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Exploration of the Oceans             Exam 2     3/26/03

KEY: Correct answers are in BOLD (2 questions have 2 correct answers)
Note:  All questions have equal value.  CHOOSE THE BEST ANSWER.

Multiple choice (USE THE SEPARATE ANSWER FORM!):

1. What is temperature of maximum density for pure water?

a. about 10 degrees C

b. about 4 degrees C

c. the freezing temperature

d. 0 degrees C

2. Name three unusual properties of water that result from its ability to form hydrogen bonds.

a. heat capacity, boiling temperature, and density

b. boiling temperature, viscosity, and light transmission

c. melting temperature, boiling temperature, and heat capacity

d. melting temperature, freezing temperature, and salt content.

3. Dissolved substances in seawater are not only ions (dissolved salts).  They also include

a. organic compounds

b. viruses

c. particles

d. phytoplankton

4. Which of the following is NOT among the six most abundant ions in seawater?

a. Chloride ion

b. SO42-
c. Nitrate

d. Mg2+
5. Which of the following nutrients are necessary for all phytoplankton to grow?

a. nitrate

b. silicate

c. phosphate

d. (a) and (c)

6. Compared to their relative concentrations in the atmosphere, oxygen is more concentrated in seawater than nitrogen. This is because….

a. its solubility is greater

b. it greatly enriched in surface water by respiration

c. it forms bubbles more easily

d. it is consumed by animals

7.   Most of the salt ions are supplied to the ocean from….

a. the atmosphere

b. the sediments

c. rivers

d. hydrothermal systems

8.   If you measured a vertical temperature profile somewhere in the ocean, and found that temperature decreased with depth in two major steps, the upper step would likely be:

a. The pycnocline

b. The seasonal thermocline

c. Very small

d. The permanent thermocline

9.   The temperature of maximum density for seawater is:

a. higher than for fresh water

b. about 4 degrees C.

c. 0 degrees C.

d. less than 0 degrees C.

10.   The distribution of salinity in the surface waters of the ocean is controlled mostly by:

a. river input

b. distance from the equator

c. Evaporation minus precipitation

d. Annual solar radiation

11.   Pressure increases linearly with depth in the ocean, but density does not.

a. true

b. false

12.   The temperature and salinity of deepwater in the global ocean falls within a very narrow range.  Looking at the mean temperature of this range, we know that deepwater is formed

a. in the tropics

b. nearly everywhere in the ocean

c. in the central gyres

d. near the poles

13.   In some important parts of the deep ocean, oxygen is consumed completely, and the water is anoxic, so that no animals can survive.

a. true

b. false

14.   A typical oxygen concentration in the surface ocean is 

a. 1 gram/kilogram

b. 50 atmospheres

c. 5 mL/L

d. 21%

15.   The pH of the ocean is 

a. about neutral

b. somewhat acid

c. slightly basic

d. too variable to say

16.   We know that the nutrients N and P can be removed to near zero concentrations through uptake by phytoplankton.  Total CO2 (the sum of all forms of CO2 in seawater), which is also a nutrient because plants need carbon, is never depleted by more than

a. 0.1%

b. 10%

c. 90%

d. 30 mL/L

17.   The ion that is combined with Ca2+ to form the shells of coccolithophres and foraminifera is

a. carbonate ion

b. bicarbonate ion

c. sulfate ion

d. chloride ion

18. Wind is driven by pressure gradients, but the wind cannot move the air directly in a line from a high pressure region to a low pressure region.  Instead, in the Northern Hemisphere, it moves

a. to the left

b. to the right of this line, roughly parallel to the constant pressure lines

c. to the west

d. into the high pressure region

19. Trade winds blow from east to west because

a. heating is most intense at the equator, so air rises there

b. the Coriolis deflection is to the right in the Northern Hemisphere

c. air moves away from the equator at high altitude, so must be balanced by movement toward the equator near the earth’s surface

d. all of the above

20. In New Jersey, our winds are dominated by the prevailing

a. trade winds

b. offshore breezes

c. westerlies

d. hurricanes

21.  The Eckman spiral tells us that, due to Coriolis deflection, the very surface layer of the water moves at a 45° angle to the wind, but the net movement of the whole wind-driven upper portion of the ocean is 

a. the same direction as the wind

b. at a 90° angle to the wind direction 

c. always to the right of the wind

d. dependent on wind strength

22. The centers of the major gyres are slight depressions in the height of the sea surface

a. true

b. false

23. In ocean circulation, western intensification (faster, deeper currents on the western sides of ocean basins) results because

a. The pressure gradient in the central gyre is never perfect.

b. The earth is spinning toward the east, and the ocean lags behind to some degree.

c. Winds are stronger on the western sides

d. Homogeneous models of the ocean are inadequate.

24. In the global “Conveyor Belt”, the total circulation time for a parcel of water from the formation region for NADW, through the global deep ocean, upwelling in the Pacific, and returning to the North Atlantic again is about

a. 1000 years

b. 10 years

c. a million years

d. too slow to measure accurately

25. The motion of water under the surface of a wave is:

a. in the direction of the wave

b. at right angles to the wave

c. a nearly closed vertical orbit

d. straight forward, then straight back

26. If a wave has a wavelength of 4000m (long!), does it feel friction against the bottom when water depth is equal to the mean depth of the ocean?

a. yes

b. no

27. The best way to classify different types of waves is by a property that does not change as the wave moves or approaches a beach.  This is the

a. wavelength

b. celerity

c. wave height

d. period

28. Tsunamis are classified as:

a. deep water waves

b. periodic waves

c. shallow water waves

d. internal waves

29. You are sitting on a dock at the edge of a narrow channel that connects a bay to the open ocean.  The water moves along the channel due to the tides.  You are most likely to see the fastest movement of water

a. halfway between high and low tide on a neap tide

b. at high tide

c. during ebb on a spring tide

d. at low tide

30. Tides are more affected by the moon than the sun because

a. the moon is much closer

b. the moon pulls more directly on the ocean

c. the moon has more gravity than the sun

d. the full moon comes twice a month

31. Imagine a planet in another solar system that has a liquid ocean, but no moon.  You could predict the mean tidal range on that planet if you knew

a. the size of the sun and its distance from the planet

b. the proximity and size of any neighboring planets

c. the length of a “year” for that planet

d. (a) and (b)

32. All life in the ocean depends on 

a. diatoms

b. zooplankton

c. phytoplankton

d. oxygen

33. Neritic phytoplankton species are primarily found near

a. the ocean bottom

b. the ocean surface

c. the ocean margins

d. Captain Nero

34. An important general truth about phytoplankton is that they are:

a. nearly as abundant as zooplankton

b. much more diverse in their taxonomy than land plants

c. found throughout the upper 1000m of the ocean

d. consumers of oxygen

35. Submarines can be crushed by going too deep, but not deep-dwelling fish, because the fish have no

a. compressible air cavities

b. hard surfaces

c. propeller shafts

d. water in their bodies

Fill in blank (write clearly!):

1. If you did not have a salinometer instrument, you could calculate salinity of a seawater sample by measuring the concentration of what ion?__Chloride______ (several correct choices) – any major ion OK.
2. The element Iridium (Ir) is one of the least abundant on the surface of the earth, and in seawater as well.  If I told you that the ocean contains only 100 kg of Ir, and that the total input rate of Ir from rivers, the atmosphere and hydrothermal systems is 0.2 kg/yr, what is the residence time of Ir?  __500 yr___

3. Removal of Na+ and Cl- from the ocean is very slow.  What is the principal process that causes their removal from the ocean’s seawater? _evaporite formation________

4. In what part of the ocean do we find the greatest temperature gradient within the permanent thermocline? __tropics__

5. Salinity in the deep ocean is neither consumed nor produced, and can only vary by mixing water masses. Therefore salinity is a __conservative_  property.

6. Oxygen concentrations are generally lower in the deep ocean than in the surface ocean due to what process?  _respiration___

7. The most abundant form of dissolved carbon dioxide in the ocean is __bicarbonate___ ion.

8. The latitudinal bands of vertically circulating air in the atmosphere (3 per hemisphere) are called ____cells___.

9. In the ocean, when the pressure gradient is exactly balanced by the Coriolis force, the result is a _geostrophic___  current.

10.   The Gulf Stream is an example of a western_  boundary current.
11.   The largest production of deepwater occurs in the region near Greenland and Iceland.  This sinking of surface water forms a water mass called _North_  _Atlantic_  __Deep_  _Water__, or NADW.

12.   If a wave has a celerity (C ) of 10 m/sec, and a period (T) of 2 sec, what is the wavelength __20 m___?

13.   One of the factors that determines wave height is the distance across the water that the wind can blow continuously.  This is called the _period_.

14.   The tidal range is the vertical distance between _high__ and _low_ tide.

15.   The “bulges” of water on opposite sides of the earth are caused by the opposing forces of the moon’s gravity and _centrifugal_ force of the spinning earth-moon system.

