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As to whether a nutation of the axis could have carried the Arctic Circle quite as far south as Anglesey does seem 
doubtful. The Arctic Circle today, lies well north of the Shetlands and other references to Thule in Solinus and in 
Strabo’s geography are clearly describing Lewis. If the Druids taught of an ancient time, when such extreme obliquity of 
the axis carried the Arctic Circle as far south as Anglesey then it might imply that the motion became chaotic in the 
immediate aftermath of the disturbance. However, it seems more likely that a lesser wobble of perhaps 1-3 degrees of 
latitude caused alarm at Orkney and Shetland, where we also find aligned passage graves and spiral motifs. Some 
archaeologists, following recent excavations, would like to regard Orkney as the Neolithic capital of Britain and that the 
building of passage graves and stone circles originated in the far north of Britain. [See Note 2] 
 
Therefore it would be valuable if geophysicists would consider the evidence of the Neolithic monuments and the 
ancient literary and legendary sources; together with the 432 and 60 day cycles found in ancient Indian and Babylonian 
calendars. Perhaps then they could propose a coherent mathematical model (hopefully explained in simple-English) of 
how the real Earth would behave in extreme circumstances. Non-geophysicists such as archaeologists and historians 
could then cite this research and take it forward without being accused of speculation. This is the problem that one has 
when a transient motion has decayed to rest – how do you prove that it occurred? It is rather like ice on an aircraft’s 
wings that has melted away before you can determine why it crashed. 
 
Notes and References: 
 

Note 1: The Small Print! 
 
The present understanding of the Earth’s free-wobbles has been hard-won by generations of geophysicists. The equations give 
two solutions; the first mode is the Chandler Wobble, named for its nineteenth-century discoverer; the second is the core-wobble 
or free-core nutation (sometimes called the nearly-diurnal wobble). To describe these motions without resort to equations and the 
specialist jargon is not at all easy. Both wobbles have a body and a space component as I will try to summarise in ‘plain English’ 
below together with some links for further research. 
 
These ‘free wobbles’ should not be confused with the forced motions due to the constant pull of the Sun, Moon and planets on 
the equatorial bulge; these cause the phenomenon of the precession of the equinoxes and are an entirely separate consideration. 
Geophysicists usually refer to movements relative to a frame fixed in space as ‘nutation’ and reserve the term ‘wobble’ for the 
body-motion relative to a frame that rotates with the Earth. However usage of the terminology has been somewhat flexible in the 
past! 
 
To recap the history of understanding, geophysicists first modelled the rotating Earth as a solid ellipsoid. This gives a period of 305 
days for a ‘solid’ Earth as calculated by Euler. However when the true polar motion was first detected by Chandler the period was 
measured at 428-437 days (modern opinions vary). This was modelled by considering the Earth as an elastic shell containing fluid 
and by adding terms to Euler’s equation for the elastic yielding of the shell and the fluid vorticity. Most models use variants of the 
Liouville Equation for which a good explanation may be found in references 2 & 4 below. No external force is required to act on 
the Earth; the modern Chandler Wobble is excited by Earthquakes and deeper internal movements that slightly change the shape 
and balance of the planet. Using these as tools to probe the interior suggests that the time taken for the motion to decay 
exponentially to rest is around 68 years, but becoming insignificant after 20 years or so; this should be completely independent of 
its initial amplitude. 
 
The free core nutation (FCN)) is more enigmatic. Geophysicists still argue about whether it has actually been observed; although it 
was known as a second solution to the equations since Hopkins in 1839 and can only occur if the axes of the outer shell (the crust 
and mantle) Lm and the fluid core Lf became misaligned. It should have a period of around 432 days according to IERS. [3] The 
second solution languished as a theoretical curiosity until the late twentieth century when some geophysicists claimed to have 
observed the nearly-diurnal wobble (NDFW). These are in fact two views of the same motion and the name led to much confusion. 
In my own earlier cross-disciplinary studies (in the absence of a then-recognised name) I referred to the spiral motion of the 
misaligned axes of core and mantle as ‘core-mantle precession’. The nutation and wobble should be visualised as occurring on top 
of this misalignment. On the Earth today, the FCN and NDFW are vanishingly small because the axes are aligned. 
 
These various motions are not easy to visualise intuitively. The kinematic diagrams of Louis Poinsot may assist, for which one of 
the simplest explanations is found here on pages 52-58, in a paper originally intended for astronauts training. [4] It shows the 
conical representation describing the body and spatial components of the Earth’s nutations. The point of the cones is at the centre 
of the Earth and the circles show the relative motion of the axis in space and within the body. Poinsot termed the path of the pole 
on the Earth’s surface as the polhode; that of the pole in space as the herpolhode. The combined motion of the axis is represented 
by the line of contact of the two cones. 
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Note 3: 
The links here to the website of IERS (International Earth Rotation Reference Systems Service) will give access to further geophysical 
research on the nature of the Earth’s core. There is now a special department researching the core: The Special Bureau for the Core 
(SBC).  Still largely unknown is the contribution of the solid nickel-iron inner-core; and the extent to which it would further modify 
any significant wobble and its effect at the surface. See Reference [3] below. 
 
This article is written for the benefit of the general reader and is not intended to be an academic paper. The following references and 
the links above will lead to a comprehensive bibliography of relevant research. 
 
1) https://www.third-millennium.co.uk/neolithic-spirals 
 
2) Ferrándiz, José & Navarro, Juan & Escapa, Alberto & Getino, Juan. (2014). Earth’s Rotation: A Challenging Problem in Mathematics 
and Physics. Pure and Applied Geophysics. 172. 57-74. 10.1007/s00024-014-0879-7. 
https://www.researchgate.net/publication/271681663_Earth's_Rotation_A_Challenging_Problem_in_Mathematics_and_Physics 
 
3) IERS: http://sbc.oma.be/freecornu.html and http://sbc.oma.be/ 
 
4) Leick, Alfred (1978) The Observability of the Celestial Pole and its  Nutations; Prepared  for National  Aeronautics  and  Space  
Administration, Goddard  Space  Flight  Center, NSG  5265  jZ6  5; OSURF  Project  711055, Reports  of  the  Department  of  Geodetic  
Science, No. 262 
https://ntrs.nasa.gov/search.jsp?R=19780025003 
 
5) Toomre, A. (1974) On the nearly diurnal wobble of the earth. Geophysical Journal of the Royal Astronomical Society, 38(2):335–
348, 1974. ISSN 1365-246X. doi: 10.1111/j.1365-246X.tb04126.x.  
http://dx.doi.org/10.1111/j.1365-246X.1974.tb04126.x 
 
Hyperlinks 
Some of the embedded hyperlinks above may not work in the pdf version so access them directly here: 
 
Long Meg Stone Circle 
https://altogetherarchaeology.org/reports.php 
A 2012 survey report on the Long Meg stone circle by Durham University downloads directly here. 
https://altogetherarchaeology.org/Reports%20and%20Proposal%20Docs/Long%20Meg/AAmodule1cLongMeg2015excavationProjec
t%20Design.pdf 
http://www.stone-circles.org.uk/stone/longmeg.htm 
https://www.youtube.com/watch?v=BHAxVwIWXf0 
https://www.google.co.uk/maps/@54.7280261,-2.6675773,171m/data=!3m1!1e3 
 
Simple Harmonic Motion 
https://demonstrations.wolfram.com/ThePendulumFromSimpleHarmonicMotionToChaos/ 
 
Double Pendulum 
https://www.youtube.com/watch?v=d0Z8wLLPNE0 
 
Chandler Wobble 
https://www.iers.org/IERS/EN/Science/EarthRotation/PolarMotionPlot.html 
https://en.wikipedia.org/wiki/Chandler_wobble 
 
Liouville Equation 
http://adsabs.harvard.edu/full/1966SAOSR.236..193C 
 
Free core nutation and the nearly-diurnal wobble 
http://sbc.oma.be/freecornu.html 
https://academic.oup.com/gji/article/38/2/349/607495 
 
Polhode and Herpalhode 
https://en.wikipedia.org/wiki/Polhode 
https://en.wikipedia.org/wiki/Herpolhode 
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