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

1. Comprehending, and contemplating, deep time
Isotopes are still-arcane but vital bits of proof for otherwise invisible connections in Nature (and hence us in Nature) that have lapsed far behind common and even general knowledge – a totality of which good isotope knowledge among the general populace never gained. Yet modern science literacy depends on knowing what they are, since they can easily be argued away by those trying to convince one that they do not exist. 
Charles Darwin had no idea of what isotopes were, having died long before 1913 when the process was presumably named. But just looking at the sheer length and breadth of some life form developments, branchings, dead-ends, and re-emergences in altered if similar forms convinced Darwin – a bad mathematician if there ever was one –  that Earth’s age must be vast.  He came to this after a long lifetime of continual analysis and re-analysis of fossil, erosion, and other factors. Poor in using discrete, thin mathematical symbols and algorithms to compare vast quantities, he had, on the other hand,  the time and energy to compare vast quantities from their concrete (non-mathematical) substance using conceptual reasoning – which could be a verbal form of mathematics. So of course he had no concrete proof, numerically (and mark this word) for the great Earth ages fossils apparently had. Later, after the discovery of the isotope and its fitting in to the framework of deep time, he was to be proven correct in terms of Earth’s vast age more than even he could ever have imagined. 
  It leaves open for the unadjusted and disinterested scholar the vast “mind scapes” (and intellectual “mind fields”) in the contemplation of just exactly where modern humans find themselves, and from where they came.
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                (Left) Charles Darwin. William Thomson (Lord Kelvin) in his later years (Right)
In any case taken afright, Darwin found out that the great age of this stuff “could not be” anyway, since a master mathematical physicist had “proven that it could not be so” due to numbers. That is, numerically, a deep age for Earth could not be proven and based on the physical concepts as they were then known to be, and as he (the mathematical physicist in question) commanded them, by reputation, to be known. Here arises a common problem with utility, persons of great utility, acquiring scientific knowledge, and human nature. We meet him here again and will not judge, but examine, and ponder, his thoughts and acts. 
William Thomson, later Lord Kelvin (Baron of Largs) was a brilliant mathematical physicist with, as with most utility-minded engineers of the best sort, a tendency to limit his abstract thinking to increase the strength of his detective work in finding out “why?” and “how” in very practical problems (such as in instant communication, or as in cheap lighting, or as in more efficient machines). This is a metaphysical thinning process: not a metaphysical thickening process. This thinning process was – and is – of incredibly great value to setting up and making refinements to practical things for common utility. For example at the time, the trans-Atlantic cable, connecting American and English stock markets in seconds instead of in days or weeks. It was priceless insofar as he recognized the value of Nicola Tesla’s AC 
 generator over the extant Edison DC variant that was inefficient (leading to high costs as well as to terrific danger and pollution) so that Westinghouse brought us that. Alternating current can conduct energy over long distances, increasing energy conservation, circumventing entropy, and so chopping cost whilst boosting availability. We still thrive on AC. 
Kelvin however was not all “practical” engineer per se,. He devised the concept of absolute temperature (absolute zero) for which he is named (the units called Kelvins) and for which deep-space knowledge of temperatures would not be possible. He revised thermodynamics, period – perhaps modernized aspects of it for all time. He became wealthy due to some of these and other projects, and lionized and lauded (knighted as Lord Kelvin). He became the Secretary of the Royal Society of England. Wealth followed. The influence of this society is enormous to this day, the Secretary’s chair having been filled in the past by personages no less imposing than Isaac Newton (who wielded a similar power similarly).
Knowing as already discussed the what might fuel the Sun at the time, Kelvin showed why the Sun could not be so very old from concrete facts then known. The fuels he knew of could not possibly burn for any more than a few thousand years.
 The calculations from internal burning hydrogen led his own calculations to show that the Sun was, thinking from this angle, less than 50,000 years of age and earlier, we saw another number that was probably then even more well accepted: 3,000. He had thought through external “heat” transferring objects affecting the Sun (as mentioned) as the early 1850s, perhaps earlier. He also calculated the age of the Sun in visible light (not much known about the invisible forms then.)  Then he:

suggested that the Sun might have formed from a giant gas cloud. Gravity would eventually cause the cloud to collapse into a ball, since each molecule attracts all the other molecules. As with any falling mass, the potential energy of molecules in the cloud would turn into kinetic energy as they fall. Kelvin reasoned that this energy would turn into heat…While each molecule would not add very much heat, there were a lot of molecules! Kelvin was the first to suggest that the stars form in this manner. Though we now know this is not how they generate all their energy,
 this is how we think stars initially ignite the fusion process. Today’s astronomers know this mechanism as “Kelvin-Helmholtz Contraction.” (The German scientist Hermann von Helmholtz had independently proposed a similar theory.) Kelvin concluded that the Sun built up all its heat as it formed. During its life, it radiated that heat away like a hot coal. He estimated the lifespan of the Sun to be about 30 million years. This remained the standard solar model among physicists and astronomers until the early 20th century.
Stunning as this achievement was in the annals of science, done by one of the greatest living practical scientists, it is limited and wrong in many parts. Additionally, some of this thinking persists into the 21st Century in terms of the Sun’s linearity – radiating heat (rather, transferring energy)...actually, all its energy and its light...away in all directions, at once, steadily. Kelvin’s work became the sine qua non of solar science ever since: the shining hypothesis that remains to be falsified in all its parts. And of course, it has not. But the greatest challenge we have facing this, other than the still-holding on to Kelvin, is that the Sun is less linear (very much more non-linear) than even the the most influential and talented living scientists often want to think. This conservatism is expected to continue. 
Rolling around the figures from various calculations, Kelvin took the Earth’s age to be as high as 400 million years – which could NOT have been younger than the Sun. He settled in the 20-40 million year mark. He was a king of numbers, thin concepts, and quiddities not to be crossed, his contributions to applied science creating enormous personal and societal wealth. He was religious and could have been conservative in his numbers, not wanting to contravene accepted religious wisdom and Christian scripture (Darwin was by far the less conventional figure here). Aging, even then-newer theories emerging on radioactivity (Rutherford for example, whom he attacked and denied) and on thermal conductivity could not sway Kelvin as to the Earth’s probably terrifically deep age, and his imposing mien and reputation drowned out much. The Victorian manners of the many clapped hands and nodded aye. In 1885, Kelvin utterly rejected any dynamicism in the Sun, and denied any magnetism by sunspots. By 1903, when challenged by the retired observational and photograhic solar researcher of 30 years at the Royal Observatory E. Walter Maunder as to the most likely very non-linear nature of the Sun’s activity, to use many modernized concepts not devised by Maunder, Kelvin dissented again, and yet was proven wrong at the Royal Astronomical Society by Maunder. For math models to buttress Maunder’s delineation of the observations (after 30 years of constantly recording and attempting to interpret the Sun’s behavior) were provided by Maunder’s second wife, Annie Russell Maunder. Kelvin was not there to respond, and never did.
 
◊◊

Beneath the bark on the tree of the early thermodynamicists, the cocoon made by the thinking of the likes of Marie Curie and Ernest Rutherford grew. By the earlier part of the last century (Kelvin was physically dead by then: his reputation as influential as ever) Rutherford’s and Curie’s and others’ thought and experiment broke the crysalis and floated – a butterfly. It was found that when an element’s atomic number is changed due to an atomic mass change in that element say, the neutron amount differs so that a total proton-neutron count for that element’s nucleus alters. The element Beryllium for instance becomes something different. It becomes an isotope 
 of Beryllium (“Be” is the Periodic Table “symbol” for the element, Beryllium). The notation becomes different, as well. It was the missing link that Mendeleev sought in that table of elements scientists struggled with since the days of John Dalton and Amadeo Avagadro. If the new atomic mass for what was (formerly) Beryllium is now 10, then the notation is Be-10  (or 10Be: notation varies) instead of simply “Be” to denote it as something other than the original element (the element Beryllium ordinarily has an atomic mass of nine).
Such things were discovered working with and studying, for example, the element Radium (tissue-destruction
 and “alpha” and “beta” waves also were found from researching Radium). But without others in the then-nascent field of nuclear physics from 1890-1930, such as Ernest Rutherford (electron-proton model with nucleus, proton in the nucleus, electrons in the rings) and James Chadwick (who added neutrons to the nucleus of Rutherford’s model, so that we could discern mass better in nature, with its changes) it would have been unknown. The very instability of Radium’s nucleus showed the hops and jumps in mass, etc.: a very nice working example of an element, here, in its flexibility. 
Niels Bohr near this time saw the workings of quantum force (force as thermodynamics) on an element’s atomic makeup. This left not only Kelvin but even Rutherford in the dust: where Rutherford had been simply atomic, Bohr delineated a strange but mathematically-obedient sub-atomic, world. Many electrons are fused as it were to a “shell” in the tiny Bohr world of quanta. They then follow strict rules in their separate rings which sometimes cannot take another electron from anywhere else. If energizing from any source causes enough of an excitation in an atom, then these electrons can be belted around to change series states of energy (as in Balmer, Paschen, etc.)  and they then release photons – which are blasts of light energy. The discovery of the positron by C.D. Anderson to fix the ever-chronic mass trouble, being the opposite as it were of the electron, led to understanding what a “cosmic ray” really is (a real sci-fi term if there ever was one: it’s not  a “ray,” and “cosmic” is too vague). 
A cosmic ray is best described as a super energetic force from nuclear bodies. Some of these nuclear bodies are known as stars.  One of the stars doing this with rays is Sol...another word, a Latin one, for our Sun. So as Mayer and Kelvin could not fathom due to no fault of their  own, the Sun was internally powered  Yet this still is not to say that it cannot be externally influenced by other, stronger forces.
What is known about “ray” (say he’s a tough, good-looking Catholic kid from Brooklyn) is that when “Ray” (as in cosmic ray) gets punchy after Sol throws him out of the deli for being a wiseguy, strikes an atom of an element, the atom is shattered. The particles from it speed off in all directions. If the element loses an electron it becomes an ion in this process (hence “ionized gas,” like when elements’ particles cosmogenically get forced into a gas this way in the upper atmosphere of Earth by the Sun’s action). A lot of these ions then release light (photons) if electrons are excited up to larger distances from the atomic nucleus and then fall back, thus giving rise to various series-steps of radiation (say Lyman, Balmer or Paschen 
 Series). Anyway, if for another strange reason the atomic mass (proton to neutron ratio) in a particular element’s nucleus is altered due to such a force, it becomes what we said.
An isotope.

Isotopes of elements are made all the time between us and our metallic Sun (and other elements on the Periodic Table) at all kinds of strengths, times, and speeds, in the upper to lower-Earth atmosphere. It was the missing link in the understanding Kirchhoff had arranged and sought in the spectroscopic analysis of the Sun, to put it one way. In any case, these “cosmic rays” - super energetic forces from energetic nuclear bodies – can now account for assisting in making cloud condensation “nuclei” that starts when atoms are so shifted around by them, and can help form clouds one mile up from Earth’s surface. 
But, why would they do that? Is it that cosmic rays come from the Sun and other stars at us all the time, steadily, and sort of politely? Like Kelvin looking into one of Mr. Edison’s light bulbs (c. 1885) and seeing how he thinks the Sun operates? That answer is no.
Cosmic rays may indeed come from the Sun at us more or less constantly if not evenly and all at once, at equal rates. That is, when they come, they come non-linearly. They may also come at us on Earth all the way from some exploding star in our very own galaxy (a supernova) so far away in absolute magnitude we cannot see their radiant energies. But their “force” (as the guy in Star Wars said) is with us or coming at us, strongly or weakly, as energy, depending on how close they are in relation to us. Also, two other things will “handle” (“modulate”) these “rays” in relation to us on Earth:

1. The Sun’s “magnetic sheath”  - actually itself a magnetized cloud of ionized gas surrounding the Sun up to distances as far as many hundreds of times the distance of Earth to the Sun (some call it the Parker Spiral)

2. The Earth’s magnetic sheath (magnetosphere, which several other planets also have, Venus having a very weak one).
If the Sun’s magnetic sheath is flabby due to a non-linear reduction in it’s nuclear power generation for X amount of time, Ray will come in trying to kick Sol with a vengeance, Sol perhaps releasing weakened forms of Ray. If Sol’s magnetic sheath is flabby, Earth’s is the same, since “if he’s pusillanimous so aren’t we.” All the ionized gas and isotopes of split atoms from the Sun or these supernovae (if in our path) – or from both –  can leak right into the Earth’s atmosphere, trickling down, so to speak, That is a trivial description but quite good enough for right now.
Some of that stuff “tricking down” is the isotope Carbon-14 (atomic mass changed to 14 from 12). When it is formed, it is immediately oxidized to 14CO2. It remains floating in the atmosphere and does not fall to the ground. There is an uptake by plants of 14CO2 right away however. Five thousand (or so) years is the radiation decay time of this isotope, A.K.A (Also Known As) “its half life.” The half life is the period of time it takes for a substance undergoing decay to decrease by half, and this is determined by mathematical functions. This is what gives us such an enormous view into the past: those little numbers in the functions. Carbon-14 actually decays (transmutes is perhaps a better word) into an isotope of Nitrogen. After 60,000 years, that’s it. You can’t date things with it anymore. But it can “date” enough: like sequoia trees and pollen samples going back hundreds of solar cycles. That is, all those trees (like plants) that live (lived) under the Sun. But carbon is weird. It is perhaps the strangest of all elements. The Carbon atom is tetravalent, meaning it has four electrons ready for covalent bonding at any time. That means it combines with or becomes all kinds of compounds (like Carbon Dioxide) and can be released (Carbon Dioxide by cement production, say). Carbon has one electron “shell” that can never be filled. Maybe this accounts for its weirdness? Astronomers Robert Jastrow and Malcolm Thompson put it nicely about Carbon sub-atomically:
When four electrons are placed in the second shell of the Carbon atom, they make up, with the two electrons in the first shell, a total of six electrons. Six electrons exactly cancel the positive charges on the six protons in the Carbon nucleus. Thus an additional electron passing by feels no attraction toward the Carbon atom and cannot be drawn into an orbit in the second shell, even though there is a place for it there 
 

as it follows Bohr’s and others’ odd rules at sub atomic levels.  In any case, if you want to toy around with a physical science substance for abstract weirdness, Carbon’s definitely “it.” All of life is carbon. An entire branch of chemistry (organic) is all about carbon, so big since it helps us carbon-based human types with our studies for medicine, genetics, and useful (as well as harmful) chemicals we come into contact with daily. If you can control Carbon, you can control life .
 

Half of a given mass of Uranium-235, the numbers tell us, vanishes this way after 700 million years (that is, the half life of this isotope of Uranium) until it becomes Lead-206 (like 14C eventually becomes Nitrogen-14). Finding this stuff in fossils with (the isotope of) Lead ratios really gives us a view into deep time, indeed. Isotopes like this give us an extraordinarily deep view into the origin of life, as the sediment the former life forms are found in contain such isotopes and hence the sediment the life form has become – giving proof they were alive close to or at the time that isotope was created.
Kelvin would have been amazed by all of this, and Darwin, oddly justified and equally spellbound, most likely. 
Without knowing the half life of Uranium-235, the Geological Time Scale would have as much relevance scientifically in terms of its numerical proof for life having existed 450 million years ago, based upon the evidence and observations, as the Bible’s figures do of the creation and of the flood. 
But scientific texts are not sacred ones. Robert Boyle, author of Boyle’s Law and theological scholar, would have perhaps been the first to point this out at this juncture. What we are as spirit is one thing. What we are as part of often grim Nature is altogether another. We use science to understand ourselves in Nature. This has helped us to develop things like jet propulsion aircraft to imitate the bird. Also, internally-used anti-bacterial medications to stave off hungry germs to facilitate the feeding of a hungrier fungus we then pass.  We use holy men to get a grip on our spirit. This helps us to live in Nature that we cannot only not avoid, but indeed, are a part of, and often have difficulty understanding. The proof that science is an outgrowth of true faith is the fact that we use science to help us understand Nature.
But scientific texts and sacred ones run parallel to, not against, each other. To make it even more mysterious, arguably the first truly great “modern” systematic philosopher of science, Bernard (Baruch, alternately Benedictus de) Spinoza once asserted: God is Nature (and alternately, and without apparent explanation) Nature is God. 
 Spinoza, probably the first published proponent of Nature as a book to translate for our well being in all its parts, and the metaphysician who stood at threshold of what later became known as physics, authored the famous phrase “matter is neither created nor destroyed.” 

All said, we have been allowed by Providence to go about our business, mutually enriched in this parallel fashion. It has led to a population of several billions of human souls. Many among us are fed and reasonably well clothed, sheltered and healthy. Many are not, but hope is still there.
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(Left to right) Robert Boyle and Bernard Spinoza

To people like Kelvin this would have come as a surprise, received probably in amazed and pleased silence. 
To Spinoza and Boyle, it would have been the sign of a miracle. 

� Darwin had also pieced together inheritance of traits in mosaics and branches in descending life that were later more tidily accounted for by the monk, Gregor Mendel’s, work – whom he knew nothing of over in Austria, but whose work was disinterred years later, thankfully, because that was the root of what we now call genetics, and the medical view of our inherited physical traits. The value of this science goes without mentioning.





� Nicola Tesla claimed he had a “vision” of how alternating current works by looking at the Sun . See Tesla, Master of Lightning by Margaret Cheney and Robert Uth (Barnes and Noble: 1999).  Tesla was an Americanized Serbian.





� The Age of the Sun: Kelvin vs. Darwin, by S. Gavin, J. Conn, and S. P. Karrer. Physics Department, Wayne State University, Detroit, MI, 48201 � HYPERLINK "mailto:sean@physics.wayne.edu" ��sean@physics.wayne.edu� 





� Italics by the author





� Yaskell, S.H., American Scientist (July-August 2008), “Mistakes were Made” (Letter)





� The name for this was given by a woman. 





� Marie Curie is said to have died from cancer by handling this element without knowing what it could do in this regard. 





� For  T. Lyman, J.J. Balmer and F. Paschen


� Jastrow, R., and Thompson, M.L., Astronomy: Fundamentals and Frontiers, 2nd ed., (Wiley: 1974) p. 82.





� My apologies to Dr. Richard Lindzen, who I think coined this phrase.





� Deus sive natura, natura sive deus.  See Stuart Hampshire, Spinoza and Spinozism (OUP: 2005)





�  Originally n a letter to the Royal Society’s Henry Oldenburg
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