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Name:____________________________         __________________________________

____________________________         __________________________________


SO335 Quantitative Methods:  Assignment #1 (35 pts) 
1a. (5 pts) : Units of divergence and vorticity:
The 3-D divergence of a velocity field is represented as 
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Where u and v and w are components of the velocity field; each with units  m/s.

Find the units of 
1.b: The 2-D vertical vorticity of a velocity field is represented as 
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where u and v are components of the velocity field with units  m/s.

Find the units of 
2. (10 pts)  -coordinates: When accounting for terrain in a problem, it is often convenient to represent the vertical coordinates in a modified frame that accounts for the topography.  In other words, let 
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  where z has units of meters and d is the surface of the terrain with units of meters.
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Figure showing sigma coordinates versus vertical pressure values.

From: http://www.met.tamu.edu/class/metr452/models/2001/sigma.png
a) (3 pts): what are the units of ?
b) (3 pts) We can convert the expression 
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 into  - coordinates.  

Use the chain rule to show that 
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c) (4 pts)  Show that the dimensions of 
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 are the same as 
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In other words show: 
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3.( 20 pts)  Butterflies flapping their wings  . . .  
The time, T,  in seconds for errors to grow from small scale to large scale weather phenomena 

can be approximated by the following expression
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(1)
Where 
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 is representative of the length scale in meters of the small scale initial disturbance and 
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 is the length scale of disturbance in the large scale atmosphere in meters after a given time T.  
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 is called the Energy Flux which is a measure of the transfer of energy from smaller to larger scales
a) (5 pts) Using dimensional analysis, find the mks units of energy flux, 
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.
b) (10 pts)  An estimated value for the cascade rate of the atmosphere is approximately 
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(The value is based on mks units which you found in part a)

  Determine the time, in days, for errors in the atmosphere to grow from 0.1m to 
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 (100km).  
c.  (5 pts) What does your answer from b) imply about our ability to forecast weather over time periods greater than two weeks.
� Geoffrey K. Vallis, Atmospheric and Oceanic Fluid Dynamics, Cambridge University Press, Cambridge, 2006, Ch 8.
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