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Name: KEY 

This quiz is worth 30 points, will take 30 minutes, and it is worth 5% of your grade. 

You may use a calculator, but not a cell phone. If you need more paper, let me know.  
 

Short-Answers: (10 points total: each worth 1 point) 

 

1. On average, how thick is the troposphere:  10 km 

 

 

2. Where on Earth’s surface is there a net surplus of heat from the Sun: __ 

A: Tropics; B: Poles; C: 38 deg N and S, D: Everywhere, E: Nowhere  

 

3. Where on Earth’s surface is there a net deficit of heat from the Sun:__  

A: Tropics; B: Poles; C: 38 deg N and S, D: Everywhere, E: Nowhere  

 

4. Adding water vapor to air _______ its density 

A: Increases;  B: Decreases; C: Does not change 

 

5. What is the approximate declination of the earth? (i.e., the angle of the poles 

relative to the plane of orbit around the sun):  

23.4 degrees 

 

6. At what depth in the water column is the SOFAR channel?   

1 km 

 

7. As water pressure increases, sound travels:  

A: faster in water, B: slower in water, C: at the same speed in water 

 

8.  At a fixed pressure does sound move faster in colder or warmer water? 

Faster in warmer water 

 

9. The latent heat of ice melting is ___ the latent heat of water evaporating:               

A: Greater than, B: Smaller than, C: Equal to 

 

10. Wind stress is proportional to wind speed to the power a:   

Stress ~  (WindSpeed)^ a  So, the value of a is: 

2 
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II. Definitions: Provide a brief definition of these terms (8 points total) 

 

A. Wind stress (provide units, for full credit, +2 points):   

 

You can think of wind stress in three ways: 

 

- First, as a flux of energy into the sea surface: 

Wind Stress (T) = The horizontal force of wind on the sea surface. 

      Units: Newtons / m2    

 

- Second, as the word done by the wind on the sea surface:  

Wind Stress (T) = Force * Displacement. 

Units: Newtons * m = Joules  

  

- Third, empirically, wind stress is a function of wind speed, the density of 

the air, and the drag coefficient, which is influenced by wind speed in a 

complicated (non-linear) fashion: 

Wind Stress (T) = 𝜌𝑎 ∗  𝐶𝐷 ∗ 𝑈10
2                     

where: 

 𝜌𝑎 is the density of air (1.3 kg m−3)  

 𝑈10is wind speed at 10 meters above the sea surface 

 𝐶𝐷 is the drag coefficient 

 

B.  Atmospheric Boundary Layer and the Equilibrium Layer (+1 point each): 

 

The atmospheric boundary (or transition) layer is defined as the lowest part of the 

troposphere, that is directly influenced by the presence of the earth's surface.  

Over the ocean, it is influenced by the turbulent drag of the wind on the sea and 

the fluxes of heat and water molecules.  Its thickness (Zi) varies from 10s of m 

(when weak winds blow over water colder than the overlaying air) to 1000 m (when 

stronger winds blowing over water warmer than the overlaying air).  

 

The surface (or equilibrium) layer is the lowest part of the atmospheric boundary 

layer, closest to the ocean surface.  Within this layer, of thickness ~ 0.1 Zi, 

vertical fluxes of heat and momentum are nearly constant. 
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C. List the world’s 5 western boundary currents (+0.2 each) 

 

• Kuroshio 

• Gulf Stream 

• Agulhas 

• East Australian 

• Brazil 

 

 

D. In addition to the Labrador current, list the world’s other 5 eastern 

boundary currents (+0.2 each): 

 

 Peru / Chile 

 Benguela 

 Canary 

 California 

 Oyashio 

 

E. Define Heat capacity (for full credit showing the units).  Provide values for 

air and water,  (+2 points): 

 

Heat Capacity: The amount of heat energy that a substance can absorb, given a 

standardized mass and resulting increase in temperature (heating).  Water has the 

highest heat capacity on Earth. 

• Water: ~ 4200 J kg-1 K-1 

• Air: ~ 993 J kg-1 K-1 
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III. Explanations (12 points total): 

 

A. The bonds of water molecules influence their chemical and physical 

properties.  For each case, list the specific water property associated with 

this bond and how this bond influences that property (+2 each)  

 

- Bond of the H and O atoms within a single molecule:  

The covalent bond is polar, because the electric charge is unevenly 

distributed between the two H atoms (positively charged) and the O atom 

(negatively charged).  This asymmetry makes the water molecule a very good 

solvent, meaning that when it interacts with other polar molecules (like NaCl) 

water interferes with the forces bonding their atoms and dissolves them.  

 

- Bond involving multiple water molecules: 

The hydrogen bonds (between H and O atoms in different water molecules), 

can link up to four adjacent water molecules. These intermolecular forces 

lead to three key water properties: high latent heat, high heat capacity, and 

high stickiness (viscosity).  It also leads to the high surface tension, which 

allows water striders to walk on water. 

 

 

B. You collect the following light intensity data.  Use these values to calculate 

the following (show your work for full credit):  

 

Depth (m) Light Intensity (%) 

  Surface             100 

10                    14 

 

(i) the light extinction coefficient, with units (+2 points):  

Use the exponential light extinction equation:   I
(z) 

= I
(0) * 

e
(-k * z)  

           

14
 
= 100

  
* e 

(-k * 10 m)

 

  0.14 = e 
(-k 10)

   

ln (0.14) = -10 k   

k = -1.966 / -10  

k = 0.196 (units: 1 / m) 
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(ii) the 1% light level in meters (+2 points): 

 

Use the exponential light extinction equation, and plug in the k value:  

    I
(z) 

= I
(0) * 

e
(-0.196 * z)              

   1/100 = e 
(-0.196 * z)

 

         ln (0.01) = -0.196 * z   

       -4.60 = -0.196 * z 

        z =  23.49 m   

 

 

C. Draw the Earth (with latitude marks at 0, 30, 60 and 90 deg N and S) and 

show the following features:  

1. The atmospheric pressure cells: Make sure you name them (+0.2 for each) 

2. The dominant wind patterns: make sure you name them and indicate their 

direction (+0.2 for each) 

3. The zones of high and low atmospheric sea level pressure, and the 

location of the ITCZ (+0.2 for each).    

 

Two-Dimensional View – Showing the High and Low Atmospheric Pressure Zones 
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Three-Dimensional View – Showing the Atmospheric Pressure Cells 

 

 


