SOUTH CAROLINA STUDIES


Unit 6; Day 2
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
LESSON TITLE: Tracking the Tide
OBJECTIVES: Students will be able to explain variable magnitude and timing of tides along the coast.
PRIMARY STANDARDS ADDRESSED: Science 8th – III.A.5.c; IV.A.2.a; IV.A.2.b 
PRIOR SKILLS REQUIRED: understanding of gravitational forces that produce tidal effects 
TEACHER BACKGROUND INFO: Science Explorer 8 (Prentice-Hall) textbook, pages  434-438;  
                                                                    Tide Table in textbook, pages 436, and on Student Work Sheet
          USGS hydrology website <http://water.usgs.gov/cgi-bin/waterwatch?map_type=flood&state=sc>

         NOAA website on tides <http://co-ops.nos.noaa.gov/tides04/tab2ec3a.html#64>.
LOGISTICS: 1 @ 50-minute class – teacher-led discussion; large tables – students in cooperative groups
MATERIALS:  Tide Tables from “Student Work Sheet” section; SC MAPS State Base Map (one per group); SC MAPS North Inlet Topographic Map (one per group); SC MAPS North Inlet Lithograph (one per group);  ‘wet-erase’ pens, rulers; access to USGS hydrology web site and NOAA web site 
PROCEDURES:

   1. Review concept of tides during full-class discussion.  Ask students to volunteer answers to questions such as: what causes tides; what’s the difference between high and low tides; why do high tides (or low tides) occur at different times at different locations along the coast; why does high tide at any given location not occur at the same time every day; and why are tides predictable (how can we know the tide schedule so far in advance so we can produce a chart like the Tide Table we’re going to use today)?. 

   2. Have students look at Tide Table carefully to make sure they know how to read and interpret the data.  Answer any questions that may arise.
   3. Have students break into groups and do the activity listed on the Student Work Sheet using the SC MAPS State Base Map.
   4. Summarize results in a group discussion.  Compare answers and stress that in these types of problems we are getting a ‘ballpark’ answer; i.e. there is a margin of error introduced through measurement, so answers may not be exactly identical, but both can be ‘correct’.  Address any misconceptions about tidal range that may arise.  

   5. [optional] Consult USGS website to see a series of graphs showing water height fluctuations over several tidal cycles for different tidally influenced rivers in South Carolina.  The Myrtle Beach record is a good one to look at.  Website = <http://water.usgs.gov/cgi-bin/waterwatch?map_type=flood&state=sc>
SAMPLE CULMINATING ASSESSMENT:   
   - Multiple Choice question on test:


Which statement is true about the behavior of tides along the South Carolina coast?



a.  high tide at Charleston always occurs at the same time of the day, every day of the week


b.  every coastal city in the state experiences high tide at exactly the same time on any given day



c.  every high tide is exactly the same height (measured above mean low water level)



d.  every high tide at a particular city is always followed by a low tide
   - Ask students why some low tide levels are reported as negative numbers. 

   - Ask students to explain why tides are predictable.
SOUTH CAROLINA STUDIES


Unit 6; Day 2
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
STUDENT  WORK  SHEET

LESSON TITLE: Tracking the Tide
1.  Locate, mark, and label on the state base map (using a ‘wet-erase’ pen) the three ocean locations referenced in the accompanying Tide Table.  Beside each mark, write in the time of high tide for Tuesday afternoon, September 7.  Next, draw a long vertical line (parallel to a line of longitude) through each marked location on the map.  Finally, measure with a ruler the horizontal distance (parallel to a line of latitude) between each vertical line and the line passing through Pawley’s Island.  Use the graphic scale on the map to express this distance in miles.  Determine the elapsed time (in minutes) that it takes the high tide bulge to move in the ocean from Pawley’s Island to each of the other locations.  Enter your data into the chart below and calculate the rate of tidal advance for each location.
	NAME OF LOCATION MARKED ON MAP
	EXACT TIME OF HIGH TIDE
(Sept 7 PM)
	HORIZONTAL DISTANCE (d) from Pawley’s Island
	ELAPSED TIME (t) from Pawley’s Is. for tide to reach location
	RATE OF TIDAL ADVANCE

r = d/t  (miles/minute)

	Pawley’s Island
	
	0 miles
	0 minutes
	not applicable

	Charleston
	
	
	
	

	Beaufort
	
	
	
	


2.  From the table above, take the ‘rate of tidal advance from Pawley’s Island to Charleston’ and the ‘rate from Pawley’s Island to Beaufort’ and average these two numbers.  

AVERAGE TIDAL ADVANCE RATE = __________  

3.  [optional] In math class, you will have calculated the ‘apparent rate of travel of the moon’ (as earth rotates beneath the moon).  Write this value here:  APPARENT RATE OF LUNAR ADVANCE =  _________



(if you didn’t do this problem yet, your teacher will supply an answer for you to use)

4.  [optional] Does the AVERAGE TIDAL ADVANCE rate equal the APPARENT LUNAR ADVANCE rate?  If yes, explain why.  If no, explain why not.  Develop a scientific basis for your explanation.

5.  Examine the tidal data for Conway (see Tide Table) and fill out the chart.  Use a ruler and the State Base Map to estimate the distance (as the river flows) between Winyah Bay (North Island) and Conway, in miles.  We will assume that North Island experiences high tide about the same time as Pawley’s Island.
	NAME OF LOCATION MARKED ON MAP
	EXACT TIME OF HIGH TIDE

(Sept 7 PM)
	MAP DISTANCE (d) from North Island
to Conway Bridge
	ELAPSED TIME (t) from North Island for tide to reach Conway
	RATE OF TIDAL ADVANCE

r = d/t  (miles/minute)

	North Island (Pawleys)
	
	0 miles
	0 minutes
	not applicable

	Conway
	
	
	
	


6.  What makes the tidal bulge move upstream in the Waccamaw River?
7.  Is the rate of tidal advance in the Waccamaw River the same as the rate of tidal advance along the coast.  If yes, explain why.  If no, explain why not.  
TIDE TABLES FOR THREE LOCATIONS ALONG THE SOUTH CAROLINA COAST
	Pawleys Island Pier (ocean), South Carolina

	33.4317° N, 79.1167° W
	
	
	
	

	7 September 2004 - 13 September 2004
	
	

	
	
	
	
	
	
	

	Date
	Time
	Height
	Tide Type
	
	
	

	9/7/2004
	02:17 AM EDT
	4.25 feet
	High Tide
	
	
	

	9/7/2004
	08:25 AM EDT
	1.28 feet
	Low Tide
	
	
	

	9/7/2004
	02:53 PM EDT
	5.07 feet
	High Tide
	
	
	

	9/7/2004
	09:18 PM EDT
	1.84 feet
	Low Tide
	
	
	

	9/8/2004
	03:15 AM EDT
	4.20 feet
	High Tide
	
	
	

	9/8/2004
	09:23 AM EDT
	1.30 feet
	Low Tide
	
	
	

	9/8/2004
	03:50 PM EDT
	5.13 feet
	High Tide
	
	
	


	Fort Sumter, Charleston Harbor, South Carolina

	32.7533° N, 79.8767° W
	
	
	
	

	7 September 2004 - 13 September 2004
	
	

	
	
	
	
	
	
	

	Date
	Time
	Height
	Tide Type
	
	
	

	9/7/2004
	02:43 AM EDT
	4.34 feet
	High Tide
	
	
	

	9/7/2004
	08:45 AM EDT
	1.15 feet
	Low Tide
	
	
	

	9/7/2004
	03:19 PM EDT
	5.18 feet
	High Tide
	
	
	

	9/7/2004
	09:38 PM EDT
	1.67 feet
	Low Tide
	
	
	

	9/8/2004
	03:41 AM EDT
	4.29 feet
	High Tide
	
	
	

	9/8/2004
	09:43 AM EDT
	1.18 feet
	Low Tide
	
	
	

	9/8/2004
	04:16 PM EDT
	5.23 feet
	High Tide
	
	
	


	Albergottie Creek, Rt. 21 bridge, Beaufort River, South Carolina

	32.4500° N, 80.7317° W
	
	
	
	
	
	

	7 September 2004 - 13 September 2004
	
	
	
	

	
	
	
	
	
	
	
	
	

	Date
	Time
	Height
	Tide Type
	
	
	
	
	

	9/7/2004
	04:39 AM EDT
	5.83 feet
	High Tide
	
	
	
	
	

	9/7/2004
	10:55 AM EDT
	0.63 feet
	Low Tide
	
	
	
	
	

	9/7/2004
	05:05 PM EDT
	6.71 feet
	High Tide
	
	
	
	
	

	9/7/2004
	11:51 PM EDT
	0.93 feet
	Low Tide
	
	
	
	
	

	9/8/2004
	05:32 AM EDT
	5.75 feet
	High Tide
	
	
	
	
	

	9/8/2004
	11:54 AM EDT
	0.66 feet
	Low Tide
	
	
	
	
	

	9/8/2004
	05:58 PM EDT
	6.73 feet
	High Tide
	
	
	
	
	


	Conway, RR. bridge, Waccamaw River, South Carolina

	33.8350° N, 79.0417° W
	
	
	
	
	

	7 September 2004 - 13 September 2004
	
	
	

	
	
	
	
	
	
	
	

	Date
	Time
	Height
	Tide Type
	
	
	
	

	9/7/2004
	04:07 AM EDT
	1.26 feet
	Low Tide
	
	
	
	

	9/7/2004
	10:00 AM EDT
	1.12 feet
	High Tide
	
	
	
	

	9/7/2004
	04:14 PM EDT
	0.90 feet
	Low Tide
	
	
	
	

	9/7/2004
	10:36 PM EDT
	1.34 feet
	High Tide
	
	
	
	


SOUTH CAROLINA STUDIES


Unit 6; Day 2
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
TEACHER  ANSWER  KEY
LESSON TITLE: Tracking the Tide
1. 
what causes tides;  gravitational pull of moon (primarily) and sun (secondarily) makes water level rise or fall
 

gravitational pull of sun and moon affects both land and oceans, but liquid oceans respond more dramatically
what’s the difference between high and low tides;  water highest during high tide; lowest during low tide;
 
moon overhead (or on opposite side of earth) gives high tides; moon at horizon gives low tides.  Sun’s position is

important – modifies moon’s pull, but secondary – affects how high high tides get and how low low tides get.
why do high tides (or low tides) occur at different times at different locations along the coast;

 
earth is constantly turning, so moon is overhead at different times in different places (along east-west line)
why does high tide at any given location not occur at the same time every day;

 
moon makes complete orbit around earth in approximately one month (this is why we have phases of the moon);

on different  days, say at noon, the moon is in a slightly different part of it’s orbit so it’s overhead at a different time
why are tides predictable (how can we know the tide schedule so far in advance)?

 
Earth’s rotation is constant; moon’s orbit is consistent; so we know exactly where the moon will be on any given day
   2. Have students look at Tide Table . . .



All heights are in feet referenced to Mean Lower Low Water (MLLW). So for September 7 & 8 (on the chart), the low tides (and of course the high tides) never go below the average value of sea level at low tide – and so all the numbers are positive.  It is of course possible to have low tides lower than MLLW, and when this happens, the low tides levels are expressed by using negative numbers.  A website giving further information is located at  <http://co-ops.nos.noaa.gov/tides04/tab2ec3a.html#64>.
   3. Have students break into groups and do the activity listed on the Student Work Sheet . . .

   
1.  Enter your data into the chart below and calculate the rate of tidal advance for each location.

	NAME OF LOCATION MARKED ON MAP
	EXACT TIME OF HIGH TIDE

(Sept 7 PM)
	HORIZONTAL DISTANCE (d) from Pawley’s Island
	ELAPSED TIME (t) from Pawley’s Is. for tide to reach location
	RATE OF TIDAL ADVANCE

r = d/t  (miles/minute)

	Pawley’s Island
	2:53 PM
	0 miles
	0 minutes
	not applicable

	Charleston
	3:19 PM
	43 miles
	26 minutes
	1.65 miles/minute

	Beaufort
	5:05 PM
	92 miles
	132 minutes
	,697 miles/minute


2.  Take the ‘rate of tidal advance from Pawley’s Island to Charleston’ and the ‘rate from Pawley’s Island to Beaufort’ and average the two numbers.  AVG. TIDAL ADVANCE RATE = 1.17 miles/minute.  


(1.65 + .697) divided by 2 = average
3.  [optional] In math class, you will have calculated the ‘apparent rate of travel of the moon’ (as earth rotates beneath the moon).  Write this value below:  
                   
APPARENT RATE OF LUNAR ADVANCE =    1,000 miles per hour or 16.7 miles per minute  .


(if this class hadn’t done the corresponding math/algebra problem yet, give them the answers above)

Note, the answer is not an exact calculation, but has been rounded off to keep the numbers simple 
4.  [optional] Does AVERAGE TIDAL ADVANCE rate equal the APPARENT LUNAR ADVANCE rate?  If yes, explain why.  If no, explain why not.  Develop a scientific basis for your explanation. 

No. The actual tide advance lags behind the apparent movement of the moon because of friction of the water against the shallow continental shelf off the South Carolina coast.  Friction slows down the movement of the water so that high tide at any given point actually occurs a little bit after the moon has been overhead.
5.  Examine tidal data for Conway (see Tide Table) and fill out the chart.  Use a ruler and the State Base Map to estimate the distance (as the river flows) between Winyah Bay (North Island) and Conway, in miles.  We will assume that North Island experiences high tide about the same time as Pawley’s Island. 

	NAME OF LOCATION MARKED ON MAP
	EXACT TIME OF HIGH TIDE

(Sept 7 PM)
	MAP DISTANCE (d) from North Island

to Conway bridge
	ELAPSED TIME (t) from North Island for tide to reach Conway
	RATE OF TIDAL ADVANCE

r = d/t  (miles/minute)

	North Island (Pawleys)
	2:53 PM
	0 miles
	0 minutes
	not applicable

	Conway
	10:36 PM
	55 miles
	463 minutes
	.12 miles/minute


6.  What makes the tidal bulge move upstream in the Waccamaw River?


As ocean rises with high tide, water backs up into rivers.  Ocean level can’t be higher than river level, so surface gradually rises and pushes back upstream.
7.  Is the rate of tidal advance in the Waccamaw River the same as the rate of apparent lunar advance along the ocean.  If yes, explain why.  If no, explain why not.  


NO.  There is a lot more friction in a narrow, shallow river bed than in the open ocean.  So the tidal bulge moves at a much slower rate in the river, creating a major lag time with regards to the position of the moon.

SAMPLE CULMINATING ASSESSMENT:   

   - Multiple Choice question on test:
Answer = d

Which statement is true about the behavior of tides along the South Carolina coast?



a.  high tide at Charleston always occurs at the same time of the day, every day of the week



b.  every coastal city in the state experiences high tide at exactly the same time on any given day



c.  every high tide is exactly the same height (measured above mean low water level)



d.  every high tide at a particular city is always followed by a low tide
   - Ask students why some low tide levels are reported as negative numbers.


Tide levels are given as height above mean (average) low water level.  By definition, a set of numbers should have some values above the average and other values below the average.  Because average low water level is given the value of zero, any numbers lower than the average will be reported as negative numbers. 

   - Ask students to explain why tides are predictable.


Tidal patterns follow the positions of the moon (primarily) and the sun (secondarily) relative to the location in question on the earth’s surface.  Because the positions of the moon and sun are known (and follow predictable physical and mathematical laws) we can predict exactly where the moon and sun will be located at any time; so therefore we can also predict when high or low tides occur and what their magnitude will be.
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