From the Everett and Seattle Astronomical Societies, this is IT’S OVER YOUR HEAD for the week beginning August 29th, a look at what’s up in the sky over Puget Sound.

Mars, which began the month at magnitude –1.4, fades to magnitude –0.8 by the end of the month due to the increasing distance between Earth and Mars. Mars will be difficult to observe because of its low altitude. Ceres, the 600-mile wide asteroid, can be seen within the Teapot asterism of Sagittarius. At magnitude 7.8, it is brighter than the Milky Way background. Uranus is an easy binocular object, shinning at magnitude 5.7 among the stars of Capricornus, the Sea-Goat. The moon will be full on September 2nd.

Sunspots, the dark, cooler areas on the solar surface, associated with strong magnetic fields, were first identified in 325 B.C. Heinrich Schwabe, a 19th century pharmacist, is credited with the discovery of the solar cycle. He won his first telescope in 1825 in a lottery but soon purchased a more powerful one. His primary interest in astronomy was discovering possible intramercurical planets. He was hoping to discover a planet below Mercury. In 1826 he began recording sunspot positions to eliminate them from his searches. Of course, he never discovered any planets but after many years of observing he noticed a 10-year cycle of the number of visible sunspots on the sun. He continued his observations on a daily basis, as weather permitted, for 42 years. In 1852, the Swiss astronomer, Johann Wolf, assembled all the historical information on sunspots that he could find and found that the average period was 11.11 years.

In 1851, the Scottish astronomer John Lamont published a paper on a discovery he had made that the Earth’s magnetic field also seemed to vary with a period of about 10 years. The relationship between the solar cycle and the Earth’s magnetic field would take nearly another 100 years to unravel.

In 1896, Olaf Birkeland of Norway came up with the idea that peaks of geomagnetic activity, magnetic storms, were caused by the sun. He believed that these charged particles were drawn in to the Earth’s magnetic field near the poles and gave rise to the aurora borealis and aurora australis (the northern and southern lights). At the turn of the century, Edward Maunder, from the Greenwich Observatory, discovered that the greatest geomagnetic storms coincided with large sunspots near the central meridian of the sun and that geomagnetic storms averaged about 27 days, which is the sun’s period of rotation. He came to the conclusion that they were due to some streaming effect from localized regions of the Sun, and that this streaming took about a day to reach the earth.

In 1905, George Hale, made the first photographs of a sunspot spectrum. The analysis of these spectrum photographs revealed vortex motions in the hydrogen clouds near sunspots. Hale believed that these motions could be the source of magnetic fields and that the widening of the lines in the sunspot spectra was due to those magnetic fields. This turned out to be an example of the Zeeman effect, the splitting of spectral lines that occurs when light is passed through an intense magnetic field. In the 1930s it was found that flares in the Sun’s chromosphere caused interruptions in short wave radio transmissions.

Further studies by Hale led to the discovery that at the end of the eleven-year cycle the solar magnetic fields reverse polarity. Because of this reversal, the solar activity cycle actually spans a 22-year "Hale cycle." The current cycle, cycle 23, is the last half of the current Hale cycle (composed of Cycles 22 and 23) that began in 1986. According to NASA, the current solar cycle peaked in February 2001. The Sun's magnetic north pole, which was in the northern hemisphere, now points south. The solar maximum is the two-to-three year period around the peak when the Sun’s activity is most complex and turbulent and the space around the Earth is most disturbed. The increase in sunspots, solar flares, and coronal mass ejections effect communications and weather here on Earth.

As we have learned about the solar cycle in the last several hundred years, it is now understood that sunspot cycles coincide with fluctuations in growth in plants as shown by tree rings and fish stocks in the oceans among other things. Based on geological evidence, it is now accepted that sunspot cycles have occurred for at least 700 million years.

For more on this week's topic, or to find out about local astronomy groups and activities, set your browser to www.ItsOverYourHead.org and you’ll be on your way. Our broadcast was written by Jim Ehrmin and engineered by Greg Donohue. Until next time, this is Jim Ehrmin (and ______ __________), wishing you clear skies and good viewing!
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The Long of It

The Sun's magnetic field; sunspots

The Sun has a magnetic field, just like the Earth does, but the magnetic field of the Sun is much more complex and variable than that of the Earth. The Earth has one magnetic North (N) pole and one magnetic South (S) pole. Whether magnetic field is of the N or S kind is called the polarity of the magnetic field. The effects that the magnetic field of the Sun has on the Earth do not depend on the polarity: only the strength and orientation of the field are important, just like for crossing a road you care how many cars zip by (the "strength" of the flow of cars), what direction the road has (crossing at right angles is best) but not whether the cars move from left to right or from right to left (the "polarity" of the flow).

The Sun's magnetic field has more than one component. It has a rather weak global magnetic field which shows up best near the geographical poles of the Sun (and is referred to as the polar-cap field in the rest of this text), more or less like the magnetic field of the Earth, with N and S poles near the geographical poles, but this magnetic field is not very important for the Earth. On top of that, the magnetic field in certain places of the Sun is much stronger (about 5000 times stronger than that of the Earth). Such places appear on the surface as sunspots. On the Sun, each sunspot is a magnetic pole, either N or S. The Sun does not rotate around magnetic poles, just like the Earth does not rotate around its magnetic poles.

Sunspot groups; magnetic polarity order

Sunspots generally occur on the sun in groups which are usually oriented rougly in the East-West direction. You can see some sunspot groups on the full-disk continuum image map. The sunspots at the Westerly end of a sunspot group usually have the opposite magnetic polarity from the sunspots at the Easterly end. For instance, if the Westerly end has N polarity, then the Easterly end has S polarity. The order of polarities in the group, going from West to East, is then N-S. It turns out that almost all sunspot groups in the Northern half of the Sun have the same order of polarities, for instance N-S, and that almost all sunspot groups in the Southern half of the Sun have the opposite order, in this case S-N.

During the current solar cycle (about 1997 - 2008) the preceding sunspots in both hemispheres have their magnetic polarity equal to their geographic polarity (i.e., N in the northern hemisphere, S in the southern hemisphere).

The solar cycle; polarity change; poles exchanging place

The number of sunspots on the Sun varies in a cycle, called the solar cycle, which lasts on average 11 years. Near the minimum of the cycle, you hardly ever see a sunspot, and the sunspots that do appear are usually very small (about 1,000 miles across). Near the maximum of the cycle, you see many sunspots all the time, and some of them get to be very big (up to some 30,000 miles across). For a plot of the number of sunspots seen from this observatory during the last forty years, see the solar cycle page of Mr Sunspot's Answer Book. At the moment (in 1996) we are close to the minimum of the solar cycle.

The orientation of the weak polar-cap magnetic field of the Sun changes with the solar cycle, too. This change occurs roughly when the number of sunspots is at a maximum: then the magnetic field near the magnetic poles of the Sun decreases to zero and then increases with the opposite polarity from what it was before. This effect is sometimes referred to as the (magnetic) "pole reversal", but it does not mean that the geographical poles of the Sun change places or that the Sun turns upside down. You can compare this magnetic polarity change with the temperature changes on the Earth's poles: For one half year, the Earth's North Pole is relatively warm, and the South Pole is then relatively cold. During the next half year the situation is reversed (you might say that the "thermal polarity" of the Earth has reversed, or even that the "thermal poles have changes places"), but that does not mean that the geographical poles have traded places or that the Earth has turned upside down. And anyway, the global magnetic field of the Sun is much less important than the magnetic field associated with sunspots.

The polarity order of the sunspot groups turns around after each minimum of the solar cycle. If before the minimum (in the old cycle) the order in the Northern half of the Sun was N-S, then after the minimum (in the new cycle) it is S-N, and likewise in the Southern half of the Sun. This change in the order of the magnetic polarities or poles in sunspot groups in each half of the Sun is sometimes called a "polarity change", and you might also say that the "magnetic poles trade places" in sunspot groups from one solar cycle to the next one, though that is not a common expression. Again, the geographic poles of the Sun do not change places, nor does the whole Sun turn upside down.

Until the next sunspot maximum (expected around 2001) the magnetic polarity of the polar-cap fields is the same as the geographical polarity (i.e., N near the north pole, S near the south pole). After that (until about the following sunspot maximum) the magnetic polarity is the opposite of the geographical polarity.

Solar flares

If strong magnetic field gets twisted up too much, it may suddenly relax into a less twisted state. Because more twist means more energy, the magnetic field has to release energy to relax. This energy heats up the material and makes it shine brightly for about an hour. Such an event is called a solar flare. Most of the energy of a solar flare is released in the form of ultraviolet (UV) radiation. A small part is released as visible light or as X-rays, and another small part goes into cosmic rays (which are actually made of particles) and other particles, which may be released into outer space.

Since the strongest magnetic field occurs in sunspots, solar flares are usually associated with sunspots. The number and average size of solar flares varies with the solar cycle. Near the minimum of the solar cycle there are almost no flares and if a flare should happen anyway then it is usually a very small one.

Radio communications

Some of the UV and X-rays and visible light from a solar flare may reach the surroundings of the Earth at the speed of light, in about 8 minutes. The UV and X-rays are mostly absorbed by the atmosphere, where they may interfere with the layers that reflect short-wave radio signals, causing disruption in the reception of such signals.

Communication satellites use different frequencies which are not reflected by those layers, and have a thick metal hull which stops most UV, cosmic, and X-rays, so these communications are not usually affected by solar flares, except if the satellite is hit by a cosmic or X-ray that has more energy than the satellite was designed to withstand. The X-rays and cosmic rays that are emitted during a solar flare come in many different amounts of energy, with numbers of cosmic ray particles and X-ray photons that decrease with increasing energy, so there is a small but non-zero chance of a satellite being hit by a particle or photon with more energy than the satellite was designed to withstand. The bigger the solar flare, the larger the chance of a satellite being hit by such an energetic particle or photon. It is estimated that a typical transistor in a satellite has a chance of one in a thousand years of being broken by a cosmic ray or X-ray.

FM radio signals are short-range and do not rely on the reflecting layers, so they are not affected by solar flares. AM radio signals are somewhere in between FM and short-wave signals.

Since solar flares follow the solar cycle, the disruptions in short-wave radio signals also follows the solar cycle: the most disruption occurs when the solar cycle is at its maximum.

Northern and Southern lights (aurorae)

Some of the cosmic rays and other particles that are ejected during a solar flare may reach the Earth, if the magnetic field between the Sun and the Earth happens to be pointing in the right direction. Because these particles carry electrical charge, they are forced to move along the magnetic field of the Earth and tend to get closer to the surface only near the magnetic North and South poles of our planet, where they cause Northern and Southern light (aurora borealis and aurora australis), which are harmless and sometimes offer spectacular shows. The effects of these particles increase for about two days after a solar flare, and they they decrease again.

The occurrence of aurorae follows the solar cycle.

Electrical wires

A magnetic field is associated with travelling particles that carry electrical charge, such as those ejected during a solar flare. If an electrical wire is moved in a magnetic field, then an electric current is induced in the wire. This principle is used in electrical generators such as may be found on bicycles or in cars. If a magnetic field moves past an electric wire, or if the magnetic field at the wire changes, then you get the same effect.

If the magnetic effects associated with the particles from a solar flare manage to reach the surface of the Earth (mostly near the magnetic poles), then they may induce electrical currents in electrical wires. The induced currents are small and usually have no consequences. However, with the induced electrical currents is associated a voltage difference which is proportional to the size of the electrical circuit, so long wires experience larger induced voltage differences than short wires. If the electronics at either end of the wire are not sufficiently protected, then the magnetic effects from a solar flare might short out the circuit. However, the wires have to be very long indeed (say, many miles) before the induced voltage difference becomes appreciable, and such wires are usually only found in power grids which carry high voltage anyway, so they are usually sufficiently protected against this effect. It is rare for a solar flare to cause a short circuit, and if it does it most likely happens in a place and at a time when the Northern or Southern light is very strong, i.e., close to the magnetic poles and during a solar flare near the maximum of the solar cycle.

A related effect is that electrical currents are also induced in long metal pipe lines (such as those carrying oil), and these cause the pipes to corrode more quickly than they otherwise would.

Since these electrical effects are rare during the minimum of the solar cycle or far away from the Earth's magnetic poles, it is very likely that the power failures that occurred in some Western parts of the United States in 1995 and 1996 were not caused by solar flares.

Protection

Our electrical equipment must be shielded against the influence of outside magnetic and electrical effects, whether these come from the Sun or from Earth-based sources. The amount of shielding that is applied depends on how much it costs, how much protection it gives, how much outside influence is expected, and how expensive or important the equipment is. There is always a chance that bigger disturbances will occur than the protection can handle, no matter how good the protection is. Of course, the better the protection, the smaller the chance that it will be penetrated, and the higher the cost of maintaining it. (This holds for many kinds of disturbances, including solar flare effects, earthquakes, accidents, wars, and diseases.)

So, we have to expect that the protection of electrical equipment against disturbances will occasionally fail. Since this equipment is usually very important to the people who bought it, it is given a large amount of protection and fails only rarely. If the amount of magnetic disturbances coming from the Sun or from any other source were to increase more than expected, and were to cost us more than adding protection does, then we'll just have to apply more shielding.

Outer atmosphere

The outermost layers of the atmosphere of the Earth (at more than 100 miles above the surface) expand a little bit when the Sun is more active. Artificial satellites in low orbits around the Earth then experience more atmospheric drag. This extra drag slows down the satellite and changes its orbit, which may cause the operators of the satellite to lose track of it. In some cases the extra drag may cause a satellite to fall back to the Earth sooner than expected. This happened, for instance, to the Skylab satellite in 1979. However, most active satellites have propulsion systems that allow them to move back to the desired orbit.

Astronauts and airplane travellers

The increased amounts of radiation (UV and X-ray) that accompany a solar flare pose a health hazard for spacewalking astronauts, though not a dramatic one. The hazardous cosmic rays and other high-energy particles are deflected by the Earth's magnetic field in the direction of the magnetic poles, so astronauts in orbits that do not pass close by the Earth's magnetic poles are mostly safe from them. In very high orbits around the Earth (higher than the Space Shuttle can go) or close to the magnetic poles, or outside of the Earth's magnetic field (on your way to the Moon, for instance), there is no protection against these high-energy particles except what you bring along yourself.

High-flying aircraft receive much less protection from the atmosphere against X-rays (though the metal hull of airplanes blocks some of them), so frequent flyers have a slightly higher risk of radiation-induced diseases. The levels of such radiation are a bit higher still while a solar flare occurs. However, the total effect is very small and all in all it is still safer to fly than to drive a car. Even flight attendants and pilots, who spend much more time on airplanes than the average traveller does, do not have dramatically higher incidences of such diseases than ground-based travellers do.

The most popular (because successful) model that explains the solar cycle is the so-called Babcock model (described, for instance, in [3]). It works as follows:

At some point in time the magnetic field in the Sun is poloidal (i.e., it has no component in the east-west direction, but only in the north-south direction). 

The differential rotation of the Sun causes the magnetic field near the equator to rotate faster than the magnetic field near the poles, thereby giving the magnetic field a toroidal component (in the east-west direction) and causing the strength of the magnetic field to increase. Babcock estimates from the observed differential rotation rates that after 3 years the magnetic field near the equator has rotated 5.5 times more around the Sun than the magnetic field near the poles. 

When the toroidal magnetic field gets strong enough in places (and perhaps also sufficiently twisted), then it erupts toward the surface (aided by magnetic buoyancy) and forms an active region with sunspots. 

Part of the magnetic field of decaying active regions moves toward the equator and cancels with field of opposite polarity coming from the other side, and part moves to the poles. After all the cancellations, the Sun has again a poloidal magnetic field but now of the opposite polarity as before. 

The only point that is not supported by any direct evidence is the eruption of (deep) magnetic field to the surface. The exact causes for that are not known, though there are reasonable-sounding suggestions.

The Babcock model explains many features of the observed solar cycle, including the Hale-Nicholson polarity law (that active regions tend to be bipolar, with one magnetic polarity predominantly at the western (leading) edge of the region and the other polarity predominantly at the eastern (following) edge, and that the leading polarity in the northern hemisphere is the opposite of the leading polarity in the southern hemisphere), Spoerer's Law (that active regions emerge at progressively lower latitudes when the solar cycle progresses), and the variation in solar activity in the solar cycle.

However, I do not know if the Sun would show any sunspots if there were no differential rotation. Absence of differential rotation would mean that the deep magnetic field did not get wound up, so it might then not reach the conditions necessary for it to erupt toward the surface and show itself to us as an active region - but then again, perhaps some other process, maybe a very slow one, might still do the trick.

Another point of concern is that differential rotation (and the Babcock model) explains why magnetic field appears at the surface, but not why it should have the form of (typically) many sunspots with the observed sizes, shapes, and other characteristics. It seems to me that other processes on much smaller scales than differential rotation are important here.

Therefore, I feel safe to claim that differential rotation causes the solar cycle, but I'd not want to claim that differential rotation creates sunspots, without some more explanation: other processes seem equally important in creating sunspots from the magnetic field that differential rotation makes appear at the surface.

