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HOMEWORK SET NO. 3 
 

 
AE5110, C-term 2017 
Posted: February 7, 2017, Due: February 14, 2017 (submitted by 3:00 pm via Canvas)  
 
Reference: Lecture notes and course textbook, Sections 6.1 – 6.3. 
 
All equation numbers referenced in problems refer to class text unless noted otherwise. 
 

 
 
 
 
Problem 1.  (30 pts.):  
 
In this problem you will derive an expression similar to the Child-Langmuir Law but modified 

for the condition where the initial ion velocity entering the sheath ( 0)io iV V x= =  is not zero. We 

will still include the presheath potential drop in the overall potential drop between the plasma 

and the wall (i.e.  o wφ φΦ = − ), but the Bohm velocity is negligible compared to the injection 

velocity for this problem, i.e. io BV U . 

a) Derive the correct form of Poisson’s Equation for this situation, i.e. an expression analogous 

to Eq. (3) in Notes Set #7. 

b) Rewrite Poisson’s Equation from part a) in non-dimensional form in which the variables are 

non-dimensionalized as follows: 

,   ,   ,   V ,   V
2 / 2 /

o i io
o i io

i i

V Vx
d e m e m

φφχ x χ= = = = =
Φ Φ Φ Φ

    

c) Use your equation from part b) to find the nondimensional electric field at the sheath edge, i.e. 

0

d
d x

χ
x =

 Hint: for the case we are considering with non-zero ion injection velocity, the potential 

IMPORTANT NOTES:  
 
- To get credit for the following problems, you must show all steps of your solution 
completely. Some useful integrals are in the Appendix of the text. If you use a symbolic 
equation solver such as MAPLE, Mathematica, or Wolfram Alpha, it should be to look up an 
integral or to check your integration only. Unless a problem specifically asks for a plot or 
other computer calculation, your submissions must be in your own writing. 
 
- All students (both Sections) should submit HW electronically as a single, scanned (PDF), 
file using the Homework Submission link in the Assignments folder on the Canvas site for 
the course. See syllabus for policy regarding late HW submission. 
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will pass through a maximum inside the sheath corresponding to (from conservation of energy): 
2

max 2
i io

o
mVe eφ φ= +  . 

d) Use your result from part c) in your equation from part b) to find a relation between the total 

potential drop and the ion current density through the sheath. Express your equation back in 

dimensional form, ( , , )i i ioJ J V d V=  . Simplify as much as possible, but it will not be as “simple” 

an expression as we found for the C-L sheath. 

e) Confirm that your answer from part d) reduces to the C-L result when 0ioV = . 

 
 
Problem 2. (15 pts.)    
 
A 2-mm by 2-mm square probe is immersed in a 3 eV xenon plasma. The ions are at room 

temperature, 298 K. 

a. If the probe collects 1 mA of ion current, what is the plasma density?  Hint: The probe collects 

current on both sides and can be assumed infinitely thin. 

b. What is the floating potential? 

c. If the probe is biased to the plasma potential, what is the (net) current collected? Note for this 

situation, the ions (Maxwellian) can be assumed to have their most probable speed, 2 /i ikT m  , 

sometimes also referred to as the thermal speed. 
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