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The Carrington Event

Are we ready for the next major geomagnetic storm?



Introduction


Between 28 August and 5 September 1859, Earth experienced a geomagnetic storm now known as the Carrington Event after astronomer Richard Carrington (1826-1875). The Carrington Event was probably the most significant space weather event of the last two hundred years1. Contemporary eyewitness accounts, collated and published by American mathematician Elias Loomis in a series of nine articles2–10, describe spectacular auroral displays seen around the world. There are references to “great streams of red and blue”, “streaming corruscations [sic] of red, purple and white lights”, “varieties of color, from a pale red or yellow, to a deep vermillion”, and heavens “tinged with crimson, red as blood”. Many of the eyewitnesses reported that the aurora was bright enough to read with. Loomis, who was in Lewiston, ME, on 28 August, reported that he could read an article printed in nonpareil (6 point) typeface. In addition to being bright enough to read with, astronomer Henry Perkins at Newburyport, MA, reported that “the stars were so lost among the effulgence as to render it somewhat difficult to make out the constellations”.


Loomis noted that the displays were widely observed across the United States, Canada, Europe, Australia, and Western Asia. Reports came in from locations as far south as Cuba, Jamaica, Guadeloupe, and San Salvador4. Some observations were reported from Japan despite mostly cloudy weather during the event11,12. Recent work suggests that the displays were observed as far south as Panama13 and Columbia14. Loomis did not publish a comprehensive study of his reports, but in 1960, these and other reports were collected in tabular form, giving locations with dates, times, and descriptions of auroral sightings and magnetometer readings11.


There were two peaks of auroral activity: the first, lasting for 24 hours on 28–29 August, and the second, lasting for 42 hours on 2–3 September. During the first peak, displays were visible at geomagnetic latitudes of 25° (i.e., latitudes relative to the geomagnetic poles rather than geographical poles) and during the second peak, the displays reached as far south as geomagnetic latitudes of 18°1.


The effects of the geomagnetic storm were not limited to spectacular light shows. The world’s 200,000 km (125,000 miles) of telegraph lines experienced disruption, with a significant portion rendered unusable for eight hours or more1. Around half the telegraph stations in the United States were affected14. Induced currents overloaded batteries and transformers, causing many to fail. At some sites, sparks generated by the anomalous current flowing to ground within the transmission stations started fires15. In 1859, the telecommunications industry was in its infancy. Electric lighting was still in the experimental stage, and there was no widespread generation and distribution of electricity. Industry relied on steam engines and water power15. The economic effects were relatively minor16.


The effects of a comparable event today could be far worse.





The World in 1859


In 1859, the global population was around 1.4 billion, most of whom lived as rural subsistence farmers. There were just five cities with a population of one million, four of which were in China. London was the fifth, having passed this milestone in 182515. However, the previous hundred years had seen tremendous advances in science and engineering. The Industrial Revolution started in Britain between 1760 and 1780, taking advantage of innovations such as the power loom, the water frame, and the steam engine17. In 1808, Richard Trevithick’s Catch me who can became the first steam locomotive to haul fare-paying passengers on a circular demonstration track in Bloomsbury, London. By the 1850s, there were over 14,000 km (9,000 miles) of railway in the United States18. In Britain, ‘Railway Mania’ was at its height, and almost 10,000 km (6,000 miles) of railway had been built19.


In the physical sciences, advances in the understanding of electromagnetism had been rapid following the invention of the electrochemical cell in 1799 by Italian physicist and chemist Alessandro Volta (1745-1827), which enabled electric currents to be produced for the first time. In 1820, Danish physicist Hans Christian Ørsted (1777-1851) discovered that an electric current could deflect a compass needle, demonstrating a link between electricity and magnetism. French physicist and mathematician André-Marie Ampère (1775-1836) showed that two parallel wires carrying electric currents attract or repel each other, depending on whether they flow in the same or opposite directions, and in 1821, British physicist Michael Faraday (1791-1867) demonstrated the first electric motor.





The Electric Telegraph


The electric telegraph was one of the first large-scale applications of electricity. The first apparatus capable of working at a distance was developed by English inventor Francis Ronalds (1788-1873) in 1816. Ronalds used static electricity generators for his telegraph rather than the voltaic pile, as the latter ran down too quickly when in use. The system relied on synchronised rotating dials at each end, engraved with letters and numbers that were viewed through a slit. When the desired character was displayed, the sender charged the wire, causing a pith ball at the other end to move. The receiver then wrote down the character, and the process was repeated until the whole message had been sent. Ronalds offered the system to the Admiralty, but they rejected it, having recently installed a chain of semaphore stations between London and Portsmouth20.


Following the discovery that an electric current could deflect a compass needle, it was soon appreciated that the Ørsted effect could be applied to telegraphy. The development of a reliable long-life battery by chemist John Daniell (1790-1845) in 1836 paved the way for English inventors William Cooke (1806-1879) and Charles Wheatstone (1802-1875) to patent the Cooke and Wheatstone moving needle telegraph in 1837. By now, the expanding railway network had provided a new potential market for telegraphy, and the Cooke and Wheatstone system was first adopted by the London & Birmingham Railway. Other early adopters included the household of Queen Victoria. In 1845, the Admiralty commissioned a telegraph between London and Portsmouth, to replace the semaphore system20.


Thereafter, adoption was rapid. In 1850, the first cable was laid under the English Channel, and the first transatlantic cable was laid in 1858. By 1859, the telegraph network extended over 100,000 miles in Europe, North America, and Australia. The Cooke and Wheatstone system had the drawback of requiring multiple wires to operate the needles (for example, five needles required six wires), and its use remained largely confined to Britain and the British Empire. In the United States, the single-wire telegraph key (dot-dash) system was invented by Samuel Morse (1791-1872) in 1838. Initially, the Morse system competed with two rival systems. The House system, developed by American inventor Royal Earl House(1814-1895), used an alphabetic keyboard. The Bain telegraph, invented by Scottish engineer Alexander Bain (1810-1877), used specially treated paper. The electric current caused a chemical reaction that changed the colour of the paper, leaving a readable blue mark. However, by 1859, these systems had been largely replaced by the simpler Morse system21.


By this time, the telegraph was being used extensively to transmit all kinds of information. Newspapers relied on it to provide the public with up-to-date news stories. Newspaper banners such as ‘‘By Telegraph’’ and ‘‘The Latest News by Telegraph’’ were standard feature articles in large city newspapers16.




Pre-Carrington Event telegraph disruptions


That aurora could affect electromagnetic telegraphs was already known in 1859. British civil engineer William Henry Barlow (1812-1902) investigated the phenomenon in 1847 while working for the Midland Railway. Barlow22 was investigating reports of spontaneous deflections of the needles of the company’s Cooke and Wheatstone telegraphs, which were centred at Derby, with lines to Rugby, Birmingham, Leeds, and Lincoln. The deflections would occur despite the instruments being disconnected from their batteries and earthed at both ends. It was found that they were almost invariably simultaneous on all the telegraphs and that when the deflection of the Birmingham telegraph was such as to indicate that the current was passing through the wires to the earth at Derby, the current in the Rugby wires was likewise passing towards the earth at Derby, whereas the other two telegraphs showed the current to be passing away from the earth at Derby towards the earths at Leeds and Lincoln. When the current reversed direction in one telegraph, it did so in all of them. In summary, the direction of the current was Rugby and Birmingham (south and southwest) → Derby → Leeds and Lincoln (north and northeast) or Leeds and Lincoln (north and northeast) → Derby → Rugby and Birmingham (south and southwest).


These effects were attributed to atmospheric electricity, but Barlow found that the deflections did not occur during thunderstorms as might have been expected. However, on 19 March 1847, a “brilliant” aurora was seen, and strong, alternating deflections were observed while it remained visible, and similar effects were reported by other railway operators. Barlow conducted a series of experiments to verify these observations by attaching galvanometers to the ends of the spare telegraph wires between Rugby and Derby and Derby and Leeds. The galvanometers enabled him to measure the intensity and direction of the induced currents. He found that the galvanometer needles were “rarely found to remain in the same position many minutes, large variations taking place sometimes in a few seconds”, and when simultaneous readings were taken over 24 hours of galvanometers connected to both ends of the Derby to Birmingham line, it was found that simultaneous and identical variations in the intensity and direction of the current were observed at both ends. This would not have been the case for electricity passing between the atmosphere and the ground (as happens during thunderstorms).


Barlow found that the currents mainly followed a diurnal pattern, flowing in a southerly direction by day and a northerly direction by night, but these were subject to irregular disturbances of a greater or lesser magnitude. The diurnal variations were associated with diurnal variations in Earth’s magnetic field. The irregular variations were sporadic but were especially marked during the aurora observed in March, September, and October 1847, and Barlow later learned that the October aurora had coincided with unusual magnetic disturbances.


In fact, the diurnal variation of Earth’s magnetic field had been demonstrated more than a century earlier in 1722 by London-based clockmaker George Graham (1673-1751) and in 1741, he and Swedish astronomer Anders Celsius (1701-1744) observed simultaneous geomagnetic fluctuations in London and Uppsala, Sweden due to the aurora23. In 1852, Angle-Irish astronomer Edward Sabine (1788-1883) noted that superimposed on the diurnal variations in the Earth’s magnetic field was a longer-term pattern corresponding to peaks of sunspot activity. Sabine noted that German astronomer Heinrich Schwabe (1789-1825) had previously identified a roughly ten-year periodicity in sunspot activity, with maxima in 1828, 1837, and 1848, and minima in 1833 and 184324. The Schwabe cycle, as it is now called, is known to have an average periodicity of 11 years, and it has been identified through its effects on radiocarbon levels in tree rings going back to 969 CE25,26.


While the 1847 disturbances are generally recognised as the first time that space weather impacted telegraphic communications,  an earlier instance was reported on 18 October 1841, when “a very intense magnetic disturbance” was reported, causing the 10:05 PM express from Exeter to be delayed by 16 minutes, as it was impossible to establish that the line was clear at Starcross. The next morning, the superintendent at Exeter reported that “someone was playing tricks with the instruments, and would not let them work ”. It is not recorded what instruments were in use, but they were probably Cook and Wheatstone telegraphs27.


Barlow’s findings presumably came to the attention of telegraph superintendent, electrician, and inventor George B. Prescott (1830-1894), who notes that his attention was called to the possibility of auroras affecting telegraph wires in 1847 but gives no further details. At the time, he was working as a telegraph operator in New Haven, CT. In 1850, Prescott witnessed the limited effects of a weak auroral display on New Haven’s Bain system and the complete shutdown of all lines out of the city by a much stronger display in September 1851. On 19 February 1852, an aurora-induced current caused the paper tape of the Bain system to burst into flame as it passed under the stylus, burning through a dozen thicknesses of prepared paper28.


So it was that by 1859, the solar cycle and the relationship between geomagnetism, sunspots, and aurora were known
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