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ABSTRACT

A computer subprogram set is described which
permits the use of radiosonde data to provide model
atmosphere data for earth resources applications.
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A MODEL ATMOS PHERE FOR EARTH RESQURCES }lPPE_‘CA?ONS

By David E. Pitts and Kirby D. Kyie
- Manned Spacecraft Center

SUMMARY

All earth resources remote-sensing techniques are affected by the atmosphere
lying between the target and the sensor. The computer program presented in this re-
port offers a method of numerical use of radiosonde data so that atmospheric effects
may be assessed and possibly removed irom the signal.

INTRODUCTION

The objectives of the NASA Earth Resources Program are to determine the per-
formance capabilities of various sensors, to discover signature criteria of resources,
and to develop new sensors and systems that will eventually enable management of
earth resources. To accomplish these objectives, certain absolutes which may be used
to evaluate sensing systems and techniques must be established. The laboratory usu-
ally offers the best testing environment, but the type of target, the conditions of the
path of the signal, and other testing parameters are limited. In general, the labora-
tory is so restrictive that a successful laboratory test of a remote sensor is necessary
but not ‘sufficient to ensure proper operation of the sensor in an application. There-
fore, much of the testing is performed in the same environment in which the instrument
is expected to operate. Testing under such conditions requires that the data concern-
ing the environment between the instrument platform (e.g., an aircraft or a spacecraft)
and the target be as’ ‘accurate as poss1b1e ‘Thus, determination of the ''ground truth'
and description of the state of the atmosphere in the path of the electromagnetic signal
are necessary. .

Remote-sensing techniques are affected by the atmosphere lying between the tar-
get and the sensor. The amount of noise introduced into the signal by the interaction
. between the atmosphere and the signal depends upon the type of sensor, the wavelength
employed, and the meteorological conditions prevailing at the time of the experiment.
Since the NASA Earth Resources Program remote-sensing effort is in a developmental
stage, the effects of this interaction are presently being determined, and hopefully,
the model atmosphere for earth resources applications, presented in this paper, will
facilitate analyses of such effects.

The computer subprogram set presented in this paper offers a self-consistent
method for numerically calculating the state of the atmosphere based on radiosonde




data given in terms of significant levels of pressure, temperature, and temperature-
dewpoint depression. After data from the radiosonde closest to an aircraft or space-
craft remote-sensing target have been obtained and after these data have been inserted
into the computer subprogram set, a programer has almost any desirable atmospheric
parameter available for use in his computer programs. In particular, the subprogram
set described in this paper makes available all the necessary quantities for calculation
of infrared and microwave absorption or refraction, or both. However, no attempt has
been made in this paper to include atmospheric absorption calculations in the model at-
mosphere; only the basic atmospheric data necessary for the previously mentioned cal-
culations are provided. -

The model atmosphere was written in the FORTRAN V computer language for the
Univac 1108 computer. However, the program is also compatible with Control Data
Corporation and IBM FORTRAN IV compilers. Copies of the computer cards are avail-
able upon request from David E. Pitts, TF8, Manned Spacecraft Center, Houston,
Texas 77058.

SYMBOLS
Cso‘un d computer symbol ANS(4), speed of sound, m/sec
d ~ computer symbol DUM/D1, increment of the slant path from r to r', cm
e vcomputer symbol ANS(19), E(X), water-vapor pressure, mbar
e, computer symbol ANS(20), E(X), saturation water-vapor pressure, mbar
fw computer symbol F (P, X), correction for the departure of the air and water-
vapor mixture, from ideal-gas law
g computer symbol ANS(5), acceleration caused by gravity, £(Z), cm/sec2
g6 surface gravity, g at Re’ cm/sec2
H computer symbol H(I), geopotential altitude, m
Ha computer symbol HA, HLOW, geopotential altitude at A, where Ha < Hb, m
Hb computer symbol HB, geopotential altitude at B, m
Hp computer symbol ANS(15), pressure scale height, km
H’0 computer symbol ANS(16), density scale height, km




Rel

mass percentage of the ith constituent

computer symbol ANS(7), molecular weight of the atmosphere, g/g-mole

molecular weight at Hb’ g/g-mole

computer symbol XMO, molecular weight of the dry atmosphere, g/g-mole
computer symbol' XMO, molecular weight at the surface, g/g-mole
molecular weight of water, g/g-mole

computer symbol XN2, refractive index at r' + (1/2)AZ
computer symbol XN1, refractive index at r'' + (1/2)AZ

computer symbol ANS(17), refractive index of air at STP

computer symbol ANS(18), refractive index of air as a function of A, T,
and P

- computer symbol ANé(l), atmospheric pressure, mbar

computer symbol PLOW, atmospheric pressure at Ha’ mbar

computer symbol PHIGH, -atmospheric pressure at H, , mbar

b’
computer symbol ANS(13), specific humidity, g/kg

computer symbol ANS(14), specific humidity at saturation, g/kg

computer symbol RO, universal gas constant, 8. 31432 x 107 ergs/(mole °K)

computer symbol RE, mean radius of the earth, 6371. 299 km
computer symbol ANS(12), relative humidity, percent

e N

computer symbol XS-XL, X-component of (rsp' - r1'>, km
—

computer symbol YS-YL, Y-component of <rsp' - r1'>, km

— A
computer symbol HS-HL, Z-component of (rsp' - rl'>, km




computer symbol ANS(10), mixing ratio of the water in the atmosphere, g/kg
computer symbol 52, distance to shell Z + AZ on the refracted path, km
computer symbol 81, distance to shell Z on the refracted path, km

distance from the center of the earth to a target, km

computer symbol ANS(11), mixing ratio required for the saturation of water
in the atmosphere, g/kg

distance from the center of the earth to a spacecraft, km

computer symbol S, Sutherland's constant, 110.4° K

distance

computer symbol ANS(2), kinetic atmospheric temperature, °K
computer symbol ANS(6), virtual temperature, °K

computer symbol T( ), temperature at Ha’ °Ké
computer symbol TVLOW, virtual temperature at H_, °K

computer symbol ANS(2), temperature at Hy, °K

computer symbol TVHIGH, virtual temperature at H,, °K

dewpoint temperature, °K

coﬁputer symbol TD( ), dewpoint temperature at Ha’ °K
computer symbol ANS(9), dewpoint temperature at Hb’ °K
molecular scale temperature, °K

computer symbol TOS, angle between rl' and rsp_!’ rad
time

identifier of the significant-level data set of radiosonde code

computer symbol Z, geometric altitude, km
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computer symbol ZL, altitude of a target above the earth, km

computer symbol ZS, altitude of a spacecrait above the earth, km

computer symbol BETA, 1.458 X 1076 kg/(sec °K m)

ratio of specific heats

- computer symbol PHI, angle from the zenith down to the tangent to the path

at the target, rad

computer symbol C(3), distance upward from a loycai station to a sp‘acecraft,
rad ‘

computer symbol C(2), distance eastward from a local station to a space-
craft, rad ; ,

computer symbol TH;ETAL, target longitude, input card, deg (internally, rad)

computer symhbol THETAS, spaceci'aft longitude, input card, deg (internally,

rad)

© computer symbol‘XLAMDA, wavelength, microns

computer symbol ANS(8), coefficient of viscosity, kg/(msec)
computer symbol SUMI‘, dummy variable, rad

computer symbol C(1), distance southward from a local station to a space-
craft rad - ,

computer symbol ANS(3), atmospheric density, g/cm‘3

density of dry air, g/cm3

density of water vapor, g/cm3

computer symbol PHIPR, angle between r' and the path of the ray after
refraction, rad

computer symbol PHI, angle between r'' and d, rad

computer symbol PHIL, target latitude, input card, deg (internally, rad)
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P computer symbol PHIS, spacecraft latitude, input card, deg (internally, rad)

Y computer symbol PSI, angle between r' and d, rad
MODEL ATMOSPHERES

Model atmospheres for earth resources applications may be described as one of
three types: preflight, flight, and postflight. Preflight model atmospheres include
those which have been developed from aerospace flight-support models (refs. 1 and 2)
and statistical models of cloud cover over the earth (ref. 3). The last of these
indicates the probability of success on spacecraft- or aircraft-borne photographic
missions for earth resources applications.

Flight model atmospheres are calculated from sounding-type remote-sensing de-
vices aboard spacecraft or aircraft. Flight model atmospheres are not presently well
developed, but when they are well developed, they will represent the ultimate in knowl-
edge of the "'air truth'' until special-purpose instruments that will perform atmospheric
noise extraction in real time are developed. :

Postflight model atmospheres are based upon standard meteorological soundings
and are used to assist in the development of flight model atmospheres. These post-
flight model atmospheres may be described as predictive and nonpredictive.

Predictive postflight model atmospheres use equations of motion, thermodynam-
ics, and continuity and standard meteorological soundings to predict (in time and space)
the state of the atmosphere near the target for a remote sensor mounted on an instru-
ment platform. This type of model atmosphere is not presently well developed. Non-
predictive postflight model atmospheres offer a self-consistent method of calculating a
model atmosphere at the position of a radiosonde which may be located near the experi-
ment platform. The subprogram model atmosphere set discussed in this paper has the.
capability of performing either as a nonpredictive postflight model atmosphere or as a
preflight model atmosphere, depending on the form of the input data.

EQUATIONS FOR THE MODEL ATMOS PHERE

The model atmosphere may generally be considered to be in a state of quasi-
static equilibrium. That is, when the equations of motion, thermodynamics, and con-
tinuity are scaled and when closed sets are found, the large-scale (i.e., the first
order) vertical-component solution will show that, except near clouds with high-velocity
updrafts, the hydrostatic equation

aP _ ’




applies well. In equation (1), P is atmospheric pressure, Z is gecmetric altitude,
p is atmospheric density, and g is the acceleration caused by graviiy. Af pressures
and temperatures experienced in the atmosphere of the earth, the ideai-gas law is usu-
ally accurate to within 1 percent. The equation of state

Pm
P =gT : (@)

is a form of the ideal-gas law, where m is the molecular weight of the atmosphere,
R is the universal gas constant, and T is the kinetic atmospheric temperature.

With certain reasonable and valid assumptions, the proper combination of the
hydrostatic equation (eq. (1)) and the ideal-gas law (eq. (2)) results in equations (3) and
(4), which are derived in detail in reference 4. If 9T*/0H # 0, where T* is virtual
temperature and H is the geopotential altitude, then

) gomd/ [R(aT*/ 3H)]

T,
P, =P, | (3)
and if 9T*/0H = 0, then

(4)

éomd(Hb»' Ha)}

Pb = Pa exp[ RTa*

In equations (3) and (4), Pb is the atmospheric pressure at Hb, Pa, is the at-
mospheric pressure at Ha’ Tb* is the virtual temperature at Hb’ Ta* ig the virtual

temperature at Ha’ g is the surface gravity, m, is the molecular weight of the dry

d

atmosphere, Ha is the geopotential altitude at A, and H, is the geopotential altitude

b
at B. In the upper atmosphere, a fictitious temperature designated as molecular
scale temperature Tm is defined in order to include variations in molecular weight

(caused by molecular dissociation) and temperature in one variable.

m

o)
T = T e




where m is the molecular weight at the surface. Similarly, in the lower atmosphere,

a quantity designated as virtual temperature T* is defined in order to include varia-
tions in molecular weight (caused by water vapor) and temperature in one variable.

T* =T 2 S (6)

Therefore, T* and Trn may be used interchangeably in equations (3) and (4); this

fact enables the use of equations (3) and (4), which were derived for planetary atmos-
pheres in reference 4.

As shown in appendix A, the proper combination of the equation of the state ot
dry air, the equation of the state of moist air, and equation (6) gives the exact expres-
sion of T* as a function of temperature, pressure, and water-vapor pressure.

T

T* = , s )
<1 - 0. 37803 —W—>

P

where fw is the correction factor for the departure of the air and water-vapor mix-

ture (from the ideal-gas law) and e is water-vapor pressure. Equations (3) and (4),
which are the fundamental equations of subroutine MODATM calculations, are used in
different forms to find the altitude of the significant levels and to find the pressure at
a level between significant levels.

Subroutine MODATM

When atmospheric data at a particular altitude are desired, either geometric
altitude is used as the calling variable, or pressure is used as the calling variable and
a corresponding geometric altitude is calculated by using equations (3) and (4). Geo-
potential altitude H is calculated by

H = (8)

where Re is the mean radius of the earth. Geopotential altitude is then used to cal-
culate temperature, virtual temperature, and molecular weight.




Temperature is calculated by

oT
szTa+5ﬁ(Hb" Ha) - ®

where Tb is the temperature at H

perature is calculated by

b’ and Ta is the temperature at Iélza. Virtual tem-

T '
* * L 92 -
To* = Ty* + g (Hy - Hy) | (10)
Molecular weight is calculated by
m,T
d'b
m, = -5 , (i1)

where m,_ is the molecular weight at H

b b’
When P and T* are known, a form of the equation of state (eq. (2))

Pmd

P = RT (12)

is used to calculate density. Then, additional quantities related to altitude, pressure,
density, molecular weight, temperature, and virtual temperature are calculated. The

equations for the speed of sound C sound’ acceleration of gravity g, coefficient of vis-
cosity ¢, saturation mixing ratio Iy saturation specific humidity dg, pressure scale

height Hp, and density scale height Hp are as follows:

: _ |, RT*
sound 4 m

Re 2 :
g=8\R +Z (1%)

C

(13)




= (15)

0.62 197fweS

fs = P Tyeg) (16)
w S : ‘

0.62 197fWes

9 = (P - 0. 378031 e, (17)
RT*
H = 18
p-mg (18)
= (19)
p- 1 1 (ELL*) |
I LA

where 7y is the ratio of specific heats, B is 1.458 X 10'6, S is Sutherland's constant,

and ey is the saturation water-vapor pressure. Equations (13), (15), (18), and (19)

are derived in referencé 1, equation (14) is derived in reference 4, and equations (16)
and (17) are derived in reference 5. The f£ W-factor is calculated by a function subpro-

gram simulating tables 89 and 90 given in reference 6.

For calculations of variables describing the amount of water vapor in the atmos-
phere, dewpoint temperature T d is calculated as follows:

T =T +——-——(H

d,b d,a” OH 'Ha) (20)

is the dewpoint temperaturé at H,, and T is the dewpoint tempera-
d,b b d,a

ture at H " The equilibrium vapor pressure over a plane surface of water (ref. 6) is
then calculated.

ivhere T

10




e =1013.246 x 10

{ -3.4914[1.0+ (373. 16/Td)]

11.3441.0-(T, /373. 16
-7.90298!}1.0+(373.19/Td)]+5.02808 logm(s'm.16/'rd)—1.3816><10'7§10 . [ (Ta/® )]-1.o$+8.1328x10‘32w -n.os

(21)

The formula for the vapor pressure over ice (ref. 6) may also be used.

, -9.09718[- 1. 0+(273. 16/ ,}| -3. 56654 log. (273. 16/T ,)+0. 876793[1. 0-(T,, /273. 16]] - .
‘e =6.1071% 10 [1-0(273-19/T4) *10(37 19/ Ta)* - (o> 18] (22)

The choice of ﬂle temperature ranges during which each of the pfeviously mentioned equations for e is'used is ,
determined by the programer (function E(X)). As presently set up, only equation (21) is used. Equations (21) and
(22) are used for calculating e by using T inplaceof T g9

With the previously discussed basic quantities available, the remaining atmospheric quantities may be cal-
culated. The equations for the mixing ratio r, relative humidity Rel, specific humidity q, refractive index

Ngrp (in wavelength), and refractive index n(Z) (in P, T, and wavelength) are as follows (ref. 5):
0. 62197fWe
r= —————-—-—-—(P 5 e) (23)
w
Rel = ri x 100 (24)
S
0.62 197fwe
(25)

a= (P - 0. 378031 e}




For the infrared region (ref. 7)

ngrp =1+ 10°8/6432.8 + 294-98101'0 + 2554(1’ @26)
146 - & 41- %
N X
and
/y , 288.15
_ 37316\ P
n(2) =1+ (ngpp - 1) [T |1013:%5 27

T o316/

where X is wavelength. If the wavelength is in the microwave region (» > 12 500 mi-
crons, i.e., A > 1.25 centimeters), then

n(z) = 1.0 + [1. 0 x 10‘6(77. 6 —;i)]J,'svsooo. 0 —% (28)
T

as shown in reference 8§.

The input variables of MODATM are included in the calling argument, and all
output variables (i. e., the variables calculated by equations (3) to (28)) are stored in
a '""common block'' in the array ANS. Detailed instructions on the use of subroutine
MODATM are included in comment cards. For data-card information, see the discus-
gsion on subroutine INPUT in this report.

Subroutine INPUT

The purpose of subroutine INPUT is to read the input data cards necessary to set
up the significant levels of various atmospheric parameters (i.e., altitude, pressure,
temperature, and dewpoint temperature) for subroutine MODATM. Subroutine INPUT
is initiated by MODATM whenever pressure (i.e., ANS(1)) is set equal to a number
which is less than zero, and because of this fact, many sets of radiosonde data may be
used successively, but not concurrently.

The input data may be of the form given in the significant levels (i.e., VV) of
pressure, temperature, and temperature-dewpoint depression for a radiosonde.
Table I shows an example of radiosonde data and the key to the radiosonde code.
Table II gives the input data cards for the example shown in table I.

Subroutine INPUT is also constructed to accept input data other than radiosonde
code VV. If the first data card encountered is blank, then each of the next data cards

12




will be read in uncoded form (i.e., as altitude, temperature, and relative humidity).
An example of the input data cards necessary to set up the 15° N annual model {(ref. 2)
is included in table III. . :

Levels of possible condensation are indicated by the word '"condensation'
in the print-out of the significant levels. This occurrence is determined by
T-Ty< 2° K at 1500 meters and T - T, < 8° K at 9000 meters, which is expressed

by the approximate expression

T-T

q< 1.0 + 0. 000777H (meters) (29)

Subroutine REFRAC

Subroutine REFRAC is included to assist in making refracted path calculations
throughout the atmosphere. The basic equations are developed (ref. 9) from Snell's
law

n' sin ¢' =n'" sin 17 {30)
and from the law of sines

sin ¢'" _ sin Y

SR L] (1)

as shown in figure 1. In equations (30) and (31), n' is the refractive index at

r' + (1/2)AZ, ¢' is the angle between r' and the path of the ray after refraction,

n'' is the refractive index at r'' + (1/2)AZ, Y is the angle between r' and d, ¢"
is the angle between r'' and d, r' is the distance to shell Z + AZ on the refracted
path, and r'' is the distance to shell Z on the refracted path.

The combination of equations (30) and (31) gives

¢' = sin_ 1(________*___n L n‘sri'n ¢ ) (32)
and
W= sin'1<————-——~r 'i‘,“ ¢ ) (33)
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Thus, by using known values for ¢'', r', A, and @' and by initiating MODATM to
obtain values for n'' and n', the angles ¢' and ¥ are calculated. If a continuous
path is desired, ¢'' should be set equal to ¢', and r''" and r' should be incre-
mented. Then, subroutine REFRAC should be called again.

Slant-path calculations are also made available by using the law of sines to cal-

culate the increment d of the slant path from r to r' as follows:

dzr" Sl;‘gp;"’,b) o ‘ (34}

Since subroutine MODATM is called by subroutine REFRAC and since subroutine
MODATM is called last for the altitude corresponding to the middle of d, the array
ANS may be used externally to calculate the amount of water vapor or the total atmos-
pheric mass that was traversed over distance d. For the initial calculation at the
target point, the angle ¢ (i.e., ¢'") is needed; therefore, subroutine PATH is pro-
vided to calculate { for the programer.

Subroutine PATH

The principal purpose of subroutine PATH is to calculate the angle {; however,
while calculating ¢, it is also convenient to calculate the columnar mass and the pre-
cipitable water vapor along this path. These three quantities are stored in the array
ANS. If subroutine PATH is called prior to the calling of subroutine MODATM, ANS(1)
will be set equal to -1. 0, and subroutine MODATM will be called such that subroutine
INPUT is activated, eliminating the future need to call subroutine INPUT externally.
Subroutine PATH is thus programed to be called only once for each radiosonde
sounding.

The initial guess at ¢ is calculated by finding (rsp' - rl'), the vector from the
target (1) to the spacecraft (sp), as shown in figure 2 and as developed in reference 10.
: T o !
The components of (rsp r ) are

Ry = (Re + Zsp) cos 6, COS ¢Sp - (Re + Zl) cos o, cos ¢, (35)
Ry = (Re + Zsp) sin o sp €08 ¢Sp - <Re + Zl) sin 6, cos ¢1 (36)

and
R, = (Re + Zsp) sin ¢Sp - (Re + zl> sin ¢, (37)

i4




where g sp is the longitude of the spacecraft, 64 is the longitude of the target, ¢,
is the latitude of the target, ¢sp is the latitude of the spacecraft, ng is the altitude
of a spacecrait above the earth, and. Zl is the altitude of the target above the earth.

The components (R.X,’ RY, and RZ) are found by coordinate transformation in
the coordinals system of the target to be £'', 7'', and {'', which are the respective
distances southward, eastward, and upward from a local station to the target.

Wi

o -

£ = |sin ¢1 cos 9, sin ¢1 sin g, -cos ¢1 Ry
(X _ed
n''| = sin o, cos 6 0 Ry (38)
| P .
_C | = |cos ¢>1 cos o; COS qbl sing, sin ¢1_ _RZ_

The unrefracted zenith angler

] 2 Tt 2

can then be found. Next, the angle TOS between r

' and Ty ' is calculated by uSing
the definition of the dot product - p

1

N RN Y
i 71 Tep 4
TOS = cos m‘r ( 0)

so that the best refracted path from the target to the spacecraft (fig. 1) may be found
by iteration.

Iteration of paths from the equations developed in the description of subroutine
REFRAC is used to find ¢' and iy for each level, and since
AE=¢" -y o (41)

integration proceeds until

Z, AZ = ZSp - Z1 : ‘ (42)

15




Then, 2 Af is compared o TOS for the purpose of iterating on { as follows

Lt + at) =t () - (2282 TOS) (43)

until {Z AE -~ TOSI = 0. 0001 radian (0.0057°). This procedure yields an accuracy on

¢ of approximately 3 X 1073 radian (0. 17°). The quantities columnar mass and pre-
cipitable centimeters of water along this refracted path are calculated, respectively,
in the following equations.

r'Sp
pds~Zp-d (44)
r 1
and
r ]
sp :
] ap ds =~ Z qpd. _ (45)
rl‘ '

The increments on AZ are made to be multiples of 10 smaller than ZSp - Zl’ such
that

7 -7 =AZ - i ' (46)

where 1 is 10, 100, 1000, et cetera and AZ = 0.2 kilometer.

Subroutine ATMOS3

The subroutine ATMOS3 reproduces the U.S. Standard Atmosphere, 1962
(ref. 1). Subroutine ATMOS3 is called with geometric altitude from which geopotential
altitude is calculated. The equations which are subsequently used for ATMOS3 are
many of those developed for subroutine MODATM. Equations (3) to (5) and (8) to (15)
are common fo both subroutines. The main difference between subroutines ATMOS3
and MODATM is that in subroutine ATMOS3, all the significant levels are included in
a data statement so that no data cards are necessary, and the output variables are
more limited; that is, only the first eight variables in array ANS are available.
These variables are pressure, temperature, density, speed of sound, acceleration
of gravity, molecular scale temperature, molecular weight, and coefficient of

i8




viscosity. The main purpose for including subroutine ATMGSS is that if atmospheric
data above the maximum-altitude radiosonde data are required of subroutine MODATM,
then ATMOS3 is automatically called. The main impact subroutine ATMOS3 has on
analyses is that if the maximum usable radiosonde altitude is <10 kilometers, signifi-
cant water vapor will be ignored since the subroutine ATMOS3 includes no water vapor.
Instructions on the use of subroutine ATMOS3 are included in comment cards in the
subprogram. The ccmpute; print-out, including all Subroutmeu, ig shown in

appendix B.

CONCLUDING REMARKS

It is hoped that this nonpredictive model atmosphere for earth resources applica-
tions will fill the need for atmospherlc data until predictive postflight or flight models
can be developed.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, November 15, 1969
160-75-03-00-72
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TABLE I. - LAKE CHARLES, LOUISIANA, RADIOSONDE AND CcoDE™

May 10 1965 0000%

TT 60004 72240 99016 23266 01008 00146 21467 00512 85517
08463 35017 70118 04273 32033 50577 13571 26543 40743 26569
%7572 30946 38567 27590 20217 519// 15400 589// 10650 673//
88999

66280 275950

VV 6000/ 72240 00016 23266 11970 18068 22831 06662 33813
11075 44609 02171 55400 26569 66290 40166 77243 461// 88227
451// 99193 535// 11100 673// 31313 25069 451// /////8

QQ 60000 72240 90012 01008 35512 35007 90346 36009 36013 34524
90789 33530 34031 33031 91246 31535 32539 31534 9205/ 29044
27582 9302/ 27588 275958

2nd Trans

WW 6000/.72240 70866 661// 50071 633// 30391 551// 20653
497// 10115 411// 07358 403//

88950 681///////
77999

YY 6000/ 72240 11950 681// 22920 657// 33600 665// 44230
511// 55100 411// 66070 403//f

LL 60000 72240 XMTDf

%The significant level code is VV. For VV, the code is
iippp TTTdd where
ii = identifier of a set of data; the two characters are
identical (e.g., 00,11, 22, 33),
ppp = pressure in mbar except the 4th character from the
right is suppressed (e. g, 970 = 970 mbar, and
016 = 1016 mbar).
TTT = temperature, + if last digit is even, and - if last digit
is odd.
dd = dewpoint temperature. If 00-49, multiply by 0.1 for
°C; 50 = 5.0° C; 51-55, not used; 56-99, subtract
, 50 for °C.
That is, 02 = 0.2, 56 = 6.0, 60 = 10.)
Slashes indicate no data.
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TABLE IIL - INPUT DATA CARDS FOR LAKE CHARLES, LOUISIANA,

RADIOSONDE DATA

[P

I
ST, MENT f— COMNTINUVATION
ATE ane

I
J‘ NUMBER | ! FORTRAN
1 | i T . . t
docatior | OPERATION j VARIABLE FIELD ‘
itz 3.4 sla y z1lB 2 Jo 1 42 308 1S G T (B8 48 Lo 3l BR 23 RS.A8 L 27 EB 29 30 A 22 33 34 28 Fi
| | ’ I i
1011161 12;3 216161 TS W T St | SV S W WO S I A t]
i 1y2 i 1 |
19)1101 11:8 016181 gkl O R TN SO SO T L 1]
1 1 | 1
¢813111 .r0§6 616121 I N . | } VI N S S B N | 1 A
{
' ¢ .
]811131 .111 OL715| [N S W : TS SO W DY W S| 1 (o]
|
i 1
:610191 _Olz 1I7L1| L1 : TR RO W N T S | ot
14.01‘)& ‘236 516|9| Lol : P O I S S | { L ‘I
19y [ 3
‘2 xglol 14:0 116L6 T S S S S | (RO W S SO T A | A i f
| 1 ! |
%21413| 1436 110|0| odoa a1 TS S T S G L .|
t4 Y ! |
i21217| ;4i5 110101. P B RS S N IR W NN SN G S} L T
|
ll lgn3l E5:3 510 \01 J, bk I L] i 4 L. 1 1 L Y i 1 '
1 - ==
Lliolol |6;7 3|0|0. IS : T S N S U L L
‘i._ 1 ] ] 1
;1|'l L4 R TV W R U S T | AT N U W W L [
i | T T I
| I T T TSR WY W S N I\ o
| Pl ' K |
" i i L y I 1 L A Ry i A 5, [ . 1 L 1 i1 1 1 A A 4
1 Al ‘ ‘ ‘
: o : : (YOS U TS N N VO W PR WA 0 A S T i -
i -
YT S | : I VK WS U S WO WO TR S Y WO W W | i i :
{
1
g R WS W N N S S YR VY W W W D I\ 1
]
| 1
| N U WS N SV SN N WO WY ! G} KU W GRS WO S Y | A !
| [ t
RS T § A 4 A | S Y L ) WS S ) R S\ i Y 1 i 1
A | T i !
¢ PUN W | ' [T T NS N DR W O ) U SN WO U VN S 3 (i
1 LI i f
T | PR N W W S W N [V SN VS VY G S | 4t
| Vo i i
T N L SOOI S S R W W [N G JOD SR S S | L ¢ !
1 vy ! !
SRR U R B | I S WO T N W N | T WO VS W G N i -
| by [ '
'I PR SR R S| F R WS VR TN W WO W | TN WS SR GO N T ! it
) [ [} i
1o T - B WOR Y YU W WA W O | ) WD TS WY T W R | 4 (.|




TABLE IIL - INPUT DATA CARD FORMAT FOR 15° N ANNUAL

MODEL ATMOSPHERE

e Blank

i
1 N Pl 4 conTiuaTION e e
e T FORTRA N
I v T
docaTionN : OPERATION ! VARIABLE FIELD
‘2 2 4 %l_ﬁ;{ﬁf 8 QA0 11 (2 1A L4 1806 T B 19 2a 21 22 23 BN 28 K. 37 EH 238 .30 M e 33 A4 4S5 Ko
! i ' i
M'Lllll!Illlll1|l!llllllllL(1Ll
§ { £ i
OJ.JOIDlOLEi+ 00L,.013250E+03{29 9. 65 150,
| 1 | |
.11,.,010,01_E11+ 0.39,.,0,319,0;0,0,E.+,0,2 29,3.,65, 1 156 , .
- |
i
2:.,000E+03/8,.,043000E+02/28,7,.,65 | 75 . ...,
1omy |
25L1215|0‘EH‘ 0,3 71. 18101910;0101E1+|0|2 218161. 11151 1j|5 [ T
2L‘ .510x0 B+ 0|3 7.' l5i81010;DI01E!+10L2 218 161‘ 1915; ‘1345 Lo 1]
| ol
4:' 101010@:"' 0|3 61' 131213|01010¢E(+1012 217161' 19101 1315 S SN S S [
| | ] )
,6‘*3 |01010 lE:+ 0L3 4“ |91111|ol010|E1+|02 216131- L5101 1315 i i Lk
1
8. 000E+|03]3.764000E+02[25,0.,10, | 30, .,
i .
1" lololOI’E_:-‘. 014 21. 18J4+3IOIOIOLEI+1012 2]3 161. 1710i 1210 i | Il
T
RO T ; 17 11|01010:0101E1-1015 TS W G U U Lok [T
'1 ! T
i o 4 L J d 1 J. 1 4 " ! L 1 iy L i 4 b, L 1. ) i3 Lo d o I Iy ]
T [ T T B
S U T N . 1 SR S ST R SR T S A PR S W N W TN SO S SN S
| o : ’ i
__;._1 i L + ! L i L L ) - ; j. i X A L i i L i ] i el 4. 3 )} L
i
T AR Y ST WU SO S WY N N WO S AR U U N S S R T U W T |
T L 1
...JL__.J.(} i USRS R WS WU N WA W S ' S S N L4 hde b
! 1
I S G [ TSR VU TN W WU SN S SO WIS W P VN YOS WY SRS VO AU N VO U W W T
;! |
SRS N VS N S F U S NN T U0 WHUNN VS W WO S Y T VO VERND WY WA S N | bl
: i
i L. A, i : A L i A Ao : i i i i L i i i A i )3 . A i b
,,fx :i i WY S T ‘«LJlll F W S W R W | A U W W &
! 1
ln‘J}lA llkll:llllllkklxlilLlJl
i | i
— 3k ! i i hnddm b 3 i Lowddh § N S S | 5 ] Ak, | S G S |
I Yo |
N NUY SR VAN N SOV VU NN 'S VRN (VNSNS WL SN OO S NN VNS NN WU NN NS N N N W ST TN SO S N W |
! toy : i
_7' PRSI WSS WIS HAES TSN [ U YD WD VHUES VO VNN SV W W WO W [N S T U W SRR U AN SO N |
f o i
{_ [N RS WU WD S VN VY W G | [NV S WA GRS SN0 YR NN S U Y W S
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4 A\l aZ

§~ Earth } 'Atmosphere

Figure 1. - Refraction-path geometry through a spherically
symmetric atmosphere.




Spacecraft

/7

-~

Figure 2. - Resultant vector from the target to the spacecraft in fixed-earth
center coordinates.
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APPENDIX A

DERIVATION OF VIRTUAL TEMPERATURE T*

The equations of the state of dry air

(P- fe€) g
Pa = RT (A1)
of water vapor
fwemw

and.of wet air

d
P=pPgtPy= WRT *TRT (A3)
can be used with the mass percehtage formula for molecular weight
_ 100 _ (A4)

E___‘L_d_
Mq

to give a formula for the relationship of temperature, molecular weight, pressure, and
water-vapor pressure

fwemW + (P - fwe)md
, RT
fwe + (P - fwe)
RT

(A5)

24




Equation (A5), when simplified, becomes

‘ P+ fwe<n'—l'— - 1> < fwe)
S m=my d =md1~0.3’7803—?~ (AB)

T*=_d_ (A7)

and by using equation (A6), the exact expression for T* may be found in terms of T,
e, and P : .

T (A8)

ey
| 1 - 0.37803 ¢~

25
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APPENDIX B

SUBROUTINES

0010l Lo SUBROQUTINE MOUATH (4,PP, TEST  XLAMDA)

Q0103 2@ DIMENSION H{25)2P(25),T(25),TD(25),ANS(35},TV(25)

00104 Ere COMMOW ANS

09105 Ya DATA RO/Bo31432E+U7/,AM0/28,9664/,BETA/ L, qsas-Ub/.s/xxo.q/.kh/é arz

QQiL05 be lu9?E*D3/gG/980~665/.GQNﬁlm-‘ao‘ubu‘?ﬂE -02/

Qo105 b8 C ,

OULQS Jo cacoc‘c.;.cat“!btbt#*iﬁ.'ﬁ.l.l‘.dt.tﬂ.lU"t‘QQ-ODCQG0'OgﬁﬁaonmtcC&eoc#ﬁ'iﬁnugag
0o105 de [d

QQ10% 98 € L 15 IN KMy PP 1S IN MB S o

0010% 10e C ANS 15 OQUTPUT VYARIABLES

00105 118 ¢ ALAMDA 1S THE WAVELENGTH IN MICRONS FOR WHICH YOU ARE cALGULATING .

aoio0s 129 4 ATMOSPHERIC REFRACTIQN

00105 ids C LF TESY oEQe PRES THEN PRESSURE [S USED AS HELGHT INDICATOR )
Q0105 14e C IF TESTeNEe PRES THEN GEOQMETR]C ALTITUDE (KM} TS HETGHT INDICAVOR -
00105 ise C YOU MUST SgT ANS(i)®={eU BpyrORE gNTERING THE SUBROUTINE THg FIRST Timg
00105 joe C RU IS THE UNIVERSAL GAS CONSTANT @ASED ON THE CARBON 12 ATOMIC wEIGHT

00105  17% ¢ _Sgakg IN ERGS/ (DEG RgLVIN®GH=MOLE;

60105 180 € XMO IS MOLECULAR. WEIGHT OF AIR CALCULATED FROM THE COMPUSITIQN QF DRY

Qoips 19e C AIR USING THE CARKBON }2 ATOM|C WEIGHT SCALEs FOUND IN THE “',§'w,w, o
00105 20e < STANDARD ATMOSPHERE 1962, PAGE 9o GIVEN IN GM/TGM<MOLEY

Q0405 2i® ¢ BETA S A CONSTANT USEy IN SUTHERLAND®S VLSCDSIIJ,£SUAIJON. ~GIVEN IN S
0010% 220 C. KG/SEC=Mw{DEG KELV[Ne®}/2)

00105 23e C 5 IS SUTHERLAND®S CONSTANT IN DEG, KELVIN_

80105 24e C RE = THE MEAN RADIUS UF THE EARTH IN METERS AS GIVEN By -THE SM!TNbONlAN

goios 25e < METEOROLOGICAL TaBLLS, SIXTH EDITION, PUBLICATION 4014y Re Jo

0gti05 260 C LIST, 1966

Qo105 27 C 6 IS5 ACCELERATION OF GRAVITY AY O EQUIPOTENTIAL SURFACE LEVE| GIVEN N o
80105 288 C CM/SECee2

Qo105 29 C CUNN 1S A CONSTANT GIVEN AS ~M®G/RO WHERE M IS MASS ANp G aNp RO ARE AS ABOVE
goios JUs C '

gQi0s dle. (000200000 ee0CRttoessBotEY 00ROl IsR0GORLItoR000000000080 00000000000 000CRBYDaS
00105 32e C




Lt

o108 338 C THE FOLLOWING IS AN EXAMPLE OF A CALLING PRUGRAM FOR NOUATﬂ_AND PATH
goios 348 C DIMENSION ANS(35} ‘
gRins  3%e | COMMONM._ANS v e o —
g0i0% 368 ¢ XLAMDAZ 06
801058 i7e € L5820,0 . ) - .
gol05 389 C PHIS®=30+0
QaiIgs  39e < THETASS900 . - ; _
00105 40 C ZL=0e0
gaias 4le € PH1L=30.0 S e e e
- go10% 42n C THETAL=F0.0
. 80165 43e  C CALL PATH - (XLAMUA,LSPHISTHETASHZL, PHIL.THETALa . .
acios 44e C WRITE (6,3) (ANS(KR)oeK=2},23)
0c40% 458 € 3 FORMAT (1Xa///o X%, P3E1%4eY) e .
00108 qoe 4 TEST=4HPRES
foios 47 G Do .} §=},20 S
g0i10% 48e ¢ =1 .
aQias 498 € PPsi00U0eQ=Z2250, e e
Qo105 50e C CALL MODATM (Z, PP:ThsToXLAMDA)
Q0105 _ 5i® . € .} WRITE 6652) TEST,ZsVANSIN) oNm1,24) e
0010% 52¢ C 2 FORMAT (1XsA4,4K,1P 1269030/ 1PL3ETYS 30070
001io5 53e C Capbl EXIT o e
Qgios 54e 3 END
00105  55% C } o o v . R e e e
QU]QS 560 C@GOCIG"'OCCtﬁ"&ﬂ&ﬁﬂﬁ‘ﬁﬂaﬂﬂﬁbbﬁﬂ.omﬁ'luOetﬁﬂ#tO.a&“ﬂeaqﬁtGcagﬂtiﬂﬂﬂﬁﬂﬁﬁﬂiﬁﬁﬁit
Qolos 57¢  C e o
QoiLs sas CT=288015/273016+10U
Qo115 592 € CT 15 1.0 + RATIO OF SURFACE TEMPERATURE TO ICE T;MPERATURE
QOLié &0e IF(ANS(1)eGEoDoD) G0 TO 35
goi20 6le ANS(1)30,0 o -
goizi 2@ CaLl INPUT (PnHTDaf_i.TVoMI
goi22 63e 15 IF (TEST.EQe4KPRES) 60 TO 7 -
Q0124 64w HAz RE®Z/(RE+Z21¢100U,0
00124 _ bbe C HA Is GEOPOTENTfaL ALTITUDE IN METERS
0012% Yy 23 00 11 I=).H
00130 67¢ Ij=1 B
80131 68w JFERETII=HA) 11412513
. Q0134 67 b1 CONTINUE L S
00136 TFUs 9 CALL ATMOS3(Z1
90437 7ie ANS{9120.0 o
00i40 72ie G0 10 52
00141 7is b3 Isjl=} . e . I
00142 74w OHsHilel)=H )
00143 75 DaETViped=Tviplison




8¢

00144 760 Ws(T(l+))=TEL) ) /0N
00145 7% Dws(TO(I+L)=TO(L))/0H ) e
004146 78e DHaH (L) =HA i
Qol4é _I9e c N e
quqé eua Cb'0#00’&0"0’*&9'#00"0&‘QIG‘ﬂﬁeﬁﬂtﬂ'ﬁii‘.‘ﬁ‘t#“!&ﬂ-'ﬁﬂnﬁﬂi‘Q*ﬂﬂﬂ“ﬂﬂ'lﬁl.ﬁ&gﬁ&
gol46 aie N
gol46 8Ze c HETGHT TH® 15 TN WETERS
00146 838 C HEIGHT °®Z¢ IS JW KM e
Q0146 g84e C
00146 85 C aNst 1) 1S5 PRESSURE o - . .
00146 8ow ¢ PRESSURE IS I[N MB
00146 87 C o
00146 88e C ANS( 2) IS TEMPERATURE
_00j46 8%s ¢ TEMPERATURE 15 IN DEG KELVIN -
0ai46 90e q
Q0146 91 C AnS( 3) ]S DENSITY e - _ _ o
00146 92e C DENSITY IS IN GM/CC
00146 CRY] C [ : -
gal 46 94e C AWS{ 4) 1S SPEED UF SOUNp
00146 958 _C SPEED OF SOUND IS 1N-m/§£c I
00146 68 C ' ’
Q0146 972 € _ANSY 5) 15 ACCELERATION QF GR &v 1Y . I
00146 98 C ACCELERATION OF GRAVITY IS IN CM/SECe®2
gglue 9% C - B
go146é io0e C ANS{ 6) IS VIRTUAL TEMPERATURE
00146 10ls  C TEMPERATURE IS IN DEG KELVIN_ ° B
Qo146 102e C
QOi46 . _lO03e _C ANS{ 7) IS MOLECULAR WEAIGHT = ...
88142 1B4% & ans¢ 8) IS COEFFICIENT UF VISCOSITY
00146 igee C VisCOS[TY IS IN KG /(M Sgg)
Q0146 7e € . N B e -
00i4é 08¢ € aNS{ 9) 1s DEw POINT TEMPERATURE
00346, 1Dp98 € TEMPERATURE. IS IN DEG KELMIN B
00146 110s C
Q146 Ll C ANS(30) 18 MIXING RATIOC R_ :
uoi4e 1i2e C MIXING RATIO 15 IN PARTS/THOUSAND Tebe (0/00) GM/Kg
_QQi46 Lide  C . _ N R R
00146  114e ¢ ANS(I}) S SATURATION MIXING RATIO RS '
 DO446 L15€ ¢ SATURATION MIKENG RATLO 1S I _PARTS/THOUSAND jeEs (U/0D) GM/IKG
GOl46é 116 C
0146 117e

C aNS(12) }5 RELATIVE HWUMIDITY




8%

Q0L46  li8e ¢ RELATIVE HUMIDITY IS IN PERCENT (0/0)

g0146 [19e e ’ e - -

00146  iz0% ANG(13) 15 SPECIFIC numipITY

0Ql46  12ie € SPECIFIC HUMIDLITY §5 IN GH/KG _ |
guigé 22 |

ANS(14) 15 SATURATIUN SPECIFIC HUMIDITY
SATURATION SPECIFIC RURIDITY 15 IN GN/KG

0146 1249
_Q014e  125»
00146 26w
_B0146  j27s
00L46 128«
00146 i29e
gQl4e j3Us
BT ER 7 S— - L
DO146 134
QUI46 - 13ds
Q0146 134¢
80146 135e
00146 136e.
00146  137e
QOlué 138¢
00146 139
00146 140
Q0146 1dle
T Qai4s 142
00146 j143e
00L46 i44e
00146 145¢
00146 t46e
_DG14s  147s
golL4é lqgbe
QD146 149e
00146 i%0e
_DOiK6 - LBie .
GOi4é 154
@oi4é i538
00146 154

ANS(i5) 15 PRESSURE SCALE HEIGHT
PRESSURE .SCALE HEIGHT 15 [N KH

ANSU16) 1S DENSITY SCALE HEIGHT
PENSITY SCALE HEIGHT IS [N KH

ANS(37) 1S REFRACTIVE INDEX DEVELOPED BY "EDLEN IN TERMS OF gaVELENGTH aLﬁNg
INDEX 1S _FOR IR AT 288 g6 KELVIN AND 700MH HG

ansli8) 15 REFRACTIVE !NDLX DEVELOPED 8Y PENNDORF [N TERMS OF
WAVELENGTH, IEMPERATUREo AND PRESSURE

ANS(19) IS THE WATER VvAPgR PRESSURE N Mg

ANST20) 1S THE SATURATIUN WATER VAPOR PRESSURE IN B

ANS(21) IS THE ZENJTH ANGLE FROM GROUNDSTATION IN RADIANS

ANS (227 = THE TOTAL GM/CMew2 OR COLUMNAR MASS ALUNG THE SLANT FATHe

ANS{23) = T0TAL GM/CHe®2 OF WATER VAPOR ALUNG THE SLANT PaTe, IT IS
EQUIVALENT T0 PRECIPITABLE CM OF waTek

ANS (24 = TOTAL PATH LENGTH IN CHM ' e o

ANSE21) THRU ANS(24) ARE CALCULATED IN SUBRCUTINE PATH,

@@W&@B‘ﬂaﬁﬁﬁﬁ‘&ﬁﬁﬁ‘0&03&0‘56)O@'ﬁﬁﬂ“gﬁﬁ@ﬁ&ﬁﬁﬁt‘ﬂﬂﬂt@ﬂ‘&‘@‘&e}@lﬁ@@@@@@@’A}? ! *!zz %%\"&» LteaRe

ArAaNARNAMAA AN ANANCAAANRh AR A N S O D AR A

00147 . _1565e AnsE21sT{fl=heuH . . e I e
QUi50 156w ANSL6)ZTY(L)=bebH ‘

0oisl 157 ANSt9)aTDil)-DwebH . . e -
gpis2 158 ANS(LISPRES(P (I b, lvsl) ANS(b),DH) '

001%3 | 159« G0 To 14




0¢

U054 16Us 12 I=p1

0ai58 1619 ANSEEIBPLL) e i —
00156 l62e ANSH12)mT (1)

Gu157 163 ANS(6)=TV (L) i - i

00160 164% ANS(9)=TDLL)

00161  165e 14 ANS(5)®mGe(RE/(RE+Z) w82 i o
00162 lebe ANS(3)=ANS(1I®xHO/ (ROeANS(6) ) 610000

00163 167s ANS(4)%SQRT(14®ROPANS(6)/7XMOI /100 -
00164 166w ANSE7IZXNMORANS L2) ZANS(6)

00165 169 ANS(B)ﬁE@If?}b@BL‘@NS(ZP)D‘*3/{ANS(Z)*S)

00166 170 - 52 ANSI19)®E{ANS19))

Qo167 171e CANS{20)=E(ANS(2)} o e
Qui70 172% ANS(IU)'R(ANS(I9).ANS‘l).ANb(Z))

00171 173s ANSULIL)BROANS(20) s ANS(I) 4ANS(2)) N R
Q0172 174 ANS{12)®(ANST{I0)/ANS{11)) 210060

00173 175e ANS(J31SQUANS(1)ANS(9)) . e

90174 1768 ANS(14)3Q(ANS (1) ,ANS (27}

gQi7s __j77e ANSE15)%RO®ANS 61/ (XMO®ANS(S) lele0E~QS N - o
Qo176 L178e ANst16)-Aust15:/t1.U¢ROI‘xMO~ANS(5))uoﬁ.01h

. D077 .. 129e IF {XLAMDAGE.12500e00) GO T0 30 _
00177 80« C THIS MEANS IF XLAMDA IS «GEe 1e2% CM USE MICROWAVE RaFanc?zV;FY

__ 00201 18l¢ __ ANSU171®)eU*]<QE-0B® (6432842949810 (!laﬁ*flwli_LAﬁ_Aiﬁilluiﬁ_Wﬂ0/

00z0! jg2e I{4jemo/ {aLANDA®R2) )

Q0202  j83= COANS(181=100%(ANS(17)=1e0)O(CT/ (1, UfAN554b/273.Lb))gAN§&LL£1Q111&§J;_~MWW
00203 184a GO 7O 31 i

_ gozos j8be 30 ANS(]8) m e+ joUE= Ub~(77.6-aus(1)/(au;qz))+373000«u(5ﬁ5LL~~_1AN5;g

Q0204 l86e 1le02)}

Qo205 lale ANSE17)BANS(18) N e

Dozaeé 188 31 RETURN

QD207  189e e 7 00 16 [B)eH o SR

00207 190e C PRESSURE

Qozi2 19le ] Il=al L

Qo213 192 IF(PP-P(;)) 1641917

Q0216 . 193¢ .46 CONTINUE - L -

g0zzo 194 HAZ00

. 0D22i_  1%5% UHa= 1000 - .

Qozz2 196e 51 po 48 =il

g0225% 197 Ha=rA+DHA §

QD226 198 CALL ATMOS3I(HA)

goz27 1999 IF (ANS(l)eLEoUsD) GO TO 42 -
00231} 200 1IF (anNSE1) oLTe PP) GO YO 49

00233 R2oie 48 CONTINUE o S

006235 2pu2e 42 Do 10 132,35

_Pp240 23w 1F ilqhQQKLOQKQ_JtQ,Zﬁ,QMM&.E.Q 2320Re1aFRald) G0 TY i

024¢ FILL) ANS (1) =040 - :
00243 205% {0 CONTINVE




i€

00245

2pée ANSLI?71® )0
_GBoz4e __207e . ANS{181®}60 . e e
Doze7 2p4e IsHA ‘
99250 209e RETURN R
noas} Ziue 4] ZwmK{]1)eRE/(10UDUE(RE" ncxxe/;ouuaabs
QD258 . Zile . G0 Io 12 . - , - o e ~_ B}
00253 2120 49 [F (ABSLANSI{)=PF) oLEe («QUj®PP)) Gg TO 50
0Q25% 213e . _HAmHA=DHA _ e - I .
00256 2140 DHA=DHAZ 1040
_ 00257 23%e GO TINS5} e
- QQzen 2168 50 ZmpA
D261 211 . G0 109 ) e - R
Qozez 2140 L7 1mpied
.. R0263 2198 LeYY(fsidl=TVLL) R
poze4 2200 IF{D) 20,2120 ~
0ozeé7 2218 40 D'cONN/ALOG(P([*;)/P(I))OALOQQTVC145)/TV(1))
go270 222e ANS(6)mTY(JIe(PP/P(l))ee(D/CONN)
00271 223s _ HASH(JD)*(ANS(6)=TV (1) /D
‘gg272 224% 60 To 22
_Boz7z2 ?25:‘,,C Hh IS N METERS i -
goz73 226¢ 23 HAGHSI)*TV(l)’ALOG(PPlP(I))ICONN
00274 227% 42 28HASRE/(1U00U0®(RE=HA/ 100001}
00275 2280 G0 To 23
. BQ276 _22%s _END .
__ END OF UNIVAC 1408 FORTRAN'V COMPILATION, = 0 eDiAGNOSTICs MESSAGE(S)




(43

Gui0} is . SUBROUTINE ATMOS3 (4) o R
o010l 2¢ € SUBROUTINE. FOR THE 1962 STAWNDARD
88101 3¢ ¢ £.15 ALTITURE IN K# o R B e e
00103 48 DIMENSION H(22)sT(2335,P123)5aNS(35) 940230022023
Bolo4  Be  COMMON ANS _ :
go10% 6@ T DATA H/=5000¢3s000:31000e¢05200000623200000,370000U»5200060:&10800U
goios 7 @?9000’i3§?5q'2o?§“52'n3083293§x137277°111“@5“?‘8|55@D73wﬁ;15557qﬁéwm”, s
00105 ge 29| 84488955022197/2:6864286486049937633103611463556085054¢8275086
00165 Ge 2630594090/ 51/320665 ‘ ' ' ) .
00105 §O8 T 3:28801502160651216065,220806502704651270065+12520855180065,180065,
00308 i 4210065,2609653360065,9606650]11006591210¢65+1350:6591550,650183006 L
”66365_‘“"75?’““"“““55;ETZﬁﬁlﬁ}iWédeééiigébtbs,27au.6§7}F/1-77&87E*Q391.033355*03.
ooigs  33e | 62026320E40295°47487E401+8680149110905050900056-0171082099E"00y
go10% 140 7no0377er02.l.6438£-u3.3-00755w0~.7e3594£-05.2.52575“05.5.06375—069~
goios i15° 8306943E=061207926E061106852E~06,607604E~07018838£207,4,0304E~08,
00i05 160 9100957E=08304502E=09,1c1938E=09/ ,A/3206500
00105 178 1 2330lSlZL{i:éStZléaés022506'5027039502?0065t2520050g&@oé‘s.lﬂﬂobs;
0g10% 18w é 2!0.0292579ﬁ33*90“918-9207975022.2[1305.5.1205053i33ia7'l‘§32.ip
. g010% §9e - 3148744, 1499020350601,51507067/ 922/ _~500009000,11000¢9200000232000e,
00305 2ue 4470000952000e061000¢,7900G0+900000 0000005310000 ,L2000009150200,
__poios 21 5160000 1700000190000+ ,2300000,3500000,400000¢,500000,,6800080s
00105 22¢ 67000006/ o ) R o
gaii3 23e DATA S/110e4/sCONN/=304}63|F47E=02/ RE/E0ISELQO/
CHERE) 24% 4 - :
PR3 25¢ canoawmeaa&c.&titcats&a«ml»omaamutmnnﬁea.%enwomnantac0qausyngqmnaetssaaeﬂeﬂsguas
o013 268 4 . : :
goii3 27s ¢ 44 IS THE GEOMETRIC aLTITUDE FOR BREAKPRINTS RBOVE 90 kM ‘
001123 280 C Hill 1S THE ALT IN GEOPUTENTiaAL METERS FOR SIGNIFICANT LEVELS
00313 29¢ ¢ 0 15 THE TEMPERATURE GRADIENT IN THE VERTICAL {DEG/GEDRPM)
o113 30e C Tti) IS THE MOLECULAR SCALE TEMPERATURE AT A SIGNIFICANT LEVEL
Q0113 - 3le  C AVI) 1S THE KINETIC TEMPERATURE AT THE SIGNIFICANT LEVELS
Quii3 32e C PL1) IS THE PRESSURE IN LB/FTee2, ACTUALLY 17 WONT MATTER AnND PRESSURE CAN
00113 330 4 BE IN ANY SET OF UNITS SINCE ONLY THE RATIQ AT VARJOUS ALTITUDES RELATIVE
00113 346 C To Pi{2) 1S USED
Qo3 358 C ANSU{1) IS THE RATJO OF PRESSURES (P/PSL) = ___
00413 368 C ANSU1)e].QL325E+Q3 FOR PRES N MB '
00142 . 37e___ C ANS(2) 1S THE RATIO OF VEMPERATURE {TLT3L) ‘ :
00133 388 C ANS(2}e288¢15 FOR TEWP In DEG K '
Dol 39e ¢ ANSE3} 1S THE RATIO OF UENSITIES
G013 40s ¢ ANS63)ele225€=03 FOR DENSITY [N GH/CC
Q0413 _4ls € ANS(4) IS THE RATIO OF SPEED OF SQUND 1C/CSEY . .
00113 420 C ANSi4)e340e294 FOR SPEED OF SCUND IN MsSEC
0ot _ —

438 C ANS(5) IS THE ACCELERATION OF GRAVITY (Gs6SLI_




£8

gog13 449 C ANS(5)e980.645 FOR ACC UF GRAVITY IN CHs(5ECee2}
M DIUE] 4% ¢ ANS(e) §S THE RATIOQ QS MQL&QQLAB S&ALL TEMPERATMRE S
00113 4e® C ANS(a} 8288015 FOR TEMNP aN DEG K
L 00113 47e  C ANS(7) 1S THE MOLECULAR wEIGHT e - — —
Qo1L3 48e £ ANS(B) 15 THE RATIO OF CQEF OF VISCOSITY (MU/NMUSL)
26113 %98  C ANS(8)e1.7894E=05 7O COBF IN KM/M=SEC . o : o
Qo3 5Qe € % IS THE VERTICAL KINETIC TEMPERATURE GRADIENT
00113 5ie € THIS RADIUS °*RE? IS CHOSEN TQ AGREE WITH THE y S STANDARD AT 40 KM, By¥ 17
24113 bae € ALBO IS A4 BEST FIV 10 ALL LEVELS BELOW 90 KMe ABUYE 90 KK THE LEVELS
0113 53e < THAT ARE BREAK POINTS WERE CALCULATED FROM GEOMETRIC VYo gEOP USING 'RES®
: Lo ¢
gg;ingﬁjg m_c_C*@ﬂﬁon«agtnnuctmlwmiw*ua!&aceuﬁ«atunaoamwuaa0&::«»@@:.60&.;@@@»0@«&@&0eoﬁtmem@@
0113 560 C
gol17 578 23761000,0
00120 56 IF {Z=700000.0) 10:50,50
00123 = 59% 10 CONTINUE e
00124 60e HAmREeZ/ (RE*Z)
_ Q0125 . ele . _ __ ANS(S5)BRE®¢2/((RE*.lesQ) . e e
‘gojae 62w DO 1 M=} ,23
Q0131 gde =N .
0o{32 s4e IF- (H{J)=HA) 142,3
80135 _ _4be L CONTINME N I
goyaz 6be GO T 50
803140 4l 3 Imp=i e
00141 - 68e Dﬂ(\'(;-&“ T(IH/(H(HH"HHH :
pni42 a%e ﬁU(A(jtlp-A(l))/(H(IOL)“Hijl)
00143 70w 60 To 4
 BB144  Tle 2 ANStel=T(Ii/T(2) . o _
00145 729 ANS(2ImALL)/AL2)
00146 738 DTyl =TI/ tHbSepd=nHiT)) _
00147 74n G0 TU &
00150 750 4 IF (90000e0=2) 74749
g01s3 76w 7 ANsSTe e T (I = TlLe =YD}/ 0Z2 el d=Z2Z 00008 22800 =2))/T 1)
00184 276 . ANSU2)®HANL et ALl e pa i/t el m 2 oL =g isal2)
. DOLISS THs GC To B
00156 798 9 ANSt&)BIT I I=DelHillapnA)I/TC) B
Y gle ANS (212 (Al ) mue (AT T=nRTT/AT2)
Qaien dle & JF (9000002 ) 86106 e - - B
0163 8le 6 ANS(71328:.96449
0gL64 a3 GO To 11 - o
0g16% 84w 8 ANs(7smzan?é%%aAu%(131ANs(é1
QOl66  BB%® 11 AN5i4)® SQRT(ANS(E)!




Ahs&a)=((r(z)+s»/(ANs(21-T(z)+5a;-suwT((A“stzlxﬁ‘sg

ANS(1,“P(I)/P(£5“(ANS(6)¢T(23/T(I))*ﬁ(CONN/D)“

T41)

bs
v/

7EaAnNS (6Tt (203 1)

END OF UNIVAC

1106 FORTRAN V CONFILATIONe

QU167 Boe

00170 87 {F (D) 12.43,12

00173 gl 12 CONNzD@ALOGIP (1+1)/P (1)) /iALOGLT(R+i)/T(I}I

ogl74 89e

00175 90 GO Y0 14

Qo176 9le 13 CONNZ=ALOGIP(I+1)/P () )/ (HUEs}i=H(])
Q0177 9zZe _ TTANSULIERP () /P20 tkpeconu-cchnwutl

00200 G3e 149 ANS(3)3ANS(J)/ANS(&]

00201 940 ANS(])=ANS())e]e01325E403

00gG2 956 ANS(Z)-ANS(&)‘&&S.lb

00203 96e ANS(3)SANSI3)8]¢225E-03

00204 97e ANSI4)=ANSL4) €340274

00205 989 ANS(5)=ANS(5)%980s+665

00206 = 99e ANS(6)8ANS (6)2288.15

00207 igue ANSIB)mANS(8)®|«7B94E=-05

gg2io. . iple 182/1000.0

00211 igae G0 To 53

00212 1g3e .50 b0 51 i=}.8 e
" QB215 104 51 AnStii=0.0

00z37 _ loSe 53 RETURN

00220  1pee END

0 w0D1AGNOSTIC® MESSAGE(S)




noigl i SUBROUTINE INPUT (PeToTDyrHaTV oM}
Q003  2e_ ”Q&MQBSLQﬂ_Ril?;’é%)yik(§PtHLjLLIiiLL_ J S
00103 e C ‘
__.,QQQQ;’,  Be C““‘QO’PGOOGQQ'GQ&ﬁGCGw@!E-m@G&ﬂ@a@@@ﬁﬁ&ﬁ@@&@@ﬁmﬂ@&ﬁwp@ﬁW@&@wlﬁgmgeﬁﬂ@zm&&%ﬁﬁéﬁ!&"%@@awweg%
00103 Se ¢
80103 b € THIS INPUT SUBROUTINE §5 SET UP 70 .TAKE 3T@NDARD PRINTGUY QF CORE ¥V¥ ,
00103 7% C (IE SIGNIFICANT LtvéLs OF A RADIOSONDE) ANU SET ALTITUDES, YIRTUAL TEMP,
08103 &e. ¢ - DEWPOINT . TEMPERATURtg, AND AMBIENT TEMPERATURES OR IF A BLANK CARD o
Q0103 9e ¢ PRECEEDS THE DATa THE INPUT DATA IS OF THE FORM HEi@HTs PRESSURE
88103 18e ¢ ,,TgnggATURE, AND RELATIVE HUMIDITY B
Qo103 1le C .
Q0103 jde ce "4'“ﬂ‘lGCC“O"‘C“ﬂt0ﬁl’a(t'¢0&uw§weﬂnmn@ﬂ!ﬁme@s@Cntmwuuomooan@@ ﬂﬂﬁtia@@@@mm’mgﬂg
00in3 13e C
00304 L4e CONDE®SH - e e
00105 150 NSAT]=5H
00106 160 ONeSH _ S
egi107 17e Mag
g0110 l16s Hi1)=0.0
Q011! 15e TTUHRITE (6,257
Qo133 20e 25 FORMAT (xx.%xx.'aARTH RESGURCES MOpEL ATHUSPHERE ,1969°,
00113 21w Vosdle 29X, 9THE SIGNIFICANT LEVELS FOR THE MODEL ATHMQSPHERE
QG133 2z &ARE _AS.. FOLLOWS Y/ /034X 9 9  TeolOXstPRES1910Ko s TEMP Y pFRagTposllX
Q0113 23s 35TV /39K e UMY T 10X, UMB ) 0Ky (KD o U0X,y (K} 210K (K)ol
Q0113 248 c - ) o S
00113 25‘ CQ‘OO*QQQ0000DOD‘!#ma..t.‘gu&nablﬁﬂﬁtﬁb0@00@QOQQQQﬁOQ'GOQQOQQGGGODC000@0!@%ﬂbum&u
00113 268 C . o N e
003133 27 C THIS SECTION INPUTS COLED DATa
Qo113 26e € e
DoY14 2%e DO | =} ,25
00317 308 READ(5,3) P(IQ,TcI)stD&ll e -
ooii7 3ie C THIS IS THE FORMAT FOR REaDING RADIOSONDE DATA
oo124 32e 3 FORMAT(IX F3e0,1%,F3,0,F200) ' T
Qo124 330 ¢ ALTITUDE IN MeTERS
00124 34¢ € PRESSURE N MB _ o
00124 3be C T AND 7D N DEG KELYIN
00125  3ee IF (PC1) oL EcQeloaANDOT L} oL EcQoQoANDOTD(EDoLEel0) GgU To 11
00127 27e IF (P{L)eLEeQel) G0 TU 2 ‘
O3l 3s8e meMvy ,
gor3az 3%e IF(L eEQe | GANDO Pi1l oLTe L000.0) P(gDsP(l)¢lUQU o
00134 40e IF (AMOD(T(11,22Q0}0070000}) T(llm=T(])
Q0136 4l T¢piaT(llesl )
00137 Y4lu IF (TDUI) eGTe o0l saNDe TDCI} «LEo S0eQ) TROI}®VO({dIe®ey
BOi4t 438 IF{TDOL) eGEe 5ol oaNUe TDOL) obLEe 55«00 WRITE(6og!
GO 444 4 FORMAT e i INVaALID Tp INPUT DaTa®) '




g¢

00145 458 IF (TU(I) oGEe 56e0 +ANDe Tpyl} obbs 9900 TO(1)a7R(1)=50.0
00147 46r o IF _(TpCIdeLE.eOL) TRU(1IBTI1)+273016 '
0G5} 47 e TR(LI=TEL =T g
pgise 46e TCLI=ST(L)*273016 B e )
80153 49 ' TD(I)=10(1’*273~16
00154 506 I CONTINUE ~ _ .
00156 5le GO T0 2
.aoi5é 529 C L
g01%6 53¢ c"'!0n«pova0OQQ-Q«i0uit.nﬂuﬁ'iﬁocnﬁ'&iau&gcn.uQ&cﬁyl¢nﬁﬁt.&ﬁd*n;ﬁﬂ‘tt&ﬂ«mm&namnﬁﬂ
00156 548 ¢ } T R o o
Qo156 55# € TH]5 SECTION INPUTS NONTCODED DATA
00156  56e C B O e
00187 57e Il M=g
00160 58e D0 12 1®1.25
00160 59 C THIS IS THE FORMAT FOR READING SIGNIFICANT LEVELS IN NOW=COpED FORM
00163 60e  READ (5413) HUIV Pl TCE),TOL]) B
Q0171 6le 13 FORMAT (E9e3,E1206, r7.2af3.a; .
00171 62e  C TO(I) HEREs IS RELATIVt HUMIDITY UNTIL A TD(I) 15 FOUNp 8Y ITERATION
gai72 63» DELT=100.0 ‘ .
Q0173 640 GUESS=50.0
00174 _ 65e R1aRTE(TIIIT,,PUTITOIN
00175 G6e 992 DO 990 Lmlali -
00200 67e ~ GUESS=GUESS*DELT T
- 0020}  e8s  REL®RIE(GUESS) 9P E 1) 1GUESSI®I00.U/R] _ i
00202 6% Q=REL=TD(])
00203 j0e IF (Q) 99Q+991,995
go206 7le 990 CONTINUE
go0zi0 i CALL EXIT N o o
goz211 73e 995 GUESS®GUESS=DELT
00212 74¢  DELT=DELT/10.0 e e o
00213 75e 91 IF (ABS(Q)eGTeal1) uo 70 992 :
Q0215 Tbe . TD(1)=GUESS I
Qo216 77e IF (P{I)eLEeQs0) GU TO 2
00220 T8 . WamM¥l R S _
gga2i 79 12 CONTINUVE
goz22;} age C : .
QQZZ] 810 C"*b0'QQGQQG‘COC'0&0*.*.DQ“‘G.‘OQOQQGOOCott_a;ﬁiﬁﬂﬁa'00}0Q@@G@ﬂﬁ&ﬁQf‘@bﬂ@Qiﬁaaetn
Qo22y 82 C , '
00223 83s 2 D0 5 [=ml,M
00226 84 IF(TID4L) eLEe 000} o 70 7 . :
goz230 g5e TY(I1sT61d/ (e 0'(00473030E‘TD(I))“F(nﬁ!)gTi‘!BiPﬁlil)
00231 gbe Go Tas
gp23z 87e 7 Tviii=TlI)
00233 g88e 5 CONTINUE




LE

00235 ave DO 26 18My25
. BQ240 . __9Us o HEeIdmHEMY . e e
- 00zZ41% Jie 26 Pl{jimp(M} -
00243 928 DO &6 Imi.M o
Q0246 93e IF GABSITL I =TRCL))eGToleQeri([1®.00Q777} ¢ TQ 27
Qn250 %48 _ CONRE=SHGCONDE : S ' o
go2s1 95  NSATIsSHNSATIL
__.082%2 9e® . QN®mSHON _ ) ) : : e
00253 979 27 WRITE $65249) HUM)oPUEYoTCE1 o TOUI D e TV (1) s CONDESNSATE»ON
00265 98e 44 FORMAT (26X%31P2E |33, 0P3F1de2,1K,3A5)
00266 998 IF {CONDE+EW+5H ) GO TU 6
90470 lppe  CONDEsSH
Qoazi igle NSATI®5H
00272  102e  ON=5H
poa73 i03e 6 CONTINVE
gp275% ip4e WRITE (64,86} o
0p277 jobe 86 FORMAT (//)
00300 106e _ RETURN
00301 107e END
END OF UNIVAC 1108 FORTRAN Vv COMPILATION. O eUJAGNOST{Co MESSAGE(S)




(-]
o]

Qoiol le SUBROUTINE REFRAL (41042 KL AMDASPHL »FHIPR,PSE,SLANTY
09103 e DIMENSION ANS(35) o
Laigs  3e . COnMMON ANS N o
80105 H4a DATA RE/6371.299/ T
Ldeios & CAVLEBRESVRESVOIGVOBSGEEPUNOVVLETBRIVIBHYTSIL TSN DNBT RSO P UGQREOCIRUCVELULRIDSTT
poios Te C ‘ ‘ . ’
00105 B¢ C IN ORDER TO CALCULATE A CONTINUOUS PATH YOU MUST EXTERNALLY SET PHI®PHIPR
Qo105 Fe € 2ly 22, PHls AND KLAMDA ARE INPUT VARIABLES
goi0% 10e € Z1 AND 722 ARE IN KM ANU ALAMDA IS IN MICRONS
.001as fie C PHIPR, PSi, ANU SLANT ARg OUTPUT VARIABLES ) o e
00105 12 C PHI» PHIPRs AND PSI ARE N RADXANS AND SLANT S N M
goios 13e C LF YOU #ANT AMOUNT OF eM/cMe®eZ (COLUMNAR MASS) OF ATMOSPHERE FROM 1 To z2
00105 190 C USE ANS(3)sSLANT, GM/CMea2 OF WATER 1S ANSg3)¢SLANTaANs(astltﬂoa Ue
aoios 15e € SINCE ALL ANS aRRAY IS IN COMMON, YOu CAN DO THIS thbRNALLYc
goios lbe C
‘QDUJS i lZ!ﬂM”“CO.‘Oﬂﬁtt'huuﬂ.ﬁQﬁ&#lﬂ""ﬁﬁiﬁiﬂﬁiﬁ@'&&#a00.*‘&'.&.‘#0d‘CQu’.ﬁg‘a@ﬂﬁl'ﬁﬁﬂﬂ@ﬁﬁﬁa.c'
Qoi0s% j8e C .
goia7 19e Si=RE+Z1 . B : ~ .
8O0 2Qe S2aRE*L2
90111 2w DELT=(22=211/2:0 -
00112 22¢ CALL MODATM(Z2+DELTsPPs4HALTI XLAMDA)
00113 23e D2aANS(3) ; : T N ' I
00114 24e XNZmANS (18]} . :
00115 25e ~CALL MODATH (ll*DhLT.PPLQHAL[jsXLAmDAl"‘m N
0016 260 Dl=ANS(3) . -
00147 218 XN 2ANS(1B) . L R e,
00120 28e PSI-SleNv(S1«51N(PH1)/sz;
Qo121 29 CPHIPR=SININVISIeSINIPHI)@XNL/(S2eAN2)) e
0o Lz2 30e SLANT=S1eSIN(PHI=PSI)/SIN(PS])e]l,UE*QS
agi23 3je RETURN .
00124 32e ENp

END OF UNIVAL 1106 PORTRAN v CUMPILATIONo 0 'DIAENOSTIC‘ NtSSAGE(SI




6%

6oiol Le SUBROUTINE PATH (ALAMDAGZS PHIS THEIAS,ZL PHAL,TRETAL)Y
gcios 2e DIMENSION ANS{3%10A40343),B8(3),CE3)
0olo% Je COMMON ANS
QoLos 4o DATA lesot“159265/scom/o01?4532925/ RE/637129%/
ggios Se C
6o1as be C@P??G“ﬂrﬁtbﬁﬁﬁgilﬁﬁﬁﬁéﬁtﬂﬁ“mn&l‘ce&u@uﬁﬁﬂn&nctnawnuGQ@naﬁwﬁ%g@ﬁﬁsmgﬁtmG&@m@@ﬁﬁ@wm&m&e
80108 7e C . T
0005 e C WUANTITIES ENDING’IN S ARE FOR THE SATELLITE i )
0o10s 9e C WUANTITIES ENDING IN L ARE FOR THE GROUND LOCAL i
golos AUt € =<Wl= AND =~Q@2= ARE LUMMY VARIABLES e
Qo1ps jle € =ASs YS, AND HS= ARE THE RECTANGULAR COORDINATES WF Thg SPACECRAFT
00105% 12 C =&L»s YLy AND HL= ARE THE RECTANGULAR COOURDINATES QF THE GROUND LOCAL e
poigs 13e ¢ THE ANGLE ABD J}S THE ANGLE BETWEEN THE SUBSATELLITE POINT AND TARGETo
0g40s 14 C ANGLE ABD 1S5 FobnbD BY usxne THE DUT PRODULT AND TARING Tht INYERSE COS
00105 15 C oup92833 RADIANS IS THE TOTAL REFRACTION ON A PASS lhRu UeSo STANDARD
90105 L C *SUMe S THE TUTAL ANGLE CHANGE DURING REFRACTION
gai05 i17e C *SUMLI? IS THE SUM OF all DELTA XI CALCULATED Y LaW OF SINES
Qoi0s 188 ¢ °"SUM2* S PRECIPITABLE LM OF WATER OR GgM/cMes2 OF WATER YAPOR
00105 19e C *SUM3e IS THE TOTAL COLUMNAR MASS IN THE SLANT PATH
00105 208  C 'SUM4Y 1S THE TOTAL SLANT PATH [N CM o ~
goigs 2ie C PHI 1S IN RADIANS
00105 229 C ' o o e
goious zde C aNSi21) IS THE ZENITH ANGLE FROM GROUNDSTATION IN RADIANS
Qo105 24e C . e
001085 25e C ANS(22) = THE TUTAL GM/LMe®Z OR COLUMNAR MASS ALUNG THE SLANT PaTH,
paL0s . . . 26%. _C. - I S
Q0105 27e C ANS{(23) = TOTAL eM/Lnoa& OF WATER VAPOR aLONG THE SLANT PatH, T s
20105 2860 C EQUIVALENT T0 PRECIFPITABLE (M OF wATER,
@oios 29 C
00305 _34s € ANSt24) = TOTAL PATH LENGTH IN CHM e e
QQios 3le C
~QoiLos J2e (UBee8epatoadtetttoetbaeosoeRioleRoattetolasbaRQooelcl et sl eRptosRdRRenteonaene
00105 338 C
00111 34e PAI1S=sPHIS®CON i
Q0112 35 THETAS“THETAS‘(‘LUN’
00133 36w PHILBPHIL®CON o e I
goLi4 37e THETALBTHETAL® (=CON! :
00135 k-2 DELT =ABS(ZL=-2Z5) B} e B} I
QoL16 39e DO 80 I®},32000
0giz1l L Hus . DELTY=DELT/10.0 - e
goi22 4ie Ls}
00123 4iw IF(DELT«LE»240) GU 10 81 ) -
00128 430 80 CONTINUE
agi27 44e Capt EXIT




00130 45 IF (LelLEol) DELTSLELT/ 100
_.B0i132 YO ANSEY)s= el . . e oo e i -
00133 47 e Qi=RE+LS )
aQ134 48¢ Q2=CO0S(PHIS) . . L e
go13s5 49e AS®QleCOS(THETAS I ®we : :
Q0136 (e . YSmW]leSIN(THETAS 1242 , e e
00137 5le HS=W]8SIN(PHIS) ’
00140 528 _Q2sCOSLPHILY
0014} 53e QlsRE+ZL
00182  __S4e __ AL =QleCOSL{THETAL)I®GZ e e e
00143 558 YLeQ@ioSIN(THETAL) 2wl ‘
00144 . Gee L HLzQ1eSINIPHIL)
00145 57e ABDBCOSINVI(LXS 'XL)*(YS”VL)*(HS*HL))/(SNRI(XSC'Z*YSQ*2¢HS‘*2)
00145 588 1o5gRT(XLeo2¢YL e 2%HLas2) }) -
00146 598 DO 3 I=],3
QQ15) L6083 ClI)=0.0 s —
00151 ble C FROM HERE TO STATEMENT ﬂ FINDS THE VECTOR (C) FROW THE TARGET TO THE
0015} 628 C  SATELLITE. I
00153 630 A(x.1)zSIN(FHIL)-cob(TH&TAL)
00154 640 A(2:1 0 ==SINC(THETAL)
Q0155 65¢% A(3,1)-COSlPHlL)cCub(THLTALb
00156  66e All,2)8SIN(PHIL)®SIN(THETAL)
00157 678 AL202)2COSITHETAL)
00160,  68e A(3+2)3C0S(PHIL)SSIN(THETAL) o
g0l61 69w Al 43)B=COS{PHIL]}
Gailé62 7Q0e A{233)1300 ) -
00163 7ie A{3,3)=SIN(PHIL)
0Qis64 72e B(l )8XS=XL e S
Q0165 730 8l2 1msYS=YL
0066 74 B3 )Bhgeyy . e
00167 Thoe DO 4 Im),3 ,
0ai72 76e - D0 4 Mml,d
00175 77e ClpdmadIgMI®BIMI+ClL)
20200 78e PHILSPHIL/CON . , N e I
00201 7% THETAL®THETAL/ (=CON)
go0z02 80 PHIS=PHIS/CON ~ -
00203 als THETAS®THETAS/ (=CON! ~
g0204 g2 PH:aATANz(SQRT(Ctl)‘-g+C(zz¢-z).C(s’)
00205 8le IF (PHIsGToe0l7}PHIBPHI=o0092833 S T T T
80207 84e IF (PHx/CON-uT.'?uoDDWRHE (6,88)
go212 ase 88 FORMAT (/77/701X,° wARNING.zewxru ANGLE OF UNREFRACTED PATH EACEEDS
00212 86w 190,0 DEG*s/91X»° 1T IS HIGHLY PROBABLE THAT THe AIRCRAFT gk SPACE
00212 87e 2CRAFT CANNOT SEE THE TARGET®,///)
Quz13 g8e 89 CaLlL MODATH (vzuut-.n._h.srPP 4HALTI ;XxLamMDA) ) o




00214 BYe PHLINTSPHI

Qe21L5% _94dse 2i=dt.

0026 91e Di1=ANS(3)

00217 92w WATER =ANSCI3Y e
gpz2a20 93w KNl=ANS(18) : .
_ggz2l G4 o= 0eQ : TR
ggzzz 959 SUMI=0e0 : ‘

. op2a23 968 54N 280e0
0g224 97w SUN3IB0e0

- BR225 = %3 SUMYm0e 0 ) I -
Qo226 99e Dg | I®1,32000

D@23l 100e 22=2)¢DELT :
poz3e i0Le SiaRE+ZI

00233 fgews _S2=REe22

00234 i03s CALL MODATM (zz0otuicosaPP.QHAerexLAMDA)
00235 lp4e D2=ANS(3)

00236 105« KATER2BANS(13)

Q0237 _ ipée KNZ=ANS(18) B
00240 LQ7e PSI3SININVIS1I®SIN(PH])/S2)

0024} 108 PHIPR=SININV(SI®SINIPHIIOXNL/(S28XN2) )
pn242 igve QUMBDIeSIeSIN(PHE~PSI/SIN(PS])®lo0L+05
Qo243 110e SUMLIESUML*PHI=PS] L
goa44 bite SUMz'SUM2¢WATtRl*DUﬂ/xDDOwO

Bp24s  lize _ SUMIZSUM3eDUM
Doz4e f13e SUM4sSUM4+DUM/D L

DP247  1i4s IF (Z2.6GE2S} GO TO 82 i )
00251} 115e SUH”SUM“&BS(PHIPR”PSH
Q0252 _ i1ée PHIsPHIPR e
Q0253 i117e Z1sZ2

Q254 118s oi=D2
0Qzss 19 WATER|SWATER2
00256 .. Laye I XNjZYN2
Q0260 V2le CalLL EXIT

Qo261 122 42 CONTINUE - i
pozéez j23e Q=SUMI=ABD
0oze3 f24e PHIBPHIINT=Q/2,0
Qgzé4 125% IF (ABS(QlsGEeoLUDL) GO TO &9
QUzée6 lzée ANS(2ie=pPHL e
pOzé&7 127 ANSiZ221=5UM3
Ggz270 fzee Ansi2il=gune
Qo7 12%% ANS{24)mSUMY

00272 ..130s CIF _(PHIZCONGLEL90.0! €0 T0 83 . . _ ..
Goary L3le WRITE (6,871 ‘
GOZ74 lazs

87 FORMAT @&5}!!{@@Kv“

THE ANGLE FROM ZENITH IS GREATER THAN 90.0°)




ANSE22)%0e0
ANS(231=0.0
ANS (241300

83 RETURN . .. .
END

UNIVAC 1108 FORTRAN V COMPTLATIONS

G wDIAGNOSTIC® MESSAGE(S)




&7

Qoi0!l le FUNCTION COSINV(A)D
_ogioi 2o C THAIS FUNCTION CALCULATES THE INVERSE coﬁimt DF %494
£oi03 3e COSINVBATANZ (SWURT(10Q=A%®e2) sp)
agio4 e RETURN L R
00105 56 END ) A ’
END oF unvac 1108 FORTRAN V CBH;TC;}LON. 0 eD]AGNOSTICe MESSAGE(S)
00101 le FUNCTION SININV(A)
Qoio}  2e € THIS FUNCTION CALCULATES THE INVERSE SINE QF eA®,
00ig3 de stxuv-ATANZ(A.csexka.o-nn~zaa»
00104 4o RETURN o ol
0Q105 Se END
END OF UNIVAC 1108 FORTRAN v COMPILATION, U sDIAGNOSTICe MESSAGE(S)
goionl je FUNCIION QIPLT) » ,
aglol 2e C @ s SPECIFIC HUMIDITY wiTH UNITS GF GM/KG
ggiol de ¢ SPECIFIC HUMIDITY=GM OF WATER VAPUR / (KG OF AIR,INCLUDING WeTER VAPOR)
go103 40 X=g{T1) >0
00104 Se ) Q-Q-621?7¢X/(P'00375Q3'X"IDUB-O e
gQoios 6e RETURN
00106 7e END
END OF UNIVAC 1108 FORTRAN V COMPILATIONs 0 eDJAGNOSTICO® MESSAGE(S)




124

ggiot is FUNCTION ALTITU (TVOIGHs TVLOW,PHIGH s PLOW 14k 0)

aoiol 2% . . .

Q0101 35 Ctﬁﬂiﬁﬂ0&**00&m.ilmtiﬂccmﬁgqmtﬁgﬂQQQQQ‘&QHQQQO!{G&QOﬂﬂﬂﬂglﬁﬂiﬂ*&uﬁio‘ﬂt&m@.’ﬂmﬂﬁ
_eagior L

001Gt bc C GIVEN THE TEMPERATURE AND PﬂassURE AT EACH OF 2 POINTS AND THE ALTITUDE OF

00101 LI o _THE LOWER POINTs THiS FUNCTION CALCYLATES THE ALVITYDE OF THE HIGHER POINT

60104 7 C ALTITU IS IN METERS. cunm is a CUNSTANT = ep8G/R

Qgi0l} _8s_ <. — e

Qo101 Ge C"*Gﬁ.ﬁivhnﬂttﬁﬁﬁuiﬂﬁsol‘olﬂ!cﬂoﬁnbmQlﬁc'aﬁb&'aﬂﬁ&ﬂ@ﬂ&#.‘&taagﬁ’iiu‘.&bitlﬂ@ﬁmm
_boioy  1Qe € L — —

go103 11w "DATA CONN/=3.41631947e£~02/

00105 120 DETVHIGH=TVILOW '

00106 13e IF(D) 26362
ROy 149 2 D'CONN/(ALOGLEHLQH/PLQW))OALOQCTVHLGH/TVLOWl

0oit2 15% ALTITU sHLOW+(TVHIGRTVLOW)/D

Q013 j6e GO Y0 &6 .

00114 17e 3 ALTITU -HLUW¢TVL0w-ALuG(PHi&H/PLow)/CONN

00315 j8e & RETURN

00116 19e END

END OF UNIVAC 1108 FORTRAN V CUanLAIxON. 0 eU]AGNOSTICS® MESSAGE(S)




g0101 le FUNCTION PRES(PLGW,0Q TVLOW.TVHKGH:DH)

_Baio3 2e ' DATA CONN/= J.Qxéak9*7e g2s ) S 3
gaiol e C
00103 4% c&“ﬁmc*ﬁilcQQOUCGQtﬂﬁﬂﬂQGGQ&WCQQG#QQ&QQG@Oaﬂaﬁﬂﬁteﬂﬂﬁﬁwﬁathaommﬁﬁﬁﬁa$®®wmﬁﬁﬂwﬁﬁa
Qo103 S5 C
ga1ia3 &s € THIS PROGRAM CalLCULATES PRESSURE «PRES- ﬁT SOHE PQINY =DH=» ARQGVE &
00103 7o e POINT IN THE ATNOSPHERt HAVING PRESSURE ~PLOW= @Hﬁgﬁ wpe |5 THE

8gig3 @ gs. ¢ - TEMPERATURE GRADILM AND =TVHIGH= AND =TV¥_OR- ARF, CORRESPUNDING -
0ai03 Fe C TEMPERATURES. ’CONN~ 18 CONSTANT = =MeG/R
Qoio3  j0e € . T -
001g3 1le _c«muﬁﬁeounaaooattﬁ&-tnvnauuo'ﬁ&@camaq@av;nututcaﬁtoue¢w6¢suaum@@nsuQouﬁnm@aoa@qg
00103 12e c
Qo105 1de IF(D) 20342

Q0110 14e 2 PREssPLOW"TVHIGH/TVLUW)COCCQNN/D) ~ e
Qo411 15e . GO0 TOo 4
00312 16 3 PRES=PLOWSEXP(~= CONN‘DH/TVLOW) - _ _ .
00113 17 4 RETURN
Qo114 18e END o

END OF UNIVAC 1108 ﬁgﬁIRéN,V‘SUMF}LﬁTIONoyw_ 0 sVUIAGNOSTIC® MESSAGE(Sy o

. QgIgy 1= » FUNCT;ON E{X) e .
00103 2 DATA TS/373¢;6/:T0/£73~16/

. 8gio3 de | S I N o
QD]OS da CQOG@@&&ﬂ@@@&@@ﬂ‘Qw@&ﬁﬁbﬂﬂme.ﬁﬂmﬁﬂ?@sﬁﬁqﬁﬁGQQ@QQ:!UN‘QG.@,QQ@Q@@@QGﬂﬁﬂﬂt@ﬁﬁ?wdﬁ&‘&@ﬁt
00103 Se C
80103 be C THIS ROQUTINE CALCULATES VAPUR PRESSURE OVER & PLANE SURFACE of

. Qai103 s € WATER (C = 0.0} OR UF ICE (C = 273, la: BASED ON TEMPEMHM;& IK _DEG
gaiad 8s c KELYING SX) 1S lN MB

. 808103 9e ¢ SEY C=273.16 IF YOU wANT VAFQOR PRES DVER ICE USED BELYy 273, DEG K
aniod 10 C
00103 ile Ce #aaGwaamawc#aumﬁwsﬁﬁﬁvuﬁaaﬂeaamﬁsaﬁﬁwﬂnwowﬁmnaﬁaaewﬂﬁ@go:aeoamaﬁua@@@@wﬁ«qm@@@
goi03 (2 ¢

B+ 120 W1 - W= 1. S =11 XY 4 D o s . ——
goLo7 14 Tag=C )

- pEyip. . 35e  IF (% shEe leQ) G0 1o &
gaurie i6e IF (Th le242
aotie 17e G FORMULA FOR VAPOR PRESSURE QVER [CE
Q0115 18« 3 EﬁéolU?i“lﬁwG&ﬁ(*?sU9ila“ ( loﬂ*?@/%h 3@56&5%”LQ&AQ6T@f&;*@a&?ﬁ?@&

LBaLLs L3¢ L helle=KATOLY N
0116 2le GQ T 5
Balié 2te ¢ o -
a0iie | zae R I TN T T,

golie 238 C




iy

ogtlieé

go117

Q017

80117

g0izo
goi121
go122

~@g123

2 k= 1d13o246”10wu“‘\"7 903980(-g¢Q+Tslx)+5e0£808'L0630(T5!&3'§m}&k&ﬁ

LeQ 70(;Ueuu*(11.3q4¢(;.0 x/?s))-loob*éegszat u3¢(10 Uﬁacw3o49a4°& 1

240 € FORMULA FOR VAPUR PRESSURE OVER WATER
2be
26%
. 27% _ 2o0¢TS/kb)=1eD2)
28% G0 Yo 5 , '
29e 4 E=0.0 i e
3Qe : 5 RETURN -
31 END . ] e

ENp OF UNIVac 1108 FORTRAN V COMPiLATION,

0 »DIAGNQASTICs MESSAGE (S,

END DF UNIVAC IXUB FORTRAN v COMPILATION.

00101 e FUNCT!ON R(SQPIX,
Qoiol 2e C .
gQ10l de (8802000 sdnaNTeRRORBECHERRLURORERRLEETRP NP ERRLRTR el RgRleseRRORRBYRROYGBIRYS
0Qipi 4e ¢ )
28104 aw - C THIS"RQHILNEMCALCULAIESQIﬂﬁ_&leNﬁmﬁAllQ.LQMMDEﬂHZQlliKQ*QE_QﬁlnAlR;________‘W_
00101} bw C BASED ON X WHICH 15 TEMPERATURE IN DEG KELVIN
00101 78 C R(S)P,%) =0/00 (JE PARTS PER THOUSAND)
00101} 8e C S IS VAPOR PRESSURE UF 9aTER
. 001gl 9 C P IS ToTaAlL ATMOSPHERIC PRESSURE [N M8 _
goiol- 10e C o '
. BG10% lie Co893020ett0000080000Reue90000000000B RGN P0R0P00C0ResPE 0000 EL0RBORRILEQE0OREER
€010} j2de C .
Q0103 13e IF (S) 746,47
00106 14e 7 CONTINUE
G0107 15 gg;g.ogens*F(P.x)/‘ze.v, 4o (P=SeF(Pex)))®»)1000.0
00107 16e C R IS IN GM/KG '
00110 1 317e  RETURN - . e —
Qo1 18e 6 RmDe(
00112 19 RETURN
00113 20e END

0 eDJAGNOSTICs MESSAGE(S)




VSVYN

8w

Ly

ga101
gaitua
Q0104
ggio

Goig4

ggio4
GoloH
ggioH
agiod
gagi04

001iD4

00104
00104
gQi104
00104
goio4
QoL04
0Q104
00i0Y
00104
Qo104
oulio
6ol
00514
00116
0ULL7
Qoi2l
goi22
ga123
goi126
00130
0oL3t

ooias

Qo34
gu135

00136
0137
00140
001441
00142
20143
00144
90145

e
26
Jw
4
Le
6t
K
s »
Qw
ioe
A
Le®
13%
L4
ib=
6o
179
18w
198
ZUe
21=
rye
238
24e
25w
26w i
27w
26%
29« 2
ERVE
dle
3le “4
3da
a4
kY-3 5
RY-R
37e
I8«
39e
40
4le 3
4w
G4

LIS

A 1
P

AN AN AC A

END QF UNEBYAC

FuneTion FiP g4
DIMENSION TE(LIZI,PECLEIU(le, 01

DaTa LULLedd s dT Lol si™Lo) 2} /Doni-.zcmaooéﬁwk$aQgéﬁaiuasqdasﬁgm@
@S esleslosdopslecbopifonrld opd?osjao9%909Q0¢9169&°ﬂﬁaﬂ3°@¢e911@95©@a
ﬁz@nQBOoiﬂﬁﬂabbnsﬁﬁﬁdo $°g%®naagkAeglbooZ%owﬁ%mﬂ%J@gbdmﬁlﬁggfgia, B
JS»9iseilo9L5c91*@nSé«sﬁ&aa%?»9&9rémsSss6e9&wss£°elé@w¢%@,$£«:40®s
47,3480 plUcsldos 8025053200900 047 04%0003203380320es2703%eslhssy
L48.06%00923 00300037 ° 344095 0cs680el@os34s 9940248095937 0o df/osHDe
ﬁwbzawbgtoﬂ*Ov»ﬂﬁiﬁbcm&é%a/:FL/ 50c =400 s=dleo=glosmlle Uprllosdioy
730so4iles5Uo0reloe/ 9Pt/5@910apanpSDegKUUngUUaséuUnnbUUeg7uUes9uaaa

ELLuUu/

IS THE CORRECTIUN FACTUK FOR THE LEPARTURE UF THE MiXTuRg OF AIR

ARp WATER YAPOR FROM TrHE JuEAL GAS LAawe.
5 TEMPERATURE IN DEG KeLVIN
S TOoTatl ATMOSPHER(C FPRESSURE [N MB

T =27de]6

P S R

IF {TsLEsTELI)N) wu o 2
Li=i

CONTINUE

Fazls0

Gy Tg 3

DO 4 Jd=lgll

IF (PekkoPEtJI) GV 10 B
Jod=ud

CONTINUE

FaA=zliau

Gu TQ 3
I=11
NENN)

Fra(uilslodioUllod)l/jUe0o(TaTECII ) YT
FeslUti®tledvll=Uilsdel) /1000 (Telitj))+u

FAn(Fz~F1)/(Pt(J+1)'PL(J))%iP =PE(J}I+F

CFAmll.UwFA®l0L=U4

FaFA
RETURN
END

I Y S R I 2T YRS R AR SRR SRR N A RS EESF RSN EEEEASE LR R R LEEE0-E AR X L0 K ¥ e N

SROVVVBVPERLGCRICHE VAPV OEV L3 VLCRIG RSOV O NPV RLLENGEPE P LB LB VGOV ERLRB L TIPS DT Y

i

(IgJ*l?

1108 FORTRAN v COMPLLATION. 0 #D3AGNOSTIC® RESSMGELS)






