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EXAMPLE:  CYLINDRICAL GLOW DISCHARGE PARAMETERS

What are the electron density, electron temperature and self-sustaining electric field in a low
temperature plasma having the following properties?

j = 10 mA
cm2 ,    cylindrical tube 1.5 cm diameter

P = 3 Torr,    Tg = 400 K,   Mg = 40 AMU,   DION = 100 cm2

s

km = 3 × 10–7 cm3

s
,   kion = 3 × 10–11 exp −∆ε

Te

 
  

 
  cm3

s ,   ∆ε = 9 eV

ELECTRON TEMPERATURE (assume diffusion losses dominate):

∂ne

∂t  = 0 = ne · kION · NG – 
DAN+

Λ2  = 0

ne ≈ N+,    Λ = R
2.405 ,    DA = DI 1 +

Te
TI

 
  

 
  ,    TI ≈ Tg

NG = 
9.654 ×1018 × 3 Torr

400K = 7.24 ×1016cm −3

3 ×10−11 exp −9 eV
Te

 
  

 
  cm3

s ⋅7.24 ×1016cm−3

= 100 cm2

s × (2.405)2

(1.5/2)2cm 2 1+ Te

(400/11594.2) eV
 
  

 
  

Solve for Te and find Te = 2.76 eV.

AXIAL ELECTRIC FIELD:

Te = Tg + 2
3kB

1
2m e

M( )
q2

mekm
2

E
N( )2 −

k I ∆ε
km

 

 
  

 

 
  

E
N( )= 2me

M
 
  

 
  32 kB Te − Tg( )+ kI ∆ε

km

 
 
 

 
 
 mekm

2

q2

 

 
 
 

 

 
 
 
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2

= 2 × 0.911 ×10−27g
40 ×1.67 ×10−24 g

 

 
  

 

 
  ×

3
2 2.76 − 400

11594.2( )eV +
3 ×10−11exp −9

2.76( )⋅ 9 eV

3 × 10−7

 

 
  

 

 
  

 

 
 
 

⋅1.6 ×10−19 J
eV ⋅ 0.911 ×10−30 kg

(1.6 ×10−19 c)2 × 3× 10−7 cm3

s ×10−6 m3

cm3

 
  

 
  

2 

 
 
 

1/2

= 8.65 ×10−21 J
c ⋅ m2 = 8.65 ×10−21V ⋅ m2 × 104 cm2

m2

 
  

 
  

E
N( )= 8.65 × 10−17V - cm2 = 8.65 Td

E = E
N( )⋅ N = 8.65 ×10−17 ⋅ 7.2 ×1016V - cm 2 × 1

cm 3 = 6.2 V
cm

ELECTRON DENSITY:

j = σ · E = q · ne · µ · E = 
q2 ⋅ ne ⋅ q

meνm
⋅ E = q2 ⋅ ne

me ⋅ km
⋅ E

N( )

n e = j ⋅ me ⋅ km

q2 ⋅ E
N( )

=
10 ×10−3c / cm 2 - s( )⋅ 0.911×10−30 kg × 3 ×10−7 cm3

s

(1.6 ×10−19c)2 ×8.65 ×10−17 kg - m2 ⋅ cm2

s2 - cm c
×104 cm2

m2

=1.23 × 1011cm −3


