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Algorithm for the Calculation of
Absorption Coefficient-Pressure
Broodened Moiccular Transitions

1. INTRODUCTION

This report describes an algorithm and associated program to perform the
convolution of a line shape function with an array of abaorption tranaitions for
which the wavenumber values, the intensities, and the halfwidths are upscirtied.
The algorithm has been developed with the objectives of minimtzing the number of
operations to perform the convolution and of developing a program having reason-
able computer storage requirements. The decrease in computational operations
achieved by the present method may be utilized to decrease coraputer time require-
ments for current problems or, il necessary, to perform more extensive calcula-
tions that were not previously conuidered fessible,

The program described {n this report uses a given line shape function (the
Lorenty. funotion) which {s assumed to be independent of molecular specles, The
algorithm enables the calculation of the absorption coefficient ut equally spaced
output wavenumber increments over a specifled wavenumber region, A uniform
path {s assumed for which the temperature, pressure, and abiorber amounts ure
specified, The program has been written to bs compatitile with the AFGL line
listing, * and performas the function of program LIN previously utilized in HITRAN
(Wecatvead for publication 31 July 1977)

1. MocClatchey, R.A,, Benediot, W,8,, Clough, S,A., Burch, D.E., Clun

R.F., Fox, K,, Rothman, L. 8,, and Gari J. S, (1973) L, Atmon -
hcrt:: Absorption Line Parameters Compi 'l‘a't' ton, Roport E"‘?ﬁ"
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calculations, The algorithm has been developed with the goal of keeping the error
in the absorption coefficient to within 0, 1 percent,

The concept that has boen developed involves the decomposition of the given
line shape function into varee functions which ure independently convolved with the
purameters for each spectral line, The Tirst function is parrow and describes the
central portion of the Lorentzlan line shape, the second function iy broader desarib-
ing the intermodiate reglon of the shape, and the third function |4 broad and muy
be considared to describe the "near" wing contribution of the line. ‘The functiony
have been carefully chosen so that the required spectral information {4 retained as
cach function {s sampled at the same number of points by the convolution procesd.
The spectrum s recunstructed at the final stage by properly interpolating the three
functions Into the vutput array of absocption coefficients. Also included in this
report is a program that performs a subsequent interpolation providing an essen=
tlally continuous resultant spectrum without requiring the convolution calculations
to be performad at more output points than are required,

2. DECOMPOSITION OF THE LOREN'TZ LINE SHAPE

The Lorentz shape iy genarally applicable for pressure broadened lines for
which the transition wavenumber value is large compared to the line halfwidth, and
has been discussed by many authors, 43,4 qpe absorption coefficient, A\(v), us a
funotion of wavenumber, v, resulting Irom the convolution of the Lorentz line shape
with a molecular transition of wavenumber v,, intensity 8;, and width o (halfwidth
at half maximum: HWHM) is given by

Al(wi?a?*(u-u)! 7‘;’11‘ Ve 2 W
i “(‘T")
{

and the total sbsorntion coellicient is given by

A e 30 AW (2)
i

2, Goody, R.M. (1964) Atmospheric Radliation I, Theoretical Bausiy, Oxfor<,

Clarendon Press,

3, Breene, R.B,, Jr, (1861} The $hift and Shape and gpectral Lined, Pergamon

Press, New York.

4, Mitchell, A.C,Q,, and Zemansky, M, W. (1834) Resonance Radlation and
Exolted Atoms, The Macmillan Co., New York, -




For conmiputational purposes, it becomes advantageony to define a dimensionless
variable z which for a single line is defined as

U'Vl

—_— (3)

(l"

where = {8 the wavenumber difference from the line center, V,, in terms of the

halfwidth of the transition., The absorption coelficlent for a single line in termy
of z ls

;

¥ g 1 s

: AG) = 2 < () u= @)

; v a2 @

where the Lorentz function is

1!#
L‘z) B o— . (5)
142

This definition has the computational advantage that L(z) {s explicitly independent
of halfwidth and may be tabulated a3 a numerical function with argument z,

The function L(z) has pathologically ulow convergence to zero as has been dis-
cussed hy Clno«:ly2 and others, In order to avoid computation of the Lorentz function
at values of the argument for which the function 1z nlowly varying, the function has
been decomposed into three bounded reglons (0 = |::| <24, t=1,3). Wehave
chosen Z1 =3, 22 = 12, and Z3 = 48 redulting in three functions with similar func~
tionrl behavior over the bounds 0 to 3 haltwidtha, 0 to 12 halfwidths and 0 to 48
haltwidths reapectively,

The decompouition has been performed in a progressive mznner by creating
the tirst funotion (denoted au the ''faat funotion, " (X¥(2)) as the difference between
the Lorentz function and an even quartic function Qltz) chosen such that the value,
the first derivative and the second derivative of XF(z) are zoro at the boundary
Z,. XF(z) ls given by

XF(z) = 1/7(LM2) - Qy(z)) for O |zlxz) (6)

where _?

1
1 +2

LNz) » *L{z) = =~ ()




Q(2) = ay + blzz + clz" (8)
and

. e » 1/ + 2D | b e t+azd) wnd a s 0e32iiazy)

(9)
For Zy =~ Z; =3 we obtain
' °1']_;'3' , bl--l—";%- , and al--f%%‘“ . (10)
Consequently, we have for the "fast function'
! ' Xr(z) = l/w(l./(1+zz)--(|1 +h112+clz4) 0<lzl=3 , (11)
XF(z) = 0 3xlz| . (12)

The second functlon, the ''slow function, "' X3(z), is constructed in a similar

' 1 manner by delining an even quartic function, Qa(z), in the domain 3 < Izl < 12
which matches the Lorentzian at ¢ = z.b " zn » 12, We obtain by performing opera-
tions similar to those above

XS(z) = 1/% (LN2) - Qu(2z)) for 3= |2| < 12 (13)
i , with the coefliclents for Q,(x) given by

t
- . . .
| S R I by« -433. 0, , and ap v 62641. 0, . (14

| The "slow function" is then defined as

Xs(e) = 1/7 (Qq(e) - Q(x)) o0slz| =8 , (15)
X8(e) « 1/% /(14 8d) - (g +bgef v ogzty  Bslel =13 (16)
- X8(x) = 0 1252 . an

The third function, the "very slow funoction,' XV8(z), {a defined as the
Lorenteian for 125 l¢| = 48 and as Qu(x) for 0 5 |2| = 13,




The following tabular form of the decompoesition into the respective domains
will make the process more clear:

ROMAIN
FUNCTION 0slz| =3 3z <12 12 < |2| < 48
XFlz) 3 (L'(z) - Q, () 0 0
XSt Q00 - Qpla))  § (L) - Qylu)) 0
XV Q= % Qy(2) i . (18)

Note that the three functions sum to the Lorentziun in esch domain and that the
functions are continuous in value, Mrat and second derivative across the boundaries
of the domains,

While the choloea of the functions and the boundaries may appear to be some-
what arbilrary, an examination of the result demonstrates the advantage of the
imposed conditions, Figure 1 iz a plot of the three functions Irom -48 to +48 hulf-
widths and indicates the dependence of XF(z), X5(z), and XVS(z) as a function of
the varmble z. It should be noted that 40,71 parvent of the integral of the Lorentz
lunction {a contained in XF, 42.47 percent in XS, and 15, 50 peraent in XVS, The
remalining 1,32 percent iy outside the 48 halfwidth cutoff.

The three functinng are represented in Figure 2 with the horizontal axis deter-
mined by the boundary of each tunction and the vertloal uxis chosen appropriately
lor each function, The three funotions in this representation are seen to be func-
tionally similar and as a consequence, it is posuilble to sample each function at the
same sampling interval to perform the convolution, One hundred and fifty one (181)
values of each symmetric function are atored in the computer program, and it is
these values thut are plotted in Piguve 2 as indicated by the index on the top hori-
zontal axis. The tabulation of this number of values for the functions precludes
the necesaity ror interpolation in the conivolution calculation. 'The valves of the
functions are tabulated in Table 1.




(7Z + 1/IMz/1) = (zY1 seald suonduny 33 37 JO WNs Q] “SHPIMITEY g% 01 g9 PUB STIpPLA
-7ieq I 01 ZI- “SPIAITEY g 03 g- :suremod 3aJgL 0)u] uoyoung zjualog 3y} Jjo goyisodmosaq 1 aandg

SUIPIM JIOH
8 Ov_ 32 ¥z 91 8 O 8 9 vz 2 Ob- e

8

T

o
o

o
o
JUid}},800 uo|idiosqy

g

g

NOILISOdNOD30 ZIN3MOT




INDEX

-5l -10 -5l |
0. O ST e
1 .
0.20 \
FAST / '
/ \
0.10
O ot s ) . 1. ————— b e ea ' \. |
-3 -2 - 0 | 2 3
s
"-‘._.,' 0.08
E 0.06 \
8 004} SLoW \\
5 0.02 .
= / :
& Q Le b T - 1. 1 [—
(o] -2 -8 -4 0 4 8 2
(73]
B
<
006 -
004" veRy sLow /
002 .
P u R ‘.--“" A | .t ‘. B )
~48 -32 -6 0 16 32 48
HALF WIDTH

Figure 2. Functional Behavior of the Decomposed Functions

Over Thelr Reapective Limits. Plots are direct plots of the

functions in terma of the storage index of the program. The

fast function (XF) is on the top, the slow function (XS) is in

:)ha“mlddle, and the very slow functiona (XVS) are on the
ottom
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Table 1. Tabulation of the Decomposed Functions Used (o Dedcribe the Lorentz
Function. The variable z ix defined as the wavenumber difference from the line

center in termas of the haltwidth, o, thatis, z = |(y - ¢
tabulated functions appear in Figure 2 and }igure 3

0)/al. Plots of the three

I”ne‘ IIP‘STU' IISLOH.l GIVE pv gLOHIl
FUNLTION FUNCTION FUNCTION

2 FN ? FN 7 FN
1 0,090 24320E=01 0.000 T,972E=02 Jeluu 6.540E=03
2 020 24319E-01 399 7:966E=02 «320 be 516403
3 s 040 243165~ 014 o160 T7e963E«0? 1Y 6.,5225-03
4 «N60 2, 309E~014 w260 T.921E«02 «960 hob99E=-0Y
s «0 80 2¢304F=N1 + 320 T.8825-02 1,280 G bb7E-03
6 «100 2. 290E- 01 LY ToASAE=N2 1e6060 6425603
? 20 2,277 =01 1480 T.770E=-02 1.920 6.375E-03
L} o160 2.2¢1E=01 ' 560 7.697€=02 24240 64315HE=-03
L] «160 Qe 2L 3E=01 1Y TeblUf=02 24560 6.209E=03
10 180 2.7?73F-01 o720 Te521E~02 24880 6e173E=03
i1 w200 2.202€=04 «300 TohiBE=-02 3.200 B, 088E-013
12 220 2e1T8E=01 880 Te3uBZe02 3.320 5.996E-03
13 1260 2+ 1526=01 + 250 701082E-02 a8y 5 4896E-03
1 2680 2+125€ =01 14040 ?.0%0€E-02 4,160 B 789E~U3
15 +280 24096E~01 1.420 6.9108=02 hob8D 5.678€=03
16 +»300 2+ 06AE=01 1,200 6, 764E-02 o800 5 ¢55LE=03
17 320 2.034E01 1.2680 6,60%E~02 $.120 Seh2TE=0Y
i «340 2+ 0Q4E~-01 1,160 b,bb1€=02 Sobbl 5.294E=03
19 360 1,9867€=-01 1okbl 6, 270E~02 5.750 5.155E-03
20 380 1,932€-01 1.%20 6, 193E=02 6o 0B 5. 082E-23
21 14 00 1. 896¢ =014 14600 8.941E-02 64,400 LoBOLE=0Y
22 v 20 1.859€=01 14680 8.723¢-02 64720 4o 742€=03
23 kbl 1.821E~01 1760 5.,531E-02 74040 by 590E-03
24 1] 1. 783F =01 14800 5.335¢€=02 74300 4:3986=-03
25 o 80 1. TMSF =04 1,920 5.1388-02 7080 b4237E-03
25 +500 1,706E=01 2,000 N9 3aE~02 8,000 4.075E~03
27 520 1687E=01 24780 ho731%-02 6.320 Ye911€~03
28 oS40 1. H28E-01 24160 &4,520E=02 8,640 3.747E-08
29 560 1.908E~04 2.26) by J24E-02 8,960 3.584LE~0Q3
30 580 14549E=01 24320 44121E=02 9. 280 Jeb2it=03
1 +500 1%40E~01 Zob00 3.9208-02 9.600 3.264E~03
32 620 1. 670€~-01 2.6 3.722€-02 9.920 32103€E=03
13 .11 1.032E-04 2.960 3,8278=-02 10,260 2+9608E-03
L 13 + 660 10 ¥93E=0L 20640 3o 338E=02 10.%560 2.797€=0Q3
3% .11 1. 398E=014 2. 720 Je183E~02 10.880 24652E-0)
36 o700 1. 317E=04 2,800 2.9765-02 11,200 C»522E~03
37 720 1. 279E =04 2.580 Re806E=-02 11,520 24 379€-03
1) P40 1, 2¢2€=01 24960 2466802 11,840 24295E~-03
39 + 760 1. 205E=01 34040 22 09502 12.160 2.138E-03
(1] 780 1o469€=01 34120 2.354E-02 12,480 24031E~03
41 800 1s $3LE=-DY 3,200 2.223k=02 124800 1.931E-03
(T4 820 1,099€-0 8.280 20400E-02 13.120 1839E-03
(1] 840 1, 088E~01 343690 1,4966E-02 13,460 1.752E=02
b 2860 14 034E~01 Jabb0 1:878E=02 13,760 14672E=03
s +880 9.90UE~02 3520 1. 770E-02 14,080 1«598E=0)
[1.] « 500 9 664E-02 3.600 1,683€=02 Lheh00 1¢520E~03
11 0920 Yo JLBE=D2 LYY 1594802 14.720 1,4062€-02
L8 LY 9. 03%5E~02 3,760 1, 511602 15,040 1eh01E~0Y
“9 o 960 8 TIIE «02 3440 1.6 32€~02 15,360 103J03E-03
L1] 1] BebITES02 3.9% 1.388E-02 15,580 1.209€=03
51 1.000 80148E~02 4. 320 1.288E-02 16,000 1,239E-03
52 1.020 TeB67E€~02 4,080 1,222€~02 16,320 10191E=03
53 1.040 74 8592E~02 4.160 14300€~02 16,0660 1e443€-03
Sk 1.080 7+ $26E-02 o260 34101602 16.960 1,403E=03
(1] 1,080 Fo063E=02 o320 1,0068€-02 17,280 1.082E~03
56 1,400 6, 009E~02 a0 9e930E=02 17,600 1,026E=0)
L 24 1.120 6s564E~02 b 480 Vel J2E=03 17,920 9.882€=04
L1 leti i) 6o 3208~02 he880 8.960E~02 16,240 $.539E=04
39 14180 6+086€-02 hobil 8,513F«0) 18.960 9. 2L ki~ 04
0 10180 %o 350£-02 hoT20 $40092-03 18,880 $+909E~04

12
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Table 1,
Function,

Tabulation of the Decomposed Functions Used to Describe the Lorentz

The variable ¢ ia defined as the wavenumber di f
center in terms of the halfwidth, o, that is, 2 = [(v - V) /al.

tabulated functions appear in Figure 2 and Figure 3 (Cont.)

fference from the line

Plots of the three

INDEY TEASTY "SLOMW" “"VERY SLOW*
FUNCTION FUNC TION FUNCTION
4 FN 2z FN 7 tN
61 1200 5.637€=02 baB00 T«68TE=-03 19,200 BebliE~04
62 1220 S5.422802 LedlD Te305€E-03 13,520 8.332e-04
63 14240 6. 21 3E=02 be960 be942E~0TY 19,840 Ao dbBE=QU
6l 1260 S.0106-02 5. 000 6:597E-03 204160 ?oML3E~0h
63 1.280 L 813F-02 Se420 642095023 20,0680 7TeS57LE=~Db
86 14300 bo622E~02 $.200 5.958E-03 20,800 Peduuii=0b
87 14320 b WITE=02 Be 2580 5¢661E-03 244120 7a120E~04
68 143460 h,258E-02 54360 5.379€-03 It XLLY] 6¢90E~Dk
69 14380 4e0BLE~D2 Salehd 5.111E~03 214760 e T0UE=DN
To 1,388 3,9188-02 54520 be855E-03 224 U810 64516 €04
T4 1400 3.752€~02 . .600 bob611E-G3 224600 6433LE-04
r2 1420 348QLE=C2 54630 be373E-RY 22,720 64 155E=04
73 1obi0 ek 1E=02 34760 bei88E~03 234040 5e985€=04
e labod Y.253F=p2 5840 3.947€=03 234360 5822604
rs 1.480 3.150E-02 5920 34746E-03 23,680 Seb66E=04
76 1.500 3, 012F=(2 6,002 34555E-03 26,000 5e517E=04
rr 1,520 24879F=02 64080 3y 372E=03 244320 54373E=04
78 1o 540 24769602 b.180 3.198€-023 26,640 Be 23UE-0h
79 1,560 24625E~02 64240 3.032E-03 24960 Sell1E=Db
a0 1580 248006E-02 6,320 2. 873E-0) 25,260 ©a973 =04
81 1.600 2,388E-02 64400 2e722€=02 25.600 bo 850L~04
42 14620 24276E=02 6,480 2.578E-03 2%.920 heTILE=D4
83 1.640 24168E-02 64560 2o 44WiE=03 26,260 4ebloE«04
[ 1] 1.660 2, 064E=02 60640 24 309€=03 264 560 ba506E~00
[ 1] 1,680 1490 JE=02 64720 2e184E=02 26,880 4o 399E~00
86 1700 14866602 64800 2,065€-03 27,200 be297E-04
a7 1,720 14773602 648680 1.952E=023 27,520 bho19TE=DA
88 1740 L.884FE«02 64960 1:80JE-03 27,860 holl2E=06
89 1,760 1.397€~-02 T« 040 1.739E~03 28,160 4o009E=04
90 1,780 Le836E~Q2 Tel20 1e6ULE~Q2 28,480 30920E~0k
91 1,890 1,L35E-02 74200 14547E~03 28,800 34833E-0b
92 i.82¢ 1,35 8E-00 Te280 Lob37E-03 29.120 3s749E-0k
93 1a840 1.284E-02 74360 1,372E«03 29, Lbl 3 ebbBE~Ol
9l 1,860 1e214E~D2 Tolio 14294E~D3 294 760 3e5%0i=0b
95 1,680 1,146F02 7.520 1,21 3E-03 30,080 Jo510E~0k
9% 1.900 1.081E=02 7,600 14400E-03 304000 JoubiE=Ob
97 14220 14019€~-02 Te630 1.070E-03 e T20 3.369E~00
98 e 960 9,594¢c-01 74760 1.003E-03 314 G40 3. 300F=04
99 1.960 9.024E-03 T840 9.397E-04 31,360 3.233E-04
1090 1.980 8ou79€E-03 7.920 8.796E-04 31,68 IsibBElb
101 24000 .95 8E-03 8.020 B.224E-04 32,000 3. 105E=04
102 ?2.020 Toub0E-03 8.080 F.682E~04 32,320 3 o0kE~D4
103 24040 6,985€~03 8.160 T I67E-04 IZ. 640 2 +I05E-04
104 2,060 6.532E-03 B8e200 b64679E=04 32,960 2+927E~Db
198 24080 B 10103 8328 6424 7E-04 33,280 2 eB71E~DU
106 2.400 Se690E~0Y LELL]] B¢ P70E=04 33. 600 2e0LTE-04
197 24120 8.299E=03 84480 5¢36%E-004 33,920 20 TBLE-Qb
108 2,140 4eJZBE~0S 84580 he973E~Db 3hp240 2e713E~0k
109 241680 Wa57%5E=0) 84640 be6Q3E=04 36,560 24663E-0b
110 2,180 Yo lG1E=DY 8,720 be?256F=04 34, 800 2e0L bE=Db
111 2.200 Y. 924E~ Y 8, 800 34925€=04 3%.200 Za56PC=04
112 2,220 S.C2LE-03 8,880 3848804 15,.%20 2 521 €04
113 2.240 3,6 1E~03 4960 34 323¢=04 3%, 840 2 4TBE=D4
116 2,200 3207 3«08 9,060 3.069E~034 Ja. 180 2e433E-04
119 2.280 2.821E-0% 9.120 24 794E-04 36,480 24390E=-04
116 2,300 288 0E-08 9.200 Z+380E«04 38,8000 243400
117 2,38 s YO 3E-03 9,280 2e324E-04 17,120 2e308E-~00
118 24300 219 2€+DY $.360 20143604 37,440 S4269E-D4
119 20360 1.956K-03 [ FLIY) 1.916E~04 37,60 . e234E=0b
120 2,300 Lo 773E-03 9.520 1.7320-04 30,080 2e196E~24
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Table 1, Tabulation of the Decomposed Functions Used to Describe the Lorents
Tunction. The variable 2 i3 defined as the wave umber dltference from the line
center in terms of the halfwidth, o, that i, 2 T(u -V )/a Ploty of the three
tabulated functions appear in Figure 2 and Figure 3 (Cont )

INDEX “FASTY "*SLOW® “VERY SLOW"™
FUNCTION FUNGTION FUNCTION
? N H4 EN e FN

124 2,400 1,6025=07 a,600 1.561E-0k 38,400  2.157€=0k
122 2,620 1.642F=01 9,680 1,403E=04 38,720 2.122E~00
123 LY 1,294E-07 ) 9,760 1,2%6E=04 39,040 2.087E-00
124 2,480 1.157€-01 9,840 14 121€=0% 19,360  2,053E~04
125 2,480 1:030E-03 9.920 9.988E=05 39,680  2,L20E=D4
12¢ 2,500 94131E=0k 10,000 8,806F=0% 600000  1,980E-04
127 4520 A 05SE=04 10,080 7.783E=05 wJe320  4.95TE-D4
128 2.%40 7.070E-04 10, 160 6y 79LE~NS 40.640 1,926E=04
129 2,560 £o170E=04 10,240 5,9186ey5 40960 1,896 E-04
130 2,880 5.352E-04 10,320 5,121E=08 41,280 11867104
131 2,600 4, 610F =0 10,490 4, L03E=08 414601 1,A38E=0k
132 24620 309U 2E= "4 10,480 3, 758E-05 41,920 1,81 )E=04
133 2,660 T 3L3E-db 10,560 3,182E-05 w2240 1.783E-04
134 2,680 2, 809E=&* 10,649 2,669E=05 42+560 1,756E-04
138 2,680 20 336E=D4 10,720 2, 21%E-0% 42,880  1.730E-04
135 2,720 1.920E~D4 10,890 1,818F-05 ©3,200  L.T0%E-04
i 2,720 1455 7E=00 10,880 1,472E-0% 83,520 1,68 9E=04
138 20740 1,20 4E= 0 10,960 1,1 7LE=DY 03,860 1,655E=06
139 2,780 9 758E-05 11,060 9,494f=06 Lo 160 10634E-04
140 2,700 7.498E-08 11.120 7,0%4E=06 TPV 10608E=04
1hd 2,800 5.620E=0% 11,200 s, 280E=06 “hs 800 14585 E«D4
142 2,820 4 0BBE=0% 11,280 3.834E=08 48,420 11563604
14Y 2,840 2. 865808 11,360 2.693E-08 45 bkl 1e961E-00
146 2,860 1,915E=0% 11,440 1,791E=06 4%, 760 1.519E=04
145 2,880 1,20 3£-05 11,520 1.124E~08 46,080 1, 498E=0
145 2,900 feQUTE= 06 114600 6.4795=07 461400 1h78F00
147 2:9 20 3,569 =06 11,6480 3, 306E=U7 46,720 LouSBE=Dh
148 20960 1,696E 0% 11,760 1 190E=07 AT 14 4382=04
149 2,980 4obiBE=07 114860 4104E-08 “7,360 10619E-04
1%9 2,940 S 811E-08 11,920 $.113E-09 47,680 Le40JE=Db
194 3,000 Co 12,000 0. 48,000 1o I82E«04

The rationalization for terminating the convolution at 48 halftwidthe i3 based
on three considerations: (1) evidence that the lisie shape deviates from Loreniz
behavior for (v - v ) of the order of 6 cm l, correspondlnr to 2 » 48 for a typical
atmolpherle line at atmoapheric pressure (Wintery et al; s Holuteln.6 Breene,a
Burch; B (2) the value of the Lorentzian at 48 halfwidths ta 1,38 X 10~ which is

5, Winters, I3, H., Silverman, 8., and Benedict, W, S. (1064) Line shape in the
wing bayong_ltha band head of the 4,3 4 band of LO J. Quant, Spect. Rud.
Trans, 45

6. Holsteln, ’I‘. (1850) Pressure brondontng of spectnl lines, Phys, Rev. 79:744;
see also L. Spitzer Phys, Rev, 68134 10).

7. Burch, D.E,, Grynak, D.A,, Pltty, R.R. and Bartky, C.E, (1968) The
Shapes of Collision Broadened COa Lines, Philco Ford Corp., Aetronutronic
OPOP - .
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sulficlently small for most calculations, and (3) calculation beyond 48 halfwidths
requires an unwarranted increase in computational effort, Although the value of
the Lorentz function may justify termination of the calculation at 48 halfwidthy, it
must not be forgotten that 1,32 percent of the integrated absorption {s beyond this
reglon., This Iz a result .7 the previously mentioned slow convergence of l/'.r.2
(Goody, : and Townes and h‘vhawlows). It i3 suggested that calculations of the far
wings of the lines can more appropriately be done in a parametrized tabulation of
what s currcnutly roferred to as the continuum for each of the molecular species
ol interest, The contribution of this continuum function to the absorption coefli-
clent may be calculated at lurge sampling intervaly in the wavenumber domain with
negligible effect on computational time,

3. SAMPLING INTERVAL

General discussions of the proper choice of the sampling interval appear in
the literature for the type of "'line by )ine" calculations described in thia
9,10,11,12 These references are primarily concerned with the effect ot
the sampling interval on the integral of the absorption coefficient or absorptance
over a specifled wavenumber interval, That approach {s particulurly appropriate
to the case in which an Instrumental scanning function that is broad compared to
tae spectral line widths, is being convolved with the true line spectrum, The
preasent discussion is concerned with the development of a quantitative evaluation
of the error introduced in the reconstruction of the spectrum (n the intarval be-
tween sampled points,

An approach that provides direct indight into the problem of determining the
sampling interval is that oblained from information theory and the Nyquist sampling
theorem. Simple and readily comprehensible discussions of this are provided by

report,

8, Townes, C,H., snd Bchawlow, A. L. (1058) Microwave Spectroscopy, McGraw
Hill-Book Co., New York,

9. Drayson, D.R, (1987) The Calculation of Long Wave Rudiative Traniler in

P metnr¥ Atmospheres, Report No. ~I-T, Unlversity of MIchigan,
nn r r.

10, Kyle, T.G. (1868) Net lntarval for omlculating ubsorption spectra, J, Opt,
Soc., Am. 08:192.

11. Scott, N, A, (1874) A direct method of computation of the transmlssion hinc-
tion of an inhomogensous gaseous medium, I; Description of the method,
J. Quant, Spect. Rad, Trans, 14:891.

13, Kunde, V,G,, and McGuire, W,C. (1874) Direct integration transmittance
model, J. huant. Spect, hld. Trans, 14:803,
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Ilr'mhnmla and Bracewell, u The sampling theorem atates that if the Fourier

transform of a function {3 vero for all frequencies greater than frequency l‘o, then
the continuous function g(x) can be uniquely determined from its sumpled values,
R, (néx), if the sampling interval 18 choden a3

1
§x ar, (19)

In particular, the continuous lunctfon g(x) can be reconstructed for all x by con-
volving the continuous interpolating function

ain (¥ =
. L x .
8(x) =« ox (' N (20)
5% )
with the sampled function 8, (ndx) where n iu integer, That is,
gix) = g (ndx) * s(x) (21)
or axplicitly for the discrete convolution we have
® sin » xx - N
B s D g, mox) x (22)
vy " (-6-;' n),.

In the present cane, the Fourlsr transform of the Lorenter function does not
have a frequency, ro, beyond which the transform is zero, Consequently by sam-
pling at dimcrete intervals, it is not possible to exactly reconstruct the continuous
Ninotion. However, by properly choosing the interval, the difference between the
exact and reconstructed functions can be held within a predetermined limit, The
Lorentz function is given as

1
x)» (23)
nl ¥ 'rg—ia . x

13. Brigham, E.O. (1974) The Fast Fourisr Translorm, Englewood Cliffs,
New Jersey.

14. Bracewell, R, M. (1968) Tha Fourier Transform and Its Applications,
MoGraw-Hill, New York, o
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where x - v - Vi @ i{s the halfwidth, and v, {4 the wavenumber value of tho tran-
gition, The Fourier transform of g(x) s

“2nat (24)

Fo - g0 e
where j is the Fourier traniform operator, If the value of the trandform {s
assumed to be zero beyond a frequency, to, this is equivalent to multiplying the
complete tranaform by a rectangular box, ,J (N, where

1 Iﬂ 4 ro
1

LR z [t} =, (25)
o i e

We may deline the sampling interval as before such that

dx = i%—— . (20)

The Fourfer wransform oLJ (D in the x domain {4 given by

x
) o -'—hl-(Lll) @7

(*5%)

which is tdentical to the scanning function prescribad by the Nyquist sampling
theorem (Eq, (20)),

In order to evaluate the error caused by the disorete sampling {nterval and
the associeted trunoation of the function in the Fourier domaln, calculations have
been made using the interpolating function, Eq. (27), convolved with the uampled
Lorents function

1 a
g, (nox) » (28)
s ¥ a® + (nax)

as indicated in Eq. (31). For these convolution caloulations, s more relavant
delinition of the sampling interval, 4x, is given in termu of the haltwidth, o,

ok | (29)

11




The results ure ovnluated for sampling intervals expressed in fractlons, 1/N, of
the halfwidth. Ior this definition, we have for the sampled Lorentz tunction

Ry ("'%f) ! “n% '1 ) (%)2 ' oy

A quantitative evaluation of the elfect of the sampling interval, is the RMS devia-
tion of the function interpolated at three intermediate points per interval Irom the
function calculated exactly at the same intermediate points. The results of these
calculations are given in Table 2, These results are 4 meaaure of the amount of
information lost due to the choice of yampling interval, As the sampling interval
becomeu Infinitesimally small, the RMS deviation approaches zero. It {s Ween
that for an interval of o/4, that is, N = 4, the RMS deviation is negligibly small
and essentially all of the information is retained,

Table 2. Effect of Sampling Interval on the Reconatruction of the Lorentz Function
uUsing (sin x/x) Interpolation and Four Point Lagrange Interpolation, Interpolations
are calculated at three equally spaced points between the sampled values, In all
cases the maximum percent deviation using the four point Lagrange ocours in the
first wampled interval, Deviations are calculated aw the dilterence between the
{nterpolated value and the exact value of the funotion

e ] —— " T
R
Interpolation Method

Sampling ain x

Interval X Four Point Lagrange
N 5% = % rms deviation 1 ms deviation m;:v{::tt{g;nt

o 1.1 %1073 3,6x 103 -1.0

2 T 0, 067 0,20 -0, 09
3 ¥ 0, 0035 0,087 -0, 37
¢ ‘-:- 0. 00063 0. 0328 0, 18

There {s another consideration that must be taken into account {n this situstion,
Although the information {s retained for a sampling interval of o/4, the computational
efiort to retriove this information using the (sin x/x) interpolation is large and in
some cases may be of the same magnitude as that required to evaluate the Anctlon
directly at the intermediate intervals,

18
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In order to retrieve suffictont information with reasonable computational
effort and stay within o specified errvor criterion for the absorption coefficien
calculation, » four point interpolation function has been vied instead of the pro-
hibitively lony "sin x/x" interpolation. The output polnts are assumed to be
equally spaced, Velues for the welghting factors necessury to perform the inter-
polation at three equally spaced intormodiate points are gliven by the following
three equutionu:

g(x +9-z’5-) - .- T:%E gix - 8x) + %—g—g— #ix) # 1‘-’—% g(x + 6x) - f-g-g- wix + 24%x) (31)

38) oL g ch s Zu0 0 kx4 ax) - gl + 26%) ()

B\ *% 16 § gk t, K TG B> 4
, \

g(x + ‘-‘-gi‘-l S -3-5 gix - ox) + %2% gix) + ‘},"3‘% uix + 9x) - 'I_ZF gix + 4x%x) (33)

The Interpolation scheme that hus been employed in this development {8 due tu
Lagrange and is well described by Acton, B In Table 2, the maximum percent
deviation in the (nterpolated values {4 indicated. Thiu error always occurs within
one or two intervals from the lina center. For a sampling interval of o/4, the
error is 0,18 percent, Although this error at the line center {s slightly larger
than desirable, the added complication of using u more refined interpolation does
not presently veem warranted, Furthermore, the percent error decreases rapidly
away from the line centor,

The four point {nterpolation acheme is used for interpolating the "very nlow
array, " and the "slow array” into the 'fast array," This is required since the
sampling criterfon of o/4 has been used for the caloulation of the three arrays
where the elfective o is appropriate to each array.

Similarly, for the presentation of the [inal resuits, the faut array is inter-
polated into a plotting array in a weparate program which represents the final
result, I'igure 3 depicta the effact of *his interpolation scheme as conipared to the
result obtained with linear interpolation, It should be noted that the error for a
complete spectrum can only be the same or less than that for u single line, This
is readily concluded rom the superposition theorem,

One final considaration that provides information on the sampling interval, is
the Rayleigh criterion. L For two spectral lines of unit strength and equal hal?-
widths, separated by two haltwidths, let us determine the sampling interval
required to exactly reproduce the minimum between the two apectral lneu,

- ——

15. Acton, F. 8. (1970) Numerical Methods That Work, New York,
16. Born, M., and Woll, B, (1988) Principles of Optics, Oxford, Pergamon Press.
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Figure 3. Reconstruction of the Shape of a Single Line of
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8x » a/4 With a Sampling Point Positioned at the Spectral
Line Center. The uppsr curve uses linear interpolation ol
the convolution output and the lower curve uses the ¢ point
ulrmr interpolation., To emphasize the line center, the
region from =5 to +5 halfwidths is depinted
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Consider ono line centered at x = 0 and the other line centered at x = X We
have for the two 1,orentz functions

1 114
x) = D (34)
%1 T 2
and
800 = & 5 (38)
of Fix -x)
The Fourier transform for this pair is given by
7" e 2tel 4 gmital oy (2rx D . (36)
The Rayleigh oriterlon poatulates X, 2a glving for the transform
440 = ¢" 20 (1 + 0o avan) . (am

To exactly reproduce the minimum batween the doublet, one period of the oscilla=
tury function ls required, giving

dvaf =~ 27 (38)

a0 that the cut off [requency la

f, 5%— (39)

and the sampling interval from the Nyquist theorem, is

xeghra . (40)

(o]

This resuit indicates that the sampling interval of o /4, previously determined, lu

well within the Rayleigh criterion for resolving a Lorentzian doublet separated by
two hnl“ldth.n

3l




4. APPLICATION OF THE ALGORITHY

In the provious sections, two busic steps for un improved computational pro-
cedure to perform the convolution of the Lorentz line shape with a ot of ubgorption
line datu huve heen described: (1) the decomposition of the line shape into bounded
domains, and (2) the criterion for determining the sampling interval, In this
section we describe the application uf the algorithm to obtain the absorption coelli-
clent as a funotion of wavenumber for a set of spectiral line data parumeters that
are appropriate for the specified values of temperature, pressure, snd column
density, Three separste convolutions utilizing the fazt (XI'), the slow (X3), and
the very slow (XVS) functions are performed on the data set, The results of the
three convolutiona lor a specific set of duta are displayed in tranamittance in
Figure 4. For this case the average haltwidth is of the order of 0. 04 c:m'1 HO
that the sampling interval vied ls 8x »~ o/4 = 0,01 cm'l. Flach convolution funation
is uampled nt approximately 24 values corresponding to intervals of 0, 01 em™! tor
the fast function, 0,04 om™* for the slow Iunction, and 0, 16 em™! for the very
slow function. Seventy-two (72) points have been sampled to reproduce the
Lorentzian from =48 to +48 halfwidthe instead of 384 (4 X 96) which would be re-
quired (I the function were sampled at equal intervals of o/4 (0,01 cm"). Conse-
quently, the algorithm as appiled in this case provides a nomputational uavings of
a lactor 6 1/3, The nctunl saving using an optimized version of the conventional
method compared to the present method lu a [actor of 19, The additional Imotor of
two ls due to the use of tabulated rather than calculated functions and to reduced
overl aad time in setting up the inner convolution loop. The results of the two
acomputational methods are glven in Figure 5 and no dilferences are discernable,

It should be noted that the lower spectrum of Figure b la equivalent to the produoct
of che thres functions presented in Figure 4, #ince the functions are all on a
tronsmittance scale,

Some further consideration needs to be given to the method described here
with respect to the theoretical computetionul gain, If the assumption is made that
the line shape Nunction can be decomposed Into M functlons, and that the sampling
interval is the same for the first decomposed function as for the total Lorentz
function, o/4, then the gain, G, is

N
Qs —ieb (41)
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In thia expression, le iy the total number of haltwidtha over which the function
is to be computed, Nm {s the number of halfwidths spanned by the m'th decom-
posed function, and 6x1/6xm ia the ratio of the sampling interval of the first func-
tion to that required for the m'th function, In the present case for Ny ® 48, we
have:

. 48 =48=5
1 R Y
31+ 12 z-448 TG')

1

There are some constraints that are not explicit in the above expression; in par-
ticular, there are limitations on how small Nm can be and still have the function
be reconstructable at the sampling interval, The algorithm provides greater
improvement as the extent of the convolution iy increased, FIFor instance, if it
were desired to reproduce the function over 182 halfwidths using four decomposed
functions, a glven choice would give a gain of

192 _ 182 |
(3 1+12+ X +48 o=+ 102 1) 12 - “a)
'y 18 ;7 3

Ga

It must be emphasized that this choice, though workat's, ia not unique and other
cholces might provide greater improvement.

The algorithm, as it has been developed, must include protection againat
lines having halfwidths deviating significantly from the average. For anomalously
wide lines, the convolution process can overflow the output arrays at the beginning
and ending of the panels. In this case the line width is reset to the maximum width
that can be treated: twice the average value, A series of + signs and the line
identification acve outputted when such a aituation is encountored. In generei, wide
lines are not a problem since the widest lines do not vary significantly irom the
mean, This case alao provides protection when a sampli~ ; interval, D- s
chomen whish is not consictent with the mean haltwidth ol (he lines being considered
or when the line width is {ncorrect on the input data tile,

There are a number of anomalouily narrow lines that are encountered auch as
the high J, low K‘ water lines of type measured by Eng et al. 17 For such lines,
that s, @ « a, where a in the width of the i'th line and @ i3 the mean width, not
only does the algorithm fail, but depending on the phasing of the sampiing interval,
the contribution of the tranaition car be missed entirely., Such lines have been

—

i7, Eng, R.S., Kelley, P, L., Mooradian, A,, Calawa, A.R., and Harmon, T.C,
(1973) Tunable laser measurements of watar vapor transitions in the

vicinity of 6 um, Chem, Fhya. Lutters 18524,
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treated by setting the halfwidth to the sampling interval, that is, a = DV. In this
case, a series of —aigns and the line identification are printed out, Although the
convelution will be undersampled for such lined, information pertaining to the line
iz retained. The only satrictly correct way to handle these narrow lines, iu to
choose a DV equal to "l/‘ where a4 characteristic of the narrowest line encoun-
tered, Such a choice of DV may necessitate the use of the conventional convolution
method, since the sampling interval {s so ymall, Computational requirements may
dictate the calculation of the absorption coelficient over a amall wavenumber region
around the lines in question, In general, these lines are relatively weak, and
except in cases such as laser transmission problems the method used here proves
to be satisfactory,

5 EXTENSIONS OF THE METHOD

As has been Indicated in the previous section, the calculation of the far line
wings may be readily incorporated into the program. However, for the reasons
atatod it is recommended that this far wing contribution be handled as a continuum
contribution in the wavenumber domain., Similarly, the variation of line ashape
with molecular species may be incorporated into the algorithm. It ilu well known
that the wings of air broadened CO, lines are "subLorentzian" and & very slow
function specific to the C02 molecular specied could be utilized in placa of the
Lorentz very alow lunction, However, there is no compelling evidence that the
subLorentzian behavior occurs within b cm'1 of the line center at atmospheric
preasure o agein, it {s considered more appropriate to include the absorption due
to the far wingm of the (:O2 lines as & properly chosen continuum function, The
beat available theories indicate thut the subLorentzian behavior is wavenumbe=~
dependent. Incorporation of this effect is not amenable to a direct extenasion of the
algorithm sinoe the argument of the Lorentz function is in terms of haltwidths.
The wing modification may be readily added to the calculation by including the con-
tribution into the very slow array before the three arrays are combined into the
final output array., Continuum contributi-ns of this type aro important lor CO2 in
spectral regions such as the 01001 band venter where the wing contribution from
the Q branch is not negligible as at 667, 3 c:m'1 and beyond the band head from
780 cm ™} to 890 cm ™.

The convolution method described here offers sven more significant computa~
tional savings Ior the mult.layer case as it is generally applied to atmospheric
modeling. The sampling interval is determined for ench layer based on the average
halfwidth which is a function of temperature and pressurse for the layer, ‘Ihe
remaining problem la to merge the results of each layer using appropriate

_!é?réwai‘.~: e




PO

TS VT

interpolation techniques to obtain the tranamisaion or emisston for the case being
considered. In the conventional approach to the problem, the calculations are
performed at the finest sampling interval required and ls the same for all layers;
that is, the sampling interval required to perform the absorption coefficient calcu-
lation at 60 km is the same as that used at 0 km. This approach requires the
calculation of many more output points than {s necessary at altitudes below the
original altitude with a proportional increase {n computational eftort, With the
scheme proposed here, the computational time is the same lor each layer,

b, LINE SHAPES OTHER THAN LORENTZIAN

The present method is clearly not restricted to any particular function such
as the Lorentz function. The Doppler line shape may readily be tabulated either
directly or as decomposed functions depending cn the definition of halfwidth, For
many atmospheric modeling caaes, the line shape of greatest intereat {s the
Volgtm shape. Current efforts are being directed toward incorporating the Voigt
line shape into the new algorithm, Preliruinary indioations are that the Voigt
profile, computed to an acouracy similar to that attained for the Lorentz, will
require only slightly more computer time than that required for the Lorentz func-
tion. Details of the procedure for calculating the Voigt shape will appear ina
subsequent publication. Although the program assumes a symmetric iine shape
and only hal! the scanning function ia stored, an asymmetric shape can be utilized
by storing the entire function and making minor changea to the program.

7. THE PROGRAM

The program has keen written to use line parameter input data consistent with
that contained on the AFGL line parameter tlpe.l The line data s reformatted
onto a binary MNls which contains the line data pertinent to the molecules and wave-
number range cof intersst. This step has been taken to keep read time conasistent
with the time required to perform the caloulational part of the program. The con-
trol parameters are read from the input file and written to the output file;: ''tape 3"
is the binury Hle containing the line parametar data; and KKFILE is the binary
output file, KKFILE contains a header record which includes the identification
information, SECANT, tempersture, pressure, molenular identification, and
molecular column densities of the homogeneous layer. The first record for each
output panel is a hesder record lor the panel which contains the wavenumber values

18, Voligt, 5. Minch, Ber, (101%) p. 903,
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F . of the firat and last absorption coefficient values of the panel, the wavenumber
: {ncrement between output points and the number of output points, The second
record of the panel contains the array of absorption coefficient values resulting
from the convolution calculation. The current version of the program ocutputs a
maximnum of 2400 values; in general, the frst and last panel are shorter,

The program consisty of the mailn program HIRACC: subroutines SHAPE,
MOLEC, RDFILE, CONVFN, and PANEL; and the lunction QVRFAC. The overall
dirategy of the program is indicated in Figure 6, All the subroutines are called
from the main program and the flow of the program is easily traced. Subroutine
SHAPE sets up the three convolution functions X¥, XS, XVS used to define the
Lorentz tunction from 0 to 48 halfwidths,

Subroutine MOLEC in conjunction with tunotion QVRFAC, makes the molecular
identifcations with the line parameter file, and determines the correction factors
for the line intenaities (SCOR) and the halfwidths (ALFCOR). The quantity, SCOR,
ia the correction [aotor due to the temperature dependence of the vibrational and
rotational partition sums. The vibrational partition sum is calculated for a given
molecular type as

N
3 .
QV(T) - H -hV‘/kT d’ (44) N
{s1 ( l1-0 .

where v is a fundamental vibrational frequency and dl is the degeneracy of the
vibration. The temperature dependence of the rotational partition sum is givan by

Qu(T) /T \F ,
g - ("-f') “e '

where F = 1 for linear moleculas and 1.5 for nonlinear molecules. The relerence
temperature, 'ro. is taken as 296 K, consistent with the AFGL Line Listing. For
further discussion of these topics, see Horlborgm pp 803 1t. The partition sum
calculations are performed by QVRFAC and the necessary moleculur parametera
are contalned in data atatements in subroutine MOLEC, The quantity, ALFCOR,
is the correction factor due to the pressure and temperature dependence of the
collision broadened halfwidth, The temperature dependence of the halfwidth has

19, Herszberg, G. (IMWWWW
and Ramab Speotry, D. Van Nostrand and Co,, Princeton.
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‘ INTTIALYZE PROGRAM PARANETERS l

| CALL SHAPE r;.—‘n....__,.,., S SUBROUT INE SHAPE
3 ] * @KTH COMVOLUTION ANRAYS
! OR IPEUIFIED LINE BHAPKS
WALL MOLEC o | — SUBROUTINE MOLEC (1)
T = INITIALIZER RUDWHITINE PARANKTERS
“ = BETH MOLRCULE TIENTIFICATIONS
! IN'UT PROGRAM PARAMLTERS

1o INCACATOR FOb ¥ ROURAM CONTRMOL , KEUGINTIF LCATION
FOR QUTPUT ROERTIFICATION

» REFILE JUK PIRARY OU1FUT, ARCANT ANGLE
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Y

SUBROUTINE MOLEC (2)

© BRTS VIR, SPOT. PAFTITION KUM
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remaiif = BETE MALF NI (UNMCTION FACTOK
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| CALL RDFILE = n-y SUBROUTTRE ROFTLE

= INPUPES LINR PARAMRTRP DATA

CALL MOLEC <2)

pre————— -

« SETE JDATA w» 1 1IF NO MON
y DATA KRQUIPED ]

CAL ULATION OF BPECTIAL PARAMKTENG

= LINE INTENSETIEN AND WILAHS CORRECTRL T0
BPECIFLED TEMPERATURE AND PRESNUN.

1
CALL ComEN | = SUBROUTINE COMFN

= PERPORAS COMVOLUTIONS

TEAT TO QUTPUT FANKL

b A1)
[ CALL PANEL -t SURROUTINE PANEL
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R - MOKTS ARPAYN

f = BETH IHDICATOR POP CALCULATION COMPLITY
~1 TRET FOR CALCULATION COMPLINY J
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: L "'—'{MNMIMWWIW—l
. yos _ ]

S e Figure 8, Flow Diagram lor HIRACC Program
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been taken as (T /T) nlthough calculations based on the Anderson - Tuao -
Curnutte thoory are reported to give a temperature dependence ~ (T /'I‘)O 5
(Varanasi 0)

Subroutine RDFILE reads the blocked binary line parameters over the wave-
number range for which line data (s required, The lino parameters include the
wavenumber valus of the transition (GNU, om” ) the intenaity of the transition at
208YK (8 cm 1/(x'nol/cﬂ'l }), the collision broadened hallwidth at half maximum
tor 266%K and ntm pressure (ALFAO, cm'l) the lower state energy of the transi-
tion {(EPP, cm’ ) and the molecule identification number (MOL), If the line
parameter data is insufficient to complete the apecified calculation, the message
""end of MNle on disk" {s printed on the output tle. If no further line data is required
IDATA is set to 1, und control is returned to the main program,

At this stage of the main program, an effective optical depth is calculsted for
each line which is dependent on the column density of the layer, the secant of the
angle through the layer, the temperature of the layer, and the halfwidth of the
line, o(ALFI),

The effective depth, u',

v

" (48)

whete w {s the absorber column denaity, E" is the lower state energy,
QR " QVQR' and the other quuntities have been previously defined. in terms of
the program coding the effective depth appears as:

EFDPTHsRECALF*W4SEC*SCOR*EXP(EPP/XKTFAC)*(1, -EXP(-GNU/TEMPO))/
(1, -EXP(-GNU/TAVE),

As previously discuosed, the proper sampling interval, DV, should be 0. 35 times
the average line haltwidth, If the haltwidth, ALFI, is less than the sampling inter-
val, the halfwidth iy set to the sampling interval and a seriea of minus signs is
written to the output flle, If the haltwidth exceeds a maximum value (ALFMAX)
where ALFMAX » BOUND/48 and BOUND {4 the maximum value in wavenumbers
over which a line can be calculated, the haliwidth {s reset to ALFMAX, and a series
of + signe {s written to the output flle. Included in the records indicating the

20, Varanssi, P., and Ko, F. K. (1977) Intensity and tranemission measurements
{n the vy fundamental of N30 at low temperatures,
on Molceuln- Spectroscopy, Paper RF'S, Columbus,
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resetting of the hulfwidth {4 the wavenumber value of the transition (GNU), the
intensily (S) and the halfwidth (ALKAQ) values of the transition from the line
parameter tape, the calculated value of the haltwidth (ALFI), the value to which
the halfwidth (DV or ALLFMAX), and molecular identification number (M), If the
number of halfwidth changes (NCHNG) exceeds 100, the computation {s terminated.

Subroutine CONVFN is a tightly written subprogram in which considerable-
effort has been taken to minimizeo operations in the DO 30 loop. This subroutine
perfor ms the triple convolution of X¥, X8, and XVS with the line data putting the
results in the proper elements of FF, SF, und VSF respectively, A simplified
flow diagram appears in Flgure 7. Control indicator IPANEL i uet to IDATA (!
the DO loop over the lines (40) is satisfied indloating whether a panel is complets
or more llnes are required. If the line DO loop (40) is not completed, IPANEL is
ast to 1 indicating that m complete panel hau been calculated. Control is returned
to the main program,

If IPANEL has been set to 1, subroutine PANEL {a called, Subroutine PANEL
performs a four point Lagrange interpolation of the VSF array into the SF array
and the $F array into the F'F urray, thus combining the results of three independent
cohvolutions into a final result. A general flow diagram of panel is yiven in Fig-
ure 8. Care la taken to store array values required for the interpolation of sub-
waquent panels, VFT (s the wavenumber value of the Irst element of the FF array,
which is common to the lirst ¢lement of the SF and VSF arrays. A binary header
record ls written to the binary Nle (KKFILE) for each panel which Includss the
wavenumber value (VIP) of the first element of the panel (FF(NLO)), the wavenum-
ber valus (VIP) of the last element of the panel (FF(NHI)), the wavenumber incre-
ment (DV), and the number of absorption cosflicient values outputted (NLIM), 'The
uecond binary record contains the NLIM valuea of the absorption coefficient rom
the FF array. The arrays are appropriately shifted and reset in preparation for
the computation of subsequent panals, Control s again returned to the main pro-
gram, HIRACC,

After a panel in written to KKFILE, a record is written to the output file indi~
cating the current value of the time, the time spent in RDFILE, in CONVFN, and
in PANEL (the units are saconds), Also Included in this record are the lirat and
lagt wavenumber valuas of the panel, the wavenumber Increment, and the number
of values in the panel. A second record {s writton to the output file indicating the
average value of the haltwidth, the number of lines read since the lust panel was
completed, and the total number of lines read since the initlation o! the convolution
calculation. Control is returned to statement 10 if the calculation is complete, or
to statement 140 to continue the convolution process.
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XPANEL = IDATA

Pansl Complete
IPANEL = )

]
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Figure 7. Flow Diagram for SUBROUTINE CONVFN
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Figure 8. Flow Disgram for SUBROUTINE PANEL
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Appendix A

A Uating of the Fortran program HIRACC is given in Table A1, together with
the loader map, the {nput dats, and the program output lor the results which appear
{n Figure 5, In the output, it should be noted that one line ls encountered that has
a halfwidth which is larger than that allowed by the program, This line at
3558.4830 nm'1 {s an HDO line, molecular type 1, which has an erroneous half-
width on the AFGL line tape used. The width for this line is reset to
ALFMAX = 0,08 cm™%, Two H,0 lines ocour at 3879, 0810 cm ™! which have ano-
malously rarrew halfwidths, The values of these hallwidths are correct and are
the high J, low KA water lines of the type measured by Eng et al, 1 The widths for
these lines are resst to DV = 0.01 cm'l. The baginning and ending sectlons of the
output panels are printed out including the location in the FF array, the dimension-
less absorption coefficient, and the wavenumber value associated with the respec-
tive elements of the F'F array,

1 98 Ena, R, 8., Kelley, P, L., Mooradian, A., Calawa, A.R., and Harmon, T.C.
913) Tunable laser measuremants of water vapor transitiona in the vicinity
of 8 um, Chem, Phys, Letters 19:534.
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. Table A1, Listing of HIRACC Program

; PA/7% ORTEY FTN Gobabin L1y
[l
* ! PROGRAM MIMACC{IN®UT ) CUTPUT, TABEY, TAPELD) g00ia0
i ! " 400110
§ [} aLvizo
H r SENBNNBBUNIICIIVBINSUOIIPNOINBUNUIBIINOIIEUINONRBOIRNIRIE NN NRIONOININSY 000110
: ! . ¢ L0U140
| . ¢ poo1%0
} ’ MIGH RESOLUTION ARSORPTLON COFPFICTENT CODE * 000160
i ] . * Qub1sD
i | . AUTHORS® S, A, OLOUGM: ¥o ¥, KNEIZYS, AND Uy M, CHETHYNO ¢ 000190
| ! . s 060200
) ; . " yLudlo
! . AIR FORCS GEOPHYSIOS LARORATORY  (OPY) * 900220
i . SEOTORD, MA OL7YY ¢ 000230
H 4 v 00026y
. * 0002%D
. DATE  JULY fuy 1977 ¢ 0002K0
. * go0te
. s dul2s0
GBSO LIBIITIEINI RISV IREIUTRIADNIIRIC VGV ERISIABNOIGUIIIIRNARBIBNININBINID UG ﬂﬂo!‘ﬂ
. . LTI
| . 060310
: : CALCULATES MONOCHROMATIG ABSORPTION COEPFICIENT FNAR SINGLE LAYER s oooaz0
) 000330
| v IND = INGICATOR TO CALCULATE (1) 0% TO STOP (WNE.1) LTI
: . X0 IOENTIFICATION (ALPNANUMERIOs SEVEN NORDS) L TR
; . KKFILE = QUTPUT FINE NUMBER * 000380
! ] SEGANT  VALUE OF SECANT THROUGH LAYER ¢ QU070
H . BAVE » AVERAGE PRESHURE UF LAYER IN MILLIUARE ¢ Juiie
. . TAYE » AVEMAGE TEMPERATURE OF LAYER IN ODROREES KELVIN v 000390
. M(M) = COLUMN DENSITY OF HOTH HOLECULE (FOR SENANT wi, ) * 000400
. DV SHOULD BE OF THE OROER OF W 29 OF THE AVERAGE HALF MIDTH LTI
. DVv OUTPUT INTERVAL TN WAVENUNBERS * D00u20
. Vi u INITIAL WAVENUNBER WALUT TO AE COMPUTED * 000430
. VE v FINAL WAVENUMBER VALUE TO BE COMPUTED » 0004k0
. * g004s0
. 000840
CUGIOPINOUOININRST VS SR UV OBINI BRSO EB RSOV VOV NBRT NP IS NI IINISRUPNONYOES °°°~?°
¢ 000asl
c 000490
COMMON KKy KKFILE yPAVE (TAVE ,ULY) auos00
COMMDN GNUCEEE) 4B (RBO),ALFAD(ESE),EPP(RYON HOL (290D 000510
CONMON PEFLI200) 4 SFLO00) ¢+ VEFTZOO) voyizo
COMNON 7KSUB/ MECPY,LIMIN, ILO,THTVBOY,VTOP) V1, VE, DV, VET, 1HOF, IPAN 000930
LEL TOATA T STOP onRoN N0
COMMON 7MXXZ NN ORKF ) AF (NS sOXS NS NNYS DX VE oNXVE JNFHAXy NEMAXNVSH ::no:::
LAN
COMMON 73UBL/ MAKFE,NANS s HAXVS,NL TP, NLINS s HLRHVS (NLOyNHE ,0VS, OVVS 000870
COMMON PXPANEL/ vxo.vrr.uan.usnxrv.nrrn poused
COMNON ZRTINE/ TENK,VIMROF,TINONV, YT 000890
OINENSION n!uuun.un&;xo(ra.ucv».lnoncrt.nxroonlvn w006ub
OINENSION XF (2940, XB(ROL), NVE(204) oU0eL0
DINENSION EFOPTH(A) 5 RECALF (1) JLUb20
CQUIVALENGE (S,EPOPTH), (lLPlO.lIﬂALP! 000630 .
PLuR CARIN(L ) Ty
REOPIeL /P2 000430
NPTSN1E 000660
M LT 000470
xrag .02 0s0e80
Nregsi 000690
NNSell 000700
DYug. 00 000740
T oLL720
NNVSu b8 a047 30
UNVEe, 3P anereo .
NVBu 1oL TILT )
ngm 000760
NENA NP 94 sodrra t
NYIMAXe RO a007480 ;
NENTPTR AP (11147 :
LS LTI poosao
RLINSS(NLTME Z0b 0t Tt
WL I NE CNLT AN 0 dcuseo
¢ NOTE (DAVSZOXF) I8 16 AND (DUVEZDXSY 18 & BLLaNG
38
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Table A1, Listing of HIRACC Program (Cont.)

NROUNDR LR (DX VS /DXF)

HARF wM THF s JOUND
MAYSR(NANE/4) ¢}
WAXVS s INAYN /)8

CALL SHAD(L (YF,Y§,XkV5)

OALL HOLTCIY JHMOLIO,? 4 TEMPO W TAVE PO yPAVELSCOR JALFCOR)
LININ=28D

PRINT 800
TIMNROTs T EHONVSTIHPNLu D,
READ 902, INDIXTOLTY yTuly7)
I1f CINDLNE.LD GO Y0 160
PRINT Q04 (YTI0U1)o1In1,7)
REMIND 3

1EoPsd

READ 9068, KXFILE,SECANT
PRENY 940, KXFIL®

PRINY 948, SECANY

READ 9204 PAVE,TAVE

PRIMY 9RB, PAVE,TAVE

READ 920, (MR} ,Naq,?)

PRINT 930, (HHOLIN(K) JHIN) yNug,y )
READ 938, W,V1,V2

PRINY 4l OV VL V2

1F (OVeLE.Ds OF GO TD 160
DYSe (OXS/0Nr ) *Ny
DYYSH (O XVS/OXNF) 2DV
ROUNDSFLOAT{ NOOUND) *0Y/2,
PRINY 942, BOUND
ALPHMAXRBOUND/ 48,

NLOuNRD UNDeY
HMEWNLTMFeNSHIFTmY

N0 90 Lei NAXF

FreTInh,

0y 70 I-loNAIU!
vsrdling,
PRINT 900

HRATE CRKPILED (NXO(TDolede?) (SEOANT (PAVE(TAVE) LHAGLID (H)) Muy) 7))
1 CNiND yHuy, 7Dy DV, VL, VR

VPVu¥1i~2.%80UND
VROYuVL «A0UND
VTOPsVE oROIND

P 1013, 0

TEMPInR 96,0

AKVO 0. 984 ° TUMPO

XKY wha G9B18 YAVE

AKTFACE (44/RKTQ) = (4 4/NKT)

GALL NDL(O(!.NNOL!D PoTENROYAVE,BD,PAVE,SCOR, ALFORY
00 40 Med

Ul")‘“(ﬂlﬁﬂBORlHl‘llOlNT

LINENTw O

NCHNIng

GONHTINUE

LML

SUMALFe G,

SONTINVE

GALL $ECOND l!th.l

1F (1107 ,NE.0) GO YO 1M0

CALL ROVILE ‘GNUpI|IL’I.olIP.NOLI
CALL ST COND (TINE)

TINRDF® TENROP TRHE=TTINED

1 (IEOP.NE, 0} GO YO 440

NOOTIY LINE OATA MOW TUMPRRATUAZ,PREVSURE, AND JOLUMN DENS 1TY
00"130 [ LY FILH

NaMOL(LD
CPOPYNE DInaC T oL M

0008L0
[I'TLA T
utuskuy
[ LN R4 ]
ouuead
T
300900
000940
oclg20
0009 30
000940
0609%0
000960
000970
400940
L4920
[TATP])]
001010
PERUEL
IR ]]
004040
00Lu%0
[E2YLD)
13104}
001080
a01890
[ 1%y 1]
00i110
voii2o
ouis 3o
[LI¥YY]
[TR¥LT]
[1X¥Y.]]
004470
001100
004190
L1200
obd210
001220
L2
[ 122411
001230
[ 138 11
[ T334
so12e0
004290
064300
[ 122 1Y ]
LI
00330
004340
Quidso
001360
[TE¥ 2 1)
Quiley
004390
004400
003410
Wis0
[LETR])
[12X1Y]
Qbaesd
00Lu60
004470
004460
00589
001804
001940
josL20
004830
(12311
Vuinsd
(13317
[1XV 24]
0019 80
[12%1])
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Table A1, Listing of HIRACC Program (Cont.)

Y ANGRA # HIRAGC

17 (EFOSTHIL) oLE40.) GO YO 190 001600
IONTHIENT 44 004840
ALFISALFAG(T)*ALFOOR(M) poi620
IF C(ALF1.GE, DY) GO YO 310 001620
199 - PRINT 948, GNUCI) ,S (10, ALFAO (1) 4ALFL,DVyN 001040
ALFIsOV 0L 1480
. NCHNG aNCHNG ¢ & [RLIY]
| 110 IF CALFI.LE. ALPRAX) GO TO 120 001470
PRINT 930 GNUGI) oS(T),ALFADLT) JALFI,ALFHAX N 001880
160 ALFIaALFMAX 001498
NOMNGENCHNG 8 061700
120 COMYTINUE 001740
SUMALFuSUMALFSALFY o170
REGALF(I) i, /ALFI 004730
183 EFOPTHIT) sEFDRTHIT)SEXPLLPR(L) S XKTFAC) P RECALF (1) oG17e0
$ (1a=EXPCGNUCT) ZTAVED 2 (L o=BXB(«GNUIS}/TENPO)) 00478h
: 130  CONTINUE 001740
i IF (NGHNG,.GTo100) GO TO 1K) acirro
: 160 CONYINUE 201780
! 170 e e0ire0
CALL CONVFN (GNU,ETOP TH  RECALF,MOL JFF 37, VSF ) XF XS5 ) XVS) g018a0
! . ¢ 001810
‘ Tf (IPANEL(EQ.0) GO YO 100 0g1820
X ] 001830
178 150  CONYINUE [TELIT]
¢ 001088
‘ GALL PANEL (FF,5F,VSF XKFILE) 001000
| t 001470
CALL SECOND (VINE) [l
180 PRINY QS8, TIME,TIMROP,TI4CNV,TIMPNL yVLP, V2P, 0V NLIN 501490
AVALFaSUMALF/FLOAY (ICNT) 001903
LINCNTSLINGNT ¢1ONY 001910
PRINT 960, AVALF, ICNT L INCNY 001910
SUNALFND, w1930
188 1CNTn ¢ 001940
IF (13T0PNEet) GO YO 440 904938
END FILE XKFILE 01980
€0 70 40 831970
v 001900
190 180 CONTINUE oBis0
sy, (11111}
P [T
¢ 802020
¢ 082930
19 900 FOAMAY (1M1} 802040
992 FORWMAT(IL,FALD) 2020%
906  FORMAT(1X,PAL0) ostie
908  FORMAYIIN,F195.6) gozero
910  FORMAT(®D QUYPUY FLILE NOs w9 I5) 202000
260 918 FORMNAT(®0 SECANY s% Fi8,.8) 002090
920 FORNAY (10 (1PE10.3)) 002100
925  FORRAT(®Q PRESSIMA) =0 Fi2,8/ 30 TEUP(K) »% F11,2) 002110
930 FORMATIZ3IHO COLUHN OENBITY(MOLECULES/ZON®®2) 002120
1 7 7(3N,A6, ¥ » ¥ 4PT10.9) ) anti3o
204 . 938 FONMAY (SFi0.4) ageiLo
G0 FORMAT(SQ DV(OM=1) = SFLR,4/00 V1(CH=1) & SFL12,k/%) V2(CH-1) = * . h21%0
1 ridek) a0rie0
QW2 FORMAT(L7HO ZVBOUNDICH=1) = 8.k} 002170
[ 11 ] FORMAT (°* ------.-‘-----o--cu------.-lp‘..h.“b.‘.Jf;..t,x;) [ TYEY)
10 980  FORMAT (U se0drteet it oottt st torettastPifen Uil 3y IFL0 6418 ornd
958  FORNAT (1h0y 10X, STINES, 411y SREADY 0K o SCONVOLUTION® 43 00t (*PANC LY, 8 X) 002210
AOVLO, L3N, AVEH 11X SOV OO (P NVALUESS y /WFi8adsBF 38,4y F10s by 110D ad22a0
9h0  FONMAT (%0 AVERAGL WIDTH w *Ftd.4, NGe LINEE = *110, coneo
3 . TQTAL MO. OF LINESS®IN0//) sn2230
219 (1] poRRNG ;
i
%
M
40 ‘
[

. K
LEEE T
K- SN




Table Al, Listing «f HIRACC Program (Cont. )

SUARDUTINE SHAPE 7476 OPTad FYN 4o 54uUlh arsir?
1 SUNROUT INE SHAPE (XFy X5, XVS5) 002250
COMNDN /X SUN/ RECPI yL2ze0

FOMNON MK/ HUF,OXF, NFy NRS( DXS1H SeNHVS) DXV JHXVS JNF HAK g NSHAK pNVSH Q02270

1nx ag 2240

L) NIMENSION XF (1), XS 41Dy XVS (1) 62290
KLCANZ(X2) 1o/t 10 dX D) QLI

SEN(X2) TAL e RIS AP NLSA NP 802310
VSEN(XZIRAZD2ZOXIeC 2O NI ND w2320

BOI0VR L1, #3,020%9 203, S T0%0 k) /L1,0 207021803 002330

10 RELZ0Inall,¢3,020%021/11,4200%2)9%3 002340
Celzeiva 2Ll s020000)58) o23%0

¢ WATCH AT 23 HALFHIDTHS ob2380

21%4e obasra

ALuAQ 121D 002380

is BieAdzL) 002390
04vgl (24 002400

[ WATON AT 22 HALFWIOTHI po2nih

Tisi2, 002620

Agadg IR 0b2030

11} 82en0(ld) 00 X4b0
crecoilrd) Tl

TOTAL ut) 002ubD

00 10 Iui NPMAX 002470

10 RF(IP el TR

1] RF(L) aRECHE*CXLORNZ 10 4) =APN1T,)) p0RVR
SUNRNF (L) 002300

NG 20 JJnEWNF uo2s10

ASFLOAT (JJ~1) O OXF 0023R2

X2ay8 Y TN

1] KFLJJIRECPI® (XLORNZLXZ) ~4FNLN2)) 002340
SUNSSUMSXF LI * 1y oo Rsso

t0 CONTINUE aLzsed

KFINF) =l 002470

SUNeRUHSD KF 002%30

1 TOTAL®TOTALISUN 002890
00 30 Ini NSHAX 002600

1] AL el w2610

XS (4 ) sPEOPIY (SEN(D =VSPNLD) 902620

SUNTXS(1) 002630

] NSLwFLOAT (NWF)/0XS¢ 1,001 uL2nud
00 0 JJeR,NBL Queeso

NorLOAT (JJ=1) o DNE o02080

xpe nd% he?d

XE(JJIURECPTS (EN XD -VIFNIX2)} auzesd

13 SUNSSUM oXS(JJI *L 3290
0 QONT IWE 062700

M IO aetrio

00 $0 JJuNSIR NS wired

RRr LOAT (JJ=L 19 0X3 002730

11 T AN] THL
X$(JHIRREGPT ™ (XLORNTLX2) «VEFN (X2} T

FUMSSUMOXSIIUT PR ) gozred

L 1] QONTINUE 02770

XSS ad, onzr et

111 SUNESUNSDAS p02T 90
TOTALSTOT Lo SUN ooze00

00 &0 Tui, HSHAX cozesd

Y] XyS (1In il n02e20

AVS (1) uRELPTIO VRPN (D) oLz 30

1] SUNWXYE(1) 00200
NVS oL OAT (NWS) 70AVE 1,008 nOReSH

00 70 JJeE;NVSL ITITYY)

NeFLOAY { JJee) ¥OXVE 0028 70

LA 00K 80

* AVE CJJ) s RECPTPVSFMCNRY 202890
UM BUReRYS()J) SR toz9 00

] noNTINE anzein

NSL Py B101 ac2e 20

00 61 JJSNSLPyNAVS 0029 10

" ASFLOAY (ol ) SUNVS 029N
T uoe99d

XU (JJ) o REGP TPLELORNE iX2)) a0 98d

TUNsS e XVELJII 48, 002970

[} CONTINVE 00260

1] SUMe SUME OIYVS 113041
TOtALUYOVALS BUK [1EA11]

wTuaN 03048

0 aden

P W0

(1 e ITET 1Y
o dese80

41




Table A1, Listing of HIRACC Program (Cont.)

SURRDUYINE MOLEC T/ T4 oPtay FIN boftield 0rsss/??
!
1 SUBROUTINE MOLFG CIND, HAOLID NNOLEC, TENPO, YEHP PG, @ SCOR, ALFCOR 003060
DINENSION HMOLTD(L) jSCORLLY JALFCOREL) (13124
DIMENSION HET 4) o NO (P 4k) [TEI1Y]
! OONMON /ZXHOLEC/ MM {TI ¢NVITE (HACTIINA (7)o N2UP) (H2LT) [TRI1]]
| i ] L OWBAPIGMITT) oUGtP) JNL(T) ,OVOLP) ,ROTFACL?) [THIY 1]
' OATA HH S DNV (L) oML 110g NL ULy HZLL) ) NZIL) pUSTLD NI LAY (WAL L) oNULL) 003110
: t QVO(4) yRATFAC LD/ 003120
‘ | L AN WO o3y 3684.Tyly 199%,0,1, 17854044 04 90y 140006y 349 7 003130
\ DATA HHU2D,NVAZ) o MI(E) JNETE) JMECZ) )NEER) oI (2) s HNA2) JHRI2) y NIy 003160
! 19 2 nve 129 ,RATFAG (2)/ [TRILY
H 2 OH  COR ¥ 138Le0yAy OATLIEy 236%9:341, 0o 90) 140000y $40 / oc11648
! DATA HNU3) NV MLLINNLET) NECI) pNECS) pHI(ID NI L) Mutd) g Na (3D [ 12104 ]
% 3 QuO LI ROTFAGLYY/ 003180
'l 3 M 03 o8 L103.¥41y T00a398)y (062019l 0o 90y LeliS0y 1.9 / 003190
i 18 OATA HH ) gNVENY o MAthdyNA () yHZ L)y NE ] pHI (R D NIEA) jWALL) g NATLE, [TREL]]
I & QVOt4) yROTFAGIMY/ 063210
{ o R NEG 3, 1PRke941, 8882y 22230001y 0s 90y Salde?y 1,07 Ul322L
. L DATA HHESY MY LTI p ML (B) yNLES) (WRUST NZUS) gHI(B)NILE) LIS JN IS, uea23e
. s Qvo(3) ,ROTFACLS)/ 003240
l H{] S 04 [0 1y 21434341, e 10y G o0y 0+ oy L0300y Lew 7 0LIZSO
; DATA HMES) (NVIG) pME (8D NLIBY )HZ (8D (N2 1D N ISE ) NI LL) JHLLE) S NALSD, oL3260
¥ s QY0 (8) JROTPAC (8 )/ op3zre
4 1 ® GH  CHU iy 2016a iy 1333.042y 3010:993¢ 1297:9,3, 140066, 1,9 / 003260
! DATA HNCT)NVETI oMI(PIoNLCPI U2 (7D NRIT) 4 RICTIGNIIT) yHel) WNALPY, 003290
! t ] ? avo{7) ROTFAGLTI/ 003300
! c P M 02 41y LhE3.T01y 0 90y Qs 20y Gs »0y 100007y 120/ g:}:::
’, | [ NOLEC MAKES THE MOLEQULAR IODENTIFIGATIONS oL3sne
\ . [} 983380
| 3 c 003399
i ] ALFCOR IS THE FACTOR 8Y WHICH THE COLLISION WIDTH HUBY BK CHANGED 003360
[ OUE TO THE DEPENDENCE ON PRESSURK ANG TEMPERATURE 103370
g YHE TEMPERATURE DEPENDENGE IS TAKEN AS (TA/T1¢%0.8 "3!.:
00339
(1] ] BCOR 18 THE FACTOR BY WHIOM THE LINE INVENSETY IS OHANGED Oue 10 [TFLYT
% YEMPERATURE DEHUINDENCE OF YHE VIN AND ROV PARTITION SUMS %::’::g ,
17 (IND,EQ.2) GO YO 2O (13 L¥1] 1
nhyne? [TY Y]
(1] NYDINek 803630
0U §0 Mafi,NNOLEC (T2 LT
WMy 1) WE (W) WieT
WM R )IoURIN} (12011}
WM TIn WI (M) 0034490
[ 1) NNy b)muh (M) [TRLY 1
ND (ML) aNL(N) [1RI 3]
ND (M, 2) sNE 1) 0039 R0
NOCM¢B) mNR(9) 903830
ND (M h)uih (%) Q03%Md
" 10 HHOLIO (M) sHNLH) 0438540
RETARN 003560
' [ {] coNTINE LIELRL]
R PRATINUP/PO [ 13 1]]
L TRATIO= YENPQ/Z TEND [1R121]
. 11 00 30 Mwi,NWOLEC [IRITT
!Oﬁlmill"l'lﬁ(ﬁ."ﬂ.ﬂllllmﬂv..IU‘FIG.IIND."DI"QNVD!NI 003640
ALPCORIMIUPRATION(TRAYIOCSO,8) 1R _X{]
’ n CONTINUE [1R{31]
003640 .
. AEYURN bt et :

4




Table A1, Listing of HIRACC Program (Cont.)

FUNCTION 2VRFAC Phs e aPYey FIN biBodlh

[y PUNGYION QVRFACEM, YERP,TRATIONQVO JROTFAC )My ND MUIW, RVOTIH)
OIMENSION OVO(1) 4ROYFACIL)
:;N'NI!ON HUMOTHMoNVDI M) s ND {HDIM)NVDLH)
LEY)
[ DO 40 121 4NVOIN
1F INO(W, 114600 0) GO TO 20
SV LomEXP =M (M T) 7T ENM)
17 (NDI3) 40T a8) BVEBYUENDIN,I)
10 Qye QV/8V

1] 2 QUAFACS (QVOIMI/ZQV)I® LETRATIO) SO ROTFAC (H})
RETURN
]
(L1 ]
SUBROUTING RDFILE Te/th  OPVsi PYN beBo Ml
|} SUSROUTINE ADFILE: (ONUS s ALFAR, KPPy HOL)

(143 Y44)

{10
[TF] 3{]
(12 1 1]
aise
osared

(R IAYY4 4

(1514

COMMON #XBUB/Z HECPI)LININSILOINE sVBOT,VTOR V1,V B0V o VFE o 1EOF , 2PAN :030"

1Ly MM B IRV 0P
DIMENSION QNULL), SC1)s ALFAOLL), EPPIL), WOLIL)
» 10AVae0
1s REAT (3) VHTH,UNAX, NREC
IF CEOP L3N 95,08
14} Ir (VNAR, 0K, VINT) GO TO 32
READ (D) VMIN

16 80 10 10
1} :::ﬂ‘(l) (GRULTD o 8(T) ,ALFADCLY 4 EPP(T) yHOLIT) pTed oNREC)
.
INYenarC
17 (¥NIN.BE, YEOT) GO YO 30
19 00 &8 IsiNRic

Loel
1P LWL 118K VHOT) GO TO N
(1 conYIn

L] TP (YMANLLESVIOP) RATURN
ge DO &0 Yo, Natl

1ML}

1P (ONUCE) o8TVTOP) 6C YO 1O
1] ooNTiid
” 114 a:’ oLTJNALO) TOAVARY

(4] ny
" PNINY o2}
12000
éli [ 14401
3

[
«we :g“" (" gMD OF PILE OW BIBXKS)

03040
nun
03800

e e
bl
040

it it A
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Table Al. Listing of HIRACC Program (Cont. )

SUTROUTIKE CONVEN Th/ e  OPls} FTIN woStblh [HESVAL,
SUBROUTINE DONVIN CGNU, FFOPTH RECALF yMOLyFF ) BF ,VSFy XF, 1S, XVE) 004140
QOMMON /NStH/ RECPT LIMIN)ILOXHL )VBDT)YTOP VL4 ¥2 DOV VFT, TEOFS1PAN 00&120
1EL 4 IDATA, T 8TQ® 06130
:}om-ou MRS NMP\ORF W NS DXS NS NNV E )ORVE NXVS (NFHAK, NEHAX ¢ NVSH :gziw

X 80
COHMON #8UNL7 MAXF ) HAXS y 4AXVS o NL29F o NL IHS § NLINVS ¢NL Oy NHE )OVS 4 OvV S aoLis0
COHMON /M TIME/ TIME JTIMROF, TEMGNY 4 TINPNL [ TLI%{]
OINENSTON GNUIL), EVOPYH(L), REQALFIL), PFLL), SFIL) 004100
DINENSION WOL (1) Dokind
OYMENSION XP{1)y uE(Ldy NVSELDy VIFIL) 00K200

q [TLI3V]
v [ILY3]]
g THE VEPY SLOW FUNRTION 1S USED TO DRIVE THE CONVOLUY ION PROCESS no::l:
00424

] THE VERY SLOW CONVOLUTION IS PERFORMED FROM ~NWYS TO +MWVS IN ubu2so
c WALFNIOTHS 00h260
4 oea2r0
[+ DXVS YK THE INTEOVAL AT WMEIOWM THE VERY SLONW FUNCTION IS STORED IN 004280
[ HALENIDTHS Jukde
o 0046300
¢ JJ IS THE LICATION IN THE ySF ARRAY FOR W ICH YHE CONTRIBUTION [ I.LY FY ]
[ TO INE ARSORPTION L OUFFIOIENT FROM THE I0TYN LINE I3 CALOULATER N::!O
a [1ETR1]
g IIVS 18 THE APPROPERIATE INDEN OF YHE XVE FUNCTION :lo::';%
(] VFT 18 THE WAVENUMBER VALUE OF LOOATION 1 OF YWE FF,3F AND VSF 004360
[ ARRAY & 004370
c 004380
g DEPTHTIs EFFCOTIVE ABSORPTION COMFFIOYENT OF THE T'TH LINE ::u:w
(1Y 1]

[ gommio
CALL SE0ONG (TINgD) [ LT3 {]
RATYN=DYYE/DXYS Q0630

FUIAPLOAT (NMVS ) 70NV S [TLLYY]
CONFaDYVE/Z0V-1 s [LL1% 1]
OONSs VYR /DVE=1, [ 1YY
3F (XL0.6Y,IHE) GO Yo S0 004870
00 &8 JellO, Ml [ J11Y.1)
DEPTHIWEPOATHLET) [TTIXT)
IF (DEPTHE LEBs) GO TD &0 004300
TSLOPUaNECALF ¢ 1) *0RA Ty T Y
TINT®LGRU (D) =VF1 /D VYS
WFySarys/2R.0PE
JHAUW (P INT eAFVSYe2,

IF CINAXe LE, MAXYS) GO YO RO
ILASY ey
60 Y0 99

20 JUENR(TIRT-APVE) 62,

JHINE = (2INTSCONN)

JHINSed IXNTSCONE)

TVER(FLOAT CUNEN=2) =ZINY YO 29(,0PL
TARZVEL (FLOATL JHENS) = ZENTYQ ONS) *28L0PE
IFuZVBe (PLOAT (UNINF)I« ZINTSCONFI® 25LOPE
0U IW JJnJHTNg SHAX
JEnJHINSS U
JEsJHINES &)

VBN YS T MOPE
28u28029L0PL
1ruZre7sL O
LIVRUARSCIVE) #1,8
LIRSABBIRNIGL4Y
1IFsADS(IF)es b
VSF (JJ) Y BF () J) OEP THI® KYS (T TIVS )

BPLJEN AP LN oDEPTHIS ag(I2 )

PRLIPIBPPLIP) CDEPTHINRPLILIZP)

L1] CONTINE
[1] caNYINIE
TLASYwIN]
e TOATARG IF MORE OATA REQUIRED ** TOATAwt: LF NO WORE DATA REGURREC
TPANILs JOATA
40 Y0 o0
" convinue
(1] ":nulll
L 4 [ ]
8"“ \ISDIB R 1)
TINONVSTINCNY #T INE-TINES
REYURM
[
[] [
[} [JL131]
(L1 [ 1111 [

. vy par g
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- Table Al. Listing of HIRACC Program (Cont, )
. SUBROUTINE PAMNEL Thi/Ta ptet FYN woBaklle SrzuLzee
1 SUBKOUTENL PANEL (FF,QF ,VSF KKFILE) ITT IV
CONMON /XSUY/ REGPTGLIAINGILO, THT VEOT,VIOP, VI V2,0V, VFT RFUF o TPAN ik 82y
1P, IOAT A, 1S 0P 0LL930
. COMMON /SUBL/ MANF,MAXS ,MAXVS NLINF, NL TAS, NLTHVS, NLO,NHT c OVSsOVVS Gl udud
3. . GOMMON ZXPANEL/ VAP VIP NLIH NSHIFT \NPTS V0a98Y
. COMMON AXTIME/ TIME (TINRDF , TEMCNY , TEUPNL Oy k90
NIMENSION PP 1), SF{1), VSF(L) T3]
OIMENSION ERTOP (D) T
GALL SECOND (TImEO} v 99
10 XQBu=T, /1004 0084800
201910847128, 095010
XO2E3%. /128, 209020
A0Iv=S, 71280 T TE])
N10us1, /86, I
' 1S 21109,/ 46, 109090
ISYOPag Wwesee
UNHISE(VR=VET) /OVeL .8 "W
17 (NM1.GELNNND) 19T0Ped 908080
3 IF CISTOP.EA.1) NMIwNNNT W09
\ s ] JHNAPRENLOCNPTS W69130
: JIPRINNI=NPTS 0110
LIMLOR(MLNall/ha] 008128
LINHIe CAHE /%) 4) 105130
[ SLOM FUNCTION VALUES NEEDED 7OR SUBSEQUENT PANELS ART 3WVLD 08440
" 00 18 Jui,@ 068150
1 APSTOR(IInEF (LINHT 0 Y= 8) 009480
00 20 JOLYMLONL IWNT ok 008179
i JYSB(I=1) /et 180
} WCH RSP0 ¢ VIR LIVS) 08190
] 39 SPCJELIuEP (J41) 4XO0PYEF (UVS=1) o HOLOVER (VS Do NOZSVIFLUVESL) ¢XOISVEF  UOB200
3 1(Jv8e2) 005210
§ 1::;«:; OIF(IP EIONLAS (VR (UVTuld oVSF(JVEORI D OXIL® LVEF (JVB) oVBF (JVS e :o:u:
131
4 SFOJOI) aSPCI0I) S NUIFVER (JVS= 1) eNORAVSF (UVS )X OROVIF CJVSH 1)+ X00%VSF  SOBRWD
1 Y} 1% 1) [1134]]
0 coNYINUE 113311
- : 0O 30 JENLDyMHE, & 305276
JEs (J=11/0 0} 009280
. PRCNSFRE) DR {JS) oLwN
d wl PECJOLIOFF (Jeh) +XOQORAF(UT1) ONUASTFIJIS) CXNZOSF(ISHL) oXDISSPLUSe2) Q0800
. 4 FRCJORI PP (Jodh sX1USLIFCUB=1) 4SF (USRI X141V (SP(JS)OSF (JSeL)) 008310
{ FR(JIOTIQPR(IeT) 0 XGIPSFLYB=1) e XORVSF (JND eXOLOSF(ABIL) ¢ KOO OSF( JSe2) QL U3N0
- " CONTINUL 108330
IF (NPTS, 209} GO YO 40 (L1211
%) 00 &9 JeNLD,) JNXPR Tusiss
| . VPaNP 14FLORT (J=1) %0V jas3n
3 N} PRINY S80, J,PFRJ), VP n09370
3 00 38 JaJJen, 1 089380
VPOVFT4ILOAY (Jet )0V 08I
- " LT PRINY on,. NI CLALTL
k : s CONTIWU 008440
X { 00 70 4 oVBR0
" snumlo.o-n-snvonm
NLINe NN = NLD# 4
(1] ViPoUPTPLOAYINLO =1} *DV

VEPUVPT oFLOAT INNS=1 )00V
Vil IS FIRST FREN QF PANEL
VEP 18 LAST FREO OF PANEL
MWRITE AXRPILED VAP, YRR, DY, ML IN
(1) WAITE TRRPILED EFPCUN gm NLOy) NRTD
YPIaYRToPLOATNLEINY «4 )oY
TP ATISTOPL KAL) GO0 YO {40
Jrey
oY “ JONLINE, NALP
(1] A4 ALILAE ]
(1] Jrugrey
00 88 JaJF NARP
L1 relJdiel,
Jouy

" 00 100 JuNLING,NANS
SFiSsIetr L)
100 JSeyset
DO 150 Judd,nant
139 |F=|Ml|o

< o

JYled
" 0o 129 'ltl‘WhMl“
. \'l‘hl*ﬂ' avgfig
2
! 90 130 #J".ﬂ“l :gl’l’.ﬂ'
(1} 138 vIR(peN, 4t
A THI
1ot nnnuummuu-uut :::;:ﬂ.
Reroan uierss
" H 09760
g .ll;:ﬂ
A9 FORNAT (T40¢261KA2B ¥ 124D ‘O“?Q.O
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Appendix B

A listing of a Fortran program to plot tho results from HIRACC in tranamis-
wion {s given in Appendix B, This program, entitled TPLOT, was written for the
CDC 6600 and the plotting functions are sy scific to that computer, This plot pro-
gram is conaistent with the sampling oriterion and the {ntarpolation methods
described in this report. The lour point Lagrange interpolation is used to generate
three intermediate points for each output interval of HIRACC, The listing of the
program, the output, and the input data, are given in ‘Tubla Bl, Two data cards
are required: the first contains 30 characters of tdentilfloation, and the second
containe the uppsr and lower limits <em'1) of the wave :umber range and the diu-
tance in inches (DX) over which this wascnumber range is to be piotted.
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PROGRAN TRLOTY

i0

13

0

3%

0

(1)

"

14

10

20

[
OELYnU, 8

Table B1, Listing of TPLOT Program

1 2YAL petet FIN noSeblh

OHOGRAH TELOT(INPUT ,OUTRUT ,TAPELN)
DINENSION PROGINI Y)Y

COMMON v{2500) ¢XPARSQ0) YR (3NOY)
DIMENSION LIDC?) JW (P Do HHOL LT)
HENwy He

READ 910, PROGIO

UHIND 10

PAINT 410, PROGTO

SALL ALTIDS (PRAGIN,ILL 091104 048)
READ 9700 Vi VEIKSI?U

IF IXSI?F LT 3.0E=8) GO N 190
PRINT 830, Vi, Vi, X312F

READ (10) (NTDUEZD o 1ud o ?),SEQ PO TO, (HHDL M)y Pely 7)),
LMYy Mgy 7)) VN, VAV, V2V

YTail,

YTayreNELY

OALL SYMABL (040)¥Y 18I0, 044,700
YteyYY=DELY

OALL SYMBOL (O DY T y0s18 BHIED 8,040,%)

OALL NUMBERESDyYT ) 0:18y8€0,040,14)
YTa¥VuhELY
GALL SYMBOLUG.0,YT 40,48 LHPRESS (MB)s,0.0411)
CALL NUNBERI240,YTy0,49¢P04000,2)
YTuYT«OELY
OALL SYMOOLID.0sYT o048y HTENR (X)m 40.09D)
OALL MUMRER(L 8 ,¥T 0,380, 04044}
YTav¥-OULY
GALL SYHBOL(Bs0.¥T 0, 19,20HANOUNTS (NOL/CH¥ 1) 040,20
R0 20 Mey,?
YTu¥T=06LY

RHwly
HIPwg,

IFANIND oL T8 o 0F«23) GO 70 40

TP ALOGLO ENIMY)
NIPwIp

ANn N (W) 740,00 1P
UALL SYUBOLL a0y VYVsa ASyHMOL (M) 4 s 00 8)

GALL SYMBOLUL.0,YY 0,19, MEQ9040)1)

CALL HUMBFR(163,¥T,¢48,0N,0,043)

OALL NUMPER(243)YT o 45 )HIP,0,0y=1)
GONTINUE

YTe YY=DELY
CALL SYNBOLID 40, YT o1 8y LONOVICH=1) ¥ 00,100
OALL NUMBERCL:8, ¥V, 0, 43,V0V, 303
YTeyT-NELY

CALL STMBOLLO.0,YT)0.49,L0HVE(OML) & ,0,D,10)
CALL NUMAGREL,3,¥YT,0s8, ViV, 0.0,0)

YTayTe0ELY
CALL SYMBOLLON VT, bodB )L ORVELOM-L) w 40,0400}
OALL NUNBER (4.8 VV.I.I!.VN.D | 1% 1)

er,0

OALL PLOTONT 400D
One¢VRaVi /A ST2E
BALL AXTS (RolyBuliyil o Lo8000u9049s0:0y 001y 80.0)
CALL AXES (XBI2E¢040)2M 3=1940409060)040,041420.0)
CALL OXIH (840300048 K yd o UIEZE d Do Vi, DO 2N D)
GALL YIS (0404000 1OMUAVENUMBER, =30 XST2E,060)VE40X,20:0)
NEAD (10) VAP V2P,V ,NLIN

17 (rordsild 100,60

LIMMTIINLTINeY !

IF (R4, G140 GO 10 148 !
PRINT 928, VAP, VEP, OV NLIM,LINAT

READ (101 (YT} o109 ,L IWND)

l”olgl'oL'oVIi 00 0 83

10w

IWisiLoebR?

o 7e Je%,L1IWeL

CAYev (1l

V;l’-da

IF (OAYGLY 20400 YT ugNP{QAY)

arsL2/r?

wiuloo
000440
[113% 1]
[IT¥8]]
FIILY
000180
yonsey
LITES A
6004680
040190
[1TELT]
000210
ceoaz20
aeoz 30
J002e8
goo2 9o
vup2eo
geoare
[11EZ ]
[L1EL]]
00300
[TLERY]
000320
000430
[TTELY
000330
000380
080370
000380
[TTRL1]
T LY ]
[T LYY
Jagn20
000630
00064k
000490
000660
00ar0
000LA0
[IIE3]]
peosdu
L0910
[ TTLE]]
L0530
000940
069990
[1T31Y]
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Teble Bl. Listing of TPLOT Program (Cont.)
PROGEAR TH 1)y

CONTIRIE 000840
F VIR LAT.L) 60 YO 80 600850
YLOW VL «ViP) FOVIS 001 ITLL LY
14} IHTs TLOe600 000870
17 (INYGE.L INHI) IHIwlLIMHI~1 opossd
[ 1] 18 (VIF.LT.V2) GO YO 90 [TITE]]
LAMHYISI V221 8) /NV 8,004 000940
IF (LIMHILLT . 6006 IWDaLINHI-d 04910
[1} L1 OALL LPP (ILO,THT Vi, VL (DX, 0V) 00y R0
ILO=TNY [T X
INIe IL0eN00 [T L)
I CINILLT.LXMHYE) GO VO 90 500950
IHTSLIMHT =4 o960
[1} IF (ILOLLT LLIMT=1)) GO TO %0 00970
YOy LLINNE ) [I1L)])
YIPIOV(LINME =8) 000950
V{3 e Y(LIMNT=t) [TECLL]
Via)av(LIMD) Q04010
L 1] 1F (WIFHTLTNLEIM) 60 TO 100 001420
oc 10 80 001030
100 OALL PLOY (NSTIZE 2305 000,=3) [ 1RY LY
CALL ANOPLY 002090
700 Jususe
" [ 00s070
4] 001880
A1) FORNAT (S(TAZ,FLO.4)) 003UW
90 FORMAT (JALR) 005100
Q20 FORNMAT (IF42.), 21100 00413
108 930 FORMAY (WPL10.3y018) Q01120
E£ND 005130
\
SUBROUTING (PP

3 SURRQUTINE LPP CIL0) THT VAPV 4,00, 0V) 104148
GQNNON Y2900, NACEBN0) ,¥PIREID) q041480
PRINT 910, ILO, IWI, V4P wite
[ LA TLT) [ 11384
] [TTU L) o088
DVESOVE DV1 [TT38 1)
R sasend
XO1eg08/ 400, [TFY31)
X0 /1200 [1F38{]
1 X0 Yvel, /100, 003230
Xy o=l /100 [TIY LT
NiLe94/10, oLi2%0
(13} Witho
FCLELR (2 0g [ 13V 31 ]
19 00 18 1e1L0yINAX [13Y{1]
AOLIPInYLPOOVIFLOAT (T =F) [TEYL ]
APLIPo4PuXRITRS 4DVL e
ne(IreginXPLIP) o0VR desdte
AP LIBe I xR (IND 2BV . [T3%14]
20 yplIP A T) 03330
umm-umu-uom'vuum-mmmmu o) 003480
vumn-lu-uu-uou:omolu-m:nvuom [L¥%11}
YO (IPed ) eIty (L) eRAEOY () oROLEY(101) +OEOY LKD) 004360
10eIP ob 003370
(1) 10 CONTINUE whsIsy
: AP (IPIO VA POV FLOAT LTHE=8) a031%
R LOUTIRLL [1ILY 1]
CALL LINE ﬂ'.”.tﬁ.M.hﬂﬂl.l.h‘oh!ollb [ 174} 1]
RETURN FIELLL
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