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OCN 201 Spring 2019 | Physics of the Ocean Exam

Scantron Questions
Answer questions in sections I and II on the Scantron sheet.

I. True or False
Determine if the statment is true or false. On the Scantron, enter (A) for true and (B) for false.

A 1. Semidiurnal tidal regimes experience two tidal cycles per day with equal highs and lows.

B 2. Precipitation in Hawaii has increased over the last 100 years.

A 3. The rate of sea level rise is not the same in all locations.

B 4. Trade winds are weaker than normal during La Niña events.

A 5. Waves break when wave height is about 3/4 of the water depth.

B 6. 100% of global sea level rise is due to melting of ice sheets and glaciers.

B 7. The speed used to calculate the arrival time of swell energy is 1.56 × T , where T is the wave period.

B 8. Earth’s average albedo is about 50%

B 9. Geostrophic balance occurs when pressure gradient forces are equal and opposite to the direction of
flow.

B 10. Ekman transport is 90◦ to the right of the wind in the Southern Hemisphere.

A 11. Climate change occurs naturally at a variety of time scales. Recent climate change is primarily
caused by human activities.

B 12. Atmospheric circulation exists due to uniform heating of Earth’s surface.

B 13. La Niña is the ‘warm’ phase of the El Niño Southern Oscillation (ENSO).

B 14. Tides are caused by gravitational forces only.

B 15. Cold/fresh water is always more dense than warm/salty water.

B 16. Plunging breakers (i.e., barreling waves) break on a very steep slope.

A 17. The frequency of severe El Niño and La Niña events is projected to increase this century.

B 18. London has a warmer climate than Newfoundland despite being at similar latitudes, because the
albedo of ice in Canada keeps Newfoundland cool.

B 19. Tidal waves rotate around amphidromic points, where tidal range is at a maximum.

A 20. During El Niño years, Hawai‘i tends to experience a drier wet season and increased risk of hurricanes.
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II. Multiple Choice
Identify the choice that best completes the statement or answers the question.

B 21. Tsunami are __________ waves.
(A) deep-water
(B) shallow-water
(C) seismic
(D) capillary

A 22. The Southern Oscillation refers to the seesaw in atmospheric pressure between ...
(A) Darwin, Australia and Tahiti.
(B) Quito, Ecuador and Tahiti.
(C) Darwin, Australia and Hawai‘i.
(D) Quito, Ecuador and Hawai‘i.

D 23. Antarctic Bottom Water (AABW) is __________ than North Atlantic Deep Water (NADW).
(A) warmer and saltier
(B) warmer and fresher
(C) colder and saltier
(D) colder and fresher

D 24. The east-west convective cell of atmospheric circulation in the tropical Pacific is called the
__________.
(A) Darwin cell
(B) Walker cell
(C) Ferrel cell
(D) Hadley cell

D 25. Ocean eddies with clockwise circulation in the Northern Hemisphere have a __________ core
and are known as __________.
(A) warm; cyclones
(B) cold; cyclones
(C) cold; anticyclones
(D) warm; anticyclones

C 26. Mesoscale circulation (i.e., the “weather” of the ocean) is associated with timescales of about
__________.
(A) 100–1,000 days.
(B) 1–10 days
(C) 10–100 days
(D) <24 hours

B 27. Why do ocean eddies form in the lee of the Hawaiian Islands?
(A) ocean currents moving through the islands
(B) winds blowing between the islands
(C) tourists thrashing in the water
(D) volcanic geothermal energy

Philip Thompson




B 28. Packets (or groups) of ocean surface waves travel at ...
(A) three quarters the speed of individual waves.
(B) half the speed of individual waves.
(C) a quarter the speed of individual waves.
(D) the same speed as individual waves.

C 29. Wave period is ...
(A) the horizontal distance between wave generation and arrival.
(B) the horizontal distance between two successive crests.
(C) the time passed between arrival of two successive wave crests.
(D) the time passed between wave generation and arrival.

B 30. Sound waves are __________ in the ocean compared to the atmosphere.
(A) slower
(B) faster
(C) the same speed

A 31. The trade winds are the surface branch of the __________ cell.
(A) Hadley
(B) Franklin
(C) Ferrel
(D) Polar

C 32. The primary factor affecting the character of wave breaking is __________.
(A) wave height
(B) bottom type (reef, sand, etc.)
(C) bottom slope
(D) wave period

B 33. The Ferrel Cell is an atmospheric circulation cell located approximately between ...
(A) the equator and 30◦N.
(B) 30◦N and 60◦N.
(C) 60◦N and the north pole.
(D) the equator and the north pole.

B 34. When the wind blows to the north in the Southern Hemisphere, the net ocean transport is to the
__________.
(A) north
(B) west
(C) south
(D) east
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A 35. The effects of the El Niño Southern Oscillation on climate in distant locations are known as
__________.
(A) teleconnections
(B) corollaries
(C) bifurcations
(D) reverberations

C 36. The Coriolis effect is due to Earth’s __________.
(A) orbit
(B) tilt
(C) rotation
(D) gravity

C 37. Californian coastal waters are cool and biologically productive due to upwelling of deep nutrient-rich
water near the coast. The upwelling occurs because ...
(A) north to south mean winds produce eastward Ekman transport.
(B) south to north mean winds produce eastward Ekman transport.
(C) north to south mean winds produce westward Ekman transport.
(D) south to north mean winds produce westward Ekman transport.

D 38. The restoring force of ocean surface waves is __________.
(A) energy
(B) pressure
(C) wind
(D) gravity

A 39. Cyclonic eddies are associated with high biological productivity due to ...
(A) upwelling in the eddies’ cores.
(B) counterclockwise circulation in the Northern Hemisphere.
(C) warm water in the eddies’ cores.
(D) being close to the Gulf Stream.

A 40. The three factors that affect the growth of wind waves are wind strength, wind duration, and
__________.
(A) fetch
(B) surface tension
(C) wind direction
(D) gravity

D 41. The last glacial maximum (i.e., ice age) peaked __________ years ago.
(A) 4,000
(B) 400,000
(C) 120,000
(D) 18,000

Philip Thompson




A 42. Light waves are __________ waves.
(A) transverse
(B) latitudinal
(C) compression
(D) longitudinal

B 43. A shallow-water wave travels in water shallower than __________ of its wavelength.
(A) 50%
(B) 5%
(C) 100%
(D) 25%

A 44. Eddies in the open ocean tend to propagate to the __________.
(A) west
(B) east
(C) north
(D) south

A 45. The severity of future climate change depends on efforts to ...
(A) curtail greenhouse gas emissions.
(B) recycle more plastic.
(C) shrink the ozone hole.
(D) stop forest fires.

D 46. The pace of present climate change is __________ compared to natural fluctuations in the past.
(A) slower
(B) less concerning
(C) the same
(D) faster

C 47. The three main types of heat transfer are ...
(A) conduction, friction, and convection.
(B) friction, convection, and mixtape.
(C) convection, conduction, and radiation.
(D) radiation, conduction, and friction.

C 48. Thermohaline (i.e., deep) circulation is driven by __________.
(A) topography
(B) wind
(C) density
(D) mass
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A 49. A deep-water wave travels in water deeper than __________ of its wavelength.
(A) 50%
(B) 100%
(C) 5%
(D) 25%

A 50. __________ has the highest density of all water masses.
(A) Antarctic Bottom Water
(B) Mediterranean Intermediate Water
(C) North Atlantic Deep Water
(D) Antarctic Intermediate Water
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Name: ___________________________ Section: ______ Date: __________ v2

Written Questions
Write answers for questions in sections III and IV on the exam paper.

III. Fill In The Blank
Complete the following statements.

51. __________ boundary currents are broad, shallow, and slow.
Answer: Eastern

52. The vertical zone of rapid density transition from warm surface waters to cold deep waters is known as
the __________.
Answer: pycnocline

53. ___% of the excess heat trapped by anthropogenic greenhouse gases is absorbed by the ocean.
Answer: 90%

54. The Earth maintains its habitable temperature by trapping heat via the __________.
Answer: greenhouse effect (would also accept greenhouse gases)

55. The tidal current corresponding to a falling tide is called the __________ current.
Answer: ebb

56. Waves that break gradually and slowly release energy are called __________.
Answer: will accept ‘spilling’, ‘spilling breakers’, or ‘spilling waves’.

57. The first person to map the Gulf Stream was __________.
Answer: Benjamin Franklin

58. It takes approximately __________ years for the “Great Ocean Conveyer Belt” to completely over-
turn and replenish waters in the global ocean.
Answer: 1,000

59. The ocean is blue because red/yellow wavelengths of light are __________ by molecules in the
ocean.
Answer: absorbed

60. The Earth and moon rotate around their common __________.
Answer: center of mass
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IV. Short Answer
Answer the following questions in six sentences or fewer.

61. Name five (5) impacts of climate change on island communities (1 point each).

Answer: Acceptable answers should be closely related to one of the following: (1) more intense heat waves
and risk to human health, (2) cultural practices and burial sites threatened, (3) water supply impacts
(could mention drought, inundated reservoirs), (4) loss of habitat for rare or indigenous species, (5)
fisheries and biodiversity loss, (6) agricultural land loss and impacts to food security, (7) coastal erosion
and beach loss, (8) coral reef bleaching and loss, (9) electrical grid and transportation infrastructure
impacts.

62. Describe the differences between typical and El Niño conditions in the tropical Pacific. Note differences
in trade wind strength (1 point), sea surface temperature (1 point), slope of the thermocline (1 point),
where air is rising (1 point), and where precipitation is concentrated (1 point). Draw a picture if it helps,
but differences must be clearly stated in words to earn points.

Answer: During El Niño: trade winds are stronger than typical; sea surface temperatures are cooler in
the west and warmer in the east compared to typical; slope of the thermocline is decreased (or less steep)
compared to typical; the region of rising air (i.e., convection) and concentrated precipitation shifts to
the central Pacific from its typical position in the western Pacific.

63. Which direction do subtropical gyres circulate in the Northern Hemisphere (clockwise or counterclock-
wise, 1 point)? Explain why and include the following in your explanation: the direction of winds (1
point), the direction of Ekman transport (convergent or divergent, 1 point), the height of the sea surface
in the center of the gyre (high or low, 1 point), and the direction of the pressure gradient forces and
geostrophic velocities (1 point). Draw a picture if it helps, but the key components must be clearly
stated in words to earn points.

Answer: The direction of circulation is clockwise. The direction of winds is clockwise, or east to west in
the south (i.e., the trades) and west to east in the north (i.e., the westerlies). The direction of Ekman
transport is convergent (to the north in the south and to the south in the north). The convergent surface
transport causes sea surface height to be high in the center of the gyre. The pressure gradient forces are
directed outward from the center of the gyre, and circulation is clockwise because geostrophic transport
is 90◦ to the right of the pressure gradient forces.
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