Astronomy


Introduction

Hi,

Welcome to the third of my presentation series on the conflict between science and creationism. Today’s topic is Astronomy. And, as this is my own personal topic, I may go into more depth on this on than some of the others. As ever, the subjects I cover in this talk are those contained in the creationist presentations of Kent Hovind, the notorious Young-Earth Creationist. If I were trying to cover Astronomy from scratch, I’d probably do it very differently. But then again, I’d probably also take twenty times longer, so perhaps it’s for the best.

Astronomy is a huge subject, though just as with Cosmology last time, it’s got strictly nothing whatsoever to do with evolution.  There are a few very big questions in astronomy that often arise in creationism discussions, and a whole host of smaller claims that are all pretty easy to disprove.

Please also see 'planetary science', which will be a later talk, for some other, related claims regarding the bodies in the solar system. And, of course, the second talk in this series, in which I covered the subject of Cosmology.

Astronomy is, of course, not part of biology at all, and hence not part of the theory of evolution, though it is obviously of great relevance to creationism. If the entire universe was created 6,000 years ago then practically all of science is wrong, and astronomy is certainly very wrong. So if (young earth) creationism is right, then there cannot be even one object in the entire Universe older than 6,000 years. In reality, it's very difficult to find anything that's anywhere near that young in space. The only way the creationists can get round this is by massive denial of the evidence and twisting of scientific theories.

Let’s get started.

Do we know how stars form?

Astronomy is one of the oldest sciences that humankind has ever developed.  Its name derives from the Greek word for star. Astronomy, after all, is the study of the stars.  Most creationist claims in astronomy revolve around attempting to find ways to explain away the obvious antiquity of the Universe by criticising the physics behind the way we take measurements, principally of stars, and the way we build theoretical models.  For the Universe to be less than ten thousand years old, there can’t be anything in it that’s older than this age; yet our models tell us that stars are very much older than this, and we know this from several sources.

Star formation is an extremely well understood process. First of all, physical models show how it should work in theory; secondly, computational models demonstrate that this is feasible in practice; and, thirdly, observations show us the various stages in this process happening all around us. The claim that 'we don't know how stars form' is, therefore, nonsense.

We can see star formation actually occurring, at all stages, by looking at various parts of our galaxy, and nearby galaxies, with powerful telescopes.  We can see dense clouds of interstellar gas condensing into nodules which will eventually form star systems. We can also see those same nodules slightly further down the road, having condensed into protostellar disks, that is, disks of gas swirling around a central core which is gradually collapsing in on itself.  As the core collapses more and more, it begins to get denser and heat up until eventually the heat is high enough that nuclear fusion can begin in the core and a star is born.  The remaining gas in the disk collapses into a flattened ring, and clumps begin to form, which form into planets.  The light from the new star now begins to blow away the remaining dust, leaving a brand new planetary system .  4.6 billion years ago, this was happening to our own solar system, and it formed the Sun and all the planets orbiting it today.

We also know a lot about star formation from theoretical models. There are two main types of models here, the n-body gas simulations, in which individual gas clumps are simulated collapsing in to form stars or, at larger scale, entire galaxies and even clusters of galaxies can be simulated using this method.  There are also more mathematical simulations attempting to recreate the conditions inside a star, showing how it uses up its fuel, how the gases circulate and how the energy moves from the inside to the outside, where it can finally escape the star as light waves to be observed in telescopes.

Finally, in addition to all of this, there’s plain-old physics. We can calculate the timescales over which a star should burn simply by considering the nuclear fusion that is going on inside of it, working out its output in terms of light, and looking at how long it would take the Sun to burn up all its hydrogen given its current rate of burning.  Again, these numbers come out in the billions of years.

Over the next few slides, I’ll cover the process of star formation in more detail.

Angular Momentum

This one is a bit technical, but it’s important to understand. Momentum is a measure of the combined mass and velocity of an object. You can think of it as something like a measure of how hard it would be to stop an object from moving. So the more massive an object is, the more momentum it has, which means it would be harder to stop it. Think about trying to slow down a charging rhino versus a charging gerbil. Even if they’re both running at the same speed.

But momentum also goes up as the speed goes up. If that rhino is running twice as quickly then it will be much harder to stop, and it will do much more damage when it runs into anything.

Angular momentum is almost identical to this linear momentum, except it deals with rotational motion. That is, it’s directly related to how massive an object is, just like linear momentum, but it’s also related to how fast an object is rotating.  That could be an object spinning on its axis, like a spinning top, or it could be, for example, a planet orbiting a star. They all have angular momentum which is, if you like, a measure of how hard it would be to stop it from spinning.

This is something of a mystery, however, because in our solar system, the sun has almost all the mass, something like 99% of the solar system’s mass is in the sun and most of the remainder is in Jupiter. However, the sun is spinning rather slowly – despite having all that mass, its angular momentum is only about 2% of the total for the solar system. This seems strange – all other things being equal, the sun should have a proportional amount of the angular momentum, and the fact it doesn’t means that it’s spinning very much more slowly than it ought to be.  Why is that?

Well the answer is simple – the sun has simply transferred some of that angular momentum to the proto-planetary disk as the solar system was forming. Think of what happens when you spin a top and then place it in water, or some other fluid – the top slows down because the water is dragging on it, and hence as the top slows down, it transfers some rotational motion to the water, transferring the angular momentum as well.

There are a few other issues with angular momentum that the Creationists bring up. One of the highest profile issues it that the planet Venus seems to be spinning in the “wrong” direction. That is to say, if you look at all the other planets in the solar system, they are spinning on their axis anti-clockwise as you look down at them from above the disk of the solar system.  Venus rotates the other way.  How could that be? Surely they were all formed by the same disk, spinning all in one direction? How could one planet spin the other way?

Again, though the answer in this case isn’t known for sure, the potential solutions are fairly simple. Something dramatic must have happened to Venus in the early days of the solar System, that’s for sure.  The two most likely events are that either it was knocked into a retrograde motion, that is spinning in the opposite direction, by tidal forces in the proto-planetary disk – possibly caused by drag forces due to of its thick atmosphere. Or, perhaps more likely, some close interaction between Venus and another massive body, maybe one that has long since been ejected from the solar system, might have caused the slow-down and the change of direction. We know that such events happen – the Earth probably suffered one that formed the moon. If the collision happened at the right angle, that could easily knock a planet into a backwards rotation.

Interestingly, the gas giant Uranus is also in a similar state – its axis of rotation is almost flat with respect to the plane of its orbit, which is again unique in the solar system. A large impact, or close gravitational interaction, is also proposed to explain this fact.

Finally, another similar anomaly that is occasionally pointed out is that several moons of planets in the solar system spin in the opposite direction to the overwhelming majority of them. Similar explanations are proposed for this – either they were subject to a collision after formation, or perhaps they were captured by the massive planet gravitationally later in their life, instead of being formed alongside them, and the nature of their capture left them on retrograde orbits. 

What we’ve seen in this slide is a selection of examples of Cherry Picking or Anomaly Hunting. What the creationists like to do is to sift through all the things they read in scientific theories until they come to one idea that is a little bit counterintuitive, or doesn’t seem to make sense to them immediately. With a bit of showmanship and spin (no pun intended), they sculpt a convincing story that seems to show that science is in trouble. Of course, a little bit of searching around usually turns up a perfectly acceptable explanation.  If you want to find it, that is.  If, however, you’re happier with an explanation that an all-powerful, all-knowing  god created the Universe exactly as it is, with almost everything in perfect order, but just a few things that were all wonky, then you’re probably not going to look for that kind of explanation. Frankly, I find that a bit odd.

Stellar Wind

We’ve sort-of already met the stellar wind, when I mentioned earlier how the sun pushed away all the remaining gas in the solar system after the planets formed. There are actually two effects worth mentioning here – one of which is the solar wind, and the other is radiation pressure.

Radiation pressure is simply the pressure caused by photons – packets of light – ejected from the sun and striking particles in space. As light has momentum, this effect is enough to push particles away from the sun unless they are held strongly enough by gravity. Space agencies around the world are testing devices known as solar sails, which are exactly what they sound like – enormous thin membranes that can be released by satellites to take advantage of radiation pressure to propel spacecraft through space without need of an engine.

The solar wind is related to this – it is a well measured and extensively studied phenomenon that happens throughout the life of a star when tenuously attached charged particles in the outer layers of the star’s atmosphere are ejected from the star and shot out into space at high velocity. It is believed that this is primarily caused by interaction of the charged particles with the solar magnetic field, acting as a sort-of catapult.

One objection that has been put forward to models for solar system formation is that the solar wind should have been so powerful in the early solar system, that it should have pushed away all the gas before the planets even had time to form in the first place. This is not really an objection because the creationists here haven’t actually done the maths and simulations necessary to prove whether this is plausible or not. There are two forces at work here – pressure from the solar wind pushing particles outwards and gravity pulling them in.  And as soon as particles clump together in larger masses, then they become less and less affected by the solar wind. So it’s just a question of whether this accumulation happened before the solar wind pushed out all the gas and dust.

Looking at the vast numbers of extra-solar planets that scientists are now discovering in our galaxy, it’s beginning to look like planets are pretty much ubiquitous around most stars, so that tends to hint that this process isn’t much to worry about at all.

Star Formation in Action

A lot of what we’re learning about star formation in theoretical models can be tested in reality by looking at solar systems actually forming, using powerful telescopes. The two images on this slide, taken with the Hubble Space Telescope, are of the famous Eagle Nebula on the left and the Antennae galaxy on the right.  

The Eagle Nebula is a large cloud of gas and dust, located 6,500 light years away in the Constellation of Serpens.  The tower of gas you’re seeing here is about 100 trillion kilometres high, or roughly ten light years.

You may recognise this photo of the Eagle Nebula. The photo was taken in 1995, and appeared on the front covers of newspapers around the world. And it’s been dubbed the famous “Pillars of Creation”.  What you’re seeing here are stars actually in the process of forming. You can see if you look very closely tiny nodules on the sides of the clouds. These are proto-stellar systems which are just in the process of forming as the gas is collapsing under its own gravity. As you can also see there are several stars in the image, many of which are actually associated with this cloud of gas. As a star forms, it begins to blow away the rest of the gas around it.

On the right, the antennae galaxy also gives an incredibly interesting insight into star formation.  What you’re actually seeing here isn’t one single galaxy, but it’s two galaxies that have recently collided.  You can see throughout the image lots of dots and much brighter areas in blue and white. These are areas where the gas has been compressed by the force of the collision between the two galaxies, and this compression has triggered new waves of star formation. As you can see, Astronomy shows us, not only through theoretical models, but also through practical observations, exactly how star formation works. And this is a very well understood, as well as a strikingly beautiful, process.

Star Formation in Action (2)

Here are two more HST images to show star formation in action.  On the left, you see a small cluster of stars, called the Pleiades. These are visible to the naked eye in the Northern Hemisphere, in the constellation of Taurus, and they are relatively close to our own Sun, at a distance of just 440 light years. These are mainly hot blue stars, as you can see from the image, which are very massive and relatively young – the stars you see are probably less than 100 Myr old. You can still see plenty of dust in the cluster as well, that hasn’t yet been ejected from the system.

On the right, you can see a highly magnified image of an edge-on planetary disk. That is, a solar system in the process of forming. This one is in the Orion Nebula, which can be seen from both hemispheres. In the centre, you can see the star, just beginning its life, with the disk of gas and dust coalescing around it.  This gives us another data point when we’re looking into how long a proto-planetary disk survives after the initial burst of nuclear fusion. As you can see, the disk certainly isn’t blown away immediately.

How old are stars?

So how old are stars? Obviously if stars are old then it’s a huge problem for the Creationist model that puts the age of the Universe at 10,000 years or less. Well, we know that stars are very much older than that, so just for information, how old can stars get? Well our own star, the sun, is around 4.5 billions years old. We know it’s probably roughly half way through its own life, maybe a little bit less.  There are many stars the same age as the Sun in the Milky Way, and there are many much younger and much older. There are still stars being formed, like the Pleiades that we saw on the last slide, and there are some stars that were formed roughly when the galaxy formed, which is maybe ten billion years ago.

Stellar ages vary enormously. The life of a massive star may only last a few tens of millions of years for the largest. But for smaller stars, much smaller than our sun, they can live many tens, maybe even hundreds of billions of years.

Stellar ages

Well how do we know with so much confidence these enormous ages?

It was thought for some time that the sun was just cooling down from its initial heat in the formation of the Solar System. This is not true – the Sun is generating heat in its core by the process of Nuclear Fusion.

Nuclear fusion is very well understood. It’s similar to the process that goes on in nuclear power plants – that’s nuclear fission. In nuclear fission, large nuclei like Uranium are split into smaller nuclei with the release of energy. In nuclear fusion, very small nuclei like Hydrogen, Helium, Lithium, are fused together under enormous temperatures, and this process also releases more energy than was put in.

We can create fusion reactions on Earth – not particularly long fusion reactions – maybe a few fractions of a second. There are projects which are aiming to create sustainable nuclear fusion power plants. This is the ideal solution for our power needs as the human race becomes more and more power hungry – nuclear fusion is very safe, it creates no dangerous by-products, and there is a huge supply of fuel just in the ocean.

What about the Sun? How could we estimate roughly how long it’s going to live? Well we know the Sun’s size, so we know exactly how much fuel there is for the process of Nuclear Fusion. We also know how rapidly it’s burning that fuel, because we can see exactly how bright it is we can measure how much energy the sun is giving off in total.  And we know roughly how efficient Nuclear Fusion is.

We can combine all of this knowledge together – the amount of fuel the sun has, the amount of energy it’s creating, and the efficiency of Nuclear Fusion – to tell us roughly how long the fuel in the Sun will last, and that gives us a number of about 10 Billion years. Simulations, which aim to simulate the exact processes that are taking place inside the sun, and therefore get a much more accurate estimate, come up with a very similar figure.
 
9. Isochrones

Isochrones are graphs which represent the way a star should look, depending on its mass, at a fixed age. The word “isochrone” comes from the Greek words meaning “same time” or “same age”. They are based on computational models which take into account the amount of heavy metals in the star. On the left of this slide you can see isochrones which show how stars look at ages of one hundred million, one billion and ten billion years old.

What do I mean when I say you can see how stars “look”?  This is a colour-luminosity diagram, and it’s very frequently used in Astrophysics. On the horizontal axis is the star’s colour, which correlates very well with temperature – hotter stars are more blue, whereas cooler stars are more red.  On the vertical axis, you can see the star’s luminosity, or absolute brightness.  There are many variations of this plot, but essentially they all show the same two properties.  To help understand the lines on the diagram, you see they all run from the lower-right corner of the plot, run up and towards the left, and then diverge in various ways. 

The line of an isochrone is parameterised by mass. That means as you follow the line, the mass goes from very low to very high. In an earlier slide I explained how high-mass stars evolve much more quickly than low-mass stars. In the isochrones, the lower-mass stars are the ones at the bottom right hand corner. As we follow the line up to the left, we trace a route known as the “main-sequence”, where almost all stars are to be found. This is the period of a star’s life that takes the most time, where it’s burning hydrogen to helium stably in its core.

That’s about as much detail as I need to go into on this diagram. Suffice to say, we can create these isochrone curves entirely in theoretical models on computers. When we then lay them on top of actual observations of colour and luminosity of actual stars, such as I’ve shown in the diagram on the right, you can see that they line up beautifully.  This is a set of observations of stars in the very large globular cluster 47 Tucanae, within our own galaxy. The axes are slightly more complicated here, but essentially they’re colour on the X-axis and luminosity on the Y-axis, just as before.  The isochrones plotted here are for stars with the metal enrichment measured for this particular cluster, and ages between 8 and 16 billion years. As you can see, the stars in the cluster lie very nicely under the isochrones for around 12 billion years.  This is exactly as we’d expect. This is roughly the age of the galaxy, and this globular cluster was expected to be formed right at the very beginning of our galaxy. Also, globular clusters form almost exactly at the same time, so all the stars should have roughly the same age. There is some scatter, of course, partly due to the fact that the stars didn’t quite form at the same time, and also due to the error in our observational methods – but the fit is still remarkable.

10. Red Sirius

This one creationist claim is a masterpiece of anomaly hunting. Again, rather than look at the big picture and attempt to explain away the undeniable evidence head-on, Kent Hovind picks out a very specific anecdotal argument regarding the star Sirius.  The aim is clear – to make it look like astronomers don’t even know how to predict the most straightforward of stellar phenomena, and to suggest that the models on which we rely are completely incorrect.

The story here is that a few second century sources claim that the star Sirius, the brightest star in the sky after our own sun, used to be red in colour. Currently it is a pale bluish white.  The possibility that Sirius might have been red at some time in the very recent past would seem to cast doubt on our models of stellar evolution, but, of course, Hovind claims it as evidence that things in astronomy change very much faster than we think they do.

Of course, the story is certainly in error. There are many sources of Sirius dating from the time, especially from the Chinese astronomers, who never mention it as anything other than white. Other European astronomers, in fact, the majority, also describe it as white or pale blue and never anything different.  Sirius was a very important star for the ancient Egyptians, associated with their goddess Isis, whose colours were white, blue and gold.

So why did a few second century astronomers think Sirius was red? We may never know. It certainly looks red from some locations on Earth when it is near the horizon because of atmospheric dust. Also, the translations of Ptolemy’s work are dubious at best. One thing is for sure – Sirius was not a red star in the last two thousand years. For a start, this phase would have resulted in the ejection of a large amount of gas from the star, which we would be able to see around the star today (and we can’t). And also, if stars changed so rapidly, we would be seeing them change in the skies today. But, of course, we don’t.

There are quite a few examples in Hovind’s slides of anomalies like this. Often, when dealing with anecdotes, it’s impossible to know the truth for sure because we’re just dealing with reported speech. We really don’t know what actually caused Ptolemy to write about a ‘red Sirius’. But we do know, thanks to a great many other sources, that Sirius was never red. And we know that anecdotes have no place in science.

11. Short Period Comets

There are several other smaller claims that Hovind makes about Astronomy that are fairly quickly cleared up just by reading into the subject a tiny bit. Again, the common creationist tactic is to read just as much and just as deeply as they need to in order to reach the conclusion that they want to reach. Then they don’t bother looking any further.

This first issue is about comets.  We know that comets are fairly fragile – they are basically giant dirty snowballs hurtling through space. When they get near the sun they begin to boil away because of the heat.  Because of this, comets should have a lifetime of around 10-20,000 years.  But the models expect them to have been formed in the early years of the solar system, so they should be billions of years old. So why are they still here?

This one is easily cleared up – comets come from a region of space known as the Kuiper belt, which is a reservoir of objects at the very edge of the Solar System.  This is far enough away from the Sun that the comets can live there stably for a very long time, but occasionally they get nudged off their orbits by a chance encounter with either a minor planet, or another comet.  When this happens, they can get kicked into orbits that instead take them towards the inner solar system, where we see them as comets.  Once this happens, then they usually last the 10 – 20,000 years predicted.  The Kuiper belt objects have been directly observed, of course, to prove the point. So there is no problem here whatsoever.

12. The Oort Cloud

Further out still is a zone known as the Oort cloud, named after the famous Dutch astronomer, Jan Henrik Oort in 1950. This has never been directly observed in full, though there is reasonably good evidence that such a region exists a little under a light year away from our star and there are four plausible candidate members that have been imaged by powerful telescopes.  Whereas the Kuiper belt is the reservoir of short-period comets, the Oort cloud is the reservoir for longer period comets such as Halley’s comet, which has an orbital period of 75 or 76 years.

The reason for assuming the existence of such a zone is simply that the orbits of a large fraction of long period comets have an aphelion – or furthest distance from the sun, of around 50,000 Astronomical Units (AU), that’s 50,000 times the distance between the Earth and the Sun, which is this distance of slightly under a light year. It is likely that this spherical cloud of objects is a direct remnant of the outer edges of the proto-stellar disk that formed as our solar system was in its infancy.  Creationists claim that such a cloud doesn’t exist, though their rationale here isn’t very clear – perhaps they merely mean to cast doubt on astronomy in general. Either way, the Oort cloud isn’t a particularly important part of Astronomy, though the evidence for it is reasonable and it seems sensible to assume that it does exist based on the evidence that we have.

13. The Distance Scale

How do we get the scales that we use in Astronomy? After all, we can’t run a tape measure out to the nearest stars, let alone distant galaxies.  Well, we’ve met some methods before, especially in the presentation on Cosmology, but here’s a few more notes on this topic.

Short distances in astronomy are measured by the technique called parallax.  This is absolutely reliable for measuring distances out to approximately a few hundred light years. After that, we have to use other methods.

Parallax relies on the same principle that you’ll notice if you alternately close your left and right eyes and look at an object a reasonable distance from you, say a few tens of metres, and compare it to objects that are very much further away. You’ll notice that the nearby object appears to shift relative to the more distant objects. This is exactly how we measure parallax: We measure the locations of stars that are close to us relative to objects that are very very much further away, when the Earth is on alternate sides of the sun.

So instead of the distance between the eyes, we now have the distance between the Earth on one side of its orbit and on the other side. Because of this baseline, the stars appear to move a very tiny amount compared to the fixed background stars. And with a little trigonometry, we can work out exactly how far those stars are away.

Remember that, in order for the Earth to be 6,000 years old, nothing can be further than 6,000 light years away.  The Milky Way galaxy, for comparison, is approximately 15 times this in diameter and the nearest large galaxy, the Andromeda Galaxy or M32, is about 2.2 million light years away.  To calculate distances, we use the distance ladder, where different methods are used to measure different distance ranges, and all are calibrated based on those on the 'rung' below.

Some assumptions need to be made here, but they're all reasonable assumptions and seem extremely well supported by the evidence available. The various components of the distance ladder are almost entirely built around finding 'standard candles'. That is, a recognisable object of a known intrinsic brightness [or 'absolute magnitude]'. If you can find one of these, and you can measure how bright it appears to be then, knowing how bright it actually should be, you can calculate how far away it is using very simple maths.

The main standard candles used are variable stars which are stars that vary in brightness, as the name suggests.  They have reliable relations between their variability and their absolute magnitude. Examples of these are cepheids and RR-Lyrae type stars.  Another well-used standard candle is the type 1a supernova. This is formed by an extremely well understood process with very precise and unalterable initial conditions, which means that they are all, at least at the beginning, very similar events. Relationships can be found with the absolute brightness of a supernvova and certain features of the light it emits in the early stages. Supernovae can be seen out to extremely large distances and can be used to calibrate a great number of the other distance indicators.

14. Shrinking Sun

A couple of quick creationist complaints about our very own sun.

Firstly, there is a claim that the Sun is losing mass at an astounding rate, so it couldn’t have been around for very long.  This is a simple case of “creationists couldn’t be bothered to do the maths”.  Yes, the sun is losing mass at around 5 million tons per second. That sounds like a lot, but it’s no big deal – it’s got around 2 thousand million *4 tonnes of gas. In fact, its mass loss will increase dramatically near the end of its life as it enters the Red Giant phase, and swells up to roughly the size of Earth’s current orbital radius.  It can certainly keep up its current mass loss rate for trillions of years.  That won’t be what kills it!

Secondly, the claim that the Sun is shrinking, and hence that there’s no way it could have been around for billions of years because the shrinkage is too great.  Well, for a start, this is another example of Hovind dishonestly picking papers that have since been withdrawn. The paper by Dunham and collaborators was withdrawn by the authors because they realised that they were wrong. Also, and you may have noticed this – it was published in 1979.  All recent papers say that there is no such shrinkage. And if the Sun shrinks it isn’t a great issue – the Sun isn’t a solid, static object in the sky – it’s a dynamic, ever-changing ball of gas. There’s no problems whatsoever with slight changes in radius over the years. Some scientists believe there might be a very slow, perhaps 80-year period oscillation in the outer layers.  After all, stellar models show us that the Sun will eventually grow to the size of a red supergiant, before shrinking back down again, re-expanding, re-shrinking several times before it finally settles down, very probably, as a white dwarf.

So there’s nothing whatsoever to worry about in either of these studies. In fact, these are the kind of complaints that you really hope that your creationist opponents pick!

15. Early Faint Sun

In the early years of its life, our Sun would have been noticeably fainter than it is now, and some creationists claim that this is a problem.  For example, if there was roughly a quarter less solar energy flux on earth, which is exactly what or Solar evolution models predict, then that would have caused a drop of 7% in the temperature of the Earth, which corresponds to about 20 degrees Celsius colder. Now this is a lot, but it’s not a huge problem. For example, some oceans on Earth are 25-30 degrees Celsius all year round, so they would still be above freezing. Also, the greenhouse effect, that is large amounts of carbon dioxide in the atmosphere, would counter this, and we know that the amount of carbon dioxide in the atmosphere was very much greater at certain points in the history of the Earth. 

Also, it’s quite likely that life on Earth actually evolved deep in the oceans around volcanic areas known as mid-oceanic ridges. This is a new theory, but it’s got quite a lot going for it because the water venting from these volcanic areas at the bottom of the ocean would have been extremely hot. In fact, when we look at these areas in the middle of our oceans today, they are positively teeming with life.

So life may have begun at these deep sea vents, in which case of course the solar energy is irrelevant because all the energy comes from volcanism deep within the Earth.

16. The Solar Neutrino Problem

The solar neutrino problem is a really fascinating problem that’s only been solved in the last decade or so. Now the creationist claim, of course, was that we saw a problem and therefore that our models were wrong. Now this is an example of the difference of the attitude of creationists and scientists. The creationists see a problem and they immediately assume that everything about science is wrong and therefore their book is right. Whereas the scientist sees a problem and investigates it. And the solar neutrino problem is a wonderful example of this.

Neutrinos are tiny, almost massless particles which are very similar to electrons but without a charge. They are produced in very well understood reactions in the sun and ejected out into space.  The main problem with neutrinos is that they are very very difficult to detect because they almost don’t interact with matter at all. So in order to detect them we’ve had to create enormous underground observatories. Now I say observatories, but really what they are is enormous tanks of water.

If a neutrino happens, by some incredible stroke of luck, to interact with the water molecules, then it can create radiation that is much more easily measured by detectors that surround the tank.  There are several of these detectors worldwide, the most well-known being the super-kamiokande detector in Japan. 

Neutrinos come in 3 different flavours:  The electron neutrino, which is the one produced in the sun. Also muon neutrinos and tau neutrinos. The detectors detect electron neutrinos. 

The Solar Neutrino problem was simply that the models predicted roughly three times more neutrinos than we actually observe. The resolution to this was very simple – that actually it turns out that neutrinos change type as they’re flying through space, so that two thirds of the electron neutrinos become tau neutrinos or muon neutrinos on the way, and hence we don’t detect them.  So this problem has been totally resolved since 2001.  If a creationist brings up this argument then it just shows that they’re not doing their research properly, and you should highlight that.

17. Globular Clusters

Globular clusters, as we’ve met, are very large associations of stars, usually a few thousand, but up to hundreds of thousands, and in one case in our galaxy, over a million.  If you look at the velocities of stars in these clusters, some of them appear to be moving quickly out of the globular cluster, and therefore the clusters can't be billions of years old that science claims, can they? 

This one is a doddle: stars are held in globular clusters by gravity of course.  Occasionally a few might be ejected due to tidal interactions when the stars get very close together, but in general they stay bound together. Simple physics, maths, computer models and observations all show that this is the case. Stars appear to be moving out, but of course, if you watch for long enough, they will be dragged back in due to gravity. Models are very well established, beyond any doubt, to show exactly how this happens – and you can just work it out with a pen and paper and a bit of simple maths.

This one is great for exposing creationist ignorance in a showy way.  Imagine what happens if you throw an object like a pencil up in the air. If you took its velocity as it was moving up, you could extrapolate that single measurement and presume that the pencil would continue upwards until it hit the ceiling or just kept going into space. Of course, this is absurd – the reason why creationists bring up this issue is simply that they haven’t thought through it.

18. Too Many Stars

Are there too many stars in the Universe?

A quick calculation shows that there are around 10^20 stars in the Universe – that’s 100 million*3 stars - give or take a few. That’s an awful lot, and if you divide that by the age of the Universe, you work out that, assuming a constant rate of star formation, there’s 15 million stars per minute being formed somewhere.

Here’s the crux of the creationists problem with astronomy – they’re trying to understand it using intuition.  This does sound like an enormous number – and of course it is – but space is far more enormous.  Again, for creationists to convince anyone that this is a problem, they would have to explain why this number is too large. It seems like a lot, but it really isn’t. A hundred thousand stars can be formed in a globular cluster in a few million years or so, and imagine how many of those there are in the Universe. There’s hundreds around our own galaxy alone.

Most of creationism is simply a master-class in the application of human intuition to subjects where intuition is woefully inadequate. That’s why we have science – to actually work out the numbers, to do the measurements, and to show us the truth that is so often staggeringly impressive.

So we’re finally finished. This was a bit of a marathon presentation – congratulations for making it to the end!  Next time we’ll be looking at planetary science.

As ever, there’s loads more information on my website, frayn.net, where you can also find a transcript of this talk and all the following ones, and all the previous ones, and you can keep up-to-date with my blog as well as learning about some of my other work.

See you next time!

Colin Frayn
London,
February 2011
http://www.frayn.net

