OS1 The Oceans

Summer 2010

HOMEWORK 3: DUE JULY 14

Name: ____________________________      

 Date: ____________________

Ocean Circulation    
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Activity 1: The Sverdrup 







In our homes, we are used to calculated water volumes in terms of gallons.  

The SI unit for volume is the cubic meter (m3):  1 m3 = 264 US gallons. 

For household quantities, the liter is often used:

1 liter = .001 m3 = .264 US gallons (1 US gallon = 3.8 liters).

1. A flow rate of 2.5 gallons/minute represents an efficient shower head in a home.  How many cubic meters per second come out of an efficient shower head?

2. The Mississippi River transports about 20,000 cubic meters of water per second.  How many gallons per second flow down the Mississippi River?

Basin-scale ocean currents transport truly enormous volumes of water, typically tens of millions of cubic meters per second.  As a result, oceanographers use the unit Sverdrup (named after a famous mid-20th century oceanographer).

1 Sverdrup = 1 million cubic meters per second    (1 Sv = 106 m3/s)
3. At its maximum, the Gulf Stream (which is an intense current in the western North Atlantic ocean), transports about 150 Sv.  As it passes the Florida coast, its transport is about 30 Sv.  How many gallons per second is 30 Sv?

Activity 2: Coriolis Effect Magnitude 
1. This sphere represents the earth. Draw a line from the South to North Pole.  The Earth rotates eastward around this axis.  It is called the axis of rotation.  Above the sphere, draw an arrow to indicate the direction of rotation.
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2. Imagine yourself standing at the North Pole.  When viewed from above your head, are you turning clockwise or counter-clockwise? Draw an arrow to indicate your direction of rotation.
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3. Imagine yourself standing at the South Pole.  When viewed from above your head, do you now appear to be turning clockwise or counter-clockwise? Draw an arrow to indicate your direction of rotation.



4. Imagine yourself standing at the Equator.  Draw the Earth’s axis of rotation, and draw an axis from foot to head through the figure at the Equator.  This axis represents a local vertical axis at the point on the Earth. When viewed from above your head, are you rotating about this local vertical axis clockwise, counter-clockwise or not rotating at all?



5. The Coriolis Effect is directly proportional to the magnitude of the rotation rate about the local vertical axis.  Where is the local rotation rate a positive (i.e., counter-clockwise) maximum, a negative (i.e., clockwise) maximum, and locally zero?

Waves and Tides

Activity 1: Tide-generating Force    
Tides are generated by a combination of gravity and motion among Earth, the moon and the sun. According to Newton’s Law of Gravitation, every particle with a mass in the universe attracts every other particle with mass.

The tide-generating force felt by the Earth is proportional to the cube of the distance between the Earth and other objects in the universe. The tide-generating force can be calculated with the following equation:
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Where:

F = tide-generating force felt by the Earth due to another object in space

M1 = mass of the earth = 5.98 x 1024 kg

M2 = mass of the object in space

R = distance between the Earth and object (in meters)

G = Universal gravitational constant = 6.6720 x 10-11 m3/kg*s2
a = radius of the Earth = 6400 km

1. Calculate the tide-generating force due to the Sun, and the force due to the Moon.

Use the following numbers to make this calculation:

Mm = mass of Moon = 7.52 x 1022 kg

Ms = mass of Sun = 1.78 x 1030 kg

Rm = distance between Moon and Earth = 3.90 x 105 km

Rs = distance between Sun and Earth = 1.50 x 108 km

2. Which has a stronger tide-generating force? How much stronger (e.g., give the Moon force/Sun force ratio)? Explain why.

3. Suppose the distance between the Sun and Earth was doubled. How would the tide-generating force change? Calculate the force generated and indicate if it is larger or smaller in your answer in (1) and by how much.

Activity 2: Waves in the Pacific   

In deep ocean water, waves move out from a storm center and organize themselves into what we call “swell”, similar to the waves generated by a rock tossed into a pond. These waves are known as deep water waves. 

Two key pieces of information about waves are height and period. Height is an indication of the wave energy and the period of a wave can directly indicate how fast that wave will travel across the ocean. Also, the period is a second key indicator of total “energy” of the waves. Recall that long wavelength waves not only travel faster, but they go deeper into the ocean, so they have much more total energy. Wavelength PLUS height will predict the size of surf created when waves hit land.
1. Using the equation below, rearrange to express wavelength in terms of the data you have.
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2. For this problem, imagine there are two storm systems present with the following characteristics:

Near-shore: 20 nautical miles from the Oregon coast, over the shelf edge, lighter winds
results in 8 ft waves and 10 second swell.
Off-shore: 60 nautical miles from the Oregon coast, over the abyssal plain, storm force

winds generate 12 ft waves and 12 second swell.

a) What is the wavelength (in meters) and wave speed (in m/s) for individual waves from the near-shore location?

b) What is the wavelength (in meters) and wave speed (in m/s) for individual waves from the off-shore location?

c) Suppose these two waves encountered each other. If they are in the same phase, what would be the resulting wave height under constructive interference? What if they are out of phase, as with destructive interference? Answer in meters.

d) At what depth do the near-shore waves become shallow water waves?
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