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From Lecture 34
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From Lecture 34
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Same data as Figure 3.2 a in SI
Units.
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Approximate reproduction of 
Bazelyan Figure 3.2 a
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[3.3] ∇⋅E⃗=
ρ
ϵ0

→
2E
x

+
dE
dx

=
e
ϵ0

(n+−ne)

Streamer Derivation I

[3.6 ] jt=e ne ve+e(n+−ne)vs=0 → (n+−ne)=
−ne ve

vs

[3.9] vs=
eμe nm rm

2ϵ0

...+ algebra ...

dF
dY

+2
F
Y

=−2NF
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Streamer Derivation II

[3.5] −
d

dx
ne(vs−ve)=νi ne → ne

dve

dx
+ve

dne

dx
−vs

dne

dx
=νi ne

[Bonus] νi=νn(
E

Em

)
k

... + algebra ...

dN=
−dY
(F+B)

[N
dF
dY

+A N|F|k
]

[2.1] ve=−μe E
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dF
dY

+2
F
Y

=−2NF

−(F+B)
dN
dY

=N
dF
dY

+A N|F|k

F≝
E
Em

N≝
ne

nm

Y≝
x
rm

Dimensionless Equations

A=
νm rm

μe Em

B=
vs

μe Em

k≃2.5



R. Sonnenfeld, Langmuir Lab & NM Tech Physics (Mar 2016)             – – – –                    Free for Educational Use with Attribution

[1] dF=(2FN−2
F
Y

)dY

[2] dN=
−dY
(F+B)

[N
dF
dY

+A N|F|k
]

F≝
E
Em

N≝
ne

nm

Y≝
x
rm

Boundary conditions:

At Y=1, F and N are both=1

Solve for dF and dN
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[1] dF=(2FN−2
F
Y

)dY

[2] dN=
−dY
(F+B)

[N
dF
dY

+A N|F|
k
]

Create an array of 500 Y values (with 1<Y<2)
Y(1)=1, F(1)=1 and N(1) is also 1.
Use eqn [1] to calculate dF, and thus F(2)
Use eqn [2] to calculate dN and thus N(2).
dF/dY(1) is also obvious.
Continue generating new F's and N's.
Create another array of Y's (0<Y<1). Repeat the 
process going backwards.

Numerical Solution method
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Y_SI=Y*r_m;
N_SI=N*n_m;
E_SI=F*E_m;
Nc_SI=N_SI(1);
v_e=-mu_e*E_SI;
delta_n=-N_SI.*v_e/v_s;

Solution method – details
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E_m=3.0E7 (V/m)
v_s=4.9E6 (m/s)
r_m=1.0E-3 (m)
mu_e=2.7E-2 (m^2/V s)
nu_m=3.6E11 (1/s)

Constants (Strong Wave)
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E_m=8.0E6 (V/m)
v_s=5.8E3 (m/s)
r_m=1.0E-3 (m)
mu_e=2.7E-2 ?? (m^2/V s)
nu_m=3.6E11 ???? (1/s)

Constants (Weak Wave)
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