The Pilgrim Tides
Earth Science March, 2011 Mr. Traeger

Name: Period: Date:

Background and Purpose

Most of us have heard the story of the Pilgrims' exodus from England to the New World in the year 1620.
The Pilgrims anchored the Mayflower at the site of Provincetown (Cape Cod), Massachusetts for almost
a month before settling at Plymouth Harbor. Imagine that you are the ship's captain of the Mayflower I
and you need to know the tidal fluctuations at Provincetown in order to keep the ship from running
aground while at anchor. You will use the tide chart given to you to estimate/graph the tidal fluctuations
for March, 2011 arrival at Provincetown. In doing so, you will become familiar with the differences in tidal
ranges during each phase of the moon.

Materials

e Tide chart e Graph Paper on Back
e Ruler e Pencill

Procedure

1. Using a sheet of graph paper, divide the paper lengthwise into 4 separate sections.

2. Plot time of day on the x-axis and water level in feet on the y-axis for the dates corresponding to the
third quarter, new moon, first quarter, and full moon. Be careful to scale your graph correctly and to
account for negative tides, which are below mean sea level. The origin for the time axis should be
12:00 A.M. for each graph.

3. Once you have plotted your points, connect the points with a smooth curve. Make sure to label you
graphs with a title and units on each axis.

4. Answer the questions that follow concerning your 4 graphs.
Pre Graphing Questions (Refer to pages 541-543 in your text to do these)

1. Draw the orientation of the Earth, Sun, and Moon for Spring tides. Also make sure to draw the tidal
bulge of the ocean. See page 542.

2. Draw the orientation of the Earth, Sun, and Moon for Neap tides. Also make sure to draw the tidal
bulge of the ocean. See page 542.

3. How many high tides and how many low tides are there (usually) per day? Why is this? Drawing a
diagram of how the Earth rotates underneath the tidal bulge would be helpful.
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Provincetown Cape Cod Bay, Massachusetts
Data acquired from http://www.boatma.com/
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2011
DAY DATE HIGH LOW ok
AM | hgt | PM | hgt AM hgt | PM | hgt rise | set | moon
]
Tuesday 00 B 901 92 938 84 [ 240 11 325 04 [] 616 530

Wednesday =~ 02 [ 951 93 1022 87 || 3:32 08 410 03 [ 6:14 531

Thursday 03 ] 10:34 94 1100 89 § 418 |06 448 02 []613 532
Friday 04 [ 1113 95 11:35 91 | 459 04 524 02 [ 611 534 @@
Saturday 05 [ 11:50 9.4 0 538 |02 558 |02 []610 535
Sunday 06 || 1209 92 1226 93 || 616 01 633 03 | 6:08 536
Monday 07 B 12:42 93 103 91 ] 653 02 7:09 05 [ 6:06 537
Tuesday 08 || 117 93 141 89 732 03 746 07 | 6:05 538
Wednesday | 09 [ 154 |92 | 220 86 § 812 |04 825 09 [ 6:03 5:39
Thursday 10 || 233 91 303 82 [ 85 06 908 12 [ 601 541
Friday 11§ 316 89 351 |79 [ 942 08 955 1.4 [ 6:00 542
Saturday 12 || 404 88 443 78 [] 1034 10 10148 1.6 || 558 543
Sunday 13 | 559 88 641 | 7.7 [] 12:31PM |10 1 6:56  6:44
Monday 14 [ 658 90 741 80 || 1246 15 1:30 08 [| 654 6:45
Tuesday 15 [ 758 |93 840 84 [ 147 12 229 04 [ 653 646
Wednesday =~ 16 || 859 (97 936 91 | 2147 07 326 -0.1] 6:51 6:48
Thursday 17§ 956 102 1029 | 98 [ 344 01 | 419 -0.7 [ 6:49 6:49
Friday 18 [ 1051 107 11:20 105 [ 440 -07 510 -1.1[] 648 6:50
Saturday 19 § 1144 110 0 533  |-1.3 559 [-15[] 646 651
Sunday 20 | 12:09 111 12:36 111 || 625  -1.8 6:47 -1.6 | 6:144 652
Monday 21 B 12:57 (114 127 1090 7116  -20 7:36 |-1.4 || 6:42 6:53
Tuesday 22 || 146 115 219 106 | 807 -1.9 825 -11] 641 654
Wednesday | 23 [ 2:36 (112 312 101 ] 859 | -1.6 | 9:16 -0.5 [l 6:39 6:56
Thursday 24 | 329 108 407 94 || 954  -10 10:10 0.1 || 637 657
Friday 25 ||| 424 103 506 89 [ 10551 |-0.3 11:07 | 0.7 [ 6:36 6:58
Saturday 26 || 524 97 610 84 || 11:52 03 | 6:34 6:59
Sunday 27 0 628 (92 716 82 [ 1208 12 1256 0.7 [] 6:32 7:00
Monday 28 | 734 89 820 82 | 113 14 201 09 [ 630 7:.01
Tuesday 29 || 838 88 918 83 | 217 |15 302 1.0 []6:29 7:.02
Wednesday = 30 [ 9:35 89 1007 86 | 317 13 353 09 | 6:27 7:04
Thursday 31 ] 1025 9.0 1049 88 [ 409 | 1.0 437 08 [l 6:25 7:05



http://www.boatma.com/tides/index.htm
http://www.boatma.com/tides/Cape-Cod.html
http://www.boatma.com/
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Making Tide Graphs
Use the following graph sheet to plot your tides. Make sure to make 4 separate graphs, one for each
phase of the moon. Plot time of day (hours) on x axis and height variation (feet) on y axis.

New Moon (Plot March 4, 2011)

First Quarter (Plot March 12, 2011)

Full Moon (Plot March 21, 2011)

Third Quarter (Plot March 28, 2011)
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Post Graphing Questions (Refer to pages 541-543 in your text to do these)
1. Subtract the height value for the lowest low tide from the height value for the highest high tide for each date

below. This is called tidal range. Show your mathematical work.

3/4/11 (New Moon)

3/12/11 (1% Quarter)

3/21/11 (Full Moon)

3/28/11 (3™ Quarter)

Highest high tide:
Lowest low tide:

Difference (Range):

Highest high tide:
Lowest low tide:

Difference (Range):

Highest high tide:
Lowest low tide:

Difference (Range):

Highest high tide:

Lowest low tide:

Difference (Range):

2. Which two dates above would be considered as Spring Tides? Which two dates above would be considered as
Neap Tides? Use the tidal range to figure this out.

Dates of Spring Tides Dates of Neap Tides

3. Look at the times of the AM high tides for the whole tide chart. By how many minutes does the time advance for
each successive day? Why is this?

4. Which has the greatest influence on tides, the sun or the moon? Why?

5. Which side of the Earth is more attracted to the moon? The side facing the moon or the side away from the
moon? How does this explain the difference between AM high tides (night side of Earth facing towards full
Moon) and PM high tides (day side of Earth facing away from full Moon) on March 21%?

6. Apogee is on March 6" and the moon is a distance of 406,582 km. Perigee is on March 19" and the moon is a
distance of 356, 577 km. How does this explain the difference of tidal range between the March 4™ new moon
and the March 19" Super full moon? Draw an orbital diagram to explain this.

7. Look at the following two tide graphs from different locations. Then look at the map on page 708-709 in your
book. Explain why the tidal range (size of the tides) is different for each geographic location.
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8. Why is it that oceans have larger tides and large lakes have smaller tides? Explain.

9. Predict what might happen on the Earth if we did not have the Moon to influence our tides. Would we still have
ocean tides? If so, what other celestial body would cause them?

4



