Investigating the Causes of Tides

 Dr. Leslie Sautter, Department of Geology, College of Charleston, SC
Focus Question:

How do the sun and moon affect the tides?

Activity Synopsis:

Using hula hoops that represent the tidal bulges created by both the moon and the sun, students will construct a large model of the earth and its tides.  In Part I, students will model how a point on the earth passes through two high and low tides each day. In Part II, they will model the different positions of the moon along its orbit (i.e., the moon phases) and the relative positions of the moon and sun with the earth to understand how the tidal range is modified as the moon orbits around the earth.  After students work with the hula hoop models, they then translate their new knowledge to paper models that can also be used as a performance measure.

Time Frame:

45 minutes to one hour

Student Key Terms:

· tide

· tide bulge

· tidal range

· semidiurnal tide

· orbit

· gravitational pull

· spring tide

· neap tide

Objectives

The learner will be able to:

· Model the movements of the earth’s rotation and the moon’s orbit around the earth. 

· Model how gravitational pull of the moon and sun affect the tides throughout a lunar cycle

· Determine why tidal ranges change as the moon phases change

Fifth Grade Standards Addressed

Science Standards



IIIA1j; IIIA4a

Background

Key Points
Key Points will give you the main information you should know to teach the activity.

· Tides are caused by the gravitational pull of the moon and the sun on the earth.

· Gravitational attraction “pulls” ocean covering the earth toward the moon, creating a bulge of water at that point on the earth facing the moon, called the “tidal bulge.”  There is a similar bulge on the opposite side of the earth that balances the bulge facing the moon.

· Gravitational attraction between the sun and earth also creates a tidal bulge.  This bulge is smaller than the bulge created by the moon.  The moon’s gravitational pull is much greater than that of the sun because it is so much closer to the earth as compared to the distance from the earth to the sun.  

· Tidal range is the vertical distance between high and low tides.

· When the moon and sun bulges are in alignment, tidal range is accentuated (a “spring tide”).  When the moon bulge is at right angles to the sun bulge, tidal range is dampened (a “neap tide”).

Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

(Excerpts from Of Sand and Sea, pages 26-28)

Tides, or the periodic rise and fall of the ocean’s surface, are caused by the gravitational pull of the moon and the sun on the earth.  Because the moon is much closer to the earth than the sun, its gravitational pull on the earth is much greater than that of the sun.  The moon’s gravitational attraction “pulls” the ocean covering the earth’s surface toward the moon, creating a bulge of water at the point on the earth directly facing the moon.  We will refer to this bulge of water as a “tidal bulge.”

There is a second tidal bulge on the side of the earth that faces away from the moon.  This bulge is the result of the moon’s revolution around the earth.  Imagine a bowling ball (“earth”) and tennis ball (“moon”) that are connected by a short rod that holds them together (“gravitational force”).  Because of the mass differences of the balls, the balance point on the rod between them would be located much closer to the bowling ball.  This balance point is analogous to the center, or axis, of the moon’s revolution around the earth.  Thus, as the moon revolves around this axis, centrifugal force causes water in the oceans to bulge on the side of the earth opposite the moon.  If the moon had an ocean, it would also experience tidal bulges.  The result of the combined gravitational and centrifugal forces is that there are always two tidal bulges on the earth, and they are always in alignment with the moon.  The earth rotates underneath the bulges and the low-water areas between the bulges, giving the effect of rising and falling water we call tides.

Think of the tide as a large wave with crests on opposite sides of the earth.  The wavelength of this large wave is more than 20,000 kilometers (12,600 miles), or one-half the circumference of the earth.  As the earth rotates, a single point on it (for example, Charleston, South Carolina) moves underneath each of the two tidal crests (tidal bulges) of the large wave every day.  Hence the name semidiurnal (semi=half; diurnal=daily) tides.  In other words, as Charleston moves under a tidal crest, it experiences a high tide.  Alternatively, when Charleston is located in the troughs between each of these two tidal crests, it experiences low tides semidiurnally, or twice daily.

Tidal range is the vertical distance in the height of the water between high and low tides.  Ranges vary worldwide, from less than 30 cm (1foot) in some places to over 15 meters (50 feet) in the Bay of Fundy, Nova Scotia.  When the earth, moon, and sun are in alignment, tidal ranges are greater than average due to the added gravitational pull on the ocean’s surface by the sun.  These greater than average tidal ranges occur twice a month, during new and full moons, and are called spring tides.  Conversely, when the moon is at a right angle to the sun and earth, the earth experiences neap tides, or smaller than average tidal ranges.  During a neap tide, the moon’s gravitational pull is at right angles to the sun’s lesser gravitational pull.  Two tidal crests result and serve to diminish the difference between high and low tides.  Neap tides, like spring tides, occur twice a month, during the first and third quarter moons.

Procedures

Materials

For the activity (Parts I and II):

· 2 hula hoops

· 1 globe or blue ball (inflatable globes are great!)

NOTE: if you use a blue ball instead of a globe, mark the north and south poles with a marker pen and draw an equator.

· 1 tennis ball with one hemisphere colored black (use a permanent marker)

· 1 large beach ball (or alternatively, a drawing of the sun)

· Play-Doh (a very small amount of any bright color other than blue)

For the assessment (Note: instructions are for creating paper model of tides with the earth, moon, sun system.  Instructions are for one model):

· paper photocopy of Figure 3

· overhead transparency photocopy of Figure 4, with each image (4a and 4b) cut out

· thumbtack (flat-head type, not a push-pin)

Procedure

Prior to this activity, teachers should review pertinent pages in Chapter 2 of the text Of Sand and Sea (by P. Keener-Chavis and L. Sautter), or other marine science text that covers tides.

NOTE: This activity may also be used to study or review the phases of the moon.

Several students are needed to “perform” these activities (Part I requires at least 4 students, Part II requires at least 6).  Use the figures provided to help you with the orientations of the students, hula hoops and balls.  

When working through these activities, remember that the real earth does not consist solely of oceans.  Continents cause a lot of variation in the type of tide, the timing of tides and the tidal ranges.  These activities are devised to be used as a model and they are not intended to explain all of the variability observed in the natural world.  Tides are extremely complicated while being extremely fascinating!  It is highly recommend that you look at a college-level introductory oceanography textbook if you wish to know more.

Preparation: 

You will need to find an open area where you and your students can move freely.  Before beginning, introduce students to the materials and what they represent. 

· The beach ball is the sun.  If you do not have this ball, you may wish to draw a “sun” on a chalkboard or poster paper.  It should be larger than the earth. 

· The blue ball or globe is the earth

· The tennis ball is the moon.  Half is colored black to represent the dark side of the moon.  Students should understand that only the light side of the moon will face the sun.

· The hula hoops will each represent the gravitational pull on the oceans by a planetary mass (i.e., the sun and the moon will each have their own hula hoop).

Part I

Why do we have high tides and low tides?

1. Find Charleston, South Carolina on the globe (or approximate its latitude if you are using a blue ball) and mark it with a wad of Play-Doh so that it will be obvious from a distance of several feet.

2. Position the “sun” anywhere in the room.  Discuss the sun’s movement during one day and during one month.  Because the sun does not move, you will leave it in one place for the duration of the activity.  No student is needed to hold the “sun.”

3. Choose a spot in the room where the “earth” will be.  Student #1 sits on the floor holding the “earth” on his/her head.

4. Discuss the earth’s movement during one day.  Point out Charleston as the student rotates the “earth” on its imaginary axis.  The earth rotates in a counter-clockwise fashion if you view it from the North Pole.  

5. Student #2 holds the “moon” a few feet away from the “earth.”  Students should determine its correct orientation relative to the “sun,” keeping in mind that the moon has a light and dark side.  The “moon’s” dark side should not face the “sun.”

6. Discuss the movement of the moon during one day (i.e., it does not rotate the way the earth rotates on an axis), and during one month (i.e., it revolves around the earth in its orbit).  The moon revolves around the earth in an orbit that takes 29.5 days to complete – this is known as a lunar cycle.  The student holding the “moon” should walk through the moon’s orbit around the “earth.”  Make sure that the dark side never faces the “sun.”  Discuss the phases of the moon during its orbit.

7. Position one hula hoop so that the “earth” is in the middle of it and the hoop is horizontal.  Students #3 and #4 each hold one side of the hula hoop.  The student holding the “moon” should stand behind one of the hoop students.  Have the hoop students pull on the hoop so that it is stretched from a circular shape into an oval or elliptical shape.

Explain that the gravitational pull on the earth by the moon causes the ocean to bulge toward the moon.  There is an equal ocean bulge on the opposite side of the earth that is the result of centrifugal force.  To understand why this opposite bulge is created, refer to Chapter 2 of Of Sand and Sea (p. 26, and Figure 2-9).  

8. Next, orient the “earth” so that Charleston faces one of the hula hoop bulges.  This represents a high tide in Charleston (Figure 1a, as viewed from the North Pole perspective).  Now, rotate the “earth” so that Charleston passes from the high tide bulge to the point between the two bulges (Figure 1b).  Now Charleston is experiencing a low tide!

9. Continue to rotate the “earth,” completing a full “day” of rotation (Figures 1c and 1d).  Students should discover that Charleston has two high tides and two low tides each day.  We call this a semi-diurnal tide (where semi- means “half” and diurnal means “daily”) because it takes approximately half a day for Charleston to complete a high-tide to low-tide to high-tide sequence.

10. Students should review what they have learned.  Different students should go through the motions using the balls and hoops.

Figure 1.  As Charleston, SC rotates on the earth’s axis, it passes beneath the tidal bulge created by the moon’s gravitational attraction.  During a single day, Charleston through two tidal crests (high tides) and two tidal troughs (low tides).  This occurrence is known as a semidiurnal tide. (From Of Sand and Sea, p. 27)
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Part II

Why do tidal ranges change throughout the month?

Before beginning Part II, review the concepts covered in Part I.  Review the term tidal range (the difference in height between high and low tide).

For this activity you’ll need at least 6 students.  Both hula hoops will be used (with 2 students holding each), along with the “earth” and “moon.”  

1. Once again, set-up the “earth,” “moon” and “sun” in an open room.  Do not align the “earth,” “moon” and “sun.”  With one hula hoop, review the gravitational pull on the ocean by the moon (the 2 students should pull on the hoop equally, with one student directly in line between the “earth” and “moon”).  Refer to this hoop as the “moon bulge.”

What other planetary body is important here?  The sun!  Because the sun is so huge, it has a significant effect on “pulling” the earth’s ocean.  But, because the sun is so far away from the earth, and the moon is so close, the sun’s effect on producing a tidal bulge is not as great as the moon’s effect.

2. Using the second hula hoop (the “sun bulge”), have 2 students demonstrate the gravitational pull on the oceans by the sun.  These students should be lined up with the sun, and they should not pull as hard as the students who are pulling the moon bulge (i.e., the sun’s bulge should not be as elliptical or stretched as the moon bulge).  See Figures 2 and 3.
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Figure 2-10.

During the day, Charleston, South Carolina rotates on
the earth’s axis and passes through two tidal crests
(high tides) and two tidal troughs (low tides).

This occurrence is known as a semidiurnal tide.




Figure 2. (a) Spring tides are the result of two combined tidal crests from the moon and sun.  The effect is to accentuate the difference between high and low tides.  
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Figure 2-12.

(a) Spring tides are the result of two combined tidal crests from the moon and sun. The effect us to accentuate the
difference between high and low tides. (b) Conversely, neap tides are the result of two opposing tidal crests from the moon
and sun. The effect is to dampen the difference between high and low tides.



(b)  Conversely, neap tides are the result of two opposing tidal crests from the moon and sun.  The effect is to dampen the difference between high and low tides. (From Of Sand and Sea, p. 28)
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teachers conduct the activity.  The woman in the background is holding the moon (two-toned ball) and the purple (solid color) hula hoop represents the moon bulge.  The green hula hoop (striped) is the sun bulge and the sun is to the right of the photo.  Is the spring tide or neap tide being modeled?

3. Now, let’s observe what happens during the four main phases of the moon: new moon, 1st quarter, full moon, and second quarter.

4. Students should determine how the “earth,” “moon” and “sun” will be oriented during a new moon: they are aligned as in Figure 2a.  Remember to keep the dark side of the moon in its proper orientation!  The moon bulge and the sun bulge should also be in alignment.  Both hula hoops will be on top of each other (and the students will be in each others’ way).  The moon bulge should continue to be greater than the sun bulge.

5. Because we are dealing with water, the combined effect of the moon and sun bulges creates an exceptionally high high tide!  Look at the low tide areas of the hula hoops.  The combined effect here is an exceptionally low low tide.  Thus, during a new moon the tidal range is exceptionally large!  This kind of tide is called a spring tide, because the tides seem to ‘spring’ from the earth.  The term has nothing to do with the seasons; it occurs during full and new moons when the three planetary bodies are aligned, or usually twice a month (every 14 or 15 days).

6. Now, ask the student who holds the moon to walk to a first quarter position.  The moon bulge hula hoop should follow the moon.  The “moon,” “earth” and “sun” should be at a right angle to one another, as is shown in Figure 2b.  The high tide (i.e., tide’s wave crest) from the moon bulge hula hoop will be oriented so that it is on top of the low tide (i.e., tide’s wave trough) of the sun bulge hula hoop.  The waves oppose each other and almost cancel each other out, resulting in a moderated, dampened tidal range.  This type of tide is called a neap tide, and it occurs during both 1st and 3rd quarter phases of the moon, when the moon-earth-sun are oriented at a right angle.  The photo in Figure 3 shows teachers modeling a neap tide.

7. The moon and the moon bulge hula hoop should both continue on their “orbit” around the earth, reaching a full moon position.  Again, the two bulges are aligned and a spring tide situation occurs.

8. Finally, the moon goes to a 3rd quarter phase and another neap tide occurs.

Assessment

The following 2-part assessment is a performance measure that uses Figures 4 and 5 so that the student can demonstrate his/her knowledge of the content learned from Parts I and II of the activity.  This assessment could also be used as a class demonstration to supplement the hula hoop activities.  To do so, copy both figures onto overhead transparencies.

Assessment of Part I Concept

Preparation:

· Photocopy on paper Figure 4, which represents the sun and the sun bulge (dashed line oval).

· Photocopy on an overhead transparency Figure 5.  Cut out the moon and moon bulge (5a).  Cut out the earth (5b).

· Place a thumb tack through the middle of the moon bulge (Fig. 5a) from the back side of the figure.  Place the tack on a table with its point up.

· Place the earth (Fig. 5b) on the tack so it is on top of the tide bulge.

Assessment:

1.  Ask the student to demonstrate why a point on the earth, such as Charleston (dark gray circle), experiences a high tide and a low tide.

2.  Ask the student to demonstrate how many high tides and low tides occur at Charleston, SC each day.  What is this type of tidal pattern called?

Assessment of Part II Concept

Preparation:

· Remove the tack from the model.  Place the tack through the bottom of Figure 4, at the center of the sun bulge.  Lay the paper and tack (with its point up) on the table.

· Place the moon bulge (Fig. 5a) on top of the paper sun bulge.

· Place the earth (Fig. 5b) on top of the moon bulge.

Assessment:

3.  Ask the student to explain why there are two sets of bulges in the model and why they are different from one another.

4. Ask the student to demonstrate the arrangement of the sun and moon bulges during a new moon.  The student should describe the effect on tidal range during this phase.  The student should also name this type of tide.

5. Ask the student to demonstrate the arrangement of the sun and moon bulges during the 1st quarter phase.  The student should describe the effect on tidal range during this phase.  The student should also name this type of tide.

6.  Have the student demonstrate the full moon and 3rd quarter phase arrangements and describe what occurs during the moon’s orbit around the earth.  
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Figure 4.  The sun and sun’s effect on the earth’s tides.  

A “sun bulge” is created (the dashed oval).

[image: image7.jpg]


                     a


b
Figure 5. 

(a) The “moon bulge” (solid oval), formed by the gravitational attraction of the moon (small dotted circle) causes the ocean to bulge. 

(b) The “earth” as seen from the North Pole.  The dark gray circle near the edge represents Charleston, SC.
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From COASTeam Aquatic Workshops: Oceans (grade 5); a joint effort between the COASTeam Program at the College of Charleston and the South Carolina Aquarium - funded by the S.C. Sea Grant Consortium.

1

