ATMO/ECE 489/589
Homework #1 (due Tue., Jan. 31)
We have covered enough material already for you to be able to answer Question #1.  You might want to wait until after class on Tue., Jan. 24 before attempting Questions #2 & #3.
1.
(8 pts) When operating at full capacity, Tucson Electric Power's H. Sundt Wilson Power 
Plant on the southeast side of town is capable of generating 560 MWatts of power.  
Would this be enough to drive or sustain the global electric circuit?  Incidentally TEP has 
apparently switched completely from burning coal to natural gas at the power plant.
2.
(10 pts) Assume that fair weather E field measurements are carried out simultaneously in 
Tucson (~750 m altitude) and on a large flat area near the summit of Mt. Lemmon (2750 
m altitude).  In Tucson Ez = -200 and at the top of Mt. Lemmon Ez = -100 V/m (the 
negative sign indicates that the field is pointing downward toward the ground).  What is 
the average volume space charge density, ρ, in the 2000 m thick layer between the 
Tucson valley and the summit of Mt. Lemmon?  What polarity does this space charge 
have?  
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3.
(12 pts) The lightning leader that initiates cloud-to- ground


lightning discharges is often modeled as having a narrow 

diameter conducting core surrounded by a cylindrical volume 

of space charge.  Assuming that the channel is infinitely long 

and straight and the total charge per unit length contained in 

the cylinder of space charge is λo (C/m), derive an expression 

for the electric field, E(r), for points inside and outside the 
cylinder.  You can assume ρ inside the cylinder is uniform and 

you can ignore the conducting core.

The conducting core is at about cloud potential which is very


different from the potential in the air below the cloud that the 


leader moves into.  The strong electric field surrounding the core


ionizes the air and space charge fills the air around the channel core.


The cylinder will expand radially until the E 
field at its outer edge drops below the 
breakdown strength of air, Eb.  Estimate the minimum R when λo = 10-3 C/m and 

Eb = 3 x 106 V/m.

