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Only eight light minutes away

The Sun: a type G 2 V star, main sequence. 
This means it is still “young” in that it has enough (it is thought) nuclear fuel to bathe us in light and life-giving warmth into time farther than we or our distant descendants can imagine. Like stars are wont to do the Sun will most likely implode and vanish one day. That’s what happens to all we imperfect humans perceive in time. But the Sun also has maximum and minimum phases revealing that it varies in luminosity and so, a certain strength. It is variable.
Then there’s the distance. Mentioning distance in astronomy, besides habit and mathematical fetish, sometimes has extremely useful application.
  As regards the Sun, it is 149,000,000 kilometers or 9,2584,307.643 miles away from us. This latter is an untidy figure close enough to the tidier 93 million miles that gives rise to that even tidier little measure, one (1) Astronomical Unit (A.U.). The A.U. is used with detailed precision by professional astronomers everywhere. It takes a bit more than 63,000 A.U.s to make up a single light year. One light year 
 is almost six trillion miles. So as regards stellar distance and closeness, the Sun is close. The Sun, then, is only eight light minutes away from us.
  Such is the indifference with which we toss out numbers and facts about Sol, A.K.A the Sun, the closest star to us unless there is a hidden one somewhere that would cause our Solar System to be known as a binary star “system.” 

There are the numbers in astronomy, so vital, and now, so conflicting and easy to obtain and compare and almost always too deep to comprehend except for a very few. The strangest thing we have to accept with all these figures is, when we think of such matters in a detached-from-physics, very personal manner, we have to forget the exact numerical details while, paradoxically, holding desperately on to them in perpetual concatenation, if they are of immediate and direct use. The numbers, howsoever many conflicting and concatenated working themselves back and forth in time, like the words in the theories they are attached to, give us a clearer picture as we gain in knowledge, if in a different light. But they also blur. 
This applies to the multifarious concepts in astronomy as well. For the persons to whom this book is mostly aimed, something like knowing what the Sun’s “G class” involves is a desperate gulf between those who know and who do not know. We step with trepidation over the chasm of “what does that mean?” let alone matter. That “G” is a kind of refinement or correction, as in the now dyed-in-wool universal stellar spectral analysis and classification of O, B, A, F, G, K, M, from the original A, B, C, D, E, F, G, (etc.) – which was figured out later to be wrong if a good first try.
  In the process of making it have more technical sense the order got all mixed up. But spectral analysis, literally how much particle excitations are prominent in a star’s light, and so identifying what precisely some stars are elementally made of versus others, was a difficult enough complexity of human thought to begin with. All this is a strong sign that humans proceed in a very trial-and-error way with complex things they learn. This whether it was our distant ancestors first chipping a stone just right to make a tool that wouldn’t fail in a hunt, to astrophysics. It is the way we have progressed, from crushers of lion’s heads to crushers of atoms – something “He” (Sol) does, too. 

The Sun, lastly in this vein, is also what is called a “main sequence” star. As a “G” that means it is right in the middle of a chart American mathematician-astronomer (H.N. Russell) and collaborator Danish astronomer (E. Hertzsprung) built tentatively off the pioneering distance-to-stars-from-us work of Henrietta Swann Leavitt and other women researchers at Harvard College Observatory around the year 1911. All this classifying has to do with our particular sun is its nuclear strength at this time and how it gives off its light in the burn of the elements it consists of. As such, our sun is one of a class of Sun-like stars as they now say, and these stars, many extremely far away, are studied with the full understanding that, as they behave, so does our sun possibly behave. By proxy then, these Sun-like star help us to learn things about our own Sun. Yet learning by proxy, as you will see in this book, bears its own hazards. Additionally, such added knowledge can blur as much as sharpen focus.
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Henrietta Swann Leavitt (1868-1921)discoverer of period-luminous variability in stars, thereby securing the first step in accurately measuring deep stellar distance.

The time has arrived to give the tossed-out distance, “only 8 light minutes away” more seriousness than it probably deserves.  And though it has been argued that all suns are now variable to a certain extent, including ours (possibly one of the pulsating variety since Sol expands and contracts and oscillates at different speeds at some times more than others) it is time to give this fact more attention as well. Across these pages you will meet with the sense and argument of what our star is as a variable entity. This in order, hopefully, to built a structure toward obtaining a useful idea as to how it affects us in its normal and more importantly, less normal, “moods.” 
As the English pastor-poet John Donne once wrote about the then-cutting edge work of his Italian contemporary, Galileo, to effect: “he brought the stars closer to us so that they could speak more clearly to us about themselves.”  We humanize the object (the Sun) to make it familiar while denying its humanity since it has none. It is object of spiritual focus and mental dissection. So have we pulled stars including our own down a little nearer since then, the Sun and exploding stars – supernovae – toward the Earth. And lo and behold, stepping back and taking a look, we seem to have gotten even smaller in the great scheme of things. This perspective should no longer produce fear. Certainly not in a space age with an educated population far outstripping that which existed but half a century ago. It does not defy comprehension by an open, honest, and enlightened mind. Yet I understand that the glut of information available on the Sun sometimes strips bare the open attempts to describe it in an operational totality with words and numbers, as the demonstration with spectral analysis and H-R diagrams above just illustrated. Experts find and toss out: the challenge to comprehend in a holistic manner is left to the rest. Men pioneered ideas, insights, technology and accumulated much data. Yet both the spectral class analysis tool and the logarithmic law of stellar distance in their first practical applications were hit upon by women who pored over such gleanings. 
The wideness of the Solar System and what is beyond is clear, real, and fearsome. Due to this, artificial authority has always been and still is maintained for all sorts of reasons and so we yield. For example, there are those who yearn for a return to a reduced conception of ourselves in a natural and theological context, perhaps out of a sense of safety in mediocrity. On the positive and upbeat modern side, space observatories like Hubble have given us not only knowledge but even a certain joy in the immensity of it all that urges us onward yet to dare. The crystal spherical perfection-view beyond our Solar System has been on the wane since all roads led to Rome, though this view has never been defeated for all time. Clear and daunting ancient thinkers like Eudoxus, Ptolemy and others had long ago given us an ever-widening appreciation of the vastness of space. Kepler, Gilbert, Descartes, and Newton put it all into motion on a magnetic carpet. Without the Medieval-period Muslims Al Tusi and Ibn Al Rushid the measurements and motions would possibly still be mysterious in certain aspects.
  We become aware of our connection to near and deeper space, and must be made cognizant of how this connection effects us in at least a preliminary manner regarding the Sun  –  even if error will daunt each step in many crucial and even heartbreaking ways. The paradox of seeing more and deeper into the universe giving us personal insecurities of lessened importance or size is clear. 
 That forces from and to the Sun – the electromagnetic/geomagnetic force – can effect power grids, supply, radio waves and so on is known, documented, and not fully understood. It can and will irradiate the space voyager in ways still anomalous, and the benefits here are not totally accepted let alone known well. That the Sun conspires to affect Earth’s weather and oceans – its climate – is very unsettling, controversial, and yet is being pieced together. Many paths for further research are open here, and they should be thoroughly and honestly pursued for our well being in the future.
The Sun still blinding us metaphysically in this late age embarrasses some. To many it is an omnipotent all-knowing alternately unknowing, force. For others the Sun is a challenge that must be taken on and a force to understand well, and to even bypass one day. 
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Improvements in photographic methods of stellar spectra allowed for more refined study of it. (Left) Annie Jump Cannon (1863-1941) delineator of the first successful spectral class analysis table from the data. (Right) Antonia C. Maury, whose work on the same (at Harvard) regarding setting straight confusion with Helium and other problems enhanced Cannon – and future science – in her work.
It is, after all, just a few (light) minutes away.
◊
We look at the Sun for clues as to how it may or may not work. Take the following pithy technical description from some time ago:
I liken the sunspots to clouds or smokes. Surely if anyone wished to imitate them by means of earthly materials, no better model could be found than to put some drops of incombustible bitumen on a red hot iron plate. From the black spot thus impressed on the iron, there will arise a black smoke that will disperse in strange and changing shapes. 

We absorb this concrete and straightforward description of Galileo on what sunspots “are” from 1612 and note that, so far as scientific observation and proof was concerned, the description  was as technically exact as any till at recently as c. 1912 (300 years later). It is as exact as any other at that time and within that entire expanse of time as well.  Note well that Galileo also burdens his readers with attempts at experiment to widen the observation’s understanding by demonstration with “earthly materials,” appropriately enough such as small bits of coal daubed onto a hot iron plate to obtain the expected result.  Coal was to become a major power source much later than when this description was first made (and it still is) which makes Galileo’s insight here all the more fascinating. He displays both intellectual courage and scientific imagination. 
The real “death” of Galileo’s observation on sunspots and what they are, and actually do, begins with the Scottish engineer / scientist William Thomson (later Lord Kelvin), who will appear frequently in this book in the many different operating poses of the working scientist. I ascribe it to him since, in what are perhaps famously his own words, to effect: “when you can measure something, then you know more about it.”  But as you will see, “this death” toward the end of the Nineteenth Century is only the beginning of Galileo being falsified. Since Kelvin (as he came to be called) was a science chef who supplied the only well-cooked meal on this investigation of Sol that was then possible to make then, all the sous chefs who supplied the ingredients and served the side dishes are largely forgotten.  Since practical science often needs not the memory, it is just as well. Yet, since practical science generally goes nowhere without the hundreds of lesser scientists, savants, metaphysicians and assorted dreamers who supply the master magicians with prepared foods for ultimate realization of a meal, these forgotten – usually with their moving little stories of forebearance in tow – bear passing notation.
First there was a need to see stars as matter in the proper perspective. The earliest Greeks aside, any idea for “island universes” as they are termed dates to the mid to late Eighteenth Century and the idea of matter coalescing into groups or clumps in space. Visually these metaphysics were derived from the telescopic investigations of for example Jean-Phillippe Loys de Chéseaux of Switzerland and Charles Messier of France, and significantly Wilhelm (later William) Herschel (German-English). Large-aperture telescope maker Herschel is especially of note in providing descriptive and measured data along with his sister, Caroline Herschel, on hitherto unseen stars and star clumps and matter that was nebulous but inexplicable. 
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(Left) Wright’s optical qualities of an island universe where stars are visible in a 360 degree view, or, all around, from a central point. (Right) Diagram of the idea of humans at the locus (middle) of a starry plane or disc as later interpreted by Kant (after Crowe 
)
Clockmaker-become-cosmologist/cosmogonist Thomas Wright proposed what could be termed a grand theory of this in his Original Theory or New Hypothesis of the Universe (1750). Like Kepler, who was part astrologer (and his Three Laws of Planetary Motion were originally speculations on improving astrological principles) the fantasist aspect to Wright is more than apparent in his work.
 The philosopher Immanuel Kant, reappraising the autodidact Wright, re-interpreted or at least ignored his mystical imagery to derive a disc model, with tighter and more logical concantenated tautologies to Wright’s theories as what we now know more familiarly as galaxies.
  Naturally this is not the entire story. But at least here, we have, literally, the description of the matter (and I do mean matter).
So they had the proper perspective now of stars. And stars in swarms that could even be swirling in clouds of gas. This was starting to be assumed about our Sun and its place amid other stars like in the Kant model. 
But, what of the energy involving all this gaseous matter? 
Alas, this is where the story of stars becomes much more interesting. Any discussion at all on heat and motion in regard to solar operating mechanisms using calculations was close to miraculous given the time. Early in the 1820s the French mathematical physicist Joseph Fourier was attracted to the idea of the dynamics of heat (energy transfer). Heat flow between molecules is proportional to small temperature variations, he knew. Fourier left an unfinished work on determinate equations, revived by French mathematician Claude-Louis Navier (of the soon-to-be-mentioned Navier-Stokes equations). Thomson, later Lord Kelvin, was surely apprised of Napoleon’s scientist’s ideas and equations. Yet his concrete analysis of the Sun arguably begins with fellow-physicist Julius Robert Mayer (later von Mayer) in wondering what powers a star, in this case, Sol. It was a brave question to ask as early as c. 1848. Such questions still are and, it was all wrong in its details of course. However, what mathematics Mayer used was the crucial thing as well as how he applied certain physical laws in the then-kindergarten of thermodynamics. 
It was being implied near this time that sunspots had something to do with the Sun’s energy – and even its effects on crops. But the energy source Mayer proposed for the Sun was external: meteorites. Without this energy, the Sun would cool down within 5,000 years he calculated. Unlike Herschel, who was laughed down at the Royal Society for (correctly) linking low-sunspot count years with stock market price-rises due to reduced bushels of corn (that is, wheat) this German was simply ignored regarding his work on heat and motion, perhaps due to such brave speculations as a meteorite-powered Sun. For meteorites and comets do strike the Sun constantly. Such errors are so precious to us in later ages. For, lest we forget in our later times, what was totally wrong then becomes either half or even entirely correct, or at least builds in the direction toward the correct understanding. No immediate genius usually credits science. The whole is a process, often cruel: credit for his work presumably went to another. The Germans awarded him an honorary doctorate and the equivalent of a British lordship – the “von.” In any case the kernel was sewn for the great Kelvin.
The meteoric theory of solar energy lasted a long time, though perhaps not as long as Galileo’s on sunspots. It assumed various forms and guises across the mid to late Nineteenth Century. The simple and unihibited imagination of Galileo talking of a mineral compound that could demonstrate what could be going on in the Sun was overlooked if forgotten: specifically, that some kind of chemical process perhaps inside the Sun was responsible for its power. Meteors were more interesting in this regard as an external-energy source since the early dynamicists could hardly imagine a self-powered system constantly fired from within. No known energy producer of such power was then known and it was not to be known for a very long time. Mayer’s metaphysics were wrong. However the following is not wrong, should we heed Kelvin’s dicta. We had a quality or a quantity, if you please – the meteorite – with a specific mass and so, the probablity of momentum: as proper a training wheel for larger calculations and thoughts as any as to energy produced, dropping into the Sun. It was assumed meteorites thus provided a mass of fuel. All of this was to produce the obvious heat from the energy, thence transferred, say, towards Earth. These early thermodynamacists worked such things out, with John Herschel (William’s professional-astronomer son) and others already at work on a rude if effective-enough “solar constant” as to how much solar-tranferred energy (or, heat) the Earth’s atmosphere took in. (The egg basket of what later came to be and which is still called Total Solar Irradiance – namely, “TSI” – was already being filled.)  It was a shame that as regards universities, Göttingen did not discuss matters of (electro) magnetism (Carl Friedrich Gauss’ mathematical-physical contribution) in celestial mechanics with Tűbingen University and solar dynamics (Mayer). But the then-notion of measuring magnetic fields in different areas of the globe (as was done by a British analog, General Edward Sabine) being tied together with an inner solar power source was too much to hope for. Like James Clerke Maxwell, Gauss’ contribution to the basic mathematical conception of planetary and stellar physics was priceless. Maxwell’s laboratory calculations connected electricity, magnetism and light all to the electromagnetic field. This field was measured in a practical manner by Gauss, on Earth. Sabine of the English admiralty perpetually wondered over these variations of the Earth’s magnetic field, disturbing compass readings and perhaps, even the weather?
It was seen that, given meteoritic import of mass that an annual infall would have been 1/17 millionth of the Sun’s mass.
 As science historian John North put it in effect, even this tiny quantity could be ruled out as being “too great” which was, as he points out, a sign that the thinking was quite advanced all around howsoever misplaced and incorrect in the embrionic world of celestial mechanics. Kelvin (still Mr. Thomson at the time) demonstrated (1854) that it would mean a shortening of the time of Earth’s orbit, were this the case. Hermann von Helmholtz came in with a gravitational energy conversion theory that might lead to knowing the energy transfers involved (the “heat” in other words) better near this time.  Such matters as what powered the Sun, and what possible effects it had on Earth, magnetically or otherwise, began what became to be known as the “fifty year’s difficulty.”
That the optician Joseph von Fraunhofer had first invented, and then used, the spectroscope to see lines in the Sun 
 hinting of chemical processes there as early as the 1810s was not explained by Gustav Kirchhoff (and Robert Bunsen) until the 1860s. That is fifty years between the finding of the one and then, the other, on this subject alone. It was ten years before Fourier’s contribution on heat transfer and molecules. It became known in the 1860s – around forty years after its discovery – that the spectroscope showed heated solids and gases making not only light, but also emitting spectral lines of an element at continuous (solid) or at individual (gas) wavelengths. Also that a heated solid with cool gases surrounding it produced light at nearly a continuous spectrum, with blank spaces seen at individual wavelengths. And although Kirchhoff knew of the colors and the emitta, and all its empirical oddities, and listed it for all to see, he and the rest of science had no idea of the energy levels of the atoms involved in the elements. Knowledge of energy levels did not come about until Niels Bohr and the basics of quantum mechanics appeared some forty or so years on, further still. Kirchhoff and Bunsen’s work led to the aforementioned spectral classification system finally ordered legibly and logically by Cannon. 
But, to go back to 1860, the discussion of the Sun’s operating “mechanisms” – according to laboratory math models of Maxwell and the overly-refined meteor-solar power theory, and perhaps others – lapsed. Considering that by the end of the 1860s, what became known as the Periodic Table of Elements was just being presented in its first tenuous modern form by the Russian Dmitri Mendeleev (that is, for not only the system of classification by groups, number, weights, but also, prediction of new elements) it is no suprise that observational work in chemical and element propinquity and dissimilarity was considered mysterious and untrustworthy. Mendeleev himself would be six years in his grave before even what he outlined as the strange nature of atomic weight and number could even be somewhat more clearly explained as regarding element classification and the discovery of new ones.
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Dimitri Mendeleev (1837-1907) great Russian creator and explicator of a workable periodic table of elements that would eventually help unite chemistry (matter) and physics (energy). 
The difficulty of what powered the Sun from an esoteric as well as practical position become very clear. The esoteric questions remain of course as well as many pragmatic ones. The practical value of such knowledge of the Sun was worthless in an age marveling at enormous steam engines and trains powered by that miracle, coal, whipping past at nearly 40 miles an hour. Energy emission was at a pre-atomic knowledge from 1860-1913 in spite of the advances made in thermodynamics and even in rudimentary nuclear theory (all of it a bagatelle at the time, the Curies included) practical engineers holding on to how much you could burn coal or wood or the newfangled benzine on Earth to get an idea of what could be going on in the Sun, when this odd question arose. The science of thermodynamics is that curious juxtaposition of energy transfer (heat) into mechanical force which grade school science teachers tell you must never be confused with each other especially when you mention gravity in relation to them (you can only do that after graduate school). Could the Sun contain some unlimited source of a coal-like fuel? This just did not seem real, in spite of all the theory opening up the potential power sources that could or might perhaps exist. The knowledge of a nuclear fissile power was just as strange and unknown then as being able to control nuclear fusion power in an enclosed environment on Earth is today.                                             
Kelvin was the emergent thinker here in the mid-1800s. He could equate heat with practical, process “work” in a way that each and every unit rise in temperature meant a parallel increase in work accomplished. An absolute temperature scale that now bears his name is one of his contributions in calculating mechanical or electromechanical “work” invovling heat. Seeing that in 1854, Ernest Rutherford – arguably the father of nuclear theory – was not to be born for another sixteen years, this was sensible. Eighteen fifty four was perhaps the pivotal year of his dismissing the energetic force of the Sun in ways that became much clearer by 1892 and extremely evident by 1912 and in the 1930s. Coming to loggerheads on how the Sun effects the Earth in energy transfer, or how it operated at all, given observations, was an aim at ending the “fifty year difficulty.” This presumably was solved by Edward (“E”) Walter Maunder. Kelvin, who acknowledged the difficulty, probably never accepted it even if Maunder publically proved it. No data on his response to Maunder is recorded and Maunder refuted Kelvin unchallenged by the great man. From a slew of people, Maxwell, to Count Rumford to Sadi Carnot; from Rudolph Clausius to the brains-in-his-fingers Michael Faraday, James Watt, and even perhaps to the redoubtable Mayer, Kelvin knew that two key laws of thermodyanics work together. The first to conserve energy, and the second to lose it (entropy). Since it could be assumed that any cooler area (say, theoretically, an area around the Sun that could be seen as being very cold 
) these two laws, taken in tandem, required an input of energy from outside the system (in this case the Sun’s mechanical or whatever energy system) to maintain its energy-emitting or transferring force. It was the same thing Mayer knew. Given such logical insight, it is no wonder that the crashing-meteorite-into-the-Sun, energy-providing process made good sense to these scientists then. It was no wonder that in one calculation, Kelvin, honest calculator that he was, could only come up with some 3,000 years of ultimate solar power in the long run in one calculation.
The scientific imagination starts to run thin and the numbers and calculations too thick concerning Sol – though the data on the Sun increased around 1860 and enormously so after 1870. By 1903 Maunder had a thirty-year photographic database of it at the Royal Observatory in Greenwich. The then-known power sources (coal being paramount, petroleum just appearing) could not possibly produce enough energy to power something with so much mass – the Sun even today calculated as comprising nearly 99% of our Solar System. Unsurprisingly Kelvin was never convinced.  As far as he could see, no known chemical reaction (should such even be possible in the Sun!) from any existing power source could radiate it out for very long. Being the re-formulator of Maxwell, the most practical research-to-applied engineer then living in a world that craved technical marvels and instruments of ease more than we do, Kelvin’s word became final on most of this subject. His word followed English imperial power especially to a financially docile and receptive United States. His mind was firmly entrenched in the very concrete aspects of linearity in the Sun’s probable energy production and transfer and the attendant lack of power it must have upon the Earth due to all this. Other personal reasons for denying an active, non-isotropic Sun will not be speculated upon in these pages regarding him. Yet the force of his massive influence cannot under the circumstances of his time be denied: for the good or the bad.
Much later on, there was a disconnect between the nuclear nature of the Sun, as this became known through the Twentieth Century quite clearly, and its ability to be non-linear. A constant and very linear nature of the Sun became folk widsom in a way. What powers such retrenches cannot be easily explained. Even less could the very many picture the Sun as something not only powered from within by some awful source, but that it could work on and off, and in an unbalanced, almost capricious way we term for convenience’ sake non-linear (or non-istropic). Old justifications came to the fore, and lassitude in understanding grew paramount. And yet as early as 1903 some had not only seen this behavior by the Sun, they could also mathematically delineate some of its then-inexplicable non-isotropic flailings and lashings – regardless of whatever it was powering it. Earlier still,, in the 1840s, some noted a connection between geomagentic disturbances and sunspot patterns, and in 1909, connections between Indian cyclones and solar rotation from data gathered in the 1850s. This “disconnect,” you could label it, has lasted down to the current time in some crucial and stubborn ways.  
Such is the strength of human will to try and force a kind of static order upon Nature while denying startling dynamic connections that stare one straight in the face. Much is the limitation of the human mind. We have just seen how the natural lapses in scientific discovery and explanation can conceal, regarding this most important celestial object. Thus lies the challenge to see past enforcing an order on it that is untenable due to self-imposed or arbitraty limitations in metaphysics, mathematics, communication, and useful speculation and to thus find out just how it does operate in all its nonlinearity. If not this, then any partial understanding of operational stellar nonlinarity especially in relation to the Earth is preferrable to none at all. Dismissal of solar nonlinearity especially as regards any impact on Earth is not an accepted argument in this book for any reason. 
◊◊
Entertaining dynamism in the Sun of most kinds was held suspect and even ignored, it is said, and is sometimes baldly shown, for many years after Kelvin’s sway took hold in the textbooks and in the physics and chemistry classes. Great men do great things and sometimes perpetuate great mistakes quite unbeknownst to them and their intended benevolent auspices. Solar dynamics as we now know it was not really to gain a footing toward a working theory until after World War II. Given the lapses in discovery and the slower takeup when these discoveries were acknowledged and connected (and reconnected) and the mentalities of the age, its limits and its glories, it is of no great surprise. But dynamic the Sun most assuredly is, no matter what personage says to the contrary.
This book is about how the solar dynamo theory from some research, being used to explain certain peculiar and usually inexplicable behaviors on the Sun that shows potential for understanding useful, repeatable aspects in it. Much of it is wrong or half-right. Unlike other plausible theories of how the Sun functions, the solar dynamo theory 
 is not only a predominating theory based on classical physics: it has been quantified.  The “solar dynamo theory,” as it is called was first advanced by H. W. Babcock in 1961 
 and later refined by R.B. Leighton 
 (1964; 1969). These names are linked together as “Babcock-Leighton models” (mostly conceptual/ “hard” math, not statistical) and are vital to explicating the theory in different ways. An even more mathematically developed scenario for the solar dynamo was by Max Steenbeck and Fritz Krause (1967) and Steenbeck et al. (1967).
 These gentlemen presented some essential elements for the theory as proposed earlier by Eugene N. Parker (1955).
 Steenbeck had been at the German Academy of Science’s institute for Magnetohydrodynamics (MHD): one of those talented German physical science chess pieces moved dangerously around by German, Russian, and later, American, political and science bureaucrats throughout World War II until the middle of the Cold War (1945-1991). Some of the other input into the theory comes from before World War II in the pioneering work of Sidney Chapman and Julius Bartels, the former, Chapman, actually having worked with and for E. Walter Maunder and his elite mathematician wife, Annie, at the old Royal Observatory at Greenwich, England (during World War I). Chapman and Bartels’ work on geomagnetism resulted in a co-authored masterpiece on the subject entitled Geomagnetism which even today bears re-study.
One thrust of the solar dynamo theory is, then, that the Sun’s activity and its variations are assumed to be driven by a magnetohydrodynamic dynamo. Magnetofluiddynamics, or hydromagnetics, is the academic discipline which is the study of the dynamics of electrically conducting fluids. Now we come to Navier-Stokes. Besides Babcock-Leighton models, we have MHD using “Navier-Stokes” equations from the Eighteenth Century to describe the motion of fluid substances. 
The Sun is one, gigantic fluid ball, electrically conducted, in other words.

Thus, the solar dynamo as a theory about the Sun deals essentially in electrically-conducting fluids and their dynamics and how currents are induced in these fluids, and which trace the currents’ motion. These phenomena are described mathematically as far as is possible, and all is driven by the power afforded mostly by what after World War II came to known as the Sun’s nuclear fusion core “reactor.” This was the elusive internal solar power source that baffled the Nineteenth Century thermodynamicists, and which challenged some even later on in the Twentieth. Force, consequently, is involved in the dynamo – electromagnetic force. Very much of it.
It is like taking an electrical lab for all this, using what Michael Faraday, Maxwell, Kelvin, Babcock, Leighton, Fourier, Navier, Krause, Parker and a hundred unnamed Swedes and Russians etc., threshed out, then seeing if it can be applied to a piece of swirling, seething nuclear-forced Nature that is about 800,000 miles in diameter with spots popping out over it at times in apparent stringy loops, when bright. 
We’ll never get all of it right. But to get some of it right would be very useful, indeed. 
◊◊◊

The current and coming generation of aerospace engineers, geoscientists and astronauts, armed with all workable science, and the best paramilitarily trained,  look up at the Moon and at Mars. What lies there for humanity? We see on the face of an explored Moon a reason for making an astro-base, thenceforth a possible launching pad for routinized Mars missions. Many of these missions will fail. Lives will be lost. The Sun stands by and in the way, sometimes helpful and sometime not. The “not” part must be understood
Why must we do this? There are, superficially, two good reasons among many. 

One is for mineral exploitation and human residence. Several billion humans need more room. This is simple physics and common sense. Knowing how the Sun functions as our particular variable star facilitates this exploration and settlement and secures our better well being on Earth.
The other is simpler still, on the one hand, but ultimately, like the “soft sciences” of sociology and anthropology, more complex than the “hard” physical sciences on the other. We must show ourselves that we can do it.  Humans will to know. They also will to dare. We saw in the Moon landings that walking on planet-like objects can be done. The silence and modesty of Neil Armstrong speaks loudly.
As for NASA, there are currently afoot a number of research and test projects aimed at just such exploration and possible habitation of nearby satellites and planets. Getting used to existing in space for long time periods is one major goal. Such things taken for granted on Earth are major obstacles in space, to include behaviorial adaptation, conduct control and management, and the even the mundane need for exercise. NASA’s Living and Working In Space (LAWIS) project has been exploring avenues by which to come to terms with renewable and sustaining ecosystem management with an aim towards self-reliance on the Moon as well as possibly Mars. A knowledge of how the Sun functions goes a long way toward ensuring not only the physical powering of spacecraft, but also how to protect persons in long time periods from hyper solar activity, and how to thrive on reduced amounts of the same. Questions as to how effective solar power would be on the Moon and Mars (the latter to facilitate crop growth, say) are also soon-to-be coming items of interest. Technology has long since outstripped the tests dones in Earth-based closed habitation systems like Biosphere I and II of the 1970s. How do cosmic rays affect climate on Mars as opposed to Earth? Is there a way to make a proto-climate with technology using the Sun as a power source? Would solar heating up there be the best and most effective means of facilitating long-term enclosure existence?  If so, how?  What about a better understading of how the Sun functions to enhance and make redundant even Earth-based solar power for electricity creation? Will extended solar grand phases for the higher or lower have disastrous effects on human-collected solar power on Earth, or do they matter in the long run for such purposes at all? 
Companies like the relational database firm Oracle sponsors the Oracle Education Foundation to stimulate young peoples’ interest in planetary study and potential human exploration and eventual settlement, such as the Mars Academy. Foundations such as the Mars Society have an international reach to support space agencies in the direct settlement of Mars. Knowing better on how the Sun functions between here and there will be absolutely vital for any such endeavor – even for success and comfort in the much more mundane and relatively easily-achievable Moon base programs for mining and other interests. But we cannot wait until then. The Solar Dynamics Observatory (SDO) is collecting data at this very moment for interpretation. The SDO is a space-based observatory working far above our atmospheric-muddled view of Sol. Thus it is functioning and gathering information much more effectively than ever before in some very crucial aspects that will, coincidentally, be the over-arching theme of this book. Who will interpret the data? What conclusions will be reached? 
Most important of all, who will use their scientific imaginations best to come up with newer insights into how the Sun works?
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Four thinkers who helped bring forth the modern technological age as guided by science, nearly all of whom had significant, insightful – and imaginative – views concerning how the Sun works. (Right to left, Frances Bacon, Rene Descartes, Galileo, Johannes Kepler)
� Often it is arcane, theoretical and even bizarre except to a fraction of specialized researchers. 





� Light years alternate with the stellar distance measure called the parsec. One parsec is almost 20 trillion miles, or about 3 ¼ light years. 





� In seconds, it is 149.6 / 0.3 = 499 light-seconds. And this equals 8 light minutes and 19 light seconds.





� There is speculation that our sun is part of a binary system. That is, there is another star near us.  This was promoted by Alfred de Grazia and Earl Milton in Solaria Binaris, Origin and History of the Solar System (Mertron: 1984). 





� William Huggins (England) Henry Draper (his quartz prisms isolating Vega’s ”pure spectrum” photographically) Angelo Secchi (Italy) Lewis Rutherfurd, Antonia Maury, and Annie J. Cannon. When difficulty arose in accounting for elements other than Hydrogen and Helium, it was Cannon who recognized the subtle gradations in the elements in certain letter classes that gave the stellar spectra an easier to account for (and understand) order. A good technical discussion understandable to most is found in Pannekoek, A., A History of Astronomy (Allen and Unwin:1961) pp 451-460.





� In the old literature on the Sun. it was a “He.”





� There is some reliable evidence that Leavitt was to be awarded the Nobel Prize on recommendations by the Swedish Academy due to this discovery. 


� See especially North, J., “Western Islam and Christian Spain,” in The Norton History of Astronomy and Cosmology (Ed. Roy Porter) (Norton:1995) 





� The beguiling experience of the widening of the human mind in such philosophical terms (perhaps even evolutionary ones) is lucidly covered in the pitifully obscure first book of an intended series,  The Fabric of The Heavens: The Development of Astronomy and Dynamics by Stephen Toulmin and June Goodfield (Harper: 1961)





� Galileo, “Third Letter on Sunspots, from Galileo Galilei to Mark Welser, In which Venus, the Moon and Medicean Planets are also dealt with, and new appearance of Saturn are revealed,” (December 1, 1612) in Discoveries and Opinions of Galileo, Trans. by Stillman Drake (Doubleday:1957) p. 140





� Crowe, Michael J., Modern Theories of the Universe, from Herschel to Hubble (Dover:1994), pp. 30-34





� ”In the Great Celestial Creation, the Catastrophy of a World, such as ours, or even the total Dissolution of a System of Worlds, may possibly be no more to the Great Author of Nature...and in all Probability such final and general Dooms-Days may be as frequent there, as even Birth-Days or Mortality with us upon the Earth.” ( Ibid, Crowe. Pp. 369-370)





� Kant in his Allgemeine Naturgeschichte und Theorie des Himmels (1755) or, Universal Natural History and Theory of the Heavens





� North, J., The Norton History of Astronomy and Cosmology (W.W. Norton: 1995) p. 459.





� Dark line features in the Sun were noted by William Wollaston as early as 1802. Analyzing variations in spectral lines split in stationary magnetic fields (the Zeeman Effect) was not done until the Twentieth Century. 





� Although we now know that the area beyond the Sun by a great distance is actually hotter than the solar surface itself, put yourself in a physicist’s shoes c. the year 1855.





� Like Darwin’s Theory of Evolution, and Newton’s Theory of Universal Gravitation, and Einstein’s Theory of General Relativity, the “Solar Dynamo Theory” reigns currently in the “most workable theories” department regarding the Sun. It has, unlike the other three still-to-be-disproven theories, no single author and is definitely “a work in progress.”





� Babcock, H.W., 1961, The topology of the sun’s magnetic field and the 22-year cycle, Astrophys. J., 133, 572-587





�  Leighton, R.B., 1964, Transport of magnetic fields on the sun, Astrophys. J., 140, 1547-1562. and later, Leighton, R.B., 1969, A magneto-kinematic model of the solar cycle, Astrophys. J., 156, 1-26





� Probably Krause F., Steenbeck M., 1967, Z. Naturf., 22a, 671. Possibly Steenbeck M., Krause F., Rädler, K. H. 1966, Z. Naturf., 21a, 369.  The work was most likely all about turbulent plasmas.





� Parker, E.N., 1955, Hydromagnetic dynamo models, Astrophys. J., 122, 293-314
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