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The Inconsistent Sun

Professor Claudio Vita-Finzi

Changes in the Sun's output can endanger health, power supplies and satellite systems. To prepare adequately for such events and to make judicious use of solar energy we need to investigate the Sun's 4.7 billion year history.
            
Why inconsistent?
Why should a ball of hot gas which uses up 7,000,000 tons of hydrogen a second be considered consistent? You might as well expect a souffle to rise evenly. 

The widespread assumption that the Sun is reliable is a longstanding one which goes back to Aristotle and beyond. For him, and much later in Catholic teachings, the Sun was a perfect object. When in 1610 Harriot and Galileo showed it was spotty the myth was destroyed. 

The spots (which are substantial objects 40,000 km across) came and went. But they did so every 11 years. So we had consistency again. In 1795 the astronomer John Herschel argued that the sunspot cycle governed the price of wheat, that is to say influenced the weather. (He also believed the sunspots were windows into a cool sun which was inhabited, the sort of idea that got Giordano Bruno burnt at the stake in 1600.  Today you will get burnt academically if you suggest the Sun has anything to do with global warming.) 

The sunspot cycle then turned out to vary from 9 to 15 years, so we had a rather approximate consistency.  What is more, the spots showed Galileo that the sun rotated with a period of about 27 days and that the rate of rotation was faster at the equator than at the poles. Although this differential rotation eventually yielded an explanation for the spots (the Babcock  model, in which lines of magnetic force are progressively tangled up) it totally undermined the notion of a homogeneous body.

Morerover evidence emerged for periods almost devoid of spots, the most famous being the Maunder Minimum of approximately 1645-1715. Others since  emerged from the study of radiocarbon in tree rings including the Spörer Minimum (1450–1540) and the Dalton Minimum (1790–1820).

Fortunately the astronomers could focus on the solar constant – the amount of radiation received from the sun. Artificial satellites soon showed that it varies by 0.1 % over the 11-yr cycle, which was reassuring, but dedicated instruments then revealed that it varies by 200% or more in the UV range. And once the fusion model for generating the Sun’s energy was accepted it became clear that, as hydrogen is ‘burnt’ to helium, the Sun gets hotter – so  much for the solar constant – and will eventually run out of fuel.

Does this variability matter?
Consider the health angle. Too little Sun and we risk suffering from rickets through lack of vitamin D,   essential for the absorption of calcium and phosphorus, which is manufactured in the skin by the action of UVB. Too much UVA and we risk cataracts, sunburn  and skin cancer ; indeed a recent study suggests that if you are old your mind may deteriorate from exposure to UVB.  

The  story is equally complex when it comes to race. Many of us assume that dark skins represent adaptation to high UV levels by melanin. Recent studies which accept an African origin for humans is that the melanin shields the B vitamin folate, which is essential for DNA formation especially in the foetus. But as we moved polewards this benefit was outweighed by vitamin D deficiency and we had to become paler. 

The solar wind – a stream of particles travelling at about 400 km/second – shields the Earth from lethal cosmic rays. When the Sun is weak the cosmic rays can penetrate more freely but fortunately our magnetic field also acts as a shield  and we and we can safely enjoy the resulting auroral displays. In space, however, there is no such protection and astronauts are left exposed. What is more the Sun itself can unleash violent storms with high energy particles that can destroy satellites, penetrate spacecraft and endanger airline passengers and crew at high altitudes.

 Similar uncertainties attend the exploitation of solar power. An area of solar panels with 20% efficiency measuring 600 km by 600 km in a sunny clime could supply the world’s energy needs. But the requisite power lines would be exposed to the kind of surges induced by geomagnetic storms that destroyed the electricity network of Quebec in 1989 leaving 6M customers without power.   The communication and GPS satellites on which we all depend  can be destroyed by solar storms  or brought down when their orbits are sabotaged by a change in atmospheric density caused  by solar fluctuations.

What can we do about it
The essential is to understand the problems and prepare to counter them. Many of the health hazards are a matter of prejudice or ignorance. Increasingly we can avoid dangers to human in space, as airlines already do by rerouting their planes for the benefit of their aircrews. Monitoring the Sun and the atmosphere -- space weather forecasting – has made great progress thanks to dedicated satellites. The Solar and Heliospheric Observatory (SOHO) launched in 1995 was intended to have a life of 5 years and is still at work. Ulysses orbited the Sun over the poles for 19 yr. The Solar Dynamic Observatory (SDO), launched in 2010, sends downs 150 million bits of data per second 24 hrs a day. And whereas light from the Sun takes 8 minutes to reach us, most of the particles blasted towards us by solar flares travel  at  a mere 1000 km/s and take a day or two to hit us, so that we have time to prepare. But a few particles travel at close to the speed of light, and to guard against them we need scientific understanding. The Sun appears inconsistent only because we are ignorant.
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