that 

was used by an astronomer named Havilius back around 1650, 1660.  Look at this thing.  

It’s as long as a football field.  It probably has a lens up front that’s maybe this big — you 

know, 6 inches across or something.  But he made it extremely long because, as I 

mentioned, the longer the focal length, the larger the image.  And so when you magnify a 

larger image, it looks even larger.  So he wanted really high magnification so he built this 

enormous telescope which has no building around it.  It’s just sitting out there in the 

middle of a square or a field and it’s all held up on a pole.  This would be a nightmare, you 

know, when the rain starts coming in and you have to take it down and put it away.

 And so astronomers a long time ago had a lot of trouble building telescopes.  And 

some of ‘em — it was amazing that they ever got ‘em to work. 

 Here’s William Herschel with his giant reflecting telescope.  Herschel was one of 

the few astronomers who actually said, “I like mirrors better than lenses and so I’ll build 

big mirror telescopes.”  And this telescope actually had a mirror that was 48 inches across, 

bigger than any of the lens telescopes, and he built this around 1820.  So it was a giant 

telescope for the time.  It was the largest in the world.  But it was a mirror telescope and 
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notice no building around it again.  It’s just a big structure with a big tube, and he stands 

up on the end of it and looks in with an eyepiece.  So, you know, he’s standing  out there in 

the cold and the wind, just looking through his telescope.  But it worked.  Because 

Herschel discovered many, many things including the planet Uranus and the studied the 

Milky Way Galaxy.  He did a lot of things with this telescope.  But again, fairly crude 

observatory. 

 Here’s another giant telescope.  This is Lord Ross.  In fact, this is after the camera 

was invented.  So that is Lord Ross sitting next to his telescope.  And again, no building 

over it.  Just a couple of walls that are holding  -- they have ivy on ‘em and everything — 

holding up this enormous tube down at the bottom of which is a mirror.  And he would 

climb up the ladders and look in the tube to see whatever objects he was looking at.  

Again, when the rain came along, I guess he had to pull out a tarp or something and cover 

the thing over.  But it was pretty basic.  And his assistants would pull on the ropes to move 

the telescope up and down and slightly to the side.  This was actually the largest reflecting 

telescope made before 1900.  It had a 72-inch mirror in it.  It was enormous for that time. 

 But around 1900 astronomers got smarter and maybe more desirous of creature 

comforts, and so they began to build domes over their telescope to protect ‘em.  So when 

it rained, they didn’t have to run around with a tarpaulin and try to cover it over.  And so 

once that started, all observatories began to put domes over their telescopes.  This 

particular dome is in Yerkes, Wisconsin.  It covers that telescope.  That’s the 40-inch 

telescope, the biggest refractor ever made.  And again you see its enormously long.  Got 

a 40-inch lens up at the top and an eyepiece down at the bottom, and this thing, I think, is 
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about 60 feet long.  A very big telescope, still in use today. 

 Then astronomers got even smarter.  They realized there’s a lot of rain in 

Wisconsin.  There’s a lot of rain in Missouri.  So you want to put a telescope where it’s a 

lot drier and clearer.  If you’re gonna spend millions of dollars building telescopes in 

observatories, you don’t want it to rain two-thirds of the time where you are.  You want to 

have it clear two-thirds of the time.  And so telescopes were built in desert areas far from 

cities. 

 Being far from the cities meant you didn’t have as much light pollution.  The skies 

were darker.  If you built it on the top of a mountain, the haze that’s down in the valley is 

down in the valley and not at the top of the mountain, and so you have a clearer sky.  So 

observatories went from being in town or near cities or out in the countryside in wet areas, 

such as those ones you saw of the old reflectors.  They were in Ireland.  That’s not exactly 

the clearest place on Earth.  And so now they’re mostly in places like California or Arizona 

or in the Andes Mountains, or somewhere else where it doesn’t rain much and it’s clear 

most of the time.  And also on the tops of mountains to keep the pollution away, keep the 

fog and all the stuff that occurs near the ground from bothering their observing. 

 And you see there are a lot of different sizes for telescopes, even though 

astronomers like bigger ones that are very expensive.  So they might have one very large 

one and then some smaller ones that they can use for projects that don’t require quite as 

large a telescope.  So every observatory, every major observatory, has multiple 

telescopes.  Usually one real big one and then some intermediate and smaller ones.  And 

that was Lick Observatory in California. 
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 And this is the 120-inch reflecting telescope in the big dome there.  I think you can 

see they’re getting bigger.  Here’s a truck, pickup truck, and you see the size of the 

telescope compared to it.  So telescopes were getting bigger.  This one was built around 

1920, I think. 

 Here’s an even bigger — oh, wait.  That’s the same one, from the inside of the 

building.  And you see again it’s pretty long.  You’ve got a 120-inch mirror here which is 

covered over.  They don’t like to uncover it, even for a picture.  They like to keep the dust 

off it so it’s covered over.  But there’s a mirror down here and the secondary mirror is up 

there, and this is a Cassegrain design.  So the light comes down, hits this mirror, goes up 

to the secondary mirror, and then goes back through a hole to instruments on the back of 

the telescope. 

 This is Baker Observatory, SMS’s observatory.  We have two domes for the large 

telescope, the 16-inch, and the smaller telescope, the 14-inch.  Not quite 120 inch.  What 

can I say?  We could call it the 400 millimeter.  As long as you don’t know what a 

millimeter is, it sounds good.  And here it is on its mount.  It does a good job for what it’s 

intended.  It’s measuring brightnesses of objects mainly and so we use it mostly for that.  

It’s what it was designed for. 

 Now, you want to go to a big observatory, this is Kitt Peak Observatory in Arizona.  

It’s in the desert of Arizona.  It’s very dry in this countryside.  It’s on the top of a mountain, 

Kitt Peak.  It has one really large telescope and that’s a 4 meter, or about 160-inch, and 

several smaller ones.  I say “smaller”; that’s a 90 inch telescope, so it’s still pretty big.  And 

then it has even smaller telescopes.  Over here is a 16-inch, same size as the telescope 
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we have.  They do use ‘em, even down to that size, but you can see that the dome looks 

pretty small compared to all the telescopes around it. 

 And over here is a solar telescope so there are even telescopes designed to look 

at the Sun.  Slightly different design, as you can tell, from the ones that are in the domes. 

 This is the building for the 4 meter or the 160-inch.  Notice it’s a pretty enormous 

building.  There’s a car right down there.  So the buildings for these telescopes get bigger 

as the telescopes get bigger.  Inside we have the 4 meter telescope and here’s a 

technician fixing something in it, and here’s the secondary mirror up here.  The primary 

mirror is down there.  And notice the size of this mount to move that telescope around.  

When you get to 160-inch telescope, you have a pretty large mount to move it around.  

Because this thing weighs many, many tons. 

 This is its sister observatory.  Kitt Peak Observatory is a U.S. National Observatory 

in Arizona.  This is Cerro Tololo Observatory in Chile.  It’s also a U.S. National 

Observatory.  So we have one in the northern hemisphere in Arizona and one in the 

southern hemisphere to look at the southern stars down in Chile, which is in South 

America if you didn’t know that.  And again, one large telescope which is actually a twin of 

the 160-inch at Kitt Peak.  This is a 160-inch at Cerro Tololo.  There were both built 

together, designed together.  They look exactly alike except they’re different colors. 

 I think you notice the one at Kitt Peak was orange.  This one is a different color.  

But, then again, a lot of smaller telescopes to fill out to the smaller equipment that you 

might need.  In case you’re curious, our 60-inch telescope used to be in that dome right 

there.  So Tololo decided they no longer needed it, and I happened to be down there at 
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the time when they were mentioning they were gonna put it away someplace, and I said, 

“I have a great place to put it away: Springfield, Missouri.”  And they said, “If you can pay 

the shipping, it’s yours.”  And so literally it got taken out of that dome and sent to 

Springfield. 

 Okay.  This is Cerro Tololo at night.  It has the big dome here and the smaller 

domes.  It looks at the southern sky.  Very dark, very clear.  Here’s that big building for the 

160-inch down there.  Again, you can see it’s a little bit larger than the Jeep.  That’s a 

picture of the 4 meter at Cerro Tololo.  Notice it’s the same massive mount except in this 

case it’s blue.  They made the one in Kitt Peak orange and the one down in Cerro Tololo 

blue so astronomers could remember which place they were at. 

 Okay.  Now we’ve shifted to the largest observatory in the world.  This is in Hawaii.  

You are looking from Hilo, Hawaii, on the island of Hawaii, to the observatory at the top of 

Mauna Kea.  That is a mountain that’s 14,000 feet high.  You’re about 40 miles away here, 

looking at the observatory.  Can you see the domes?  They’re big enough you can see 

them 40 miles away on the top of that mountain.  These are where they put the 400-inch 

telescopes.  This is the observatory itself at the peak of that 14,000 foot mountain.  It’s so 

high up there it’s hard to breathe.  About 10 percent of the astronomers that go up there 

can’t stay.  They can’t handle the altitude, they literally get sick, and they have to take ‘em 

back down.  So you have to sign sheets saying you will not hold them responsible if you 

pass out and fall off the mountain, things like that. 

 Anyway, in this building right here are two 400-inch telescopes.  They refer to them 

as 10 meter telescopes, but they’re 400 inches across, 10 meters, almost as big as this 
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room.  Over here is another 10 meter telescope and over here is another 10 meter 

telescope.  So there are four of ‘em on the top of one mountain.  Why?  Because this is 

about the clearest place on Earth.  That mountain is high enough that you do not have a 

problem with clouds down in the valley.  You can see they’re down below.  And the sky is 

clear most of the time.  Question over here? 

 [Inaudible student response] 

 Usually by private funding.  These two were funded by a foundation, the Keck 

Foundation.  Each telescope was 80 million dollars.  So, yeah, it’s pretty expensive.  This 

one is actually funded by the Japanese Government.  That’s a Suburu telescope, the 

Japanese National Telescope you might say.  This one was funded by the University of 

Hawaii, I think.  So they’re funded by different groups.  They’re not all paid for by the same 

people.  And NASA has a telescope up here, too. 

 Now, here are those twin buildings that you saw with the two 400-inch telescopes 

in it.  These two are the kind I mentioned when you take a bunch of small mirrors and put 

‘em together into one giant telescope.  So we’re looking into the dome of one of ‘em right 

now.  And here’s the telescope.  You can see it’s not round.  It’s actually 36 separate 

hecthoganal mirrors, all put together into an array to make one large telescope.  Each one 

of those little mirrors is about 60 inches across.  I wouldn’t mind having just one for a 

telescope, but there are 36 of ‘em. 

 Now, you want to see how big that really is?  There’s the technician sitting in the  

Cassegrain hole in the middle, so you can see how large the telescope is.  That’s all 

mirror.  You’re looking at 36 separate mirrors there, all put together, and there’s the 
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technician in the middle to show you the size.  So they are enormous telescopes and they 

can see almost to the edge of the universe as far as we can tell. 

 And here are the two buildings again and we’re now going over to that one, the 

Suburu telescope, and here’s the Suburu telescope from inside.  It’s got one mirror, 400 

inches across, that is down here in the base and then the secondary mirror is right up 

there.  It’s kinda hard to tell how big this thing is.  You know, it could be a little telescope 

that I took a big picture of.  But actually it’s a very large telescope.  If you look at the 

people walking here, these are several technicians with hard hats.  When you work in this 

kind of a building, you’ve gotta have a hard hat.  Because if the telescope moves and hits 

you, it won’t stop.  And you can see the size of the telescope here.  Here’s the mirror cage, 

right in here, and here’s the equipment hanging at the back where the eyepiece would 

normally be at the Cassegrain focus. 

 These telescopes are so big that they have control rooms.  It almost looks like 

NASA.  This is the control room for that one telescope.  Notice all the different computers 

that are running it.  They have cameras looking all around the building so they can tell 

what’s going on everywhere.  It’s a major production.  This telescope cost $300 million 

dollars.  Paid for by the Japanese government. 

 Okay.  I’m gonna stop there. 


