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SECTION I

0 

. 
INTRODUCTION AND SUMMARY

Knowledge of the energy balance and plasma motions in the
0 ionosphere is essential for the accurate prediction of atmospheric

effects on radio communications under both normal and dist’irbed
- conditions. The major source of energy in the upper atmosphere is

the extreme ultraviolet (EUV) solar flux. In addition, the EUV

flux is the major source of ionization in the daytime at midlati-
0 tudes. At high latitudes , precipitating energetic particles con-

tribute substantially to and at times dominate the energy budget

and rate of ionization of the topside ionosphere . Charged particle

motions , due primarily to diffusion, electric fields , and neutral

winds , play a major role in determining local ion concentrations

as well as the rate of energy transport.

A major part of the effort under the present contract was devoted

to developing procedures and computer codes for the calculation of

j the diffusive transport of atomic oxygen ions . The pertinent equa-

,
0 tions are given in Appendix B, and the results are discussed in

Section II. In general the calculations show that diffusive trans-
O 

- 

port produces qualitative agreement between the observed and calcu-

lated profiles of atomic oxygen ions.

0
0 

Procedures for the calculation of the rate of energy deposition

• by solar EUV flux and of the rate of photoionization of the principal 0

F I _ _ _  
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~~~~~~~~~



— ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- ~0~00 -~O - - ____________________

— _ _ _  ~~~~~~~~~~~~~~~~~~ -

4

atmospheric Constituents have been revised, and the associated corn-

0 puter codes have been modified or rewritten. The necessary atomic

and molecular data have been updated and are given in detajl in

Appendix A.
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SECTION II

DIFFUSIVE TRANSPORT OF ATOMIC OXYGEN IONS

A part of the current study pertains to the study of plasma

motions in the ionosphere. The agents of ionospheric transport are

ambipolar diffus ion , electric fields, neutral winds , and to some

0 extent temperature gradients of the ionized components.

0 
For the principal molecular ions, 02

+
, N2 .  and NO’, transport

- 
processes are unimportant in the daytime. The short chemical reac-

F tion times of these ions cause them to be in photochemical equilib-

rium at all altitudes . This has been demonstrated in a theoretical

4 study by Schunk and Walker (1973), and by a comparison of calculated

and observed molecular ion profiles by Oppenheimer et al. (1977).

A typical comparison is shown in Figure 1. The principal molecu lar

ions are also insensitive to transport processes in the nighttime

ionosphere above about 200 kilometers (cf. Schunk and Walker , 1973).

Below this altitude , the time scales associated with transport due

to neutral winds and electric fields are comparable to photochemical

times, and photochemical equilibrium no longer prevails.

In contrast to the molecular ions, 0’ ceases to be in photo-

chemical equilibrium at altitudes above the F2 peak (‘~250 kni) even

in daytime . The departure from photochemical equilibrium is clearly

demonstrated by Figure 2. This departure is thought to be primari ly

due to the effects of ambipolar diffusion. Accordingly an effort

L

_ _ _ _ _ _  
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was undertaken to study these effects in situations where both the
0

0 

neutral and ionized ionospheric constituents are known.

The formulation of the equations for diffusive transport is

outlined in Appendix B. Since the electric field is not among the

observed quantities , the current formulation eliminates it from the

- 
transport equations . In future work, a modified version will study

0 

the effects of sample electric fields compatible with those observed
- 

by AFGL satellite measurements .

O Since the diffusion equation is of second order , two boundary

conditions are required for a solution. One of the boundary condi-

tions is chosen to be the 0~ concentration of the lower boundary

(200 km in the present calculations). For the second boundary con-

dition two different choices were made. One was to fix the 0’

concentration at some upper boundary (chosen as 470 km in the present

calculations), or to . fix the O~ flux at some upper boundary (chosen

~~~

. j as 600 km in the present calculations). Figure 3 displays the

results of two calculations with fixed concentrations at the upper

H boundary . Figure 4 displays the results of three calculations with

fixed flux at the upper boundary . In both figures the observed O~
0 

concentration has been plotted as well (in this instance data from

orbit 594 of the AE-C satellite were used). For either type of

F upper boundary condition the altitude profiles are in marked con-

trast to the profile
0 
calculated under the assumption of local photo-

chemical equilibrium . The latter calculation results in a profile

wh ich increase s exponen tially above the F2 peak. Calculations
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~~~~~

5 including di f fusion , on the other hand , result in profiles that

above the F2 peak . The results obtained with fixed upper boundary

~~ qualitatively reproduce the observed decline of the concentration

O concentration (Fi gure 3) are general ly less satisfactory in the

sense that a reasonable 0’ value at the top of the atmosphere

forces very large values at the F2 peak . The calculations with

fixed-flux upper boundary condition are in better qualitative agree-
0, ment.wi th the observed profile (for the case where the flux is set

to zero).

Ideal ly , a truly vertical O~ concentration profile is needed

for comparison with the calculations . In the absence of such data,

however , the closest available approximation to a vertical profile

is data from a highly elliptic satellite orbit. Even for such orbits ,

howeve r , the satellite observations reflect horizontal variations ,

where such variations exist. The search for orbits which are known

to be free from horizontal variations , and which , at the same time ,

contain all the necessary data has so far been unsuccessful . Diffu-

sive transport calcul ations for other orb its wi ll , howeve r , serve as
0 a cri terion of whe ther the adopted procedures are valid.
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Fi g. 1. The densit ies of the molecular ions plotted against alti-

tude and latitude . Dots indicate measurements by the MIMS experi-

ment for the upleg of orbit 594 of the AE-C satellite. Pluses

indicate theoretical values (Oppenheime r et al., 1977).
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SECTION III
PROCEDU RES AND COMPUTER CODES PERTAINING

TO ENERGY BALANCE CALCULATI ONS

Previously existing procedures for the calculation of the rate

O •~ of energy deposition by solar EUV flux and of the rate of photoion-

0 ization of the principal atmospheric constituents have been modified

- in several respects, and the associated computer codes have been

O rewritten. The new procedures and codes allow the neutTal atmos-

phere to be specified either in terms of a set of measurements or

by a model. Further, the new codes keep track of the energy absorbed

by each atmospheric species, and- the chemical energy stored in each

ionization channel. The energy spectrum of the photoelectrons

produced is calculated with any specified resolution , as before.

In addition, flexibility has been introduced into the computer codes

to make possible a detailed investigation of specific processes.

It had been assumed previously that secondary photons emitted

from the radiative decay of inner-shell atomic oxygen ions are

absorbed locally. A more careful examination of optical depths for

~ 
these photons indicates that this assumption is not valid. Hence,

the contribution to ionization from these secondary photons has been

eliminated. The effect of this change on the total ionization rate

is less than five percent.

O 

-O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- T

— 
—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
~~,



—.. I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 000 S ~~O0O00~~S50~~0505~~~~

r r ~~~~~~~~~~~~~~~~~~ •
000. _O _O50_O__y0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 13
4

The atomic and molecular cross sections utilized by those codes
O 

fr have been revised significantly . A d~’:~’~led description of the

cross sections currently in use is given in Appendix A.

0 
The code that calculates the equilibrium electron flux has

- - [ been modified to some extent in order to make it suitable for execu-
0 

tion on a CDC system. A listing and a punched-card copy of this

code, together with the necessary input files, is being submitted

separately. A sample execution on a CDC-6400 system is also being

submitted.

~
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APPENDIX A

-
- 

Atomic and Molecular Cross Sections

. • The extreme ultraviolet (EUV) solar flux supplies the

major energy input in the upper atmosphere. In addition,

the EUV flux is the major source of ionization in the daytime

• at midlatitudes. To account properly for the rates of

energy deposition and ionization in the upper atmosphere

accurate photoabsorption and photoionization cross sections

are required. This append ix contains cross se~tions for the

most important atmospheric constituents. These cross sections

are based on critical reviews and evaluations of laboratory

and theoretical data. A considerable body of new data has

I: become available recently. The agreement among results

I reported by various investigators is good (generally within

10% or better). Consequently the present body of cross

section data may be considered complete insofar as aeronomic

0 
calculations are concerned, at least at wavelengths longer

than 300 A.

• 
- - A.l Atomic Oxygen Cross Sections

- ~~-

The photionization of atomic oxygen through the removal

I of the 2p valence shell electron leads to O+ ( 4S0) ,  O’ ( 2D°) ,

I 
and o

+
(
2p0

) with thresholds at 910.4 A, 732 and 665 A
0

.1 
respectively. The partial cross sections for these processes

as calculated by Henry (1970) have been renormalized using

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 . • . 0
_ O • _O ~ ~~~~~_ • O

.. r .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •._~~_&• 0 -’~~. RoI.A_00.•_ .~L ~~~~~~~~~~~~~~ i~~ - _
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the total ionization cross section calculated by Taylor and

Burke (1976). Ionization through the renpval of a 2s inner

shell electron gives rise to 0~ ç~pC1 and Q+t~2~C) with. thresholds at
435 A and 315 A respectively. The partial cross sections

for these processes were obtained from a calculation by

Da].garno, Henry and Stewart (1964) as modified by Henry 
0

• (1967). The total ionization cross sections at wavelengths
0

00 

shorter than 435 A were obtained by adding the partial cross

sections for inner shell ionization to the total ionjzation

cross sections of Taylor and Burke.

Table A-i displays the total and partial ionization
-~ 0

cross sections at selected wavelengths between 14.25 A and

910 A. Cross sections at other wavelengths can be obtained

by linear interpolation,

A. 2 Molecular Oxygen Cross Sections

Total absorption (and ionization) cross sections in the
0 0

region 14 A - 662 A were derived from the data of Lee, Carison,

Judge and Ogawa (1973), Samson, Gardner and Haddad (1977),

Mehiman , Ederer and Saloman (1978), and Huffman (1963).
0 0

In the region 662 A - 870 A a least squares fit to the values

of Cook and Metzger (1964) was used. The 870 A - 1030 A

region is marked by wider, well separated peaks. Using data

from Huffman (1963) a background cross section Gb was

obtained by drawing in a baseithe, upon which the peak

______ _____ _____ - 5 _ 00_ 050 — 50_S______________
50~~~~~~~~~~~~ 00 ~~~~~~~~~~~~~~~~~~~~~

IIiA -. - _______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~. ~~ --~~ ~~~~~~~~~~~~~~~~ &~L~ ~~~~~~ -“
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— • cross section was superimposed. Each peak area was

approximated as a square wave over the same wavelength interval

as the actual triangular line shape. Total abosrption and

total ionization cross sections are displayed in Tables

:1 
- A-2 and A-3 respectively.

Branching ratios as a function of wavelength were assigned

on the basis of the results of Samson, Gardner and Haddad

9 0 (1977), and of Fryar and Browning (1973). Samson et al.

detected nine photoionizataon channels, of which the last

- five are predissociating states. Fryar and Browning

have measured the total cross section for dissociative

ionization.

Between the threshold for photoionization at 1026 A

and the threshold for dissociative ionization at 662 A, we

have used the branching ratios of Samson et al. with the

following exception: Samson et al. give combined values 
0

-
~~ for the a4J1

~ 
and A

2 TE
U 
states. We have assigned the (small)

branching ratios for the A2
11~ state on the basis of earlier

work by Schoen (1969), and thus derived branching ratios

for the a4fl
~ 

state from the combined valu:s of Samson et al.

S In the region between 303 A and 662 A, the total

cross section for dissociative ionization of Fryar and

Browning (1973) exceeds the sum of the partial cross sections
• for the predissociating states observed by Samson et al. 

S

To reconcile this difference we have postulated the existence

H

j  
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of a single additional predissociating branch with threshold

at 662 A. A straightforward algorithm yields branching

ratios for this (tenth) additional branch as well as

• renormalized branching ratios for the branches observed by

Samson et al.

No measurements of the branching ratios have been
0

0 reported at wavelengths shorter than 303 A. We have

arbitrarily assumed that branching ratios remain constant
0

short of 303 A. This assumption is of minor importance for

most aeronomic applications.

Table A-4 displays branching ratios at selected wavelengths
0 0

between 14 A and 1026 A for each of ten branches. At other

wavlengths the branching ratios can be obtained by linear

interpolation. It should be kept in mind that the last

six branches represent dissociative ionization.
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A.3 Molecular Nitrogen Cross Sections

Total absorption (and ionization) cross sections in the
0 0 -

region 100 A - 650 A were derived from the data of Lee ,
Carison, Judge and Ogawa (1973) and of Samson, Haddad and

0
Gardner (1977). The data were extrapolated from 100 A to

14 A so that consistency was obtained with the cr058 section
0 0 0 •

measurements by Huffman (1969) at 100 A, 68 A, 44.6 A and
0 0 0

13.4 A. From 650 A to 734 A total absorption cross sections

were obtained from Huffman (1969) by superimposing peak values

on a baseline representing the continuum, as for molecular 
0

0

oxygen. From 734 A to 986 A cross sections were derived

from the tabulated oscillator strengths of Carter (1972).
0

Ionization yields from 650 A to the photoionization threshold
0

at 796 A were obtained by a least squares fit to the data of
.5-. 

0
Cook and Metzger (1964). Above 1000 A no detectable absorption

was observed by Huffman, Tanaka and Larrabee (1963). Thus

from 986 A to 1030 k the absorption cross section has been
- set to zero. Total absorption and total ionization cross

sections are displayed in Tables A—S and A—6 respectively.

Dissociative ionization of N2 is assumed to occur through

a single channel with threshold at 509 A. The partial

cross section for dissociative ionization is obtained by

multiDlyjn2 the total ionization cross section by the fractional

yield for dissociative ionization. The remaining part of the

total ionization cross section is apportioned among five

branches of N 2~~. Fractional yields for dissociative

ionization are displayed in Table A—i for wavelengths 
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0 between 14 A and 509 A. At other wavelengths the yield

• can be obtained by linear interpolation, with one exception:
0 0

between 387 A and 477 A the yield, Y, is given by

• Y = 0.0329 + 8.13x10 6 x (A—442)2

Values for the yield for dissociative ionization were derived

from the data of Wight, Van der Wiel and Brion (1976), and

of 1 ryar and Browning (1973).

Branching ratios as a function of wavelength for five
+N2 branches were derived from the data of Samson , Haddad and

Gardner (1977), Plummer, Gustafson, Gudat and Eastman (1977),

Hamn et, Stoll and Brion (1976), and Lee (1977). The

agreement among the results published by these investigators

is good ( generally with•in 10%) .  No measurements have been
0• reported at wavelengths shorter than 210 A. We have arbitrarily

assumed that branching ratios remain constant short of 210 A.

This assumption is of minor importance for most aeronomic

calculations. Table A-8 displays branching ratios between

14 A and 795 A for each of five branches. At other wavelengths S

~

• the branching ratios can be obtained by linear interpolation.
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o - A-8 -

- Table A-7

• Fractional Yield for Dissociative Ionization of N2 —

0

A (A) Yield

14 0.360

210 0.360

- 240 0.346

302 0.202

397* 0 .0 3 3
I - 477* 0.041

496 0.024

509 0.000

PS

*See text
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Table A-8

ii
Branching Ratios for the Photionization of N2

Branch 1 2 3 4 5

Designation • X2 E~~ A2IIU B2ZU~ F2 Z U E g

S 

A (A) Branching Ratios

1.4 0.271 0.275 0.110 0.064 0.27R

210 0.275 0.278

240 0.345 0.110 0.064 0.210

280 0.470 0.095 0.040 0.124

300 0.271 0.470 0.110 0 .074 0.075

332 0.300 0.520 0.120 0.060 0.000
- 428 0.460 0.460 0.080 0.000

• 500 0 .404  0.506 0.090

• 600 • 0.308 0.589 0.103

660 0.308 0.589 0.103

660.01 0.692 0.000

720 0 .420  0.580

747 1.000 0.00 0

795 1.000

I
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— A—b —

-
~~~ - A . 4  Helium Cross Sections

0
For helium, with a photionization threshold at 504 A,

• we have used the cross sections given by Jacobs (1271). These

:~ 
are displayed in Table A9.
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TABLE A-i

L 
TOTAL AND PARTIAL PHOTOIONIZATION CROSS SECTIONS

• FOR ATOMIC OXYGEN (IN MEGABAJWS)
- k(A~ Total 4So 2D0 2p0 4~e 2~e

• - 14.25 0.322 0.095 0.102 0.063 0.031 0.025
0 0 - 30.02 0.2~ 7 0.083 0.3~ a 0.c’58 0.027 0.021

46.40 0.261 0.078 0,0R 3 ‘.055 0.025 0.020
S0.30 3.473 0.123 ~,1q o C . 08 e  -0.040 0.032
75.03 0.824 C.245 0.263 0.173 0.079 0.063
,0.1’1 1.527 0.45~ 0.4Es 6 0.321 fl , j S 4 7  0.117

1~~ .23 2.310 0.685 0~736 0.436 0.222 0.176
127.65 3.7j~~ $ 1.108 1.194 0.782 -0.357 0.284
150.10 4.789 1.372 1.562 1.025 0.460 0.370
130.40 5.92~ 1.611 1.931 1.293 0.571 0.465
200.00 4.633 1.759 2.253 1.466 fl.6~~) 0.510
‘23.08 7.345 1.905 2.~ 31 1.640 0.72c 0 .544
2u~~.o3 3.0~ 7 2.064 2.344 1.P34 0.783 0.561

-
O 

256.37 5.43? 2.154 3.023 1.V47 0.818 0.556

~7Q.5O 8,9fl~ 2.245 3.210 ~.061 0.353 0.532
2’3 ’4 .j 5  9.262 2.332 -3.387 ~~~~~ 0.96 0.ttSl
3d3 .78  9.719 2.’151 3.634 2.316 0.~ 14 ~•q~5
3i5.02 9.573 2.507 3.755 ~~~~~ 0.923 0.000
3.~~o35 10.127 2.63~ 4.014 2.540 0.933
349.95 ~0o456 2.713 4.173 2.631 0.940

~6to07 3.3o~ 37 2.811 •q.371 2.74) 0.91~
~4~~1o70 11,26~ 2.930 -~~.~~29 2.~ 73 0od~~4j3.00 1 1 . 4 3 5  2.9~5 -4.7~~ 2.92~ 0.785
435.00 ~i.6r9 3.045 4 359 2.~ A1 0.7~ 0
4~~à o 0 C  ~ 3. 5C~3 ~~~~~~~~ ~l O ~~64 2o c

~A4 0.003
- 

- ~~.) o 3 C  ~.1.1t’ 0 ~.109 4.967 3.~~25
4 .00 11.ZC7 3.167 5.060 3. fl~~1.
~~~~~~~~~ i 1 o F~~~.~ :.331 5 e 2 3 U  3~~ 14 (~
~~~~~~ :1.7E~ ~~~~~~~~~~ 50 7 A $  ~~~~~~4’7.00 ~1.6C~ ‘.2~~2 -5.i~ 6 3.150
4~~~- i .~~~~~C 11.603 ~.222 3,15~ 3.111
~~~~~~~ ~~~~~~~~~~~~~ 3.201 5.114 3.10~4.i U.00 i1.~~73 3e1~~E 5o 0~~2 

1.093

~u’.~~0 ii.37 3 _ .17? c..071 3.c77
• ~~4c U~ ~~~~~~ 3 ~ ~~j5C ~~., ‘)~I 9  3 w C S l

4 ’ .60 0fl j.1ø~~’? ~~S 1 4  . 4 L’  3.C52
4— 7.00 ~1o16~ ~,131 ~~~~~ ~.331
4~~~oCO 

4j~~~77 3o10~ 4.9~~5 3.0)6
4’.(.~~0 ~1.CC 0 3.015 ‘I.~ !2. 2.997
4~ 1,0’) ~ D . c i ’  3.36? 4.3~~E. ~~,C 5 9

4~~~~~~c 0 0  I L ) 0 7 0 ! .  7,~ 25 ~~~~~ 2.5 ’2
• 

i f l~~.’~~ O ~~~o5- ’3 2 .~~4 1 • ‘4 . 7 :~3 ~~~~~~
4 4 . ~~O 9,~~’1 2.80 ‘~o ’J~~~ ?.736

S 4;•3.1 ~~~~~~~~ €~~64~’ ~~~~~~~~~~~~~~ 2.
4~~~:o 1~ t.~4~ 7 ~.s21Z 6c13 6 Z.C”’~

•
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TABLE A-2

• MOLECULAR OXYGEN ABSORPT ION CROSS SECTION S 
~T 

(j1q~)

X A °T A 
- 

A X

1*. , p  .r’ 11.40 .29 15.01 ,‘9 15.26 •29 16.11 .29
it.77 .2~ 17 .Q ~. •?9 17.11 .29 18.62 .25 1t~.97 •29
21.~~0 .~~ 21.80 .29 22.10 .29 28.47 .30 26.79 .30

• ~~~~~~ •3 ’ ~3•02 .30 30.43 o30 33.74 .30 40.95 .31
‘4~ .76 .71 ~~~~~ .31 ~q.16 .31 45. 6 6  .37. ‘1~ ,U0 .35
4~~.67 •?4 p 7 .8 7  .35 ‘4 9.22 .‘2  50.3~ .45 50.52 •45
5(.~~ , 4 A  52.30 .50 52.91 .51 54.15 .~~~ ~4.42 .55
~,‘ .70 .5’ 55.06 .57 55.~~4 .57 56 .OP .59 56.92 .61
57,’a .67 r7.56 .63 57.b~ .64 ~~ø • Q4 .66 55.62 .68

0.3t) .7’~ 6)~ b5 
S •7j 61.07 .72 61.67 .73 ~1.9D .74

~~~.70 .76 (2 ,35  .75 67 .77  .76 62 .92  •76 63.16 .77
b. .Z 0 .77 63.65 .78 63 .72 .78 64.11 .79 64 .C 3  .80
a~..r 1 .82 65.71 .83 65.85 .54 66.30 .85 67.1~~ .67
~~~~~~~~ .~~~ 68.35 .91 4’.65 .95 70.00 .56 70.54 .08
7Ls .7~ .93  7 1.00 .99 71.54 1.31 72.31 1.02 72.63 1.03
7~~.P0 1, f lU 7 2.95 1.34 73.55 3 .0 6  74 .2 1 1.08 7L ~1U 4  1.08

4.~~~ 1.1’) 75 .03  1.10 7 5 •~~ 9 1.11 75.~~’. 1.11 75.73 1.12
7e.f’~ 1,13 ~~~~ 1.IM 76 .C3 3.15 76.?~ 1.15 77.30 1.16
77,74 1.14 73.56 1.20 7~ .70 1.20 7S.1t 1.21  7 5 .U 6  2 . 2 3
75.76 1 .2T P3.30 1.?4 30.2 1 3 .25  C0.6~ 1. 26 3J.~~ 1.2 7
01.16 1.2’ Fi .~ 6 1.2~ ~1.9’4 1.29  82 .4~ 1,31 J2 .4 7  1.71
~~~~~~~~~~~~~~ 1.33 33.42 1.34 33.67 1.34 ~4•~ 3 1.35 3L!~~~~ 1.36
ôs.!3 1.77 ~~ê. 72  1.37 SL? .64 1.~~8 ~~~~~ 1.3t 3!.50 1.~~9
~J ’ .1~~ j . 4f l  ~3.c7 ~.4J 16.23 3 .4 1  86.~$1 1.42 3a .7? ~ .43
~(.58 1.4~ ~~~~~ . L .4 i  37.61 1.45 &~~.13 1.47 8 .11 1.47

0 Bt ,~.4 1.~~’ ~3.’4~ i.’4~ ~~~~~ ‘.‘18 84.90 1.49 55.14 1.~~0
c~ .7~J 1.~~1 V J.14 1.52 90 .4 5  3 .33 93 .71 t .5~ 5 1.00 1.55
9 1.48 1.5~ 51..a S 1e57 91.81 1.57 92.15 1.58 9 Z.~~b 1.59

~~~~~ 1.61 ¶ ‘3.ol 1.62 94 .07 1.8 3 94 .2~ 1.64 94 .3s 1 .64
~ .4.a1 1.~~ e 1c 9 0  1.66 35.~~7 1.~~7 95.~~1 1.67 ~~~~~~ 1.68
9o.0, 1.(~ ‘‘,.~~~~ 1.73 ~~~~~ 1.71 97.12  1.72 9 7 .5 1  1 .73
~~~7 .‘~7 I s7~’ ‘~ i.12 1c75 p.23 1.75 98.~~ 1.76 9. .8~ 1.77

~ ,.44 1,7~ ~?.71 1.79 9~~.97 1 J ~~ ’) 133s54 i . t 4  I J C , 9 6  1.66
-
~~~ ~ 131.57 I 0 S O  1”2.1~. 1 ., 107.01 7.30 1 f l .~~5 2.01 103.1/ - 2.01

~~~~~~ 2.0” 103.94 ~~~~~~ i~~~U ,~~ 3 2 . 0 8  j O 4 . 7~~~ 2.11 105,2J 2.15
10~~.2, 2 .2~ 1’~4.~~7 2 . 3~ 1.3~~.c~3 2 .26  1f l3 .35  2.33 103. 1*6 2. 36
10’ .50 7.4 ’ 1 , ~~c. ~ . ~1~!.:.6 I .53 11fl..4~ 2 .50 1i~~.’~ 2.51

£ 1i1.ló 2.51* 111.25 .~.31* 113.81 2.71 114.39 2.73 114.24 2 .4
i1:.39 ?.E? 1?~~.82 2 .34  116.75 ‘.91 117.20 2.°4 120.40 3.15

- 4 .  1~~1.i~ 3.7~ 1~~t.75 ~.24 1~~7.7D 7.70 1?3.50 3.~~5 127.45 3.62
t2s .~

, 7,77 :~ -l a : ’~~ 3.9~ 131.0? ~~~~ 1~~~.1 3.97 17~~.71 4.26
lit.21* 4,2’ ~~~~~~ ~~~~~ 13 1.4! “,‘3 I’S.~~ 4.2~ 244.71 U • 9
1•lt.rc 1*.~~ ~~~~~~~~ 5.35 2 3 .~~0 ~.‘I 1~~2.1~ 5.~~3 152.14 ~.33
1,4.23 ‘.&4 1~~7.i 3.36 liP .39 5,71 j~~909fJ 5.30 ~64.1~ 6.C3
1 6 ? . ! O  ~~~~~~~~~~~~ i~~3.11 6.37 1 4~~.55 6 .4 1  jA~ ,92 6. 1*2 171 .06 ~~ “ 3  S

11~~.!2 6.e~ 172. i ~ te71 173.13 ~ .)2 174;~~ 6.32 175 o ’4 F . & 7
i 7~~,H 7 6.1- n 17?. ’2 7.3 1 i 7 ~~,G2  7 .0~ 179, 7~.! 7.13 1~~~ .43  7 .2?

• 23~~o7~ 7.2~ 1~~~.i’, 1.27 3s2.IG 7.;~ 1~~’.’S 7.34 1.3~~.91 .44
lo’.1j 7. 1 4.52 7~~47 I ~~~~~ 1’2~~ .?1 7o~~2 ¶ .~~ .63 7 . t 1
1~~~~.37 7 • f 0 ~~ 

~~~~~~~~~~~~~~~~~~ 7.7) !~~~.73 7,7~ 190.3” 7,°(. 1 9 1 . 2 9  7.87
1’,i2.1* 7.?’ 152.j(- ?.~,8 1.)..,.3 1,00 ~~~~~~ 4.35 396.63 ‘..3
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TABLE A-2 (continued)

X __ C..~ -A . - - 0T - - 
A. - 

- 
:

tP#.41 p.2’ 198.~~ 8.30 230.00 ~ .4-0 201.11 9.4E 02.64 5.60
203.7w 8.6’ 204.89 8.78 236.26 ( • 03  206.38 9.91 2 07 .U~ ~‘S 0 0
208.’i 9.C’ ~~9.63 -9.17 239.79 ¶ •13 ?05.9~ 9.19 ‘li.’2 Q,33
2 1a.1~ 9.3’ 2 14.75 9.54 215.16 9.57 ‘16.90 3.6! 21~~.2i 9.77

S 215.fl~ 9.~~’ ? 2 3 . O E  -9.9 1 221.26 9.99 221.~~1 10.01 223.2ó 10.35
223 .72  j f l ,j D  224 .81  10,27 2’!.i2 10.30 227.31 13.45 227 .4 7  iO. U 9
2~~~.79 10.60 233.65 10.75 231.55 10.83 2 3 2 .4 0  10.91 233 .~~4 11.01
2~~4.3~ 11,Cc 2~~5.b5 11,1! 237,36  11.29 279 ,97  11.49 240 .7 .~ 11.56
243 .03 11.74 2~~3.94 11.97 24 6 . 24  12.33 246.7 1 12.35 247. 13 12.07
?45.2~ 12.24 251.10 12.39 251.56 12 .46 252.17 12.48 25~~.R 0  12.61
25~~.31 1’.8’ 258,69 12.34 757.4 8 12.91 ?!~~.4f l  12.98 p~~9, r Ø  13.06
261.08 i3.1~ 2 6 2 . 99  13.32 264 .27 13.4 1 2 64 .91  13.44 270 .50  13.83
27 1.c9 13.91* 2 7 2 . 7 0  13.99 2 74 .24  14.L ~? 275.35 14.17 775,lo 14.20
27o.15 14.23 276.77 14.27 277.03 i°.29 277.27 14.31 27t.40 14.39
2d~~.41 111.13 2’4.15 14 .ä0  235.65 IL .fl2 2C8.’c- 1~~.DS 289.~~7 15.14
~~~~~~ t5.2~ 251.63 15.31 232.0) 1!.~~3 292.3’ 15.1f~ 2 9~~.57 15.55
296.17 15,5Q 259.50 15.77 303.73 16.00 315.02 16.51 715.05 16.51
31..20 16.!~ 319.83 16.69 735.05 17.31 335.’~ 17.32 345.13 ±7.66
34~~•74 j7~~~9 3’~7.42 17.73 ?49.~~5 17.00 353.96 17.91 35 6 . 0 7  j7.~~
360 .73  1~~.12 364.oO 13,25 74~~.O7 ie . 3 5  q~~1.70 19.14 V05 .flO 15.21
406.~~0 

lo .r Ut*7.00 19.2k 40$.~~0 19.27 
UØ9~~)3 19.25 333 •fl3 IS.33

• 411.03 16,3t ‘~1?.c~0 19.32 413.C3 15.31 414.00 1~~.34 ~I1~~.0O 1.~~i
41~~.Ou 19.34 427.00 19.36 “17.24 15 .37 417.’l 19.37 4 1 b . P 0  j9~ 37
‘i.~., . r0 t9.3~ 429.30 19.40 421.03 15.42 1*72.10 19.44 L4 2 Z . .r13 19.46
‘4 2 q . f l &  15,40 425.00 19.50 112t.03 15.53 1*27.10 19.55 “2 8 . 1 3  19.57
c*~ s.n~ 19.51 ‘4734)0 19.60 430.50 j ~~ ,q. j  471.10 j9.43 “3Z.O) tc .C2

~~~~~~ 19.63 43q.0c 19.84 435.03 1S..~4 1*36.~~ 19.8~ 436.19 jt •65
4~~~oC0 ~~~~~ ~‘33.00 19.67 “39.0) 1C .69 440,10 19.70 43.00 14.72
4 4 2 0( u lt .e 413,33 1-9.78 1144,33 15,11 445.30 19.34 4 4 6 . 0 3  19.88

- ~~- 44 / . ’•~~ j~~~•5j 443.00 i~~~. 9 L I  449.03 15.°7 4~~~.0C 21.00 4~~1.0~i 23.0?I~~~.00 20.0’4 453.00 23.36 45’~.V3 2C.O J ~55,33 20.10 4i6.)3 20.11

~~~~~~~~ 2 1.1’ 1~5 9 . 0 U  ‘3.15 ‘~5’,.U0 2~~.17 1*60.00 20.70 ‘~ 6 : . c u  73.23
4Ô~ .t ~~~ ‘3.2~ ~~~~~3o~~~~~ 2~i.3~J ~16 ’I .u) 2~a.~ U 1*65.)’~ ~3.3f ~~~~~~ 2fl.~ 94 b o . U u  20.9~ 

•4~~7 J ~ 23.41 463.03 2 3. 3 1  469.10 23.56 4a5.r~ ‘0.59
‘ U7~~.~~0 2f l . 60  ‘ 1 -1 ..30  23.84 U72 .~~J ‘C,63 473.13 20.72 474.30 ?~~.74

47~~.~~u 20.81 476.30 23.34 477.01 20.33 ‘173.03 20.92 475.03 2C.~~4
1*8C .flO 21.0’~ 4tl.OC 21.014 432.00 ‘1.09 U32,1~, 2 1 . 09  “33.00 21.14
104 , r.3 ?1,1~ 4~~5.0C 71.23 496.00 21.2~1 437•)fl 21~~34 ‘~6ô.0J 21.7?
l~~~ .29  22 .L’1 *  4~~4 .!~~ .1.47 ~ 7 0 o C )  21.50 49i.0~ 21.56 492.00 21.61

H’ 4~~- . 0 u  21.67 4~~4oJ u 7~..73 49~~.C0 ?1.79 ‘$96.V 2 1e95  “57.00 ‘1.51
~~~~~~ 21.9’ 4’~9.33 2 2 . 3 4  p 9 9 .2 7  ~~~~

‘,f’5 5flfl.1~ ‘2.10 ~P1.C3 22.16

~~~~~~ 2 2 . 2 ’ ~~13~~Q 0  22.30 !34•33 22.~~7 ~~~~~~ 22.6t 515 .6-3 2~ .!75~ 1.13 ??.5 ? ~~~~~~ ~~~~~ ~37,03 25.23 ~‘12.10 ~~~~~ ~5V,03 25.40
!~~~.51 25.56 553.60 2~~e7â ~ s6.89 25.71 ~66.~~0 25 .!5 ~7~~.33 ?~~.23

~~~~~~~~~ 2~’.fl’ 5.’’4.37 2 2 . 0 1  ~~~~~~~ “ •~~~ 30~~.) ~ 2 6 . 3 8 -  ‘05 iC3 ~A.32
6Q~ .8~ 24.1~ 61-3.00 ~~ ol0 ~11.03 25 ~~~ 912.~~ ~~~~~ ~i .00 25.73
61Lj . f l~ 2~~.Ai 415.0~ 2E.83 6±6.03 25.~~9 616.,9 25.59 617,V)J 2r ,~~ 3

~~~~~~~~~ 25.6-2 419.3C 2~~.S6 E!&.03 25.73 621.30 2S.75 622.00 25.7~~
62:.

~~
0 25.1’ 624.30 25.37 ~25.33 25.t~~ 675.~~ 25.?C ~2(.3J 2~~.91

6~~,.0u 2!,S~ 6~~3.0C 23.90 6~~,.33 2!.~~6 •~~5.77 25,82 6~~ 0 . f l j  25
S

~~

:. 0o 25.7’ 4 2.OC 2~~.81 li:’.co 2.-. ~~ 4 o i3  23.7 . 7 f~~5 e f l U  2~~.24
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TABLE A-2 (continu.d)

A °T ___ ___ ___ °T 
A

5 

366.00 11.5~ B é.9s0C 11,94 670.00 17.13 971.13 22 .3 9  t72.flt) 10.50

~7~~.flu 9.30 ~7~1.00 7.33 875.03 t.o2 976.1~ 5.84 877.00 5.65

~ 7d . 0U 9 •4 0  879 .00  9.31 830.39 5.15 931.91 9.01. 832.03 8.53
~~.o o  ~~. e 1  8t~~.O0 11.41 ei s. eo  11.35 886.00 11.31 ~E/ . ”0 11.29

~Sd.f0 11.2° 889.00 11.27 890.00 11 .29 591.13 1.55 8 2.00 7.61
5~~~~.ro 7.64 “4.00 7.4° 095.01 7.71 396.3) 7.7’4 ‘97.03 4.79
956.00 ‘l.C2 8~~9.00 4.34 ~10.00 17.57 ~~1.30 17.5E ‘02.00 17.530,.Uu 17.59 9 f l 4~~33 i;.57 “34.13 17.57 935.1’) 17.55 e06.00 ‘1.€2
537•fl3 t7.~~ 503.00 1~i.72 .09 .03 17.69 91O.~~ 17.65 ~i1.00 17.63
V1~~.’0 t7.!~ 913.33 17.~~0 514.00 17 .45 715.30 4.43 ‘1~~.C0 4.29
917 .00 111.34 913.00 14.30 919.33 14.2 4 920.03 14.18 921.00 14.12
92L.00 14.0~ 927.~03 ~.96 523.13 2.95 92 4 . 1 0  13.52 ~~~~~ 13.47
92t.CU 13.41 926.23 13.40 927.03 1 3 . 35  92 6 . i ’~ 1 3 . 3 0  92 9 . 9 0  1 3 . 2 5
9~~C.03 3.5’ 93 3 . 7 0  3 . 54  53 1.00 25 .74  q~~~~~2•~~~~~~~ 25.69 933.00 25.64
937.”O 25.62 934.30 25.60 935.00 25 .55 936.30 2~~.51 937.00 3 .27
931 .83 .79 9~.3 . 0 C  ~~~~~~ 53 9 . C3  2Z.,53 940.00 23.50 941.00 2Z.47
Q~~~s3~ 23.”' O~43.0O 2i.42 544.09 ?~~.40 94~~.S0 23.34 945.00 30.16;iêo. flO 30.1” 91~7.30 33.13 ~ 1~ .09 ‘3.11 94~ .00 30.10 945.74 30.09
~ 3 i . ~~0 ~~~~~ 9F 1 . 3 C  30.37 ~‘5 2 . u O  ?e ’5 9 3.3’ 2.54 5 .33 2.53

. ,~~~~~~~ ‘A. t ’  95’8.0~ 2~-.52 5~ 7.00 28 ,51 959.10 23.50 ‘~~~.C0 2~ .45
9t~~.03 ?F . ’4  911,00 27.11 962.01 27.39 947.31 27.07 !e4.03 27.34
96~~, GJ  2 7.37 ~~c 4 o J 0  ~7.30 547.30 2t ,97 968.00 26.95 96’~.fl3 26.92
‘,/0.30 ‘6.8~ 71.33 26.36 c77.30 21.~ 5 972.~ fl 21.~~ 973.~ 3 21.51
~7~~.Co 21•~~

1 575.00 21.37 976.33 21.34 977.30 21.90 ‘77.0~ 21.83
¶7~~.00 21.77 97~~.0C 21.74 S 30.0) 21 371 9~~1,0~ 21.67 e12.iO 21.64
~~~~~~~ 22.89 S è .4 . u O  ‘2 .34 43 ’  .33 22.91 ~36.0~ 22.78 ‘87.00 22.74
3u~~.0O 22.01 5~. 1o 0U 22.6~ 930.33 ~~‘ .~~U 991.3~ 1.07 ~9i.C~ 1.63

~~~~~~ 1.S~ ~~~~~~~ 1.37 5ct !.33 17.07 ~~~~~~ 13.0~ ¶?6.~~3 1~~.0i

~~~? . o o  t2.S~ 9 9 3 .u c  1.72 ~~~~~~~ 1.432390.10 1,~~~t0 3 i .03  1.64
1002 .00  1.611 ~~~~~~ ~~~1 3 3 L a .31 ~‘ ./ 310 13,03 ~o7 610J ( .03 !.74

.}  lOOi .00 3 .71~ 3~~io 3t’ 1.-4?10 09.00 2 o 1*~~111 0.10 1.1421’)iC~.2~1 1.42
i o i~~.ou 1.4~~~~~2.0u 1.0~ 1ot~~.o, i . :6101q . 1Q 1.Z ’41o1~~.00 1.72
1U1~.,o l0 1 .201~~1’,~~~ 1.271C1M.03 1.2~~131~~.0t) 1.23102f.0) 1.21
i0~~~ePi , i.i~~to;~±.o~ 1.161(~~2.03 1.i41323,3C 1oi41~’24.03 1.12
13~~..0Q 1.t’l !~~5.7 1.5i.10 2~~.00 I .071027.32 1.D4102~~o3Q 1.0?
11~.9.
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TABLE A-3  32

MOLECULAR OXYGEN PHOTO I ONIZAT I ON CROSS SECT I ON S a1 
(Mb)

A A A A

i4.2~ -.29 14.40 .29 15.01 ..9 .15.76 .29 16.01 .29
16.77 .29 17.05 .29 17.11 .29 18.62 .29 18. °7 .29
2.1.6t, .2’ 21.80 .25 22.10 .~~9 2b.47 .30 26.79 . 3 o
29.~ 2 .30 30.02 - .30 30.113 .30 33,711 .30 ‘10.93 .31
4~.e7ó .3 1 4 4 . G ~ .31 411. 16 .31 4 5 .6 6  . 4 6 .4 0  .35
4e.67 .?A ~7.67 - .39 ‘15.22 .112 50.36 .45 50. ’2 .~‘5
-50.69 .“4 ~2.30 .50 52.91 .51 54.15 .54 511.42 .! ~
54.70 .54 53.06 - .57 55.34 .57 56.1t~ .59 56.9~ •61
5 7. 36 .6~ 57.56 .63 57.88 .614 58.96 .66 5V. f’2 .68
b O. 3 0  .7) 60.3! •71 61.07 .72 61.41 • 7 T  ~j~ 9.3 •74
~ g . 3 0  •7~ 62. 5 - .75 62.77 .76 6 2 .9 7  .76 83.16  .77
6 7 . 3 U  .77 63.65 S • 79  6 3 .7 2  .7~~ 64 . 11  .79 6~. .6u  .80
b~ .21 .62 ~3.71 

- .83 65.35 .811 66.30 .85 67.14 .67
67.35 e87 69.3~ .91 69.65 .05 73.30 .96 70.54 .95
?U.7~ .9° 71.06 .99 71.94 1,3 1  7 2 . 3 1  1.02 / 2 . 6 3  1.03
7�.~~0 1.04 72.95 1.011 13,~~5 1.06 74.21 1.3~ 74.114 1.03
i 4 .S~ 1.11 75.03 1.10 75.29 2.11 75.46 1.11. 7t .7b 1.12
76.01 1.13 76.48 1.14 76.63 1.15 7 6 . 9 U  1.15 7 7 .3 0  1.16
,7,71 1•IQ 73.56 1.20 79.73 1.20 75.’~ 1.21 75.4i 1.23
79.76 1.23 80.00 1.24 30.21 1.25 81.95 -1.26 60.94 1.27
j i . lo  1.2 7  61.56 1 .2 ~ 51 .94  1.29 ‘2.43 1.01 82.67 1.31

~~~~~ 1.3’ 13.42 1.34 33.67 1.34 84 . 13 1.35 34.28 1.36
ow.5~ 2.77 p3.72 1.37 SU.86 1.39 65.16 1.30 85.50 1.39
55.69  1 .40  ( - 5 . 9 7  1 .40  36 .23  1,4 1 86.49 1.42 36.77 1.43
6 e . ’c ~~~~ p 7 . 3 0  1c44 6’.ól 1.95 A8o10 1.47 £ t - . S 1  1.47
3b .14 4 .47 53~~4~ 1.46 SR.64 1 .L 4 5  9S.?0 1,45 59.14 1.50
dS.73 1.51 ‘0.14 1.52 93,45 3.c? 90.71 1.54 91.33 1.53
~1• l1b 1.!A 9i•ó ’~ 1.57 91.61 1.57 92.39 1.58’ 9~~~e5 5  1.09
9 L . 5 . ~ 1.69 53.al -1.62 94.07 2.63 94.?e 1.611 9 .?i 1.64

- 9 4 . 8 1  1.65 ~-1.90 1.S-~ 95.37 1 .67 95.51 1.67 95.3 1 i.~~9
~~~~~~ 1.6° 54.49 -1.70 96.~~3 1,71 97.12 1.72 97.~~1 1.73

~ -o ~ 7 1.7” ¶~3.12 1.75 9’~.23 2.73 95.00 1.76 93.83 1.77
-~~ ~~~e ”4 1.79 ~9.71 1.79 79.99 1.03 109.lq 1.64 100.06 1.56

lOi.!7 1.c~ 1fl2.1~ 1.94 113.01 2.11 13~~.15 ‘.01 203.17 2.01
107.5’s 2.04 103,914 2.06 134.23 2.08 134.76 ‘.1.1 105.7~ 2. 15
1~~t.2~ 2.21. 10 4 . 5 7  2 . 2 3  1 9 6. 5 3  2 .2 6  19 5 , 1 5  2 .3 3  10~~.46 2.34

-
- - iO~~.50 2.141 1C~~,9~ 2.46 113.5- 4 ~~~~ 12 -3.42 2.53 113.76 2.51

111.16 2.!” 111.2! -2.514 113.i~0 2.71 114.19 2.7? 1111.2-i 2.74
~~~~~~~~~~~~~~~~~ 2.1 ’ 115.52 2.8’. 116.75 2.91 117.31 ?.9~ 1 2 ~~.40  3.15

~~~~~~ ?.2~ 1~~i.79 ~.24 122.70 3.~~ ~~~~~~ 3.3! 127.6.~ ~.62S 12~~o~~7 3.07 ~~~~~~ 3.92  2 3 2 . 0 2  ~.V 6 1~~1.’t 3.~~ 1~~6o?1 4.24
136.2ô 4.2’ 1 8.414 4.27 136.45 1

~.7’3 i~,6o4! 4.23 144.21 4.79
14~..Ci~ P.2~ 149.~~d 5.99 1~~0.10 5.21 152.1~ 5.32 i5~~.0’s 5.33

- - ~ 5~~.70  ~~~~~ 157.73 5.66 138 .33 5.70 154.14 5.8~ 16q.1~ ~..081o,.!uj ‘.3’ 1(3.17 oc37 188.~~5 6.9’ 163,~~ 6.42 ~7j.03 6.53

~~~~~~ 6.69 1 2.92 4o71 173•19 6,7 ? 176.13 4.37 17~ s24 6.67
j 7~ .,U ,  ( .8 ~ 177.22 7.31 173 .32 7.36 175,~~ 7.lr 23 3.140 ‘.22
100.71 7.0” 101.14 7.27 i~~2.16 7.!3 1~~2o39 7.3’-: ±~~3.~~i 7.~:4
1d’~ o 4 Q  7 . L 5  1t4o~~ 7.’17 164.7 6 7.t 9 165.21 7.S~ 131..L0 7.60
186. ’? .~~‘ 1’ 3.2~ 7.70 1 36..?’) 7.7 2 190.10 7.50 191.29 7.07

S l 9 2 . Z ~ ~~~~ 1~~2.1C 1.36 1~~~.i3 C .3 9  t9~~.1tt 3.39 1- ~6 .6 .  2.1~
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a1 A a

3

1~~7 . I x  8.2’ 158.52 3.30 700.00 C~~~4 Ø  .201.10 9 .46 2 0 2 . 6 4  8.60
• 2Ll..7~ 3.6° 234.69 8.78 236-.~4 ~~.90 2 0 6 . 38  3 .91  2 3 7 .4 6  9 . 0 0

2D6.?~ S.07 2~~ .63 -9.17 239.7 3 5.13 209.53 9.19 211.32 - 4 .30
S 712.1, 9.36 214.75 4.54 215.16 4.57 216.90 9.69 .18.21 9.77

214.09 9.8’ 220.08 -9 .91 221.26 9.19 221.5 1 10.01 223.26 10.15
22 .72 10.19 224.31 10.27 225.12 1C.30 227.01 10.45 227.47 10.119
22c-.?9 10.61 23D.~~!~. 13.7~ 231.55 10 . 03  23 2 . 6 0  10 .91  2 3 3 . 8 4  11.01
2~~~.!d 11.05 2~ 5.5~ 11.15 237 .06 1? .29 239 .37 11.44 240.73 11.56
~~~~~~ ii.76 2’~5.94 11.37 246.24 12.00 ?46.

Q1 1 .05 747.13 17.07

[ 
2 4 4 . 2 3  12.2 ’s  25 1.10 12 .39  2 5 1 . 9 6  1~~.46 252.17 12.48 253.80 12.61
2~ t.37 12.2? 256.65 12.34 257.43 12.91 25~~.43 12.92 255.00 13.06261.08 13.19 262.99 13.32 2 6 1 4 .2 7  13.41 !64.3C i!.’14 270.00 13.83
271.99 17.414 272 .7 0  1-~~.99 2 7 4 . 24  1~- .39 275.35 14.17 275.76 14.20
Z / b . 1~~ 14 .23  2 7 6 . 7 7  14 . 2 7  7 7 7 . 0 0  1’- .25  2 7 7 . 2 7  14.31 278.4~) 111.39
2 8 1. 1 4 1  111.6 1  2 P t . 1 5  14 .33 235.25 1’--.92 2~~R .~~A 15 .09  2 6 5 . 1 7  15 .14

- 251.72 15.25 251.63 15.31 252.00 15 .33 292.32 15.39 2 95 .57 15.55
2~~6.i7 15,59 29~~.50 15.77 303.78 lt.&0 313.3~ 16.51 715.05 16.51
316.20 16.5~ 319 .93  16.69 335.05 17.01 335.09 17.3? 345.13 17.66
345.74 17.(~ 3~~7.42 17.73 345 .85 17.8fl 353,56 17.91 356.07 17.53
36 1.76  18.1’ 3(4.80 13.25 34e.07 1~~.35 ‘121.73 19.114 LI O 5 . 3 3  1 .21

~4 0 6 o 03 1?.21 t4’~7.0( 19.25 “3~~o30 19.27 499.11 19.29 1410.13 19.33
4 11.0

~
. 19.2 1 14 12 .00 19.32 413.03 19.73 4114.10 19.311 1115.00 19.35

41~~.00 i5o36 14 17 .03  17.06 417.214 19.37 4 17.71 19.37 ‘I IP .C0 19.27
41~~ .C~ 1~~.7-~ L$ 2 3 ,J ~ 19 ,4j  42 1 . 0 0  1~~.42 1 42 2 . 0 0  19.44  1123.00  1. ”6
4~ 4e0J 15.’~9 425.00 19.50 V2400 19.53 ‘127.30 19.55 420.90 19.57
‘ 1 2 5. 00  19.!’  4 2 - 0 . 0 0  19.63 “3~~.0’0 19.~~1 4 3 .1.fl’~ 19.61 1132.00 19.62
‘!~3.Ou ~~~~ ‘4~ 4 , c J  19.04 t

~!’ .~~1 1 .‘11 434. ’~ i9.~~! £13~~.1O lc.(5
4~~7 .V ’ 0 19.~ 6 14~~~.3C ~ 19.67 435.01 1~ .Sô 1441.3~ 19.70 p41.33 19.72

15 .7~ 4 13 ,0 0  19.76 p 4 4 . 0 3  15.61 4fl5,~~ 19.54 L
~16.C 0 19.~~3

-~~ - 4 4 7 . t t ~ 19,91 4~ t 3~~~~~ ~~~~~ 4~~~.33 1 .97 4~~3.1~ 23.02 11~ -~~ .03 23.02
r t 9~~~ .O0 20.34 14r3,00 20.36 11 4.0fl ~Z..0d 455.3) 23.10 &‘~~ .03 20.11

45 .t
~ J 20.1’ 11~~3 ,u0 73.15 ~59o03 2 .17 4E3.’~~ 23.20 1461.00 23.23

462.00 2C.2~ 4~ 3 .03 ~3.30 “64.00 2’ .34 ~46 .)~ 70.38 “6..22 23.79
h.,6~ .CU ~~~~ U .~7 .30 2’J.47 1145,33 2~~.51 469.10 20.56 iló5- .P - 3  2 3 . 5 9
473.20 20.60 471.OC 20.69 ‘432.C0 ?~~,62 47?.OC 23.72 474.00 20.76

-
~ ‘47~~.00 20 .8  47~~.J0  2 0 , 3 14 L~77 . 0 3  2 .8R ~17S.3! 23.52 1175.00 20.56

14 ø i ~ . f l l~ 21.0~ 461.00 21.34 1432 .33 21.C~5 452.1) 21,00 1163.30 21.14
4c ’, . r,u 21.1° ‘405.33 21.23 436.0-3 21.03 4647.13 21.44 483.00 21.39
~~~~~~~~ 21.44 4t9.50 21.47 ‘150,00 21.53 991.11 21.56 ‘492.~~3 ‘~ .61q; .~.0o 21.67 4~~’4,Q3 22.73 4 19 5 .01  2? .7~’ ‘496.P~ 21.95 V 9 ;  .03 21.9 1
4~~b o 1 U  21 .5w ‘1S~~.)3 22 .34  ‘4~~~ .27 ~~~~~~ 533 .30 p2 .10  ~ O 1.OJ 22. 16
~0~~.r u 22.2~ ~r3 .36 22 .30 ~ J~~.00 ~~ .37 5D7.0~ 22.66 ~IS.6J 22.57!T~~~.1~ 23 .5’ ~~~~~~ 2-3.3~ 537 .03 ~t .20 5142.90 ?S.63 ‘53.00 25.40
5~ L~~5j 25.5 6 !!3.60 2,,73 5.0.00 25 .71 i63.50 2S.35~ ‘7~~.33 2!.?~
~ oL . f l3  ~‘L 4 . 3 ~~ 5 r4 , 3~ 22,11 ~ ?0.~~0 2~~.62 60~~.1~ .6.5~ ‘35.03 76.32
60S .C~ 26.2’ 61).OC 2~ v11 (11.0-3 25.93 412.-n 25.79 613.03 2~ .70

-~~ 
614.03 25.61 . 6 ? 3 . O C  ~~~~ 6 1( . C 1  2’.!? 613.63 25.53 617.93 2~ .G361~~.O0 2 5 .62  615.30 25.66 62i~.CJ 2~ .70 621.31 2 .73 622.0~ 25.79

-- A. ~2~ .30 25 .2 1 6 2 4 . 3 0  ~5.Si 6- 2~ .00 ?5.~ 9 4 2 5 . 2 9  25.Sf ~ 2 6 . C3  25.9 1
6 27 . 00  25.51 529.00 2 5 .93 629.~~0 2! .~o 62~~.73 25.J2 63C.C0 25.1 06Q1~~03 25.7’ ø~ 2.0C 2~~.61 63 .00 25 .53 634.30 25.37 ~3S.0J 25.74
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TABLE A-3 (continued)

A A C
1 A A A

~3t.03 25.11 7.30 24.98 638.00 24,57 439.90 24.77 649.3-3 214.70
64,1~~P0 24.6~ 6142.00 24.63 F’13.00 24.63 644.30 24.64 614’~.1J 2.64
ó45..Ou 24 .66 6 146 .00  714 .69 647.03 24.73 ~ q a . oc  24. 76  643.00 24.78
45~~.3U 26 •0~ 65.1.00 23 .I ib  652 .03  23.11 653.10 23.14 £54.00 23.16
ó5~..00 23.14 656.00 23.15 657.uO 23.13 657.30 23. 12 658.00 23.10
659.03 23.0’ 6(0.00 22.99 3-41.03 22.92 66 1.~19 22.88 6a2.03 22.83
6~~ .03 22.7’ 6 6 1 4 . 0 0  22.61 645.00 22,49 666.)) 22.3! 667.00 ~~ .19
66~~.OO 22.3’ 669.00 21.~ 5 670.03 21.65 671.90 21.45 ~71.50 21.34
672.03 21.2’ 673.00 21.30 £74.00 2C.7~ 475.00 20.49 676.~~0 20.72
677.0~ 19.91 673 .00 19.64 679.00 19.32 650 .90  19.00 630 .94  -18.23
6o1.00 164.28 6~~1,7& 13.24 692.03 16.25 6~~3.30 13.28 634.00 18.32
685.30 18.39 6645.70 18.43 6~~6.C3 14.145 4647.10 14.514 69F..C0 14.65
ed S . C0  1~~.77 6’3.00 1-9.90 691.0) 15.35 452.01 10.21 

693efl0 15.29
6914.00 15.5.9 654.30 15.64 695.0’) 1’.79 696.03 14.31 697.~~3 16.25

~~~~~~~~~~~ 16-.!~ b°9.0D 16.77 70fl.00 17.05 701.01 17.39 732.30 17.63
70~~.00 17.91 703.40 ~~~~ 7311.13 18.15 735~~30 13.32 7)..0C 16.46
70i .00 18.56 70-3.03 18.ó2 739.00 164.6’ 710.30 13.63 ,11.00 15-~ !3
71~~.00 19.49 712.70 13.140 713.00 1E.~~6 714.1’~ 13.14 715.00 17.39
71u.t3i) 17.7U 717.03 17,44 718.01 17.114 713.5 16.96 715.03 16.78
721.90 16.3’ 771.30 ~~~~ 722.03 13.71 723.31 19.21 7 24 .0~.J lc .64
72~ .0J 29.11 7~ 6.03 20.2% 727.00 20.51 78.10 29.66 724103 20.74
7~~0 .C 0 20.74 731.03 23.70 732.01 23.57 733.30 23.33 7314.03 20.11
73~~.~~3 19.7~ 72S.OC 19.37 737 .09  16.90 7~~-3.1~ 13.36 73 5 . C 0  17.74
7411.03 17.C~ 7° 1.00 16. 31 7 ’ 12 .33  15 .49 743.33 14.~~ 7411’.3U 13.614
74~ .0~ i~ .61 7 U 4 0 0 3  11.?1 7 4 7 . 0 0  10.3 11 746,30 ‘.10 749.10 7.33
7~~C.00  6 .4~ 75 1.30  -3 .47  7 5 2 .0 3  2 .5 6  7!1e~~~~ 9.59 75’~.00 ~.46S 
7,5 .33 ~ .142 7! ~~~~ 6.35 75~~.60 e.37 758.0) 3.~6 7~~...73 P - . 3 6

• 7,’.00 ‘.0~ 7 9 5 9 , 1 4 3  8.36 760.03 6.37 760.140 8.37 761.00 ~,3;-3
7~~~e00 ‘.41 7~~2.O 0 0.141 763.30 C.44 764.33 3.14&- 764.63 8.91
7b~~o C 0  P.514 766.00 8.60 767.39 6.!6 763.10 A ,74 76~~.C3 6.63
77C.0i~ 8.5’ 7~~3..0 9 .62  7 / 1. 2 3  ~ a 64 772.11 5.77 77~..0J 9.614

S 
- . i _ .~~~ ‘~ .91 77~~~J0 ~~s9!~ 776.00 5.S9 776.0~’ 9.9-, ~ 77o9J 10.91

77L .00 13.17 7~~~.U 0 13oJ~ 7-30.00 ir . ,o i  7~~0 .3~ 13.30- 7 -~1, r J  5.53
S

. 7o~ .0C 9 •c 1 4  ~~~3 . U 0  9 .3~ 7 3 9 s f 1 Q C ,93 7~~5.33 p.75 7~3 E o ~~ 0 9.66
• 7b~~.46 4,61 7~-7o 00 9.56 757 .71 9 o~~ 7(~3o1~ ~.45 73c 0fl3 ~i.22

79(’.Ou 9.69 ~~ 3.21 9.65 791.0~3 9.52 ~~ 2.00 ‘.39 75~~.~~3 9 .2 6
7,14.Oo -9.16 7~~~o30 %.)3 96.03 5.33 757.11 j.q~~~ 7 98 .0 0  9 .93
7,~~.03 ~~~~~~ 5 . t , 1 . O o  9 .0~ f 0 1 .0 3  ¶ .37 9~~?.00 9.15 ‘0~~~ O 0 3  ~.214
504 .30 ~~s3~ ~ C 5 s ~~C 9•~ a i )  136.03  S o C . 6 3 17 . 3)  9o~~5. ~‘3 v , 3 3  10.35
~~ 9 . 3 0  1t .2~ 8 13.03 10.52 811.01 11.°9 312.00 11.50 !1~~.-33 11.11

S ~14.0o 1!~.7’ 915.00 10.39 f16.00 c.s~ ii?.)) 9.6~ 21~~.OO 9 .21
3~~.03 4.9? ~~ 3a0C o.59 821.03 r..26 !22.33 7.93 r~~7~~93 v.62
C2~~.13 7.31 325.0~ 7.31 p26.03 (.72 ~27. 3~ 6.4~ P2~~.00 6 .15
9~~S.9~ 5.F~ 8~~0.Jo .62 C-fl.~~ 6.t~9 ~~~~~~ 4.71 r3 .33 ~~5.14

~~~~~ Cu 4.37 -3714 .ZC 6.34 2~~!~.C3 6.21 336.lr 6.1! p37.00 5.9 1
P.31.90 5.7~ 339.Or !.63 ~ 140.00 5.146 ~~~~~~ 5.3~ ~‘42.0o ‘.19

S 34 . . . 14 j  5 .94  ~-‘4. ’J 0  ‘o . i~ 8145.03 L ,3j S1~6 .) 0  1.65 P47 .30  4.53
5 4 t .t C  4 q 1 4 ’  ~ ‘- ? . ) O  41.36 F 3 3 . 0 3  !.26 p1.10 4 ,16 ~52.3~ 41 .37

~~ 3•~~•J ~
- .9’ 9 4 .30 1.39 3~~t . 3 3  ~‘.~~

• )  ~~ 6.10 3 .77  57.33 ~~~~
S ~~~~~ ~ .! ‘1.03 ~ .51 t o O . C 3  7 . 4 L  3~-1. ’ 3 q 3 2  

~4~~,33 3.03
bo~..C0 1.0’ 8~ .03 3.17 .00 ~.)3 ~46,3~ ‘e1~ ~~7.93 7.12
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TABLE A-3 (continued)

—
~~~~~ 

a! A - a-1 -A- Q
1 A . ..u 1 - A  01

86u.OLJ 3.1’ 369.00 4.15 870 .00  3.17 37 1.0’~ 3.18 87Z.OU 3.20
-

- O7 .~.00 3.2’ 874.00 -3.24 P75.00 3.25 376.03 3.27 ~7?.O) 3.29
576.00 3~ 3fl 379 .00  5.~~2 6 4 3 0 . 0 0  3.34 8 ’J1 .9C 3.36 8 3 2 .0 0  3.33
6482.0J 3.79 3814.00 3.41 635.01 3,ii3 386.10 3.45 O3 7~~~ 33 3.46
M8(.0Q 3,~1° 889.00 3.49 690.00 3.50 391.~~ 3.51 p92.30 3•52
tI9~~.00 3. 5 3  89 1 4 . 0 0  3~~514 P95.00 ~~~~ 356. ’C 3.54 897.00 3.514
396 .00 3.511 6499.00 - 3 .53  ~- O 0 . 0 ’)  .52 931.IC 3.51 932.00 3.50
93.~.0Q 3 . 14°  9 0 4 . 00  3,146 ¶ 011.10 3,46 905.1~ ~~~~ co .no 3.~ 2
907.30 3.3° 9O.~.3C - 

3.36 919.03 7.314 91”~o
’
~C 3.31 •11.0~ 3.23

9~~~.0U 3.~~’ 913.30 3.21 5 1 4,0 0  ‘.i~ 915.1’) 3.15 ¶1~~.P 3 3.12
917.00 3.09 913.00 -3.36 519.03 Z.33 923.90 3.00 ~21.03 2.97
%~~~.00 2.95 923.03 2.92 523.13 2.92 9 24 . 13 2.90 925.33 2.P~
92t..3U 2 . P e  926o2C 2.35 927.01 2.13 923.00 2.81 925.00 2.79
930.00 2.7’ ~33o70 2.75 931.33 2.73 932.00 2.73 933.33 2.71

~~~~~~ 2.71 9~ 14.03 2.65 ¶35.00 2.07 936.33 o65 937.33 2.62
937.00 2.61 539.00 2.60 ‘39.00 2.59 3140.03 2.56. 941.03 2.51
¶4. .fl~i 2.51 9~ 3.00 -2.43 ¶414 .00 2.45 94L’.53 2,114 °14~To00 2.143
54 t . 3O 2. 419 94 7 .00  2 , 3 7  9143 .~,3  2 . 3 4  9 1 49 , 3 0  2 .32  945.74 2.30
c5~~n0u 2.29 9’l .OG ~ c? 6 5~~2.00 2.214 953.-3 2.21 ~~~1 .33 2.19
5~ !..0C 2.14 3~~~t . Q f l  2.14 957.0’) ~ .1? 9~~~.00 2.10 ~~ 9.0O 2.064

~e(.)~ 7.06 ~~ 1.0& 2. 0~ 56 2 . 00  2 .3 3  943 .01  2.02 ~~~“.0U 2.31
9o!i.t’U 2.00 ~6b.30  1,99 9 37 .3 3  1.93 76~~.33 1.97 9 6 9 . 0 0  1.56
¶ 7 l . t~u 1.4~ 97 1.06 1.95 ~72.03 1.54 972.30 1.9Z !7~’.03 1.93

~~½ .PU 1.9~ ~~5.CC 1.91 574e00 1,90 9 7 7 . 0 0  1.645 ‘~77 o l3  1.69
97b.O Lp 1.6°. 977a0~ i~~~7 c39.00 1.~~5 931.33 1o~~L~ 9°.~~.0U 1.62
983.30 1.61 S~~4.J0 1.78 935.0 ’3  1.76 *86.10 1.74 9 37 o f l0  1.7?

-
- 9J~ .!’u 1.69 9~~ .36 1.67 590.01 1.~~3 9~~i.13 1.~~ 5~~~.0J 1.t- 2

- t  99~~.33 1.61 993.03 -1.58 994.00 1.55 993,10 1.53 9~~~.03 1.53
957.90 1.43 °5 3 . 0 0  i , 1 4~ 95 ° .C3 1.4ql OflO .10 1.1421031.03 1.43

133~ .00 1 .7’l f l 0 i . U ~- 1.3610 34.10 1 .~~510~~5.1~ 1.3710 36.90 1.32
1007.00 1 .711 398 .00  1.291309.03 1.271310.03 1.26 19lG.2~ 1.26
1011.00 1.251 312. 1G 1.241313.00 1.2313114.33 1.211915.00 1.2~1016.00 1.1~~1047eJ (~ 1.1813 13.00 ~.171019.1C 1.161~~2 C . 0 O  1.15
13~~.00 1.1’1321•3.. 1.17 1322.00 1.121323.30 1.11t02’~.0J 1.13
1l~ :.,0U 1.C313~ ,.72 .9810 ?6.00 1.671027.10 1.061026.93 .30
10 29 , ’!,) •3’!~ ‘71.33 .93
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TABLE A-S
MOLECULAR NITROGEN ABSORPTION CROSS SECTIONS 0T ~‘th)

A
__ - 

A °T A 
~T 

A °T 
____  ____

is. .05 .6’ 114 . 140  .33 15.01 .03 15.’~ .33 16.01 •O ’4
1~ .77 .0” 17.05 .011 17.11 .3(4 19.62 .05 16.97 .05
2i.60 .0~ 21.60 .06 22.10 •06 23.117 .09 26.79 .09
24.~~. sin 70.02 .10 30.43 .10 33.711 •11 £10.9~ .14
47.76 .16 L

~U.02 .16 1114.16 .16 115.66 .20 (4(.40 ,21
‘~ -.6i .21 ‘7.S~ .23 ‘19.22 •24 50.36 ..6 bO.!2 .26
50.4~ .26 b2.30 .29 52.91 .29 514.15 .31 ~~~~~ .32

lu .72 55.06 .32 55.711 .33 56.’5 .314 56.9 1  .35

~7.36 .36 ~7. 5 c  - .36 57.69 .36 58.36 .38 59.42 .39
b C . 3 1 . b  s ~-3.8 5 - 

. 1 4 3  61,07 •4 1 j  61.6’ .141 61.93 .142
~ c. 30 •~~2 (.2.35 .142 62.77 .14! 62.92 .43 63.1o • ‘4 -14
a . ~~ ) .4”  (3.6~ .414 63.72 .144 614.11 .145 64.43 .146
oS.2i s 144 6)~p71 - .117 65.65 .07 66.50 .48 á).14 • 149
6?.~ 5 .4~ 69.35 -- .51 65.65 .52 7-0.90 .52 70.~ 4 .53
70.73 .5! 71.01 - .53 11.914 .54 72.31 .55 72.6~ .55
7 .30 • f c  72.95 .35 73.55 .54 14.21 .57 714.1411 .57
7’,.Pi •57 75.03 - v56 75.79 .53 ~~~~~ .58 75.73 .58
,~~.0i •5n 6 o 4 L ~ .59 76.63 .55 76.914 .60 77.73 .60
77.711 .61 73.513 •61 76.71 ,~~ 79.’)B .62 79,48 .62
I ’,.7ø .6’ ~

- 0 . 0 C  .~~3 so.~1 .63 80.05 .63 80.914 .614
c,i.1.~ ,64 ~1.56 .64 31.94 .65 62.141 .65 32.67 .66
~~~~~~~~~ .66 F3.141 .66 ~ Z .6 1  .67 814.30 .67 8 .26 .67
M L : ,!~~J .6~ ~4.77 .66 ~~~~~~~~~~~~~~ .664 55.16 .~~~~~ ~~~~~s . . ’, .~~~ c~~~~.q ;  .19 3 6.2 3  .69 36.’40 .70 86.77 .73
~~~~~~~~~~~ .7~ ~~.i0 .71 647.61 .7± 88.1~ .71 86.11 .71
~~~~ 

. 1 ,  .71 C~~ 5 4 2  .72 ~ç.614 .72 ~~~~ .72 89.14 .72
~~~~~ .7’ ~.1.14 

- •7’4 ~3~ 45 .711 5 3.71 .76 91.03 .714
V ~1. U 5 •7C ~t.69 .75 9j,~~t 

5 .75 92.05 .76 92.05 .76
)~ .R1 .06 Ci.61 .77 9(4,07 .73 911.25 .78 14.39 .73

- ~~~~~~~~~~~~~~ . “ ~-4.9C .7’ 9!.7 .7 95.51 .79 95o ’!1 •~I’)
~~~~~~ .6’) ~6-.4~- .93. 96.63 .01 97,1’~ .11 97.01 .01
.,1.;~, .F~ 93.i~ .32 ?°..~~3 .02 96.50 .02 2 . 0  .83

- .C~ ‘9.71 .011 99.,1 e~ 4 Ill’). ~~~~ .87 ~ O C~.03 .5~
I U I . 0 i  .0’ 1 .’15. .)á 1.13.01 1.1 133.1.5 1.02 133.11 1.02

-S
e i0~~o~~6 i.C~ IC S SS 94 1.36 1)11.23 ~ ,0~ i 3 4 .7 6 .  1.10 1 Oti .”3 1.13

1o~~.2, i.1~ ~~~~~7 1.21 106.53 1.23 10?.-35 1.29 I0~~n
U 6 1.21

10,.~~0 1.31 1~~) .’~o 1.3~ 110.56 1.113 113.1’ 1.147 113o á 1.414
- - 11~~.~~o 1.44 i i t .2 5  1.47 113.63 1.&j ~~ 4,V? 1.62 114.24 1.t3

t15.~~ 1.7’ 1~~5 . i2  1.7~ U..75 1.77 117.00 1.30 12t . L1J 1.97
j~~:.1~ 2 .3’ 121.79 1.35 12 2 , 7 3  2 .1)  123.00 2.15 127.(~ 2.3 8

S 

1~~~.’ , 2.51 1~ u.~ 3 -~ .47 131.c2 - .~- 1 1:~i . ?1  2 .5~’ 136.21 2.79
— 

- ~~~~~~~~ 2.7° ~‘6 .04 ,‘A 3 0  1~~6.143 7.43 1-6.U 2..~fl 14L~,2). s25
i4!...”~1 3.2’ ~~~~~~ 3.30 1~ . 0.i3 3.,St t!.2.1.c 3.7~ 1~,2.64 :.7!-e
~~~~~~ Z.tS 157.72 4 .97 13e.33 ‘.11 l~~?e~~4 14.2”  1 6 4 . I Z  4 .4 2
16; .~.o 11.6t 1~~3.17 M.64 I .~P.03 ~ .1i 168.02 14.65 171. 16 U.t’1
I l LS11  11.4~? 17?. ’~ 4.9 5 173.13 4.~,14 174.53 5.011 1 75 . 2 4  ~,.t3175.47 5.10 ~~~~~~ ~.22 1?t.02 5.27 179.74 5.3(~ 1..0.40 5.27
j~~~~~~~~ •~~~~~~~ 

C •3 Q  ls .~~~~ j i* 5.40 1~~P.16 ~ .45 i°2 .3’? ~.146 i4~ .’1 ‘~.‘2
1c’~.~~U ~~~~~~~ ~~~~~ 5.35 1~ U•7 S ! .5 b  1 9 5. 2 1  5.5l~ 

l~~6,69 5.614

~~~~~ ~ .65 i13,2~ 5.7k I 3 t . 7 - 3  ‘.714 (3 ~ ’)
() 

~.33 ~~~~~~ 5.67
S 19k .3d C

•
C t  

~~
C
~~~ .GO 5s~#5 4 , , 5 3  5.~~ c 1S~~.111 6.09 196.C~. € .11
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TABLE A-S (cont inued)

A 
- 

0T A °T A A aT A

1,,.U1 6.2’ 193 .53 6.30 203.01 ~~- . 14 C) S 231•11 6.145 ?Q ’~o64  6 .59
20~ .7d 4.6’ 2(14,99 6.75 ~.06.24 ~.85 ?06.”~ 6.55 23 .4 6 6.93
206.33 6.9° 2C9.~7 7.38 209.73 7.0? 209.~~3 7.10 711.32 7.i~
2l~ .13 7.2’ 2114.75 7.39 2i~.16 7.42. 216.00 7.51 ‘16.21 7.59
219.09 7.(~3 220.08 7.71 221.26 7.78 221.51 7.90 23.26 7.5’

— 
- 22~.?~ 7.S~ 224.d1 o.03 225.12 (.05 227.11 8.15 227.47 9.22

2~~.79 64.3’ 2 0 .65  8.144 23 1.55 .~-.5i 232.60 9.58 ‘3~ .014 ~~~~
231i.0o 8.6° 235.35 ~.7ó 237.36 ‘.~~6 239.97 R 079 2140.73 9.03
2~i. ’ )~ 9.114 743.94 5.25 ‘146.214 ~ e 2 6  ~ (46c~’t 9.04 ~Z 47 .13  • 3

i~~.2 .. 7 2~1.10 9.1414 251.96 ~~~~ 252,17 9.116 5 .P3 ~~~~~
2te 6 . ’7 9.E~ 254.69 9.66 257 ,49 5.69 258.00 9.77 ~~~~~~ 5 . 7 3
201.fló 9.15 26?.~~9 ~~~~ 2 ~4 . 2 7  ~~~~~ 2~~4 . t1  2 1.31 2 7~~o 5 U I ~.2127~ .99 1.0.~ !t 27’.70 10.~~6 2 7 1 4 .~~4 j~ •~~~ 27 ~~~ i o~~~ o ~7 .7 à 10.7-3
27e .1~ 10.31 276.77 1J.~~2 277.~~

) 1C.33 277.27 10.33 2/~~.4D I9.7~
28~~.41 1C.14~ 264.15 10.55 23r •~~3 ~~~~~~~~ 288 .  ( 10.~~1 ~~o o1/ l C i . 65
290.~~2 10.5~ 251.o3 10.95 2~~2.00 11.10 252.8’ 11.05 995.57 t1.1~
21 .17 11.21 299.50 11.37 t13~~73 1 .61 315.12 12.~)6 ‘15.15 12.26

~1Li .2~) 12o 14~ 319,93 12.7~ Z35.05 1- ~~~~ 3!5.0~ 114.7 1 ~ ‘4~~.13 15.ô’~
3115.711 1’.94 3 ’17.42  16.14 149.63 t~~a~~9 353o

c.~i 16.77 7St -.~~7 16.56
361.76 17~~?4~ 3~~14.d0 17.69 46~~J7 17.95 401.7C’ 20.11 a- 3~~.0Q ~~~~~
~~~~~~ 20,3~ 407.00 2fl .4L1 14o~ ,c,a ?Co 149 ~~~~~~ 23.55 (413.03 23.63
U 11.f ~i 23 .65  1 14 2 . 0~, 20.6~i 413sC0 2 .714 1414.00 20,7C L!1~~~.( t 3  20.03
q l c. r0 20.~~° 1427.00 20,93 ‘117.24 2 .914 1417.71 20.96 U 1~~.0J 20.S q
‘4~~’,o ’~ O 22.014 ‘4~ ).O0 ,1.10 421.0’) 21.17 (422.1’~ 21.24 423.00 2 2 . 3 2
q~~i4. 0U 21 ,6 ’)  ‘ ‘5 . Ot  2 t . 4~ ~ 2 5 e C 3  2:..56 427.0~ 21.6~ ~~~~~~~ 22.69
~~~~~~~~~~~~~~~~~ 21.75 6~ 0.00 21.30 143ti .50 21.~~2 1471.3:~ 21.34 “ 32 . 00  21.01
43~~.0~a 21.(~ 14Z4.~ u 21, 70  L 3 ~ - 0 ~~ 3 2 3S0 1136.1r~ ‘1.~’fl U3~~.1j ‘1.9)
4~ 7.”& 21.c I 4 . 3 c lU  21e~~ 6~~5.01 ? .90 1414J .00 21.9C 641.3) 21o~~D
144~~~00 21.91 

.~st 3.~~C 7 1.92 l~ 4 U o C 3  2 . ~’2 4~~5,
1~ 21.94 ‘‘46.00 21o ’~~

44 7 . 0 d  2 2 . 9 6  ~ 33.0~ 21.*7 4’i9.C3 ~~ .99 4~~0.3~ 22.0’) 14~ 2.03 22.01
‘~~~ .0u  22.C2 4’3.3~ 22.13 U54 ,93 2~ .1’~ 45~~,0~ 22.O~ ‘~~6.3~ ‘2.014

-
~~ 4 i . f) L! 2 2 , C 4  - t ! 3 . 0 D  ~~~~ ~ 35.C1 ~~~~~ 4~ .1,11 22.00 U~~~.03 ?1,99

4o e . 0 i)  ?j , cr ‘~~ 5 . u 5  71.01 ~~6’’ .01 ~~~~~~~~ 14’~5 . - 1 C  21 . 7 ”  “6 5 . 7 2  2 1 . 8 ’4
40~~•r 3  21.01 111-7.01 21.73 ~~~~~ 21 .7~ t4~~9~~1f~ ‘1.72 ~ S9 .0 O 2 . O ? 0

4 7 0 .~~ I~ ?1. ’ 471.Z12 2 i . 3~ ~ 7?.Q) 21.65 147~~.Y’ 21.17 ‘l7’~ .0~1 2 1 067
1171.0&) 21.IQ 1176.00 21.63 ~!77.0’) 21.65 1473.’’ 21.55 t 7 t,, f~ 3 7~~ 7 -3
4 ø L . O e )  21 .7’ U r i . 1 G  2 i .7~ 4~~2 . 0’) ~ 1.7 C  4 82 . 1 . 3  ‘i .7 t~ 4c ’, o 3 3  21 .69
‘Jb~~, r3  ~~~~~ ~~~~~0& 2i.S- 6~~6.D 3 2: oSE~ 487.03 71.1F ~~~~~~~ 21.~-3

. 0 U  21.e~ ‘~~ 9 . b U  21 .6’, ‘ 10.10 2 .70 1 49 1 . 3 0  ;1 .IL L 5 : 0~~~3 7 1.74
49~~,”O ‘1.7’ ~~ 1.0C 2i.3~ ~~5.C 0 2:.Z3 14~~6, 11 21.87 ~~~~~~~~~ ~~~~~~~~~

~4~~t .00 2 t . 5 ’~ 6 5 1 .0 0  ~~~~~ 4~~~ .2 7 2~- o~~9 s r io , i~ ~ ? . D C  ~ G 1 . f l 3  ~2.t3

~~~~~~~ ?2.0’  C’~~.J(. 2 Z . V  5 f l L , .01 ~~ .12 ~ ‘) 7o ~ J i  ~ ~ . 1 4 C  ~ 15,6- 3 7:- .c 9
-

- ‘Zi.lu 2’.19 ~25.3C 2,.59 ~37.,j
5 2~~.30 5142e v’ ~.3.1° t 3 ’)~~ fl~) 2’ o 1- 1

• 
~~~~~~ 2 ’t .7 11 ,~~3. ó C 2’~o32 5~~~.6O 2~ .Z ~ ‘-~~.5!~ 23.77 !7~~.3O 2 : . 0 7

- 
- u.LI0 23.27 5t4.’~ 23o2~. ! ~~~~~ 2- .t1 40~~ .1C 2 3 . 3k  6 3 5 0 1 3  2 7 .0 1

~~~~~~ 7 7 o~~ 1 611.33 2~~o13 611.00 2 .11 612.10 23.12 6i~~.0J 23.14
6~ 4.00 27.1’ 615.-IC- 23.i6 6 16 .05  2:- ,17 616.63 2 3 . lb  ( 17 . 0 3  23.1~s
~~~.0u 23.1° 619.30 23.21 6 2 0 . 00  2~~.2U 621.13 23 .20 6~2.CJ 2 3 . 2 3
62~ .00 2Z.2~ 6~ 4.00 2~~.20 625.0) 2~ .?0 S2~ . ?9  2 3 s 2 1  6 26 . 53  ~~~s 2 fj

5 

- 

627.00 2 7 .2 ’  ~~~3.0C 7•~~r. 
~ 2~~.&3 27 ,2fl S2~~.73 2~~ o~~ C £~ ‘C . 0 J  ~~ .29

b~~1.fl0 2 7 . 2 ’  ‘ 2 . 3G  23.21 ( ,3 .~~3 2: ,23 4~~11.33 23.214 ~35.fl3 23.29
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TABLE A-S (continued)

— 
°T A °T A aT A °T A °T 

-:

6~ c.DU 2 .2A 67’.UO ‘3.27 63~~.&3 27.?C 639.10 ‘3.29 (4Co00 73.~~0
64~~.f l i~ ~~3 , 3 1. 6’ ?.-IC 23.31 693.03 23..~1 4(411.30 23.31 644.10 27.31
6a,~~.C0 ~~~~~ 6146.30 23.31 647.0’) 23.3’) 643.1)0 23.30 643.00 23.20

~~~~~ 23.:~ ~:i.oo 23.69 652.00 24.13 653.00 24.SZ 6~ 14.1J 24.94
65!.5U 75.2c GC6.flC 05.77 (57.03 26.114 657.3’) 26.2~ 65(.00 26.49
t ;. 0U  2~~.77 ~63.U0 27.1 6ól.00 27.17 661 . 140 27.21 ~ 6 2 .~~d ‘7.27
o~~~.’ U  27.:’ 64-4.33 27.34 665.03 27.73 666.10 27.29 667.00 27.24
l ó b . f l U  ~~~~~ 661.00 3Jo7~’ (70.05 33.69 671.10 73.56 671.53 33.86
6j ~..’)O 33.67 ~73.OC ~~~~~ 6714.~~3 27.14 575.11 25.14 ‘/6.00 75.16
677.00 3~~.27 673.00 27.19 (-7?.~~Q 27.16 63-3.1’S 23.92 ~~3r .~~4 23.82
5i,1.0~ 73.6’ 68.1.70 3oo-37 ~S2.33 31 .03 6S3.~~ 3’.6L ‘‘~~.03 37.71
6~ 5.P0 26.3’ 6’5.71 2â.2~ 63â.01 U.20 6S7.~~ 26.01 68c .00 25.03

~~~~~~ 75.~~ ~~ 3.QU 22.~~i 69i..~~) 22.19 657.1~ 22.07 6’~~o03 43.4Y
6~~~.O3 4 3 .L’4 6C1o30 (43.43 695.03 q:~ .1 496.33 43,42 697 .00 43.146
69t.P0 25 o~~ 65 .30 2~~o34 7 30.33 25.53 711 .10 

p5.70 732.00 25.54
70~~.0U 26. ’ 7C 3.40 26.34 7314.13 2~ .:~? 7~~5.~~1 .6.95 ~ 3~~.0O 27.2’)
7&~.00 27.56 7’i3.OC 2~~.314 739.0) 25.32 710.10 28.70 .il.0J 29.03
71:~.0U ?~~o L’~ 722.70 25,~~9 ?1~~.O3 2 5 . 0 0 7 1 1 1 . 2 3  3.i~ 7t ’~.0J 36,79
71t o ’)U 37.3’ 717,01 37o~~~~71~~.D0 ~~~~~ 723.0) ~1.1)( 715. ) 11.09
7~~~,!0 3i.1~ 7~~i.06 ~1O 03 722.03 57.17 .23. 1~ 56.92 ‘2~~.00 5~~.57

~~~~~~~~ 51.1! 7~~4 . 3 0  ~5~~~’ I’.! o I l  5 4 .~. -3 7 25 . 11’ ~ 7. ’,F 725 .00 2i .L6
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74~~.’)0 ~°.“ 7~~ .0C 29c 145 747. ’) 2~- , t:~ 7q~~.0-: 2’.~~ ~~~~~~~
7~~i.o ”u 2 F . P ’  ri.-11 24c70 752.11 2t .70 7~~3.00 17.73 ‘24.!) 17.73
755 .~~U 31.5~ 7 56 .03  31.1,, 737.00 3 io~~~ 7 5 3 , 3 0  72,1t 7~~~o73 32.16
lbS.!) 26.0° 7~~9.4I ~6.39 760.0) 26.19 760.110 30.27 76~~o0~) 30.27

- 7o2.~~0 10 12’ 7(2.01 33.27 762.00 30,27 7614.31 13.64 7ci~t .A 0 1€.64
7~~~.70 35.47 765.03 35.147 -767.00 

j
~~,47 763.33 9 0 7 2  7 6 5 , 3 0  ~.72
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77..1J 47.21 779.OU .7.10 73c- .D3 24.47 ‘50.01)214,67 7’!I.’J 2’,.(-7
7~~2.10 

Uq,7C 7c3o0C ‘~1,79 7 ~ L !eh I 6~ .03 7!.5.01 61J ,~~3 7~,6eC0 64.83
• 7~~t~ .Ue 16.26 7s’7~~U~ l~~O26 797 .71  1’ .26 ~~ o .1C 1~~e?( 

7C’,oOO 26.26
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TABLE A-S (continued)

A .  °T A 
~T _____ 

a1. - -
- -L - a1. 

-_
- 

a1.

• 86b.0O 141.97 669.01, 41.77 670 .0( 1  4 1 .9 7  971.31 111.97 r7~~.~~3 ‘~-.9’)
87..00 37.5’ 874.00 37.76 L~75.00 37 .96 376 .1) 0  37,56 07 7 . 1) 0  ‘17.67
87(.fl0 47.87 879.00 47.37 P 3 3 .3 0  ‘47.37 5i~1.S~’ 117,37 R3Z .C~i 67.15
!3~~.00 43.18 RF4 .0C 63,1~ ~~ 1.3D 43.1.3 9-’~6.01 .OC ; ‘2 .0J 15.66

~3ob,0U176.1A eR1,Q017o~~j6 8 9 0 . 0 0  5 .3 7  ~~~~~~ 9.37 89g.-C O 145.71
P9~~.CU 4507t 6c4.00 4 .71 895.00 1 .26 396.31 10.26 U97.fl0 10.26
e~9~- o ’)0 61.ç~ 8~~9.001Cb.’3ó ¶30.03106.06 901.00 19.11 c 02 00 18.1 1
-~0~~.00 22.7? 9C~4 .0O 1 9 . 25 5 0 1 4 . 1 0 2 0 3 .7 3  0 5 . D - ~2~~3 .7P C )4 . 0 3  i~~.04
9 0 7 . 00  1P .0.14 ~r’~ 0~~0 1b t 3 4  5 0 5  .17 (1 12.62 910.3’~ 11,67 9 11.0-3 11.62

~‘ 1 2. C C  111,5” 5 13 . 0 0  i 4 .50  ¶ 111.01  40.52 915.1! 110.97 5- l é . 0 3  40 . ’~ 2
S~~7 . ”0 ‘10 o ~~~ 9~~5 o 0 0 10 , 04  5 19 . 3 0  1!’ .14 ~2 0 , 0 0  10 o 0 ~ c2~~,3) 95.77

2 . 00 95.7’ 9 2 3 o 0 1~ 53.55 ¶23.10 31.92 9 2 4 . 3 2  71.92 ~25.00 31.52
94e.1)0 ~~ .5’ 926,20 15.03 927.60 15.03 923.03 19.03 ~2S.00 19.03
9~~0.fl0 64.0~ 97J.73 6~1.~~1 ¶31.1)0 6L~o E1 9~~2.30 1.4.51 5.~~.3O 3.13
~~~~~~~~~ 3.2. ’ -9 : 4 . 00  ~~,t 3  ¶ 3 5 . 0 3  3.13 ~36.33 3,1: ~37o0) 2.’14
9~~~.00 3.1~ 9~~3o~J 0 ~ o1b 5’3~~.33 .15 940.00120.77 ~ .00120.77
94~~.00120.77 5’l3o0Ct20.77 ~ 144.U3 39.73 U14~~51 79-,7~ ¶ 4 t . . C 0  35.73
9 4 L . 0 U  39.7~ 9’~7o00 3-~.78 546.00 .33 945.1)0 . 00  c49.74 .o
c 5 c . ’) o  7 . 14 9~~1.U 0 7.16 5 5 2 . 03  7,16 9~~3,’)0 7.14 ‘54.00 7.26

~~~~~~ 7.1~ 5!6o0u 7.11 9b7.00 t~~ o~~9 ~~~3.-10 15.85 ~~5.’1 1~~.t9
54.O.0(12%~C,7Q (1.0)260,7e ¶42.00 5~- .-~7 ~6~~o 0C 56,57 ~~~~~~
~~~~.‘d ~6.t7 9e6o0C 56.37 967.C0 63. 7 968.-IC ~3,37 ¶49.00 63.37

~~~~~~ ‘13.37 971.33 6~~,j7 572.00 63.47 9 72 . 00  4 3 .2 . 1  97 3 . 0J  61 .11
9 7’s o C ) ~~~ ‘~~.1t 075 ,31 ,  46,11 376,~~D 6~ .11 ~ 7 7 . 3 0  66.11 577 .P~ 4~~.11¶ 7 P, 0~

) 6’.01 979.33 6t~.i1 9 53 .0 3  1 4 4 . � 2  981.30 44,22 C32 ,~~3 LlU ,22
c’~~. .00 UU~~~’ ~3’~G 0 G  1 4’e o 2 2  9 3 5 . 3 0  4” .2? 7 R6 ,’ ) ’ )  1 4 U ,~~~
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TABLE A-6  -

MOLECULAR NITROGEN PHOTOIONIZATION CROSS SECTIONS a~ (Mb)

A 
- 

a
~ 

A 
- 

A a
~ 

A A 
- 

0 1

111s~~~ .G~ 114.417 .03 15.01 .33 15.26 .03 16.01 .044
16.77 p 1)4 17.05 .04 17.11 .34 18.6? .05 18.97 .05
£1.4J .06 71.60 - .06 22.10 .36 26.47 .35 26.79 .09
25.~~ .10 ~3.02 

- .10 30.43 .10 33.74 .11 ‘$C.°5 .14
42 . 76 .14 1114.0g. .16 40.16 .16 4c.66 •2’~ 146.110 •2 1.
4 o . 6 i  .21 ‘47.37 .23 49.22 •244 50.36 •2 6 50.52 •2 6
5o.~~ .2’ ~2.3C .29 52.91 .29 5’l.iS .31 511.42 .32
b~~.7U .3~ ¶5.Oo .32 55.34 .33 56.09 .311 56.~~2 .35
57.76 .34 r7,b6 - .36 5 7, 8 3  .36 55.9~ .3P 59,62 .39
bO. ’u .40 6) .8~ .110 61.01 .111 61.63 - .41 61.90 .112

~~~~ ~~~~ 
- 6?.3~ .42 62.77 .113 6 ’ .9 2 .43 63.16 .L l 4

o. . ?O . 1 4 1 1  e-3 .65 .411 61.72 .4 11 44.11 .45 64.40 .116
e5.?1 .116 65.71 .‘47 65 .85 .47 66.30 .146 67.14 .119
61,3, •4q - •5Q 69,65  .52 7 0 .0 0  .52 70 .514  .53
7U.7~. .~~1 7 1.00 .53 7 1.914 .~~4 72.31 .55 72.6.  .55
7
~~
.99 .55 72.95 - .55 73.55 .56 711.21 .57 74 . 4 44  .57

74.p~ .57 75.03 .58 ~~~~~~ .5 3 7 5 .4 6  .56 7~~.73 .5 8

~~~~~ •5~ 76,48 - .39 76.t.3 .59 76.914 .60 77.33 .60
77.74 .6)  79 .56  - .41 76.70 .61 79.18 .62 75.118 .62
7S,7c~ .63 ~0.0G .63 80.21 .63 89.55 .6? 80.c4 .64
a i . lo  .6~ °l.56 .611 31.911 •65 82 .4 3  .6~ 82.67 .66

~~~~ .A5 - 53.42 .66 83.67 .67 8 1 1 . 0 2  .67 8 .26 .67
. 8  r4,7~ - .68 34.86 .~~3 85.16 .6~ 35.!~j .69

8~..6 . t9  ~5o87 .69 36.23 .69 86.41 .70 91.77 .70

~
(,.9b .70 57.30 .71 37.61 .71 a&.io .71 ~36.11 .71

øta.14 .71 ~3.42 .72 88.64 .72 98.90 .72 55.14 .7?

~~~~ •7’ S3o1’~ , 714 90.45 3 7 4  50.71 .7” 91.flO .711
91.~ 8 ~~~ St.bS’ .75 91.61 375 92.09 .71 92.55 .76
92.81 .76 ¶ ,61 .77 911037 .78 94.25 .78 911.3-, .73
9’i,P1 .78 ‘~‘q.93 .79 95.Z.7 .73 95,51 •7c 95.01 .80
_,6.lj ok ” 96.145 .50 96.~~3 .31 C7o12 S~~~1 3 7 .5 1  .81
, ) ,~~7 .8” ¶~~ ,12 .82 ~~~.23 .~~2 ¶ P . co .~~~ ~~~~~~~ .83
,‘,U q  .6’ ¶ 9 .7 1  • P14 ~~ .59 ~4 4 1 f l 1 ) O~~~U .37 1 9 0 . 0 6  .09

~~~~~~ .9? 132.15 - .36 13~~.!1 1.01 103.0.5 1.02 203.2.7 1,02
• 10~- .~ ø 1.1714 13-3.94 1.36 1911,23 1,08 10th~76 1.10 135 .24 1.13

- - 13 6 . 2~ 1.19 105.57 -1.21 206.93 1 .‘3 105.05 1.29 j0k,146 1.31
IU-5. !J 1 .37 109,~ 6 1,35 1i0.bb 1~~43 11 0.62 1.43 2-10.76 1.t’14

~~1.1, 2.146 12.1.2~ 1.47 113.00 2.61 114.~~ 1.62 1111.24 1.63
llt. .39 1.71 115,82 1.72 1L6,75 1.77 117.?C 1,90 122.00 1.97

~21.1~i 7.0-7 j~~1o7S 2 .3 5  122.71 2,10 123.03 2.15 12 7 .6 3  .38
i29.0~ 2 o5~ 1~~0 .2 i)  - 2 . 4 7  1 3 2 .0 ?  2 . 5 1 1~~1.?1 2.52 136.21 2.79
l~~~I7b 7~ 7~ 

1 75 0 14 2.30 1 4 6.4 3  .03 i3 6. 4 ~ 2.90 1411,21 3.25
~ 4~~.00 7.2 ’ 1L3.~~~ 1.50 15C.10 3.11 1~ 2.1~ 3.7~ 152.04 ~.78
1511.2d 3.8~ 1’7.73 ‘4.07 151 .33 ~ .1t 15 9.94 4.23 164.13 4.42
167.00 11.61 1~~-3,17 4.64 168.55 ~ .à 7 16~~.72 4 ,oS- 171,06 4,81
j7~~.12 ~~~~~~ i 2 .9~ 4.93 173.10 ‘.011 174.73 5.04 175.24 5.03
175.0/ 5,11 177.2k 5.22 17’.02 5327 179.74 5.30 180.40 5.37
~~~~~ 5 o Z ~ 11.1.1” 5.43 132.14 ~ .45 132, 39 5 , 1 46  18..01 5.52
1u4.10 5.5w 2!4.~~ 5.,~ 1 34.76 L s~~ 1.85.01 5.5€. 13(.6) 5.64

~~~~~ 1-:~3.2~ 5.71 l 31-.73 5,74 15 3 ,33 b.30 1’~1 .2 9  5.67
1S2.7~ 5.5’ 192.33 5.95 ~~~~~~~ ‘ ,c 5  15~~ .1’4 6 .09  1 96.’3 6.13
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TABLE A-6 (continued) 
- -

A A 0~ A O j  - 
A O

j 
A

1~ ,.111 6.~~3 ±°8.52 6..)O 203.00 6.40 201.10 6.48 202.611 6.09
203.76 6 , 4w  2 04 . 8 5  ~~s7! 206.26 6.85 ?C6.3~ 6.~! p37 .116 6.53
206.33 6.5~ 209.61 7.38 20~~.73 7. 9 9  ‘0° .93 7.10 211.32 7.13
212.15 7.2~ 214.75 7.39 215.16 7.41 216.~~ 7.51 216.21 7~!9
2 1~.09 7.~~’ 220.08. 7.71 221.26 7.78 221.51 7.00 ?22.’ó 7.92
2a~ ,7~ 7.55 224.81. 8.33 225 .~ 2 8.05 ‘27.01 9.15 227.117 1.22
22~~.75 C.?’ 2?0.65 3.44 231.55 (.51 232.50 9.6C 933.644 6.65
244.~~ ° .~~° 233.0k ~.76 237 .36 

g’ •86 239.37 R s~~5 ~~2.73 9.03
— ~~~~~~~~ 9.14 245.914 ~e25 246.24 

t .26 2116.’t 9.29 2117.18 .30
249.2~ ~.3’ 2~~1.10 9.44 2~~1.96 .47 252.17 9,4~ 752.50 ~54
25t.37 9 .6 5  255.65 9.66 257.49 ¶,(~9 258.41 9,73 2~~9.5O 9.73
2b1.98 ~ .R S 2’2.9~ 9.93 2~~4.2 7 9,5 ? ?64 .5C 10.31 2 7 C . 0 Q  18.21
271.99 10.211 272.70 10.26 274.24 10.~~S 275.35 13.30 275.76 10.30
27c..15 10.31 273.77 10.32 2 7 7 . .)  13.33 ~77 .?7  10,33 2 7~~.43 10.35
281.t’ .i. 10.4~ 284•ls ±3.58 235.e5 10.67 2’8.36 13.81 739.17 10.85
250.72 10.54 ~~ 1.62 10.99 292.00 11.00 ??2.9~ 11.05 2~5.!7 11.13296.17 11.21 299.50 11.37 301.75 11.61 315.32 12.36 ‘15.05 12.36
116.2i3 1’.Ll~ 319.8~ 12.75 335.05 1’~.67 335.35 111.71 3 145.13 15.89
3’45.74 15.96 3117, 112 16.1. 4 3115 .85 11 .35 353.06 16.77 356.07 1~ .56
3~~

11.7
~ 

17.76 364.30 17,59 363.07 17 .55 401.70 20.11 ~~5.00 20.22
1136.00 ~~~~~ ‘4P7 .&2  23 .114 “36.0’) 22,449 1109.00 20.05 111~~.0~) 20.t,3
411o1)u 23.~~ 111 ?.O C - 23.69 1414.03 2~~.7’4 41q .3~’ 23.7€ L It 5 ,CJ  20.~~3
41 oi ’ 0 2fl.k’~ 417.03 13.93 417.2’4 217.911 1117.71 20.V~ “10.09 20.93

-- 1115.00 21 .011 423.Ou 21.10 1.0’) 21.17 ‘422.’)~ 21.24 L ’ 2 3 .0 0  “1.??
4214.lu 21.L- ” 11?5.0~i 21.4~ “2~~.3) 21.55 4 7 7 . 00  21.63 1’2~~SC i  21.69
4j5

~~
”3 21.75 11~~0.00 21.30 4~~C.50 21 .1~2 1131.03 21.ø~ ‘L~2 . C 3  21.87

‘h.3.0G 1.(~ 11’4~~3I) 21.93 1415.00 2 1.5 0  1476.0~ ~i,?17 
1~34,10 21.03

437.00 21.0” 4~~3.Q0 21.90 1135,00 21.60 4140.”’) 21.93 ~4i.O3 21.50
-44~~.00 21.51 ~U3.O0 21.92 11414.00 ~21.92 q’4e,r) 2j , 9L~ 4 4 ( , 3~ 

_.~j .95
£1117.00 21 .54 ‘1143,03 71.97 1149.03 21.09 450.00 72.00 “!51s00 22 . 0 1
14~ i,01J 22.0” 4!%,DC 22.33 V5’1,03 22.~~14 4’~5.1’~ 22.0L’ 14.,6.00 22oC4
11~~/ . 0 0  2 2 . 011  ‘153.3C ~ “~~.03 455.00 22.32 14A 0.13 2 2 . 0 3  t!~~~.03 ~1.93
46 2 .0 3  2t .9~ 4~~~~~O Q I ~ 21.12 U6~~.C3 21.C3 465,rlfl 2i.3’~ 11ó~~.22 Z1.64
4 6 u . C 3  _ j . 8 1. t1 17 . 6 O  21.78 4 5 8 , 3 ’)  21 .75 ‘469 .1’)  71,12 V 6 5 . 0 0  21.70
1170.Ou 21.7” 471.03 21.65 472.3’) 21 .~~-S 4 73 . 3 3  ~~.67 ‘~74.3O 21.ó7
117~~.0~ 21.(8 475.3~ 21.68 1177.0’) 21 .6° 478.03 21.65 t!79.3Q 21.70
4 3 0 , 0 3  21.71 11~ 1.JC 91.70 482,03 21 .70 4~~2.117 21.70 14~~’,~~3 21.6°
£l~~4, 13 21.~° 4~~~~o U ~ 21.68 4 6 ó , 0 9  22.5.1 487.13 2l.ob “St..33 21.68
4d~,o~~0 ~1 .1” 4.?,5~ ‘1.65 ~ ? 2 , C 9  21.7 0  14S1.- )~ 2 1.72 “9 2 . 0 3  2 1 . 7 4
149~~.C~ 21.7w 4 4oOI~ ~1.33 1195.00 ?~ .33 4’~6.10 21 .~~ 14 7 7 . 0 3  21.5-1

~~~~~~ 21.5 14 4~~9 o C 0  2 1.1 7 14~~9.27 21 ,~~ 5 0 0.0 1  2?.9C ~~.1.03 2 2 . 3 %

~~~~~~ 2 2 . C ’~ ,03 .33 2 2 .0 8 5 94 . 0 3  22 ,12 507 . 90  22,43 Fj~~~~3 22.59
521. 1u 25 .18 r2i .30 ~~~~~ 5 37.03 ‘~~,10 ~ ‘‘.R3 2~~.11 ~~ 9.0J 25,13
5,44.0 .  24.7” ~~~~.ó(. 74. 12 5S2 .~~) 2 1 4 , 0 2  ~ 63 . 50 23.77 ~72. 0 2~ .57

~ dC .11O 23 .19 5~-4 . 3~ 2~..2 1 5~~’, .63  23.11 603.30 19.65 AQS,33 18.6 1
6O~~.#~ i~~.(U 62 1 . 3 0  16.64 (11.30 15.64 612.r 19.€.LI ‘13.30 13.614 —

614.s)L, ~~~~~ 115.00 1.~~5 1~~~.0~) 1~- .bb 616o4(~ 19.61 ‘~.7.0U 11,67
Slc..”0 t~~.’’ ~~~~~~~~ 1 .o58  6 2 0 . u 3  ~~~~~ 4 21. 12 1~~.65 ~~ 2 . 1 3  18.70
~~~~~~~~ t~~,70 e~~4~~30 19.71 £?~~.03 ~~~~~ 52!.0’~ 1~~o7Z ~~~~~~ 11.71
62, ,r j  j c ,74  1, ) 3 .~~ r le.75 6 2 9 . f l V )  117.77 ‘25,7~ 18.71 3 t . ro  11.79
.~..‘ :.nu t’ ,’t 1:2.3~ 1~~c34 3 l e u O  ii: ,~~7 6 1 4, ) t~ 13 .90  ( 3 5 . 00  16.03
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TABLE A-6 (continued)

_ _ _ _ _  

a1 A A a~ 
- 

A a~ A - a1

6~~,flU j3•57 617.00 19.00 (38.00 15.04 639.00 19.0~ 
(~ C .00  19.11

641.00 j~ ,is 642. 00 1-~.19 1143.00 15.22 g1411.30 19.2~ 644.10 19.26
64~...”u ~~~~~ 61~6,OC 19.33 6117,30 19.07 6118.00,19.111 6LlSoOJ 19,U5
650.0.~ l~~.S2 651.00 1-9.99 652.00 20.47 653.00 2 0 ,96  65 11.00 2 1.44 3
655.00 21.P~ 655.00 72.31 657.03 22.~~ 6~7.30 22.81 6 5 P , 0 0  23.05
6~ 5.Ou 23.?’ 6.0.JL 23.55 ~~1.0D 23.69 661.40 2~~.73 66~ .fl3 23.76
6~~~.OO 2 Z . 7~ 664.Ot, 3~ .711 665.00 23.65 666.00 23,53 667.00 22.33
6 6 o .0O  2~~.21 6 6 9 . Q C  26.36 67 0 . 00  2 5 e~~7 471.03 29.32’ ‘71.0-3 2~ .21
672.00 28.09 673.00 27,85 6 74 . 00  22.0~ 675.00 23.27 1-76.00 V. 2 5
67,.0U 28.L ” 673,00 22.05 679.00 22.11 ~~0.01 19.51 ~-‘1.9q 19.53
~~1.00 19.5.0 611.70 31.22 6 9 2 . 0 3  31.21 663.)’) 21.13 ~~11.r0 31.C
685.03 21.73 6-85.70 21.62 ~~6.C-’) 21.08 637.00 21.47 i3~~~fl3 21.26
685.60 21.10 690.00 1-~ .32 691.00 16.0.9 692.00 13.34 1i~ 3.C3 3 .5?
6~~~.00 35.39 6°4,30 3~,.34 615.00 35.23 6~~6 .00 35.18. 6 9 7 .0 3  35.11
596.00 20.31 659.00 20.33 700.00 20.23 701.00 70.117 73 2 .0 0  2 0 . 53
70.~.00 20.71 703.40 23.77 7311.00 20.87 705.10 21.0 14 73 6 .00  21 .23
707 .00  21.4’ 7 0 5 . O C  21.62 709.-ti ’) 21.83 .10.00 21.96 711.00 22.23
7~~.0u 22.113 712,70 22.36 712.03 22.61 714,00 22.77 715.03 27.71
716.20 7.(1 717,00 27,SR 713 .0-3 23.16 718.50 23.16 715.90 21.16
723 ,10 2 3 012  7~~1, f l 0 23,03 722.00 ‘$2.35 7 2 3. 09  42.12 72” .~~O £ 1 1 .1 3
725.03 ‘11.117 7 ’ ó o O U  “ 1.05 727 .0) 113 .511 7~ 8.00 20. ’4f 7~~5 o C O  1~ .77
7 ,u . 1~i 1~~.Sf, 731.0w 18.02 732.30 17.311 7,3.3C 16.01 ~‘3~ .C0 20.1,1
7.~~.03 5.7c 7~~.30 25.17 737.00 ~~.99 7,3,03 73,1’ 73~ .03 26.25
fL l 0 . 0Q  26.143 7~~ .00 25.73 742.00 24.39 743.317 17.01 744.03 22.76
74~-.0U 21.51 7~~SoU~ 20 , 29 7 4 7 . i ~0 1~~.16 7’~8. 0 C 13.30 74~~.09  16 .78
7~ c.ra 16.6~ 7~~1o0~’ 114.23 7 32 . 0 0  14.0~5 f l3.10 10,98 7 54 . 03  11,87
i~~~. r 0  19. 56 7 5 6 , 0 0  t~~.72 7 3 7 . 0 3  15.03 723.10 20 .16 756 .73 2 f l ,2 8
7~~S.00 16.09 759.116 16.55 760.0’) i ( . 8 3  760.11’~ 19 ,3e 761,00 15.L!6
74;,0J 15.62 7 6 2 , 0 3  1;.62 7 .63.03  15,7~ 764.00 12.27 7~

,’~.63 1),33
1~~5. 0 0  27.5? 7’~5.CC /3.67 767.0’) 23.31 ‘68.10 6.56 7 6 9 .9 0  ~ .59

:- 776.00 ‘~,6i 770.143 6.62 771.00 6.63 772.13 13.35 773.30 1~-.36I 774.00 1~~.Z4 775.06 13.30 776.03 2’4.55 776.30 31.05 7 7 7. 0 3  31.78
~~~~~~ ? 9 o ~~7 779.00 69•19 730.00 15.17 ~~ 0.3fl 15.114 761.03 15.03

-
‘ I 7~~�.”U ?“.83 7f3,03 2 4.7 7 7911.33 35.31 7-~5.0O ?°.25 736.03 ‘5.27

7~~..
0o 9.~ 5 7~~7o 00 9.35 737.71 9 .3~ 718.10 9.65 7 .39 .00  5.~~5

7~ it . 0 u  17 .7’s 7~’0o21 17.73 791.03 U .12 7 9 2 . 0 0  7 3 . 27  7 92 . 0 ’)  26 .09
7~~~

L..” o 17.611 75~5.10 7 .4M 7 9 1 . 0 - 3  . 00

1~~giIT~L

I
~
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TABLE A-9

HELIUM PhOTOLONIZATION CROSS SECTIONS a~
7’ 

_~•j___ •~~~~~~ __  __ __ __ __ __ __

1L .2~, .85 4.’ O  .35 15 .i’l. .05 15.26 .0! 16.31 .05
lo.77 •35 - 17.05 .36 17.11 .36 18.6? .06 16.97 .06

- - 21.60 .07 21.80 .07 22.10 .37 28.117 .08 28.79 .09
29.52 .09 30.02 .05 30.443 .09 33,74 .10 40.95 .12
‘L.7e •19 4 4 4 . 3 2  - .13 1111.16 .13 ‘15.66 •1! 116.110 •13
‘16.~ 7 •i’ ‘~7o37  .13 19,22 .111 50.36 .14 50.52 .111
50.69 .14 52.30 .15 52.91 .3.5 511.15. .15 311.442 .15

~4-.70 .05 ~ 5.06 .1~ j
~~,34 .15 56.38 .16 56.92 .16

~~~
7 .?~ .16 C7 •~~4 .16 37.69 .16 58.94 .1.6 59.62 .17

t C . ’O .17 63.65 .17 61.07 .17 ~~~~~~~ .17 61.90 .17
6~~.3.0 .1~’ 62.15 .17 p2.77 .17 ~‘.42 .17 63.16 .17
63.30 .17 63.6~ 

- .18 63.72 .18 6~~.11 itt 611.60 .19
b~..21 .18 65.71 .10 65.~ 5 .13 66.~~ .18 67.111 .18
67.35 .19 63.~~ .19 69.65 .19 70.00 .19 70.511 .19
;0. 7~ .19 71.00 .19 71.94 .20 72.31. .20 72.63 .23
12.80 .20 72.9~ 

- .20 73.55 .23 744.21 .10 74.1111 .20
7 .84 .20 75.O~ 

- .21 75.29 .71 i s , q e  .22 75.73 .21
; ,.oi  .21 76.116 .21 76.83 •.1 76.94 •21 77.30 .21
77.74 .21 74.5.~ .21 78.73 .21 7.3~ .22 79.116 .22
79.76 .2? r 3 .3 0  - .22 3C.~ 1 .22 90.35 .2? 60.°4 •22
a i . lo -.22 Ei.5~ .22 31.54 .22 32.4? .22 32.67 .23
8~~.25 .2 ? e3.’~ 

- .23 ~3 .ó7 .23 ~11.’)0 .2~ 611.26 .21
84.~~U o2~ 64.72 .23 34.86 .23 35.16 .‘ 35.53 .23
3t.6~ .23 ~~~~~ .23 36.23 .23 86.140 .23 a6.77 .23
o6.0~. .20 17.10 .24 ~7.t.1 .211 ~,e.1-3 .214 86,~~1 .211
o~~.14 .211 p3.112 .24 PP.64 .211 )5.P9 .214 ,S.111 .214
65.70 .24 ¶3.li - .24 90.45 .25 90.71 .25- 51.80 • 25

91.06 •2r  t.~~~ 69 .25 91,ói .25 92.39 .25 92.55 .25
- 
92.P~ .25 ‘~S.41 .25 ~4.O7 .25 ¶ 1 1 .25 .24 914.39 .6

~~~~~ 
.2~ S4o -~D .26 55.37 .26 ‘)5.!t .26 9~~.61 .24

,“~ . 6  ~~~~~~ .26 6 o ~~3 o 2~ 57 .12  .2 6 57.5 1 .26
97,r7 ,~~~~~ ¶3o 1~ .27 ~~,Z3 .27 99.50 .27 16.03 .27

~~~• 4 4  .07 ¶ 9 . 7 2 .  .27 i~~.07 .27 iu O . cu .~~ I O C. ! á  .29
~~~ ~ 

- 1Q1.~ 7 .29 2fl2.1~ •29 1- 07,61 .0’~ 13 3.1.5 .30 103.17 .30
j ~~~ ,r ó .31 103 ,914 .32. 1 014.~ 3 .31 10’l .76 .32 105.23 .32
1 0t.”~ .3’ ~06o37 .33 13(.c3 .14 133 . -OS .35 10t.4à .75
105.0~i .Zc 1f-9. -~.., .57 11C .56 . ?  11’).c,’ .37 116.76 .3.7

-
~~ ~~~~~~ .7~ 111 .2 L  .~~3 113.~~) .14~~ 1114,0! • LI~~ lic.24 .111

115.3i ~~~~ 115.-~ . .i.~ 11 6.75 .43 l i ? 2 ’  ~~~~~ ‘2 0 . 1 4 0  .117
,i

~ • 4 %  1’1~~79 .4b 1 22 . 7 3  .~~~ 1”1.0) .c (
~ ~ 27. 6, •54

12~~.0/ .~~~ 1~~0.~~ 17 .56 1 1.02 ,~~7 131.21. .57 136.2i .62
1~ u.2u .~~‘ 1~ 5.3 14 .62 236.145 .~~2 1 6,4’3 .62 11111.21 .73
145.03 .7 1 j I 3 ~~~~ .75 ~.i 0 . 1 3  .~~6 152.1~ .72 1E~~.04 .79
2 .. 14 .2u  .81 1.~~7.7.. .j 3  1,1.,. 3 .~~4 1~~5. 94 •35 ~~~~~~~
ló7.0- 3 .S~ 1(3.17 .~~1 1S~~.b5 .01 1-S8.02 .~~1 ~71.3o .93
172.1.. .0’ 12.9~ .94 372 .1-3 .1 1  174.33 .05 Is’S .74 .96
175.4/ .94 177.2~ .i7 176.02 .1) 17~~.’~ .‘.vS 1 36 . 1 40  -~ ,0 0
103.71 1.C1 t~~1.3.~ 1.30 1 3 2 . 1 4  1 . 1  1~~2,3~ j . ot f~~7 .9~ 1.63
13~~.1u 1.0~ ~~‘ 4 .~~2 1.o l 1~~4.76 1.i14 t*’.-.21 1,011 ~~~~~~ 1.06
1,..07 1.06 11~9.~~2 1.07 11~~.70 1..8 j . 1~ 

- 
j . 3~~~ ~~~~~~~~ 1.11.

192.38 1.1? 1~~2.~~(! ~~~~
. 

~~~~~~~~ 1,111 ~~~~~~ ~~~~ ~~~~~~ 1.19
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TABLE A-9 (continued)

7’ . 7’ A o 1 - A  
___ ___ ___

19/sUa. 1 ,2I~ 1~~i.53 1.22 00.0O 1.24 201.10 1.?~ ‘32.64 1.?,
203.70 1.71 2011.39 -1.34 206 .26 1.36 206.38 1.37 207.46 1.39
20~ .33 i.111 209.ó3 1.4- 235.78 1.44 209.93 1.45 211.~~ 1.48
21.~~.1, 1.50 2 114.7~ 1.55 21!.16 1.56 216.03 i.!~ 218.21 1.61
22.~ .’)5 1.6? 27’).0~, 1.63 221.26 1.64 221.51 I.o! 223.26 1.66
U~~.72 1.6’ 2’4.31 1.6~ 725.12 1-..a~ ‘27.01 1.10 227.47 1.70
22c.79 1.7’ 273.6t. 3.75 231.5-5 1,76 232.40 1.~~ ~~3.R4 1.6 )
2~ 4e’~i 1.31 235..5 -1.83 237.34 :.86 239.3’ I.0C ? l 4 G . 7.  1.52
2q~ .?~ 1.56 2 5.,. 2 .00  2~16.24 ~.G1 ‘444. ”t 2. 02 ~ 4 4 7 . 1 à  2 .02
214S.2~ 

2.0w 251.13 ~2.38 251.96 2.39 25~~.t7 2.10 ‘53.80 2.12
25~ .37 2.14 25-6.65 2.17 257.49 2.18 25~~.40 ?.2r 259.0-0 2.22
261.00 2.25 262.59 2.~~ 264.27 2.0) 264.40 2.41 273.00 2.112

-
f 271.99 2.44 2 -2.70 2.~$6 2714.2~l g .49 275.35. 2.51 flS.76 2.51

276.15 2.5? 276.77 2.53 277.00 2.54 277.’7 2.3” 27~~.U 3  2.56
281.111 2.6’ 2814.15- 2.67 285.65 2.71 288.36 2.95 289.17 2.07
29U.7~ 2.60 291.63 2.91 292.00 ~,a2 292.93 2.34 995,57 2.69
296.17 2.~~ 299.bU 2.96 303.78 7.04 315.02 3.26 315.03 3.26
316.23 1.2’ 3~ 9.~~3 3.35 235.05 3.67 33~ .39 3.68 ?~5..13 3~8~
3-1!.79 3.39 347.112 3.~~ 49.85 ?.~~7 353.46 14e~)3 35t-.tl 4.07
3~~~,74 

U •~~’~ 3~~4 .80  4 .22  3ó 8 .07  c-.?’ U~ 1,7C 5.6c 40~ .04 5.87
4L ,o. 0~J ~~~~~ ‘4~~7 . 0 C  5. - 7  44 .3’) 6 .6 ?  43~~.1~I 6.07 416.00 6.11
qi~~,r i.~ 6.1-6 1112 . 02  6.21 4413 .8,0 6 .~~5 1114 .3’)  6.25 1115 .30 6.33
16.0) 6 .37 1417 .36  o.41 ‘~17.24 ‘.‘~2 417.71 6.444 l J l t . f l O 61L15

- - I 419.00 6.149 1123,30 6.52 ~21.8O 6.!~~ 422.30 6.55 L’21.’)U 6.62
• ~L4.f) v ~~~~ u7~~.Ce 6.6~ ‘12(.00 ...71. t

~’7.’3C 6.74 b2E.00 6.76
4~~,0 f l 0  6.7° 113 

~.3C 6. 91 ~ 3 O . 5 - 0  6 ,S~ l7~I . O 0  6.84 “3 2 . 03  6.3 6
3~~,fl ij  A ,3~~ 1 i34 . o i,  6,90 1435.00 (.0? 1 4 3 6. 13  6.911 ‘136.10 6.5 .

- 4.~7.03 6.96 11 3.03 6.96 143~~.CO ~~~~ 4 . .0 . 30  7.0 1 ‘~~ 1.00 7.02
14’1 4 2 . C U  7.611 11’~3 . 0 0  7.0~3 ‘~4 4 . 0 ’)  7 .0’s ~‘4 5 . ’) 0  7 .07 L14~~.f l 0  7.09

-: 4’~7 . C u  7.1~ ~~~~~~~ 7.11 ‘445 .0 0  7 , 12  4 5 0 .3 ’)  7 .1 ~~~1.P 3  7.13
‘~s~~.flo 7.14 4~ 3 .C 7.15 ti5i; .~~o ; .1 ~ ‘4~~5.1G 7.16 u .OJ 7.17

-
. , 

I .js~ .00 7.1° 4~~3 . 0 C  1.13 ~ 3~~.00 ;,~~ 4~~’), •3~ 7~~~j~~ (161.10 7 .2 0
‘46Z.3~, 7.20 4:-~~.60 7.2o 464,03 7.21 1 4 o 5 . ln  7.21 1165.22 7.21
466.00 7.22 !$57o00 7.22 14,8.83 7 . 22  !l~~~ .3 C  7 . 2 2  L 169.03 7.23

- 
- 47~a . f l u  7,7 1  4 7 1 o 3 6  7 .23  1 47 2 . 0 0  7 .2  “73 . 10  7 . 24  Q7 ’~.0J 7.744

‘ 17 5 .Ou 7,211 ‘17 .O C  - 7 .2 4  477.82 7.25 4 7 3 . 0 0  7.25 ‘179.30 7.25
~~~~~~~ 7.25 11~~1. f 2  7 .2 6  4 3 2 . 0 3  7~~~ 6 4~ 2.10 7.16. ~4~ 3,33 7.2 6
4~s ’1o 00 7,77 ‘4~~~ .0C 7.27 £ 4 - ~6.0O 7 . 0- 4  ‘ 137 .00  7, ’? 1iTh. 03 7.29

• 
- ~ 3~~o ’Ju 7.2° ~1 io5O 7,29 ‘.90.0’) ;.:o 491.00 7,3~ U9~~~QQ .21

1 1 ,~~~~~.0 0  7,31 4 C 4 0 3 6  7.32 ~ 15.G0 7.33 ‘4 9 6 . 0~ 7,314 1197 .03  7 .7 5
‘l óoiO 7 . 5  4~~9 . 0 &  7 ,36  1 4 9 5. 2 7  7~~~~7 ‘ l O , l f l  7 .37  ! O I o C O  7 . 7 9
50�.C u 7 . 143 5 - r 3 . 3 3  7.141 ~ 311.00 ; .142

~u~.ia1T!
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B-i

- 
APPENDIX B -

THE DIFFUSIVE TRANSPORT MODEL
-

- 

The model used for the diffusive transport of atomic oxygen ions

is essentially that of Schunk and Walker (1973). There are two rele-

vant equations, the first of which is the equation of continuity

-

* 
v . (

~~~~~~~~!~~~) 
~~~~ (B-i)

where n
3 
is the number density of species j , v~ is the drift velocity ,

P~ is the production rate, and L~ is the loss rate. The second rele-

vant equation is the equation of motion. If -thermal diffusion ,

viscosity , and non-linear acceleration terms are neglected, the particle

drift velocities may be obtained by solving the equations

— m~ — = ~~ ( y,..
2

~~~~ (B-2)

where P
~
=njkT

~ 
is the partial pressure for species j, T~ is-i ts

temperature , m~ its mass , ej its charge , G is the acceleration due

to gravity , B is the electric field, k is Boltzmann ’s constant, and

- - 
r
3~ 

is the momentum transfer collision frequency of species ,j with

species k Equation (B-2) is valid for both electrons and ions Using

the subscripts I and j to denote ions, n and m to denote neutrals, e
to denote electrons , and the convention that a sum over subscript k is

over all particles, equation (B-2) takes the following explicit form

for electrons : -

0 

Vpt — n.~~e ~~ —~~.€e ~ ~~ 
(B-3)

________ ~~~~~~
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B-2 
-

This equation determines the electric field:

-

- e E ~ i~~ c— Vp. n mt!i 
~~~~~~~~ (B-4)

where e~-Ie~I . The electric field can be eliminated from (B-2)

with the help of (B-4) . If the neutral atmosphere is assumed stationary
terms of order me/m

i 
are neglected, and ion-ion and ion-electron col-

lision frequencies are neglected (compared to ion-neutral collision -

- 
- frequencies) , the equation for a single ion (0~ in this instance)

reduces to

~~~~~~~~~~~~~~~~~~~~~~~~ 
-

where rj fl
*a,~ r1~ is the effective ion-neutral collision frequency. -

For the vertical component, the equation for the drift velocity

becomes -
-

+n ~~~~~~~~~~’~~~~ ~~~~~~~~~~~~~~~~~ (B-6)

where D~~~$ , and the subscripts have been dropped from quantities
that refer to the ion It can be shown that, in the presence of a

magnetic field, the diffusion coefficient D is reduced by the factor -

sin2l , where I is the dip angle. ~f (B-6) is substituted in (B-i) , and
the time derivative is set to zero, the resulting diffusion equation 

-

is one of second order in the ion density n. 
- I

I

- ~~~
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