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 Section 1.0 Where Does Summer Come From? 

Where does summer come from -- and fall, winter, and spring?  Every year the seasons arrive like clockwork.  How?

Most human beings live in ignorance about the mechanics of one of the most basic happenings of existence on Earth -- the changing of the seasons.  Because the Sun is a powerful source of heat and light, it's intuitive to think that the cause of winter is the Earth moving farther away from the Sun, and that the cause of summer is the Earth drawing closer to the Sun.  Due to the ellipsoidal shape of the Earth's orbit, the Earth does move closer to and farther from the Sun.  But this variance is small -- a change of less than three percent between perihelion (the time when the Earth is closest to the Sun) and aphelion (the time when the Earth is farthest from the Sun) (Booker).  

Does the temperature change more than three percent with the change of the seasons from summer to winter?  It certainly does.  So common sense dictates that the varying distance between the Earth and the Sun may not be the real cause of seasonal temperature change.  

The real cause of the seasons will be revealed in Section 2.  Before we learn it, let's ready ourselves to better understand how the seasons happen by first learning the basics of Earth movement: rotation, revolution, and orbital shape.  The next section of this report is an envisioning exercise -- a mental exercise that helps the reader understand the most basic aspects of Earth-Sun geometry, and prepares the way for understanding the seasons, solstices, equinoxes, and other effects of the movements and positions of the Earth and Sun.  
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 Section 1.1 Envisioning How the Earth Moves 

After reading this “envisioning exercise” the reader should be able to better understand how the Earth moves around the Sun.  This exercise addresses the shorter rotational and orbital periodicities that happen in the span of a year or less.  These cycles create small-scale change (day and night, the passing of the solar year) and are readily observable in a short human lifespan.

Later sections of this paper will address longer-term Earth movements that are not as readily observable but that are able to produce, over centuries and millennia, far more drastic changes in temperature and climate.

For now, let's envision how the Earth moves over the course of a single solar year.

The following are the basic mechanics of Earth-Sun geometry illustrated in this exercise: 

· The Earth's rotation around its axis

· The Earth's 365-day revolution around the Sun (the Earth's orbit)

· The Earth's ellipsoidal (flattened-circle) orbit

· The Earth's 23.5-degree axial tilt with regard to the plane of the ecliptic

You can look at your car if you want to learn how it works.  You can look at your 

television if you want to learn how it works.  You can even, if you are a doctor or medical student, look at a human body to learn how it works.

But how do you learn how the Earth's orbit works?  This envisioning exercise helps the reader understand how the Sun and Earth move together in a complex series of motions that produce day, night, and the 365-day solar year.  

The Earth circles the Sun, but what direction does it move, clockwise or counterclockwise?  Which direction does the Earth rotate?  This exercise will give you the basics to start answering these questions -- and asking more.

This is an envisioning exercise.  You won’t need anything but your imagination to do it.

· Step 1

Imagine that you have a pencil and a Styrofoam ball.  In this envisioning exercise, the Styrofoam ball represents the Earth.  Imagine that you take the pencil and jab it all the way through the exact center of the Styrofoam ball.  The eraser is now the North Pole, and the sharpened tip is the South Pole (Figure 1.0).
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                                           Figure 1.0

· Step 2

Imagine that your Styrofoam ball is orbiting the Sun.  We know the Earth turns.  Which direction should your ball turn?  That depends on your point of view.  For an observer looking down from the North Pole (the eraser end), the Earth rotates counterclockwise.  Imagine that your ball begins turning counterclockwise.  

This counterclockwise motion takes 24 hours to complete, and is the cause of day and night.

· Step 3 

Now our ball needs to begin moving around the Sun.  Which direction does the Earth move in its orbit around the Sun?  When viewed from the north side of the ecliptic (the mean plane of the Earth's orbit around the Sun), the Earth's orbit around the Sun, like the Earth's rotation, is counterclockwise.  Imagine that your ball not only rotates counterclockwise, but also begins revolving around the Sun in a counterclockwise motion.  This motion around the Sun takes 365.24 days to complete.  That's right -- the calendar year is based (approximately) on the solar year.

· Step 4

As your ball moves around the Sun in its yearlong orbit, what is the shape of its path -- a perfect circle?  No -- the Earth's orbit is an ellipse, the flattened-circle shape of an egg.  The Earth's orbit is only very slightly elliptical, not egg-shaped, but it is an ellipse rather than a circle.  Imagine that your ball moves in a shape that is nearly a perfect circle -- but not quite.

· Step 5

Steps 1-4 illustrate the Earth's motion as it both rotates and revolves.  But what about the angle of Earth's axis with regard to the ecliptic?  The Earth's rotational axis is tilted at 23.5 degrees from the plane of the ecliptic (Figures 1.1 and 1.2).
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                                             Figure 1.1     
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                             Figure 1.2    

Imagine that your ball tilts at a 23.5-degree angle with regard to the ecliptic.

· Step 6

This exercise has illustrated that our ball rotates, revolves, and has an axial tilt of 23.5 degrees.  Now imagine that your ball is, like the ball in Figure 1.2, at the extreme end of one side of its orbit.  Note how the South Pole (the pencil tip) points toward the Sun at this place in the ball's orbit.  As the ball continues its orbit around the Sun, this will change.  Imagine that the ball moves in its orbit so that as it reaches the opposite side of the Sun, the eraser end (the North Pole) points toward the Sun (Figure 1.3).  
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                         Figure 1.3 
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