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Cal Echoes Lesson Plan
	2010



 “A Week of Science at Sea Aboard the Research Vessel Melville.”

Day 3: Sampling the water column: Finding your position at sea

Grade Level: 5- 8 

Authors: Benjamin P Neal, PhD Candidate, Scripps Institution of Oceanography, NSF GK-12 Fellow, and Jerry Ruiz, Dana Middle School, Point Loma, California. 
Lesson Summary: This lesson introduces students to concepts of the global geoid, the basic form of the world latitude and longitude grid, and how to express and find a location using this system.  Students will also be introduced to calculations of distances between two locations. 

Note that this is the third lesson in a series of five lessons with accompanying videos, collectively entitled “A Week at Sea Aboard the Research Vessel Melville.” The video for today is called “The Water Column” and can be found in a low-resolution version at this link http://calechoes.wordpress.com/video/. This video is most appropriate, but not required, if watched before beginning the exercise, as it introduces the concept of location at sea. There is a second video for today that discusses the in-class exercise, and more detail of the mechanics of finding latitude and longitude. It is located at the same site, and is called “Latitude and Longitude.” Before watching the second video, put the charts (maps), straightedges, and markers or pencils on the desks with the students. Following both videos, solicit student questions, and then begin the exercise below. 

Additional supporting information from the original cruise in September 2010, such as the blog entries and student inquiries, can be found on the CalEchoes cruise website http://calechoes.ucsd.edu/.  For additional general information on the research and educational activities of the Scripps Institution of Oceanography, which sponsored this cruise, please see http://scripps.ucsd.edu/. 

Lesson Duration: One hour. 

Learning Objectives:

· Students will understand that the globe is organized by two sets of lines, latitude and longitude.
· Students will understand that this system is the same for both land and ocean. 
· Students will be able to describe a location using latitude and longitude anywhere on the surface of the earth. 

Content Standards:

California State Science Content Standards: 

8th Grade: Focus on Physical Sciences


Section 1: Motion 

a. Students know position is defined in relation to some choice of a standard reference point and a set of reference directions. 

b. Students know that average speed is the total distance traveled divided by the total time elapsed and that the speed of an object along the path traveled can vary. 

c. Students know how to solve problems involving distance, time, and average speed. 

National Science Education Standards
CONTENT STANDARD A: PHYSICAL SCIENCES 

The motion of an object can be described by its position, direction of motion, and speed. That motion can be measured and represented on a graph.

CONTENT STANDARD D: PHYSICAL SCIENCES

Students should develop an understanding of the Earth system. 
Ocean Literacy Principles
Principle 1a: The ocean is the dominant physical feature on our planet Earth—covering approximately 70% of the planet’s surface. There is one ocean with many ocean basins, such as the North Pacific, South Pacific, North Atlantic, South Atlantic, Indian and Arctic.
Authors: Benjamin P Neal, PhD Candidate, Scripps Institution of Oceanography, NSF GK-12 Fellow, and Jerry Ruiz, Dana Middle School, Point Loma, California. 

-----------------------------------------------------------------------------------------------------------------------------------

Teacher Instructions:
Background: 
Any location on Earth can be described by two numbers - its latitude and its longitude. If an airplane pilot or a ship's captain wants to specify position on a map, these are the "coordinates" they would use.  Lines of latitude and longitude form an imaginary grid over the entire Earth's surface.  Latitude is zero at the Equator, runs to positive 90 degrees at the North pole and runs to negative 90 degrees at the South pole. Longitude has a zero value at the Prime Meridian (Greenwich, England) and runs to positive 180 degrees to the east and runs 180 degrees to the west, to meet at the International Date Line in the middle of the Pacific Ocean. Longitudes to the west of the Prime Meridian can be expressed as either “degrees-west” values or as negative values (for example “-125 degrees west”). The origin and structure of latitude and longitude are different, with a given latitude being a line scribed on the geoid from a set angle extending from the center of the earth, and thus a given latitude is a circle around the globe which never intersects lines of latitude at other angles. Latitude lines thus forms parallel lines around the earth, with similar distances between all lines of latitude at all points on the Earth. Longitude lines, on the other hand, meet at both poles, and thus are not strictly parallel to each other. The distance between lines of longitude thus vary by latitude, with these lines being far apart at the equator, and getting closer together at high or low latitudes (near the poles one can thus theoretically walk a small circle and cross all lines of longitude). 
The lesson, like the other four in this series, is related to the coordinated set of videos and lessons developed during the 2010 Scripps Institution of Oceanography CalEchoes research cruise on the R/V Melville. The positions used in the exercise are actual points from the voyage, and illustrate real points in the California Bight. 
Materials:
· CHARTS (maps of the ocean) for the areas of interest. In this exercise we use NOAA (National Oceanic and Atmospheric Administration) one chart of the Santa Barbara Basin (# 18740 – san Diego to Santa Rosa Island) for each student group. A PNG file of this chart is attached, which can be printed on a large poster size printer. An original chart can be obtained from a marine supply store if a large format printer is not available. Note that printing this chart in large format black and white would also be adequate for this exercise. 
· STRAIGHTEDGES or rulers for drawing lines between points. Note that gradations are not needed, as the distance is measured from the scale on the chart itself, but an ability to make marks on the straightedges is helpful for the distance measurements. 

Procedure: 
First watch the primary video for today, entitled “The Water Column.” This video is about taking samples from the midwater regions of the ocean, and is nine minutes long. It is about the methods used to obtain chemical, plant, and animal samples from below the water surface.

The lesson for today is about one specific aspect of taking samples at sea – which is locating the desired position and determining distance to the next position.  The second video for today, entitled “Longitude and Latitude” addresses how to find position, and is not specific to the CalEchoes cruise. This video directly introduces the exercise, and gives the positions that are used as examples. If time is very short only the second video can be watched, and the latitude and longitude exercise can then be performed. This second video is only three minutes long, and the last thirty seconds are static, with the positions on the screen, giving students time to record them on their worksheets.  
Having a globe on hand will be very helpful to explain latitude and longitude. Point out how the lines of longitude are all “long” (helps with remembering which name goes with which lines), and the lines of latitude are different lengths. Growing shorter as they go farther north. It would also be very useful to have a large foam ball or a blank beach ball to draw the lines of latitude and longitude directly on the surface. If resources allow, having one of these balls for each group would be ideal so that they can draw latitude, longitude, Greenwich, the North Pole, etc. themselves. Note that the latitude and longitude lines on a large map or a globe may be represented only every 10 degrees, which is very different from the graduations on a marine chart, but this graduation difference can be explained and compared to that on the chart, within the context of explaining how we must use appropriate spatial scaling for different map projections and sizes. 

The three positions that are given in the charting exercise are intended to be of increasing difficulty. It would be a good idea for the teacher to do the exercise themselves before class, and to be familiar with the charting procedures. All reference numbers for locations are taken from the border of the charts, with longitude shown both top and bottom, and latitude shown on both sides. Place a mark on the appropriate number on both sides of the charts (or top and bottom for longitude), and draw a line connecting these two points. Do the same for the second line and your position is where these lines cross. Note that increasing latitudes are farther and farther north, and for longitudes increase as you move farther west (which is counter-intuitive for many people). 

Each of the three positions and the methods to plot them are described below:

Position 1. Latitude 34° North, Longitude 119° West. 

This position lies on the solid even lines of a whole latitude and longitude. These lines can just be followed or can be drawn over to find the intersection point. This should be circled and labeled Position 1. 
Position 2. Latitude 34° 10’ North, Longitude 119° 40’ West. 

This position is spoken as “thirty four degrees and ten minutes north, and one hundred and nineteen degrees and forty minutes west.” Minutes are each one sixtieth of a degree, so forty minutes represents two-thirds of a full degree. These descriptions can be converted to decimals by dividing the minutes by sixty, and then using this decimal of a degree for plotting. In other words, dividing 40 by 60 gives the answer 0.66, and this can be used to determine how where within the whole degree to place the tick mark form which you will draw the line across the chart. 

In the case of Position 2, the minutes for the position are all shown as tick marks on the side of the chart, because they are in even ten-minute increments. This makes them easier to identify. 
Position 3. Latitude 34° 21’ North, Longitude 120° 15’ West. 

This position will require extrapolation to find the correct tick mark, as there are no marks for single minutes. In the case of the latitude, estimate a minute increment above twenty minutes, and draw the mark here. In the case of longitude, draw the line half way between the 10 and 20-minute marks.  Once the marks are in place, the line should be drawn the same as the previous exercises.  

These three positions should describe a line heading farther north, and turning to the west, curving around the islands. Drawing a line between these three points will show the track of the ship. 

Instructional Strategies/5 E model:

ENGAGE -- Engage the students by asking if they can find their own positions on the chart (if they live in the Los Angeles area) or on another map. Ask anyone of them if they can describe their position in terms of latitude and longitude. Ask the students if any of them have navigated in places like the ocean or the desert, where there are no roads. Solicit any memories about how they or their parents navigated in these places. 
EXPLORE -- Allow the students to examine the charts, and to look closely for symbols and to interpret their meaning. There are lots of small symbols on marine charts, and it is easy to allow students to glance at the charts and not absorb much information – this can be reduced by giving time to explore the chart and to look for shipwrecks, to read the explosive dumping notes, or to find other colorful and interesting points that will serve to make the students realize these represent real features on the floor of the ocean. 
EXPLAIN -- Have each student group show their chart to the class, and show their positions. This should be readily visible if using large red permanent markers. Investigate any differences from each group, and let the students offer comments or corrections. Explain how these differences might have occurred, and resolve any mistakes. 
ELABORATE – If all group plots are correct – there are many elaborations that can be performed. Distances to other known landmarks can be calculated, like to Los Angeles International Airport, which is on the chart right on the water, west of downtown Los Angeles. Students can also be asked to determine distance between the plotted points. Distance is determined by marking the distance on a straightedge or a piece of paper, and transferring this distance to the scale bar. 
EVALUATION -- Discuss the need for accuracy in plotting positions of ships, as the risk is not just taking scientific samples from the wrong spot, but includes actually running the ship aground or encountering hazards at sea.
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