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Abstract

) With the availability of numerical techniques for solving an extensive set of
‘ nonlinear differential.equations and high-speed:-comnuters for performing the cal-
-culations, interest in solving the unrestricted.reaction-rate equations is -growing

%

amongionospheric researchers. In view of tnis, the author has continued to refine

the techniques that he prévisusly developed,
The computer code, as discussed here, is written to-solve the photochemical

; behavior of 15.atmospheric species; these species are electrons, O™, > 05 ,
% NO;, OF, Oy, Ny, YO', NO, N, NO,, O, N,0, and Q. Built into thé code are
® 168 reactions that can.conceivably take:place among these constituents, Several
- examples of the results obtained using the ¢»de are presented, including the buildup

¥ . of. ionization from-zero concentrations at altitudes:in the D and E regions and the
deionization of an atmosphere with high initial electron densities. The diurnal '
variation-of the atmospheric constituents-is also presented along with profiles for
the-above-mentioned species from 60 km to 120 km, 7

The computer codes are included in their entirety with complete explanations

on their usage,
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A Technique for Solving the General Reaction-Rate-
Equations in:the Atmosphere

1. INTRODUCTION

The capability of solving the set of*differential equations that describe the time
dependence of individual atmospheric constituents is becoming more and-more
important to ionospheric:research. Modification and extensicn of:the.computer
techniques that - were developed by the author (1962, 1963) have continued because
of this. Since in certain applications these techniques could not generate solutions
and since these applications are important to ionospheric:studies, the-techniques
were reevaluated in order to make their usefulness more general,

The most significant change made in:the code is the handling of the solution-for
a-species after-it-has gone into equilibrium or into.quasi-equilibrium with one or
more other species, The techniques involved in developing a solution<under these

v conditions have always presented problems., Tlie algebraic equations that were used
in previous work for the computation of the concentrations of the species in equilibrium
or quasi-equilibrium proved to be inadequate for this purpose, A new approach ‘
that lead to a set of exponential equations which replaced the set of algebraic
equations was developed involving less stringent restrictions, With this new
technique, no code failures were experienced,

(Received for-publicaiion 27 ‘February 1967)
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Anotber important change is in the method of-numerically integrating the dif-

ferential equations, Although it develops stable solutions, the Runge Kutta tech-

nique used previously is uneconomical in terms of computer-time. In order to
reduce the amount of computer time required-for each solution, the Runge Kutta tech-
nique was replaced by the Kutta Merson technique. ‘This.later methcd requires fewer
compulations of the derivatives over-each-increment thereby conserving computer
time,

Other changes include removal of the sum equations used by the author (1963)
since-the reason for their being employed was eliminated with-the new technique
for solving-the concentrations.of the species in equilibrium, the computation of the
largest negative species from charge balance rather than the largest positive species,
the use of a separate code to write the subprogram SLOP which computes-the values
of the derivatives, and’the inclusion in the code of two-additional species (nitrogen
peroxide and atomic oxygen) along with 25 new reactions,

The ‘upddted codes are-presented here with several practical applications,
These examples include the simple buildup of ionization from zero.by an:external
source, the deionization from high initial conditions and theé diurnal variation of
the atmospheric species jn the D-and E regions.

2. REVISIONS 1% THE TECHNIQUES OF-SOLUTION

Since the last report by the author (1963) was written, attempts were made to
use the code under diversified:condjtions. In several of these-instances, the code
either: failed-to gencrate realistic solutions or was unable to generate any solution
at all; ‘the source of this trouble was always traced back to the solution of the algebraic
set of equations, This get of simultaneous algebraic equations was.used to compute
the concentrations of the.species that are in quasi-equilibrium, Using a criterion
of 10—2 on the iterations of the algebraic set allowed a certain amount of charge
imbalance to be accepted, Because the major positive-ion-was always being computed
from the requirementiof balanceof charge, any charge imbalance resulting from the
solution of the algebraic equations was attribufed to this positive ion, As long
as this positive ien rémz;ined the most abundant throughout the-solution, this-allowed
imbalance did not cause-any:noticeable problems. Whenever another positive ion
‘became the most abundant, however, the program generally was incapable of advancing
‘the -solution, Oncé-a positive ion was superceded.as the dominant ion, it was no-longer
computed from the requirement of:charge balance but rather from-its-differential
equation. Since-the concentration of this-ion had taken up:the excess charge that was
allowed to creep-into‘the solution, ‘the value ofsits density was not consistent with that
obtained from the selution of.its differential-equation, The program tiried-to correct
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this situation but the damage was jrreparable-and the program w.3 forced to main- ]
. tain a constant mesh of the order of a iricrosecond, %
) The simple act of tightening the criterion on the iterations of the algebraic set :
to 10"‘l and thus reducing the allowed charge imbalance removed this problem from K
. practical concern. The resulting greater accuracy-in the solution of the algebraic o
equations also permitted the removal of the'two sum equations used in the previous i
:

code. ‘This change did-not solve all of the problems, however,

Occasions arose where it appeared that at some point in the solution'neither
the-differential set nor the algegraic set of equations.could generate a solution,
The code advanced the solulicn to a.time at which it determined that a species was
in quasi-equilibrium, 1t removed its differential equation from the set and expected-
a solution from the algebraic set of equations, llowever, the simultaneous-solution
of the algebraic equations did not converge in the fixed number of-iterations, Thd
code then demanded-that the differential equation tor-this species-be used for the

AT L SN

solution, In order to obtain a.solution from. the-differential equation at this point,

however, it was necessary:to reduce-the integrating increment., Thesoverall effect

of this behavior was o allow the solution to advance but only in vehy smali increments.
This-difficulty-was attributed to the fact that.the species.was in quasi-equilibrium

and not in true equilibrium, In other wo;-ds, its derivative was t.ot zebe as assumed

in deriving the algebraic equations, If the differential.equations-are written as

dN, —
——l-; O, - . 1 N
@ LF j 'NiZRj (1)

‘ N, | .
and.if T 0, ‘then P

2F
N, = . @y _
1 R. -
28 o

“This is the formula previously used.to construct the set of algebraic equations,

Because the derivative was not near zero, it could not be expected.that the concen~
tration could,b¢ computed from Eq.(2). -In order to overcome this problem, the
assumption- that’the derivative-is zero was replaced by-the more realistic ascumption
that the formation term )- Fj and the removal termrzR. in Eq.(1) -are-constants,

. Equation- (1) under these circumstances is-a‘first order linear.differ ntial equation
with-constant coefficients and its exact solution is
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Ni= N - —Je’ s {3)

~where At is the length of the increment currentlyr being used by-the integrator and:
N, is the concentration of the species at the beginning of this increment, Equation
(3) is now used to.construct the set of simultaneous exponential cquations for the
solution of the species that are in quasi-equilibrium.

The technique used.-by the author (1962, 1963) for numerically integrating the
differential ¢ quations is the classical Runge Kutta forwth-order process. One-of
the disadvantages of this technique is that it does not contain within itself any mea-
sure of the accuracy of the solution at-each integration, In order to impose some
control on the accumulation of errors, three separate integrations are performed
for a given increment. The first integ.ation is made over the increment At start-
ing with tnc¢-concentrations Ni (to); the second integration is made over the incre-
ment At staruing with the concentrations x\’i(to+ At); and, the tkird integration is:
made over tie increment 24at starting with the concentrations Ni'(to) . The con-
-centrations obtained after the second and third integration are compared; if they
differ by more than some preset.amount; the solution is considered to be invalid..
This procedure requires 12 separate computations of the derivatives, The dif-
ferential equations solved-here generally contain-a very large number of terms
which means that a great deal of -computer time is spent in.computing the deriva-
tives, This is very costly of machine time since in.many cases the solution is
unaccepiable and the procedure must be repeated with a smaller increment,

Merson (1957) developed a technique based upon-that of .Kutta in which.only
five values of the.derivarive are required for any-one solution., Since it appeared
that this could be a great Jdevice for reducing the amount of computer time required
for each solution, the Runge Kutta technique was replaced by the Kutta Merson tech-
nique. A detailed description of this method is given in Section 7. 1,2,

3. CHEMICAL REAGTIONS AND REACTION-RATE CONSTANTS

The computer code,as-presented here, was-written to evaluate the time histories

of 15-variable atmospheric species: -electrons, O7, 05 , O:,;, . Noé , O+ ,'O; , N;, )

NO+ , NO, N ,,Ndz , O3 , N20 , and.atomic oxygen. The model contains reser-

veirs of molecular oxygen and ‘molecular nitrogen thut are allowed to vary during
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the solution in order to insure conservation of the total number of oxygen and

nitrogen atoms injtially present in the system,

The code contains 168 chemical reactions that can possibly take place among
the variable species. With a few exceptions, the chemical processes.and their
rate constants incorporated into the code are these suggested by Bortner (1963),
These rates are a combination of laboratory, insitu, theoretical, and estimated
values, Although individual.rate constants may certainly be subject to argument,
they appear to be a reasonable collection and about the only suitable source to use
in a program of this magnitude, The values used for the rate-constants are generally
‘the middle values within the range of uncertainty (Bortner, 1965). Deviations are
made from this general rule in certain instances as in the case of the positive ion-
charge transfer and charged rearrangement processes ( Ferguson, Fehsenfeld,
Goldan, and Schmeltokopf, 1968). Certain other rate constants were modified
within the estimated-error bounds .(Bortner, 1965). These modifications represent
minor adjustments that were found to produce results appearirg to be more reason-
able when compared with ionospheric measurements,

Some of the reactions in the-followinglist.produced products for which there
are no differential equations in the set. In order to insure that these reactions do
not remove from the system any of the cha'i'ge for which account cannot be made,
their-rate constants are set to zero, This is equivalent to assuming that the reactions
are relatively unimportant, There are also several reactions in the list that are
probably unimportant in most ioncspheric ‘studies; but, since it is generally impos-
sible to predetermine the importance of a given reaction and since it is the author's
purpose to keep the code as general as possible, all reactions are retained in the
code, )

The following is the basic list of reactions and rate constants built into the
code, The dimensions are sec'l, cm3sec'1, and cm%sec ™! respectively for one,
two, and three body reactions, The third body M is assumed to be N, + O2 .

The temperatures used in computing the rate constants are taken from xhe-U. S,
Standard Atmosphere (1962), Those reactions marked with an asterisk have
assumed rate constants other than those shown-in some of the applications pre-
sented here, ' -

A, PHOTODETACHMENT

1. 0, + h—=0, + e 0,44
2, OO+ h—=0 + e 1.4
3. NO, + w—=NO, + e 0.04
%4, 03 + hv—-ﬂ—o3 + e 0.04
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6
B. COLLISIONAL DETACHMENT
? 5. O + O, —=0, + O 0% 10" 1572, (5100/T)
! B 2 2 2 -16,.2_-(5100/T)
{ 6, O; + Ny—=0, + Ny + 3,6 X10 ""T”e i
’ . 0 + 0 —=0, + 0 +e¢ 3.6 10~ 162" (6100/T)
C. ASSOCIATIVE DETACHMENT
: 8. OO + O —=0, + e 1x10 13 )
9. O° + O—=0, +e 1y 107 13¢(4700/T)-
10. O- + N—meNO + e 1x10” 13
11, 0" + Ny,—=N,0 + e 1x 10713
12. O° + NO—=NO, * e 1x 10713
13, O + Q,—=0, + O, + € 1x 10”13 &
3 2 2 z
, 14, 05 + N—=NO, + e o 1x10718 '
15, 05 + 0 —=0; +e¢ 1x 10713
; %167, 0; + O —=0, + O, + e 1x 10713
‘ 168, NO; + O—=0, + NO + e 1x 10713
D. RADIATIVE ATTACHMENT |
6. O + e —=0O" + hp 1.31X 10718
' 1,70, +e—=0; +hv 1x 10719
. i v, + e —=NO; + hv 1x 10747 'g
h 6 g + e —=0; + hy 1x 10”7 f
i
13: v - ,’
E. DISSOCIATIVE ATTACHMENT
20. 05 + e 0" + 0, 1x 10712
2. 0y + e—=0; + O 1x 16”11 (7200/T) ,
!
§
;
' |
) !
|
°
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F. THREE-BODY ATTACHMENT

H. THREE-BODY RECOMBINATION

22, O + e +
23. O + e +
24, O2 + e +

25, O2 + e +

+
30. 02 /+ e
+
31, N2 + e

%32, NO' + e

33. 0F + e+

+
34, O2 + e +

35. Ny + e +

Nof*'+e+

NO++e+

36,
317.

0, —=0"

N2 —=0"

. DISSOCIATIVE RECOMBINATION

o

—— N

__;*N

M — o

M —0

2
M - N

2
M————=NO

M

N

RADIATIVE RECOMBINATION

38. Q+ + e

- ok
39. 02 + e
40, N‘,t + e

41, NOAl~ + e

42, 0° + o

- +
43. 02 + O

44. NOj + O

o
O

2

R —t\

2

o
O

2

NO

- NO

. ION-ION MUTUAIL; NEUTRALIZATION

4

e

2 =

© ¥ =

hy
hy
hy

hy

1% 10731
31

1X10”
1.4 X10:
5.8X 10
1.9 X10

6x 10728

0

6 X107 971

+ M

9 x1079T"1

1.5 x1074T

1X10
1X10
1%10722T"

1 x10722T"

1 x1072%T"

2.2 X10

1 x10"12

1x10"12

1x10712

~33,01/2
"33rr1/2

-1

-24p-3/2
-22p-3/2

3/2
32
3/2

-10p-0.7

5x 10 7T"1/2

5 y10~ 7T 1/2

e

ey
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45, 05 + O ———=0, + O 5% 107717~ 1/2 .
46, 0" + 0, ———=0 + 0, 5x10" T 1/2 )
4. 03 + O, ——=D, + Cy 510”7 1/2 ‘
48. NO; + O No, + 0, sX107 /2 .
49. 03 + Oy ——=0, + 0, 5X107771/2 ‘i
50. 0~ + Nj ——-=0 + N, 5 X.10" 7T~ 1/2 .
51. 03 + N, —=o0, + N, 5.%10" 7" 1/2
52. NO; 4+ N, — NO, + Ny 5x107TT"1/2
§3. O3 + 1‘42' =N, + O, 5x10- T /2
54, O~ + NOT ———=—C  + NO  5X1077r"1/2
55. 05 + NO¥ 0, + N0 sx107TFY2
56. NO; + NO "NO'27 + RO sx0°TT-1/2
57. 03 + NO' - 0, + NO  sx1077rTi/2

. THREE-BODY. ION-ION RECOMBINATION

88, 0" + 0" + N—0, + N 1X107237-3/2
5. 0° + O' + 0,—=0, +0, 1x10723T"3/2
0. 0" + 0"+ Ny—w=0, + N, 1x1073p"3/2
61. 0° + O + 0—=r0, +O 1% 10"237-3/2
62.- 0; + O' + M—=0, + M  1xX107213/2
63. 00 + Oh+ M—=0;, + M 1x10723173/2
64. O3 + Op + M—=0, =+ O, +M1X10 2373/
65. O + Nj + M—=N,0 + M 1X10723p-3/2
66, O3 + Ny + M—=0, + Ny+M 1Xx107231-3/2
67, 0" + MO+ M—=NO, + M 1x10™23p"3/2
68. O; + NO'+ M—=0, + NO+M1X10 23773/

&b .
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L. ION-ION NEUTPALIZATION WITH REARRANGEMENT { B i
69. 03 + N; ——= NO + NO  1X107! s
- + : -~13 <
0. 0, + Nj N,O + O 1X 16 S
. 0, + Ny, ——=NO, * N X 10718 . f
72 0, + N; —=2N +20 0
3. NO, + Nj ——wN 0 + NO 1X10713 3
) - N -13 T
4. 03 + Nj - N,O + O, 1X.10
75, 0; + NO¥ ——=NO, + O 1x10" 11
6, 0; + NO* ——=N  +0, 1x10"! L
. 05 + NO¥ ——t=N + 0,+0 1xi0713 °
4
78. NO, + NO' ~——NO; + N 0
79. NO; + NO* ———=NO. + 0,+N 1x10°13 .
80, NO, + NO* ———o0, + N,  1X10713(5000/T) 7
8. 0; + NO' —0, + 0,+N 1x10713
- + : : -13 3
82, O, + NO 0 + NO, 1X10 :
* 3 2 2 - ; i
M. POSITIVE CHARGE TRANSFER s
H
8. 08 +0, —=o0 +05 4axwl |
. ' - 3
) 84, 0F + NO ——= O + Not  2,4%x107Y i
85. 0" + NO, —= 0 + NO; 0 |
q
86. O + N, o + NO' 0 [;
87. 05 + NO —o0, + NO* gx10710 ;
88. Nj +0 —=N, +0° 1x107% f'
+ + -10 {
89, N2 + o2 — N2 + o2 1.X10 -!&
' 9. Nj + N ——=N, +N 0 i
+ + -12
%91, Nj + NO ——=N, + NO* 5X10 !
"
3’3
L
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N. NEGATIVE CHARGE TRANSFER

92,
93.
94,

No

O

Oz
2
%
NO;

O3

+ NO‘2

+ O
+ O

+
o

3
0O,

+
2

——0

+

O. ION-NEUTRAL ASSOCIATION-TWO BODY

99.
100,
101,
102,
103.
104.
105,
106.

O+

+

+

o
O

mzi- xeo+ o+

+ 0

——0,
———— NO+

———— N20+

s . e O:,;

4

+

5

+

P, .ION-NEUTRAL ASSOCIATION-THREE BODY

107,
108,
109,

110..

111,
112,
113.
114,
115,

+ O +

+ N +

* Ny + M —aN,0

NO
O +
O +

-+

+ 4 4

NO-
N+

e

+

M——e0}

M —=NoO*

+ M—=NO}

M—o

o4
NO2

M

N + M -——N,0"

+ M —,,—-—No;
M —=NO,

+

+

+

No; 11079
0;  1x107°
0" 1X10°12
NO;  1X107°
0; 1x107Y
0; 1x107?
NO, 1X107?
hy 1x10” 16
hy  1x10718
hy 0

hy 0

hy 0

hy 0

‘hy 0 7
by 1X10718
M 1X 10-29
M 1X10729
M 0

M 0

M 0

M 0

M 0

M 1x 10730
M 1x 10739
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Q. CHARGED REARRANGEMENT-POSITIVE ION 1 ;
i . P
: 116, 0F + N, not + N 3x 10712 "
f 117, 0" + NO - 05 + N 3X 10712 e
[ L
§ 118. O + N ——it ot  + NO  3X10"12e7(2000/T) }
; 119. Oj + N, ———=NO" + NO 1 X 107 11e~(3000/T) :
: 120, Of + N Not + 0 1.8X10710
12, OF + NO, ——=NO¥ + Oy,  1X10 11
,f 122, Nj + O ——=NO' & N 2.5%10”10 :
123, Nj + O, Not + NO  1x10~}le—(3500/T) 3
R. CHARGED REARRANGEMENT-NEGATIVE ION |
3
124, 0" + O, + Op—=0;  + O, 1x10 2871 o
125, 0, + O, + Nyj—=NO; + NO, 1 X.10™34¢~(5000/T) o
. ' :
126, O3 + N, ——=NO; + NO  1x107!Tes(4000/T) ’
h]
S. TWO-BODY ATOM RECOMBINATION T,
127, O + O —0, +hy 1x 10721 g
128, O + O, 0, + hy 1x10721
120. -0 + N No + hy  2x10"!7 :
. -24 -
130. 0 + N, N,O + hy 1X10 i
13i, O + NO NO, + hy 6.4x10”17
132, N + N ———oN, + h 1x107%4
133, N + O, NO, + hy 1x107%2
13, N + NO N,O  + hv 1x10°22
5135, O + O+ Oy—=0, + O, 5 x 10”32T"1/2
%136, O + O+ O:—=0, + O 2 x10”31p-1/2
£137. O + O + Ny—=0, + N, 5 x10-32p"1/2
#1388, O + Oy + 0O,—=0, + O, 3.2 X 10735/ 900/T)
’ x139; O + Oy + Ny—=O, + N, 2.6 X 107355 (900/T).
140, O + Oy # O—=0; +O 6.5x1073%
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141, N + O+ M —=NO + M 2)(40-31,1‘-1/2
142, O + N, t M—=N,0 + M 29X 10-33e-(2000'0/T)
143, O + NO + 02—---1\1()2 + 02‘ 3% 10-33e+(900/,’1‘),
144, O + NO + Nz__..Noz + N2 ‘1.5><10_33e+(900/T)
145, N + N + M —=N, + M 3X10'30T'1
146, N+ O+ M———-—sz + M 1 X 10~ 33,7(3000/T)
147. N + NO + M—=N,0 + M 1X 10-33¢-(10000/T)
U. NEUTRAL REARRANGEMENT
148, NO + O, + NO—=NO, + NO, 0
149, O + N, NO + N lelo-loc-(mses‘j'i‘)
150, © + NO —=0, + N 7. 110" Ly le 5o~ (19000/T)
151, O + NO, —=NO + 0, 3><10'11e-(530/‘1‘)1
152, O + N,0 ——=NO + NO 5 %10~ 10¢™(14000/T)
153, O + NyO ——==0, + N, 5 x10- 11~ (13500/TY
154, O + Og4 0, *+ O, 5% 107 10-(2800/T)
155, N + 0O, —_—=NO. +0 3:X 10—16,[,1.58-(66001RT)
5. N + NO ———=N, +0O 2.5 x10™ 11
157, N+ NOo, ——=N, + Oy 5 %10 13,7 (7000/T)
158, N + NO, ——=NO + NO 4 xm’lzi
19, ¥ + NO, —=N,0 +O 2 X107 1
160 NO + Oy — NO, + O, g X10~13¢~(1200/T)
V. PHOTODISSOCIATION
61, 0, + hv 0o +0 5% 1078
162, NO + hy —=N + 0 6% 1078
163, NO, + hy ——=NO + O 3 X107°
164, N,0 + hy ——=N, +0O 4,08 X1077
165. N,0 + hv N  + NO  5.58X1078
166, Oy + hw ———=0  + O, 5.3:X1073
- . f

e 1
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Ao APPLICATION OF THE CODE ‘TO THE DEIONIZATION PROBLEM

The code, as described in Section 7. 1, was used to gene.ate solutions to the
differential equations under many different conditions, Four examples of a simple
application wer selected and the results obtained are presented here, Two of
these describe the buildup of ionization frbm zero concentrations of the charged
species with a continuing constant source at altitudes in the D:and E regions The
remaining two describe the-decay of ivaization at these same altitudes from high
initial values of electrons-and positive ions with a small continuing source, The
altitudes chosén are 70 km and 110 km,

Some changes were made in the basic list of rate constants given in Secfion 3.
Futrguson, et al, (1965).have determined that the rate of the charge transfer re-
action N; + NO—=NO™ + N2 is much faster than previously thought., Their
value of 5X 10"‘1‘O - is used for this process$ instead of 5X 10 12. For reasons
that are discussed in Section 5. 3, the no* dissociative recombination rate con-
Sp-1
bination rate constant. The rate-constants for ithe three-body recombination reac-
tions Nos, ‘135, 136, and- 137 were changed to 2,7X 10733 and the rate constants
for reactions Nos. 138-and 139 were changed to 3.'7X‘10-34e-151. Since these five

stant was changed to 6 X 107 to make it-equal to the O'; dissociative recom-

reactions are important processes for the removal of atomic oxygen, adjustment
of-their rate constants was necessary in order to obtain a reasonable behavior of
the .atomic-oxygen concentration in the D region, In the examples presented-here,
the-associative detachment reaction O;, + O ——o-O2 + O2 + e is impoxtantdor the
establishment of the negative ion to electron-ratio in the D region, With-all-other
important rate constants remaining unchanged, the rate constant for this process
was increased to 5X 10"11 in order to obtain a ratio of unity at 70 km, All other
rate constants used in runs to-be discussed in this section-are as given in the above
list.

Figure 1 shows the solution at 70 km with zero-initial concentrations of a1l the
changed species and with estimated initial concentrations of the minor neutral
species. The continuing.source creates 1, 122 ion-pair‘s/cms/ sec. THhe production
subroutine was set up to ionize the neutral species as if the source were 1JV radiation.
Therefore, 0; is the most abundantly produced positive ion, For this ¢demonstra-
tion of the funct’oning of the computer code, it-is immaterial that the assumed pro-=
duction was_unrealistic because in the D region L and-cosiinie rays are actually
the ionizing agents,

The atomic oxygén-concentration remaing constant until 107 2'secs—wheng‘the
bhotodissociation of O, and O3 becomes- effective in producing this atom. The
time constant for its removal by the three-body recombination reaction
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O % 02+M —_-—--03} + M is ahout 3 )(103 secs, After this time, the formation
rate liy photodissociation and the removal rate by-recombination become equal,
causing the.atomic oxygen concentration to go into-equilibrium,

The ozone concentration-cannot change until enough of these molecules are
formed by the three-body recombination reaction O + O2 + M -——v--OS + M
t~ start increasing the number present, They are.removed by photodissociation
with a time constant of about 100 secs, After this time, the recombination rate
equals the photodissociation rate causing the ozone concentration to.level off at a
value established by the equilibrium concentration of atomic oxygen,

The time constants for the removal of N O are all greater than 10° secs,
However, by 0 secs, the-two-body atou. -ecombma.hon reaction O+ NZ—-N O+ hy
has formed a sufficient number of these molecule$:to start increzsing its concen-
tration, Its density increases by this process and continues to do so until the re-
moval.processes become effective aiter gossecs.

The time constant for the removal of nitric oxide by the three~body recombination
reaction O+ NO + M—=NO, + M is about 10- sees. Before any NO molecules can
be removed, however, their production by the neutral rea-rangement reaction
O + NOs=NO, + O, becomes-effective.. Around- i‘04 ser= the rates-of these two

.proceszes become equal which is the reason.for there-beitig 1o change in the NO

concentration, The atomic nitrogen concentration remains congtant until-about
‘100 secs, thetime-constant for the removal process N+ O—=NQ-+ hy , when its
concentration starts to decredase., When the rate of this remova: reaction becomes
equal to the rate of formation.of atomic nitrogen:by the .photodissociation of N20 ,
the N canc~niration goes into quasi-equilibrium with N,O .

There is no effective removal process for NO2 molecules at-early times.
The time constant for their 1‘emov:.1~by the neutral rearrangement reaction )
—»NO + O. ic-about 2 secs. Ry 10 secs, however, ‘their rate of produc~
tion by the three- body recombination O + NO + M—=NO, + M s sufficient-to
balance their removal rate thus. preventing any further change in their concentration,

The elcctron density increases with unit-§lope at early-tiries as electrons are
‘formed by the _onstant source. By 0, 1 scg, 0. 1122 electrons are produced. During
this+time, the O; concentration increases with slope 2 as this ion is formed by the
three-body attachment reaction 02 +e+ 02—»‘-02 + O2
the removal of electrons by.this three-body attachment is about 0. 8 sec,
-expected -that O; photodetachment become effective around-this time, .causing-a
balance-between-the attachment and detachment and:putting the O; density ‘into
quasi~equilibrium with the electron density. This quasi-equilibrium effect is clearly
seen in-Figure 7 of Keneshea {1963). The time constant for photodetachment.is
about 2-secs, however, so that the production of O; by attachment continues,

The time constant for
It was

" causing the electron density-to-decrease. Another-important removal process-for
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05 ions is-the charge transfer reaction O; + 03———- 0:; * 02 . Because-of the in-
increasing ()3 density after 10-secs, it is not possible fo fix a definite time con-
stant to this reaction. The final equilibrium between it ¢ ¢lectrons and the 05 ions

e

ii5 determined by the nzone:equilibrium concentration; This behavior can be under-
stood if the O, to electron ratio is determined from:equilibrium-considerations, «

The Oé differential equation at equilibrium is essentially

dN(O;) . 2 L o
—E = -NO;)| N0y kgg + k| + N0 N Ky =0 . i4) ‘

From Eq. (4), the-ratio of O, to clectrons is

[pe—

- 2
N(O,) N(,)” - ko,
" N(e) NO3) “keg* Ky (5)

After 100 secs,
the electron concentration returns-to a linear increase resulting from tite production

1t is. obvious-that this ratio depends only on¢the ozone concentration,

By the source and goes into equilibrium when the rate of production by the source
equals the rate of removal by dissociative recombination with N.O+ .

The O~ concentration increases at early times with a slope of 2 as this ion
is formed by the dissociative attachment reaction O3 + e-::;gO' + O2 . The time
constant for the associative detachment reaction O + Nz—‘-—l\'zo + ¢ 1is about
§x 1073 As the
concentration of Oé increases, the charge transfer reaction 05 + Q-0 + 0,

secs around which time removai of this ion becomes effective.

eventually becomes effective in forming O~ ions. Around 1 sec, the density of
this ion-goes into quasi-equilibrium with the electrons and O; as the rate-of
formation by the dissociative attachment and the charge transfer equals the removal
rate of the associative detachment, Because of its quasi-equilibrium status, the
O~ concentration. rontinues to increase after 1 sec. Around 100 secs, the concen-
trations of ozone and O~ have reached values that make the removal of this jon
by the charge transfer reaction O + 03——05 + O become tmportant. The final -
equilibrium level of O and its ratio to the electron-density are determined by the
equilibrium value-of ozone,

At early uimes, the O; concentration increases with a slope of 3 being formed
by the charge transfer reaction ‘02 + 03_",03 + 02 . Before the O density
changes, the time constant for the removal of this ion by the associative detachment
reaction O; + Q—=20, + ¢ is.about 2 secs, As the concentration of atomic:-oxygen a
increases, this time constant becomes smaller, When both atomic oxygen and ozone
reach equilibrium values, the O:; concentration goes into equilibrium-at a ratio-to

the O; density thatis established by the atomic o<ygen and the ozone concentrations.
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The N(); concentration increases ay early times with a slope of 3 since it is
formed by the charge transfer reaction O; + x\'Oz-—--NO:'; + O2 . As long as the
ozone concentration is constant, the time constant for the removal of this ion by
the charge transfer reaction x\'(),; * 03-——-~NO2 + O:; is about 2 secs, This is the
same time that the ozone concentration starts to increase, causing the rate of the
charge transfer to 05 to become much larger than the rate of the charge transfer
to NO, . This causes the NO, concentration to decay. This decay continues
until the czone concentration reaches a constant value, causing the NO2 density
to go into equilibrium at a fixed rauo to the O density.

The concentrations of both O and \' mcrease linearly at early times as
these ions are formed by the constant source. 'l‘he time constant for e removal
of O ions by the charge transfer reaction 0 +0 —---‘-O2 +0 is about 3X10 5secs
wl-nle the time constant for the removal of N2 ions by the charge transfer reaction
N;; + O———-O + N, is about 1X.10 -5 secs. Around these times, therefore, the
charge transfer rates become equal to the rates oi-production of these ions by the
source and their concentrations go iato equilibrium, All CJ+ and N; ions pro-
duced by the source after this time immediately transfer their-charge to form O;
ions,

The O concentration. increases:at early times because of the production by
the constant source and the transfer of charge from the N2 ions as the latter are
formed by the constant source, The charged rearrangement reaction
O; + N.,——-NO+ + NO has a time constant of about 50:secs. After this time, the
O‘.E gogs into eruilibrium at a value that is determined by the balance between the
s;urce function and the charged rearrangement reaction,

The NO' concentration builds up with a slope of 2 at very early times-through
1L, formation by ...¢ charged rearrangement reaction O + N —-—-NO + N, When
O goes into equitibrium, the slope of the No* profile changes to 1. By 0.1 sec,
enough O; ions are.formed to make the charge transfer process O2 + NO—NO" + O2
become more important in the formation of ol ions, causing the slope to change
back.-to 2. When t): goes into equilibrium, the NO+ concentration reverts to unit
slope increase, 'l‘h; time constant for dissociative recombination is about 103 secs
after which -time the production rate of NO¥ by charge transfer from 0 equals
the removal rate, causing the \!O concentration to go into ethbmum.

Figure 2 shows-the solution at 110 km with zero initial concentrations of the
jonized-species and estimated: initial concentrations of the minor neutral species,
There is a continuing constant-source producing -ion-pairs at the rate of
2 X10%Jem® /sec.
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The time constants of the processes that remove atomic oxygen are greater
than 105 secs, The inciease in the density of this atom at late times results irom ==
the photodissociation of 02 . The time constants of the processes that remove N,
NO, and N4O are all greater than 105 secs. The atomic nitrogen concentranor
increases at late times because the dissociative recombination:of NO' has started
to form a sufficient number of these atoms to start increasing their concentration.
'I'he associative detachment reaction O + Nf—>N G + ¢ has formed about
10 N O molecules in 10 secs which accounts for the slight increase in their con-
centrahon.at very late times, The increase in the NO density at late times results
from the increasing N and ‘O concentrations in the two-body atom recombination
reaction N+ O—=NO + hy ,

The ozone concentration remains constant until about 100 secs when O‘3 starts
to be removed by photodissociation. The time constant for the two-body atom
recombination reaction O +-Og—=O, +hv is about 600 secs, After this:time, o
the. ozene concentration:goes into equilibrium which is established by the atomic-
oxygen concentration, The increasein O3 at late times is caused by the increasing ? ,
oxygen supply for the two-body atom recombination reaction, The-time-constant
for the neutral rearrangement reaction O + NOE——-NO + O2 is about 1 sec, After
this time, the NO2 concentration decays until the rate of removal is.reduced-to the
rate of formation by the two-body atom recombination reaction O-+ NO'—--NO2 + hy
when the NO2 concentration remains at the equilibrinm value established by these
reactions,

The electron concentration increases at early times with unit slope as they are
formed by the constant source, By 1 sec, 2X 103 electrons are formed, The time
constant for the O; dissociative recombination-is about 50 secs around which-time -
the rate of production by the source-and the rate of removal by dissociative recom- 1
bination become equal-and the electron concentration-goes into equilibrium, The
most important formation-process for O  ions is the-radiative attachment rzaction ¥
O+ e—=0O +hy, The O  concentration increases with a slope of 2 as this ion is 1
formed by this process. The time constant for O photodetachment is about 0,75
sec when their-removal starts to hecome effective ant they assume a constant ratio
to the electrons. The increase in the O  concentration at late times reflects the -
dependence of the equilibrium value of this ion on the atomic-oxygen concentration.

At early times, the 'O; concentration increases with a slope of 2.as it is
formed by the three~body attachment reaction O2 + e+ M——-O2 + M. There are
two important removal processes for this ion-both with-time constants-of .about 2

ad

&

. secs, These are the photodetachment and the charge-transfer reaction
O; +0—=0 + 0,.. Around this time 05 goes-into. quasi-equilibrium with the
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electrons and assumes a fixed ratio lo them, At very late times, the increasing
atomic~oxygen concentration increases-the rate of removal of Oé by the charge
transfer, causing the O2 concentration to decrease and thereby change the ratio
established between O2 and the electrons,

The 0‘5 ions are formed primarily by the two-body ion-neutral association
reaction O + 02—’05 +hy, The O:; density increases with a slope of 3 at
early times as they are formed by this process, The time constant for the associa-
tive detachment reaction 0; + O——-O2 + e+ O2 is about 0, 1 sec after which time
it becomes effective in removing 03 ions and causes their concentration to remain
at a:-constant ratio to the electrons, This ratio is no longer constant after 104 secs
because the rate of the associative detachment reaction increases with the increas-
ing atomic-oxygen concentration.

The NOE concentration increases -with a slope of 3 at early times as it is
formed by the charge transfer reaction O + NO?‘-—-—-NO2 +Q, Changes in slope
are dictated by the O and NO2 curves, The time constant for NOQ photo~
detachment is.about 25 secs after which time quasi-equilibrium with O is
established,

The O.'L and-- N; concentrations increase with unit slope at early times through
their formazm's“by the constant -source, The time-constant for the charge transfer
reaction 0 + O ——-0 + O is about-0.07 sac. After this time, the removal of
0+ ions becomes effecuve and quickly equalizes the-production by the source forcing
the ‘0" concentration into equilibriurn, Removal of N; ions starts around 0, 02
sec which is the time constant for their removal by the charged rearrangement
reaction N; +O0—=NO" + N. The equilibrium value of N; is the result of the
balance achieved:between the source and the charged rearrangement. The decay
of N; after 10‘1 secs is simply the result of the increasing rate-of the charged
rearrangement reaction resulting from the increasing atomic-oxygen-concentration.
Any further production of o* and N2 ions by the sourceé after they have gone into
equxhbn\.m is immediately transferred into C)2 ions,

The 02 concentration increases with unit slope until about 50 secs when dis-
sociative-recombination starts to remove-them. By 100.secs, the O concentra-
tion reaches an equilibrium determined by the source and the dxssoclahve rt.com-
bination. At late times, the charged rearrangement reaction O2 + N—=NO* + o}
becomes important to the equilibrium of O2 The decrease in 02 aftex 10? secs
is caused-by the increased rate of this reaction as the density of atomic nitrogen
increases, The major source of NOT ijons-at oar_ly times is the-charged rearrange- |
ment reaction N2 + O—--NO + N. The NO concentration increases-with a %5
slope of 2 until N goes into equilibrium at which time-the slope-of the No* pro-
file changes to umty. -Around 50 secs, the charged rearrangement reaction
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O; + N—=—NO" + O becomes the important formation process for NO* ions. This
is also the time that the dissociative recombination becomes effective in removing
these ions. The equilibrium value of No' is determined.by the balance between
the charged rearrangement reaction and the dissociative recombination. The in-
crease in the 1\'O+ concentration at late times.results from the increased produc-
tion by the charged rearrangement reaction as the atomic-nitrogen density increases.
Figure 3 shows the solution at 70 km assuming high initial concentrations, such
as during a nuclear blackout, for the electrons, O+ , O;, and N; , Zero concen-
trations of the other charged species and estimated initial concentrations for the
minor-neutral species. A small continuing source of-0. 1 ion-pairs/cm3/sec is
uged, The time constant for dissociative recombination is very short.(about 0,2

LI O

sec) because of the high initial concentrations of electrons and’ 0; ions, The
electrons remain constant until this time and they start to decay by dissociative
recombination with O; and three-body attachment to O2 .

The O, concentration increases linearly from early times by the three-body
attachment reaction O, + e+ ©,;—0, % O, . This increase continues until about
1 sec which is the time constant for ',02 photodetachment. The chargo-transfer
reactions O; + O—=0" + O, and O; + 0g— 0; + 0, also become effective in
removing O, after 1 sec. By 50 secs, the O2 concentration has gone into quasi-
equilibrium with the electrons, O, and- O3 . The behavior of the negative ions
after they have-gone into quasi-equilibrium can-be understood by looking at their
equilibrium equations.‘ The differential equation for O; in equilibrium can-be

written as

dN(O,) . ]
—————— 2 - . J . . -
- m N(07) [k1+ N(O) kg, + N(O,) k96]

+ N(0,) - Nie) *k,, = O . (6)
Solving Eq. (6) for the ratio N(O,)/N(z) gives

N(O3) N%(0,) *k,,
! N(e) ~ (k; + NO) "k, + N(Og) "kgg)

(7

As long as the O and 03 concentrations are increasing, this ratio becomes
smaller-and smaller assuming. a constant value only when O and O3 go into

-equilibrium,
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The O~ concentration increases with unit slope at early times as this ion.is-
formed by the associative detachment reaction O3 +.(_:--O' + O2 . The formation
of O ions by the charge transfer reaction Oy +0—=0 + O, becomes .effective
around 1073 secs, The time constant for removal of O™ ions by the associative
detachment rcaction O™ + Ny——N,O + e is about 10:’2 secs, ‘This reaction starts
to consume this ion after this time and by 1 sec the O~ concentration goes into
quasi-equilibrium with the clectrons, 05 ,. O, and 03 . The differential equation
for O at equilibrium is

9%‘ = -N(O")~[N(N2)°ku+ N(03)°k93] + N(Og) - N(e) “ ky,
+ N(Og) *N(O) *ky, = O {8)

Solving Eq. (8) for the ratio N(O7)/N(e) gives

N(O

. —_—2 . .
NeD) | NO3 "k * Rig - NO “kgy ©
N(©) NN, -k;; + NOy) - Fgg

The ratio N(U )/N{e) is not a simple one but it is obvious that it depends only upon
the O and O3 concentrations and becomes constant only when O and O3 go into
equilibrium,

The O:; concentration increases with a slope of 2 at the beginning as this ion
is formed by the charge trgnsfer reaction 02 + 03—.-——-03 + O2 . The time con-
stant for-the associative detachment reaction 05+ O—-—?.O2 +.¢ is about 1 sec,
Shortly after this time, the detachment rate becomes equal.to the charge transfer
rate, causing the 05 concentration to go into.quasi-equilibrium with the electrons,
O, &nd O3 . The differential equation for O3 at equilibrium can be written as

dN(O3) - -
5 -N(O3) - N(O) "kygy + N(Oy) 'N(O3) ‘kgg = O. (10)

Solving Eq. -(10) for the ratio N(O;)/N(e) gives

- - a2
N(O3) N(Os) . k96 N —(02) . k24

N© T NO) Ky Ky ¥ NOV Ky, € NOP Ky 1y

This ratio depends_only-upon_the concentration of ‘O and O3 and becomes con-~
stant when O a1d 03 go into-equilibrium,
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‘The NO'2' ions are formed at-early times by the three-body aitachment re-
action NO, + ¢ +O,—=NO, +O,. By 1073 secs, there are enough 0, ions
around to make-the charge transfer reaction 0O,y + NOF—=NO,, + O2 more important
in forming NO, ions accounting for the change of slope to 2. The time constant
for the charge transfer reaction NO, + O4—=NO, + O, is about 3 secs. Shortly
after this time the NO, concentration goes into quasi-equilibrium with 05 . O, ,
and (J3 . The differential equation for NOé at equilibrium is

e e, e

;
*

dN(NO,) | | -\ . = .

——% = "NWNOY) - N(Oy) -kgy + N(Og) *N@Oy) * kg

+ N(,) +N(NO,) *k,. = O . (12)
2 2! " %95

Solving Eq. (12) for the ratio N(No._;_)/N(o;) gives

N(O3)
NINOp) T, NWOy) rkoy * NINO,) “kog
. (13)

NOy) T NG, -k

From Eq. (13) it is obvious.that the ratio N(NO&)/N(O;) is solely a function of
NO, , O, and O, and that'this ratio becomes constant only when NO,, O, and
O, go into equxhbrmm.

The 0 and N2 concentrations decay at early times by charge transfer to
O,y . The conceatrations of both:of these ions continues.to decay until the rate of
removal is reduced to the small rate-of production by the source function and they
d go into equilibrium, The O., concentratxon increases at very carly times as these
; ions are formed by charge transfer from \‘., . This increase stops when the N+

is effectively consumed. The time constant for 0., dissociative recombination is

T about 0. 2 sec around which time these ions start to be removed, The mutual
neutrahzahon reacuon O2 + 0O —-—-O + Oy and the charge transfer reaction
O + NO—=—NO" + O ‘both have time constants of about 2 secs when they become
effectwe in removmg the O,, ions, These processes continue to remove O2
until its concentration goes into equilibrium when tlie rates of removal equal the

small rate of production by the constant source.
NO' ions axe formed at early times by-the charge transfer reaction

‘\32 + NO —NG" + \I . When the supply of N is-used up, NO+ is formed at about
equal rates by-the char;,e transfer reaction O + NO—=—NOT + 0, and the: charged
rearrangement reaction O,, ¥ 1 V2—>~NO + 1\0 The time constant for NO dis-
sociative recombination is about.0; 1 sec around-which_time-removal-of NO beccmes- :
effective. Al about 3-secs removal-and production of NO* become equal. The pro- ’ -
duction of NO" becomes constant around 200 secs when O; goes- into:- equilibrium,
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After this time the NO concentration decays by dissociative recombination along s,
with the electron concentration until the removal rate by recombination equals the ‘
. + -+ . . Y oY
production rate from O2 and the NO  concentrationgoes into equilibrium,

The atomic nitrogen concentration increases at.early times as a product.of the
charged rearrangement reaction N; + O--—-»\‘O+ + N, When N has decayed-away
this production of N atoms stops. By 10 secs, enough N atoms are formed as
-a product-of-the not dissociative recombination to start increasing the N con-
centration, The negtral rearrangement reaction N+ NO---'-N2 + O ‘has a time
constant-of about 103 secs, Around this time, the production of N atoms by dis-
sociative recombination has slowed down because of the decaying No* concentra-

P
}

”

tion allowing these atoms.to be consuined by the neutral rearrangement, At very

late times, NO+ dissociative recombination ceases to be the important formation
mechanism-for N atoms because of the relatively low NO* concentration, The

important formation process fox' N atoms- becomes the photodissociation of N (0]

which has formed about 5X 107 atoms in 10* sccs. The atomie nitrogen- concen- o
tration after 10 secs, therefore, is determined by the neutral rearrangement and
the photodissociation.

The time constant for the removal of NO, by'the neutral rearrangement re-
action O + Noz—-NO + O2 is about 5 secs, The NO2 concentration remains
constant up to about 0. 1 sec by which time the three- body atom recombination-
reaction O+ NO + \l-—-\'O 4+ M has formed about 10 of these molecules, This
is sufficient for the NO, concentx ation to show an increase, By 10 secs, the
neutral rearrangement balances the three-body atom recombination forcing the

NO,, concentration into equilibrium, The fact that O is involved both in the pro-
duction and removal processes makes NO, independent of O. ’

i
I

The:behavior of N,O, 03 , and atomic oxygen are essentially the same as
shown in Figure 1,
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Figure 4 shows the-bebhavior at 110 km of initial high ionization and a very small
continuing source, Initially there are 108 electrons/cm3 with equal positive ioniza-
tion partitioned amung ot , O'; , and N,, according to-the relative amounts of the
corresponding ncutral species present, The negative ions and NO* have zero

initial concentrations while the minor neutral species start out at-estimated initial
.concentrations, Fur convenience, a small constant source of 0.1 ion-pail's/cm3/sec
is used. 7

The time constant for (); and NO¥ dissociative recombination is about-0, 25
sec because ofthe high ion and electron concentrations. The electron density
remains constant until about 0, 25 sec, therefore, and-decays-by the simple re-
combination law after-this time, Around 1071‘ secs, the rate of rgmoval of electrons
by recombination equals the rate of formation by the —small—continuiﬁg source,causing

theelectiron concentration to go inty equilibrium, The O2 concentration remains

T
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constant at early times with a slight increase aroung 10'2 secs because of the in-
creased production rate of the charge transfer reaction Nf: + 09——0; + N, .
Around 0,25 sec, dissociative recombination bccomes-effe::tive_in removing this s
ion,causing it to go into a recombination-type.decay. By 50 secs, however, the
time constant for O; dissociative recombinatien-has become rather long because
of the much lover electron concentration at this-time. The -ime-constant for the
charged rearrangeinent reaction O + N ——-\IO + O is abuut 50 s2cs, Around
this time, thercfore, the removal 01 O is accomplished by the charged rearrange-
ment which has become faster than the d;ssociative recombination. The Og con- “
centration goes into equilibrium when the rate of removal by charged rearrangement
equals the rate of formation by-the small constant source, The Not concentration.
increases withiunit slope at the start of the solution as this ion is formed by the
charged rearrangement reaction x‘; + O—=NO" + N. This increase continues.until F
about 0, 25 sec which is the time constant for NO+ dissociative recombination.
After this time, the NO" concentration decays by the simple-recombination law,
Alound 10 secs the production of no* by the charged rearrangement reaction E
O + N—=NO" + O becomes effective. \When the O density is suffxcxently re- g i
duced the charged rearrangement reaction becomea ineffectual and the \'O decay
retarns to the recombination law, é -
The timt_ constant for the removal of O+ ions by the char ge ‘transfer reaction
O + Q- ——O + & is about 0, 07 sec around which time the o* concentration-
starts: to dccay This x emoval continues until about' 1 sec when the charged rear-

rangement reaction O + N——0" + NO becomes effective in forming this ion and

around 7 secs the ot concentrahon goes intu quasi-equilibrium, The differential .
equation for ot at-equilibrium can be written as ; ' E
ANOY. | %) - [N0,) Ky, + N, kg ]+ NOD N Ky 4 q = O
at 2) " "g3 2 116] 2 g™ 1 .
{14) ’
Solving Eq. (14)-for N(O+)‘ gives 4
0 .
N©EY = ;TON) (Ok2) :I(;(i\, ;{‘}f . (15)
2 83 2 116
: 3
From-this result it is obvious,that the variation in-the 0" concentration must fol-
low the variation in the O concentration, This is the reason for the linear de- 1
crease around 10 secs, \Vhen the rate of the charged rearrangement
O2 N—oO* + NO becomes smaller than the production rate of the continuing

source, the o" density becomes constant.
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The txme constant for the removal of } \!., by the charged rearrangement re=
action Ng + O—=NC" + N and the c¢harge transfer reaction \Y * O.,-»-O‘2 N,
is about 0. 02 sec, The \12 concent.ation decays atter this 'xme until the rate of
removal equals the rate of formation by the continuing source and the N2 concen-
tration goes into equilibrium,

The O ases with unit slope at the beginning of the solution
as this.ion-is formed by the ra” uive attachment reaction O + e ==Q" + hy . The

concentration ine
time constant for photadetachmuiit from O is about 0,75 sec around which time
the detachment rate exceeds the attachment rate,causing the 0" concentration to
The density of O does not go into quasi-equilibrium with the electrons

until about 70 secs.

decay,
After this time, the O~ density assumes a constant ratio to

‘the electron density.. The O; concentration also increases with unit slope at-early

times.as this ion-is formed by the three-body attachment reaction Q, + ¢ + M—-—O£ + M,

Around 1 sec, the time constant for photodetachment from O; and the charge trans-
fer reaction O2 + 00 + 02 , the removal rate exceeds the forma‘ion rate,
causing O;_ to decay. Around 100 secs the O; concentration goes into quasi-
equilibrium with the electrons and after this time it varies at a fixed-ratio to the
electron concentration.

The O;; concentration increases with a slope of 2 at tl e start-because of the
formation of this ion by the ion-neutral association reaction O +‘02—-- O; + hy .,
‘The associative detachinent reaction O; + 0 —-—202 + ¢ has a time constant of ahout
0.1 sec after which it exceeds the rate of attachment, causing the 05 to decay.

The O, goes into quasi-equilibrium around $ secs and-assumes a fixed ratio to
the electron concentration, The \102 ions are formed. at early times by the throe~
body attachment reacti n NO, + ¢ + M—=NO, + M. The NO,

creases with unit slope, therefore, before 10~ -4

concentration in-
secs. As the O  concentration
increases, the NO, production process changes to:the charged transfer reaction
0« N02-—-— NC); +UO and-the slope of the Noé profile changes to 2. Around 1 sec,
the rate of photodetachment.exceeds the rate of the charge transfer, causing the
NOQ to decay. The associative detachment reaction NO& + O-—*—O2 + NO + e also
becomes effective in removing this jion around 50 secs, the time constant for this
reaction, After 10 secs, the production falls off V*nearly as O decays while the
-photodetachment and associative detachment are removing this ion very rapidly,
causing the sharp decrease-between 10 and 100 secs, This removal continues until
the rate of the charge transfer reaction again becomes equal to-the rate of photo~
detachment and associative detachment.and the \'O., concentration remams fixed
at.a constant ratio to the O~ -concentration., The slight increase after 10 secs
reflects the quasi-equilibrium dependence of this ion on-the atomic oxygen

concentration,
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The atomic nitrogen starts to inerecase around 10-4 secs because of the pro-
duction of this atom by NO" dissociative recombination. When-the ionization starts
to decay, this production stops, causing thc atomic-nitrogen conceniration to become
constant again, The decay aftes 104 secs is caused by the increasing oxygen concen-
tration.in the recombination reaction N+ O—NO + hr ., The behavior of the other
minor neutral species is the same as given in the description of Figure 2,

5. THE DIURNAL VARIATION OF THE ATMOSPHERIC CONSTITUENTS

The basic code, as-presented in Section 6. 1, is ideally suited to such phenomena
as the short-time effects on the atmesphere resulting from the detonation of nuclear
weapons., The major source of the.data on ionospheric parameters, however,. is to
be found in experimental studies of the natural ionosphere. These include ground-
based probing technic.és, measurements made in aircraft,and insitu measurements
made with rockets, These experimental measurements cover most of the basic
ionospheric characteristics of importance. In order vo utilize these data for
reaction-rate studies, for which this code is basically written, additions to:the:
code are necessary so thal it can solve the diurnal variation problem.

For this application it is required that the production of ionization by solar
radiations.be known as a function of the solar zenith angle, The code must also be
capable of computing the local solar time for the location at which the computations
are being made. The changes required in the deionization code for the computation
of the diurnal variation of the atmospheric species are discussed in Section 7.2,

5.1 The Photoionization Source Function:

In order to compute the diurnal variation of the atmospheric constituents, the
production of ionization by direct and scattered solar radiation as well as that pro-~
duced by cosmic rays is required,

Let $,(AA) be the photon flux incident on the top of the atmosphere and
¢, (Ad) be the photon flux arriving-at some height z in the wavelength region
AX, Then

¢ (A1) = o (an)e T(AAY (16)

where 7(AM) is the optical depth for energies in the wavelength region AX ., If
only atomic and molecular oxygea:and molecuiar nitrogen are considered to be ab-
sorbers of this radiation, then-the optical depth can be written as

ey
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T(AX) = r5(ax)+ 0, (ax) + ™, (ax) . (17)
The optical depth for cach of the constituents is defined as
o
TO(A}\) = 05(AX) - / N@©) +d1 (18)
2
o0
T (AX) = o4 (ax)* [ N(O,)-d1l (19)
0, O, 2
Z
and
o0
g, (80 = oy (an) -+ f wavy) -1 (20)

Z

where GO(AM" GOO(AM" and 6N2(A>‘) are the absorption cross sections for
atomic oxygen, molecular oxygen, and molecular nitrogen respectively and the
integrals represent the total number of the atoms or molecules-in a cm2~column
extending from z to-infinity along the path 1,

For computing the photoionization rates only those wavelengths capable of pro-
ducing ionization have-to be considered. The first ionization potential of O2 is at
1026, 54, while the first ionization potential of O and N2 are af shorter wave-
lengths, In considering photoionization, therefore, it is necessary to take into
account only cnergy fluxes at wavelength below 1026, 5A.

The primary electron production rate at altitude z resulting from the ioniza-
tionof O, O2 , and N2 in the wavelength region 1-1027A. can be written as

a = q(0") + g0y + ql¥y) @1)

3

(<%0 }
- Z oi(AX)fNi ar).

i=1 A

, 3 .
agyle) = Z q = }_?1‘ E Npiol(ar) @ (aX)e
=1 “ZA

i=1 i
(22)

‘where the oi'(AA) are the ionization cross sections for the various.constituents,
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In addition to this, there are the-eicctrons produced by the ionization of nitric
oxide by L, at 1215,7A. The electron production rate resulting from this
mechanism.can be written as

o0

- |00y - f N(©O,) *d1

a,,, * N(NO) '?0'(NO) “ by L) - € z (23)

since L, is absorbed by -02 . For L, the ionization cross section, a'(NO) ,
according to Watanabe (1954), is 2X 10-18cm2 and:the absorption cross section
for molecular oxygen, 0'(02) , according to Lee (1955) and Ditchburn, Bradley,
«Cannon, and Munday (1954), is 8.5 ><-10-2‘1<:m2 . A daytime flux of 3‘ergs/cm2/séc
for L, is assumed for the numerical computations in this paper.

The production rate of electrous by energies in the 1-10A region is given by

3 00 Y
a(e) = EZ}; NK(a)e ‘=1 2 (24)

i=1

where K(A) is the jonization coefficent per molecule per sec at 2, 4, and 6A,
The production rate of electrons by cosmic rays used in this work is simply

16

dep(@ = L0X10 "N, (25)

where Nz is the total particle concentration at altitude .
The total daytime production rate of electrons is

y - ; q, + 2) +- . 26
ale qUV(e)+qua (e) + qople) +:ay(e) (26)

During the night, in addition to the cosmic-ray flux, there is also some L

and L ) flux scattered.in from the sunlit atmosphere. For the-purpose of this
work it was-assumed that one percent of the noontime L, flux and. 0, 1-percent.
of the noontime L, flux are available -for the production of ionization during the

night.
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The photon fluxes-in the 10-1027A region are those reported by Hinteregger
{1960), The 1-1QA X-ray ionization voefficients are taken from Nicolet and Aikin

(1960) assuming slightly disturbed solar conditions.

Table 1 shows the photon flux

in each wavelength region and ionization and absorption cross sections.for O, O2 ,
and N,, as given by Hinteregger (1960). For broad spectral ranges, mean values

of the ionization cross section are used. Because of the variation of the cross

sections within a spectral range, especially for N2 , several cross sections-were
used within.the range with equal distribution of the total flux within the range over

each of th: subdivisions. The ionization efficiency factor is n.. Its value is one for

all wavelengths whose encrgies are less than 35 ev. For wavelengths with energies

greater than 35 ev, 1 is given by 1= -5% where E is the energy of the photon in ev,
Table 2 lists the concentrations of O, O2 , and N2 used to compute the column

integrzls. The concentrations above 80 km are taken from the COSPAR International

Reference Atmosphere (1965), Concentrations-below 8¢ km are taken from Keneshea

(1963). A description of the photoionization code is given in Appendix A.
The electron production rate at noontime by the external production function is

shown in Figure 5, Above 90 km, the ionization is by ultraviolet and soft X-rays.

Around 90-km, the ionization is produced almost exclusively by X-rays in the 35A

region while around 50 km the production is primarily the result of the ionization of

NO by L. By 60 km, the productionresults solely from cosmic-ray ionization.

Figure 6 shows the electron-ion production rates at noontime by the external
BN
source function, Above 90 km, the O, ion is-the most abundant ion produced. At

4o

70.and 80 km, the production of NO ions by L, predominates,

=y "

5.2 The Simplified Sunrise-Sunset Funetion

Because of the rapid changes in the concentrations of some of the atmospheric

constituents during sunrise and sunset, more realistic results are obtained with the

code if-the sun is considered to be an extended source rather than a point source.

It is:necessary, therefore, to consider the geomeiry of 2 moving disc obscured by

a.plane, Because the viewing angle of the earth is much larger than the viewing

angle of the sun to an observer in the ionosphere, the earth's horizon is considered

to be flat.

In order to handle this problem correctly, it is necessary to take into account

the absorption of the specific avavelengths responsible for the photodetachment of

each negative icn and-the photodissociation of each neutral species. Unfortunately,

the spectral dependence of these processes for all-the negative ions and neutral

constituents is not known. For the purposes of this paper, therefore, the full

daylight coefficients for-photodiétachment and photo- dissociation are simply modified

by the percentage of the total visible light transmitted as the sun rises or sets.
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Table 2,

Concentrations of Neutral Species

35

Altitude (km) N(o)/CcC N(oz)lcc N(N2)ICC
0 0 5. 34x1018 1.99x1019
16 1. 00X10° 1.80x10'3 6.71x10'8
20 1. 50x108 3..00x1017 1.40x10'8
30 1,20x1010 7.00x106 3.15x10%7
10 2.40x10!0 1.70x1016 7.60x1016
50 3. 50x1010 5.00x1019 1.80x10!6
60 4.80x1010 1.50x1019 5.70x101°
70 6.40x101° 7.53x1014 1.60%10'%
80 8.50x1010 7.95x1013 2. 96x1014
90 1.25x1 11 1.33x10!3 4, 97%1013
100 5.00x10'! 1. 991012 8. 18x1012
110 2.00x10'! 3,49x10!! 1.62x1012
120 7. 60x10!° 7.46x100 4,01x10"!
130 3, 67x10%0 2, 34x101° 1.40x101!
140 2.16%1010 9.79x10° 6. 36x101Y
150 1.42x101° 4.78%10° 3, 34x10°
160 9.84x10° 2. 56x10° 1.91x1010
170 7.15x10° 1.47x10° 1.16%10'0
130 5.36x10° 8.83X10° 7.37%10°
190 4. 12x10° 5, 52x10% 4.85x107
200 3.23X10° 3.57x108 3.20x10°
210 2, 58%107 2. 37x10% 2.20x10°
220 2. 00x10° 1. 61x108 1. 62x10°
230 1.71x107 1.11x108 1.17%10°
240 1.41x10° 7,75X10" 8.51x10%
250 1.18x10° 5.49X107 6.28x10°
260 9.80%10° 3.92X10° 4,67x10°
270 8. 33x10° 2.82X107 3. 50108
280 7.06x10% 2.05X10" 2. 64x10°
290 6. 00X10° 1.50X10 2, 00x10°
300 5. 12x10° 1.10X107 1.52%x10%
310 4, 36x108 8.23x10% 1. 17%108
320 3,70X16° 5.80x10° 8. 67X10"
330 3,22x10° 4, 50x10% 6. 90X10"
340 2,74x10° 3.20x10° 5, 14X10"
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Table 2 (Continued)

£ e —b— %

Altitude (km) N(0)/CC N(0,/CC N(N, /CC
350 2, 39108 2. 49x10% 4.11X107
360 2, 04x10° 1.78%100 3,08X107
370 1,78x10° 1.39x10° 2,46X10"
380 1.52x108 1.00x10° 1.85%107
390 1, 33x108 7.82X10° 1.49%X10"
400 1. 14108 5. 65%10° 1.13X10°
410 1, 00x10% 4,43x10° 9. 04x108
420 8. 59X10" 3,20X10° 6.83x10°
430 7.53%10° 2, 52X10° 5. 51X10°
440 6.49X10" 1.83%10° 4.19%10°
450 5.70X10" 1.44x10° 3, 38x10°
460 4.91X10" 1.05%10° 2. 58x10°
470 4, 32X10° 8. 300" 2, 09X10°
480 3,73X10" 6,06X10" 1, 59%10°
490 3,28X10" 4. 74x10% 1.20%10°
500 2,83X10" 3,51x10% 9.86X10°
510 2.50%10" 2.72x10% 8. 00x10°

Y : Glionnion-

2 .
= 2¢cos"u- I

?

9 The area of a sector of the circle in Figure 7 subtended by the angle 9 is
From Figure 7 )
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Y
0 = cos™! [2 (}“_r‘i) —l] (30)
The arca of the two triangles in Figure 7 is
. {0 L
- (r-x) r sm( 5 ) (31)
; f
. which can be written as :
i
i ) o {
! owy | 1-cos 0 12 :
-4,% (r-x)r —_— (32) ‘
g‘g ) The shaded area of the-sector is N
‘ 2 } 1/2 ?
< I r[‘—°2°§-”—] (33) !
>
Let r equal one solar radius, then
1/2 ;
_ b d-cos 0 : {
A = 7 - (l-x)['-——-—"g ] (34), \
where
) T
) cos O = 2(’1-x)2-1 (35) }
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The transmissivity factor, 5, can be.written as
p o= 1 - (36)
ar”
which. for r=1 ‘becomes ’
. LA J
no=1-2 (37) .
or
[Q - (1-y [l-cos Ol 1/2] ‘
g - =% | === ’
y =1- (38)

w ¢

5.3 Diumal Yariation Results

In computing the diurnal variation some changes in the basic list of reaction
rates are necessary in.order to obtain solutions that are generally consistent with :
~vailable experimental evidencé An attempt was made to achieve-the NO+/OZ -
daytime ratios observed by Narcisi {1966). There is, of course, no unique way to
obtain these ratios in.the presetit. system. In the E region they can be achieved by .
varying the rate constant for the cnarged rearrangemant reaction OZ.-!- N—=NOT + 0.
They can also-be arrived at by using a different concentration of atomic nitrogen for

this reactiw}_. This ratio is also sensitive to the ratio of the rate constants for
NO and 02 dissociative recombination, Because of the-recent.measurements

by Furguson-et al, (1965) of the rate constant-for‘the charged rearrangement re~

action.and because of ihe lack of experimental measurements-of the concentration
of atomic nitrogen, the first two choices were rejected, In-order to establish
ratios consistent with those of Narcisi (1966); the rate constant for Not dis-

sociative recombination is made equal to that for of .dissociative recombination,
In addition to the other rate constant adjustments discussed in Section 4, the

rate constants for four more reactions-are changed for the diurnal variation runs,

The associative detachment reaction O; + O---—-2O2 + e is an important reaction
in the electron kinetics in the D region. Allowing this detachment to take place
produces profiles-at night that are contrary to experimental observations. An
example of this behavior is presented in Section 6. The rate constant for this

reaction-and the similar reaction for N02-, + O -—-0'2 + NO + e were therefora

.
TR

set o zero, Problems then arose‘in trying to obtain-a negative ion-to-electron
ratio of unity at 70 km, To accomplish this the rate coefficient for O; photo-

s e

detachment is changed-to 1.4 and the rate-constant for the charge transfer reaction
0, +04—=0, +0, is changed to 7. 77%10™9 . With these rate constant changes,
reasonable negative ion-to-zlectron-ratios are obtained at noontime in the -D-region,
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this work and.because all of the energy in the Schumann continum is absorbed a™ove

-altitude range is by the three-body attachment of electrons to O, . Above-80 km

40

Because the energy available in the erzberg continum was not considered in

100 km, no photodissociation of O2 is allowed below 110 km, The incorporation
O2 photodissociation into the code is discussed in Section 7.2, 1. 1. When viewing

the atomic oxygen.profiles, this fact should be kept in:mind.
Before discussing the actual diurnal variations.of the various atmospheric

species in the D and E ionospheric regions, it might be worthwhile to study the
kinetics of the reactions respoisible for the noontime profiles of the more important
ionic and neutral constituents,

“.3.1 THE NOONTIME KINETICS

The diurnal variations were computed in height intervals of 10 km and at
noontime a snapshot was taken of the rates at which the individual reactions were
proceceding, From this output the reactions contributing predominantly to the
kinetics cf each species were extracted. The height profiles of the rates at-which
these reactions were proceeding are shown in Figures 8 through 16 for the major
species. ’

The-electron kinetics are shown in Figare 8, Above 90 km, the electron con-
centration results from the equilibrium established betweer the electrons. produced
by the external source and those lost by-dissociative recombiaation with O; and-
No*
tration is determined by the equilibrium established between.the production of
clectrons by photodetach:z:ent from negative ions and the three-body attachment of

the electrons to O2 . The altitudes between 80 and 90 km are transition altitudes

. Below 80 km, the picture is entirely different. Here the cleetron concen-

where the electron ¢oncentration results equally from the external source and the
photodetachment procuctions and the dissociative recombination and three-body
attachment removals.

Figure 9-shows the kinetics of 0O". Above 90 km, this ion is produced solely
by the radiative attachment of electrons to atomic oxygen. Above 110 km the only ;
removal process for these ions is the photodetachment, while kelow 100 km the :
associative detachment O + Nz——Nzo + ¢ becomes the only removal mechanism,

Thers is some controversy as to whether this.reaction is-endothermic or exothermic.

Bortner (1965) discugsed this problem;and accepted the thermochemical data that

makes this-process exothermic. Below 90.km the O” ions are produced by the

charge transfer between O._," and-atomic.oxyger. and by the dissociative attachment

reaction O3 +e—=0 +-O2 . \
Frem Figure 10 it-is-obvious-that.the formation of O, ions over the entire &

they are removed-by photodetachment.and by the-charge transfer between 0, an:
atomic oxygen, Below 80 km the predominant removal process becomss the-cr vge

transfer between O, and ozone. .
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The kinetics of the O; ions are shown in Figure 11. Above 80 km these ions
are removed almost entirely by dissociative reconibination. In the E region they
are formed primarily by photoionization, Below 80 km the charge transfer-process
N; + C)Z 0 + N andthe ex‘ternal source coritribute about equally to the production
of this ion, Below 80 km O -becomes:a niinor ion since it is produced by cosmic-
ray ionization and from N2 by charge transfer while the latter ions are being ﬁ
formed in small numbers by cosmic-ray ionization. The O2 ions react to form

e S AR

NO ions.below 80 km by charged rearrangement with: N2 and charge transfer "
with NO.

Figure 12 shows the processes responsible for the noontime kinetics of NO* .
The only removal process that is important at all altitudes is the dissociative re-
combination, Above 85 km NO+ is formed primarily from O; and N; by-charged
rearrangement with atomic oxygen and atomic nitrogen respectively. Of lesser im-

portance are the 0 charged rearrangement with N2 , the charge transfer between

O2 and NO and the charged rearrangement between O and- N . Between 70

and-80_km this ion is formed almost exclusively by the 1onization of NO by L.
The kinetics of nitric oxide are shown in Figure 13. The neutral rearrangement

e

N T

reaction- N+ NO-—--N2 + O is-an important-removal process for-this molecule-at
.all altitudes, The two-body atom recombination N+ O —=NO + hy is-important
4in forming this molecule-above 80-km. Below this altilude it becomes unimportant
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because of the relatively small amounts-of atomic nitrogen available,

The abundance

of 0., ions in the I region makes the charge transfer to NO also important above

90 km. Below 80km these molecules are formed by the neutral rearragnement
process O + NO,——NO + O, and by the photcdissociation of N,O .
moved by the three-body atom recombination O + NO + M—-—-NO2 + M and by the .

atom recombination O + NO—=NO,, + hv,

They are re-

The minimum in the rate of the process

N+ 02-—'-N0 + O between 80 and 90 km is produced by the temperature dependence
of the rate constant for this process which is a minimum in this region,

The kinetics of atomic nitrogen, as shown in Figure 14, are

influenced mainly by

charged species reactions above 90 km and by neutral reactions below this altitude.
In the E layer it is produced primarily by the dissociative recombination of No*

and by the charged rearrangement belween N;
moval process is the charged rearrangement with O;

and atomic oxygen.

Its major re-
. Also-contributing to its

removal are its neutral rearrangement with NO and its.recombination with atomic

oxygen. Inthe D region this atom is formed by the photodissociation of N,O and
of NO . Itis removed by the netural rearrangement reactions N+ NO —N, + o

and N+ Oz—=NO+O.

Figure 15 shows the kinetics for ozone at noontime.
mechanism for this molecule is pliotodissociation.

The primary removal
Also contributing to its removal

is-the neutral rearrangement reaction O + 03'-——-202 . The major formation of ozone

is-by the three-body recombination O + O + M——-O3 +

M . Of minor importance

in forming ozone is-the two-body atom recombmatxon O+ O,,-——-O + hy, The
rates for the three-body recombination processes fall off rapidly thh increasing
altitude because of the decreasing molecular-concentrations.

The important reactions for atomic-oxygen are shown in Figure 16. In the D

region-the atomic oxygen kinetics are controlled by the same reactions as the ozone

concentration. In the E region the photodissociatioli of molecular oxygen is the major

source of oxygen atems.

There is no effective chemical removal of these atoms
duringthe daytime in the E region,

5.3.2 THE DIURNAL VARIATIONS

The code, as discussed in Section 6. 2

files were computed for various geographic locations.

,- was used-tc compute the-time histories
of the 15.atmospheric species incorporated into the code, Many concentration-pro-

From these computations

those made for the coordinates 32. 197°S and 52. 169°W were chosen for presentation

here. This location is in Brazil where sounding rockets were launched during'the
eclipse of 12 Nox _-uber 1966..

The diurnal variation profiles are generated-in the following manner, The code

is-started at local noon-with-the concentrations of the tharged:species initially set

to zero-and the concentrations of the neutral species-initially set-to best-estimate values.
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The code is then run through one diurnal cycle (24 hours). Taking the-concentra-
tions of all-the species at the end of this diurnal cycle as initial conditions, a solu-
tion is generated over a second diurnal cycle, The profiles computed over this
second diurnal.cycle are presented-here,

Technically, this procedure should be repeated over as many diurnal cycles as
are required to achieve equilibrium profiles, Equilibrium, as defined here, is
achieved when the variation in the concentration of each species reproduces itseif
over succeeding diurnal cycles. In the profiles presented, it is apparent that for
sorme of the species this equilibrium was not achieved in the second cycle and
more-diurnal cycles should have been computed, Nevertheless, this does not diminish
the-validity of the results as they are discussed,

Figure 17 shows the diurnal variation of the major charged species at 120 km,
Although the variation of all nine charged species in the code were computed, only

-those species that attain concentrations above 10 particles/cm3 are plotted. The

ncontime value of-the electron concentration results from the equilibrium established

between the production by photoionization and the dissociative recombination of
£y

0O, and NO' . As the solar zenith angle-increases, the-rate of production de-

creases because of the greater attenuation of the solar radiations through the denser
columns in the atmosphere., The production rate is reduced to its nighttime value
about a half hour before the sun starts to set, As fewer electron are produced,
those already made are removed by recombination, causing the concentrations of
the electrons'and ti.. positive jons to decrease, This decay continues until the
production rate is reduced to its constant nighttime value at which time a new
equilibrium is- estab]ished for the electrons and the NO' ions. The O concentratxon
decays below the not concentration because of the conversxon of O2 1ons into NOT
ions by the charged rearrangement reaction O'2 + N—=NO" +0. The O2 concen-
tration increases during the night because-the rate of removal by the charged re-
arrangement reaction O; + N—=NO' + O decreases with the decreasing atomic
nitrogen concentration, After the sun rises and.the ionizing radiation starts to
penetrate to.this altitude, the production of ionization increases, causing the con- .
centravion:to increase until the production rate levels off around noontime and the
daytime equilibrium is established between the production.-of ionization and the
dissociative recombination,

Figure 18 shows the-diurnal-profiles -for the neutral species at 120 km,
Atomice- oxygen was not plotted here -because its concentration varies-only-slightly
around- 2X10 atomslcms. During the daytime the concentration of atomic
nitrogen- builds up as-it is formed-by-the dzssocxatwe recombination Not +- e-——N +0
and-by the charged rearrangement N o+ O—-——-NC + N at a faster rate-than it is
removed by the charged rearrangement 02 + N—==NO' + O or the neutral rear-
-rangement N+ NO-—---—N2 + O . During the-night, however,. the-formation-by the
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n

digsociative recombination and the charged rearrvangement practically stops. The
only process-really affecting this-atom then is.the neutral rearrangement-which
causes its concentration to decay steadily throughout the night. No change is pos-
sible in the NZO copcentrauon because the time constant for its removal by photo-
dissociation is about 10 secs which is longer than one day. There is no effective
formation or removal process for this molecule at night, 'I‘he slight diurnal varia-
txon in nitric o‘ude is caused by the diurnal variation of O in the process
O., + N -—--NO + NO . Ozone is only a trace species.» 120 kin. The slight varia-
tion in- 1ts concentration is caused by the variation of its rate of photodissociation
with the solar zenith angle., When the photodissociation stops at sunset its concen-
tration increases by the two-body recombination reaction O + 02--~-O3 + hy until
a new equilibrium is established between this recombination and the netural re-
arrangement reaction O+ O =0y + 0, .

Figure 19 shows the d1urnal variation of the major charged species at 110 km,
The bebhavior of the charged species at this altitude is similar to that at 120 km,
The noontime equilibrium-value of the electrons is slightly lower here than at 120 km

‘because of the slightly larger recombination rate constants, Since these ratr con<

stants are-inversely proportional to the temperature, their values are hignher st
110 km than.at 120 km because of the decreased temperature, "The nighttinié con-
centrations are-a little higher than they are at 120 km because the nighttime pro-
duction function is larger at this altitude,

The only real difference in the neutral species-profiles at 110-km, as.shown in
Figure 20,from those at 120 k- is the.czone profile. Since-the rate of the thiee~
body recombination process O-+ Oy + M—-—-O3 + M is increasing with-decreasing
altitude, more ozone mclecules are formed at this altitude at night when their
photodissociation:-has stopped,

The charged snecies diurnal variations at 100 kin, as shown in I‘lgure 2§, dis-
play-much of the same behavior that is seen at the two higher altitudes, The slightly
lower concentrations reflect-the slightly lower photoionization rate. At night, however,
at this altitude O:; starts to become an important negative ion. Because of the in-
crease in the concentration of ozone during the night, the rate of the dissociative
attachment reaction 03 +e—wO0 + 02 increases. However, the charge transfer
reaction O + 03-—-05 + O proceeds so rapidly because of the increased 03
concentration that the O ions created by attachment immediately transfer their
charge to O3 » causing-the electrons o decay sligitly as their charge goes into
the formation of O3 ions, As soon as-the sun starts to rise, however, the-clec-
trons are very quickly detached.from the O dons, causing the concentration of-this
ion to decay rapidly with a-corresponding- mcrease in the electron concentration,

Figure 22 shows the diurnal variation of the rminor neutral species at 100 km,
Their behavior is again similar to that at the higher altitudes. There is, however,
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a greater diurnal variation in ozone. Below 100-km the mzjor source of ozone
is the three~body recombination reaction O+ O, + M —v03 + M, When photo~
! dissociationstops at sunset the ozone concentration increases because of this re-

combination. The time constant for removal of ozone by the neutral rearrangement
reaction O+ 03———-203 is about one hour. After this time, therefore, the:ozone
goes into equilibrium which is established by these two processes.

At 90 km the diurnal »ariation of the charged species starts to srow a venavior
different from that at higher altitudes (see Figure 23). ‘The production functian no

longer shows the smooth decay representative of the absorption of ultraviolet radia-

tion. Around 90 km during the day, the primary source of ionization is the soft

X-~rays with the UV radiation almost completely absorbed above {his altitude, .
As the solar zenith angle increases, -more and more of these X-rays are absorbed

because of the increasing air mass in the column, The L radiation, however,

suffers less absorption in the column as the solar zenith angle increases. A point

is reached, therefore, where the incident X-ray flux becomes less than the incident
| 7La flux. This change overto L., producticn is evidenced by the bumps-in the pro-
duction curve in Figure 18 around 1800 and 0600 hours. At this altitude during the
day O'*, is still the major positive ion and the electrons are still.lost by recom-
; binatio‘;l. During the night, however, the rate of electron removal by recombina~
tion becomes relatively-small because of the low electron density. The process that
@ starts to become important at this altitude is the. three-body attachment
; ' Oy + €+ Oy O; + 02 . During the night, therefore; the electrons are lost-biy
attachment to O2 . The O, ions-thus formed <o not stay-around very iong be-
; ,; cause the rate of {ie charge transfer -reaction ;Oi.;ﬂ* 03—-— O:,; + O, is inereasing
‘! rapidly with the increwsing ozone concentration. As soon as the 0; ions are formeéd
g they immediately transfer their charge to ozone forming O ions. The-Oj ions
increase until an equilibrium is established between the charge-transfecr and the
mutual neutralization reaction O; + NO —» O3 + NO . As soon as the sun starts
: to rise, the electrons arz-detached from the O3 ions and in a few seconds all of
+ the electrons that were attached during the night are detached. Because the solar
¢+ adiation must penetrate very dense air columns just after sunrise, the production
function does not become effective in producing ionization for about-anhour after
the sun has come up.. During this period of tilme, with no source of ionization
¢ present, the electrons recombine with-the positive ions, causing the ionization
to start to decay, When the production-function becomes effective in producing
fonization, the clectron and positive ion-coneentrations start to-increase and pro-
ceed to-their noontime equilibrium values, 7 .
The diurnal variation of the minor neutral species.at 90 km is-shown in
Figure 24, The behavior at this altitude is similar to that at 100.km. The ozone
concentration-displays.a greater diurnal variation at this-altitude because of the
increase in the rate of the three-hody recombination.
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- during the entire day is NO+ . The O'; concentration is about two orders-of mag-~

Tht- diurnal variation of the major charged species at 80 km is shown in Figure 25, 4
The .dayzime ionization picture is now changing considerably. The major positive ion

nitude below the NO' concentration. The clectrons and positive lons decay during
the afternoon by reccmbination. The O; density follows the electrori.concentration -
because of quasi-equilibrium established between the three-body attachment and the
photodetachment, ‘The O' concentration follows the other negative ions because of
the equilibrium between the charge transfer O + O O + O and the photo-
detachment. As soon as the snn starts to set, the electrons become attached iz

O, . This.astachment continues until the rate of removal is balanced by the rute of
formation by the source function, At this altitude also the O, ions formed by
electron attachment are shortlived, transferring their charge to ozone to-form the
O:; ions. When the-dissociative recombjnation of Not stops at sunset 'because of
thie decreased electron density, the NO™ concentration increases by the nighttime
production function until a quasi-equilibrium:-is-established between O; and NO¥

as determined by the nighttime source and the time constant of the mutual neutrali- f
zation process O; + NOT— O.3 + NO . - The electron concentration decays slowly
throughout the night because of attachment to 02 . The resulting O; ions thus !

formed immediately transfer their charge to ozone to form O; ions. The behavior !
of the ionization after sunrise is the same as at 90 km except that three-~body :

-attachment and negative charge transfer-start to bring negalive ions into the picture,

Figure 26 shows the diurnal variation of the minor neutral:species at 80 km
where again there is the large diurnal variation in ozone, Atomic oxygen is now
starting to show a diurnal variation also, The atomic-nitrogen behavior is quite
different from what it was at higher altitudes. Below 80 km its kinetics are deter-
mined solely by neutral reactions, V.”.en the sun sets the photodissociation of
N20 slops thus-halting the production of N atoms. With no other source of pro-
ductioiupresent for these atoms, they decay during the night by the netural rear-
rangement-process N + NO—-»-N2 * O . After sunrise the concentration of this
atom increases-until an equilibrium is established between-the photodissociation
of N2O and the neutral rearrangement,

The diurnal variation of the charged species at 70 km is shown in-Figure 27,
The behavior of the species at this.altitude-is controlled by the same process as at
80 .km, With the values of the rate constants for the. photodetaohment from O (1 4)
andfor the charge transfer reaction O2 +0 -——O +. O2 (7.77%X10° ) used m this
work a negative ion-to-electron ratio of aboqt umty is obtained at 70 km, The nega-
tive ion concentrations are higher here than they are at 8¢ km because’of the higher .
rate of the three-body attachment reaction which, in‘turn, results.from the higher

neutral concentration at-70 km.
Figure 28 shows the diurnal variation of -the minor neutral species at 70 oy,
At this-altitude, atomic nitrogen becomes-a trace species and is-therefore not plotted.
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The sti "king feature of Figure 28 is the consiierable diurnal changethat takes
place in the atomic oxygen concentration, Th2 molecular oxygen and total <on-
centration have become sufficiently aigh to make the three~body recombination
process 02+ O+ M-’-O3 + M proceed very rapidly. During the-night when
there is no photedissociation of ozone to revlenish.the atomic oxygen-suppiy, the
three-body recombination-converts practically all of the available oxygen atoras to
ozone, When the sun comes up, however, the photadissociation of ozone is 50
rapid that the oxygen atoms that recombined during:the night: wre restored-in a few
minutes. T2 nitric oxide conceriration also exhibits a substantial diurnal change
at 70 km, The neutral rearrangement reactior O + ‘\IO —=NO + 0, , the najor
formation process for this molecule-¢ .ing the day, decreases in. effectiveness as
the atomic oxygen disaopears during the night. Since there is no other effective
formation process for thiz molecule, its concentration-decreases through the
neutral rearrangerment reaction N+ NO '--'-N?_ + 0

The nitric oxide concentration returns quickly to its daytime level when the
-sur- rises and-the atomic oxygen is restored. Nitrogen dioxide-is an extremely
minor species down to 70 km, At this altitude it-exhibits a sufficient diurnal varia-
tion so that by the end of the nighi it is almost: equal in concentration to the nitric
oxide. The concentration of this molecule is controllad by its- photodissociation
and the three-body recombination rezztion O+ NO + M —+NO, + M . During the
night when'there is no photodissociation, the concentrat.on of this molecule in-
creases by‘the three-body atom recombination. When the sun comes up, the
nitrogen-dioxide is dissociated very rapidly.

The djurnal variation of the major charged species at 60-km is shown in
Figure 29. Because there-is no.change in the pro~uction function throughout the
day and because theé t1me constant fer recombinatiun is lonyg, there is little change
in the electromand N' concentratii during the-afternoon. The diurnal variation
solution at 60-km should have been run over another diurnal ¢ycle. It is appArent
that the-c'wrcentrat’dns at the beginning and at the end of the solution shown i..
Figure 29 do.not coincide sufficiently well, Nevertheless, 03 is the most abuni'ant
negative species throughout the entire day. During the night the NO,, ion, which
was a-trace ion at all altitudes.above 60 km, becemes the secoad most-abundant
negative species. This jon follows the nitrogen dioxide profile- shown-in Figure 30
since-it is formed by the charge transfer O; + NOy— NOQ + O3 , When the sun
comes up-and the conzentration of NO decreases-again, the 'NO?’A ions-transfer
their charge back.to-ozone, ‘\102 + 03—-—- O3 + NO,

Figure 30-shows the diurnal variation of the minor neutral specxes at €0 km,
The ozone still undergoes a diurnal variation:but theé-magnitude of -the variation is
less at 60 km because-there is less atomic oxygen available to produceit, Within ]
about an hour after anset practically-all of the atomic.oxygen has recombined,;
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The nitrogen dioxide concentration again exhibits a large diurnal variation arriving
at-a concentration almost equal to that of nitric oxide at sunrise. The nitric oxide
undergoes a lesser variation at 60 km than it did at 70 km because the formation

of this molecule stops when the atomic oxygen becomes depleted, Its removal by
the neutral rearrangement reaction N + NO—-—-‘Nz + O is then-much slower because
of the greatly reduced atomic nitrogen concentration,

5..3.3 VERTICAL PROFILES OF THE SPECIES

In order to-obtain a:composite picture of the curves discussed in Section 5, 2;2,
the concentrations of the species were plotted as a function of altitude for noontime
and midnight, Figure 31 shows the vertical profile of the charged species at noon-
time. The electrons remain the most abundant negative species down to 70 km.
Below this-altitude 05 becomes the most abundant negative species, Above 90 km
O; is *he most abundant positive ion. Between 80 and 9° km NO+ replaces O;
as the most abundant positive ion and remains so at all altitudes below 86 km.
Nowhere are O, NI, 07, and O; important ions, In the lower D region O;
becomes important,

The vertical distribution of the nentral species at noontime is shown in Figure 32.
The NO profile remains fairly constant down to 90 km while below this altitude it
increases steadily with decreasing altitude., The ozone profile appears to have a
maximum around 70 km. Above this altitude it falls off rapidly to a. rery minor
constituént, The N20 concentration increases with decreasing-altitule through-
out the entire range, Ato..ic nitrogen appears to.have a peak in the E region
around 110 km and becomes a very minor species in the D region. The atomic
oxygen profile is-that obtained by the chemistry after the second diurnal variation
cycle, In this:time atomic oxygen has not gone into chemical equilbrium in the
Eregion. Several more diurnal cycles would have had to be made to obtain this
equilibrium, The dashed curve is the initial profile assumed for atomic oxygen,

Figure 33 shows:the vertical profile of the charged species at midnight, The
distribution is considerably different from that shown in Figure 31 for noontime,
The electrons remain the most abundant negative species-in the E region, Below
95 km, however, O_,:; is the most abundant negative species, At all altitudes not
is the predominent positive ion. No other ion is important except.for O; in-the
E region and NO‘;‘, at 60.km,

The height profiles for -the neutral species at midnight are shown in:Figure 34,
There-is little change in the profile-of atomic-oxygen-down to 80 km but-below this
altitude it suffers-a severe diurnal-variation. The-ozone profile has shifted to
higher concentrations by a little more than-an-order of magnitude, This reflects
the increased productioi. cf this molecule during the night by the three-body-atom
recombination reaction. Atomic nitrogen varies little above 90 km but below this
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altitude it undergoes considerable diurnal change; The nitric oxide and the nitrogen
peroxide profiles show very little change from noontime to midright. The- nitrogen

dioxide concentration-is much higher at midnight than at noontime below 80 km, again

showing diurnal variation.

6. DISCUSSION OF THE CODE

6.1 Example of How Experimente} Evidence is Used to Adjist Rute Constants

It would be interesting'at this point to px‘esént one example of a solution using
rate constants for s.:me reactions different from those already discussed. This
will demonstrate how the code can.be used to detect discrepancies in the values of
rate constants or difficiencies in the chemistry. Figure 35 shows a-diurnal varia-
tion solution at 70 km using the same code that-produced Figure 27. The only dif-
ferences between the two runs are the values of two rate constants and the inclusion
of two additional reactions, The two.reactions whose rate constants are changed
are

Q3—+ h -.-P-Os

O2 + 03—’,-03 + 0'2

+e k4=0.04

- -9
kSG =1X10

These are the rate constents listed in the basic list-in Section 3 as compared to
1,4 and 7,77X 10"9 respectively, used for the diurnal variation calculations,
The-two additional reactions are

1

- = -1
03+O—=—-02+e+02 k16'7 = 5X10

3

NOj + O—=0, + NO + e K, ., =1X107}

168

The two rate constant changes have the-effect of slowing down both of the re-
actions, ‘“he rate constants for these.four reactions-are the.same as those used
to compute the deionization profiles in Section 4.

Since fewer O; ions are losing their charge to ozone, the second largest
negative species 1u Figure-35 is O, whereas in Figure 27 it is Og . Otherwise
the behavior of the.charged species during-the day is much the same in both-
Flgures 27 and 35, During-the night, however, tne behavior is quite different,
The-rapid decay of the electrons by attachment'tc O, and of the 05 ions by
charge transter to-ozone-as-seen in Figure 27 does-not take place-in Figure 35,
slthough-the electrons-still attach to O, to-form O; . Inthis-computation the
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Figure 35. Diurnal Variation of Charged Species at 70 km Using Different
Reaction Rates

associative detachment reaction 05;4- O---—2O2 + e is the fastest process in the
kinetics, so.that the electrons consumed by attachment are immediately-restored,
Since the associative detachment reaction is the controlling process for the elec-
trons, the electron density is determined solely by the behavior of’ 0‘3 and atomic
oxygen. Accordingly, during the night the electron concentration decays slowly
along with the atomic oxygen concentration, In this run the atomic-oxygen:profile
is the same as (hat shown in Figure 28, Since the .O; density goes into quasi-
equilibrium with the electrons shortly after sunset, it decays during the night at-
a constant ratio tn the electron density.

It is obvious‘hat this nighttime behavior is contrary to all experimental
evidence where the electrons do decay rapidly after sunset at-this altitude. Some
of the conclusions that-can be drawn are the following:

a) The associative detachment reaction O + O—o-20 + e either
does _not take place or it has an extremely small rate constant.

b) There i5-some chemical reaction-missing that is-faster than
the-associative detachment ior thé removal of O:; and-which
-does not produce electrons,

¢) Atomic-oxygen recombines. much more rapidly that it dces-in this
3olution so that the associative detachment reaction'becomes in-
effective -much-sooner-aficr sunset, )
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Bortner (1866) stated that the products of the associative detachment reaction are
most probably not 02 and an electron but O, and Og and that the reaction has
a rate constant of about 1.4X1671C

[UP————— A

If this is the case the negative ion picture
will certainly be different and the strange behavior of the electrons, as shown in
Figure 35, will be eliminated,

6.2 Recommendations

It can be assumed that the completz chemical behavior of the atmospheric
constitueats is not contained in the long list of reactions built into the code, Not
only could sigmiicant chemical processes be missing but also important constituents
may be omitted, For example, it is possible that the NO'; ion is-an.important |
<harged species. In work recently presented by Fehsenfeld et al, (1966), they
have indicated that the ions CO:; and NO% might be important, Narcisi (1965)
detected the presence in the ionosphere of metallic ions as well as water vapor
and its derivative molecular ions. Therefore, it is evident that 'the chemical
make-up of the ionosphere has not'been completely defined. As new information
becomes available on the presence of any particular species in the ionosphere, the

code will-have to up-dated to include this species &as soon as reanonable chemistry
for its kinetics can be determined. The code-on the other hand is written so that
it can accommodate such additions with almost no effort.

It should be pointed out that more information is.needed on some of the rraction
rates. Tor application to the sunrise problem, for instance, it is essential that
work be done to determine the spectral dependence of the photodetachment of the
important negative ions as well as the spectral dependence of the photodissociation
of the important minor neutral molecules, Since the code produces results that
are only as good as our knowledge of the rate constants of the reactions, laboratory
measurements of the important processes not yet studied must be undertaken,
Another serious deficiency is the almost complete lack of irsitu data on the identi-
fication of ihe most abundant negative ion in the D region. Until experimentalists
have determined which ion this is it will be difficult to improve -the chemistry of
the D.region,
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As more data becoine availahle the code should be able to:produce profiles
that are more in conformity with experimental measurements and thereby increase %
its potential as a prediction technique. Meanwkile, the-code remains a powerful
tool for investigating complicated ionospheric phienomena_tnat cannot-be adequately
= explaitied by simpler means, |
All of the-soluticns discussed in this paper were obtained using the code as
described in Section 7. This code was written to_comoute only the photochemical
behavior of the atmospheric constituents, It does:not'pretend to be able to solve .
“the complete dynamical problem. To make the-code completely general-such N
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physical phenomena as diffusion, turbulent mixing, or eddy diffusion and.wind

motions and shears must necessarily be included; It is conceivable that none of oo
these dynamic forces are of great importance to the behavior of the charged species 5 ¥-
incorporated into the present:code because of the short-{ime constants of the im-
portant chemical reactions. TFor the neutral species, however, these transport
mechanisms. can be significant especially if any of these motions have time con-

-

stants.shorter than the time constants of the important chemical processes, From
the work that Colgrove, Johnson, and Hanson (1966) have .done on the eddy diffusion
of atomic oxygen, it is obvious,that the problem of mixi%ig cannot be ignored.

For rnost applications the transport problems are of minor importan:e,
Therefore, -it is not intended at-the present time to extend the code inithis direction,
For certain minor neutral species it might bécome necessary to:establish initial
conditions by taking vertical transport into account; Ilowever, it is anticipated
that this might be accomplished satisfactorily by a semi-empirical appreach,

7. DESCRIPTION OF THE CODE

The code consists of a main program and several subroutines all written-in
FORTRAN-IV language for an IBM-7044 comijiuter. -Application of the code to any
FORTRAN-compatible-computer is easily made. The basic program package con-

sists of the following programs:

a) Main program f)- Subroutine INITIAL
b) Subroutine INTEG g) Subroutine PRODUC
c) Subroutine ALZA h) Subroutine BALAN

d) Subroutine SLOP ). Subroutine-DAUXT i r

e) Subroutine DAUX -

70 Deionization Codes ‘

Two of the simpler problems to which the code can be-applied are the buildup
of ionization under the influenc.e of a constant or variable source of ionization and
the decay of ionization from soine initial values with or without-an external source
of ionizaticn, The results presented in Section 4 were-obtained using the code as
described here,

7.1.1 MAIN PROGRAM RATEQ . 5

Thefunctions of the main program are to fix a standard set of rate constants
in DATA statements to control the input of :necessary parameters and the output
of resuits, to initialize the entire code before starting a-solution, to monitor the

flow-of the computations, and to determine the equitlibrium status of the species. -
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7.1 1.1 The Rate'Constants

In order to avnid reading the rate constants.into the computer for every run,
a standard set of rate constants was built into the code. These rate constants
are listed-in Section 3, E©very rate constant is-considered to be of the form

k = A-TB.e "CIT (39)

where A, B, and C are constants and T is the temperature in degrees Kelvin., The
constants A are set into regions A1(69), A2(69), and A3(30), This split up-is neces-
sary because of the restriction on the number of CONTINUATION cards allowed by
the version of FORTRAN that is used. The B's and C's.are set into regions B(168)
and C(168) respectively, After the temperature and any required changes in the
rate constants are-read into the computer, the actual rate constants are computed
from Eq. (39)-and put into the CON region,

7.1.1,2 Determination of Equilibrium

The decision as to whether a species has reached its equilibrium or quasi-
equilibrium value is made by the main program. For this purpose the-four regions
L.OCK (15), KEY(15), CRTNO(15), and CRITN(15) are used, Upon complction of an
integration, -the values

CRTNOW) = N; ) R | (10)
and
AN,
CRITN()) = —¢1 : (41)
AN,

are computed, -If the slopes —Et-l- are less than 10--3, the criterion for quasi-

equilibrium is

!
EF.
i

l - ———— | <DEL . (42)

Nj,z:“i |

AN,
If the-Slopes _’Ki'l' are greater than 10'3, the criterion for quasi-equilibrium is

%
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AN,
| |
—NA—E— <DEL ., (43)
ol i

The.equilibrium status-of each-species is determined by using that criteriot which
pertaing,’

If the criterion fails:for any species, the respective LOCK(J) is set to zero;
If the test is satisfied, aone is added to.-#e respective LOCK(J). After the criterion
is tested tor all the species, the LOCK(15) are tested to determine if any have
reached thrie, If a particular LOCK(J) is equal to or greater than three, the
respectivé K12Y(J) is set to two. Following this another test is made to-determine
if any species has decayed below the value CHI, If any one has, the respective
KEY(J) is set equal to three, Once a KEY(J) is-set to three it will remain at that
value for the remainder of the: solution, The values in the/KEY region are used
by several of the subroutines for branching, depending on the status-of the concen-
trations of the:species.

The status of any particular species can be determined at any time by simply
investigating its KEY value. The species j will not be in equilibrium if its KEY
is on wne; it will-be in equilibrium if its:KEY is on two; its concentration will be
zero or a constant; its equalions are-yemoved from-the sets if its KEY is on three;
and, its concentration will -be computed from the charge balance equation.

Z:N_ = ZN+ ’ S (44)

if its KEY is on four,
7.1.1.3 Input Parameters-

Those parameters that the code requires to solve a specific problem are put
on cards that immediately follow the binary decks for the program, The binary
decks and the BCD data cards are read into theccomputer from FORTRAN-tape 5..
The purpose of each data card and the FORMAT in which it is prepared are as.
follows:

CARD'1 FORMAT{12A6) ,
This card contains up to 70 BCD cha*acters that cax{
be-used-for identification atithe discretion of the user.

CARD 2 TORMAT(1P4E12. 5)-
This card contains four variables:
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(1) EUBAR - the criterion for the solution in the
integrating routine, This must be some number
less than 10” which is determined only by the
degree of accuracy desired in the integrated values,

(2) ELBAR - the criterion for the solution of-the ex-
ponential equations. This must be some number
less than 10~ which is determined by the amount
of charge imbalance that can.be tolerated in the
results,

(3) DEL - the criterion for equilibrium. This should
be some number around 10%‘2. If it is much larger
than this, a species will be put info quasi-equilibrium
too soon and the solulion of .the exponential equations
can fail, If it is much smaller than 10"2 and-‘a species
is:in equilibrium, its:differential equation may not-be
removed from the set, The set of differentiul equa-
3ions cannot be solved with the current increment if

the set contains an equation for a species whose con-
«centration-is in equilibrium or quasi-equilibrinm,

In order to solve such.a set of equations, the increment
will have-to be reduced considerably at the expense of
much computer time,

{4) ENDT - the-time in seconds to-which the solution
is to'run, This is the time associated with dN/dt and
is not t~-be confused with the.running time-of the code
on the computer,

‘CARD 3 FORMAT(14)

. This+card contains the integer NOC -indicating the number
of-rate cynstants that are to be changed for the run, If
no chqng'és are-niecessary, this card must contain a zero.
Following this card are the changes then selves. If there
aré-no changes, CARD 4 is read next, The changes are
punched one per card in FORMAT( 4,1PE10. 2, OPF5, 1,
1PE10,2,7A6). Field I iz the reaction number as listed
in Section.3, fields'2,3, and'4 are the A, B, and C in
Eq.(39), fizld-6 represents-any 42-BCD characters. that >
the user withes to insert as comments,

e e Moo st P e 4 i bt e e

[EO TV



i T i

: ) 89 Er\{; 3

CARD 4 FORMAT(1P5E12, 5) : L

This. card contains five input parameters:
(1) ALT - the altitude in centimeters at which the S
solution is to be made. \

(2) D = the total number density in em™3,

(3) DO2 - the concentration of molecular oxygen °
in em™2 at the given-altitude, =

(4) DN2 - the concentration of molecular hitrogen o
in em™3 at the given altitude.

(5) T - the tempecrature in degrees Kelvin at the
given altitude, i

CARDS 5-7 FORMAT(1PGE12, 5)
These cards contain the initial concentrations qf the
species in the following order: electrons, O , ‘O,
A" - ot of + :
03\, N02(, o, 02, N2, NO' ,NO, N, N02, 03, NzO,
and atomic oxygen, The last value in-this.set is the.con~

stant production rate in number of ion-pairs/cmalsec.

CARD.8 FORMAT(412) -

This card-contains the option switches,

‘KB1=0 for logarithmic output, :

KB1=1 for decimal output.

KB2=0.calls DAUXT to print the history of the reactions.

KB2=1 suppresses the call of DAUXT.

KB3=0 prints-this history after every integration-if
DAUXT is called.

KB3=1 prints-this history only once for each decade of
time ‘if DAUXT is calied,

KB4=0 returns control to the system on an error,

KB4 -1 program returns to the-input area toread another
set of data cards when an error occurs, ¢

Tt is possible to-stack-as-many sets of these cdata cards-as-desired because-ine
program always returns to the:input area when it-has completed the computations
for a-given set of data, ’

1.1.1.4 Programmed Variables

There-are-other parameters that can be changed by reassembly of the
main:program: ’
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a) CHI - the lowest value to which a species may decay, This test
is ir.orporzted to prevent computer rinderflow in'the event that
-38, The limiting
value used in the programs given here is 10'10. If a species
ghould iry to decay below this value, its <concentration is set

any species concentration.decays below 10

to zero and its equations are removed from the sets by setting
its KEY cn three,

b) NOCOM - the number of reactions.built into the syster,

¢) EJLUE - a presetlower limit on the el¢ stron density. This test
is included in order te terminate the solution when the electron
density falls below a certain value, This permits the computation.
of densities only over the range of interest. Wher the electron
concentration decays below this value, conirol is transferred to
the input area of the code, If no-limit is to be placed on the elec-
tron density, this value must be set to zero,

d) ITER - the maximum number of iterations that will be made in
attempting to solve the simultancous exponential equations. If
a solution cannot be found within this number of iteratiouns,
iteration-of the exponential equations will stop and the unsuccess-
ful return from subroutine ALGA will be taken,

e) NUMB ~ the number of differential equations in the set to be
solved.

7.1,1.5 Qutput

FORTRAN-tape 6-is the normal system output tape, When the computations
are completed, this tape will contain all of the output information with the exception
of the history of the reactions. The first thing written-on this tape isthe comment
read into the computer on the first data card. This-card contains any 72 hollorith
characters that the user wishes to insert as identification, Tollowing:this the
program writes the list of changes that are made in the build~in standard!list of
reaction-rate constants, The -program then writes-the-altitude at which the éal-
culations are being made, the total number density, and the temperature, After
this is written, the rate onstanss for-the reactions with the coefficient A first
and undernecath this-the total reaction rate with the proper temperature dependence.
Following this is the time and the computed concentrations for thig time of all the
the-negative and the positive-species.

During the execution of the program-the time, the concentrations of the neutral
species computed . for this time, the value of the production function, and the setting
of the KEY switches are written on Tape 1 i{n binary. Upon completion-of the rolution
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for a particular set of input data,, this iriformation is automatically transferred to W %
‘ Tape 6, Tape 1 is-left in a rewound condition, & il
: FORTRAN-tape 4. is uged by subroutine DAUXT for-writing the history-of the N §
reactions if such a history is requested. Upon:completion of tne computations,
this tape must.be removed for off-line printing. .
¢ The following statements, beginning on page 72,are a listing 6f the main program. *
7.1.2 TIE INTEGRATING SUBROUTING INTEG
This subprogram-is called by the main program-and performs the numerical oy
integration of the differential equations. For solving a set of differential equations
dN, o
e = Py N, Ny, Ny N ), .
dN,,
% = Py, N, N, Ny .. N ), 0
!
dN ¥
—3 = F(t,N,,N,,N N_)
dt 3 ’ 1) 2l 3 LAY m ’ .
dN
el Fm(t, NI’NZ’NL" vee Nm) .
The Kutta Merson solution uses the equations
< = -1.. D
| Y1 = Njot+3 AtFltg, Nyg Nog, Ny .. Nppo)
= 1 AtE
Nip = Nygtg At Tylte, NygiNygi N3 -« Vo)
1 1
+ 3 At Fj(to + 3 at, Nll’ N2]’ N31 e le)
= 1 2
Nig =Nyg+g 8t Tt Ny, Nog Nyg oo Ny o)
3 ; i ‘
+g5 ot Fj(tO +3 A, N, Ny, N32 - ANmz)
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$IBFTC RATEQS LIST RATEO000
c SOLUTION :OF THE REACTION RATE EQUATIONS IN THE IONOSPHERE FOR 15 SPERATECQJ05
c 1ES AND WITH 168 REACTIONS, RATECT10
[ KB81=Q FOR LOG OUTPUT. RATENO1S5
c XB1=: FOR- DECAMAL OUTPUT RATEOQO20
c KB82=0 PRINTS THE HISTORY OF THE REACTIONS. . RATEQO25
c KB2x1 REACTION HISTORY NOT 'COMPUTED. RATEO0030
c KB3=0 PRINTS HISTORY AFTER EACH INTEGRATION. RATEQQ35
c KB3=1 NAINTS HISTORY ONCE EACH DECADE OF TIME. RATEOQ4O
c KB4=0 HALTS ON ERROR. RATE0045
C KB4=x=1 .READS ANOTHER POINT CARD AFTER AN ERROR. RATEONS5Q
[ IPLOT=0 NO PLOTTER ‘TAPE MAOE. RATEQDSS5
[ IPLOT=1 MAKES A LOG PLOTTER TAPE. RATEDNOS0
[ UNITS OF INPUT PARAMETERS ARE CGS. RATECG65
[ - RATENQTO

COMMON TREG(150) 4KEY{15) ,FORMI15) ,REMVILS5) +CONL163),LKEY(15),BEGINRATENDITS

1{15) RATEO080

COMMON NUHBoEUBAR'ELBARnD D0Z,0N2, T+PNE, PNO, PO24P0,PN2, TOTAL ¢ JACK yRATEDO85
LJAKE ¢ JAMy ITERyLINT I 2NTyK2NT g JZNT ¢ N2NT FIRST  PRODyLAM+ T INEKB3, TOTRATEQ090

.20, TOTN. RATEQO95
COMMON VQ{30) ¢« 1Q{3Q) ,SIGMII0), ITEM RATEQLCC
OIMENSION DUNT(ZO)'TITLF(IZ)'TTRFG(20)¢CRIIN(15):CRTNO(lS)pA(le)oRAlE“lO5

180168),C(168)LOCKILS) JALF{T)Gl168),A1169),A2(69),A3(30) RATEOL10

DATA AL/ 0.44E¢0(,;1.40E+00,0.04E¢00,0.94E+0049.00E~15,3,60E-16, RATEODLLS
13,60E-15,1.00€E-13,1.00€E-13,1.00E~13,1.00E~134y1.00€-13,1.00E-13, RATEOL12C
21.00E=1341.00E~1341.31E~15,1.00E-19,41.00E~1741.00E~1741.00E-11, RATEQL125
31.00E-1141,00E-31,1.0NE~3]1,1.,40E~31,5.80€E~33,1.90€~-33,6.00€E~28, RATED130
44 ,N0E-29¢0,00E=-00¢6.C0E-05¢49.00E=-05,+1.50E-06441.00E-24,1.00E-22y RATEQL135
‘51eONE-22¢1.00E-22¢1,00E-2392,20E~1041.00E-1241.,N0NE~12,41.0CE~12, RATEO140
65.00E-0T7+5.00E~0795.0C0E=0795.00E-0T¢5.00E-0745.00E-0745.00E-07, RATEN145
T5.00E=07¢5.00E=NT7+5.00E~NT 45.,00E~07 ¢5.0NE~07,5.00E~07+5.00E~0T, RATEUL50
85.00E=07,5.00E-0T,1,00E=23,1.00E-23,1.00E~23,1.00E-23y1.00E~23, RATENLS5S
9L1.ONE=-23,1.00E~2341.N0E=23,1.00E-23,1,00€E-23,41.00&-23,1.C0€ 11/ RATECLS0

DATA A2/ 1.00E-13,1.00E-13,0.00E-C0y1,00E-13,1.00E-13,1.00E-11, -RATEOL65.

11.006-1133 +00E=13,0,006~00,1.00E~12,1.0NE~13,1,00E-13,1.00E-13, RATEQL170
24,00€-11,2.40€E-11,0,00€-00,0,00E-00,8,00E~-1041.00E~12,1.00E-10, RATEOLTS
30.00E-0095.00E=-1241.00E-09+1.0%E~09,41.00E-12,1.,00E~09,1.00E-09,. RATEO1B0
41.00E-09,1.00E-09,1.00E-1641,00E~18,0,00E~00,0.00€E-00,0.00£E-00, RATEO185

50.D0E-0040.00E~00,1,00E<15,1.00E~2941.00E~-2940.00E~00,0,00E-00, RATEOL190-

60,N0E=NN,0.00E=00,0.COE-00,1.00E=3041,00E=30,3,00E~12,3.00E=-12, RATECL95
73,00E-12,1,00E~11,1,80€~10,1.00€~11,2.50E~10,41.00E~11,1,00E~28, RATEN200
81.00E=34,1P0E=-1T7¢1.006-2191.00E-21+2.00E=-1T91.006-24¢6.40E-1T7, RATEO0205
91.00E-2491.00E~2241,00E-22+¢5.0NE~3242,00E~31,5,00E~322.20E~35/ RATEO210
DATA A3/ 2.60E-=35¢6.50E-34¢92.00E<31,92,00E-33,3.00E~33¢4.50t-33, RAYEO215
13.00E-3041,00E-33,1.00€-33,0.,00€-0041.10E~-1047.10E-17,3,00E~11, RATED220
22,00E-1045000E-1145.00E-10,3.00E-16,42.50E-11,2.006-13,4,006-12, RATEO0225

32,00E-1198,00E-13+5.C00E-06+6.00E-08,3.00E~03,4.,08E-0T7,5.58E-08, RATED0230 -

45.34E-0341,.00E-13,1.00€-13/ RATECQ235
DATA B/4%0.N9342,0+116%0,093%0,5,3%0.043%=1.095¢~1.5,~0.7,3%0.0,16*RATEQ24)
1-0.55119=1.5,55%0.04-1.0,10%0,093%-0.543%0.0,=-0.593%0.0,~1.054¢0,0RATED245
21¢1e5¢4%0,0,1.541320.0/ RATE0250

DATA C/4%0.0,345,1E3¢N.0+4.TEI91120.0,7.2E3,47#0.0,3E3,2%0.0,1E4y TRATEG255
1#0,0,5€E3,37%0,042E3,3E3,3%0.0,3.5E3,40.0,5E3,4E3,11%0,G,2%-9E22%0.RATEO260
2Ny 2E442%-9E290.093E391E490.093.75E4 91 s9E4+5.3E2¢1.4E4¢1435E4,2.8E3RATED265

) 316.6E3,0,0,7E342%C;041.2E3,8¢0.0/ RATEO27C
c o RATEO275S
c INITIACIZATION OF SYSVEM AND INPUT. RATE0280
c RATEO0285-

REWIND -0 RATEO290
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REWIND 1
REWIND 3

-REWIND 8

CHI=1,0E~10

NOCOM=168

NUMB =15

ENDE=0.0

ITER=30

KB6=1

WRITE{6,4400)

READ(5,445) (TITLEIN) ,Ne1, 1)
WRITE{6+450) (TITLE(N) sNx1,12)
READ(57395) EUBAR,ELBAR,DEL ENDT
READ(5,420) NOC

IF(NGC JEQ. 0} GO TO 30
WRITE(64490)

DO 25 J=1,.NOC ,
READSS5,500) §,GE1),BCE),CLYYo(ALECNI,N=1,T)
IF(I GT. 69) GO TO 10
ALET)=G( D)

GO Y0 20

IF{1 .GT. 138) GO 10 15
A201-69)2G( 1)

GO TO 20

AII-1381xG(1) .
WRITE(6,500) 1,G612,B11),C11)4tALFINI 4N=1,7)
CONTINUE o
READ(5,395) ALT.0,002,0N2,T
READ{(5,395) (BEGIN{J),J=1415),PROD
READ(5,415) KB1,KB2,KB3,KB4,JRLOT
TINE=1.0E-6

MOUNT=0

KNT=0

JAKE=1

JACK=1

LAM=6

KLOT=0

00 35 J=1,150

TREG{ J1=0.0"

LINT=( (26NUNB) +4)
I2NT=LL38NUMBE +4)

K2NT={ {48NUNB) +4)

J2NT={ (55NUMB) ¢4}

NZNT={ {6ENUMB) +4)

D0 40 J=1,NUMB

TTREG(J+3)=0.0

LOCK!J)=0

KEY(J) =1

CALL ‘INITAL

COMPUTE RATE CONSTANTS IN THE FORK' KzA#(T##B)sEXP(~C/T)

K=l

00 45 J=1,69
ALK)=ALLY)
K=K+

DO 50 Jx1,49
ALK =A2{0)
K*Kel

73

RATED295
RATED300
RATED305
RATEN310
RATEQ31S

RATED32C

RATE0325
RATEN330
RATEQ335
RATE0340
RAYEQI45
RATEO0350
RATE0355
RATED360
RATE0365
RATED370
RATEO3TS
RATEN330
RATE0385
RATE0390
RATEO395

‘RATE0400
"RATEQ405
RATED410-

RATED415
RATE0#20
RATEC425
RATE0430
RATEC435
RAZEG440

‘RATE044S5"

RATE0450
RATED4S55
RATEC460
RATE0465
RATEO4T0
RATEO4TS
RATEQ480
RATEQ485
RATE0490
RATEN495
RATEO500
RATEDSOS
RATEQSLA
RATEO515
RATE0520
RATEQ525
RATEOS30
RATECS3S
RATE0540
RATEDS45
RATEOSSO
RATEDSSS

RATEO560.
RATEN565

RATEOS70
RATECSTS

-RATEQ580

RATEDS8S5
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00 55 J=1,30
ALV =A3(J)
55 KaKel
DG 60 J=1,NOCOM
60 CON(JI=ALJIS{TesBLJ) )2EXP(~CLJ)I/T)

PREPARE OUTPUT TAPES AND WRITE RATE CONSTANTS AND INITIAL
CONDITIONS.

WRITE{3,450) (TITLE{M),Mx]1 .12}
WRITEL6¢405) ALTD.T
WRITE(6,480Q)
15=1
DO 65 J=1:15
IT=15+5
WRITE(64455) (14A(1) oIS, IT)
WEITE(6,485) ({CUNELYI=IS,IT)
15=[5¢b
65 CONTINUE
SITE(64515)
DG 70 J=1;13
17215+5
WRITE(6,455) (LoAL])o121S,10T)
WRITE(6,485)- {1:CONtI) 1=1S,IT)
1S=1S5+6
70 CONTINUE
WRITE(6,419)
IF(XBl (EQv0) GO TO 80
75 WRITE(645055 TREG(2),(TREGIJ)4J=4,12) PROD
MRITELL) TRES{2) 4 (TREG(J),J213,18),D02,0N2,(XEY{J};J=1,15)
MOUNT=MOUNT:+ |
G0 16 135
80 M=NUMB+3
DO 95 Jz2,M
DEC=TREG(J)
-LF{DEC) 360,485,90
85 DONT(J)=0.0 : ]
GO TO 95 ST
90 OONT(J)=ALOGLIN(DEC)
95 .CONTINUE -
1F1002 .£Q. 92.0) GO TO-100---"
DD02=ALOGLO(NO2)- o=
GD TO 195
100 DDO2z0.0
105 IF{DN2 .EQ. 0.0) GO TG 110
DON2=ALOGIS{ON2)-
GO TO 115
110 GON2=0.0 -
115 IF{PROD} 380,120,125
120 DPROD2D.0
GO 10 130 )
125 DPROD=ALOG1O(PROD)
130 WRITE(6,505) DONT(2) + ({DONT(.)),J=4412) ,DPROD

WRITELL) DONT(2)+(DONT(J),J=13,18),0D07,00N24{(KEY{J}sJ=1,15)

MOUNT=MOUNT+1
135 DO 140 -K=1,NUMB
AF(KEY(KI=2) 145¢140,140
140 CONTINUE
©-CALL ALGA

RATEO59G
RATEDS9S
RATEN600
RATEQ605
RATEO61D
RATEDELS
RATEO620
RATED625
RATE0630
RATEQ63S

RATE0640

RATEQ645
RATED650

‘RATEN655

RATEQ660
RATEQ665
RATENGTO
RATEOQGTS
RATEN680

‘RATE0685

RATE0690

RATENG695

RATEOT00
RATEQT0S
RATEO710
RATEQT15
RATEN720
RATEQT25
RATE0T30
RATEQT3S
RATE0740

RATENTAS .

RATEO750
RATEOTS5
RATEOT6N
RATEOT6S
RATEOTTO
RATEDNT?S
RATEOT80
RATENT8S
RATEOT90
RATEDTI5
RATES800
RATEOS0S
RATEOBLD
RATEOBLS
RATENS20
RATEQ825
RATEO830
RATE0S3S
RATEOB40
RATE0845
RATEDBS0

RATEQ855-

RATEQB5C

‘RATEDB65
RATEC870-

RATEQ875
RATEO880
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(222 2]

145
150

165

170

175

1180

18%

190

195
200

205

210

220

TREG{3)+2.0¢TREG{2)
TREG(2)=TREG(2) ¢+ TREG( )

60 TO 150

INTEGRATION OF EQUATIONS STARTS HERE.

CALL INTEG

CALL BALAN

IF{TREG{3) .NE. 2.0E-6) GO TO 155
KLOTaKLOT+L

IF(KLOT .GT, 10) GO TO 160

KLOT=0

GO TO 165

PRINT 470

60 YO 365

OUTPUT OF RESULTS STARTS HERE.

AF(KNT .NE. 50) GO TO 170

WRITE(6,410) ’

KNT=0

KNT=KNT+1

[F{KB}! .EQ. O} GO TO 175
WRITE(64505) TREG(2) 9 (TREG(J) ¢ J=4,12) TOTAL
WRITE(L) TREG{2} ATREG(J}sJ223,18)+002,0N2,(KEY(J),Ix1,415)
60 10 210 -

K=NUMNB+3

D0 190 J=2,K

DEC=TREG(J)

IFIDEC) 360,180,185

DONT(J1=20.0

GO- Y0 190

GONT(J)=ALOGLO(DEC)

CONTINUE

DO02=AL0G10{D02)

DDN2=ALOGLO(DN2)

IF(TOTAL) 360,195,260

T0TL=0.9

G0 Y6 205 ]
TOTL=ALOG10{TOVAL) .
WRITE{64505) ODONT(2) 4 {DONT{J)sJ=b,12)  TOTL

WRITE(1) DONT{2);(OONT(J),J=13,18),0002,DDN2¢ (KEY(J) s j=L¢15)

MOUNT=MOUNT#1

CALL PLOT(IPLOT)

IF(JAKE-2) 215,+35C,355

JACK=2

KIND=1

CALL -SLOP{KIND)

KIND=2

CALL SLOP(KIND}-

N2=L INT

D0 220 I=1,NUMB -
CRITN(I)=2,0#2BS{ (TREGIN2)-TREG(1+3})) /TREG(3)}-
CRTNOUI)=REMVII)*TREG(1¢3)-

N2=N2+1}

CONTINUZ

CRTNQ(10)=CRTNO(10)+PNO
CRTNO(15)=CRTNO(15)+PO

00 259 J=1,NudB-

‘Rf FEOB85

RATEQSOC
RATEQ89S
RATED90QQ
RATEO905
RATEO910
RATEDI)LS
RATEC920

RATEC925-

RATEQ930
RATE0935
RATE0940
RATEC945
RATE0950
RATEO9P5S
RATEDS60
RATEC965
RATEO9T0
RATE0975
RATEQ980
RATE0985
RATE0990
RATEC995
RATE1000
RATELNCS
RATELO1D

'RATE1OQ15

RATE1020
RATELN25
RATE1N30
RATEL035
RATELD4N
RATELD45
RATE1050
RATELDS55
RATEL080
RATELN6S
KATELO070
RATELNTS
RATE1080
RATE1085

RATELO9C

RATELD95
RATEL] QO
RATEL105

RAVELLLO-

RATELLLS
RATELL20
RATEL1125

-RATELL 30

RATELL35
RATEL140

RATEL145

RATZ1150
RATELLS5
RATEL160
RATELL6S5

-RATELL70
RATELLTS
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225
239
235
240

245
250
255

260
265

270
2715

355

76

IFICRITN(JI~1.0E=2) 225,225,230

IF(CRTNOLJD) 235,250,235
1EC(CRITN(J)/CRTNO(J) )-DEL) 245+260,240
LOCK(J)=0

GO TD 250

LOCK(J)=LOCK(J) +1

CONT INUE

DO 275 Jx1,NUMB

AF(KEYEJ)=3) 260,275,275

{F(LOCK{G1=3): 265+270,270

KEY(J) =1,

GO TN 275

KEY ()12

CONY INUE

DO 28C Jx1,NUNB

IFIXEY(J) +&Ve 2} GO TO 280
IF{TREG(J+3) GT. TTREG(J+3)) GO YO-280
{F(1REGIJ+3) GT. CHI) GO To 280
KEY{J)x3

TREG(J#3120.0

CONTINUE

IF(PNE) 300,285,3CC

{F((TREGI4) /BEGIN{1))-1.0E~3) 290,300,300
D0 295 J=1,3

TREG(J#3)20.0

KEY(J) 3

DO 305 J=l,NUNB

TTREG(J#3 ) TREG(J+3)

1FIKB2 .EQ. '1) GO TO 315

CALL DAUXT

280

285
290

295
ann
305

310-
DECISTION TO CONTINUE INTEGRATION-OKR STOP IS

315 IF{TREG(4) .LT. ENDE)} GO TO 370

tF{TREG(2} LT« ENDT) GO -TO 320
GO 10 370

TEST SYSTEM CLOCK FUR IMMINENY TIMER OVERFLOW.
1K

L- YET{4+KOVCFX)

. 543251, KOPOFX

320 CALY
CALY
GO T

325

00 330 JiiS

1F(BIG .EQe TREG(J+3)) GO-TO 335

CONTINUE

[F(J-LAM) 340,345,340

KEY{LAM) =1

JACK=1

LAH=J

KEY(LAM} 24

GO TO 135

330
335
349

345

ERROR COMMENT- QUTPUTS,

WRITEL6+430) TREG(2).
GO 10 3565
WRITEL6,435) TREG(2)

359

1F(ABSL1 .0~ (FORM(JI/CRTND(J)) ) ~DEL) 245,245,240

MADE HERE.

B8IG= AA_ ;JREG(4)pTREG(S)oThEG(b),TREG(?)'TREG(BID

RATEL180
RATELL185
RATELL90
RATEL195
RATEL200
RATEL205
RATEL210
RATEL21S
RATEL220
RATEL225
RATEL230
RATEL235
RATE1240
RATE1245
RATEL250
RATE1255
RATE1260
RATEL265
RATEL27C
RATE1275

"RATEL280

RATEL285
RATEL290
RATEL295

.RATE1300

RATEL3DS
RATEL310
RATELZLS
RATEL320
RATEL32S
RATE1330
RATEL335
RATEL340

-RATEL345

RATEL3S50
RATEL355
RATEL2SD
RATE1365
RATEL3TO
RATE1375
RATEL1380
RATEL385

-RATEL390

NATEL395
RAT{1400
RATEL405
RATEL410
RAVEL415
RATEL420
RATEL425
RATEL43C
RATEL435
RATE1440
RATEL445
RATEL450
RATEL455
RATE1460
RATEL465
RATE1470
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GO TO 365 RATEL4TS
360 WRITE(64425)- - RATE1480
K=NUMB+3 RATEL485-
WRITE(6+440) (TREG{J),J=2,K)+TOTAL RATEL490
365 IF(KB4 .EQ. 1) GO TO 370 ‘RATE1495
KB6=2 RATELS00
L RAVELS505
TRANSFER ALL RESULTS TO OUTPUT TAPE HERE. RATEL510
) RATELSLS
370 REWIND 1 RATEL520
END FILE 3 ) RAYELS2S
IF{IPLOT  RE; 1) -60 TO 380 RATELS530
END FILE 0 RATELS35
REWIND 8 RAVELS540
00 375 K=1,1TEM ) RATEL545
READIBISIGH(L) +1Q(1)y{SIGNIJ) +1Q(I)¢d=10,1T7) RATELSS50
WRITE{Qs527SIGRIL1) o 1QUY)» (SKGMEJ) ¢ 1QEJ)4J=10417) RATEL555
375 CONTINUE RATELS560
END- FILE ¢ RATEL565
REWIND & RATELST
1TEM=N RATEL5T5
380 KNT=C RATELSBO
WRITE(64475) RATEL585
DU 385 K=1,MOUNT RATEL590
READ(1) TREGE2)+(TREG(J) ¢J=13418)+D02,0N2s (KEY(J)eJd=1y15) RATEL595
WRITE(64510) TREGI(2) ¢ (TREG(JNJx13,18),D029ON24(KEY(J)pJx1415)"  RATE1600
KNT=KNT+1 RATEL605
IF{XKNT .LT. 50} GO TO 385 RATEL61N
WRITEL6y4T5) RATEL6LS
KNT=0 RATELS620
385 CONTINUE RATEL625
REWIND 1 RATEL63C
GO TO {5,390} ,K86 RATEL635
390 REWIND 2 RATEL640
CALL EXIT RATEL645
RATEL650
395 FORMAT (1P6EL12.5) ) RATEL6SS
402 FORMAT(T6HLSOLUTION OF THE REACYION RATE :EQUATIONS WITH 15 SPECIESRATEL660
I' AND 168" KEACTIONS. ) T RATEL665
405 FORMATI11HIALTITUDE =1PEll.4s4H CMo916H TOTAL DENSITY =1PE12.5+14HRATELGTO
1 TEMPERATURE =0PF7.2) RATELS67S

410 FORMAT(122H]1 TIME(SEC) N{EM/CC N{(0-)/CC N{Q2-)/CC N{03-)/LCRATELN1680
1 H{NO2~}7/CC N(O+)/CC N{Q24)/CC N(N24)/CC N(NO+)/CC PRODUCTIORATE1685

2N) RATEL490
415 FORMAT(7.12} RATEL1695
420 FORMATL(4) RATELTOO
425 FORMAT(65HOTHE PRUGRAM IN TRYING TO GENERATE THE LOG OF A NEGATIVERATELT0S5

1 NUMBER. ) RATELT10
430 FORMAT(45HOTHE INTERGRATING MESH 1S VANISHING IN INT AT 1PEL11.5,6HRATELTLS

1 SEC. ) . RATELT20
435 FORMAT(4THOTHE INTERGRAYING MESH IS VANISHING IN ALGA AT 1PEL1.5,6RATEL725

1H SEC. } RATELT730
440 -FORMAT{1P10E10.2) RAYEL1735
445 FORMAT{12A6) RATEL740
450 FORMAT(1HO,1246) RATEL 745
455 FORMAT(1HO,{6(2X4H Al ,13,2H)=1PE10.3)0)- RATELT50
460 FORMAT(LHD, (4(2X4H A(,13,2H)=1PEL0.3))) RATELTSS,
465 FORMAT(1H +(4(2X4HCON(413,2H)=]1PELD.3))) . ‘RATELT6D
470 FORMAT(434 THE -INCREMENY IS CONSVANT AT 1.0E-06 SEC: ) RATELT6S5
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475 FORMAT{121H1 TIME(SEC) N(NO)/CC  NIN}/CC  RIND2)/CC_ N{D3)/CCRATELTTO
1 N(N20)/CC  N(D)/CC  KN(D2)/CC  “NIN2)/CC KEYS 1 THRU 1SRATE1TTS
i 2) RATEL780
480, FORMAT{22HOREACY ION COEFFICIENTS) RATELT85
485 FORMAT{LH ,(602X4HCONU413,2H)=1PELCM3))) RATELT90 .
490 FNRAAT(1HO 20X (86HYHE FOLLOWING IS/ A LIST OF -RATE CONSTANT CHANGESRATEL795
1 FROM THE STNO LISV USED IN THIS RUN. ) RATE1800
495 FORMAT{102H] TIME (SEC) 02 DENSITY-_ N2"DENSITY E 0= :02- ORATEL80S
12~ NO2- O+ 02¢ N2+ NO N NG2_ 03 NO* N20° -0 ) RATE1810
5007FORNAT( 14, 1PEL042,0PFS 141PE10.2,TAG) RATEL815 .
505 FORMAT(1P11E11.3) RATE1820
510 FORMAL(LPIELL1.3,512/1X041251X,612) RATE1825
515 FORMAT(1H1} RATVE1830
520 FORMAT(6XL1{AL,15)) RATEL1835
©END RATE1840
= 1 l !
Ny = Nyg+g AtT; to,x 10 Yo0r Ngg -+ N o)
! 3
) -5 Atr(t +3 A4, N g, Noy, Ngg o oo N_o)
1 :
2 o 2.
’ + 24t I‘J(to_+ A, Ny 4, Ny g, Ngg ..o N ) . !
« 1
e = + .
. Njg = Nyg+ = AT, (t N 0Ny Ngg oo N )

2 1 .
+3 At Fj(t,ov+§ A4, Ny g, Nygy Nag oo N )

1 i
- Merson:(1957) has shown that the error in Nj4 is - T.%TJ' AN and that

the error in st is 7;‘) At5\I§V) . Therefore, a good estimate of the error in
! st which are the accepted values of N f at the end of the increment is

Lin,

5 34-N

js) . -

The criterion for the acceptance of a solution is that one~fifth of the relative
difference between Nj4 and st must be less than ¢ for every Nj,- That ic

Should this criterion fail for any Nj , the program cuts-the increment in half, re-
initializes itself, and computes a-solution.over a smaller increment, It uses this
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factor of two cutback for the first three failures, If the.solution is still unable to "~
satisfy the criterion after these threetries, the increment is cut by a factor of ten s
o
and-a new solution is computed, The program then tries to obtain an acceptable :
solution three times using decade cutbacks. Should the solution still be unacceptable .
after these three attempts, all the differential equations are returned to the.set, L7

the increment is cut another decade, andanew solution is computed, Should the §fo1 :

solution still be unacceptable, decade cutbacks are continued until an acceptable S
solution is obtained or until the increment is reduced below 10-8. If no solution ° s
- Qor

is acceptable by the time the increment is reduced to 10 8, the integration is )

stopped, the JAKE switch is set to two, and control is transferred to the main
program,

This program sets two switches that are used externally to determine con-
ditions under-which the-3olution-was generated,

1) IFAIL ~INTEG will return with this switch on zero if the solution
was générated over the first increment used, If the subprogram
had‘to reduce the increment, this switch is set-to one, This in~
formation is required if the main program is. locking for solutions 3

porgen v

at specific times.

2) JAKE - this switch is set to its normal setting-of one by the main
program. As long as a valid solution is generated, its-setting re-
mains on one, If the integrator is unable for any reason to develop
a solution with any increment greater than 10-8, this switch is: set
to two.and control is transferred to the main program where the
comment THE INTEGRATING MESH.IS VANISHING.IN INT AT X, XX i
SEC is written,

This subprogram calls ALGA for a solution to the exponential equations after
the computation of each of the five sets of N.. In this way, the program-always
uses a consistent set of Nj's every time a derivative computation is called for, .

If ALGA returns to INTEG with the JAM switch on:two indicating that ALGA
.could not solve the exponential-set of equations, INTEG makes one of two decisions
to remedy the difficulty.

1) If the concentration of any species-is being computed from its
exponential-equation over the current increment-and was computed
from its differential over the preoceeding increment, its differential
equation-is-returned to the-differential set aud its exponential-equa~
tion is ~emoved from the exponential set, The system is reinitialized
and the integration is started again over the current:increment,

Y g S S,
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2) If condition i does not prevail, all of the differential equations ’
are returned to the differential set, the exponential set is emptied,
the increment is reduced by a factor of ten, .the system is reinitialized,
and the integration is performed over the smaller increment, ‘

i
A COMMON subscripted variable TREG -is required by the subroutine. Its :
dimension is (6*NUMB+4) where NUMB-is the number of differential equations in

i

! the full set.. After each integration, the locations of TREG contain the following .-
i values:

' TREG(2) = Independent variable t(sec)

TREG(3) = Integrating increment
TREG(4) - TREG(NUMB+3) = Dependent variables st .

The increment for the next integration is_autematically set to twice the-value used

for the integration just completed. -If the new increment is too large it will be cut ’

back by the program during the next integration, 3 i
The following statements, heginning on page 81, are a:listing of thii sub- i

routine,

7.1.3 THE ITERATION SUBROUTINE ALGA ‘

This routine solves the simultaneous set of exponential equations, It is called
N by subroutine INTEG except when the set of differential equations is empty when
) it is called by the main program.. The-set of exponential equations (see Eq. 3)
is solved by the method of siiccessive-substitutions using No as the initial guess
and.computing successive guesses -from

N+ N

- Ny = —5— §=0,1,2,3,...ITER .

The solution is said to converge if

N,
(1-8) £ = < (1+5) (45)
j

where ¢ is some number less-than one. Choice of the value of ¢ is determined
by the.amount of charge imbalance that can be tolerated.in the solution. Generally,
the problem.of charge imbalance can be neglected if 6 is less-than 0,0C1,

If the criterion (Eq. 45) cannot be satisfied within ITER -iterations, ALGA ‘
makes one-of two decisions, i

1) If any differential equation is-still.jd the differential set the JAM

’ switch i5 set to two and control is returned to INTEG (see INTEG i
-for remedy taken), ‘

!
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$IBFTC INTEG  LIST
SUBROUTINE INTEG
c INTEGRATOR USING THE XUTTA MERSON TECHNIQUE.

81

INTO00CO
INTO0005
INTOON1 O

COMMON TREG(157) yKEY(15) yFORM{15) yREMY(15),CON{168)4,LKEY(15),BEGININTONOLS

1{15}

INT00G20

COMMON NUMB,EUBAR yELBARy D) D02,ON2,T PNE+ PNOyPO2,PO+PN2, TOTAL ¢ JACK » INTO0N25
TJAKE ¢ JAMs ITERWLINT o I2NToKZNT 9 J2ZNT o N2NT,FIRST »PROD, LAM, TIME)KB3+ TOTINTON030

20, TOTN INTNON3S
DIMENSION CI(7) INTONNS0
DATA C/0.33333333,0.16666666,04125,0.375,0.5¢15510.66666666¢ INTOC045
NL=NUMB+4 IN; 53050
N2=LINT § INT0005Y
N3=2NT - - INTONO®9
N4=K2NT INT00G: S
N5=J2NT INT00070:
N6=N2NT INT00N75™
KOUNT=N INT00N@0
DO 5 J=1,NUMB INT00085-
TREG(N2) =TREG( J+3) INT0009C

5 N2=N2+1 INTN0095
N2=LINT: INT00100
TREG(1}=TREG(2) INT00105

10 00 90" I=1,5 INT00110
CALL DAUX INTOD115

00 59 Ji1,NUMB INTG0120
IFIKEY(J)~1) 45,15,45 INTO00125

15 GO TO (20,125¢30¢3544P),1 INTO0130
'20 TREG(N3)=TREG(N1)#TREG(3) INTOOL3S
TREG(J#3)=TREG(N2)+C{1)%TREGIN3) INTOB140

GO TO 45 . INTO014S

25 TREG(J#33=TREGIN2)+C(2)*TREGIN3 ) +C(2) #TREG(3)*TREG(NL) . INT00150
GO TO 45 INTO0155

30 TREGIN4)=TREG{(N1)*TREG(3) INT00160
TREG(J+3) =TREG{N2)+C{3)*TREGIN3) +C(4) STREGIN4} ANT0OO0165

GO TO 45 INTO0170

35 TREG{NS)=TREG(NL ) ¢TREG{3) INTO0175
TREG( 243 )sTREG(N2)+C(5)%TREGIN3)~C{6) #TREG(N4 ) +2,0*TREGINS) INT0D180
TREG(N6) =TREG{ J#3 } INTO00185

GO YO 45 . INT00130

40 TREG(J+3)=xTREG(N2)+C{2)#TREGIN3)+C(TISTREGINS)+C{2)*TREG( 3 )*TREG(NINTO0L95
1) INT00200
45 N1=N1+1 INT00205
N2=N2+1 INT09210
N3=N3+1 INT00215
Ne=N4+1 INT00220
N5=NS+1 INT0N225
N6=N6+1 INT00230

50 CONTINUE INT00235
N1=NUMB+4 INT00240
N2=L INT INT00245
N3=[2NT INT00250-
M&=K2NT INT00255
N5=J2NT INT00260
N6=N2NT INT0D265

DD 55 K=1,NUMB INT00270
IF{KEY(K)=2) 55,6C,55 INT00275

55 CONTINUE INT00280
GO TO 70 INT00285

60 CALL ALGA- iNTO0290
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1

{
L=JAKE ] INT00295
GO YO (65,65+195)5L INT00300
65 LzJAM " INT00305
GO TO {T0,110),L INT00310
70 GO YO (75,90,80,85,90),1 INTNO31S

75 TREGI2)=TREG(1)+C{1)*TREG(3) {INT00320 .
GO TO 90 INT00325
80 TREGI2)=TREG(1)¢C(5)%TREG(I) INTO0330
GO TO 90 INTO0335
85 TREG{(2)=TREG(1)+TREG(3) AINTD0340
90 CONTINUE INTO00345 *

00 105 J=1,NUMB INT00350

IF{KEY{JI~1) 100,595,100 , INT00355 i
95 [E{(ABS(1.0~ITREGING)/TREG({J+3))-1/5.0) .GT. EUBAR} GO T¥O. 135 INT00360

100 N&=N6+7 INTN0365 I
105 CONTINUE INT00370
N6=NZNT INT00375
GO TO 185% INT00380
110 CO 120 J=1,NUMB . INTO038S
IF(KEY{J)-2) 120,115,120 INT00390

115 IF(LKEY{J)-1) 120,1254120 INTN0395 '
120 CONTINUE INT00400
G0 TO 165 INT00405
125 KEYUI)I=1 INTH0410
DO 130 J=1,NUMB INTN0415
TREG(JI+3 )} =TREG{N2) INT00420
130 N2=N2¢1 INT00425
T 60 TO 155 INT00430
135 KOUNTaKOUNT+1 INT0D435
IF IXOUNT .GY. 3) GO TO 160 INT00440
TREG(3)=TREG(3)/2.0 INT00445
140 DO 145 J=]1.NUMB INT00450
TREG(J+3)=TREGIN2) INTOO045S
145 N2aN2+e) INT00460
GO YO (155,150} ,JACK INT06465
150 IF({TREG(3) +LT. 1.06-8) GO Y0 190 INT00470
155 TREGI2)=TREG(1) INTC04T5
N2=LINT INT00480
N6=N2NT INT00485
G0 T0 10 INT00490
160 IF(KOUNT .LT. 6) GO TO 180 INT00495
165 DO LTS J=1.NUMB INTD0500
IF(KEY(J)-2) 17541704175 INT00505

170 KEY(J)=1 INTOD510 |
175 CONTINUE INTOCS515
180 TREG(3)=TREG(3)/10.0 INTO0S20
GO -TO" 140 INTO0525
185 TREG(3)=2,08TREG(2) INT00530

GO TO 195 INT00535. i
190 JAKE=2 INTO0S40
195 RETURN INT00545
END INT00550
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2). 1If the differential equation set is empty the integrating mesh is

e S s
Ay

halved, the initial conditions are-<restored, and the iteration

e s

procedure is repeated,

Should-ALGA be unable to compute a solution to the full set of exponential equations
before the increment is reduced to the starting increment (usually 10"6 secs), the
JAKE switch is set to three and control is returned to the main program where the
comment THE INTEGRATING MESH IS VANISIIING IN ALGA AT X, XX SEC i3
written,

The-following statements, beginning on page 84, are a listing of subroutine 2’; 1
ALGA.

7.1.4 SUBROUTINE TO COMPUTE THE FORM AND REMV TERMS,. SLOP

This subroutine computes the«E Fi and- ERi terms required in computing °
the derivatives. This has always been a tedious program to write because it .is °
here that the sum of all the rates at which the species are formed and removed is N
computed, IFor a large number of reactions and species the effort to hand code '
this program is tremendous,

A pregram was written by David McIntyre (1965) for an IBM-6000 comptiter
shich, upon-being fed in coded form the reactions and the species, writes
a program for computing the-total and the partial derivatives. of each species.

This code was rewritten by the:author for use on an IRM-7044~7094 computer to
compute only the formation and the removal equations required for each species.
This program in its-latest version-is described.in Appendix B,

Since the EF) -and- ZRI terms-are required-by both INTEG and ALGA,
SLOP is written in such a way that it can be called by either of these subroutines,
In order to conserve computer time, SLOP is so written that only the FORM(J) and
the REMV(J) terms for the species that are.not in equilibrium are computed when
SLOP is called by INTEG(KIND=1) and only the FORM(J) and:the REMV(J) terms
for the species that-are in equilibrium are ¢omputed when SLOP is called by ALGA
{KIND=2). This eliminates;the waste of time in computing derivatives that will
not be used. In addition, SLOP calls PRODUC for the rate of production-of ioniza-
tion by the external source only when SLOP is called by INTEG.,

Subroutire- SLOP is now written by the computer. The following statements,
beginning on page 85, are written for 15 species and 168 reactions,
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I18FTC ALGA LIST ALGA0000 :
SUBROUTINE ALGA ) ALGAOOOS ;
EOMMON TREG{.150) 4 KEY{15) FORMLLS) ;REMV{15) ,CON(1681,LKEY({15)4BEGINALGADOLO
1115} ALGAOO15 )
COMMON NUMB,EUBAR ¢ELBAR, 0¢D024DN2, T ;PNE, PNCy PO2 PO PN2, TOTAL » JACK 4 ALGADN20 i
1JAKE ¢ JAMy ITERsLINT, 1 2NT,K2ZNT 3 J2NT ,N2NT, £ IRST »PROD, LAM, TIKE,KB3, TOTALGAOO25 !
20, TOTN ALGADO30
DIMENSION Y171 ,RAVILT)ZENCHILIT) ALGADO3S ‘
00 5 Jx1.NUMB ALGADN4O
Y(J)=TREG(J+3) ALGA0045
LINCHUS) nTREG{J+3) ALGA0O50 .
RAT{J120.0 ALGADOS5S
S CONTINUE ALGADO60
10 KOUNT=0 ALGAONGS
15 KIND=2 ALGADOT0'
CALL SLOP(KIND) ALGAOOTS
FORM{10) =FORM(10)-PNO ALGAD080 {
FORM(15)=FORM(15)=P0 ALGAQ08S ~
DO 30 Jx1,HUMB ALGADOYC
IF(KEY(J)=2) 30,20,30 ALGA0095
20 YEJK=FORM(J) /RERVIJ) ALGA0100 .
YIPES=ABS{REMV(J}*TREG(3)} ALGAO105 -
‘IF(YIPES .GT. 30.0) GO TO 25 ALGAOL110
Y(J) =t LINCHE J)~YEJK) #EXP (~Y IPES) ¢YEJK ALGAOLLS 1
GO YO 10 ALGAO120
25 Y(J)=YEJK ALGAC12S
30 CONTINUE ALGAO130
35 D0 45 J=1,NUMB ALGAO13S
IF{KEY(J)=2) 45,4C,45 - ALGAO140
40 RAT{J)=(TREG(J+3)/Y(J}) ALGAOL45
45 CONTINUE ALGAOL50
D0 60 J=1,NUMB ALGANL55
IFIKEY{J}=2) 60450,60 ALGAOLSO
50 IF(RAT(JI~C(L.O+ELBAR)) 55,65465 ALGAD165
S5 IF(RAT(J)=(1.0-ELBAR)) 65,6060 ALGAQL79
60 CONTINUE ALGADLTS
GO. TO' 110 ALGAD180
65 "2 75 J=1,NUMB ALGAO185
- IFIXEY(J3=2) 75,70,75 ALGAD1S0
70 TREG(J+3)=({TREG(J+3)+Y{J}) /2.0 ALGAO195
75 CONTINUE ALGAO200
KOUNT=KOUNT+1 o ALGAD205
IFIKOUNT=TTER) 15,80G,80 ALGAO210 . .
80 00. 85 J=1,NUMB ALGAD215
IFZKEY(J)=1) B85,105,85 ALGA0220
85 CONTINUE ALGA0225
“TREG(3)=TREG(3}/2.0 ALGAO230
TREG(2)=TREG{2)~TREG(3) -ALGAD235
IF(FIRST-TREG{3)) 55,90,90 ALGAD240
90 JAKE=3 ALGAO245
60 TO 125 ALGA0250
‘95 L= INT ALGA0255
06 100 J»(,NUMB ALGAD260 ]
TREG(JI+3)a7REGIL) ALGA0265 ;
LeL ¢l ALGAO270
100 CONTINUE ALGAO27S
GO TO 10 ALGA0280
105 JAN=2 ALGAD285
G0 TO 125 - ALGAD290
‘110 00 120 J=1,NUMB ALGAD295
IF(KEY{J)I~2) 120,115,120 ALGA0O300
115 TREG(J+3 )= (TREG(U+3)#Y(S51) /2.0 ALGA0305 .
120 CONTINUE ALGAO310
JAN=1 ALGAN315
125 ‘RETURN- ALGA0320
" END- ALGAD225 .
r
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COMMON NUMB, EUBAR ,ELBAR,Dy002,DN2,T yPNE, PN, PO2y PO, PNZ.TOTAL.JACK«SLOPQP2O
VJAKE ¢ JAM o ITERGLINT I 2NT K2NT o J2NT¢N2NT, FIRST o PRUD ¢ LAM, TIME,KB3,TOTSLOPOO25

20, TOTN SLOPD0O3N
DIMENSION Y{150},C(168) 7 SLOPOO3S
EQUIVALENCE (Y{1)TREGI41),(CyCON) SLOPNOAO
CALL BALAN SLOPNN4AS
Y(16)=002 SLOPOOS0
Y{17)1=DN2 S5LUPQO5S
¥i{18)=0 SLOPOC6O
IF(KIND .EQ. 2} GO-TO 5 - SLOPONSS
GALL PRODUC . SLUPONTO

5 IF((KIND .EQe. 1 .AND. KEY( 1) .NE. 1) <OR. (KIND .EQ. 2 .AND. KEY(SLOPOOY5

1 1) .NE. 2}) GO TO 10 SLOPOO8O

REMVI 1) =(Y(9)%(+C{32)4CU36)%Y(18)+CI3T)aYI1B)¢C(41)) ¢Y(15)¢(+SLOPPOBS
1C(16)4CI2218Y(16)4C(23)8Y(1TI+CL26) #Y (16)) +Y(T)#(+C(30)¢C(34}2Y{185LOPNNIO
114G (390 ) +Y (814 (+CI31)+CU3SI®YIL1B)C(40) )Y (12)2(+C(18)+CL2T)*Y(16)SLOPONYS
14C(28)8Y{17) )¢ ¥(13)%(+C(19)+C(20) ¢C(21) )+Y.(6) ¢ (+C(33)aY(18)+C{38)}5LOPL00
L+CULTI®Y(16) 4TI2438Y (16)8Y(16)+CL25)%Y(16)#Y(1T)+C(29)%Y(10)#Y{18)SLOPOLOS.
1) ) SLOPOLLD
EORM( 1) =(Y(2)8(2C(2)+CIBISY(15)+CI9)*YI16)+CIL10I8YI1L)+C(L1)*SLOPOLLS
LY(LT)I+C(1208Y(L0D4CI13) oY (1300 ¢Y (3D &(Y(15)(+CITI+CI15)14C(1)+CI6)SLOPOL2C
1oY(L1T)+CU14)8Y (LLI4CISIOYIL6))+Y {4} #(+C4)¢CIL6TISY(15) ) +YI5)8(+C(SLOPNL25

1314C{16818YI15)7)+PNE SLOPO130
10 iFU(KIND +EQ. -1 <AND. KEY{ 2} oNE. 1)} .OR. (KIND-<EQs. 2 (AND. KEY(SLOPO135
"1 2) oNE. 2)) GO YO 15 . SLOPOL4D

REMV( 2) =(Y(6)#(#C(42)¢C(58)*Y(11)+C(59)8Y(16)2C(60)8Y(L1T)+C(65L0POL14S
1L)8Y (150 )4Y(T)*(+C(46)+C(6318Y(18))+Y(B)*(+CL50)¢CLS5)0Y(18))¢Y(I)ISLOPDLSO
l‘('C(Sﬁ)fc€67)‘Ylls))bY(IO)‘(OC(IZ)OC(114)*“(183)*Y(13)‘(0C(13)06($LOP0155
1930)0C(2l0C(8)‘Y(15)0C19D‘Y(16)*C110)*Ynll)’C(ll)‘Y(I/POC(9Z)‘Y(125L0P0160
11+4C(106)eY{16)+CL124)8Y(16)*Y(16)) SLOPN16S.

FORM( 2) =(YEL)S(Y(15)%{¢C(16)eC(22)2Y(16)+C(23)eY(-17))¢C(20)%YSLOPOLTO
L{13)2+C{94)2Y(3)3Y(15)) . R SLapOLTS

15 IFLIKIND +EQs 1 oAND. KEY{ 3} .NE. 1} +OR., (KIND .EQ. 2 .AND. KEY{SLOPOL180O
1" 3) «NE. 2)) 60 YO~ 20 sLarPo18s5

REMV( 3) x(Y{B)s(+L(S13+CL56)%Y(18)+C{69)+CITOI+CETLICIT2))+Y{SLOPOLISO
15180 +C(55)¢C(68)%Y{18)¢CUTSIeCITOHI+CITTII+Y(15)o(¢C(T)eCL15)+C{94)SLUPNLIGS
114V (6)004C143) ¢CLE2IRY{IBII+YITIH(4CISTIHCLH4)SY(18))ev(1YI®(+C(145LOP0200
I)*CUILS)#YI1B) 1oCILIeCIS)IOY(LO6)PCI6)Y{1TI+C(O5)Y(12)¢CIS6)eY{13)SLOPO20S

14C112508Y(16)8YILTY) SLOPO210
FORM{ 3) ={Y{1)*LeC1T)2Y(16)4C(2100Y(13)eC(24)2Y(16)0Y(16)¢CL25L0P02]15
15)6v(16)eY{17)4¢C(26)8Y(16)2Y(15))) SLOoPO220
.20 IFCIKIND CEQ. 1 .AND. .KEY{ 4) .NE. 1} .OR., (KIND +EQ. 2 .AND. KEY(SLOPO225
1 4) .NE. 2)}Y GO TO, 25 sLor0230
REMV( 4) t(Y(?)‘(’C(ST’0C(81)0C(82))0Y(8)‘(OC(53)0C(76)DOC(4!*CSLOPOZSS
LI45)Y(6)4C(49)oY(TIeC{98)0Y{12)+C126)+Y(1TI+CIL6TIEY(L5)) SLOPO240
FORMY &) (Y1336 (FCI19)Y(1)4CI93)8Y(2)4C(96)#Y(I1+C{9T)I*Y(5))SLOPO24S
LeY(2)#(2CI106)*Y{1614C(124)2Y(16)eY(16))) SLOPO250
25 IF(({KIND «EQ. 1 .AND. KEY( 5) .NE.. 1) .OR. (KiND .EQ. 2 .AND. KEY(SLOP0O255
1 5) .NE. 21) GO YO 30 SLOPO260
REMV( 5) 2(YE9)I®(+CU56)¢CUTBI+CITIIECIBOI IV IBI®(+C(52)4C(T73))+SLOPO265
1C(3)+C(44)*Y(6)4C (4B *¢Y(TIC(ITISY(13)eC(168)2Y(15)) sLopPo270

FORM{ 5) (Y(12)%{Y{1)*(+C18)4C(2T)eY(16)4+CU28)*Y(1T)I+C(92)%YSLOPO275
1(2)+C95)0Y(3)4CISBI oY (&))+Y (I (+CILES)ISY(IL)4Y(18)4CL125)%Y{ 16)8SLOPO250
LY(LT)I+C(114)0Y(2)0Y(30) oY (18)+C L1260 2Y(4)8Y(1T7))- - SLOPOZ8S

30 IFUAKIND EQe. 1 ,AND. KEY( -6} oNE: 1) .OR. (KIND ,EQ. 2 +AND. XEY(SLOPQ290
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1 61 .NE. 2)) GO TO 35 SLOP0295
REMVI &) 2[Y{2)0(eC(42)¢CL53)0Y(11)¢CU59)PYI16)4CI60)8Y(1TI+C(6SLOPO3OO
1LEeYELSI )oY {1018 (¢CLBA)¢CIL02)4C(LL0I*Y(183FCELLT) DoV (1)*(+C(33)oYSLOPO3OS
l(18)08(38))§Y(3)'(0C(43)0C(62)‘Y(18))OY(11)‘(0C(100)0C(108)‘Y(lB))SLOPOBlO
?IOY(IS)‘(OC(99)0C(1072*7(18))0C(83)‘Y(lb)OC(853¢Y(lZ)OC(86)‘Y(14)0C$LOP0315
10100)0Y(1T7)4CL109)8Y(17)0Y(18)+CL116)4Y(LTI+CL44)eY(5)+C(45)¢Y(4))SLOPO320

FORN{ 6) =(+C(11B)ev{TIOvY(11)+C(BB8IoY(B)*Y(15))1+PO SLOPD325
35 IF({KIND .EQ. 1 .AND. KEY{ 7} o NE. 1} .OR. (KIND .EQ. 2 -.AND. KEY{(SLOP0330
1 7) .NE. 2)) GO TG 40 SLOPO335S

REMV{ T)  =(Y(1)8(+C(30)¢C(34)eY(18)¢C{39))+Y(2)%(+Ci46)+CL63)0YSLOPO34O
10180 )Y (340 LeClATI*C(64)oYIL8))4Y(11)2(+CIL1BI4C(220) D4V (L15)*(+CLISLOPO4S
103)¢CLLLL)ev{18))¢CI(BTI*YILO)+CILL)EY(LT)+CAL21)2Y{12)¢C(4B)*Y(5)SLOPO3S5C
14C{49)8Y (4} ) SLOPO35S5

FORM( T) w{Y(6)({Y(15)4(+CL99)+C(LOT)IsY(18))¢CLLILTIOY{10)+C(B3)SLOPO3GD
1eY(16))¢CLB9)eY(BI&Y{16))¢P02 SLOPC365

40 IF{(KIND «EQ. 1 .AND. KEY( 8} +NE. 1) +OR. {KIND +EQ. 2 .AND. KEY{SLOP0370
1 8) .NE. 2)) GO YO &5 SLOPO375

REMVL 8) ={Y(3)8{+C(51)¢C(66)8Y(18}+C(69)+CL{TOICITL)+C{T2))+Y(51.0PO3BO
‘1)‘(0C(31)0C(35)‘Y(18)0C(h0l)07(2)‘(0C(50)0C(65)‘Y(18))OYIQ)‘(GC(5SLOPO385
13)¢CUTAI ) ¢Y(SIe(+C(52)4CITIII¢YI15)#(¢C(88eC(122))¢C(89)2Y{16)+CISLOPO3IIO
190)‘Y(11DOC(91)JY(IO)OC(104)‘Y(1710C(123!‘Y(163) SLOP0395

FORM( 8} =¢PN2 SLOPO4ON

45 LF{(KIND EQ. 1 .AND.. KEY( 9) .NE. 1) .OR. (KIND <EQ. 2 .AND. KEY(SLOPG4O5

1 9) JNE. 2)) GO -TO SO SLOPQ410-

‘REMV( 9) a(V(3)A(+C(55)+C(68)2Y(18)+CITSYI+CLTOICUTT)II+Y(1)2(+lSLOPOALS
1(32)06(36)‘Y(18)00(373‘7(18)OC(le)OY(SD‘(OC(Sb)OC(78)*C(79l¢C(80)SL090420
l!OY(Al‘(OC(STDOC(BI)OC(BZ)iOV(Zl*(0C(54!00(67)‘Y(18))*Y(lS)‘(*C(LOSLOPOﬁZS
15)4C(112)*Y(18))eCUL113)8Y{11)*V(18)}) SLOPO430

FORM( 9) a{Y(6)S(YL11)4(+CL100)+CI 1082V (1B ICI(116%Y{1T7/+CIB4SLOPO435
AICY(10) )oY T (eCILLIQ)2Y(LT)C(120) 0V (L1)+CLLZ1)sY(12)4C(B7)¢Y{10)SLOPD44O

1)eY(8){+C(222)¢Y(15)+4CIL123)#Y{16)+C(I1}8Y(10)))+PNO’ SLOPO44S
50 -IF(({KIND .EQ. 1 .AND. XEY(10) .NE. 1) .OR. (KIND .EQ. 2 .AND. KEY{SLOPO450
110} .NE. 2}) GO TO 55 SLOPO4A5S5

REMV(10) 2(Y(6)4(+CB4)4C(10214C(L101€Y{18)+CALLTII+Y(15)%(+CL1SLOPO46D
131)6C(143)8Y(16) +C{144)8Y(1T)+CI150 1) +Y (11 )0(4C(134)+CILET IV (18) +SLOFO4S5
1C1156))eY(2)6(+CU12)¢CIL14)*Y{18))+Y(10)%(+CI14B3#Y{16)+C(148)2Y{LSLOPOATO
1601+CL20)6Y{1)#Y(18) ¢CL160)#Y(13)+CT162)+CIBTI*Y(TI3C(ILISY(B))  SLOPO4TS

FORM(10) =2(Y(9) (YIS (+C(36)8Y(18)¢C(41) IeY(3)€{+C(55) +C(68)xYSLOPO48O
LU18)D4Y(5)8{4C{TI)I+CIS6) )+CL54}3Y(2)1+CISTISY(4) I+Y{LL)#{Y{12)*(+C{SLOPO4SS
1158)¢C{L581)+Y(15)2(+Ce129)+CI14115Y(18))+C(10I*Y(2)+GE15550Y(16) ¢5LEPO490
1CELI8 YT )oY L15)R(Y(14)%(+CLL52) ¢CL152))¢Ci149)€Y(1TI¢C (151 )Y(1SLOPO4IS
1204C{168)9Y(5))+Y(BI*{Y(3)*(+L(69)+CI69))4CITII*Y(5)+C(123)#Y{ 16) ISLOPO500
14CL163)8Y(12) ¢COL19)$Y(TISY(1T)I+C (126 16Y(4)#¥i1TIeC(165)4Y(14)) 5LOPOSOS

55 IF((XIND .EQ. 1. .AND. KEY(11} .NE. 1) .OR. (KIND .EQ. 2 .AND. KEY{SLOPC510
111). .NE. 2)) GO TO 6P 4 SLOPOS1S

RENV(11) =(Y(L106(+CIL32)+C(145) 4y (1BI+CI1323+CI145)&Y{18))+Y(6SLOPOS20
1180¢CILO0)#C{108)2Y{18)+CI58)8Y(2))+Y(10)*(+CI134)+CIL4TI*Y(18)+C(SLOPOS2S
11561)¢Y(12)%{¢CE57)+C{158)+C(159) ) +Y(3)#(+C(14),+C{115)*Y{18))+Y(TSLOPOS30
LI#(+CI118)¢CIL27 34Y{L5)#(+C(129)+C(141)Y{18)).+CL133) &Y (16)+C{1465L0POS35
1)eY(16)¢Y(1834CI155)8Y(16)¢C{10)#Y(2) +C{90)*Y(8)+CI113)8Y(G)*Y (1B)SLOPOS540
1Y) X SLOPO54S

FORM(11) =(Y(Q)#(Y(1)#(+C(32)+CI3T)I*Y{18)) eV (3)8(+C(T6)+CLTT))SLOPOSSO
LY(SIS{+CITSI+CITI)3+CIBLI®Y(&) )oY (BI#(YIBI®{+C{T2) +C{T1I+C(T2))4Y(SLOPOSSS

T106(4C(31)6CI31))eCI122) ¢V (15} )Y (6)*7¢CISBISYL2I¢Y(1L)eC(116)2Y(1SLOPOS60.

175¢CU1LTIeY(I0FI ¢ Y{10)#(+C(162)6CI15022VIL5)i¢CL165)%Y(14)¢C(149)4SLOPOS565
1Y(15)eY(17)) SLOPG5TO

.60 IFUIKIND +EQ. 1 .AND. KEY{12) .NE.—l) «OR. {KIND .EQ. 2 +AND, KEY{SLOPOS57S

112} .NE. 2):) GO TO 65 SLOPO580
RENMY(12) =(YUL)*(sCILBI+CU2TI#Y(16)4C(285 ¢Y(17))+Y.L11) #(+C(157)SLOPO5BS
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LeCU158)+4C(159))¢C(163)¢CUB5)eYI6)+CI92)¢¥(2)+C{95)%Y(3)4C(98)*Y(4)5LOPO590
1eC{222 )Y (T)eC(151)%Y(15)) ] SLOP0595
_ FORM(12) (YILO)®(Y(15)8(eCI{1312¢CA143)0Y(16)+CIL44)2Y (171D ¢Y(LSLOPOONN
1015 eC{148)8Y{16)+C{148I2Y(16))+C(12)8Y{2)¢CL160)eYI13))eY(5)2(+CISLOPNGOS
13)¢C144) 2V I6)4C(ABISY(TIHCIS6)8Y(9)+CIFTIRY(13)4C{52)8Y(B))+Y(3)e(SLOPO610
LeCLL4)*Y (21D 4CITLIRY(BI4CLTSIRYIII¢C(225)eY(L16)*Y(LTII4Y(91e(+C(6TSLOPOGLS
11#Y(2)6Y{18)+C(82)8Y(4)) Y {111 &(+C{133)5Y(16)¢C{146)2Y{16)eyY(18)))SLOPO620 /£
65 IF((KIND .EQs 1 JAND. KEYE13) oNE. 1) .OR. {KIND .EU. 2 .AND. KEYISLOPDG625 5
113) .NE. 2)) GO VO 7O SLOPOS3C -
REMV{13) =(YLL)*I4CH{19) #CL20)¢CI21D) ¢Y(2)#(+CL13)+C(93) 1+CI166)SLOPDS3S .
1oCI96)%Y(3) +CIITIHY{SI+C (154 )¢Y(157+C(160)8Y(10)} 5LOP0640 .
FORM(13) ={Y({4)%(+C{4)+CL45)I2Y(6)¢CI4F)2Y(TI+CI5TI*Y(9)+C198)¢YSLOPOGLAS
1(12)4C{53)*Y(B))+Y(15)*{+C(15)2Y(3)¢C(L128)*Y(16]¢(13B)sY(16)*Y(L16SLOPO65D
LIHCUI39) &Y (1632YILT)+CIL40) Y1612V (15) )Y (218{+L(9)2Y(16)4C{63)*YSLOPO65S
LOTIRYI18))+YIB)€(4CI62)¢Y{6I8Y(18)+CITHIRY(I)I4CIBN)I*Y(5) 2Y{ ) +C(15LIPO660

121)8YLT)eY(12}] SLOP0665
70 IF{(KIND .EQe. 1 oAND..'KEY(1l4) oNE. 1} +OR. (KIND .EQ. 2 +AND. KE¥(SLOPO6TO
114) .NE...2)) GO YO 75 SLOPO6TS
REMV(14) =LY(15)%(+C{152)+C(153))8C(164)+C(165)+C(86I*Y(6)) SLOPO680D
FORM(14} =(Y(8I*(+CI65)4Y(2)8Y(1G) +C(TOI#Y(3) ¢CLTIIRY(5)eCL T4) ¢SLOPOHBS
1Y(43)eY(11)% (Y (10)%(+C(134)¢C{L4TI*Y(L8))+CI15)3Y (12} )+Y(15)%(+C{SLOPO6ID
1130)8Y(17)¢C{142)8YL1TI®*Y(1B))I+CLLL)IAY(2)0Y (1T} SLOP069S
75 IFUIKIND .EQ. 1 .AND. KEY(15) .NE. 1) .OR. (KIND .EQ. 2 .AND. KEY{SLOPOTQO
115) .NE. 2)) GO TO 80 , SLOPOT0S

REMV(15) =(YELS)IS{Y(L5)#(+C{136)+C(136)¢C(136))¢C(127)+CI(135)%YSLOPOT10
L{1634CIL13TI*Y(1T)+CLL140)2Y(16)¢C{127)+C{135)2Y(16)0C(13T)*Y(17)¢C{SLOPOYLS
1140)#Y(16))eY(L)®(+CLL6)4CI22)0Y{163¢CI23) Y (1TI+C(26)2Y{16))+Y{LOSLOPCT20
190(+CU131)4C(143)8Y(16)¢CLL44)CY(1TI¢CIL150))¢Y ()% (+C(T)¢CIL15}¢C(ISLOPOT25
14)heY(6)(+4C(99)¢C(10T)ISY{18)+C{6L) Y20 )eY(T)I®(+C(103)+C(111)2Y(LSLOPOT30
18))+YU8)&{+C{RB)¢CIL22))¢Y(9)®(eC{105)+C(L12)%Y(18))+Y(11)a(+C{129SLOPOTIS
LI+C(LAL)IaY(L8) )oY (14} ®{eC(1520+C1153))4C(128)8Y(16)+C(130)8Y(1T7)+CSLOPOTSD
1(138)¢Y(16)0Y(16)4C(139)aY{16)0Y(1T7)¢C(142)2Y(1T)*Y(18)¢C{-169)8Y(1SLOPOT4S
1704CC151)%Y{12)4C(154)0Y{13)eC(B)SYI2)eC(16T)¢Y(4)4C(168)4Y(5)) SLOPOT50
FORM(15} EIVI6)SYI2)#(+C142) +C(42)¢CI61)8YI15))¢Y (1) (+CI33)4¥YSLOPOTSS
10181¢CI38)1¢CIBINSY(16)¢CIB4I#Y(1014CI85)2Y{12)4C(86)#Y(14)+L(43)#5LUPOT6O
LY(33+C(446)2Y(5)+C(45)2Y(4) )+Y(1)&(Y(TI&(+C(30)+C(30))+Y{9)¢[+C(32)5L0POT65
14CU3T)I®Y(38))+C(21)5YL1D)eC26)*Y (16 ¢V (157 )+Y(2)8(¢C(2)+C(4£6)*Y(TSLOPOTTO
L)+C(5016Y(8)¢C(54)8Y{9)eL(93)8Y(13)4C(9212Y12))eY(3)8(Y(8)*{+C(TOSLOPOTTS
LieCUT20 14X (9)#(+CUTS)4CLTTIIC(TIEY{L5) I ev(11)#{+C(120)2Y(T)¢CL1555LOPOTDN
l)‘V(lb)’C(lSé)‘Y(lO)Of(159)‘Y(IZ)DOY(lS)‘(Y(ISD‘(OC(labl‘V(ISD*CllSLOPO785
140)€Y(16)))4CIL6LIRY(16)+C(166)%Y(13D+CI161)*Y(16)+C1162)#Y{10I+CL{SLOPOTIO

NSRS ARG Ho TR

1163)%Y(127+4C(164)2Y(14)) SLOPO795
80-RETURN SLUP0B0OO

ErD: SLOP0O8OS >

7.1.5 SUBROUTINE TO COMPUTE TIE DERIVATIVES, DAUX

This -subroutine is called by INTEG and computes the-derivatives

=2Fi‘Nj DR

This is a relatively short subroutine-since the bulk of the-computations are-performed ¥
in SLOP which computes Fi and Ri" If any species is in equilibrium-this
subroutine sets -its derivative to zero. The following statements, beginning-on page 88,

are a listing for this-subroutine.
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IBFTC DAYX LIsST DAUX0000
SUBRQUTINE DAUX DAUX0005
COMMON TREG(150) yKEY(15) +FURMI15) REMV(15) 4CONL168),LKEY(15),BEGINDAUXDDLO
1{15) DAUX021S
-COMMON NUMB,EUBARELBARyDoD0O2,DN2+T +PNE, PNU, PO2,POPN2, TOVAL ¢ JACKDAUXDO20
LJAKE s JAM, ITERyLINT oI 2NToK2NT ¢ J2NT s N2NToFIRST s PROD¢LAM, TIME,KB3y TOTDAUX0D2S
20, TOTN DAUX0030 ,
KIND=} DAUXNO035
CALL SLOP(KIND) DAUX0040
5 LaNUMB+4 DAUX0N45
D0 20 J=1,NUMB DALXDO50
IF(KEY(J) «NE. 1} GO-TO 10 DAUX0NS5S ‘
TREG(L)=FORM{J}~(REMV(J) #*TREG(Je3)) DAUX0860
G0 10 15 DAUX0065
10 TREG(L)=0.0 DAUX0070-
15 L=t+l DAUXONTS
20 CONTINUE - DAUX0080C
IF(XEY(10) .NE. 1) GO TO 25 DAUX0085
TREG(NUMB+13)=TREG(NUMB+13)-PNU. DAUX0090C -
25 IFIKEY{15) .NE. L) GO TO 30 DAUX0D095
TREG(NUNB¢18)=TREG(NUMB+18)~P0 DAUX0100
30 RETURN DAUXN105
END DAUXO0110
7.1,6 SUBROUTINE TO SET INITIAL CONDITIONS, INITAL
This subroutine is incorporatedvinto the package for the purpose of establish-
ing the initial conditions on the solution of the differential equations. In most
applications, this is a very simple subroutine. It simply sets the starting time to
zero, the initial increment to 10-6, and transfers the initial concentrations read
into the BEGIN region to the proper TREG locations, It also computes the total
numbers of oxygen (TOTO) and nitrogen{T'OTN) atoms initially put info the system,
Since the situation could arise where it would be necessary to use a com-
plicated function to compute the initial concentrations, as in the case of nuclear :
weapons effects, a separate subprogram is used to permit-flexibility in-setting
up-the initial conditions for the solutions without disrupting tne entire code. The
following locations of TREG must be set by this subroutine.
TREG(2) = 0.0, the starting time in seconds .
TREG(3) = 10-6, the initial increment in seconds .
TREG(4) to TREG(NUMB+3) = the initial concentrations of the
dependent variables Noi'
The initial increment is always taken as 1076 secs, There could be cases
where a species has-decayed or build up-from -its initial value to its equilibrium.
value in less than iO-G secs. In the event that-this-should-happen-the initial inte~
grating increment must be some value smaller than the equilibrium time, If a .
mesh of 10_6 sees is too large, the criterion set on the integration cannot be
satisfied and'the program will automatically cut it back-until-it arrives-at.an-in-
crement that can-be accepted, If it is known —tllat,a:spgcies—\vifi';each -its -

'
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equilibrium value before 10 = secs, ‘the increment can-be initially set to some e
smaller value, thus saving computer time. 1.
The following statements are a listing for this code, §,§:
INIT0000 e
$IBFYC INITAL LISY :
SUBROUTINE INITAL IN1TO00S .
COMMON TREG(150) ¢KEY{15) ,FORM{15),REMVI15) +CONL168),LKEY(15) .BEGlNizi;ggig Y
1(15) 1
COMMON NUNB,EUBARELBAR, 0,002, DON2s T oPNE,PNGyPO2¢PCyPN2y TCTALy JACK o INITOO20
1 JAKE .JAH.lTf'ER'l;lN;.IZNT:KIA’!NT.:IZNT.NZNI'.FIRST.PROD.LAH.TIME"KB3 +JOTINITDO25
20, TOTN. INIT0O030
TREG(2)=Nn,N lNll’ggzg .
TREG(3)=1,0E-6 INIT es '
FIRST=TREG(3) INITO 1
DO 5 J=1,15 INITOO5D :
S TREGIJ+31=BEGIN(J) - lNITOOSS‘
TOTAL=PROD . INITNO6C
TOTO=TREG(5)+2.0¢TREG(6) ¢3.0«TREG{ V)42, 0#TREG{8) +TREGI9) +2.0%TREGY INITO065 .
110)¢TREG(12)42., 0% TREG(15) ¢3.0*TREG! 16 )+TREGI LTI +TREG( 13) ¢ TREG: le)*i::;gg;g N
22,0402 ) i .
TOTN=TREG(B)+2.0%TREG(11 }¢TREG(12) ¢+ YREG{ 13 ) ¢TREG(14) ¢TREG(-15) +2.0%INIT0080 ,
LTREG(17)+2.0#DN2 IN1TNOBS. .
"RETURN INIT0090 ’
END INLTNN95
7.1.7 SUBROUTINE TO COMPUTE THE EXTERNAL IONIZATICON §

SOURCE FUNCTION, PRODUC

The-insertion of any particular icrization source function-into the system.is
facilitated by incorporating a separate-subroutine for this purpose, The routine

TR

used with the deionization code simply injects a constant rate of production-of %
icu<pairs/ cmslsec into the differential equations, TFor simplicity this constant is g
read into the computer on one: of the input data cards. This production represents ‘;, X
the number of electrons produced. by some external source other than.the chemical o b
equations, Tor simple deionization problems this constant production rate is ;%;
partitioned among the positive ions as if it were an uliraviolet-source. That is, g
q(N}) = 0.13926*PROD 3
4 Lo
-q(0,) = 0.79272%*PROD i
%
+ g & :
q(0") = 0.06802*PROD . S

i

. Although the code-will-handle any time-dependent function it will not-operate
properly if a sharp discontinuity is-encountered in the-production function-inside

of the increment At ., If discontinuities are present-in the source-finction-they
must be-accommodated for-by the main-program before the integration_is attempted

oy
Fer

over the time-incremdént in which they exist.
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The following statements are a listing of this subroutine,
$1BRTC PRODUC LIST PROD0OOOQ
SUBROUTINE PROOUC PRODOOCS
COMMON TREG(150) yKEY (151 FORMI 151, REMV{15) ,CON{168),LKEY(15),BEGINPRODOOLO
1(15) ) PRODNNLS
COMMON NUMB, EUBAR ELBAR, 0,002+ DN2, T+PNE,PND,PO2,PD,PN2, TOTALy JACK,PROCODZO
LJAKE ¢ JAH ITER (LINT, L 2NToK2NT g J2NT o N2NT FIRST 4 PRODLAM, T {HE,KB 3+ TOYPRODOO25
20, TOTN PRODONIN
5 TOT=D02+DN2¢TREG(18} PRODOG35
PO2=0,792T24PROD PRODODAC
PN2201,13926¢PROD PRODO04S
P0O=0.06802¢PROD PRODODSQ
PHE=PROD PRODO0OSS
TOTAL=PNE PRODOOGN
RETURN PRODONGS
END PRODOCTO

7.1.8 SUBROUTINE TO ESTABLISH CHARGE BALANCE, BALAN

This subroutine is. called by SLLOP whenéver it is necessary to compute the.
concentration.of .. negative species from charge kbalance, After every successful

integration the main program finds the largest negative species and sets the variable

LAM to an appropriate integer. Using LAM in<a computed GO TO, BALAN.-com-
putes the concentration of this species merely by subtracting from tie total number
of positive ions the sum of the remaining negative ions. BALAN then-adjusts-the
molecular-oxygen and-the molecular-nitrogen reservoirs to insure that the total
numbers of oxygen and nitrogen atoms initially inthe system remains constant.
The following statements are a listing-of BALAN,

$18FTC BALAN  LIST BALNOOOO
SUBROUTINE BALAN ‘ X BALNOOOS
COMMON TREG(150) +KEY (151 +FORM(15),REMV(15) sCON¢'168 ), LKEY{'15) s BEGINBALNOOLO
1415) BALNOOLS

CONNON NUHB,EUBAR.ELBAR.D.DOZ.DNZ'ToPNE.PNO.POZ,PO'PNZnYOTALvJACKpBALNEGZ?
L1JAKE s JAM, I TER LINT,12NTK2NT , J2NT o N2NT, FIRST ,PROD,LAM, TIME KB3, TOTBALNOC25

20, TOTN BALNON3C

5 SUM=TREG(9)+TREG(10)+TREG(11)+TREG(12) BALNUO3S
GO TO (10415,20:25,30,35),LAM BALNOD4O

10 TREG{4)=SUM—TREG{5)-TREG16)~TREG(T)-TREG(8) BALNNO4S
GO T0 35 , BALNOOS0

15 TREG(S5)=SUM-TREG (4)-TREGI6)~TREG{T)~TREG(8) BALNONS55
GO TO 35 BALNOO6C

20 TREG(6)=SUM~-TREG{4)~-TREG(5)~TREG(T)~TREG(8) - BALNO06S
GO TO 35 BALNODTS

25 TREG(T)=SUM-TREG{ 4)-TREG(5)}~TREG6)~TREG(8) BALNOOTS.
GD-¥0 35 BALNO9SO

30 TREG(B)>SUM-TREG(4)-TREG(S)~TREG{6}~TREGIT) ™ BALNCDBS
35 002x({ TOTO-TREG(5)-30#TREGIT)-TREGI9 )~TREG( 12)=3.0¢TREG( 16~ TREG(BALNOO9SO
113)-TREGC171~TREG(18)1/2.05~TREG(6)~TREG{B)-TREGI10)-TREG(15) BALNON9S
DN2=( { TOTN-TREG{#)-TREG(12)}~TREG(13)=TREG(14)-TREG{1511/2.05-TREG(BALNOLOC
111)-TREGI1T) BALNOLOS
40 RETURN : BALNOL1C
END- BALNNL1S

Ty
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7.1.9 SUBROUTINE TC COMPUTE THE HISTORY OF THE. <},
REACTIONS, DAUXT .
&
Since it is not'possible-to determine the actual kinetics of the atmospheric oF
constituents-simply by studying the solutions to-the differential equations, this
program is incorporated.to give a snapshot of the chemical reactions whenever e
it"is called. o

Each time DAUXT is called, each individual reaction is computéd and the
entire array of reactions along with the correspsnding rate constants. and the re-
action rates are written on FORTRAN-tape 3. The reactions are written jn a
pseudochemical notation that is easy to read. By examination.of this output it is
a simple matter to determine which reactions are responsible for the behavior of
any species at-any-particular timie,

Computation of this information is.optional, If switch KB2 is on zero the snap-
shot is taken, If switch KB2 is-on one computation of this information is bypassed,
There is also an option to print.this history after every integration or only once at
the beginning of each decade of tir e, If switch KB3 is on one the history is printed

once for each decade of time, I Switch KB3 is on zero the history is printed after
every integration. These switches are set by one of the input data cards.
The following statements, beginning on page 92, are a listing of this code,

7.2 Diumal Variation Code

L il £ ord sy 4

The code, as described in Sectioi: 7, 1, is-readily applicable to the problem
of the diurnal variation of the atmosy. eric constituents, The only programs that
require any modification are -the main program and subroutines PRODUC and
BALAN, One additional subprogram is necessary for the computation of the per-
cent obscuration of the visible light from the sun by the solid earth. duritgg periods
of sunrise and sunset.

7.2..1 MAIN PROGRAM DIURN ,

In addition to the functions described in Section7.1. 1, the main program
must also compute the times of sunrise and sunset for the particular altitude and
geographic location under consideration. Besidés accumulating the time in seconds,
the main program must also compute the local solar time in hours. Although the 1
code must start with time equal to zero seconds, this zero time may refer to-any
local solar time, To accommodate these additional features more input-parameters 1
are required. The-following are-the changes in-the input.data-as described.in 7
* Section'7, 1,1, 3.
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$IBFTC DAUXT  LIST 0XT00000

SUBROUTINE DAUXT DXT00005

c DXT20010

c ‘REACTIONS FOR 15 SPECIES. DXTO091S

"COMMON TREG{150) (KEY{15) ,FORM( 15} ,RENV(15) +CON{ 168) ,LKEY( 15) , BEGINDXT00020

1(15) ~ DXTn02s

‘COMMON NUMB, EUBAR yELBAR, Dy D02, DN2, TPNE, PNO+ P02, PO,PN2, TOTAL s JACK,DXT00030

1JAKE ¢ JAMo LTERy LINT ¢ [2NTK2NT y J2NT ¢ N2NT FIRST s PRODs LAM, T IME (K83, TOTDXT0G035

.20, TOIN DXT00040

-0IMENSION R(168) DXT00045

£ DXT00050

IF(KB3 .NE. 1) GO TO 5§ 0XT00055

IF(TIME .GT. TREG(2)) GO TO 10 0XT00060

00=TREG(18) DXT00065

R{1)=TREG(6)€CON(1) 0XT00070

R{  2)=TREG(5)$CON(2) DXT00075

: R(  3)=TREG(8) $CON(3) DXT00080
, R{ &) =TREG(7)$CON(4) DXT00985
R R(  5)=TREG(6)#D029CONIS) 0XT00090
R{  6)=TREG(6) *DN2¢CON(6) .DXT00095

s R{  7)=TREG(6)DO*CON(T) 0XT00100
' R(  8)=TREG(5)*DO*CON(8) DXT00105
R(  9)=TREG(5) #002+CON(9)- DXT00110

'R{ 10)=TREG(5) *TREG(1»)#CON(10) DXT00115

RU L1)=TREG(5) *ON2#CON(11) DXT00120

R{ 12)=TREG(5)*TREG{13)#CON(12) DXT00125

R( 13)=TREG(5) ¢TREG(16)4CON(13) 0XT00130

R{ 14)=TREG(6&) #TREG(14)*CON(14) DXT00135

R( 15)=TREG(6)#DO*CONI1S5) DXT00140

R{ 16)=TREG(4)$00*CON(16) 0XT00145

R{ 17)=TREG(4)#DO2¢CON(17) DXT00150

: R{ 18)aTREG(4) $TREG(15)#CON(18) 0XT00155
. R( 19)=TREG{4)#TREG(16)¢CON(19) DXT00160
R{ 20)=TREG(4)*TREG(16)8CUN(2D) DXT0N155

R{. 21)=TREG(4) *TREG(15)#CON(21) DXT00170

R{ 22)=TREG(4)#D0*{DO2%CON(22)) 0XT00175

R{ 23)=TREG(4) 00 (DNZ#CON(23)) DXT00380

. RU 24)=TREG(4)$D02¢(DO2#CON(24 1) DXT00185

n R 25)=TREG{4)*0Q2#(DN2#CON(25)) DXT00190

) R( 26)=TREG(4)*D0* (NO29CON(26)) DXT00195

. R{ 27)=TREG(4) $TREG(15)#(D02¢CON{27)) DXT00200

. R{ 28)=TREG(4)$TREG(15)% (ON2#CON(28}) DX700205

R( 29)=TREG(4)$TREG(13)#(D*CONI29)) 0XT00210

, R( 30) =TREG(4) $TREG(10)%CON(30) 0XT00215
L R( 31)«FREC{4)*TREG(11)*CON(31) DX700220
\ R( 32)=TREG (%) $TREG(12)$CON(32) DXT00225
R{ 33)=TREG(4) #TREG(9) #({DECON(33)) DXT00230

L R{ 34)=TREG(4)*TREG(10)#{D#CONI34)) DXT00235

7 A Rt 35)=TREG(4) ¢TREG(11)¢(D¥CON(35)) DXT00240

~ R{ 36)~TREG(4) #TREG(12)% (D*CON{36)) DXT00245

R( 37)=TREG(4)*TREG(12)*(D*CON(3T]}) DXT00250

R( 38)=TREG(4)*TREG(9) *CONI38) DXT00255
R{ 39)=TREG(4)*TREG(1CISCON(39} DXT00260

R{ 40)=TREG(4) $TREG(11)%COR{40) DXT00265

R( 41)=TREG(4) ¢TREG(12)$CON(41) DXT00270

R 42)=TREG(5) ¢TREG(9} CON(42) DXT00275

R{ 43)=TREG(6)$TREG(9)#CON{43) DXT00280

RU 44) =TREG(8) $TREG(9) $CON(44) DXT00285

.

[a)

RU 45)=TREGU(T)*TREG(9)*CON{45)-

0X70029C

p< —_ * =




RU 46)=TREG(S5)*TREG(10)*CUN(4S) DXT700295 3 N
R{ 47)=TREG(6)*TREG(10)*CUN(4T]) DX700300 1
R( 4B)=TREG(8)*TREGI10)*CON(48) DXTOC305 it
Ry 49)sTREG(TI*TREGL10)4CON(49) DXT00310 N
R{- S0)=TREG(S)*TREG(111+COYN(50) DXT00315 f 4
R{ 51)=TREG(6)*TREG{11)*CON(51) 0x700320 .
R{ S2)=TREG(B) ¢TREG{11)+CON(52) DX10032% s
R{ 53)=TREG(T)*TREG(L1)*CON(53) DXT00330 *
R{ 54)sTREG(5)*TREG(12)*CUN(54) 0X100335 1
R{ SS)=TREG(6) *TREG(12)%CON(55) DXT0N340

R{ 56)=TREG(8)*TREG(12)#CON(56) DXY00345 A
R{ S5T)=TREG{T7)*TREGI12)#CON(57) DX700350 e
R{ 58)»TREG(S5)*TREG(9)*(TREG(14)+CON{58)) 0XT00355 1
R{ 59} =TREG(5) *TREGI9)*(D02%CON(59)) DXY00360

R{ 60)=TREG(5)*TREG(9) *(ON2+CON(6D)) DXTN0365

RU 61)=TREG(5)*TREG(9)*{DUSCONISL])) DXT00370

R{ 62)=TREG{6)*TREG(9)*{D*CON(62)) DXTO00375

RU 63)=TREGIS)*TREG(10)*(D*CON(63)) 0XT00380 B
R{ 64)=TREG(6)*TREG(10)*(D*CON(64)) 0XT100385 !
R{ 65)2TREG(S5) *TREG(1))*(D*CON(65)) DXT00390

R{ 66)=TREG{6)*TREGL11}%{DeCON(66)) 0XTO00355

N8 6T)aTREG(S) ¢TREGI12)#{D*CON(6T)) 0XT00400 R
R{ 68)=TREG(6)*TREG{12)%(D*CON(681}) 0XT00405 -
R{ 69)=TREG(S) «TREG(11}*CONI(9) 0XT00410 i
‘R{ TO)=TREG(6}*TREG(11)*CON(TO) DXT00415 .
RU TL)=TREG(6) *TREG(11)*CON(T1) DXT00420 b,
R{ T2)=TREG(6)*TREGIL1)*CON(T72) 0XT00425

R{ 73)=TREG(8)*TREG(11)*CON(T3) 0XT700430 .
Rl T4)=TREG(T)*TREG(L1)*CON{T4) 0XT00435 34
RU 75)=TREG{6)*TREG(12)*CONIT5) DXT00440 ™
R{ 76)=TREG(6)*TREGI12)*CON(T76) 0XT00445 :
R{ 7T)=TREG(6)*TREG(12)4CONLTT) OXTN0450 *
R{ 78)=TREG(B)*TREG(12)*CON(T8) OXT00455 o«
R{ T9)=TREG(8)*TREG(12)*CON(T9) OXT00460 f
R{ 80)=TREG(8)*TREG(12)*CON(80) 0XT00465 3
R{ 81)=TREG(-7)*TREG(12)%CON(81) 0OXTN0470 ¢
R{ B82)=TREG(7)*TREG(12)#CON(82) . ‘0XT00475 g ¢
R{ -83)=TREG{9)*D02+CON(83) 0XT00480 ]
R{ 84)=TREG(9) *TREG{133*CON(84) 0XT00485 1
R{ 85)=TREG(9)&TREG(15)*CON(85) 0XT100490 ;
-R{ B86)=TREG(9)*TREG(171¢CON(86) DXT(00495

R( -8T)=TREG(10)*TREG(13)«CON(8T) 0XTn0500

R{- 88)=TREG(11)*DO*CON(83) DXT00505

R{ 89)=TREG{11)*D02+CON(89) oXT20510

R{ G0)=TREG(11}*TREG(14)*CON(90) DXT00515

R{ 91)=TREG(1L)*TREG(13)*CON(91) 0XT700520

R 92)=TREG(S}*YREGI15)%CON(92) 0XT00525

R{- 33)=TREG(5)*TREG(161*CON(93) 0X100530

R{ 94)=TREG{6)*DO*CON{94) OXT00535

RU 95)=TREGI6)*TREG(15)#CON(95) DXT00540

R{ 96)=TREG{6)*TREG(16)*CON{96) OXT00545

R{ 9T)=TREG(B)*TREG(16)%CANLOT) 0XT00550

R( 98)=TREG(7)*TREG(15)*CON(98) OX700555

R{ 99)=TREG(9)*D0*CON(99) 0XT00560

RE100)=TREG( ) #TREG(14)*CON(100} DXT00N565

R{101)=TREG(9) #*DN2*CONL101) DXT00570
RUINZ}=TREG(9)*TREG(13)sCOINI102) DXT00575
-R(103)=TREG(10)*00C*CON(103) DXTO0S560
RUIOF3-TREGI11)*DN2+#CONI104) 0XT00585
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R{105)=TREG(12)*DO*CON{105)
R{106)=TREG{5) *002sCON(106)
RULOTI=TREG(9)#00¢{O*CON{L10T))
R{1NB)sTREG(F)STREG( 14} (D%CONI108))
RLIO9)=TREG(9) *ON2¢(D*CON(1D9))
RE110)=TREG({I)*TREG(13)%(D*CON(110))
REL11)=TREG(10)#D0*(D*CON(L11))
R(212)=TREG{12)¢DQe{D*CON(112})
‘REL13)=TREG(12)¢TREG( 14} #{D®CONI113))
‘RE114)=TREG(S5)¢TREG(13)#(DeCONLLLL S

_ RUILSI=TREG(6) ¢TREGI14)8{D*CON(115))

F.1116)=TREG(9) 8DN2¢CON(116)
R(X1TIaTREG(9)STREGIL3)#CON(117)
Ri118)=TREG{10}#TREG(14) *CON(118)
RE119) =TREC(10)*ON2*CON(119}
RU120)=TREG(10)#TREG(14) *CON(120)
R{121)=TREG(10)*TREG{15) *CON(121)
R(122)=TREG({11)#DC*CONC122}
R(123)=TREG(11)*D02¢CON(123)
RU124}=TREG(5) *D02#{D02¢CON(124))
RU125) =TREG{6)*D0U2¢{ON2#CON(125)})
R{126)=TREG (T} #ON2#CON(126)
R(12T)=00* (DOSCON{127))
R{128)=D0*{0024CON{128))
R(129)=YREG(14)%D0¢CON(129)
R(130)=DO*DN2#CON(13C}
R{131)=TREG(13)*0Q*CONI131)
R{132) =TREGIL4 ) STREG( 14) #CONI132)
R{133)=TREG(14)*D02*CON(133)
R{134)=TREG(14)%TREG(13) *CON(134)
R{135)3N0*DO*{D02+CON(135))
R{136}=D0*D0O*{DO*CIN{136))
R{13T)=00*D0«(DN2*CON(137) )
R{138)=00*D02*(D02¢CON(138))
R(139)=00%002¢(ON2¢CON(}29} )
R(Y40)=DO®D02#(0D0*CON(140))
RE{141)=TREG{14)¢DO*(D*CONILI41))
R{142)=DO*{DN2CON{142))*D
R{143)=DO*TREG(13)%{D02%CON{(143))
R{144)=DO*TREG(13)*({DN2¢CON(144))
R{145§=TREG(14)*TREG(14)*{DsCON(145))
R{146) =TREG(-14)*(D02#CON(146)) 2D
R{147)=TREGI14)%TREG(13)*(D*CONI147))
R{148)=TREG(13)*{DO2¢CON(148))*TREG(13)
R{149)={D0*CON(145)) #DN2
R{150)={DOSCONI150) )¢ TREG(13)
R{151)=(DO*CON{151)) *TREG(15)
R(Y521={DO*CONIL152) ) $TREG(17)
R{153)=(DO*CON(153} ) *TREG(1T)
R{154)=(00¢CON(154))*TREG(16)
R(155)=TREG{14)#*(DO2%CONIL55))
R(156)=TREG(14)*TREG(13)#CON(156}
R{157)=TREG(14)*TREG(15) *CON(157)
R(158)=TREG(14)#TREG(15) *CON(158)}
R{159) =TREG(14)STREG(:T5) #CON(159)
R{160) =TREGI14)*TREG(16) *CON(160)
R(161)=D02sCONI(161)
RE162)=TREG(13)SCON(162)
R{163)=TREG(L15)*CCNI163)

0XT00590
DXTON595
0XT00600
0X700605

DXT00610

DXT00615
DXT00620
DXT0625
0XT00630
DXT00635
OAT00640
DXT0N645
DXT00650
0XT00655
DXT00660
DXTN0665
DXTNO0670
DXT00675
0XY00680
0XT00685
DXT00690
DXT00695
DXT00700
DXT00705
DXTGOTLO
DXT00715
DXT00720
DXT00725
DXV00730
DXT00735
DXT00740
DXT00T45
DXT00750
0XT00755
OXT00760
DXT0N0765
DXT00770
DXTO0775
DXT00780
DXT00785

-DXT00790

0XT00795
0X700800
0XY00805

:0XT00810-

DXT00815
0X700820
DXT00825
0XT00830
DXT00835
DXT00840
DXT00845
DXT00850
DXT00855
DXT00860
DXT00865
0XT00870

OXTO0875-

DXrN0880

—
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RI164)=TREGI17)*CCN(164)
RU165)=TREG{LT)&CCN{165)
RU166)=TREG{16)*CCNI166)
RUELO6T)=TREGIT)*TREG(18)4CONIL6T)
R{168)=TREG(8)*TREG{18)*CON(168)

WRITE(3,15)
WRITE (3,20)
WRITE(3,25)
WRITE(3,30)
WRITE (3435)
WRITE(3,40)
WRITE(3,30)
WRITE (3,45)
WRITE(3,50}
WRITE(3,30)

TREG(2])

(CON(J)sR{J) 9JI=L44)

(CONLJ)yRUJDY ¢J=5,7}

WRITE(3,55) {CON{JIR(J) 9Jm8,415) ¢LCONLI) JREJ D I=167,168)

WRITE(3,60)
WRITE(3,30)
WRITE '(3,65)
MRITE(3,70)
WRITE(3,30)
WRITE (3,75}
WRITE(3,80)
WRITE(3,30)
WRITE (3,85)
"WRITE(3,90)
WRITE(3,30)
WRITE (3,95)
WRITE(3,100)
WRITE{3,30)
WRITE .{3,105)
WRITE(3,119)
WRITE(3,30)
WRITE (3,115)
WRITE{3,120)
WRITE(3,30)
WRITE 13,4125)
WRITE (3,130)
WRITE(3,135)
WRITE(3,30)
WRITE (3,140)
WRITE(3,145)
WRITE(3,30)
WRITE (3,150)
WRITE (3,155)
WRITE(3,160)
WRITE(3,30)
WRITE (3,165)
WRITE(3,170)
WRITE(3,30)
WRITE (3,175)
WRITE(3,180)
WRITE(3,30)
WRITE (3,185)
WRITE(3,190)
WRITE(3,30)
WRITE (3,195)
WRITE(3,200)
WRITE(3,30)

(CONCJ)pR{JI}4Ix16419)
(CONLJ)R(J)J=20421)
(CONCJ) yREI) J222,29)
{CON{J)sR(J),40230,32)
(CON(J) oR{J),I=33,37)
{CON{J} yR{J ), I=38,41)

(CON(J) 1RIJ)¢J242453)
(CONLJI) sR(JY ¢ JI=54,457)

(CONLJ) sR(J) ¢ J=58,68)

(CON(.3) sR{J) 9 J=69,80)
(CONCJ) +RUJ),J=81,82)

(CON(J)sR(JD¢I=83,91)
(CON{J) eRUJ) 9I292,98)
(CON{J)1RUSD 4I%99,108)

(CON{J) e R(J) +I=10T7,115)

95

‘DXT00885
DXT00890
DXT0089S
DXT00900
DXT00905
DXT00910
DXT009{S
0XT00920
DXY00925
0X¥00930
0XT00935
DXTN0940
0XT00945
DXT00950
DXT00955
0XT00960
0XT00965
0XY00970
DXT00975
0XT00980
DXT00985
DXT00990
0XT00995
0XT01000
DXT01005
DAT01010
DXT01015
DXT01020 ~
DXT01025 -
DXT01030
DXTN1035
DXTH1040
DXTO1045
DXT01050
DXT01055
-0XT01060
0XTO1065
OXT01070
DXTG1075
0X701080
DXT01085
*DX701090
DXT01095
DXT01100
DXTH1105
0XTO1110
DXTOL111S
DXT01120
DXTN1125
0XT01130
DXT01135
DXTOL14N
DXT01145
DXT01150
DXT01155
0XT01160
DXTO1165
DXT01170
DXTO1175
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WRITE {3,205)  (CONCJ),RlJ)y4=116,4123) DX701180
WRITE(3,210) 0XT01185
WRITE(3,30) DXT01190
WRITE (3,215)  (CON{JD RS »JI=124,126) DXT01195
WRITE(3,220) 0XTO1200
WRITE(3.30) pPXT01205
WRITE (3,225)  (CON{J)¢R{J1+I=127,134) 0XT01210
WRITE(3,230) 0X701215
WRITE({3,30) DXT101220
WRITE (3,235)-  (CONGLJ)RIJD,I135,146) 0X701225
WRITE (3,260) (CONC14T) 4R(14T)) DXT01230
WRITEL3,240) DXT01235%
MRITE(3,30) 0X101240
WRITE (3,285) (CON(148) ;R{2%8) ) _DXT01245
WRITE (3,245)  (CONGJI4RUJ),Ux149,160) - oxrol1zse
WRITE(3,250) OXY01255
WRITE(3,30) . 0XT01260
WRITE (3,255 (CONCJD oRUJ} 9 J=161,166) ) DXT01265
WRITE (3,265) TOTAL 0X701270
WRITE(3,290) . DXT01275
WRITE {3,270} PTNO, PNO, PTOZ, P02 4 PT O, PO, PTN2, PN2 0XT01280
WRITE (3,295) ’ DXT01285
WRITE(3,290) pX101290
WRITE (3,275) ()R () 4Jx1,165) 0XT01295
WRITE(3,280) {JsR{J}yI=166,168) 0XT01360
TIME2TIME®10.0 DXY¥01305

10 RETURN ‘DXT01310
15 FORMAT(1H1,4TX28H KINETICS OF THE ‘REACTIONS. ) OXT01315
20 FORMATU1HO,ATXTH TIME =1PEL12.5,6H SEC. ) DXT01320
25 FORMAT({19HOPHOTO DETACHMENT. )} DXTG1325
30 FORMAT(6HO NO.,15XB8HREACTION, 1 TX16HCONSTANT RATE,6X3HND.y L5XBHDXT 01330
LREACTION,17X1 THCONSTANT RATE ) DXT01335

35  FORMAT(4X12Hl. 02~ ¢+ HV,9IX10H= 02 + Es10X1IP2ELN.2,4X12H2. O~ DXT01340-
1+ HV,9X10H= O + Eo10X1P2E10.2/4X12H3, NO2- + HV,9X10Hx NO2 ¢ EDXTO1345
2,10X1P2€E10.2+4X12H4, 03~ ¢ HV,9X10H= O3 * £,10X1P2ELD.2) DXTO1350-

40 FORMAT(25HCCOLLISIONAL DETACHMENI. ) ‘DXT011355

45 FORMAT{4X12HS. 02— + 02,9X18H=z 02 ¢ E + 0242X1P2E10:244X12H60XT01360
1. 02- ¢ N2,9X18H= Q2 + E ¢ N2,2X1P2€E10,2/74X11HT, 02~ ¢ 0,10DXT01365
2X1TH= Q2 + E + 0,3X1P2EL1D.2) DXTO01370

50 FORMAT(25HGASSOCIATIVE DETACHMENT,. ) 0XT01375

55 FORMAT{4X11H8. O- + 0, L0X10H= 02 ‘¢ E,l1OXIPZEL0.2,4X12H9. G- 0X701380
1+ 02,9X10H= 03 ¢ £,10X1P2E10.2/3X12H1N. O~ + Hy10X10H> NO + DXT01385
2€910X1P2E10.293X13H11, O- + N2,9X10H= N20 + E,10X1P2E10,2/3X)3HDXT01390
312. O~ ¢ NO»9X10H= NO2 ¢ E,10X1P2E10.2,3X13H13, -0~ ¢+ 03,5X20HDXTO01395
4= 02 ¢t E ¢ 02 1P2E1D.2/3X12H14. 02- ¢ N,10X10Hz -NO2 + E,100XT701400
5X1P2€E10,293X12H15, 02~ ¢ 0,10X10H= 03 + E+10X1P2E1Qe2 /3X13HL16T7DXT01405
6. 03~ ¢ 0,10X17H= 02 + 02 + E+IXiP2EL10.2,2X13H168, NO2- + 0,10XTO1410
TOX1TH= 02 + NO + E 3X1P2EL0.2) OXT01415

60 FORMAT{23HORADIATIVE ATTACHMENT, ) 0X701420

‘65 FORMAT(3X12H16. O ¢ Eo1OX11H= O- ¢ HV,9X1P2E10.293X12H17. 02 DXT01425
I ¢ E,i9X11H= 02— ¢ HV,9X1P2E1D,2/3X12H18,. NO2Z + E,10X11iH= NO2- DXT01430
-2¢ HV,9X172E10.243X12H19. 03 + Es10X11H= 03- ¢ HY,9X1P2E10.2) OXY01435

70 FORMAT(26HNDISSOCIATIVE ATTACHMENT. ) DXT01440
75 FORMAT(3X12H20. 03 ¢ E4LOXILH= O- ¢+ 0279X1P2ELG.2+3X12H21. 03 OXT01445

1 ¢ C5-10X10H=s 02- + 0,10X1P2E10.2) OXT01450
80 -FORMATI24HOTHREE BODY ATTACHMENT., <) DXTO01455

85 FORMAT{3X33H22. O + E ¢+ 02 «0- + 02.9X122510.273X33H23. 0XT01460
A0 + E ¢+ N2 = 0- + N2,9X1P2EL10.2/3X33H24. 02 (N - + D20XT01465
2 = 02- ¢ 02,9X1P2E10.2,3X33H25. 02 ¢+ E + N2 = 02- + N2,9XDXT08470-
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31P2EL0.2/3X:H2H26. 02 + E ¢ 0 = 02- 4 0,10X1P2E10.2,3X33H270XTOL475
4. NO2 + E +-02 = NO2- + 0D2,9X1P2EL10.2/3X33H28, NO2Z + E + DXT01480
5N2 = NO2- + N2,9X1P2E10.2,3X32H29. NO + E + N = NO- ¢ My LlDXTOL4BS
60X1P2E10.2) 0XT01490
90- FORMAT(29HODS SSOCTATIVE RECOMBINAYTION. ) OXT01495
95 FORMAT{3X12H30. 02+ ¢ E«10X10H= O + 0y10X1PZEiI0.293X12H3L, N24DXT01500
1 ¢+ E,10X10H= N + :Ng1OX1P2E10.2/3X12H3Z. NO¢ & E,10X10H= N -DXT01505.
.24 0,10X1P2ELO0.2) 0XT01510
100 FORHAT(2THOVHREE BODY RECOMBINATION. ) DXVO1515

105 FORMAT{3X32H33, O+ +E + M = 0 ¢+ MylOXIP2EL0.2+2X32H34. OXTOL520
102+ + E *r M » 02 + MolOX1IP2E10.2/3X32H35. N2¢ ¢ « + 4 DXTO1S25
2 = N2 + HyLOX1P2E10.2+43X32H36, NO¢ + E L, = NO ¢+ My10XDXT01530
31P2E10,2/3XiI9H3T. NO+ ¢ E + M =N + O ¢ Mo3X1%2€10.2) DXVO1535
110 FORMAT(26HORADIAT [¥E -RECOMBINATION. ) 0XTG1540
115 FORFA?{:XIZHSB. 0+ ¢ E410X11H=x O L4 HV'9X199'10s2c3X1¢H39. 02+DXTO0L545
1+ Ey10X11ki= 02 + HY,9X1P2E10.2/3XL2H40. N2¢ + Ele‘llH= ‘N2 OXYOlssn
2¢ HV,9IX1P2ELO.243X12H4L. NO¢ ¢ E,10X11H= NO + HV,:XI 25“0 2) 0OXTO1555

‘120 FORMAT(32H1ION-ION MUTUAL NEUFRALIZATION. ) OXT01550

125 FORMAT(3X13H42. O~ + 0+,9X10H= C + 0,10X1P2E10,2,3Xi3He3., 02-DXTO1565
1 ¢+ 0+,9X10H= 02 + 0y10X1IP2E10.2/3X13He4. NO2- ¢ O#,9X10H= NO2 0OXTO1570
2+ 0,10X1P2EL0.2,3X13H45. 03~ + 0¢,9X10H= 03 ¢ O,10X1P2E10.2/3X1DXT01575
34H46. O~ ¢+ 029,8X11H= & + 02,9X1P2E10,2,3X14H4T, 02~ + 02+,8DXT0L580
4X11H= 02 + 02,9X1P2E10.2/3X14H48. NO2- .¢ 02¢,8X11H= NO2 + 02,9X0XTO1585
51P2E10.23X16H49. 03~ ¢ .02+,8X11H= 03 + 02,9X1P2E10,2/3X14H50, DXTO1590
60— ¢+ N2+o8X1l1H= O + IN29y9X{P2EL1042,3X14H51, 02~ + N2+4+,8X11Hs= OXT01595
702 + N2,9X1P2ZEL0.2/3X14H52, NO2= ¢ N2+,8X11H=» NOZ ¢ N2,9X1P2E100XY01600
"86243X14H53, 03~ ¢+ N2¢,8X11H= 03 + N2y9X1P2EL10.2) ) DXT01605

130 FORMAT(3X14H54, O~ ¢ NO+,8X11H= O + NO»9X1PZEL0.243X14H55. 020XT01610
1= 4 NO#,8X11Hx 02 -+ NO,YXIP2E1D0.2/3X14H56. NO2= + NO+, 8X11H= NOOXTO1615
22 ¢ NOJIXLPZELN.293X14H5T. 03~ ¢ NO+,8X1lH= 03 ¢ NO,9XLP2EL0.20XT01620
3) 0X701625

135 FORMAT(35HOTHREE BOOY ION-ION RECOMBINATION. ) DXT70163C

140 FORMAT(3X32H58. O~ +0¢ +N =02 ¢+ Ny10X1P2EL042,3X33H59. DXTO1635

10~ +0+e ¢+ 02 =02 ¢ 02,9X1P2EL10.2/3X33H69. O~ +-83 ¢ N2DXT01640:

2 = Q02 + N2¢9X1P2E10.2,3X32H61. O- ¢ 0+ +0 =202 + 0¢10XDXTOL1645
31P2E10.2/3X32H62. 02~ + 0O+ ¢H =03 ¢ M, 10X1P2E10.2,3X32H630XT01650
4. O- + 02+ ¢ =03 * M,10X1P2E10, 2/3!39H66. 02~ ¢+ 02+ + DXT01655
5M = 02 + 02 + MeIX1P2EL0.243X32H65. O~ + N2+ + M = N20 DXT01660
6 ¢ NglOX1PZE10.2/3X39H66, 02— ¢ N2¢ ¢ M = 02 + N2 + My AX1PDXTO1665
T2€10.243X32HBT.. 0~ ¢ NO+ + M = NO2 ¢ M,10X1P2E10,2/3X39H68. OXVYD16T0
802- ¢ NO+ &M =02 ¢ NO- + My3X1P2E10.2) OXT01675
145 FORMAT(44HOION-ION NEUTRALIZATION WITH REARRANGEMENT. ) DXT01680
150 FORMAT(3X14H69. 02~ ¢ N2¢,8X11H= NO ¢ NO,9IX1P2EL10.2:3X14HT0.. 020XTO1685
1~  + 'N2¢,8X10H= N20 ¢ O,10X1P2E10.2/3X14HT1. 02~ ¢+ N2+4,8X10H= NOOXT01690
22 ¢ NylOXLP2E10.243X14HT2. 02~ ¢ N2++8X11H= 2N ¢+ 20,9X1P2E10.20XT01695
3/3X)4W73. NO2~ + N24,8X11H= N20 ¢ NO+IX1P2E10.2,3X\4HT4, 03~ + NDXTO1700
424,8X11H= N20- ¢ 02,9X1P2€10.2/3X14H7S. 02~ + NG++8X10H= NO2 + ODXTO1705
5,10X1P2EL10.2+3X14HT6. 02~ ¢ NO#8X11lH= N + 03,9X1P2E10.2/3X14HDXTO1710
677, 02~ + NO#+8X17H= N + 02 + 0y3X1P2ELD,.2+3X14HT8, NO2- + NDXTOL71S
T04¢8X10H= KO3 ¢ Ny10XIP2ELGe2/3X14HT9. NO2- ¢ NO¢,BX1TH= NO + 0DXT01720
82 + Ny3X1P2E10,2,3X14H80., NO2- ¢ NO¢y8X11H= 03 + N2,9X1P2E10,2D0XTOL725

9) 0X701730
155 FORMAT(3X14481« 03- <+ NO+,8X1TH= 02 ¢+ 02 ¢ Ny3X1P2E10,293X14HDXTOL735
182. 03~ ¢ NO¢,8X12H= 02 + NO2,8X1P2E10.2) DXT701740
160 FORMAT{2THOPOSITIVE CHARGE TRANSFER. ) OXT0L745

165 FORNMAT(3X13H83, O+ ¢+ 02,9X12H= O . ¢ 02+,8X1P2E10.2,3X13H84. 0+¢DXT01750

1- 4+ NO,9X12H= O + NO+¢BX1P2E10.2/3X14H8S, O+ + NO2,8X13H= 0 DXTO1755-

2 + NO2¢,TX1P2E10.243XL4HB6. O¢ ¢ N20,8X13H= O + N20+, TX1P2EDXTO1760
310.2/73X15H87. 02¢ + NO,9X12H=x 02 ¢+ NO+,8X1P2E10.2y3X12H88. N2+ DXTO1765
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4 ¢+ 0,10X11H=» N2 + 0+ 9XLP2E10.2/3X13HE9. N2+ ¢ 02,9X12H= N2 +DXT0L770

S 02+,EX1P2E104243X12H90. N2+ + ' 10X11H= N2 + N+, 9X1P2E10.2/3X1D0XTOLTT5
53H91. N2¢ ¢ NO,9¥12H= N2 ¢ NO#,8X1P2E10.2) DXT01780
170 FORMAT{2THONEGATIVE CHARGE VRANSFER. !} ) 0XxT01785
175 FORNAT(3IX14H92. 0- + N0O2,8X13H= O + NO2-yTX1P2E10+2+3X13H93. DXT01790
10~ '+ (3,9X12H= O ¢ 03~,56X1P2E10.2/3X12H94. 02~ ¢+ 0,10X11lH= 0DXYD1795

22 ¢ 0-99¢1P2E10.2,3X14HI5. 02~ ¢ NO2,8X13H= 32 + NO2-,TX1P2E10X301800
30.2/3%13H96, 02- ¢ 03,9X12H= 02  + 03-,8X1P2E10.2,3X13H97. ND2- DXTO1805
4+ 03.9X12H= NO2 ¢ 03-,8X1F ":D.273XL4HY8, 03- ¢+ NO2,8X13H= 03 0X701310
5¢ N02-+TX1P2E10.2} DXTO1815
180 FORMAT(3THOION-NEUVRAL ASSOCIATION (TWO-BOOY). ) DX701820
185 FORMAT(3X12H99. O+ + 0y10X11H=s 02¢ ¢ HY,9X1P2E10,2,2X13H100. 0+¢0XT01825
1 ¢+ N>1OX11H= NO+ ¢ HV,9X1P2E10.2/2X14H101s O+ ¢ N2,9X1lH= N200OXT01830

2+ + HV,9X1P2E10.2,2X14H102. O+ ¢+ NO;9X11H= NO2+¢ ¢ HV,9X1P2E10.2/DXT01835
32X13H103. 02¢ ¢ Dy10X1lH= 03+ ¢ HV,9X1P2E10.2,42X14H104. N2+ ¢ NDXTO0184C
42,9X11H= N4+ + HV,9%1P2EL10.2/2X13H105. NO+ ¢ 0310X11H= NO2+ ¢ HVDXT01845
Sy9X1P2EL10.2,2X14H106, O- ¢+ 02,9X11H= 03- ¢ HV,9X1P2E10.2) 0X701859
190 FORMAT(39H110N-NEUTRAL ASSOCIATION (THREE-BODY). ) DXY01855
195 ‘FORMAT(2X33H107. O¢ + 0 ¢ N = 02+ ¢+ My10X1P2E10.2,2X33H108DXT013860
1. O¢ + N M = NO¢ ¢ M, lOX1P2EL10.2/2X33H109. O¢ + N2 +DXT01865

2 M = N20+ + HolﬂXlPZElO-ZiZXBBHllO. 0+ + NO + M = NO2+ + MDXTOl870
3,10X1P2E10.2/2X33H11'l. 02+ + O + H =-03+ + MylO0X1P2E10. 2.2XDXT01875
433H112, NO+ + O + K- -= NO2¢+ ¢ HolOXiPZElOoZIZX33H113. NO+ <~ DXT01880

5N + M 2 N20+ ¢ M,10X1P2E10.2,2X33Hl1l4. O~ + NO + M = NODXTO1885
62~ + M,10X1P2E10.2/2X33H115, 02- + N * M = NO2- ¢ M,10X1P2EL1OXTO1890
70.2) DX¥01895
200 FORMAT(3THOCHARGED REARRANGEMENT POSITIVE-ION. 1 DXT0190¢
205 FORMAT(2X14KH116. O¢ + N2,9X10H= NO+ + N, 10X1P2E10,252X14H117, 00XT01905
1+ + NO,9X10H= 02+ ¢ N,10X1P2E10,2/2X13H118, 02¢ ¢ Ny10X1iH= 0+DXT01910

2 ¢ NOy9X1P2E10.2,2X14HLIL9, 02¢- + N2,9X1iH= NO+ + NU,9XIP2E10.20X701915
3/2X13H120, 02+ ¢ N,10X10H= NO+ + 0y 10X1P2E10.2,2X15H121. O2¢ + DXT01920
4NO2,8X1IH= NO+ .¢ 03,9XLF2E10.2/2X13H122. N2¢ + 0,10X10H= NO¢ ¢ DXT01925
5M¢10X1P2E10,2,2X14H123, N2+ ¢ 0259X11H= NO¢ + HO,9X1P2E10.2) 0X701930
210. FORMAT{3THOCHARGED REARRAMGEMENT NEGATIVE-ION. ) DXT01935
215 FORMAT(2X34H124. O- + 02 + 02 =03~ ¢ 02.9XPPZEIO 24 2X35H1 25DXT01940
la 02~ + Q2 ¢ N2 =.NO2- ¢ NO2,8X1P2E10. 2/2X14H126, G3~ ¢ N2,9XDXT01945
2T1H= NO2- ¢ NO.9X)PZEID.2) DXT01950
220%FORHAT(3OHOIFO—BODY ATOASRECOMBINATION, ) DXT01955
225 'FORMAT(2X13H127, C + 0, 10X11H= 02 L4 HV.9X1P2E10 2,2X14H128. ODXY01960
1 + 02y9%X11H= 02 ¢ HV,9X1P2E10.2/2X13H129. N- ‘#"0,10X11H= NODXTC1965

2 ¢+ HV.9XIPZE10.2.7A‘6H[30.\ + N2,9X11H= N20 + HV,9X1P2E10.20XT01970
3/2X14H131. O + NUv9X11H= ND2 + HV'9X192510.2.2213H112. N ¢ DXTO1975
4Ny 10X11H= N2 + HV,9X1P2E10.2/2X14H133. N + 02,9X118s= ‘NQ2 -+ HDXT01980
5V, 9X1P2E10.242X14H134. N + NOy 9%)11iH= N2O + HV ¢9X1P2E10,2) 0XT01985
230 FORMAT(32HOTHREE-BODY ATOM RECOMBINAT [ON, ) DXTE1990
235 FCREAT(2X34H135. C +0 + 02 =02 + 02,9X1P2E10.2,2X33H1360XT01995
1. O +0 ¢+ 0 =Q ¢+ 0,10X1P2E10.,2/2X34H137, O + 0 +DXT702000

2 N2 =02 + N2,9X1P2ELD.242X34H138, O + 02 +02 =03 + 00XT02005
3249X1P2EL10.2/2X34H139. -0 + 02 + N2 =03 + N2,9X1P2510.2+2XDXT02010
433H140. O + 02 ¢+ 0 03 + 0,10X1P2E10.2/2X33HL41. N + DXT02015

50 L = NO: ¢ M,10X1P2E10.2,2X33H142. O + N2 + N = N20XT020Z0

60 ¢ My,10X1P2EL10.2/2X34H143, O + NO + 027 = NO2 ¢+ 02,9X1P2E10XT02025
T0.252X34H144, O + NO ¢ N2 = NO2 ¢ N2,9X1P2E10.2/2X334145. NOXY02030

3 + N L, ] = N2 + My10X1P2ET10.2+2X33H1464 N + 02 + M DXT02035

9. = NO2 +-°M,10X1P2E10.2) DXT02049
240 FORMAT(24HONEUTRAL REARRANGEMENT. ) . . OXT02945
245. FORMAT(2X14H149. C + N2,9X10H= NO - & No10X1P2E10.2,.2X14H150. ODXT02050
1 + NOy9X10H= 02 + Ny JOX1P2EL0.2/2X15H151. O ¢ NO208X11H=- NDXT02055
200 ¢ 02,9X1P2E10.2,2X15Hi52. O + N20,8X11H= NO + NO,9X1P2ELODXT02060
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255 FORMAT{2X14H161. 02 + HV,9X10H= O -+ 0.10X1P2E10.,2+2X214H162. NOXTO021090

10 + HVy9X10H= N + 0,10X1P2E16.2/:2X14H163. NO2 + HV,9XA0H= NODXT02105
2 + 0o10X1P2E10.242X14H 64 N20O + HV,9X10H= N2 ¢+ Uy 10X1P2E10.20XT02110
3/72%14H165. N2G ¢ HV,9XL'1H= -N ¢+ NO99IXIP2ELDL2+2X14H166. .03 + DXTH2115

4HV49X11H= O ¢ 0299X1P2EL10.2) , DXxv02120
260 FORMAT{2X33H14T7. N + NO + M = N20 ¢ M,10X1P2£10.2) DXT02125
265 FORMAT{18HOSCURCE FUNCTION =1P1E12.5,20H {ON PAIRS/CC/SEC. 1§ DXT02130

270 FORMAT(6X9HNO ¢ HV,7X10H= NO+ ¢+ E,7X1P2E10.2,8X9H02 + HY, 7X100XT02135
1H= 02¢ ¢+ E,7X1P2E10,2/6X9H0O ¢ HVyTX10H= O+ + Ey7X1P2EY0.2,8XDXT02140

29HNZ  # HV,TX10H= N2+ + E,TX1P2E10.2 ) DXT02145
275 FORMAT{S5(2X2HR(+13,2H)=1PE14.7)) DXT02150
280 FORMAT(3({2X2HR(,1342H)=1PE14.T)) DXT02155
285 FORMAT(2X35H148. M0 ¢-02 ¢ NO = NO2 ¢ ND2,8X1P2EL0.2) 0XT02160
290- FORMAT{1HO) ' 0XT02165
295 FORMAT{1HO,41HRATES AT WHICH .REACTIONS ARE PROCEEDING. } DXT02170
END DXT02175

7.2.1,1 Input Parameters
CARD 1 No change.

CARD 2 In addition to EUBAR, ELBAR, and DEL there-isa
parameter B4 which is the maximum allowable -per-
centage change in the production rate per step.

Should the change in production oveit the next inte-
gration step attempt to exceed this amount; the main
program will reduce the integratingjincrément until
this requirement is satisfied. This«<control is neces-
sary to-prevent any difficulties thatithe code might
experience in performing the integrution, especially
.around sunrise and sunset when the-rate of produc-
tion of ionization is undergoing its miost rapid change.
The variable ENDT isreplaced by the variable ENDIIR.
This parameter is Set to the total number of local
hours over which a-solution-is to begenerated. These
hours are counted continuously from:the midnight pre-
ceeding the lecal hour at which the computations are
started.

CARD 3 No change,

P i e e e
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3,272X15H153. O + N20s8X11H= 02 ¢ N2,9X1P2E10.2,2X14H154. O DXT02065
4 + 03,9X11Ha 02 + 02,9%1P2E10.2/2X14H155. N ¢ 02,9X10H= NO DXTQ2970
5¢ 0y 10X1P2E10.2,2X14H156. N + NO,9X10H= N2 ¢+ 0,10X1P2E20,2/2XDXT02075
615H157. N + NU2,8X11H= N2 + 02,9X1P2E'N.2,2X15H158. N ¢ NODXT02080
72,8X11H= NO + NOp9X1P2E10,2/2X15H159. N + NO2,8X10H= N20 + 00XT702085
8,10X1P2E104242X14H16C. NO ¢ 03,9%11H= NO2 ¢ 02,9X1P2E10,2) 0XT02090
250 FORMAT({21H1PHOTO OISSOCIATION, ) DXT02095
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CARD 4 In addition to ALT, I, DO2, LUN2, and T this card
i contains the following parameters:

(1) EAR = the earth’s radius in centimeters,
(2) DECL = the solar declination in degrees,
(3) CLAT = the latitude in degrees.

(4) 'B6 = the noontime ionization rate of O2
by Lyman beia, : ’ 2

{5) B7 = the noontime ionization rate of NO ) .
by Lyman alpha.

(6) B8 and-B9 = the constants for the linear approxi- - ‘
mation:io the photodissociation rate coefficient for
O2 . This approximation i{s written in the form
K = B8 -~ B9* (solar zenith angle). The linear approxi-
mation is determined by solving:the integral o

22 (% - f N(Oz)—ds)
K0 =8O - ey 0 gy 2 e\ ax
A)

for various values of X . The constants are
120 km B8 = 4.2X107%
B9 = 2,88X107°
110 km BS = 3.6X1070

:,,; : : B9 = 4.19%X107°% |

; ' CARDS 5-7 The last value read on these cards (ATIME) is the local
hour in seccnds at which the solution is to start.. )
ATIME = 0 is midnight. §

; R ‘CARD 8 No change.. . )

-~ The photoionization rate tables, as computed and punched-externally by the
’ photoionization program, are read following-CARD-8.

7.2.1.2 Output

[P

In the diurnal variation code two additional parameters-appear in the output. f
These-are thé local solar-time in hours and the value of the solar zenith angle at :
this time. Because of the inclusion of these parameters in the output, another
auxilliary output tape is-required. On tape 6 are written the time in seconds, the
concentrations-of electrons, O, O;,, O;,, NOQ , o, Oz , N; , and the local ti;ne in
hours, Tape I contains the time in seconds, the-concentrations.of NO+ , NO, N,
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hours, Tape 4 is the added auxilliary tape and contains the times in seconds, the

concentrations of O2 and NZ , the-settings of the KEY switches, the local time

03 . NZO” O, the value of the production function and the local time in ro

in hours, and the solar zenith angle in degrees,
7.2,1,3 The Zolar Zenith Angle €

The main program computes the angle of grazing incidence CIMAX which is
the angle at the altitude in question between the zenith and the tangentto the earth.

e roein=l [ R
Xmax - TSR (R+A)

4

where ‘R is the radius of the earth and A is the altitude. The sun is assumed to
subtend an angle of 0. 5°. Therefore, sunset first contact occurs when

X ° xmax,-0.25°

and last contact occurs when

X = Xmpaxt0.25°

The solar zenith angle y ‘is defined by
cos y = cos §cosd cos o + sin ésin ¢

From-this.the time in seconds corresponding to any zenith angle y is

1} _{cos y - sin ésind) { 1. 3751 104

t = cos coS 6cos¢

During the:daytime-portion of the solution the-codé keeps the vrate coefficients

for photodetachment and-photodissociation at fixed constants except for the O2
photodissociation which is computed according to the linear approximation pre-
viously disrussed. During the nighttime portion of the solution, these rate con-
stants are set to zoro. During sunrise and sunset the rate coefficients. for phot-
detachment-and photodissociation are both-increased or-decreased according to
the transmissivity percentage computed by the subprogram SUN,

7 The following statements, beginning on page 102, are-a listing of the main
program DIURN,
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.o $IBFTC DIURN  LIST DIUROOOC
, € DIURNAL VARIATION OF ATMOSPHERIC SPECIES AT ANY LATITUDE. DIURCOOS
‘ C  SOULUTIUN DF THE REACTION -RATE EQUATICNS IN THE IUNOSPHERE FOR 15 SPEDIUROO10
i C 1ES AND WITH 168 REACTIONS. OIURODLS
! c K810 FOR LOG OUTPUT, D IUR0DN20
; C KBlxl FOR DECIMAL OUTPUT DIUR0OD25 .
c KB2=0 PRINTS HISTORY OF -THE REACTIUNS. DIUR003O
. c KB2=1 DOES NOT PRINT HISTORY OF THE REACTIONS. DIUR0O35
| c KB3=D PRINTS HISTORY AFVER :EVERY SUCCESSFUL INTEGRAT[ON. DIURDN40
; c KB3=1 PRINTS HISTORY CONCE FOR EACH DECADE OF TIME. DIURD04S
| c KB4=( HALTS ON ERRCR. DIURQGDSO .
; c KB4=1 READS ANOTHER- POINT CARD AFTER AN ERROR. DIUROOSS
X c IPLOT=0 DOES NOT MAKE A PLOTTER TAPE. DIYIR0060
' c IPLUT=1 MAKES A LOG- PLOTTER TAPE. DIURONGS
: c B4=ALLOWABLE PERCENTAGE CHANGE {N PRODUCTION PER STEP. DIURCCTO
; c B6=NOONT INE LYMAN BETA 02 IONIZATION) DIURDGTS
| c 87=NOONT[ME LYAAN ALPHA NO [ONIZATION. X DIURODBO .
; c 86 AND 89 ARE "THE CONSTANTS FOR 02 PHOTODISSOCIATION APPROXIMATIONDIURQNSS :
! c RATE COEFFICIENT=B6~B94CXI DIUR0OD90
| c UNITS OF INPUT PARAMETERS ARE CGS. OIUR0N95
! c DIUROLOQ
{ COMMON -TREG(159) yUN2(73), KEY(15),FORMI15) (RENV{15),R(200),LKEY{15DIUROLOS
j 11,UD(T73) s CON{20C),BEGIN(1T),LOCK(153+X02(T3)4XO0(T3)4XN2(73),XNOLDIURCLLO
. 2731 ,XNE(73) ANGL (73} ,U02(73),COBE(10) 0IUROL15
x COMMON NUMB,EUBAR yELBAR Dy D02+ CIMAXyDN2, Ty PNE,PNO,PO2+P0,PN2, TOTADIUROL20
1Ly JAKE,JAM, ITER)ALT,LAM, TEMEsKB3, AT LME, EAR, DT {ME,CX1,S IND»COSD,JUGLIURCL2S
2¢TIMEX I TEMyPXO23PX0y PXN2,TOTO, TOTN+B 6, 87 »DEL oL INT ¢ JACK, 12NT K 2NT ,0IUROL30
3J2NT,N2NTFIRST, IFAIL,JIP,B8,89 01UROL35
DIMENSION DONT{20) ,TTREG(20)sTITLE(121,HED(12),SIGM(3C),1Q(30) 0IUROL140
: DIMENSION CRINO(15),CRITNI15),A(168),B(1683,C{168),6(168),ALF{T),ADIUROL4S
i 11(69)+A2169) ,A3(30) DIUROL50
. c . DIURDLSS
C THE FOLLOWING DATA ARE THE AsB,AND' C*S FOR THE RATE CUNSTANTS. DIURDL60
c ‘DIUROL65
DATA AL/ 0,44E#N0,1.406¢00,0.04E+00,0.04E+00,9.00E~15,3.60E-16, DIUROLTO
13.60€E-16+1.0NE~13,1,006-13,1.00E-13,1 .00€-13,1.C0E-13,1.00E-13, DIURCLTS
21.N0E=1371.00E~1341,31E-15,1.07E-19,1.00E-17,1.00E-17,1.N0€~11, DIUROLEN
31.00E-1141.00E=31,1,00E~31,1.40E-31,5.80€-33,1,90€-33,6,00€6-28, -DIUROLSS
44,00E=29+0,00E-00,6,00E-15,9:00E-05,1 50E~D4,1.00E-24¢1.,006-22, DIUROL90
51.00E~22+1'400E=-2291.06GE~23,2.20E~10,1.00E-12,1.00E-12,1,006-12, DIUROL9S
; 65,00E~0795.,00E-07,5.00E~Q7+5.00E~0755.00E~07,5.00E-07+5.0CE-C7, -DIURO20C
: 15:00E~0T,5,00E-07+5.,00E=07,5.00E~0745.00E-07,5.,006-07,5.00E-07,  DIURE20S
R 85.00E~0T95,00E~0741.,C0E=23,1,00E=23,1 ,ANE~23,1.00E~23,1.006-23, OIURO210
g 91.00E~23+1,00E-23 ¢1.00E-2341,00E~23,1 ,NOE~23¢1.,00E-23,1.00E-11/ DIURO215
S DATA A2/ 1,00E-13,1.00E-13,0,00E-00,1,00E~13,1,00E~-13,1.00E-11, DIURD220
o 11.00E~11¢1.00E-13,0.C0E-00,1.00E~13,1.00E~13,1.006-13,1.00E-13, DIURO225
% 24.00E=1192.40E-11,0.00E=00,40,00E~00,8.00E~10,1.00E~12,1.006-10, DIURO230
"3 30.00E~00+5.00E~1241.00E~09,1.,006-09,1.00E~12,1.00E-09,1.00E-09, DIURO235
- 41.00E~09,1,0nE-09,1.00E~16,1.00E-18,0.00E~00,0.00E-00,0,CO0E-00, DIURC240
50.00E-00¢QsC0E~00,1e CE=1551.00E=29,1D0E~2940.00E~00,0.00E~-00, ODIURD245
60.00E~00,0.00E-10,0.00E-00,1,00E-30,1.00E-30,3.00E-12,3.006-12, DIURO250
73.00E~12914,00E-11,1c80E~10,1.00E=11,2.50E~10,1.00E-11,1.00E-28, DIURO255
B1.00E~34,1.00E~17,1.C0E=21¢1.,00E-21,2.00E-1741.07E-24+6.40E-17,. DIURD260
91,70E-2441.00E=-2241.N0E=22,5.00E-32,2.00E-315.00E=32,3.206-35/ DIURN265
DATA A3/ 2.60E-35,6050E-3442,00E=31,2.00E-33,3,00E-33,4.506~33, DIURO27TO
13.00E-30,1.00E-33,1.00E~33,0,00E-00,1-.10E-10,7.19E-1743.006-11,  DIURD2TS
22.00E~10,5.00E-11,5.006-1N,3,00E~16,2.50E-11,2.00E~13,%4.006-12, OIUR0280
32.00E-1148,00E-13,5.G0E~064+6,00E-08,3 .00E-03,4.08E-07,5.58E-08, DIURO285
1 p
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45.34E-03,1,00E~13,1.00E-13/
DATA B/4%0.0,3%2,.0,16%0.0,340,54340,0,43%-2.0,5%-1,5,-0.7+3%0.0,16*%DIUR0D295

1-0.5911%-1.5455%0,0,~

201650480 .041,5,12%0.0/
DATA C/4%0,093%5.1E390.094.7E3911%0.047.2E3,47%0.0,3E3,2%0.041E4,70[URO310
1%Ce045E3,37%0.9,2E393E393%0.0,3.5€3;0.0,5E3,4E3,11%0.092%~-9E2,2%0.0[URO315
2042E4+2%=9E2+0.0+3E291E4404043.75E4)1 .9E4¢5.,3E201.4E4¢1.35E4,2.8E3DIURD320
396.6E390G.MyTE392%0.0 41 .2E3+8%0.0/

10

15
20
25
30

1.0:,10%0.0

13%-0¢5y3%0.09-0.5,3%0.0,~

INITIALIZATION OF SYSTEM AND ‘INPUT.

REWIND O
REWIND 1;
REWIND 3
REWIND 4

‘REWIND 8

CHI=Y.0NE-10
NOCOM=168
ENDE=0.0
-ITER=30
KBb6=1
WRITE(6,4630)

READ{54675) (TITLE(N),N=1,12)

WRITE(64680F KTITLEIN) N=1,12)

WRITE(3,760) {TITLE(N)4N=1,12)

READ(5,625) EUBARyELBARyDELB4%,ENDHR

READ(5,640) NOC

IF(NOC .EQ. 0) GO TO 30
WRITE{6,755)

00 25 J=1,N0C

READ(S5,7251 1+GULI+BLI)»CUEY o (ALF(N)yN=1,7)

IFLI JGT.
ALLI)=GLI)
GO TO 20
IF(I LGT. 138) GO T0 15
A2(1-69)=6(1}.

GO TO 20

A3(1-1381=G(])

69) GO 70 19

WRITE(6,725) L+GHI)¢BUI}COL) o LALFIN)IN=1,T)

CONTINUE
READ(54625)

C ATIME=0 1S MIDNIGHT.
READ(5:625) (BEGINIJ}4Jc1,15) yATIME
READ{5+745) KBL,KB2,KB3sKB4,IPLOT

READ(S,:T40) (HED(J}yd=1,12)

ALT,D¢D02,DN2 TyEAR,GECL, CLAT,B6 487 ,88,89
ATINE 1S TINE OF DAY IN SECONDS. AT WHICH.THE PROGRAM WILL START.
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D IUR0292

1.0, 4%0.0D0JURO300
DIURD305

DIURO325
DIURD330
0IUR0335
DIUR0340
DIURD345
DIUR0350
DIURD355
DIURN360
DIURN 365
DIURO370
0IURN3TS
DIURO380
DIURN38S
DIURD390
DIURD395
DIURD400
DIURN405
DIURN410
DIURD415
DIURN420
DIURD425
DIURC430
DIURN435
DIURN440
DIURO44S
0IURQ456
0 IURN4SS
DIURO460
DIURN4 65
DIUR0470
. DIURD4TS
DIURD48O
D1URD485
DiURQ490
DIURN4IS
DIURN500
DIURD505
DIURO510
DIUROSL5

READ(5¢620’(UDZ(J):UO(J)oUNZ(J).XNO(JI-XNE(J)yANGL(JI:XOZ(J).XO(J)DIUR“SZO

19 XN2(J) s SCRAY,U=1,73)

TIME=1.0E-6
KOUNT=0
MOUNT=0
KNT=0
JAKE=1
JACK=1
LAM=6
KLOT=0
1 TEMx=0
Jip=l
JUGsL

DIUROS525
DIUROS530
DiUR0535
DIURD540
DIURDS545
DIURDS550
DIURC555
DIURN560
DIURO565
-DIURN570-
"0IURDSTS

DIURQ580

=
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35

40

45

50
C TIN
55

&n
65

n

15

an

85

90

DAY=1.0

NDAY0

DTIME=ATINE

160=1

TIAT=4,32E4

DO 35 J=l,150

TREG(J)=0,0

NUMB=15

LINT=({2%NUMS}+4)

[2NT5((3NUMB) +4)

K2NT={ (4 *NUMB) ¢4)

J2NT=( (5*NUMB) ¢4)

NZNT=((6¥NUMB) +4)

D040 J=1,NUNB

TIREG(J+3)20.0

LOCK () =0

KEY(J) =l

DECO=DECLN. 01745329
CLAQ=CLAT®0.01745329
CUSD=COS {DECO) ¥COS (CLAD)
SIND=SIN(DECO) *SIN(CLAO)
CIMAX=23.1415926=ARSIN(EAR/ (EAR*ALT))
CIMAD=57.295779¢C I MAX
CIMID=ARCUS t SIND~-COSD)
CIMAP=CIMAX-4.3633231E-3
CIMATCIMAX+4.3633231E-03

IF(CIMAP .GT, CIMID) GU TO 45
IFICIMAT LT, CIMID} GO TO 50

KSKP=3

60 70 55

KSKP=1

GO TO 65

KSKP=2

IS SECONDS FROM LENITH TO-CIMAP (NBON TO SUNSET FIRST CONTACT).
TIM=ARCOS{ (COS(CIMAP)-SIND)/COSD) #1.3750987€4
LFIKSKP .EQ. 3) GO TO 60

TOM=ARCOS( {COS(C INAT F-SIND)7COSD} #1.3750987E4
DARK 28.64E4=2,0¢TOM

SILLY=T{M+4.32E4

‘CALL INITAL

COMPUTE RATE CONSTANTS [N THE FORM K=A#(T4#8)#EXP{~C/T)

K=l

06 70 J=1,69
A(K1=AL(J)
K=K+l

00 75 J=1,69
INESETYIRY)
K=K+

00 8f J=1,30
A(KI=A3(Y)
K=K+l

00 85 J=1,NOCOM
CON(J)=A{J) #(T2*B L) ) *EXP(-CLI)/T)

N0 90 J=1,4
COBLJ)=CONLY)
Mz]l6Y1

D0 95 Js5,10

DIUROS5B5
DIURO590
DIURO595
DIUROSON
DIURQ605
DIURD61O
DIURO615
DIURD620D
DIURC625
DIURCS3N
DIUR063S
DI1UR0640D
DIURDGAS
DIUR0650
DIUR0655
DIURD660
DIURQGL6S5
DIURNGTO
DIURDSTS
DIUR0680
DIURO6 S5
DIURCS9D
DIUR0695
DIUROTON
DIURQTOS
DIUROT1O
DIUROTLS
D1UROT20
DIUROT25
DIYROT 30D
DIURO?35
DIUROT40
DIUROT4S
DIUROT50
DIURDTSE
DIURQT60
DIURCT65
DIUROTTO

“01URNTTS

DIUROTBQ
DIURDT8S
DIUROT9C
DIURNTIS
DIURDBQO
D1URO8B0S5
OIURDBLIN
D1UR0S15
DIURCE20Q
D1UR0825

‘D1UR0830

DIUROA3S
DIURDBAN
DIURNB4S5
DIUROB50
DIURC3S55
DIVRQBEN
DIURQBES
DIUROBTO
DIURABTS
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COB(J)=CONIM) DIUROBBO 1
95 MxM+} DIUROBBS i
c PREPARE OUTPUT TAPES AND WRITE RATE CONSTANYS AND INITIAL DIUR0B9O
c CONDITIONS. 0IURNBYS
c DIUR0CS00 :
WRITE(6,4635) ALY,0,T DIUR090S
‘WRITE(6,650) DECL,CLAT,CIMAD DIURO91N L
WRITE(6,T00) DIUR09LS
15=1 DIURC920 .
00 100 J=1,15 0I1URN925 Ao
1T=1S+5 01UrR093C ‘
WRITE(6,685) (14ACL)y1=1S,IT) DIVRN93S
WRITE{ 6, 7051 (1,CONCE)D=1S,IT) DIURD94D
15=15+9 DIURDI4S
-100 .CONTINUE DIURNYS5O 1.
WRITE(6,735) DIYRNISS :
NG 105 J=1,13. DIURO96N I«
[T=15+5 DIURC9I6S
WRITE(64685) (LA(1)+1I=IS,iT) DIURO9ITO F
WRITEL6,705) (ICONLL) 131S,1T) 0IUR0975 I
I1S=1S+6 -DIUROYSBC
105 CONTINUE DIUR098S
WRITE(6,645) DIURD990D
AATIM=ATIME/3600.0 DIURNI9S
IF(KB1 .EQ. 0) GO TO 111 DIUR1000 ”
WRITE(6,730) TREG(2),ITREG{J) J=4,411),ATIN DIUR120S
WRITE(L) TREG(2) +{TREG(J),J=12,18),TOTAL,ATIN ‘DIVRLIALR a
MOUNT=NOUNT+1 OlUR101S n
GO TO 145 0lUR1920 o
110 M=NUMB+3 DIUR102S5 )
00 125 $=2,M DIUR1D30D .
DEC=TREG(J) DIUR1N3S :
IFIDEC) 580,115,120 DIUR1040 e
115 DONT{J)I=0.0 0IURL1N4S .
GO 1O 125 D1UR1Q50
120 DONT(J)}=ALOGLO(DEC) . 01UR1055 ]
125 CONTINUE DIUR1NGO ¥
IF{TOTAL) 580+130,135 01URL065
130 DPROD=0.9 DIURLNTO
G0 1O 149 . DIUR197S
135 DPROD=ALOGLOL:TOTAL) DIUR1080-
140 WRITE(6,4730) DONT{2) 9 (DONT{J)»J=4411) ATIM DIUR1CBS
WRITE{l) OCNT(2),(DONT{J),J=12,18)+DPROD,ATIM OIUR1D90
MOUNT=NOUNT +1 DIUR1095
145 [F{TREG(3) .LT. 1.8E3) GU TO 150 DIURL100Q -
TREG(3)=9.0E2 - OIURLLINS
150 GO TO (155,160,235} ,KSKP DIUR1L11Q
155 TESS=B.46E4%DAY ) DIURLLLS
IF(ATIME .LT. TESS) GO TO 265 DIUR11260
DAY=DAY+1.9 CIUR112S
NOAY=NDAY+1 OlIuRll30
GO TO 265 DIUR1135
160 TESS=ATIME+TREG(3) DIURL140C
IF(TESS-SILLY) 265,180,165 0IUR1145
165 GO TO (170,1854185,205,215,215)4JIP DIUR1150
17C TREGI(3)=(SILLY~ATIME) D1UR1155
175 JIP=2 DIUR1160
GO TO 265 DIUR1165 .
180 GO TO (175,175+210,210),J1P ODIURLLTH
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185 CXI=ARCOS(COSO®COS{T.2722052E-5%(ATIME+4.32E4) ) +SIND)
IF(CXI +GT. CIMAT) GO TO' 190
IF(TREGI3} JLT. 10.0) GO TO 265
TREG(3)210,0
J1p=3
GO TO 265

190 SILLY=SILLY+DARK
D0 195 J=l,4

195 CON(J)=n.0
DO 200 J=161,166

200 CON{J1=0.0
Jip=s
NDAY=NDAY+1
€O TO 265

205 TREG(3)={SILLY~ATINE)

210 JIP=S
GO 10 265

215 CXI=ARCOS(COSDOCUS{T.2722052E~5% (ATIME+4.32E47) +SIND)
IF(CXi .LT. CIMAP) GO TO 220
IF(TREG(3) .LT. 10.0) GO TO 265
TREG(3)210.0
JIP=6
60 TO 265

220 SILLY=SILLY#(8.46E4=DARK)

Jip=l
D0 225 J=1,4

225 CONUJI=A(J}*{To¢B(J) JEXPI~CEIN/T)
DD 230 J=161,166

230 CON{JI=A(J)*(T*€B{J) ) *EXP(=C(J)/T)
GO TO 265

235 TESS=ATIME+TREG(3)

IF(TESS-SILLY) 265,245,240
240 GU TO (245,255,250),J1P
245 TREG(3)=(SILLY=ATIME)
JIP=2
GO TO 265 A

250 CX1=ARCOS(COSDSCOS(T.2722052E-54(ATIME+4.32E4)} +SIND)
FF(CXI +LT. CIMAP) GO TO 260
IF(TREG(3) .LT. 10.0) GO TO 265

255 TREG(3)=10.0

Jip=3
60 T0 265

260 SILLYrSILLY+8.46E4
JIPal

265 DO 270 K=1,NUMB
[FAREY(K)=2) 275,270,270

270 CONTINUE
CALL ALGA
TREG(3)2.7%TREG(3)
TREG{2)=TREG(2) +TREG(3)

GO 10 300

INTEGRATION OF EQUATIONS STARTS HERE.,

275 CALL INTEG

60 10(300,287,309,300,290.200),J1P
280 IFUIFPAIL) 285,300,285
285 JiP=1

GO 10 330

DIURLILTS
DIUR1180
DIUR1165
DIVR1190
DIURL1195
DIUR1200
DIUR1205
DIURL210C
DIUR1215
DIURL220
DIUR1225
DIUK1230
DIUR1235

DIUR1240

D1UR1245
0 IUR1250
DIUR1255
DIUR1260
DIUR1265
DIUR127D
DIURL275
DIUR1280
D1UR1285
DIUR1290
0IUR1295
DIURL3ND
DIUR1305
DIURL310
0IUR1315
DIURL320
DIUR132S
DIUR1330
DIURL335
DILR1340
D1URI345
0IUR135N
0IUR1355
DIURL360
DIUR1365
DIURL3TO
DIURL3TS
DIUR1380
DIUR1385
DIUR1390
DIUR1395
.DIURL400
DIUR1405
DIUR1410
0I1UR141S
DIUR1420
DIUR1425
DIURL430
DIUR1435
DIUR1440
DIUR1445
0IUR1450
'DIUR14SS
D IUR1460
01UR1465
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290 IF(IFAIL) 295,300,295 DIUR1470
295 Jip=4 DIURL4TS
300 CALL BALAN DIUR1480
ATIME=ATIME+(TREG(3)/2.0) DIUR1485
CHIN=57.,295779%CX1 DIUR1490
IFLTREG(3) .NE. 2.0E-6) GU TD 3n5 DIUR1495
KLOT=KLOT+] DIUR1500
[F(XLOT .GT. 1NY GO YO 319 OLURL5GS

305 KLOT=0 PIURLS510
ATIM=ATIME/360N.0 . DIURLIS51S

GO TO 315 NIURL520D

310 WRITE(64690) 0DIUR1525
GO T0 585 DIURL530

315 IF{KB1 .NE. 0) GO TO 320 DIUR1535
DDO2=ALDG10(DO2) OIURL54Q
DDN2=ALOGLO(DN2) DI JR154%
WRITE(4) DONT(2)+0DD0O2,00N24 (KEY{J)yJ=1,NUMBI),ATIN,CHID 01UR1550

GO 10 325 DIURLS55

320 WRITEL4) TREGU2)+DU2+DNZyIKEY(J) »J=1y)NUMB) +ATIMsCHID- DIUR1560
325 KOQUNT=KOUNT+1 DIURL565
PO 330 J=1,NUNB ‘0IURL570

330 LKEY(J)=KEYLJ) OIURLSTS
K= JAKE DIUR1580

GO TO (33545704575} 4K DIUR1585

335 JACK=2 DIUR1590
KIND=1 DIUR1595
CALL SLOP{KIND) DIUR160D
KIND=2 DIUR1L6RS
CALL SLOPIKIND) ‘DIUR16LN
N2=LINT DIUR1615

D0 340 .1=1,NUNB DIUR1620
CRITNUI1=22,0%#ABS{ (TREGIN2}-TREG(I+#31)/TREG(3)) DIUR1625
CRTNO{I)aREMVII)*TREG(I+3) DIUR1630
N2=N2+1 DIURL635

340 CONTINUE DIUR1640
CRTNO(10)=CRTNO{1C)+PNO DIUR1645
CRTNO(15)=CRTNO(15)+PO DIURL650

DO 360 J=l,NUMB DIURL 655
IF(CRITNIY) .GT. 1.0E~3) GO TO 345 DIURL 66D
IF(ABS(1.0-{FORM{JI/CRTINULJ))) .GT. DEL) GO YO 350 OlURL665

345 [F(CRTNO(J) .EQ. C.0) GO TO 360 DICR1670
IFL{CRITNIJ)/CRTNO(J)) +LT. DEL) GO TO 355 DIUR1675

350 LOCK(J}=9 OIURL680
GO TQ 360Q DIURL168S

355 LOCK{J)=LOCK(J)+1 DIUR1E9D
360 CONTINUE DIUYR1695
D0- 380 J=1,NUMB OIUR1700
IF{KEY(J)}~3} 365,280,380 DIUR1705

365 IF(LOCK{J}=-3} 370,375,375 i DIURLT710
370 KEY{J)=1 DIURLT1S
G0 TO 380 DIUR1T20"

375 KEY{J}=2 DIURLT72S5
380 CONTINUE DIURL1730D
JACK=2 . DIURLT3S

00 385 J=1,NUMB} ) DIUR1740
IF(KEY({J) .GT, &) GO TO 385 DIUR1745
IF(TREG(JU+3)- .GT., TIREG(J+3)}} GO TO 385 DIURLT750
IF(TREG(J#+3) ,GT, CHI’/ GO TQ 385 DIUR1T755
KEY(J)=3 DIURLT6D
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385

3%0
395

400

405
410

415
420

425

430

435
440

445

459
55

460

4¢5
470

LY 4

480

485

490

495
500
505

TREG(J+3)=0.0

CONTINUE

LFIPNE) 405,399,405

IFULTREG(4) /BEGIN(L1))=1.0E~3) 395,405,405
DO 400 J=1,3

TREG(J¢31=0,0

KEY{J)=3

00 41C- J=1,NUMD

TTREG(J+3)=TREG(J+I)

OUTPUY OF RESULTS STARTS HERE.

IF(KNT=50) 420,415+415

WRITEL6,4645)

KNT=n

KNT=KNT+1

ATIM=ATIME/3600.0

1F{KBY: <EQ. N) GO TO 425

WRITE(6,730) TREG(2} s (TREG(J) ¢Jdxd,y11),ATIN
WRITE(L) TREGI2),(TREG(JI)»I=12,18)+TOTAL,ATINM
GO TO 460

KaNUMB+3

00 440 .J=2,K

DEC=TREG(J)

IF(DEC) 580.:420,4.

DONT(3)=0,0

GO TO 440

DONT{J) =ALOG10O(DEC)

CONTINUE

IF(TOTALY 580,445,450

TOTL=0.0

GO TO 455

TOTL=ALOGLIO(TOTAL)

WRITE(64730) DONT (2) o (DONTLJ) 9 J=06411),ATINM

WRITE{1) DONT (2) o {OONT(J)+J=12,18),TOTL,ATIN

CALL PLOT(IPLOT)
MOQUNT=MOUNT+1
[F(ATIME~TIMT) 475,470,479
TIMT=TIMT+4,32E4

CALL DAUXT

DECISION TO CONTINUE INTEGRATION OR STOP IS MADE HERE.

IF(TREG(2:: ~LT+ 1.0} GO TO 500
GO TO (480,485),(60

160=2

SAVE=TREG(2)

ICNT=1

GO0 TO 500

“IF(ICNT .GT. SN} GO TO 499
ACNT2ECNT+1

GO TO 500

IF({TREG{2)~SAVE) .GT. 1.0} GO TO 495
WRITE(S,T710)

GO TO 585

160=1

IF{TREG(4) LT, ENDE) GO TQ 585
IFCATIM .GT. ENDHR} GO TO 585

DIURLT6S
01URL770
DIURLTTS
D IURLT80
DIUR1785
DIUR1790
DIURLT9S
01UR1800
DIURLBOS
DIUR1810
0IUR1BLS
01UR1820
DIUR1B25
DIUR1830
DIUR1835
DIUR1840
CIUR1B4S
DIUR1350
DIUR1SSS

D1UR1860:

DIUR1B6S
DIUR1870
DIUR18TS
D1UR188D
DIURLB85
0IUR1890
DIUR1895
DIUR1900
DIURL90S
DIUR1910D
DIURL9LS
DIUR1920
DIURL925
DIUR1930
0IUR1935
DIUR1940
DIUR1945
DIUR1950
OIUR1955
DIUR1960
DIUR1965
DIUR197)
DIUR1IITS
D1UR1980
DIUR198S
DIURLG9D
DIUR199S
0I1UR2000
0IUR2005
D1UR2010
DIUR20LS
DIUR2020
DIUR2025
DIUR2930
DIUR2035
DIUR2040
DIUR2045
DIURZ050
DIUR205S
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C ~ TEST SYSTEM CLOCK FOR IKHINENT TIMER OVERFLOW. DIUR2060
c BIUR2065: -
510 CALL CLOCK 0IUR29T70 "
CALL SLITET(4,K0DOFX) DIUR2DTS
GO YO (515,520) ,KODAFX DIUR2080
515 1LK=2 DIUR2085
GO TO 585 01UR2090
520 BIG®AMAX1(TREG(4),TREG(S),TREG(6),TREGIT),TREG(8)) DIUR2095
00 '525 J=1,5 ) DI1UR2100
IF(BIG .EQ. TREGIJ+3)) GO TQ 530 DIUR2105
525 CONTINUE DIUR2110
530 IF(J-LAM) 535,540,535 . DIURZ115
535 KEY.(LAM)=1 0IUR2120
JACK=1 DIUR2125
540 LAM=J 0IUR2130
KEY (LAM) =4 DIUR2135
STOT=TOTAL DIUR2140
545 TREG(2)=TREG(2) ¢TREG(3) -DIUR2145
CALL PRODUC DIUR2150
TREG(2)=TREG(2)-TRCG(3) DIUR21S55
LF(TOTAL-STOT) 550,145,555 DIUR2160
550 RATIO=STOT/TOTAL DIURZ165
60 TO 560 DIUR2170
555 RATIO=TOTAL/STOT DIURZLTS
560 IF(RATIO~B4) 145,145,565 DIURZ180
565 YREG(3)=TREG(3)/2.0 : DIUR2185 ¥
GO TO 545 DIUR219N ¥
c DIUR219S
c ERROR COMMENT QUTPUTS.. DI1UR2200
c DIUR2205 :
570 ‘WRITE(6,660) TREG(2) DIUR2210 N
GO TO -58% 0IUR2215 ;
575 WRITE(6y665) TREG(2) D1UR2220 B
GO T0 585 DIUR2225 s
580 WRITE(6,655) DI1UR2230
K=NUMB+3 DIUR2235 :
WRITE(6¢670) (TREG(J)J=2,K),TOTAL D1UR2240 .
585 IF(KB4 .EQ. 1) GO JO 590 -DIUR2245 1
KB6=2 . ) DIUR2250
c ) DIUR2255
c TRANSFER ALL:RESULTS TO OUTPUT TAPE HERE. DIUR2260 A
c DIUR2265
590 REWIND -1 01UR2270
END FILE 3 DIUR2275
IFCIPLOT HE. 1) GO 70-600 DIUR2280
END FILE O DIUR2285
REWIND 8 DIUR2290
DD 595 K=1,ITEM DIUR2295
READ(B)SIGM(L) 4 1Q(1), {SIGN{UD,1Q(J),Jx10,18) DIUR2300 :
WRITE(O,750)SIGMI1) 4 1Q(L), (SIGM(J),1QLJ)4J=10,18) DIUR2305 :
595 CONTINUE DIUR2310
END FILE O DIUR2315
REWIND 8 . DIUR2320
600 KNT=0 DIUR2325
WRITELE,695) DIUR2330
D0 605 K=1,MOUNT DIUR2335
READ{1) TREG(2),(TREG(J),d=12+18),TOTAL,ATIN DIUR2340 {
WRITE(6,730). TREG(2) ¢ (TREG(J)yU=12,18), TOTAL ,ATIM DIUR2345
KNT=KNT+ 1 DIUR2350
*
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IF{KNT .LT. 50} GO TO 60S DIURR355
WRITEL6,695) DIUR2 40
KNT=0 DIUR2365
605 CONTINUE DIUR23TD
REWIND 1 DIUR237S
REWIND 4 DIUR2380
KNT=0 DIUR2385
HRITE(6,720) DIUR2390
0C 610 X=1,KOUNT 0iLR2395
READ(4) TREG?2),ND02,0N2y {KEY(J) 9 J=1 ,NUMB) ,AT IH,CHID D1:J52400
WRITE(67715) IR;G‘Z).DOZ.ONZ"KEY(J)-J'I-NUHbI'AtlH CHID DIUR240Q5
KNTAKMNT+1 ‘DIUR241P
IF{KNT LT, 50). GO TO 610 DIUR2415
MRITE(6,720) DIUR247D
KNT=O° DIUR2425
610 CONTINUE DIUR243D
R™WIND 4 DIUR2435
GU TO (5,415} ,1'B6- DIUR2440
615 REWIND 3 DIUR2445
REWIND. 0 DIUR2459
CALL EXIT DIUR2455
01UR2460
620 FORMAT(1P5E14.7)- - DIUR2465
625 FORMAT ('1P6EL12.5) DIUR2&TO"
630 FORMAT(94H1SOLUTICN OF THE REACTION RATE EQUATIONS WiTH 15 SPECIESOIUR2475
1 AND ‘168 -REACTIONS OJURNAL VARIATION, } DIUR2480
635 FORMAT(1IHIALTITUDE =1PE1l.4,4H CM.,L7H TOTAL DENSITY =1PE12.5,15DIUR2485
1H ‘TEMPERATURE 20P57.2) DIUR2490
640-FORKAT([4)- DIUR2495
645 FORMATI{121Hl TIME (SEC) N(E) /CC N{O-) /CC N(02-) /CC NDIURZ5C0
1{03-) /CC  N(ND2-) /CC  N(O#) /iC N{Q2+) /CC  M(N2¢) /CC TIDIUR2505
2ME (HOUR) ) DIUR2510

650- FORMAT(20HOSOLAR DECLINATION =1PEL3.5,10H OEGREES. »6X10HLATZTUDE DIUR2515
1=0PF6.2,10H DEGREES. ¢6X26HANGLE GF GRAZING ‘INCIDENCE =1PE13.5, 1CH) IUR2520

2 DEGREES. ) 0IUR2525
655 FORMAT(65HOTHE PROGRAM IN TRYING TO GENERATE THE LOG OF A NEGATIVEDIUR2530

1 NUMBERS ) DIUR2535
670 FORMAT(45HOTHE INTERGRATING MESH IS VANISHING IN INT AT 1PEFL.5:6HDIUR254N

1 SEC. ) DIUR2545
665 FORMAT (4THOTHE INTERGRATING MESH IS VANISHING IN ALGA AT 1PE11.5,601UR2550

IH SEC. ) DIUR2555
670 FORMAT({1P10E10.2) DIUR2560
675 FUORMAT{12A6) ; . DIUR2565
680 FORMAY.(1HO,1246) DIUR2ETO
685 FORMAT{1HN, (6{2X4H Al,13,2H)=1PEL0.3))) DIUR2575
690 FORIMAT(43H THE [HCREMENT 15-CONSTANT AT 1.0E-06 SEC. } DIUR2580
695 FORMAT{130H1 TIME (SEC) N{NO*}/CC NIND)/CC NIN) 7/CC  DIUR2585

LNINI2) /CC N{D3) /CC  NIN20} /CC N(O) 7CC  PRODUCTIUN ~TIMDIUR2590

ZE(HOUR) ) DIUR2595
700 FORMAT{22HOREACYTION COEFFICIENTS) 0IuR2600
705 FORMAT(LH 4{4(2X4HCONI.+13,2H)71PEL0.31)) 01UR2605
710 FORMAT(60H TIKE IS NOT INCREASING RAPIDLY ENOUGH TO ADVANCE SOLUTIDIUR2610

10N, ) DIUR26L5
715 FORMAT(1P3EL13.5+1514,1PE13.5,0PFLL.5) DIUR2620
J20 FORMATU121HL TIME (SEC) 02 DENSITY N2 DENSITY E  O- 02- 030IUR2625

1~ NO2- 0+ 02¢ N2+ NO+ NO N ND2 03 N2U O TIMECHOUR) CHI DIUR2630

hi] DIUR2035
725 -FORNAT(1441PELD,2,0PF5.141PE10.2,T7A6) DIUR2640
730 FORMAT(1P1DE13.5}) D1UR2645
735 FORMAT(1H1} 01UR2650
T40D FORMAT(12A6) DIUR2655
745 FORMAT(S12) ‘DIUR2560
750 FORMAT(6X11{AL,15)) DIUR25L5
755 FORMAT(LHN,20X,86HTHE FOLLOWING IS A LIST OF RATE CONSTANT- CHANGESD [UR26T0Q’

I’ FROM THE STND LIST USED -{N- THIS RUN. } -DIUR2673
760 FORMAT(1HL,12A¢) ’ DIUR26% °

END DIuR26t
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7.2,2 THE PHOTOIONIZATION PRODUCTION SUBROUTINE PRODUC b

Upon being called by SLOP or the main program, PRODUC first computes the
solar zenith angle for the time at which it was called. Using this 2eunith angle, %ﬁ
the subroutine performs a table look-up in the photoionization rate tables read

into the computer by the main program. If the computed zenith angle is not-a
tabular value, linear interpolatiouns are performed in the tables to obtain the proper 7
production rates for the positive ions.

‘One-tenth of one percent of the noontime production rate of O by L, is ‘ -
automatically added to the computed production rate of O2 One percent of ‘the
noontxme production rate of not by L,
of NO'
these radiations to scatter into the nighttime atmogphere.

After the production rates for ail

is always added to the production rate
These produccion rates are added in order to allow a certain amount of

‘the positive ions are computed, they are .
summed to obtain the production rate of the electrons. '

The following statements are a listing of this-subroutine.

$IBFTC .PRODUC LIV PRODODOO

SUBROUTINE PRIDUC PRODNOOS W
C THIS SUBROUTINE CGAPUTES THE PRODULTION -FROM THE Q TABLES. PRODONOLO <
c ’ PRGDIDLS.

COMMON TREG(150) ¢(!IN2(73) s KEY({'15),FORMI15),REMV(15),R(200),LKEY{15PRODDI2C
1),U0(73), CON(200),BEGIN{LT)oLOCK{15),X02(T3)yX0(73)+XN2(73),XNO(PRODOD25
273) 4, XNE{T3)¢ANGL {731 ,U02(73),C0B(1C)

COMMON NUMB, EUBAR +ELUAR, D9 D02y CIMAX \DN2 T,

PRODNI3O

PNE, PNO,P02,P0,PN2; TOTAPRODOO3S

1L JAKE 9 JAM, ITERy ALT,L'AM, TIME,KB3 4 AT IME, EAR¢DT.IME,CX1,SIND, COS0,JUGPROO0040
ZvFIHEXo!TCH.PXQZ.PXU:HXNZ.TOTO.TOTN.86o87 DEL,L INT yJACK, X 2NV K2NT 4 PROD0OD45

_,.mmmu,, e

i S

-2

3J2NT(N2NT,FIRST, [FALL,JIP,R8,89 PRODNO50

TIMEX=DTIME #TREG(2) “PRODNOSS

CXI=ARCOS(COSD*COS4{7.2722052E-5%(TIMEX+4,32E4)) +SIND) PRODNY6D

00 5 J=1,73 -PRODONGS
IF(CXI-ANGL(J ). 15,10,5 .PRODODTO :.

5 CONTINUE PRODOOTS

10 P0O2=UD2{J} PRODQOBN
PO=UO0(J5 PROD0O0SS i
PN2=UN2( .5 PRODONIN %
PX02=X0Z (J) PRODONIS
PXQ=XG(J) ‘PRODOLOC
PXNZ=XN21(J) PRODOLOS .
PHD=XNO{ J) *TREG( 13} PrRODOL1C .

Go 1O 20 PRODNLLS

15 PART=(ANGL{J=1)-CXI)/ (ANGL {J=1)=ANGL( S1) PRODG120
PO2=U02(3°* v -PART*{UO2{I-1)-U02(J)) -PRODO125 =
PO=UOIY-11=PART*(UBIJ-1)-U01J) ) PRODO130 e
PN2=UN2{J~1)=PART*(UN2(J-1)-UN2(J)) PRODO135 i
PX022X02{J~1)-PART#(X02(J~1)~X02(J)): PRODO140
PXO=XO0(J~1}~PART*(X0(J-1)~-X0(J)) PRODN14S
‘PXN2=XN2(J~1)—PART*{XN2{J=1)=XN2(J}} PRODO150 :
PNO=XNO{J=1)-PART*{XND{J-1)~XNOL{ J}) PRODOL5S :
PNO=PNO*TREG(13) PRODO160 .

20 QT=(1.0E~16%D)/(DO2+DN2) _PRODDL6S K
PNO=PNO+BT#1.0E-02 PRODOLT0 it
PO2=PO2+QT*D02+PX0241 ,0E-03 8% PRODN1TS g
PN2=PN2+QT#DN2+PXN2 PRODOLSBO F
PO=PO+PXO PRODNLBS i
PNE=PD2+PO+PN2+PNO -PRODN190 a2
TOTAL=PNE PRODOL 95
RETURN PRODN200-

‘END PRODN20S
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i 7.2.3 THE CHARGE BALANCE SUBROUTINE BALAN !
; This- subroutine computes the largest . " re-species from charge balance J
' .and-adjusts the O2 and- N2 concentrations o ure conservationof O and N
! ntoms. In addition to this it also calls subrouti: SUN if the solution has advanced
into a sunrise or sunset period. Subrcutine SUN returns with a transmissivity per- l
’ centage by which subroutine BALAN multiplies the photodetachment and pk-to-
dissociation rate coefficients, The solution has arrived at a period of sunrise or .
sunset if switch JIP is on three or six respeclively. Switch JIP is set by the
main program, -
The following:statements-are a listing of this subprogram, .
$IBFTC BALAN  LIST - BALNODCO
SUSROUTINE BALAN BALNONOS
COMMON TREG(150),UN2(73), KEY(15),FCRM{15),REMV(15),R120C},LKEY(15BALNROLO
1),U0{73), CON(200)¢BEGIN{IT),LOCK(15)¢X02(T31,X0{T3}+XN2(73),XNO(BALNOD15
273) ¢ XNE(73),ANGL{T3) ,uC2(73),C0BI10) BALNOO2C
COMMON NUMB, EUBAR »ELBAR+D,D02,CIMAX,DN2,Ty PNE,PNO,P02,PD,PN2, TOTABALNOO2S
1L s JAKE ¢ JAMy ITER o BLT s LAM, TIMEoKB3 yAT IME EARsOTIME,CXI 4 SIND+COSD» JUGBALNDD3O
20 TIMEX I TEM(PX02+PXO0,PXN2, TOTO, TOTNsB69BT+DELs LINT »JACK, [2HT /K 2NTBALNDD35
3I2NTIN2NT,FIRST, IFAIL,u1P+B8,89 BALNDO4C
5 SUM=TREGI9) ¢+TREGI1N)+TREGLI1I+TREG(12) BALN0245
GO TO (10+15420,25430,35),LAM BALNOD50
10 TREG(4)=SUM~TREG(5)~TREG{6)~TREG{T)-YREG(8) BALNODSS
; GO TQ 35 BALNOOGC
15 TREG{5)=SUM-TREG(4)-TREG(6)-TREG{T)-TREG(E) BALNON65
GO TO 35 8ALNODTO
29 TREG(6)=SUM-TREG(4)-TREG(5)-TREG(T}-TREG(8)} BALNCDTS
GO .10 35 BALNOOSQ
y 25 TREG(T7)=SUM~TREG(4)~TREGIS)-TREGI6)-TREGIB] BALN2G8S
: GO TO 35 BALNONOO
30 TREG(B)=SUN-TREG{4)-TREGI5)-TREGI6)-TREGIT) BALNGNYS
35 D02z {{YOTO-TREG(5)~3,0*TREG(7)=TREG(9}-TREG(12)-3.0%TREG( 15)-TREG{BALNOL1OQ
! 1161-TREG(17)-TREG(18))/2.0)-TREG(6)-TREGI8)-TREGLL0)-TREG(14) BALNO10OS
ON2={({ TOTN-TREG(B8)-TREG(12)~TREG(13)~TREGI14)~TREG(16})/2.0)~TREG(BALNOL1C
111)1-<REGILT} BALNCL11S
TIMEX=DTIME +TREG{2) BALNO120C
: CXI=ARCGS({COSD*COS{T.2T22052C-5#(TIMEX+4,32E4)) +SIND) BALND125
! €0B8{5)=88-B9CX] BALNOL30
§ IF(COB(5)) 40,45,45 BALNO135
. i 40 COB(5)=7.0 BALNO140
- 45 GO TO (65965+509659654500,J1P BALNOL145
50 FRACT=SUNICXI,CIHAX) BALNDL1SC
AT=FRACT BALNOLSS
: DO 55 J=1,4 BALNO160
55 CON{J)=COB(J)FAACT BALNOL165
N=161 BALNOLT0
D0 60 J25,10 BALNO17S
CUN{N)=COB(J}$FRACY BALNOLBO
60 NzN+1 ) BALNOL185
G0 T0 70 BALNQ190
65 CON(161)=COB(5] BALNN195-
70 RETURN BALN020D

END BALND205
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7.2.4 SUBROUTINE SUN
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Being given the value of-the solar zenith angle-and the value of CIMAX, this

R4
3. 2

subroutine when called by BALAN- computes the transmission factor for use in
changing the rate coefficients for photodetachment and photodissociation.
The following statements are a listing of the FORTRAN statements for this

areed

subroutine,
$1BFTC SUN LIST SUNDONOO
FUNCTION SUN(CHI,ALPHA) SUND?005
c ) SUNDQ21L0
' TG COMPUTE 'ETA AS A FUNCTION OF CHI. SUNALOLS
< SuNPan2n
DATA GAMMA/4.3¢33231€~3/ SUNDONZS
X=(CHI=(ALPHA-GAMMA) ) /GAMMA SUN09930 @
IF(X) S410,1n SUNOQ035
5 X=0.0 SUNDDN40
GO TO 20 SUNNNQ4S
10 IF{X=2.0) 20,20,15 SUN20950
15 X=2.0 . SUNQNG5S5
20 THETA=ZARCOS{(2.,0%((1.C=X)*%2))~1.0) SUNODN6O -
IE{X=1,0) 30,25,25 SUNDDD65 ]
25 THETA=(6,28318531-THETA) SUNODOTO °§
30 A=(THETA/2,N)={{1.0-X}*#SQRT((1.,0~COSI THETA}}/2.0}) SUNOON7S .
SUN=1.0-(A/3.,1415526) SUNOODEC
IF(SUN .LT. 0.0) GO TO 490 SUNDO0BS
IF{SUN +GT. 140} -GO TO 35 SUNOOO9P
GO TO 45 SUNCDO9S5
35 SUN=1.0 SUNDOL10N
GO TO 45 SUNOC105
4G SUN=(.0 ) . Sunnolile
45 RETURN SURNOL15
END SUNDO120
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Appendix A ¢
The Photoionization Production Function Progrom-
b
As discussed in Section 5, 1, there is a separate code for the: computation of Y
the photoionization production function-tables. This code consists of three pro- .. *
grams; the main program, subroutine PRODUC, and subroutine COLUM, The ;
output from this code is a.listing and.a deck of 145.cards.containing the number of .
-ione-produced as a functien-of the zenith angle for a given altitude and geographic
location, This is the deck of cards that is required as part of the input to the J’
diurnal variation code, %
The main program simply controls the input and output of this code. A con-
siderable amount of input is required.in order to compute the photoionization .
functions for each of the species ionized. This information is read into the com~ 3
puter by Cards Nos. 40 through 100 of the main program. The input consists of
the photommzatxon and absorption cross sections for O, O2 , and N2 ; the flux i
in photons /cm /sec of the incident solar radiation at the top of the atmosphere;
the hard X-ray flux and absorption cross sections for air for these X-rays; and 5
the neutral atmosphere profiles from 0 to 520 km of O, 02 , and N2 . These ‘é
parameters, as taken from Tables 1 and 2, are.read in the following order -into ?%
the designated regions. 7 ’%
i
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SPO2 = 45 values of the photoionization cross section of O2 .
502 = 45 values of the total absorption cross section of O2 .
SPO = 34 values of the photoionization cross section of O,
SO = 34 values of the total absorption eross sectionof O,
SPN2 = 24 values of the photoionization cross section of N2 .
SN2 = 24 values of the total absorption cross section of N2 .

PHI = values of the solar flux in photons/ cmzl sec broken down
into 24 lines or bands,

RAD = the X-ray flux at 2, 4, and 8A.
ABC = absorption cross section Jor air at 2,4, and 8A.

These parameters are punched on cards in FORMAT (1P6E£12, 5):

CONO = the-height profile of O in number/cm3 at.every 10 km,
CONOQO2 =-the height profile of O2 in number/ cm3 at every 10 km,
CONN2 = the height profile of N2 in number/ cm3 at every 10 km,

The last three parameters are punched on.cards in FORMAT (1P9Eg, 2),

The main program sets up the BK region with values of altitude in 10 km in-
crements from 0-to 520 km for ease of table look-up of required concentrations,
The concentrations as read into the computer are converted into the corresponding
common logarithms since it is more realistic to linearly interpolate the logs of the
densities rather than the concentrations themselves whenever a nontabular value
is required,

After all of these basic parameters are read into the computer, the parameters
of the altitude and the geographic location are read in. Each altitude card’is pro-
cceded by a title card on which 72 columns of hollorith information may be punched,
The information on this title card is punched out on a heading card preceeding the
cards containing the photojonization functions. The second card of this set of two
contains the following parameters punched in FORMAT (1PGE12, 5).

HITE = altitude in km at which the funztions are required.
EPSI = the Ly flux at the-top of the atmosphere in ergs /cm2 sec,
EAR = radius of the earth in km,

DECL

1

solar declination -in degrees,

CLAT

latitude in-degrees,

.
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The printed output consists of the following:
X H
a) the altitude, solar deciination, and latitude; X F
b) the solar zenith angle and the number of seconds after noon, :
corresponding to this zenith angle; x
520 520 520 520 i
c) / M dl,f N(Oz)dl,/ N(Nz)dl, and/ N(O)d1 ; el
> uft
Z z 2 Z .
d) the production rate of O2 , @, and N2 by X-rays in the o ;
wavelength region <170A and the rate coefficient for the
ionization of NO by L,
e) the production rate of O2 , O, and N2 by UV at wavelengths >170A;
f)  the production rate of 0, and N, by cosmic rays; and
g) the total production rates by X-rays, UV, and cosmic rays.
The punched output consists of the following: ;
a) a title card which is a duplicate of the title card read into %’;?
the computer; and, % )
b) a deck of 145 cards containing the production-functions, ?
There are two cards for one set of values of these functions, A set is computed
for every ten minutes from noon to midnight. It is assumed that the values from
midnight to noon are-the same as these,
The parameters which are punched in FORMAT (1P5E14, 7, 2X, I3, 2X,13) are
as follows:
a) SQ2 = total UV production rate of O; ;
b) SQO = total UV productionsrate of ot H
c¢) SQN2 = total UV production rate of N; ;
d) QNO = rate coefficient for production of NO+ by ionization
of NO by Lg;
e) WIIOLE = total production rate of electrons except for L, ionization;
f} IHITE = altitude of computations; -
g) KARDS = card sequence number;
h) CHI :-solar zenith angle;
i) SXO2 = production-rate of O; by X-rays;
j).  SXO = production-rate of ot by X-rays;
T
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k) SNX2 = production rate of N; by X-rays; and,

[

- i

1). SCRAY = total cosmic ray production,

¢
e 4

The following statements, beginning on page A5, are a listing of the main
program,

Subroutine FRODUC .computes the actual production rate of each of the species
using the input Jdata and the equations derivad in Section 5,1. The following state-
ments, beginning on page A7, are a listing of this code,

Subroutine COLUM computes the number of particles in a cm? column along ;
a ray path at a given solar zenith angle and extending from the height z to 520 km,
An upper limit of the 520 km was chosen because for paths that extend down to the
D and E regions particle concentrations above 520 km do not contribute significantly

to the total integral, The subroutine exits with the values of the following integrals
in the corresponding locations,

e

Ly

b v»u/f,-z o 4,

T AN b

TR L

e

DEPTH =/:\'I' di
DEl’*‘O2 = /N(Oz) dl
DEPOC = ‘/;\I(O) di
DEPN2 = '/:.;\I(Nz) di .

The fdllowing statements, beginning on page A9, are a listing of°the FORTRAN
statements for this subroutiie,
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e e %

v
—————— - AT

v

—— cmope - -t e




L
4
I
|
4
|

Ab
SIBFTC MAIN LIST MAINODOO
C PHUTOIONIZATION SOURCE FUNCTION MAINQICS

COMMON SPO2(45) ,502(45),SP0(45),50(45)SPN2{45)+SN2{45)4PHI(24) RAHAINTN]
10(3),Q021271,Q0027)+QN2{27) yABC(3)4BK(150) (CONT{150) +CUND2(150),COMAINGDLS
2NN2{150),CONO(150) yCONTL (1504 ,CONO2L{159),CONN2L{150)CONOL(150) MAINCO20

COMMON DEPD2,DEPN2,DEPTH 5002, 570, SQN2yQNUyCO2,CN2,EPSI,RyHITE,CHIMAINDO25

. 1,CIMIN,DO2,0N2 ,00 40, ONGs EAR o SXCZ ¢ SXO¢ SXN2 4KL AN+ DEPD MAINCO3C
: DIMENSION TITLE(12) NAINOO3S
READ (5,851 {SPO2(J}sJ=1,45) MAINOQ4O
READ(5,851 (SO2(J) 4Jxl445) MAINAN4S
READ(5,85) (SPO(J) yJx12,45) MAINOOSO
READ(5485) {SOLJ),J=12,45) MAINDOSS
READ(5,8E) LSPN2(J) d522,45) MAINGO 60
READ(5,85) (SN2(J) yJx1,45) HAINOD6S
READIS ¢85) (PHI (J)4Jx1424) MAINODT0
READ(5,85) (RAD (J)4J=1,3) MAINOOTS
READ(5,85) (ABC (J)oJ=1,3) MAINOG80
READ(S5+65) (CONO(J) J=1,52) ‘MAINOOBS
READ(5,65) (CONO2(J) ¢ d=1,52) MAINDO90
READ(5,65) (CONN2(J),J=1,52) MAINOD95
BK(1)=0,0 MAINO100
00 5 J=2,%2 MAINOLDS

5 BK(J1=BK(J-1)+10.C MAINO11C
DO 10 J=1,52 MAINOLLS

10 CONT(3)=CONO(J) ¢CONO2{ J) ¢CONN2(J) MAINO120
00 15 J=1,52 NAINOL2S
CONTL(J)=ALOGLO(CONT(J)) MATNO130
CONOL{J) =ALOGLO(COND(J)) MAINO135
CONO2L (J)=ALGGLO(CONO2(J)) MAINO140

15 CINNZL(J)=ALOG10{CONN2(J)) MAINO145
20 READ(5,80) { TITLE(J) 1d=1,12) MALINO150
READ(S,85)HITEEPSI,B,EAR, DECL yCLAT MAINOLSS
IF(HITE) 60,60,25 MAINO160

25 WRITE(6,70)HITE,DECL,CLAT MAINOL65
KOUNT=0 ‘MAINOLTO
KARDS=0 MAINOL175
IHITE=HITE MAINO180
WRITE(T,808 (FITLE(J)4d=1,12) KAINO185

00 30 J4=1,51 MAINO19C
IF(HITE-BKIJ)) 35,35;30 -MAINU19S

30 CONTINUE : MAINO200
35 RATY=(HITE-BK{J-1))/10.0 MAINO205
, ‘DO 210.0¢#(COND2L { J-1) +RATY#(CONO2L (J )-CONO2LLJ=-1) )) MAINO210
. Dii2=10.0%%(CONNZL (J=1) +RATY®{CONN2L(J}-CONN2L(J-1) }) MAINO215
DO=10.0%*(CONOL(J=-1) *RATY#(CONOL {J)—CONOL(J=1}1) MAINO220
DE10 .04 (CONTL(J~1) +RATY®{CONTL(J)=CONTLIJ=1})? MAIND22S
DECR=DECL*0.01745329 NAINO230
CLAR=CLAT$0.01745329 ] MAING23S
€0SD=C0S (DECR}I*COS {CLAR) MAING240
SIND=SIN (DECR)$SIN (CLAR} MAINO245
TYN=0.0 MAINO250
CIMIN=3.1415926-ARSIN{EAR/{EAR+HITE)) MAINO255

40 CHI=ARCOS(COSD®COS {7.2722052E~5*TYM)+SIND) MAINO260
CHID=57.295TT9#CHI : MAINO265
WRITE(S, T5)CHID, TYM MAING270
CALL PROBUC MAINO27S
WRITE(6,110)DEPTH,DEPO2, DEPN2¢ DEPD PAINO280
SXRAY=SX02+SXN2+SX0 HAINQ28S
SUV=5Q02 ¢SQ0+ SAN2 : MAINO290
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SCRAY=CO24GN2 MAINO295
WHOLE=SXRAY+SUV+SCRAY. MAINO0300
WRITE(6990) SX024 SX0»$XN2,QNO MAINO305
WRITE(6,95) 5002, SCOySQN2 MAINO313:
WRITE(6,105)C02,CN2 MAINO315
WRITE(6°'100) SXRAY4SUV 9 SCRAY ¢ WHOLE MAINO320
WRITE(T,115) SQO2 500y SUN2+QNOWHOLEs IHITE,KARDS MAINO325
KARDS=KARDS+1 MAINO330
WRITE(T:115) CHI,SX02,SX0y$SXN2+SCRAYy IHETE, KARDS MAINO335
KARDS>KARDS+1 NAINO340
KOUNT=KOUNT+8 MAINO345
[E(KOUNT=5E) -50,45,45 MAINN350
45 KOUNT=0 MAINO355
WRITE(6,TOIHITE +OECL9CLAT MAINO360
50 IF(B) 60,55,20 MAING355
S5 TYM=TYM¢6,0E2 MAINO370
IF(TYM-4,32E4) 40,40,20 MAINN3TS
60 CALL EXIT MAINO380
65 FORMAT(1P9ES.2) MAING38S
70 FORMAT{13H1 ALTITUDE =1PEL3.5+4H CNe,6X19HSOLAR OFFLINAIION =1PEIMAING390
. 13.5,10H DEGREES. s6X1OHLATIYUDE =1PE13.5,10H" DEGREES MAINO3OS
75 FORMAT(1SHOZENITH -ANGLE =F7.2,10H DEGREES. ,18H TIME AFTER NOON =,MAINO4OC
11PE11.3,6H SEC. ) MAINO4OS
80 FORMAT(12A6) MAIND410
85 FORMAT{1P6E12.5) ) ] MAI.0415
90 FORMAT{LH ,15H02¢ FROM XRAYS=LPE12.5,3X,14H0¢ FROM XRAYS=1PEL12.,5,3MAIN0420
1Xy 15HNZ¢ FROM XRAYS=1PEL12.5,3X,21HNO* CGEFFICIENT =3IPE12.5) MAINO425
95 FORMAT(1H ,15H02+ FROM.UY “=1PE12.5,3X,14HC+ FROM UV  =1PEL12.5,3MAINT430
1Xs15HN2¢ FROM UV =1PE12.5) MAINO435

100 FORMAT(1TH XRAY ELECTRONS =1PE12.5,1TH UV .ELECTRONS =1PEL12.5,25HMAINOG 4D

1 COSMIC RAY ELECTRONS =1PEL2.5,20H TOTAL ELECTRONS =1PEL2.5) MAINN44S
105 FORMAT(16H 02+ COSHMIC RAY!IPE[Z.S.SZXIﬁHNZ# COSMIC -RAY=1PE12.5) MAINO4SC
110 FORMAT{L8HO TOTAL INTEGRAL =1PEL3.5,14H 02 INVEGRAL =E1345,14H N2 MAINO455

LINTEGRAL =£13,5413H<0 INTEGRAL =E13.5): MAINO46C
115 FORMAT(L1PSEL4.T42X1342X¢13) MAINO465:
END MAINO4TO
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$IBFTC PRODUC LIST PRODN0O0O
SUBROUTINE PRODUC PRODSINS ¢
c -4RODADLC 3
c PHOTOINOIZATION PRODUCTION FUNCTION PRODOO15 LA
. c PRODNNZO :
L COMMON SPO2(45) 4502(45)+SPO(45),50(45)+SPNZ(45)¢SN2{45),PHI{24);RAPRODOD2S b
1 10(3),Q02(27).Q0(27),QN2(27),ABC{3),8K{150};CONT(150),CGNO2(150),COPRODQO3N ¥
' 2NN2(151) +CONO{150) ,CONTL(150),CONO2L{150),CONN2L{159),CONOL(150) PRODNN3S L5
| COMMON DEPD2,DEPN2,DEPTH,5Q02, SQ0, SANZ, UND,CO24CN2 +EPS 4R o HITE,CHIPRODODSN e
1,CIMIN,DO2,DN2+D0(D+DNO,EAR,SX02,SXOvSXNZ s KLAWs DEPO PRODQN4S .
. DIMENSION POWER(%5) PRODRNSO
D0 5 J=1,27 PRODNNSS : .
Q02(J)=0.0 PRODOOGD . i
' Q0{J)=0.0 PRODNOGS
5 ON2(J)=0.0 PRODNNTC 5
$Q0220,0 PRODONTS .
. $Q0=0.0" FRODO08O .
SQN2=0,0 PRODHTES
QND=0.0- PRCDNDID
SX0220.0 PRODO09S- -
y SXN220.0 PRODOLON
$X020.9 PRODOL 05
IF{CHI-CIMIN) 10,10,130 PRODOLLN 4 L
10 CALL COLUM PRODNLLS - .
DO 15 J=1445 PRODO120 !
15 POWER(J)=EXP' (~DEPO2*S02(J)-DEPO*SO(J)~DEPN2$SN2(J)) PRODOL2S
DD 20 J=1,6 ) PRODN130
20 Q02(J)=SP02{J) *D02*PHI (J]*PONER( J} PRODO135 .
K=7 PRODO140 E
Kix1l PRUDOL4S
K2=1 PRODO150
00 50 J=7,9 PRLDO15S
25 PART1=SPO2(K)*DO2+PHI(J) : PRODOL6D
PART2=SPO(K)$DO*PHI(J) PRODO165
Q02{J)=002({J)+(PARTL*PONER(K)) PRODOLTC
Q0(J)=Q0(J7+{PART2#PONER (K ) . PRODOLTS
IF(K-K1} 30;35,25 PRODC1 8O
30 Kakel PROD0185
' 60 TO 25 PRODO1I 9N
‘ 35 K=K+l PRODO19S
+ 60 TO (40445,55) K2 : PRODD200
. 40 K1=16 PRODO205
K2=x2 PRODO210
60 YO S0 PRODCG215
‘ 45 Kl=21- PRODO220
K2:=3 PROD0225
X ‘50 CONTINUE PRODO230C
) 55 K1=24 PROD0O235
Ka=1 PROD0O240
00 80 J=10,11 PROD0245 B
60 PART1=SP02{K)*DJ2*PHI (J) PFODO250 .
PART2=SPO(K)*DOSPHI(J) PRODO25S -,
PART3=SPN2{K)*DN2#PHI ( J) PRODO260
Q02€J)=U02({J}+ (PARTL*PONER(K)) PRODO265 -
Q0(J)=Q0(J) ¢ (PART2*POWNER(K) ) PRODO270
QN2(J) =QN2{J) ¢ (FARTI*PONER (K} )- -PRODOZ7S
IF(K=K1} 65,570,170 PRODO2K0
65 KsKel PRODO28S
GO 10 60 PRODO29C




A8

70 K=K+l
GO TO (75,80),K2
75 K1x=27
K222
. 80 CONTINUE
Q02112)=5PD2(28)%002*PHI (12)*PONER(K)
Q0(12)=SP0O{28) «DO*PHI (12 ) *PONER(K}
QN2(12)=SPN2(28)#ON2¢PHI (12) $POWER (K)
K=29
Kl=3}
K2=1
| 00 105 J=13,14
85 PARTLxSPO2(A}*D02¢PHI { J}
DART2=SPO(K ) $DO*PHI(J)
JPARTI=SPN2 LK1 #00+PH] ( J)
$021J4)=Q02(J) ¢+ (PA.., 1 *PONER (K) }
O3 )=Q0(I) +(PARTZ*PONER(K) )
GH2(JI3QN2{ J) ¢ [PARTISPORER (X))
IFIK-KL) 90,95,95
90 Kx=K+¢1
GO 1O 85
95 K=K+l
"GO: TO {100,105),K2
100 K1x34
K2=2
105 CONTINUE
Q024{15)=SPD2(35) ¢D02¢PHI (15) *POWER (K}
Q0(15)=SP0{35)*00*PHI (15) *POWERTX)
ON2{15)=SPN2{35) *DO*PHI{ 15 ) $PUNER(K)
Q02{16)=(DO2*PHI(16))*({SPO2(36) *POWEL{36}+SP02(3T) $POWERI3T))
QU(16)=({DO*PHI{161)*(3P0(36) SPONER (36 ) +5PO{ITISPONER(3T)}
QN2(16)=ON2#PHI(16)#(SPN2(36) $POWER(36) +SPN2(3T )*POWER(3T))
K=38
00 110 J=17,24
Q02(J)=SPO2(K) *D024PH{ (J) #POMER(K)
QO(J)=SPO(K)*DO*PHI{ J) ¢PONER{K)
. QN2{J)=SPN2{K) *DN2#PH1 (J) *POWER{K)
_— 110 KxK+1
A L=l
£ 00 115 J=25,217
3§ Q02(J)=DC2*RAD(L)*EXP (~(DEPTH*ABC(L)))
! QO(J)*DOSRAD(L)I*N, TS*EXP (~{DEPTH®ABCIL)})
v Bed - QN2(J)} =DN2#RAD (L} #EXP (~(DEPTH*ABC(L)))
. L=l ¢}
k 115 CONTINUE
00 120 J=1,18
SQU2=5Q02+Q021(J)
o SQN2=SQN2+QN2{( J)
- 120" SQ0=SQ0+QO{-J)
- 00 ‘125 J=19,27
$X02=$X02+Q02(J})
© SXN22SXN2+4QN2(J)
125 SX0=S$X0¢U0{J}
QNO=EPSI#1,34E-T#EXP (~8,5E-214DEPC2)

»

I 130: QT=(1,0E-16%D)/(DO2+DN2)
{ 022074002
‘ . -CN2=QT#DN2
. - 135 RETURN
END
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-
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PRODO295.

PRODO300
PRODO30S5
PROO!."IO
PRODO315
PRODO320
PRUDC325
PRODO330
PRODCIAS

PRODO340

-PRODN34S
PROD0350
PRODQ355

PRODO36N
PROD0365
PRODO370
PRODA3TS

PROD0380

‘PROD038S-

PRODO390
PRODD395
PRODN4Q0
PROD0405
PROD0410
PRODD41S
PROD0420
PRODD425
PROD0430
PROD0435
PRODD440
PRDD04 45
PROD0450
PROD04SS
PRODO460
PRODD465
PRODD4T0
PRODO47S5
PROD048C
PRODC4SS
PRODC49C
PRODN49S
PROD0S00
PRODOS05
PRODOS10
PRODOS1S
PRODC520
PRODN525
PRODOS30
PROD0OS535
-PRO00540
PRODOS54S5
PROD0550
PRODO555
PRODN560

PRODOS6S

PRODGS570
PRODOS57S
PRODOS80
PRODDS8S
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$IBFTC COLUM

(]

SeaTer T

LIST
SUBRDUTINE COLUM

e A R T

A9

COLMO000
COLMNOCS

COMMON SP0O2145) » SUZ(#S).SPO(#S)'$0(45!#SPNZ(QS)ySNZ(h))pPHl(Zb).RACOLNQGl“
10(3l9002(27)'00(273'0N2!27)oABC(31 BK(150),CONT(150),CONO2{150)sCOCOLMONLS
2NN2{15n) yCONG( 1501 ,CONTL (1501} ,CONO2LL 1500 ,CONN2L{150),CUONOL(150)

COMMON DEPOZ,DEPNZ.DEPTHvSQUZoSQO:SONZ'QNQ'CO?yCNZ'EPSI'R'HITEpCNICOLH00£5
loClHlNyDOZ:DNZvDUvaDNO.EARpSXOZoSXOoSXNZ'KLAI.DEPO

DIMENSION ANS(#D.A(#i-A2(4)'ANSL(4)'A3(44nANSQ!#).PUT(#).ANSH(#)

00 5 I-1:4
A2(11=0. )

S A3(Iy=2 .

TEN=10.0 -
DEGRA=0,5236
PIO 0
Q:ﬂ n

- ‘KUTY=0
KUTd=4

10 TEST=TEN
15 UTOR=(EAR¢HITE}

BETAR=3.1415526~CHI V
IF{BETAR-ARSIN(EAR/UTOR) } 20,30;30

20 WRITE (6425)

2

S FORMAT(34HNTHIS PATH GOES BELOW THE HOR:ZON )
G0 TO 230

30 COSB=C3S(BETAR)

3

40

4

50

5

6
6
7T

T
8
8

9

9

DISTR=N, )
BUTR?= UTOR#22
YUR=2.0% UTOR*COSB
IF(HITE-95.,0) 40,35,35

5 IF(CHI=-1,5T07963) 45,45,40
KUTY=1

KUTD=3- .

5 HTOR=(SQRT{BUTR2+{DISTR®*2)~(DISTR*YUR)) )~ EAR
0N 65 J=1,161

IF{BK{J)-HTOR265,55,90

5 ANSTL)=CONT(J)
ANS{Z)=COND2(J)
ANS{3)2CONN2(J}
IF(KUTY} 100,60,100

0 ANS(4)=CONO4J)
GO YO 190

5- CONTINUE
IF(Q} .70,80,70

0 00 75 T=1,KUTD
AZLEV=A20T)~ANSLUIY
A3(IY=A2 L1 )~ANSG(I)

S ANSWUT}=ANSQUi}
GO TO 145

0 DO, 85 tx1,KUTD
A1) =A3(1)=ANSQ(I)

5 ANSW(II=ANSQ{I)

G0 TO 145

TLAZY=(HTOR-BK(J-11)/10.0.

Q

ANS{1) 210,088 {CONTLL{J-1)¢(TLAZYS(CONTL(J)=CONTL{J=1}))}}
ANS(Z)-I0.0“(CONOZL(J-Il*(TLAlY*(CONOZL(J) =CONO2L{J=11) ).}
ANS{3)=10,0%+{CONN2L( S~ ~1)#(TLAZY*(CONN2L{J)~CONN2L [J~ ISRNE S

IF{KUTY) 100,95,100

5 .ANS{/)=10,0%% (CONCLI{J—- l)*(TLAlY‘(CONOL(J)-CONOL(J 1504

'

COLMO0020

COLMOO3ND:

COLMO035
COLMO040

COLMON4S.

COLMO0S50
COLMO055
COLKO060
COLMO065
CULMOSTO
COLMOOTS
COLM0OO80
COLMOOBS

TOLNOD9O-

CULMODYS
COLMO100
COLNOL0S
COLMOL1D

COLMOL1S

COLMO120
COLNG125
COLMO130
COLMO13S5
COLMOL4N
COLHO145
COLMHO150
COLNOLS5S

-COLMOL6N-

COLMO16S
COLNOLTO

CULMOL175

COLMO180
COLMO185
COLNO190
COLMO195
COLM0200
COLMO205
COLMO0210
COLMO215
CULM0220
COLMG?225
COLMO023D
COLMO0235
COLMD240
COLMO245
COLHO250
COLMD255
COLM0260
COLMO0265

COLMO270

COLMO275
LOLMO280
COLMO28S
COLN0290

5
B
Iy i
e £ A R
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.
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.0
3

f

= At i e A i ST =T
s v:v::;;dkﬁgz::ﬁf:&ﬁpgzzs—ﬂvt&:m:aﬁF?Eiﬁxgz=ﬂjff?gﬁ;’7 R AR
4 . .
V% e = X
7.
2
L
!
1
{ .
& 10
I
|
100 IF(P) 115,105,115

= et >

IS VN

crm s T ey

£

e

}
{
‘
%
Ll
¥
&
kg

A0%
119

115
120

125

130
135,
140

145
150

55
169

185

00:110 1=1XUTD
ACE)SANS (1)

P= !_'.f)

GO TO 140

1F(Q) 130,120,139
00 125 1=1,KJTD:
A2(1)ANSUTY®#A2(Y)
ANSL{ Ui=ANSLT)
Q=1.0

‘GO 70 140

00 135 [=1KUTO
AICII=ANS{LV*A3(T)
ANSQUL)=ANS{TY
980.0
DISYR=DISTR4TEST
GO TO 45

00 150 [=1,XUTD

COLMO0295

"COLMN3GO

COLHG305

;COLMC31D
‘COLM0315

COLNO320
COLMN325
COLMQ330
COLMO335
COLM0340
COLM0345

'£OLMO35C

CULMQ355
COLMO360
COLMO365
coLM0370

COLMO375"

COLMO380

POTLII=(LTEST1,0E5) /3,008 ({ALEFANSHII) )+ (4, 0%A20 1)) +(2,0%A3( 1)) ICOLMNIES

DEPTH=POTY)-
DEPO2zPOT(2)
DEPN25POT (3},
IFIKUYY). 1604+155,160
DEPO=PUTL4)

GO TO 230

P=(.0

Q=10

DISYR=C.0"

MTORS{ SQRT(BUTR2Z+(DISTR#42)~(DISTRSYUR}} )~ EAR
D0 175 0,51

CIFIBK{JI=HTOR} 175,170,145

185
190
195
200
205

210
215

220

225

230"

ANS{4)=COND(J):
‘60 YO 200
CONTINUE

IF{Q) 180,'190,)80

‘A2(4&}=A2{4)-ANSL (&)
A3(4)=A3(4)-ANSQL4)

ANSW{&)=ANSQ(4)
DEPO=1,66666TES*{ (A(4) tANSHCA) ) ¥ (4,0%A2(4))+(2,0¢A3(4))}}
GO YO 230

A314)=A3(4)=ANSQ{4):
ANSH(4)=ANSQ4)

GO0 TO 185 ,
TLAZY={HTOR-BK(J~111/10,0 .
ANS(4)=10,0%s{CONCLI J~1) ¢TLAZY®{CONOL {J)-CONOL{J=1)))
IE(P) 210,205,210

Al4)=ANS{4)

Pxl,n

50 TO 225

IF(Q) 220,215,220
A2(4)=ANS(4)+A2(4)
ANSL(4)=ANS (4}

Qx1,0

GO TO 225

A3(4)=ANST4 ) +AD (&)

ANSQU4) =ANS(4)

Q‘OGO

DISTR=DISTR#5,0

GO TO 165

<RETURN-
-END

COLMO3SN
COLM0395
COLMD400
COLM04DS
COL40410
COLMO415

‘COLMD420

COLMOG25
COLK0430

-COLM0435

COLMN44D
COLMG445
COLMO45D

-COLMO4S5

COJ.N04 &0
CULMO46S
COLMD4T0
COLM04TS
COLMO480
COLMD483,
COLM0490

‘COLMO495

COLMO5G0
CGLMO505
COLNO510
COLMO515
COLH0520

COLMO525

COLMO530
COLMO535
COLMO540
COLMO545
COLMOSS0
COoLMO555
COLMO0560

COLMO0565:-
COLMO570 -

COLNOS575
COLNO0580
COLNC585

-LOLNOS590

COLMN595

. s

~
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Appendix B

The Differentiol Equction Writer Program

This code was originally written by David McIntyre (1965) fbr,co‘mputing.the
total derivative of each species with respect to timerand the partial derivatives
of eac!: species with respect to the other species, His code was written-Hfor an
IBM-6000 computer; so.in order-to use this:code on an IBM-7044 or 7094 computer
it had to be rewrittén, The-author has made\:the modifications necessary for com-
puting-‘he codes for the formation sums [‘1 and the removal sumsZRi . The
code consists. of a main program and eight subroutines; DIFFEQ, SET8, DY,
REFACT, DIFFER, FACTOR,. OUT, .CODER, and DECODE. Because the last
two subprograris involve character manipulations that are not easily performed
in the FORTRAIT language, they ane written in the MAP language.

Th. main yrogram essentially controls.the input and output. The input con=
sists of 2 deck of cards containing the reactions. in coded forrm, The output is a
listing and a deck of cards containing the FORTRAN statements for subroutine
SLOP. The only thing that has to-be added to the deck is the proper COMMON
statement, TFor the.system described in-this report, the following codes applies.
Since all.of the species listed-after the total density-are not-considered-in the

program, there is no output code for-them,
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Input Output Input Output
Species to From Species to From
Program Program Program Program
e ‘ 5 (1) N,O 18 Y(14)
0" 6 Y(2) o) 19 ¥(15)
o; 7 Y(3) 0, 20 Y(16)
o:‘i 8 Y(4) . N, 21 Y(17)
- . Total
NO, 9 Y(5) Density 22 Y(18)
ot 10 Y(6) Nt 23 ———
o5 11 Y(7) NO} 24 ————
+ . +
N, 12 Y(8) N,0 25 ——
not 13 Y(9) o“:'; 26 ——
NO 14 v(10) NO, 27 ——
N . 15 Y(11) NZ 28 ———-
NO, 16 ¥(12) No*z' 29 ———
05 17 Y(13) NO~ 30. ————

The reactions are plinched on cards in coded form in FORMAT (20I4). Con~

gsider the reaction

ki39

O'+02+N2 »-034-1\1'2

This reaction is coded as
Y(19) + ¥(20) + Y(21)—==¥(17) + ¥(21) + O ky39
and punched as

bb19bb20bb21bb17bb21bbb0ob139,

Each reaction must contain seven integers: three for the reactants, three for the
products, and one for the reaction-number. If a reaction contains less than three
reactants or less than three products the corresponding subfields must contain

Zeros,




M

B3

The output is a complete FORTRAN deck from the $IBFTC card to the END

ward with the exception of a COMMON statement, Although the subroutine is a

general-one, it still requires a COMMON statement compatible with-the remainder
of the code in which it is'used. The following statements, beginning on page B4,
are a listing of the main program,

Subroutine SETS is called by the main program and assigns an identification
to-each of the reactions according to type. This is a digit from one to seven and
is added to the coded reaction as the eighth integer. The maximum type of reaction
that this program car handle is a three-reactant three-product precess, The type
identifiers as related to the reactions are shown in the comments of. the FORTRAN
program;. The following statements, beginning on page B6, are a listing of sub-
program SETS,

Subrovtine DY scans the reactions searching for a particular Species as a
reactant or a product. If it-finds the species as a reactant it transfers-the reactants
to the IREMOV region. The memory cell preceeding the cells containing the re-
actants is coded as -2 if the reaction type is one, as -3 if the reaction type is two,
three, or four, and as -4 if the reaction type is five, six, or seven, If it finds
the species. as a product it transfers the reactants-to the IFORM region, Now the
memory cell preceeding the cells containing the reactants. is ¢nded as described.
above except that the sign of the digit is-positive,

Upon a normal exit from this subroutine, all of the.reactants for processes
that form a particular species are in'the IFORM region-and all. of the reactants for
processes-that remove this species are in the IREMOV region,

The following statements, beginning on page B7, are a listing of subroutine DY.

Subroutine DIFFER computes the partial derivatives of each:differential equa-~
tion with respect to the species for which the equation was written, Eifectively,
this routine factors out the given species from all the reactions that.remove it so
that the quantity ERj can be computed, The following statements, beginning on
page.B8, are a listing of this program.,

Subroutine REFACT performs the factoring of species and leaves the reactions.
in the IFACT region in as highly a factored form as possible, Thefollowing state-
ments, beginning on page B9, are a listing of the FORTRAN statements for this

-subprogram,

Subrouting FACTOR which is called very often by subroutine REFACT does-
the actual-factoring, It scans a particular series of reactions set up by REFACT
to find-the species occurring most clten in the series, It-factors out this-species
and-returns to REFACT with the factored version of the series:fed to it:by REFACT,
The following statements, beginning on page Bl—l,are*a,listingbf this subroutine.
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B4

$1BFIC DIFG LISt

COMMCN GUTPLT(20CC)

D1IFY0005

DIMENSIGN [REAC(84200) ¢ 1PART (5000 ¢ INSERI (50004 ICALT{ 5000, JCURISCOIDIFQO010

1o INSTIKUS00 S +110LT (5000, IFURNLISVO) 4 IRENV(500)
DIMENSIUN 1D(2CC0),CLS5)

DATA Q/6HS4PNE  ,&HePU2  ,6HePU 16hePN2 4y 6HPNO-

READ(54110) MELNSSNSPEC]
READ(S+5) ((IREACET4J) o121s7)9d=1sNEGAS)
FURMAT(2014)

WKITE(6,90)

PUNCH 115

NO=]

N1=2

CALL SETHUIREAU JNEGNS)

JSTOP=NSPECL+4

0U 80 J=b,JSTup

ICUR(1)=1001

IMARK=2

IPOINTSL

1COUNT=0

CALL DY{JsHEULNS) IKEAC s IFUKM LREMV, 1 SPEARLENDY)
LDEN=xJ

D1FQ00L5

DIFQO0035
DIFQ0040
DIFQO045

DIFU0065

DIFQO0T0

01FQ0Q75
D IFU0080
D1FQ0085
DIFQO0SE”
DIFJ00Ys
DIFVQLOC
DIFGULO5

LCALL DLFFERLIREPVLENUYLUEN, IPART ¢L1PART LFLAG» ICOR U IMARK )4 L ICURIDIFQH 10

IMARK= IMARK+L1CCR
Jl=J=4

LDENC =LDEN=-4
IFLUIPARTI10,30410
ANSERTULPUINT) 21
INSEKT(IPUINT+1) sLUEN
INSERTLLPUINT+Z) =LOEN
IPGINT=IFOINT+3
ICULNT=ICOUNT+1

PUT PARENTHESIS ARGUAD IPART

00 2CI=14LIPART

11=UIPART~14¢]

IPARTLIL+3 )= PARTLLLS

IPART{LIPAKT ¢2)=-1001

1PARTIL)}=1001

LENGIP=LIPART*2

CALL REFACTUIPART {NSPECI o+ LFACT 4LENGTP)
CALL OQUTUIFACT JLENGTP yIARRUW)

£0 21 JJ0=1,200C

100340} =0

CALL DECODEfOUTPLT 1D« JARROW, INUNB)
WRETE(60s55) NOJLOENC +LOENL#NL

PUNCH 95+ NC+LCENCLDEM 4NL
WRITES6,25) LDENC . (10(1)1=]1,INUMB)
PUNCH 259 LOENC,LEC(1D41x1y INUMB)

25 FURMAT(oXe5hRENMV(+1245h) 19A6/(5X41H1,11A6))

PUT PARENTHESIS ARCUND 1DYJOT

3C Cu 35 I=1,ISPEAR
“11=1SPEAR-I+1

35 IFGKM{LE®1)=IFORN(LLD

AFCRNM(ISPEAR2)2~1001

TFURN(1) 21001

LENG IH=1SPEAR+2

DIFQOLLS
eIFQO120
DIFY0L25
UiIFQ0130
DIFQO135
DIFQCL40
DIFQOL45
DIFQOL50
DIFQOLSS
DIFQO0150
DIFQ0165
DIFQO170
DiFQ0175
DIFQO180
DIFQO185
GIFQCL90
DIFV0L85
DIFY0200
D1FQ0205

DIFQO210

DIFQ0225

DIFQO235
D1FQ0240
DIFQ0245
D1IFQ0250

-01FQ0255-

DIFY0260
D1IFQ0205
BIF0270
NIFA0275

i

.

PP,

o,

e e
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BS
CALL REFACTUIFURNMGNSPECL o IFACT JLENGIH) D1FY0280
CALL UUT(IFACT oLENGTH, LARRUNY DIFQO285
00 36 JJIU=1,2000

36 (D(JJIDI=O
IF{J <Eu. 5) GO TC 40 DIFQ0290
IF(J «EQ. 13) GG 10 45 DIFQ0295
IF{J «EVe. 12 ) GU TU 50 DIFN0300
IFL J +EQ. l4) GU TU 55 :DIFY0305
IF(J 5.E4e 15) GL TC 60 0DIFY0310
GO TG &5 01FQO315

40 IARRGW=IARKLW*1 01+G0320
OUIPLY(FARKCWI=Q (1}

GO T0 &5 ) 01FY0335

45 IAKRCW=LARKGa+1 DIFQ0340"
OUTPLT (IARRUR) =C(2)

GO 1U 65 DIFV0355

50 IARROW=lAKKRCh+1 D1FU0360
OUTPUT{ IARKCW) 25 {2)

GO IC 65 0IFY0375

55 IARRGW=IARRGW+1 D1FQO380
OUTPUTU1ARRON) =L (4} o
60 T0 65 DIFG0395

60 TARRUW=IARRUN+1 ‘D1FU0400
OQUTPLTLIARRGW) =C(E)

65 CALL DECGUE(OUTFLIT LD IARRUNy ENUNB) D1FQ0415
FIERE DIFW0420

70 WRITEL6475) JLolUIC(I)yI=1sINUMB) DIFg0425
PUNCH 759 J1o810451)91i=1, INUMB)

75 FORMAT{6X,SHEURMU ¢ 12 5H) 19A0/ (3XelHLs11A60) D1IFQ0435
NO=N1 01FQ0440.
NL=NO+1 OLIFQ0445

80 CUNTINUE DIFQ0450
WRITE{6+100}) -NO DIFQ045S
PUNCH 100,NO : )

WRITEL64105) D1FQ0465
PUNCH 105
85 siop DIFY04T5

50, FUMAT (19H1IBFTC SLuP- LIST/6X92LHSUBRUUTINE SLUP(KIND)/€Xy23HDIDIFQC480
LMENSION Y{250)yC(L173)76X¢34HEQUIVALENCE (Y(1)sTREG(4)),(L5CONY/5X,
2 L1H CALL BALAN/OXy9HY{193=002/6./¢SHY(20)=0ON2/6X s THY{2L)}=D/0OX, 2
33RIF(KIND oEC» 2) GUL TC -1/6Xe11HCALL PROCUC)

95 FURMAY(LH +14427H IFLIKIND oEWe 1 <ANC. KEY(,12:38H) LNE. 1) OR. DIFuQ500

LIKIND oEwe 2 oANCe KEY(/5X9LlH1,12917H) oNEe -20) GO TU +13) DIFW0505
100 FURMAT(1H +l4+7H KRETURN) D1FQO510
105 FORMAT{6X¢3LEND) - DIFQCHLS

11¢ FORHAT(214)
115 FUKMAT{19HSIBFIC SLOP LIST/6X921HSUBRGUTINE SLUP(KIND)I/6X,23HDIOL1FU0480

LMENSIGN Y(250) 50 (173)/6X934HEQUIVALENCE (Y{1)yTREG{4)),(CsCON)/5X,
2 L1H CALL BALAR/6X,SHY(19)=DU2/6XsSHY(20)=ON2/6X, THY {21120/ 6X)y2
33HIF(KIND +Eds 2)- GL TC 1/6X,11HLALL PRUDUC)

END DIFQ0520
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$1BFTC SETS LIST

15
20

25
30

35
49

GIMENSION IREAC(8,200)
0040 FI=1,NEQNS
LMARK=0"

IRIGHT=n

00 10 (PT=143
IFLIREAC(IPT,I1))10,5,10
LMAT K=LMARK +1

" CONTINUE

00 20 If f=ks6
IF(IREALIIPT 110 )20,15,20
IRIGHTZIRIGHT+1
COMYINUE

IF (LMARK=1)35,30,25
IREAC{8, 11)=]

GO TO 40 )
IREACI8, I1)=4~1RIGHT
GO YO 40 o
IREACI8, [1)=7=IRIGHT
CONTINUE

RETURN"

_END

SUBROUTINE SET8(IREAC »NEQNS)
c
€ SUBROUTINE IDENTIFIES THE TYPE OF EACH-REACTION AND LOADS .IREAC(8,K)
C MITH: THE TYPE NO. FOR EACH EQUATION K=19294.+9NEQNS L.T. 200,
C TYPE 1 1 GOES YO J + K
C TYYPE 2 ¢ J GOES TO X
C TYPE 3 I ¢ JGOES TO K ¢ L
C TYPE 4 1 ¢ J GOES T0O K ¢ L+M
C TYPE S 1 # J+ KGOES TO L
‘¢ VTYPE & I ¢ J ¢ KGOES YO L ¢ M
C TYPE 7 I ¢ J+ KGOES TO L ¢ M ¢N

SET80000
SET80N005

*SEVT80010

SET80015
SET80020
SET80025
SET80030
SET80035
SET80040
SETB80045
SET80050
SET80055
SET80060
SET80065
SET80070
SETB0075
SET80080
SET80085
SET80090
SET80095

SET80100-

SEV80105
SETB0110
SETENLLS
SET80120
SET8Q125
SET80130
SET80135
SET80140
SETBQ145
SET80150

‘SET80155

SET80160

|
t
<
¢
;
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|
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$IBFTC DY LIST A DY000000 L
SUBROUTINE OY{JyNEQNS, IREAC, [FORM, IREMOV,ISFEAR, IARRON) DY500005 R
DIMENSION TREAC{8,200),IFORM{500),IREMOV(500} 0Y500010 .
C IFORMU1} TO IFORMUISPEAR) .CONTAIN IN CODED FORM OY(J)/DT FOR oYSNN015 ;
C FORMATIUN PROCESSES. 0YS5CN020 I S
C IREMV(1) TO IREMV{IARROW) CONTALN IN COBED FORM DY(J}/DT FOR 0YS500N25 L
¥ C REMOVAL: PROCESSES. 0Y500030 i T
C NEQNS=NO. OF REACTIONS CONSIDERED,NEQNS L. T. 2080 0Y¥500035 1s
€ LENGTH L.T, 500 . 0Y500040 .
c i DY500045 pe
€ SEARCH TO FIND IF KTH EQN'CONTAINS SPECIES J IN ROW 12 0Y500050 e,
TARROW=0 DY 500055 T
ISPEAR=D DY500060 3
DO 90 12x1,6 DYSQ0065 e
00 90 K=1,NEQNS DY500070 |
IF(IREACII2,K1-J)90y5,90 0Y500075 W }
c DY500089 ; :
C KTH EQN CONTAINS Y(J) IN ROWN 12 0Y500085
5 IF{12-3110,10,50- 07520090 b
c - 0Y500095 e
C KTH EQN IS REMOVAL EQN FOR Y(U)s- CALCULATE REMOVAL TERM IN IREMOVE 0Y500100 ]
C. STARTING AT [ARROW 0Y500105 -
1™ TARROW=1 ARROW+1 - DY50N110 :
IFLIREAC{B,K)=2)20,25,15 ) ‘DY500115 .
15 IF(IREACIB.K}-4) 25,25,30 : pYsool1zc i
20 IREMOV(IARROW) =-2 DYS0Q125 :
GO .10 35 ) B DY500130
25 IREMOV{IARROW) =~3 0Y500135°
GO TO 35 0YS00140
30- IREMOV{IARKOW) =-4 . DY50N145
35 ‘[ARRCW=]ARROW¢ 1 0Y500150
IREMOV{IARROW) =IREAC{7,K) - 0Y50n155
DO 45 [I=1,3 oY500160
IFCIREACLIT 4K7) 95445440 0Y500165
40 1ARROM=1ARRON+1 - 0Y500179
IREMOV{IARROW) x JREAC(I1,K) DY500175
45 CONTINUE : 0Y5001860.
G0 T0-90 DYS00185
c . ) DY500190
* C KTH EQN IS FORMATION EQUATION-FOR Y{J), CALCULATE FORMATION TERN IN DY500195
C [IFORM, STARTING AT [SPEAR ) 0Y500200
S0 ISPEARXISPEAR+] ] 0Y500205
) IFCIREAC(8,K)~2) 60965,55 ‘DY500210
‘ 55 IF(IREAC(8,K)~4)65,65:'70 0Y500215
% 60 JFORM( ISPEAR)=2 DYS500220
I GO 1O 75 DYSN0225
i 65- IFORMUISPEAR) =3 nY500230
GO TO 75 DY500235
§ T0 IFORM(ISPEAR)=4 DY500240
i 75 ISPEAR=TSPEAR+] 0Y500245
¢ IFORM{ ISPEAR) =IREAC(T,K} oY500250
> DC 85 Ii=1,3 . _ DY500255
IFCIREACIIT,K))95,85,80 -0Y500260
. 80-ISPEAR=ISPEAR1 - CY500265
IFORM( ISPEAR)=IREAC(TI4K) 0Y500270
85 CONTINUE DYS500275
90 CONTINUE 0Y500280
G0 To 1nS 0v500285
95 WRITE(63100) ] DY500290
100 FORMAT{23H ERROR IN SUBROUT INE :DY) DY500295
-~ 105 -RETURN- ) 0Y500300-
. -END- - ‘0Y500305
¥




i

ke e e Ap o e R o b s

s

§ B8
} .
t
i
1
i
1 $IBFTC DIFFER LIST DIFRO000 !
; SUBROUTINE DIFFER(INPUT, INSTOPLDEN IPART ) LENGT HysLFLAGy ICOR, LA OR)DIFRONOS
I DIMENSION INPUT-:5001,1PART(500), ICOR(500) DIFROO1D
! c . DIFRON1S
C SUBROUTINE YAKES POKTION OF CORE FROM INPUT(1) TO ANS INCLUDING DIFRCO20
. € [NPUT(INSTOP) AND CALCULATES PARTIAL DERIVATIVE OF IT W.R.T. Y{LDEN).DIFR002S «
: € INSTOP L.V, 200 OIFRNOD30
. € LDEN=5,69...9NSPECI+4 DIFRON3S
! C OERIVATIVE IS STORED .IN IPART{L) TO 1PART{LENGTH) DIFRO040
. C IF LENGYH = 0 , DERIVATIVE IS ZERO DIFRON4S
i TARROW =0 OIFR0050 N
: IPOINT=0 DIFRONSS '
’ INDEX=1{ DIFRO060
' c ) DIFRONGS
C CHECK FOR END OF INPUT PORTION- DIFRO0O70
& S JF{INPUTLINDEX))10,75,10 ‘DIFRCOTS 3
10 IFLIABS(INPUT{INDEX))—~4)15,15,80 DIFR0080O .
15 IFUIABS{ INPUTUINDEX))~-1)T70,70,20 DIFR0ONGS
¢ . DIFR0090 ,
C SCAN SERIES FOR LDEN DIFRCO9S
20 -1STOP=IABSt INPUT { INDEX)) DIFR0100
1COUNT=0 ) DIFRO105
00 30<I=2,1$TOP DIFROL10
11=INOEX+]. DIFRO115
IFCINPUT(IL)-LDEN)30,25,30 DIFRO120
25 ICOUNT=ICOUNT+1 . DIFROL25
30 CONTINUE : DIFRN130
TF{ ICOUNT-1)35740,40 DIFRO135
c DIFRO140 5
C ND LDEN IN SERIES DIFRO14S
35 G2 TO 70 DIFRO150
: c DIFRO155
€ ONE LDEN IN SERIES,CALCULATE PARTIAL IN IPART,STARTING AT lARROH DIFRO160
40 TARROK=IARROW+1 DIFRO165
1PART{ IARROW}=IABS{INPUT {INDEX))-1 DIFROL70
’ IPART{IARROW) = ISIGN({TPART( IARROW) 4 INPUT { INDEX) ) DIFROLTS
TPART{ IARROW#1 ) = INPUT( INDEX#1) DIFRO180
i TARROW=] ARRON+1 . DIFRO18S
i 45 D0 55 [=2,1STOP - DIFRC190
4 1I=INDEX®] DIFRN195 ¢
{FCINPUTUTT)-LDEN)S0,55,50. DIFR0200 ‘
1 SO SARROWSIARRON®1 - - .DIFRO205
b IPART( IARROWI = INPUT (1) DIFRO210
. 55 CONTINUE DIFRG215: -
IF{ICOUNT=1)60:T70,60- DIFRO220. B
- DIFR0225 i
C  LDEN OCCURS MORE THAN ONCE IN sennes.oxreeaeurxh'e AGAIN- -DIFR0O230 h
60 D0 65 LL=2,ICOUNT DIFROZ35 .
- - TARRON=IARROW®1 DIFR0240 i ’
- 65 IPART{[ARROW)=LOEN DIFR0O245 i
1, c . C1IFRO250 )
C RESEY INDEX ‘DIFRO255
70 INDEX=INDEX+IABS{INPUT(INOEX))+]1 DIFRO260
) IF( INDEX-INSTOP) 505475 - DIFRN265
; 75 LENGTH=1ARROW DIFRO270 ;
. LICOR=1POINT - DIFRO275
; G0 TO 99 ) DIFRO280 !
N 80 WRITEL6,85) ) DIFRD28S, |
. ‘85 FORMAT{2TH. ERROR ‘IN SUBROUTINE DIFFER) DIFR0290" !
‘90 RETURN- DIFRO295 4
END DIFR0300 1

——
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S$IBFYC REFACT LIST
SUBROUTINE REFAGT(INPUTO NSPECI, INPUTHLE NGTHeJK) -
DIMENSION INPUTO(S00), INPUT(3303 INORK(SCC) ¢ ISTICK(500}, INPUTY!

1)

SUBROUTINE COMPLETELY FACTORS INPUTULO(.) TO INPUTO(LENGTH) ANS_RET
RESULT IN INPUT{1) TO INPUT(LENGTH). LENGTH ID CHANGED IN ROUTINE
LENGTH ‘6. T. OR E.. 1000
DO 5 E=1,LENGTH
5 INPUT{[)=INPUTO(1)
18LOCK =0
1QUIT=1
10 00 15 I=151QUIT
15 ISTICK{[1=0
- IBEGIN=IBLOCK+1

OO0

SEARCH INPUT AREA UNTIL FIND FIRST PAIR OF CLOSED PARENTHESIS YO
RIGHT..OF IBLOCK
IF(IBLOCK-LENGTH+6)20,20,175

DO 40 INDEX=IBEGIN,LENGTH
IFCIABSCOINPUT{INDEX) }—1000) 40,440,425
lF(INPUT(lNOEX))30v35'35

MARK=INDEX

GO TO 45

LMARK=INDEX

CONTINUE

ASSIGN-10 TO LSWTCH

acoo

20

25
e

3s
AQ
45

MOW LH PARENTHEISS IS AT LMARK AND RH PARENTHEISI IS AR MARK,PICK
OFF EVERYTHING IN BETWEEN

ISTARTaLMARK +1

-ISTOP=MARK-1

'l?(éSTDP-ISYART-6'110150:50

Il=

DO 55 E=ISTART,ISTOP

‘TI=11e1

ISTICK{IE)=INPUT(])

1QUIT=1]

OO

50
55

€ FACTOR EVERYTHING BETWEEN LAMRK AND MARK
CALL FACTOR{ISTICK,IQUIT,NSPECI,IWORKsLMAXs ESPRED)
IF(LMAX) 60,110,60.

C PUT FACTORED' VERSION (IWORK) INTO INPUT BETWEEN "LMARK AND MARK
60 [HAVE xMARK~LMARK-1
IF{ISPRED ~ IHAVE}65,100,85

€ TOO MUCH ROONM BETWEEN -LMARK AND MARK,COLLAPSE SOME
65 IMOVE=IHAVE-ISPRED
‘T I=MARK~IMOVE
INPUT(IT ) =INPUT { MARK)
INPUT{NARK) =0
ISTOP=LENGTH~MNARK
-IFCISTOP) 165,680,570
DO 75 Is=1,L1STOP
Ji=ile]
I2=HARK+]
INPUT( 43 )= INPUTLI2)
ANPUT(12)3=0

70

75

B9

REFA000O
REFA000S
SOCREFACC10
REFAQO15
REFA0020
URNREFA0025
REFA0030
REFAON3S
REFAN040
REFA004S
REFAQ050
REFA0DS5S.
REFANNGN
REFAD06S
REFA00TO.
REFAGOTS
REFA0030
REFAQO85
REFA0090
REFA0D9S5
REFAO100
REFAOLOS
‘REFAD110
REFADL1S
REFAD120
REFAO125
REFA0130
REFAOL3S.
REFAOL140
REFAOL4S
REFAOL50
REFAOLSS
AEFAO160
REFAO165¢
REFACLT0
REFAOLTS
REFA0180
REFAOLSS
REFAOL9N
REFA019S
REFA0200
REFA0205
REFA0210
REFA0215
REFA0220.
REFA0225
REFAN230

REFAQ23S5.

‘REFAD240
REFAO24S
REFA0250

REFAG25S.

REFA0260
REFA0265
REFA0270
REFAO275
REFAO280
REFA0285
REFA0290
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80 LENGTH=LFNGTH-IMOVE
GO 70 110

NEED MORE ROOMyMOVE EVERYTHING YO RIGHT OF AND INCLUDING MARK TO
RIGHT ONE SPACE
85 ISTOP=LENGVTH-MARKe+1
90 0O 95 I=1,1STOP
TI=LENGTH¢1-1
95 INPUTLITI*L)=INPUT(II)
LENGTH=LUENGTH¢1.
IHAVE=1HAVE+]1
{F{ ISPRED-1HAVE) 1C0,100,90

DONT HAVE TU MOVE THINGS AROUNG
100-D0 105 1=1,ISPRED

TI=LMARK®I
105 INPUTCIT)=IWORK(L)

G0 TO 10

NEW SEARCH FOR J; )
110 00 115 I1=1,1QUIT
115 [STICKE1)=0
1BLOCK*MARK
_-LMARK=MARK
120 IBEGIN » [BLOCK#1
00 130 INDEX=IBEGIN,LENGTH
IFLIABS( INPUT{INDEX))~-10001130,130,125
125 IFCINPUT(INDEX)) 135,175,175
130 CONTINUE
GO TO 175
135 MARK=INDEX

NOW ) ‘IS AT LMARK AND ) I3 AT MARK,PICK CFF EVERYVHING IN BEVTWEEN
TEUNARK=LMARK~6) 1 404 140,145

140 LMARK=MARK
IBLOCK =MARK
-G0 10 -120

NOT ENOUGH ROOM TO-FACTOR
145 ISTARTLMARKe1
1STOP=NARK~1
11=0
00 150 I=1START,ISTOP
[i=11+1
150 ISTICK{IT)=INPUT(I)
1QUIT=11 B
CALL FACTGRUISTICK,1QUIT,NSPECI, INORK sLMAX s ISPRED)
TF(LMAX) ‘160,155,160

CANT FACTOR }- ) .GO BACK AND SEARCH FOR NEXT ) )
‘155 IBLOCK=MARK. i .
LRARK=MARX
GO Y0 110

PUT FACTORED PART IN INPUT BETHEEM LMARK AND MARK
160 GO T0-60
165 WRITE(6,170) N
170" FORMAT(2TH ERROR IN SUBROUTINE REFACT)
175 RETURN
END

REFAO295
REFA0300
REFAN305
REFA0310-
REFA0315
REFA0320
REFA0325
REFA0330
REFAN33S5
REFA0340
REFA0345
REFA0350
REFA03SS
REFAN360
REFA0365

‘REFAG3ITO
REFA03TS

REFA0380
REFAD385
REFA0390
REFA0395
REFA0400

"REFA040S
REFA0410
REFA0415
REFA0%420
REFA0425
REFA0430
REFA0435
REFAQ440
REFAD44S
REFA0450
REFAD45S
REFA0460
REFAN4G65
REFA0470
REFAO4TS
REFA0480:
REFA0485
REFA0490
REFA0495
REFA0500
REFA0505
REFADS510
REFADSLS
REFA0S20

-REFADS525

REFAD530

‘REFAQ0535

REFAQ540
REFA0545
REFAG550

_ REFA0555

REFA0560
REFAG565
REFA0570
REFAOSTS
REFAG580"

-REFA0585

REFA0590

~
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$IBFTC FACTOR LIST -ACTO000’ £
‘ SUBROUTINE FACTOR(INPUTLENGTHiNSPECI9IFACTLMAX, ISPRED) FACT000S "
DIMENSION INPUT{500),1FACT(500), ICHECK{5C0), [MESS{50D) FACTNOLQ '
c ‘FACTOD1S:
C SUBROUTINE FACTORS OUT LMAX, THE SPECIE OCCURRING MOST OFTEN; FROM- FACT0020 N B
C INPUT(1) TO INPUT(LENGTH)}. FACTORED VERSION IS RETURNED IN IFACT(1}FACT002%5 .
C YO IFACTUISPRED). FACTO030 s}e
€ NSPECI=NO. OF SPECIES FACT003S .
C LENGTH L.T, 500 -FACTO040
o € NSPECI L. ‘T, 100 FACT0D04S o
N I15=NSPEC1+4 FAC Y0050 ¥
00 5 125,15 FACTDO5S N
5 ICHECK(1)=0; FACTCOLO ;
LCOUNT=0 FACTOCHS il
; C FACT0070 N
C COUNT MOW- MANY TIMES EACH SPECTES IS USED FACTOOTS 5.1
’ INOE =1 :FACT0080 >
IQ-IF(IN‘UTIINDEXDD 15¢70,415 FACTO0085 e,
c FACT0090- ;ﬁ:
€ IF HIT ZERC GET OUT FACT009S' Yoo
15 IF(IABS{INPUT{INDEX))=4)20,203185 FACTO100 s
20 1F(TABS(-INPUT( INDEX} }=2) 40,40, 25 FACTO105 i
25 1STOP=IABS{INPUT{INDEX)) FACTO11D" b
c FACTNILS T
C. CHECK FOR REPEATED SPECIES IN TERM FACTO120° i
' DO 35 1=2y1STOP FACTO125 i
[1=INDEX+I ‘FACTO130" H &
00 35 J=2,1570P- FACTO135: o
J3=INGEX+J . FACTO0140
IF(1-4130,35,30" FACTU145:
30" IFCINPUTCIN)=INPUTL{UJ))35,60,35, FACTO150
35 CONTINUE FACTO155
‘60 TO 50 FACTO160
c . . FACTO0165
C NO'REPEATED SPECIES IN TERM - FACYO0170
40 IF(TABS{ INPUTCINOEX) )=1)185455,45 FACT0175
45 I=INPUT( INDEX+2} -FACTO180"
‘ICHECK ([ )= ICHECKTI)#1 FACT0i 85
G0 TD- 65 FACT0190
50 DO 55 1=2,1ST0P FACT019%
JJI= [NDEX+I FACY0200
TI=INPUT(2J)- FACT0205
55 ICHECK(II)=ICHECK{II)+L FACT0210
GU TO. 65 FACTO0215
c FACT0220
C -REPEATED SPECIES IS [l FROM STATEMENT 4 FACY0225
60 [I=INPUT(JJ). FACTO0230
ICHECK{ I I} =ICHECK(II)~1 FACTN235
GO TO 50- FACTO0240
H c FACT0245
C RESET INDEX TO HIT NEXT TERM FACT0250
. 65 INDEX=INDEX+ IABS{INPUT{INDEX))+1 FACT0255
IFCINDEX-LENGTH) 10,410,70 FACT0260
70° LENGTH=INDEX~1 FACTO265
c . FACTD270
C NOW THE ICHECK(L) CONYAINS THE NUMBER OF TIMES THE SPECIES L OCCURS: FACTO27S:
C IN LOCATIONS INPUT{1) .TO INPUT(LENGTH) FACTO280C
¢ . : FACT028S
‘C SCAN THE: ICHECK TO SEE IF FACTORABLE. FACT0290
L J
.’ N
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.
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i NSTOP=NSPEC[+4. FACT0295 ™
00 75 i=5;NSTOP FACT0300
} IFCICHECK{1)=2175,80,80 FACT0305
75 CONTINUE FACTO310
’ FACTO31S
{ CANNDY BE FACTORED FACTO320
i LMAX=0 FACT0325 -
: GO TO 195 FACT0330
FACT0335
! SCAN THE ICHECK TO FINO LMAX,THE SPECIE OCCURRING MOST OFTEN FACT0340
80 DO 90 1=5,NSTOP FACTN345
IF(ICHECK ( I 3~LCOUNT),90,90,85 FACT0350 + 8
85 LMAXx] FACTD3S5S .
‘ LCOUNT=ICHECK (1} FACTC360 ¢
X 90 CONTINUE FACT0365 ;
FACT0370
FACTOR AND ARRANGE PARENTHESIS FACT0375 .
, IFACT( 1} =LMAX FACT0380 .
~ IFACT{2) =100) FACT0385 T,
1ARRON=1 FACT0390 i
1SPEAR=3 FACY0395 -
N INDEX=? FACT0400 !
. 95 IF(INPUT(INDEX)) 100,175,100 FACT0405 :
<} 100 IF(IABS{ INPUT(INDEX))-4)105,105,185 EACT0410 i
’ 105 IF(IABS{INPUT{INDEX)1-1)185,120,110 FACTO415 i
110 ISTOP=IABS{ INPUT( INDEX)) FACT0420 ;
00 115 {=2,1STOP FACTN425-
TI=INDEX+1 ‘FACT0430
IFCINPUT (TT1-LMAX)115,135,115 FACT0435
i 115 CONTINUE FACT0440
: GO TO 125 FACTC445
g 120" 1STOP=1 FACT0450
! ] L FACT0455
NO LMAX 'IN THIS SERIES OF SPECIES,SHIP SERIES TO IMESS FACT0460
% 125 INESS(TARROW)= INPUT{ INDEX) FACT0465 8
! 00 130 I=1,ISTOP FACTO4TO. )
s TARROWS [ ARRGW¢ 1 FACTO4TS -
. 1= INDEX+T FACT0480
130 IXESSCIARROW)I=INPUTLLT) FACTO48S5. I
] TARROW=TARRONW¢1 FACT0490
GO 70:170 Fi2T0495 -
3 FACTO500 =~
3 LMAX .iS IN THIS SERIES, COLLAPSE SERIES- INTD IFACT FACT0505. N
. 135 TOUM=1A8 S{INKUT( INDEX ) 1=1 -FACY0510 e
3 IFACt(ISPEAntuxsxcnztoun.xururcxuosx)) FACTOS515
-ISPEAR=I SPEAR+1 . FACTO520 )
4 140 [FACT(ISPEAR)=INPUT(INDEX¢1) EALTOS2S . :
. [ORCP=0 FACT0530 i
T 00 165 I=2,1STOP FACT0535 ‘
ol 11=INDEX+] FACT0540
_ IFCTIDRIFI 15041454150 FACT0545 g
P 145 TECINPUT(TT)=1isX) 150,160,150 FACTO0550
= 150 ISPEAR=ISPEAR+1, FACTOS5S i
155 IFACT(ISPEAR)=ENPUT(II) FACTD560 {
-GO, Y0 ‘165 FACTO565 |
160 IDROP=) FACTO570 {
165 CONTINUE FACTOS5TS. k
5 ISPEAR=I SPEAR®L FACTO580
. - FACTOS585
S
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S
RESET. INDEX FACT0590 “
L70 (NOEX=INDEX+IABS{INPUT(INDEX))+L FACT0595 . 4
IFCINDEX=LENGTH) 95,95,17% FACT0600 T
FACY0605 nos
SET RIGHT 'PARENTHESIS FACTO610 0
175 IFACT(ISPEAR)=~1001 FACTOb15 it
' ‘ 7 FACTGC620 i
NOW SUUAP IMESS ON REAR OF IFACT STARYING AT [SPEAR FACY0625 2
[ARROW=1 ARROW= 1. _ FACT0630 =
00 180 I=x1,lARRON FACT0635 il
II=sISPEAR+] FACT0440 : 2
180 IFACT{II}=IMESS(I) FACTO0645 ”I ’
ISPRED={ SPEAR+ [ARROW FACT0650 I
GO TO 195 FACT0655 -
185 WRITE(6,190) FACTNG660 Q
190 FORMAT(2TH ERROR IN> SUBROUTINE FACTOR ) FACT06565 N
195 RETURN ) FACT0670 |
END FACT0675 Sk
b
Subroutine OUT takes the highly factored'version of the 1émoval or formation éf
reactions as required and prepares.the hollorith output chargcters for each term i
of the factored’equation, The species are coded as Y(X) and'the rate constants as
i3
C(Z). Each term of the series is identified by a factorizing parenthesis as a
species or a rate constant, Into the first word of the QUTPUT region is stored an
equal sigh, Whenever a factorizing parenthesis is found, be it open-or closed,
the BCD character for the open or closed parenthesis is stored in the next-word

of the OUTPUT region. The actual insertion of the BCD equivalent. of the binary
term is inserted between the parentheses of Y and C- by su\groﬁtine CODER.

This latter subroutine also.inserts the BCD characters for addition (+) and for mul-
tiplication (*) into OUTPUT words as-required, ~

Upon exit from OUT, the FORM or REMV terms preceeded by or followed by ) 3 *~=]Lf‘1

proper BCD arithmetic.symbols are located in the OUTPUT region. Each word of -
this region contains one BCD coded quantity, It can be eithet & species Y, a rate .
constant C, an open or closed parenthesis, or a plis sign. The following state-
ments, beginning on-page Bl4, are a listing of the FORTRAN statements for sub-
routine OUT,

Subroutine CODER “is called by OUT and sets up the BCD character for the
information fed;to it by OUT. OUT calls this subroutine if the word to be coded
is a species or a rate constant, tells the.subroutine if it is-a-species-or-a rate
constant-and whether the-species should-have-an.asterisk. preceeding it or follow-
ing it in the FORTRAN code. Upon return-to-OUT -this BCD coded word is.stored.
in the next-word of the GUTPUT region. o

The following-statements, 'beginning;on page B15, are a listing of the MAP
code and can be used or-an TBM~7044-as well as on an IBM-7094,
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$4 BORIC QU LUBST

SIUSRLY UINE LCUT CIGRAT L IEEND TH S IARRGH )
CCAMMON LQU FRU T 2E€0) )
VU PMBAS LON TINRU T ESCA h a4 6T ).
COARA VT ASHUL 2 Y o bbiex 144R)
1 i
{RARKGW1)
AITRUTAD )} sd 63)
SLUULBNG FH < LEQ . 23) GEU TTU 880
[INOEXAL
95 {BARRGH{ PARROY €1
LIR € 2B S U ENRU T INUBX ) }-11G.00 P25 225 410
170 116 0 REU T § INOEN ) 1 b5 B&%5 220
LLS COUTRUTE RARRGY) sU £4)
CeU 110 710
22 S PRUTCRARRGY -2y bY)
TS0
254 1< A5 LABS UNRU T L IRGEN ¥ 44 BB 423G b55
330 1LEU TOA LNRU T (INGEX4Y )
335 LOUTRU T E BARRGY :xQLd)
IDARRGw{ RARIGH €1
LOHASKAJ QYY)
Jaddl
(CALL CCORER (EAGUTU UMASK IJ)
COUPRUT § PARAGY ) s3MASK
SERCLABS U INCUT § LN EXD 1)) £33 440 ¢45
440 TINQEX A INGEX 4L
G0 1TO 700
445 TLSTOP 4 LA S L INRUT 0 NIEN) }
00 550 113 ¢ bS LGP
1FARRGW 4 PARRGW A L
1REAINGEN€L
LG LG INRUTE LD 14
COMASK x4 02}
JIJEz
CCALL CCONER (§EGOTA{CMASK IS}
QOUTRUT § DARRUN FEDHALSK
550 (CUN T INUE
THNGEX 4 INGQEXH BABS CINRUT [ 1NAER )Y
L0070
255 LR CENRUK E INOEX-LD ) 16Q 485 65
t60 LOUTRUT §{ PARRGH ) 2Q 07}
(LARRUWA TARRORAL
~&5 1IGUTOA INPUT C INDEX }<4
{OMASK=Q02)
EANT X
(CALL LCOJER (IGATG s CHASK ¥II)
LUUTRUT{ TARROW ) =0MASK
/10 LINOE X« INOEX£1
IR CINQEX=LENGTH) 5545575
415 JJARROWA TARROW
¢GO1T0 595
450 JJARRGW1
GO IT0S%5 |
285 nWRITELGHR0)
<90 FFOAMA T (24H LERROR FIN SSUBRUUTINE.QUT)
~95 <RETURN
£END

Y711 108He

LAY LOO0O S5

Gy 000A DO

LAY TO0a b5
rHbH e

URITOO0 30

UG DDA
COU 000 S0
LOU D000 55
UUY TO0Q60
LOUTO0RSS

LOUT 00080

L DOO0OIS
LU TOQ DOO-
Oy 0Oaros

(G TOQ k20

LQUTOQ B0
LOUTOQ B35S
LI DOQ L0
LQUTOQ A4S
(GUTOA Y0
(AUTOA D55
LOU OO 160
LGUTOA 165
LOUTea VL
JLOUTeaNds
1 WJTOG LEO

LQUTOQ 190
+QUTOC 95
QU TOQ 200
OUTCQZ05
LOUTO0210
-QUTO0215
AUT002L0

JOUTO0Q235
.QUT0a240

+QUT00250
LOUT0Q255
LOUTQ0260
.0UT0A265
00100270
LQUTA0Z Y
QU 100280
(OUT0Q285
JUUT00290
.uui0Q235
LOUTOG300
LOUTQ0 305
GUT00310
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3 1IBTS
5 53 LoMAP (COEEBR
LCOGBR SSANE 1) 22
CLA 3364
LS RA COOBRA
LELA o bk
: SSTA LLOREL
3 SSTA CCOBED
‘ SSTA CCOQEE
: : S$TA CCORES
' SSTA L0eBs3 -
' SSRA CORE7 Y E
* SSPA CCOBES R
SSTA CCOOES N
LERA 5544 e
SSTA LODREL &
' S$¥Z Ty o
, CaO0E0 LBAL o o
PANA FAASK "
CCMOEE 5Sbh w88 c
(CUBBA (€L oe CE
THSX +SAEOVA 44 t.
LL&L 18 . -
LA TIHREG 1 A
LE KA LLERQ -
CCAOELl LLGL o !
TINZ .2 :
TTRX (CO0ELsL 4L 51
LL&R 118 :
XXCA
LUOEB (OKS 206
SSXA; YTEMR ;]
4 LCUA FEQUR _
SSeb TTEXP
+PAX c031
LCLA VPARAN
- +CODEZ 1¥hx 49433141
: 1TRA LCORE)
FALS =6
<ADD CRLANK
. . TTRA COQE2
+COOE3 (@RS 10n
COOEC .Ci’A ee
+PAX 2051
YRA 21Ty
ITRA . CORES-
TTRA LCODES
. CO0ET (CLA o8
! TTRA .CO0ES
: .CODE4 D3 -8
/ CCLA <HSTAR:
¢ »LGR 6
“XCA
1TRA <COQE6
LCUDES LA e
JALD HEQUR
CODE6 SI0  ses
*RETUAN COOER
iTHREE .0QT 600000000603
LERQ  _0OGT £00€0000a¢000
! +tEGUR  1GQT £CCCCOCCCcCoo4
, JPARAN LOCT <0COCECCCCods
L. HLANK . QGT “GCACO0JCCELE0
’ "ASTAR .GC7T 200CLOoRCCoss
‘MASK  _OdT. (1771€0ACOCA0
fIEMP  :BSS 1l
) FEND
e S ) - R
- ES ~ {
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Upon exit fromn subroutine CUT, all of the terms of the given series.aré¢ BCD.

coded and 8tored in the OUTPUT region, Since each word of this region contains
one coded species, one rate consiant, one esqual sign, one plus sign, or an open
or closcd parenthesis, each word will contdin some-imbedded Elank characters.
The prirpose of subroutine DECCD is to 8can the OUTPUT region and remove: any
blank characters it finds and to.collapse the remaining valid characters,

-On exit from DECODE the required BCD coded equation‘is sitting in the D
region devoid of all imbedded blark characters:and is ready to be printed.and
punched,

The following statements,. beginning on page B17, are-a ligting of the MAP

.code tor this subroutine and ig acceptable to either the IBM-7044 or IBM-7094

computer.

i
|
!
i

T SO

| —



S e ghne - —

.t e Yo,

Eas e — iy

T R e B

$1BMAP DECODE
‘CECODE SAVE 1e2

CLA LTL]
STA- DECUDA
CLA 504
STA LID
CLA s
PAX 0,1
AULD 04,
SIA DECUDL
CLA 6e¢4
STa DECODS
CLA MASK
ST10-. DECOD2
s$T2 COUNT
LXA SiXe2:
“LXA SiXeh
LECUD1 LDYQ 8,1
’ LGL 6
CAS BLANK
TRA 42
TRA DECOD3
DECUU2 ALS 30
DECOD4 ORS s
CLA DECOD2.
Sud Six
S1G: DECO02
TIR DECOD342,1
CLA COUNT
ALD GNE-
ST10 COUNT
CLA DECOD4
sus GNE
sST0 DECOL4
CLA MASK
310 DECCGD2
LXA SIXe2
DECOD3 LA ZERC
Tix: DECODL+1+4,1
LXA SLX.Q:
TiX DECUDL o1l
-CLA: DECOD2
sig ‘DECODS
cLA DECCD4
sto DECQD6
OECOD7 CLA BLANK
OECUDS ALS sx
DECOD6 ORS e
CLA OECO0S
‘SuB Six
sIo DECTOS
Tix DECGD74201
CLA CGUNT, -
. ADD GNE
} DECODLB STO L 24
RETURN DECODE
MASK  _ALS 30
SIX DEC [
CNE DEC | ) .
BLANK . UCT* 000CCL000060
ZERU ucr gogccsoccoec
COUNT BSS 1
END- .
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