ATMO/ECE 489/589 Spring 2017
Homework #4 due Thursday Feb. 23
Graduate students should answer all three questions.  Undergraduate students should do #1 and #2 and can earn extra credit on Question #3 (see the note at the end of the assignment)
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1.
(12 pts) On April 26, 1986, the Chernobyl nuclear reactor


injected a plume of radioactive materials [cesium (137Cs), 
iodine (131I), and ruthenium (103Ru)]  into the lower 
atmosphere that was subsequently carried to many 
locations in Europe within a few days.  The plume 
arrived over Greece on May 3.  The figure at right 
compares the long term average daily variation of 
positive conductivity (λ+) observed in May (dotted line) 
with enhanced positive conductivity observed in May 
1986 (solid line).  [see Retalis, D. & A. Pitta, “Effects on 

Electrical Parameters at Athens Greece by


Radioactive Fallout from a Nuclear Power Plant


Accident,” J. Geophys. Res., 94, 13093-13097, 1989. 
(available at http://onlinelibrary.wiley.com/doi/10.1029/JD094iD11p13093/epdf)]

(a)
How would you expect the higher conductivity observed in May 1986 to have changed values of the fair weather electric field at the ground? (you'll find a plot of surface E field measurements in the article referenced above)

(b) 
Use rough average positive conductivity values in the figure above to determine the positive small ion concentrations, n+, before and after the arrival of the radioactive plume.

(c)
Assuming steady state conditions and neglecting small ion to particle attachment, determine the small ion production rate, q, before and after the arrival of the plume.

You may use values on the class handout “Summary of Electrical Parameters vs Altitude” handout for any constants that you might need.
2. 
(12 pts) A simplified ion balance equation is given below:

dn/dt = q - αn2 - βnZ


where


n is the concentration of positive or negative small ions ( n+ = n- )


q is the small ion production rate


α is the ion-ion recombination coefficient


β is the ion-particle attachment coefficient


Z is the aerosol particle concentration

Determine the steady state small ion concentration, n, for the following 3 situations:

2(a).
Particle concentration, Z, is low and the ion recombination term is the dominant loss 
process. 

2(b)
A high particle concentration means the ion-particle attachment term is dominant and ion 
ion recombination can be neglected.

2(c)
The in between case where no assumptions regarding the two loss terms can be made.
2(d)
Determine the actual small ion concentration in each case.  Assume q = 10 ip/( cm3 sec), 
α = 1.4 x 10-6 cm3/s, and β = 2 x 10-6 cm3/s.  Z will be different in each case, use Z = 500 
cm-3 for (a), Z = 4000 cm-3 for (b), and Z = 1000 cm-3 for (c)
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3. 
(11 pts) Show that the capacitance of the spherical capacitor sketched at right is



C = 4πεo (ab)/(b-a)


(comment: we did a very similar calculation with cylindrical geometry when we covered ion counters and conductivity meters)
*
For undergraduate students extra credit earned on this problem can be used to make up for points missed on Questions 1 or 2.
