ATMO/ECE 489/589 Midterm Exam
March 10, 2009

Undergraduate students should answer any 4 of the following 7 questions.

Graduate students should answer any 5 of the following 7 questions.

Please begin each problem on a new piece of paper.

1.
Assume that small ions recombine and attach to aerosol particles at equal rates. Use the 
equation and data below to determine the aerosol concentration, Z, and the small ion 
concentration, n, at steady state.

dn/dt = q - a n2 - n B Z


where


q = 10 ip/(cm3 sec)


a = 1.4 x 10-6 cm3/sec


B = 2 x 10-6 cm3/sec

2a.
Assume that positive charge is uniformly distributed (surface charge density σ ) over a 
plane of infinite extent.  Determine the electric field above and below the plane. 

2b.
Now consider two planes, one positively charged and the other with negative charge, 
separated by a distance, d.  Determine the electric field above, halfway in between, and 
below the two planes. 
3. 
Determine the concentration of small ions given the following values for current density


( Jz ), electric field ( Ez ), and electrical mobility ( Be ).  You can assume that the 
concentrations of positively and negatively charged small ions are equal and that the 
small ions are singly charged..

Jz = 2 x 10-12 Amps/m2

Ez = 200 V/m


Be(+) = 1.25 x 10-4 (m/s)/V/m)

Be(-) = 1.15 x 10-4 (m/s)/(V/m)
4.
Given a fair weather electric field of 200 V/m and a conductivity of 1.5 x 10-14 mhos/m at 
the ground, determine the resistance (in ohms) of the bottom 100 m of the earth's 
atmosphere.  You may assume that the E field and the conductivity are constant in this 
100 m thick layer. (the earth has a radius of 6400 km)
5.
Given the following total rates of ionization at various heights in the atmosphere above 
Tucson:

Height (m)


Ionization rate (ip/cm3 sec)


       0.1



10-20


     10




    8


 1000




    9


10000




  40

5a.
What are the principal sources of ionization at each of these altitudes?

5b.
How would you expect this table to appear over the oceans far from land?

6.
Consider a flat plate E field antenna with a sensing area of 0.2 m2.  

6a.
What charge will appear on the plate when exposed to a downward point electric field of 
100 V/m?  

6b.
What voltage would appear across a 100 pF capacitor in a passive integrator circuit?

7.
Corona discharge will limit the amount of charge that a precipitation particle can acquire.

7a.
Determine the maximum charge that could be stored on a spherical 1/4 inch diameter, 
graupel particle assuming the breakdown field is 2 x 106 V/m.  You can assume that the 
charge 
is uniformly distributed on the graupel particle.  

7b.
Use your result in (a) to determine the ambient field that would be necessary to produce 
an upward force on the graupel particle that would just balance the downward 
gravitational force.  You can assume that the rime ice in graupel has a density of 0.8 
g/cm3.  The gravitational acceleration, g, is 9.8 m/sec2. 
