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The Science of Solar-Terrestrial Relations
Began With Mairan’s 1733 Book on the Aurora

T R A I T Ef The extraordinary Auroral Display

observed in much of Europe [but not in
PHYSIQUE ET HISTORIQUE  cloudy Paris] on 6 March 1716 was
A - considered by E. Halley to be a purely
L'AURORE BOREALE.  Terrestrial phenomenon of “Magnetic
B M pr Miveida Vapors” rising from the polar regions
into the sky.

D E

Suite des Mémoires de T'Académie Royale des Sciences,
ANNEE M. DCCXXXI.

Following a similar
‘strong display in 1726
‘that caused great panic
‘In France, the French
- Government charged
'J.-J. Dortous de Mairan
'to provide a scientific
explanation for the

: B ., display just like the
A PA RIS, S 'Royal Soc. had asked
DE L'IMPRIMERIE ROYALE ™ " Halley to give ten years

% pCCcLIV. 1754 1678-1771 earlier. 2

SECONDE EDITION,

Revite, & augmentée de plufreurs E'clairciffemens.




Mairan's Speculation About a
Solar-Terrestrial Relationship

P. 265  Suppolé que 12 matiére de I'Atmofphére Solaire ne foit ni  Sur lesmedi-
fumineule ni entlimmée par elle-méme & dans fa fource, f70 4
ne peut-if point arriver, 1.” Qu'elle deviennel'un & lautre, /i fphire
en tout cu en partie, & plus ou moins vite, en tombant dans Jefare peur
les couches les plus élevées de 'Atmolphére Terreflre, de ;‘:E":’dfff

la méme mani¢re que certains Phofphores s'allurent étant /* Aimncipliere

expolés 3 Tair, ou melés avec certaines liqueurs! Tarrefire.

Sur Jes Ta- e feroit-ce point i quelque femblable précipitation de
ches du Seleil. parties de I' Atmolphére du Soleil, que feroient dues fes Taches

p.264  ¢uon voit fi fouvent fur la furface de fon Globe! Et ne
pourroit-on point découvrir quelque analogie entre la fré-
quence, les ceflations & les retours de ces Taches, & il:_s appa-~
ritions, les retours & les ceflations de la Lumiére Zodiacale!

Mairan speculated that the Aurora is due to the interaction of a material solar
atmosphere [extending out past the orbit of the Earth] and visible during total eclipses
and at other times as the Zodiacal Light. He raised the question whether the variation

of the number of sunspots were also related to variations of the solar atmosphere.
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The Diurnal Variation of the
Direction of the Magnetic Needle

National Geomagnetic Service, BGS, Edinburgh
GDAS 1 Fluxgate Data
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1V. 4n Jccowzt of Ob/ervateom made of tlve Vari-
ation of the Horizontal Needle at London, in
the latter Part of the Year 1722, and beginning Qeorge Graham [London]
of 1723. By M. Georgc Graham, Watcl»- discovered [1722] that the

maker, F. R. S. e e geomagnetic field varied
Mo /*J\. during the day in a regular
Made ~1000 observations | -{ V\/J manner. .




Observations in the 1740s
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Right: Hjorter’'s measurements of the magnetic declination at
Uppsala during April 8-12, 1741 (old style). The curve shows the
average variation of the magnetic declination during April 1997 at
nearby Lovo (Sweden).

Left: Variation during strong Northern Light on March 27%. Also
observed by Graham in London, showing that the aurorae and
magnetic field are connected on a large scale and not just local
meteorological phenomena.

Note there are really two phenomena going on, regular daily
variation and sporadic, large aurora-related excursion...

This is from Hjorter’s original notebook for that day. |:>
Observations were made with an instrument
constructed by Graham.

Olof Petrus Hjorter
was married to Anders
Celsius’ sister and made
more than 10,000
observations of the
magnetic declination in
the 1740s.
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Even Rather Simple Instruments
Could Readily Show the Variation

Coulomb
1776

John Canton
[1759] made
more than 4000
observations of
the Declination
on 603 days in
London

Replica

and noted that 574 of these days

showed a ‘regular’ variation Canton’s theory was that Temperature

while the remainder (on which was controlling the magnet, and he
aurorae were ‘always’ seen) had thought that the daily and [predicted]
an ‘irregular’ diurnal variation. seasonal variations were proof of that.

Correct application of The Scientific

Regular Irregularity and Method, but nevertheless wrong.

Irregular Regularity”



There Must be More than One Cause

Canton concluded that “The irregular diurnal variation must arise from
some other cause than that of heat communicated by the sun”.

This was also evident from the association of days of irregular
variation with the presence of aurorae.

The different seasonal variations are important clues to the physical processes at work:

Solar ‘Rays’ dependence on Zenith Angle

Solar ‘Matter’ Semiannual variation

arc min

Diurnal Variation of Declination Year 1759
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But a century would now pass before further progress could be made ...
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Seasonal Variation of Aurora Borealis After Mairan [1754]
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Solar Cycle and Zenith Angle
Control of the Solar ‘Rays’

Diurnal Variation, rY, of Geomagnetic East Component
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1852: “who would
have thought that
one could compute a
terrestrial effect from
observations

of sunspots”



We all Know about Marconi’'s Long-
Distance Radio Transmissions

uglielmurtbni sends message
from England to Newfoundland

Dec 12. The Italian physicist
Guglielmo Marconi, who sent wire-
less telegraphic messages across the
English Channel from Dover, Eng-
land, to Boulogne, France, on
March 29, 1899, repeated his experi-
ment today over the Atlantic
Ocean, a distance of 2,232 miles.

In order to carry out this experi-
ment, Marconi set up a 164-foot-

Guglielmo Marconi and his first
wireless.

high antenna in Poldhu, Cornwall,
England. Then, he erected a receiv-
er in St. John's, Newfoundland,
Canada. In spite of the earth’s curv-
ature, he received a Morse signal
corresponding to the letter **S” from
the Poldhu station across the ocean.

‘When Marconi realized the im-
portance of his first discoveries in
1895, he asked the Italian Minister
of Telecommunication to help him.
But the minister found that Mar-
coni’s experiments were too extrava-
gant. That’s why Marconi went to
England, where he won the support
of Sir William Peace, the Postmast-
er General, whoimmediately under-
stood the significance of the young
Marconi’s work, Thanks to Peace’s
perspicacity and the help of Profes-
sor Adolf Slaby, Marconi could hit
his target today (— 2/22/03).

Dec. 12, 1901
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Kennelly Suggested a Wave Guide

On the Elevation of the Electrically-Conducting Strata
of the Earth’s Atmosphere. 1902

and also upwards, until the conducting strata of the atmosphere are % =
encountered, after which the waves will move horizontally outwards.
in a 50-mile laver between the electrically-reflecting surface of the
ocean beneath, and an electrically-reflecting surface, or successive

series of surfaces, in the rarefied air above. Arthur nnelly
186§£1939

And then comes the most famous part of the article. **There is another consideration. There :
may possibly be a sufficiently conducting layer in the upper air. If so, the waves will, so to

speak, catch on to it more or less. Then the guidance will be by the sea on one side and the
upper layer on the other." 10t ed. of Enclycopedia Britannica '

zonosPheve Top of atmospheric duct
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Winds moving the charges across the magnetic field
creates a dynamo current, whose magnetic effect we
can observe at the surface as Graham discovered

Balfour Stewart
1828-1887

1882, Encyclopedia
Britannica, 9th Ed.:

“there seems to be
grounds for imagining
that their conductivity
may be much greater
than has hitherto
been supposed.”
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But the Aurorae are Due to that “Other
Cause” (The Solar Atmosphere)

As are also the great Solar Observations of Flares

magnetic disturbances - < °
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During the Very Successful IGY We

ral Oval

ol

NS

Deduced [1962]
the ever-present
oval from All-Sky
camera images
of the aurorae.

Cassini footprint

Other planets with a
magnetic field have Jupiter
auroral ovals, too



Electric Current Systems in Geospace

Interplanetary
Magnetic Field

- The material [and magnetized] solar

v
gy
o

o
""""
-

Magnetopause

Magnetopause Current]
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Two Reconstructions of Heliospheric Magnetic Field Strength at Earth

. v ' '\
We have learned how to extract solar wind
‘ parameters from the geomagnetic record

Lockwood et al. 2014

0
18&0 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 MOV

-~ atmosphere extending past the orbit of
the Earth [the ‘Solar Wind’] interacts with

the magnetic field of the Earth to create a
system of electric currents and plasma
regimes around the Earth from where
charged particles are accelerated along
magnetic field lines towards the Earth to
make the atmosphere glow with auroral
displays along ovals around the poles,
extending to lower latitudes during solar
storms. 14
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Revised Solar Act|V|ty Records

Lockwood et aI 201 ‘Open solar flux .
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Very good agreement between different reconstructions. %5

Solar Ecllpse 1954

13 Feb. 1760
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Full Disclosure: There is still a rear-guard debate about the early record



Long-term Variation of Total Solar Irradiance

Reconstructions of TSI

G. Kopp, 4 Feb. 2013

There is no slowly varying Background acting as Climate Forcing...

1362 5
13620 4 TSI, + 0.0304 SN°7 TSI, + 0.239 GN°” RMIB*
1361.5 \ '
1361.0 ( Y
I - "L
1360.5 - |
A "J
1360.0 - 3
1360 + 0.0052 GSN 0.0083 -:IL';"»SM‘:I-,,,I ®NDAA CDR 2016
1359.5 . . .
1600 1625 1650 1675 1700 1725 1?50 1?'.'-"5 18[]0 1825 1850 18?5 })K 1925 195[] 19.'-"5 EUEIU
. Mo‘dern Gramvl Maximum ?//,_\\ e SORCE /TIM TSI Reconstruction 6 TSIand Group Sunspot Number Background
( | y I 13618 The models ass thtTSIo{ngoupasbn;;g”‘rﬁse\:enbvthe solar cycle
Open . TSI
H 1983 § This as\gmption has b een inval Id tex db
il | Magnetlc [ 1361.4 4 the Dt decade’s observatio
o 1361.2
+  Flux 5 oo
2| 2 1 108 "' u &
— 1 13606 2 u{ ..
i fsec o p 136044 ¢ A/
| R—— ‘/\NWW»HWMW o | il
%50 1700 1750 1800 1850 1900 1950 2000 1360.0 : L . > 1360.0 - T T T T
Yo 1200, wgom 1900, 2000 1600 1650 1700 1750 1800 1850 1900 1950 2000

16




The Great System of Which We Make a Portion
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Faraday wrote to R. Wolf on 27th August, 1852: “| am greatly obliged and delighted by
your kindness in speaking to me of your most remarkable enquiry, regarding the
relation existing between the condition of the Sun and the condition of the
Earths magnetism. The discovery of periods and the observation of their accordance
in different parts of the great system, of which we make a portion, seem to be one

of the most promising methods of touching the great subject of terrestrial magnetism...
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Abstract

We discuss the historical development of our understanding of the
Influence of solar activity on geospace; from the first glimmer of
awareness to today's practical applications of hard-won knowledge
gained over several centuries. Faraday's words in a letter [1852] to
Rudolf Wolf: "The discovery of periods and the observation of their
accordance in different parts of the great system, of which we make a
portion" underscores the notion of being part of a System. Many cause
and effect interactions work together to modulate and drive each other.
Our modern technological civilization depends in ever-increasing ways
on the behaviour of that Great System; for better and for worse. Great
advances in data collection and international cooperation [e.g. the IGY]
have from time to time spurred on and deepened our understanding. To
tell that story is a privilege. The lesson to be extracted is that unselfish
cooperation and sharing form the bedrock on which future progress
must be build.
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