Homework Assignment #1

Page 4








Name:
_____________________________








_____________________________









_____________________________









_____________________________


SO335 Quantitative Methods:  Assignment #1

1a. (5 pts) Vertical wind (upward or downward motion) can be expresses in terms of:
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 (When using height as a vertical coordinate)   
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     (When using pressure as a vertical coordinate)  

Using information from Chapter 1 and SI units, convince yourself that 
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By showing 
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(ρ is density  and g is the acceleration due to gravity)
1.b (5 pts)  What are the units for  (  ?  ____________________

2. (10 pts)  The following is a nonlinear 1-D  form of the equation of motion
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(1)
The above velocity field, 
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, is measured relative to a background velocity field,  
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Further, notice that dimensionally,   
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If we wish to linearize equation (1), we need to physically justify eliminating the 
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term.    
--Provide a proper analysis of scaling and dimension to come up with an appropriate limit of

when it is appropriate to consider the term 
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(Hint: assume 
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3.( 25 pts)  Butterflies flapping their wings  . . .  
The time in seconds for errors to grow from small scale to large scale weather phenomena can be 

approximated by the following expression


[image: image16.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

o

f

f

T

l

l

l

ln

~

3

/

2

3

/

1

e








(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, it has units of 
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a) (5 pts) Using dimensional analysis, verify that equation (1) has units of seconds on the right side. 
b) (10 pts)  An estimated value for the cascade rate of the atmosphere is approximately 

[image: image21.wmf]3

2

5

  

10

1

s

m

-

´

=

e

.  Determine the time, in days, for errors in the atmosphere to grow from 1m to 
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 (100km).  










See back for part (c)
c.  (10 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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