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TECHNICAL MEMORANDUM

THE MSFC/J70 ORBITAL ATMOSPHERE MODEL AND THE DATA BASES FOR
THE MSFC SOLAR ACTIVITY PREDICTION TECHNIQUE

4

1.0 PURPOSE AND SCOPE

The purpose and scope of this report is to document the MSFC/J70 Orbital
Atmosphere Model (hereafter referred to as the MSFC/J70 model) and the 13-month

smoothed values of the 10.7 cm solar radio flux, F10 7 and the geomagnetic index,

Ap, used in the current solar activity prediction technique.

2.0 GENERAL

2.1 MSFC/J70 Orbital Atmosphere Model

The standard, neutral atmospheric density model used at NASA/MSFC for con-
trol and lifetime studies involving all orbital spacecraft projects, is the MSFC/J70
Model [1,2]. It is a semi-empirical model that requires values of the 10.7 cm solar
radio flux and geomagnetic activity index as inputs.

The model is based on a static diffusion method which defines temperature and
chemical composition and provides densities in agreement with satellite drag observa-
tions and, to a somewhat lesser degree, with rocket probe measurements from 90 to
2500 km altitude. Densities are derived from the empirically determined temperature
profile and an assumed constant boundary condition at 90 km. Mixing is assumed to
prevail to an altitude of 105 km and any change in the mean molecular mass below
this level is assumed to result only from dissociation of oxygen.

The distribution of mean molecular mass between 90 and 105 km is determined
empirically in such a way that it results in a ratio of atomic oxygen to molecular
oxygen of 1.5 at 120 km. All of the recognized variations in the upper atmosphere
which will be described in the next section, except the ones associated with tidal
and gravity waves, are included in the model.

A plot of all the MSFC/J70 constituent concentrations is given in Figure 1,
versus altitude, for minimum and maximum solar conditions.

A computational procedure/program listing for the MSFC/J70 Orbital Atmosphere
Model prediction method is given in Appendix A. The output of the computer pro-
gram gives temperature, mass density, number density of each constituent, and mean
molecular weight as a function of altitude (90 to 2500 km), time and location.

The MSFC/J70 Model evolved from the Smithsonian's Jacchia 1970 (3) model, along
with two additions from the Jacchia 1971 (4) model. The seasonal-latitudinal varia-
tions in density below 170 km, and seasonal-latitudinal variations of helium above
500 km have been incorporated in the MSFC/J70 Model using equations developed by
Jacchia for his 1971 Thermospheric model. The MSFC/J70 Model is also an integral
part of the NASA/MSFC Global Reference Atmosphere Model (GRAM) as given in
Reference 5.



2.2 Solar Activity Prediction Technique

Since the MSFC/J70 Model requires values of the 10.7 cm solar radio flux and
the geomagnetic index as inputs, as well as the orbital parameters, a technique has
been developed for predicting these values for the time period being considered in the
various development efforts. This prediction technique is described in detail in NASA
TM-82462 [6], entitled: "Lagrangian Least-Squares Prediction of Solar Flux (FIO 7),"
dated January 1984 by R. L. Holland and W. W. Vaughan. ’

3.0 DISCUSSION

3.1 Atmosphere Model

Analyses have shown that the following factors contribute to the observed vari-
ations in the thermospheric (atmosphere above approximately 80 km altitude) density,
temperature and composition:

1) Solar activity

2) Rotation of Earth (diurnal)

3) Geomagnetic activity

4) Earth's rotation about Sun (semiannual)

5) Seasonal-latitudinal variations of the low thermosphere density

6) Seasonal-latitudinal variations of helium at all altitudes above 500 km

7) Rapid density fluctuations probably connected with tidal and gravity waves.
The first six have some regularity and can be modeled with relatively well understood
degrees of accuracy. Each of these six variations have been taken into account in
the MSFC/J70 Model. Studies are now underway to incorporate into the MSFC/J70
Model, representation of the rapid density fluctuations.

Since temperature plays a minor role in comparison with density, current orbital
atmosphere models have been developed to represent, insofar as practical and possible,
the variability of the ambient mass density rather than the temperature. The models

are based on temperature profiles which have been adjusted so as to produce the
density values derived from the analyses of satellite orbital decay data.

3.1.1 Variations with Solar Activity

In the thermosphere, or orbital atmosphere altitudes, the density is strongly
influenced by the changing levels of solar activity. The resulting density wvariations,
in turn, affect the frictional air drag on orbiting spacecraft. Studies of satellite
drag data have verified a pronounced correlation between solar activity and density
variations. However, the reaction of the atmosphere to variations of the Sun is not
instantaneous. The atmospheric response time is on the order of one day.



The ultraviolet solar radiation that heats and causes compositional changes in
the Earth's upper atmosphere consists of two components, one related to active
regions on the solar disc and the other to the disc itself. The active-region com-
ponent varies from day-to-day while the disc component varies more slowly, presum-
ably with the longer periodicities in the solar activity; i.e., the approximately 11-
year solar cycle. The atmosphere has been observed to react in a different manner
to each of these two components. Jacchia and Slowey (private correspondence) have
found that the disc component of the solar radiation is, for all practical purposes,
linearly related to the 10.7 cm solar flux smoothed over six solar rotations (162 days).
When the short-period oscillations which are caused by the diurnal variation are
"removed, there is essentially an approximate ll-year variation in density that parallels
the smoothed 10.7 cm solar flux data.

The night time minimum global exospheric temperature resulting from the varia-
tion with solar activity can be computed from the following equation [for a geomag-
netic index (Ap) of zero].

T,CK) =383+ 3.32F+ 1.8 (F - F) (D
where:

F = centered 162 day mean F10 7 €M solar flux (watts/mzlcycle/second)

F = daily mean F cm solar flux (watts/m2/cycle/second)

10.7

3.1.2 The Diurnal Variation

Analyses of satellite orbital decay histories have shown that orbital altitude
atmospheric densities reach a maximum around 2 p.m. local solar time at a latitude
approximately equal to that of the subsolar point while the minimum occurs between
3 and 4 a.m. at about the same latitude in the opposite hemisphere. The effect is
believed to be caused by the absorption of EUV radiation and by heat conduction of
the neutral gas. The energy that is conducted downward into the lower thermosphere
and upper mesosphere (altitude range of approximately 50 to 80 km) is mostly lost by
radiation processes. At an altitude of about 120 km, the time constant for heat loss
by conduction is on the order of one day or greater. Thus, the diurnal variation is
not a predominant phenomenon at lower altitudes. Consistency between temperature
and density cannot always be achieved on a diurnal basis in a quasi-static model;
therefore, the temperature profile has been used as a parameter so that observed
density values can be reproduced by the model. Even though the global temperature
distribution is an artifact developed solely for use in the density and composition
models, some experimental results are in good agreement. Thomson-scatter tempera-
ture measurements [7] generally show that the temperature maximum occurs between
3 and 5 p.m. rather than near 2 p.m. This controversy has not been resolved at
this time; however, it appears as if there is a phase lag between the density maximum
and the temperature maximum which cannot be included in the current atmospheric
models.

The ratio of day-to-night exospheric (altitude region from 500 to 1000 km)
temperature was also found not to depend completely upon solar activity although it
tends to be higher during maximum solar activity and lower during minimum solar
activity. This ratio has a fairly good correlation with the yearly running mean of the

3



geomagnetic activity index Ap, but is independent of latitude. The numerical value

of the ratio varies between 1.27 and 1.40 and has an average of 1.31.

The correction to be applied to the night time minimum temperature to account
for the diurnal variation can be computed from the following equation:

T CK) = T (1+ R sin®® o) (1+ A cos®? T2U, (2)
where:
TC = night time minimum exospheric temperature (°K) from equation (1)
R = 0.31
os2'5 - sinz'se
A=R(S o
1+ R sin” "6
_1
n =5 |LAT - DS|
6 = 1 |LAT + DS|
2

TAU = HRA - 37+ 6 sin (HRA + 43)

HRA

hour angle, deg

LAT

]

latitude, deg

DS = declination of Sun, deg

3.1.3 Variations with Geomagnetic Activity

Geomagnetic storms usually occur when clouds of charged particles collide with
the Earth's magnetosphere. These charged particles are believed to be ejected from
the Sun during the course of a solar flare which is generally a short-lived phenome-
non. As a result, a large amount of solar radiation is emitted by the flare region
which subsequently heats the Earth's atmosphere. The heating mechanism is not
well-understood.

Analyses of orbital decay histories can give only a blurred picture of the com-
plex reaction of the upper atmosphere to geomagnetic disturbances. It has been
shown that the upper atmosphere first reacts in the northern and southern latitude
polar auroral zones with the energy subsequently propagating toward the equator
apparently in the form of wave-like perturbations. It appears as if the atmosphere
reacts with a zero time delay in the auroral zones with the geomagnetic storm effects
showing up in the equatorial zone about 6 to 9 hr later. An average time lag is
presently taken as 6.7 hr in the MSFC/J70 Model.

It is very difficult to adequately include this effect in a quasi-static model.
The current model calculates the density variations on the basis of a global increase



in exospheric temperature. Observations have shown that this is not the case; how-
ever, for satellite lifetime prediction calculations, an assumed global temperature
increase is acceptable. For some calculations, such as control dynamics analyses,
control moment gyro analyses and aerodynamic torques, instantaneous temperature
(and therefore density), increases for short time periods, and specific locations may
be required. These studies may require special applications and interpretations of
the model. Current research is directed toward improving this aspect of the model.

The geomagnetic activity temperature correction can be computed as follows:

TG(°K) = 1.0 Ap+ 100 [1 - exp (-0.08 Ap)] (3

where

Ap = geomagnetic index value measured 6.7 hr before computation time .

3.1.4 The Semiannual Variation

No satisfactory explanation has been found for this variation. It was initially
assumed that this density wvariation could be linked with a temperature variation;
however, data from analyses of more recently orbited satellites showed that the
original assumption was in error. The amplitude of this density variation is strongly
height-dependent and variable from year-to-year, with a primary minimum in July
and principal maximum in October, and a secondary minimum in January, followed by
a secondary maximum in April. It does not appear to be related to solar activity.
it has also been found that the semiannual effect varies considerably from solar cycle
to solar cycle, both in magnitude and in altitude dependence. According to Jacchia
[8], the amplitude of this variation is quite large at sunspot maximum but decreases
toward sunspot minimum.

The correction to be applied to the temperature to account for this semiannual
variation can be computed as follows:

TS(° K) = 2.41+ F [0.349 + 0.206 sin (360 t+ 226.5)] sin (720 t+ 247.6) (4)

where

2

D 1+ sin [360 (92) + 342.3] )
T = T"' 0.1145 A = -5

y = 365.2422 days

DD = day number after January 1

3.1.5 Seasonal-Latitudinal Variations of the Lower Thermosphere Density

Presently accepted models assume constant temperature and density values at
90 km altitude to prevent the models from becoming too complex even though large
temperature and somewhat smaller density variations are known to exist there.



Current models therefore are constructed with a seasonal-latitudinal density wvariation
which varies in the vertical from minimal at 90 km, to a maximum at ~110 km, and
then decreases with altitude to 170 km where no appreciable seasonal-latitudinal varia-
tion has been observed. In the horizontal, the maximum occurs on December 27 at
the North Pole. These variations are included as additions to the mass densities cal-
culated as a function of the exospheric temperature used in the model. These varia-
tions are small and because they occur solely below 170 km altitude they will have
little effect on orbital lifetime prediction or control requirement calculations.

After exospheric temperature is computed from

TE(°K) =Ty + Tgt TS > (5)

G

both local temperature (TZ) and mean molecular mass (EM) at altitude, are calculated.

Finally mass density can be calculated from the following equation:

7.2
3 _ 10\ (EM _EM) G
DENS (g/cm”) = DENO (ﬁ) (MO) expf [ (FK) TZ] dz (6)
71
where
DENO = assumed density at 90 km altitude (3.46 x 10”2 gm/cm®)

TO = assumed temperature at 90 km altitude (18F K)
MO = mean molecular mass at 90 km altitude (28.878)
G = gravity (980.665 x [1+ Z/RE]™%) cm/sec?

Z = altitude, km

RE = Earth radius (6.356766 x 10° km)
FK = Universal Gas Constant (8.31432 Joule/mole-°K)
TZ = local temperature at altitude Z, °K .

Now the seasonal-latitudinal correction for density can be computed from the following
equation:

LAT

. .2
Tm"’]' sim (211'@ + 1.72) X sin (LAT)

DENLG(I) = 0.014 (Z-90) exp [-0.0013 (Z—90)2]
(D

where

LAT = geographic latitude, deg
Z = altitude (km)



¢ = semi-annual variation phase ([t - 36204]/365.2422)

t = Modified Julian Day

3.1.6 Seasonal-Latitudinal Variations of Helium

Experimental results have shown a strong increase of helium above the winter
pole. Through an analysis of the intensity of the 10830 A emission line, Bitterberg
et al. [9] deduced that helium varied seasonally in one year by a factor of 3 to 4
above 500 km. They pointed out that clear maxima in the helium concentration were
observed repeatedly in the month of December and January and then were followed by
a rather steep decline. Minima in the helium concentration were usually observed in
April and May, but some early ones were observed in March.

The formation of this helium bulge over the winter pole has been explained by
a seasonal subsidence of the level at which the diffusion of helium begins. It has
been shown that a change of this level by 5 km could change the amount of helium
in the thermosphere by a factor of 2. However, the mechanism of this winter helium
bulge and its latitudinal dependence are still under investigation. Although the
mechanism for this migration is unclear; empirical equations which describe the
phenomenon are included in the model. These variations influence the computed
densities only at heights above approximately 500 km.

The seasonal-latitudinal variation of helium correction can be computed from:

_ DS .3 (m_ LAT DS\ .31
DLHe = 0.65 |m [sm <4 5 *m]DS{> sin 4] (8)

where
DS = declination of Sun, deg

LAT = geographic latitude, deg

3.1.7 Density Waves

Ambient density waves have been detected throughout the upper atmosphere in
the height range from 120 to at least 510 km. These fluctuations are believed to be
caused by tidal and gravity waves. In addition, traveling ionospheric disturbances
(TIDs) have long been thought of as manifestations of internal gravity waves. Their
vertical wavelengths apparently increase with altitude until they break down due to
physical limitations. Density increases on the order of 100 percent have been observed
to occur over short distances (~10's of kms). The waves apparently propagate from
either south to north, or north to south with maximum horizontal wavelengths on the
order of 500 to 700 km. Although the current MSFC/J70 model and other models do
not include variations associated with internally propagating waves, users should be
cautioned that they have been observed.



3.1.8 Total Density Computation

Total neutral mass density (g/cm3) is then computed as:
DL = DLHe + DENLG 9

where

DLHe = the log density term modified by Helium S-L wvariation if greater than
900 km altitude

DENLG = the log density S-L component added if less than 170 km alt .
Finally, the absolute value of density (g/em3) can be given as:
DL

DENS = 10 . (10)

3.1.9 MSFC/J70 Model Program Listing and Test Case Example

The MSFC/J70 Model Fortran program is listed in its entirety in Table 1. It
represents the current MSFC program runnmg on the HP-1000. Table 2 contains a
test case example of total density (kg/m3) which can be used to compare outputs.
This test case example was selected from the Space Station Natural Environment
Design Criteria document, NASA TM-82585 [10]. It corresponds to the Reference 7
Table 1 guidance and control density design global mean value of 0.2522 x 1011
kg/m3 at 600 km altitude. Table 3 contains mean orbital total density design values
for many altitudes from 400 to 1100 km, which can also be used to compare outputs.
The required inputs for these test cases (Tables 2 and 3) include:

Date: March 21, 1970
Time: 1400 UT

F10 and F10 = 230
Ap = 400

Latitudes = -30° to +30°
Longitudes = 0° to 350°
Latitude and longitude increment = 10°

3.2 Solar Activity Data

The 13-month smoothed values of the 10.7 cm solar radio flux (Fm 7) and the
geomagnetic index, A p’ used as model inputs are listed in Table 4, where they are

listed as they would be used in a maximum fo maximum solar activity prediction.
Figures 2 and 3 show the 10.7 cm flux and Ap values, respectively.



4.0 CONCLUSIONS

The MSFC/J70 Orbital atmosphere model provides continuous density, tempera-
ture, and composition data from 90 to 2500 km for analyses requiring these data.
Copies of the computer program for this model are available upon request to Chief,
Atmospheric Sciences Division, NASA, Marshall Space Flight Center, Huntsville,
Alabama 35812.

Personnel performing analyses requiring knowledge of any small-scale, short
time period fluctuations in atmospheric parameters such as those perturbations asso-
ciated with internally propagating waves should contact the Chief, Atmospheric
Sciences Division, NASA Marshall Space Flight Center, Huntsville, Alabama 35812, for
the most current recommended inputs based on results of analyses and studies in
progress at this time.
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, Yook et
. ook THPUTS: USER PROVIDES all INPUT PARAMETERS st
. ke vIa ‘CRT-TERMIHAL * . o
. ek e S
. Yok OQUTPUTS: A MaTRIX GRID GUTPUT WITH MEAM YALLE !
' et 19 GENERATED TO THE HP-2608 PRINTER, A,/
. Mook Hege
' "ok WRITTEN BY: JOHW 5, HICKEY {aCl) S33-7590 et 1
. et ke M0
. Yao MODIFIED BY: BILL JEFFRIES (CSC) 830-1000 EXT S07#e"
. " e cdesteds ook ek st ook ook sbeobe st bbb e e sbeobeok bt et 1 1
. Ve

[

Cabeokeoteokinke o e sbe e e o b ot e ek sk sk ol ek e stedesdeos dode

Cieke ASK FOR DQTE & TIME: VYEAR,

HOHTH LAY, HOUR, MINUTES Hote

Crrskobdok

e defesfeitefedoe bk dodokbokidodedo ok oo ok

C
WRITECLU, 400>
400 FORMATY "L8.dBENTERE D@ Dat

READCLU,#3 IYR,MHN, IDA, THR,

IYR = IYR + 1300
C

osbiodots shedefertodeh

e & Time of Data” JOvw,mm,dd,hbh,mm> "3
MIH

Aetebde o oo

L** ASK FOR RANGE OF LQTITUDE“

£ =90, 30 pet

‘."J l."

WRITECLU, 4012
4041 FORMAT! "R 8dRENTEREXd@ Ran
READCLUY, %> ILATY, ILATZ

eifradedes

gz of Latitude? (-50,300: "

[
Cootshestestote ook shoded bbbkt detotoboko bbb koo
Ced ASK FOR LATITUDE ITNCREMENHT?(S —~ 10 ek
ks ode E sededeoto b dodede b e e dodeded.
C

WRITESLU, 4020
402 FORMAT! "E4dBRENTERE2d® Lat
READCLU, ) LING
i
C#k COMPUTE HUMBER OF LATITUGE
C
ILAT = (CILAT2 — ILATH 3L

]

Cwv STORE LATITUDES INTO HLATT
c

KLaTTd{t> = ILATI

DO 450 I=2, ILAT

HKLATTCI > = XLATTCI-10 + L
450 CONTINUE
r~

itude Increment? 05 or 10 )

POINTS
THEC b+1

ARREAY

INC

Crtertoste o

CHx ASK FOR RANGE OF LONGITUDE?
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e sbe 3b

L o R PR R R R R R

WRITECLU, 4032
FORMATS YE4dBENTERERDR Rargs of Longitude? <0,3500: v
READCLY, # > ILOH1, [LOKN2

o e b skt teok ot kR ook soluioR Aol ok
Sk ASK FOR LOMGITUDE THCREMEHT? (8 — 104w
l_: ot chob kbt okt etofe bt R oR eE ERCE 2R 2UE BN LR o L

WRITECLU, 4045
4 {3 FORMATY "L4dBENTERLRE Longitude Inmcrement? (O or 105 "
READCLY, #3 LLIHG

'0:

ok COMPUTE THE NUMBER OF LOWGTTUDE POINTS

ILNG = (CILONZ — ILOHT xLLTHC 2+

c+ STORE LONGITUDES INTO KLONG ARRAY

) r‘l ]

NLONGE 1D = ILONI

oo 451 I—‘,ILNP

KLONGE I = SLOMGSTI-105 + LLING
451 CIONTINUE

Gt b skedugofede dedeobokeol sodofokokoodod: oA e o e o e e ek e b e ade e ek et hedofokod

G145 Orr GE3K FOR USER ITHPUTS ek
Gieded D z —— @ALTITUDE Aok
Gia  Cnw F19 =—— SOLAR RALIG HOISE FLUK ek
[ER I S WE FiloR -~ 81-DaY AavYERAGE Fig ek
Wds L Q1 —— GEOMMGRETIC @CTIVITY INDER ik
a15¢ 1704 e e sbede ofeode oo e b oo Hededodko b s e e s b e e b e deodesdode dedeodefebeteofoh ok ko
(5 BT .

G192 WRITESCLU, 605

R R SO5 FORMATY YLLdBENTERELA® Humber of Altitude Cases? C3-100: o
ST READS LU, %D NALTS

13 Rt DO 605 KK=1,HMNALTS

0154 WRITECLL, $095 KK

G157 408 FORMATY "LEdBENTERGLD? fltitudelkm) # ¥, 12,
ek it 1" L2 = 90 to ZE0OkmI: "D

G159 READLU, %3 ZAl.TSKK D

2160 A08  CONTINUE

mat

a1a2 ; bkl L ] doope e b ek b e b e e b et gk e R edede

01E3 O+ S3K USER FOR CIHDER ™ YARIABLES e

Aled Tt 11 -~ GEOMEGHETIC IHDES ek

OroS D 12 —— DIURNGL EGUATION IHDEX ek

01 E.vj:_. 120 st koot dodokodoatoiugedotodoegs R USRI TR SR BN R T e o

aisy o

a1es WRITECLU, 4093

ass 409 FORMATY "E3dBENTERLADE Gaomagnetic Index? L 1—-kKP, 2-aP L
01740 READCLU, %> 11

0171 WRITECLU, 4103

nive  «tu FORMATY "LE&dBENTEREADE® Diuwrnal Equ Index? {1-KP,2 2-F 1 OR, 3-AYG "D
a3 F3 READCLU, #> 12

0174 WRITECLU, 406 2

WMvs 408 FORMATY "E4dRENTERERO® Sclar Radio Neise Flus® (Figs G-4a0>: "2
4ivs READCLU,*D> F10Q

DAers WRITECLU, 4075
oV 4N FORMETS "ELdBENTERELE 21-Day Average FI107? CF{OE= 0-200: o .

13



TABLE 1. (Continued)

9179 READCLU, %2 F10B8
4180 IFKIV.EQ.2) WRITECLU, 4085

aigr 408 FORMATS "E4dBENTEREA D@ Geomagrnetic Activity Index? (GI=0-40Q0>: ">
0182 IFCIT.EQ. 1) WRITECLU, 4125

0183 412 FORMATY "E&dBENTEREL M@ Geomagrwetic Activity Index? (GI=0-232: ">
0184 READCLUY, %3 GI

0188 C

0185 C

0187 C* ‘ pecteskestenke

0183 CO%+ ASK FOR ELEMENTS TO PROCESS (1 - 123 ke

0129 Lk 1, ITEMP 7. IH Heike

0150 Cx 2, IXN2 8., IEM ekt

0191 Cex 3, 102 9. IDEN ke

0192 Cxx 4, I0 10, IDLOS okt

0193 Cxx 5, IA 11. IXTEM erde

0194 Cax &, IHE 12, ALL OF THE aROVE ek

0195 Cekdok 4 4 foberk + ek

0196 O

0197 WRITECLU, 411>

g1e8 411 FORMATC /A, W sttt ook oo ote sfecke e ke Hesfe et et o hatopdetbea !, S,
D199 . Yake SELECT DESIRED ELEMENTS TO PROCESS: Hate!, A,
3200 . Mop: 1. TEMPERATURE (K3 7. HYDROGEN (H> Wk,
D201 . ek 2., HNITROGEMN <(Ma> &. MEAW MOLE WT ke,
nzo2 ' R 3., OXYGEMN <023 3. DENBITY (KG/MI > e,
naa3 . W ook 4, ATOM OXYGEM {03y 14, LOG DEN CGMACMIH  dee?, A,
nzud . ook 5. ARGON <A 11, EXQ TEMP (K> doke !, S,
0a20s . Haforke 6, HELIUM CHED) 12,  ALL THE ABOVE e,
Q205 . ot bk oo ot kb ek deodeo doteotd et hokokod G e ek A
Q2av . PEXABENTERELAR ZSelections? (1,3,75: L

1208 READCLU, * > CJV(J), d=1,113

g208 C

0210 Cw INITIALIZE VARIABLE ARRAY

211 C

a212 DO 453 I=1, 11

0213 JYARYC IS =" 0

0214 453 CONTINUE

o215 IFCHCTI.NE 120 GO TO 458

g21s DO 457 I=1,11

217 JYARYCI D = 1

0218 457 CONTINUE

az219 GO TO 453

220 456 DO 454 Is=1,11

[yPrae) IFCHID.ER, 03 GO TO 454

222 JYARYC V(I D) = |

0223 454 CONTINUE

oz 452 CONTINUE

o225 ¢

0226 Cook PRINT HEADER AND TITLE INFORPMATTON

22y C

oz2a DO 665 KL=1,HALTS

o229 261 3=2ALTSC(KL )

0230 WRITECG, 109> IYR,MN, IDA, THR, MIH, ILATY, ILATZ, ILONT, ILON2,

0231 ' ZX1D0,Ft1Q,Ftae, G, 11,12

nzZ32 109 FORMAT( "1™, /77, " PROGRAM NAME:  J20MMY, .,

0233 . B s e e i e MLl

1234 . " DATE & TIME: "1, 10, 12,18, 12, 1%, 12, 1K, 12,7,
0235 ' Ve e — ML

0236 . " LATITUDE RNG: *",I4,",",14,/,

0237 ' B o e e ",

0233 . " OLONGITUDE RHG: *,14,%,",14,/7,
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TABLE 1. (Continued) OF POOR QUAL‘TV

. B e i e et cnem B/,
3 gL TITUDE CkbMY: ",F5,1,/,
24 . e B,/7,
gz . Sl = B ",F5.1.,/7,
z43 . B "L, A,
02 . OO ",F5.1./,
et . L1, "Ll
alde f "Gt n",F5.1,/,
Ut 7 . B n,’7,
PR RS] . WP, 2-FP w,12.7,
; ) W ettt v o 0 ”n s (‘/,
. "o =-kP, 2-F 108, 3-AVG! nLI12,4,
\ B ot i com i i e et s i LI

R

v INITIALISE XMJD = 6.0 % [J = 1

KMJD = 0.0

12 = 1

INITIALIZE J COUNTER = 0O

o
-
%

Jd=0

w4 LOOP TO PROCESS "HLAT DATHA

3 O

GO 202 TI1=1,ILAT

++ LOOP TO PROCESS “HLOMGT DATA

bl

[

DO 201 II=1, ILHG
HLAT=XLATT{IIT S
HLHG =KLONGI 11>

« LATITUDE —— LT, LOHGITUDE ~— LD

DO 200 I=t1,12
d= g

« CHECK J COUNTER EXCEEDS 30 7
IFCJ-30082,52, 51
sk RESET J COUNMTER = 0O

59 CONT INUE
J=0

ek CALL TTME © SURBROUTIHE

52 CONTINUE
CALL TMECMN, I0A, IR, THR, MIN, KMJD, %KLAT, KLNG, SDA, 5HAL DD, DY D

e DALkl CTINF S SUBROUTINE

A b b bbb b bbb

++ SET RE=0,31++

Corbb bttt bbbt ettt

RE = 0,31

CALL TINFIFI1Q,F10R,GI,XLAT,3DA,SHA,0Y,RE, I, 12, TED
T=TE

Ry N i
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0239
0300
G201
Q302
303
3204
205
0306
a307
0308
a303
a3t 0
X1
a3tz
03132
1314
n315
316
317
a318
Q319

uz3e
0333
0334
0235
Q3235
033
n23a
339
1340
G341
0342
U343
0344
1345
0344
347
0348
04349
Q350
0351
0352
353
(354
1355
01355
357
1353

C

TABLE 1. (Continued)

KTEMPCI > = TE

Cwx CALL ‘JAC’ SUBROUTINE

c

C

CALL JACKZCID, T, T22(12,ACT, 10,801,203, A0 1,30, A1, 40,AC1, 80,01 ,50,
1EMCIDO,DENSCI >, DLCI DD

Caw INITIALIZE YARIABLES
c

c

EZ=2¢ 1)

DUMMY=(,

DEN=0,

DEHLGC I >=0.
DUMMY=DLC T )
DEN=DLCT )

YDay=DD
IFC22-170.220,20.50

G CALL “SLY " SUBROUTINE

c

c

20 CALL SLYCDUMMY, ZZ, XLAT., YOy >
DENLGC I >=DUMMY
GO TO 40

50 IF(Z22-500,340,40,30

Gt CALL “SLYH’ SUBROUTIHNE

c

C

30 CALL SLYHIDEH, A< I, 53, XLAT, Sha)
DLC T d=DEN

40 CONTINUE
DL T >=DLCT >+DENLGS T »
DEHSCID> = 10, %%DL{TD
KLAT=XLATHF?, 29577951 >

Cw COMPUTE DEMMATS I, ITID

C

Cc

DENMATS IX, IXID = DENS(I> # 10010,
TEMPCIT,IILI) = TZEK1H
NI, TII) = ACT, 10
02MATCIT, 111D = &ad 1,2
OMATCII,ITIIS = ACT, 3D
AMATCIT, 111 = ACT.4)
HEMATCIT, III) = ACT,S)
HMAT(II,III> = ACT,.6)
WTMAT{IX, ITI)> = EMCID
DENLOGSIT, ITID> = DLATD
EXTEMCIT,III) = XTEMPCID

200 CONTINUE

201 CONTINUE

202 CONTINUE

Ca4 PERFORM MATRIX PRINTOUT

c

IFCJMMARY(S D NE, 0> CALL MATPR(1)
IFCIYARYC 1 ) NE. 00 CALL MATPRIZ)
IFCJVARYC2),NE, 0 CALL MATPR(3)
IFC UYARYC( 3D, HE. 00 CALL MATPR(4)
IFCJVARYC 43 HE. 02 CALL MATPR(S>
IFCJVARY(S 3. NE. 02> CALL MATPR(G)
IFCJVYARYC 63, NE, 02 CALL MATPRIT )
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el

=
G I 1

Gl DY = D

=]

DS QAT UK NI RN T S S B )

o e R o e R e
Y H SRV S BECY By O 5 39

-

(ef 4
iy 122
U4 N3
04 04
e 05
s} 05
L X1
G303
Qe O3
BERRY
Q411
0412
0413
0414
0415
Q418
Q417
418

ORiGINAL page Is
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IFCJYARYC P2 . NE ., 0) Crll MaTPROS)D

IFC JYARYCE D, HE . 00 Cibl. MATPRCD >

IFCJIVARYC10D . NE, () CAlLL MATPRC10>

IFCJVYARYC 11O HNE. G CALL MATPRC 11D
4 CONTINUE

CONT INUE

10
32
o
Cwx ASK TO CONTINUE?Y
[

WRITECLU, B8R

FORMAT, "Procass Ancther Case? (¥ or My _">
READ(LU, 803> IPC

&03  FORMAT(AL D

IFCIPCLEQ IHY > GO TO P77

o
b
o

I

C# PROGRAM “J70MM° COMPLETED
[

592 STOP

END
FEMACKDATAD
SUBROUTINE MATPROIP X

Dokokies Herke et ook ket ekeresteok et et sferke
Cw+ SUBROUTINE ‘MATPR’ PERFOREMS THE PRINTQUT Q Hege
CHx THE SPECIFIED WATRIY, ek
ot e e e s e e v e fende e ndesde e 4 sfede
o

Cwoe COMMON STATEMENTS

COMMON ZEDATAS IYR, IDA, PN, THR,MIN, XMJIDLF1 0, F1 0B, GI, ILAT, ILNG,
SLAT,HLHG, I

COMMONA/KDATASAMAT. P2, 37 5, DENMATC P73, 37 5, DENLOGE 73, 37 3, HEMATC 73, 37 3,
. HMATOVE, 273, 02MATC 73, 37 5, OMATC 72, 37 2, TEMPC(?3, 37,
) KNG 73, 37 2, WTMATS PR, 37 0, EXTEMC VA, 37 2
COMMON AFDATAS ACZE00, &0, DEMLG 3000, DENS(Z005, L300, EMC300),
. TEZL 300, KLATTC 3003, KLONGC 300 3, Z(3200 2, KTEMPS 300>
[
Ok DIMENSTON STATEMEMTS
¢
DIMENSION IHEADC3, 115, MTH 24
C
Cx# DATA STATEMENTS
C
DATA JMTHA/2HJA, ZHN |, 2HFE, 2HB , 2HMA, 2HR |, 2HAP, 2HR L ZHMA, 2HY ,
. 2HJUL 2HN L 2HJL, SHL L 2HALL 2HG | BHEE, 2HP |, 2HOC, 2HT |,
. 2HNQ, 2HY L, 2HDE ., 2HC /
DATA IHEADAZHDE, ZHNE, 2HIT, 2HIE, 2HS , 2HCK,2HGA, ZHMZ, 2H? |,
. ZHTE, 2HMP, 2H. ,ZHDE,2HG.,,2H K,2H ,2H ,2H ,
. 2HOM, EHZY 2H L 2H L2H ,2H L2 seHo LaeH
. 2HCD, 2H20,2H . 2H L2H L2H L2 S2H o L2H
: QHCG,2H ,2H L, 2H L2 ,eH L& LR L2d
. 2HCa,2H 20 24 L2 L2 L2H LW L2H
. ZHOH,2HE >, 2H  ,2H ,2H ,2H L,32H ,2Z2H ,2H ,
. 2HCH,2H>» 24 ,e8H L,2H L,2H ,& ,2H L2H
. 2HME, 2HaN, 2H M, 2HOL,2H W,2HT .2 ,eH  L2H
. 2HLD, 2HG L 2HDE, 2HN , 2H(G, 2HMA , HCM, 2H3 D, 2H
. ZHEXN, ZHOS, 2HPH, 2HER, 2HIC, 8H T, 2HEM, 2HP( , 2HK 3¢
C
Cw+ COMPUTE NGP

i

I

NPG = ILAT / 7

17
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TABLE 1. (Continued)

c
Cwk LOOP FOR HNGP TIMES
C

IFCMODC TLAT, 7> JNE, 0) NPG = HPG + 1
DO 300 II=1,HPG
ISTR = (I1 — 1> % 7 + 1
ISTP = ISTR + 6
IFCISTP .GT. ILAT> ISTP = ILAT
c
C##RITE HERDER
c

INDXt = CMH~1%2 + 1

JMONT = JMTHC INDKT D

JMON2 = JMTHC INDK1+1 3

IFCMINL,GT. 10> WRITESS, 70003 (IHERRCI,IFP 3, I=1,93, 11, JMONT , JPIDNZ,

1 IDA, IYR, XMJD, THR, MIM, 2(1 5,F10,F10B,GT, 11
7000 FORMATC 1HT ,29%,9A2, 51X, "PAGE ", 12,
118, "DATE: »,2A2,12," 7,I4,” JULIAN: *L,F9.0," TIME: ",212,
e"a ALTITUDELKM>: " ,F7. 1,7, 1K, "F10: " ,F&.2," FioB: ",FS.2,
3» Gl: ",F5.2," C1-KP DR 2~AP2; ", It
IFKMINLTY. 10> WRITECS, 8000 ¢ IHEADCI, IPD, I=1,92, 11, JMONT, JMDNZ,
1 IDA, IYR, KMJD, IHR, MIN, 213, F10,F10B,GI, I
8000 FORMATC1H1,29%, 942, 51%, "PAGE ", 12,/
11X, "DATE: ., 2a2,12,7" »,14,” JULTAN: "L, Fe. 0L TIME: ", I2,"0"I1,
22 ALTITUDE(KM): ",F7.1,/, 15, "F10: ", F&.2," FioB: " ,F&.2,
3" GIy ", F&.2," C1—KP OR 2-AaP3: ",It3
C -
Cock PRINTOUT “KLATT® ARRAY
c

WRITECE, 7001 ) CXLATTC I3, I=18TR, 1STP
7001 FORMATC 1HO, 30X, "C(~S0UTHY LATITUDES (+HNORTHI"A1X, "LON. ", 8K,
1P4FS,0,8%>>
WRITE{6,7003>
7003 FORMATCIH , "C(-WEST X" A1X, "C+EAST 2" o
c
Cuote PRINTOUT ‘KLONG ' ARRAY
c
DO 250 J=1,ILNG
IFCIP.ER, 1) WRITECA,7002)> KLONGC J3, {DENMATC JL I3, I=ISTR, ISTP >
IFCIP.EQ. 2> WRITELE, 70027 KLOWGS J>, ¢ TEMPC J, 12, I=ISTR, ISTP)
IFCIP.EQR.3> WRITECS, 70025 KLOWLIJ),( W2 A, T, I=I8TR, ISTP
IFCIP.EQ. 40 WRITESS, 70025 KLONGC J2,{ Q2MAT I, 12, I=ISTR, ISTP)
IFCIP.EQ.S5> WRITELH,7002) XKLOHGCJ, ¢ OMATCJ, I, I=ISTR, ISTP)
IFCIP.EQ.6) WRITELSG, 70023 KLONGCJO,{  AMATCJ, 12, I=ISTR, ISTP)
IFCIP.ER. 7> WRITECS, 70025 KLONGC JD,< HEMATL J, I, I=ISTR, ISTP)
IFCIP.ER.B8)> WRITECE, 70025 KLONGC J2,{  HMATS J, I3, I=ISTR, ISTP>
IFCIP.ER. 9> WRITECE, 70027 KLOHGCJ2, ¢ WTMATS H. 12, I=ISTR, ISTP)
IFCIP.EQ. 10> WRITECS, 70020 RLONGECJI, CDENLOGY ¢, 13, I=ISTR, ISTPD
IFCIP.EQ. 115 WRITECS, 7002 RLONGCJD, ¢ EMTEMJ, 1), I=ISTR, ISTP)
7002 FORMATCIH ,F4.0,4%,7E10.45
250 CONTINUE
300 CONTINUE

c
Caoke COMPUTE AND PRINT MEAN
c
NPTS=ILNG#ILAT
TOT=0.0

L0 10 I=t1,ILAT
DO 20 J=1, ILNG
IFCIP.EQ. 1> TOT=DENMATC J, IX+TOT
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1473 IFCIP.ER.2) TOT= TEMPCJ, I0+TOT
G320 IFCIPL.EQ.33 TOT= HH2COL, 1 2+T0T
N4 IFCIPL.ER. 4> TOT= Q2MATS S, LO+TOT
0422 IFCIPLEQ.S> TOT= QMATCJS, I5+TOT
433 IFCIP.EG, 6D TOT= AMATIJ, 12+TOT
04a IFCIP.EQ.?) TOT= HEMATC L, I0+TOT
0435 IFCIPL,ER.85 TOT= HMATJ, I3+TOT
0424 IFCIPL.ER.S> TOT= WTMATJL, I+T0OT
04ay IFCIP.L.EG. 100TOT=DENLOGS J, L 3+TOT
H4a IFCIPLER, 113TOT= EXTEMS J, I 3+TOT

o489 20 COMWTINUE
0420 10 COWT INUE

gy HMEAN=TOT/FLOATINFTS 3

0492 WRITECE, 444> NPTS, KMEAN

04332 444 FORMATC /7, 18, *Humber of Data Yalues:i ", I5,5K," Mean Yaluer ",

0dad *E10,4)

493 C

0495 T+ RETURN TO CALLING PROGCRAM

0337

0433 RETURN

LA EHND

0500 SUBROUTINE TINF(F10,FI10B,GI,8LAT,SDA,SHA, DY ,RE, 11,12, TE)

ISR [T 2 eofehobibbodokhek # beobtsgeode st ek sheste i dol

G502 O+ SUBROUTINE ‘TINF ' CALDULATES THE EXOSPHERIC TEMPERATURE w4

0S03 Cw+ ACCORDING TO JACCHIA S5a0 NO, 313, 1970, ek

05114 Cterte Hee

OHES Qe F10 = SOLAR RADID HOISE FLLUX (XE-22 WATTS M2 ) Aok

OEG0S Dk F10B= 81-DaY AVERAGE FI10 ek

SOV Ok 31 = GEOMAGNETIC ACTIWVITY IHDEX ok

OHa8 Gk LAT = GEOGRAPHIC LATITUDE AT PERIGEE (< IH RADD ek

0509 Dk S0 = SOLAR DECLINATION ANGLE CIH RADD ek

0510 D SHAa = SOLAR HOUR AMGLE £ 2]

US11 S DY = D/Y (DAY HNUMBERATROPICAL YEARY; 1 deoke

05128 L#« 11 = GEOMAGHETIC EGUATION INDEX(I--GI=KP, 2--GI=AP., ##

0513 C#k 12 = DIURNAL EGU INDEX (1-=R{KPJ,2~-R{(F10B), 3-RAVIE D, Aok

0S4 Ok RE = DIURNAL FACTOR KP,F10B,AYG. Hoek

U515 Cuek Heke

0516 Cwd CONSTANTS —=— O=S0LAR ACTIVITY YARIATION, Hede

0817 Dk - BETH,ETC, = DIURNAL YARIATION. Hode

0518 Dt == D=GEOMAGHETIC YARIATION, Aeide
Gtk - E=SEMIANHUGL YARIATION. S
et ]
Cibideoke Moo o ko oo deodokode A eide e e e e e e de sdeode s ofe esge

[
C#+ DATA STATEMENTS

i
DaTA C1./303, 0~
DRTA C2/3, 32/
DATA £3/1.80/

DATA RPIAZ3. 141537

++ PERFORM CALCULATIOHE

300

CON = P1-180.
BETA= ~37. 0#xC0OH
GaMMAa= 43, 0+«COM
P = 6, O#COH
o= 2.5

NN = 3.0




20

0539
0540
0541
0542
0543
NG44
0545
0548
0547
0548
0549
AGS0
0551
0552
0553
nss4
0sas
Q556
0ssy
058
NE59
0540
0561
a862
0563
(1T )
ases
9565
aSE?
[abatotc]
0549
as70
0571
0572
0573
0574
USvs
0576
577
0572
us7F9
0530
0531
0582
0583
524
0585
0536
ki
588
0599
0530
05931
592
0593
0534
0595
0536
0597
us98

TABLE 1. (Continued)

Cax INITIALIZE GEOMAGNETIC YARIATION VARIABLES
c

D1 = 28.0
D2 = .03
D3 = 1.9
D4 = 100.0
DS = ~0.08

C
Cw# INITIALIZE SEMIANNUAL YARIATION VARIABLES
c

El = 2.41
ER2 = 0.349
E3 = 0.206
E4 = 360.+CON
ES5 = 226.5+C0N
E6 = ?20.%CON
EV = 247, 6+4C0N
E@ = 0.1145
E9 = 0.5
E10= E4
Elt= 342, 3+C0ON
E12= 2.16

c

C#ow SOLAR ACTIVITY YARIATION

C

TC = C1 + C2+F108 + C3I#(F10 —~ F10B:

]
C DIURNAL YARIATION
c
ETAH = Q,54ABSC XLAT ~ SCad
THETA = §,5#ABSC{XLAT + SLAD
TAU = SHA + BETA + P=SIM{GHA + GAMMY D
TPI=2%PI
IF(TAUY 210,230,230
210 IFCTAU+PI > 220,250,250
220 TAU=TAU+TPI
GO TO 210
230 IFCTAU-PI > 250,250,240
240 TAU=TaU-TPI

GO TO 230
250 CONTINUE
C
C
Ct SET R = RE (RE = 0,31)> sk
Otk
c
RE = 0,31
R = RE
At =(SINC THETE D dserih
AR ={COSCETA I IiekiM
A3 =(COS TALA2, > MoudNN
Bl = 1,0 + R+A1
B2 ={A2-A1 )71, + R#Al1)
TY = Bi#( 1. + R&B2%A3)
TL = TCxTY
C
Cuee GEOMAGNETIC YARIATION
c

IF <I11-1)> 50,50,60
S0 TG = DIxGI + D2*EXP(GI>
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TABLE 1. (Continued)

GO T0 70

S0 TG = D3%GI + D4 1-EXP{DG#GT 2>
T CONTINUE

C
C++ SEMIANNUAL YARIATION
c

G3 = 0.5«1,0 + SIHEIGDY +E11> O

G3 = G3+xEI2

TAUtl = DY + E8x(GR ~ EBD

Gl = E2 + E3x(SINCE4«TAUL + ESO)

G2 = SIMCES+TAUt+ EF)

TS = £1 + F10B+GI+G2
[
C#k EXQSPHERIC TEMPERATURE
c

TE = TL + TG + TS
C
C4 RETURN TO CaLLING PROGRAM
[

RETURN

END

SUBROUTINE THECMH, IDA, IYR, THR, MIN, XMJD, XLAT, KLHG, SDA, 5HA, DD, DY >
ok Josde e de deodeike boxdt 2 do e e e e e e &
Cwor SUBROUTINE ‘TME PERFORMS THE CALCULATIOHS OF THE SOLAR DECLI- ##
D MATION ANGLE AND SOLAR HIOUR ANGLE. ek
ek Hesfe
Dk INPUTS: MN = MOHTH Hots
et 1IDA = DAY ok
Ok IYR = YEAR ke
Gtk IHR = HOUR Aok
Caeke MIN = MINUTE Aok
Cotede HMJD= MEAM JULIAN DATE (IF=0 THEH XMJID I8 CALCULATED)> 4%
Tk RLAT= LATITUDE < INPUT-GEQCENTRIC LATITUDE > Aok
Dierte HLAG= [LONGITUDEC INPUT-GEOCENTRIC LONGITUDE, -180,+130) #4
Dok Neske
D+ QUTPUTS: SDA = SOLAR DECLINATION aANGLE (RADD) Hede
ot SHA = SOLAR HOURE ANGLE (RAD > Aok
Ot Db = DAY NUMBER FROM 1 JAN. ek
Cotee DY = DDA/TROPICAL YEAR
Dbttt oot e sdesk seesedesdentestesdesbs oo ok oo et e e st ke e et sk et sbode et ok shafe et e e o
-

T+ DIMENSION STATEMEMTS

I

Ty )

DIMENSION IDAYC 120

w4 DATA STATEMENTS

DATA IDAY/31.,238,31,30,31.30,31,31,30,31,30,31~
DATA YEARR/ISS, 2422

Cw# SET CONTSTANTS

[

RKLAT=KLAT/S7 . 29577351
YR=IYR

JzIYR~44( IYRA4 D
IFCJ3190,5,10

IDAYC20=29
10 CONTINUE

IF (MN~-1) 3,3.4

32 DL=IDA
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0659
0R50
0641
0562
0563
05E4
QAES
0555
0667
0568
0659
0670
0571
067
0573
Q574
0675
0575
G577
0578
a679
0620
0681
0682
0683
0634
0685
0685
0687
0488
0:29
4530
0591
0632
0693
0e34
0595
06945
0857
0593
0699
0700
[Lrg i} ]
7oz
0ro3
0704
oros
0705
o7 ov
ovog
0799
U710
o7t
avie
P13
a4
0?15
0716
[tra g
o718

TABLE 1. (Continued)

GO TG 6
4 KE=MH-1
1D=0
DO 20 I=1,KE
ID = ID + IDAYCID
20 CONTINUE
ID = ID + IDA
DD = 1D
& DY = DD/YERR
c
C#+ COMPUTE MEAN JULIAN DATE IF XMJD = 0
C

IFCXMJID > 30,25,30

25 KMJD = 2439856, + 365, 4(YR-13952.7 + DD
LDD = (IYR-1965)/4
KMJD = XMJD + LDD

30 FMJD = ¥MJD - 2435839,

c
C+ COMPUTE GREENWICH MEAN TIME IN MINUTES GMT
c

XHR = THR

XMIN = MIN

GMT = GO0+#XHR + XMIN

c
Coede COMPUTE GREENWICH MEAN POSITION -~ GP <IN DEG)
[

Rl = (XMJID - 2415020, 05>/ 26525, 0>
A1=99.6909833

A2 = 36000,76854

A3 = 0,00038708

Ad = (,25068447

GP w A1 + A24XJ + AN + AdaeGMT

N = GP/360.

XN = N

GP = GP — Xhw360,
c
Coke COMPUTE RIGHT ASCENSION POINT - RaAP (IM DEGD
c

G 18T CONVERT GEQCENTRIC LONSITUDE 7O DEG LOMGITUDE - WEST NEG + EAST
C

IFACT = XLNGA/180.

KFACT = IFACT

NLNG=RLNG~360 ., #X¥FACT

c

RRAP = GP + XLNG

N = RAP/360.

KN = N

RAP = RAP —~ XH#360.
C

Cwox COMPUTE CELESTIAL LONGITUDE - XLS <IN RAD)» ~ -Z2ERC TO 2ZPI
c
B1
B2

0.017203

0.,0335

B3 1.410

1 B1=FMJD

HLS = ¥1 + B#SIN(Y1) -~ B3
TPI = 6.,28318 '

N = X .8/TPI

XN = N

XS m XLS — XhN+TPI

# 0K 4
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TABLE 1. (Continued)

E** COMPUTE SOLAR DECLIMATION BNGLE — SDa (IN RAD>

- B4 = (TPL1/ZE0, 2423 ,45

. SDA = ASTRCSIHNCKLS S IN(B4 D)

E** COMPUTE RIGHT ASCENSION OF SUN ~ RAS (IN RAD)Y — -ZERO TO 2ZPI1
- RAS = ASTHNCTANCSDA X/ TANC B4 b )

g** PUT RAS IN SAME GUADRANT A4S XLS

C

PI = 3.14159
PI2 = P12,
PI32= 3.%PI2
RAS = ABS(RAS»
TEMP = ABSCXLS )
IFCTEMP ~ PI2D 130,130,100
100 IFCTEMP ~ PI)> 105,105,110
105 RAS = Pl ~ RAS
GD TO 130
110 IFCTEMP ~ PIS3Z2> 115,115,120
115 RAS = PI + RAS
GO TO 130
120 RAS = TPI ~ RAS
130 IF CXLS> 135,140,140
135 RAS = -RAS
140 CONTINUE
[
C#+ COMPUTE SOLAR HOUR ANGLE - ZHA (IN DEGS> - ~-

C

SHA = RAP(PIA/134, ) - RAS
IF(SHAY 210,230,230
2110 IF(SHA+PI Y 220,250,250
220 SHA=SHA+TPI
GO 70 2190
230 IFCSHA-PI ) 250,250,240
240 SHA=SHA-TPI
G0 TO 230
250 CONTINUE
I
C+k RETURN TO CALLING PROCRAM

g
b

IDAYC(2=23

RETURN

END

SURROQUTINE JACCZ, T, T2, AN, ADZ, AD, AR, AHE , AH, EM, DENS, DL >
s st e oot e e ool ke b ek ok Hetke st sk bl ok
C#t SUBROUTINE “JAC " PERFOREMS THE SIMPSOHS RULE GUARDES~ 4ok
Sk TURE {SRQ4 > IMPLEMEHTED B8Y G, F. KUNCIR. ke
Lot e
DL S 1 = LOWER LIMIT OF INTEGRATION sk
Cue D = UPPER LIMIT OF INTEGRATION Hol
Cake FUNC = INTEGRAMD FUNCTION SUBPROGRAM ek
Ok EPS = RELATIVE ERROR CONVERGENCE CRITERICON Hep
O M = MAXIMUM NUMBER OF INTEGRATIONS ek
Cae R = RESULT OF INTEGRATION Hee
Cte M = HWUMBER OF INTEGRATIONS REGUIRED TO FIND R Hede
Tk ke

st e o e e e e ook ekl et e ek
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uvre
730
(g3 ]
ave2
uraes3
0784
0785
Urgé
ava?
g7as
7R
9790
0791
a?az
ne93
U7va9d
aves
1)
[Urg- kg
498
799
a800
g0t
g0z
3803
agng
a80s
0806
ago?
008
0809
0810
011
0812
0813
814
0815
816
ag17
ng1e
0819
as2a
=21
aR22
w323
0224
0325
o326
827
0323
o329
R3¢
(=0
32
033
0as34
335
0336
03327
0238

c

TABLE 1. (Continued)

Cas DIMENSION STATEMENTS

c
DIMEN
[

SION ALPHACK ), EICE),DICEY, B(P ), DITIED

Ca% DATA STATEMENTS

C
DATA
bAaTaA
DATA
paTA
DATA

DATA

DATA

DATA

DATA

DATA
C++

QA6/100, 7

ALPHA/0.0,0.0,0.0,0.0,-.330,0.0/

AY/S , 02257E23Y
EI/Z22.0134,31,9932, 15,9994, 39,942, 4. (0026, 1, 00737/
B/23,15204,~0. 085585, 1. 2840E~104 , -1, 00S56E~05, -1, 121 0E~-05,
1.5044E~06, 9. 9826E- 08/

QAN . 78110/

RO/, 209557

QAs, 009343/

QHEA1 , 289E~05/

FK/8,31432/

C++ SET VARIABLES

CH+

ALPHAC Y D
ALPHAC2 )
ALPHAL 32
ALPHACY )
ALPHAC S )
ALPHAL 6 >

ay =

B #uu
foooo

8
=
o

6, 02257E23

EI<1)> = 28,0134

EI(2) =
EI(3> =
EI<42> = 39,948
EI(S> =
EI6) =

B1D
e{2>
BC3>
B(4>
B<S>
B(&)
BC??
GIN ==
Qo2 =
QA =
GHE =
FKK =

C

Coe PERFORM

o
TI =
TH=d4
AZ=2,
DITC6
M=10
EP3S=,
Ti=1,
T4=3,
T3=~T
TZ=TH
IF ¢Z

31.9982
15,9994

4, 0026
1.00797
= 283,15204
= -0, 035585
= 1,2840E-04
= -1, 0056E~-05
= -1, 0210E-05
= 1,5049E~0¢&
= 9,9826E-08
78110
» 20955
0093432
1.,289E-05
8.31432

CALCULATIONS

T

4, 3807+, 023854TI~-392, BR29R#ERP(—~, QU2 1 35374TI >
#( T-TH3/3, 14159255

=0,

0001

O TH-183. )./35.

#( TH-183, -2, %T1%35, /3, 2/ 3T, #kd >

1/7¢3 AT, Aote2 344, R Tx33, /3,

+ T 2125, D4T34 2—125, kb3 +Tdt{ Z-125, ekt
—~105.7 43,43,40
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TABLE 1. (Continued) - FOOR QUALW;

43 22 = 2 - 3
EM=B¢ 1 34+BC 2 3#Z2+B( 3 12204 2+B( 4 D422k 3+B{ B 12tk +8C 6 Dk Z2 40
148K 7 el 2rents
=2
7o COHTINUE
A=90,
FA=B{ 1 >+B{ 2 Y A—{IQ »+B{ 3 24 Q-GG 2442 4+8{ 4 2 A—~QQ I 3+B0( 5 Dbl A0 Ikekeqd
1 4+B{ 6 Yl Q=510 3ddeD BT ke G0 Dbk
FA=Fa+9, 80655/ 1, +A/E , SSAPEEE+I Dk )
FA=FAC TH+ T A= 25, 24 TIR(A~-125, piew@ +Tdkd Q125 ohd >
FD=B< 1 3+B¢ 2 3% =G0 3+B¢ 3T 3k DG P Z+B< o 30 [~ Q8 34 3+B] B Dol DG} oberkedt
1+B( 6 2 D-RE DT AB( P 3wl D0 Dbk
FD=FD#*3,80e65/({ 1, +D /6, 3CLE7EEE+T Mok >
FD=FDA TH+TI#{ D125, 3+ TIk({ D~12F, ddek3 +THwd D-125, sickd 3
[
Caete INITIALIZE COUNTERS
c
N=0
PREVY=Q,
SDNE={ D~A 34 FR+FD -2,
71 M=h+1
IF (H-M> 72,772,758
NINT=2d#N
STWO=0,
DEL=(D~-AXFLOATCNINT 3
DO 73 I=1,MHINT,2
K=+ DELFLOATC I 3
Fr=B¢ 1 )+B{ 2 34 KGR 248 3 01 X ~CIE Yok 2 +8¢ & 2 K—GQ 346 T+BC 5 il 1{-QQ Deokd
1 4B S D BBl 2wk S+ P ot W~ DobokeE
FR=aFa3, 80665, 1, +X"8 , FEH7EEE+T dw2 )
FA=FRAAATHATI =125, 1+ TI+{ K125, pick3 +Tdb{ K~ 25, Dbk
STWO=STWO+FK
CUR=SONE~+4 , #*DEL%STW0
IF {EPS+*ABS(CUR »-ABRS(CUR-PREV>> 74,75,75
74 PREV=CUR

~
n

-

G4

SONE={ SONE+TUR /4,
GO TO 1
7S R=CUR/3

IF (2~105.5 44,765,444

44  IF <(D-105.)5 7¥6,55,7V&
DENS=3, 46E~3%1 33, #+EPERP( ~RAFK DA T2#28 , 878D
DL=ALOGTSDENE 3
PAR=AY+DENS/EM
AN=ALUGTC ANKEM+PER28, 367D
AR=ALOGT QAREMHPARA/23 , 96 2
AHE=ALOGT RHEREM+PRR 23, 35 )
AD=ALOGTL 2, #FARw( )  -EMA23,36 1)
AD2=ALOGTC PARK(EM+( 1, +R023/28,98~1, >
AH=-0,

4
h

c

Cx¢ RETURN TO CALLING PROGRAM

C
RETURN

c

Cxox CONTINUE CALCULATIONES

c

40 Z3=105,

TE3=TR+TI#(23~1 2T, 5+T3%{ 22~ 128 MaF+ T 23125 et
EM3=BC Y B2 0% 5,+BI ¢ 25, +B(4 2k 1205, 4B(S 0k 5, ueckd , +B6 2k G, #:kF,
14B{7 > G, %46,
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03939
0900
0901

0902
0903
9904
0905
0906
0907
0903
0909
uo1go
311

0912
0913
0914
0915
n916
0917
0918
0919
0920
o921
0922
0923
0924
0925
0926
0927
0928
0929
0930
0931

032
0933
0934
0935
0938
09327
0933
0939
0940
1941

0942
0943
0944
0945
0946
0947
09483
0949
0950
0931

0352
0953
(954
0935
U356
857
Q9358

595

a1 3

S0
St

81
g2

52
83

84

85

42

45

46

41

47
43

TABLE 1. (Continued)

D=105.

GO TQ 70

DEN1=3, 46E-9%183 . #«ZM3*EXPC ~RAFK D/C T23#28 . 878>
PAR=AYHDEN1 /ZM3

DIC 1 dnQNAZM3IHPARA/28, 95
DI{2)aPARM(ZMI*C 1, +Q02 5/28, 96—1 ., >

DIC3 =2, #PARKC |, ~2M3/28.96 >

DI< 4 0=RAxZMI+PARA/23, 96

DI S omGHE+ZMI+PAR/28 , 96

IF(2~125.) 56,56,90

CONTINUE

A1=105,

FA1=9,80665/(C 1. +A1/6 . 3567EEE+3 D2 )
FRI=FATA/(TH+TI#( A1 ~12T, 3+TI34( A1~ 125, d%xZ+T46( A1~ 12T, Ikl )
D1=2

FD1=9,80665/({ 1, +D1/6,30TETEEE+3 d#2 )

IFCD1-125, > 45,45,50

FRI=FDIZC THATI#( D1 =125, 3473 D1=125, 23+ Tdu( D1 ~125, 24ud )
GO TO 51

FO1=FD1/( TH+AQHATANC T1#(D1—125, D4 1, +4 , SE-&4(D1-125, )42, 50/A2 23
TZ2=TH+A2#ATANS T1#{ Z~125, d%( 1, +4 SE-64 2~ 125, w2, 52/A2
N=0

FPREY=0

SONE=(D1-Al dx(FA1+FD1 )/2,

HN=N+1

IF C(N-M> 82,82,85

NINT=2dmN

STWO=0,

DEL=C(D1~A1 )/FLOATCNINT >

DO 83 I=1,NINT,2

K1=A1+DEL+FLOAT( I »

FR129,80665/((1,+X1/6 , IDEFEEE+TE rek2 2

IF(R1-125, ) 46,486,352
FRI=SFRIACTRHTI#CKI-128, 24 T30(CK1— 12T, k34T K1 125, dwkd )
GO TO &3

FR1=FX1 A TR+AHATANC TI (KT =125, e {1, ¢4, SE~E4{ X1 ~125, 2t , 527020
STWO=8STWO+FX1

CUR=SONE+4 , #*DEL#STWQ

IF <(EPS#ABSC CURI-ABB(CUR~PREY>> 24,85,85

PREY=CUR

SONE=( SONE+CUR 24 ,

GO TO 81

R=CLUR/Z.

DO 41 1=1,S5

DITCID®DIC I o T23/T2 e 1, +ALPHAC T 2 3#EKPL ~EIC I 2xRAFK >
CONT INUE

DENS=0

DO 42 I=t1,6

DEHS=DENS+EIC I >*DITC 1 3/AY

CONT INUE
EM=DENS+AYACDIT( 1 +DITC(20+DITC I 2+DIT S 04DIT{S+DITLE 1)
DL=AL.OGT(DENS )

AN =ALOGT(DIT(1 3D

AO2=ALOGTCDITC(2D)

A0 =ALOGT(DIT{(3)

AR =ALLOGT(DITC4 50

AHE=Al OGT<DIT(S5)3)

IFCZ-500, > 47,483,483

DITCE D=1 0, ok ~5 D

AH=ALOGT(DIT(E )
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TABLE 1. (Continued)

AN =AMAX1C-0., AN
AD2=AMAK1{~0. ,A02)
Al =AMAaX1{-0,, A0l
AR =AMARIC-0., RAD
AHE=AMAKI(~0, , AHE »
AH =AMAXIC-0,, AHD

c
T+ RETURN TO CALLING PROGRAM
[
RETURN
N

P+* CONTINUE CALCULATIONS

o

S0 S=TH+ASKATANC T14375, wl 1, +4 , SE-6#373, #%2 , 53/ A2

RICE =10, 4?3, 13-39, 4+4ALUGTC S 3+5, SeAL OGTOS »eAalOGT(SE 32

A1=500,
IFC2-500., ) 49,60, &0
49 At=Z
50 FAT=9,R0665/(C 1, +A1/6, TEETEEE+E kD
FAT=FATAC THHAZHATANC T4 AT ~12
D1=2
IF(Z2-500.) 61,62.62
&1 Di=500.
62 FD1=9,80663/(C 1, +D1/6, ZSEFEEE+T Dk 2y
FD1=FD1/C TRHAZHATAN T1#0 D1 =125, s 1, 44, SE-&:( D11
N=0
PREY=0
SOME={ D 1At D{ FAS+FDT 3~/2.
31 Na=h+1
IF <H-M)> 92,92,95
NINT =2
STWO=0.
DEL=C(D1~At )'FLOATININT »
L0 83 I=1,HNINT,2
K1 +DEL#FLOATI I o
Fr1=9,80665,CC 1, +R1 5, FDEVEEE+3 Ik »

G
V]

S, okl 1,44, SE-E(A1-125, 442 , G202 20

2T, 32 S53R200

FR1=FX1 /A THHA2HATAH T1#C K1 -125, 0% 1, +4 , SE-6#( X1—-125, 2 , SD/A2 D)

0
53]

STWO=STWO+FX1

ClUR=8SQNE+4 , #DEL+3TWO

IF (EPS#ARS{ CUR »—ABRS: CLR~-PREY Y3 94,95, 35
S4 PREV=CUR

SONE=( SONME+CUR >4,
GO TO 91
S5 R=ClUR/Z.

TZ2=THR+AZ*ATAN T4 2125, ok 1,44, SE-G+{ T-125, 2, 5272
IF(Z-500, > 63,654,684
63 R=-R
654 DITCEI=DICHE el §ATE dEXF! ~EIC & 3%RAFK D
(i
Cawe LOOP BACK FOR ADDITIOHAL CALCULATIONS
[
GO TO 55
[
C+k RETURN TO CALLING PRUOGRAM
C
999 RETURN
END
SUBROUT INE SLVfDEN HLT , BLAT, DnY)
153 seok iheoge e e o 4 e sk e sdead s e ¥ 4 e sheobe oo ek ¥ $ride rfede it
Tk SUBROUTINE “SLY " COMFUTES THE SEASONAL-LATITUDINAL E2

27
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TABLE 1. (Continued)

VARIATION OF DENSITY IN THE LOUER THERMOSFPHERE (IN ekt
ACCORDANCE TO L. JACCHIA IN SA0 332, 1371, THIS aF~- s
FECTS THE DENSITIES BETWEEHN 30 aND 160KM. THIS SUB- #%

Cas ROUTINE NEED NOT BE CALLED FOR DEHSITIES ABOVE 160KHM, ¢
C#ov BECARUSE NO EFFECT IS OBSERVED. sHeske
Creie ke
C#k THE VARIATION SHOULD BE COMPUTED AFTER THE CALCULA- sk
C#* TION OF DENSITY DUE TO TEMPERATURE YARIATIONS AND THE:«
Care DENSITY <DEN> MUST BE IN THE FORM OF A BASE 10 LOG, #k
G HO ADJUSTMENTS ARE MADE TO THE TEMPERATURE OR CONSTI—#:k
Ca#d TUENT NUMBER DENSITIES IN THE REGION AFFECTED BY THISW+
Tk VARIATION, Aokt
Lottt Heske
C#%  DEN = DENSITY (LOG1Q> Aot
Cste ALT = ALTITUDE {KMD> e
Gk XLAT = [ATITUDE {RAD> ek
Cx DAY = DAY NUMBER e
Covteke ee
Coct e deafe etk s vk '
C
C#d INITIALIZE DENSITY (DEN> = 0.0
Cc
DEN =0.0
[
Cax CHECK IF AQLTITUDE EXCEEDS 160KM?
c
IF <160 - ALT> 999,5,5
C
Coore COMPUTE DENSITY CHANGE IN LOWER THERMOSFHERE
c
52 = AT - 90,
¥ = ~Q, 0013%Z%Z
Y = 0,.017240aY + 1,72
P = SINCYD
SP = SINCHLATY
SP = SP#SP
S = 0.014+2HEXP{K D
D = SxPxSP
c
C## CHECK TO COMPUTE ABSOLUTE VALUE OF "KLAT”
c
IF {KLAT2> 10,115,185
{0 D = -D
15 DEN = D
c
C#x RETURN TO CALLING PROGRAM
C
999 RETURN
END
SUBROUTINE SLYH{DEN,DENHE, KLAT, 3DA
Coote ot oot ok
Cack SUBROUTINE “SLW¥H’ COMPUTES THE SEASONMAL-LATITUDIMAL sk
Cod VARTATION OF THE HELIUM NUMBER DENSITY {ARCCORDING oke
Cwk TO L, JACCHIA IN S8R0 232, 1971), THIS CORRECTION ke
C#te IS NOT IMPORTANT BELOW ABOUT S00KM. sk
[ 2 ek
C#w% DEN = DENSITY <LOG10D ekt
Cwk  DENHE = HELIUM NUMBER DENSITY (LOG10) et
Coate XLAT = LATITUDE (RADD ook
C¥k  SDRA = KOLAR DECLINATION ANGLE (RAD) seoke



1079
10840
1081

1082
1083
1094
1035
1088
1087
jos2
1689
1090
10391

1092
1093
1094
1095
1098
1097
1638
1033
1100
IRR

1102
1103
1104
11488
1105
1107
11.02
1109
1110
11

1112
1113
t1ig
1115
1116
1117
1118
1113
1120
1z

N

(O IS AR N

had

X,

VR

1128
1127
rier
11298
1130
1131

TABLE 1. (Concluded)

¥
*

ek

Ok PERFORM CALCULATIONS

€303 0

DO = 10, «+DENHE
A = 0,65« S0AO, 403030732

C
C#+ CHECK TO COMPUTE ABSQOLUTE VALUE OF ‘A
c
IF¢a> 5,10,10

SA = -A

10 B = Q,5«XLAT
C
C#s CHECK TO COMPUTE ABSCOLUTE VALUE OF °B~
c

IFCSDAY 15,20,20
158 = -8
Z
Cwx COMPUTE X,Y,DHE, AHD DEMHE
C
20 X = 0.7854 - B
Y = SINCKD
¥ m YRy
DHE= Aw(Y — 0,353565
DENHE = DENHE + DHE
C
G COMPUTE HELIUM NUMBER DENSITY CHANGE
[
D1 = 10,%+DENHE
DEL= DI - DO
RHO= 10, %*DEN
DRHO = 6.,646E—-24 »+DEL
RHO = RHO + DRHO
DEN = ALOGT(RHOD
C
Cw+ RETURN TO CALLING PROGRAM
c

RETURN

END

BLOCK DATA
Cw ek Nesde oot
Tk THIS IS THE BLOCK DATA FOR THE ok
Cwk “J70MM° PROGRAM, Aeske
Dbkt e stenfe ook ook e sk et e ok

C
D COMMON BLOCK DATA

COMMON ZEDATAS IYR, I0A, MM, THR, MIN, XMJID,F10,F1 08, GI, ILAT, TLHNG,

. SLAT, KLNG, It

COMMON ZFDATAZ AL300,50, DENLGII00), DENSC 2003, DLIZ003, EMCF00),

. TEZX 2003, KLATTC 3005, XLONGE 2000, 23005, KTEMP(300 >
EHC
END$
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TABLE 3. DESIGN SPACE STATION G&C SYSTEM MEAN
TOTAL DENSITY FOR A LOW INCLINATION ORBIT

Orbital Altitude* Total Density (kg/mg) *%

1100 km (594 n.mi.) 0.5189 x 10713
1000 km (540 n.mi.) 0.1018 x 10712
900 km (486 n.mi.) 0.2105 x 10712
800 km (432 n.mi.) 0.4567 x 10712
700 km (378 n.mi.) 0.1042 x 10”11
600 km (324 n.mi.) 0.2522 x 10711
555 km (300 n.mi.) 0.3847 x 10711
500 km (270 n.mi.) 0.6617 x 10711
463 km (250 n.mi.) 0.9719 x 10711
400 km (216 n.mi.) 0.1958 x 1010

Ref: F10.7(230), Ap (400), March 21, 1400 UT

*The values of total density pertain to the
kilometer altitude levels given. Nautical
mile altitudes are approximated.

**Design density values obtained from
Reference 10.
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TABLE 4.

YR

1992,

1993,

1994,

1995,

MO

a5
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12

F

10.7

PERCENTILES OF 13-MONTH SMOOTHED VALUES OF

cm SOLAR RADIO FLUX AND Ap GEOMAGNETIC
INDEX OVER THE MEAN SOLAR CYCLE

97.5%

242.9
239.0
234.2
230.8
231.2
230.7
228.2
226.2
225.7
224.5
223.2
219.9
215.0
211.4
205.9
200.8
195.4
189.9
185.5
180.8
176.4
176.7
178.1
177.6
175.5
171.4
165.8
161.9
160.8
159.9
158.1
155.6
151.4
145.9
139.8
133.8
128.6
126.3
124.7
122.2
119.9
118.4
117.5
117.5

F10.

50%

154.
152.
150.
148.
143.
141.
140.
138.
136.
134.
132.
126.
125.
124.
124.
123.
125.
124.
123.
122.
121.
117.
118.
116.
115.
116.
114.
112.
113.
109.
108.
104.
100.

99.

96.

97.

98.

98.

9.

93.

91.

90.

88.

87.

mc:q.hmr—tq,hooooq-qmwmhﬂqoo»bqwquoo«:wmr—amcncomwhwwqwoommc

[\]
ot
oo

100.6
96.2
96.1
95.6
93.1
90.9
89.8
92.2
89.7
87.4
89.9
88.8
84.9
85.0
83.2
84.8
82.8
81.6
79.7
78.3
77.0
76.6
75.5
76.0
75.3
73.1
73.8
70.8
71.1
1.7
70.5
70.0
70.7
70.4
68.8
69.9
72.5
72.5
71.6
71.5
71.6
71.4
70.5
70.0

97.5%

18.1
18.6
19.1
19.5
20.1
20.8
21.2
21.0
20.3
20.5
21.7
22.5
22.5
22.1
21.5
21.3
21.9
22.9
23.3
23.2
23.1
22.9
21.6
20. 1
19.5
19.6
19.9
20.3
20.5
20.8
20.9
21.4
22.0
21.8
21.8
22.0
22.3
22.6
23.3
24.0
24.4
24.7
24.6
24.2

12.6
12.7
12.6
12.9
13.2
13.3
13.4
13.9
13.8
14.1
14.3
13.9
14.2
14.2
13.9
13.7
13.3
13.5
13.5
13.5
13.5
13.1
13.0
13.8
14.0
13.7
13.4
13.5
13.6
13.6
13.5
14.2
14.0
13.3
13.2
13.0
12.3
12.1
12.3
12.2
11.7
11.7
11.7
12.2

3]
.

(%))
oe

10.5
11.2
11.3
11.2
11.4
11.6
11.7
11.6
11.8
12.0
12.1
12.0
11.5
11.2
11.1
11.3
11.1
11.4
11.4
11.4
11.0
10.7
10.9
11.1
11.6
11.6
11.4
11.3
11.4
11.4
11.2
11.1
11.5
11.5
11.4
11.4
11.1
11.3
11.0
11.2
11.2
11.2
11.2
11.2



YR

1996,

1997,

1998,

1999,

MO

01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12

90.

81.

104.
110.
114.

CON MO0~ ANUVNIOOHR-JOONA=JWUIUARNONDIAOWNWHROOHNDUANDDUI IO UTOD

TABLE 4.

F10.7
50%

86.3
86.3
86.6
87.2
86.3
85.4
83.0
82.1
82.6
81.8
81.2
79.9
79.9
78.3
77.4
76.9
76.6
76.3
76.0
75.6
75.1
73.8
73.2
72.6
72.9
71.8
71.6
71.3
70.5
70.4
70.4
70.1
70.3
70.8
71.7
71.0
70.8
70.4
70.8
70.9
70.5
70.5
70.7
70.9
69.8
71.5
72.1
72.9

(Continued)

70.1
70.5
69.8
69.7
68.2
68.5
67.6
68.4
67.9
67.4
67.3
67.4
67.0
67.1
67.1
67.3
66.7
66.9
67.1
67.2
66.9
66.8
66.9
67.1
66.7
67.2
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67.1
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67.4
67.8
67.7
68.0
67.8
67.7
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67.5
67.7
67.4
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67.8
68.7
68.6
68.5
68.7
69.2

97.5%

23.4
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21.2
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18.5
17.8
16.9
16.4
16.6
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17.3
16.8
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14.6
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13.3
12.8
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12.3
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YR

2000,

2001,

2002,

2003,

MO

01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04
05
06
07
08
09
10
11
12
01
02
03
04

97.5%

118.5
122.0
125.3
130.2
135.0
140.5
147.3
153.2
157.1
159.7
161.4
163.8
166.8
170.6
174.7
178.9
184.5
188.9
190.2
190.2
189.4
190.5
193.6
196.7
198.4
203.4
209.8
213.2
216.0
220.0
225.5
228.3
229.8
231.9
233.9
237.3
241.1
243.0
242.1
241.2

TABLE 4.

F10.7
50%

73.9
74.9
76.1
77.3
81.4
83.0
81.8
83.6
85.6
91.0
93.1
95.2
97.3
99.0
100.9
99.5
101.5
103.6
106.1
108.8
111.4
113.4
111.5
116.6
118.0
119.2
120.7
122.4
128.4
130.8
133.1
135.4
137.9
140.2
142.5
149.1
151.3
153.0
154.6
156.0

(Concluded)

2.5%

67.8
68.5
69.3
70.1
71.1
72.0
72.9
70.9
72.6
74.6
73.6
75.6
74.1
75.2
72.7
74.2
75.1
72.6
75.5
75.5
75.9
74.8
75.8
76.5
77.8
81.0
84.2
85.2
86.7
88.4
89.1
91.1
94.1
96.5
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100.7
97.4
99.0
97.8
100.7

97.5%

18.2
18.5
18.6
18.5
18.2
18.0
18.3
18.3
17.5
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17.3
18.4
19.7
19.8
19.8
19.9
20.2
20.6
20.7
20.8
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21.4
21.9
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19.6
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18.2
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18.6
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1000

900

800

700

600

ALT. KM.

500

300

200

100

0 1 1 1 1 1 1
1 10" 102 103 104 105 106 107 108 109 1010 1017 1012 1013 4014

1 1 1 1 1 1 ]

CONSTITUENT CONCENTRATION (cm™3)
USING MSFC—J70-3

FOR: MIN SOLAR CONDITIONS: 0400 hrs. USING F10.7=70& Ap=0
MAX SOLAR CONDITIONS: 1400 hrs. USING F10.7 = 230 & Ap = 35

Figure 1. MSFC/J70 constituent number density for
low and high solar conditions.
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