Star Lab: Ocean Currents

The Reality of Sending a Message in a Bottle

Purpose:  To examine the nature of ocean currents, what causes them and the effects they have on the Earth.

Standards Met: 3.1.7 A, B, C; 3.2.7 B; 3.5.7 C, D
Introduction:

OCEAN CURRENTS
Early seafarers found that they had two different forces to contend with in their explorations: wind and ocean currents. Their large sailing ships did not tack well into the wind, and so they had to chart the prevailing wind directions and plot routes that would take best advantage of them. Ocean currents -- massive streams of moving water -- could speed them on their way if they took advantage of currents moving the way they wanted to go; or they could impede their progress if the current opposed them.
Fortunately, surface currents and winds tend to move in the same direction. There are many variations from this general scheme, however, as Benjamin Franklin discovered from his Nantucket sea captain acquaintance. The boundaries of ocean currents can be quite sharp and the wise sea captain pays close attention to their whereabouts. 
This of course led to an early interest in charting ocean currents that persists to the present time. Our interest now extends not only to the currents that exist near the ocean surface, but also to those that ply the depths of the sea. A number of methods have been devised to measure ocean currents, and these may be divided into two classes: direct and indirect. 
In direct measurements, the motion of the water is monitored either by a device that is fixed with respect to the ocean bottom or by a device that floats with the current. In the former, a buoy may be anchored to the bottom and the flow of water past it is measured and recorded. Given a sufficient number of such buoys (or the relocation of the buoy to a number of different sites), the measured directions of water flow can be plotted and compiled into a general picture of the extent and direction of the current. 
Floating buoys go where the currents take them, and if their motion is monitored over a period of time, their path provides a direct map of at least a portion of the current. The simplest such device is a note in a sealed bottle, cast from a ship. The note directs the finder to contact the researcher with information of where and when the bottle was found. This provides rough information on where the current ends up, but little detail on how it got there. Even so, this is a very inexpensive way of gaining a broad-brush view of oceanic circulation. More sophisticated floating devices use radio transmitters to allow them to be tracked during their travels and later retrieved for reuse. They may also contain devices that permit the measurement of temperature and salinity. 
The currents near the surface tell us only part of the story, however. In many places, currents at depth travel in different directions and at different speeds than those above. These may be of little interest to the sea captain, but they are of great importance to the oceanographer. One way of measuring them directly is through the use of buoys that are designed to float at a specified depth. This is accomplished by carefully adjusting the density of the float. 
An object whose density is greater than that of the surrounding water will sink, while one whose density is less than that of the surrounding water will rise. Because the density of water increases with depth, all that needs to be done is to adjust the density of the float to exactly equal that of the water at the desired depth. This can be accomplished by adding weights to the interior of the sealed, hollow float. The buoy will then sink until it reaches the depth at which its density matches that of the water and there it will stay, moving horizontally with the deep currents. 
There are also indirect methods for measuring ocean currents. Because of its dissolved salts, seawater conducts electricity. Whenever a conductor of electricity moves within a magnetic field, electrical currents are generated. This, in fact, is the way in which all electrical generators operate to supply our homes and cars with electricity. In a similar manner, the motion of masses of salt water in the ocean within the Earth's magnetic field also generates electrical currents within the water. These may be detected by metal plates towed behind a ship and the motion of the water deduced from the currents. 
Still another indirect method for measuring ocean currents utilizes the measurement of density changes within the ocean. Once the dynamics of ocean currents is understood, maps of density variations may be used to calculate the resulting currents at depth. As you saw in the previous unit, the density of seawater is determined mostly by the salinity and temperature. The measurement of salinity and temperature profiles can be used to construct maps of density variations, which in turn serve to indicate the directions and speed of currents within the body of the ocean. 
For many years, this was the principal method of measuring deep ocean currents and was accomplished through the use of a simple but ingenious device, called a Nansen bottle, for bringing seawater samples up from the depths. The Nansen bottle is lowered on a cable to the desired depth in an inverted position at which point the bottle is flipped over, trapping the water sample inside. A thermal sensor on the bottle records the temperature of the water when it is captured. The sample bottle is then retrieved and the seawater is analyzed in a chemical laboratory to determine its salinity. Because of its simplicity, reliability, and low cost, the Nansen bottle is still in use today.

http://mac01.eps.pitt.edu/harbbook/c_vi/chap06.html
See: http://www.oceansonline.com/watermasses.htm for additional information on current research methods.  For example, the Niskin bottles which are made of plastic vs. the Nansen bottles which were metal and had the potential to change the chemistry of the seawater, as well as being toxic to marine phytoplankton.
Objectives:

· Examine how temperature, salinity, and density affect ocean currents.
· Apply knowledge to predict and plot the course of a message in a bottle when placed in the ocean at specified points.

· Compare ocean currents to global climate patterns.

Vocabulary:

Salinity
Temperature

Density

Surface currents

Deep water currents

Thermohaline circulation

Density driven current

Coriolis effect

Wind patterns

Upwelling

Global Conveyer Belt

Gyres

Pycnocline


MAJOR CURRENTS

North Equatorial

South Equatorial

Equatorial Counter

North Atlantic Drift

Gulf Stream

Kuroshio

Antarctic Circumpolar

East Australian Current

North Atlantic Gyre: consists of 4 separate currents – N. Equatorial, Gulf Stream, N. Atlantic Drift and Canary Currents

Pre-activity Questions (Class Opener/Constructed Response/Journal):

· If you could send a message in a bottle: 
· Where would you want the bottle to go?

· Who would you want to find the bottle?

· What would the message be?

Materials:

· Ocean Currents: The Reality of Sending A Message in A Bottle PowerPoint Presentation

· 
STARLAB Portable Planetarium
· Ocean Currents Cylinder

· Climate Cylinder

· Colored pencils
Safety Notes:

The STARLAB should be handled with care – it can be punctured and this will result in less than optimum viewing.
Procedure:

It is recommended that students complete the SIM - Ocean Currents: Ocean Activity Model Lab prior to completing this STARLAB component.
Day 1:  View the Ocean Currents: the Reality of Sending a Message in a Bottle PowerPoint Presentation.  The Ocean Currents: the Reality of Sending a Message in a Bottle pre-activity questions and notes should be completed.
Day 2: In the STARLAB, view the Ocean Currents: the Reality of Sending a Message in a Bottle STARLAB PowerPoint Presentation.  The Ocean Currents and the Climate cylinders are incorporated in the STARLAB Ocean Currents: the Reality of Sending a Message in a Bottle presentation.  
Ocean Currents:
the Reality of Sending a Message in a Bottle

Name 
  Date 
  Class 

Pre-activity Questions:

· If you could send a message in a bottle: 

· Where would you want the bottle to go?

· Who would you want to find the bottle?

· What would the message be?

Data:

NOTES from PowerPoint Presentation:
Draw a profile of Ocean Current Layers:  Be sure to label the - surface, pycnocline, and deep - waters.

Water Properties that Impact Ocean Currents & how they react and interact:

1.  


2.  


3.  


Primary Current Forces and what they do:

1.  


2.  


3.  


4.  


Notes on Surface Currents
Notes on Deep Currents
Indicate the Gulf Stream on the first map below with a purple colored pencil.

Indicate the Global Conveyer Belt on the world map with an orange colored pencil.

What is a Gyre?  

[image: image1.jpg]



Note: this map should include the Gulf Stream, the North Atlantic Gyre and Warm & Cold Currents of the Atlantic Ocean.

http://geography.about.com/library/cia/blcatlantic.htm 
How do Ocean Currents impact living things?  
STARLAB PowerPoint Presentation:

Indicate the North Atlantic Gyre on the map above with a green colored pencil.

Indicate where the Warm and Cold Currents of the Atlantic Ocean are on the map above.  Use red for warm currents and blue for cold currents.
How do Ocean Currents impact Climate?
Analysis & Conclusions:
So, … knowing all of this information on ocean currents … if you put a Message in a Bottle from your favorite beach destination, could it possibly get to the person you wanted to receive it?
Indicate your favorite beach destination: 
 & on the map with a STAR.
Record the desired destination of your bottle: 
 & on the map with an X.
Explain how your bottle would get to its destination OR why it would NOT get to its destination.  Be sure to discuss the role of surface vs. deep currents; impacts of  temperature, salinity & density; effects of solar heating, winds, gravity & Coriolis force.
Indicate on the global map the ACTUAL path your Message in a Bottle would take from your favorite beach destination.

[image: image2.png]



Note: this map should include a STAR, an X, the actual path of your message in a bottle, the Global Conveyer Belt and an A.

http://geography.about.com/gi/dynamic/offsite.htm?site=http%3A%2F%2Fjan.ucc.nau.edu%2F%7Eckk%2Fmaps.html 

Climate:  

Which current carries hurricanes to the eastern seaboard of the United States?  

Bonus:  

Based upon the ACTUAL Message in a Bottle path, select and record a new destination.  

Indicate the new destination on the global map with an A. 


Using the chart below, how long would it take your bottle to reach this destination?  

[image: image3.emf]
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http://www.climate.unibe.ch/~christof/div/fact4thc.html  …Thermohaline circulation

http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/fw/crls.rxml  … Coriolis force

http://www.csc.noaa.gov/text/glossary.html  … Coriolis force

http://drifters.doe.gov/currents/currents.html  … impacts on living things.

http://www.nsc.org/ehc/climate/ccucla14.htm  … ocean currents and climate.

http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/climate_systems/elements_of_climate.html  … ocean currents and climate.

Go With the Flow, STARLAB Guide by Gary D. Kratzer

ENRICHMENT SITES:

http://www.classzone.com/books/earth_science/terc/content/visualizations/es1904/es1904page01.cfm?chapter_no=visualization … site that shows the effect of the Coriolis force on airplanes.

http://vathena.arc.nasa.gov/curric/oceans/drifters/ocecur.html  … Drifter buoys site to monitor ocean currents.
Speed of Currents





North Pacific Current


3 to 6 km/day or 2 to 4 miles/day


North or South Equatorial Current


3 to 6 km/day or 2 to 4 miles/day


Gulf Stream & Kuroshio Currents


40 to 120 km/day or 25 to 75 miles/day


California & Canary Currents


3 to 7 km/day or 2 to 5 miles/day





Go With the Flow, 


by Gary D. Kratzer
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� HYPERLINK "http://www.bigelow.org/shipmates/hc_currents_lg.gif" ��http://www.bigelow.org/shipmates/hc_currents_lg.gif�


  








