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The Tides:  Semidiurnal Tidal Cycles and Fluctuating Tidal Ranges

Some of the ideas for this lesson were modified from a lesson plan by Dr. Leslie Sautter, Department of Geology, College of Charleston, SC, for COASTeam Aquatic Workshops.  I actually had developed the basic ideas for this lesson and had started writing it before I found this resource, and simply adapted some of their ideas into this lesson plan.  The water balloons were my original idea.

Grade Level:  Fifth grade and up.

Context:  This is the second lesson in a series of three lessons investigating tides.  We are studying tides as an introduction to a Marine Biology unit.  We studied tides and phases of the moon in an astronomy unit at the beginning of the school year, so students know that the tides are caused by the moon’s electromagnetic (gravitational) pull on the earth creating a tidal bulge, and they understand the lunar cycle.  We tie into that knowledge to study tides in more detail, before we transition to how tidal action creates a very unique and fluctuating environment in the intertidal zone, requiring marine life in this area to adjust to a constantly changing habitat.

In yesterday’s introduction we overviewed the unit and reviewed what we previously learned about tides and the lunar cycle.  We also reviewed the meaning of the term “range” to prepare for studying the tidal range – the vertical distance between high and low tides.  We discussed what sea level means in relation to the tides.  Students received copies of tide tables and tide charts to use as we generated questions that we want to study in this unit, and here we investigate two of them:

· Why are there two tidal cycles each day?

· Why do tidal ranges change?

· Why are the semi-diurnal tides not the same size?

· Why isn’t the tide table the same every month?

Objectives:  BTEOTLSWBATDTUO tidal cycles and tidal ranges by synthesizing the concepts of the diurnal tidal cycle to answer a new question in a class discussion.

Benchmarks:  Oregon grade five:  

· Recognize and describe the motion of an object in terms of one or more forces acting on it;

· Identify examples of magnetism and gravity exerting force on an object.

Preparation:  

· Copies of tide chart and tide table for each student

· Large tide chart printed from internet and taped together http://tbone.biol.sc.edu/tide/index.html
· Picture of phases of moon to refer to (poster, copy for each student, or overhead)

· Tape for taping up the sun and posters

· Poster:  today’s investigation questions (or overhead, or written on the board)

· Poster:  what we know (to refer to this when answering the assessment question)

· Poster:  vocabulary

· Sun – drawn or cut out on yellow posterboard

· Tidal bulge – large round balloons filled with water

· Do not use balloons sold as “water balloons” because they break more easily

· Have a back-up water balloon and newspaper for possible breakage

· Black marker, for marking the balloon

· Moon:  tennis ball, half of it blackened with marker

Prepped on computer / projector:

· Picture of ship run aground at low tide on NOAA website: http://www.oceanservice.noaa.gov/education/kits/tides/welcome.html
· Tides applet (choose one of these 3): http://www.ioncmaste.ca/homepage/resources/web_resources/CSA_Astro9/files/html/module3/lessons/lesson3/tidalInteractions.html
http://www.onr.navy.mil/focus/ocean/motion/tides1.htm
http://www.sfgate.com/getoutside/1996/jun/tides.html
· Optional: have a globe on hand to demonstrate where Earth might experience high tide and low tide during the same time as our location.

What we know (write on poster):

· Tides are caused by moon’s electromagnetic pull on the earth.

· The moon revolves around the earth once every 29.3 days.

· The sun also affects the tides but the pull is only 50% that of the moon.

· Even though the sun is much larger than the moon, it is much farther away.

· The sun is stationary, while the moon revolves around the earth.

Lesson Introduction:  (12 minutes)

1)
Discuss as a class why we as normal, every day people living near the coast might want to understand tides.  Possible reasons:

· Safety on the beach

· Clam digging

· Crossing Highway 101 during a storm

· Boating / fishing


Why might scientists and navigators need to be able to predict tides?

· Show picture of ship run aground

· Discuss how the ship might be refloated.  (by waiting for high tide and towing it back to the channel)
2)
Introduce vocabulary.  Yesterday we discussed sea level, tidal range, minus tide and semi-diurnal.  Encourage students to use these terms in the activity.  In the course of this activity students will learn the meaning of tidal bulge, spring tides and neap tides.

Vocabulary

Tidal range

Semidiurnal  (semi=half; diurnal=day)

Tidal bulge

Spring tide (new and full moons)

Neap tide (first and third quarter moons)

Sharing Objectives (1 minute):  Review the questions we are investigating today.

Learning Activities:  (45 minutes)

Part One:  to demonstrate why we have two high tides and two low tides each day:

· Tape up the sun.

· Does the sun move?

· Mark Oregon on the water balloon, at the knot.

· (optional) At quadrants from the knot, mark Hawaii, the Indian Ocean, and the west coast of north Africa, or other familiar places where the high and low tides would be approximately opposite.  (If we were to dig a hole straight through the earth, would we get to China?)

· Explain that the balloon does not represent Earth, but the tidal bulge of Earth’s water.  Imagine Earth as a perfect sphere inside of the water balloon.

· Give a student the water balloon to model Earth’s tidal bulge.  Position the student near the sun.

· Ask class, “If we are looking down from the north pole, which direction does the earth rotate?” and have student demonstrate.  (counter-clockwise)

· Give another student the tennis ball to play the moon, and position the two students to model Earth and moon.  (remember that the far side of the moon does not face the sun)

· Have “Earth” point “Oregon” toward the moon and ask what the tide is doing in Oregon.
· Ask what the tide is doing on the opposite side of the Earth at the Indian Ocean.  Is it sea level?  Is it low?  Is it high?  Have “Earth” press on the sides of the water balloon to model the tidal bulge (tidal crest)

· Ask what the tide is doing at the lateral points on the balloon.  (low tide – tidal trough)

· Have class assist “Earth” and “Moon” to model Oregon’s tidal cycle for one day as the Earth rotates – two high tides and two low tides, with earth pressing on the balloon to show the two high tides and the two low tides.
· Have different students model or assist with modeling the semi-diurnal high and low tides for Oregon.

Assess for understanding before going to part two of the activity:

· Are both semidiurnal high tides the same height?  Which is higher and why?  Explain how centrifugal force causes the tidal bulge on the side of the earth opposite the moon.  (relation of two objects of differing masses, “linked” by gravitational pull)

· Ask students to use the balloon and the tennis ball to model the tide coming in, and the tide going out.  (ebb and flow)
Part two:  to demonstrate why the tidal ranges change

· Refer to the “What We Know” poster to review that the moon and sun both affect the tides, to different degrees.
· Have students line the earth up between the sun and the moon to model a full moon.  Ask what this would do to the tides, since both the sun and the moon have an affect on tidal bulge.  (the tides are exceptionally high or low)

· Line the moon up between the sun and the Earth to model a new moon.  Ask what this would do to the tides.
· These are called “spring tides.”
· Look at the chart of the lunar cycle.  How often is there a spring tide?  (twice a month, at the new and full moons)

· Are spring tides related to the spring season?  Why not?
· Have students model the moon at right angles to the sun and earth.  Ask what this may do to the tides, since the moon is pulling from one direction and the earth is pulling from the other.  (The tidal range is smaller than average)

· This is called a “neap tide.”
· Look at the chart of the lunar cycle.  How often is there a neap tide?  (twice a month, at the first and third quarters)

Closure:  (10 minutes)  

Show the tides applet.  Review today’s investigation questions and answer them. 

Student Evaluation:  (5-15 minutes or longer for the project)

In a class discussion, have students answer this question:  


How can people predict tides more than a year in advance to publish tide books?  

An optional authentic assessment would be to have students look at a tide table and determine what time today the tidal bulge for our location is on the opposite side of the Earth from the moon. 

Authentic assessments for older students could be to have them determine from a tide table the four major phases of the moon for a given month, or, use what they have learned to predict tides for a specific month during the following year.

Introduce Next Lesson:  How accurate are tide tables?  How much time is there between high tide and low tide?  What other things affect tides?  How is the actual tide measured?  Might it be possible to use tides as a source of energy?  When your parents ask you tomorrow night what you learned in school, you will be able to impress them with something like, “Next Wednesday there will be a wide diurnal range of tides because the moon is in its perigee.”

Teacher Reflection:  My major concern is how long this activity will actually take.  If students catch on quickly it will not take much time at all and we can spend more time introducing tomorrow’s lesson; but if they are unable to easily answer the first question we will need to spend more time on part one, and do part two of this lesson on the following day.  I will pre-assess students as part of the previous day’s lesson, when we overview the unit and review what we learned in astronomy about tides, which will give me an idea about pacing this lesson.  I will need to plan on being flexible enough to make certain that students thoroughly understand these concepts about tides before moving on to the next lesson, which will build on these concepts.
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