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Tracey:	00:01	Hello, and welcome to NC State's Audio Abstract. I'm your host, Tracey Peake. You may have heard that our sun's activity is getting much quieter lately as it enters a portion of its cycle called the solar minimum, but what does that mean? We're speaking today with Steve Reynolds, alumni distinguished professor of physics, here at NC State, about our favorite star, the sun. Welcome, Steve.
Reynolds:	00:27	Hey, happy to be here.
Tracey:	00:28	Glad to have you. So, first of all, let's talk about the sun is just a regular star, how does it compare to other types of stars in the universe, and how do we know what we know about our sun?
Reynolds:	00:43	Well, that's a great question. The stars are the most common producers of light in the universe. In general, a star is just a ball of gas held together by gravity and conducting, at the moment, or had conducted in its past, nuclear reactions. So, what's going on in a star is the gravity of a huge amount of stuff, and I mean huge. The mass of the sun is a thousand times the mass of Jupiter, the largest planet in the solar system. All of that gravity would just pull a gas cloud together and collapse into a black hole if there were nothing to impede it.
		Well, as you probably know, last time you tried to inflate a bicycle tire with a pump or something, if you compress gases they get hot. If you have the whole mass of the sun at your disposal, to compress yourself, you'll get so hot that eventually you'll be smashing nuclei of atoms together with such violence that you make nuclear reactions, in particular, you turn hydrogen into helium, releasing energy. So, suddenly gravity has an opponent in the center of the star, namely the pressure from all of this newly released energy. And so, there is a standoff that sets on, so that is what's going on in the sun and all the other stars you can see it at night, they are in an uneasy equilibrium between gravity, which is forever, and the hot gas, kept hot by the release of nuclear energy.
		So, that's fine as long as the fuel holds out. For in the case of the sun, its fuel is good for about total of 10 billion years. It's burned through about half of that. Our earth is about the same age, about 5 billion years. At the end of that time, that'll be 90% of its whole life. Some other cool stuff happens, but the short version is that the sun will swell up, get very much brighter, incinerate the earth, by the way, and lose most of its outer layers. It will be a white dwarf star.
Reynolds:	03:33	Stars like the sun are littered throughout the galaxy. More massive ones get less common quickly. And all of the cool stuff you read about stars blowing up and making black holes and pulsars and things like that, that's just the very, most massive stars, which are extremely less common than the sun.
Tracey:	05:17	Well, how do we know what we know about the sun? How do we study it, when we're here and the sun is very far away and stars are even farther away than that? 
Reynolds:	05:38	Well, this is really a great story. What we can observe, what we can infer from where we are from the ... We get the distance to the sun, actually, nowadays we can get the distance to it by bouncing radar off it. The story of how people learned the distance to the sun before radar is a fascinating one, which would take us way too far afield, but once you know the distance, we know how fast we're going around the sun. It takes a year, and that allows us to infer the total gravitational force and therefore the mass of the sun. So, we learned its mass. We know its brightness, because we know how far away it is. So, we know that we get, it turns out we get about 1.4 kilowatts for every square meter, by the way. So, if you go up above the atmosphere and unfold about a 10 square foot detector of some kind, you will pull down 1.4 kilowatts.
		So, if that's the same amounts going in all directions, you can work out the luminosity of the sun. It's a gigantic number, it's like four times 10 to the 27th watt, it' one of those numbers we call astronomical, because they're astronomical, but it's so common that we actually, astronomers, use that as a unit of measuring solar luminosity. So, that's really what we know. We know its size too, because we know its distance. We know how big it is. We know its total mass and we know its luminosity. That seems like thin material to go on, but we can say, "All right, we know how gasses work on earth. We know how gravity works." You can write down five, it turns out, relatively simple equations that involve how a ball of gas might work.
		And you can write down a simple computer code and 20 or 30 lines that solves these. And it turns out, you can describe something like the sun pretty well. Now, it tells you all kinds of things that you think, how can you ever know the central density and temperature of the sun? We're never going to go in there and measure it but this model predicts it, but it comes out, what winds up at the end is something that works like the sun, it's the right size. It takes the mass, produces the luminosity we observe. It turns out nature has provided us two fascinating ways to learn about what's inside the sun.
		One is, that those nuclear reactions don't just produce energy. They don't just turn hydrogen into helium, but they produce as a byproduct, every helium atom that's produced, is accompanied by two neutrinos, they're called. These are electrically neutral particles. Their mass is not quite zero, but it's as close to zero as any particle known in nature and they interact almost with nothing. Once they're born, they travel through the sun as if it were just completely not there. They radiate out into space, they travel through the earth as if it were not there. They travel through you and me. But if you really set out to work at it, you can grab one out of a trillion of those with the appropriate detector and measure it. 
		So, these are coming straight from the center of the sun. They're not banging into anything. They can be produced only in nuclear reactions, and that confirms for us, that these reactions are going on in the center of the sun. And the interesting thing about it, if you turned off the energy source in the center of the sun, if you could somehow magically keep it from collapsing on itself, the sun would not turn off for 10 million years. That's how long it takes the energy that's produced in there, it's produced in the form of these gamma rays, and they go a centimeter or something and bang into something else and turn it into other stuff and slowly pingpong their way out of the sun, it takes 10 million years to get out.
		The neutrinos get out instantly and they get here eight minutes later, the sun is eight light minutes from us. And so, they are telling us that right now the nuclear furnace is burning. Now, the other thing, actually, that would happen if you really did turn off the nuclear furnaces, is the sun would start to shrink almost immediately. The forces, the balance between gravity and pressure is such that even a small deviation would cause a significant change in the radius of the sun. So, that means also, that the sun does something else. Well, it varies, as you mentioned at the beginning but it also turns out that the sun is constantly quivering. It's vibrating and shaking in a constant, very, very tiny amplitude of oscillations at a whole range of frequencies, which can be measured carefully, and that is telling us about how the interior of the sun behaves.
		Now, we learned about the interior of our own earth in a similar way. If an earthquake happens, it causes waves in the solid and molten earth's interior and they race through, and we detect them elsewhere and they tell us about the inside of the earth. Well, these quiverings of the sun tell us about the inside of the sun and that simple description that I told you, those five simple equations, turn out to be an amazingly good description of what these quivering actually tell us. So, we have some simple theoretical calculations, but then we have two forms of direct information. Well, it's not quite direct, but actual data, which tell us about the center and the interior of the sun, the neutrinos and the oscillation. So, it's called Helioseismology by analogy with terrestrial seismology, and it can even be done for other stars. So, we learn about how they're built. So, our picture of the interior of the sun is really remarkably well founded.
Tracey:	12:10	That's amazing. I did not know that the sun vibrated.
Reynolds:	12:17	Yeah, it's not easy to see. It was not discovered until the 1970s.
Tracey:	12:21	Wow.
Reynolds:	12:22	Now it's a whole area of research.
Tracey:	12:25	When people talk about solar cycles, what does that mean? We know that we're entering what they call a solar minimum or a minimum part of its cycle. So, let's talk a little bit about solar cycles. Why does the sun have periods of more or less activity and do they occur at regular intervals? What's going on with solar cycling in general?
Reynolds:	12:51	Okay. Let me begin by saying we don't actually know as much as we'd like to about why it happens, but now I'll tell you what it is. The sun has spots, and these spots, they come and go and they were first detected, I guess, in the 17th century, I believe that might be one of the incredible list of achievements that Galileo has to his credit, once he had a telescope. But you can actually, when they're very strong spots, they are darker features on the sun. They are dark by contrast with the rest of the solar disc, which is incredibly bright, of course, and it will blind you if you look at it, even if it's not an eclipse.
		But people, once they realized that they existed, folks could use various techniques. It turns out you don't need a telescope, when there are very prominent spots you can just make a pinhole camera, take a pin and poke a hole in a piece of paper and hold it up and project the image of the sun on another piece of paper behind it. And when there's a very prominent group of sunspots, you can actually see them with the naked eye. So, people have been doing this for 400 years and they discovered that the numbers come and go in an 11 year cycle. That's the solar cycle. Originally sunspots, the fact that some parts of the surface of the sun are a little darker means that they're a little less luminous. So, there's a tiny fluctuation in the sun's brightness. It's like a 10th of a percent overall, but nowadays that can be measured.
		So, since the days of photography and the possibility of recording things, and even more recently, space detection and monitoring of the sun, we've been able to refine this, but there is an 11 year cycle by which the number of spots rises and falls. Other things go along with that, when there's more sunspots, the solar wind of outflowing material particles and magnetic field from the sun, which is constantly going on, is stronger. And that has implications for terrestrial satellites, communication, things like that, so it's important for us to keep track of it. It's called space weather. Let me put in a plug here for spaceweather.com, a very interesting website that tells you all about this.
		So, the sun not only produces a steady stream that rises and falls with an 11 year cycle, but it also produces explosive events called coronal mass ejections. And when there's a big one of those, it takes a couple of days for the particles to get here, we're now warned, we can put our satellites in safe mode. We can take other precautions to keep from communications blackouts, but when those are bad, they can really be a significant problem on earth. So, something causes this low variation. Another cool thing, is the sun is a big magnet and its North and South Poles reverse during the solar minima, so that it's actually a 22 year cycle. 11 years where the north pole of, magnetic pole of the sun, is in the north side of corresponding to earth's North Pole and then 11 years where it's the other way.
		And another interesting thing is we don't know if other stars have these. There are satellites. They look for planets around other stars by the tiny dip in brightness when the planet passes in front of the star, but you wind up collecting huge amounts of data on just the overall brightness of stars.
		So, people are combing through this, and one of the interesting things they found is that stars like our sun, mostly, are a lot more variable than our sun. Stars that are matched to our sun in mass and temperature, and every other way, we know how to match stars, turn out to be a lot less quiet. Their luminosity's changed by tens of percent, rather than this 10th of a percent, in the case of the sun, nobody knows why that is. We've been able to track ours back from counting sunspots for 400 years, and the particles from the sun also do other cool things. They make more carbon 14 in the atmosphere. So, we can actually use that and learn that our sun has been fairly stable for the last say, 10,000 years. And during all that time, the stars that are like the sun, as like as we can get, something like a sample of three or 400 recently published, turn out to be more active. We don't know why.
Tracey:	17:46	Well, that's a good thing, right? That our sun is not quite as active as perhaps some of these other stars, I mean, in terms of life on earth, is it good that we have a quiet sun? 
Reynolds:	17:56	Absolutely. It has all occurred to us that this might have something to do ... If this is the way the sun has been for millions of years, this might have a lot to do, that we are actually protected from much of the effect of solar radiation from the earth's magnetic field. But the occasional effects on the earth's power grid show that when there's a real big eruption on the sun, it can make a difference. And if that happened all the time, you can imagine it might make it hard for the terrestrial slime to evolve into human beings.
Tracey:	18:31	Indeed. We know that when there's a solar maximum and there's a lot of sunspot activity, it has very observable, immediate effects on earth. It can affect satellites data, the way our electronics work, things like that. What happens during a minimum?
Reynolds:	18:57	It's just quiet.
Tracey:	18:57	Just nothing? Some of the crazier things that you'll hear online are, "Oh, no, it's a solar minimum. We're all going to have an ice age." Is there any truth to that? Is there a correlation there at all or is it just, "Hey, our satellites are cool."
Reynolds:	19:21	Yeah, no. I think, the minimum is, I mean, these are very broad effects. It's not like something that's going to happen tomorrow, the solar minimum is at 11:30 tomorrow. There are more conjectural associations of solar activity with actual weather, seeding, thunderstorms, things like that. I don't think there's really good evidence right now, but it's not crazy to imagine, and people are still studying that kind of thing. But again, the total effect is pretty small compared to the average, I mean, it's a cycle all right, but the amplitude is just not very big. So, huge, dramatic effects are not likely.
Tracey:	20:54	The other thing that you hear in conjunction with talking about the solar minimum is that, say people on the International Space Station or at very high altitudes, might inadvertently be exposed to more cosmic rays coming from other areas. How does that work? Does solar weather somehow protect us from other rays coming in from different areas of space?
Reynolds:	21:23	Well, as a matter of fact, it does. Charged particles fill space, the ones in our neighborhood, in the neighborhood of our solar system, predominantly come from the sun. These are relatively low energy particles, but we also know that our galaxy is full of much more energetic particles, in addition to the stars, and gas clouds, and dust, and things. There are particles flying around, actually related to my own research is how they get these terrific energies, short answer is supernovae. At any rate, these galactic cosmic rays can be much more energetic and they can do all the same scary things that particles from the sun can do. And some of those come to earth, again, the earth's magnetic field protects us from a lot, but some of those are so energetic that they come and smash into atoms at the top of our atmosphere and make a shower of secondary particles.
		So, again, this is something we're all exposed at the earth's surface is showers from cosmic rays, but the sun's solar wind, it's less energetic particles, but there's a lot more of them. And when the sun is near its maximum, there's just more of that and that sweeps out the galactic cosmic rays. So, the galactic cosmic rays have are suppressed by solar maximum. These things are called Forbush decreases in the cosmic ray flux. So, I have to admit, I don't know enough about potential radiation damage to say, pilots, or people in low earth orbit, to know which source of radiation is more important for health. The very much more energetic particles are much scarcer. So, my guess is that probably the sun is more of your enemy than your friend, if you're worried about radiation beyond the Earth's magnetic field. Low earth orbit is still pretty productive. It's the people you have to worry about are the ones, the astronauts that are going to Mars. They are going to be exposed to a lot of radiation for years.
Tracey:	23:27	What is your favorite or most interesting fact that you know about the sun?
Reynolds:	23:52	Golly, that's a tough one. I think the idea that it takes light 10 million years to get out from the center, and the neutrinos make it in a few seconds, is a pretty interesting piece of information. It's not only a cool fact, but it reminds us that we do have this interesting channel to study the sun as it is now and not just as it was 10 million years ago.
Tracey:	25:59	Well, that is fascinating stuff and I would like to thank you again for being here with us today and talking to us about our closest star neighbor, the sun. We've been speaking today with Steve Reynolds, alumni distinguished professor of physics here at NC State. This has been Audio Abstract. I'm your host, Tracy Peake. Thank you so much for listening.
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