Atmospheric vertical structure and the First Law of Thermodynamics
Tony Hansen
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First Homework Exercise:

Part 1
We will construct a pressure-volume diagram (actually a (p) diagram where  = specific volume) for a process in which a sample of dry air is moved adiabatically from 1000 mb to 100 mb.  Parts of this exercise can be done in a spreadsheet program, but they can also be done by hand.  
1.
First, derive an expression from which to compute , given p and .  

2.
Use this expression to fill in the table below.

	P (mb)
	 (=310K)
	 (=250K)

	100
	
	

	200
	
	

	300
	
	

	500
	
	

	700
	
	

	850
	
	

	1000
	
	


3.
Plot your results, labeling your axes appropriately.  Your (x,y) coordinates are (,p), with p increasing downward as in the atmosphere.  
4.
If a parcel were lifted adiabatically from 1000 mb to 600 mb along the =310K adiabat, can you determine its temperature at 600 mb from your diagram?  Explain how you’d determine its temperature and indicate your answer.  
5.
What would be a more meteorologically useful x-coordinate on this diagram?  

Part 2

6.
Take the definition of potential temperature, 
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 and rewrite it as an equation for a straight line in which the value of  defines the slope of the line.  (Hint:  The x-coordinate will be the one chosen in the previous problem and the y-coordinate should be a function of pressure.)  
7.
Plot the two adiabats from problem 2 in this new coordinate system.  Label your axes appropriately.  
8.
If a parcel were lifted adiabatically from 1000 mb to 600 mb along the =310K adiabat, can you determine its temperature at 600 mb from your new diagram?  Explain how you’d determine its temperature and indicate your answer.  (Is it easy to infer what will happen to the temperature for a rising or descending parcel under adiabatic conditions?)
Second Homework Exercise:

In this exercise we will consider an actual atmospheric sounding.  We will examine the vertical profile of its potential temperature to discover the utility of the  profile in revealing details of atmospheric vertical structure.  Given the data from the 12Z sounding tabulated below:

	Pressure

(mb)
	Height

(m)
	Temp.

(ºC)
	Dew Point

(ºC)
	w

(g/kg)
	



	991
	329
	-6.9
	-7.7
	2.17
	

	946
	698
	2.8
	-12.2
	1.59
	

	925
	879
	1.4
	-12.6
	1.58
	

	850
	1551
	-4.9
	-13.9
	1.54
	

	820
	1832
	-7.5
	-14.5
	1.52
	

	804
	1985
	-8.9
	-14.9
	1.50
	

	765
	2373
	-5.9
	-32.9
	0.32
	

	700
	3067
	-6.7
	-40.7
	0.16
	

	648
	3658
	-10.4
	-42.8
	0.14
	

	500
	5610
	-24.1
	-54.1
	0.05
	

	400
	7200
	-35.5
	-49.5
	0.10
	

	250
	10280
	-61.5
	-67.5
	0.02
	

	218
	11120
	-65.9
	-71.9
	0.01
	

	150
	13460
	-57.5
	-78.5
	0.01
	

	100
	16030
	-56.9
	-81.9
	0.00
	


1.
Compute the values for the potential temperature to fill in the table.  
2.
Plot the vertical profiles of the temperature, potential temperature and the dew point temperature on the same plot.  Use pressure (decreasing upward) as the vertical axis and temperature as the horizontal axis.  Briefly discuss their comparison (how do they vary with height, etc.).

3.
Based upon the conservative properties of , where is the “warmest” air in this sounding?  Explain briefly.

4.
Identify three temperature inversions on your plot by computing the temperature lapse rate for each layer of the sounding.  (Remember the definition of a temperature inversion, 
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.)  How does the lapse rate of potential temperature in the inversion layers compare to that in other parts of the sounding?  Explore this by also computing 
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 for this sounding.  (As we shall see later, this quantity is related to something called the ‘static stability’).  
	Inversion
	Pressure Layer
	Type of Inversion

	1
	
	

	2
	
	

	3
	
	


5.
What is the lapse rate of potential temperature in the layer from 925 mb to 804 mb?  Why does it differ from that in the layers above and below it?  What is the distribution of moisture in this layer?  Explain how this layer might have achieved this structure.
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