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Equilibrium solution methods for ionospheric reaction systems
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A~"'TR:\CT. ~!l i~ti~e method illde....Ived for obtai ning an equilibrium solution (or ionospheric reaction
aY8t..~ invo lvt..~ po~t.I,:"C 100!' and elect rons. Anothu method for o btaining tho Ill\me equilib rium solution is
al80 J.r l\'('!' an(~ In "dd,t.-on.,&- meth~d. is ?Ol5cribed (or obtaining an equilibrium solution for ioncepbcele reaclfon
~Y8tcmil Involving nega t ivo Ions, Jl'OflILI\·(t lon~ and eloctrone.

y' +b.y -R=O (2.5)

During any stage of iterative calculntions, it is
possible to find a value, b. •uch that,

Using the symbol, R, to represent the right-hand
member of Eq. (2 .3), and hy using Eq . (2.2) ,
Eq. (2'3) may be rearranged to be

(2.4)
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to the condition that the electron concentration
equal. the sum of the concentrations of the posi­
tive ion. (for the ease where the negative ions
may be neglected 88, for example, the atmospheric
ionic react iou system above 80 km). If the left­
hand member of E q. (2.1) is multiplied hy (bi+y)
nnd if n of these are summed , the result is

2. Derivation

Consider a system of " equations hnving the
form

..
"'j = ( aj + L aj• • "' . ) I (bj +y) ,

. =1
k~j

(j = I , 2, . . n ) (2.1)

1. Introduction

The annlysis of chemical react ions involving
ionizntion mny be frequentl y reduced to a sot of
reaction rate equation. and if it is known that the
system has reached a state such that the eon­
centrntion of Bny constituent involved undergoes
negligihle ohange. with time, the annlysis may be
further simplified by using n ""t of equilibrium
equations which nrc formed hy Rett ing the rate
equationHequal to zero. Sometimes, as in the case
of-atmospheric ionic reactions, a system of non­
linear algebraic equat ions result th at must be
solved hy numerical methods. I n some cases,
even if a good set of initial values arc selected,
the system will diverge unless specinl methods nre
used to mnke the system converge to their final
value•. A method that will force the syste m to con­
verge i. derived here.

•

(2.2)
•

in which .

•
y = 2: "'i

j =1

nnd "" Il.ann Ii nro positive quantities, Eq. (2.1)
correspond' to the equilibrium equation . of the
eh?mical-,"notion systam aml Eq. (2 .2) corroaponds

Solving Eq. (2 .5) for y yields

y = [-b+ (b' + 4.R)1i2] f2 (2 '6)

Hence, each iteration cycle requires the calcula­
tion of ii by Eq. (2.4) , Y !>y Eq. (2 .6), and "'j

in Eq. (2. 1). An assumed value for y JUl\Y be used
to start the iteration,
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