ATMO/ECE 489/589
                  Mid-Term Exam – Open Notes  

Spring 2007
INSTRUCTIONS:  
ATMO/ECE 489:  Please work any 4 of the following problems.



          
ATMO/ECE 589:  Please work any 5 of the following problems.
Please start each problem on a fresh sheet of paper, and please write on only one side of the page.  Thank you!



1.
Consider a flush-plate electric field antenna that has a total sensing area of 0.3 m2.  What charge will appear on the sensing plate if it is exposed to a positive (upward directed) electric field of 100 V/m?  What voltage will appear on the output of the antenna integrator if it has a capacitance of 100 pf (10-10 f)?
[Hint: C = Q/V]
2.
The variation of the fair-weather electric field with height, z, is sometimes approximated by an expression of the form,
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where Eo, α , β, A, and B are all (empirical) positive constants.  How does the volume charge density vary with height, and what is its magnitude and polarity?

3. To a first approximation, the earth’s surface and ionosphere act as a spherical capacitor with an inner electrode of radius, a, and an outer electrode of radius, b.

a)  If the potential difference between these electrodes is +V (the ionospheric potential), derive an expression for the electric field in the space between the electrodes.  [For this problem, you can neglect any atmospheric space charge.]
b)  What is the total capacitance of the earth-ionosphere system?  [Hint:  C = Q/V]
4.  
a)  Starting with an expression for the conservation of electric charge (in differential form), show that, 
   
[image: image2.wmf]0

=

×

Ñ

M

J

v

v


where 
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 is the electric current density and
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is the Maxwell current density, 
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b)  What will be the main contributions to 
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 under a thunderstorm?
5.  
Starting with the equation of continuity, show that if a layer cloud is exposed to a steady current density, Jo, in the upward (
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) direction, then the surface charge density that will appear at the top of the cloud in the steady-state (assume a flat cloud layer) will be 
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where 
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 is the conductivity of the free atmosphere and 
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 is the conductivity in the cloud.  What will be the polarity of this charge?    [Hint: 
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6.
Suppose the concentrations of small positive and negative ions near the surface are 2.3 x 109 ions per cubic meter and 1.0 x 109 ions per cubic meter, respectively.  The electrical mobilities of these ions are B+ = 1.4 x 10-4 m2/V-s and B- = 2.0 x 10-4 m2/V-s.
(a)  What is the total air conductivity?

(b)  What is the associated “relaxation time” near the surface?

(c)  What is the volume charge density, ρ, due to the small ions? 
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