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 We’re gonna finish up our discussion of the solar system today and we’re gonna 

actually talk a little bit about other solar systems. 

 A couple of points I wanted to make before we leave our own solar system.  

There’s always been a question as to where the atmospheres of the planets came from.  

It’s not obvious.  If we look at Jupiter and Saturn, for example, most of those two planets 

are made out of hydrogen and helium.  Hydrogen and helium do not become ice at any 

temperature.   And so for a planet to be able to pick up hydrogen and helium, it can’t do it 

by the normal process of accretion where you have solid objects bumping into each other 

and sticking together.  Because hydrogen and helium, even in a cloud around the star 

that’s forming, would still be gas. 

 And so what we have to realize is that in order for Jupiter and Saturn to pick up 

those thick atmospheres of hydrogen and helium, they would’ve had to already be fairly 

large solid objects.  They would’ve had to become bigger than the Earth, for example, as 

rocky, icy kinds of objects and then they would’ve had enough gravity because they now 

were pretty large and were able to attract the gas that was floating around in space 

around them. 

 So probably those planets did not begin picking up their hydrogen and helium until 

most of the solar system was already formed.  In other words, the last thing that Jupiter 

and Saturn got was all the hydrogen and helium that is now actually most of those p lanets.  

But they must have started out as solid chunks or at least icy solid kinds of bodies that 

were bigger than the Earth, going around in orbit, and then they began to draw in because 

of their gravitational forces the gas that was floating around in space. 
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 The inner planets could not have done that.  First of all, the inner planets are small 

and if you calculate how much gravity you would need to pick up hydrogen and helium, 

the inner planets don’t have enough.  So they could be going around in a cloud of 

hydrogen and helium and they would not pick any of it up.  But in the inner solar system it 

was also warmer and so any gas that was floating around — let’s say around the Earth or 

Venus or Mars — would’ve been warm enough that it would’ve been moving fairly fast 

and would’ve made it even more impossible for the gravity of those inner planets to pull 

the gases in. 

 So pretty much the inner planets were only able to pick up gases that were in solid 

form — in other words, ices.  But in the inner solar system there were no ices.  The ice line 

was out at the edge of the asteroid belt and farther out.  So how do you pick up icy chunks, 

if you’re Venus or the Earth or Mars, and there are no icy chunks in the vicinity?  Well, 

what you have to hope for are collisions and near collisions out in the outer solar system 

where chunks have formed out near Saturn or Jupiter or in the outer asteroid belt get 

knocked out of their orbit and then come into the inner solar system and crash onto those 

inner planets. 

 So we think the Earth probably got all of its water and a lot of its nitrogen and its 

oxygen and other materials from chunks of rock and ice that came in from the outer solar 

system that had those materials in them as solid ice.  And so we actually require lots of 

collisions with the Earth in order to get our present atmosphere in oceans.  They did not 

form with the planet in the present orbit because it was actually too warm.  None of those 

gassy kind of materials — water and all the atmospheric materials — would’ve been able 
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to just float around the Earth and be picked up.  It would’ve had to come from farther out. 

 Same thing with Mars.  Mars has lots of ice, has atmosphere.  That material was 

probably delivered to it over many millions of years of collisions.   And so we picked it up 

from the outer solar system.  Whether Mercury and Venus were able to pick up as much 

material, we don’t know.  They don’t seem to have any now.  All the water that might’ve 

been on Venus is gone and so we have to speculate that there was once water, and 

probably it did get hit by enough asteroids that it would’ve had some water but we don’t 

know exactly how much. 

 Same thing with Mercury.  It probably got hit by lots of objects that carried water on 

them.  But, since it had very little atmosphere, any water that was on Mercury would’ve 

quickly evaporated and disappeared.  In the outer solar system, all the moons that 

would’ve had collisions with icy bodies were able to hold that ice.  So that’s why today in 

the outer solar system even small objects like moons of Saturn or moons of Uranus have 

lots of ice on them, because once the ice landed it never melted again and was able to 

stay on the object. 

 So the inner solar system is the only place where the ices are not normal, the water 

is not normal.  It actually had to come from farther out in the solar system.  And if you think 

about how much the Earth is made of water, it’s not actually that much.  It has a thin 

veneer of water on the surface, but probably down inside there’s almost no water at all.  

So as far as its total composition, water is a very small portion of it.  Whereas if you look at 

Uranus and Neptune, they may be 30, 40, 50 percent water because they were able to 

pick up all that frozen gas material, mostly water, and hold on to it. 
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 A question also comes up, which of the formation scenarios that I mention actually 

caused our Sun and planetary system to form?  We assume there was a large cloud.  

How did that cloud get disturbed and then begin to collapse and turn into the Sun?  We 

think the particular cloud that became the Sun in the solar system was disturbed by the 

explosion of a star.  I mentioned several different scenarios. 

 The reason we think that our particular Sun formed as the result of an explosion of 

another star is that — and we’ll talk about this several chapters down the road.  When a 

star gets old and dies, in some cases it can explode.  And when it explodes, it blows a lot 

of its material all over the place.  That’s what an explosion means, blowing its material all 

over the place.  A lot of that material is radioactive materials that have recently been 

formed in the explosion.  And so the explosion itself produces lots of radioactive materials.  

Those materials then get thrown all over the place.  Some of it goes into the cloud it’s 

disturbing.  And so when the cloud begins to collapse, some of the material that collapses 

with it is the leftovers from that exploded star.  And some of those leftovers are radioactive 

materials. 

 Well, if we look at the radioactive materials that are in the solar system, what we 

realize is that most of those radioactive materials all seem to have formed at about the 

same time, a little less than 5 billion years ago.  And so there seems to have been an 

explosion of a star that produced a bunch of radioactive materials.  Those radioactive 

materials then mixed into the cloud that was gonna form the Sun and maybe helped to 

cause its collapse, and then we got our present solar system and Sun. 

 And so we think it was an explosion of a star because of the radioactive material 
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evidence.  Actually, physicists who study this radioactive material, when they look at the 

ages of all the radioactive materials, they realize that there are two different ages.  

There’s one age of a small amount of radioactive material that’s actually more than 7 

billion years old and then most of the other radioactive material is all a little less than 5 

billion years old.  And so we think we may actually have had a couple of different 

explosions of stars that happened way back in the past, and that material has been 

incorporated into the solar system and into the Sun. 

 So you can actually look back quite a ways into the history of the galaxy if you can 

study the radioactive materials that have come from exploding stars.  It’s kind of vague 

when you get back 7 billion years or so, but there is evidence that there was an explosion 

that far back that affected the materials in the present day solar system. 

 Now, what I’d like to talk about is other solar systems.  Giordano Bruno, back in the 

1580s, suggested that our solar system was only one of many.  He based this on his belief 

that the Sun was a star.  And since he didn’t figure it was any kind of a special star, he 

figured if the Sun is a star, other stars are suns, other stars should have planets going 

around those suns.  And so he suspected that there would be innumerable planets going 

around other stars and that there might even be living beings on some of those planets. 

 Well, how long did it take us to find any of those planets?  Well, we still haven’t 

found any of those living beings — unless you watch too many science fiction movies and 

start to believe them — but we should at least have found some other planets.  Well, since 

1600, when Giordano Bruno was burned at the stake for suggesting that, astronomers 

have wondered are there other planets and they have been looking for them, sort of, ever 
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since. 

 Well, when did we find the first planet going around some other star?  Not in 1800, 

not in 1900, not in 1950.  We didn’t find the first planet going around another star until 

1995.  That’s very recently.  And so for almost 400 years, astronomers believed there 

probably were other planets but they weren’t able to find any.  The problem is they’re very 

far away.  When we realized how far away the stars were — the nearest star is four light 

years away — we also realized that chances of seeing one of those planets was pretty 

minuscule.  Even stars that are light years away are relatively faint. 

 But think about how bright the Sun is compared to, let’s say, Jupiter in the night sky.  

What if you’re looking at a star, trying to see a planet going around it?  It’s like trying to see 

Jupiter in the daytime when the Sun is up in the sky.  You can’t see it.  The Sun is so bright 

you can’t pick out any of the planets in the sky.  You have to wait until it’s dark.  Well, if 

you’re looking at some star way off in the distance, you can never get that planet very far 

away from the star to pick it out. 

 And so although astronomers suspected that there were other planets, they were 

at a loss as to how to prove it.  How do you see those planets, how do you determine 

they’re really there?  And so during the 20th century many attempts were made to find 

other planets.  And I’ ll mention the types of attempts because it’s kind of instructive as to 

what lengths you have to go to just to see a planet somewhere else. 

 Okay.  If we think about how we could look for a planet.  As I mentioned, the most 

obvious one that comes to mind is taking a picture of one or at least seeing it through a 

telescope.  So that I would call direct observation.  You get an image of the planet next to 
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the star — you’ve got it.  Now, you’ve gotta prove it’s a planet instead of another star.  

Could be a faint little star next to a bright star.  And so you’ve gotta find some identifying 

characteristic. 

 Well, we know that the planets are not the same as stars.  Our inner planets are 

made mostly of rock and iron.  Their atmospheres are carbon dioxide or nitrogen with 

oxygen.  And so if we were to see another planet and look at its atmosphere and study 

what its composition was and find out that it had a carbon dioxide atmosphere, that’s a 

pretty good hint it’s not a star. 

 Also we’re able to determine temperatures for objects in space by looking at their 

spectra.  Remember hot objects look blue and have a spectrum that has lots of high 

energy photons.  Objects that are cooler look redder and they have lots of low energy 

photons.  Well, a planet is gonna have plenty of very low energy photons.  In fact, it’s 

gonna be giving off most of its light in the infrared.  And so if you have a telescope and you 

want to look for planets, you probably want to use an infrared telescope because that’s 

where the planet is gonna show up the best.  And so even with direct detection, you would 

want an image in infrared telescope rather than a visible or an ultraviolet kind of 

telescope. 

 And so we were not able to find any that way, though.  People have been taking 

pictures of stars for 100 years or more.  We have never seen an object that we thought 

was a planet.  Too faint, too close to the star, too hard to detect.  In fact, infrared 

telescopes have only been around for about 20 years because they’re hard to make.  So 

everything seems to be against our picking up a direct image of another planet.  So we 
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have to go to something else. 

 Now, here’s a tricky one: a transit measurement.  What’s a transit?  A transit is 

when one object goes in front of another.  In fact, that word is Latin for “it crosses.”  So if 

an object goes in front of another object, we call that event a transit.   An eclipse of the 

Sun.  It’s really a transit of the Moon in front of the Sun.  Well, what if a planet goes in front 

of a star?  What would happen?  Well, the planet — the backside of the planet that would 

be toward us you would expect to be dark.  And so if a planet went directly across in front 

of a star, it should make the star look a little fainter.  It’s kind of like the Moon going in front 

of the Sun.  It’s gonna block some of the Sun’s light and so it’s gonna look fainter. And so 

if we could see a brightness change of a star that we could show was really a planet going 

in front of it, maybe we could detect a planet that way. 

 Now, if you’re trying to visualize what that would look like, I have a nice little picture 

here that shows that.  There’s a star and there is a Jupiter-like planet.  Now, notice it’s 

kind of just dark so you really can’t tell that it would be Jupiter-like.  It’s Jupiter sized.  And 

that’s what it would look like, going in front of a star.  How much light does it actually block?  

Not much.  If this were an actual case — and, as it turns out, this is an actual case.  This 

is an artistic rendering of a transit that was actually observed for a planet going across in 

front of a star about three years ago.  It only blocked about 1 or 2 percent of the star’s 

light. 

 And so we had to be able to measure a change in the star’s brightness of about 1 

percent.  You would not notice this just looking through a telescope.  You have to make 

very accurate measurements.  You have to know exactly when that planet is going across 
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in front of the star.  Think about trying to detect Jupiter.  Let’s say you were at distant star 

and you were looking at our solar system, and you wanted to see Jupiter go in front of the 

Sun.  You get one shot every 12 years ‘cause Jupiter goes around the Sun in 12 years.  

What’s your chances you’re gonna be looking that afternoon when it goes in front of the 

Sun?  It’s only gonna be going in front for maybe half a day.  That’s it.  Every 12 years. 

 And so astronomers have not had a lot of luck catching these transits.  Because 

even if they happen, they are very rare events.  You have to know when it’s gonna happen.  

You have to be observing at exactly that and exactly that star, and you have to be 

observing very carefully to pick up a change of 1 percent in its brightness.  And so 

although astronomers knew for a long time that this was a possible technique, nobody 

wanted to sit around for 12 years, looking at one star, staring at it, hoping to catch a 

Jupiter-like planet going by some afternoon.  Well, that’s probably what would happen.  It 

would be daytime here when we were observing that star when the actual event occurred, 

and so we would’ve spent 12 years looking at it at night and completely missed it. 

 Now, how did we actually observe this particular transit?  The planet was actually 

discovered by other means.  And when its orbit was calculated, somebody noticed that at 

a particular time on a particular day it should be going across in front of the star.  And so 

astronomers were alerted to that fact.  They looked at that star and measured its 

brightness very carefully at the appropriate time, and, sure enough, they saw a drop of 

about 1 to 2 percent in brightness that was exactly when the planet should be going in 

front of the star.  So they were able to prove that the technique worked, but they didn’t 

actually discover the planet that way.  It was sort of a test case.  But it could be done. 
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 So what other method would we have?  Well, we could have what’s called an 

astrometric measurement.  That is when the star moves, it wobbles in the sky as a result 

of the fact that when a planet and star are in mutual orbit — because they’re both pulling 

on each other with gravity; you remember Newton’s laws: action, reaction — both objects 

move.  The planet goes around the star but the star also moves in a small orbit, so the two 

are going around together. 

 Well, maybe you can’t pick up the star because it’s so faint, but you might see 

the — I mean the planet because it’s so faint, but you might see the star moving around.  

And you say, “Hey, why is that star going around in a small orbit?”  The only logical reason 

is it’s going around with something else that’s not visible.  And so if you look at a particular 

star and you watch it over a period of time, you might actually see it wobbling, moving 

around.  And then you could say, “Aha.  There’s a planet going around that star.  It’s not 

particularly visible, but I see the effects of that planet because the star is wobbling.” 

 That was the technique that astronomers for most of the 20th century thought 

would be the technique that would be the most successful.  Many astronomers used 

telescopes to  photograph stars very carefully.  They would pick out a star they thought 

was a likely candidate and might have planets.  That’s kind of guesswork, but, you know, 

you’d say, “Okay.  What’s my best guess here as to which star is gonna have a planetary 

system?”  You watch that planet system — or that star for a long time and you hope that 

you see a wobble. 

 Now, think about it again.  If it’s Jupiter that’s causing the wobble — let’s say you 

were at some distant star, watching the Sun.  It’s gonna take the Sun 12 years to wobble 
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once as Jupiter goes around.  You’re gonna have to watch that star for years and years to 

pick out that little wobble as it moves through the sky.  Not something you can do in one 

semester. 

 So there were some stars that were observed for 15 or 20 or 30 years, trying to see 

if they were wobbling as they were moving through the sky.  And actually, there were a 

couple that astronomers thought they had found wobbles in and they announced that they 

had discovered planets.  Turns out that more than one astronomers was looking at the 

same star and they weren’t seeing the same wobbles.  Now, if two astronomers are 

looking at the same star, they’ve gotta see the same wobble.  But they weren’t seeing the 

same wobbles.  So it was obvious that something was happening but it wasn’t the same 

thing from different observatories. 

 So what they realized was there were serious problems with just trying to 

photograph the position of a star accurately over a period of 30 years without something 

else affecting it.  Something like taking the telescope apart and cleaning it, and putting it 

back together and changing something so that the image was in a different place.  And so 

even though there were announcements that planets had been discovered around these 

wobbling stars, a lot of other astronomers didn’t really believe it because they could see 

what kinds of problems there were.  They figured the wobbles might be there, but they 

might be caused by detection problems and not planets going around. 

 So it was the 1990s, still no absolute discoveries of planets, when astronomers 

began to try a fourth technique and that one is using a variable Doppler shift.  Now, what 

is that?  Well, that’s a wobble in the spectrum of a star.  Now, I talked about the wobble as 
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the star moves across the sky.  That’s a direct measurement of the motion of planets 

around a star and the star moving as a result of those planets.  If you look at the spectrum 

of a star, the spectrum will actually shift as a result of the star moving because of this 

wobble. So as the planet and star are going around each other and the star is 

wobbling, if you look at its spectrum its spectrum seems to shift back and forth as the star 

wobbles.  So if you can’t pick out the wobble photographically, maybe you can pick it out 

from the spectrum itself. 

 Now, I have an overhead to show you on that as to what this Doppler shift is.  We 

actually can hear Doppler shifts.  This is not something that’s so esoteric you can’t notice 

it.  You can hear it with sound or you can see it with light.  With sound what you hear as a 

change of pitch is usually a Doppler shift. 

 So, for example, you hear a police car coming up the street and its siren is going.  

You can tell — your mind will be able to tell as you listen to that sound whether that police 

car is approaching you or going away.  You listen to the pitch of that siren and you can tell 

that it’s coming toward you because the pitch is fairly high compared to normal.  As that 

police car hopefully goes by and isn’t coming after you — as it goes by, you will hear a 

change in the pitch and then as it goes away, you will hear a drop in the pitch.  And so you 

can actually tell when a siren is coming toward you, goes by, and then goes away in the 

distance.  You hear a change in pitch as that siren passes. 

 Well, that’s the Doppler shift.  It’s a shift in pitch.  A similar things happens if you’re 

looking at the spectrum of an object — and I have a drawing of a spectrum here where 

this is the red end and this is the blue end.  And what you have are two different spectra of 
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the same object taken at different ties: one time when the object was approaching us — 

that’s this one — and the other time when the object was going away from us or receding.  

And you’ll notice that the lines in the  spectrum all seem to have shifted a little bit from one 

side to the other.  They’re not in exactly the same place.  And so we can measure an 

object’s motion toward us or away from us by a shift in the position of the lines in the 

spectrum. 

 So if we have a star that’s wobbling, sometimes it’s wobbling toward us, 

sometimes it’s wobbling away from us.  So it’s wobbling toward us and away from us 

alternately as the planet goes around the star.  So if you measure the spectrum of a star 

over a long period of time and you notice that the lines are shifting back and forth, that 

means the star is going around in an orbit.  That’s evidence that something is going 

around with it.  And so you can detect a planet if you can show that this wobble causing 

the shift in the spectrum indicates a planet going around the star. 

 And so astronomers began to look at stars and look at the wobbles in their 

spectrum to see if they could pick out any planets since they weren’t able to do a very 

good job picking out the actual wobble of the star in the sky.  And in 1995, they finally 

found a planet going around a star by measuring the wobble of the star as the planet went 

around it.  The shocking thing was that the first planet detected was going around the star 

that it’s going around in four days.  It didn’t take them long to see the wobble. 

 I was mentioning if you were trying to look at a transit and it was Jupiter you were 

looking for, you get one shot every 12 years.  If you’re looking for a wobble of a star in the 

sky because it’s got a planet like Jupiter going around it, you’d have to observe that star 
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for 12 years to see the wobble.  Well, that’s what we would expect with spectra.  We would 

expect this shift in the lines in the spectrum to take 12 years to occur. 

 And so it was a big shock when astronomers began looking at the spectra of some 

possible stars and discovered the first one going around in four days.  Because that would 

mean that that planet would have to be closer to its star than Mercury is to the Sun.  Well, 

I guess that’s a possibility.  You have a planet closer to the Sun than Mercury.  Well, big 

deal.  Well, the big deal was the first planet discovered had more mass than Jupiter and 

yet it was going around its star every four days in a much closer orbit than Mercury.  And 

so what this did was pretty much throw out all the theories of how planetary systems 

formed. 

 We just spent a while discussing the formation of our solar system.  A cloud forms 

around the star and material begins to accrete into little planetesimals, and those 

planetesimals turn into planets.  And I mention that the inner planets could only pick up 

rock and iron because it was too warm near the Sun to pick up any gases or any ices and 

so the inner planets would have to stay small — like the Earth and like Venus and like 

Mars.  They’re pretty small objects.  Only in the outer solar system where it’s cold can a 

planet pick up all the ices, water and carbon dioxide, to get big enough to start to pick up 

the hydrogen and helium gas so that it can turn into a planet like Jupiter or Saturn or 

Uranus or Neptune. 

 And so we assumed that any big planets like Jupiter or Saturn would have to be far 

away from their stars — like Jupiter or Saturn.  They would be going around in orbits than 

took 10, 20, 30 years.  And so the first planet we find is more massive than Jupiter and it’s 



ASTRO 114 Lecture 29 15 
 
going around its star in four days.  It’s in much closer than the planet Mercury.  In fact, it’s 

in so close to its star that we know it couldn’t have formed there.  Why do we know tha t?  

Because when we work on our own theory of how our own solar system formed, the 

reason Mercury is the closest planet to the Sun is that when the disk was going around 

the forming Sun, the Sun was almost the size of Mercury.  It hadn’t completely shrunk 

down to its normal size.  And so you couldn’t get a planet closer to the Sun than Mercury 

because there was no room for it to form. 

 Well, if we talk about other stars, we have to have that same scenario.  The star 

would have a planetary system forming around it and planets should not form too close to 

the star because the star was bigger when it was first forming.  So how do you get a planet 

as big as Jupiter going around a star so close that it’s almost skimming around the 

atmosphere of the star? 

 So theoreticians have been very busy in the last few years trying to explain these 

problems because their theories were all up in smoke, you might say.  Well, they’ve now 

worked out nice scenarios.  Any planet as big as Jupiter probably formed out near where 

Jupiter is but, for some reason, spiraled in to a closer position.  How would it spiral in?  

Thicker cloud.  And so when it was picking up its atmosphere and everything, there was a 

lot of friction.  And so as it went around in this thicker cloud it kind of spiraled inward 

‘cause it was slowing down.  Same effect that happens to satellites around the Earth.  

They get in too close to the Earth’s atmosphere and they begin to spiral in because the 

gas in the atmosphere slows them down. 

 And you might say, “Well, if the planet is spiraling in toward its star, why doesn’t it 
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just keep going and fall into the star?”  Could be a lot of ‘em do.  But the one we 

discovered may have run out of gas when it got close.  Maybe it had already picked up all 

the gas in its vicinity so there was no more friction for it to spiral in any closer.  And so 

theoreticians have been quickly working to build models to explain what was found. 

 Because that wasn’t the only one.  The dike suddenly burst in 1995.  The first 

planet was discovered.  Within a few weeks, two or three more were discovered.  Within a 

few more months, more were discovered.  We now know of over 80 planets going around 

other stars.  We’ve been finding them every week and every month, all using that same 

technique of looking at the spectrum and seeing small shifts in the spectrum caused by 

the star wobbling because the planet is pulling it around.  Yes? 

 [Inaudible student response] 

 Yes.  And, in fact, I have a drawing here of a particular planetary system that was 

found a few years ago around the star Gliese 876.  And this is a drawing showing what it 

looks like.  It’s got two planets that we know of, maybe more but we’ve only been able to 

pick out two, and they are going around this small red star.  Don’t worry about the M4.  

That’s just something we’ll learn about later.  But it’s a red star.  There’s one planet that 

has 1.9 times Jupiter’s mass so that planet is about twice the mass of Jupiter and a 

second planet that is closer to the mass of Saturn.  Notice in this case they’re reversed.  

The bigger planet is outside the smaller planet.  And both of them are going around in 

orbits that are 30 and 60 days.  Again, both of these planets are closer in to their star than 

Mercury is to the Sun. 

 And so, yes, we have multiple planets.  There’s actually one solar system known 
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that has at least three and there are probably more planets than three, but we’ve only 

been able to pick up three so far.  But here’s a nice case where there are two and these 

two are actually in synchronous orbits.  One planet goes around once with the other going 

around twice.  So there’s probably a reason for that.  They probably are keeping each 

other in those orbits in some way.  They’re affecting each other. 

 So this is just another example of a star that has a couple of planets, and those are 

the ones we know about.  Yes? 

 [Inaudible student response] 

 No.  Actually when you use Kepler’s laws to figure out the period and the distances 

away, that’s what you get.  You get a 30-day period.  Because the shifting of the spectrum 

is 30 days and on top of that there’s a longer shift of 60 days.  That’s how you determine 

the period.  And then from the amount of shift you can determine the masses of the 

objects, and then using Kepler’s laws you get the distances of the objects from the star.  

So you can work out pretty much the whole scenario just from the measurements. 

 [Inaudible student response] 

 No.  Well, a more massive object would be going faster.  So, for example, this two 

Jupiter mass planet, if it were only the mass of the Earth, it would not be going quite as 

fast around in its orbit.  But it’s not.  It’s two Jupiter masses and so it’s a pretty big planet 

going around the star. 

 This is an odd case.  Because you’ve got a planet twice the mass of Jupiter going 

around a star that’s probably only one-tenth the mass of the Sun.  This is a puny little star 

with a pretty big planet.  So they come in all sorts.  You can’t assume that only a planet 
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like the — I mean a star like the Sun could have a planet like Jupiter.  Because we have a 

case here where a little star that most people would say is, you know, hardly much of a 

star has a pretty major planet.  In fact, two pretty major planets. 

 Now, as I said, there’s more than 80 of them known already.  This is what we’ve 

gotten so far as far as the distribution of what they’re like.  Most of these — now, this is a 

graph showing the mass of the planets and how many of them there are with that mass.  

And so what we see is that most planets that have been discovered have the mass of 

Jupiter or less.  We use Jupiter mass as a convenient unit since we were originally looking 

for Jupiters, because it’s the most massive planet in our solar system so we tend to think 

about planets being big when they’re like Jupiter.  So we use Jupiter masses for the 

masses of these planets.  So this is 14 Jupiter masses for a planet.  That’s a really big 

planet. 

 And so what you have here are most of them have the mass of Jupiter or less, but 

a goodly number have one to two times the mass of Jupiter and then fewer have two to 

three or three to four or four to five or five to six.  So there is definitely a drop-off.  Now, 

there does seem to be a little bit of a spike right in the middle of the graph there.  There 

seem to be an extra number of planets that have seven to eight times the mass of Jupiter.  

Whether that’s significant or not, we don’t know.  Because notice that right next-door we 

have a lack of planets between eight and nine times the mass of Jupiter.  It could be our 

measurements are a little off.  Maybe half of these really belong over there, you know, so 

that might actually smooth the graph out a little bit.  Our measurements are not always 

very accurate so it’s hard to decide. 
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 But notice that there are only a few very massive planets known.  Most planets 

seem to be Jupiter sized -- more or less, within a factor of two -- that we have found so far.  

Now, that’s an important point.  Because a planet like the Earth would not cause enough 

of a shift to be detectable by our present instruments.  So literally, if we were looking at a 

star that had a planet like the Earth going around it, and it was only one planet going 

around it, we would not detect it because our instruments are not sensitive enough to pick 

up a planet that is as small as the Earth.  It just would not move the star around very 

much. 

 And so we’re pretty much limited to picking up planets that are like Saturn.  We’re 

hoping that the equipment is sensitive enough to pick up planets like Uranus and Neptune, 

but that’s about the limit.  You could have a star with 10 planets like the Earth going 

around it.  You wouldn’t notice any of ‘em because the equipment is not sensitive enough 

right now.  We’re trying to get the equipment more sensitive, but the shift is extremely 

small when you get to a low mass planet.  And so we just can’t measure it. 

 There’s been some discussion about measuring it from space.  Most of these 

measurements are made from the Earth and they’ve got the atmosphere between us and 

the star to worry about.  We were thinking that if we could get out in space and make 

those measurements, we could do it more accurately and maybe pick out lower mass 

planets.  But right now we are not able to detect Earth-like planets by using this technique, 

simply because there’s not enough shift to measure. 

 We also would not be able to detect Earth-like planets using the transit technique 

because think about how small the Earth is compared to the Sun.  If a planet like the Earth 
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went in front of a star, it would only b lock out a thousandth of the light or less.  How’re you 

gonna measure a change in the brightness of a star of less than one-thousandth?  You 

can’t do that from the surface of the Earth.  The atmosphere does that all the time so you 

wouldn’t pick it out. 

 And so right now we are unable to detect other Earths.  We can detect other 

Jupiters and other Saturns and maybe other Uranuses and Neptunes if the conditions are 

just right, but we are not able to detect the smaller planets that for us would be the most 

interesting.  Because one of the things we’d like to know is are there any other planets like 

Earth.  It’s great to know there are other planets like Jupiter — okay, great.  But we can’t 

live on Jupiter.  We don’t know anything else that can.  So it’s an object, great.  But we’d 

like to know whether there’s that possibility that Giordano Bruno mentioned of other 

planets being habitable, other planets like the Earth.  And so far we still don’t know.  So 

we’re detecting them every week, but they’re all Jupiters, Saturns, and things like that. 

 [Inaudible student response] 

 How do they compensate for it?  It’s not actually that there’s a shift caused by the 

atmosphere.  The atmosphere just causes a little blurring.  And so if you look at this 

spectrum I showed you, you see that the spectrum is a little bit blurry.  Those lines are 

there, but they’re a little hard to focus on.  Well, if you can make those lines a bit sharper, 

then you can see a small shift in ‘em a little bit better.  And so that’s what you could do if 

you were out in space rather than on the Earth.  But as far as moving the lines, the 

atmosphere doesn’t affect that.  It just makes ‘em a little blurrier.  And so it’s a little harder 

to measure a small shift. 



ASTRO 114 Lecture 29 21 
 
 Now, one last point I want to make about discovering other planets.  It’s now 

becoming routine.  It was a big deal in 1995 when that first planet was discovered 

because it’d been hundreds of years of attempts and finally somebody succeeded.  Then 

all of a sudden we start getting them by the dozens and so now we’ve got over 80 of ‘em 

and we’re still counting.  My guess is that in the next few years we’ll have over 100 and 

then 200.  We’re gonna find more and more. 

 One thing we noticed — and it should’ve been obvious right away — the first few 

planets we found were very close to their stars.  I mean, that first one was going around 

every four days.  And then we found some that were going around every few weeks and 

every few months.  Well, it’s obvious that if you’re going to detect a planet, you’ve gotta 

watch it through at least one orbit.  And so if I’m gonna find a real Jupiter, I’m gonna have 

to observe a star for at least 12 years and maybe longer to pick out the shift that’s only 

going to occur once in 12 years. 

 And so everybody was surprised that they found a planet so close to the stars, but 

those are the ones you’re gonna find.  If you only look for 6 months or 2 months, you’re 

gonna find the ones that are going close.  You’re not gonna see any that have 12-year 

orbits.  And so since 1995 people have been observing hundreds and hundreds of stars.  

We’re now picking out planets that have orbits of 6 years and 7 years and 8 years 

because we’ve been observing the stars for that long.  And so after 12 years of making 

measurements, we’re gonna start to find some real Jupiters that are out at the distance of 

Jupiter and take 12 years to go around.  How long is it gonna take to find real Saturns?  

Thirty years ‘cause that’s how long Saturn’s orbit is. 
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 And so it’s an accumulative process.  You find the oddballs first, assuming that our 

solar system is the normal one, and then you find solar systems like ours later on when 

you’ve been making measurements for a long, long time. 

 Okay.  Good luck on Monday.  Don’t forget about the test. 

 

  


