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2.0 Seasons, Solstices, Equinoxes, and the Analemma

Section 1.1 used a simple model of a Styrofoam ball (the Earth) and a sharpened pencil (the Earth's axis and poles) to demonstrate the fundamentals of Earth orbit.  This section puts this new knowledge to work, teaching the reader about how these aspects of Earth-Sun geometry dictate the Sun's position in the sky over the course of the year as well as the seasons, the solstices, and the equinoxes.  

Described first in this section is the analemma, the little-known name given to the figure-eight path in the sky that the Sun follows as it changes position over the course of the year -- higher in the sky in summer, and lower in the sky in winter. 

After the introduction of the mechanics of the analemma, Section 2 explains the commonly misunderstood geometry of how the seasons happen, and debunks a common myth about their cause -- believe it or not, the distance between the Earth and Sun has nothing to do with what season it is.  (In fact, the Earth is closest to the Sun in January, and farthest from it in June.)  Lastly, this section explains the mechanics of the solstices and equinoxes, the four days each year that mark the start of each of the Earth's four seasons.
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 Section 2.1 The Analemma

The Sun's course across the sky changes seasonally -- in summer, the Sun climbs high in the sky and the days are longer.  In winter, the Sun hangs lower in the sky and the days are shorter.

If you were to take a picture of the sky at the exact same time each day, taking one picture every week or so for an entire year, you would find that your images of the Sun follow a graceful figure-eight shaped curve.  Scientists call the Sun's curving path in the sky the analemma (see Figure 2.0).  
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                       Figure 2.0                                        (Nemiroff and Bonnell)

Figure 2.0 is a multi-exposure photograph taken over ancient Nemea.  Only a handful of such photographs exist, as they require that an exposure be taken at the exact same time and in the exact same place many times over the course of the year.  Forty-four separate exposures (plus one foreground exposure) were taken to create this composite photograph that shows the analemma in the skies of Greece.  Analemmas in different latitudes have different shapes, as do analemmas recorded at different times of the day.  However, they all share a distinctive figure-eight shape.

There are two reasons behind the unique shape of each analemma:

· The Earth is tilted on its axis 23.5 degrees in relation to the plane of its orbit around the sun.

· The Earth does not orbit the sun in a circle, but in an ellipse.

(Both of these aspects of Earth-Sun geometry are illustrated in the envisioning exercise in Section 1.1)

The 23.5-degree tilt dictates the shape of the analemma because the axial tilt of the Earth (the tilt of the pencil in the envisioning exercise) causes the Sun to move up and down (north and south) in the sky as the year progresses.  In other words, the sun's position in the sky varies as the Earth's position relative to the Sun changes (Veh).  The farther a particular hemisphere is from the Sun (the closer that hemisphere's pole is to pointing directly away fro the Sun), the lower in the highest point of the Sun in the sky, and the shorter the time the Sun spends above the horizon.

The Earth's elliptical orbit also shapes the analemma.  The laws of physics dictate that the Earth speeds up and slows down in its orbit, its relative speed depending on the Earth's distance from the Sun.  When the Earth is closer to the Sun, it speeds along more quickly in its orbit, and when the Earth is farther away from the Sun, it moves more slowly.  This speeding up and slowing down makes the upper loop (the "summer" part of the analemma recorded closer to June, when the Earth was farthest from the Sun) smaller and narrower, because the Earth was then moving more slowly (Veh).  During the months when the longer, wider "winter" half of the analemma was recorded (closer to January, when the Earth is closest to the Sun), the Earth was moving more quickly in its orbit (Veh).  

Observe in Figure 2.0 how there is more space between each exposure of the Sun in the bottom loop, where the Earth is moving more quickly along its orbit, and less space between each exposure of the Sun in the upper loop, where the Earth is farther from the Sun and moving more slowly.  It's easy to see which part was recorded closer to June (the Earth moving more slowly), and which part was recorded closer to January (the Earth speeding up as it gets closer to the Sun).
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 Section 2.2 How the Seasons Happen

The Earth is closest to the Sun in January and farthest from it in June -- the opposite of what most people believe about the position of the Earth and Sun (see Appendix A for the results of a 2004 Earth-Sun Geometry Survey which reveal that only 8% of those surveyed knew that the Earth is closest to the Sun in winter).  This section explains the real mechanism of the seasons.

Section 1.0 delineated a common misconception -- that the seasons happen because of changes in the distance between the Earth and the Sun.  People who view the world this way mistakenly believe that the Earth is closer to the Sun in summer and farther from it in winter.  This incorrect assumption actually makes intuitive sense, as we know that the Sun provides warmth.  But if it were true, wouldn't both hemispheres experience summer at the same time?  Yet we know that those "Down Under" in Australia experience the seasons differently from those in the Northern hemisphere -- Australia's summer is our winter, and vice versa.

Summer -- and all the other seasons -- happen not because of varying distance between the Earth and the Sun, but because of the 23.5-degree axial tilt of the Earth with regard to the plane of the ecliptic (the mean plane of the Earth's orbit around the Sun) (Figure 2.1).   
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Fig. 2.1     ("The Free Dictionary")

As we envisioned in Section 1.1, the Earth's axis doesn't always point in the same direction relative to the Sun (refer to Figure 1.3) -- sometimes one pole points toward the Sun, and at other times that same pole will point away from the Sun.  Figure 2.2 shows how the North Pole points towards the Sun in June and away from it in December.
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Figure  2.2                                                      ("Season")

When a pole points toward the Sun, its hemisphere receives sunlight more directly.  Figure 2.2 shows that the northern (topmost) hemisphere experiences winter in December (when the North Pole is pointed away from the Sun), while the Southern hemisphere experiences summer in December (the South Pole is pointed toward the Sun).  

The intensity of solar radiation received on the Earth's surface varies with the angle of the Earth's tilt in relation to the Sun.  To help understand this concept, imagine that you shine a flashlight on a wall in a dark room.  If you shine your flashlight directly on the wall across from you, its light makes a bright, well-defined circle of light.  But if you shine your flashlight at an angle, it makes a more diffuse oval of light.  In December, the "flashlight" of the summer Sun is shining more directly on the southern hemisphere than on the northern hemisphere.  In December, the southern hemisphere receives the most direct sunlight.  It is this effect that causes the warmer temperatures that we call summer (Figure 2.3).  
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Fig. 2.3                                    ("Season")

Count the "arrows" of sunlight (the "incident rays") that hit the southern hemisphere in Figure 2.3 -- seven arrows.  The northern hemisphere receives two "arrows" of sunlight.  This demonstrates the real primary mechanism behind seasonal change -- varying intensity of received sunlight caused by the Earth's axial tilt.  

There is yet another factor in seasonal climate change: day length.  Days are longer in summer and shorter in winter.  Varying day length is also due to axial tilt -- days are longer in the northern hemisphere when the North Pole points toward the sun, and shorter in the southern hemisphere when the South Pole points away from the Sun.  This means that in summer not only is the light of the Sun more direct, but that the Sun is above the horizon longer, and therefore has more time to heat that hemisphere of the Earth.  Having longer days in summer leads to hotter temperatures.
Spring and fall are the between-times, when direct sunlight is more equally distributed in each hemisphere.  

Due to the ellipsoidal orbit of the Earth, the distance between the Earth and Sun does vary, but only by less than three percent (Booker) between the times the two bodies are closest together and farthest away.  But that is only a small change in the distance between two objects that are 93,000,000 miles apart (Seeds 111).  The cause of the seasons is not the changing distance between the Earth and Sun, but rather the 23.5-degree axial tilt of the Earth, a tilt that causes periodic changes in how much sunlight Earth's hemispheres receive.
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 Section 2.3 Solstices and Equinoxes

Solstices and equinoxes mark points along the Earth's orbit around the Sun.  There are two solstices and two equinoxes in each calendar year (dates given below are for the northern hemisphere).

Solstices

· The summer solstice (June 21)

· The winter solstice (December 21)

Equinoxes

· The vernal (springtime) equinox (March 21)

· The autumnal equinox (September 23)

Each of the four seasons has one solstice or one equinox.

The summer solstice (which happens in the northern hemisphere on or about June 21) marks the day that the North Pole points as directly at the Sun as it will all year (Figure 2.4).  Summer officially begins in that hemisphere on the day of the summer solstice.
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Figure 2.4                                                                                                                   (Kahl)  

On or about December 21, the South Pole will point as directly at the Sun as it will all year.  This place in the Earth's orbit marks the winter solstice, the day on which winter begins in the northern hemisphere (and summer in the southern hemisphere).

In Section 2.1 (The Analemma), Figure 2.0 illustrated how the Sun's position in the sky changes throughout the year, rising higher in summer and sinking lower in winter.  On the day of the summer solstice in the northern hemisphere, the sun reaches its highest position in the sky.  This means that the summer solstice is the longest day of the year -- and the shortest night.  Conversely, the winter solstice marks the day that the Sun is lowest in the sky -- and has the longest night and the shortest day of the entire year.

Equinox means "equal night" ("yourdictionary.com"), and the vernal (spring) and autumnal equinoxes -- halfway between the extremes of the solstices -- mark a time when day and night are of equal length.








If the North Pole points most directly at the Sun at the start of the northern hemisphere's summer, why isn't the day of the summer solstice (June 21) the hottest day of the year in the northern hemisphere?





June 21 is the longest day of the year in the northern hemisphere, but there is a lag between the longest day of the year and the hottest day of the year (Plait).  This is largely because it takes time for the Earth to heat up to (or, conversely, in winter, to cool down to) its seasonal high or low temperature.  An oven isn't hottest when you first turn it on -- it takes time to heat up, as does the Earth. 

















