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The Rate Equation

dni
dt = −

∑
j<i

{
Aijβij [ni + Xij(ni − nj)] + Cij

[
ni − nj exp

(
−hνij
kT

)]}
+

∑
j>i

gj
gi

{
Ajiβji [nj + Xji (nj − ni )] + Cji

[
nj − ni exp

(
−hνji
kT

)]}

Rij =


Ajiβji (1 + Xji ) i < j

Aijβij

(
gi
gj

)
Xij j > i

−
∑
i 6=j

Rji j = i

C̃ij =

{
Cji j > i
−
∑
i 6=j

Cij j = i

(R + C̃)n = b
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Numerical Issues
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Convergence Criteria

Tex ∝ [ln(xl gu)− ln(xugl )]−1

|Ni−Ni−1|
Ni

< 1e − 7

Ruby (NWU/SKASA) Masers SAIP July 2016 5 / 11



Relaxation

Ruby (NWU/SKASA) Masers SAIP July 2016 6 / 11



G37.55 + 0.20 4.8GHz H2CO Maser

X = βijWHIIℵHII + βijWdℵd
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Collisional Excitation
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Radiative Excitation

Collision & dust radiation: wd = 1, nH2
= 1.3e5 cm−3 Collision & free-free emission: wHII

= 1, EM = 1e9 pc cm−6
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Line Overlap

Ra
ij =


Ajiβ

a
ji (1 + Xji ) i < j

Aijβ
a
ij

(
gi
gj

)
Xij j > i

−
∑
i 6=j

Rji j = i
, Rb

ij =


Ajiβ

b
ji i < j

Aijβ
b
ij j > i

0 j = i

,

Rab
ij =


Ajiβ

ab
ji (xa + Xji ) i < j

Aijβ
ab
ij

(
gi
gj

)
Xij j > i

−
∑
i 6=j

Rji j = i
,

R = Ra + Rb = Rab where βa = [1 − (1 − fa)(1 − βτa)],
βab = fa(1 − βτa+τb), βb = fbxa(1 − βτa+τb) and xa = κa

κab
and fa = ∆ab

∆a

the absorption and overlap ratios respectively.
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