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A Computer Code to Calculate Emission
and Transmission of Infrared Radiation
Through Non- Equilibrium Atmospheres

1. INTRODUCTION

The Air Force Geophysics Laboratory is in the process of developing a compre-
hensive computer code, NLTE, for calculating the radiance due to infrared-active
species in the upper atmosphere. In particular, the code deals with atmospheric
conditions in which local thermodynamic equilibrium (L TE) cannot be assumed; that
is, conditions under which the populations of vibration-rotation states cannot
(necessarily) be given by a Boltzman-distribution with the kinetic temperature.
Moreover, it does a line-by~line calculation, rather than a band calculation, using
the properties of individual rotational lines obtained from the AFGL Atmospheric
Absorption Line Parameters Compilation, 1,2,3,4 The output is the integrated
radiance from each line under consideration. The individual lineshapes can also be
obtained, if necessary.

At present, the non~-LTE conditions are simulated by the use of a vibrational
temperature profile. Work is in progress to incorporate into the program computa~
tions of the direct physical mechanisms that are responsible for the populations of
the excited states. That is, the excitation of infrared-emitting species by sunshine,
earthshine, collisions, and photochemical reactions will be used to directly calculate

(Received for publication 6 July 1983)

(Due to the large number of references cited above, they will not be listed here,
See References, page 21.)
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the populations of vibrational states rather than using the vibrational temperature

profile as input.
The looking geometry is assumed to be horizon-to-horizon. It is therefore
parameterized by a tangent height, the lowest altitude along the line-of-sight path.

"-LTJ R I

2. FORMULATION

We consider the path through which a photon has to pass to reach the observer
to be made up of a series of slabs. In each of the slabs the kinetic temperature, the

[ IR NN

vibrational temperature, and the density of the atmospheric constituents in the
ground and excited states is assumed to be constant. The altitude of the end points
of each slab may not differ by more than 1 km (Figure 1).

OBSERVER
TANGENT-HEIGHT
POINT

Figure 1. The Line-of-Sight Path Through a Layered
Atmosphere, the enhanced segment showing its
intersection with the ith layer over a distance
BZ;=2,1"%

At first glance, it might appear that we are constructing a model for a one-
dimensional atmosphere. This, however, is not the case. One can make the slabs
as small as desired—so small in fact that the errors may be determined principally
by the uncertainties in the input model atmosphere. Nor is there any requirement
that the two slabs corresponding to a given altitude on either side of the tangent
height point have the same composition.

In the equations that we derive, we will assume that lines for which the intensity
is calculated are non-overlapping. That this is a reasonable assumption can be
seen from the following argument. The two closest lines in the 15-um band of the

Clzoé6 0110_000 O transition are Q(2) and Q(4) which are 0. 0145 cm-l apart.
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Recalling that the Doppler linewidth at 200 K, corresponding roughly to 70 km in
altitude, is about 0. 0005 cm-l. it can be seen that the separation between the Q(2)
and Q(4) lines corresponds to about 30 linewidths. Apart from the accidental over-
lap of lines of different bands, that may occur rather infrequently, we expect most
of the lines to be spaced several linewidths apart. The assumption of non-overlapping
lines thus appears reasonable.

We express the radiance in terms of n,, the number of photons (of frequency
vem 1) per wavenumber per unit area per steradian which are observed at a
point z along the line-of-sight path per unit time. The change in n, in a path length
dz is described by

dn, hv, A
= - n,— (“1 B(f #*u) -nuB(u*E))+z? n, f(V-VO) (1)
where h and c are Planck's constant and the speed of light, n, and n, are the number
densities of the lower and upper radiating states, B(£ ®u)andB(u = {) are Einstein
coefficients for absorption and induced emission, A is the Einstein coefficient for

spontaneous emission and f is the normalized lineshape function such that

@0

/ fv-vgdv=1. (2)

-00

In Eq. (1), n,n, B(£ - u) is the term for the absorption of incident photons.

n,n, B(u +¢) is the induced emission term. The factor (hvo/c), which is commonly
absent in derivations of this equation, appears because of the fact that n, is a photon
flux rather than an energy flux, and because v is in units of cm™ ! instead of sec™ !,

- The Einstein coefﬁcients5 are connected by
g B2 w = g, B(u > () (3
and
3
A =81 hv Blu = ¢) ey

where gy and g, are the statistical weights of the lower and upper radiating states.
Through use of Egs. (3) and (4), the definition

5. Penner, S.8, (1959) Quantitative Molecular Spectroscopy and Gas Emissivities,
Addison-Wesley, Reading, Massachusetts.
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and some algebraic manipulation we see that Eq. (1) can be cast in the form

1% hVo 2
= = TB(IZ"u\n2 -nv(l-'y) + 2cv0'y f(V-uo). (6)

One can readily see that the (1 - y) factor corrects the simple absorption term
(which is proportional to n, nv) for stimulated emission; the other term in the
brackets is the spontaneous emission.

Next we connect the Einstein coefficient to the line strength which is available
on the AFGL Line Parameters Compilation. 1 The tabulated line strengths S(Ts)
are given for conditions of LTE at the standard temperature TS, which is 296 K,
and are related to B(£-* u) by

hy S(Ts)

0 _ _ _ -1
< B(f *u) = ?Q_(T? (1 - exp ( C2U0/Ts)) (7)

where C, = 1.4388 K/c:m-1 is the second radiation constant and Pi(TS\ is the prob-
ability of finding the lower vibration-rotation state occupied. In general, Pi =n, /n
where n is the total number density of the specie.

The exponential term in Eq. (7) takes into account the stimulated emission at
296 K, and in fact is simply ¥ evaluated under conditions of LTE at Ts.

We now define the optical depth, 7 v by

dr,  hy, S(T) 1y
T = — BUAufw-vynll- Y)=W fv-vy)n, 1= T

2VOITS)

(8)

Since the quantities f, Ny, and y are (by assumption) constant within the confines of
each slab, the optical depth of the ith slab is
S(T) Z - Z,

= - = S _ i+ 1 i _
ATvi = TV(Z“ 1) TV(Zi)— p—ms fv uo) Ny 1= THpT-Cy v T, (1-y).

€

(9)

(The subscript i is implied for f, Ny and y,) Expressing n, in terms of the total
number density, this becomes

il

.
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AT .= | S(T.) X
s PQ(ISF 1 -exp (-C2vo7Ts)

rvi

3
N P,(T)
| [ ] fw =¥y n, AZ, (10)

-
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The term in square brackets now represents the line strength for conditions pree

vailing in the slab, including corrections for stimulated emission, and this times
f(v - Vo) is the conventional absorption coefficient k(v), 1 PQ(T) must be evaluated

b with the understanding that non-LTE conditions prevail, in general; the same applies

Ei to y. Both these quantities therefore actually depend on the vibrational temperature
‘;; as well as the kinetic temperature of the slab,
wh To complete the analysis one combines Egs. (6) and (8) to give

2 r
a - [ -nv"zcl/o m]o (11)

LA TR
A
]

This equation can easily be integrated across a slab. The solution is

o

-AT . 2 -AT .

n(Z. ) =nz)e Va2 .. ¥ (12)
vTi+l i 0 I-yi

LA AN

where the slab-dependence of y is finally made explicit with the subscript. In Eq.
(12), the first term represents the absorption within the ith slab of radiance inci-
dent upon it at Zi; and the second term represents the contribution from the ith slab
alone. The strategy of the program is now clear. The boundary condition at the

far horizon is nV(Zi) = 0 for all frequencies. Using that as the starting point, one
calculates the radiance at the near end of each slab from Eq. (12) until the observer's

-

end of the line-of-sight path is reached. One thus obtains a line profile for the
observed radiance, This profile is integrated over frequency to get the radiance

PR

for the line in question. At the end the result is converted to units of
p W/cmz-steradian.
NLTE also calculates the integrated radiance to be expected if the line is
- thin—that is, if ATui is always much less than unity for that line. The determination
A of whether a line actually is thin is made by comparing this result with the integral
o over the computed lineshape., Agreement within 5 percent defines a ''thin" line.
The program adds the integrated radiance from all the lines it selects from the
. line -file provided by the user. It performs this operation for each looking geometry
specified, starting with the lowest tangent height. For each tangent height after
! the first, as the computation proceeds it checks to see whether the line under con-
sideration has been found to be thin for paths characterized by a lower tangent height.

. If it has, it is also assumed to be thin for the current path and all paths characterized
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by greater tangent heights. The lengthy profile calculations are thereby avoided

for this line, and the integrated intensity is taken to be the "thin' resulit.

3. USE OF THE PROGRAM

NLTE has been written in ANSI-standard FORTRAN '77, 1t is still in the pro-
cess of being developed and made more efficient, and many changes are antici-
pated. A listing appropriate for radiance from CO2 is given in the Appendix. At
present NLTE requires 65, 000 words to compile and execute on the CDC-6600 at
AFGL. A high-optimization option should be selected at compile time (OPT = 2)
unless changes are being made and the debug package is required. Except for a
few seconds of overhead required for initialization, the execute time is nearly
proportional to the number of lines used. It is usually also proportional to the
number of tangent heights selected, but if many of the lines are thin the execute
time can be reduced since fewer computations are required. Selecting the Doppler
lineshape instead of the Voigt profile can cut the run time by a factor of three.

NLTE requires information from three data files, one of which is the
input stream. These files, which are associated with units 1, 2, and 3, contain
miscellaneous program input, an atmospheric profile, and a coded AFGL line file,
respectively.

Table 1 lists the miscellaneous program input on unit 1. Three card-images
are required, and they are read with list-directed reads. This means that comma
or blank delimiters separate the data elements, and there is no need to align the
latter in particular columns. All variables of type character must be enclosed in
quotes ('). Default values result from blank fields., These are defined by consecu-
tive commas or, in the case of the last fields on a card, by a single slash (/).
Example 1 gives a possible data record for Unit 1.

The first of these three cards gives the specie of interest, and three energies
which are required. The latter are the energy of the vibrational transition in ques-
tion, which is needed to calculate y; the vibrational energy of the lower state,
needed for PQ(T); and the energy of the lowest-energy vibrational transition, needed
to calculate the vibrational partition function, The program does not recognize
defaults for any of these quantities.

The second card identifies the lines which are used to calculate the radiance,
assuming they can be found on the line file. That is, the required frequency range,
band, branch, and rotational line designations are specified, and all lines satisfying
these requirements are used. The frequency range is given by VMIN and VMAX.
The band is specified by the upper - and lower-state quantum numbers, UST and LST;
the branch, by BR; and the rotational line by NRQL. Acceptable values of BR are

10
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'P', 'Q', 'R', and 'A', where 'A' implies all branches, Acceptable values of NRQL
are integer numbers identifying single lines of a branch; and 999, implying all lines
of the selected branch(es).

NDP is a code specifying the lineshape to be used in the computation. A value
of 0 causes the Voigt profile to be used; 1 gives the Doppler lineshape.

The program recognizes defaults of 0, 0, and 50000 for NDP, VMIN, and
VMAX respectively.

The third card gives the tangent heights which define the looking geometry for
each desired case. TANIN is the lowest tangent height, TANF the highest, and
INTRVL is the spacing.

Table 1. Miscellaneous Program Information on Unit 1

Quantity Description Units Type Example
(CARD 14A)

MOL Molecular formula Character 'coz2!
ISO Isotope code Integer 626
VIBE Vib energy of tHe transition em -1 Real 667.3
VIBL Vib energy of lower state em™1 Real 0
VIBQ Vib energy for partition fn em”! Real 667.3
(CARD 1B)

BR Branch (P, Q, or R) Character '‘R!
NRQL Rotational quantum line Integer 999
UST Upper vib state (AFGL not 'n) Charezcter 'o1101?
LST Lower vib state (AFGL not 'n) Character '0000 1"
NDP Lineshape option 1 Integer 0
VMIN Lowest wavenumber desired em Real, int 600
VMAX Highest wavenumber desired em-1 Real, int 750
(CARD 1C)

TANIN Initial tangent height km Integer 70
TANF Final tangent height km Integer 80
INTRVL Examination height km Integer 5
Example 1 Example of an Input Data Record on Unit 1

'CO2', 626, 667.3, 0, 667.3

'R', 999, '0O1l101', '00001'/

70, 80, 5

Unit 2 contains the atmospheric profile which is to be used in the radiance cal-
culation. The file providing this information is headed by a single card-image con-

taining identifving comments. Fach succeeding card-image contains the information

11
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listed in Table 2, in the format given there. No more than 250 cards, which
correspond to successively higher altitudes with a 1-km spacing, may be read in.
The lowest altitude must be less than or equal to TANIN. The highest must be
greater than or equal to TANF + 50, since the calculations are done using 50 layers.

A procedure for obtaining the atmospheric-profile data files in the form re-
quired by NLTE for input on Unit 2 is described in the next section

Unit 3 contains the coded line file. This is needed to determine the absorption
and reradiation of energy by each line in the wavelength range under consideration.
The contents of such files, and the means of obtaining them from the complete data
base which has been developed at AFGL, are given in Section 5.

Table 2. Atmospheric Profile Information on Unit 2

Quantity Description Units Format
A (integer) Altitude km 15
TRTMP Kinetic temperature Kelvin F10.3
ALCOR Atmospheric pressure atmaos El2.5
RHO Density of radiating molecule cm” E12.5
VBTMP Vibrational temperature Kelvin F10. 3

4. A PROCEDURE FOR THE ATMOSPHERIC PROFILES

A procedure, called ATMOS, is available at AFGL for the purpose of allowing
users to create databases in the format required to input to NLTE on Unit 2. The
data presently built into ATMOS are profiles very much like those in the 1976 U.S.
Standard Atmosphere. The vibrational profiles can either be read as input to this
procedure, or derived in a very simple (but contrived) way from the kinetic tempera-
ture. The alternative to reading vibrational temperatures directly is to add or
subtract a fixed number of degrees to or from the kinetic temperature. Interpola-
tion procedures are built in so that input data for the vibrational temperature are
not needed at intervals as closely spaced (1 km) as they are on output.

The procedure, ATMOS, is in a very preliminary stage of development. In the
future, its data base will be expanded to include various standard atmospheric pro-
files and some other features as well, However, it can be used in its present form
on the AFGL central computer system, as shown in Example 2,

ATMOS requires user input at two places: the BEGIN card and the data card
following the end-of-record in the input stream. Also, if vibrational profiles are
to be read in, a logical file called TAPE4 must be attached. The BEGIN card has

two parameters which, if seiected, cause the output data file to be cataloged as a

12
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permanent file, The parameters are PFN and NAME, and are used in the example.
It is acceptable to omit them completely, in which case the form is simply BEGIN,
ATMOS, P, and the data are not saved on a permanent file. In either case, the first
ATTACH card should be used exactly as in the example.

The data card should contain six quantities, listed in Table 3, They are read
with a list-directed read, discussed above. Most of them are variables of type
character, and must therefore be enclosed in quotes. MOL specifies the radiating
molecule. Acceptable values of DORN are 'DAY' or 'NIGHT', reflecting the fact
that some species’ density profiles have diurnal variations. HMIN and HMAX are
the minimum and maximum altitudes of interest,

Table 3. Input Data for the Procedure, ATMOS

Variable Description Type Default

MOL Molecular Formula Character

DORN Day or night profile Character 'NIGHT'

HMIN Lowest altitude (km) Integer 0

HMAX Highest altitude (km) Integer 250

CODE Code for vib temp Character 'ADD!

FMT Format for read, or Character (15, F10. 3)
number of degrees to add 0!

EXAMPLE 2 Use of the Procedure, ATMOS

USERI1, T30. 1234 USER
ATTACH(P, PROCFILE, ID=WINTERS, MR=1)
ATTACH(TAPE4, USERSFILE, ID=USER, MR=1)
BEGIN(ATMOS, P, PFN=OUTPUTFILE, NAME=USER)
EOR
. 'CO2', 'NIGHT', 70, 190, 'READ', '(I5, 34X, F 10, 3)’

CODE and FMT have different forms depending on whether the vibrational
temperature profile is to be read from TAPE4, or the vibrational temperature pro-
file is to be determined from the kinetic temperature profile. Meaningful values
for CODE are 'READ' and 'ADD'. Anything else causes the vibrational temperature
to be set equal to the kinetic temperature everywhere.

If CODE is read as 'READ’, the vibrational temperature is read in a user~
selected format, given by FMT. Each card-image on TAPE4, except for a header
card containing identifying information, should contain an altitude and a vibrational
temperature in that order. FMT should then specify two fields, one integer and one
real, for reading these quantities. The default value of FMT is '(I5, F10. 3)', but
inside the quotes and parentheses, which are required, any format is acceptable.

rararere
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If CODE is read as 'ADD', FMT must be a character representation of the
number of degrees to add to the kinetic temperature. Possible values are '+10',
'50', '0', and '-50'. Default is '0'.

5. THE AFGL ATMOSPHERIC ABSORPTION LINE PARAMETERS COMPILATION

FFor many years, AFGL has maintained and continually updated its own com- X
pilation of atmospheric absorption line parameters for transitions from the y
millimeter region through the visible. These are described in various publications. 1-4 ¥
The compilation is the responsibility of Dr. L.S. Rothman, A¥GL/OPI.

For users of the AFGL computer system, the data reside on a disk pack in the
CDC-6600 computer center. For workers at other installations, the compilation
is available on two magnetic tapes. (It is also accessible on two CC tapes at AI'GL,
but use of the disk pack is preferable.) The compilation was originally developed

in two parts. The ''Main'' compilation contained data from the principal sources of

atmospheric infrared absorption. These molecules, corresponding to a gas code
of 1 through 7, are HZO’ COZ‘ ()3, N20, Cco, CH4. and ()2 respectively. The trace- \
gas file contained data for the molecules whose codes are 8 through 28. 3 In fact, -
this division still exists on the magnetic tape compilations. A merged line file was .

recently written to a single disk pack, however, making all the data available (at
AFGL) by use of simple procedures.

The data exist in card-images on the pack and tapes, with one card-image
corresponding to each transition. There are almost 300, 000 transitions (lines) in

» T

all, arranged in order of increasing wavenumber. They are grouped in files spanning
100 wavenumbers, each one divided into records containing up to 250 lines (pack) or
40 lines (tapes). On the pack the files are in buffered binary form; on the tapes,
buffered BCD.

The data available for each transition are given in Table 4. 1 There are several
programs available for accessing subsets of the complete compilation and making

£ & s 8,

them available in particular formats for specific purposes (for example, input to the
LTE radiance program, FASCODE‘G). The formatting listed in Table 4 is the output
specification of a procedure, WRITE, written by Dr. Rothman to obtain a coded line
file from the disk pack. Generally, subsets of the complete data set are located

according to particular (1) frequency ranges, (2) molecules, (3) isotopes, and

6. Clough, S.A., Kneizys, F.X., Rothman, L.S., and Gallery, W.O. (1981)

Atmospheric Spectral Transmittance and Radiance: FASCODI1B,
AFGL-T R-SI-E?BQ. AD A104832; also SPIE 217 (Atmos Transmission)

152-166.
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(4) vibrational bands. However, by reading the line file and checking any of the
parameters given, one can make a selection based on other criteria as well.

Table 4. Line-File Data for Each Transition

Format Symbol Line-File Datum
F10.4 1% Resonant frequency (cm-1)
E10.3 S Line intensity at 296 K (cm-1/(molecule-cm2))
F5.4 « Halfwidth (air broadening) (cm-1/atmos)
F10.3 E" Energy of the lower state (cm-1)
2A8,A10,A9 Quantum numbers, line identifiers
13 Entry code for these data
14 ISO Isotope code
13 MOL Gas code

The meaning of the physical data (frequency, and so on) listed in Table 1 js
self-evident. The quantum numbers are discussed in Reference 1 (and, to a small
extent, below). The entry code is usually irrelevant for the user. The gas code
is an integer between 1 and 28, as mentioned above, The isotope code is also
explained in Reference 1. It is a string of integers representing the last digit in
the atomic weight of each atom, given in the order in which the atoms exist in the
molecule. For example, the main isotope of CO2 is identified by the code 626,
since the molecule consists of atoms of atomic weight 16, 12, and 186.

5.1 Obtaining Files From the Disk Pack

The procedure WRITE, mentioned above, is the easiest way for users at AFGL
to obtain data from this compilation. Example 3 gives a control-card sequence
which obtains, catalogs on permanent file, and lists all ozone lines between 2000 and
2020 cm-l. For any job using this procedure, the first three cards must be pre-
pared exactly as in the example, except for the user's name and problem number,
the specification of the logical file name (P) and possibly the time allocated to the
job. The BEGIN card contains optional parameters, described below, which deter-
mine the disposition of the information acquired from the compilation. The data
card(s) following the end-of-record (EOR) provide the information the procedure
requires to identify the desired lines.

The information to be taken from the data cards is listed in Table 5. Each card
is read with a list-directed read, which means that the data fields (eight in number)
should be separated by comma delimiters and no attention need be paid to the col-
umns used for each field. Default values result from blank fields (consecutive
commas). After the last field containing a non-default value, a slash (/) can be used
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to terminate data input for that card. Either the slash or a sufficient number of
commas to define each field must be used. All input data of type character must
be surrounded by quotes, like 'O3' in Example 1. Leading blanks inside the quotes
will give unpredictable results. Anywhere else, blanks are irrelevant,

EXAMPLE 3 Use of the Procedure WRITE

USER1, T30, CM50000, STMFA, PK. 1234 USER
ATTACH(P, PROCEDURES, ID= ROTHMAN, MR=1)

MNT(VSN=FAS53, SN=FASPK)

BEGIN(WRITE, P, PFN=OZONELINES, NAME=USER, COPFIL=YES)

EOR

2000, 2020, '03',,,,, 'PFILE'

Table 5. Input Data for the Procedure, WRITE

Datum Quantity Type Default
Vi, v2 : Frequency range (cm-1) Integer or real
MOL Molecular formula Character All molecules
ISO Isotope code (Reference 1) Integer All isotopes
UST, LST Band quantum numbers Character All branches
SCRIT Threshold strength Real All strengths
DISPOS File disposition code Character List only

V1 and V2 must be specified, as there is no default. MOL is an alphanumeric

symbol giving the molecular formula. ISO is the isotope code explained earlier, UST

and LST are the upper- and lower-state quantum numbers of the vibrational band
desired. The quantum numbers are different for different molecules, and their
meaning is discussed in Reference 1. For the purposes of WRITE, one enters con-
secutive digits inside the quotes, for example '11101',

SCRIT is an intensity threshold. Lines which are weaker than this threshold
are ignored. Because of the small magnitudes involved, an E descriptor should be
used.

The data selected by the program can either be listed on OUTPUT or written to
TAPES8, which is later made into a permanent file. DISPOS is a code used to select
the desired disposition. Entering either 'PFILE' or 'PUNCH!' in this field causes
TAPES to be written. Anything else invokes the list option. One can list some data
and save other data by entering differentdisposition codes on different cards.

Lines satisfying the requirements of each separate data card are frequency-
ordered on whichever file they are directed to, OUTPUT or TAPE8. However, lines
from one data card will always follow those from preceeding cards. If the frequency
ranges are increasing and do not overlap, frequency-ordering is preserved.
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Otherwise, for TAPES only, a SORT/MERGE option (see below) can be specified on
the BEGIN card to restore frequency-ordering.

The BEGIN card invokes the procedure WRITE (which is found on logical file P
in our example). It allows up to four optional parameters which are used for three
separate purposes: to preserve the frequency-ordering on TAPES, as mentioned
above; to give the permanent file name and user identification required for cataloging
TAPES; and to cause the information on TAPES to be copied to OUTPUT. The form
of each of these parameters is KEYWORD=VALUE, where KEYWORD is fixed and
VALUE is supplied by the user. Table 6 describes these parameters. PFN and
NAME should be either both be specified, or neither. The parameters can be
entered in any order following the logical file name. Parameters which are omitted
assume default values, the effect of which is given in Table 6.

Table 6. Parameters for the Procedure, WRITE

F—
Keyword Value Default
SORTM YES No SORT/MERGE
PFN Permanent File Name No catalog is done even
if PFILE is specified
NAME User's ID on some data cards
COPFIL YES No list of TAPES

It is possible to invoke WRITE more than once in a single job, with different

record is provided for each usage.
The WRITE output specification given in Table 4 is that used on TAPES8. It may
change slightly for certain frequency ranges, since sometimes more significant

|
|
parameters, 80 long as TAPES is returned after each usage and so long as one data |
\

figures are available than this particular format allows. The field widths are always
the same, however. On OUTPUT, when the list option is selected, the fields are
spread out for case in reading and to make space for annotation.

Example 4 contains a small subset of lines from the 11101-00001 band of C02.
in the format assigned by WRITE and described above. Example 5 gives a possible,
albeit unusual, set of requirements for linefiles, with many different forms used
on the data cards. Only three sets of lines are written to TAPES, and these are
then ordered before being cataloged and copied. The second call to WRITE pro-
duces the lines of which Example 4 is a subset.
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EXAMPLE 4 Portion of a Coded File from WRITE

2075. 2960 7.868E-24.0770 2.341 - 11101 00001 P 2 482 626 2
2076. 8632 3.363E-23,0770 2.341 11101 00001 Q 2 482 626 2
2076,.8788 5.894E-23.0770 7.804 11101 00001 Q 4 482 626 2
2076.9034 8. 166E-23. 0760 16. 389 11101 00001 Q 6 482 626 2
2076, 9369 1.009E-22, 0750 28. 095 11101 00001 Q 8 482 626 2
2076. 9793 1. 160E-22. 0750 42, 922 11101 00001 Q 10 482 626 2
2077.0308 1, 265E-22. 0740 60.871 11101 00001 Q 12 482 626 2
2077.0912 1, 325E-22, 0740 81. 940 11101 00001 Q 14 482 626 2
2077.1607 1.340E-22.0730 106.130 11101 00001 Q 16 482 626 2
2077.2393 1.316E-22.0720 133.439 11101 00001 Q 18 482 626 2
2077.3270 1,258E-22,0720 163.868 11101 00001 Q 20 482 626 2
2077.4239 1.173E-22.0710 197.416 11101 00001 Q 22 482 626 2
2077.5299 1.069E-22.0710 234.083 11101 00001 Q 24 482 626 2
2077.6373 1.252E-23, 0780 0. 000 11101 00001 R 0 482 626 2

EXAMPLE 5 Possible Usage of the Procedure WRITE

USERZ2, T30, CM50000, STMFA, PK. 1234 USER
ATTACH(P, PROCEDURES, ID= ROTHMAN, MR=1)
MNT(VSN=FAS53, SN=FASPK)
BEGIN(WRITE, P, SORTM=YES, PFN=MISCLINES, NAME=USER, COPFIL=YES)
RETURN(TAPES)
BEGIN(WRITE, P, PFN=CO2LINES, NAME=USER)
EOR
1220, 000, 1221. 000/
1220, 1221, 'H20'/
1220 , 1221, 'H20 ' ,181 /
1220, 1221,,,'100','000'/
1220, 1224,,,,,5.E-22/
1220, 1221,,,,,5. E-22, 'PFILE'
1220, 1221,,,'00000111', 00000000',, ' PUNCH'
1220., 1221,,211,,,,'PFILE'/
EOR
2000, 2173,'C0O2',626,'11101','00001', ,'PFILE’

5.2 Obtaining Files From the Magnetic Tapes

Users who do not have access to the disk pack can obtain the line-file data from

the two magnetic tapes. The tapes contain files spanning 100 wavenumbers and each

file is split into records containing up to 40 transitions (the last record generally

being shorter). Each card-image consists of eight 60-bit words, and there is a

single word at the beginning of each record specifying the number of transitions on

the record. The typical record therefore consists of 321 words.

The data on the tapes are the same as is given in Table 4, and in fact the format

appropriate for decoding the record is exactly that given in Table 4 except for the

35 characters specifying the quantum numbers and line identifiers. The format for

this portion of the card-image depends on the molecule in question and is described

in Reference 1. In this context (magnctic tapes) the ordering and formatting given
18 .
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: in Reference 1 is correct, unlike that of the new disk pack where uniformity dic-

T tated certain changes.

3: In order to obtain a line file the coded records containing the data must some- K
';‘i how be read into arrays, and the data must be checked to see if they are included .
X in the user's desired subset. In other words, a program to serve the function of B
=t procedure WRITE is required. On CDC systems, each record can be read with -
% a BUFFER IN statement. One can then use the internal file feature of FORTRAN '77 s
N as a means of converting character information to numerical information. This ~
g feature utilizes a variable or array of type character as the internal file. For- )
‘:: matted read and write operations, to and from this region of memory, perform

the conversion. This approach is superior to the use of DECODE for several
reasons, one of which is that it is ANSI-standard and hence available to all
FORTRAN '77 users.

Example 6 gives a small portion of a possible FORTRAN program which could

EN

be used to examine the line-file data on a CDC system. The tape is identified with
TAPES. After the record is buffered in, the first word, A(1l), is checked to deter-
mine the number of transitions on the record. The internal file used here is the

IV Y Y I

Vo' a

variable C. Then, using array B as the internal file, the data for all transitions
are read into arrays according to FORMAT statement 102. All the information is
now in numerical form and can be manipulated with normal arithmetic operations,

A L R

b LY

except the 35 characters of identifying information which are left in character form
and can therefore be compared only with other character variables.
The loop DO 300 performs simple comparisons for each line to see if the data .
satisfy the user's criteria. The third and fourth IF statements compare substrings
of the Ith element of CH with the codes for the desired branch, defined in the DATA
statement. .

IO,

This sketchy example, withits data and formats "hardwired' in, is obviously :
insufficient to duplicate the capability of procedure WRITE, but the basic idea can .
be developed into something considerably more general. Note that there is no need

B e PP
'

to dump all of the 35 characters of identifying information into a character array.
-~ Some of that information, such as the upper- and lower-state quantum numbers, is
in the form of digits and could be converted to integers for arithmetic comparisons.
% Alternatively, any or all of it could be ignored altogether.
This also neglects the matter of file positioning—that is, skipping files and

> records until the record containing the lowest desired frequency is in position to be

v read. This is obviously desirable, to avoid reading and simply discarding hundreds .
. or thousands of records. Since files span 100-wavenumber regions, the number of

3 files to skip is easily determined. For example, to get lines in the region 650-750 cm-l. .
W six complete files are skipped: SKIPF(TAPE5,6,17,C). If, in addition, the lines .
ﬁz at 650 cm™ ! are known to be in the (N+1)st record, N records can then also be -
W .

19
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-3 skipped within the seventhfile): SKIPF(TAPES5, N, 1, C). Otherwise, asisgenerally the '
K| y .
N case, one must read each record of the correct file to discover its range of wavenumbers.
For users at installations without CDC equipment, the procedures for reading
}': the coded tape are likely to be quite different. In particular, the different word
; '\: sizes and character codes have to be accounted for. -
9 EXAMPLE 6 Portions of a possible FORTRAN code for reading magnetic -
* tape line files,
A PROGRAM X
X CHARACTER*80 B(40) .
Lo CHARACTER*35 CH(40) X
‘., CHARACTER*10 C, BRDES(2)
“ DIMENSION A(321), V(40),STS(40), ALF(40), EDP(40), ISO(40), MOL.(40)
N DATA BRDES/'01101','0000 1"/
OPEN(5)
‘ 100 FORMAT(8A10)
£ 101 FORMAT(110)
¢ 102 FORMAT(F10.4,E10. 3, F5. 3, F10. 3, A35, 3X, 14, 13)
MDES = 2
X IDES = 626
150 BUFFER IN (5, 0) (A(1), A(321))
-y IF(UNIT(5))200, 900, 900
‘ C
-~ C CHECK N, THE NUMBER OF LINES ON THIS RECORD
C
§ 200 WRITE(C, 100)A(1)
READ(C, 101)N
C
N C DECODE THE REST OF THE RECORD
C
M= 8*N+1
v WRITE(B, 100)(A(l), I=2, M)
/ READ(B, 102)(v(I), STS(I), ALF(D), EDP(I), CH(I), ISO(I), MOL(I), I=1, N) !
< C )
C CHECK FORTHE DESIRED MOLECULE (MDES), ISOTOPE (IDES) AND .
% BRANCH (BRDES)
{5 DO3001I=1,N
( IF(MOL(I). NE. MDES)GO TO 300
IF(1ISO(I). NE. IDES)GO TO 300
¥ IF(BRDES(1). NE. CH(I) (3:12))GO TO 300
‘_ IF(BRDES(2). NE. CH(I) (18:27)GO TO 300 o
ol C
C STORE THE DATA FOR THIS LINE
W C
2 -
‘.1 .
- 300 CONTINUE B
“N GO TO 150 -
C ERROR BRANCHES .
fu ! c N
\] 900 CONTINUE .
\: . A
» . .
AN .
N . .
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Appendix A

Program Listings
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1 PRCGRAM AL1E
—2 \ e e - .
3 INVEGER TANIN, TANF 4A,RGLoHTS, LEGV, FLAG
Y [) ,
5 CHARACTER® xxm.rm.
-y CEAR L4 o —
4 DIMENSION hvzum.u.ovvucu
8 QIMENSION TRYMF(250) ,¥ETMP (Z5L),RHOC 2500, CRAT (256 yALCCR (250}
9 OIMENSICN ZZ0259,4)+GBR (25C),S(250),CHID(2E0)4VGTEEZSC)
49 DI®ENSION JV(5646),RQL(E46)
11 DIMENSICA V(54E)4STS(546) 4 ALF (S46) 200 1516)
a2 SEu)  THINRCUD GFLAGCLY .
13 [+
As — . OFEN(1,FLLE="IMPUT ) .
15 OPENI2)
16 - - QPENCI)
17 OPEN(L,FILE=* CLTPUT?)
18 _C —— I Lo
19 1 FCRMAT(//)
2 - - . . 2 FCRMAT (1X)
21 c
22 c A2 2L R XL SRS R R R A R Y R R  E R R N R R N R R R P Y R P NN RN PN ETY N Y
2 Cc

_L___I_JE_INLLLL LCONSTANIS AND INITIAL vOLLES

C CARTHR = EARTH'S RACIUS (KF)
_ _C TS = STANDARD LINE SVREMGTF TEMFERATURE (X) FCR AFCL TAFC
27 C AOLTZ = GOLVIMAN®S CONSTANT (cPGS/DEG)
L9 C AK = BCLTZWMEN'S FACTCR (C¥-1/02G)., THIS FACTCR IS NZECEC IN
29 c EXFRESSIONS LIKE EXF(-F3C®V/ (BCLTZ*T)) WHChE ¥ 1S IN Cr=i
i | N - - ANC T 1S SCME FEMPERATLRE. LATER IBF TEMEERAIURE PRCFILES.
33 C ARE PREMULTIPLIED EVY €K 10 SAVE SCMPE CELFBTICNS,
—— .. & 8SY = ECLYZ®TS/ (KF*C)
33 c C = SPEED CF LIGHT (CM/SEC)
36 C 4 = FULANCK'S CCNSTANT (ERG-SEC) AFTER ITS IMITIAL USE, MLLTIPLY E£Y
35 C 10°%=7 10 GET MKS LMITS, ®KFICH GIvES Thr EVENVLAL RADIANGES 1IN
16 [ TERNS CF WATIIS RATHER THAN ERGS/SEC.
3? c
38 000000 . A2 = SOGRYGALOG(2.2)) —
39 EERTHR = €261,
L 1 B, AS = 29640 _ o
[ 33 BCLYZ = 1,381E~16
482 C = 2:,997%£+18
43 H = 6.62€ZE-27
AN 000000 8K = bOLT2/tHeC) —
45 8ST = TS*EK
46 200000000 H = H*1.0E-97 . I _
a7 NLYR = S@
_&8 I TAPRTTITRY
A9 XX(2y = ¢ .
50 xx€3) = ¢ b

yursrsesuavynaeyne

CARD 1A SPECIES CARD---LISY-QIRECYED READ, NC 81 ANK REFAULYS
¥CL = RACIATING MOLECULE (INFUT 84S °CCZ*y ETC,
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A 58 c INCLUBING CLOVES) -
- $9 C IS0 s ISCIOFE CCCE :
60 C VI9E = VIERATIONAL tNERGY (CM-1) CF THE FEDIATIVE X
[ [ IRANSITICA : -~
62 c VISL = VIBRATICMAL ENERGY (CP-1) "F THE LCWER STRTE -
A3 L ¥Ian = VIBRATICAAL QUANTUM (Crei1) WMPEICH EAIERS -
€o c THE EXPRESSICN FCR THE PARTITICN FULNCTICN
£5 c S U
66 c CARD 16 SFECIES CARD
&7 c . .. BE _ 3 BRANCh (Fe Do CR R) . _ - -
68 c NRAL = ROTATICNAL CUANTUM LINE
£9 c s IHE 3
70 c LST = THE LCKER STATE INCICES (AFGL LINE FILE NCVATION)
71 c e . NCP 3 L INESKAFE CFIICNZ 4 (CEFAUIT) = WCIGTs 1 2 DOPPLER .
72 [ VMIN = LOWER LIMIT ON THE WAVENLMPES CF THE CESIRED LINES
23 c R = UPEFR LIMIV CN THE WAMENUMEZE OF 1¢S_CcSIGE0 LINES
74 C
15 C Mb:N Bz H. AL P, Ga AND & PRA _
16 c WHIN NROL = 99S ALL QUANTUP LINES ARE EVALLATE"
77 € e ) o )
78 [3 DEFAULT (N VMIN IS ZERCY THAT 1S, THr LOREST-WOVENUMEEF LINES (N
79 [of THZ FILE AFE EVALUATED. DEFAULY GN MMAX IS A NUMEEE GREATER TEEIN .
& [T c ANY CONCETVARLE WAVENUPBER CN 2 LINE FILE, 50€00 CP=1,
Al c - .
82 c INOIVIOUAL LINES CAN BE SELECTED AY SEVVINC BF TC F, C, OR K
'_., a3 [ ANO NEGL TC THE DcSIREQ LIME NUMBER.
¢ 84 (o
‘ _ 8% __ _C. _CASD IC TAMGEAT HEIGhT CARD-»=UNIT 1---LIST-CO:CTEC KEAC, A0 CEFAULIS .
ty 86 [ TANIN = INITIAU TANGENT FEIGHT (¥M)
- az L IANF = FINAL  YANGSENT $FIGHY (KM}
88 [3 IMTRVL = EXAMINATICN INTERVEL (kM)
. 89 c e . S
gu c....'l‘
o 931 [ ALASS . I B L . . S
d 92 READ  (1+%) MCL,ISCyvIBE,vIBL,vIBC
33 4 1 MCL,ISO.MIRF,YIRL ,NIAQ
4 94 11 FCRMAT (1k1,4Xy *MOL = *,A3,/,5X,*ISC = ISCTOFE CCCE =*,I4 4/ 45X,
'y 95 1'4I8F = y]ERATIONAL ENERGY ((M=1) OF F¥HE IRAASITILN 5¢,FQelefe — ...
& 36 25%,°VIBL = VIBRATICNAL ENERGY (CP-1) CF YHE LTWER STETE =¢,F¢,3,
9z 37,5, y1BC = yIRRATTONAL QLANIUN LCM=22 (FUR FARTITICA FUNCIICML S, .
T8 4 =*,F9,3)
0 49 MRYTF thazd
" 100 c
] 101 c CALL MPOLEC 10 ESTAPLISH THE MCLECULAR WEIGHT AND CYHER PARANIYRS
Q 102 c ASSOCIATEC WITH THE RADIATING NOLECULE
103 c
N 104 CALL MOLEC(MOL . ISCoMOLNT,DEGV,FRCY,TEXNF)
\ i0c C
10¢ WRITE (4s12) FOLKT,DEGV, PROT , TEXF
107 12 FORMAT(SX . *MOLBT =*, 13,7, 6%, e
108 1°DEGY =°4134745%,
109 2°FROT =% Fa,1,/,5X,
110 3OTEXP =?4F4e2)
5 14 c
3 112 WGT = FLCAT(MOLMT) /6.02486E¢23
Tt 113 c
5 114 NCP = §
-
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115 VRIN = 0,.C

116 CNRAX = S.LE+Q6 . R . — e

117 Cesssvgp

115 Croress P _ JE o o .

119 REAC(L1+®%) ERsNRI o LSTy LSToyNDFVMIN,VMAX

120 HEITS (1) -

121 IF(3R.EQ. £ XX(2) = XXx(1)

122 RS . LFINRGL,EC,999)1XX (3} = XX (1) 1
123 I = INTA(VMINY 4
124 N = INT(uMEX)

12¢ MSG(2) = *¥CIGY’

12€ IF (NDF  EG I IMSCEL) = *CQPP L ER e

127 WRITECly e 1) IyN MOL 4 ISO,LoToLST,BRy XX(21 3 MRCLy X¥(7),4,M5C (1) ‘
e 21 FCIMAT(5X, *PRCCRAN WiLL SEARCK THE LINE FILE EFTHEEN’, 15, ANC', 1
129 11€5° CM~1 FCR LINES OF #,A7,4/,5X,

‘o 2PISCICFE ='2I4a/25%,

131 3¢EAND s1X GBS, ¢ = PLLX 4 A5,/,45X%,

132 4 *EANCH 2AXaAla1Xs B8/ 5X . . L L o . - -

133 SOLINE 8 =0,T12,1X,85,/,5X%,

134 . _ . kBAE,*z LIMESHAFE OPTION ScLECTEC?)

13¢ WRITF (4,1)

43¢ . C

13i cYessesyC

138 Ceross e -

139 REAC (1,%) VANIN,TANF, INTRVL

140 - WEITS (4,€L) TANIN,TANF,INTRVL

bLSY €1 FCAIMAT(Sx 4 *INITIAL TANGENT REIGHT (KMS) = *4I18,/,4EX,

162 : FOFINAL TAMCENY HEI GHT (KMS) 93154795 %,

143 SPEXAMINATICN TRTER vAL {(KMS) =0,15)

144 MRITE(4,22) e e e e e e

e C

1“6 C .l‘..ll.l.'l'.l!...“ll'..Ul.l.!'l.'C."O‘lll!i'l!l{..llll'l.l'l.ll

el c
i L.1- N CARL ¢ ATFCSPHERE CARCS-=--ULNIF 2

149 C

E 3 - IFYING ESSEGE sHICH IS

151 c SIMPLY REAC ANC PIINVEC. SLCCESSIVE CARNS EACK ~CNTAIN, IN FCR-

152 C MATS IVEN BELCH!

153 c
15« =000 ¢ . __ A _ = ALTITUCE (KMS) (IMNIEGE® wAFRILELE) It .

155 C TRTMP (&) = TRANSLATICNAL TENPERATURE (K} F10.3

15¢€ c ALCOFR (A) = ANMCSFHERIC FRESSLRF (ATVMCSFPERES] F12.5

517 c RFO(A) = DENSITY CF RADIAT ING POLECLLE (CM-3) E12.5

158 [ I JETNP (A) = (IBRATICMAL TEMPERATURE (KX . = _Fil.3

59 c
163 _ C%se%ee2 .. . -

!61 Cx"ll.

162 READ(2,63)¥SG

163 HEITE (4 € L) NSE

164 WRITE(4,€2) MOL I

165 €2 FCOMAT (7X,%ALT*35K, *TR TEMP VB TEMP’ ,,6X,°TOT PRESS?,3X,25,

16¢ L'CENSITY o/ 96 Xa" (KFD o2 (7X2 (KD *)gSXe " (AVFCS) * T2’ {C¥=-3)"‘9/)

167 €3 FCRMAT(8210)

168 €4 FCRMAT(/ /4%, *ATMOSPHERE==="*,8A30,°"*,/)

1€6¢ c

170 Creevsn P S

171 Ccosons 1

AT et A ALt A A e
P R Y A P T I

— A

A S R N L L |



LRARARA T B DAL Al e AUBas N pi it g Bac DA A IO A I
AR ARAA B A AR A MO R A .

' 72 70 READ (2,80,END=32) A,TRTMP (A) JALCORCA) yRFEC(A) , VATHF ()
123 £ FORMAY (Y€ oF 10, J,2F 12, 5,F310.3) _—
174 WRITE (4e81) AoTRVYNMP(A) yVBYNP (A) JALCOR (A),FHO (8)
175 81 FCRMAY (GX 16, 2Xs2F 10, 3,2Xs2F14,6) — e e -
17¢€ 6C YO 71
122 L
t17e c TEE ARRAY RHO IS CCNVERTED TO THE GECHMETRIC PEAN CENSITY IN THE
179 c LAYFR WHCSE BOLNDAAIES ORE A AMD A # 31 AMD SYCFEC WIIk INDEX A,
182 C

'

81 00000 C @ YHF ARRAYS JRTMP ANC «BIMP ARF CONVERTEQD JC AVFRAGE IEsPrRATURES IN .
182 THE LAYER #HOSE JOLKDARLIES ARZ A ANC A ¢ 1, THESE th‘lGE TEMFERATURES
CELLEIRLIEC BY 8K

(]

Ay  C  ARE ALS

184 c APPEARS EVERY TIM: THE TEMPERATURES ARE USED) ANC STORED IN THE

185 c SAME ARREYS. AS MITH RHOLA), THE IKDEX FCR THE LAYER »FOSE ECUA~ .
18¢ c NDARIZS AKE A AM) 841 KM ABGVZ THE EARTH’S SURFOCE IS A,

147 C R _ . Lo oo R

183 C THZ PROGRAP ASSUMIS TH: LAYERING OF THE ATPOSFWIRE IS IN 1 KM STRATA,
189 o e e e —— .
" 190 C NRAT IS AN ARRAY STCRING THE PRCDUCT OF THC RATICS!

@t c . THZ VI3RATICAAL FARTITICA FUNCTION AT IS (2%€ k) (QV) IO
192 c THE VIBRATIOMNAL FARTITICH FLACTICN BT (BIMF (21)

193 c ANP _. YH: AGYATIOUNAL FAAYITICA FLACTION AT IS (28€ K) TO

194 c THE RCTAVICMAL FARTITICM FUMCTICON 21 TGIMP

198 c I IAYTES BAYIO IS JUSY A FORER OF IME KALI0 OF IEMEERATURES, .- -
19¢ c TS/TRTMP, WHERE TRTMP IS THE ECTLAL TRANSULATICMAL TEPFERAVURE,
‘197 C L B .

198 c ALCOR(A) IS REAN IM AS THE TOTAL PRESSURE. AT STATEMENT 95 [T

19¢ L BECOMES AN ARRAY STYCRIAG YHE FACTOK 8Y MIICH UHE LCRENTZ LINEWIDTH

200 c PARAME TER (GIVEN ON THE LINE FILE AT TS ENC § fTMCSPRERE) IS PLLTI-
201 c PLIZO Y0 CCERECY FLR PEESSUGE AND TEMPEZREAILRE AY VARICLS ALIIILDcSe - —
02 c

283 eg0 n 1.0/14s2 = SXF(=NIBQ/EST)I**DEGY

204 I =A-1

_24€ 0000000 . Y.F 1.0 - 1EXP . .

20¢€ DC 95 A& = TANIM,I

Az—_Jmu_J_mwum e e
ot TETMP(A) = 0.S*(TOTMP(A) + TRIMP(A+1)) *BK

209 WBIMPLA) = 0.5°({uHIMP(R) .+ vBIMF(A21))%BK

210 Z1 = 140/(1.) = SXP{-VIBQ/(VBTMP(A}))) **CEGY

211 _ORAT(A) = (QV/71) *(BSI/IRTEF (4))**PROT

212 S5 ALGOR(A) = ALCCRIAI®(BST/TRTMP(A))*¥Y

e K1 MEITC (g1}

214 c

218 C _ PREENIINUNIVLIICNEFELEVI RIS JUIB IV TP IITCIFNITVIININIINIST VIOV VIS

€16 c

212 € CARD 3 AFGL LINC FILE CARCS===UAIT 2 e

c18 c

219 L JHIS SFCITCN BFAQ THE AFGL LIAE FILE AAD

220 c SELECTS LINES CF INTERESTY EASEC ON TRANSITION STATES (LST,LST),

221 T BRANCH (PRI ANC LINF (ARQL) PERAFFIERS SET IN CAKD 18, MCST OF

222 c THE VARIABLES FEAN IN (VINIT, Z1, 2Z2+e¢) BRE STOREL IN ARRAYS

< TEMENY 131, THE VARIABLES THEM-
24 c SELVES ARE LATER USED FOR WISCELLANEOUS (THER PURPCSES.
- < -

i2¢ c 21 (STS) = LINE INVENSITY (CK-1/POLECULE-CM2)

222 c 22 (ALF) = LCRENFZ HALF-MICTE AT 2GSE K AMD 1 ATNCSPHERE
i2¢ c (CH=1/AT¥CS)

27




O W U

229 3 Y  (EDOP) = EMERGY OF FHE LCWMER STAYE (Cr-1)
; 230 [ US, LS = UFFER AND LOMER SIATE TEAASIVIONS, RESPECTIVELY
X3 FERY [ B8CH (ERNCH) = BRANCH (P, Q. Ck R)
2 ¢ - = UM LINE . .
) 233 [ I = ISOTOFE CCOE
"9 ix4 c
3R} 238 WRITE(4491) UST,LSY
L ¢ _43€ . 9% FCRMAT(SX,°AFGL LINE FILE CF INIERESY FOFf YRANSITICN ¢,
23 LAE,* TO *485,/9
- o . WPITEL4e92)
e3¢ 92 FCRMAT(SX, "BRANCH® 32Xy LINE %52, *FREC, ((M=1) 42,
. 240 'LLuLsnnﬁm_‘z.h_uA_xmm_..u. ' CHER STATE FMNEEGY ¢ /)
2 T c
-~ _{%- . g_ .JMax COUNTS THE YOTAL NUMBER CF LINES 10 €€ EYAMINED
i ' .
- L .aAX= Q.o
"'. 2“5 c‘....
~.r £4¢ [ 1XX1] - e ——
& 1% 4 260 READ(? ,11('ENO=1*5DVINIT.Z:.Z:.V'US'LS'BCH,NoI
_288 0 . 310 FCRMATSF10453E10a3sF5a 35Fa0ad X A 3N A 10X ,401,12,4X,14)
26¢ c
) .250_ e PROGRAN EXAMINES AND R:TURNS CORRECT VRAMSITION STATE, LINE(S),
. 254 c ANT BRANCH(ES) FOR THE GIVEN ISCVOFE. IF VTHE DCPFLER CETICH
X 252 L (NCP =_1) IS SEL=CTED, TIHE LORENYZ LINEMICIHS ARE SEY 10 ZERO. .
253 c A
25 254 TF(VINIT LT .WMINIGC TO 100
) 288 IF(VINIT.GT.VMBX)IGC TO 1J¢
9 113 IF(ISCeNELI) GO YC 1d¢
K 2572 IF(UST.NE.LS) GO TC 10¢
_£%4 . _IFIASY,NELLS) €0 IC 10Q¢C . e e e et e
" 259 IF(SR.NE. *#* AND. BR.NE.BCH) GC TO 163
& 26 . . IF(NEQL.MELNs ANDLNRQLS NEL999)GC TO 100
- Y c
Y _i62. _ JEAY = gMEx ¢ 8 B el .
oL 263 VIJHAX) = VINTY
} ‘.‘ 64 SISGIMAX) 5 21 e
” 265 ALFCIMAY) = 22
" €€ IF(NDF.EQ.IALF(I¥AX) = Q.8 e e
267 ELPLJMAX) = ¥
26¢ . BENCH(JMAK] = ECH S
5] 269 RCL(JMAX) = N
_P.' F37 MRITECua121) ACH N WINTY 421,22,Y
“: 271 131 FORNAT (7X4A1,SX, I3 ,4X F1045,4X,EL0.3,6%,FC.3,7Y,F10.3)
o 7 _ c__ .. e
X 273 6C 10 100
-,i _if&  33& IF(INMAXGEGLQIGC TO 998 . _ __ . e
-y 275 HEITE (4y1)
21¢ c
in c AT THIS FCINT YHE CATA MAVE ALL BEEN READ 1IN AND SVOREC IN THE
o _218 [ APPROPRIATE ARFAYS. NQw NC SOFE FUREHER YAIFIACIZATICN ANO EHEM I
A 79 c PROCEED WIYH THE LCOPS WHICH PERFORM THE ACTUAL CALCULATICAS,
b . 280  _ C. . - J
ﬁ z‘x c (22 A XTI R ARIE R R 2 R Y RS2 R R R RN SR RSN R IR SRR FEREN RS X X ¥ )
‘4 282 c
-« 283 [ PRESET THE LINESHA PE ORDINATE, DWW IS THE “DISTANCE™ 1M Ch-1i
@ 284 c FRON THE CENTEF OF THE LINE IN QUESTION. . _ . __
i) ¢85 Cc
_—
"
¢
N
Y
" o
.1"'
-.J
\
Ny
\l
v
-
N
.. 28
~,
oy
i
)
P
-
A
e N W e AT A A T AN N S AL S PRIy . . .
Ak » kS -‘ILA.‘ _‘_. ‘n‘ - = . = i - . -




28¢ 0C 138 L = 1,101
- * ——
H 14
28¢ L PRESFY YMF OPYICAL 1Y THIN TEST ARRAY IC 2ERKO. S -
290 c
293 DC 139 & = 1. MAY
92 139 4T = ¢
293 C U e N .
29 c THEZ YOTAL NUMBER OF DIFFERENT LIMNE-OF~SICHFY PATHS TO BE CONSILcRED IN
299 G ALL IS (BANF-TANINM/INIRVL ¢ 1, THESF CfSES ARr DCNF IN GOCUFS JF . . -
é9¢€ C FCUR (POSSIBLY LESS, IN THE CASE OF THE LAST GFOLF) TC MAKE THE
292 c PRINTFL CI 1FUT MANAGFAPL: AND 1C ROUCE TRE SI2. CF CESTAIA -
298 A ARQAYS, THE LOCP DC 30 IS ENVERED CNCE FOR EACH GROLF, VTHE IMNTEGER
29¢ c ASIAY HIS . SYCRES IHE TAAGENY HEICHIS (1M KF) MEICH PRRAMEICSIZE. EACH
100 [ PATH, NREPS JECOMES THZ NUMBER CF GPOUFS WFICH MUST EE HANCLEC. IMAY
na L _BECOMES Th: NUPAFR CF CASES IM The CURREAT GRCUP,. . .
02 [
203 MNEEPS = (YANF-TANINY/IANYOMO L .
20« NR = MOCINREPS,4)
09 NREPS = MREES/& . _ .
396 IFINReGT40) NREPS = NREPS+1
07 G [ . .
:a! c"..l.l.'l"..ll.l..‘....l..'."0.0."’.'."'0.!.."‘.C'.!l!l.l'!'U!.D'
¢ Le e e e e [ e ————
210 c* LCCP TO SELECT GROUPS CF (4 GR LESS) TAM.‘EM’ HFIGHIS. (ALCLLUG
211 ce JTEESE CASES SIFULYAN-OULSLY, HEEN TEIS LC(F ENCS, EXECLIION
112 c* TERMINATES,
313 Ls . .
s DC 300 NR = 14M0CSPC
315 IFAX = 1 e i e e i — ——
2316 DC 1640 I = 1,4
317 HISEI) = TANIN ¢ {(4®(NR-1) ¢ I - 1)*INTRAL
18 IF(HYSCI) 4GT« TANF)GO TC 140
—_— i IkAx =1
320 140 CONTINUE
21 [k R
322 c* SUMRAL IS AN AFQAV THA! STCFE‘ THE SUM CF FACIANCES FRCM RCYATIOML
323 C*  YBANSITICAS FCk A GIVEN TANGENY kEIGHY . ERESEY TEIS ARFAY TC 2ERQ.
224 ce ALSO CALCULATE THE ARRAY CF FATH LENGTYHFS 21, FCR EECH LAYER (2)
_228 0 C®  AN{D FACH F2YH (TANGENT HEICHI) IN THIS GRCILP, ACTUALLY, ZZ IS THE PROCICT
226 ce OF THE TCTYAL NUM3ER DENSITY AT THE ALTITLCE IM QLESTICM ANC THE GEO-
222  C® MFYRICAL PATH | ENGTH IN 30
328 cs K¢ TO CM,
12¢ [ v S N e R,
330 oC 1‘»5 1= 1, T#AX
2 SUMRABAI)= L.0 _ - - JE S
332 0C 145 N = {,NLYR
313 A = MVYR ¢ HIS(Y) = N
334 Z1 = SQRT(FLOAT(A =~ HTS(IDI®(2.0%CARTHR ¢ FLOAT(R 4 +TSC(INVN)
35 0000 0 72 = SORT(FIOAV(A-rTS{T)#1)%(2,0®F ARTHR ¢ FLCAY({A+FTStTI+1))) -
136 145 Z2€A,1) = RHOCAD*(22 - Z1) *1.[Ee(0S
32 IE LIMBX o GYL IR NRITZ Cual u MDA ASAT) JHISLT) oI, I¥AXY
38 WRITE (4, 2)
Al lul FCOMAT (/77,SX,*RANDTANCE (WMATT/CM2SSTRY AT MAQICUS TENGEAY kiIGhRIS?
340 177+s5%X 9 *LIME 3 INGH(J3y7 KM (THIN) ¢, X5, KP¢,5X)Y
61 ce _ _
EQZ c. (XA AT R A2 22 R R R R RS R RO R R 2L R R R R Rl RS RS RS RS R R R R IR SRRV RRY Y }
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et w, WY A A At i T ) LI Y A P - . - ., _\ - - - - _' . Y !
\Y .
“\ g
A .
\: l
Y .
..\
A
343 cee -
T C** \CCP 1C FERFORP CALCULATICMS CM ALL SELECTEN ROYAYICHRL L INES, _'.'
3 45 C** NG COFRECTS FCK THE STIMULATEC EMISSIOM BT TS (26€ K), e
K 346 ces THS DOPPLER LIMEWICTH IS . — B
Nl :«; css ALFD = SGRNZ'ALOG(ZD'ECLIZ'!RMP/(HCLNT'C‘CD)'VIHT .
& ces = .
5 349 cee -
3 390 . _QL 20C J = isJdVAX . el o iy
1€y VINIT = v(J) i
352 - _0C = 3.0 - EXP(-VINLIT/EST) . —
i3 DCPP = A2%SGCRY (2, U *AOLTZ/(EK®RGT*C¥C)) SV INIT 'vq
asl 354 ce —— . — =
355 C L A2 A2 R A RRE R A RS R SIS R R R R RN RSN RRR YRR SRR SRR RSN R YR | ‘-“
e L7 S ) R
N 357 € * % THZ LCCF CC 150 CALCULATES FAVH-INCEPENDENY QGUONTITIES WnICK -
t 358 __C % * DEPENT QALY ON ALTITUDE. ALTITLLES RUN FRCF THE LCHEST REGUISREL FOR T
i€¢ C *% & THI FIRSY (LOKEST) LINZ=OF-SIGHT PATK TO THE HTYGhEST QEQUIRED FOR THE
3€0 C * * LAST GNE IN THE CURRENT GRCLP,. NMAX IS IHE NLMCER CF SLCH REGLIEEN
261 C * *® ALTITUDES,
2€ e C Y
3 3€3 C * ® STS(J) GIVES THE LINE STREMGTH UNDER CCNCIVICMS CF LVE AT VZIMFERATURE
2 366 L % % 1S, WRICH ME REFLR YO AS “STANCARD CONCITICNS™. THE GLENFITYY
2€5 C * ® QRAT®EXP(Z21) CIVES THE RATIC CF THE PROBAEILITY CF FIMDING TFE
™ I6E € * ® MCIFCULE IM THE LOWER RADIATING SYATE AT ALTIIUDE 2 (hbiKZ MAYPE._._..__
T€7 C * *» ANG TRUMP CHARACTERIZE THE DISIRIGLTIOM OF POPLLATED STATES) T1( THE
\ 6t .G % % PRCBABILITY OF FINCING IV IN THE LCWER STATE UNDER STAMARD CCAOITIOANS.
36¢ C * » THE FATIC (1-GAM)/CC CORRECTS FCR STIMULATEC FMTSSICM AT ALTITUDE
- 379 € ® * A AND FCR STAMDARC CONCIVIONS, THE PRCDLCT CF THESE THREZ FACTORS
71 C * * GIVES THE LINE STRENGTH AT ALTITUDE A, S(A). SC(A)*F(ML) GIVES
11732 g $ % T+S CONYEMY IONAL AGSORPYICA CCEFFICIENT AT FRECUEACY Mla . . .
k2 . L
v, 374 . NFAX = HTISCIMAD) - HTS(1) + NLYR
Ly 75 DC 15u N = 1, NPAX
A9 316 . . _ A = HIS(1) ¢ N -1 .
X 77 GAM = EXP(~(VINIT-VIBE) /TRTMP(AD)SEXP (-YIEE/VETME (A))
o 3¢ GEOtA) = (GAM/ (1, 0-GAM))®2 Q*CoyINTY®®;
2! 7 21 = EOP(JI/BST - (EDP(J)=-VIBL)/TRTMP(A) - VIBL/VBTYMP(2)
380 S€4) = STYSCJ)®GRAT (A)* (1.0 - GAMI®EXP(21)/¢Q : . —
381 150 DRID(AY = [OPPISQRT(TRIMP(A))
;3 - ._u_uuu‘gs'..umArc. 180 e e e L
".* o ( L ] SESEVRBESFIIBPEISER ICUB IS ST USSP UITUBINAINIB BTG ITISIING SININNINIBOOS
' 335 c DI SFFISUTL VIV IBNIITRIOIIGRIIIP T IIBIINLNIINIBI YTV L0300 905000
! 386 g ve _ R
b~ 387 C %* THI LCOP €C 170 L = 101,1,-1 VARIES THE FREQUENCY EETWEEN THE CENTER
a 388  _ C %**_ OF THE LIM: ANC THE MIMNGS. THE INTEGRATICMN OVER YRE_LIM-CE-SIGHT _
4 3;: g :: :;:rn (THE 2-INTEGRATION) IS THEREFCRE CCHPLETELY CARRIED OLT FCR ONE
391 C %% NEXY FRECLENCY IS CONSIDERED.
i92 [
A 193 C *% FCR SCHE unes. THERE WAV EE FREQUENCIES NEAK THE CENVER OF THE LINE
b 394 ... C ®*% WHERE YHE LINS IS yERY THICK---ThAT IS, FREQUENCIES FCE MMICH ML
Al 395 C ** RADIATIOM rnon SLAE (N=1) IS COMPLEVELY cesoaetn Id SLee (N, SO
ot 396 C ®% YHAT AT YFE ENC
“ 397 C ** FCR SUCH CASES, THE INTEGRATIOMN THROUGH THE nw51 FALF OF THE LINE-
N 348 C ** OF-SIGHT FATH IS UNNECESSARY, PY SELECTIIE FECUFACISS 1IN “EACKBAROS™
- 399 C *¥ ORQER~~-STARTIMG IN THE WINGy WIVM L = 101-=<KE CAP FLIG THE FFE-
"y
%l
4
+
b ]
Ly
&
s
Ca
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%% QUENCIES NZAP TH: LINZ CEINVER FCF WHICK THIS EYTFRA KCRK CAN 3E
s _ AnOIDCQO, —

(2] 2 X o]

sf3 OC 1585 1 3 1.6 . - e - —— e e
. 406 15€ FLAGID) = ¢
A08 Ml’flxi.’lll-t
«Qé¢ C **
487 c _IrS LOGF L[C 160 CALCULATES, FCE ALL ALTITLDES REGLIREL, IHE VALUES
408 *% OF THF VCIGY PFOFTLE AT THE “CISTANCE™ FiCP THF CENTZR OF THE LINE
L0¢ L #s  INCEX:[C EBY IME CURKENI VALLE CF L---THAT 1S, CAVIL) (F-1 FRCM IHME . __.
“10 C %% GENT:ES,
All L 48 —_ e e e e e e e m + e ¢ rmmmmmae e ——— —
.12 NC 167 K = 1, AMAX
843 e . - -A. = HIS(1) ¢ N - % .
414 ALFD = Balf(2)
w15 ¥ s DUV(LIZALEC
“1€ RAT = AZ'ULF(J)'ALCOR(AH/ALF[
wi? 160 VOT(AD = NRERELY RANM/ALVED . .
4«18 C
(1‘ e - c .!7‘l“c‘l_‘l“'_._l.‘._I_O_ll.ll..ll.l.ll'...‘ll‘lll..‘l.ﬁ..lll'..'l.!ll..l..l'll..l.!
420 C o
421 C %%% FHE AGOP CC 120 I = 1,IMAX VAKIES ThE TANCGENT MEIGFTS. THE PRCFILE ARKAY,
422 C *%¢ NyZ, IS ALSC IPMITIALIZEDs ANC ThE FLAG IS CHECKEC ENC FOSSIBLY RESET,
423 L vss R - R — PR
424

0C 175 1 = 1,1IPAX

NNZO,T) s
TF(FLAGUIN.ENL1)GO TO 169
e Az HISUI)

Z1 = SCAY®2Z2(A,1)*NGT(A)
IFL21 o GELISIELAGLTIY = 1 - . S O

L 289 STARY THI 2=-IMIEGRATIOA ALCNG THE LIME-QF-SIGRI AT THE FAR

C ss» HCRIZCN, TFE LCCP [C 1€5 CARRICS THE CALCULATICN TC T VTANGENT
g 9% _MIIGHT POIAT.. IN JKIS LOCP, ANG IN THE NEXY CNE, 23 HECCMES THE
C voe OFTICAL NDEFYH CF THE CURREMT SLA@ AT THE FSECQUENCY IN QLESTION,

36 0C 1e& N = {4NLYR

437 ~ - - A = ALYR & HISL(I}) =~ N.

438 T = SUAV®ZZ(A,11%4GT 4 E)

239 . 2e.z Lol . -
460 IF{Z21,LT7,3%.)2¢C = :xw( 1)

Sl 1E€ NuZd 1) = NUZ (1 ,T2%72 ¢ (1,0 = Z239GEE(A)

L evs - CCMPLEYE The Z-INTEGRATICA BY CARRYIMC IT FRCF THE TANGENY HEIGHT

( oes PCINTY THROLGH AYLR SLAES TC THE OBSERVAY ION FCINT,

1€¢ NC 170 N = 14,NLYR
Az MISEI) & N o 3

Z1 = S(A)SZZ(A,I)%VGT(A)
22 = (.0 - — -

TF(Z3LTe 384022 = EXP(-71)
170 NUZ(L,I) = NWZ(l,T2%72 ¢ (1.0 - 22)°GAACA) I

C ves
[ ves

LYY
C ey

C ®%¢ HAS BEEN FCUND AS A FUNCTICN CF FRECUENCY (INDFXEC BY L) FCR EACH TAN-
CURRENT GROUE,

T TN
S b s

I 2%
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"’ c 9 SPBUOBIVIVIIVUD VBT TR I BTV INITTAIBITILTITVITBTIVGANINQUINIVAOINT SISO
' ®
::i - % 5 AT ININ SN INI TSI NI I IS IT TSI PN IN I YIS IINS SIIEIIIIIINS S
460 cee L - — . . R
1 C ® ¢ THE LOOP OC 19C RINS THROUGH THE TANGENT FEIGHTS IN THE LURRENT GROUP.
[ ] [ ’ . £
463 C ® ® 22 IS YHE SUM CF OF EVEN VTERMS (VME ENCS CF EACH FANEL)S 21, CF ODD TEERMS
_:_zé._._. e g ® % Tho RESULT, RACLI) o MAS UNIIS CF NATTZLMZ-STIR
..
_4é6 180 0C 1980 I = 1,1IpPAX.
te7? THINR(I) = 5,0
SEP DL 185 N = 1.NL¥Y® . __. . P
46¢ A = NLYR ¢ HTS(I) - N
_ald — 185 THINR(I) = THIPR(I) ¢ GBACAM*S(AI®22(A,]) -
o784 TRINRCIY = 2,0°THINRCI)®HOCOVINIY
_&72 RAOCI) = TEINRLD
473 IFCITCU) LCELLICO TC 19¢
114 22 = 0.0 e e e e . . - - ..
75 21 = Led
_416 . _DC 1688 L = 2,9842
(%44 22 = 22 ¢ NVZ(L,I}
S X - I1 = 21 ¢ NyZ(Lels I}
479 1828 COUNTINUE
480 22 3 22 ¢ NVZ(11C,1) .. . . - . .-
(1.5 3 RABLI) = (NVZC3,I) o 4L, ,09%22 + 2,0%Z1 & NNZ(1024100/3.C
402 REDUIY = FRAC(IN®2, CE~O&4OHOC®vIRNIT
483 IFCOAES(THINRIII=RAT(II N LLTL(RATCIN®,5)) JTLN = I
LY. T 198 SUMRAD(I) = SUFRAD(I) + RAD(I)
485 C ® o
‘!Gg C® % END YHE LASY LCOP (INDZX J) THAY VARICS YhE YANGEMNY PEIGHY _  _ _ . _ .. ...
48 C o s
»_«_QL“__ _ c ! ..'.....'........"..‘.'".'....'..’...'._....,.-.'..'Q.."!."_!'l‘
t89 [
"go, . g . IF ONLY CMNS LIME IS CALCULATEC, FRINY CUT THE LIMESHAFE
%91 .
192 N = JTLD e
493 IFINJEQ.CIN = [IMAX
A9 00000 IF (JMAXSAEL1)GC TO 195 R I
95 IF (N ENeBIGE TC L9
_436 2 - HEITELG4121)BRNRAL,(HYS(I) ,1=1,1IMAX) e [,
497 161 FCRMAT(//7+4* RENTANCE (PHOVCNS/CM2¥STRISECYCM=-1) FCR LINC ‘y
L < - " M . d <t
49¢ 27X, FREQ® 92Xy 412X, 19, ¢ KM?D)
. 192 FCRMAT(F1l.4,27:4E14s5) , o
€01 WHEITEChW,2)
£02 - DO 193 L = 14401 .. .. . . N . e
503 IF(NVZ(L,N) oSCede UIGO TO 194
S04 21 = WINIY ¢ CyV(l )}
50% 193 WRITECLy192)Z1,(NVZiLy1),I=1,N)
£06 1S4 WRITE vy e . I
€07 WRIVE (4 148 (FTSCII HTS(I),I=1,INMAX)
s0¢e o WRITE(4s2) . —_— O
¢0s c ¢+
510 [ PRIN CUT THL RADIANGES
511 c?®*
12 195 WRITE(4o19€)1ORNMCH (L) 2 RCLLJDI S (THINRCT) o I=1,IMAXY . _ .  _ ___
€13 IFA(NLTEIRRITE(Ly 197) (RADLI) 4 I=14N)
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-v.-‘ _-‘—_v_ > A e ) 7_‘-’"'7_.'_ e e

514 19€ FCAMAT (5K 481, Thye(2XsE12:50227))

515 192 FCRMAT (AHA QN oAl XsELLEL5)) - - - -

s1¢ TFLIT D) «GT.0X3V (U = €

517 gee e e e e e . - -

[3Y] 200 CCNVINUE

€19 Les . - ——
520 C*®  END ThE LCCP (INDEY J) THAT CHOOScS DIFFERENT LIMES

521 ces - . . .

522 c. ....'..l......'..l."O.‘."l...'ll.ll..l..l"...'.llll‘.'.’l.'ll.0"'

£23 ce e T . e e et e

524 WRITE(L,1)

£28 IE (IMAY Gl AONETITE lial2 38 SV AY o (SIMEBACLT) 12 I MAXA

§2¢ 201 FCRMAT(? YOUBL FCR*yTty® LINES =, 0L(EL2i0ety14Y))

£27 MEITELbadX . . L. L ol e o e o

£2¢ 300 CCNTINUE

€29 ce e e e e e e e e e
530 ce END THE LCCF (INDEX NR) SELECYING CIFFERE M GRPUFS OF LINCE=CF=SIGHT PAIHS
a3 L£Le

532 c..0....'.‘....'!.'.'.50!.C'..l.l'.ll.‘.!.l.'.!.0..'. QUSVVIIBS VIV INSSOILSETS
£33 c e e e e e e e —
€36 998 TF(JMAX,EC,.0) URITE (499%0)

£36 SOR FCRMAT (//4/,* ®9%%%% NQ LINFS FCLND 98888 ¢, /77y . . -
$3¢ CUNSE (UMNIT=1)

37 I1X52)

€32 CLCSE (UNIVs3)

£3¢ CLOSE (UNIYzR) @ ———

sS40 ENC

33
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AUPANT WP N

LACAA AR

e
-

e A - i Y2

i S L ek

Cd P

il - g

FUNCTION VMERF (XX4A)

e —————— e ———

THE METHCE IS CUE TO RYSICKI. THE FGRI’ﬂAD LI*YVNC was

PUBLISHEL AS_AM APFENRIX IC F, M. AVREYT ANO

“FORMATICN COF LINS AND CONTINLOUS SFECTRA,*

Ra LLESER, .
SPFCIAL REFORT (2, !

SEITHSOMIAN ASIROPPYSICAL CESERMATCRY, CAMERIDGE, PASS. (319703

~p nir wpo e
opopon

_Q___ L TYHE METNCD QF _CALCULATION 1S CESCRIBFEL £Y 8. Mo ARMSIEONG.

c AND R, We NICHCLLSs “EFISSICK, lBSCR’YIOh AND TRANSFEF OF
_1.\1_.__.- -A_L-A_Mnuml. IN HEATEL ATMOSPHERES,™ PERGAMCN PRESS «NEW YCRK,
11 (1972) - PP, 215-217,
12 LCFPLEX 2 ——- - et e e o e
13 CIMENSICN CU12D)
s . .DATA NTRY KMAN,2H PL,C20Q7 7234169 1ala e ih1562€575€9¢,
15 1 S.601089C2I54776E~01,08.,97S3%€10€2583E-02/
A 000000 IF (MIRY (£Q. 1) GO TO 170
17 110 CONTINUE
18 X = FYLAN2°XX e
19 IF (A .EC. 0,00 GO TP 160
r{] IF (84X ¢ 2) oGT, 25,00 GC 7C 190
21 Cc NC COMFUTATION FOR GENZRAL CASE
&2 . _Al = RH%s
23 A2 = A%
24 1€ (A LT, 0.1} GC YIC 128 .-
2% Z = CEXPLCMPLXI-Q1%4,C1% X))
26 VMERF = (.0
t 14 GH TN 13¢
A - 120 CCNTINUE
29 T = CCCSUILMPLX(Q1%X,Q1%A))
39 YUEPF = C2PZXF(A2 - X*X)*COS(2,L{%4°X) . _ . _ [
31 13¢ CONYINUE
32 = (e = REAL(Z)II®L®Q,5°RY
33 eZ = =ATMAG(Z)
38 e S T <059 (FLCAY(NFL) ¢ RH*X)
35 T = S%S ¢ 0,26RHSQ%AZ
3¢ OC 150 D = 1. NPNP1 [,
37 T =V 4 S 4 0425
38 S =5+0,5% _ .
39 8L = AL ~ 8%
&0 00000 €2= <82 . . .
[33 IF (T oGV¥e 2455~12) GO TC 143
$2 YMEEF = MWERF - C (NJ®A/RH
43 60 TN 15¢
&5 VMERF = VMERF + 0 (N)* (B2%S + 81)/1
46 158 -
47 155 CONTINUE
Py YAERE = yaERF¥RAL A2
49 RETURN
51 VHERF = RTLN2YQ2*EXP(-X*X)
s _ RETURN e e S
53 170 CCNTINUE
Sy MIRY = €
55 NPL = NMAX &
56 APNPL = MPAX ¢ NPSL_ . ___ - ST
57 RHSQ = RF*RH

34
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1s NPNP L

-

CAN) z CI®EXP(-FLCAL(K®K)Z/&ESC)

CONT INUE

L4 = DueEL —_ - e e - . . .
GYLNC = SORT (AL0G (209 0)

GS YC 11C

CCNV INUE

US- A"HFICYIC CAPANSICN FCR CCMFLcX ERROR FLNFTICH
FCR LARGE X ANC A -

8C 20. 1 = 4, €

CIN® = CEN®DENQ & 2
e LENT = =CENI®LCEN - X
AN = AN - 3.5
29 240 CCONTINUE .

CEN = ﬂc/(CENﬁ'D hR + D:NI'C‘FI)
MMERE = RYIN2®Q2% [ENSLENR
RITUFN

ENO e e e -

35
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SUBROUTINE MOLEC(MCLoISO,MCULNT,CEGVsPROT,TEXP)

1
2 c -
3 ( THIS SURRCUTINE, GIVEN THE MCLECULE CODE (¥CL) AND THE ISOTCPE COOE
. L £1S0), REILENS PARAMETERS WHICH ARF UNTQUELY ASSCCIAJEL WMITK THE .
H [ MCLECULE IM QUESTICNS “OLWT, THE MOLECULAR WETGHTY
- L = .
? c PROTY, THE EXFONEMY OF TENFERATLRE IN Tif
- C — e e e e e e .. _RCIATICNAL EARTIYICN FLNCYION. .. .. .. _. .
9 [ TEXF, Thr EXFCAENY OF VEMFERETLRE IN
14 L - - . —— - - _IME LORENTZ=LIKEMICYr CCERECIICA.
11 c
12 L ELN Chie IbE CORR-CLY PASTITICA FUACTION RESILIS LI0 MITAIN
12 [ 1% UP 70 £(0 K} IF 8 SINGLE LEVEL AT 3127¢ (M-8 WITH 2 CE-
14 £ GENERACY CE S IS CHOSEA. ... e e e e e
15 4
1€ L DEGY 1S 2 _FOR LINEAR IRIATOMIC MOLECULES, 4 OTHERMISE L(XC CHu). .
17 C PRCT IS 1 FOR ALL LINEAR PCLECULZSs 145 CTHERWISE
1A L IcXP IS .25 FOR CNO2 S OJLERKISE
19 [
29 INTECGER DEGY
21 CHARACTER®E MOLCOD (7) 4% 0L
22 QIMENSION POLMCY(Z 9 ,MOLISQ(Z). . - e
23 DAYA (HOLCCC(ID.I 1.’)/'0420' *C02%,°03 '.'AZO‘. CC *y*(H4'y'02 */
28 0AIA ¢ <
25 D2TA (ncucun,x 1.7)/15,&14 LBylbley28,16,22/
25 c .
27 MCLWT = 0
28 LI = o . L.
29 PROT = 1,€
30 = I ..
3 TEXP = (,¢
32 DL 10, 1 3 147 o [ e e e e el
33 108 IF(POL(‘CUI).EC.NOLDIC =1
' e JELICLEQaQIRTTUON . .. e = e e e+
35 IFCIC.EN.L. C-‘!.IC-:O.J)GO TO uc
AE_ IELIC.EFQ.2)IEXF = 25
37 IF(IC.NEL7)PRCY = 1,0
A ~TELICL LY E)DE6Y. =2 .. .. ... e e e e —e e —
39 IFLIC.EQ. 7)0EGY = €

_A.L__ —4Z0 MDIFF .= ISC = POLYSCAICY o . o
IF(MDT1FF) 120,140,150
120 ISC x MCLISCLIC)

43 140 NCLWE = MCLWGT(IC)

Y —_ e = e JE . - —

45 C

46 = 150 M3 = MDIFFsa08 -

&7 M2 = (MDIFF - 100*M1)/ %0

4 M z IMDIFF = 400%F1 = $108NF2)

49 MCLHT = MCLWHGV(IC) ¢ M1 + ¥2 ¢+ M3

80 IE (21 oGV a2.0R P2, iV 2. CRANILGY2INCLNY 0 _—

g1 RETURN

52 END -
36
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Appendix B

Example of Program Output for a Single Line of the
01101-00001 Band of CO,. The Voigt Lineshape
is Used. The Spectral Lineshape and the Integrated

Radiance is Calculated for Four Tangent Heights

37
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Al e £

AP

Ao & Ss 4y

PLELATIN o

=l

LA N E I MR D P oSN “ o, - P AN AT RN A Rabg ARt
"l
S
,"
_-1
_MEL = CC2 . e, S q
IS0 = ISCYOPE COCE = 626 -
NIRE = NIRRATIONAL ENCELY (LM-1} OF IHf TRANSITION & AEZ. XML -",
VIBL = VIBRATIOMAL ENERGY (CH-1) CF THE LOWER STATE = 0.0(C 3
_MOLMY = ua . k
0€¢Gv = 2 A
PROY = 1.0 ——:
TEXF = .25 ‘q
I
PROGRAM NILL SEARCH THE LINE FILE BEVWZEN 0 AND €000J CM-1 FCR LYNES CF (02 y
—LSQIOPE = A2¢ - -
BANC = 01131 - 004C1 4
_BRAMH = R . .
LINE ¢ = 2

—A(IGY = LINSHAPF OPTION SELECIEC

—_IrIITIAL X
FINAL TANGENT HEICHT (KNS)

(KMS) = 70
= A5
_IKMS) 3 5

AIMQSPHERE===" CLZ4NIGHT, 7L-1S0 KM3 T, F = LS

—-ALY TP YFMF VB XEMP . TOXI PRESS _ . CC2 . CENSITY .

STO7ES vIE TEMP = COZeNIGRT, 70-1S0 X 05/12483 ™

(kM) () ({3] (ATMOSH cr-n
790 21¢6.5¢5¢ 211,76¢ +516260E-L4 e542250€412
11 21£.82%  208,52¢ ohb15d0c=Lu sw70EQIES 12
72 214.2¢€C 205.223 «378610E=04 «408420€812
£ 2323500 =04 IE258(Ee 32
T4 21€. 35¢C 198,392 2TEN2TE-( «303000€412
N . - 194 869 «23E523E~ys L CE12S0E41C
76 23€4862C 191,464 220(670E-yy 0 224730E%12
— 22 20425  182.33¢ . al2iB20E~06  +31922E0E212 .
78 20245:0 184,602 W157210¢€=J4 e 1€EE320E+12
24 SNl GF8 181.19 123290 F 204 I ML 2B0EL 12
80 198,610 177,793 10387334 «123910€41¢
Bl 19f.E5E 1764.45. BTELI0E-GS  L103LC(Es3Z - —
82 194,7(0 171,220 74028055 «879C10E+11
83 o 188,168 «522B84E=(S S TVITNITSEY R,
L 19¢,780 165,253 «52419CE~25 o €35050E% 11
& Z LA wl8,20fF =48 EIAgZiFe 11
86 18€.870 160,817 «3628500£-95 «v58820c+11
Az 156,329 =18 o2 _ ~ -
LY) 18€,87C 158,397 2258310¢-05 s 7192€0Ee21
— A9 187,124 . 216340506 _ .267340Ee13 o .
37 18€.87¢ 15€, 408 121190505 e223I800€411
94 AAZ. 118 15£,.154 a181810F =158 2 AT170Fe 11
92 187.360 155.924 «127190E-95 «15€E30E8 11
SE.007 ___ L10f620f=95 _ L1308S0fe11
9 188,330 15€.292 897750 €E-yp «1G5380E« 21
= 83E240Fe20 . . .
96 189.318 157,279 +62S320E-0H 7650306410
97 1904755 157,845 +522390€=0¢ «€38850E#10
38
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2 oadorcioptioc R vl e e

LY

o
< B

ot N4 U

P EPD S

TN SOWE N

! s

98 198.20¢ 158,590 S4W458JE-06 L EI2S20Ee10
99 193,640 159.23% a3Z4R20F =05 AL45800F410
100 195,086 16(.516 «31593U€E-u6 . 272930E%10
: e . a2€8030E-06 _ a3112€Q€el0 . __ . _
102 200.2C0 162,36C «228610E-06  +2599€0Ev 10
2 Cce c - s
106 205.31C  16€.330 W1EE6L0E-06 o 182S10E¢10
35 < 0,365  _L14342)E-06 _ 4153170E+10 . —
106 213,520 170.%47 ¢1229106-06 o 1282€0E%1(
J225€ _ L10£320€-06_ E20€e10
108 221,980 17%,.586 «916700c~-07 . 90387GE+C9
(3 k4 F - 3 ?
119 2u0.000 18C.738 «701139E-07  +5&7Z70E%(9
EEebul 196,252 2l$973E-u7 W 4275S0EeCS
112 264,000 187,580 548210397 4 334590Ee(9
213 2T€.00C . 19(.71% W490530E-07 o ZEB74UE*LS
114 258.300 193,654 438I2IE-07 L Z12G€NE 09
A5 30(.00C 19€,865 _ L39€Ri0FE-(7?  .122140FeCS . _ . .
116 312.000 200,369 J3E83705-u7 L 140TEO0E+ (T
47 324.0(C 203,701 WI2€52uE-u? L 13EZ20E%(9
118 336,008 20&.Ab2 0297540c-37 2 GSIESCEsCE
119 _348,0G6L 209.85¢ e272997E-u7 L EO0CR7JEWCE
120 360,030 212.%79 e25(5005-97  LE71780E+(8
A4 371,445  214.4U& _ a23A2703-47. «56135%0E%18 -
122 382.89C 21€.214 W2175292=07 L 4B2E40Es08
123 394,335 _217.924 e198160E-37  ,412CEJE+(H
124 LOELTEC 21C.202 18394LE-57 L 3E14202+08
125 = 416,710 _ 220,579 e17145)%-y7 0105380k + (8
126 427,640 221.845 «15983LE-07 «Z63RR0E+CS
127 438,045 222,952 JA4SSZAZ-Jd7 .. +E£9S4di+(8 _
128 baB.4ty 22.9"G W1 TCATIE-L7 L ZCL2E0ECCH
129 “58.8E0 224,727 «131637€-L7 L 17¢7C0E+38
130 4€9.27C 225.513 12610€-u7 L 156C7uEeCS8
131 «78,3(5  22€,34¢ o11€2302-37 o 1362I0E+CE
132 87,340 227,453 10SU47CE=27 o 1c74E0E*C8
133 = w9€,375 227.662 @ ,10337Q£-07 »106S90E£+08 —
134 505,418 228,177 WITELGOE-N8  ,953ZRQEeC7
135 5144456  228,60) 0323970€-08  ,84i63QES 07
136 522.49C 225.06A «B7459UE-08 L, 756C7JE* (7
437 637,5:%  22%.+27 +829629:-98 €77CECES 07
138 S43.5€L 229.722 o7BE3AUE-U8  LEGEINIEDT
9 3iE=0f o S4uCulfel7
140 569,62¢ 230,139 o71CA7QE-)8  .489790cs(7
P 567,405  235.274. _e6TEB2,E-08  L442EI0ELLT
142 S74,58C 230, 36R W6LLLI0:-(8 L 4O0JIBOE4C?
H 230,423 J614530E-08 . 2629€0E+27
1ub 589,538 23C.uul oSMENLIT-08 L 2Z920Cw(7
145 597,018 230,426 a95¢€”0E=-u8 LTINS
146 604,490 " 30.385 +534540E=08 o 271750E+C7
. 230.318 . .511210E-08 L 2475€0Ee(7
148 619.440 230,236 +9889)05-08 2256208447
189  62€,91% . 230.119 A46GRL50E-GS L Z0SG1JEC7
150 634.,39C 22¢<,979 wk82305-08 L, 188000+ C7
, - 4
152 6LE.TTE  229,€3¢ 41767.6-03 o 159550E+ Q7
453 652.9€¢C . __2397380E-08  ,1646Z90FEeC?
156 €5¢,15¢ 22¢.262 +381730E-08 . 1345€0E+ Q7
155 = 665,340 228,993 «36€700E-08 o 1237€GE*LT _ _
156 671.51C 228.7G¢ +3522605-08 L 113P40EsC7
1 2332390:~-08 al04710E=C2
158 683.916 228.938 «32€070€E~08  .SE3Q70E+0E
159 69C, 2100  227.790 o 312270E£-08 o B85820f406 o
160 696,290 227.46( «299970E-08 . 814770EeL6
A6 703,618 227,108  L2AS37AE-0R L ?5GE30EeC6
1€2 706,546 22€.757 «276140€-08 .700780EwCE
163 711,674  22€.40¢€ +2€9280E-08  , €49920E=06

" T e -
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g e . e e POt i Bt ,,- ISl e it Rl Pag o (g _':J'.f\?' r._'j.-vz'“. e '_"_':',‘. -'T‘{-‘.“. . e e e T --_T
164 T1€.8C¢ 22€,355 «252760E-~08 «€02700E+06
165 223,920 22,205 2€083u¢c=08 568¢clf+Ch —_

1€6 727.058 2254356 «24173CE-LS +£18420E% 06

—_ 17 Lt —_— 2 =. -.—shMO?90k¢0€ . . [
1648 737,214 2244662 «22435uE-08 e 44583GE CE
169 r VIRV 224,312 213002£ =08 L13E30Ee 06
170 T47.57C 222.95% «20€3305=08 ¢« 283510E«C6
171 21,6233 222,¢€7¢ 22025820 -08 1c7PE0es 06 - -
172 755.6¢¢ 223,199 «13€02GE~03 232910406
173 199,759 222 822 183690 €08 111€70E+ (6 [
174 763.82¢ 222,460 182567208 «290720E#C6
125 762.8A¢ 222.09¢€ 1231620€=48 <21 520E206
176 771,948 221.737 «1718ALcE=08 0253120c+06

_177 7764011 = 221.3AZ7 +1E€333E~U4 «236190E%C6

178 780,074 221.%32 «1E(35CE-DS e C20YR0E~ (€
179 TRUL132  _220.BB7 . . JLSE7SLE=08 L Z0SELJERCE . . el
130 78%.200 2204321 «15072VE=-u8 ¢ 131880E+06
181 791 . 7£F 249,965 Ju€20uf=08 129220£s 06 e e — ——
182 79¢€,32¢2 212,615 +141824E-)8 ¢ 16844 0EX (6

183 @ 79P.898 21S8.25% «13i370E-ub «15381CER (6 -
186 RO2su €l 218,901 «123u50%2-08 «1478EDE+ (6

— 135 . Ad£.03( 218.551 +12S454E-08 «138E30ERGE
186 80¢,59¢ 218,219 «1285732-08 «12C€7¢0E+06€

—_— A7 = B13,1£2 217.88G .. .12181CE=08 = L 121€(JEe06 .. .. . —_
133 B1€e.72z8 217,558 «118160£-03 »113C€T0E+ CE

. --AA9 B20,234 .. 212,23% +11461CE~038 «166740Ee (B
192 822.8€C 21€,90% 11114 0E=G8 e 103010k (E

AFGL LINE FILE CF INTERESY FOR TRANSITICN 01104 TO 5G€31

BAANCH LINE FREC. (CM=1) LINE STRENGTH LINENIOTH  LCeER STATE ENERGY

R

2 €e9.72e%y

«597€-19

RADIANCE (PHOTONS/CMZ*STR®SZC*CM=1) FOR LINI R

FREQ

15 xv¥

£027 2,341

2 VS FREGUENCY (CF-1) AT VARICLS TANGEMT HEIGHIS

70 KM 80 M 85 KM
©69,72¢€3 «9144JE+LY e SL24BE+Li «S6336E+14 e 99434E+14
£EQ.T2F & AQL071F¢14 QIpEEFe1G CRIZIE+1M QARG {Fally
869, 72¢€5 +89580E%14 +92291E+14 « 48 1€E+ 1LY «97342E414
B aEf2JACESYy aSCCA0E4Le .. L S23EIE414 . e94BLIELLY
669.7267 eBLERUEST S «BEBO7ESLY e 89U32E+14 +91397€+414
_ JE+14 . .. _.B82921Fs14 . LBSO00ZE14 +B87223E4%4 ¢ -

6€9,72€9 oTEEELE+L oT8EQSE ¢l « 84T 2E+ 14 «82507E+14

bESQaZ224 22435F¢1 ., 2Lic0F ¢1a 157LEF e 14 22626F41h _
669,7271 «EATTHESL o 700S6E+1« ¢ 71265E+14 W T72€LEE+LL
L — e EBLBLE+LL
6€9,7273 «EEFTEEL LN cEEET2E*LY oFBOGEES T4 «65€3(E414
- —a1L5 —— «BbLZuiEtlu
6€9.727¢ W LEITLENLY «81269€41 e T4627E+14 eBLEZEECLY
669.7277 o14 J02E+15 »1ZULEE 415 «87978E+ 14 e kICHiELLY
e a17935F¢15 . L.142 +14 +25134Er1y
669.7279 o124 1E4+15 «12135€415 e WUBLEES 14 «12C7CE+1L

] Q - «58502E413 ——

669,7281 +2CB829E+15 JEECULEILL «1341CE+ 14 e 27556413
6€69,7282 e 1825(E*15 chT246EGLL +80768E+12 «1635€E4+13

40




6€9,7283 «1€JC7E#LS
J3sE0

6€9,7285 «13JUT7EE*1S
. IR

6€9.,7287 «112C0E# 15

£§9, 7288 alL4 286415

«Z1ESLE*LY
A 1SA25E 214

«5€6365€¢17
Ee1:
«37996E+13
+12
«30360E+12
w2THECES12

+8827€Ee12
_2840KIE#12
«51992€E+41 ¢

— e ubPAZE$L2

«JI9LLEL2
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Appendix C

Example of Program Output for All Lines of the
01101-00001 Band of CO,. The Doppler Lineshape

is Used. The Integrated Radiance is Printed Out for
a Single Tangent Height
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