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Section 3.0 Three Periodicities: Wobble, Tilt, and Stretch

In Section 1.1, this report illustrated the movements and position of the Earth using an envisioning exercise that used a Styrofoam ball and a pencil.  In that exercise, the reader envisioned three aspects of Earth orbit:

· The 23.5-degree axial tilt of the Earth

· The Earth's counterclockwise rotation around its axis

· The Earth's ellipsoidal orbit around the Sun  

Section 3 explores long, slow, less observable Earth movements -- less obvious and less intuitive cycles that do not dictate obvious changes (the seasons, day and night), but rather larger-scale changes in climate that take place over tens of thousands or hundreds of thousands of years.  Namely, this section explains the cycles of precession, obliquity, and eccentricity; or, more simply, wobble, tilt, and stretch.  

These three periodicities are frequently grouped together and termed the Milankovitch cycles, after Milutin Milankovitch, the Serbian astrophysicist who was among the first to study them in depth ("Milutin Milankovitch"). 
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 Section 3.1 Wobble (Precession) 

When you spin a top, what happens as the top slows down?  The top keeps twirling, but the top's axis begins to move in a lazy circle (Figure 3.0).  
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Figure 3.0         (Haynes)

While the Earth isn't slowing down appreciably, it is moving much like that top.

Like a top, the Earth too "twirls," rotating on its axis (the pencil of the envisioning exercise in Section 1.1).  An imaginary line drawn out into space from either of the Earth's poles describes a circle in the sky (Plait), just like the northern axis of a top (Figure 3.1).
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Figure 3.1                      ("Climate Change…")
This wobble in the Earth's rotation, called precession, is incredibly slow.  It takes 26,000 years for the Earth to move through just one cycle of precession (Seeds 15).
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 3.2 Polaris and the Other Pole Stars

Pop quiz: name the North Star.  An easy one -- Polaris, right?  

"North Star" is the name that Western scientists have given the star that is closest to an imaginary line drawn into space from the North Pole.  (Remember the envisioning exercise in Section 1.1?  Imagine a line drawn from the pencil's eraser straight out into space.  The North Star is the star closest to where that line points.)  

As illustrated in the previous section, the Earth precesses on its axis in a 26,000-year cycle.  This means that our imaginary line drawn from the North Pole will not always point to the same part of the sky.  Polaris is the North Star -- for now -- but because of precession, Polaris will not always be the North Star.  Currently the North Pole does not even point directly at the star Polaris -- it will take until the year 2100 for the North Pole to have precessed to the closest it will point to Polaris (Seeds 15).

Since the North Pole "writes a circle in the sky," other stars within the circle of precession will each have their turn as pole stars.  The astronomical records of the ancient Egyptians refer to the star Thuban, not Polaris, as their pole star (15).  This isn't due to the inaccuracy of these ancient astronomers, but rather to when they made the observation -- 4800 years ago, when Thuban was the North Star.   
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Figure 3.2                                                                                  (Love)

Figure 3.2 shows the progression of the North Pole extension through the several pole stars.  In roughly 5000 years, Alderamin (a star in the constellation of Cepheus the King) will be the Pole Star (Love).  Next will be Vega, then Thuban, and then Polaris again -- each star taking its turn in the 26,000-year precessional cycle.  So it is correct to say that there is no one single North Star -- or that Polaris is just the current pole star.

Another action of Earth's movement (unrelated to precession or the Milankovitch cycles, but still interesting) is how the stars in the sky around the pole star seem to move in a circle while Polaris remains still in the center of the sky.  An observer in the northern hemisphere recording the motion of the stars with a time-release exposure will get a photograph like this one:

[image: image7.jpg]



Fig. 3.3                                                                               (Nemiroff and Bonnell)

(The bright streak is a meteor.)  Notice how many of the stars at the outer edge of the sky in this photograph seem stretched out?  The stretched stars seem to be circling around a stationary bright "central" star to the right of the picture.  The bright star is Polaris; because of the rotation of the Earth on its axis (that same rotation that gives us day and night), the other stars seem to be circling a stationary North Star.  They're not, of course -- but the rotation of the Earth makes it look as if they are.
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 3.3 Tilt (Obliquity)

Scientists say that the axial tilt of the Earth is 23.5 degrees.  Like saying that Polaris is the North Star, saying that the Earth's axial tilt is 23.5 degrees is both correct and incorrect.  

Just as the "wobble" of precession moves the Earth's poles in slow circles, pointing the North Pole at a different North Star as the poles move, the axial tilt of the Earth is moving, too.  To say that the axial tilt of the Earth is 23.5 degrees is, technically, scientific shorthand.  The Earth's axis is currently tipped at 23.5 degrees.  Its full range of motion (its "axial obliquity") ranges from a minimum of 22.1 degrees to a maximum of 24.5 degrees ("Milutin Milankovitch") (Figure 3.4).
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Figure 3.4                           ("Milutin Milankovitch")

The obliquity cycle is even longer than the 26,000-year cycle of precession -- the period for a full cycle of obliquity is 42,000 years ("Milankovitch Cycles: Changes in Earth-Sun Interaction").

What do these changes mean to life on Earth?  A smaller angle than Earth's current 23.5 degrees (an angle closer to the extreme of 22.1 degrees) means less difference in seasonal temperature between the northern and southern hemispheres -- in other words, more temperate summers and winters in both areas.  A greater angle (one closer to the extreme of 24.5 degrees) means greater temperature differences -- hotter summers and colder winters in both areas ("Milankovitch Cycles: Changes in Earth-Sun Interaction").  Currently, the Earth's "middle of the road" 23.5-degree axial tilt gives the Earth temperate seasons, and Earth is moving towards the even more temperate 22.1-degree end of the obliquity cycle.
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 3.4 Stretch (Eccentricity)

In the envisioning exercise in Section 1.1 this report illustrated that the Earth's orbit is not a perfect circle.  No planet orbits its Sun in a perfect circle, and the Earth is no exception.

Figure 3.5 shows an orbit with no eccentricity ("stretching" of orbit-shape) -- a perfectly circular orbit that exists only in theory.
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Figure 3.5               ("Milutin…")

Figure 3.6 shows a highly exaggerated elliptical orbit that has been "stretched" significantly from the perfect circle of Figure 3.5.
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Figure 3.6             ("Milutin…")

The eccentricity of the Earth's orbit (its "stretch") is much less than that represented in Figure 3.6.  But even a slight change in eccentricity can have a major impact on temperature and climate.  And the eccentricity of the Earth's orbit does vary, in a 90,000-100,000-year cycle that is the longest of the three periodicities discussed in this report.  

Eccentricity and precession work together to cause our planet to experience perihelion (its closest point to the Sun) and aphelion (its farthest point from the Sun) at different times of the year.  Currently the Earth experiences perihelion on January 3, in the dead of winter.  But like so much else in this report, this fact too applies only to the current arrangement of Earth and Sun.  Fifty-five hundred years ago, the Earth experienced perihelion during spring, not winter.  Because of the shifting cycles of precession and eccentricity, the position of the Earth in the equinoxes and solstices shifts around the Earth's orbit, which itself changes shape due to its eccentricity.  

A timeline of shifts in perihelion appears below (Figure 3.7).  Note that the season in which perihelion occurs varies over the millennia, and that this shift affects seasonality (how extreme the seasons are -- hotter summers and colder winters).  
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Figure 3.7                                                ("Climate Timeline Tool…")

In the current era, perihelion is in "northern winter" (winter in the northern hemisphere).  But millennia ago (and millennia in the future), perihelion occurs during other seasons.  Currently, Earth is in a state of reduced seasonality (milder summers and milder winters).  But this diagram shows that 11,000 years ago, there was significantly increased seasonality, as perihelion (greatest closeness to the Sun) occurred during summer -- the hottest time of the year.  This "double whammy" of the natural world resulted in both hotter summers and colder winters, combining the effect of aphelion (Earth's greatest distance from the Sun) with the chill of winter, and perihelion with the heat of summer.  Currently, Earth experiences the more temperate opposite -- aphelion in summer, and perihelion in winter.  

The last Ice Age occurred 11,000 years ago, during a time of increased seasonality.  There is no consensus within the scientific community as to how greatly the Milankovitch cycles affect massive global cooling, and some evidence indicates that these cycles are not a major factor.  But Milutin Milankovitch believed, and other scientists now believe, that the climactic change induced by the Milankovitch cycles help cause ice ages by reducing the intensity of sunlight received during crucial times when aphelion occurs winter, and perihelion in summer (Montastersky 220).







Everybody has heard of the North Star.  Why don't we ever hear about a South Star?





There is a current "South Star" -- it lies in the constellation of Octans and is so faint that it is barely visible to the human eye (Plait).  As most of Earth's population lives in the northern hemisphere, there is little navigational demand for a "South Star".  There is a "South Star;" it's just faint and, unlike the North Star, poorly positioned for popularity.








