
CO AFGL-TR-78-0053 / .
ENViRONMENTAL RESEARCH PAPERS, NO. 626

%0
Atmospheric Transmittance/Radiance:l
Computer Code LOWTRAN 4

J. E. A. SELBY
F. X. KNEIZYS

J. H. CHETWYND, JR.
R. A. McCLATCHEY • .

jj

J 2_8 February 1978

Approved for public release; distribution unlimited.

OPTICAL PH.SICS DIVISION PROJECT 7670
-1- FORCE GEOPHYSI1CS LABORATORY

HANSCOM AFB, MASSACHUSETTS 01731

SYS P C

__ USA-F



This report has been reviewed by the ESD Information Office (01) and is
releasable to the National Technical Information Service (NTIS).

This technical report has been reviewed and
is approved for publication.

FOR THE COMMANDER

___C *ef Scientist

Qualified requestors may obtain additional copies from the
De'ense Documentation Center. All others should apply to the
National Technical Information Service.



SECURITY C1 ASS-FtUATION Or THI% '4'ýtW T)-l- IW-d).

REPORT DOCUMENTATION PAGE NEFKI CNICHAUCWNG OR

--TMOSPTIE1RIC-aZRANSN-fl'TANC17 AIJTANCE sctentirxc. Interim.
-- 6. PER'~N' vkN, O'ý,. 04 ORT NUMlFt'O

J. 1, Chtwyfl, Jr

PrI -091, ~AND ADOR~E,"T.PO.

Air Force Geophysics L~aboratory (OPT) .

Haso AFB, 61. 101
Massachusetts 01731 \ ' 767,0 905\

11. CONTROLLING OFFICE NAME AND ADDRESS

Air Force Gcophysics Laboratory OI 231 FvbinMW78
H-anscom AFB,.
Massachusetts 01731 too__

94. MONWT0lING AG.ENCY N AMC A ADDRESS(ft 1111,r- 110,, ,n~U, Oft/I 15. SFCU'GTN CLASS to( fhlfeproj,

UnclassifiedK ~
r~.DCI-ASSIP1ICATION 00 . DIN~

SEN EDULl'

16, DISTRIBUTION STATEMENT (of thin Rpro,')

Approved for public release: distribution unlimited.

VY. DISTRIBUTION ST ATEMENT (otth *h. t ,r.~,t~dm 11oe PY,,6 OU dfI~ff.-,, f'oo, *p.re:

IS. SUPPLEMENTAR~Y NOTES

Present address Grumman Aerospace Corporation

Y9. KEy WORDS (CnIin,,.. it .,....... .~ d Id-11lf, t, bI..~k ',,,nb-U

Atmospheric transmittance Atmiospheric optics
Atmospheric radiance Radiative transfer
Infrared Attenuation
Visible .--

_ T A T ( C - tin t n ,~ . 0d. * id f . .. ... .. sn,f d . . t If 6, .h 6Iole k o - h,),S~
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mittance and the thermal radiation e *tdby the atmosphere and eartl? in the
wavelength range from 0. 25 to 28 5ý in at a spectral resolution of 20,A&n~
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the same data package. The effect of aerosol radiance and nitric acid (1-1N03)
transmittance and radiance is included. The computer code also contains six
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measured values. The program can be run in one of two modes, namely, to

compute only atmospheric transmittance (as LOWTRAN 3B) or radiance and

atmospheric transmittance for any given path geometry.
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Atmospheric Transmittance/ Radiance:

Computer Code LOWTRAN 4

1. INTRODUCTION

This report describes the development of a Fortran computer code LOWTRAN 4

designed to calculate atmospheric radiance and/or transmittance for a given at-

mospheric path at moderate spectral resolution. The present code is based on the

current LOWTRAN atmospheric tra'iismittance code, LOWTRAN 3B (and its pre-

decessors LOWTRAN 3, 2 LOWTRAN 2, 3 LOWTRAN 1 4). All the capabilities of

the LOWTRAN transmittance codes have been preserved in the conversion of the

computer code to atmospheric radiance calculations. The LOWTRAN 4 program

will perform either atmospheric transmittance or radiance calculations. The mode

of the calculation is determined by a single input control parameter.

(Received for publication 27 February 1978)

1. Selby J.E.A., Shettle, E.P., and McClatchey, TZ.A. (1976) Atmospheric
Tr'ansmittance from 0. 25 to 28. 5 um: Supplement LOWTRAN 3B
AFGL-TR -76-0258.

2. Selby, J. E.A., and McClatchey, R.A. (1975) Atmospheric Transmittance from
0. 25 to 28.5 fm: Computer Code LOWTRAN 3, AFCRL-TR-75-0255.

3. Selby, J. E. A., and McClatchey, R. A. (1972) Atmospheric Transmittance from
0. 25 to 28.5 pm: Computer Code LOWTPAN 2,AFCRL-TR-7:2-0745.

4. Manley, 0. P., Smith, H. J. P., Treve, Y. M., Carpenter, J. W., Degges, T. C.,
and Doan, L.R. (1971) OPTIR II, AFCRL-71-0528 (Vol.. 2 & 3); (1973) OPTIR
III, AFCRL-TR-73-0217 and 0491; and (1974)OPTIRInIB, AFCRL-TR-74-0319.
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Continuity with the LOWTRAN 313 transmittance code has been retained.

Changes in the program required for radiance calculations have been minimized.

Only two new subroutines have been added to the program. Although a new card

sequencing has been established in the LOWTHAN 4 program, a comparison with

the previous LOWTRAN 313 code has been provided (see Appendix A) to facilitate

user conversion of this program to the radiance mode.

In this report, we will describe the changes made in the transmittance code.

These include a discussion of the method used in the calculation of atmospheric

radiance, the addition of ttNO,( as an atmospheric absorber, and the modification

of the empirical transmittance functions for small absorber amounts. In addition,

instructions for using LOWTRAN 4 are given in Section 6. A listing of the com-

puter code and data is given in Appendix A (note data is the same as L.OWTIRA; '113).

A flow chart of the program is provided in Appendix 13, and a definition of symbols

in Appendix C. Sample output from the program is provided in Section 7. Examples

of atmospheric radiance calculations from LOWTRAN 4 are presented in Section 8.

Comparison with measurements are given in Section 9. Some comments on the

program use are discussed in Section 10.

The latest errata sheet (September 1177) to the LOWTtRAN 313 (1976) code has

been reprinted in Appendix 1). Users of the LOWT:\RAN 313 program should verify

that the corrections listed in Appendix I) have been made in their present codes and

in the conversion of their cedes to the radiance mode, as described in this report.

I'sers of the current LOWTIAN 313 transmittance code will find this report

sufficient in itself for performing atmospheric radiance/transmittance calculations.

For those unfamiliar with the LO\VT.AN band model type calculations, more com-

plete information is provided in the previous LOWTtAN1-4 reports, as well as the

Optical Properties of the Atmosphere Report.

The computer code has been tested for atmospheric radiance calculation's for

v:,rious atmospheric paths. However, no attempt has been made at this time to

optimize either the computer code or the execution time. If any disc repancies are

encountered or problems occur in the use of the code, please notify F. X. Kneizys,

AFGL/O1'I. Hanscom AFB. NIA 01731.

The LOWTRAN 4 card deck will be made available from the National Climatic

Center. Federal Building. Asheville. NC 28801 for a charge of $20. 00. (Please

address requests to Mr. H. Davis. )

5. McClatchev. R. A. . Fenn. 1. W., Selby, J. E. A. . Volz, F. E. , and Garing, J. S.
(19721 Optical Properties of the Atmosphere (Third Edition) AFCRL-72-0497.
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The i x" P i .N SHI t ransmittanice p ogra IA:nhs beenI lmdifivd to calculate at -

nospiheric and earth radance. A\ inu'eviical evaluat ion of the integ ral fo rum of the

eqmtiQn of rAdiative transfer has been added to the ) ro'graml. Thev e mission froml

Aerosols and the treatmnent of aerPosol and molecular seaitte rin we vt conside red

only in the zevrotim ordeiý. Additional contribitions to atmospheric emission from

radiation scattered one or mu no times has been neglect ed. L ocv.1 thernWod namic

equilibrium wais assu n~ed in the atmnospherme.

The average atmospheric radiance tyovr a 20- em 1 Ijite rval) at the frequency.

i.alonig aý givenl line-of- sight in1 terms of the LO\VT 1AN t ransinnittance paramneters

is given by

a- b

where the integral rep resents the atmospheric contribution and the second term is,,

the contrijbut ion ot the bounda ry. (for exanmple . the surface of the ea rth or a cloudi

top)~ and

-average transmittance due to absorption.

-~average t mamsmittance due to scattering.

7;: avermage total trman'sn-ittance.

I a' verage tota t pans niitanves from the observer to bu~ar

MT. T) aveage Planck (blackbodv fuctOn corresponding to the
f requency Vn and the t emporaturto T of anl at mlospheric layer,

tompera.tur, oif the boundary.

The emissivity of the boundary is assý,umed to bet m'nity.

The LOWTIRAN band model approach usod here aIssumevs that sinice the black-

body function is a slowly varying, function of frequency we can represent the average

value of the radiance in termis of the ave racge values-- of the trannsml-ittance andi the

blackb'ody function . r and Ttvary from I. to -b -I -b'U t he

obevrs ln-fsight. For lines of sight wihdo not into rsect the earth rn

cloud layer, the second term inl Eq(. ( l) is oitd

Thle num llerical. analogue to Eq. (1) has been incorporate~d into the i W\T l{ :N 4

comnputer program. The nume ricail integration of the radiance alonýg a line -of-,sight

fra given model atmosphere defined at N levels is given by

9)



N-1 ) )(T-s~i)-+ (i+1) Tb

1(C') = a - (i+1) B 2~l + B(( T bT)A

(2)

Thus, the spectral radiance from a given atmospheric slant path (line-of-sight) can

be calculated by dividing the atmosphere into a series of isothermal layers and

summing the radiance contributions from each of the layers along the line-of-sight,

that is, numerically evaluating Eq. (1). This can be clearly seen from the follow-

ing simple example.

Neglecting scattering, consider a three-layered atmosphere characterized by

temperatures T,, T 2' and T3 as shown in Figure 1. Let -F1 ' 2' and F-3 be the

transmittances from the ground to the boundaries of each of the layers respectively

(see Figure la). Figure lb shows the corresponding case for an observer in space

(distinguished by primed T values).

OBSERVER IN SPACE

"T3 1' IT
T2T 2 T2

GROUND OBSERVER GROUND Tb

(a) (b)

Figure 1. Upward and Downward Atmospheric Radiance
Through a Three-Layered Atmosphere

Then from Eq. (2) the total downward spectral radiance for an observer on the

ground (looking upwards) is given by

1(-7) = (1-• 1)B(-, TI) + (T 1 --T-2)B(-T T 2 ) + (T- 2 -T- 3 )B(-c, T 3 ) . (3)

Similarly for an observer looking down from the top of the atmosphere (see Fig-

tire ib), the total upward spectral radiance is given by

I(T• = (I-T ')B(T, T 3 ) + (T i-1 2)B(Y, T 2 ) + (T -T3)B(YT 1 ) + T3 B (-, T

(4)

A comparison of Eqs. (3) and (4) shows that in addition to the boundary con-

tributions to the total upward spectral radiance, the total downward and the total

10



upwyard spectral radiances from the same atmospheric layers are not the same but
depend on the position of the observer relative to a given atmospheric slant path.

In the LOWTRAN 4 radiance program, the position of the observer is always defined

by the input parameter, Hi (see Section 6).

3. MNIODIFICATION OF TRANSMITTANCE FUNCTION

In the LOWTRAN 3/3B transmittance model, 1. 2 the average transmittance "
over a 20-cm" 1 interval (due to molecular absorption) is represented by a single

parameter model of the form

T-= f(C w ) (5)

where C is a wavelength (or wavenumber) dependent absorption coefficient and w*
is an "equivalent absorber amount" for the atmospheric path, which is defined in
terms of the pressure P(z), temperature T(z), concentration of absorber AL, and

an empirical constant n as follows

L IP(z) To (6)

If Eq. (6) is substituted in Eq. (5) and n is set to zero and unity, respectively, Eq.
(5) reverts to the well known weak line and strong line approximations common to

most band models.

The form of the function f and parameter n was determined empirically using

both laboratory transm:ttance data and available molecular line constants. In both

cases, * e transmittance was degraded in resolution to 20 cm throughout the
entire spect:7.. range covered here. It was found that the functions f for H2 0 and
the combine( i contributions of the uniformly mixed gases were essentially identical,
although the parameter n differed in the two cases. Mean values of n were deter-

mined to be 0. 9 for H 20, 0. 75 for the uniformly mixed gases, and 0. 4 for ozone.
For sufficiently small values of the argument C Pw .the transmittance in LOWTRAN

3B and earlier models was set to unity.

Since the LOWTRAN 4 program now calculates radiance as well as transmittance,

the transmittance functions, f, were modified for radiance calculations from at-
mospheric layers of small optical thickness. For cases where (0. 999 5 2- 1 1) the

transmittance functions now have the analytic form

"t 1 -a(C w (7)V
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6. I•STIIRU(C.ITIONS FOlt iSIN(, IOWrIAN 4

TIle insttoUtioltxs tot' using i 1)TI ,\AN -1, with thi exceptin of 1a chazngQ inl a

ainglc couitllol catrd, are essetiall e th' same ais tho sc for thie IOWI' HAN 3, 31M

tralLnsmitLilace codes. In an attempt to make the iustructioiln as clear as possible

anld to provide sufficient inforvitiation for utilization of tile coniputer code, ill this

report, Section 5 of the IOWTHIAN 3 2 report has been repeated here in itsi entirety.

(Chalges ill tile UlSttlctioilC . riequired for riadiuiIC2 codlculitionIS LiCe illdicatt'i by

barsý inl the margins.

The input data for IOWTIAN 4 are given in Appendix A. In general, it is only

necessatry to change tie last four car'ds (referred to here as No's. 1-4) inl order to

run the program for a given problem. Th' to rVmats for the last four cards and their

aIpplication will be discussed.

6.1 Input Data hi and Formxats

Tile data tlecessa l'y to specifby a given problem atru given onl the list ftour cards

as follows:

cARm 1 MO1)HI.I, II LAZE, iYrYPE,1, LEN, 311, IM, ,Ml, M2. M3, ML, i .lMISS,

RO, 'T'IINJI) 1' IIMAT (1113, 21"l0. 3)

CAHI) 2 1l1, 112, ANGI,lt RANGE, BETA, VIS 1FORMAT (61F10. 3)

CADI) 3 V1, V2, I)V F"ORMA'T (31,10. 3)

CAIt ) 4 IXY FORIMAT (13)

Definitions of the above quantities will he discussed in Section 6.. 2.

If the quantity MOI)-IC giv-,n in CARDI) I is set equal to 0 or 7 (which is the case

if meteorological data are use'd input to the program), then the above card sequence

(and format for CARD) 2) is changed. 'r'hesc cases will be described in Section 6. 3.

6.2 Bisic Instructions

The various quatttities to be .spccified on each of tile tour control cazrds (sum - ,

inarized in Sretiot S. 1) will be discussed in this section.

14
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The TYPI½' 1 path should nlot be confusedI with a lo!p.r 90t pathi whlre lhe local height

of the enid of tihe tra,jectory is at a signil'ic•,ntly different height., In such a c,

specify the path according to IT'l'',; = 2.

I FN = 0 tor' iotm-i,al operation of program,

I EHN = 1 s.elects tilt, downward TX'YPE' 2 1O1NG patol,

rThe par-ameter I ,:N can be igno)rled (that is, left blank) for tile nitt'jority of cases.

It need only be used far a downward looking path (J12< I1l) when two paths are

possible for the samte input parameters. In such a ecase, a comtputer prinitout ,state-

meint will be givent indicating that the ustir has two hlioices for the problem and that

the shorter path has been executed. Set LEN = I for the longer case.

.1 P = 0 for normal operation of prograni

1) j 1 to suppress printing of transmittance toblc/or radiance table

IM r 1 when eadiosoride data are to be iread in initially

INI 0 for normal operation of program or when subsequent calculations
are to be roi with MOI)I-H, = 7

MlL = Nunnber of levels to be read in fori MOI)lI - 7

Note that IM and MI1 are only used when MO1)IKI, = 7 ind then
only an the first ealculations wben the data atre read in,

IVl I M2 M3M3 I 0 for normal operation of orogram,

The parameters MIl, M2. and M\S can eacth take integral' values between 0 annd 6 and

are used to modify or supplement the altitude profiles of temperature, water vapor,

and ozone respectively, for any given atmospheric model specified by MOI)EL.
Y•Or example:

MI. 1 selects the TROPICAL temperature altitude profile

Ml1 '2 se leets the MII)LATITUDE SUMMER temperature altitude profile

MI = 6 selects the 1962 U. S. STANI)AH I) temperature altitude profile

M2 = 1 selects the TROPICAL water vapor altitude profile

M2 = 2 selects the MII)LATIUI),E SUMMER water vapor altitude profile

l1V2 = 6 selects thie 1962 U, S, STANDARD water vapor altitude profile

MS3 1 selects the TROPICAI, ozone altitude profile

All3 = 2 selects the MIDI.ATI'TUI)I SUIMMER ozone altitude profile

13 - 6 selects the 1962 U.S. STANDARD ozone altitude profile.

The coutrol parameter. ILMISS, determines the mode of execution of the program,

If;MISS = 0 for program execution in transmittance mode

Ii-SM1SS =1 foa progr-aim execution in radianee mode.

A message is printed to the user on the output file indicating the mode of progriamu

execution.

1B0 = t'adius oa' the earth (lkm) at the particular geog•aphiical location
at which the ealculation is to be perfornmed.
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(21l Slant I'atis itt Spatellv 0i 1:%ti

(aI) spectify 1ll, ANrSI.IK arid VIM

(hi) SwttifY 111, IRIIN anti VIM (for limbh \teiiiljitypobltt'ii witeit IlIlIIN is

lithe rttni'itil txtrrgeilt height or tniriinnnnl nlitlmit of the 'M patiI raject t'i.

(3 ) Starr! li t ttvt Betweiei 'Iw\o Altitudes (IlY 112 2)

(aI) specify 111, 112, ANCIIK, anti '(1

lb) ýspecif~y ill ANGLEK IIANUIK- arid VIM

I)specifY Ill, 1121. ilANGE- and \ iS

For cases (hi) anti ý0 tilt ptogi'aii w\ill calculaote 112 and AN6Ub: i't'51)cti\'iy.

assnrnnlllitig no re~fracAt ion; thel ;troceti-o :an for- cast' (a). this rnttoitl of dclt'firiiri
tit'\ p-oblitir shlollld Ut' iseti whenl refract ion tiffettas art' nit'lt illlpor-t alt for ev:irAple.

for, ranlges of at few itens' of kinl at ?.eritti anglesý, t'SS fliit 811". It c'ani alSO lit' utsed

laver.

((I) SpecifyN 1ii, 112, BETiA anti \ IS. Lecave ANIP11K ; nrij HxAr4(Ii blanik Inl

thlis calse. This inletliodt cart be ulsed when Owi geollettrical t'otifigliiationt of thet

SMrrC"' ;intl !'t'civer iS; knlown atckuirt'alt'v. but lithe inlitia *ienitt ýIi igli' i.i tnot hiot il

ltt'ttim'l Jut' to atmoos;ptit'nvit vrefract ion effeckts. P~ita is~ mos).t fi-e'IllIetlY tieter -

rlititiet byV U10 userV 1"101 gr'ountd ranllge inlforniationl.

Ili the cases of '2(b') and 30d) above. tilt, s ttrout i ne AN CI .1 is caliedtitii tin'

¶)IO ititi 'Iii to doilt erml)ine t he aporte irit renII k'it 11 antt',b all iteixtt I' Nk i echiiiiitjrt

lithot tase titr -tl 11 rVl,~ '7, tilt' new tmidt' a~ttulospliere (,It ratiiosorittt data)

is inisertted betwet'n C'AR PS 1 and 2

Tili'se cta range Over' which I rankisrutittanwe dlatal aIre t'etiltii''m tl Aldtilt' spec -

rt )iriicremn nit sit at w hic i Itie( data% art, ito be 1 tririteti out is4 dot trmiodirrt bY C'All ) 3.

V 1 initial freqnevlkNcy in' w axerinot Ibe'S tern1

V' 2 finail fr'~tqienityý ill wax itninnhoers (,'Ill xII where L'2

Dv freilequtN't iricirklit' nt (or" step s;ire) (vilI )

(Nntt, that lO, 10 Ai where p, is thle fri't~plnt'v ilcil ti 1 anti X i-s tilt' %vavtleiigtli ill

Ilticroru's , arid that 1v IV an otitv take, valiues whitteh ar it' a uiltiplit of h

CAll 1) 4 IXY

TIlte cotrojt'l paraI1Ititeter LXY Cinn caulsk the.t piogranil to teyiso thait ak series

f ptroblemts canl be mi-1 wivthl one sutbni. is (i i of I.ONTItIAN. iy0vaMites of lXY cank

hi' oseti to tpnovidie tilt' opt ion s givel oil tilttl fotllowi rig pages.



I>'. = 0 or' tilnik card, to ('11 of, prograil

= I t 1,, I' sele It ,\ AI i It' ) nII' (,,III It ) I~ t ,l I II N. (iy tlS IIIiii ki li

aIt I 1 1I't 'I5 I I' , t I I I~ I ' c I III

2to I t'l'e Ii Ie data II Si jiki't ' I t II Ix 1 , 6 , 1 , Wi

:1 to k I ,,t i ni I A~ I i% n :1111 X tI) t '1 11I\ (a.;SoIt ijl k)lk' ot I -

pau': Iloiters ate kttwiicltacirtl

4I to ý;el' IO tiC i'AIlI) 1 Alit C\1111 'I 0i111Y~tlili tht

'hTsllý if [otr tI t ituite t itlijQ8 1or :wdltij 01 Mat,. h l'' j ia¶ n t he

vcldv NNi-ml~t' toIlkeii';lpthot ell a t'e nn'lta yel

tio't'i'ialI V'I tIo 1, 2 e0c t ii f , or1 : IIi ftiftctI'I It si SI c I s tc. I Ihu, IN i I Ne

equlal Ila , hin It ls c '1t' lt, caril seqinnet' is 15fol low s antId ":tIle t'itl itsc ý

I Ia1t11ly t ines c' as 'eq'Ili ret,

C'Al 111 1) KV \ - I

C'ARE) 5 VI VV23' 1 W

(CARh D 6 INV Y

CARl1) 7 * C Dv

C'AR 1) 8 INV (

I'lle finial INV card shlonllit ilwav~i- he a blanik or vet~o. \\o lm''t O~i~l- h INY - I option.
thle wavelenglth ilepenidenee of tilt eefvactiNve inidex is ilot hai'al~ed ils INst' i optioni

it' this is- reqnn'ilnd).

'I'C III ike Stt't'5i t!'i-lIiqlIt itt alIi' t'0ituliit(1t 10118 whs' in uist the gt'iigu'Ihujjlie:it

iiioi(lt'I tutnmostutere 'is el~neIanih.ot' with or t wiltiotut ati'osiul alt ennlittinhi, ;t-it'
4N -Zanld ioomtst 'inct a diataIOllk car sequenelC ajol lon ' ti UIe linestj\j as 11i0\' ile.

this ileile01e of i'oc~i'cttp canl be i'Cjieatedlk Sxt"cessivetv.
Thswhen a smeries of pvobtensý is to het ('xi'nltcd (With Otni' SnIhnu~SýissjI of 1 O~WT'IUNi)

involvijug thet Stauntard ltInn0Sp~heuit- nott,'lS tll I to 0) AS %Nt0l 11M,S' :i-i's ill-

volvitig TvOI)ICI -- aliil 110131 = 7, Ilt'll~u tilt' order inl whIich thme datal LIlt' wt iu1)

becomnt's x'eI'vnuttoi'lanl. Note tlei I`lohloine1, se1.1en11e.

I. RjUnll ý11JPlbIL'ohli, naiiimQ MODFIII thulongi,1 6; frjýst.
2. Se'ouldIi'. I-tillt all probilenms mnlvolvitmg" fivh list' of MDI il. = 0,

3 . I ln all 1lii'oblemn inv olIv upI ite :,o o f N101 )1-(1m, 7 liast. 1 ho ;'t oultrt

1m1n1mmiing MlODL~ = 71 easesý last is t hat whenl a new atunlosplierit'1 inodttl i! utrail iI I.

tile altituldesO lul' [lot i'oi'Ve-SpOmId With those givenl ill til 1 t, mia' nttjt'l cmlI n

pu'ograimi will erase Ihlen, Sitolilarl', if' a IODFl, ti0 oat,., isý 'jtinlhoim a,)IMIý

MVODVIl 7 ease, thei first level oC AMOPIhI 7 is i't'ttit'il

6. 3 N out-St vdamrth (Cond it ions

iiThretfe mmpton-staiart vilal u'miifouis lo'u.'t' tomic Iatmialt'zil m c' i i' 1 ljeusitlt

(IllC iF T 1 1- tilL t ' j(ii IS l itV III-;~ I~;I.IV 1 S 1

'It-A
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It :
7.2 Output tiiu IOT)~IHAN t

ilindoif t'xt'cttioll ot till' prog~rinn is pirnted ;zl(is , fii''net ineit oh I II' output . Vor' this

iirobiulni I ln' fi I.t cask' \w ill Ilit' eXL' ItVte ii 1 it'1I ti'tiL tt lttitt Zt't' Iti10110

'lii' Jir'antet'r' detitg I lit atnioqliherit' path1, iiloiel zitntistlit't''5: tidi f'o-

;ltnnc r'nc ae et pirinlted nut,. 123'LIowing. thet hea~lthj n IC 1111iZANTA I , lIWF;IJ:YS

there ant' 13 collnnn us. The first colli elpves n runninug intteger' associattt't with

e 0\e 0 leIe level jidctr.The Second t'timni 11 t' tilt, level ilt itule- inl kin,. Tlit,

ne0X t H Corits gi111 1ý , ve lIIIt' t'tu1i v a Iennt albSOrber'0 1 amouInil lts lien' kn f1 or' tIint' followinig :ni, h-

stkiit sfiet'ies: water aJ ' inifr Il iniet ass 7olzoe, nlitrogenl, eonnl iniluneII,

NN att't' v'apoir cilnt inluiun (it ju11x)% riiolcoulai' scatterinig, aer1osol eXtinctionl Ailt1 
UV

017010nit',rspectively. 'lie netlt tlr'ec colultmns give ithe( mean refractive indeix lniotulin1s,
front Ithat level to tilt level above, tile euivalen~tIt ab1soVIeC' :1111nnt1S pee- ki1 for the

water' \':iloi t'olitiiiiitii (0 pmtn arid, foi' tlit ic acid.

A iteadi ng \'Eli I'IC'Al4 1Pl0VlIL.iS is thlen printed followedl ln 15~ -ot urn uis Thel

first a nut second c011oln.n irOgve thet integer' a,,ss eated w itli the levels, t raverse b'i %i

tile path ianLd tile' height le t iil' ltevet l. ii The hollow 8i coltinlint whiicin givi' thle integratedi

eiplriva lent absorber' amuounits from ilt lini'ntiral aitit nitle to thiw level above (in the saint'

order as inidicated abovte1. The ru'snet 4 colunini s are labe lled P'SI, 11!, 111('TA, and

THET u~lA. Mrn l conr'espondt to tilie arigi cs, sltimilar to b A. 0. ,? and P~ descr'xhed inl

I O l' i AN 3 Columnis I'S1 and BET1'A giv \C thle t" i at'iva~lues Of 4) Arlid p; in

tlie level above. COlinritis 'THETi'A antd 1'll1 give tillte lokal 'zt'intll arilr'0 on'epod

rig to that level andl tilt' an gI e oh ar'rix'at at tuek level above, i'espekt'ttxely '1lThe

at'cuimulated slant r'antý'e 'is printed Out inl the last colirut m tide r RiA NGE.

Th le total teqtiivalenit absorber' an tonntits Cot' each absor'b r' spet'ies are 011 lienaunt-

rtar'rzett bielow inl their' np~rpi'liate abobe'niottsalegvs h wtr

'The seeooud lint't in thle total t'qulivaleuit asue wut al stl ae

vapor' cont inutinit altiourit 0' p it) aird the iltrit' aiCid artionirt.

A I r'anisnittauee table. ouitsi ninug 12 oL011r 111ts, Itow Collows. TI'ne( firist 3 t'ot-

umls giv'e thlt. fr-queitey (Cnn wa) l irp'01ýtli (pinl), and tot [itrastitae, [i

ntext 7 colrumnts show' the individual tratisnittauce due to water' vapor', unifhoriily

mixedgaes 07.01i0, nlitl'ogeri (4 gLin) ot'Olit~iIIIrrrlt, total water' \'Rllti' nt'iitirxuu, nt.uole -

tu e satter-jug, and1t ae'ool.0 extinctj ion), TIre lae st 2 columnls give' abs;or'ptiorr dule

to aen'ozil s anti thle Cumutilatilye integr'vatL c absotr'ption. 1'The latter' quanltity c-alt be use ii

to determtirie the aver'age tralusritittartee oiver'a> guy cii spect ral int er'val withInn t ite

s pectr'al ranige coveredi by tile t'aleul atie i. let nally, tire total initegr';tteLI abse r'ptio n

from V I to V 2 is pr'ittet-I out (units arne t'rill- togethier' Withi tilt' av'c'r'azr' Iran sin ittaite e

Over thle band,

['or atIl r'adiance cal i'ulatlOriS inll hti'isep ', tinea''rag continetlIýal aer1'osol IIi odel
was used.

2 2
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T' he second case is now executed for tine s•toe comlinitons in tie i'aiUimace n ode.

Tile output of the prograni is identical to the transmiittance inidde up to and including

tilt' p'ittii•g of tin' equivalent sea level absorber amounts.

'Two lat'O iiet's, .11 Ialnd 2, a e othn plti 'ited out. "lt'se patianieti's contltoi

the loading of the runvtulative absorher amotuitAs into the- tmatrvix, WPATi[.

A heading, CULIM I,AT,1'I,"F A/1S3t011l'ER AIMOUNTINS FOlt'Il THE ATMOS'lI, ERIC

PAT'H11 is tlen printed folltowed by 12 columnin, 'Thi first roluhni giv ui aii integer

associated with tile layer tr'aersal by the atmosphlieric slant path. The following

10 coluinris which Pgive the crun ulative absorber- aiiounts for tlt, following species:

water vapor', unifor'mly imixed gases, ozone, nitrogen coitinutmi, water vapor

continuumun (10 riLii), inolecplar scattering, aerosol extinction, UV ozone, water'

vapor continulllum (4 /kil) anl niitrie acid. 'ITle last column is the average tempera-

ture of time layer.

A r'adianiet' tableo coitatning six oltunins, now follows. 'rlc ftrst two cohllifns

give tlie fr'equeicy (cm-I ) and the wavelength (plfl). The next two coluImitns give the
S- 2 2i'adiaiice in\ untits of" WI rio.,ste i t'-iii and WV/ cii -ster' -pt. am 1lThe next cohirtin iiives

the cumulative integrated iadiance (WM/m s-ter') The last columtn is the total

tr'arismi ittance.

Filially the om axitnuni and miinnaium r'ntlaaces and their frequelciea, the inte-

grated absorption. the average transmittance, and the total integrated r-adiance are

printed.

it. FXAMI'LES OF RA[lIA ,NUE SI'Er''RA

Some examples of radiance spectra obtained fr'om IX,OWTRAN 4 are presented

in 1Figures 3 thl'ough 9. KigtWrs 3 and 4 show the atmospheric radiance as seci,

by an obser-ver at the gr'ound lookinig straight up o space (ll- 10 kni, ?iinith ANGl1,1'-0")

for tile' six mnodel atniospher'es with a 23 km visual range, l<igur'e 3 is for the
-1

•pectk'ali region fr'eom 409 to 2000 cm a ,itgui'e 4 for' tile spectral i'egion froin
-1

2000 to 36010 cm

1"i•gm'ews 5 and 6 84mhow tile atiospheric i'altiadilie as seen bhy ani os•se'vet' in space

looking str'aight down to the grouil (Ill- 100 kin, zenith A NGI = 110"') for' the six

model atmospheres with a 23 kmi visual range. The temnperature of the i'ounid for

these plots is the appRopr'iate bouniday temnpt'rature of the first layer ill ihie model
-1

atrnosphere. Figure 5 is for the speetral region front 400 to 2000 emI and Fig-

ure 1 focr the spectnal m'egion fromi 2000 to 3600 rm- 1.

Figures 7 through 9 sh1ow atmoisphei'i ratiarle spctrta f'ont 400 to 4000 tin1

calculated using tile 11. S. Standard Atmnousplhe'e, 162, with a 23 kin visml range

for thr'ee Wifferent types of atm ospher'ic pathsl. oigu'e 7 shows tilt' zenith radiance

for an obserer at altitutes of 0, 20, aiid 40 kmi. 1"givnure IH shows tlie atmlospheric

27
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,irgure 4. Atmospher'ic }ladiance for a Vertical Path to Space
from (Groutal Level for, Six Model Atmospheres (2000 to
3600 cm-1)
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Figure 5. Atmospheric Raltaiance for a Vertical Path to "r'ound
from, Space fro Six Model Atniospheres (400 to 2000 era-ý)
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Fligure 6. Atmospheric Radiance for a Vertical Path to (Iround
from Space for Six Model Atmospheres (2000 to 3600 cm 1 )
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Figure 7. Variation of Atmospheric 1-aadtanve With Altitude for
V ertical Paths to Space and the 1962 11.S. Standard Atmosphere
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9. tA)NIP NRI ISOiN S A 11111 F. IKSLI III FI F'NIIKI

Virtis 10) tir'oirglr 122 siow Stunt'e rorrparisons- or IWTjiVlRAN '1 caltcirlations

t ~'itli w ih '~i'il~t of at-ople JW srtlralj r'at:rrMI 1roeii'0 both baliloonl and~ salttllite

Fi~lolrvi 1W shows a oolnpairisor it ohe t~e altiiati't rrpwar'd atiio~sphli'lt'- radliance

\\M jItIa iriturlcrornit'tei inair'rr rtiIori aI balloonl fliti,-t over northern Nebraskca

UY thinnte).a hlit'l( tiniversitv t' f Nlj'hca.'hiko:11 r'iteauenn a taken at ;t float

i1ttitnit' of 11 1 0 70 ftI. 'Ihle calcuklated i':riianinc' usetd tine nijihlatitlude winiter mlodel.

with ai 23 kil visuaml r'arult', anld a1 L1-011ad tempo raturejI' orf80
h'iguIro 1 1 shtows aI corapar'isonn of anI intein'er'oonlit'ter i'. ZAsu'cIn ru1lt untie from

I the N' jtIrI s h 3 sýat(Id lit'' hookinvý town Over til'te (111If of Alelxiot' with the calclliatedl

atiruoslitievit rattiance. '[he resolution of thc intcrieroninter wa 5 t'ru oil

ptared to the 20 ,il resotult tonJ Of 1I .WT Il .\ N. Two theoretical noinotet, tile t ropi -
cat 11( antI ritltallit Ilide SInMintter, wereo used ror' coiutlr'ti~oir. at, sliowa ink Vigure 11,
atitt are ttisiilact't tW L.,o ~iviajons. abho\e :111 belowN tII ti tauedraiance( for lriy
Botth l nninthls Issn;IIIewd i 23ý Iin visuazl ranlge Ilioi usedj tiet tseruperaIture at 01KA inl tile

1ii0dt'IIatIuosphIeIIV aS tile' OjItklarvIcrpeatrj I~~~igt r e 12 iw5thle con parisenl of aktltuos ptei ri t'idialnee aq seenl from sp~ace

bot't W til t, O\V'h' T 4 N LcaIIrtljit oni an t'icslrt'lit, tits frio m the Nimbus -1 saelt

for lno t hI'0(i CCt'r'r'nt zeO'1raIl~ii lorations". 1 lktpetr, obi~tilrvd with a Mlichelsonl

intt-rfevooncter Of resoluitionl 2. 81 tInm Were, 11r0a~sxi'd overv the Saha~ra D~eser'rt, Ilt'e

Illillatitunie wuinter model and ai rourith teniperzatui'e of 3201K' for the Sahara; the

riilaIlMMIt'O Wivnter' 1i10&1 Zauth a r'1 rt teIijpera4ture~ oif 2tl151, for tilte Mteditenrranearn;

mitt :Ili arct'tit' wivlter' cold~ niothel taken froinj tile AIRC , 11 !andbontt Of (Geophiysics antd

Spacet't'l'nviroliimert ant.. 11 aI gi'otllOi tenperaVtIii't' of I190"IK for' tire- Antarctic coin -

puzrison, All Ithi'ect m t rt ass nnittl aI '23 knil visual uig ne for ierosolsý,

1"ie IN's 13 t hiougti 2:! shiowv Za de-taliled oiaitl o a i and Obs;Cr'Ved

atiltolilpl'it'i spet'tival r'adiaiice vs. wavelenigthi in both thlt- 8 to 14 j111 anti the 18l to

27 pin1 5 pekt'tial regions. 'l'hc' ilesur'eru mts wvere mitade onl a ha[ltoon flight launiched

9. t'wlrev, l'.. X. (1969) An F'xtw'rerfwt-lt Fourier 'Transform Asymmetrical tInter'-
fc r'orreti' i fori AtrI Osp11l'ie ' ncRIadiat torill vas irrenierits Un lrivernsity of M~ichigari
Trt'hnctioa R tepor't 0216311(i --I-T

10. .'orItratI . Ih1.,.1 llarrel. It. 1,A , , kiritt V. 'A. . anti I'rabliakar'a. C. (10,70) Tlhle
tnlfr'ar't'l lilreriut 'r ' F~eiemirerrt onl Nimbuis :3, (lotdait Spat'e 1'linrttt 7enter

rIoerI be. vIAIa rylIand Ieo It it7WWT

11. hlariel. H. A. , andt C'onrintli . 1.. (119701 'lolierral IFilnissiori Setaof thle IFarthr
aritd Atmosphere O)btairedl fronlt lt'e NiIu ll ctTtiesi krte'fiom Ir

Es peirna t, ILthta ' Spv MTTtight Colent7 eICrZcntiT *f liavyl, Ilk poI, Ir
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13
(ion'~ I IltIliizll AliI. New Mexico) [I' Al\Irc-av et al, Unive l'sitv of D)'nver. 'he'

Siint 1,11,titnen nlst'd for1 tta'se ohsei'xatiolis was a liltý ,1'Zgtttting settolee' tt:tt

inl the Cr~st andt set ond ordet' of the0 gt'at in. Thew esointionl was tI. 03 ilt inl the

It to 141 Ji in rgionl, ond 0t. 06 pill inll t'e 18 in 27 p in vtegiont. Tl th11In inl thsfiglll't'S

are prl't'Htiltt't as a hlillel ion of altitiite aond as a fntctioii of' ?rtnth , ,ý, . 1"igntC.3 13

Itirtoih 1,t cotvel' the 81 to 14 pmi legloil aitd l'i)gnit 19 thriouigh 22, tile i18 to 27 pinl

retgion. 'The I OWl' HAN eahlance ca iilsiii idtt tile l'51wes 'V. tetn71pelaiture,
1:3

0/01'l~lleis an1d 11 t atioitric acdpoil.;FoilteIid-, and t reot, V~llni dixie mIlatiti betwe

"12te waler iij n I. Ithe poileg woia\'elllgi u'Oi .1WI ItosI si 3AaincNsde rmr

to e xvt 1V 11)'i'titt lspec ltral~i raions. it Feiguret tilto' 1 re .ir ithel 9.f t n lit 6, ] HA N

radianc cacttio011ll is11 iIfeitt 0' nttl i the d ilel ml'lthelt in bo dli eioxl ide band, ltliwe'itn

ihere Call (only) Servet'I to''ei'if thet level otf the calt'11tiatt'd i'attiance,
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'Mn~ I he n In FI X~~i " AN I '1od 0 1'i,ý111% k* n e IS"'s ''"' 10I'', tI'9 ' 19 IW'' ''r '' '"

rallsii ion cocrT'P-it'iitts itt 1 OW' 11 A N NN reot' itltailu 1,0t' 01itttttljttis eIk r'est'uttstivte oI

ti' 0 r I oiit4 I'm Its tnlito ttV i'st ititAt t Ilit,' I t'&tits, it ti ;Il tint' iii V r sito 11 plRt lit. '1 h1e

I1iaod fitiktitt l oll ot Il t, ttrzi z ttittI attce t,1iiit'tioii s ~lt' 'ib'2d ItI Section); 3 \% :Is, 1Mind' Io' ,g, I \ C

txttm'l lttvt'i' of hit' itol' at lit' aia~lt'rt's.le11,1 'iols : foruttI int, aill tinoai; v, dow tot t1 :tiattl

tA itHilt'R ioe tt io' taius:Il kt sutall Iteibsotbet:'11i (ttntaitlibtit lt't t mttiis tillt

t'p i itIo'i'i1 I t III1, 1 t.1 1o 11 11ttli ion 1v tk Ii o V n I I I Itt l t~'Iit, il) t, r tts1 it' t't it is r

lttlott -to kitl.

lot' tie lIwvttlrt'iivttnis( 5 jtilll), s'tt'it olr alathitti betiela

I .WT'tV'lAN ittidel, matii:tteu' eicit'tiiatit zitat tilt Iltov'tklr \ztvveint'tis withti a sutihit

attitlottluet't siioutldt lit' Iiiat' wit, %it cant joit.

Wit 11 lit,' o11\ioils I ittI it at joits itt Ilte I .OWITH A N tadiatice codle tieset ibt't abovec,

tilt' :gigr' it'etttt bt'twett tt'aii''ittt .tt~ii tadiiattet' kcaiilatt~otis sitowit ill i nir~tt's'

ILI ttt'otlýIl 'i 22 is tremi-it'lkabl ZOi 1`01t o' 1 1Wit' SS rtses t'isidt' V'el. P110tIe t' cow pZIr'is-otis

WithI ttttasnrtI'iitu'tt Itt:'r pla11ttiOti t(01' ot1I-t't sII'Qt tall e i'i'ciis atid other t'tiuttu'llt vies, tI

Aun nddIit ioit tItut I' slutIt h011kI I' litadiL' 1 len' 0, 1ftI W0;t' CU ealeiatiotI o0' 1 I (Its IItitittatic 0.

iul eitheri i'tt'udi of pt'onr'tttt t'xet'itiit'l, thc tunei is 1tit\ Ie lt'aolartii ot N in Iltie

ttidiaiit' itiodi', witroc IN is, the uitittihot' of atiliospiiot'tei'tu' Mioil.t a tit't'ui pilth.
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Nppendix A

Listiii of PNoiiami and IDiti

I isitinkg of thc Fluitrot ji'ogci~ii I AO\\ ttH AN -1 kiPH' li.W \Riý I .(\ M~i ENOiv

Iii, ilypilt 'Iatzi fol. tiii prog~i~l'0 IS gI\kcn it! 'tiiilc :N. Agcnl'%Ii howM L-liot ['()I tilt

tim n c roniptte eisý-; i pr ,-4out iall A1'ed1h I t .\Iciii C.''ltol o'tls 111l ie l

The 5tihti'outitil I 't, I N PhOS-ýI of0 piiuti on~~~. \\ hcl iithe suli'lt ti itc is coiled

1' ' IiVc0n1 ; I It ni ,I . i t 1 I- Ski(I Ise to d'tc n LPIkIIIIt'Ilit'Il mean iteI-flIcLtli VCi ( I AlcX It t Itt

tite i~cePI botw ccii \ N.. i t i tin Al~c ihi ct,. 'I' \ !) . ý1 t) in týI I cIIIIl I : tv t rIlet cN\ttII N. ol Id

tielt' e itlow 10(M, ) N. Ill tt, I ItIoI 101 I Iittt 1o rl tio :I IIl s I wtl 1 'It - is 'sdto I 1 t0 ( 10 t t '1 1 i[W I'II

t fitct ivi I bs oIt c'l le I, tIII kIIIIit S pi' iP 1111 1 It ItItitis \. fop I oc V AC bs11-o 1-10'. 1\'I Ic It(e

I, I I ,' i is s t I , LI to I e IImo.It Imi tiIIn iic moi c It Iiic X to~ k i ) eoI

Xliul I.s dtietcl'nct fvom POIiNT.

'liii StI11OUtULi .-NNI is uscii I'01- OIC IM)W Ot n1mtf clICQItill) I ilk tititiu Li

it ,IIi t u IIIg ' Ii ( m .\II I N( I .) hivI ItI 'I i tci j iV' "Cht11C Ic tui 11), tilto k) ei'tIliid vcii t loll.

Ilivell (I) tice illit ia III I fi tll li it llticS Of tc p l i I IW 1lI 1l11 t11 112 L'tc 1( CI I V kI it1 I I n t 1 tc

oltitude tell t~ingIll hetight till 1ii jIi\tI N re pcsm INIxit. A mIlrt, dittlilmi cXpI.llitt itml

if stimiamoiin .NG i is gicin lin Appmtiiiix C oft tilt I A i\\TI iAN :, icl-oit,

PA Illind tI M M ;ii% iiNtiti c -imb olil ics \Ilikili t )mcnc ttcl id cd it) tilpe g ml

Sl it, illi til PATH IS it tittd it, ticiitIc mi, ' 1.11 11Il 1mitovi Ik ilmil'o~i ~ tiv t. k ll itl l ItO l olnll:ii

I I I k' iti V pi C ut ;W sop 1i( 1 ,k',1 C kI k'Ic t' IIt S ; 11 i1111 V Imki I ii t ýqI I Ilk m.II



The1( l;xSt columin iii tilt' listing of tilt, p rugjtl ill 'in :xhi Al is til'ct- OrcspOudilig
listing of thet 1,oW'1U AN 311 cotuputex' codle. C'11gs l tl' rvi cd :c

Ainjdicated,( biy tile word, NEW.

It ShOtxld he noted that iii thle jiiitxiu prograw, card I .uWi: 7'4390, tit he ¶ cxxPorarly

fojg corrjection has been commen~ted. The fog mo1del sqlioUil x only be used" "or tt1'an

mittaince calculations ais discus1sed in, Appendix 1). it should not be used fox' radiance

calIculatitonls.
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C CONjU1,lITON WIlTH VICLIAL .-ANE.E(SEE CARD 7)) LOWE h551 A 334
C IMA7E 1 OI 0;7 ALSO GIVF AFRPOSIL ATTENUATIO)N EOR ?,3KM ANU ARM VIS.LOWF, (,F0L A I34

C MATE MOPfyS -iSFECTIVELY IF AIS =0 ON CARO VIF tE N701 A 2t 11
C IHA?E r. 7 EDOý OTNEP AERO9OL 4ODELS ¶140 MAITIME LOT) WHICH LONE EATn A 35:1

C k AREAD~l INTO PR OCOSAm LO0WE bO90 A 3'
c mWt 20., a 7
r ITVPC=I,2 09 3 IMUICATES 1M5 TYOC7 or AIMOTPHERIC PATH LOWE 210 a 37

O TTYtPF:3 .0001IDOL OP SI ANjT PATH TO SP ICC LO WE 2'd A 86

co TTYPEUý' .0 f T ITI'rlL OR S LANT O VAT1H OF1CT EN TWNO ALTIATULEAS LOW (1 lo FL 3i u
c ITYEE'1 , Cf)RRSF.'PNOT It) A EIOtI?ONOAL (CONSTANT PPLSSLJNET OATH LOWE 74~ A 4L

p~i '011 l0 A 41
C MI=CbgASEAVEQ ALT ITUDE ( kM) LUO ?F bO A 43-
C, HT:'=PLPCE At I I 1(0KI ( KIM) LOWE iTA A 4.3
C ANGLE: 7ENUNH ANriE AT H1 Fit GRE)LOWE ?RO1 A 44
c RAN(EECATH LLNGTH (K4) tlOWE 796 A 4',
C, ACfTA:EAL'TH CETETEC AEIOLF LOWE Atj A 4t,

C ~ l HI VISUAlfL RANGE AT SE' EE N)LW l A 4?

C IF TY PF rT REAP1 HI A NQ O NAGS;IEF I TYPE: PEEP H I AN)' At6LLt LO0WE 64 A c

C IF ITTCE:T REAP HI AN) TWO ATONER -AkA'E)ERS t~b t I) . AROE ANGLE) LOWE o30 A 49
C LOWE 640 A "A
C Alm TINy TAm E'E-OLIFNCT (TAVFNIOIM'EE' CM-I ) INTEGER VAL-UE LOWE % ',A A "1
c V= Y7INAE- E

0
EO~iINCY (WA VfjI," ̀ %EH CM-A ) INTE GEP VALE)' LO0W L PI , J A '

C )V F9 RE OAIEMOrY I NT ERVA LS A T WH ICH TPA NSM1ITTANCE ITS PRINTED LOWE (kFO A NT
c N QT t DV MUST I T1 A MmnTI1 mtE OF - CM-ij LOWE 830 A 4'
C LO1W E 1490 A F
C IAXY zA TO ENOT DATA ,=I EORN MH 01,112,00 ONLY * 3TO CONTINUE P010104(1 NOT A c. t
c lAy'S EOP NEW CA~N 't ONLY, =4 EON NEW CARO I ONLY. LOWE 1) 1 A 7TA
C'.*..*. .. .. .. . . . .............. L0 930 A 70,1

MHhITX( 9) H M I (?I:R)I'I. a F -1;0 LOWU 9330 NElW
I N414(I Lokf 11 LeV A "I C

ENIA-AIj LIWt 4 'jU NEIW
READ (1-400) IATM,NJL LOWE NtnT A 5 8
RE All (',.4 01) (H7A (It 1I1,ML)I LOWE v970 A 1;9
REt ALD (5, 4 01) (H ?2 It ITAO LOWf YALL A 60
HZ,(h(=MZI (NI LOWE qqo A t, (t
010 1 Jr'1, 3 LOWEIvAu A t,1

46(



THIS PAGE IS BFST QIJAlir! T¶CIABLE

K I' K 2- 1 LOý t1020 A t,
00 IIl ,Nt L(1WF1G30 A 44
NERO U¼402) ?II),(P(K.fl,Tgc,I),WHCK,I),wocK,1),KtKIKý') LOWLI1040 A I,
RFAP I 31 M V(IC()CtT1=,.) LO(N4110', A hif,f
REhn (1, t4 ON1q (T PI FwhtFro(I) ,I'i,b7) L 0kL 13 6U A h
RE AO (5,404) 4 ,11G tI=I, P , f0S) LO)WtE1070 A 66
PFAU [-,,104) ( C- 1) ,1', l4?") LOWFj0Ro A t,4
pERU 1 (5;,40.) (CI(I)1=1 r,i40) LOW[ lilaJ A 7 o
PRFA ( i, 4 0 .0 ( C 4I)1 1 III,1) tORI l100 A I I
RE AV .(1,44) lT.SI( 1), 11 i) L 0Ol.I IlI13 A 7~

R F0 Al , .00 (Gtý Ti 0:,' 11 L 0Wt.111?0 A 73

j S It 9= v LOW[ 1140 hI W
PT*D*ASIN) (1 *.0) LOWF 111,' A 2,.'

CAzPT/flD. LORI lihO A 71,
CD: LO0WtI I1?70 A 7t,,

2 f.O0NT1NIIU LOWL I18 A 7 7

IE'F3I .'A=0 O~ tI 't"0 A 3
J-3 NFO LJPRFS'S PRINT LhlI

C IFEMISSO1 NR1KNSHI1401ON Poot IF LOL 31140 IO'OEtR 1230 N! W

IFIEISQ)PRINT liti LOIN 1240 NrWI
jF IFTS;.Q P)PR NT 11 1LORtI l7'ý C I fl

L.EN'EOýFN L ENF Iow t)G Nt vi
"~P1NT40 Ii,mnfl-tL HIA 71,ITY~ t: L&N,JP, IM,Ml MM",M 3,ML i ICHMISS, NO, T UOiUNOtI' )Wt 12 1t W

200 LS~fC tORI Io U 4 A '
IF (M1 ). 1) PI-tb37A,1Q tOW(I U2) A 013
IF (-f ).1, F=6 Ql35sfýq Ioio AOW 119 .18
IF (MRd 1%.") RFh30&,.qi LOW 0 IHOý1 A 68-A

I F ( I liAFti F1* .7) Go9 TO L" LoIktA3.;¼ A toi,.
RI¶Af047 1, VX (1) , C7( 1).JVO7M1,1 1, 4 4 1 LOWil1JSO A 1VŽc'
PRINT 41i, (VX(tI,71,oc1,r)n tLWtls4U A t, ;A)

I 11 1A'iPO. .Tj.0)R LOWL i3Ou A

I F (MFO0. 7. AllD.IHM, NI1.0) GO T,) 4 LOWl 117r0 A "
IV(IAY.0,TOA) CIO TO 0 LOWElISaU A
I F (MOO EL .EQ.0 ) GO TOi 4 LOWf 13-0 A e. -

300 -(FAO 406, NI,H?,ANGLF,PANGF,1ETA,VTS; LOWFI40O A tuP
PRINT 425, NI,N2-,ANGLE,DANGr,RETI,VIS 10,LOWi4lO A t, t
X I=RF 4,HIt LOHF14?0 A 69
IF (ITYPF.FEO.3i GO To 560 Lo~t 1430 A '1)0'
IF (ID.'.)GO TO 8 LOWE 1440 A YL
)02=p9o? LOW[ 14'51U A 4
I F tQRA NrF .fr). 0. ) GO TO LS tO l4hd A 03
P RINT 42, 1 , H7, ANGLf , RAN6 , 'IFITAV1IS LOWf 1470 A q 4
I F (1ý. FO.0 .ANn .ANGILF .Nf. 0) G0 1 03 L 0$4 146OC A L

GfO TO 7 L01RE 11,1U0 A o
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012XHI :3 P ADE IS I;T r 0l1TATY PAC2TICABA t
M0 =4 y '1,ML LOWE 1 2 5 A Itl

4 O I lk- LOWIt1"401 A 1u311

TF(YtkL.F.25.)M J((I)?513,,6 LOWE 11, 0 A h31E

AZ(I-a.0)30.+32 LOWEI1N,7 A 103!1

VACm.T(7()-5C'LAT ?q (J-261?,K MN.P),H7,/W5,.,~tf()L~ 1L A 1:211
I( M.(.) KK- I -LOWE01?aG A 10330

FýII( 4)10C-6lZ1K-?0i3lojq. A I1031't

*((1I#(IJ F *FAxIC.1.1JCZ(1?.)3033.LWEIE A 11031
IF(J r.T 33).-33L EItI,,, A 1 , I

(2~r(K.-LOAOJ-I L 0 WE 1,710 A I t3

101 1(7,K)-.Q-L¼0.I (7.d6rCTT)/5 LOW[I?~, Al i

IWIIJIE.3)F C 7,K)=-C.011/39.41? LouWt I 1 A in31
IF(M3C.GT.PIWO0)TKI'1.0(3J'if~1L/~p1JI~ LOWE 17 A I Q
NSTOC '1 ) 2 LOWE IY30 A I H,

5?' ("i GC T .0)I11 K I(MI, 1-(I(m UL10EW ,J FA LOWE 1701, NI tH
IEI2(K).O.i.A)GOK TOw 57 I I~tA A I ,'I)

I7 NEL.O0~ 1, F 0 77 ' 2. c4p L OWE 1770 A 1I.IV

TF-2k.EO.1 ,~rVI A H 2 L W IPRIN Af1 L1W, 1'lu A 1,
norki A2T.7(K.P1)WilV, K),TMC.fIISHWR(147 ,K)HA(< )4,iEK OW1Ei- A iuo
ISF.O CNINUE O47K V I:,)1(11 ,L W(1,J *A LCW[14 k ?A A ii&u

TL 0 LWiII J .' NiEN

HNLIN o-L K J HP I'4Xj?-A LOnIiIt, 13, 0 ZEI l
s l C C T VUE .,%1 165,, A f Wi4

I F2 <) ~f'iO)G'ýTO!;i LWEI 196. A Ilt..k
IM3±" 7 (K.000 AHk)H2J) CZ'L/H ýJ )- A LOWCI1-t,7 0 A IC4&

C MOI ATMOSPHERES:11,0 I LOWI 19941 A I CA
IF (TX.GT.lPIT GO 41' LOkEZ.90jEAOU4

P 0 k- 4 ý, ( II P 7,K) TIP~)PH W (7 K) (1( , ) ON ZE(K)LOW 1 ) 1-ý 1 ; 4540 ONTNUE ~l~ 11 ' 0 A IC 4
TM=OLOWE14.3j A t 4

NL=4 L 0111 -)4, 11 ( 4

M 1=P LO[ 19 0 A 1044

42=0t 0Wt 1 6 A Ik 4m 3t'LII -0 .



N nqUAJ

YRiF C.OPY pufAltISTE"1 TO DAG.,I-" .,

I 8")1H. A T. i 0i'N,11o •. T H f I I i t.o I ( H 1(. 4 ' W t)

6 0 1) 300o L0WII [010 A 1I4 0

0-1 r, P•TAC.(T (C G. Tr.O 1i4 M' L 0 WL 1',v A Iul' )
, (.T00 NOH'inLTHl ) IFINn 1 LOWE w'0U A I u4Q

OH. LOW D 140 1 10
4

K

fNL.T:A0COS(0.'(SNGF•TFANGR/C%102)I0?TI-X) /OŽ)ut.LOWLŽ0'50 A I.,9 S

540 1 V~fý'LnhLifo0, A lIdý

,At •(_y2r*r s I k'11 /Nk, t I ,- M L r/'C J-Y) - ./ XI Xi I AL OHL 2 20 f, 0 A 1 4 .IF," TO A•0p ')wa Ž07 A i
OI Nnl-i LOWf 0A6 A A I.I

F1 ThQk 4 T I0A I Oi 2 0 A 1!'F

, f L- =EH"I0 LOWa 2130 A 11V1d

riL'AN,.C=12N(ll NTI p / -CNAN L0 tuw "21310 ti 11

11 1 100 =I1 A LOWF,2 4 A I • ' "'l

61 0 PLAYN ý (T$,J I= II0 tN- -' LOW( I ,2% A i

" "A , I-.; A Io 21bI¼ A 1L'11
'JUL To IAc' L G A /x L(OW1t 'I j A 1j1

6 [1A(,CoL,(V)/OIN •'11ItN.VL,-2Alat' L01W•21i 4 ii'•'

IF ( TT(1 '1 A"'ria T L r7 0 o1NL L, I -OI A II'

i (4)71T* 1.1 p I( p.Akr~r (111)W 19 1 1 2,A-

/C' Ii LOW: ta, 9Ol 200

"9TNT 406, NI ,I} HINT ,kANf, 'IHE INVIS LOW .2-'1 A 14

I I (TIN I I N•N LOW) 2 2 A 11234

r)1 010 0. T=1, 14 .W (12 2 3 0 Na 11

, 0 100; J=1,I MAA LOWF233D K J.'W

1002' WL A T(TI, M:0. LOWI Ž23 NE W

"JIMT'.T , v1W)I2LbO A 120,,

IF I ,Oy. ) LEI pEa n1 hIfVLIV? LOWEt2TO A 121

IF (TY.F*.2) PRIN F LV, V 02,0 LOW106F2200 A I,2

IF (,TYPLE.E1.1) PO 1, 407, H(,OANII LOWL2T' 90 A 123

IF (ITYIE.FE?.Ž PRINT 010,, H,ŽNLL LOhE23 00 A 1 24

IF" (TTYOF.r') PRINT 40 -, H1IANOL LOWF 23S 0 1A I_

IF (HO FL .fO) .0) M=r (EWE 4 12'6

I F (V0"rýI. qT.3.) PR I KI 41 7,vTt LOW, 23 30 A I -

IF(VTS.1.T.?.0.ANO.VIS.fiT.J.0) PRINT 44,? 1011(340 A J.,'6

I F (MbA 0.1) PRINT 4197, M LOWL215u A -1?
IF (M.rC..) PR INT 411, H MLi2360 A •Ž6

IF (Mi .f 1.,)1 P PINTY 41, 3 LOWE 3 70 A 1I''.

IF (T., .4) POINT 41H,1 , 1 OWF2 30 A 1 30

FI (NT.[,) P I N 41',I "• N LOWF2'S 10 A 131

IF (M .i r.6b) PQ INT 414, H I0111 "'.00 A 13

I F (IHA'F.FQ. 0,1 POINT 4' L 0 Wi 2410 A1 13

IF (VIT. Lf.T0ANO.ONAZL.rT.01) PRINT 416,IHAZE,HZ(IaaAZ() L 01182420 A 1 $4

AV=0rroTV0./ 2 (LI01 ?2 30 A 13jA

ALVV=1000 •VN? LOW[2440 A 13k,

QAOM1N~1.0r+30nJ $PA f)HA Y=I. VK 1611±. N J( MAX= 0. LOW 24L_) NLON

"PINT 416, V1,V2,0VALAH,AVW LLOW. 'fu A I;3

A V6=0 .I.r--4L(VI V1 LVŽ b0 WE24 73 A 13 o

AVW=AVW'T101W82 LOWY 7480 A 1I3q

014=77 .46+.419AVW L. 0Wf;'4 -301 I10

rw:43:487 -0.It3-73*VW L101112113J0 A 141
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14d'1 c A1. 1 wEtiiyý of Vloot rati ('deIO\V&A N .1 ELoilt)

I F (IF IN().F[')1) GO TO 1-i 0N Wk 1C. A Ic
I 1F ITFIND.EQ.I) CALL ANGL (HI,H.',AN1¶;LE,RCTALEN,H'L) ti'WL2';2C A jts.r3
IF I NO'Q I OWLT0I A j....
I F IJP.F1.0i PRINT 4'T2 LOWt '";%J A I'.t,
IF I ITYPF.EO.T) GO TO 1% LU0Wf 5O A 147
00I K1 kjK14AX Lto M ) uA NC).

VjH( KI *0. 0 t 0 W['7 0 A j'4q
C1 CONIJITNtF LOWtCZ'2A A j4C,

PET A=O . 0 L(IW, ",9'AqG1

S RwO. 0 LOWt ?01O0 A t3

1 P.0C LOW t -oQ A I 4-
C'''* hel rEEFINF CONSIANI PRESSURE PATH UIIANTITTFI EW(1-1Al LOhf~b"e A I'd

yxrA@ANGLE LOWt 't,30 A I F

SPHI=S!N(Y) LO'WE Otb4 0 A I .k

R I (RF+ Hj) -Sri''I L t EEE:4tUso A 1'-4
IF (HI.Cfl7(NL)) G0 TO IjI LOWE ot A i t,
G(1 TO Ili LOWE Zb(I A I t)1

I3 It (RE+Z(NL)I/REtHI) tOWEZ:16aU A 14
IF ( SPH I. XI) Go IC 1 14 LOwf~bAII A It'.'
H I = Z(t.L L O~WE 2 7 0 A I t-'4
J I= HL I OWE - '?I3 A I t,
SH:SPHlzPI/y L OWt2UU A jIt
ANGLE -1 0.0.- AS INH(SP HID,'CA L 0WF,' ?31 A I4

RI' (RF+Hi) "'3HT L OWE.r. .17 1t I3

GO CiT 1 r LOWOE ' 75, A I?0
14 HMINx9i-RE L 0 $42?760 A Ili

PRINT 4.33, HIIN LOWtEZ?PO A 122.
oo In 44 L OhL ?no A 1i71

1., 00 17 zI1,WL LOWt 7 14V A I?14
psm P(N, I)/in1T1.0 LOWE ,7c-JO0 A 17

T23. 114hTC LOWEC~
IrFIMI.GCTQ.C.ATNn.0 M. LT?7)1TSn213t T (Ht1 l) 105k4120 A 1I4
X = FN*s- tOW 2M3 s,l A I7?
PTfS*S#SRT( TS) cCWE1tt'0 r 17$A

1) = . I1~WHI(m, I ) LOW( '8v0 A 1 711
IFIm2.C-T.O.&NO.M.LT.7) O:A.1*WH(4?,I) LOWý'2640 A It'f'

EH1,~O'IL. LUWE d F t 4 I "1
EH(2,T)mY'PT'00.7r

4  
LI0)WE 280 A 1$t2ý'

EMH 4,411) 0 . A'PT xK LUWLZ$9A A I1e5
PPM''. .%fE-5'O0* Z?3 .I/TS tOWE2.AO0 16 40'

T~j2qf. 027 . I) .75LOWEY413 #4 itoO

r H ;5,T1) gtPPW*E XP (b .0 f'( TS1- 10))0. 00fl2'CPS-PPWS L0W1L : '4 1jobd
EH( 10.1)mD*4(PPW+0,tV (PS-PPtI))FXP(4,4 ('TSI-1.0)) LOWt'"30 '4 1 t, "
EH ( F,I) : L 0 W k' A I tk t
HA7F'0471(1) LOWt 9ki A I'
IF(V.FO.7) HAZE-AHAiF (I) LO WE 29 , L A 188-

IFrI (I1)GE. .0) C-O TO j'A, LOWE 2970 A I 8r
IF C .NF '.7 .AN1.IHA 7f FC. ?I HAZE. -H?1' (II LOWf 7980 A ILI OA
It- IHAZE . FO) 2 AN.40m FO.?)1 NAF'AH? 7(I LOWL2 1110 A 114 nix
IF(VIS. LE.0.0) GO TO0 11;Q LOWE 3000u A 1,'10C
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tHIS iS BSI UAIATYrRTACflCAMBa

'1'TbIt" A l. 1. iy : *• , , ' I.i\"I'I ', 4 i•')ont)

I I . .N K; .7) 1 1- 1 1 14t0 LL'tht 3 j2O' A III DL
H)A'1 h,' N 9 ( t-I 4 A 1 )-A!.' I A l) 1 ') I I AtA? A (l)/"fIII APll2 I I( R L w 0 1J -10 A I 40F

Ib F IVIf t .I TL O.p0) H A't0, n LI4 3.•140 A 1Q G

(F H I I, I I) -H A7F /1-: 1tI) LOWt 3U'10 A I91A-

IFINO 'EL.fO.. ) f (H1 14A?)H A?E/AMH 1(lI L0Wt371O1O A -lIti
IH It' I :W,.t,b,7*WO IN, I I L OV 3 01r0 A I1I2
IP4 NI.Uo .AN 0 . M.LI .1) 40(8,1 1-4t. t'),T'wOI-3,.l k Owl 3j lL) A I"',A
E Hd 21,1) =cHI N I )P' A! LOWE 304h0 A I Y384

C I I , I) H4(',O A'SOR()N 1' AMOi'NT (At N-C`M)/kM L OWE 5100 N, W

k'H ( I I9 ) IP' '" 44 1 X ( I ) E I , j k -0' .t 110 NIW

IF IMOL' ..L1)T. 0.07. MOT'(L.,E MO ?)'HI t) kQ H PSIII S SIHION 4) 0 L -0 L 04t3t 1 N
1

.

t H (01,111.q L(14t 3130 A I ":

,,j F t, -( (701 Xh*j (I A n 73 , / , 11, -PPWOCW) L OWL 1 ' 0 l 9.
I ,I. f ,NI GO TO t1' LOWf 3i'0 A I'

IF (M ONEL.f 0.0.AN1. I.Gt.I) GO 10 26 1Ow I31t', A 14)'A

1'• HM, 41) LOWE 3110 A Q ,,

(4tl .(1 0) T wi (4I , 1 . 1 ) t Owt -1,'0 A 11"i

( ,,kI. .) *0W .WHEM2fI k1 0tON 32)1' A 1-P)'
-- 4'." -" * I LOWN 3" 15 ) A Iqt•°

It^, 1)u z0,,*(kIIIt1.0rt'(rOP), I-IMtLI/12rNOWG1N)) LOW'S?30 'A I' I-

lb I• t I ,EQ 0NL) I ( I ,F H :I , L O kN 2 It A 14A "

1I (H1.GE .?)1)) I'I I LOWE • 1'O A 1'E4.

14,n 2E?.rI .L.JP .t0.0) I'EiINT 41'4, 1l.7t1iit4t -,,)1,11 .KNA\) LOW) 32.0 N tH

I =F, 1) 0) 4(', I* 1)l , i L 0 i,, t0 A C I
I ; CO N l•t'f LOWI- rF'. l A .u?

iIO I f ( 1,N10.1
t

,. 1 )O r 0 10 LOWq 116 , 12 A I2 ,

3 I') L OW.t 3 '40 A bL,.

0.-? LOWVt J30 A 2?
1' 1H LONE 33111) A t ,

CALL POVINT (HI .YN,N,Nf'1,I ,IP) LOW) t' -U A 201
J 1( T-1 ) lOW) .3A(0 A It
TxI t- I X(I) L{ Owl 3 U A .1 0 1

n0 18 "l'jKNA\ tO.LhI) 31,0 Nt W
1,i 1 1(4:77T(4) LOzN)-35'•O A 211

IF (IIY f:.Fl1q) GO 10 11' LON317TO A I I-

I 14 4 70) P 1Q, I) H? 7( NL) t4I 1E3.3 0 A 213

IFk ICAN L ft.T'1O.0) GO lo '8 LOWE3S3 'i A a1

1 I (A hL t GT.0010.AN0O.N I.'1.I ) J .0131 LOWE 34Vk: A 21"
J2' NL 1tOWt It10 A 21I'
I (I1Y"t (I .) .11.) GO 10 1 0 L0W N 3 ' 0 A "E?

CALL POIN , T HYMN.NUTX.TIP) LOWL 143
0  

A iA

,,z:N LOWt 1440 A 2 14

1E INF. C7T .) 2,'2,1,'-i LOW) 34.O A 2',1

20 D0 21 KtE1KMAX LOWF It. '0 NEW
IF(K,EQq) GO 10 C1 LOWE t40 'D A ? ?It'
(k 4k, JI11 -F (K)I OWE 3icft A I'l 1

IF (ITYPf.E a.X) GO YO 2L LOm'E4,10 A 23a

e HHI K,,1+ )j )'T X(K) LOWt 31,00 A 2 4.
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I, hI, !A1
, I ,ýj mý of 1 o U rp t cid I 4 W'I'H \N 4 (('titl

I I ON TTNUt LOW L3§AOl A ?2'b
F A (JI.tCO.J2) I XI - X I#Y N -FNH(q, J 1)04(kc3920 A 061 1

C- NOW OfEFIN[ VIf TIJCAt FATH QUANT IT IFS VN(1I-et 104(3530 A I2
If qJP.EQ0, PRINT 420 L VWE315 40 A V25

102Z0 M (K 0 . L1OWE39ý60 Nt4
(T 2 IjiJ LOhi3TO7 A -j'9
r I iI LOW 043480 A 230
X?'7( 1+1 104139,90 A '31
if (1 .tQ.JI x TrNI LOW[ 3t,00 A ',I2

IF 0J.(1. ) X:'-HJNOQN 10 y)tLO A ?33

fl7~O-6 1.0(362 A '34
ft ( .ONL ) OOm7(I)-'(I-I) LOW 3t-330 A I3

OS- 2Z LOWF 3f'-C A 3 t
C'*--- ('7440 TRAJECIQARY L04nr3.5o A 3?r

R Xa(P F #XI )/ ( RI*#1)) L 0 413 t, t0 A .38
TIIETAtASIN(SPHI) /0A LOWE StO7 A '39
PHI=ASINISPHI'k'()ILA LOW) 38OU A 240
I(T:TME Tt-P'NI LOWE 3h4.4 A 2,'.1

% ALP- RXYS 9PHI LOW) 3170 A22
I F (rSPH1. GI. 1. E - 13 OS' REt\+)S 1N(ItFI C A)qSPH1I LONC3710 A 2'.Y1
n(i TA' I 14 y4,EpT LOWE trO A Z 4
.,SI'AFT A+P)--ANGLf X.E~5 A- 249

PNI.1AO,-PHI 1L41 3740 A .24t
S R=F +10,48N3150 A 2'4?7

J
T
XTRA'0 L04C3710 NEW

00 10,14 K'it,9ýAX LPWEIYTT NEW
tVrOfl Nf(K,] I 1041378. A 2%9
IF Q .1.4. * 0 TL O 0017 1041 5791) A I'D0
IFý (4 (~K, 1). E1. 0.0. CR.E$ (9,1+1) * tO.0.*01 GO TO 213 LOWE 3000 A I4
I F (ENHiK,I1). EQ.EfH( K ,T*1I GO0T004 Ul04138 10 A2O

EV'S~qH(,I)ENKI1I/A~G(E(KI)/H(,]tI)LOW Lt$2 0 A 23
CO 10 2^4 LOWf 3830 A 2';4

.2 1, ¶Ct~qk4. 4 TAl -111t.I) TO ?I tOWE~d43 A05
If (IN t H, 1- 1) .(EO. 0 .0) G 0

1 
10 ,13 jtWF3$Sfl A -96

If (EH(K,I). Eq.FN(, 1-1 )) (.0 ToO A'Owtlkabo A Z573
FV'Ev/ALQGIEK(K, I-i)/f41K,!)) LOWIOOIO A I29l
;CC TO e4 104435d80 A 5SY f

21 AV2'0. LOWE38qO A 21607x: VH4I?)sVH(KhVF 1.041400 A It,
IF( I.EO.JSTURI GO TO 10?3 UOE9i
GO2 TOVI,)EV K LO2 W04(39 '0 NEW

WIK~tL 1003930 NE W

G 0 TON 0iý LOW1344J NF WI

1024 CONT I NUEl tL 'A4000 NEW

LI



THIS ?AG)E is BEST QUMJITY ntkCTICABU~

Talklt AlI. I istolog iiiI rtt.jj tt) Clt I .OWII AN 4 ((ont)

y'r I(JPEl.E¾0 1F PI NT 435 I,Xt, (VH(L) ,ty1,b),PSI, PItiltflA. 14ETASqR L nWU.O4iO1 AZb

I F (I.GI NL I GO TO Pr L 0W f1.0 2 0 a 26b2

H-41 1 I.O.I X1ty .T LOWLt.04. A ? 115
RN H(9191/F~q .7)LC-WF40OS A :11.(

SPHI=SPM *RX/RN LOWE 46fl A 1,
IF (SAltF.GE.NN) SPHItSALP '.OWVr.070 A t-r8

25 CONT I NUE LOw( 408u A L,'9

GO' TO 1.7 L.OWL409 0 A o ?0
C.* HOIP17ONTAL PATH LON4.I4IO A Z 7

-20 DO 27 KtI,KWAX ttOWE4IIA NE W
W(KýFANCEFHWK, A) LOWEF41 0 A 2 731

IF (NOOL.CT.V3 N(K0zCANGC9TA(K) LOWE413U A 2 74-

VH) 0I sW (K) LOWEkI.N4 NE-W

C? CON T I NUE LfEwt 1, 5 A 270'
CC TO 49 LOWE4160 A 7

:s CN T TM'F 101404100 A 2'?

0' OOKNWARO TYAJECICF'Y LoNCAIAo A 768
1. ýLO 41G A 7 24

IF (NPJFl .00. J1'J1 1lL OWf4,~ U A3

J2:JI*A L 0W E 4CX1 tA21

1;j -1 10NWOV420 A 2 63
YhI'YN 10WL4230 A ;'A2
I r H ?. G T. I ( J I 1) Hp I HII Hl ?) Go 0T0 3LOWE 4240 A 204
I F (N FI. EO,.1.A NO.) .GE . 7( J1. I o # ,0To 330 L 0W 1 421 , A ' 5'
CALL POINT (H,2,YN.N,NF2,TX,IP) LOWL.2A0O A 268"t

nO 2 9 K=1,KMAAX ,Q LW t 2 7 N(
2q W(K) =Tx (K) LOWE4280 028

QVNLOWE43JO A 213
I F (4N.LIt.H¶)t 6H2 LOWF4310 A 9 1

J~NLO WE64!2C A 9 Z'

I F (J1 i n. i242 19>101+9621-to;ll, N) LO0A'E 4.3530 A -i33
IF IH?.GT.HII TA1Lzt82 LUWEA340 A 294
I F ( J I E.j2.1 . A N . H . LT . HI) I Y1:I102, LOF 1.350 24 1"95

30 A0= IRFt HL)*SPHT-YNJ LD0)40 65 A 2 qb
IF NZ2.GE.Hj) YN?"yNi LOWFAS7O A -4
VPC '1 T=1 ,JI LOWE 43860 A 9 8
HMIN:AG/ElH(Q,I)-AL LOWF4390 A 299
I F (I.LO.J$) HHINzA0'YN1-1T

t  1.0WE41,0440 A 3 01n
aMN! N' LOWE4410 A 301
IF (NNTN.LE. (I + 1) 1GO TO0 3Ž LO hi'40 ,0 A 302

31 CONTTNE.F LOWE 0.43 0 A 303
32 XHHMIN 10~440440 A 304

IF (1IIMN.LF. 0) GO 10 34 LOWE4450 A 3 0 r
CALL POINT (X,TN,N,NP,T\.,IPI 10 WEL4 60 A 3 06t

JMIK=N 10WL46?& A 3G?

1 xs:> T ( ('3) L 0 W14 4 80 A 3U88

I F (J 2.E 0 .N.O0R.UJ1i. EON) TX IY N,'+TX(9)-EN( 1,N) 10OWF4490 A 309
I F(T X3.L T . 0. 0 T X3: 9) LOWf4SOO A 3G9#



I)Dq

IT~ibc A!I. Listing of I'oit'tta Cok 'c , WlIA RA N 4 (Coni)

IFIf EJ1EQ .NANOf.NZ.Gt.HI) GO TO 31 LCW146,10 A 310
* 1MiNtAO/1X3-EZE L.OWE1.420 A 311

IF (ABS(Y-NHMIN) CQT.0001 opl)0 1c0 37 10404530 A 312
33 11~ (J.QN N.N.C N YN1 TXt LOIWE45'. A 3131

* IF (J?.ON N.JEZ YN2:TX3 1OW1'.ss A 314
IF (H2.GE.tI1) TX2-r103 LOWL'.56a A 3 1 5

* IF (IHZ.GF.I11) j2.N' L0W04570 A 3 16
* IF EN2, ;E .I01. OR.,M1?.L .'HNIN) MNHIN LOW('.SAI A 31?

PQIN' 1.36, RAIN LOW['.590 A 31e
* Ir"(t2.tT.1AMIN)J?zN L0WE4600 A 316f

IF (H42.10 .HMINI P,'JNT '440, RuIN LONF'451Q A 319
GO TfO !' 10WL46?0 A 320-

34 PRINT 4.76 RAIN LOWE4h30 A 321

IF (N?.LT,HI) GO To 35ý (0i4b446 1 32Z"
IF (ITVPF.tQ1.3.O4.NA.GE.H1) PRINT 437 LOi4E4bqO A 323
IT YPE:--2 LOWF'.6bI A 324.

IX~H~,)LOWE4670 A 32,5
JMTN=0 L0WF4660 a 326
.),=I LO kF 699u A 32?
"2=~0.0 L0WE4700 A 328
HN= .0 L0HE4710 A 32L'9

C--- NOW DEFTNE VERTICAL. PATH QUANTITIES VH(i-8) LOWE4725 331
35 IF (JF.FO.I2) PRINT 4.70 LOWE 4.730 A 331*

~JST 0P:J-1 104154740 Nt W
00 4.0 1I=,NL LOWE 47r0 A !3?

10J- LOW4760 A s331
PFF=FH(c,J) LOWE 4770 A 33',.
IF ( I.F(. 1) 

0
Er'YNi LOWE47OO A 3315

IF (I.EQ. 1.AiNO.62.E 0. 1) QE r=Yl2 LOWE'419U A 334
IF (JFQ.J?.ANO.K2. (0.01) 'tEF=TX2 LflwE'.So 4 337
IF (I.NO.I) R1l=Z(Jt3) LOAF600 A 338
X 2= 7(J) LQWFL.A20 A 339
IF tJ.E0.J2.ANfl.K?.FO.0) X2=N LO~WE 4b3Q 11 3540
IF (J.FO.JMIN.ANCJ.K2.F0.1J X2=HMIN LOWE4.4. A 341
HM=(RE*Yi) *SPNI-RE L0WF4054 A !42
IF (NM.GT.7(J).ANO.NM.GT.X2) X?2=H LOWE4860 A 343
~IRXRE+*Xj) f ( E #XZ) L0k4ed70 A 344
p5: XI-Y L04486.5 A 345
MLPr9O. 0 LOWE40Y0 A 346
T:EF T=AS IN ( SrI141 C A LOWE49 tS A 34?
S AIP:RY*SPH I *LOWE 4910 A 36A
I F ( A9S(X?- HMl) .CT ,.O E-5 ) ALP=:ASIN( 3ALP)/G A 104(4920 A 34.q
PET=AIF-THET L04(4930 A 350
IF (SPNI.GT.t.0E-10) OS'(RE+X2)*SINl0ET0CA)/SPNI 10Vý413494 A 351
THEAzI 80.*0-TROT 104(495C A 352
SET A=(BE TAuET 10W4q490 A 353
PSIRBET A-ALP-ANGLE+180.0 LOWE4970 A 35'.
SR= SR +135 104(4980 A 355,
03 1039 Kfl,ICMAY 10W4(490 NEW
AJýEN1(V,.I L0WE5000 A 357

54



THIS PAG'E IS$KT, QUALITY TACT10ASLS

'lahie A I. liStitng oft En r-t'an ' ISMTR' A N 4 (Coiat)

RJN(LJO LOWES5U 1 A 358
I F (J.F0.J1) 8J.(N)10W6020 A 3 ',9
I F (J. 0 .- .J2A4NO.N?.ý1.NIAND.HI.GTI. 0.O0) AJ=W ( Y) LOWE 50310 A 360
I F (J EC.LOJ,1N .ANO.ZG.I AJ-Tx(K) LOWF5U'.I A 361
I F IJ.E0.JMIN.ANO.ARS!(tI?-HN) .LT .1.E-5) AJxTY(K) towF5oso A 36?
IF (1(7.60.0) GO TO 36 LOWESOSO A 363
IF (J.fO.J?) IIJ=W(K) LOW15070 A 35'. 5.
I F (J.rO.JHTNE AJtTY(k) LOWtSLJ0 A 365j

3 f I F I AJ.F.0 0.0.0R .8ui. FO0. 0)1 GO T0 33% LOWESO9U A 366
I F I(AJ FQA Go To N7 LOWESIOG A 361
EV:03( 4AJ-LUE /AL OG (AJ/nlJI LOWE 5110 A 358

6.C To 39 LOWE5120 A 3 wl
37 LV4=1S8 AJ LOWE 5130 A 370

GO TO 3 LOWESI4O A 311

3? £VtzCIO LOWE515O A 37?
89 WHIK-IIVN(K)#.FV LOWESISO A 373
10319 WLAY(J,1(DtFV LOWE'dl O NEW

IF (JF .EO.0) PRINT 41., J,XI,IJVN(L),LrI,8flPSI, ALPOLTA,ITHLTA,5R LOhESISO A 3741'
IF (J.fQ.J?.AND.It'.GE.Hi) GO TO 45 LOWE 5190 A 3 7
IF (J.f0Q.JMI NWNn.K.(.117(*0 GO TO 41. LOWCS200 A 376
IF (LA.). ))I RN=PCF/tFH (I,', J-i1) 10865210 A 371
IF (J.(O.J?-f1) RN-NCF/T02 LOWI52?O A 3t8

IF ;J.EQ.J?. ANO .8240.0) RN=RER/YN? 10WE5231 A 37,1
If (J. F C. fJ IN*1 N -I). A K0 . X .6E0.1 ) R Nz R E /T3X3 LOhE '524u A 360
IF (SýALV.GF.NNI RNZ 1.0 LOWE 5250 A 361

SA IH'SALPOQN LOWE 5260 A 36,
1IF llJ,E1. J2. AND.K?.,EO.O0) GO T1041 LOWESVA a 383

40 C 0lN I'INEF LOWF5?80 A 36b1.
4) IF I(MMIH.LF.O) GO TO 4F L OWE 'Z'90 A 3 81

IF (LrN.FO.I) PRINT 4.96 LOWO$300 A .386
IF ILEN.EQO. GO) To 47 10865310 A 3181
IF (LFN.FO.0) PRINT 43q LO08693Ž0 A 368
1(7=1 LOWE 5330 A 38$,
X1. X? LOWE 53ý0 A 390
IF 4498 tIX-NNIN) .LF.O.n0l) Go To 1.7 LOOlt, 53 90 a 391

IH=NITN LOWESJNU A 39?

J:=JZ+ I L OWE U3 70 A J33
I F INP'.F Q.tI) JrJ-1 LOWL5350 A 39L.
[1=1 T A LOWFSJS0 A 39 5
PH= 140. 0-AXIlN(SPHI) /CA LOWE5409J A 39b
TX: 9R LOWF54.10 A 347
fls: ps I 1.0 Wr 54 2 0 A 396

DO0 4.? kMjIAX LOWE 5830 NEW
4 ? F(K)'VH(K) LOWE5440O A 400

GO TO 35 LOWE 5450 A 401
4.3 OfE0= ?.-BE TA -R tOW6S1.cd A 4.02

PS It.?.' FS I- P, LOWLE540 A 1.03

S R= 7. -S P-TS L0WE5480 A 4.04

I' LONG 'ATM TAKEN 104AE5490 A 1.65
PHI :PH LOW) 5500 A 406%

r5r5



10IS PAGE 16 BEST QUALITY I¶ACflCA3W

lahite At, I Itilig i 1olIti'ttI Ctld I 13W Ii.N -4 (Coctl)

DO0 4.4 k.1,K4IAXE LOWE 1111 NI W

-4. V'Ei4.HIK-t (K) LoWIt'"?Q A 4.01
GO0 10 1.7 tOWEYI30 A 4.04

4." On( 46h k~jEKMAX Lr0Wt', 40 NL W
461 V ( K)..AVNI L 0W ibU A 411

PUTOZ?.11'tMT A t OWE 'bEJ A 41,1
SR 7. IERLLWL'.70 A 4.13
IF (11.0 ) 6E0 1EE 11 tOWI%',MI) A '414

If ESPEIT. LT .RN) %PHI1= "'11/RN LEOt ~'It 1 A 41.T
GO TO 1 q L0W ,IE ¶'U' A. I jE

1.7 C ONTII NtIE LO0Wt t3 0 A 4 Il
IF ,EANFtFrt . 90 . I) PRINT 1 4Ot,.'HM L OWEt 0n1) A 41'ItW

DOI 1.8K- K.EEMAX L14. 0 W ltNI Nt W
WIK)rVE' EECL LOWL'lt,E'A A 4' .1

1.8 C EC N!INOE LOWE ,h70 A '2
1.9 WRITF (1-,4149 t-4. ONE'8, U A -

WRITE I 1,110'.) L OwE ",F9Ot N1 W
WRITE (1,1.1 WI), 1) ) 41 )WI)LOWE "130 Nt w

WE91ITTE7IZ100IJ P4, ,IAAIE, ITEI'r,Nti, ANGLC.NHMINtV1.IV2."'V LOWE'4.10 T41I,
3000 FOETMATISU,'. ibFt1 .4.) LoWE "ý7,'U NI N

IT I1 O0WL '1 30 A '4,'
1'1(114.1 ',40. A '.2t,

LOWL1,./0 A 1.'cl
I v 1 41;%1 viLUWE't'I f0 A 4'.2'1
I V I - *I 92 (LONE 'I7z3U A I'130
1F LV I ,LT .I , 0Q) I VI =3'0 L.ONýl 1Y740 A 4-11
I3141 (VZ¾C.TGI.'li UTOO) 1 V7 '0 3T3 LOWE 1 ~54E0 A it 32ý
IF (OV.LT.%,) rOVc-. LOW '011.1 tk A 4.33
IVydEV LOWE EEL00 A 4111'
I VtEVTTVI01L b4,' It3o A ' .5,

I F (JFMI SS. q . I G To 7010 LOWE &'A'U NE W
Q A&nE1hU Ir 0. 0 LO0WE 58I1t,0 NE W
F A IOR- 0 . I L(IW t ',A7TO NEtW
CALL PATHNIWLAY ,WP'ATNH, I Do E LOWE '.VBEECI NEtW
PRINT115lb 11111 1,640 NI W.
PRINT 111`7 LOWE 4900 Nt N

IIfIS.O IIKEIAXSIKLO LOIWE ','I10 NEIW
Cr ' BFGIN:WC NG OF!RANSMI1TTAN~r CALCEELAT IONS t Ov I'll ?a A 1.37F

530 1 =IEJ V *fDV L OWE ,j "9. A1 '. 30
SLEWV' 0 L OWE 59'.A NE N
11010'! . S SOLP- I . LOWE 1145T NE w.

IE(LOI LIEWE 5960( NE W
IrE IEMISS.F'I.0) IKLOsTKMAX LOWE '.910 N t w
0t)I C ý 1010 K TK.tELOIKM A X kLOWE 11980 NE W

IF ITEISM S.EFa.I Co (- TO I 11r5'W 141,991, Nt W
no0 10152 K-j,KNAX LOWE 6000 NEW



T IIS PAGE I-, MST1U t2 kC O$2 Qll.L I V

'lahiA A I. 1j Citn tIotr~tode I OW'UHAN 1 (Wont)

W(K)VWPATH(IK,K1 10414010 NtW

Ija S? CO NT 1N LIF LC0Wt 60OZO NLW

IA~ or,,~ V. LOW630 NEW

IFLJP.NF.AI GO To 5? LOWLhOLO A 43813

IF (IC.OUNT,EO.U) GO TO SI LowrF6,0s A 4,19
I r EICIOUNTEO.S;0) Go To Si LOWEbJ6Ok A .40
GO To 5? LOWE6O?0 A 44.2

51 ICOUNTLO LOWfbO08U A 44 ?
lF(ICMISS.Fo.0 PRINT 4-? LOWC6USAO NEW

5? 010 503 Kl:1,MAX)ý LOWt6100 Nt W

T ((1 K)0 *0 LO0ht611 0 '1 445
I F (K.L.4 TX (K=1.0 1OWE1f61I0 A 446,

53 r CN411 1UE LOWF bIi.0 A 44 7
IC 0(T-14 IOk]NT + I LOWE614.0 A 4(4 8
,ýUMtO .0 104161bl50 A 4.49

Vt- IV LOWE tj'.0 A 41,0

I: IIV-350)154i 1041 6170 4"

C *-0-9- ....'' .' 0 44 H03 104161 8U NFW
C. 'NO! AfISCRPIIGN CALCULATION 10W16100 NEW

CALL H(NO? (V,HAIIS) LoMEto?0O NtW

TX(11)=HAPS*W(iII LOWFE.?A0 NFW

SLMmSUHI+TX( 12) LtOWE 2ZJ NE 4
IF(TV.LT.6?0) GO 100?? LOWF(6?50 -A 4 1,;

IF(IV.LF.3030) GO TO 61 10 Wt t,'0'4 U *.A 4'j.

C. '' MOLEUCUL AR SCATT FRIN, LO0Wt 62 ' 1 A 454

Cb.t3.8CE-?'1E(V*4.Oli?) L OWLEb 6760 A 4"r',
T1X1f$) =r 8*w (,,) Lt0)WEf6??70 A 4', f

S LM mSU IJNX (h6) 104(6230 A 4 7

I F (IV.LT.0?0U) GO To 7? 10416b290 A 4 A

I? EIV.LT.t3000) GO TO 46 LOWE 6100 A 4 59
C~~* . ... V 07ONAE LOK 6310 A 460

IF EIV.LFC'1409I GO TO 54 104(63Ju A 4(1l
IF EIV.GF.?'SIOE r TO '1(5 it'14t4(30) A .4nJ 4
GO0 TO F? 10416-434 A 403

54 YXA:?0.0 10416350 A 4b4
AI±V-10000)/X+I0 14(3bV A 40,

L I'I L014063fd A 44t,1

L2' 51 LOWF 6380 A 46b?
r.0 10 506 104(6390 A 468

1?5 X x 500 .A LOWFU400 A 469)
X I:EV -2 750 a. 0)X X*+Y0 10416412 A 470

LiS I104716~t420 A 4I11
L 7- 10? LO0406430 A 4?7

96 00 S? M81,1 .1 LOWEo,44U A 473

X.(DXI-FLOATE N) L0*41444 a '.i

TtC tof) 59,58,57 tOW416460 A L.-7"1

.7 CýONTI NUE 104OL16479 A 4 76

S 00 8 10 -G6 60 10 S 4 10 A 47r

GO TOq tSI =MAIB(I 06430 A 476

59 Tx181.CSEN) Xr*x0tCN)-C8EN-1)) LO1*('¶00 A 479 -

57



ThIS AGE IS NEST QU ALI TY PBRACTIICAB44

TableI, A]. I *Istin ljYof 'ort't m i'11 t I G\V''IA N -1 Wlow)

xI X) 1= 8NB '1(0) LO0WE h, 10 A 481
60 S u ;UM'SO)x.f4A LOWt 65iJ A 4.$i

IF(IV.GT. 1.500)GO 107 BY01416550 A '4b,"
GO0 TO f69 LOkýEuT'. A 4Q-13

C''" WATER VAPOR 00)4 INluli 10 MICRON L'CGION LOWE 6550 'A 4.84
61 IF(iIY.(T. 1350) GO TO 6 LOWEG5bO 4 A 4 8r

IlXif!I)-(44.if.iS+',3518 .0- E XP(- ?.7E- 3' V)I' LO0WF 69,ILUJ A AM'n

G 0 TO bto uOWFb6O -A '.8?
6? IF(IV.LT.23'iQ) GO TO b8 LOWI 6590 -A '.88

C*'9* WATER VAPOR.C.ONTINOII9 S MICR(IN 'lEGION LOWE hbOQO A '4b
X1= (V-? 350.O0) /So0.a+1. 0 LOWbEi bb1 A '.qO
NH'1I *1.001 LOW1661 ,'D ' A '.91
AN: 8!-) 10011NH) LOIEt'b30 -A '.1,'
TXi 5)'r4,Nwi LOW) 66'.0 -A 4.93

64. TX(5)=TX~,tXH. (CrI(INH)-C.1iNH-i)) LOWF&)GO -A I(t
6., L:SIiX5 LOWtbut'?0 *A 4 L)

IFCITV.LF.1,340.OK.Ty.G7.,?74U) GO TO0?? LOWL6C'J -A 4 19)
C*'''4 NITROGEN CON! INUILM LOWE 1190 A 1qto

68 IF (!V.LT.01080) GO 10 7.2 LOWE 6700 A ¶')U
K4=' 1-31. t, LOW) 1710 A 02'
TXi'.)'C'(K4)*W(1A) LOWE h7J20 A V 3
SLIM' SUE 4T XV (4 LOWE 6700 A ') 4
40o TO 72 1 Wi (74'0 A 1,C 1

.''.'.'. WA TER VAPOOR LOW 067'40 A C. il(
b q I F ( IV . LI T 1,28 0 0. ANI1) . I V.i *l '8 7 01. 11) 7 0 LOW 0 ot67b0 A (I'I

to (Iv.LI.IS.15?.ANO.IV.Gr.13.0)ý CIO TO 71 LOWE'f b7 70 A 0 8
(.0 TO Zh LONE10676 A "0'J

70 1=I- 13'.. L(WFh'79)j A ',IC
GO TO 7:? LOW) r'800 A "I I

71 I=I?4 L01Fff810 A ", 1
02 KC1=1 LOw)t t,8 20 A "I3

IF cW L T,.I . 0 -2ý0 ) GO0T xo ?t, tO-' 3 0 A s',1
W I A LOG10 (WII I)P * C.i(I () L u ktt' 04 U A ¶'I I ,

IF (WSj *LT.-Z2. 3468) TXifi) '1,-.OA??8 74EXP 1.86¶' H"'SI) LOWL0 8',C Nf W
IF 1NS) .t.?3''8 GO 110 76~ LOW[ ('660 A "ju1't
IF il...6R)GO TO 71, LO WFI-P.70 A 1,7I
TF (WSI.GT.?.x) K1'40 LOhFtosBO A 'Aft

0 0 751 K=Ki,6,? LOW( 609u A 1 1
I~ riNS1.LFF W IK) Go0 TO 74. LOWE bQ00 A '0

11 CONT INUE LO0W Et6910 A I
74. TX0j)=TRiK)+(TR(K-j)-T'(K))'!-W KI -WS)/F W K)--VW(K-) IL tOWEcS?)) A''.

GO TO ?E6 LOWtt,95. A "2ý3
71, TAX( I)-C.0 OWtrh'44.J A ",'4.
76 E' ONT INUTý LaWi b3'0 A r'K'"

IF iIV.LT.8tiof.ANO.IV.GE.S(0) GO TO ?7 LOWC6'17u A '12 1
If (VL.1'0AOT.,.Zi0 GO To ?d LOWC)198ý A ',,'

GO0 TO A3 I owl)69)0 A 4,791

77 JT-30LOW(v~u 5J

58I
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Yl 1~ui Y FRwcIsiwz1 rouflDC

Ta ble Al. 1dit itil OfI FVtit'trO I hi OW'!' AN 4 (('ont)

Go0 to 7" LOw) 701O A 1-51
78A J( IV-i 29 50) /S5+1j' Ib iowE`02i@ A 5.32:
79 It(Wi2) L.T.1.08-?0) GO TO 83 LOWE ooO A ,3 3'

KS' S LOW) 7040 A 5,'4
WS?:ALOGIO (W (?)10? (3) 10AUG050 A 535
IV (WSZ.LT .- 2.3468) ¶02: -07 U1( 8'~~S)LoWI1060 NCH

IF WS2.Lt..-2.3L.68) GO To 8Z LOWE 1070 A 536
IF (wS?.GT.3.56821 G0 To A? LtOWf7U8O A 53 7
IF I(WS?.GT .2 .0) KI=40 LOWE 70 90 A 5 'S
00 80 K.Ki,67 LOWEA71O0 A 530Q

ItF ( WS2. LE.F W (K) ) GO0 TO Al, towrlliO A Os4O

80 CONTINUEW LOWE 7120U A 541

at T 0)2) =14K)t (15(K-1 )--OR() A) *( EWK) -$3?) /1 TN)K) -FA K-I)) LOWE 0130 A 1,42
Go TO 83 LOWL7isO A 5'.3

a? E$)fl)=C.D LOWF7150 A 5,44

63 CONTINUE LOWE 71 . 0 A '545

1-* 07ONE LOWC7170 A 54f,'

IT (IV. IT.'7S,.OR. IV,GT. 32r9) GO To 6 LO' iowt U A r.46b
L 1 1-4 5 IONITO719 A 154.?

<1=I IOOfA7?00 A 148f
1V (W(3.LT.t.0E-3I) G0 10) 87 LOWý7?lO A 54$
W53=AkLO(;io0 (W(3) ) +C3 (L) LOWETL'2Q A 55 L
IF ( W " .LT-I .6778) T1)( 3) - 055,194*EAr 2 3E,3 78',3LWS 3 LOWE 7030 NI A

IF (WS N. LT 1. 677 8) Co TO A7 LOWE7?40 A 551

I F (WS1.GT .3 .9349 ) Go TO0 8b LQWE7?b0 A 1;1,?
IF (WS3.GT.t.5) K1=36 LOWI72oO A 51,3

[D0 54 K=KI,67T LOWE 7.'70 A 5514

IF (WSZ.LE.TD(K)) GD TO 39 LOWE 7,70 A 5,"$

84 CON I NUE LOWfOCYI A 1, , t-

85 T)(c!) zTR(W)-(TR(K)-TR K-i))*(FOIKI-Ws;3) /(FO(K)-TO,(K-o)?1 ) oF 7 10 0 A 0;5,8
GO TO A? LOW) 7310 A '',9

A6 T Y)(3) =0.T L0W17320 A ;t, 0
87T (-U N I i t' L0o1rF7 3 30 A 1, u

. AEROSOL EXTINCTION LOWE 34u A So?ý

ALAHtS. OE.4/V LOWE?350 A SSSAA
XX,- 0.0 Lowr?360 A 5o t)A
YY=O. I LOWE 7370 A ', t, 3

c..='' TE`MPOPARY FOG, CORPECTION FOR VET PELOW 21 KM. LOWE7380 A 1ýt'1U
c IF) VIS.rTI .0.O.NO.VIS.LT.2.0) Y)(=0. 508 LOWETJ90 NL W

G TrMPOR 087 FOG- IUPFRESSTOn LONE 7400 NEW
IV. (I HAZE * r * ,oQ.10.61 * 3~.0) 60 TO 90 LOWET4I I A E b4-

00d =,4LONE T42U A s
X0'8LA?'-VX((NI LOWt?43Q A rfE6
IF (xfl)9, 80, 8A 1t014A7440 A 567-

8A CONYTNUiF LOWE 7450 A '4,88

89 TX= CIIN)-C7ltN-i))8D/)VX)N)-VX)N-1))+CZ)(N) ION?4b0 A4 5688

YH)0C78(N)-C7A(N-1) )90/(VX(N)-VX(N-1))4C?AIN) 10WF7410 A 5600C

90 T0(10):Yy#W(7) L0WE7480 A 56t01O

T Xti7j rY XW ( ) L OWE 74'JO A 'ot.
9 UM= SUMH+T X(7) LoW) 7000 A ~7 0

Ai
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'nlahe At. 1 ost ong of Feor ran Code I Afl\*VlIWN 4 ((onl)

I X I 5zSLim L OW1 7 t,10 A I1

n o 94 K-4,pK9AX LOWF 71,'1 N4( W
IF (Tx(KI~l00 C , Tql' LOWF7SOu A47

or Y1 (TN .. 0. 1 ( [ 10 TO1) LOWE 7540 A 514
1 F I IXIKI.,GT.?10. CO TO q¶ LIVI ?GýSQ A 91'
TICK) Ft XF' (-T ;,K) LO10E7560 A 1,1 b
GOC TO 9,14 tOhE 757V A ',7 7

GO TO C4 LOWE. 7590 A 5,79

9?, TX()=1 .0 LOWE rbOu A 1,A0
G0e10 04 I.OHI7b10 A 581

CIA TICK = . tONI 7520O A 5$8?
94 CC(,NI71N tic LOWLT7536 A "Alt

IYXC. X qIOIT X 42 )'0IXCI ) TXI x L ON 17640 A 584
IE GV.E .13001 Ix I3):TI( 8) LOWE) 7 b r,0 A r. 8

IFC0 lSS.E9.0) 0 TO 1210 LOWEK 7b60 NIW
AL6Mz1. OE 4,04 / V L OWE 767e NI N

91 9 l =rE(IRRY(IK) .V) LOIW) ?t'0 NI N
lEI NF CI X ()T$I 10) / (TXll) '(0()l L lOWt 7(90 N( W
I SNEW * v 1),T (s)) lTo (tO 1101117t700 14 tN

111$LIS L (I -TI. N I )WE T7110 Nt N

or (OIAU.LI.t.0E4ý.ANO.TLNWW *L I.1i. 0l1 - GO T- O 1101 LOWE f7120 Nt N
SiNV =StIPMV , 0. ;;*FI 1)<' PT AU' (CTS OL U+TISNE W) LONEH 7730 NI N

IL OL 0-TL NEW S TSOLI=TSNE`W UCWI 7740 INfW
10O'0 CONI INIIE LOWLF7 7'P NI N

Ioo n (ON 7 SUEF LOWE7 7 hl N IW
I A UJ5= 0 LOWf 7770 SIN

or IHMON.LE. 0 .0.0 .ANOI L. El1). I )I A kl1:I X19) LO0NE 7 70 NI N
I TI0 ,I L1 7790 Nt N

I F TAROI1NO . T .00* lTON LOWE 78100 N lEW

IF JP.ECF.) RIV?) libI,-0. LOLWEUVSUVR UT 9 tl7850 N1 W
IESEJMV.G(.50E0MAX-) VRNAIV L0WU78f39A NEFW

OECIEP.1ISSE'.RDII GOt TOM 1??0 M LW 717 NEW
IýIF)JP.E12.0) NRITFMh1 N2S IV,RADLAM,TII9),ITOIOC,7,IIOS 10111800 A 587

10 D ORMTIF0.1JIFD. ) L~k 940 Nt0



THISPAIIZS. B~$T Q)UAlITY TWOCIXCýABLI
'FUN 0jtVY*J~iJk41 ED1) DDC

'lab It, A t. Ji a ting of Vort ran (ý'odv I OW'1'IA N 41 Wont)

02-20 rONTi NuE LO WL 80lo NEW
If (IV. GL.I v ) rGO TO ()'0 LOWE8O2C A 588
C.0 To a0 LOME803U0 A 589

35 vgE a 4.00, TXY LC6E8040 A 590
jF (IEWISS.EO.i)PRINT 11lr5,VR4NTP,lAOMTN,VR485,PAOMAX LOWT80S0 NEW

I017c; FORMAT i' RADMIN * FIVI,.3,E12.S,/,* RAOMAX ',F12.3,Eji?.r, LO~r,060 NEW
EwOPFTE r LOWEAO?0 NEW

J 'rTOR :0 S TETNnotE.O LWcOUAO8 NEW
AR:1. 0-StIM AfEL OAT(142-IV1IOE09 E
PRINT 424 , I Vt V?,SUOMA,AB LOWE8100 A 591)9
ITF (IF M ISE.FQ .I PQO NT 4 43, RAOnS UM L OWE 8110 NEW

1.443 FORMAT (# INtrGRATEO RADIANCE z*F1?.5,*NAIT CH -2 SR) LOWKE 812?0 Nt W
rRONT 401,TXY LOWEST SR A 51) lG
I V( IXv,E0, 0) GO TO 10 0 LOWE614O A 591D
6C0T0 196,?,97,9A,100I,I0Y LOWEA1,0O A 1,91L

SE'f READ 406, Vi,V?9,DV LOWE Uj16l A 592
AVRtj 0M0. /VI LOWEU1?0 A 593
ALaM:1i0000./V.? LOWF6180 A 594
PRINT 415, 'J1,02,OV,ILAM,AVW LOWE $19O A 595
ýUM0C4 0.0a LOWEF8200 A r595
60 TO '.7 LO)VE8210 NEW

9T TF(HOOfL.EO.C) GO TO 2.00 LDWPS?20 A 5,98A
('c TO 200 LOWE8230 A 498AR

98 RFUF 4CD)LIAFIY-L7,PIH,,,3METý;0TOIt LOWE-8240 NLW
OH-IEMISS.EQ.1) PRINT 1179 LOW1C25O NEW
OE(IF.0S1S.EII,0) PRINT 1171 Li1SE826U NEW
tO NE)'OPz LFN LOWE V270 NEW
PRNTNT400,MO1E!-, THA7F . [TYo ,FLFNJP,IM,MI.4'.t'3,ML,IEMISS,R0,TB3OIINP LOE0280 MEN

- 60 70 ZT0 LOWE8290 A ',98E
to00 CTCE LONFRIOO A 599w

400 D (ORMAT lII i,'Flo .Ti) LONFA3I10 NE W
1170 FORNATPIl PROTRRM WILL Hr EXECUTEQ IN THE FEISSION NEOE-) L05E8320 NEW
1171? FOPMATCIl PROGRAM WILL DL. EXECUTED IN 

T
HE TRANSMISSION 900F*) LO06E8330 NEW

4()2 FORMA T W116.t?(10,F.,?I3) Lt) 14354U A r60i0
10 OMTL0Nt.83 50 A 602

403 F OR MAiT (4(F 6. 3, F17.A4 LOWE6SS66 A 60 3

404 FORMA T (EMEM.? 106E530 A 604

40fl4 FORMAT (6 Flq.? L LONE 53 80 A t, u 5
40 6 FORMAT (7FIG.1) L)OWFROR39 A 60 F
407 FORMAT (//1QO,?AMHO I?0TONTAL PATN, ALTITUDE =,I KO H K,RANGE =,LOWEA400 A 607

1E?.J, IF4 KM) LOWE &'.0 A 608
406 FORMAT (//IOX,SDH SLANT PATH BE7TWEEN ALTITUOS:S HI AND He WHERE MIE 106iE0.20 A buM

1:,F7.3,AH K4 H2 rF7.3,tB8l KM,ZENITH ANGLE' =,F7.3,AH DEGREES) L OWE 8±.3G A bill
409 FORMAT (//00\,TDR SLANT PATH To SPACE FROM AL1ITLInE HI r,EY.3,19H 10855440 A 611

0KM, 7rNITH ANOL F t-f 7.3,s ANDECREEq) 10W86450 A 6 12Z
410 P045 ORM C /Z 0 X 16H MODEL AT4OSPHERE ,OIi, I I4 TRT OPIrC:AL L OI.0JE a.bu A b.13
411 F OR MAT c/ ? 0 X, i H MODEL ATMOSPHERE (11,21W = 001 ATITUOP 'SHMNER) LONI$470 A 614
412 FORMAT (/20X,ISH MODEL ATMOSPHERE- .11,(11W : MTOLATITUOE WINTER) LOWL648u A '.15
413 FORMAT IJ2fl~t1H MODEL ATMOSPHERE 1,?IHI = SUB-ARCTIC SUMMER I LO05E490 A 616
4t4 FO(RMArI (/20X,18H MODEL AT4OSPHERE 1I1,21H x1552 US STANOARO I OW(59ýI0 A 617

611



THIS PAGE IS BEST QUALITY PRACTICAB•A

Y~i~ GO~X 1UMiAA Ia A DuO

'l'able :.\1. oArliI• i" ''ri ('nih, 1r UW'IAIA.N .1 (k'oIlt

'l.i FORMAT (/20xIEH NOUEL 9OSýHfRL :1 tlN ': SUtB-AOCTIC WINTER ) LOW'84lO A tX 1
416 FORMAT 1/2098H HA?( MORL7 ,11'L I I A 

T
13H VISUAL RANCH LOWL ANZu A t) 41 .

41? FORMAT (/?AA.NA/C MODEL t',r*.T ,* KM VIS'AL MANGE AT SEA LEVIL') LOWE''30 A P.O
4t1 FORMAT (/1 ?iH F'RFQE1iECY RANh VI' ,1t1I 1*' CM-i TO 1 0= V2 f.IlLrOWt8Y'4 A (,?1

lAH CM-i FOR OV = ,r6.,04 CM-i t ,F6.7,' - . MICRONS )*I LOWESO A t','
419 FCRMAT (I10X,381 FOUIVALT-NT SFA LEVFL ARSORPER AMUUN1S//21XII0MWATLOht$F*,60 A b2,

11R VAPOUR CO? LTC. O07ONE NITQOGEK (CONY) H70 (CONTI LOWL 6, '? A h"4
2 MOt SCAT AERO"OL 07ONA(U-V)/44GlH4M CM-?,l1X,2HKMiLOWIdioOU A t'%
309,6*4HTH CMt1-OoXvKH,91,7GM CM-?,10Xv2HKM,1JAH2AKM,1O I, HA1M CM) LOW(f$690 A kZ6

420 FoQ MATI HI ,f//10X,' VERTICAL PROFILES ',64XY-PSI- 6XOPHI-6X,#LOWIf hO0 A It?
I BEFT A*,$,*'TWET A PIh-- E LO0 WE ti1b 1 IU t f,

421 FORMA¶ (/10 It H O W(1 -6) 8EV1-.A)/ 74XXE14.3,? #,L 14. .3/) LOWFb M2O N 1: -
427 FORMAT (jIt,/1A)(,32H FkCQ WAVELENGTH TOT AL H*, OYXHCO+,vX4 XbLOWt 0b3, A 1s0.

14m7OONE N? CONT q4O CONT MOL SCAT AFROTOL AEROSOL INTt GRATEJ)LOW[ 86.0 A 131' -
? /11II. MH (M-i MICPONS, i (AOCHTRANIS) 4xA.20H AIAS ASORPTI10N I LOWE 8f9J A (,32-

421 FORMAT(iJXIE6t~lrN,4 LOWIOtoL NEW
4? F1ORMA I ( IN4EGkATFT ABPdTSrI ON FROMN';Y00* , O'l,. CM-i F,1Ei.,',LGNwtb670 A t,,•4A

1, AVEPA G TRANSMITTANCt L.1F.4) LOWt 66 06 A l34
421 FCRt'AT (10X, 7F10.3) LOWt otl)o A (,Yr,
42f1 FORMAT (/x O 'AERO3OL SCATTER INC NOT C.OIIPUTD, IHNAZ1F 0') LO $d7T00 A u 33t,
4?? FORMAT (IHIj,///10X, O HORIONTAL PROF 1 L/) LnOWl $710 A t' ?
428 FORMAT (10X, , Hi=- ,F7.ý,KmH2,",= FT,FF'KMANGLE= ,Ff.'.4'GI-OM. RANGLOWIh?20 A 4, !

1U =, F7.7,*KM, [ETIAiFV,' , 5=VIS: ,F.F1) LOW 8T3U A 1-i9q
4,2q F0PMAT( T 2F 10. 3, F . I LO. ()ti3 LO8f7T4f A hG'C
4-30 FORM ATTI$XI NPEIT 4ETýOPC0LOGIC At ) AT /11 /w1Y , '?r 7 FT K HM, P:',F?LOWE 7U A tý,1

I. m' MT1F5. 15,1 C , )C W PT . Tft MP, F5.I,- C , PL H UM*101 Tyz pF5 *I , L ()fE7?60 A t, '
7' O 7,* F0DNSITY:', iPE9..?,' GM H-'/T,'OONt 11NIY'I. , LOWti?tA) A C-43'

3M-,, VISUAL RANGE=',OPF6.tt KMRANGE1',FiO. ý, KH k I LOl'o/o N A 1'. 4
t31 FORMA T ( 1,F .I - ? .F 7 .)) IL 'Wt IJ0 A t,4'"'
43? FORMAT (4' STAR I NG f ARAMETFRR Hi AND AN LF HAVE VrFN REOCFlNEO:HN=L Ie $001, A ," .t-

1 *,F10.1,ANrGL -',Fo.(,) LEWIA6I1 A t.?7
433 F OkMA T ($ TRAJEICTORY MI'ES FARTHS AT1USPHFR 01. CLOSESTI 1ISTANCE. OFLOWE 002] A f,48

I APtROOCH IS%,F1O.21TX,/IITy''NO OF CALCE'LATICN'I LOWI0L086 A t,49
454 OrpMA T ( I VOX, I'I.,FEb. 1,1. ( IEL". 3))3 (JOwt O64 A t,'G
11,35 FCRMaT I(1T,FP7.I,6FE1T.31,k4F9S.AdE1T.i L Owl ) Oh

5  
a t"I

431(6 FrOMAT (' HMIN % Fif.3) LOWi 'obO A t','
43T FCRMAT C' PATH INTER-SEC ,S EARTH - PATH CHANGER TO TYFI' ' WITH IQ2 =lOWt 8810 A k03

1 0. 0 KMN) LOl W ts{ 80 A [,1-
438 FORMAT (' CIOTGF OF TWO -ATHS FOR THIAS CASE -SHORIF ST VATH TAKEN. LOWLooNO A l'" s

I FOR LONr-FR PATH SET •_N=1.') LOWS)o9l3 A (01bL
"439 FORMAT (' CHOICE OF TWO PATHS FOR THIS CASE -lONG0SI PA01 TAKtN. LOWL8410 A t,,* ?

I FOP SHORT OATH SET LfN t I ') L OWFWl?0 A t",8
440 FCRMAT (' H2 WAS SIT LFSS THAN HMIN AND HAS BEEN RESL.T FCUAL TV LOWE$932 A u',:

I HMIN I.E. HP z *,F1l,3) LOWt6OOU A I." a
411 FORMAT(' OOFL ATMOSFPERE Nn. 7',/ 4Xt'7 (KM)',TX<P (M,)'*, 0 LOWE •Obu A (t, Ij

I 'T (C) nEW PT RH 120(4 GM40-3) 03(GM.M-3) No. nEN.-) LOW[8E'JU A (6,"
442 FOR I'AT(' FOG CONDIIJONS MAY EXIST AT SEA LEVEL FOR THIS VISUAL RALOWt Osto0 A t' t,

ING E/. /- IF SO THFNh ASSUMF TH.E TRANSMITTANCEF (TU TO F OýG IS GIVFN LOWFA'($b0V A 11(.'
2 •t l*4 TRANSMITTANCE 

A
T 3.51 MICRON'*) LOWE6990 A Pt''.

1109 FORMAT (013) LOWl 9%00 NIIW

62
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281 PAGE~ N~k I DD.C ..-

Table Al. li [;tfiig (if Port ran Code, I QWT iA N 4 (Cent)

1I5', FORMAT (1R1X,*'"ITRIC, AC.1fl.) L0W19010 NO W

liss6 FORMAT 1H11,5x "RAnIANCF(WArTTSr.MZ-sTEP-Xxx)(), iQWF9020 IN,

1157 FORMAT (30).YR,FR(C-1) WVL(MICRQN) PEP CM-i PER rICRtONOI LOWC9uU3 NtW

I INTEGRAL TRANS-) LOWL904,O NEW

1160 FORMATj I0X,FB.t,FI.3.6 .TEIt.5,FI3.o)I L~wIqoSo NE WIN 0N LOHF906O A 56t64



TBIlS PAGE IS BEST QUAL I TY FUCTICAHB4

T1abIv Al1. I Oft "I2ti IT t xii 'ot I OL' TH AN 4 (('out0

PA TH 10 NIHW
S Uri oUT ONE PATH (WLAY, WPATH, T FRV) PAI IO N
CO4MON 7(341 11 ? 4 (7lC, 3 4),k 6 l( 1, 34)I, Wl.i , 341I, MNLIRE ~t OWO VI O~N I" N LW

0 1 E N 1 I N IL AT( 3 4,T1 I) IBRY Y E,61 ,VP AT 0 l a .11

(-COMMN /E mt, IE HIST,;K MAXANGLF.LEN,NHMIN,I1,, jI , j,-K,N, rjr VTRAI T YPF0 1IHi0it

CC 4MM0ON /FMS/ HI,H2,NPl ,MOPEL 
CAT a N

DIMENIUNf U ) . O20 
PA TN TO~ NE W

CO MN/IF LK0 0 H ,N L w t~ ( t PATH 1,0 NE W

IF (I TYPE. Ell 2.N. HI .0 j .NZ IJ PAN I 810 NE FI

IF (H ?I TY F F.H tI . ? ).A WN C. LI F I.C GT .9 O 2 A N . N A . E.( L IkN 1 o R . F 0 l J JI I J - P A I N 1 1 O N E W

IF(IJEO(T.E 't.I J '-J"A1 
H 11 N

PRINTAI 110,J ,?PA1H 30 NEWH

II O I ORHTVFIEOO 
PAI 10 ft

PR I NlT 13 AT ;0 N f

91 O M T / .23 C UMULA TIVE. 411900000 AMOUNT S PUN THE ATM USPHL RPATH Iul t, 1
P RI N T1C% J P ATH , /P 

4 T I N 0 4 0 N E

E, 0~ 1057AT 1 K U 6( PATH u0%i NI H

TPRINT =O 010H 
1 Nt W

fit) r10PM2 K= 1,2)00 
PATHI 300 NE W

100PATHI'',/I '. ~ TA,'?,8,%' ',X rL97 PATH 130 NiHW

19 M'A1 ,E'0 CCC1 
PNFATH 1'40 NIH

L NO 105 
PK6 'AlT H10 Ni H

I = l lPATH 71 C NjFIt

wPAHIKI .
OMLATH '480 NJ W

DC4 1000NTINUF A 
PATHý 290 Ni W

I O H 0 CN1 W 
PA TH 310 NIEW

NLLA,(L 'Ni- 0I 3G T t PATH 370 NFEH

L'J1 N=tpATH 
28 0 Nt H

1JP 1" 311 rOT Qo N, N

m~ Iz1.D -iPAINI 310 NEW

T It J = NITNIEAIH 
i

TIO 16,0 1 Kz ,68PAtT1' 32 0 NE W

I F (0+00 .L0.00.10 TI'L- 
PAu PTh k ~3 Ni N

I,)= NIL- 
PATN 3,,.a NIH

i0~ OTFINUE0)C0 O10 PA Tt 3,70 Nlf H

D006T4N IK=1, X8 
PET7t 363 N fH

TW (LKN)EO.TE ( ) 0 Y1011 
PAL. , 

sF% H 4 Ni w
WP T (1 ,)= ()PATH 40',0 NI W

196 rCGTL.O CO o 05 PATH 460 NEý'W

IjF±TL.LE.0.0R. 10- 
PATTH 410 NIW

TW;A =( PT tE RI tiL T (1M0, L.+1) AI 14 41 NE W

c JEOTIRA IS I ONLY WHEN POOnGRAM NEVER 100005s ONE thANKA PATE' 4 q0 NEW

OF(JEXT RA.E•21.1) TflAPt(T(N,JiI4+T(H,J1+11II11- 
PATH 030 NLW

64
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YJM£Ool I FE4.ilsH.ED A% 1,U

lable Al. Listing of a ,'o'ttrai Codo IOW' N1AN 4 WCont)

10S3 CONT NUF PATH 510 NEW
T88Y(Ik)rTOA0 PATH 520 NfW
DO 11b3 Kk1,KMAX PATH 530 hFW
f(K)=WIK) PATH 540 MlEW

1103 CONTINUF PATH 550 HEW
IF (ANeLE.LF.,0.0.ANDOIL,FO.NLL) SO TO 110 4 PATH pO0 NeW
IF (ITYFE.F1 , .ANO, ANGLEL E.90, 0 ) GO TO I•t' PATH 5O7 NLW
IF (ITYPE.r) I. ANO. LEN.Eo01.,AND.OIL EO.JI?) GO 10 1104 PATH 180 NEW
IF (ITYPF.EQ, 2.AND. LENSTOR. ra. 0. AnO.I.EQ.J') GO TO 110& 

0
ATH 590 NOW

IF (IL.FQ.J4•N.AND.HM1fN.GT.0l I-EN=1 PATH 600 NfW
OF OTL,EO.i.,n.HN!N.LE.0O.) GO TO 1104 PATH 610 NEW
OF (LEN. EO.3I GO TO 106? PATH b20 NfW
IF (OL.FQ.JMIN.ANn. IJ.Ej.IL*NLL) IL=IL-1 PATH b30 NEW
IF tTTYPF.EO.?.ANO.IL.rQ.J2) GO TO 1U04 DATH b.0 NFW

1062 CCNTIMUF PATH 650 NEW
PRINTFT,0IK, (WPATM(TKK) ,K=1 .81 WPATH(IK,1O),WPOTH(IK, 11),T0(IK)PATH t.60 NrW

10 cl CONTINUE PATH 6T0 NOW
TNMAX=f8 PATH4 660 NEW
L ENLFNýTOq PATH 690 (NEW

E TURN tPAINH ?o NEW
0104 CCNT TNVF PATH 710 NEW

lRINTqN0,1K, (WPATH(IKK) , K=•,18) WPATH IKI100 WPATH(IKT111 ,IRSY(IK)DAIP 7"0 NEW
I KAy=IK PATH 730 NEWL'N=LENSTOP PATH 740 NEW
QE THRN PATH 750 NtW

G2o000 10 10^ Kz I1, NmAx PA I t t o NtW
WOOOH) 1,K I NW (K) PA 7 ý 70 ?C NcW

0012 CONT1NU' PATH 780 NOW
IF iMOPFLIFt'0) Ji-1 PATH 790 HEW
J,--.11 OATH 600 NEW

TOM Y(1) =0 m( Jill PArl 810 NFwTK tA.'-- I PATW• A2D N W
POINT 1100q, j1,J2 PATH 63C NtW

PDONT 9)10 PA
7
H 8.1 NEW

OK:I PATH 600 Nt A
P RI NT 10 0, I K, jWP AT H( 1K K) .K=1,8) •wPAT H IK 0 )WP A T H T K• 11 . R Y I K) 11ATH 660 Nt W

HHTN=1,oE-h PATh 6 70 NEWRETIIPN PAIH 880 Nt w
900 FORMAT(Ir,0oF l..sF1o.3) PATH 0890 NOW

END PATH 90O NEW

I
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Table Al. Listing of Fortran Code LOWTIiAN 4 ((ont)

SUBROUTINE HN03 (V.HAPS) NN03 10 NEW
0IMENSIO Hi(iS). H2116), H3(13) HNC3 20 NEW

C ARRAY Hi CONTAINS HNO3 AOS, COEF (CH-IATM-1i FROM ANQ TO 920 CH-i HN03 30 NEW
OATA Ni/2.197,3.9l115'.0,8150,q.2i7,9.46i•ti.5f 3 ,1i.i0,liii7,EZ.HNO3 'O NEW
0 ,1O.149,7.509,6. 136,4.899, ?.0f;6 HNo3 50 NEW

C ARPAY HZ CONTAINS HN03 A"S, COEF(C4-EATM-1) FROM 1275 T01350 CM-I KNO3 60 NEW
DATA HI?.A24,4.611,6.7S5,0,7S9,10.51,i3,t8.00,021.51,23.09•z.HN0O 70 NEW

t 8,21.32,i5%.82,I6.~,17.87,j..66,8.716/ rIHN03 8 NEW
C ARRAY H3 CONTAINS HN03 4RS, COEF(CC-IATm-i) FROM 167S T01735 Cr-1 - 403 90 NLW

DATA H3/5.003,0.803,14.12,t. 83,21.3i,23.50s23.23,i2109,26.99,25.0INC3 100 NEW

1i.44t.79,1.68,9.'42/ HN03 110 NEW
HARS=. NOS 120 NEW
IF (V.GE.850..ANO.V.LE.920.0) GO TO 1300 HNNO 130 NEW
IF CV, rE.1275.O.ANDV.LE.1350.0) GO 10 1001 "NO3 140 NEW
IF (V.GE.165.0.ANO.V.Lf.i?35.0) CO T0 1002 HN03 150 NEW
Go TO 1003 HNO0 160 NEW

1000 I=(V-P45.)/5. NN03 170 NEW
HABS=HI(I) HNC3 180 NEW
Go TO 1303 HN03 190 NEW

1001 I.(V-I270,)fS. HN03 ?00 NEW

HASSH- (1) NO03 210 NEW
Go TO 1003 HNO3 220 NEW

1002 I=(V-1670) S. HNO3 230 NEW
HARS=H (I) HNOJ 240 NEW

1003 RETURN HNC7 250 NEW

$NO NN03 260 NEW

6
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TbIeA 1,4WT A

SU9ROUTINE POINT (X,YN,N,NP,TX,IP)PoN 1 f le ,1litn ofF tr 'o IWIAN4(o)-'
COMO 7 )P (7, 34 ),T(7,3413,EH(t11,34),WH (T ,34),N,NLRE, CWCOPI ELNIN 20 NEW

COMMON /EMI/ IEMISS,NMAXPIN3 NE

DIMENSION TJIx (11 "IN 40 NEW

C SIBRQUTJIEf POINT COMPUTES THE MEAN R FRAT IVE INE ABV AN ELWCIN 60 ii 4

C A IE LIUEAND INTERPOLATES EXPONE-NTIALLY TO DETERMINE THE PaIN 70 B 6

C EQUIVALENT ABSORBER AMOUNTS AT THAT ALTITUDE. PoI 80 B 7

0C- . .* ........ ........ POUN g0 A 6

C TYCY) AND EN APE THE MEAN REERACTIVE INOICES ABOVE ANCDFBLOW X POIN 130 a 12

C N IS THE LEVEL INTEGER CORRESPONDING TO 'x OR THE LEVEL BELOW X PCTH t40 p 13 2

C NP :1 IF Y COINCIDES WITH MODEL ATMOSPHERE LEVEL ,IE NOT NP = 0 EQIN 150 A 34
C IX(1-8) ARE ABSORBER AMOUINTS PER KM AT HECIGHT X POiN 18,0 fl 15

... "PI 170 A 16.
N=NL POIN 180 p 17.
NP=C POIN 190 B 10
IF(X.LT.O.0) )(=7(1) POIN Llou a 19A
IF (X.GT.7(NLD) GO TO 4 PaIN 210 H 133
DO 1 I=1,NL POtH 2L20 P 20
H: I POIN 230 13
IF (-(92,4,1 PUIN 240 B 2

I CONTINUE poUIN 210 A 213-
I JI=N PaIN 260 6 1"

N=N-1 PUIN 210 (3 ?6
F A C (N-2i( N)J?7 (J 2) -Z (N)) PaI1N 280 A 271
Pyi=13P(HN)V(0 (MJ?) /P(0MN))#v#AC PaIN 290 B 28
TXI=T(M,NP*(T(M,J2)tT(M,Nfl#4EAC PCTH so0 0 219
WX1=WH(M,N)O(WN(M,J?)/WW(M,N))'*FAC PcIN 310 R YE
T X t3) =rO'PI1 /TIX-4. 56F-6*W X1'TXt'*CW POIN 320 0 31
TIXZ):CO"P ( ,J) .T(4l, JZ) -4.SE-W91r1,JZ) I NJ -).J2CW CoIN 330 ii 32
TX (1)z=CO-P (MN ) 11(M ,N)-4. 56E-FiN HH(MN)'T I NoN)-C W PaIN 340 8 33

TX(9)=V1.5E-6'(TX(Z) +TX( )) PCIN 350 a 34
XNIn.5E-6*(TX4I)fTX13)) PaIN 36J B 35
IF (IF.EO.II GO TO 9 PuTH 370 8 3 t
DO 3 K1-,KM&X PaIN 380 NEfW
IF(k.EO.Q) GO TO 3 9'01N 390 AB 370
TX(K)t-0.0 PaIN 400 *B 370

IF (ENIK, N).*ED. 0.0) GO To 3 POIN 416 8 38
I F (EM( K, N) . GT. j u Ot .0u) GO TO0 3 PaIN 420 6 3H4
I)((KPI:=FEH(KIN)(E (K IJ 2)/EM K, N) -- F AC PoUN 430 8 4U

3 CONTINUE PaIN 440 B 41
GC TO 4 PaIN 450 8 42

4 N P -. i P0TH 460 9 43
IF (IP.EO.O) GO TO 6 POaIN L.70 B 44
DO 5 K1.,KNAX POIN 480 NEW

5 TX(K)=EM(K,N) PoIN 490 63 46
6 TX(9)zEM(9,N) -1. PaIN 500 3 41
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'fable Al. liJsting of Fortran C('ode LO(W'? RA N 4 (Cont)

CO "O CARTS (3 24 AND 50 THROUGH 59 ARE NO LONGER PEOUIREU POIN 1;20 R40.

if (NC 4 )yrPI(,-1l1URIN 530 B3 49
9 CO0N TINVE PUIN 540 9 50

IF (IFP. E0.tI PRINT 4400, XNNP,TX (9),YN, IP,(4TX(K , K=1, 8) POOR 550 0 6
TX()zT49)1,POORg 56 a r,

YN= TN. 1I RUIN 570 B3 Es
RETURN POOR 58C B 64

c PEON 590 13 b5
4400 FORMAT (/,* FROM POINT: 4IEIHT-.F10.4o* KN,tV*,O3,-NF'%,IO,RLFPOTN C00 A3 ft

1. TRUEY ARUVt k RFLOW X.#,?E12.4*9,IPtý,I3,/,12X,'EOU1W, 5850(300( PaIN fi10 B 67
2'AMCuNTS PER KTMi AT )0.',FFS0.3) PaIN 6?0 ki 1
ENO PaIN uJ 03 n 9
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TO DDC

'Table A I T. ist ing of loutrain C ode I W l iA N 4 (('t it)

WSUAOUTINE ANEL (HI ,H?, ANGLI ,BE,LENIML) OEI 1

COMMON 7(3 41),P(7,3L8,T(7, 14),FH(I1,341,Wlq(7,.14)H,NL,ýrE,GW,00,Pl 
ANSI 20 NEW

COM14ON /E7MI/ TFMTSS,KMAX ANSI 30 NE W

v IM FNSIN TIl ANGI 40 NE w

C.. . I ..*. .~ . .T C NLl 4

CANGI oO C 15

C THIS SURPO(JTIUE CALCULATCS THE. INITIAL ZENITH ANGLEý (ANG.LE) AN GI. 70 C1 6

C (WHERE 9FIlA IS THE EARTH CFNTDE ANGLE SURTEN~rO flY Hi ANr) NH2 AN GL 90 C b

C ASS5HMPG THE REFRACTIVE INOEX To BE CONSTANT IN A GIVEN LAYER. A NSI 100 t; N

O FOP GREATER ACCURACY INCREASE THE NUMPER OF LEVELS IN TOE MOOEL ANSI 110 C I0

O AEHOS-PHEPE. ANSI -22C C I I

c ANGLd i3U C 12Z

O tH IS SUiRROLITINV CAN 13E RE0V Er) FROM THE PROE-RAN IF NOT PECIIIPt0. A NGf, 140 C 1 3

T =.)QANSLI ISA C I,,

C A~~ = F11.M ANSI 170 C If,

X I= PC #H I ANSLI. 10 C 1 7

X IRF +H2 ANSI 195 C1

IT'C ANCI 2102

8BýzlUCA ANSI 220 I

TIANE,: X2 S I N(I I X,(2COS(B01 X1 ANSI 2?RA C

THFTmkTAN(TANE,) A NG I 25G c 2'

I F I(T E T.ILT7. 0.0 j THET=THLT#PI AN61 If 70 C 4

SF94 I=S INt( T HE TtI ANSIL 270

ANE:= THE T!CA ANSI 2800 C

r PRINT 404., flt,ANG,T ANC, A NE 299ý C 2

T N--:I THE ANSGI. 300 i l

TN =T N-EV C4A ANSI 310 C21

I ANGLE=THET ANSI 320 C TO

81: QT0 ANSI.1 3 1u

Ac TA. ANI G1340 C

RIF Ti' 0 ANSGL 3 ' C 33

RE T2:z0 ANSIL 3 6v G 34

EaT It o ANSI 3TA C ? 5

FST 2:0 ANUI 360 C 36

r Q T 3=.P ANSL 190 G, 37

IrACI..0 O To2 ANSI 400 C 37,

C PRINT u00, IT ANGI 4 13 C 38

Yr 2 TN IT ANCL 420 C 39Q

IF (Y-PI.ST.I.OE-dt SO To q A NGL 43U C " I

IF ( IP,.F Q. 100) CO. TO n6 ANG. 4 40 C 41

X MI N--?'CO00S (I91)- E ANSI 4 r,0 C 42p

IF (XMIN-Hit 8,L-,4 ANSI 440 Ic 43

2 HHIN:H? ANSI 470 C 44A

H2 :Hj ANSI 400 C 448

HI =HMIV ANSI 4 9U C 44.

3 ANG6LE C.½iP0I ANSI 500 c 4 4

A
T A



THjIS PAGE IS -BEST QUALITY

'iabh', Al. I .Výtjj'ro urts(tb'IO iiN4 3½ss

I)4 Tf7AN GIL 
ANL 'li C 4'"

IS I4' I H Ia 
ANC' 0: C ~.tb

c RIQINT7 1. 0', EljANGS PH'I 
ANbL '0 43

4 1 InaA 
A NS G ¶,0 c

C ALL t('O1IN1 ( Ht,v 1, N,NMP,TIX,TI P 
omit '1, C '.0

.1;N1 
01461 170 c' 'I

TX' ýTA (') 
A NUSI 140 v )"'

CALt P I'QNT (NN'YN,N,NP,1X ,IP) ANd t'vIAj C " A

I F 4tj '.lfln. I) N-N-A 
A N(. 1411)0 C '½4

J72=N 
AN'.! 1410 I

I f 310 1 j. t0.J , 1? 1XIzTyIVN Hi'IjIAi L 1,30 c '

o1 's'r7 J=3 
1146, AN . t 6.10 'A

X I:PF s7 *j i'A 
013L 1.70 I C 31

IF(J., ,'i pj6EH 
09 I. flANu 

C u

I F 4(J F13) V. )tIX'-=pf 4 cANIH1

A (IIO P ).' AP31'NN( SAL9PJ) 
A N61t) 710 ,

I F I) ( 4J1) f N'IH's PT4 Y "s/TxH4) 
Ant-t 7210 t.I

(I3- AK F
1
"' J 

11FF 
1, 

1N.IHF N 7" o0 "

1 f 3d +1141 [F t3t)Ns P 
A A6L ; lou I

ý fIAlýIANti 
780 1 /,

SH I I HI 1 f 
NLt 7 1 C 

I

Qt1 = PL TIC A 
Ar) 'sIC 1 a0

C 43 APIC A4 
A11 NIAotC

o 0~1Nr 0'A, J,'J.s3,L,13614)sr I',THW~'st, AlC Nk L8.,

1ýIF (5116, *.61.N) RN- 1. 
4146) 1, k

531941 SA 10/RN 
ANG.t1 "0 7

1931.051141 S1HI) 
ANS CIII61,

ttsi~ .0-0) GO1 10 ?~AN 
1.1 8s/ti ,

10 "L F6. 
AN'.! It''. I

A CONt I N'tIC 
ARCS 'I tJ 0 1 t

TANR'-T fiNC 
ANt 6LI 91 1 ' 4

ARNChL I=F 1 - A"-L( 
AR' N( I 1., L A'.

I N=ARC~t "AsICt's 
%5,I C 'kIs.

0146:014333 /GA 
ANM 0 C11 1( '7

Cl rAINT '409,, q3', ANnT NL- 
ANt 'j"VA 1't,1

I1F (d'sI. LE3. 0.0) C, 0 13 0 
A NuL ')Cikt6i4

I 'm to I 
AWL;) ' 11 10U

C:ALL POINT 's41l,YN,N,NF''s 4, It') 
A Nt 'Cit C

I X( q)416 N ltIJL's



TilS FACIE 1$ B1FS¶1 QALjf!IT'y rmWCTIOA&IT

'lahi e Al, 1,1sýtjjg Of U04111 Vo' r (OdLOW D)N RAN .1 (Cnt)

I`N1P1.EO.1i N=N-1 AN1,I 10,'0 c 9'.

J2 NI, ANGI 10130 C 91.6

I F ( M. E Q. T) J IML ANGL 10 40 C 96-1
J jI q ANG I1" U'C c 97

JtJI i 6 ANGLIO060 C 908

I F HN2.Gr.Hit GO TO 1 3 ANG 1 tot C 99
I.. tI N T HY NN.NF, TX,TIP) A N(;11380 C 1110

SP -V X( q) ANUI 1090 C 10 1A

YN "=YN A NUtI 10t) c 101,

J2 *N A NGLI Il1G C 133 -

I F J 1.ELQ. Jý'II, 12Y NI$T X(D-flHI 41)J I ARU( 1120 C 10'.

10 3=J-1 ANCIL 1130 0

X I- E 7 .)ý IANGL 1 4' 0 C I IlI

IF (U.10. J1 X1 ooRFsN +A1NGL ItN C6 
0  
G I3

IF (J.FO.J;LI V2=RE+H' ANýL 1100 C ICL

SAL P-X14SPNI2)X? A NGL1 1180 C I110

C PRINT '.02, j101,?IJ),5PHI,SýALP,HMIN,RF ANC 1.100 c I1I

I F (S ALPVLI:. 1 .0 fOI t) 11 A NC-LIIO C 0 1 3

S A L P:SPHI ANL 1 .'0 C 11'4

IF (NI4IN.6I.N21,) GO TO I t& A0NG4011'30 C 1½

I1I At P =A S IN4 !AL P) A NGL It''. G I1.I

THf IF =1ASI (SvH I ARGI, 1250 C 11 7

il( A'.P-TH14 IING-171"0 L' 111

FRFt=IA N( At 0) ANGLI2780 C 120

IF (J.Nt.jll F'A=r 1- 10ANM(TIH'T I 81401 1790 (C 1,1

IHII:=INHFI/CA ANtI 1310 1, 13

81- =fI1F /CA ANGL 1 320 C 1O'4

AL = AL P/C 4 ANtO 1331C C I

c PRINT 4V02 3, J,191, I41P 041.1 1 q[T nmIN.4HMIN,f 1111,141 Bt(, AL ANGI 1390 C I tn

OiF ix .rQ. r +H? C= FI -AL" ANC.LiS I lot .

611 F zF H 9, J) ANG6L 1360 C. 1208

1iF UJ.lI0.J1) fFF'YN 1 ANGI 1,370 C 1 :11

I F WJ. . U? Q..I Pf F±11 ANt 1 t3 80 rC

Tr 43.1 0.1) Go~ 10 12 ANGL139O 1- 1 11

R N -FNHVý, J I/H ( 1. J -I A NGI 14.00 C 11.

IF (J.1 C.JI) I0±N/1(,-)ANt 1 410 G. 'IA3

IF(J.EG.J2.1 ) RNN'Ptf/952 ANGI 14,2u C 19I%

I FI J. FC. j,'i NNr .F /992 IJ 81(01.30 c13 M;l

IF IS At V4. W.1 RN) 0Nz 1. AN;L '.'.o C I''

SPI91 SPLP "'IIt ONG 1 4-ý cI'l

II ( 7(J ) .II tF.1) GO TO 12 NU 8 4196J C 1361

(0 TO1 10 ANtO 1470 C 19?

12 0.12 ANGI 14C00 c 1 11

it (4 8)4(7 (JI)-1Ht'I.LI.1.0f110.AONIJ.NI:.I) t) 1 0 13 AN90I11990 C 13)

C, 0 10 1' 491, 1 10O0 t 4
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r h I 09Ž'Y jC U s 01ixo~ z ) 10 LD U c

13~~~ 'able Al. L~istinig of Foci ratii Coide LOWTIA N 4('o)

xiRE7 )ANGLI510 C 141
A N6L'L,§2J C 142

I jfl*)KIttR,+H1 ANGLi633 C 1,
IF J44 .3. ANn. J. NE .J1) XRE *H: 0G14 4

IN I-Y flR,2J 06011E5ALIS50 c 1 41
A NMNOSPIQ GL015611) C 1(46

IF INMTN.tr. 0.0) GO TO ?25 ANGLI170o c 14.7
IF (Z(J).tT.HMIN) GO T01 04168d I.

REF- H 904611Gl130 C 148
IF IuJ0. fl.)2 RFF-YN 4NIL 1600 C 149l

-ASNH(TP0 A61t16,10 c 1511

nETrALFI-TH F4160 1
FO-TN(API-AN(HFT A46L1640 C 154

FAiT2a FBTZ *Fqk A04611660 C 15~
AE2.E2.1ANC4 1670 c I(6,7

841W" OETi.+SET AN611660 C 21,6
AL - A / CA 0661 1690 C 1',9
THIr=TKHtT/CA ANGLI700 c 160

C PRI(NT 402, .1, X2, THE T,ALP,*)E 02,000 ,IVUN ,HMNO,FP1 2,1111.8r,A1 ANGL1?1C C It' 1
RN'RrFP/E (O,J-I ) AN11720 C016,'
IF (SALP.GC,RN) RN=1.0 ANGL1730 C 163
SPHI.SALP.RN AN6L11746 C 16t,4
r00 To* 13 ANGLiTSO C I165

I TX3=YNo:TX::)-E:N9~j:: 04211770 L; 161 t

YN atX3 N GL I1790 C 1667
S1 F (ASSIN1- (NNINYNN .,NFE,) 1,IP Xq) ONCL178t0 1c 1.

P N lA N O LIS?0 r It o
(-0 aT 40164 C 174
JP. 102L ANOGL 1-!30 C U4
IF (J. E Q.41.Awr~n.Cr'.w,EJ GO T¶017 ANGLIASO0 C t' I"
IF U.E.J I.04.J.FQ.J2),, .I Y\3=w2T xf9) -'H(1, J) 06G1.60oG C Ittr,,
TIF t(H4IN.GT.H?) ; zY :I)( AN GL 168 Ci?? fU 1
I F QJ.tfO. J1. ANO.HMI N.GT .tv H,6 TO0 17 ANGLýina o C 1 78
RN=RER/ TX! ANGLI890 C, 1791

fIF (ALS IHE.INX) R06I AG190 130 C 163
SPIF (01F-i.Fs 4oq A4111910 c io'

C r-R(MNX P41w? 1103, C'INIFfl
HMtF~MI J 040AN11960 C 1B4~

THIF N 19,14,1 ANGL1100 Cin

IF (PN.F(1.1.0l FAT3'-TAN(TNETý 6463 1990 C 16581IF (RN O., 0, GO TO 20 ANGiC-"00 c, 18q

7 2
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FRUA 0UY FlJŽISiUV J I O 1)1

'Table Al1. ji,<ntinlg (), Vojrt -:"I' ,(('Oe o' N *1 k liut

flNxITXI-i.OP;ALOGC(Tx31.0I/( REF-1. ()(x-X 01 A NGL 2OI 10 jso9
FAT3.-TAN(THET fl,-./10TS(2fNX) ANGL2020 C 191

20 E~r~r~..TETANCL 03 C 19'

OETP-xR012.ET ANCL2040 c 193
9MINC RFT1 tROT? ANGLZ'OSD C 19'4

IF (H?.C-F.N1) GO To 23 ANGL206O c 195

RE:1rSTT1+2.*nFT? ANGLZOrj C ISF

fl81'P1-RET1 ANGL2OSO C 1Y7
CH2:$ET-P.1 ANGLP2O0YY c 196

21 C3-ARS(89IN-R1l) A N G1i210 U C I c9A

I Fnni. GT , n1. ANfl.De2 .GT~1 U G ICO TO 25 ANGL 1II cv191
I F(OnAŽGT.nSI) CO To 2? ANGLZ12O C iSQO

II-(On,':.(T . 0A 1) Go TO 29 ANGL,2134; C 200

OFT 4= E T ANC1A?.140 c :101

FET-tFAT1*2,.J-IrRT2.FB3T3) ANCL.21S0 c20

LFN-~1. ANGL2i5O C ?L3

GC TO .2b ANGL2'170 C 2014

22 RETA=RFT1:00T2 ANGt21Ou C 2LS
FAjT: 091IF1+CT:2'F0 Tj . NGL2190 C. 2db

c PPINT 431, ,3F 1 FPT ,FnT1,FeT' ,FIT3 ,r(1 ,YtI ANGL??03 C '..7

6O To 26 ANGLŽ2110 C I"u e
P1 rFTAz2. 0(6001:01T2) ANGL 22ZI V. 209

1~~5 cN1 NG2S C 10
rF9lTm?.('FRTItFf4T2.FflT3) 0504G222 CC 211

PRINT 401, j,prFTA,FRTr<T,FRTI, 2~ý,FIIT3,TXI,YNI ANGL?2,50 C ;,1,

IF (N?.tO.H1) So T0 :!F 4NGL221. C 213

TFID3vi ANGL22'70 c 2151

IF (NPILt2.1) jirJ1+1 ANGL12280 C I "
SPHIrSINIANGLF) AN0G ,1)?90 C 21b

I r ( ?(J Ij) I L 2F , QlOt TO 74 AN&L2300 C ;1

OPt, TIj/ Y91 ANGI231 Iu C 218

t,(SI9.ýI N) PN1 ANGL?-32O C 21q

f~ F T = A5 ST NC SR HI I A NCL-3 4J C' 221

(CTO ANGL ?350 C <2

24 CALL FeIINT IH?,Y N,NNF,TX.1P1 ANGEL2',10 rC 3
TXvI=T XI *1-E H ( , j11 AN GL 3 7C CCC4

RN: T)41/ NI ANCL2¶80 L.

JC'mJ I ANGL 2390 C26

J F ( 1ZPH I , rf.E.610 RN I ANMr, td 400 21' ,
5P9 1- SPHI/P" ANG4 2410 C 2

191 0:05 151RPM I) ANCL .'42 C' 9 c

GO To IANGL 430 2301

5 OtýT 1 -:BEI It ANGI27440O "231

L *- ANGI L456 C 2,32
FRT=FRT I ANGL2IU C 2 4t ý33

2ký THET-ANGLL,(91i-ýi3TAI/11.tRRT/TANC) ANGI".470 C 23'.
(I IFTA m~ FT A /C A ANG124600 G 231'
11 = I Ti /CA A NGL.t90 C, C o

T H I T HOrT/CA 05NGL 0 0 C 3



THIlS PAGE IS BEST QUALITY PRACTXCABLZ
Thoa cua Y 1kU4x.ZU1LUD5:) "Y -i, I --

TFable AlI. 1".isti"9 of F tanCode I Q)W'1'liAN 4 (ot

PRINT 4104, flT,8lFTYjTN 
ANGL25,10 C 138

IF (THET.GT 'IN.OR.¶HtET.LT.TM) THETnITNýrMu/,p 
hLso C~

PRINT 1.04, BEI1,A,0B3T,IHI 
ANG LZ2 kO C 241'rHi-tNICA 
ANGLZ5T0 C 24?

PRINT 1.05, INTMTtlII MI 
A NGLZSU6 L C Z43

T*NGI-TAN(HET) 
ANIGL257U C 246IAGTAN(THr T 
ANGL25SoO C 24?

ZT1T1ANGL 2510 C21.6
0U1H:A(S (ANGL F-THE!T)G .bl ,:4IF (11E.00.1) THEFT-oS .5'(ANCLV+THET) 

ANG.J'262 C 2 49
Ir (IEO~i) C~ O IsANGL 

21.40Ys ANGLC'.THET/CA 
4801L251.0 253PRfIN 4.06, AN(LF,IT 
&NGLOS1O c 25'.RETEURN AGýf7 5? H NOU? 
ANGL 2biyo C 255AANOLEUCA 
ANSI 21ijo fC 2555%P QrN T L,0 6,. NNGL r , I 
NC-LZ0jo 5 25O

4ET UPN NN l71 11ANS U"210 
C 2 5 5,400 F ORN"A; (/,'* I!TERAXION NI0460F5 

AN1G/L 42730 C 25?401 rORH5T (Ibjos6.z,srJS.
5 ) 

ANG121540 C ?5740? FORMAT (I4,0 tT.4,6FI3.#l4,
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4.4b 4. 0 4.30 4.22 4.13 4.0 ? 4.12 4.19 4.22 4.23 4.1b 4.0 " 3.99 3. 1A 3. q3 1700
3.91 3.8b 3.83 3.80 3.78 3.70 3.5t4 3.40 3.30 3.31 3..2 3.,2 3.52 3.'49 3.41 1775
3.21 3.14 3.16 3.0t 3.11 2,93 2.88 2.78 . 742 0 2.?.7 2.76 . 2t .35 ..u 18,G
2.7 4 2.o4 2.60 2.b1 2.64 F,.55 2.49 2.37 2.25 2.14 2.08 2. 11 A.2C 2.31 2.28 19IV25
2.15 2.06 1.98 2.03 2.Uq' 1.96 1.84 1.T2 1.64 1.59 J.57 1.57 l.W b 1k-3 1 q. 2'J00
1.38 1.07 0.91 .. 87 O.2 1.04 1.01 U.92 3.84 0,.9 3.97 1.01 1.U1 1.10 1.Gt, 275-

1.01 3. 91 0.79 0.55 0.47 U4.41 0 39 0.38 0.3'. 0.373 0.36 0.43 V. .a8 0.45 0 .38 1t6
0.27 0.21 0.22 0.29 0.317 .3 A 0.37 0.29 30.1 0.13 0.11 0.03-0.01-d.12-. 24 2•2 5

-0. 31-0.39-0.43-0.50-0. 59-0. b8- 0.73-0.80-).92-1.06-1.14-1,-1. .L27-1,28-1 33 2300

-1. 32-1 .43-1 .51-1 .t)3-1 74-1. 12. 8 ,2 -2. 09-2. 21-2, 21-2I24-2. . 21-2,,3- -51-2 -,5 ' 5?)•-
-2. 70-2,.63-?. 57-2.56-?, 9-?.67-,? .6b-21.•7 -?.bS-•2 , -2- .52-2,.2-2?,2-2. 14-2.03 24'] j
-1.87-1.71-1.,51- 1 . 3 q- ,1-. t 7,1- - n. .-Oo s,- 0,' T-, 7 - U . - u . 7-1,j Z'•

-0. 6-0,19-0.13-0.11-0.01 0.35 0,08 0,17 3.26 0.31 J.41 0.43 U.44 J...3 3.3. , 1,-"
0.35 3. 31 0,Z5 .215 3.22 0.21 u.33 0.49 1 . '; 0.7b 0.71 0.51 0.30 0. 13 0.10 2676
0.17 0.24 0.31 0.36 3U4r, 0.61 0, 0.6t-0 o.,3 0.62 0.to3 0.n4 a.6s 3.t,9 3.i20 IL71
0,75 0.74 0.70 e, 0 Ii3 0.46 1.39 0,36 0.37 3 i 0.42 0.47 0.5J J '6 b ,• nt2

3

0. 67 0.62 0.64 0bbU 0.7b 0.qo 1.11 1.13 1.1) j.9 3,.98 1.17 1.36 1.52 I,7 2933
1.7b 1.84 1.92 1.90 1.87 1.11 2P32 ?.13 2.13 2.18 2.22 2.2s 2.03 3.01 1.77 2975
1.93 2.19 2.28 2.14 2.15 2.•22 11 pi 2.14 , ,6 2 2.1 ,66 u

2.E4 222 19' 1.61 1.11 0.88 U.83 0.89 1. 2 1,.6 1 .821.9 2.901 2 .14 1 .6 3125
2.21 2.30 23?. .42 2.56 2.51 .4q. 2.46 2.42 2.377 2.33 2.31 .43 2,56 3200
2.61 2.63 2.60 2.0 90 2.34 2.41 .34 2.31 2.32 2.40 ,.:27 .32 2.22 

2
.u4 3,4. 32157

2,17 2:•4 2,77 2.bb 2.49 2.29 2.23 71.4 261 , 2.49 2.40 2.39 2 .1 L,5
u 37, I

2.68 2 b8 2.70 2.82 2.63 2 82 2,81 2.84 6 L, 2.1 2,96 3:. 3 3.08 3.21 3.30 345
3. 40 3.52 3.4q 3.46 3.51 3.54 3.56 3.55 3. ,7 3.61 3.71 3 .0A0 L.l92 3.99 4.3s - 3500
4.02 4.0b 4.12 '4.2C 4.3u 4 . 2' 4.32 4.42 4.3 5 .- 4 o4.55 4.40 4.* 4.32 ,3, 4. 3 -37'6 -"
4.37 4. 24 4.13 4.14 4.20 4.25 4.32 4.35 4.31 1. 2,7 4 25 4 7 1.31 4.6 b 4.41 362,
4.52 4.'59 4.71 4.79 4.81 4.73 4.61 4.42 4.2 4.08 4.00 3.88 3,06 3I.2 3.98 372'

4.12 4.13 4.31 4.37 4.42 4.50 4. 3 4, 8 4.69 4.b1 4 .1 4.59 4.53 4.n49 4.4t 3A6,
4.41 4,40 4.34 4.30 4. Lb 4.09 3.90 3.67 3.73 3.77 3.79 3. .7 , ,72 3.r. 1 ."' 1 33k7.
3.51 3.48 3,32 3,18 3.07 2,9. 2.b7 2.80 2.68 .5',8 2.59 2.51 2.,9 2. ,7 2.50 391,0
2 42 2.32 2.20 2.12 2.00 1.92 1.79 1.63 1. 6 1.6g 1.78 2.04 2.00 i.6 1 .70 43'S5
1.63 1.61 1.60 1 .4 1.14 1.3; 1.64 1 .6q .70 1.09 1 .45 1.29 1.19 1.08 1 .- 2 e100
1.04 1.10 1.16 1.20 1.23 12?2 i.08 1.08 1.06 0.89 0.93 0.73 0.58 0.54 0.71 41115
0.61 0.74 0.71 0.57 0.49 0.43 0.38 0.1? 0.00 0.2) 0. 1 0.37 0.31 ,11-0.13 42"0

-0. 21-0, 32-0 . 3&-0 . 39-0. 3- 0. 3q-c . 4"-0 .90-3 . 5"-3. b-3, 68e-0 77-0. 84-J '31 -1 L 0 L.325
-1. 11-1,19-,1 ,20-1 -1.39-1 . 43-1 . 48-1 .62-1 .57-1 .6U-1, I-1*60-1 8-1-*r,1-.42 440u

-1, 32-1.26-1.16-1.0[6-0.,3-0. 1l-61 -,52-0.'3-,,3b-J.30-0.21-0.19-0.ul-0.11:, 4475,
-0.13-0,17-0.19-0.12-0.06-0.01 10,00-0.11-0.?3-0.,3,-0.44-0,51-0.48•-O.47-U.42 4,553

-0. 40-1.0-0 ,39-0 37-3.35-0,48-0,7 -1 i3-1,*d-1.30-1.66-1,62-1*35-1,19-1.02 4(25,
-0.88-0.66-U*65-0.63-0. b2-0. b6-0 . 73-U ?9-3 . 83-0.644-0.700.59 -0.43-3-0.539 4/7u u0

-0.61-0.7 4-0 * 79- 0 . it-. 69-0 . 6-2-0 .",9-052-0. 48-0 * 48-U44-O . 39-0•.38-0 .3-C.2ý9 427,
-0. 26-0.23-0 .2-0 .OP-0.3?- -0.0,-0 *b -0 .60 -3 .'"- .46-3 * 4(.2"-043-0.45-0*.31-3,•4 55.l

-0.14-0U01-O. 08 0.03 0.11 .L .2 0.43 0.42 3.32 0,23 0.22 0.28 0.46 0.5,5 0.U?,2 L.1 ,,:

0.65 0.71 0 75 0 80 0.83 0,d5 0.67 0.90 Jq3 1. 0J 1,04 1.15 1.•22 A,37 1,.I 5000

I7
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']'Jabto A2. 1Isting of iData for iCXVT1i\RAN ,t (Cont)

1. 3? 1.33 1.48 1.78 1.87 2.01 1.92 1,.6 1.9 1.92 1.98 2.03 2.39 2.31 2.48 5075
2.7 0 2.71 2.76 2.78 2. TO. 2.?7 3.08 2.9. 3.05 2.94. 3.23 3.20 3.19 3.32 3.11 5150

3.41 3.31 3.36 3.46 3.36 3.319 3.50 3.41 3.22 3.19 2.98 2.78 2.98 3.02 2.82 5225

2.98 2.86 2.92 2.92 3.05 3.2? 3.60 3.78 3.81 3.9b 3.76 3.62 3.34 3.08 3.31 5300

3. 16 3.37 3.41 3.30 3.33 3.33 3 .51 3.48 3.43 3.52 3.31 3.40 3.58 3.61 3.49 5375
3.4.6 3.42 3.19 3.1b 3.30 3.00 2.99 3.21 3.11 3.14 3.10 2.72 2.81 2.95 2.b9 5450

2.73 2.72 2.47 2.51 2.60 2.4? 2.37 2.73 1.91 I.o7 1.81 1.78 1.53 1.I1.62 5525

1. 59 1.50 1.42 1.32 1.22 1,12 1 .08 1.02 0.J7 0.192 0.90 0.67 0.8' 0.o2 0.79 5600
0.78 0.76 0. 75 0.72 0. 71 a. 1 0.7b 0.6b9 3.67 0.61 .59 0.52 0.4d8 0.41 i.39 5675

0.38 0.33 0.32 0.30 0.30 0.30 0.29 0.28 0.27 0.26 0.25 0.23 0.22 0.21 ,20 5750

0.18 0.14 0.13 0.06 0.01-0.03-0.07°-0.11-016-0.21-0.24-0.29-0o32-038-0.D4 5825

-0. 45-0.50-0*54-0*61-0.69-, *76-0.84*-0,90-3,97-1.01-1,10-1.13-1.19-1.22-1,28 5900

-1. U0-1 .33-1 . 36-1.3q-1. 43- I. 48-1 . 50-1.52- 1.57-1.61-1 . 66-1 . 70-1.72-1 . 78-1 . 81 5975
-1. 89-1.92-2. 00-2.0 8-2. 16-2.2.4-2 .31-2.40-2.48-2.54-2.F1-2.71-2.d3-2.95-3. 10 6U 5
-5. 00-5.00-5* 00-5. 00-5. 00-5. 00-S.06-5.00-5.0O -5 ,0.-5 .00-5 * 00-S,00-5,*00-S * 6125
-i. 0 -3,-5. ,0-5 . uO-5. 00-5.0. -5.00-5. 00-5.00-5. 0-S. 00--5. 0 --5. 0-5. 0u -5.00-5 , 00 u.200
-5. 00-5.00-5,*00-5.00-5.00-5,*00-5,00-S5.00-5.00-S.00-5.00-5.00-5.0oo-5. 00-5. 00 6275

-5. 00-5 . 00-5 . 00-5. 00-5. 00-5 00-5.0C -5 00-5*00-5*00-5*03-5.00-5.00-5,00-5.00 E350
-5.00-5 00-S*00-5 ,00-5.00-5,00-5.00-5.°0-5 , 0-5. 00-5.00-5.60- .0 , 5-5 * jO-5. 30 b4.25

-3. 78-3.33-3 01-2.82-*,68 -29-2,30-2.13-200-1. 81-1,60-1.41-1. 13-0.S0-0 . 79 6500

-0.63-0.46-0.36-0,28-0.16-0.o6 0.08 0.20 0.29 0.41 0.54 0.69 0.80 •.92 1.04 6575

1.19 1.19 1.01 0.98 1.02 1.10 1.79 1.30 1.29 1.35 1.19 1.3q 1.42 1..3 1.70 b650

1. b2 1.54 1.41 1.53 1.66 1.96 1.97 2 .2 2 .01 1.94 1.94 1.83 2.03 2.21 2 .2 6725 7
2.30 2.16 2.02 2.02 2.02 2.13 1.90 1.71 201 1 .56 1.56 1.51 1,30 1,63 1.64 6800

1.67 1.70 2.22 2.30 2.38 2.30 .93 2.39 2.49 2.,2 2.57 2-21 168 2.1.0 -. 41 6875

2.45 2.51 2.23 2.49 2.30 2.61 2.72 2.52 2.63 ?.56 2.51 2.70 2.62 2.62 2.80 695Z
2. 74 2.7. 2.74 2.10 2.88 -. 81 2.72 2.76 2.8'. 2.q2 ?.98 2.98 2.88 3.02 3.08 7025 N

3.2 6 3.03 3.4L 3.28 3.03 3.11 3.15 3.30 3.31 3.22 3.00 3.06 3.34 3.4£ 3.37 7100

3.32 3.08 3.09 3.09 3.01 ;.07 3,07 3.31 3.21 3.31 3.67 3.58 3.79 3.70 3.49 7175
3.39 3.11 3.13 3.01 3.10 3.01 3.18 3.32 1 .3 3.35 3.40 3.39 .39 3.1 3.54 7250
3.42 3.0u .65. 3.59 .,bj . bb3.4e 3.39 3.29 3.31 3.4i 3.23 3.32 3.12 2.90 

7
3Z5

2.91 2. T5 2.78 2.72 2.62 8 Z .32 Z'. 2'?00 1.97 1.66 1.62 1.b4 I.3 ,. 56 7406

1.51 1.52 1.18 1.42 1.42 1•.40 1.41 1.43 1.56 1.q: 1.51 1.52 1.3 9 1.311 1.30 7475

1. 09 1.16 1.21 1.20 1.22 1.20 1.18 1.20 1.19 1.17 1.10 1.10 1.09 1.10 1.11 7150

1,04 3.98 0.90 0.86 0.90 0,90 0.9u 0.8' 0.71 0.79 0.70 0.71 0.67 0.62 J.53 7625

0.42 0.31 0* 20 0.01-0C 8-0, 17-26-0.3 4--3.-'0. 53-0U 63-0. 73-U. 03-0 . 93-1 . j4 7703

-1. 14-1.24-1. 34-1.44-1.54--l.4-1,74-1-.d4-l.94-2.04-?.14-2.,24-2.34-?.44-2.54 7775
-2. 64-2, 74-2. 84-2.94- 3, O-3 14-3, 24-3,34-3,44-3,S-3. 64-3 .74-3.4-3 .94-4 04 7850

-5. 00-5.00-5.00-S.00-5.00-5o * 0-5.00-5.00-5.,03-5. 00-5. 00-5. 30-5. 00-5. 00-5.,30 8000

-5. o0-5,00-5.00-5.00-S.00-S.00-5,00-5.00-5.0J-5.00-5.00-5.00-5.00-5-5,00 8075
-5. 00-5.00-5,*00-5,*00-5.00-5.00-5.006-5.0 0-5. 00-5. 00-5.00-5. 00-5. 00-5, 00-5. * 0 8150
-S, 00-5,oo-5.oo-s,00-sOo-5, 0-5,00-5.£0 -5.03-5. 00-5.00-5, Oo-S.,00-S, 00-5.0O0 8225

-4. 15-4.06-3.97-3.88-3. 79-3. 70-3.61-3.52-3.43-3.34-3.25-3.16-3. 07-2.98-2.89 8300
-2, 80-2.71-2,62-2.53-2,44-2.3S-2.26-2.18-2.09-2.00-1,91-1.82-i.73-1,64-1.55 8375
-.1 46-1.37-1.28-1.19-1. 10-1 O.O1-0.92-0 ,83-0. 74-0,65-0.56-0, 47-0,38-0,.29-,0 .20 84u5'.

-0.14-0.09-U.02 0.03 0.10 0.17' 0.22 0.,30 J.35 0.41 0.45 0.42 0.40 u.43 0.'.b 85Ž5
0,50 0.59 0.71 0.84 0,93 1.01 1.06 1.07 1.02 1.01 1.12 1.23 1.24 1.28 1.34 8600

1.43 1.52 1,56 1.59 1.56 1.51 1.61 1.50 1.70 1.82 1.92 1.94 1.89 1.81 1.45 8675

1.30 1.28 1.43x 1.50 1.49 1.59 1.48 1.32 1.39 1.53 1.8a2 2.23 2.61 2,51 2.,20 8750

79

85
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L-obrx i~uJbi& To) DDq

'Table A2. Iidtil 0 1' Of )'t fttl'or I)1'WT1AN 4 (Wot)i_

1.86 1.61 1, 1 13 2 1.52 1.10 1.9U 2.01 1.92 1.q1 2.12 2.10 2.01 2.1b 1,99 8825

2.11 2.28 2.21 2.13 2.00 1.91 1.92 1.97 1.88 1.91 1.91 1,0 2  1.93 1.7k. 1.6t 8"jgu

1. 5d1.27 1.20 1.18 1:11 0.99 u.L6 0.11 0.60 0.4. 0.31 0.19 0.03-0.07-0.21 8975

-0. 35-0.49-0. 640.79-0 94-1. -111 24-1.41-1.57-1 .73-l.'n-.09-?.?7-2.45-2.63 950
6-2 1-2.99-3. 18-3.37-3. 56-3? 75-0.q4-4.13-4.31-4.44-4,66-4. 83-4. 9g-5. 14-5 .0 9125

-5. 00-5,00-5.00-5 00-5 ,00-5,00-5 0 u -o 00-4.68-4.26-3.89-3. 97-3.32-3, 11-2.? 98•75
-2.89-2:79-2:74-2:63-2 L47-2. 29-2.20-2 1T-2,?7t-? 27-2.32-2.12-2.08-?.07-2?07 9950

2.07-1.98-1 77-17-1.6-1.60-1.59-1.43-1.21-1.15-1.09-13-1.2g-11-0.9810 D5

-U. 93-0. 87-0 . 91-0 . 88 07 1- 0t420.9-, 0 .58- L -.3-0 . 3-0 • 39 -0. 22-0.14-0-06-0.0110100

-0.i-0.08-0.20-0.16-0.02 0.18 L.32 0.42 0.37 0.23 0.12 0.15 0D28 0.43 0.5910175
0.58 0.53 0.44 0.39 0.38 0.35 0.23 0.2 , 0.1 0.08 0.10 0.1k U.17 0.38 0.,+310250
0.32 0.37 0.58 0.664 0.87 0.q8 1.00 1.02 1.13 1.06 1.68 1.16 1.16 1.30 1.4110325

1.40 1.32 1. 2 1.37 1, 42 1.50 1.42 1.38 1.3n 1.36 1.49 1. b3 1.62 1.(,2 1.701640 u
1.68 1.60 1.56 1.56 1.63 1.64 1.56 1.49 1 . 9 1.57 1.58 1.62 1.62 1.61 1.6110b75

1.62 1.63 1.71 1.72 1.70 1.20 1.67 1.6? 1.66 1 .N1.67 1.56 1.419 1.42 1.381x0£ 0
1.26 1.20 1.13 1.1 14 19 1.29 1.4r0 1.72 1.6 1.78 1 .62 1.88 1.o? 1.•6 1ý.910 2

2.00 2.14 2.1• 2.02 2.02 1. 9 1.90 1.83 I.t 1 1.7? 1.f9 . rg 1.60 1.36 1.2010760 C

0.98 0.63 0.43 0.2q 0.16 0.0r 0.0? 0.03 0. 0 0.01-0 08-0.18-0.20-0 ,1-2.06107?5
-1.03-0.14-0.21-0.08-0.06 0.60 0.16 0.11 J.32 0.40 0 414 0. 0 2.l d.2 . .4!t310J

0.41 0.33 0.32 0.41 0.%u 0,46 u 11 0,18 3.3C. 0.2.v_21 0. 346.36 ,.2o .31.10926

0.39 0.4? 0.38 0.32 0.30 0.16-. 00-0. 23-3.41-0.52-J.48-0.58-0.61-3.*48-0.311003
-0.03 0.21 0.35 0J39 0.47 0,44 U.O 0.51 J.,9 u.,

3 
0.69 0.97 0.48 0.52 u.okl10?5

0.59 0.55 05, 0 0.32 0,26 2 .FI-u.0OR-010-016-043-a,62-0.8O,•.)uq-1,lb-.°,1.31111,
-1. 45-.i49-1.78-i.91-2. 31-1.97-1.97-1 * 97-1 * p7-2,.o-2 .040-2 * 01I.9-2 00-0 * 041205 2'

-2. 37-2.49-2.41-?..*b-2. 32-2. 1?- 9-lO 1I2.25 -2.16-2.36-..44?. 40-?.4- 8-2..31t30 2
-2 4J-2?.36-2, 40-2.4(-2. 59-2.68-? .59-3 28-3.51-3.74-3.97-4.20-4.43-4 b,66-4 , 831 13: ' >

-5. 00-5.00-5. 00-5.0,-5. uO- 5. uU-5. 00-5. Do-.-5 J-5 . G0-5 .10-5. c -5.oj-t•,0011C0,

-5 00-5 0 0-5* 00-5* 005. 00"5* 005 .00-.005.05.005.000.0 * 00- * 301 1'326
65. 00-5.00-5. 0 -5.00-5. .01. 00-5.J0-5000-S.03-500-5.00-5.00-S.00-5.00-5.O 011E 0

-5. 00-5.00-5.00C-5.0-5. 00-5,00-5.00-5.00-5.CJ-5,00-5.60-5.0-5.u-5.0G-5. 00116
-3. 71-3 .56-3 . 400-, ? 21-3. 06-2.90-i . 74-2.b6-2. 4o- ,2- 1.i7-2. 035-i 87-I * 79-1 7 7•.1 1ToI
-1. 63-1. 82-1. 71-i. 59-1. 49-1.46-1 .46 -1.49-1 • 41-1 . 25-1 ?4-1. O.8C-.90-1. u6-0 . )I 1826

-0.91-1.01-0 * -0.67-0. 92-0. 79-- . 4 -U . 54-- . 3 8-0 •42 -0 .48 -0 . 34 -C . ?7-0 . 17 -0 .2•8 11901.

-0. 38-0.22-0.30-0.08-0.01-0.20 3.06 0.10 3.0 C6 0. 14-J.1,2-.02-v.0?-.13-0.11i1 95
"--0. 10-0.06-0 . 05-0 .04-0.10-0. 04-0.06-0.21-0 . 38-0.61-0.40-0. 31-0.°42-0. 58-0. 57120SO
-0.54-0.24 U.11 0.51 0.81 0.7q L.62 0 26-).31-0,6?- .oO-O.88-50-0,39-0ol112105

0.09 0.06 3. 08 0.16 0.21 0.13 0.32 0.35 0.51 0.60 .,91 0.51 u.C 4 ,u C , 0.1s3122uO.
J..42 0.33 0.43 0.34 0.22 0.13-0.11-0.31-0.31-0,41-0. l-0,39-0.53-0.69-0,A41,i?2

-0. 66-I . 01-1 . 10-1 ; 1.29-1I *.5-i.'.9-10.-1.67-1,.,1-1 *6-1.60-1.69-1*63-1 2 3 -1230
.42-1.40-1.24-1.38-1.31-1. 30-1.30-12-1i.39-1.33-140-1,3•-1.37-1,39-1.411 2 4 06,

1. 49-1.48-1,56-1.47-1.4b6-l.41-1.42-1.48-1. 4-1,31-1, 15-1. 13-1.20-1*4-1.8612500-2, 08-2.08-2.22-2.35-2.35-1.98-1.9?-1.78-1.57-1.69-1.70-1. 70-1.66-1.84-1 .50125)6 '

-1. 56-1.42-1.29-1.38-1. 28-1. 48-1.58-1.44•-153-I.46 •1.48-I.1,-.5 8-1.69-1. 7912660

-2. 00- 2. 16-1 .99-2.23-2. 04-2.04-2.39-2 .7 4-3. 09-3. 44-3, 79-4. 14-4,494-. 84-51.1912725
-2 ,46-2 26-i. 99-?. 0-1.l1-2,31-2,15-2,OI-1o99-2,14-2,41-2 12-1, 99-1. 84-1•793"&00

- 1. 71-1i* 78-, 72- 1 * 66-1, 78-1, 52-1 38-1 .29-1 * 22-0.91-0 .90-1 31-0.76-0*90-0,9013479
-0. 90-1,19-i *00-0.79-0.68-0.68-0.73-0 .85-),*85-0,61-0.51-U* 48-1 .41-u .se-u.831 3&53

-0.61-3.41-0.29-0.29-O.bi-0.74-0.1O-0.18 _. 0.1q-0.10 0,20 0.20 0.02 .?0130b5
-0.01 0.18 0.28 0.11 0. -0.37-0.10 0.02 0.16 0.20 0. 0.O9 0.09) O.O0 0.071370u

0.22 0.11 0,11 0.21 0.09 0.21 0.2U 0.37 3.28 0.07 0.09-0.29-6,69-G.69-0.741377s

80
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Tab i A 2. lDistig of ltat a for Ol1I N-I (Cont)

-0, 88 1.0 1-08b6-0, 54-0. I1 0.19 0U,23 0.21 2.19 0.,2d 0.29 0.52 0.54 0.51 .6013850
0.40 0.49 0.48 0..6 0.49 0,20 t .-,06,-0.,33.81-1.17-1.I11-I.37-1.52-1.s54-I.,9413925

-2. 06-2.06-2.14-1l,.O-2D 0-?.00-2.08-2.-3-2. 31-2. 31-2.,3-2 .31-2.31-21.I-21-.614000
-2. 34-,.34- .')1-1 .82-1.69-1.56-1.8'.-1 .91-1 .75-1.83-1 .7b-1. 54-1.98-j . 80-1.68140 75
-1. 69-1.5C-1 60-1 . 71-1. 36-1 * 36-i .44-1 .48-1 ,40-1 .48-1 , 36-1 . 45-I .4 9-1i .5-1 . 391 150

-1. 23-.i 18-1 18-1. 34-1.36-1. 23-1-23-j .3 ?-I, Ad-I. 4J-1.26-1. 27-1. 37-1 .32-1.3214225
-1. ?2-1.2L'8-1. 36-1.69-2'. J 7-. 42-2. 2%389-2. 58-2 43-1. tAfk-1I. b0-1. 2b-1 . I b1430 0-1. 73-1i*10-1,* 3-1i* 0-0.83-0,* 0-0,*80-0.00-i * 9-0.97-13.97-0 *91-0 92-1,*031 -i241i.375•
-1. 50-I,9"-2. 18-2.,322-ý.63-3. 91-4,20-4 .4,-4 . 6-,. 07-5,.07-5. 07-9 07--5 . 67-5.C714450

-4. 25-3.70-3,273-1 .5-,,1 -1i. Z - -,51-1, I-- U. 11-0, 71OZ -0. 1;1-u. 3U-0o C6 .. ,2 5 0 2 C

0o.49 0,76 1 .0 I.29 1.56 1.76 Il 2.08 1 .,G 2,3b 2 .51 2.72 ?,90 3.1? 3.37 575
3.56 3.69 3.79 3.86 3.88 3.80,6 3.73 7.56 0.35 3.17 .8b 2. 73 2.52 2.31 2.17 f50
2.01 1.8"j 1.77 1.43 i'47 1,21 0.9? r.'3 3 .23-0.11-C.53-0.74-0.810.04-v.86 725

-1, 00-i,10S1.42-1,61-i,66-2. .0-2.29-2E,51-?.78-2,91-3,14-, 0C--5.-500-5 .- 0 s 800

-5. 00-5.0 0-5. 00-5.00-5.03-5.00-2.s$-2.47-3j,1l-1.97-1.71- 1.60-1, 32-1. 1-1. 13 875 2
-1. 0)-i. 11-1 .10-1 .09-1. 01-1. Of-1 1-1I.33-1 .6o-,. 13-2 ., 1-,.83-.' 71-.36-2 .bu'j 950
-1.?-8-1-

3 3
-1.t-1.01-O.

9
f,-0.91-0 .u-)- 7-0 .oa- .79-0.86-1, 7-1 Jb-1l.t I -,25

-2. 11-2.74-3.0- 3.50-3. 03-'.58-:.2
3
-1.89-1.5--1.28-1.13-1,11-1tb- 020-1.23 1100

-l,21-1.17-1.12-1.15-1.19-1.20-,.17-1. 0-J. ,-3-0 .,'-02-0.?4-. ,j1 0.1M 0.40 1175 •
0.57 J.77 0.9,6 1.)7 1.1.3 1 , 11 .0 1.1'ý 1. 7 1.33 1i 44 1.40 1.13 J.89 3.L3 1250 ? 2 U
0. 54 3. 65 0. 78 0.081 U. 6t U.382 .o.d 0 .'7 3.401-.60~-.43-1. ý1ý 12 '1 12$ 2'

-2. 31-5.0 U-5 . 00-5, 00-`3. 14- 2. 4 7-2. 00- ,71 -I 5 -62-I g I -1 V• -1 .10-1 .94 14•00

-2. 04-2.1 U-2 .253 -2 32-2.46-2. 71-o,- 3 *-3 09-2- 9-2.43. 00-1.q.-i. 42-1 . 38-I. *9 1475

-1, 70-2.01-2. 41-2.64-2.63-2.49-Z.36-?721-2.-'.-2(S-1.)4-1. 3-1.?6-1.71-1.70 1%5b
-I 72--1.81-1. W-2 03-?. '7-'. bl- 3. '1-4.01-3.°00-5.,00-5.00-5. 00- ,00-5. l00-5,.0 0 16b's

-5. 00-5 .0 0-5 . 00-5. .0C-5. 00-5.0L-5. 00-.00-,. uJ- .0J-5.00-5. Q1-5.0o- .@0 -5.00 170o0
-5.00-5.00-5.-0 - -5,00-5,00-4,30-?,40-3, 17-2.'18 1778 C

S-2.83-2.71-2.67-2.7-2.8-2. 58-2. 33-2.C1-1t4 - t .12-o.9-0.76-1.63-0. 9-0C60 1850 ýg
-0. E 3-0.69-0.87-1. 08-1.?6-1.53-1.87-1 .91-1.93-?. 02-. 1-?.4C-6.8u-3 05-3.11 1925
-3. 09-2.93-2.76-2.39-2.01-1.69-1.86-0.99-).63-0.28 0.00 0.08 0.11 0.12 0.12 200 0 0

1.0? 0.01-0.0
8

-O.23-0.4C-u.51-C.53-0.57-).sO-u.,bl-.73-0.l-6..5-1.i05-1.°C2 2075 3
-U. 1i-0.b 6-0.41-0.09 0. i6 0.41 0.776 i.00 1.10 1.39 i,1 i.', i, I . 1.Ti 1 ,80 215
1.91 2.02 2.18 2.12 2.50 2.61 E .6"Z 2.81 2.69 2?.9 3.004 3.14 3.2? 3.441 3.55 2225
3.72 3.90 4.03 L-,2 4.42 4.61 4.71 4.73 4.65 M,63 4.72 ,4.7F 4.79 4.5 3.62 2300 L;
3.21 2.79 2.30 1.dL 1.35 U.51-C.24-1.69-2.1o-2.01-1.79-1,53-1.32- 120-1.15 2375

-1. 1 Z-i.18-1.25-1.26-1.20-1.17-0.20-1•32-1 54-1.4-2-.16-2.3U-2.26-0,D1-1.71 2480

-1. 36-1.06-0 .81-0 .61-0.49-0. 45-0.47-0.49 .- J .4F-0.37-0.31-0.34--0.49-0 75-1. 11 2525
- 1. 43-2.0 1-2. 60-2 .81-2, 87-2. 74-,. 91-2.42-2. 35-2,39-2,42-2. 4b-2, 8-2, 49-L. 43 2600(

-2.43-2.46-2. 53-2.68-2. 74-2.82-2.87-2.83-2. 82-7.7q-2. 7i-2.,'6-2.49-o. 40-2.3? 2b75
-2.26-2.23-2. 20-2 09-.02-. .96-1.88-1.84-1.06-1.d5-1.87-1. 3-1.7(;-i. 73-1 .68 2751
-1. 64-i. 69-1. 74-1 79-1.87-1.78-1.63-1 .50-1 ,37-1-21-1 .4-0.83-1.69-2.Sa-, +1 2825
-0.30- .19-0.109-0.l04 0.102 0.10 0.16 0.18 J.23 0.2o. 0.27 0.6 0.2w J2.22 0.17 2900

0.12 0.07-0.01-0.07-0.09 0.32 0.72 0.91 1.12 1.03 2.67 0.18-0.11-3.38-J2.29 29175
-0.17-0.08-0.10C 0.oq 0.13 0.18 0.24 0.27 ).229 0.3) 0.,9 J.26 Q.23 0.21 0.13 3050
0.0G 0.02-0.04-0.08-0. 32-0.51-U.72-0.93-1.18-1.J-1,62-i.61-?,04- 2.9-2.49 3125

-2. 62-2.8 -3.031-3.21-5. 00-5.00-5.00-5.00-5. 00-5.00-5.00-5.0-5.,00-t, UO-3.50 3200
-5. 00-4. 0 1-3. 3.-390 1-2.63-2.32-2, 09-i 9-.-2 , 22-2 14-2,26-2.20-2.62-1.82 3275

-1. 59-1 .43-1 . 3M-1 . 4(.-1.64-1. 13u-I . •'-c -2 *i-3 .- 3 6i-3.2 -3,-3,50-3.. 3380
-3. 37-3.3 0-3. 86-3 91-2.76-.81-2..0-1,80-1.49-.2-097-0.72-,T-0.49-0,20 0.003 3425
0. 20 0.36 0.51 0.61 0.67 0.83 1.00 1.22 1.35 1.56 1.70 1.86 2.01 2.10 2.31 3501

I
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THIS PACE IS BEST QUALITY PRUTII CABLE

'1aILe A2. Listing of l)ta lotr ItO\V1TIAN 4 (Wont)

2.47 2.uI 7•,7 2. 4? 3.01 7.05 3.02 0.98 3.95 3.01 3.03 2.97 2.78 2.4 2.13 3579

1.83 I 9 i.'.9 j.50 1.67 1.-9 2.2 2.5,0 ?.71 2.93 31? 1 3.18 3.17 3.1; 3.21 3657
3.2b 3.19 2. 96 2.59 2.14 1. 70 1.2 01. 5-.7-7" 9-I.54 -I.00-29S4 -2,8-2.68 37?'

-'61-2.60-2. 63-.61-2. 57-2. 53-2. 57-276-. 77-3. 04-3.3 -3. )8-. uO-50- .J. v 368,0
-5, 0 0 -5 . 00-5.00-5. 00-5.00-5 00-5 .00-5. O-5. 00-5.0 0D-, S .3 , 00-5. 60-.O0 3I75
-5. 00-. UO-3.?3-3.62-3.59-3.53-3. 'b-3.57-3., I'3.51-3.45-3,7-J.2'--3.?3.-18 3953
-3. 127-3.3E-3.60-3.9F- 5. 03-5.00-.00-5 . 0-. 0J-5.3 J -C50-5. O0 -5. bu-, Cou-5. U 0 432'
-5 . 0 3 -0-55 300D- .00-55.0055 005-,0O -5.0 P1505..0-S-.0 1 th5.00-v.6, 4160
-4. 07-3.89-3.76-3.67-3.56-3.42-3.3',-3.26-3.1-3.14-3.11-3. 09-2. 10-3 .12-3.23 4175'
-3. 30-3. 38-3. 37-3.29-3.14-3. 8-3.30-2.93-,180-2A91-30o0-3.o8-3 .I-3,31-3 .46 4250
-3. ?1-3.98-5. 00-5. - L -5. 00-5. 00-4.5,,-3.96- .bq-3,42-3. 16-2. 9)5-2.77-2 t,* -I * '.48 4 325

-41-.t 41-? . 40- 38-2.74-?. ?7-2 21-2 .31-2 * 49-1-.73-3.1- 4. 13-5.00-9 *U00-3.00 (.00
-S. 00-5.00-5,* 05 05.00'5,.O30-5 *U-5GO-S .0-.0-S *00-95. '.-5.*0-5 * O-S * U0-5,*00 4475

-5. 00-5.00-4. 13-4, 02-3. 99-3. 96-3. 87-3 .73-3 . 51-3 29-3 * 13-2, 199-2.0o4-2. 3-2 .- Lq '50
"-. n3-o.69-2 * o-2. 62-2. 59-2.57-2 . I - 3.3•.4- -3.71-3. 9-3.,'2-3.36-'.21-3 425
-2.93-2?.80-2.64-2.12-2.17-26_-2.?0-2 .13-2 C 2.-2 2 -1 .96-1 16-1 .75 1 . 63-1 *44 4702
"-1.31-1i.?0-1.OU-0go-.94-0.86-C0.76-u.52-J.31-'1 . .UJ 0 1 3L ,3T7 j.36 j.3I ',77,

0.35 0.35 0.39 0.46 0.48 2.41 .?3-O0.8-.;A-J.t,7 -CQ.86-9. 96-u.q6-1.0 7-J.t, 7 A'ý,
-0. 36-0.12 0. 14 0.44 0.68 0.90 1.1 0.19 124. j.?5 1.?6 1.27 1.1 .", 15 I. '0 1492

1.20 .71 0.11-C .12 - 067-1. 32-.l-l.r.s-x.'.1-9..a-0)1-o .- 9-L,27 -j.h' .2.29 500C
'357 0.730 2.92 0.91 0.73 0.79 0 q1 l 1.01 1 .0 0u .7? 0.63 G.36 1.12-j .1i 5-,71,"- 7 _7-0. 6 7-123"-1 67-2.31-2.:76 -_32-3 ?4 -3.51- , 4'7-I 3c)93.37-3 3 -4 r, 3"3 . 5Li 5 6 r,

"3. 36-3.18-3.07-2.96-3 08-3. 14-3..12-3.23-3 • 07-. .33.-0 7-2-?- 2,I7--,91-1.7 8 522"
-1.63-I.'46-1.27-1.23-1.6-1,, 0-1.7 -I.96-2.9 -2 67-3. t.-5.r0-5. 7 -5.C0-5. ,u0 wiuc
"-5.00-5.0 0-5. 00-S -5. L -5 00-5, 5-5.60-15. J-5. CJ-5. tu-5 0L-5. C 6 - 0-5 .3 537' 9
-5. 00-5.00-5.00-5.00-5.00-. 00-';. 00_-, .00-5.o00-5o, J-_5.0 00-,. 00 .00-a.-, 00 1.
-5. Q-5 . OG-5oG-5. 00-5. 0 -5,.00-5. -. - 5,. 5 .5-5.00 5 25
-5 - 00-5 -5.0-5.Oc-5.3 1

-5 9S-'. ID-5 . 0-.J J5.0J-r L I- 5, -00-5. O0-L- 5 .APS. L '
-5. 06-5.00-5.0u-5.0U-5.00-,--5.'050-500-5 .00-5.0 a-s ro-5. oo-5. 0-5• G.0-5 00 5675
-5. Jo-5.0 0-t3 0s0-. O--0 . 00-5. 0o0-500-';00o0-3 ) -53.--5. J L-5. 00-. C J-5. C 6-5 . ' 0 5 ?-,-5ý L-L, -5 . c -5 00-5.3t-5 00- 5.,a00-1,. 00-5 . Cu -7,. 0 - , 07-5,06- k, 6 -i7, L 12 , j j ,2, '"-5 00--5.0 -5.00-5. -5. 0'0-'.0-5u-5 .03-J03-'- L0-. 00-.6-C0 , .J - G 1 -'- ., I3?

4. 8- 4 40- 4. 29-.-17-3 90-3. 73-3 54-3.62- 372-373 -3,q-3,31 - .1-2.Q1-. 5975 7
-. 41-2.27-2.16-2 * I1-2:28-2.2q-.* 1-2. 06-1 ,1-1 - I9-C *) 7-2 7 -.9 o-3 3 35-3 . .- 9 k, tJ
-3, 79-3 .6 6-3.53-3 .4o-3. 39-3. 31-3. 186-?.97- .6' - . 3-2 .11- 1, 63-1. 4- * ,3-1 .22 612'
-1. 08-0.6 9-0. 66-0 *54-0.71-0.* 79-0 . 78-0.66-.3 43-0 .- 4 .o-- i *-2.28-? L.4•'4 0 [`0
-. 72-3.743. G- 3.22-2.98-2.52-. 1-1 .-64-1. 34 -I . iO-C .8>-0.72'0.o.-0 . 70-0 72 627r
-J.67-0.,5,X-38-0*51-.,97- 16-1 89-.74-1.16-4.2 •1-4.57- ,L6-' o-.. 1T- 6? -2 u- ;
-5. 00-5So JO0-S. 00-5. U-S 90-4, 93-L.. 4'.i-3,a99 -3.429,3-2. 03-2. 30 -L,±1-2 * 22.1 el.25
-2. 18-2.13-2.04-1.7f-j. 83-. 08-2. ?8-2.61-3.01-3.1ý-3.223.29-3.5 -3.6-3-44h 65010
-4. 88-5 . 0-5. 000-5. 00-5. O0 0-. . 00-5 . 00-J-, 1J- ". 00-5. 01- j, S t-5. G6-5 o0j tr, 75
-4. 81- . 52-4. 11-3 .69-3. 09-2.99-2, -. 89-3*19-3. 20-3. 36-3.62-3.69-3. 02-3. 73 6b (5
-3.53-3.17-3.19-3.02-2.79-2.52-2.35-2.24-2.1q-2.3-2.'314?.29-2.0o-2.00-,.13 6712E-75
-. 47-2.c1-3 ,7 17-4RY.-S0-. 00- 00-5 .C 0-5.O3-4. (1- 4•.13-3. 89-3.57-3 .* 0-s . 39 v8
-2. 7 -2. 51-Z. 0-1.96-1.7 3-1 57-1 .7,4 -1.2-1 . 11-0.-- .67- 6-U60-0. 37-0. 18 16 67,
"-U. 04-0.0 4-0.06-0 .1I -. 18-. 19-0.23-O 45-1.0.2-i 0-2 4 .o- 71-4.0 -. , *2-4.3q5 Qss
-4. 53-4.?3-4 P-5,00-5. 00- .o0-5 * 00-5.00-5.00-5,O00-.00-S.00-5.0 5-b . JO- .* 03 70-'.
-5. 00-5.00-.00-.0-S.05.0-000.O-5-.oO--O-53-.'u 7ui'
-5. O-5.00-5. 00-5.00-5. 00-5. O0-5. .0-5 0-Su.-5.00-5.0-5.00-5. 00-5. OU-,. 60 71 5
-5. 00-5. *0-5. 00-5.00-5.00-S. 00- 0 00-5.0-S. 00-.00-50-5. 00--5. u0-5.00-5.00 7250

8 2
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1 .07-3. 1 8-3 L.1-36 7-'is,.l -. 4,68- 00-5.03J .. 33-R.0U0-5.Ou-5.O0 0-5.0C-4.',I-I..I1t. 7 475
373 -j. 4 h-3.17.9)F-2.

7
3-2.b1,3-258 -2.q-?.'.l 7-249 -2.2-2. 3$6- 2.4 8-2.t627-3.J32T 75 0

-3 1 )0- b ,f .'1-3 i1-3 ', - 4 - . 4 3 3 - . 7 3 6 - 8 - 7 75 -0

1-..V S-5 ,~ 00- .0 R 00,1;.,O-,,00-1. 0 0- - l.0 0- 5.-00-5 00-5.0 .iO 5utl-.... 7775
- ~ 14. : 0 -37 t-3 * 32-3.03-2.74-2.43-2.0 6-1.8 3 -1 29j 291.0-0.5C1 oLi-,0. 7 fJ-Q 7 5

* <.1
- 97 O -5t.1 0 -3 ýO-3 .4 4- 3, 8 1u -3 .98-4 1U ',- . 32- 4.0 (A-. 7 . 0- 4• 5.0 0-5. 0 b-1i wo10 T3g 0;

- u. 0-0.1-' . -5 . -01 -4. .32 -3. 4- -_ . 9 1 -. 1b.-.1 7-1.?3 9 -I.I-1.0:,-.0o2-J.641 2 9
-0. 1. 8-0 3.33-Q.1h,- C. C!f L1. (8 0. 21.u 39) ).2 . b1 ý.7./ J65 0.96 1.02 1. 12 .181 3 0 2

1. 1 1.- 1. 08 0.9t 0.90 0.9?•97;. 1.13 1-..2-? 1. -8 1 .7 1.-70 1.-46 1.13 -.73 .2 3160
"-1, -5-t.7-..CU-$,00-5. - '3.0 . C -O-5.0 0-, J - 0 0 .O- -0 L-5.C .00-b5 .30 3175,

,' -4. 1 -3.1 '3. 4-2.9 I-2.1 -1I. 7b-1 0-.2-3.6u-2.59-1.29-0 .0- O1. C"2 1. 7 5
0.- 3 0.43 0.5 0 .158 0.',- 0.127 0.79 U7h .0- 72 -. O 0. 6. 0.8- 0.79 0.83 0.6 1 - r,

- -0.-80.3- 3'' 8- -68 0.n 0.41 Lu. It .'-.. .0. 014 U.C•• -C,.14-0. 3 -5C'1* 7 4 -j a 8 8 1.
I r Q - I,1-. '.U 7-5 '-.8U -.iu ' is-3 .q- 3 1) 0-1-2. 41-?. 0-i• , 0 - 0--.20 6075

-1.20 0.11 .0.3' 0.97 U.76 0 1.0 i.40 1.r. 1.63 1. 97 0 1 2 .!3 1 2 .3 5 S8vO) 10
2l.0 .. 47- .'b 2. 2.002. 2.'.° 2.45 3. 3 3 I20 1.20 0.95 0 -5 9 00 0- . YO10215
'. 69 0.1.7 0 .' . 0. C o .'r U. 9 ,J 0.90 J.Th J 0. • 6 U.55 0.4' tU.7 0.1'3 3.36 8 l0

-0. 0 1 1.1-6, 11 0..1- 0. 6-0.71-0.9 8 .0 ' -1 .1- , .9-t.3-1.1 -0.0- .- I.9L4J.- 0-.?21 1175

Lit, 9-,' 70-3 0 - ?.2 t1-3. ? 0-3v -3 j - - 5,-5 . ý-.0 6 --tl 5. " 8L0

- U 5 1 )-5.)06-5, 10-5.Bu-".0 1- . 06-00- 7--'.' 00- 5lJ .0J- '. 0-5. UO-..00-5.- O-5. o 1416 7

4. - ?. 14-0. . -0 0L-0 . 09-0.18-C .1" 0.O6 0.3 -C.2 U- 0 0- . 80-0. 62-.0 0.U4. 1700

-6 . ' . 0-1 . 0 . " 1L .- n 0. ý4- I g Ai r 3*• -J -1 ,I-I 7 1 . ). -1 99 0*5 4 J • 6 .- q -~ i• b .J 1 3 5

1. .9o .q 4 2"-O1I 7-1. j'b-I .7fo-j'.671) .'"L )t5-o." '.'-o1.3t-I .2 - 1"8-1 08-1 .'s 142'

- 0 6ti- 0 -5 t')-,) -1 , ' -0 1')- t' 7_0 -0.5 S i. ` i ý J G .- If, -0.-17 L.38 0. 57. 2,6,
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Appendix B

Basic Flow Chart for LOWTRAN 4

A genenal flow charut foe- IAJW'1AN -4 is given in 1-igure 831 whlich shows tile

ov emi-l mode Of operationl Of th0 PErogmaIlll. lIO 'e detajleld flow charltS are' a1L)o g!iven

fox, the miain blocks ill tile proUgram11, that is, wheret tile LeqtiVa1Ilet aibsor-ber :i mounts

anld retr1action czllcula~tions, are imade ( biguare 112), tile tal'.M3nlittzulce / 'm tJdjaml c iU)Op

liga e 1ill'ai thet tranls niitttajice calculations I ligtire 134).

The nlotationl use;(d inl tile flow L'ha m1'S iS as follows:

(1) If' a condition stated within a given bIlock is fulfilledi, then thle direction of

flow is Sidew ay s as ia1di eated by tile, direc'tionl in whiich the block pto ilits (for

exa niple ,for, tile following block L:1).

2)If thet condition stated w ithiin ai block is nlot tililhledl, tile flow is dwilwi: ds.

Ti'le nlumbers appeauring onl thet flow cliaiets co leesL'SOlnd to the stalte nuen1t 11111nIbe uS

giv en inl tile main p.-og rai Isee Table A 1).

W17



' ItAl. l11~~ y OIU I. ii I 7 I w rI()tý

IIMI'. RAN F.1

%r I ~ v I

*A4 mill_

It 41021 14 '(t.

I2i ANGLI

III TA

-M I.K 1 . IIMAX

LI, y .ný4

"t I ,V

F H-ýV 1r1 Li

(,'UT-~ IMC~it-fr1OTA



StttlIIEP.ItfI

lii andil2 Abta att BI.Itt iL"6
12ENaiX X TIXlll. VNt~atimcttta!Yl

it ITYPLI - 1 otitt ~ t~lttXt ~t

N11

Wj -- * lA N 6liH WO

ANGtLEttb ~l NGK

Ai l l
1  

ftant. Walt) itr i.o IIMAX t39 .. VV itEH t.pt~dt t t t

L-..

Figuri~~ B2. 1' D24 Whrt o acltono qiaet ahQYtte

h- h



VI
. lWiii W(KL K 1 i~,\

f-ii~i ~~ VVL\

- if ILMI~SS0

i (I S r -C.1Pt

II

17.. ,iiw 
.ýI -I,

lxrl T~l, I-w

9 0



TX)41 TXOIKMAX) O~

C.I)1150 NoI) TN 7
'3) 11) -lAS All (I
IM MSUMSX)

VV LT 2080

SUM-SM T(4

" T2 L THTV.10 %10)13ý

V.Z5 119 0

N2(3 C-i L., )3

~~~U TX4)14) 1))

04 SMS 1XI)12

F~~tI)V~T C11 3300 01)C- 58

1'ig~rl k3. Flw Cartfor'1'rnsnittnce alcslai7n

TX(B) CSWB

WO. IV" d -



Appendix C

Symbols and Definitions

AB Absorption at frequency V; also average transmittance

AHAZE Aerosol number density for MODEL, = 7

AHZ2 Aerosol number density for MODEL = '7
AJ Equivalent absorber amount per km at level J

ALAM Wavelength (nm)

ALP Angle of arrival at adjacent level

ANGLE Input zenith angle (degrees)

AO Constant A = (H° + Hl)n° sin 0
0 0

AVW Average wavelength used in refractive index expression

13 Storage parameter for BETA

BBG2 Black body function of boundary times the total transmittance
along the path

B13IK Black body function of the IN layer and the frequency V

BET Angle subtended at the earth's center at path traverses adjacent levels

BETA Total angle subtended by path at earth's center

BJ Equivalent absorber amount per km at level J + 1

CA Conversion factor from degrees to radians

CO Wavelength dependent coefficient used in refractive index expression

CW Wavelength dependent coefficient used in refractive ;odex expression
C I Log absorption coefficient for water vapor
C2 Log absorption coefficient for uniformly mixed gases

C3 Log absorption coefficient for ozone

93
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C4 Absorption coefficient for nitrogen L"4 Jim.)

(5 Absorptiow coufficient fou' witt r vxipor coliti ulitm 1 10 p nI1)

(6 Extiultitrn cLoeffiCierit for lnOltuCLlatic Saratte'inllg

c 7 Extinction coefficient for aerosol. models

t'7 A Aerosol absorption coefficient

C8 Absorption coefficient fur ozone (M3V and visible regions)

1) Water vapor amount (pr. cm/kin) at level 1

I)'TAIJ Diffecentral transmittance (due to absorption) across tile
lK layer'

1DP Oew point temperaIturc ('C)

.)S Path length from level I to level I + 1

D\ VWavenumber increment at which transmittance is calculated

I Height increment from level I to level I + 1
L(K) Equivalent absorber amounts per km ait height It I

El(, I) Equivalent absorber amount per km for 11/) at level Z(I)

E11(2, 1) Equivalent absorber amount per knii for (c,) + N.) etc at level /(I)

El, 3. 1) Equivalernt absorber amount per km for 0.3 at level Z(1)

EH(4, 1) Equivalent absorber amount per km for N, at 1t'vl ZMil

1,11(5, 1) Equivalent absorber' amount per km for 1f2 0 continunor at
level -l), (104m)

1i(13, I) Equivalent absorbe±, amount per km for molecular' scattering
at level -(1)

EI1(7, 1) Equivalent absorber amount per km for aerosol extrction at
level Z(1)

E11(8, 1) Equivalent absorber amount per km fo r ozone (UV and visible)
at level MZl)

L 11(9. 1) Mean refractive index of l.yer' above level Z(i)

12-110,1) Equtivalent absor'ber amount per kin for 1.,() conltilLuuLm att
level l1), i4 prm)

F, 1I( 1.,I) Equiva]ent absorber aLmount per km for nitric acid at level X(I)

EV InLtegrated abauirber imuktuiut fc-U'tr ih-vVl I to lev I + 1

,' l"nnction for determining saturation vapor density of water igro 11-3

F'F Black body i'unctiolr (W/cr1 2- ster-' ml)

FA1C Interpolation parameter

1,'ACTOt1 Integration weighting parameter

1.0 '1'ransniission function logarithmic absorber amount scale for 0)3

'W T'nansmission function logatrithnli absorberU amoirlt scale for [1,-)()
and the uniformly mixed gases

1i Altitude depenient control par'ameter1

III Initial altitude (kin)

1-12 Final altitude (kin)

JIAFlS Nitt'ic acid absorption coefficient
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HAZF A rosol i lmber density (no. cmi:3

1IM ,'tim tcd tangent heiuht (kmu)

I11IN Minimum altitude of path t'ra, ectorv (kmni

IlMIN(l) Nitrio acid volume mixinQ ratio (times 1.0 U .' 091 at the /evel 7(1)

1118101i(1) Interpolated nitric acid volume mixing ratios

1I7(1) lHollerith titles for visibili:

1t71 Aerosol number density (n,. cm" 3 t for 23 km visual rmge

1IZ2 Aerosol number density (no. cm for 5 km visiual vage 0--

I Running integer used :as altitude (level1 indicator and r'eqonllocV
indicator

IAT'M Number of model atmospheres

1COLUNTI' Output paye counter

11)V Frequency increment (-m

iFMISS Input control paraameter determinino mode of progr'am exreution-
(=0 for transmittanoe, =1 for radiance mode)

IFINI) Indicator for using subroutine ANGI,

IHAZE Aerosol model incdicator

Ii I.quals IK

IK Running integer used as layer indicator along the atmospheric path

iKiLO IMowec Ii, nit of layer loop V-1)

IIKMAX Upper limit of layer loop

III Integer indicator used to determine if the atmospheric path
intersects the earth

IM Parameter used when reading in a new atmospherie model

IP Indicator for using subroutine POINT to calculate refractive index

only (IP = 01 or equivalent absorber amounts also (i j i 0)

ITYPE Indicator for type of atmospheric path

IV Yrequncc at which transmittance is caiculated

IV 1 Starting frequency (equivalent to VI)

!V2 Last freqoency (equivalent to V2)

IXY Parameter for terminating program and Cycling indicator

11 Running1 integer for altitude identitication

3 1.'IIA Integer indicator used when 111, 112, and IIMIN are in the same
lnyer (I'ITYPE'2)

J MIN Altitude indicator for minimum height of path

3 1-' Print option parameter

JS31I011 Integer indicator used when vertical profile changes from
downward to upward patlh

31 1L,evel indicator for altitude 111

32 Level indicator for altitude 112

1K Absorber indicator. 1K- 1, 2, 3. etc. . corresponds to 11,0
uniformly mixed gases, 0 etc, respectively

9 5
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KAI'AN uppct' limit of absorber amount loops (--11)

<� t ]hieot el"c used 'in reading two model atmosolher:s on ont, card

1K 2 ltl ecrUed in( r-ading two m1ode atIillosph)C1'c:S o0! o00 cardil
and crvotitg paranieter for dowinw ard looking paths 1S

1K 4 lCrequencly i ndicator for niti'ogell coritilnmiu traznism ittanrce ctalculation

I. 1*'rCequency indicator for 0701e tranlsmittance calculationi

IlN Parameter used for" defining longest of two paths

1 tNSVOlt InOteLger storage for parameter IAP'N, needed for cases run in-
$'-uc'Cc5s ioI)•

11 1,Frequency identifier for U\V and visible ozone transmittance
calculation

112 Frequency identifier for UV and visible ozone transmittance
calculation,

l\1 lnte.ger used to identify required model atmosphere

A\ I. Number of levels in radiosonde data input (MOI)'I,- 7 1

111()I)I2, Ititegger used to identify requiired model atmosphere

Al1I Integer for selecting 11)0 altitude profile for (W= Al1)

1112 Integer for selecting temperature altitude profile for (Al- M2)

IllS Integer for Selecting 0 3 altitude pt-ofile for (M=MN3

N Indicator for level below given input altitude used in POINT
subroutino; also as frequency indicator in _\.' and visible
o'onec tr'aw-sin'ttancc calculation A

NI! Irequency indicator for water vapor continuum transniittance
calculation

NI, Number of levels in model atmosphere data

NIA. Equals NL,-1

NP Indicator for determining whether ill or 112 coincide with levels
in the model atmosphere

NP1 Value of NP for altitude Ill

N P2 Value of N P for altitude 112

P1ll, I) Pressure (rob) at level I for model atmosphere Il

PIT 1800 -. Pill

1lll AAngle of arrival at 112
P1 3. 14 1592654 that is (TO

P1W Partial pressure of water vapor (in atmospheres)

11 l Total pressure in atmospheres

PSI Anoular deviation of path from initial direction

I'T Product of total pressure (atm) and the square root of 273 ffI1(Al, 1)

PADMAN Maximum value of radiance

RA DIYIIN Mlinimum value of radiance

11 A D)S U N! Integrated radiance (WI /coW -stee)

PIA NCE: Path length (kin)

ItI.: Earth radius (kil)
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, F' Refractive index of air at level I

RIt Relative humidity (¾)

RxN Ratio of refractive indices of air above and below a given level

RO Earth radius (kmn read in as input (=RlE)

RX Ratio of earth center distances between adjacent levels

Hi The product of the sine of the initial 7enith angle and the earth
center distance to starting attitude

SALP Sine of angle of at-rival at adjacent level (cf sin a)

S1111 Sine of the local 7enith angle at a given level (cf sin 0)

SR Slant r'ange (kin)

SUM Sum of the optical thicknesses of absorber.s 4 through 11

SUMIA Accumulated integrated absorption
SUMV Radiance (W/cm 2 -ster-cl-1)

SUMVV Radiance (W/cn" -ster-g nf)

T0M, 1) Tempeurature (
0
K) for model atmosphere M at level 1

TAUG Total transmittance to the boundary

TIBY(IK) Average temperature of the 1K layer

TBOUND -input teroperatUr'e of the boundar'y il 0
K

THET Zenith angle at a given level (in radians)

THETA Zenith angle at a given level (in degrees)

'1'MI' Ambient temperature (fC)

TR Transnmittance scalcs for transmission functions

TS Ratio of standard temperature (273. 0
0

K) to temperature at Level 1

TSNEW Transmittance (due to scattering) to the far boundary of the 1K layer

TSOLD Transmittance (due to scattering) to the near boundary of the 1I: layer

'1,S. Ratio of 296°K to ambient temperature ('K)

TT Ratio 273. 15/(TMP±+273. I,)

TX(K) Equivalent absorber amounts per kin at a given altitude obtained
from POINT; also transmittance values at a given wavelength for

each absorber type (K = 1, KMAN)

TX(9) Total transmittance at frequency V

TX(10) Absorption due to aerosol only nt frequency V

TX1 Refractive index of layer above inkitia1 altitude III

TX2 Refractive index of layer above final altitude 112

TX3 Refractive index of layer above minimum altitude EIMIN

TI Tenmperature of the boundary (
0

K)

T2 Tempe:rature of the 1+ 1 lioundatry used in index of refraction
calculation

V Running fr'equency (erm " I)•
VII(K) lutegRal of the equeny lent absorber amounts front Ill to level I

VIS Visýual range (kin) at sea level
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V RMAX Frequency of the maximum radiance (cm"

V RMIN Frequency of the minimum radiance (cm-1)

VX Wavelength at which aerosol coefficients are read in (jnir)
-1

V2 Initial frequency for transmittance calculation, cm
-I

V2 Final frequency for transmittance calculation, cm

W(K) Total equivalent absorber amount for entire path

W, H(M, I) Water vapor density for atmospheric mcdel M at level I (gm nW ")

WLAY(I, K) The absorber amount for the species, K, and the atmospheric
layer, I

WO(M, I) Ozone density for atmospheric model M at level I (gin m-3

WPATH(IK, K) The cumulative absorber amount of the species, K, for the IK layer
along the atmospheric slant path

WS1 Transmission function scaling factor for H20 at given wavelength

WS2 Transmission function scaling factor for CO2' etc., at given
wavelength

WS3 Transmission function scaling factor for 03 at given wavelength

W2 Water vapor density for atmospheric model M at level I+ 1 (gin m-

X Input height to POINT subroutine

XD Wavenumber interpolation parameter in UV ozone transmittance
calculation

XH VVavenumber interpolation parameters in H20 continuum calculation

XI Wavenumber interpolation parameter

XX Wavenumber identification parameter for WV ozone transmittance
calculation

X1 Earth center distance of level I

X2 Earth center distance of level I + 1

Y Input zenith angle in radians

YN Refractive index of layer below input height from POINT subroutine

YNl Refractive inlex of layer below initial altitude H1

YN2 Refractive index of layer below final altitude H2

YY Aerosol absorption coefficient at frequency V

Z(I) Altitude at level I in km
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Appendix D

Errata Sheet No. 2 (September 1977), Atmospheric Transmittance
From 0.25 to 28.5 p/m: Supplement LOWTRAN 3B(1976),

AFGL.TR-0158, 1 November 1976,
Environmental Research Papers, No. 587

1. Page 52 - Line A 3M should read A 3:,

2. Page 53 - The second line A 1,31 should be removed

3. Page 54 - Reverse the order of statements A 103F and A 103G and relabel them:

i.e., IF (M, EQ. 0) Z(K) = HI A:: 103F
J = IFIX (Z(K) + 1. 0E-6) + I A* 103G

4. Page 56 - Line *A 185B should read:

EH(5,I) = DPPW*EXP (6. 08*(TSl-1. 0)) + 0. 002:DI(PS-PPW) *A 18513

5. Page 56 - Line A 204 is correct, i. e. IP=- 1

6. Page 63 - Line A 586A should be removed.

7. Page 64 - Replace UALENTVENT by EQUIVAL-ENT in line A 623

8. Page 78 - The 9th and 10th cards from the bottom of page 78 should be inter-

changed. The wavenumber identifications for the3e cards are 17800 and 19400

(see extreme right hand side of card).

9. Cautionary Note: When standard radiosonde U.'lta are used (MODEIL-7 option),

insert a card for sea level even though the required transmittance path does not

extend to sea level. The reason for inserting the sea level altitude card is to

correctly interpolate the aerosol number densities at the required altitudes for a

given sea level visual range. However the above does not apply if the user is in-

serting his o.,n aerosol extinction data for a given starting altitude.
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10. Example: On page 79 a set of input data for LOWT'rAN 313 is given. T'he first

example (represented by the first three cards) is to calculate the transmittance for

a 65' zenith angle slant path from altitudes 2.5 km to 8. 5 km for a 23 km visual

range (rur-l aerosol) subarctic winter atmosphere covering thei wavenumnber range
-I

from 2350 to 2450 cm (i. e. 4. 08 - 4. 271gm).

The four example3 which follow are to calculate the average transmittance
-1

fro:n 1820 to 20. 000 cm (i. e. from 0. 5 to 5. 5 urm) for a 10 km horizontal path

at sea level (using the 1962 U. S. Standard Atmosphere) for four different aerosol

models, namely, Maritime. Urban, Rural, :,n Tropospheric respectively.

it is recommended that the various aerosol model data sets be labelled and

stored for further use.

The extinction coefficients for the Average Continental aerosol model originally

contained in LOWTRAN 3 are included as an additional data set at the end of

LOWTRAN 3B (1976) card deck available from the National Climatic Center,

Federal Building. Asheville, No. Carolina 28801 for a charge of $20. 00. (Please

address requests to Mr. R. Davis.)

11. Page 25 - delete the last three lines on this page.

12. Page 26 - Delete lines 'A 494 and 11A 495. and change line :'A 491 to read:

NH= X + 1.001

13. Page 33 - Lines A 85G and A 851-1 should be interchanged to be consistent with

page 53.

14. Page 54 - Insert - IF(lXY. GT. 3) GO TO 8 after A 104N.

15. Page 62 - A 563 should be

IF(VlS.GT. 0.0. AND. VIS. LT. 2. 0) XX=0. 158

Cautionary Note: The temporary fog correction will scale aerosol

extinction regardless of atmospheric path. As presently coded, it probably should

be restricted to horizontal paths (IrYPE=l) under 1 km in altitude.

16. Page 66 - Delete card C 21B in ANGL.

tNEW ERRATUM
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