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	SEASONS AND ECLIPSES


Overview 

In Grade 6, you have learned about the major members of our solar system. Like the other planets, the Earth moves mainly in two ways: it spins on its axis and it goes around the Sun. And as the Earth revolves around the Sun, the Moon is also revolving around the Earth. Can you imagine all these “motions” happening at the same time? The amazing thing is we do not feel that the Earth is moving. In reality, the planet is speeding around the Sun at 30 kilometers each second. (The solar system is also moving around the center of the Milky Way!)

But even if we do not actually see the Earth or Moon moving, we can observe the effects of their motion. For example, because the Earth rotates, we experience day and night. As the Moon goes around the Earth, we see changes in the Moon‘s appearance. 

In this module you will learn that the motions of the Earth and Moon have other effects. Read on and find out why.

Seasons


In Grade 6, you tracked the weather for the whole school year. You found out that there are two seasons in the Philippines: rainy and dry. You might have noticed too that there are months of the year when it is cold and months when it is hot. The seasons follow each other regularly and you can tell in advance when it is going to be warm or cold and when it is going to be rainy or not. But can you explain why there are seasons at all? Do you know why the seasons change? The following activity will help you understand why.
Activity 1
Why do the seasons change?

Objective 

After performing this activity, you should be able to give one reason why the seasons change.

What to use

Figures 1 to 5

What to do

1. Study Figure 1 carefully. It shows the Earth at different locations along its orbit around the Sun. Note that the axis of Earth is not perpendicular to its plane of orbit; it is tilted. The letter “N” refers to the North Pole while “S” refers to the South Pole. 

[image: image5.png]March

June 0 December

September




Figure 1. The drawing shows the location of the Earth at different times of the year. Note that the axis of Earth is not vertical; it is tilted. (Not drawn to scale)

Q1. 
In which month is the North Pole tilted toward the Sun– in June or December?

Q2. 
In which month is the North Pole tilted away from the Sun– in June or December?

2. Study Figure 2 carefully. The drawing shows how the Earth is oriented with respect to the Sun during the month of June. 

[image: image6.png]23.5° North Pole

—

Northern
Hemisphere

Southern
Hemisphere

South Pole

JUNE

Sun's rays




Figure 2. Where do direct rays from the Sun fall in June?

Q3. 
In June, which hemisphere receives direct rays from the Sun– the Northern Hemisphere or Southern Hemisphere?

3. Study Figure 3 carefully. The drawing shows how the Earth is oriented with respect to the Sun during the month of December.
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Figure 3. Where do direct rays from the Sun fall in December?

Q4. 
In December, which hemisphere receives direct rays from the Sun- the Northern Hemisphere or Southern Hemisphere?

Look at Figure 1 again. Note that the axis of the Earth is not perpendicular to the plane of its orbit; it is tilted from the vertical by 23.5 degrees. What is the effect of this tilt?

In June, the North Pole is tilted toward the Sun. Naturally, the Northern Hemisphere will also be tilted toward the Sun. The Northern Hemisphere will then receive direct rays from the Sun (Fig. 2). When the Sun’s rays hit the ground directly, the place will become warmer than when the rays are oblique (Figures 4 and 5). This is why it is summer in the Northern Hemisphere at this time.
But the Earth is not stationary. The Earth goes around the Sun. What happens when the Earth has moved to the other side of the Sun?

After six months, in December, the North Pole will be pointing away from the Sun (Figure 1). The Northern Hemisphere will no longer receive direct rays from the Sun. The Northern Hemisphere will then experience a time of cold. For temperate countries in the Northern Hemisphere, it will be winter. In tropical Philippines, it is simply the cold season.
[image: image8.png]NV

direct rays

NV

NV

NV

\high angle




  
[image: image9]
Figure 4. In the tropics, the warm season is due to the Sun’s rays hitting the ground directly. To an observer, the position of the Sun at noon will be exactly overhead.

Which part of the Earth receives the direct rays of the Sun in December? As you can see in Figure 3, it is the South Pole that is tilted toward the Sun. This time the Sun’s direct rays will fall on the Southern Hemisphere. It will then be summer in the Southern Hemisphere. Thus, when it is cold in the Northern Hemisphere, it is warm in the Southern Hemisphere. 

After another six months, in June of the following year, the Earth will have made one full trip around the Sun. The Sun’s direct rays will fall on the Northern Hemisphere once more. It will be warm in the Northern Hemisphere and cold in the Southern Hemisphere all over again. Thus, the seasons change because the direct rays of the Sun shift from one hemisphere to the other as the Earth goes around the Sun.
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Now you know one of the reasons why the seasons change. Sometimes the Sun’s direct rays fall on the Northern Hemisphere and sometimes they fall on the Southern Hemisphere. And that is because the Earth is tilted and it goes around the Sun. There is another reason why the seasons change. Find out in the next activity.
Activity 2 

How does the length of daytime and nighttime affect the season?

Objectives 

After performing this activity, you should be able to 

1. Interpret data about sunrise and sunset to tell when daytime is long and when daytime is short;

2. Infer the effect of length of daytime and nighttime on seasons;

3. Summarize the reasons why seasons change based on Activity 1 and Activity 
What to use


Table 1 

What to do

1. Study the table below. It shows the times of sunrise and sunset on one day of each month. 

Table 1:  Sunrise and sunset in Manila on selected days of 2011

	Day
	Sunrise
	Sunset
	Length of daytime

	Jan 22, 2011
	6:25 AM
	5:50 PM
	11h 25m

	Feb 22, 2011
	6:17 AM
	6:02 PM
	11h 45m

	Mar 22, 2011
	5:59 AM
	6:07 PM
	12h 08m

	Apr 22, 2011
	5:38 AM
	6:11 PM
	12h 33m

	May 22, 2011
	5:27 AM
	6:19 PM
	12h 52m

	Jun 22, 2011
	5:28 AM
	6:28 PM
	13h 00m

	Jul 22, 2011
	5:36 AM
	6:28 PM
	12h 52m

	Aug 22, 2011
	5:43 AM
	6:15 PM
	12h 32m

	Sep 22, 2011
	5:45 AM
	5:53 PM
	12h 08m

	Oct 22, 2011
	5:49 AM
	5:33 PM
	11h 44m

	Nov 22, 2011
	6:00 AM
	5:24 PM
	11h 24m

	Dec 22, 2011
	6:16 AM
	5:32 PM
	11h 16m


Q1. 
Compare the times of sunrise from January, 2011 to December, 2011. What do you notice?

Q2. 
Compare the times of sunset during the same period. What do you notice?

Q3. 
Compare the time of sunrise on June 22, 2011 with that on December 22, 2011. On which day did the Sun rise earlier?

Q4.
Compare the time of sunset on June 22, 2011 with that on December 22, 2011. On which day did the Sun set later?

Q5. 
When was daytime the longest?

Q6. 
When was daytime the shortest?

You know that there are 24 hours in a day. You probably think that daytime and nighttime are always equal. But you can infer from the activity that the length of daytime changes from month to month. When the North Pole is tilted toward the Sun, daytime will be longer than nighttime in the Northern Hemisphere. 

What happens when daytime is longer than nighttime? The time of heating up during the day will be longer than the time of cooling down at night. The Northern Hemisphere steadily warms up and the result is summer. At the same time, in the Southern Hemisphere, the opposite is happening. Nights are longer than daytime. It is winter there. 

But when the Earth has moved farther along its orbit, the North Pole will then be tilted away from the Sun. Nighttime will then be longer than daytime in the Northern Hemisphere. There would be a shorter time for heating up and longer time to cool down. The result is winter in the Northern Hemisphere. In tropical Philippines, it is the cold season. Meanwhile, it will be summer in the Southern Hemisphere.

At this point, you should now be able to explain why the seasons change. Your explanation should include the following things: the tilt of the Earth; its revolution around the Sun; the direct rays of the Sun, and the length of daytime. There are other factors that affect the seasons but these are the most important.

After discussing the motions of the Earth, let us now focus on the motions of another celestial object, the Moon. You have seen that the shape of the Moon appears to change from night to night. You have learned in Grade 5 that the changing phases of the Moon are due to the revolution of the Moon. The movement of the Moon also produces other phenomena which you will learn in the next section.
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Do you know how shadows are formed? How about eclipses? Do you know why they occur? Do you think that shadows and eclipses are related in any way?

In this section, you will review what you know about shadows and later on perform an activity on eclipses. Afterwards, you will look at some common beliefs about eclipses and figure out if they have any scientific bases at all. 

Using a shadow-play activity, your teacher will demonstrate how shadows are formed and how shadows affect the surroundings. The demonstrations should lead you to the following ideas: 

· When a light source is blocked by an object, a shadow of that object is cast. The shadow will darken the object on which it falls.

· The distance of the object from the light source affects the size of its shadow. When an object is closer to the light source, its shadow will appear big. But when it is farther from the light source, its shadow is smaller. 

· The occurrence of shadows is an ordinary phenomenon that you experience every day. Shadows can be seen anywhere. Sometimes, the shadow appears bigger than the original object, other times smaller.

How about in outer space? Are shadows formed there, too?  How can you tell when you are here on Earth? 

The next activity will help you answer these questions. The materials that you will use in the activity represent some astronomical objects in space. You will need to simulate space by making the activity area dark. Cover the windows with dark materials such as black garbage bag or dark cloth. 

Activity 3 

Are there shadows in space?

Objective 

After performing this activity, you should be able to explain how shadows are formed in space.

What to use

· 1 big ball (plastic or Styrofoam ball)

· 1 small ball (diameter must be about ¼ of the big ball)

· flashlight or other light source 

· 2 pieces barbecue stick (about one ruler long)

· any white paper or cardboard larger than the big ball

· Styrofoam block or block of wood as a base

What to do

Note:
All throughout the activity, stay at the back or at the side of the flashlight as much as possible. None of your members should stay at the back of the big ball, unless specified.

1. [image: image19.png]


Pierce the small ball in the middle with the barbecue stick. Then push the stick into a Styrofoam block to make it stand (see drawing on the right). The small ball represents the Moon. Do the same to the big ball.  The big ball represents the Earth.
2. Hold the flashlight and shine it on the small ball (see drawing below). The distance between the flashlight and the ball is one footstep. Observe the small ball as you shine light on it. The flashlight represents the Sun.
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        1 footstep 

Q1. 
What is formed on the other side of the Moon? 

3. Place the Earth one footstep away from the Moon (see drawing below).  Make sure that the Sun, Moon, and Earth are along a straight line. Turn on the flashlight and observe.
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        1 footstep       1 footstep  
Q2. 
What is formed on the surface of the Earth?     

4. Place the white paper one footstep away from the Earth (see drawing below). The white paper must be facing the Earth.  Observe what is formed on the white paper.
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     1 footstep
        1 footstep
  1 footstep

Q3. 
What is formed on the white paper?  

5. Ask a group mate to move the Moon along a circular path as shown below. 
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Q4. 
What happens to the shadow of the Moon as you move the Moon around the Earth?

Q5. 
Observe the appearance of the Moon. What is the effect of the shadow of the Earth on the Moon as the Moon reaches position X (see drawing above)?

You have just simulated the formation of shadows of astronomical objects in space. The formation and darkening is exactly the same as the formation of shadows commonly seen around you. When shadows are formed on astronomical objects, a darkening effect is observed. This phenomenon is called an eclipse.   
How Do Eclipses Happen?  

In the earlier grades, you learned about the members of the solar system.  You know that the Sun gives off light. As the different members of the solar system move around the Sun, they block the light from the Sun and form shadows. What this means is that planets have shadows, and even their moons have shadows, too. But we cannot see the shadows that they form because we are far from them. The only shadows that we can observe are the shadows of the Moon and Earth.
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Figure 6. Look at the shadows of the Moon and Earth. Where does the shadow of the Moon fall? Where does the shadow of the Earth fall?

Look at Figure 6. (Note that the objects are not drawn to scale.) In the drawing, there are two Moons. Of course, you know that we only have one Moon. The figure is just showing you the Moon at two different locations as it goes around the Earth. 

The figure shows where the shadows of the Moon and Earth are as viewed in space. But here on Earth, you cannot observe these shadows. Why?  Look at the shadow of the Moon in positions A and B. In position A, the Moon is too high; its shadow does not fall on Earth.  In position B, the Moon is too low; the shadow of the Earth does not fall on the Moon. The shadows of the Earth and Moon are cast in space. So, when can we observe these shadows? In what positions can we see these shadows? Let us look at another arrangement. 
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Figure 7. When does the shadow of the Moon fall on Earth? When does Earth cast a shadow on the Moon?

In Figure 7, the Earth has moved along its orbit, taking the Moon along. The Moon is shown in two different locations once more. Note that at these positions, the Moon is neither too high nor too low. In fact, the Moon is in a straight line between the Sun and the Earth. You can say that the three objects are perfectly aligned. 

At position A, where does the shadow of the Moon fall? As you can see, the shadow of the Moon now falls on the Earth. When you are within this shadow, you will experience a solar eclipse. A solar eclipse occurs when the Moon comes directly between the Sun and Earth (Figure 7, position A). You have simulated this solar eclipse in Activity 3.
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Figure 8. Where is the Moon in relation to the Sun and Earth during a solar eclipse?

Let us look at the Sun, Moon, and Earth in Figure 8. Look at the tip of the shadow of the Moon as it falls on Earth. Is the entire shadow of the Moon completely dark? Do you notice the unequal shading of the shadow? Actually this unequal shading is comparable to what you have observed in your simulation activity. 

[image: image23.jpg]


Remember the shadow of the small ball (Moon) on the big ball (Earth) in your activity? It has a gray outer part and a darker inner part (Figure 9). In the case of the Moon’s shadow, this gray outer region is the penumbra while the darker inner region is the umbra. 

If you are standing within the umbra of the Moon’s shadow, you will see the Sun disappear from your view. The surroundings appear like it is early evening. In this case, you are witnessing a total solar eclipse. In comparison, if you are in the penumbra, you will see the Sun partially covered by the Moon. There are no dramatic changes in the surroundings; there is no noticeable dimming of sunlight. In this case, you are observing a partial solar eclipse. 

Let us go back to Figure 7. Look at the Moon in position B. Do you notice that at this position the Moon is also aligned with the Sun and Earth? At this position, a different type of eclipse occurs. This time, the Moon is in the shadow of the Earth. In this case, you will observe a lunar eclipse. A lunar eclipse occurs when the Moon is directly on the opposite side of the Earth as the Sun. 

The occurrence of a lunar eclipse was simulated in the activity. Do you remember the small ball (Moon) in position X? You noticed that the shadow of the big ball (Earth) darkened the whole surface of the small ball. In a lunar eclipse, the shadow of the Earth also darkens the Moon (Figure 10). 
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Figure 10.  Where is the Earth in relation to the Sun and Moon during a lunar eclipse?

Focus your attention on the shadow of the Earth in Figure 10. The shadow is wider than that of the Moon. It also has an umbra and a penumbra. Which part of the Earth’s shadow falls on the Moon? Is the Moon always found within the umbra?

The appearance of the Moon is dependent on its location in the Earth’s shadow. When the entire Moon is within the umbra, it will look totally dark. At this time you will observe a total lunar eclipse. But when the Moon passes only through a part of the umbra, a partial lunar eclipse will be observed. A part of the Moon will look dark while the rest will be lighter.


In earlier grades, you learned that it takes about one month for the Moon to complete its trip around the Earth. If that is the case, then we should be observing monthly eclipses. In reality, eclipses do not occur every month.  There are only about three solar eclipses and three lunar eclipses in a year. What could be the reason for this?  


The answer lies in the orbit of the Moon. Look at the orbit of the Earth and the Moon in Figures 6 and 7. Do their orbits have the same orientations? As you can see the Moon’s orbit is slightly inclined. The orbit is tilted by 50 from the plane of the orbit of the Earth. As the moon moves around the Earth, it is sometimes higher or lower than the Earth. In these situations, the shadow of the Moon does not hit the surface of the Earth. Thus, no eclipses will occur.  Eclipses only happen when the Moon aligns with the Sun and Earth. 

Facts, Myths, and Superstitions

Some people believe that a sudden darkening during the day (solar eclipse) brings bad luck. Others say that it is also bad luck when the Moon turns dark during a Full Moon (lunar eclipse).  

Do you think these beliefs regarding eclipses are true? Let us find that out in the next activity.

Activity 4 

Does a Bakunawa cause eclipses?

Objective 

When you finish this activity, you should be able to evaluate some beliefs about eclipses.
What to do

1. Collect some beliefs about eclipses. You may ask older people in your family or in the community Or, you may read on some of these beliefs. 


Table 2.  Beliefs related to eclipses and its scientific bases
	Beliefs
	Scientific explanations

	
	

	
	

	
	

	
	


Q1. 
Which beliefs and practices have scientific bases? Why do you say so? 

Q2. 
Which beliefs and practices have no scientific bases? Support your answer. 

Which among the beliefs you have collected do you consider true? Do all the beliefs you have collected have scientific bases?  Are the explanations of the occurrences of eclipses related to these beliefs? Are there any proofs that tell you they are true? 

In science, explanations are supported with evidence. Beliefs related to eclipses, such as the Sun being swallowed by Bakunawa (a large animal), or the increase of harmful microorganisms during an eclipse, are passed on by adults to young children.  But until now, no proof has been offered to show that they are true.  

However, there are beliefs that have scientific bases. For example, it is bad to look directly at the Sun during a solar eclipse. Doing so will damage your eyes. This is true. Even if only a thin crescent of the Sun is left uncovered by the Moon, it will still be too bright for you to observe. In fact, it is 10,000 times brighter than the Full Moon and it will certainly harm your retina. So if you ever observe a solar eclipse, be ready with a solar filter or welder’s goggles to protect your eyes.  

Now you are an informed student on the occurrence of eclipses. The next time an eclipse occurs, your task is to explain to your family or the community the factors that cause eclipse. 

Summary

0

You may still be wondering why the topics Seasons and Eclipses were discussed together in a single module. The reason is that these phenomena are mainly the result of the motions of the Earth and Moon through space. As the Earth goes around the Sun, the northern and southern hemispheres are alternately exposed to the direct rays of the Sun, leading to the annual changes in seasons. And as the Moon goes around the Earth, it sometimes forms a straight line with the Sun and Earth, leading to the occurrence of eclipses. We do not directly see nor observe the motions of the Earth and Moon, but we can observe the phenomena that arise because of them.
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What’s the angle got to do with it?





“Direct rays” means that the rays of the Sun hit the ground at 90°. The rays are vertical or perpendicular to the ground. When the Sun’s rays strike the ground at a high angle, each square meter of the ground receives a greater amount of solar energy than when the rays are inclined. The result is greater warming. (See Figure  4.)





On the other hand, when the Sun’s rays come in at an oblique angle, each square meter of the ground will receive a lesser amount of solar energy. That’s because at lower angles, solar energy will be distributed over a wider area. The place will then experience less heating up. (See Figure 5.)





Figure 5. The cold season is the result of the Sun’s rays striking the ground at a lower angle. To an observer, the Sun at midday will not be directly above; it will be lower in the sky.
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Figure 9.  Is the shadow of the small ball uniformly dark?





Ancient Tagalogs call eclipses as laho. Others call it as eklepse (pronounced as written).  Old people would tell you that during laho or eklepse, the Sun and the Moon are eaten by a big snake called Bakunawa. The only way to bring them back is to create a very loud noise.  The Bakunawa gets irritated with the noise and spews out the Sun and the Moon back to the people. 
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