
 

1 
 

Student: __KEY_                       SCORE = 40 possible points, rescaled to 5% of the class grade 

Enter the answers in the spaces provided, rename the file with your last name (e.g., 

MARS6080_HW1_Hyrenbach.doc) and email it to the instructor (khyrenba@gmail.com) by the 

end of September 13, using “MARS4080-6080: Hw 1” and the message title.  This assignment is 

worth 5% of the class grade.   

1) Fill out the information concerning the major atmospheric circulation cells on planet Earth 

(+0.2 for each entry, +1 per latitude band: 4 points total) 

 

Latitude Sea-Level 
Atmospheric 
Pressure (High / 
Low) 

Sea-Level Air 
Dynamics 
(Covergence  / 
Divergence) 

Troposphere  
Air Dynamics 
(Upwelling / 
Downwelling) 

Name the Two 
Atmospheric Cells 
Interacting 
at this Latitude 

0  
Equator 
 

Low Convergence Upwelling Hadley 
(Two equal cells 
across equator) 
 

30  
N or S 
 

High Divergence Downwelling Hadley – Ferrel 

60 
N or S 
 

Low Convergence Upwelling Ferrel- Polar 

90 
N or S 
 

High Divergence Downwelling Polar-Polar 
(Two equal cells 
across 90 degrees) 
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2) Fill out the information concerning the major wind patterns on planet Earth (+0.2 for 

each entry; 3 points total): 

 

Latitude Generic 
Name of 
Surface 
Winds  

Nickname of this 
latitudinal band, 
based on the  wind 
conditions 

Direction of Surface 
Winds (provide  
heading in 8 point 
compass. (e.g., N, 
NE, E, …) 

Name the 
atmospheric cell 
these surface winds 
are part of 

0  
Equator 
 

ITCZ Doldrums East NONE 
 

Remember: There 
are very weak winds 

along the equator 

15 
N or S 
 

Tropical 
Easterlies 

NE / SE  
trade winds 

NE /  SE Hadley 

45 
N or S 
 

Prevailing 
Westerlies 

Westerlies:  
Horse Latitudes (NH) 
Roaring 40s (SH) 

SW /  NW Ferrel 

75 
N or S 
 

Polar 
Easterlies 

Polar Easterlies  NE /  SE  Polar 
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3) At 30oN the Pacific Ocean spans about 120 degrees of longitude.   Calculate the 

width of the Pacific Ocean at this latitude (NOTE: the length of a degree of longitude 

changes with latitude) (+2 points).  Calculate the aspect ratio (width divided by 

depth) of the Pacific Ocean (+2 points).  Based on an average depth of the ocean of 

approximately 4 km and the width you just calculated, estimate the width of a 

scaled model of the Pacific Ocean that is 2 meters deep (+ 2 points). Show your work 

to obtain full credit. 

To answer this question, you need to know three key pieces of information: 

- At equator, 1 degree of longitude = 60 geographical miles or 111.3 km 

- As you move away from the equator, the meridians converge, and the distance 

covered by 1 degree of longitude diminishes.   

- You can use the cosine rule, whereby:  

 

distance at a given latitude =  

(distance at equator) * cos (latitude)  

 

 

 

 

 

So: 

distance at equator (latitude = 0 deg) = 111 km * cos(0) = 111 km 

distance at 90 deg N or 90 deg S (latitude = 90) = 111 km* cos(90) = 0 km 

 

cos (30 deg) = 0.87  

distance of 1 deg latitude at 30deg N = 111 * 0.87 = 96.57 km  

distance of 120 deg latitude at 30deg N = 96.57 * 120 = 11588.40 km  

 

Next, we calculate the aspect ratio (width divided by depth), assuming average 

depth is 4 km.  Aspect Ratio = 11588.40 / 4 = 2897.10 (no units) 

 

Finally, we rescale the width of the Pacific Ocean to a 2m model: 

2m * 2897.10 = 5794.2 m = 5.794 km wide and only 2 m deep 

 

The width (and length) of the Pacific Ocean is massive, relative to its depth, 

highlighting that this is a 2-D feature. 
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4a) If the Earth’s circumference is 24,000 miles and the radius is 3,800 miles at the equator, 

what is the speed of a parcel of water located on the Earth’s surface at the following 

latitudes and rotating around the Earth’s axis of rotation?  Note: Earth completes one 

rotation in 24 hr. Report speed in miles / hr, and show your calculations for full credit (+0.5 

per cell; 3 points total).   

Latitude Rotational speed  Show your calculations 

Equator 1000 miles / hr 24000 miles / 24 hrs = 1000 mph  

30 N or S 866 miles / hr 
 

20784 miles / 24 hrs = 866 mph 

60 N or S 525 miles / hr 
 

12000 miles / 24 hrs = 500 mph 

90 N or S 0 miles / hr 
 

0 miles /24 hrs = 0 mph 

  

So, the circumference is = 2 * pi * radius = 24000 / 3800 = 6.32 

6.32 / 2 = 3.16…. (ok it works). 

 

First, you need to use the cosine rule to figure out the circumferences of the Earth at 

those latitudes: 

 
 

Latitude Radius  
(miles) 

Circumference 
(miles) 

Speed  
(miles / hr) 

Equator 3800 * cos(0) 24000.00 1000 

30 N or S = 3800 * cos(30) 
= 3800 * 0.87  
= 3290.90 miles 

20784.61  
 

866.02 
(20784.61 / 24)  

60 N or S = 3800 * cos(60) 
= 3800 * 0.5 
= 1900 miles 

12000.00 
 

500  
(12000.00 / 24) 

90 N or S = 3800 * cos(90) 
= 3800 *  0 miles 

= 0  = 0 / 24 
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4b) Briefly explain what motion is the water parcel at the poles (90 deg. N or S) describing, 

and why (+2 points). 

No rotational speed because the radius = 0.  This parcel of water is spinning at the same 

rate as the Earth’s axis of rotation.  The parcel of water will spin in the counterclockwise at 

the 90 degrees N and in the clockwise direction at 90 degrees S. Remember: 90 degrees N 

and S are on the axis of rotation.  The water parcel is spinning, not revolving around the 

Earth. 

 

4c) Now, calculate the angular momentum (L) of a 1 kg parcel of water, relative to the axis 

of the Earth’s rotation at these different latitudes. Use the formula: L = r × p (with SI units = 

kg m2 s−1) where r is the radius of rotation and p is the linear momentum.  Remember, in 

Newtonian mechanics, angular momentum is the product of the object's position vector 

r (distance to the axis of rotation, or the Earth’s radius you just calculated), and its linear 

momentum vector p (the product of the mass and the velocity of the object).  Linear 

Momentum = Mass * Velocity (with SI units = kg m s−1).  Show your work for full credit (+0.5 

for each cell; 4 points total) 

 

Angular Momentum = L = Radius * Linear Momentum 

Linear Momentum = Mass (1 kg) * Velocity 

 

Lat radius rotational_speed linear_momentum angular_momentum 

(degs) (miles) (miles / hr) (kg * miles / hr) (kg * miles * miles / hr) 

0 3800 1000 1000 3800000 

30 3290.89 866.02 866.02 2849977 

60 1900 500 500 950000 

90 0 0 0 0 

 

Converting these units into SI units: 1 Mile = 1600 meters  AND 1 Hour = 3600 seconds 

Lat angular_momentum angular_momentum angular_momentum angular_momentum 

(degs) (kg * miles * miles / hr) (kg * m * m / hr) (kg * m * m / sec) (kg * m * m / sec) 

0 3800000 9.728E+12 2702222222 2.70 * 10  ^ 9 

30 2849977 7.29594E+12 2026650311 2.02 * 10 ^ 9 

60 950000 2.432E+12 675555555.6 6.75 * 10 ^ 8 

90 0 0 0 0 
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Where is the largest angular momentum? Briefly explain why (+1).  

At the equator.   

For two reasons:  the angular speed and the radius of the Earth are the largest. 

This makes the linear and the angular momentum the largest at the equator. 

Where is the smallest angular momentum?  Briefly explain why (+1). 

At the poles. 

For two reasons:  the angular speed and the radius of the Earth are the smallest (0). 

This makes the linear and the angular momentum the smallest at the poles. 

6a) Location and direction of flow in the five major subtropical gyres (ST) on Earth and the two 

subpolar (SP) gyres described in class (+2 per gyre; 14 points total). For full credit, make sure 

you get the right latitudes and longitudes and you label each gyre with its name. 

There are 2 subpolar 

gyres- both with anti-

clockwise flow:  

North Pacific (AC) & 

North Atlantic (AC). 

 

 

There are 5 

subtropical gyres:                   

2 clockwise (CW) and 

3 anticlockwise (AC): 

 

North Pacific (CW), South Pacific (AC),  

North Atlantic (CW), South Atlantic (AC),  

and Indian Ocean (AC) 

 

6b) Location and direction of the Antarctic Circumpolar Current, also called with West Wind 

Drift (+1 point). For full credit, make sure you get the right latitudes and longitudes. 

 

The ACC flows from west to east, and it spans from about 45 degrees S to 60 degrees S. 
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6c) Location of the two sites of deep water formation (label them with an “X” and name 

them) (+1 points). For full credit, make sure you get the right latitudes and longitudes. 

 

This is the simplified 

diagram I showed you 

in class: 

 

 

 

 

 

 

 

 

 

 

This is a more detailed figure we will look at later: 

NOTE:  

There are two sites 

of deep water 

formation, both in 

the North Atlantic:  

L: Labrador Sea  N: 

Nordic Sea 

 

Deep –water also 

forms around 

Antarctica, at sites R 

(Ross Sea) and W 

(Weddell Sea) 

 

 

 

Any two of these sites would have worked for this answer. 

   

 

 


