Grand phases on the Sun                                                                                                 Yaskell, S. H et al

2.  What is a grand solar  phase versus a “regular” solar phase?
Some have heard of “solar maxima” and “solar minima,” these being the two still-recondite terms for phenomena following a roughly eleven Schwabe (and double, twenty-two year magnetic Hale) cyclical “flip.” When one Schwabe “cycle” ends, another one begins, and this period, the lead up to the big show – the solar maximum – (for example, the expected c. 2013 massive solar maxima that could surpass those of the latest cycle) gives us the opposite of maxima, and what no one pays much attention to. That is,, solar minima. 

So what are “grand” phases in these regards?

”Grand phases” are longer-term variations in solar activity either for the stronger, “normal” minima/maxima ”flux” of solar electromagnetics (GRAND MAXIMA). Or they can be “grand phases” for the weaker normal minima/maxima ”flux” (GRAND MINIMA episode).  These periods have been tied to many cycles, some well-known, and many, not known well at all. When and how long for either grand period always leaves much room for either educated conjecture or total confusion or both.

As the “normal” minimas and maximas influence Earth climate, so do grand minimas and maximas. Grand phases influence climate and electro, or geomagnetic storms that effect Earth in ways that go beyond normal understanding.This is still very strange. Grand phases for the higher have gone hand-in-hand with relatively long-term warm periods in the Northern Hemisphere (for hundreds of years, like the Medieval Warm Period, which has been debated as to its very existence 
 ). Lower ones have coincided with degraded weather in the Northern Hemisphere – like the so-called Maunder Minimum some people have been wondering about. Why also do we discuss only 
 the Earth’s northern hemisphere regarding Earth climate and geomagnetic influence?  It is because this is that portion of the Earth so prone to glacial recrudescence (re-emergence) that comes fast and hard over the landmasses where human society has evolved and perhaps has thrived best. This portion of Earth sees the changes in a most pronounced way: whether for a fairly sudden increase in the tree-line north, to a fairly sudden increase in warm sailing weather, east and west, below, say, the North Atlantic Ocean in the eastern Laurentian (versus the western Bering) side of the the North American continent. And by fast, we mean a few hundred years. 
Let’s illustrate what a typical solar minima and maxima is, versus a probably not-typical grand solar minima and grand solar maxima. For this we will use curves and amplitude waves, as if one tapped a finger on a virbration recording device, thence to watch the loops rise and fall. As basic science goes, the amplitude of the waves (all these are waves, and their little ups and downs are the amplitudes of the waves in Figure 1) show peaks (solar maximas) and valleys (solar minimas). The “normal” variant of maximas and minimas in the middle of Figure 1 shows a longer base amplitude (the thick black line). The loops between the peaks and the valleys are wider, freer, in the “normal” or “regular,” minima-maxima strophes. This is what could be described as what we’ve been living through on Earth since about 1724 
 and at least until 1924. 
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Figure 1. Solar minima and maxima in grand and in regular “phases.”
Look at the two so-called “grand” phases that hem the “regular” one in above. The one to the left has an overall lower amplitude in its peaks and valleys. The one to the right has an overall higher amplitude in its peaks and its valleys. But note that those on either side could 
 have the same base length.  In any case, the base length in the grand phase is shorter than in those of “regular” periods. Much more on this will be described in later chapters, but the essential paradigm drawn up here will be discussed throughout this book.
◊
Delineating such things the first time was your typical stroke of science luck. But developing them took about 100 years. It was the usual blend of convergent scientific thought, having come about after repetitive thinking over the same data and ideas, compared with other data and ideas, without many professional goals to satisfy. Just a couple of interested (disinterested is a better word) men and women getting together to compare and take notes, publishing, and saying, “wow” over a few borders and across a couple seas – and across more than a few decades. 
The hard-to-believe-and-understand-thing here, as regards extended minima, is that, what is now called MAUNDER type grand minima was discovered around three hundred years after it actually happened. Deep science as well as deep time form a pattern over one another. Many today are becoming increasingly unfamiliar with such patterns; even suspicious of them. The presence of extended solar minima was discovered first. The opposite (and quite logical) phenomena of extended solar maxima came later. Never let it be said that the discovery of one aspect of a phenomenon does not lead to co-discovering nearby dynamics related to it. 
We begin, mundanely enough, with Edward Walter Maunder (1852 – 1928) around 1920.  At this point in his life he had been retired from the Royal Observatory at Greenwich England for about fifteen years, having been brought back to the observatory in the middle of World War I. Returned due to a lack of able bodied men, he met and worked with the young Sydney Chapman, placed there as a kind of internal political refugee, since he was a conscientious objector. It was here at the Royal Observatory at this fateful, critical time that Chapman, a high honors “tripos” mathematician (wrangler) from Cambridge delved into the accumulated solar data work of “Walter”  Maunder and his better-educated second wife Annie Maunder (1868 – 1947). Her own rank at Girton College, Cambridge in mathematics was the same as Chapman’s – hers, unsurprisingly enough, unrecognized at the time.
 It was “Annie” who most likely translated a lot of Maunder’s data collection into lean mathematical terms for the bright, young war dodger.  
Maunder had been at the Royal Observatory full time since 1872, retiring about 1903. He was a pioneer solar astrophotographer and quite modern, methodical collector – and interpreter – of solar science data and it was he who recognized the validity of observations made by Germans like  Heinrich Schwabe, Gustav Spörer, and others regarding solar cyclicity,and who tied them together.
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(Left to right) (Samuel) Heinrich Schwabe (1789–1875) German (technically amateur) astronomer who discovered a “ten year” sunspot cycle through a lifetime of regular sunspot observation. Rudolf Wolf (1816–1893) Swiss astronomer who quantified Schwabe cycles (11.11 years) for which an extended minimum gap (c. AD 1280 to AD 1340) is now named for and a superannuated sunspot counting technique (Zurich-Wolf Number). (Friederich Wilhelm) Gustav Spörer (1822 – 1895) who correctly noted sunspot movement patterns and peculiarities, and who also has an extended minimum gap named after him: the  Spörer Minimum (c. AD 1460 to AD 1550).
Some other persons are worthy of mention as to how things got started in seeing a magnetic connection between sunspot cycles and Earth magnetism, which is how we in one way get at the more complex parts of the Sun-earth connection that have come down to us. One was the multi-talented and brilliant German mathematician Carl Friedrich Gauss (1777 – 1855) who devised methods of measuring the horizontal intensity of the Earth’s magnetic field. There was the observation-collecting General Edward Sabine (1788 – 1883) who founded and made observations from magnetic observatories or “watch stations,” and recorded geomagnetic activity throughout the then-vast British Empire. He reported diligently to the Royal Society as well as to the Royal Navy on these matters due to contributions aiding practical navigation. In fact, as early as 1852, Sabine announced to the Royal Society that after systematically measuring magnetic disturbances on Earth from two watch stations in the British Empire (Toronto and Hobarton) from 1846-1848, he saw that the geomagnetic disturbances:

Correspond(s) precisely both in period and epoch with the variation in the frequency and magnitude of the solar spots recently announced by M Schwabe as the result of his systematic and long continued observations.
 

Sabine most likely obtained Schwabe’s tables, polished and published, by the German naturalist Alexander von Humboldt in 1851.
 Other individuals with respect to delineating extended solar minima in this time were (the technically amateur) Frederick Wilhelm (William) Herschel (1738 – 1822) and ex-professional Richard Christopher Carrington (1826 – 1875). We note here Herschel’s pointing out low growth periods for corn
 in times of low sunspots, seeing the trend in stock market reports and otherwise overlook this fantastically productive and well-known astronomer. 
  Carrington, to whom the so-called “law” of sunspot motion is co-credited with Spörer should be tied to Sabine’s and Gauss’ work, and his fame in this context really hinges on his incredible observation – “in the act” – of the first confirmed scientific witnessing of a gigantic solar flare – a white flash or even a CME – in his “amateur” solar observatory on September 1, 1859, the magnetic effects of which were recorded at the magnetic observatory at Kew Gardens,
  24 and subsequently 48 hours later.

But by 1920 Maunder was already past the few autumnal years he was asked to return to Greenwich, there for the brief commingling of ideas and observations with Chapman. He had already made his point about the Sun’s non-linearity to the Royal Astronomical Society, to include corrected math, and had won the debate versus Kelvin. His best years were well past him and he had in fact but seven more years to live. He was still active in astronomy, having been a founding member of the British Astronomical Association (or B.A.A) some years before. He had taken part in world wide expeditions for observing, drawing, and photographing the Sun, making significant original observations as well as reconstructing others’ work. 

Maunder’s public hard scientific visibility was extremely low across his career, even for a published astronomy popularizer and well-appreciated lecturer in the subject with a professional job in the field. For the most part, we could easily come to accept the idea that Maunder was ignored. To be charitable, it could be said that, some of what he was talking about relative to data and observations of the Sun was not particularly well understood if in some cases, understood at all, in his time. This could very well have been the case. There is no rule holding that all good science knowledge must be well understood at the time of its finding. Rather, if it is valid even if lost, it is rediscovered and subsequently used. There is abundant proof that most discoveries occur long before they are put to practical use. That Maunder credited Germans openly in the latter parts of the Nineteenth Century as regards a useful and correct knowledge of the Sun could have compounded his unpopularity or even dislike in the Anglo-American scientific community of the time. Viewing the lead up to World War I today as a particularly hostile time regarding Anglo-Franco-Teutonic political and economic relations, it is today easy to underscore great effort by several German scientists as opposed to just two English ones –  one actually a soldier. But in those days of rabid colonial aggression in which even the United States was dragged into colonial wars, tempers ran raw at all levels. Reason and logic suffered terribly in nationalist England and United States. It didn’t fair well in nationalist Germany, either.
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(Left) What Carrington briefly saw around noon, September 1, 1859, right after making his midday observations. He was on his way out of the observatory when a series of “ flashes” struck the white screen he viewed sunspot groups on through his 12 inch scope, only catching the end of the phenomenon.  (The sunspot group drawn here is bigger than Earth’s diameter.) To modern eyes fixed into space, what he saw on paper looks like what was photographed by the Solar and Heliospheric Observatory (SOHO) some years ago (Right). (Description of a Singular Appearance in the Sun on 1 September, 1859 by R.C. Carrington, Monthly Notices of the Royal Astronomical Society, Vol. 20, p.13-15 (Copyright, RAS) (more likely, Balfour Stewart, MRNAS, 1861)

It is easy for an American born in 1957 not to hate Germans, whose experiences of such included the comical televised hijinks of Colonel Klink and Sergeant Shultz of Hogan’s Heroes fame. It was much less so for my father’s generation when the Klinks and Shultzes were real and hardly comical
  We today can note German intellectual history with more ease and aplomb.
  In the territorial-minded England of c. 1850-1914, non-royalist proto-feminists 
 and religious egalitarians like Maunder had to stay praises for Germans at any level. But Maunder foolishly or bravely took unpopular personal stands,
 spoke out about them, was a devout Methodist and had strong scruples. He was, in fact, even an exacting religious scholar.
But England had an Empire: Germany wanted part of that and a bigger one. There was Maunder, a Crown employee (and a low one) actually calling the “laws of sunspot motion” “Spörer’s Law,” and arguing the validity of Spörer’s point to Englishmen who would or could not swallow it. He credited Schwabe in print and praised him for his work. Later on, while the chaps were being machine gunned out on the front, there was Maunder, having one on ones with a conscientious objector, even if Chapman had been a wrangler. 
  
Maunder’s aim was simply and purely the recognition of scientific validity regarding the Sun’s functioning. (It is doubtful he had shares in African/Chinese-German financial ventures for example.)  Thus sat Maunder, still corresponding in astronomy into the 1920s.
◊◊

Then from an entirely different direction came an American, Andrew Ellicott Douglass (1867 – 1962). Vermonter by birth, Harvard man and observatory-scout for wealthy dilettante astronomy popularizers, he was about mid-way through his second career as an astronomy professor when he came across something in tree samples, which he had an idea for dating solar activity with. He looked up a man in England – Maunder – who supposedly had amassed as much sun data as he had collected tree sample data. A brief correspondence transpired. 
Douglass earned his bachelor’s of science in astronomy from Harvard University and after being fired from Lowell Observatory,
 taught at the nascent University of Arizona. Unusual for scientists of any generation, he made a career switch to archaeology while still being an astronomer (which would have made him a proto “archaeo-astronomer” as well in context of his ancient tree ring-sun connection). He became  “the father of” dendrochronology as that old way of crediting original scientists went. 

“Dendrochronology” – other than being a mouthful to pronounce – is dating things from tree rings that took on more panache after the discovery of Carbon-14, unknown at the time of Douglass’ pioneering studies in tree-ring dating. While analyzing several species of trees and their rings’ widths and other anomalies he made an observation, while assigning dates, as to what he believed to be the near absence of c. nine- c. 13 year solar cycles (Schwabe Cycles) in the rings over certain ancient time periods, regardless of the species. As an astronomer, he was aware of what Schwabe Cycles were and most likely, details on their numerical peculiarities.  
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(Left to Right)”E.”(for Edward) Walter Maunder (RAS Library) early in his career.  A. E. Douglass (American Institute for Physics)
Many of his European tree ring specimens for the Seventeenth and Eighteenth Centuries had abnormally thick rings for many years, meaning much moisture (which in turn meant much cloudy weather and much precipitation = cool). But the signal for missing “11-year cycles” in the tree rings was clear: especially in the record after 1620 until the mid 1700s, which Douglass, upon comparing the data, claimed that the “flattening” thereof was “striking.”  

In a letter to Maunder,
 Douglass said he had been studying yellow pines regarding these 11 year “absences” across the tree ages dating from the late 1400s, the 1500s, 1600s and 1700s and noticed that just after what is now called the Wolf Minimum, there was a pronounced “absence” of these in what was later noted as the Spörer Minimum, a bit more of a lack of them, and then, after 1620 to c. 1680 (the next sixty years after 1620) the “flattening” (vanishing) of the “curve” for 11 year cycles became very noticeable and pronounced, and that Sequoia trees in particular revealed this flattening, or near disappearance, of 11 year cycles. (That Schwabe Cycles vanish altogether at times is theorized.) 
                                               
[image: image9]
     Douglass before one of his specimens.
Some of these trees (Sequoias for instance) could obtain great age indeed: a few thousand years. Since Sequoias live in some cases over 3,000 years it becomes quite a “computer-printout” of solar activity regarding its tree rings’ accumulation (or non-accumulation) of such into deep time. Douglass remarked in the same letter to Maunder that the Sequoia samples were strongly flattened, recording no solar cycles at all it would seem, all the way to 1727. Douglass concluded, as essentially one professional astronomer to another, that since AD 1400 all the way to the end of the Seventeenth Century the sunspot cycles had been operating with  “interferences.”  What these interferences were no one could tell.
Here, then, was a data-detailed terrestrial fingerprint for what Maunder had been seeing and studying for years, and which he must have long suspected, with comments from a fellow astronomer: a Harvard one, no less. This from a source as far afield as still-Apache dominated Arizona, a U.S. state for only ten years in 1922 by a professional astronomer he did not know personally, and who was carving out the field of dating physical anomalies by using tree rings – something the scientist-never-credited-as-being-a-scientist, Leonardo Da Vinci, had thought possible several centuries ago.
Maunder had had an earlier hint of an Earth fingerprint of the Sun’s behavior upon it. Twenty-two years into a hectic and overly-committed career that frankly wore him out, in 1894, Maunder had written on prolonged sunspot minima
 and his wife’s Annie’s close friend and fellow Irish woman scientist,
 Agnes Clerke then made some seriously cogent observations on his article that Maunder no doubt concatenated with Douglass’ data later on.  
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(Left to Right) Leonardo Da Vinci (1452 – 1519). Agnes Mary Clerke (1842 – 1907)
In effect Clerke – then one of the most well-regarded astronomy science-writer/scientists – drew together the reduced number of sunspots over longer periods Maunder noted in his article, to a probably simultaneously-occurring “magnetic calm.” Gleaning from eyewitness reports in the 1500s and 1600s amounts of auroral displays prevalent in England at those times, there had been, she reported,
 an absence of auroral sightings throughout the 1600s, compared to the mid-to-late 1500s. She hazarded that lacks of auroral displays were tied to magnetism, probably of solar origin. Then she tied these to the lack of sunspots. In her response to Maunder, she carefully couched her words.
  
By 1922, then, Maunder saw from data “snapshots” taken in the late Fifteenth through mid-Eighteenth Centuries at least three things occurring simultaneously:
· Lacks of sunspots (maybe all, at times?) compared to other times
· Lack of auroral displays (at times – hence, magnetism dissipates) – Clerke’s brilliant and insightful linchpin point (but not to be confirmed for years)
· Lack of 11 year Schwabe Cycles (the apparent disappearance of solar maxima, especially at some times more than others) as their absence in tree rings tells, regardless of species – Douglass’ quantified data report revealing this
This is the recondite scientific summary of the Sun and Earth connection as Maunder could have seen it roughly by 1922, in diagram form:
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Maunder also realised that the sun’s inner action was somehow different from the sun’s surface action. He was also aware of a co-rotational aspect to energetic motion off or on the Sun as the Sun, itself, rotated.
This was all before 1930. It was very strange then. Bu it is still strange. Maunder died in 1928. 
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                William Thomson (1824-1907), later Lord Kelvin, as a young man.
By 1930 his work starts to get buried for the next 40 years or so: even inside of Chapman’s and Bartels’ epic work, Geomagnetism.  Through no deliberate act of his own, Kelvin’s solar science is repeated in textbooks for years to come, influencing generations of mathematical physicists. Had not the Germans played the parts of the worst of the bad guys across the Twentieth Century – birth century of American-made atomic bombs, and indeed, the mathematical science for it, in large part, winnowing its way in from Germany – lots of things would have been very different, indeed. 

◊◊◊
It is not too odd that sailors are drawn to studying the Sun for obvious reasons related to the antique art of locating yourself in the world and the day with the Sun and a sextant, among other things. There was (actually soldier) General Sir Edward Sabine after all, and John Lefroy, another soldier and Sabine’s collaborator on things solar and terrestrially-magnetic. But they used the navy to get around quite a bit from magnetic-observatory to magnetic-observatory (as far afield as St. Helena and Toronto) in their day. Their most practical aim was to collect data in assisting sea navigation. Another thing to keep in mind about soldiers and sailors is that out of a sense of duty they take risks. 
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“Jack” (John A.) Eddy (1931 – 2009) (U.S. Naval Academy) 

About the time the “Space Age” was being born over in Russia, young Lt. Commander Eddy was just getting out of the navy and entering graduate school. Always a star-buff, Eddy got on to a program at the University of Colorado for “astro-geophysics.” Few were interested. A career was born.
Due to either the foolishness or the bravery of some the rest of us generally benefit. Being an omnivorous and curious investigator, Eddy’s work wandered over different disciplines, and he faced the usual barbs for it ( in this case, at the High Altitude Observatory - HAO). When they tell you to study just the peas on the plate and let someone else do the carrots and potatoes and meat they mean it. Budgetary cut backs in the 1970s hastened Eddy’s dismissal at the HAO. 
Ruminating upon astronomical and geophysical subjects both various and profound relative to the Sun, and to Earth climate, Jack Eddy took up the matter of the previous several pages in this chapter and basically revived and modernized Maunder’s work. He did this, essentially career-less, by sliding his nameplate over a door in a room at the Harvard-Smithsonian Center for Astrophysics, in Cambridge, Massachusetts, supported somehow by the labyrinthine American NASA-Smithsonian Institution-National Science Foundation nexus. As an “officer” of the Smithsonian, he had access to some of greatest untouched-by-bombs-or-ransacked-by-wars libraries in the world. Whatever he asked for, librarians delivered it to him in government-looking orange manila envelopes. Forget the Harvard part, and what you have here is the Smithsonian Institution; the perpetuation of which was guaranteed by John Quincy Adams for millionaire Englishman Smithson’s wish that America have a museum like Britain’s. The money for research done by the likes of Eddy 
 is supplied by that trust for the most, less by the government tax dollar and Harvard University. It is why you can enter the museum in Washington free of charge. It is the property of the people. The Smithsonian is where the buck stops in many matters where career interests or beliefs mix and halt others. 
By Eddy’s time, a knowledge and use for isotopic time-stamping had come to light and was well known and being used. So he was taking his working knowledge and connecting it with the isotope, Carbon-14: the first of the many “proxies” (proxy isotopes) used for deep time dating. By the mid 1970s, most all of what Eddy applied to the Maunder Minimum (outside of naming it, “the Maunder Minimum”
 ) regarding Carbon-14 and its application to solar cycles was already either suspected, known, or well known by laborers in the salt mines of science.  
Willard Libby, one of the Manhattan Project people in World War 2, had the Carbon-14 method down pat as a workable theory early in 1949. This is how it goes, roughly speaking. Trees (as well as all plants) absorb Carbon Dioxide from the air (which is plants’ “air”) and in the radiant light / Carbon Dioxide shift they use mostly to make sugars (and exhale Oxygen, the positive feedback of which provides us with our “air” in “photosynthesis”) trees absorb Carbon-14 (C14) that’s near to the amount of the atmospheric isotope of C14. When in this case trees pass away or are otherwise used (cut for lumber, are burned, etc.) the tiny amount of C14 drops at a very particular rate, since the C14 is radioactively decaying. It’s this tiny bit of stuff, then, that allows the total sample to be aged. To get the C14 “date,” samples (of the tree, say) are arranged, a ratio is obtained, and a calibration sheet is used to read off the sample’s age from the ratio. 
They test for it like this. First, samples are soaked in Sodium Chloride followed by a Sodium Hydroxide bath to clean off the gunk, sometimes taking away valuable evidence; but, such is how it is in the land of proxy-dating – which is why so many scholastics can and will dispute its relevance. The isotope’s structure isn’t touched, although this is debatable and so, clouds more doubt around it. A selected sample portion is then control burned.
 Again, some data can be altered or ruined. Last, the age is read from a  chart; the age versus the ratio. This isotope is free-floating in our atmosphere, where it is hammered by cosmic rays up there in the ionosphere, and the Carbon-14 deep-time dating method is good for anything living up to 60,000 years ago (after that it is up to other isotopes, like those of Uranium-235). The “bias” in “Carbon dating” can be wide and high: up to and over 5,000 years from whenever the stuff living collected the isotope in its biomass (a bone, or in this case, a piece of tree wood).
But the “breakthrough of 1949” by the great Libby was not enough. By 1951 the search for the science of Carbon-14 dating was bogging down for all its early promise.  The gaggles of geologists, archaeologists and (fewer) paleobiologists, geophysicists and astrophysicists waiting for this new scientific tool lined up to see what the mathematical physicists and chemists had wrought from raw Nature. (Astrophysicists at this time had barely if at all converged with the geophysicists.) Much research monies had been raised to lift the hopes of all this in Britain, under Harry Godwin, Alfred Maddock and others. The result was getting a hungry graduate student to put it all together. Paraphrasing the words 
  of a “third man,” “the genius rank” had established the path (Libby). Now, it was up to the master workmen to flesh out the details. What would be the counting gas of the radiocarbon? “Gas proportional counting” was the “way to go.” But it didn’t occur to any of the Americans and Englishmen to use Carbon Dioxide. This came from Hessel de Vries (1916 – 1959) a Dutch physicist at the University of Groningen. The Brits combed the literature and found it in a letter to Physica 
 compiled by de Vries and G.W. Barentsen 
 in 1953. The letter was titled, “Radiocarbon Dating by a Proportional Counter filled with Carbon Dioxide.” When the “third man” visited de Vries in the Netherlands to hire him, essentially, this is what he confirmed:
The answer to the carbon dioxide riddle was simplicity itself - it was extremely sensitive to the presence of electronegative impurities, such as sulphur dioxide, and you had to purify the gas to better than one part in ten million, and only then did you obtain decent counting characteristics. The voltage required was very high since the gas was going to be used at three atmospheres pressure to get as much carbon into the counter as possible - but at last it was proven that it could be done! It was interesting that even in 1955 Bill Libby confided to me in a corridor that he doubted it would work! 
 

So even the “genius rank” doubted it: according to our humble “third man.” He and Libby took a few drinks as they watched the Sun go down over Santa Monica where Libby lived as they hacked out the idea of radiocarbon dating. Note well that though Libby doubted, he did not deny.  
                                                        
[image: image15]
Hessel de Vries: the first to see the physics of the Sun-earth climate connection via “proxy” isotope data. (Instituut voor Nederlandse Geschiedenis)
De Vries had done other things, like discover insects’ ability to detect the polarization of light in the sky,
 which shed light on applied entomology in agriculture for the purposes of knowing what bees do, for instance, and how dependent they are upon Sol to detect pollination targets and even be active, due to the Sun’s Infra Red (“IR”) rays. A few years later, in that apparently pivotal year 1958, de Vries:

showed that there were systematic anomalies in the carbon-14 dates of tree rings (Douglass had seen  lack of Schwabe Cycle evidence here along the same wrungs of the ladder much earlier
). His explanation was that the concentration of carbon-14 in the atmosphere had varied over time by up to 1%. He hypothesized that the variation might be explained by (a) something connected with climate, (b) that it was not created in the atmosphere at a uniform rate due to variations in the Earth's magnetic field, or (c) a cause lay in the Sun itself. 

De Vries “gave enthusiastic and continuing support to the Cambridge Laboratory until we were all saddened by his untimely death in the early sixties.” 
  Well, actually, like Ritchie Valens, Buddy Holly and the “Big Bopper,” he didn’t make it to 1960. 
This is where the story of the climate and Sun and tree rings gets tangled up in the trees (excuse the pun). It was the loss of a brilliant man. But the study of the Sun-earth connection is chock-filled with these sorts of tales. 
The sort of analysis done here by de Vries about the tree rings, the variation of Carbon-14 in the atmosphere, and putative causes “laying” in the Sun were very “left field” at the time. Most matters of space was a political “race” between the bilateral symmetry of a post World War II world (the USA andf Russia) and with all the little players in between. We had some geologists interested in C14 dating. If even heard of then elsewhere, it must have been taken as a curiosity in the annals of the bomb making network, all concentrating money and brains on firepower and numerical leverage on atomic weapons worldwide. Few were looking “up” at the Sun in this regard so to speak. Whether Nature had anything at all to do with our ultimate well-being went between the usual journalistic Scylla of “death by ice” and Charybdis of “death by fire.” In 1959 Betty Friedan, later known for the politics of women inadvertently chimed in early on “the politics of” climate, writing in Harper’s an article called “The Coming Ice Age; A True, Scientific Detective Story.” 
  As the bomb designers rolled out their ever-more-advanced ideas/products to the military industrial complex, the accompanying scare journalism went on deeper in this bent, with threats of “nuclear winter” after a major hit-the-mark swap of superpower mega tonnage in bombs that would alter the Earth’s climate in such a way as to induce massive climate change for the cooler. As a worker at the Stockholm Peace Research Institute near the end of the Cold War,  I edited a wealth of such literature, in essay, article, and even book form. “Death by warming” did not really take hold until the late-1980s, with United Nations backing and support.
But in 1976, former Lt. Commander Eddy, U.S.N, and PhD; also former investigator at HAO, and now at the Smithsonian, searched for a new career.  In the process of doing so he started investigating solar minima and maxima with isotoptic evidence as its tracer. The following is an amalgam of his work, though little of it is drawn from the source work that makes his “Maunder Minimum” point.
   The outline, given the C14 isotope measuring and its description above, connected to the observational and theoretical groundwork laid down by the Maunders, Clerke, Douglass, and all others discussed so far is first seen in this graph, below. Given all we know now, the squiggles and bumps, spikes, valleys, and numerical notation all start to make some sense.

[image: image16]Figure 2. Radiocarbon “report” of solar cycles and C14, along the lines of isotope “testing” and the results from tree rings-to-solar-cycles – showing the strangeness de Vries postulated in the late 1950s. This ties in Douglass’ work, the Maunders’, and Clerke’s. This work was by Eddy in the 1970s.
In Figure 2 the C14 isotope “traces” the apparent global cooling (it is not causing it) as well as the global warming (C14 also is not causing it) as a function of time (not temperature). On the graph’s left side, upward and downward on a coordinate plane, there is the amount of C14 (delta, or “Δ”) per mille. Along the bottom, you have the years counted out by tree rings and invariably, the Schwabe Cycles: AD 1000 at the far right, to AD 2000 (or, about now) to the extreme left.
That the Medieval Maximum and putative Modern Maximum recorded high negative (or fewer) amounts of C14 in tree rings at their peaks is no surprise, since Sol, strong, blew much of them past our magnetosphere. That the valleys seen in the Maunder, Spörer, and Wolf Minimums show high positive (or, more) amounts of C14 in the absorptive rings is also no surprise. This was since Sol, very sleepy, let them blow out, but, consequently Earth’s magnetosphere, being very relaxed due to no solar wind flattening it back, allowed a lot more cosmic rays (higher rate of C14 production) into the Earth’s atmospheric envelope. From here, it floated on down, wandering, being absorbed by, among other things, trees, in that gradual way previously mentioned. 

Thus do they conclude that it must have been cooler in the Spörer, Wolf, and Oort Minimums (even if we don’t know much about what Earth physically looked like at that time, from records, pictures, etc.). This not due to that isotope of Carbon, C14, but since the abundant finding it at the Wolf, Maunder, etc., periods meant much meandered into the atmosphere due to a magnetically – to quote Clerke – inactive Sun. We rudely conclude that it must have been warmer in the Medieval Maximum due to the obverse pattern. That is, that a magnetically active Sun blew the particles – C14 being just one – out of the atmophere, since very little  C14 is found in biomass dated to the Medieval Maximum. A very active Sun must mean, then, a warmer Earth, somewhere, and at X temperature (delta) though this latter parameter might never be quantified. The opposite is, of course, that the Sun, much less active, must mean that Earth is cooler somewhere and at X temperature.  The weaknesses of single-delta measures of any kind including C14 we will see shortly. 
More concrete cultural glimpses are of course, detectable, giving an idea that it was warmer then, and these can be qualitatively superimposed over such data as these to create a basic picture, as will be done in Chapter 3. As regards the Medieval Maximum, for instance, we do have some cultural information that lends weight to the warming across the Northern Hemisphere. Scandinavians (Vikings, then, to a man and woman: Norwegians and Swedes and Danes did not exist yet) saw fit to settle the Faeroes, Iceland, Greenland, and even parts of Nova Scotia from c. AD 900 onward till about AD 1450. Their descriptions in old Norse, translated into modern languages, tells us of verdure and abundance of game, and the ability to farm and to reap; to foster and cull. They tell us why they called Greenland “Greenland,” for example. Apparently around AD 950 greenery was quite abundant around the icecaps. The explorers’ boats were mostly open to the elements – saying something of the physical strength, stamina, and tolerance to cold of these pre-Black Plague Nordic peoples, perhaps more Neanderthal than Cro Magnon. It also, however, says much about the air temperature over the North Atlantic Sea of the time.
Then there was the Maunder Minimum, the dates of which coincide with the first raw fruits of modern observational and recorded science. A lot of biographical and descriptive data of the goings-on in the climate at the time do exist, and being the lowest lower “bump” in the C14 collected, tells us a tale that may have been the less so, were it only so deep as the Oort Minimum.  

[image: image17]
Figure 3, Sunspot observations (reconstructed from c. 1600 to c. 1860) and sunspot number.
Figure 3 can be “read” together with Figure 2, the one about C14 levels. If you look at them back and forth a few times it starts to be seen. Sunspots mean a more active sun, if you accept the premise of isotope proxy data of the C14 type. The sunspot number (counts of how many were seen and recorded on the Sun’s face) is in the coordinate plane this time to the far right, the Earth time heading more logically perhaps, from left to right on the coordinate below (AD 1600 to AD 2000). The black line running through it is probably either recorded or reconstructed “Total Solar Irradiance” (“TSI” as you will soon learn) and note that it follows, very roughly, the peaks and valleys in the sunspot number counts.  
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The above chart is the still-recondite scientific summary of the Sun and Earth connection as Maunder would have seen it roughly by 1977, had he been alive, and no other progress having been made till that time in these matters except for Eddy. Maunder would have seen from the evidence that a weaker Sun lets more particles be absorbed into Earth past its own magnetic sheath. He would probably have caught on to this quite well.
Though they thought that solar cycles disappeared, it was later revealed that the solar cycles (Schwabe, etc.) did not vanish, altogether. What happens, at times, is like what I showed in the start of this chapter in the amplitude chart. If you take a look at the C14 graph above, and then the diagram with the blue, red, and green arrows (below) you’ll see that the graph – deep in the Maunder Minimum “valley” – had little maximums. And the Medieval Maximum “peak” had little minimums. 

It is just a difference in scale, or perhaps magnitude, would be a better word choice. Magnitudes are, of course, signs of what old high school science texts would refer to as  force vectors. Magnitudes can be assigned to the severities of earthquakes regarding force. They are also assigned to the apparent and absolute values in the brightnesses of stars and behind this brightness could very well be the force of magnetism. That is, literally, a magnetic force field.
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Sometimes the ups and downs are sharp but low – a GRAND minimum. And sometime they are sharp but high –  a GRAND maximum…and their gap widths as occurrences are possibly  equal in width.

Solar activity never stops until, of course, stellar activity dies altogether with the star itself. Even then some stars produce energy, but in altered form.
What of these solar extended minima and maxima effects on Earth’s population over longer time periods – and even over fairly recent ones? The evidence to be shown forthwith is mostly smoking-gun in variety, qualitative, and is just now being quantified. We turn to this subject in the next chapter.
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� Dr. Michael Mann, most significantly. 





� Actually, in long-term minimas and maximas, ”grand” solar phases, the Southern Hemisphere is also significantly affected. 





� This was somewhat before measuring of sunspot cycles began in a consistent manner. Cycle 1 began in 1755, as per human recording. The current cycle is 24.





� It is not certain if the cycles have the same base length in Grand Maxima as in Grand Minima. This matter could use further investigation. 


� In some instances she is credited with being an Irish astronomer, having won Senior Optime rank (second and third top mathematicians) at Cambridge University, but having qualified for Cambridge in primary and secondary schools in her native Ireland. See for example Bruck, M.T., Women in Early British and Irish Astronomy: Stars and Satellites, and Bruck, M.T., Agnes Mary Clerke and the Rise of Astrophysics.


� Sabine, E., On periodical laws discoverable in the mean effects of the larger magnetic disturbances, No. II, Philosophical transactions of the Royal Society of London, VOL. 142, May 6, 1852, P. 103





� North, J., The Norton History of Astronomy and Cosmology (W.W. Norton: 1995) p. 466





� Wheat 





� That is, no sunspots, less Earth food growth. Herschel also had some provocative theories of solar structure, though un-quantified.





� Due to Gauss’ work in particular, “magnetic” observatories became commonplace and sites of investigations into Solar Systemic-to-Earth connections with magnetism at astronomical observatories and elsewhere in the mid to late 1800s.





� A book treating on the impact this had is The Sun Kings: The Unexpected Tragedy of Richard Carrington and the Tale of How Modern Astronomy Began by Stuart Clark. 


� And neither admirably contributing to a jingoistic hatred of Germans to his brother’s sons (like me)– though my aunt, living with the pitiful results of World War II psychologically with one brother, was not so charitable.





� In the mid-to-late 1930s, the German language – then the “language of commerce” – was stricken from my mother’s Massachusetts high school curriculum. 





� Walter Maunder successfully lobbied to get Annie into the Royal Astronomical Society





� Such as getting his wife into the Royal Astronomical Society, for example, and making comments about universal sufferage for others in her position: his even-handed scholarship on other religions, etc.  





� No getting around this part of his “manliness” – even if there were women about who were mathematically equals. Chapman’s non-militant streak is shown in his work with the German, J. Bartels, in the run-up to World War II resulting in the co-authored book we owe a great deal to as regards the Sun-Earth relation, mathematically: Geomagnetism (1940).  In this, he obviously develops ideas from observations handed over by the Maunders. Chapman spent his later career at the High Altitude Observatory in Colorado, U.S.A.





� Douglass had been, in effect, Lowell’s professional astronomer. He was replaced by Vesto Slipher. Douglass had located Lowell’s observatory for him, and prior to that, had located a South-American based one for Harvard.





� Letter Maunder read from A.E. Douglass before the British Astronomical Association in April, 1922.


� Maunder, E.W., ”A Prolonged Sunspot Minimum,” Knowledge, August, 1894





� Like Annie Maunder an observational astronomer who eschewed the role, offered to her at Greenwich. She was an historical scientist instead, concentrating on astronomy. She was perhaps the most respected astronomical history specialist in her day, and her analytical points, concatenated, as shown here, are not to be snubbed.





� Clerke’s analysis and comments on Maunder’s August, 1894 article in Knowledge, September, 1894





�Actually aurorae were visible in England then: but they were, indeed, extremely few between 1620-1700. Aurora were much more common after 1715, in England, and in the Northern Hemisphere generally, diary etc. records have shown. Research has vindicated her sharp conjectures regarding the connection between reduced magnetism and low sunspots.








� And by me for awhile, once, too.





� Apparently, after it became sort of well-known, Eddy could have been criticized by certain Germans, saying that the minimum “type” should have been named after Spörer. Maunder himself may have agreed with this. 





� Mass spectrometry technology (Accelerator Mass Spectrometry, or “AMS”) has since allowed for extremely small parts of objects to be burned, saving in some cases, precious samples. A good treatment on hard cases that are very contentious and debatable in archaeology is found in Quest for the Origins of the First Americans by E. James Dixon (University of New Mexico Press: 1992)





� Much of the Libby-to-de Vries connections here come from a single source: Radiocarbon dating in Cambridge: some personal recollections: A Worm's Eye View of the Early Days, by E. H. Willis. History of Quaternary Research in Cambridge webpage





� XIX, p.987, 1953, according to Willis





� Another student was Minze Stuiver, also a figure in the Sun-earth climate connection story.





� Ibid, Willis





� Optics of the Insect Eye (New York Academy of Sciences, Annals) along with Kuiper-belt discoverer Jan Kuiper





� Author’s insertion





� The sources for this quote, are: Willis, E.H. (1996), Radiocarbon dating in Cambridge: some personal recollections. A Worm's Eye View of the Early Days,  Vries, Hessel de (1916-1959), by J. J. M. Engels, and 


The Discovery of Global Warming, by Spencer Weart.  (Italicized portions by the author. )





� Ibid, Willis





� So well respected was the level of English used in this essay, it became an example of how to write an essay in a high school English text, especially a persuasive science essay. Adventures in American Literature (Laureate Edition) Edmund Fuller and B. Jo Kinnick (Harcourt, Brace & World, 1963)





� Eddy, J.A., "The Maunder Minimum", Science 18 June 1976: Vol. 192. no. 4245, pp. 1189 – 1202. This paper re-made his career
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