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  Preface

  There’s a certain drama—and surprise—to a total solar eclipse. Suddenly the Sun that so predictably crosses the sky every day is gone—covered by a perfect black disk. It’s hard to even imagine what the ancients must have thought. For them, the heavens, and things like the motion of the Sun and Moon, were a beacon of precision and perfection in an otherwise seemingly random and hard-to-predict world. 

  Probably in ancient times no single person ever saw more than one total eclipse in their lifetime. But no doubt they wondered whether there would be another eclipse, and when it would be. And indeed, “When will the next eclipse be?” may well be the longest-running precise question ever. And to answer it took a chain of science, mathematics and computation that’s basically spanned the whole history of human civilization. And tracing the story of this process provides a unique window into intellectual history.

  I had long known the broad outlines of the history of predicting eclipses. But as I came to research it in more detail in preparation for the 2017 eclipse, I was amazed at just how many prominent scientists and mathematicians had been involved over the centuries. More than I knew, eclipse prediction was a microcosm—and driver—of exact science. By the early twentieth century much had been achieved. But the final hero of the story—as in so many modern stories of science—was computation. It was—to paraphrase Isaac Newton—“beyond the force of any human mind” to work out the detailed motions of the bodies in our solar system. But with enough effort, computers could do it, and eventually they did. 

  And in 2017 we mounted a demonstration: a website that successfully predicted to within one second the time when the eclipse would arrive at any particular location. Even then it was somewhat challenging to achieve this. But in the few years since, we’ve advanced to the point where now the necessary computations have become a completely routine matter in the Wolfram Language.

  In this book I have tried both to tell the story of the intellectual adventure that led to the successful prediction of eclipses, and to describe the science, mathematics and computation that was involved in it. I don’t assume specialized technical knowledge, though even experts will probably find things they were not familiar with. But more than anything else, my goal is to give a sense of a great intellectual achievement that involved so much and spanned so many centuries—and finally gave us the triumph of modern eclipse prediction.

  Stephen Wolfram

		
		

	
When Exactly Will the Eclipse Happen? A Multimillennium Tale of Computation

Preparing for April 8, 2024

On April 8, 2024, there’s going to be a total eclipse of the Sun visible on a line across the US. But when exactly will the eclipse occur at a given location? Being able to predict astronomical events has historically been one of the great triumphs of exact science. But how well can it actually be done now? 

The answer is well enough that even though the edge of totality moves at just over 1000 miles per hour, it’s possible to predict when it will arrive at a given location to within perhaps a second. And as a demonstration of this, for the total eclipse back in 2017 we created a website to let anyone enter their geo location (or address) and then immediately compute when the eclipse would reach them—as well as generate many pages of other information.
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It’s an Old Business

These days it’s easy to find out when the next solar eclipse will be; indeed built right into the Wolfram Language there’s just a function that tells you (in this form the output is the “time of greatest eclipse”):
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It’s also easy to find out, and plot, where the region of totality will be:
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Or to determine that the whole area of totality (including lots of ocean and some of Canada) will be about a third of the area of the US:
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But computing eclipses is not exactly a new business. In fact, the Antikythera device from 2000 years ago even tried to do it—using 37 metal gears to approximate the motion of the Sun and Moon (yes, with the Earth at the center). To me there’s something unsettling—and cautionary—about the fact that the Antikythera device stands as such a solitary piece of technology, forgotten but not surpassed for more than 1600 years.

But right there on the bottom of the device there’s an arm that moves around, and when it points to an Η or Σ marking, it indicates a possible Sun or Moon eclipse. The way of setting dates on the device is a bit funky (after all, the modern calendar wouldn’t be invented for another 1500 years), but if one takes the simulation on the Wolfram Demonstrations Project (which was calibrated back in 2012 when the Demonstration was created), and turns the crank to set the device for April 8, 2024, here’s what one gets:
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And, yes, all those gears move so as to line the Moon indicator up with the Sun—and to make the arm on the bottom point right at an H—just as it should for a solar eclipse. It’s amazing to see this computation successfully happen on a device designed 2000 years ago. 

Of course the results are a lot more accurate today. Though, strangely, despite all the theoretical science that’s been done, the way we actually compute the position of the Sun and Moon is conceptually very much like the gears—and effectively epicycles—of the Antikythera device. It’s just that now we have the digital equivalent of hundreds of thousands of gears.
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In[ ]:= GeoListPlot[SolarEclipse["TotalPhasePolygon"]]
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In[]:= SolarEclipse[]
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In[ ]= GeoArea[SolarEclipse["TotalPhasePolygon"] ]/GeoArea[E USA ]
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