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 Okay.  We’re gonna continue our discussion in Chapter 16 today which has to do 

with galaxies, and I wanted to start the discussion by first mentioning general relativity.  

We haven’t talked about relativity in here, but at this point I want to bring it up a little bit 

because it is useful in discussing the universe. 

 You remember Newton’s laws of gravitation, Kepler’s laws of motion for planets.  In 

the 1800s it became — I won’t say obvious, but it became noticeable that Newton’s laws 

weren’t perfect in all situations.  And so by about 1900, there were some physicists 

wondering if there needed to be modifications.  Now, the differences from Newton’s laws 

and what was actually observed were very small, but there were just these little bit of 

problems that made people wonder if Newton’s laws were, in fact, perfect or if they were 

just close. 

 And one of those people was Einstein.  Einstein was studying a lot of different 

things.  He studied geometry, he studied physics, he was trying to put it all together.  And 

he realized that he could adjust or change the whole idea of gravitation and space and 

motion and kind of put it all together into a new theory that had as its basis Newton’s laws 

and the law of gravitation, but in some ways were different because it added space. 

 Now, what do I mean by that?  Well, when Newton talked about laws of motion and 

his gravitation, space was nothing to him.  I mean, literally it was emptiness.  Nothing 

there, nothing to worry about, it’s just something is here and something is here and there’s 

nothing in-between.  That’s space.  Einstein began to realize that maybe space was 

something, that it was not just an absence of stuff but maybe it was its own thing, that 

space actually had some physical reality to it. 
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 And so he incorporated his idea of a space, a thing, a stuff, into gravitation and 

motion, and came up with his general relativity theory which uses space as part of the 

theory.  I don’t want to go i nto a lot of the details.  I certainly don’t want to go into any of the 

equations for it, but I just want to mention a few of the differences between Newton’s laws 

and Einstein’s relativity theory. 

 One is that if we include space, then we have to worry about what properties it 

might have.  And so, for example, when we talk about light going through space, light 

going from the Sun to the Earth, as far as Newton was concerned it just went in a straight 

line because there was nothing in-between.  It had to go in a straight line.  But in Einstein’s 

relativity, since space is a something, the light going through the space can be affected by 

the space.  And what he realized was that space and matter itself were sort of 

interconnected. 

 And so if you have a Sun in space, the Sun affects the space around it and then 

light traveling through that space would be affected by the effects of the Sun in the space.  

And essentially all that boils down to is that as light goes through space, when it goes by 

a mass, an object, in the space, it can change direction.  It can curve.  So if you have the 

Sun here and the space is all around it, if a photon of light is going by the Sun, totally 

ignoring the Sun, it doesn’t go by in exactly a straight line.  It actually curves as it goes by 

the Sun.  And the reason it curves as it goes by the Sun is because the space itself is 

curved by the presence of the Sun.  In  other words, space is a something that can be 

affected by the masses that are in it. So Einstein kind of tied together what Newton 

hadn’t thought about.  He hadn’t thought about space as being anything to really discuss, 



ASTRO 114 Lecture 51 3 
 
and Einstein realized there was something more there. 

 When Einstein came up with his equations of motion and equations for gravitation 

that were similar to Newton’s, for most practical purposes they were identical.  If you were 

calculating how the Moon goes around the Earth, pretty much you got the same results 

whether you use Einstein’s theory or whether you use Newton’s equations.  So for many 

practical calculations, we might as well use Newton’s equations because they’re simpler.  

Einstein’s equations have more terms in them because they’re taking into account more 

things.  And so for most cases we don’t need to worry about relativity theory.  It’s just an 

added complication to something that you can do more simply by just using Newton’s 

laws. 

 But since Newton’s laws are really only approximations to relatively theory and 

relativity theory takes into account more things, what you realize is that under certain 

circumstances Newton’s laws don’t work well.  Now, one of the circumstances that 

actually got Einstein thinking about it, one of the things that was noticed before relativity 

theory even came out, was that Mercury’s orbit around the Sun doesn’t quite work.  

 When astronomers looked at Mercury’s orbit in detail and saw how Mercury went 

around the Sun, and how its orbit changed over time — now, why would the orbit change 

over time?  Well, you’ve got Venus and the Earth and Mars and Jupiter outside it, going 

around, and they pull on Mercury so they slowly change its orbit.  Well, when astronomers 

looked at the change in Mercury’s orbit, they noticed that even when they accounted for 

Venus and Earth and Mars and Jupiter, and all the other gravity in the solar system, the 

orbit still had some change that they couldn’t account for.  There was just this little 



ASTRO 114 Lecture 51 4 
 
problem with this orbit.  It didn’t quite follow Newton’s laws.  And so astronomers said, 

“Well, maybe it’s something we’re not taking into account here.” 

 Well, when Einstein came up with his relativity theory and his additions to the 

equations of motion and gravitation, he then calculated what the orbit of Mercury should 

look like and it came out perfect.  It fit the observations exactly.  So that minor correction 

from relativity theory solved the problem of Mercury’s orbit.  So it seemed to make some 

sense.  At first physicists didn’t even want to bother with relativity.  It seemed more 

complicated than was necessary.  But, for certain circumstances, it actually seemed to 

give correct answers where Newton’s laws didn’t quite give correct answers. 

 There was a famous experiment in 1919.  Since Einstein’s theory suggested, or 

required, that a mass curved the space around it and that therefore any light going 

through that space would go in a curved path, astronomers figured, “Well, if this is true, 

we should be able to measure this somehow.”  And so during an eclipse of the Sun in 

1919, astronomers looked at the eclipse — now you’ve got the Sun up in the sky and the 

Moon is covering it so the sky gets dark, and you can thereby see stars around the Sun. 

 Well, we have charts of exactly where all the star positions are for all the stars.  We 

can’t normally see them during the day because the Sun is in the way.  But if you get an 

eclipse and the stars become visible, if the space around the Sun is actually curved, then 

the positions of the stars would not be exactly what we would expect because the light 

from those stars going by the Sun — the light would change direction, so we would see 

the stars in slightly the wrong direction. 

 And so this experiment was set up where astronomers photographed the eclipse 
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and the stars around the Sun and compared those photographs with photographs made 

with an identical telescope, the same telescope, at a different time of year when the stars 

were nowhere near the direction of the Sun, and they realized that the positions of the 

stars had shifted exactly the amount predicted by the relativity theory.  And so they 

realized that this curvature of the space around massive objects did work.  The theory 

was proved, at least in that instance, that relativity theory was better in some ways than 

Newton’s laws and gravity. 

 And so since that time, since astronomers realized this theory was not just a wild 

imagination gone crazy, that there was a basis for it, studies have been done to prove or 

disprove this relativity theory over and over again.  And in every study, every 

measurement of the curvature of the light going through space or any kind of changes that 

relativity theory predicts that Newton’s theories don’t predict, relativity theory has come 

out exactly on the observations.  And so we now realize it’s pretty good. 

 And, in fact, I was just reading an article yesterday on how the GPS system for 

determining positions on the Earth requires relativistic corrections to get the positions 

right.  So it’s actually got a practical effect.  When you’re getting down to small details of 

orbits of satellites going around the earth and having to know exactly where they are so 

that you know where you are on the surface, you’ve gotta use relativistic corrections.  So 

it’s a more accurate theory than Newton’s laws and Newton’s gravitation theory because 

it takes into account things that Newton never thought of. 

 Now, why do I bring that up at this point in the course?  Because we’re now 

beginning to talk about things where relativity makes a difference.  We’re talking about, as 
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I mentioned yesterday, the universe itself expanding.  Well, what am I talking about here?  

If I was discussing it as far as Newton is concerned, it’s just objects in space, in 

nothingness.  But I’m referring to when I say the universe is expanding is that the space 

itself is swelling up and the galaxies and the mass in it are just being carried along for the 

ride.  It’s not the galaxies that are moving apart.  It’s the space between them that is 

literally getting bigger. 

 And so if I refer to it that way, I have to talk about the space being something.  It is 

the space.  And we get right back to the relativity theory which takes into account the 

existence of space as a something that can be curved, that has masses in it, photons go 

through the space along the curvature of the space, and so on.  And so we’re really 

getting to a part of this course where we’ve got to mention, at least, relativity theory 

because it becomes more and more important the more we study the details of the 

universe. 

 Another case in point.  I sort of mentioned black holes a few chapters ago when I 

talked about stars ending their lives as supernovae, some of them become neutron stars, 

they collapse down and become neutron stars.  Others keep collapsing.  They can’t stop 

at being a neutron star and they turn into a black hole.  I didn’t go into much detail about 

that black hole.  Because in order to go into a lot of detail about the black hole, you have 

to use relativity theory.  You can’t discuss a black hole with Newton’s laws.  It doesn’t work.   

Because the major thing about a black hole is that its gravity is so concentrated — you’ve 

got an object 3 or 4 or 10 times the mass of the Sun squeezed down to a size of two or 

three miles across.  The gravity is so concentrated that it curves the space around it to the 
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point where it curves it completely into a cocoon.  

 Now, when I talk about this experiment in 1919, with light going by the Sun, the 

Sun is a massive object, right?  It’s got one mass of the Sun.  And it’s big.  And so the light 

going by the Sun is actually going by pretty far from the center.  It’s going by millions of 

miles away from the center.  At that distance away, the curvature of the space that the 

Sun creates is very small.  You had to measure the photographs very carefully even to 

notice a shift in the position of the stars.  Because millions of miles from the center of the 

Sun, the curvature is tiny.  But if you took the Sun and you squeezed it down into a black 

hole that was only a mile or two across and then the photon could be by five miles away 

from that extremely dense mass, then it would discover that the curvature was extreme.  

There’s a lot of curvature. 

 Well, when you get a mass that concentrated, the curvature gets worse and worse 

until right near the object it actually curves completely around.  The space closes up 

around the object.  And that’s why black holes are dark because the photons trying to 

leave the black hole go through the curvature of space and go around in a circle.  They 

can’t get away.  Literally, the space around the black hole keeps the photons going 

around in circles so they can’t get away from the black hole. 

 And so out here where we’re looking at it, we don’t see any photons.  Photons are 

trying to get out and they think they’re getting out, but they’re just going around and 

around and around because the space itself right around the black hole is curved.  And 

the only way to describe that is using general relativity because Newton’s laws don’t take 

that into account at all. 
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 And so that’s why I’m bringing it up because we’re gonna be talking about black 

holes.  We’re going to be talking about the curvature of space.  We’re going to be talking 

about the expansion of space.  And so we’re really talking about something -- space -- 

and that’s only taken into account in relativity theory.  So I’ll bring up a few more points 

about relativity theory as we go along.  I don’t want to belabor it too much, but we’re 

getting into a fairly complicated part of the course just because trying to describe these 

objects in simple terms doesn’t work.  It does get more complicated. 

 Now, I would like to shift gears a little bit and show you some of the weird objects in 

space that require relativity theory to explain.  So we have some slides to show. 

 Okay.  This is a view of the universe.  I know you’re looking at it and you think, 

“What is it?”  This is a plot of about a million galaxies.  It’s a section of sky.  Astronomers 

have mapped that section of sky in detail and all the dots on that picture are galaxies.  And 

the reason I show it to you is to show you how the galaxies seem to be distributed.  What 

you see is that it’s not a uniform distribution.  The dots are not evenly spread out. 

 I’ve mentioned this before but I want to reiterate it so it gets fixed in your mind.  

Galaxies tend to cluster together.  And so when you look at this bunch of dots, you 

immediately notice thick patches, blobs here and there.  Those are clusters.  You might 

also notice that between clusters there seem to be almost holes, kind of empty spots.  

Your eye picks them out because they look kind of dark compared to the rest of the 

picture.  Those are called voids, v-o-i-d-s, voids, because they are empty regions in space.  

There seems to be a lack of galaxies in those regions. 

 And so we have clusters and voids throughout the universe.  It’s not an evenly 
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distributed bunch of galaxies.  And I think if you stare at this for awhile you can see there 

are almost patterns in there.  There are almost strings of clusters.  There’s — it looks like 

it’s sort of coagulated in some places and we think maybe that’s true.  Maybe clusters 

have actually attracted each other so that they’ve sort of formed chains of clusters which 

causes more voids to form somewhere else.  But the important thing is that the universe is 

not uniformly distributed. 

 Here is a galaxy.  If you were gonna classify that, it would be probably Sb, right?  

Nice spiral, about middle thickness for the nucleus and middle tightness for the arms.  So 

S small b would be about right.  The only peculiar thing about this galaxy is this central 

region.  Now, it doesn’t show up as well on this photograph but I’ll show you some more.  

The central region on this galaxy is abnormally bright.  It’s actually much, much brighter 

than the spiral arms, so that the central region is actually overexposed. 

 Now, an astronomer named Seyfert many years ago began to notice that there 

were some galaxies that were like this.  Normally you would ignore that.  But he noticed 

that for these kinds of spirals there were certain ones that the center was really too bright, 

too much light coming right from the center. 

 And so for an example, here are three photographs of the same galaxy but I’ve 

used different exposure lengths.  On the right is a long exposure so you can see the spiral 

arms and the center.  This is probably an Sa rather than an Sb.  The middle photograph 

shows a medium exposure and again, you can just barely see a little bit of the spiral arms 

but that center is just jumping right out at you.  And over on the left, all you see is the 

center. 
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 Now, if I were just taking a picture of the sky and I underexposed my photograph 

for this particular galaxy, I might think it was a star.  I wouldn’t even realize I was looking at 

a galaxy.  Because you’ve got this very bright center, a very bright nucleus, and a very 

faint galaxy around it.  And so if you don’t expose long enough to bring out that galaxy 

behind, you’re gonna think you’ve got a dot on the photograph that you might mistake for 

a star.  Well, it turns out that astronomers were doing that for a lot of galaxies. 

 Now, here’s another problem with galaxies.  This looks like your normal elliptical 

galaxy.  What would you classify that?  Maybe E1, E2.  A little bit out of round, but it’s an 

elliptical galaxy.  And this is a normal photograph made at Mount Palomar or somewhere, 

showing what that galaxy looks like from the Earth with a typical exposure.  Now, if I 

increase the exposure a little bit and I get a little closer to it, I start to notice something 

sticking out of that galaxy.  There’s kind of a jet of material that seems to be sticking out, 

which I didn’t notice in the previous photograph.  I have to photograph it very carefully to 

pick out this jet. 

 So astronomers got kind of interested.  What is this blob coming out of the side of 

this galaxy?  Otherwise, it looks like a normal elliptical, but there’s something funny going 

on here.  Now you get a Hubble photograph where you can see right down to the center 

and you begin to realize this is a very straight jet of material sticking right out of the center 

of the galaxy.  I mean, that jet goes right down to the point at the center.  What is going on 

here? 

 Now, here’s another photograph showing just a center.  There’s your jet, like in the 

previous picture, but now we look at just the center with the Hubble telescope and what 
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we see is that right down near the center is a very bright center, much brighter than all the 

rest of the galaxy.  Notice the whole rest of the galaxy looks kind of underexposed on this 

photograph and yet that little dot in the middle is extremely bright. 

 So here we have another case of a nucleus of a galaxy being too bright.  But not 

only being too bright, but kind of blowing something out from it.  There’s something 

coming out from that nucleus going a long distance out of the galaxy.  Actually, that jet 

goes more than 100,000 light years out of the galaxy.  So there’s something major 

happening there. 

 Here’s another galaxy I showed you.  This was one of the first peculiar galaxies I 

showed you and I suggested it was a collision of two galaxies, an elliptical and a spiral.  

And so you’ve got this weird mess in front of the elliptical.  Well, what we realize when we 

look at this in detail — and now I’ve expanded the picture a lot — the galaxy is down in the 

center there.  You see it the size of the previous picture.  That’s the size of the actual 

galaxy.  With a radio telescope.  This is not with a visible telescope now.  But with a radio 

telescope we see a whole bunch of material on both sides of the galaxy.  Top and bottom 

of the galaxy, plus some other material off to the side. 

 Now, we’re using a radio telescope so what we’re picking up are electrons and 

protons flying around outside the galaxy.  And so this is an interesting galaxy.  So we  take 

a closer look at it and you see the picture of the galaxy in the upper left.  A picture of just 

the nucleus is on the lower left.  And you see that there is dust or a spiral or something 

almost perpendicular to the obvious one, because right now we’re just looking at the 

center of this galaxy, but that the center again is extremely bright, much brighter than all 
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the rest of the galaxy.  And when you get right down into it, there’s something really 

strange down there. 

 Then you use a radio telescope and you see these jets coming out from the center, 

and down here in the lower right is actually an x-ray image showing what looks like a jet 

which is going along the same direction as the radio jet.  So there’s material being shot 

out of this galaxy, there was material being shot out of the previous galaxy.  Things are 

happening in the centers of galaxies.  Right in the center, there’s something going on. 

 Here’s a picture over on the left of a — what looks like a normal spiral.  Lots of dust 

lanes and spiral nebulae and everything.  The photograph on the right is actually a blowup 

of the little box on the left, of just the nuclear region using the Hubble telescope.  And you 

see that right down in the center something’s going on.  And whatever’s going on is 

actually kind of blowing some sort of a bubble.  You see that red loop coming out of the 

center of the galaxy?  Something’s happening right again at the center of the galaxy. 

 What we’re beginning to realize — and I’ll jump to the conclusion here — is that 

there seem to be very dense, very interesting objects at the centers of these galaxies and 

they are doing peculiar things.  They are making material fly around the center at high 

speed.  The objects have very great mass.  They are blowing material out from the 

centers, probably material that falls in.  It falls in and then gets blown out.  And the only 

kind of object we can imagine that would do this is an enormous black hole. 

 And so over the last 10, 20 years, we’ve begun to realize that many galaxies have 

something going on in the center.  And when you look down at the center, we’re talking 

about a region that is not a heck of a lot larger than the solar system.  We’re talking about 
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a dot at the center of this galaxy.  But something’s happening down there at that dot that’s 

blowing material out of the galaxy, sometimes 100,000 light years away from the galaxy.  

And so there’s something very powerful down at the center of the galaxies.  Some of ‘em 

act one way, some of ‘em act another.  Sometimes you have a strong jet, sometimes you 

have little bubbles.  That seems to vary.  But in almost every case where we can look 

down at the center of a galaxy, we see these things. 

 Here’s a radio image of a galaxy.  The galaxy itself is the white dot in the middle of 

the photograph.  This image shows material blowing out in both directions from that dot, 

from the galaxy, almost a million light years in each direction.  That’s a long way.  This 

material is blowing all the way out and when it gets far enough out, it s lows down and then 

just sort of puffs up into a cloud.  But down near the galaxy, material is being shot out at 

high enough speed that the stuff stays in that little beam all the way out until it gets far 

enough out that it then puffs away. 

 So what we see is that in these galaxies something is blowing material right out of 

the galaxy.  And we see this very well with radio telescopes because the radio telescopes 

pick up electrons and protons spinning around out in the outer edges of the galaxy, and so 

that almost looks like a visual photograph but it’s actually a radio photograph if you want 

to look at it that way. 

 Here’s another object that is so far away we can’t see anything except the center 

and then we see a couple of jets of material mostly over to the right — but if you look hard 

enough, you can see a little bit to the left — showing that this happens even far away.  

Where we can hardly see a galaxy, we can still see these little jets. 
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 Here’s another one.  The galaxy is the little orange dot in the middle.  Again, we 

see jets of material being blown out of the galaxy.  And I don’t have a scale here of how far 

it is in light years, parsecs, but it’s over a sizable section of the sky and so I would guess 

it’s probably 50 or 100,000 light years.  Again, we keep seeing this same pattern: material 

blowing right out of the centers, sometimes in one direction, sometimes in both directions, 

opposite directions. 

 Here’s one where the galaxy is the red dot in the lower center and we see that the 

material is blowing out in both directions.  But obviously the galaxy is moving fast and so 

it’s leaving the material behind.  So you’ve got a case here where a galaxy is moving 

down the picture and leaving its trail of material behind it.  But again, the same kind of 

thing where you’ve got jets of material coming out in opposite directions. 

 Now, I’ll shift gears a little bit but not that much.  Now I’m gonna show you some 

dots.  Remember those Seyfert galaxies I showed you?  If you underexpose it, all you see 

is a dot?  Well, these are some objects that even if you take a pretty long exposure, they 

still look like dots.  And these objects were discovered back in the 1950s by radio 

astronomers and by observational astronomers.  These are visual photographs, but they 

were first found by radio astronomers.  Because when radio astronomers would point 

their telescopes at these things, there was a lot of radio noise coming from them and they 

couldn’t figure out what was going on.  In a few cases, that radio noise actually looks like 

two jets coming out in opposite directions. But when astronomers photographed them, all 

they saw was a dot. 

 Now, the names on them — you notice 3C48, 3C147.  The 3C refers to the third 
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Cambridge Radio Catalog.  So these objects were actually named by the radio 

astronomers in a catalog that they were compiling.  But when astronomers began to look 

at a lot of these weird radio objects with a visible telescope to see what was giving off all 

these radio waves, all they saw were dots that superficially looked like star images.  And 

actually some of ‘em — some astronomers thought they were star images and were trying 

to figure out what kind of stars they were. 

 So they got spectra of the objects.  They tried to figure out, you know, if it’s a G star 

or a B star, or whatever.  And when they looked at the spectra, they realized they were not 

star spectra at all.  They looked more like emission cloud spectra but none of the lines in 

the spectra were in the right places in the spectrum, so astronomers were totally stumped 

as to what they were looking at.  Objects that looked like stars on a photograph have a 

spectrum that looks like the spectrum of a nebula or cloud and yet none of the lines in the 

spectra are your normal lines that you expect from a cloud like Orion or something else.  

 Turns out that these are underexposures.  What you’re seeing is only the center of 

whatever it is.  Except that these objects are much, much farther away than Seyfert 

galaxies and so what you would think was a long exposure is still, for them, an 

underexposure.  So you’re looking at the center of some kind of object.  I showed you 

these bright centers of galaxies.  I showed you the bright center of the Seyferts.  What 

you’re seeing with these dots are just the centers, but these dots were named quasars. 

 Now, how did they get the name quasar?  That’s kind of an interesting name.  Was 

it named after a microwave?  No.  The microwave was actually named after the quasars.  

But they were named by news people.  They were not originally called quasars by 
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astronomers.  They were named quasi-stellar radio sources.  Because on a photograph 

they looked like stars so they were quasi-stellar, but they had been discovered by radio 

astronomers so they were really radio sources.  And so astronomers were referring to 

them as quasi-stellar radio sources which is a long phrase.  And people writing news 

articles don’t like long phrases to describe something.  They want a nice, quick little name. 

 And so astronomers gave them a quick little name.  They jus t used the first letter of 

each word — quasi-stellar radio source, Q-S-R-S.  So astronomers were calling them 

QSRS’s and the news people didn’t like that either because that didn’t sound right.  And 

so they just put a few letters in-between the QSRS’s and turned it into quasars.  So that 

became the typical name for these objects, even though they were technically called 

quasi-stellar radio sources by astronomers. 

 Here’s a spectrum of one of them.  Now, the spectrum on the bottom is your 

standard spectrum that you could get in a laboratory and so it’s got the wavelengths 

marked.  The spectrum up at the top is the spectrum of the quasar and notice 4861.  4861 

is the wavelength for H beta.  Notice where H beta is in the spectrum of this object.  It’s 

way over to the right.  At first astronomers didn’t even know it was H beta.  They thought it 

was a different line.  But you’ll notice in the standard spectrum there is no line there. 

 And so astronomers were kind of stumped.  What is this line?  What element is 

producing this line?  And nobody knew for several years until one astronomer realized 

that if he took H beta, H gamma and H delta, which would normally be at 4861, and then 

you see the other line in-between 3889 and 4861, and then at 3889, if he just shifted them 

all over, all of a sudden it all made sense.  They were just hydrogen lines.  They were 
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tremendously red shifted, much more red shifted than anybody had ever seen anything 

red shifted. 

 Astronomers had studied galaxy red shifts but a galaxy red shift is only a small shift 

compared to this, and so nobody thought there would be such large red shifts.  But those 

quasars all show these extremely large red shifts.  They’re very peculiar objects.  They 

look like stars.  They have radio waves given off that look like radio galaxies.  They have 

spectra that look like emission clouds but the spectra are tremendously red shifted.  It 

took about 15 years for astronomers to convince themselves -- and that’s because we 

found a lot of evidence to help us -- that these are the centers of extremely bright galaxies 

that are so far away that, according to the Hubble law, the red shift law that farther away 

galaxies have more red shift, these are the farthest away objects of all.  If you look at their 

red shifts and you say okay, they follow the Hubble law, suddenly you realize you’re 

looking at objects that are 5 or 10 billion light years away.  Because if you look at the 

Hubble graph and you look at how big the red shift is, and you see how far out that makes 

the galaxy,  we’re talking about things that are all more than a billion light years away.  

Even the nearest quasars are billions of light years away.  And so the original evidence 

that they were something strange was the spectra. 

 Now, here’s an interesting little picture — and I’ll end the class with this so don’t 

move yet.  What you’re looking at is a cluster of galaxies, a distant cluster, Hubble 

telescope image.  I’d say it’s kind of pretty, wouldn’t you?  You can see all the old elliptical 

galaxies.  They’re all the orange ones — most of which are orange.  But this is a cluster 

and notice that there is a dominant galaxy in the left center of the cluster.  That’s a cluster 
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dominant.  That’s probably many galaxies that have combined together to make one 

gigantic galaxy. 

 And notice that there’s a ring around it, a ring of light.  This is relativity theory at its 

finest.  There is a quasar behind this cluster, way out in the distance.  You can’t see the 

quasar.  But the gravity of these large galaxies is strong enough that as the light of the 

quasar goes by the galaxy, it’s actually curved and focused.  This is gravitational focusing.  

Almost like a lens, right?  Light goes through a lens and changes direction.  Light goes by 

a very massive object, changes direction. 

 And so the quasar and this galaxy are almost perfectly lined up.  And so as the light 

from the quasar goes by the galaxy, it’s actually curved and shows up as a ring around the 

galaxy.  But it’s not light from the galaxy.  It has nothing to do with the galaxy.  You see it’s 

a totally different color.  It’s like bluish instead of red.  And that is gravitational lensing and 

it fits Einstein’s relativity theory exactly as to how that mass would affect the light to 

actually produce an image.  Not a very good image because it’s not a very good lens. 

 And notice there’s also one in the right, upper right, another CD galaxy and it’s 

focusing another object — not quite as well, but again you can see a couple of arcs of light 

around that dense galaxy.  So we have here the ultimate proof, if you will, of the curvature 

of space on an extremely large scale where galaxies can actually focus the light of objects 

behind them. 

 Okay.  We’ll continue this tomorrow. 

 

  


