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Steady -State Multi-Ion Disturbed D-Region Model

I . l\ TROI )l ( IiO~

~ i v i o i i s l  v 
I 

WI l sy  n h  I a model  for  t h e  n i t ~h t t i z n e  di s turbed  D — r e g ion w h i ch

r ’ a ’r . l  n egat ive  ions  in  a h i gh l y  s i m p l i f i e d  m a n n e r .  Good agreement  was attained 2

het  a l e n  the  n i ( I ( l ( I and t h e  n i g h t t i m e  ah~ er v a t i o n s  of 3 November 1969 at Ft. Churchi l l ,

anad a , j a n i c e  a so l a r  p ) $ (n event  (~~I~ l ’ l . More r ecen t ly ,  by incorporat ing the

l a t e s t  ne ra~ i~ io n ( l l n i ~~t ( v , i x i n s i v I  of hydration processes , we have found 3 that

good a g ree  ( 1  nt (‘an he obta ined bet w c i a  our atest  mode l  and the three daytime

observat ions  ( I f  2 , 3 , and 4 \ e  n i h e r  f l t 3  fo r  th i s  same event  and locat ion.  In this

report we l o n u r n e n t  t h e  ne w nr g r a n l  w h i c h  i nc ludes  not onl y a more sat isfactory

t r ea tmen t  of n eg a t ive  ions , hut a l so  i n c l u d e s  sonic new po si t ive ion chemis t ry  involv-

ing No ’ ions . We also provide here  t h e  n um e r ic a l  resu l t s  obtained in app lying this

program to the solar  proton i v e n t s  of 2 to 5 November 1969 and 3 to 11 August 1972 .

(R e c e i v e d  for publ ica t ion  14 June 1978)

1. Swider . W . • and Foley, C. 1. (1975) Com puter Program for the Disturbed
‘T $ I a ( l v  -State Ni gh t t ime  fl-region, AF CRL  -TR -75-0150.

2. ~a ide r . W. • a rid N a r n i s i , R. S. ( 1975) A study of the ni gh t t ime  fl-reg ion during
i l ’ c ~~\ event , .1 . c.eophys. Res. 80:655-664.

3 . ~~~ i h n , \V. • Keneshea . l .J .  • and Foley. C.1. ( 1978 )  An SPE -disturbed
1) -re gion  model . Planet .  Space Sci. 26:
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2. OUTLI!~IE OF MODE L

The computer program is reproduced in Appendix A. All photorates in
this code are multiplied by DD which is set to 1 for d -y t i m e  and 0 for night-
t ime.

The iterative scheme developed to solve for all species concentrations is simi-

lar to that derived before . 1 The present scheme is more comp lex; two initial con-

centrations are now needed , one for electrons and one for the positive ion sum.

Using the initial concentrations for electrons fe l ,  and t he posit ive io n sum . SP, the
individual negative ions are determined and then summed, the sum denoted by NSUM .
Then the positive ions are individually calculated and summed. PSUIvI. A new

le] = ~previous I c ]  + P S U M / ( l+ X )~ / 2 , where A = NSUM/previous  [e], and a new

SP = ~previous [e] + N S U M + P S U M ~~/ 2  are then determined. This sequence is

repeated until PSUM agrees with NSUM + [e} to some desired precision, usually

± 1 percent. In the examples to be shown later , not more than 9 iterations were

required at any particular altitude (40-90 km) in order to attain this criterion.

Initial daytime electron concentrations were obtained from

[e] = (q/ Sl) h / 2  (1 )  L 189

where SI=~j ,  represents values for the effective electron loss coefficient as deter-

mined4 for the 2 to 5 November 1969 SPE. The number following the equation

number in the text , as L 189 above, means that Eq. (1) is or begins on line 189 of

the program. Initial nighttime electron concentrations were estimated , as before , 1

from the equation5

2 1/ 2
[eJ = ~( L (A ) / 2~ fl

) + q/ a~~ — L ( A ) / 2 ~ o (2 ) L 191

where is the mean dissociative recombination coefficient and

L(A) = k61 (02 ] 2 
+ k62 102] LN 2 I (3) L 187

is the loss rate (sec 1) of electrons by attachment to 02 with 02 and N 2 as third

bodies. The reaction rates and rate coefficient s are listed later , the subscripts

for k referring to the processes are as numbered in that listing

4. Swider, W., and Dean, W. A. (1975) Effective electron loss coefficient of the
disturbed daytime D-region , J. Geophys. Res. 80:18 15-1819.

5. Swider, W. • Narcisi . H. S., Keneshea , T. J. , and Ulwick , J. C. (197 1) Electron
loss during a nighttime PCA event. J. Geophys. Res. 76:4691-4694.
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i n it i a l  total pos i t iv e  ion concentrat ioos w ere  de t ermined  from the ’ expre ssion

0 1 / 2

SI~ = q (~~~1 + (5 [O] + 0:3 1) ( 4 )  L l9 3

w h e re  
~~~

. is the mean ion-ion recombinat ion coeff ic ient .  The mul t i p l i ca t i ve  factor

for 101, somewhat a r b i t r a ry , was selected a f te r  some t r i a l  runs  as a factor  for

improving  SP v i s- a -vi s  the final  ca lcu la ted  posi t ive ion Sum.  Equat ion (4)  simplif ie s

to the f a m i l i a r  expressions ( q / ~~~ ) l / 2  at hig h 1)-region a l t i tudes  where  O]>> 10 3 1
and (q /a ~)~~~

2 at low D-region alti tudes where  ( [031> > I ( ) 1 .  Values  chosen for iY~~
and were  4 Y 10 ’ cm 3/sec (L 73) and 6 ~ 10 8 cm 3/sec (L 74)  respect ive ly .  The

f o r m e r  va lue  was selected as that typ ica l  for a mixture  of N0+ and 02
+ ions at

1)-region t empera tu res, whereas  the latter value  is based upon laboratory measure-

ments  hv Smith et al. 6 The fact that all ion-ion recombination coefficients were

set at 6 X  10 8 cm 3 /sec in this  program is in accord with the laboratory work.  h ow-

ever , this constraint is not a necessary one in the operation of this p r o g r a m ;  one

nt~ being required only for initial SP.

The positive ion equations are similar to those listed before except that  changes
+have been made because of ou r  inclusion of photodissociation processes for 04 and

O 2~ 
(11 20) ions and by our ad dition of the ions NO~ (N 2 ). NO~ (lI 20) (N .). N0~ (H 20)(C0 2

),

N0~ (21120) (N 2
) and N0~ (2 1- 120) (C0 2

). The list of positive ion reactions, numbered

4 throug h 52 in Table 1 for  the 21 positive ions considered , is fair ly complete. Rate

coefficients are generally f rom the same sources already identified . 2 , ~ i~ates for

photodissociation processes 4 and 5 in Table 1 are from Vanderhoff  and Niles ,

while the rate coefficient k43 was’taken from the work of Johnsen et al. 8 Rate
coefficients for reactions 45 and 48 were set equal to that for k43. The rate coeff i-

cient k 51 is based 9 upon parameters measured by Johnsen et al . 8 High rate coeffi-

cients for processes 44. 46, 47, 49 and 50 were chosen in accordance with the

fa ct that they are all ‘switching” reactions. Computation of the individual positive

ions begins with O2
’~ (PION 4 , J) ,  line 204 of the program and is completed by

line 257 with PION (24 , J )=  H9O4~~. Thus , this rather extensive list of positive
ions ( 2 1 )  requires only 53 lines in the computer program.

6. Smith . D. • Adams, N. G. • and Church . M. J. (1976 )  ‘lu t u a l  neutral izat ion rates
of ionospherically important ions , Planet. Space Scj . 24 : 6 9 7- i 0 3 .

7. Vanderhoff , J. A. • and Niles , F. E. (1976 ) Recent development in measurements
of photodissociation for atmospheric positive ions , EOS, 57:303.

8. Johnsen , R . ,  Huang, C .  — M. ,  and Biondi , M.A.  ( 1 9 7 5 )  The formation and
breakup of NO”. N 2 clusters in N ,) at low tempera tures, J. Chem Phys.
63:3374-3378.

9. Heimerl , J. NI . ( 1 9 7 6 )  Values for Selected Collisional Dissociation Rate
Coefficients of Positive Clustered lens, B H L -IM R - 4 9 9 .

7
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Table 1. Positive Ion Reactions. Units for photo-processes, two-bo dy
and three-body processes are sec ’, cm 3/sec and cm 6/ sec , respectively.
The various process coefficients, & = A (T/300) B eD/ T , are presented in
the format A B D

A B

1 04+ + 14~ = 02+ + 02 3 .OOE—01.
5 02+ .1120 + IV 02. + 1420 6 . O O F — 0 1
5 02+ + 110 = 141) 1 + 02 4 .50E—10
7 02+ + 02 . 32 = 01.+ + 02 3. 0E— 30 —3. 2
8 04+ + 0 = 02+ + 03 3 .OOE—10
9 04+ • 1120 = 0211120 + 02 i . S O E — 0 9

10 02+14 23 + 1420 = 1430+1) 14 + 02 1.OOF—09
11 02 +14 20 + 1420 = 1130+ + OIl 4 02 2.OOE—10
12 1430+014 + 1120 = H502+ + Oil
13 430+ + 112 ‘ 142 = 11304 .142 + 112 1.’.OE—30 —2.0
j ’. 1433+.112 4 CO? = 1130+ .C02 + 112 1 .00E—09
15 l33+.C02 + 1120 = 11532+ + C02 1.OOE—1 0
15 H5 02+ + C0 2  + 14 = H502 +.C02+ P1 3.00E— 30
17 H502+.C02+ H20 = 14703+ + C02 1 .OOE— iO
18 1130+ + 1120 + I = 14502+ + 14 3 .50E—27 —3.0
13 14502+ 4 1420  + 11 = 14703+ + H 2.2OE-27 —3.0
20 14703+ + 1120 • P4 = 14901.1 + N 2.30E—27 —3.0
21 P1 04 + C02 + P1 2 = N O I C O 2  + P42 3 . OOE— 29 —2. 0
22 M 0+C 02 + 1120 = 110+1420 • CC)2
23 NO .1120 + 420 • 42 P10+ (H20)2+ 112 i .IOE—27 —4.7
2f. P40+ (H20)2+ H20 + 12 = NO’(1420)3+ P12 i .&OE— 27 —4.7
25 N0+ (420)3+ 1120 14703+ + 111402 7.QOE—1 i
26 110+ + E = P1 + 0 li .OOE- 07 —1.0
27 02’ 4 5 = 0 + 0 2.OOE—0 7 —1.0
28 04+ + S = 02 + 02 2 .OOE—06
29 321 .1420 + 5 = 02 + 1420 2 .00E—06
30 14304 .0 14 + S = 21120 2.005- 06
31 1130+ + E = 112 + Oil 1.005—06
32 11502+ + S = 1123 + ~12 + OIl 2.005—06
33 14703+ + S = 2 1423 + 142 + Oil 4.005—06
31. 11906+ + S 31120 + 112 + Oil 5.005-06
35 t4 30+ .P4 2 + S = p4 4 1420 4 442 2.005—06
36 1430+ .C02 + S 14 + 1120 + C02 2 .00E—06
37 11502+ .C02+ S = ii + 21420+ C02 3 .205—06
38 N 0+.C02 + S = NO + C02 1.505—06
39 140+1120 + S = NO + 1120 1.505—06
‘.0 110+0420)2. 5 NO + 21123 3.005—06
61 1404(1420)3+ 5 = 110 + 31421) ‘..50E—06
1.2 04+ + H = 02+ + 02 +11 3.305—06 —4 .0—5.035103
43 110+ + 112 1 442 = l I0+.112 + N2 2.OOE— 31 —4. 1.
41 P101.112 + CD? = N0+.C02 + 142 2.005—09 0.0
‘.5 N0+ .P120 + N? + 442 = 1401142014 2 + 142 2.005—31 —4.’.
46 110+1120112 + C02 N0+1120C02+ P12 2.005—09 0.0
1.7 P10+H2O CO2+ 1420 111)4.21420 + C02 2.005—09 0.0
1.8 1104.21420 • N? 4 142 NC 421120N2+ N2 2.005 31 —4.4
‘.9 110+21420142+ CO? N0+21420C02’ 112 2.005—09 0.0
50 P10+2H20C02+ P120 = 141)4.31420 + C02 2.005—09 0.0
51 P10..P12 + 442 NO+ + 112 4 142 1.005—05 —4 .’.—2.tOE’03
52 14906+ + II = 14733+ 4 1420 + II 1.205—01 —4 .0—5 .805103

8
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Eight negat ive  ions arc inc luded  in this  p r o g r a m , (3 , 0~~~, CO4 .  CO 9 .  0 .

03~~ NO 2 and N O .( . This is also the  order  in which the  respect ive ion concentra-

t ions are  solved . C ons iderable  l~~e h ra i c  manipula t ion  was required for these solu-

tions which  wil l  not be described in the text but can be followed in the subrout ine

N1 -G10\ , l ines 25-87. The ion concentrations of several  ions are easily solved , but

the main t r ick  was to e l iminate  CO3 from the equation for 
~~ 

which was accom-

p lished by reducing CO3 to a funct ion of °2~~ 
Thus , the solution of CO3 (line 64)

is expressed simp ly as S [02 ] I R, but S. lines 35-39 and 13, line 34 , are quite

-on ip l ex  t e rms  involving the lengthy al gebraic factors T , W , V . U , which are

descr ibed on lines 29-32. The negative ion processes used in the calculations are

g iven in Table 2. Rate coefficients for non-proton processes were taken mainly

f rom the  work of the  Boulder group (fo r examp le , Ferguson) 1° including a recent

up d~ te~~ for k 80 + k 81, 8 .8 X  IO~~~ cm 3 fs e c  with product  branches which we took

as equal.  Photodissocia t ion/photodetachment  rates are generally those listed by

Peterson et al 12 or est imated h~’ N i l e s 13 (v ) ).
Profiles of neutrals 0, O~ , 03. 

O2
(
~~~

). N 2, CO2. 1120, NO and NO 2 plus

tempera ture  were required inputs to the computations. Total concentrations, [M ],

and temperatures  T, were taken from CIRA~ 1972 for the appropriate month and

lat i tude with N 2 = 0 .7808 E M ] ,  02 = 0 . 2095 ( M ]  and C02 = 3 X  10~~ I MI .  Water vapor

concentrations, [H 20] were set at io
_ 6 

Fi l l .  The choices for the other minor

neutrals  are described elsewhere. ‘~ Each output gives a complete account of all the

neutral concentrations uti l ized . The dayt ime and nighttime minor neutra l  concen-

trations used in the computations will be presented in typ ical printouts for  daytime

and night t ime situations.

10. Ferguson. E. E. (1975 )  in Atmospheres of Eart h and the Planets (Ed . B. Ni.
McCormac)  Reidel , Dordrecht , llofland , pp 197-210.

11. Ferguson, E . E. ( 1 9 7 7 )  Paper presented at IAGA meeting in
Seattle , Washington ,

12. Peterson, J. R. , Cosby, P. C. , and Moseley, J. T. (1977)  Photo-destruction of
atmospheric negative and positive ions, Space lies. 17:243-246.

13. Niles , F. E. (1976)  private communication.

COSPAR International Refer~ rce Atmosphere.

9
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Table 2. Ne gative Ion Reactions. Units and format are as for Table 1

A I B I  D
60 02— + 03 = 03— + 02 5 .OOE—10
51 02 + 5 4 32 = 02— + 02 i.1.OE—29 —1 .0—6 .005102
62 02 + S + P42 = 02— + P12 1.005—31
63 02— + 0 = 03 + £ 1.50E—10
6t. 02— + 0 = 0— + 02 1.50E—10
65 02— + 02 (13) = 02 + 02 + 5 2 .OOE—10
66 02— + 02 + 32 = 01.— + 02 3.50E— 3i —1. 0
67 04- + C32 = COt.— + 02 1..) OS— b
68 COle — • 03 = 03— + C02 + 32 i.30E—10
69 COt.— + 443 = 1403— + C02 4.505—11
70 CD ’.— + 0 = C03— + 02 1.505—10
71 03— + 0 = 0?- + 02 3 .2OE—10
72 03— + CO2 = C03— + 02 5 .SOS—10
73 C03— + 3 = 02— + C02 1.105—10
71. ~ 03— + 110 = 1102— + C02 1 .LOE—i1
75 C03— + 4402 = N~~~- + C02 2.005—10
75 P102— + 03 = 1403- + 02 9.OOE—1 i
77 0— + 02 02 = 03— + 02 1.IOE—30 —1. 0
78 0— + 0 = 02 + S 2.005—IS
79 0— + 02(10) = 33 + 5 3.005—10
80 0— + 03 = 0~ — + 0 4.1.OE— 10
81 0— + 03 z 02— + 02 4.1.05—10
91 02— + HV = 02 + S 6.SOE—0 i
92 0— + IIV = 0 + 5 2 . SOE+0O
93 C06— + iv = C02 + 02 + 5 6.OOE—01
94 C03— + NV = C02 + 0— t. .OOS—01
95 P4 0 2— + PIV = NO? + S 6 .00 5—02
96 P103— + ~I V  1402— + 0 5.lI0E 02
97 P103— + P4 ev = M O + 02 + £ 4.1 .O E— 03

3. NUMERICAL EXAMPLE: 2 November 1969 SPE

Table 3 is a typical printout. It was generated specifically for the ionization

production rate associated with the daytime electron SPE concentrations measured’4

on 2 November 1969, Flight B4 at Ft. Churchill, Canada. Photodetachment/

photodissociation rates k91 
- k 97 have been doubled to improve the agreement be-

tween the data and the computations. The agreement is quit e good , as seen in

Figure 1. The results obtained with the “normal” Table 2 values for k91 
- k97 are

discussed elsewhere3 in conjunction with the doubled rates. The rate coefficient

k has been set to 0 in thi s example because NO+ otherwise seemed to fall off faster

with decreasing altitude than the dat a for this event admit . This NO behavior

is shown in Figure 2 which is a plot of the principal positive ions listed in Table 3.

14. Dean, W.A. (1972) in Proc. COSPAR Symp. on SPE of Nov. 1969, AFCRL-72-
0474, pp 291-306.

15. Narcisi, R. S., Philbrick , C. R. ,  Thomas. D. M. . Bailey, A. D. , Wlodyka , L. E. ,
Baker, D., Federico. G., Wlodyka, R. • and Gardner, M. E. (1972) in
Proc. COSPAR Symp. on SPE of Nov. 1969, AFCRL-72-0474. pp 421-432.

10
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Also shown in Figure  2 is an NO~ profi le obtained with k43~ 0, specifically, the

the value given in Table 1. The output associated with k43~ 0 is given in Table 4

minus  the first part of the output which is the same as that for Table 3. The

electron concentrations are somewhat higher for the first  case, the greatest differ-

ence being near 78-80 km. This is because wit h k43~ 0. O2 + /N O ~ is hig her at
80 km and 02

+ has a lower dissociative recombination coefficient, twice that of NO+

(as adopted here , Table 1). In other words. for the same ionization production
rate  the electron concentration will be a factor (2 ) 1/2  greater  if onl y 02

+ ions are
present as compared to solely NO+ ions. Slightly lower electron concentrations

are encountered near 75 km for the k43 � 0 case because conversion of NO+ to

oxonium ions leads to slightly higher electron loss since the latter ions have greater

dissociative recombj natj ori coefficients than NO~ (Table 1). Below 75 km , there is

vir tual ly no difference in le] for the two cases, because NO+ contributes very little
to the ion chemistry in either case. In fact, since 02

+ is the precursor ion for the
SPE situation, the choice of k43 is rather moot. Fur thermore, inclusion of colli-

sional breakup expressions for ions like NO~ (N 2 )(C0 2 ), would probably increase

the NO+ concentrations for the k43~ 0 case and f u r t h e r  cloud the issue as to the role
of NO~ clustering in the D- region under SPE conditions. Another impo rtant factor

not to be forgotten in regards to the N0~ distribution is the fact that it depends

strongly on the NO profile chosen. The NO profile selected is based in part upon

its compatibility with the data 2 and is probably the strongest reason wh y our results

should not be construed as giving a major clue as to the role of NO+ clusters in

the D-region.

Vanderhoff and Niles report 7 that the photodissociation of oxonium is negligible

considering the small cross-sections for the process. On the other hand , photo-

dissociation cross-sections for O4~ . O2~ (H 20), and O2~ (CO 2
) are large. 16 We

have included the recommended photodissociation rates for the first two species;

processes 4 and 5 in Table 1. The inclusion of these rates had the effect of lowering

the crossover point between the simple ions (NO+, 02
+ ) and the oxonium ions by

about 2 km. Thus , the effect is not a major one. A negligible fur ther  change in

crossover point altitude was found when these rates were doubled to account roughly
for scattered and reflected light as has been done for the rates k 91 

- k 97. Photo-

dissociation of 02~ 
(C0 2

) is not significant in the D- region because this species

is not produced effectively at these altitudes.

16. Moseley. J. T. ,  Cosby, P. C. • and Peterson , J. R. (1977)  Laboratory measure-
ments of photodissociation and photodetachment cross-sections of atmospheric
ions , EOS 58:698.—~~~

11

______  - r~~~~ 
- -



Although the daytime electron concentrations for  3 and 4 November  196~4 , be-

sides the 2 November 1969 case shown here agree sa t i s fac tor i ly w i th  the data , it
should not be assumed that the negative ion problem is settled. The hy dration of

negative ions has been ignored (Figure 3) . and this is undoubtedl y unreal i s t ic .  ‘l’he

agreement noted therefore ,  only implies that the negat ive ion chemis t ry  is satis-

factory in regards to the electron distribution in d ay t i m e .  Thus , negative ions l ike

NO 2 and NO 3 
that appear to have negligible photodetachment rates , may he

hydrated to an important extent but have no impact upon the electron chemist ry

because electrons are presur -ab l y even less readil y detached from N C )  h y drates.

Formation of CO3 
(1120) has been shown3 to be unimpor tan t  in the dayt ime because

the photodestruction rate is large. Even sunset does not appear to be influenced 3

by the omission of hydration processes , but sunr ise  is another  matter .  The major

reason for a poor match 3 of the November 1969 -~l ’E sunr i se  data with t ime-dependent

calculations using the same chemistry as here is quite likel y due to the considerable

hydration of negative ions that occurs unhindered by photodissociation processes

at night .

1 I 1 1 T h ’ 1  I T~~T L h T h I ) ~ I ‘ 1 1 1 1 1 1

./,“ROCKET B-4
• 2 NOV. 1969 -

A SCENT —
DESCENT 

~~~7 O -  -

r ’ .

~~~6 0 -  / -
4 —

,

5 0 -  / -

2 
I I I I I )  I I I

10 10 101 10~
CONCENTRATION (ELECTRONS/cm -3)

Figure 1. Measured and Computed Electron
Concentrations for Rocket B-4 Launched at
2 110 UT . 2 November 1969. The solar zenith
angle was 83. 2’ . The computed electron
concentrations are from Table 4
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T T r f 1 1 T I V r nT

~~ ~.uI - -

102 IO~ IO~
POSIT4VE ION CONCENTRATION ( cm 3 )

1- ig u r e  2 . Principal Positive Ions Computed (Table 3~for  Rocket B-4. Dashed curve  from Table 4

1 1 1 1 1 1

90 -

_ J L L LLt 1 11__ .  — j.~_~_I_ I I I I I h i  I I I I I I II

0 ,02 IO~ IO~
NEGATIVE ION CONC ENTRATION (c m 3)

Figure 3. Principal Negative Ions Computed
(Table 3) for Rocket B-4
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-I . NUMER I CAL EXAMPLE: Ni ghttime

Table 5 contains charged particle concentrations appropriate to S PE  conditions

during the night of 3 November 1969 at F’t. Churchi l l . Canada. The ionization

production rates, principal constituents, and temperatures  are identical to those

used in our report 1 dealing with a model for the nighttime steady-state disturbed

D-region. Our current , more advanced model results are not extremely different

in regards to Fe] as compared to our previous effo rt . The major difference , a

somewhat lower je] now in the 80-65 km region is actually in better accord with the

data. The result s in Table 5 were obtained with k43 ~ 0. Uncertainties in the NO~
chemistry and the chosen NO profile notwithstanding, it still is worthwhile to point

out that the calculations accomplished with the Table 1 value for k43 resulted in an

NOR’ concentration at 7 0 k m  of 2 X  io 2 cm ’
~
3, far  below the value in Table 5 which is

in good agreement with the data. 2 The major positive ions are plotted in Figure 4.

Below about 60-65 km. the positive ions are in thermodynamic equil ibrium.

_ ___l____ L_ L_ J_J_L_I_1l __ a _ I I I I I I I I I I

o2
POSIT I VE ION CONCENTRATION ( cm 3)

Figure 4. Principal Positive Ions Computed (Table 5)
for 0605 UT, 3 November 1969 , the Time of Launch
for Black Brant Rocket 17.758
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The negative ion populations (Figure 5) are , undoubtedly, as noted earlier,
subject to considerable hydration at night . This possibility has little impact on (e]
unless the hydrated negative ions have much different  ion-ion recornbination rates
with oxonium ions than do the parent . unhydrated ions. The little experimental
evidence in this regard does not favor this possibility which is attested to by the
rather good agreement attained between model and data for [e].

I I CU I I I 
~~~~~~~~~~~~~~~~ 

I I I fl7

10 2 IO~ IO~ IO~
NEGATIVE ION CONCENTRATION (cm~~)

Figure 5. Principal Negative Ions Computed (Table 5)
for 0605 UT . 3 November 1969
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5. M ;MERICAL IX . ’~MPL E: Auguot 1972 SPE

The final example presented (Table 6) is for one instance during the 3 to 11

August  1972 SPE. The tempera ture, T, and total molecular concentration, [M] are

for  1 August , 65° N . being interpolated from the CIRA 1972 models for 60° N and

70° N on 1 August.  The ionization production rates are those for 1508 UT on

4 August .  17 Computed lel agrees very well with data taken by the Chatanika back-

scatter radar at 62 km. However 4 above this altitude the model predicts electron

concentrations 2 to 3 times greater  than those reported . 17 The situation is more

serious below 62 km where  model electron concentrations fall off more rapidly

wit h decreasing altitude than do the data , the lowest altitude (50 km) measurement

being 1 X IO 4 cm 3 whereas we compute 2. 5 X lO~ cm ”.3 (Table 6) .

The disagreement is disappointing in view of the good result s obtained with the

model and the 2 to 5 November 1969 SPE. However , different seasonal factors

may influence the important minor neutral  species in such a way as to account for

the differences.  Note that we have used the same minor neutral concentrations 0,

034 NO , NO 2 and °2 
( 1~~) as previously, but N 2, 02* CO2 and H20 have changed

since they are mult i ples of E M ]  which has been altered . We have suggested ’8 that

higher  1120 concentrations, say 10 ppmv , near the 80 km region would improve the

mode l /da ta  agreement  considerably. The rationale for higher H2O is that noctilucent-

clouds are prevalent in the high latitude summer mesosphere. The situation near

50 km is much more serious since the discrepancy is nearly an order of magnitude.

A h igher  03. and hen ;e 0 concentration would help alleviate the problem , but in
19f I c t  t he re  is evidence that 03 may have declined during this event due to the en-

hanced formation of NO resulting from proton ionization processes. A decrease ~1i

03 * and therefore 0, not to mention an increase of NO, and hence NO 2 ,  NO3 ,
would tend to make matters worse , if anything. The precision of the electron con-

centrations measured by the Chatanika radar  below 60 km should be considered also.

It may be that the Ee l values have an important systematic error with decreasing

altitude below 60 km. We note that no data is given below 50 km indicating that this

is the last acceptable data point . Deterioration of the E el -measurement  may be

setting in at a somewhat higher altitude. The Chatanika radar has been able to make

D-region measurements only during this rather  intense SPE.

17. Reagan , J. B.,  and Watt, T. M. ( 1976)  Simultaneous satellite and radar studies
of the 1)-region ionosphere during the intense solar particle event s of
August  1972 , J. Geophys. Res. ~~,:4579-4596 .

18. Swider , W. • and Foley. C. I. ( 1977)  The influence of minor atmospheric  con-
stituents on the electron loss rates of the August 4-11 , 1972 and November 2-5
1969 , solar proton events , EOS, 58:465.

—

19. h eath, 1). F. . Krueger . A. J. * and Crutzen, P. J. (1971 )  Solar proton event :
Influence on stratospheric ozone , Science l97:886-8~t9 .
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17 
,

Reagan and Watt claimed that~ i (or SI, see Eq. ( 1))  for this event agreed

with the result s4 for the 2 to 5 November 1969 SPE. However, the event s were

not normalized in terms of their appropriate T and [MI values. The ~Ji curves for

the two events thus agree well , save for the 80-km region problem, only if T and

[MI for the August 197 2 SPE was similar to that for the 2 to 5 November 1969 event.

This possibility appears to be remote. The 1 November 60° N CIRA 1972 T and

E M ]  values used for the November SPE are corroborated by experimental20 evidence.

20. Faire, A. C. * and Murph y, E.A. (1972)  in Proc. COSPAR Symp. on SPE of
Nov. 1969, AFCRL-72-0474 , pp 445-455.
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Appendix A

Ste dy.State Multi.Ion Disturbed D-Reg,on Model Program
(Subroutine Initial, which contains input profiles of
0, M, T, minor neutrals and SI , has been omitted.)

3’
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5 C 40 — 90 KM TN IN~ R E M E N T S  OF 2
C
C Th REACTIONS
C

PROGRAM DREGTO N(INPIJT=65,OIJT PUT 6S,TAP E15 .65 ,TAPE2 )
10 COMWON P4EUT(9,26),TEHP(26),M(26),l(26),O(26),SI(!6)

DIN E~4ST0N NION(~~,26),NSPE~ If8),P!ON(3O,26),(t10O),ES1VE(26)
1 , ISPECU3O), IN~JT(9), A (L00), BC1301,O (I00),IREAC(100),2 JDUN(26) , T T ER(26 ) ,  RE*C (6)
DIMENSION Ic~EFF (26),EINT (?6),SPINT(26),ICO_ (?),EVENT (2)

15 REAL N,K,NEU T ,NTON
INTEGER WATER ,TPF ,PCA
REAL ICOEFF
LOGI’CAL TONCF ,DAV ,F IR S T ,Uh&GN OS
DATA; !COL~ L0I TNT . E ,t0’l TNT. SP /

20
NALT :NIJMBER OF ALTITUDES, ISTART IS INDEX )~ STARTING ALTITUDE ,
NEL E~ MIJHBER OF ELEMENTS TN P10W ARRAY TO BE ~O pq PU T E0

NELE.~30
25 

• 

FIRS’T s .TRUE.

C REA!~ IN COHPIJTER ~UN OPT ION S
C

REAI Y 72 , IST*RT,N*LT
30 72 FOR~~ 1(2I5)IF(E0F(5LINP ~T)) 99,73

73 REAIP 69,SET ,ISET
69 F0R~ AT IAj 0 , I5)

PRI*T 69, SET
35 7’. RE*1~ 70 ,DAY, WAT ER,T PF ,PCA,I ONCF ,OTA NOS ,CRTT ,00 ,EVENT ( 1) ,EV EMT (2 )

70 FO RMAT C1L 2 ,3~ 2,2L2 ,?F5.0, 2A10 )
IF(F.OFI5LINPUT)) 99,71

71 PRINT S7, f lA Y,WA T ER ,TPF,~ CA ,IONCF,OO,CRtT ,EV~~ T(1l,EVENT(2)
67 FORNAT (’ DAY : ,L2,’ Il2O:’,I2~’ TPF ’,A2,~ P~ A ’ ,A2,C TONCF:~~,L2,

‘.0 1. ‘ OD~~~,F5.0’ CRITERIAz ,FS .O’ PERCENT ’,
2 ‘~~ ‘,2A10)

DETFRMTNE SPECIE PROFILES AND OTHER PARAME T~~ S WITCH DECRT3E THIS
C COMPUTER RUN — FOIJN) IN SLJ~ ROUTINE INITIAL

‘.5 C
CALLI INIT IAL(OAY,W AT ER,TPF ,PCA )

C
PRINT 75 , Z ( I S T A R T ) ,Z ( N A L T )

75 FOR W ’AT ( 5X, ’AL TIT IJDE RANG E •, F5.0,~ ‘,F5.3, ’ KN~
)

50 00.0.
IF(tMY) 0001.
IYES.I $ NOS ” 4A LT —I STA RT+ 1

.41

C ODz OPTICAL GEPTI FACTOR
55 C

C COMPUTE THE IONI!*TION C~ EFFICIENTS FOR E A C I  A L T I T U D E
11.

SIGNAsI .OE—20
TF(IONCF) 7,9
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60 7 00 8 J~ T START ,N A L T
H (3032.’TEMP(J) ) F ( C  6370.1 163?0.+ 7(J) ))~~ 2)
ICOrFF(J)z’..7E~075EXP (~~(N~ JT (2,J)*H’STGMA01O)l)
PION(30,J)z ICOEFF ( J) NELIT (5,J)

8 CONTINUE
65 60 TO 15

(P4O)~~I WILL NOT BE OMUTED THI S RUM
9 NEL.E’?9
15 CONTINUE

TODA’Y~~i0H
70 RUNDY:DATE(TOOAY)

WRITE(?,i50) RUNDY ,SET
150 FORWAT (1Hi,15X,’~ UN OATE ’,llO,lSX ,REACTXON SET OF’,AlO)

ALP$IAQ : ‘..OE—07
AL.PHAI=6.OE—06

75 T IM F=IOHDAY
IF( .NOT. DAY ) TIME: IOHP4I;IT
WR ITE(2,j 5 1) ALP f * O,AL PMA !, TIME,WA T ER,TP F ,P~ A ,CRIT ,
I EJE NT( 1) ,E~~ENT (2 )

151 F ORNA T (5X ,~~AO.’,tPE6.I,’ $f= 3,IPE8.t,2X,A10,’, H20:10,A2,
60 1 , TENP~’,A2,’, ~CA = 01,A2,~ CRITERIA= ’,OPFS.O, PERCENTS,

2 ‘, EVE NT ‘,2A10)
CRIT CRIT/10~.
IF(I’ONCF) 11,13

11 WRITEI2,12) )D,SI3MA
85 12 FORMAT ( 10X ,~~)PT ICAL DEPTI FAC TO R = ‘ ,F5.2, SIGMA = ,1PE~ .1)

13 NREA C=76
IF( .NOT. FIRST) GO TO 19
IF( PCA .EQ. 2HLO .OR. ‘~ A .EQ . 2HHT ) GO T) 16
IF(~~CA .EO. !H72) 36,37

50 36 REAO’ 16, (Q(I),I 1,2S)
17 FO’~NAT ( 12F6 .C )
16 FOR WAT(IP7EIQ.2)

IF (EOF (SLINPLfT)) 99,18
37 REA l) 17,(Q(I),1 1,2,)

95 IF(EOF(SLINPIJT))99 ,16
18 CONTI NUE

C REA5 IN CHEMICAL REACTIONS FROM T APEIS

100 00 20 I! 1,N RE AC
REA fl(15,1) T,(REACCL),L 1,6),A(I),B(T),0(I)

I FOR MAT (I4,A10,2A~ , iiC ,A10,!16,1PE9.2, OPF5.1,11’E9.!)IREA C(T T)z I
Ic ( r OF(15) )  22,21

105 21 IF(TS ET .EQ. 0) ~O 10 20
WRITE (2,2) IREAC (I), (REAC (L),t. 1,6),*(T),B(t),O(I)

2 FORMATU’.,A10,2A6 ,11 ,A10, ?A6,IPE9.2,OPF5.i, IPE9. 2)
20 CONTINUE

GD TO 19
110 22 NREAC :Iot

19 CONTINUE
WR ITE(2 ,805)  NREIC

805 FO~ **T (3 TIE NUMBER OF ~EACTTONS THIS RUN ‘,f 10)
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ItS  IS~~ CI IS A NOLLERITH ARRA Y CONTA INING CI4ENICAL 5YM80L~ OF ‘ION
C A~ .RAt Y £ POSITIVE ION AR RAY)

N SP E C I IS I~O1LERITH ARRAY CONT*INTNS C$IEMICL SYMBOLS OF
120 C N~ JN ARRAY (NE A TIJE TON ARRAY)

IS)FCI(1)~~i O I E  $ NS’ECI( I)=10H02—
ISPECI (2) t0$ISP $ NSPECI (2) ZIOHO’.—
ISPECI (3):IOMNSUI $ NS’ECI (3)=IOHCOZ.—

125 ISPECI(’.)=IOMO2. $ NSPEC!(1.FOIOHO3—
ISPECI (5)=1010k+ $ NSPECI (5)=IOHCO3—
ISPECT(6)=IOMO2,.142) I NSPECI (6)010110—
ISPECI (7)=1OHH3O~ .OPl $ NSPECt (7)ZIOHNO2-
ISPEC! (6)=i0l$H3O’ $ NSPECI (8)’IOHNOS—

130 ISPECI ( 9)x10H1130+.N2
ISPFCI(l0) IOHI3O+ .0 2
IS’ECT (It) =10H14532.
ISPFCI( 12) I011H50+.C02
ISPECI (13): 10HNO~

135 ISPECT ( t ’ .)=IOHNOS’ .N?
ISPECI (15) IGHNOI’.C32
ISPE.CI (16) z1GHNO~ . 1420
IS’ECI (t7)=1OHNO..1120.N2
ISPECI (18) =10 MNO.I 20 .CO?

11.0 !SPE I (19)’IOHNOC .2120
ISPECI( 20) IOHNO+.2120N2
IS~ ECI (21): IOHNO•2142 0C02
ISPECI (22) = 10H’IO..3P1 20
ISPE~~I (23) 10H14733+

11.5 IS’ECI( 21.)= 10 M14934+
ISPECI(25).LOH LA
IS~ E I  (26) IOHL A MS )A
ISPECI (27)’I0Hl2/~”’2
IS’F.CI ( 28) 1)IIPSIPM

150 ISPECI(29).I0HNSJM +!
ISPECI(30 )=1014(MO) .1

C IP4EIYT IS A HOLL ERITII ARRAY CONTAINING £~HEMI~~AL SYMBOLS OF NEJTRAL
C SPECIES

155 C
INEIFT (1)=1OHD
INEWT(2) ~ t 0HO2
IPIENI( 3)=10p13 3
TPIEI7T(’.) 10N02

160 INEITT(5)ZI0HNO
INEIT(6) ~ t0HCO2
INEr(7)zto HlaO
INEUT(6) ~10)I92(1~ )
IN~~ T(9)o1QHNO2

165
IF(.010T. DIA NOS) GO TO ‘.6
WRITE(2,271) (ISPECI(J),J*25,29),TC~L(2),IS’!CI (2),
I ICm..(tI ,ISPECT(1)

48 CONTINUE
170 ~C

ITE~ ARRAY ~~ PIJMBER OF ITERATIONS TO COMPUTE E
C
C JOLI I*RRAY OF SWICIIES INDICATING CRITERIA SATISFIED
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175
00 25 J : ISIA RT, NAL T
IT ER(J ) :0

— 
25 JOIJM(J):3H N)

180 00 LOOP 100 CALCJLATES ALL TIlE POSITIVE ION;

50 DO 100 J=ISTART,IA L T
IF(JOUN (J) .EQ. 3HYES) GO 10 100
TTEP(J) :ITER(J)4 1

185 CALLI ~AT EC N(X ,A,B,D,  IREAC, T E MP ,J,NR~ AC )
IF(TITER(J) .GT. 1.) 30 TO ~0PIOP (25 , J) NEUT(~~, J) ~ (K(6I)  ‘ NEUT(2 ,J )  +K (62) ’  NEUT(1., J ) )
IFUPAY) 51,52

51. PtON(t,J)=SQRT (Q(J)~~SI(J))
190 GO TO 53

52 PION(i,J) SQRT((PTOM (25,J) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I —PION (25 ,J)l (2.’ALPIIA D)

53 PIDN (2,J)=SQRT ((I~(J )3(5.3NELJT (I,J)/l1PHAO+NEJi (3,J)/ALPHAI) )~
I (5.’IEIJT (1,J)+’IEUT(3,J)))

195 EINT(J)=PION(1,J)
SPINT (J)=PION(2,J)

90 A IS P=A LP HAT ’ P IOr ( 2 , J )
CALL ) IEGT ON (OAY ,NI OM ,K,PIOW (25 ,J ) ,PI ON (1,J ) ,J , A ISP ,PIO? ’ (3,JH
A1SN :ALPHAIC~ ION (3,J)

200 C O N 1 : K ( 8 )~~N E D T ( I , J) , K ( 9) ’N E U T ( 7 , J ) + K ( 4 2) ’M ( i) +D D ~ K (4) , A I S N
C O M 2 = K ( 7 ) ’N E I J T ( 2 , J ) ’M ( J )
CONt.zNEUT (7,J)~~(K (tl)+IC (ttfl+AISN+K (30)’PIO1(1,J)+OD’K (5)
COM5I000CK(1.)+(OOCI( (5 )‘K(9) ‘NEUT(7 ,J) ICON’.)
PION(1.,JF .9’Q(J),(AISN+K (27)’PXON(t,J)+CON!~~K(6)

205 1 NEUT(5,J)—(CON2’(lU8)’NEUT (t,J)+K (1.2)~~I(J)+CON5)/
I £CON I+K(26) P1)PI(1,J))))

PIO# (5,J)=PION V. ,J)s (CON2~~(CON1,K(23 )~~Pt0N(t ,J)))
PIDP4(6,J)=PION(5,J)~~K(9) ‘1EUT(7 ,J)/~~ON’.
PIONU, J)=K(tO) ‘IIEUT (7,J) ‘PION (6, J)f

210 1 (K(112) NEIJT (7,J) .A IS N.K(30) ’  PI)N(1, J ))
PIO$(8,J) PIONI6,J)’X (li)’REUT (7,J)/

I (K(31)’PTON (I,J)GK (16)’IEUT(7,J)’5~(J)+
2 K(13) ‘NEUT (’.,J) ~‘2+A ISll
CON1.zl( (1’.) ‘N!UT(6, J)

215 C0N?=K (32)~~PION (I,J)+AISN
PTON ( Q,J)=K (t3)’MEUT (1.,J)~~NEUT (4,J) ‘PION(5,J))l

I (0N1,K(35)’PION (l,J)+AISI)
CON3z K( 15) ’ NEUT(T , .1)
PION (l0,J)= (CON1SPIOPI( 9,J))F(CDN3+((36)~~PION (t,J)+AIS)~)

220 H2OWIvNEUT(7,J)~~I (J)
PID*(1i,J)z(PION(7 ,J)e K( 12)-eNEUT (7 ,J) + K( 18) S PTO N(6 ,J) H2OMD

1 pION (iO Jp ecON3)l
I (K(32)’PION (I,J)+K( I9) ’ H2OMI+ATS NG
1 K(16)~~NEUT(6 ,J) M(J ) )

225 PIOW( j 2 ,J )=U( ( 16)~~NEUT (6 , J P~~PION(Il,J) M(J ) )  ~
1 (~ (37)” IOPUI,J )+A ISN+K(l ’ )  5ME UT(7, J ))
CON1=I( (21)CNEUT (S, J) ~ P4E UTR,J )
COM2= I((22)’10!UT(7,J)
50N2=NEUT(l.,J) ‘NEUT (1.,J)
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230 PID~~(1
’3,J) :(.t ’Q(J)~~K(6)’ 1EUT(5 , J)’PION(1.,J)’PIOM(30, J))/

1 (K(26)’P!ON(I,J)~~CONI.*ISP4
2 •((1.3) ~S~ N2— ( K(43 ) ’S tJM2 ’ NEUT (4 ,J) ‘lUSt)’
3 (K(1.’ .) ’NEUT (6 rJ) IK(38) ’ ’ION(t ,J) IA ISN+K(3t) ’NEUT(4,J ))) )

PION(t I.,J)=(~~(1.3)’PI0N(t3,J)’S QN2)I
1 ( K(1.l.)’NEUT (6,J )+K(36)’ PION( j ,J ) .AISN.((51)*NEUT(4 ,J))

PIOM(j 5,J) = (CONi~~~lDN(t3,J) +K(44 ) ’NEUT(6,J)”IDN(1’.,J))/
I (COH2+ K(38) ’PION( I ,J )$AIS NI

C0Nt~~K(23) ’ NEUT(? ,J) ‘NEUTR, J)
PTON (t6,J):CON2’PIOPI(15,J) ,. (CONIGK(39)’PION(t,J) ,AISN

21.0 1 iK (1.5)’SQNZ)
PIDN (17 ,J) (PION (I6,J)’K(45)’SQN2)/

1 (KRB) ‘NEUT(6,J). (((.0)’ ‘ION(I, J) .AIc!O
PTON’(18 ,J) = (PION(17, J) ‘K(’.S) ‘MEIJT (6, J) )F

1 (<(4? ) ‘NEUT(?,J).( (401’PIPI(t ,J)+AISN)
21.5 C0M2 :((24)’NEUT(? ,J) ‘NEUTR, J)

PION(19 ,J)=( CONI’PION(1B,J) +PION(18 ,J)~~K(1.?)’NEUT(? ,J))I
1 (K( 40)’PIOPS(t,J) ,COPI2+AISN,( (46) ’SON2)

PI3N(20,J) (PION(19, J)’I(((.8)’SQN2)I
I (X ( 1 .9) ’WEUT (6 ,J)~~K(4t)’PtON(1,J) +AISN)

250 PTDN (2 1 ,J)= (PTO N(20, J)’K(’.9)’NEUT (6, J) )I
1 ( K( 5 0 )  ‘NEUT(7,J)G K(’.I)’’ION(1,J),AIS?4)
PION (22,J)=(CON2’PION(19,JI +PION(21,J)’K(SO) ‘NEUT(?,J))/
I ( K(25 ) ’NEtJT (7 ,J)GK(I.1)’PION(t, J)~~AISN)

G=K( 34) ‘PION(j ,J) .A ISN*U2)’M(J)
255 PID*(23 ,J)s(PION(1I,J)’K(t l)’1120M1+PION(22,J)’I((25)’NEUT(7,J),

j  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 (K(3~ )’PI0N(t ,J) +K(2O)’H2OPft ’(1—K(5’)’J! (.l)F6)+AI5N)
PION (21.,J)= (P10)4(23, J) ‘K (2C)’H2ON I)~~G
PION(26,J)=PIOPI(3,J) FPION(t,J)

260 PIOH’(27,J)Q( J) ~PI0N(t ,J ) ~‘2
PION (29,J)~~PI ON (3,J) +PIOM(L,J)

100 CONTINUE
IF(JUMP •EO. 2) GO TO 126

265 C COM~ UTE THE SUM OF THE POSITIVE IONS
C

00 120 Jx ISTART ,$ALT
IF( IT FR(J) .GE. 20) JDJ’l(J) 3HN0
TF(JDUN(J) .EQ. 311Y !S) 0 10 121

270 ESAlE(J) PION(1,J)
PtOW ( 28  ~J) zO.
00 121 1 ’.,2’.

121 PIOM(26,J )~~PION(2S, i )+PIO N( ! , J )
IF( A 0S( I . — PIONU9,J )/P ION(28,J ) )  .~.E. CRIT) J OUN(J )z3NYES

275 IF( J DUN(J ) .EQ. 3HfES) GO 10 119
PION(2,J )g .55 (ESAVE(J ) ,P ION(28 ,J ) +PTON(3, J) )

118 PIDN(j ,J )z .5’ ( ESAVE ( J) GPIOM (28 ,J )F(1 . +PTON(?S ,J ) ))
GO TO 120

119 IYES~ IYESGt
280 NOS=M0S—i

120 CONTINUE
IFUJIAGNOS) ‘.0,1.9

40 JoISTART
WPITE(2,269) 7(J),~~~!ON(I,i),!z25,2),SPINT(J),PION (2,J),EINT(J),
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285 I PION (I,J),ITER(J),JDUN (J)
IF(ITER(J) .GE. 20) 125,50

‘.9 CONTINUE
IF(IITER(ISTART) •EQ. 1) G3 TO 122
00 125 JSISTART ,NALI

290 IF(3OUR (J) .(Q. 3M NO) GO TO 50
125 CONTINUE

PRINT’, THE SCORE IS ~,IVES, YES AND ~43S, N0
122 WRITE(2,200) (INEIJT(I),Izt,9)
200 FOR ~~~T(/ ’  ALTZTUDE’,3X ,91$10),2X,’M’,9X,’TENP’)

295 00 235 J IST$RT,)MLT
WRITE(?,2’.O) Z(J),(NEUT(I,J),Iz1,9),M (J),TEI)(J)

240 FORRIT(SPFIO.9,iI(I(,IPE9.2))
235 CONTINUE

WRITE(2,273) ISPECI(1),IS’ECI(3), D4SPECI(J), J zt , 6)

300 273 FORMAT (II’ ALTITUOE ‘,2X,t1(IX,AIO))
00 272 JxIST*RT,NA LT
WRITE(Z,274Z 7(J), zIOtftl,J),PTON (3,J),(N!O’I(I,J),IzI,e)

27’. FOR~ $T(Ft0.0.II (2X,tPE9.2))272 CONTINUE
305 IL~300 270 1.1,2

IMzItel
IL~ Tul~ 10
~.F(It .GT. 24) ILZ2I.

310 W RIT E(2 ,273) (ISPECI(J) ,J:IM,IL)
00 276 J IST*RT ,N A L T
WRI T E(2 ,271.) Z (J) ,(~ IONfl4,i),N1IN,IL)

276 CONTINUE
270 CONTINUE

315 WRITE(2,271) (IS’ECI(J),Jz25,29) ,ICOL(2),IS’ECI(2),
1. ICOL (I),IS’ECI(t)

271 FORNAT(/ I’ A LTIT u DE •,2X , (IK,AIO ),2X,’Q’,7(,’ ITER’)
DO 275 J.ISTART,NALT
NRITE (2,269) !(J),(3ION (I,J),1z25,2),SPINT(J),PION (2,J),EENT (J),

320 1 ~ION (t,J),Q(J),ITER(J)
269 FORNAT (OPFIO.0,10(2X ,1PE9.2),2X ,I5)
275 CONTINUE

IFITTER (ISTA~T) .E0. 1) 0) TO 50
FIRST’ • FALSE.

325 60 TO 71.
59 CONTINUE

CALLI EXIT
END
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SUBROUTINE lEGION

SUBROUTINE NEGTON (OA Y,NIO1 ,K ,LA,E,J,AISP,SUI I

C SURROUTI~~ NEGIOPI COMPUTES THE CONCENTRATION OF NEGAT IVE IONS

5 NE~ ATIVE ION SPECIES ARE STORED IN ARRAY NION

C INDE X PIT’ON
C 1 02—
C 2 l)1.—

10 C 3 CO t .—
C 1.
C 5 C03—
C 6 0—

7 NO?—
15 C 8 W0 3—

C
COMMON NEUT (~~,26)
DIMENSION NII3N(6,26),K(t00)
REAL NION,K,LA,NEUT

20 LO3PCAL DAY
IF((1AY) 1,2

1 0 1
GO TO 3

2 D 0
2 3 02S0=NEUT (2,J)’NEUT(2,J)

X:K1 77) ‘ O2 S QGK ( 83 )  ‘NEUT (3,J)
8=NFLIT (1,J)’(K(63).((64)RI((65)’ NEUT (8,J)+

1 <(66)’025Q+D’K(91)+K(SQ)’NEUT (3,J)+AIS’
TzIU73)’NEUT(I,J) ,K(7’.)’N~ liT (5, J) ,K( 75)’NEUT(9,J) +O’K (~~’ .)+AISP
WzI( ( 71 ‘NEUTII , J) +Kt 72) ‘N! JT ( 6,J) GAl SP
V :K(68 ) ’ N EUT(3 ,J )# K(69 ) S NEtJT (5 , J) +K(70) ’NEUT(t ,J) ,O ’K(93)+A ISP
U’K(? 6) ‘NELIT(l,J) ~X+ 9’K(9!) +K(79) ‘N!UT(8 , J ) 3A I S P

1 •K(81)’NELIT(3 ,J)
R=il’(U’W’T—D’K(94) ‘K(72) ‘‘I~ UT(6,J)’E )

35 S:D?S~ ’(W~ U’C(66)’K (70)’NEJT(t,J)+U’K(66)’K(56)’K(72)’
1 lEUT (S,J )’NEUT(3,J).~ ’K(61.)’K(7!)’K(77)’NtUT(1,J)’
2 NEUT (S,J))
3 •V ’ K (7 2 ) ’ N E UT (S , J ) ’ N EUT (3 ,J ) ’ (J ’ K (S0 )+ K (6 4 ) ’K (80) ’
S. N!JT (1,J ) )

1.0 C
C NIO*(t ,J)’02-

NION(t,J)(V’U’W’R’E’LA) /(R’B’V’U’W
I —J’R’K(6S)’K(66) ’ ((71) ’NELJT ( 1, J) ’ NEUT (3,J ) ’O2 SQ—

1.5 2 ~f’R’IU64)’K(71)’K’NEUT(t , J)”2—
3 S’V ’ NEUT ( l , J) ’ (X (71) ’X ’ ) ’ K(94)4 3 ’W ’k (73) )—
4 tJ’R’V’IC(b0)’K(TI)’NEUT (3,J)’MEUT (I,J)
I —W’V’K (6I.P ’K(61)’NEUT(l,J)’NEUT (3,J)
6 — CS’N’J’K(81)’N! IJT(3,J)’U’K(9t.))FR)

50 C
C NION(2,J)zO4-

NIOR (2,J)=(K(66) ‘O? Q’NTOf(I,J))I
1 (K(S7)’NEIJT(6,J) l

55
C NTON (3,J)zCO4—
9,

NTON (3,J)z(K(66)’02S0’ NION(t ,J ))F
I (KIM) ‘IEUT (3, J) ,k (69) ’ NEUT(S,J I  ~K (70 )  ‘NEUT(I,J )
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r -. — — . . ,—.

60 2 ‘D’X193).*ISP)

C NIOIfl5,J)’C03—
C

NION(5,J)’S’NTON(I,J)/R
65 C

C NIOSU6,J) ’O—
C

NID.(6,J)z(K(6’.)’NEJT(1,JI’NION(1,J).D’k(5’.)’NtON(5,J))FU

70 C NIO’I(t.,J)’03—
C

NION(l.,J)z(K(68)SNEJT(3,J)zP4ION(3,J)4K(77)zlION(6,J)~~O2SQ+
1 NEUT (3,J)’(K(60)’NION(I,Jl K(80)’NION (6,J)))~~W

75 C NION I7,J) NO2—
C

C=(U’( (96) )I(D’(((%) 4 K(97) ).AISP)
NION(?,J)’(K(7k)’NEJT(5,J) ‘NION (3,J) +C’(K(7 )’tlEJTI9,J)’NION(5,J)~

I IUSS)’NEUT(5,J)’NTON(3,J)))F
80 2 (K(76)’N~tJT (3,J).O’K(95)4AISP—C’K(73)’NEIJT(3,J))

NIOM(8,J)’N03—
C

NION (e,J)’(K(75)’NEJT (9,J) ‘NION (S,J) GK(76)’IEUT (3,J)’NION(7,J)~
85 1 K (69)’IEIT (5,J)’NTON (3,J)) f

2 (D’(k (96)41U97)).,AISP)
SUM=.0.
DO tO 1’I,B

II SUI ISUMGP4ION(I,J)
90 RETURN

END

SUBROUTINE RATECH

I SUBROUTINE RITECM (K,A ,B,O,TREAC,TEM’,IALT ,NR!AC)
DIMENSION K (t),A (1),B(tl,D(1),IREAC (t),TEMP(1)
RE*L~ K
DO to .J’I,NREAC

5 IO I I R E A C ( J )
X(lI~).A(ID)’(TEMP (IALT)1300.1”B(IO)’EXP(O(IOb ITEIAP(IP.LT))

10 CONTINUE
RET URN
END
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