APPENDIX 4. PERTURBATIONS TO ELECTRON DENSITY
MODELS WITH INPUT PARAMETER FORMS
The following perturbations to electron density models (irregulari-
ties) are available. The input parameter forms, which describe the

perturbation, and the subroutine listings are given on the pages shown.

a. Do-nothing perturbation (ELECT1) 126
b. East-west irregularity with an elliptical cross-

section above the equator (TORUS) 127
c. Two east-west irregularities with elliptical

cross-sections above the equator (DTORUS) 129
d. Increase in electron density at any latitude

(TROUGH) 131
e. Increase in electron density produced by a

shock wave (SHOCK) 132
f. "Gravity-wave' irregularity (WAVE) 134

g. ""Gravity-wave' irregularity (WAVE2) 136
h. Height profile of time derivative of electron
density for calculating Doppler shift (DOPPLER) 138

To add other perturbations to electron density models the user must
write a subroutine to modify the normalized electron density (X) and its
gradient (8X/3r, 3X/36, 3X/39) as a function of position in spherical
polar coordinates (r, 6, 9.

The restrictions on electron density models also apply to perturba-
tions. Again, the coordinates r, 8, ® refer to the computational coordi-
nate system, which may not be the same as geographic coordinates. In
particular, they are geomagnetic coordinates when the earth-centered
dipole model of the earth's magnetic field is used.

The input to the subroutine is through blank common (see Table 3 )
for the position (r, 6 ¢ ) and through common block / XX/ (see Table8)
for the unperturbed electron density and its gradient. The output is
through common block /XX/. It is useful if the name of the subroutine
suggests the perturbation model to which it corresponds. It should have
an entry point ELECTI1 so that it may be called by an electron density
subroutine. Any parameters needed by the subroutine should be input
into W151 through W199 of the W array. (See Table 2.)
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If no perturbation is wanted, the following subroutine should be used.

SUBROUTINE ELECT1 ELEC001
USE WHEN AN ELECTRON DENSITY PERTURBATION IS NOT WANTED ELECOQ2
COMMON /XX/ MODX(2)sX(6) ELECO003
COMMON /WW/ ID(10)sWOsW(400) ELECOO04
EQUIVALENCE (PERT,W(150)) ELECO0OS
DATA (MONX(2)=6H NONE ) ELECO00s
PERT=0s ELECO07
RETURN ELEC008
END ELEC009-
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INPUT PARAMETER FORM FOR SUBROUTINE TORUS

A perturbation to an ionospheric electron density model consisting of
an East-West irregularity with an elliptical cross section above the
equator

N = Ng (1 + 4)

A=C, exp{_ [ (Ro + Ho)(8 - m/2) cAos B+ (R - Ry - Hp) sin B T

_ [ (R -Rog - Ho) cos B - (Ro +Ho)(8-1/2) sin B ]2}
B

Ry is the radius of the earth.
R, 6, @ give the position in spherical polar coordinates.

No(R, 6, @) is any lonospheric electron density model.

Specify:

G= . (W151)

Semi-major axis of ellipse, A = km (W152)
Semi-minor axis of ellipse, B = km (W153)
Tilt of ellipse, B = degrees (W154)

Height of torus from ground, Hy = km (W155)

(W150: = 1. to use perturbation, = 0. to ignore perturbation)
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SUBROUTINE TORUS

COMMON /CONST/ PIsPIT2sPID2sDUM(5)

COMMON /XX/ MODX(2)sXsPXPRsPXPTHsPXPPHsPXPTHMAX
COMMON R(6) /WW/ ID(10)sWOsW(400)

EQUIVALENCE (EARTHRsW(2)) s (COsW(151))s(AsW(152))s(BsW(153])

(BETAsW(154) 1, (HOsW(155))
REAL LAMRDA
DATA (PDPP=0e) s (MODX(2)=6H TORUS!
ENTRY ELECT1

IF (XeEQeQeeANDePXPReEQeOe e ANDePXPTHeEQeOe s ANDePXPPHoEQe Qs )

IF (CO«EQe0e! RETURN
RO=EARTHR+HO
Z=R(1)-R0O
LAMBDA=RO#(R(2)-PID2)
SINBET=SIN(BETA)
COSBET=COS(BETA)
P=LAMBDA*COSBET+Z*SINBET
Y=Z%¥COSBET~LAMBDA*SINBET
DELTA=CO*EXP(—(P/A)*%2~(Y/B) *%2)
DEL1=DELTA+1ls
PDPR=-2 . ¥DELTA* (P*SINBET/A**24+Y*COSBET/B#*%2)
PDPT==2+*DELTA* (P¥RO¥COSBET/A¥¥2—Y*RO*SINBET /B¥**2)
PXPR=PXPR*DEL1+X*PDPR
PXPTH=PXPTH*DEL 1+X*PDPT
PXPPH=PXPPH*DEL 1+X*PDPP
X=X*DEL1
RETURN
END
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INPUT PARAMETER FORM FOR SUBROUTINE DTORUS

A perturbation to an ionospheric electron density model consisting of
two east-west irregularities with elliptical cross sections above the
equator. Since the model is expressed in spherical coordinates and does
not depend on longitude, the perturbation is actually a torus circling

the earth above the equator.

N = Np (1+A)

-
A= Clexp{-l: {rp + Hy )(O ._Tr/Z)chsB+(r-r@'H1) SlnB.i

M (r-ry ~Hy)cosB - (rg + Hy )(B -1/ 2) sinBﬁa}
'l_ B, J

rc, exp{_[ (rg + H,) (G -rr/z+6i32cose t+ (r -1y -Hy)sinB ]

l: (r-rg ~H,)cosB -(re+ H,)(8 -T/2 + 868) sin B T}
- 5,

08 = Northward angular displacement of the lower blob from
the upper one
- H, - Hy
ta,n B (ro + Hz)

re 1is the radius of the earth.
r, 8, © are spherical (earth-centered) polar coordinates.

No(r, 8, ©) is any electron density model.

Specify:

use perturbation (W150 =1.)
ignore perturbation (W150=0,)

Fractional perturbation electron density at the center of the upper
blob, C, = (W151).

That of the lower blob, C, = (W156).

Height (above ground) of the center of the upper blob,
H, = km (W155).
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That of the lower blob, H, = km (W159).

Angle (with a horizontal southward vector) of the line joining the

blob centers, 3 = e (W154).
deg
Semi-axis of the upper blob, to the 1/ e perturbation contour, in'the
direction of the line joining the blobs, A, = km (W152).
That of the lower blob, A, = km (W157).

Semi-axis of the upper blob in the direction normal to the line joining
the blobs, B; = km (W153).

That of the lower blob, By = km (W158).

SUBROUTINE DTORUS

COMMON /CONST/ PIsPIT2sPID2sDUM(5)

COMMON /XX/ MODX(2)sXsPXPRsPXPTHsPXPPHsPXPT

COMMON R(6) /WW/ ID(10)sWOsW(400)

EQUIVALENCE (EARTHRsW(2))s(CLlsW(151))s(ALsWI152))s(BlsW(153) ),
1 (BETASW(154)) s (H1sW(1551)s(C2sW(156))s(A2sW(157))s(B2sWI(158])),
2 (H2sW(159)!

REAL LAMBDA1sLAMBDA?

DATA (MODX(2)=6HDTORUS) s (PDPP=0,

ENTRY ELECTL

DTOR0O01
DTORO0O02
DTORQO3
DTOROQOOQ4
DTOROOS
DTOROO6
DTOROC7Y
DTORQOB
DTOROO9
DTQORO10

IF (XeEQeOseAND4PXPRGEQeOe s ANDePXPTHeEQe Qoo AND4PXPPH,EQeDs ) RETURNDTORO11

IF (CleEQeOe) RETURN
R1=EARTHR+H1
R2=EARTHR+H2Z
Z1=R(1)=R1
Z2=R(1)-R2
LAMBDA1=R1*(R(21~-PID2)
LAMBDAZ2=R2*(R{2)-PID2+(H1-H2)/R2/TANF(BETA) )
SINBET=SIN(BETA)
COSBET=COS(BETA)
P1=LAMBDA1*COSBET+Z1*SINBET
P2=LAMBDA2*COSBET+22%SINBET
Y1=Z1*COSBET-LAMBDA1*SINBET
Y2=Z2#COSBET-LAMBDA2=SINBET
DELTA1=C1*EXP(-(P1/A1)*%2—(Y1/B1)*%2)
DELTA2=C2¥EXP(—{(P2/A2)*%2—(Y2/B2) %%2)
DEL1=1«+DELTAL1+DELTA2
PDPR1==2.*DELTA1*(P1*SINBET/A1#¥2+Y]*#*COSBET/B1#%2)
POPR2==24*DELTA2* (P2*SINBET/A2*%2+Y2%#COSBET/R2%*%2)
PDPT1=-2.*DELTAI*(P1*R1*¥COSBET/AL1**2-Y1*RI*SINBET/B1#%¥2)
PDPT2=-2.*DELTA2* (P2*R2#COSBET/A2*#2-Y2%R2*SINBET/B2%#%2)
PXPR=PXPR*¥DEL1+X* (PDPR1+PDPR2 )
PXPTH=PXPTH*DEL 1+X* (PDPT1+PDPT2)
PXPPH=PXPPH*DEL1%PDPP
X=X*DEL1
RETURN

END
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DTORO13
DTORO14
DTORO1S
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DTORO17
DTORO18
DTORO19
DTOROZ20
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INPUT PARAMETER FORM FOR SUBROUTINE TROUGH

A perturbation to an ionospheric electron density model consisting of an
increase in electron density near any latitude

N=(l+2) Ny (R, 9, 9) W:Bfor-g--e-)\éo
L ATf2 -8 -k ~BN _ m
L_AeXPC-K——-—W—/) W =BxC for 3-8 -1 <0

No (R, €, ®) is any ionospheric electron density model,

R, @, © give the position in spherical polar coordinates.
Specifys

Amplitude of the perturbation, A = (W1s1)

half width of the perturbation, B = degrees (W152)
latitude of the perturbation, A = degrees (W153)
width factor for South of trough, C = (W154)

(W150: = 1. to use perturbation, = 0. to ignore perturbation)

SUBROUTINE TROUGH TROUOO1
A PERTURBATION TO AN ELECTRON DENSITY MODEL TROUOO?
COMMON /CONST/ PIsPIT2sPID2sDUMI(SG) TROUQO=
COMMON /XX/ MODX(2) s Xs PXPRsPXPTHs PXPPHsPXPT s HMAX TROUOO4
COMMON R(&) /WW/ ID(10),W0sW(400) TROUO0OS
EQUIVALENCE lAvW(151)},(E-W(ISZ))s(ALATvH(153)].(FACTOR-Hi154)J TROUOOg
DATA (MODX(2)=6HTROUGH) TROUQO7
ENTRY ELECT1 TROUQOS
IF (X-EQ.O.oAND.PXPR-EQ.O..AND-PXPTH.EQ.U.-AND.PXPHH.EQ-D-) RETURNTROUQO9
IF (A«EQeQe!) RETURN TROUO10
ANGLE=R(2)+ALAT-PID?2 TROUO11
WIDTH=B TROUQ12
IF (ANGLE«GTe04) WIDTH=FACTOR*B TROUQ13
ANGLE=ANGLE/WIDTH TROUO14
DELTA=A®EXP(~ANGLE#*%2) TROUO1S
DEL1=DELTA+1l. TROUO 16
PXPR=PXPR*DEL1 TROUO17
PXPTH=PXPTH*DEL1-2+ *X*ANGLE*DELTA/WIDTH TROUO1S
PXPPH=PXPPH*DEL1 TRQUO19
X=X#DEL1 _ TROUOZ20
RETURN TROUOZ21
END TROUO22-
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INPUT PARAMETER FORM FOR SUBROUTINE SHOCK

A perturbation to an ionospheric electron density model consisting of
an increase in electron density produced by a shock wave

N(R, 6, ©) = No(R, 6, ©)[1 + P exp(- 9<pcw-p j) 1
pc = S(h -ho) - W
0 =R|cos™ [ cos(® - ®) cos(h - Ao)] |

No(R, 6, ®) is the ambient electron density specified by any electron
density medel.

R, 6, ®» give the position in spherical polar coordinates.

h = R - a is the height above the surface of the earth.

a is the radius of the earth.

T
A= T 8 is the latitude.

Specify:

Relative increase in electron density, P = (W151).

Width of the disturbance, w = km (W152).

Latitude of the center of the disturbance, Ag = radians or degrees
(W153).

Longitude of the center of the disturbance, ©g = radians or

degrees (W154).

Slope measured from vertical - rate of increase of p, with height,
s = (wW1l55),

Height to the bottom of the disturbance, hg = km (W156).

(W150: = 1. to use perturbation, = 0. to ignore perturbation)
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SUBROUTINE SHOCK

PERTURBATION TO AN ELECTRON DENSITY MODEL SIMULATING A SHOCK WAVE

COMMON /CONST/ PIsPIT2+sPID2sDUM(5)

COMMON /XX/ MODX{2)sXsPXPRsPXPTHsPXPPHsPXPTsHMAX

COMMON R(6) /WW/ ID(10)sWOsW(400Q)

EQUIVALENCE (EARTHRWI(2))s(PsW(151))s(WWsW(152)) s (ALATsW(153)),

(ALONW(1541})9(SsW(1551)s(HOsW(156]))
REAL LAT,sLCN
DATA (MODX(2)=6H SHOCK)
ENTRY ELECT1

SHOCO001
SHOC002
SHOCO003
SHOCO004
SHOCO005
SHOCO00s
SHOCO007
SHOCO008
SHOCO009
SHOC010

[F (XeEGQeQOeeANDsPXPReEQeCUo e ANDePXPTHsEQeO oo ANDe PXPPHsEQeOs) RETURNSHOCO11

IF (P-EQ-O-‘OR-HW-EO-O-J RETURN
H=R(1)=EARTHR
RHOC=5% (H-HOD ) —WW
LON=R(3)-ALON
LAT=PID2-R(2)-ALAT
COSLON=COS(LON!
COSLAT=COS(LAT}
U=COSLON*COSLAT
RHO=R(1)*ACOS(U)
DIF=RHOC~RHO
CON==9 o /WW*2
CONS=P*EXP (CON®DIF**2)
CONST=1.+CONS
CON=2 . #*CON*CONS%DIF
PXPR=PXPR*CONST+X*CON¥*(S5-RHO/R(1))
CONS=R(1)¥(1e/SQRT(1,~-U#*21})
PXPTH=PXPTH*CONST+X*CON*¥CONS*COSLON*#SIN(LAT)
PXPPH=PXPPH*CONST-X*CON*CONS*COSLAT*SIN(LON)
X=X*CONST
RETURN

END
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SHOCO013
SHOCO14
SHOCO015
SHOCO16
SHOCO017
SHOCC18
SHOCO019
SHOC020
SHocoC21
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SHOCO025
SHOCO026
SHOCO027
SHOCO028
SHOCO029
SHOCO030
SHOCO031
SHOCO032-



INPUT PARAMETER FORM FOR SUBROUTINE WAVE

A perturbation to an ionospheric electron density model consisting of
a '"gravity-wave'' irregularity traveling from north pole to south pole

N = Ng(l + A)
A =238 exp{— [(R -Rg - zo)/I—I]E}.

cos{ZTl‘ [t' + (/2 - 8) ?O + (R - Ro)/ )\z]!}
%12- = —f:r Vi Ngb exp - [(R - Rg - 20)/H]?

sin 2 [t/ + (/2 - 8) f;"’ + (R - Ro)/2z

Ry is the radius of the earth.

R, 6, ©®are the spherical (earth-centered) polar coordinates
(A is independent of w).

Ng (R, 6, ®) is any electron density model.

Specify:

the height of maximum wave amplitude, z¢o = km (W151)
wave-amplitude '"'scale height," H = km (W152)
wave perturbation amplitude, 8 = [0. to 1,] (W153)

horizontal trace velocity, Vy = km/sec (W154)
(needed only if Doppler shift is calculated)

horizontal wavelength, A, = km (W155)
vertical wavelength, X, = km (W156)
time in wave periods, ¢ = [0. to 1.] (W157)

(W150: = 1. to use perturbation, = 0. to ignore perturbation)
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SUBROUTINE WAVE WAVEQO1

PERTURBATION TO AN ALPHA-CHAPMAN ELECTRON DENSITY MODEL WAVEQO2
COMMON /CONST/ PIsCIT2sPID2sDUMI(5) WAVEOQO3
COMMON /XX/ MODX(2)sXsPXPRsPXPTHsPXPPHsPXPT s HMAX WAVEOOQ4
COMMON R{6) /WW/ ID(10) +W0sW(400) WAVEOOS
EQUIVALENCE (EARTHRsW{2)1s(Z0OsW(151))s(SHsW(152))s(DELTAsWI(1531)s WAVEOOg
1 (VSURXs»W(154))s (LAMBDAXsW(155) ), (LAMBDAZsW(156))s(TPsW(157)) WAVEQO 7
REAL LAMBDAXsLAMBDAZ WAVEQOS
DATA (MODX(2)=6H WAVE ) WAVEQOQ
ENTRY ELECT1 WAVEOD10
IF (XeEGeOesANDePXPREQeQe e ANDsPXPTHeEQeO e e ANDePXPPH.EGeOe} RETURNWAVEOL1
IF (DELTAEQeOess0ORsSHeEQe0o) RETURN WAVEOD12
H=R (1) -EARTHR WAVEQ13
EXPQ=EXP(-((H-Z0}/SH!=*%2) WAVEO14
TMP=PIT2%(TP+(PID2-R(2))®*EARTHR/LAMBDAX+H/LAMBDAZ) WAVEO15
SINW=SIN(TMP! WAVEO16
COSW=SIN(PID2-TMP) WAVEO17T
CONS=1+0+DELTA*EXPQ*COSW WAVEO18
IF (HeNEeOos) PXPR=PXPR¥CONS—X*DELTA¥EXPQ#*(2,0/SH*%2% (H-20)*#COSW WAVEOD19

1 +PIT2/LAMBDAZ*SINW] WAVED20
PXPTH=PXPTH¥CONS+X*DELTA®*P[T2*EARTHR/LAMBDAX*S [NW*EXPQ WAVEO21
PXPPH=PXPPH*CONS WAVEQ22
PXPT=0e WAVEQ23
[F (VSUBXeNEsQOo) PXPT==PIT2*¥VSUBX/LAMBDAX*X¥DELTA*EXPQ*SINW WAVEO 24
X=X#CONS WAVEC25
RETURN WAVED26

END WAVEQO2 7~
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INPUT PARAMETER FORM FOR SUBROUTINE WAVE 2
PERTURBATION TO AN IONOSPHERIC ELECTRON DENSITY MODE L

A ''gravity-wave'' irregularity traveling from north pole to south pole -
same as WAVE 1, but with Gaussian amplitude variations in latitude and
longitude, and provision for a horizontal ""group velocity "

)2

N =N, (1 + AC)

- _ 2 _ 2
A =5 exp _(E_L_Eg_) . exp _(_e__%(i)  exp _(

rGiIJQ,

H ®

C

cos Zﬂ[t' + (TT/Z--G)PTl + (r - r@)/}\‘z]

ec == eoo +Vgt/rg

re 1is the radius of the earth.
r, 9, © are spherical (earth-centered) polar coordinates.

No(r, 8, ©) is any electron density model.

Specify:

use perturbation (W10 =1.)

ignore perturbation (W150 = 0.)

the height of maximum wave amplitude, zg = km (W151)
wave -amplitude '"scale height,'" H = km (W152)
wave perturbation amplitude, & = (0 to 1) (W153)
horizontal trace velocity, V, = km/ sec. (W154)

(needed only if Doppler shift is calculated)
horizontal wavelength, A, = km (W155)
vertical wavelength, A, = km (W156)
time in wave periods, t! = (W157)
amplitude '"scale distance'' in latitude, @ = degrees (W159)
amplitude ""scale distance' in longitude, & = degrees (W160)

latitude of maximum amplitude att = 0, 6 = degrees (W158)

southward group velocity, V, = km/ sec (W161)

g
(needed even if Doppler shift is not calculated)

136



SUBROQUTINE WAVE2
PERTURBATION TO AN ANY ELECTRON DENSITY MODEL
COMMON /CONST/ PIsPIT2sPID2sDUMI(5]
COMMON /XX/ MODX(2)sXsPXPRsPXPTHsPXPPHsPXPT
COMMON R(6&6) /WW/ ID(10)sWOsW(400])

EQUIVALENCE (EARTHRsW(2))s{Z0sW(151))s(SHsW(152))s«DELTASW(153))>

1 (VSUBXsW(154) ) s (LAMBDAXsWI(155) ) s (LAMBDAZsW{156))s(TPsW(157)),
2 (THOOsW(158)) s (THCsW(159) ) s (PHICsW(160})s(VGXsW(161)}

REAL LAMBDAXs_AMBDAZ

DATA (MODX(2!=6H WAVE2)

ENTRY ELECTL

WAV2001
WAV2002
WAV2003
WAV2004
WAV2005
WAV2006
WAV2007
WAV2008
WAV2009
WAV2010
WAV2011

IF (XeEQeQo s ANDePXPReEQeUe e ANDePXPTHeEQeU e s ANDePXPPHeEQeOs) RETURNWAVZ2012

IF (DELTA«EQeOee0OReSHeEQsDos) RETURN
H=R(1)-EARTHR
THO=THOO+LAMBDAX*TP*VGX/VSUBX/EARTHR
EXPR=EXP(=((H-Z0)/SHI*%2)
EXPTH=EXP(-((R(2)-THO) /THC) *%2)
EXPPHI=EXP(=(R{3)/PHIC) *#*2)
WW=PIT2%(TP+{PID2-R(2) )} *EARTHR/LAMBDAX+H/LAMBDAZ)
SINW=SIN(WW)
COSW=CoS(ww!
E=DELTA*EXPR*EXPTH*EXPPHI
CONS=1n+E*COSW
PXPR=PXPR*CONS—X*E*2 % (COSW*(H-20)/SH**2+P1/LAMBDAZ*SINW)
PXPTH=PXPTH®*CONS+2+*E* (X*PI*EARTHR*SINW/LAMBDAX-(R(2)-THO} /
1 THC*%2%COSW)
PXPPH=PXPPH*CONS—X*2 (#E¥R(3) /PHIC**2*COSW
PXPT==PIT2*VSUBX*E/LAMBDAX*SINW+2 . O*E*VGX/EARTHR*COSW*(R(2)=THO
1 —-LAMBDAX*TP/EARTHR) /THC
X=X#*CONS
RETURN
END
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WAV2014
WAV2015
WAV2016
WAV2017
WAV2018
WAV2019
WAV2020
WAV2021
WAV2022
WAV2023
WAV2024
WAV2025
WAV2026
WAV2027
wWAV2028
WAVZ2029
WAV2030
WAV2031
WAVZ032-



INPUT PARAMETER FORM FOR SUBROUTINE DOPPLER
HEIGHT PROFILE OQF dN/dat

(A perturbation to an ionospheric electron density model which calculates the time
derivative of electron density for calculating Doppler shifts)

First card tells how many profile points in 14 format. The cards following the first
card give the height and dN/dt of the profile points one point per card in F8. 2, E12, 4
format. The heights must be in increasing order. Set W15 =1.0 to read in a new
profile. After the cards are read, DOPPLER will reset W151=0. This subroutine
makes an exponential extrapolation down using the bottom 2 points in the profile.
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MAKES AN EXPONENTIAL EXTRAPOLATION DOWN USING THE BOTTOM TWO POINTS

1340

1200

i0

11

SUBROUTINE DOPPLER
COMPUTES ON/OT
AS THQSE USED B8Y SUSBROUTINE TABLE X

NEEDS SUBROUTINE GAUSEL

JIMENSION HPC(250),FN2C(250) ,ALP4A(250)4BETA(250) sGAMMA(250),
1 DELTA(250) +SLOPE(250) 4MAT (4,5)
SOMMON /CONST/ PL,PIT2,PID2,0EGS,RAD,K,0UM(2)

JOMMON /ZXX/ MODX(2) ¢XOUMyPXPRy PXPTHy PXPPH, X, HMAX

SOMMON R(B) /WW/7 I0(10),HW0,K(+00)

EQUIVALENCE (EARTHR,W(2)) 4 (FyW(6)), (READFN,H(151))

REAL MAT,K

JATA (MODX(2)=7HOOPPLER)
ENTRY ELECT1

IF (READFN.EQ.d.} GO TO 10
READFN=0.

READ 1000y NOCs (HPC(I) 4FN2C(I),I=1,NCC)

FORMAT (I4/(FB.2,E12.4))
PRINT 1200, (HPC(I),FN2C(I),I=1,NOC)

FORMAT(1H1,414X,6HHEIGHT 4 X164 IN/DT

A=0.

IF(FN2C (1) «NEo0.) A=ALOG (TN2C(2)/FN2C(1))/(HPC(2) =H>C (1))

FN2C(1) =K*FN2C (1)

FN2C(2) =K*FN2C (2)
SLOPE (1) =A¥FN2C (1)

SLOPE (NOC)=0.

NMAX=1

00 & I=2,N0OC

IF (FN2C(I) .GT.FN2C (NMAX)) NMAX=I
IF (I.EQ.NOC) GO TO &
FNZC(I#1)=K*FN2C(I¢+1)

JO 3 J=1,3

M=I+J=-2

MAT(J,1)=1.

MAT (Jo2)=HPC (H)

MAT (Js3)=HPC(M)**2
MAT(J,4)=FN2C(M)

CALL GAUSEL (MATy4, 3,4 ,NRANK)
IF (NRANK.LT,3) GO TO 60
SLOPE(I)=MAT(2,4) +2 *MAT(3,4)*HPC(I)
DO 5 J=1,2

M=I+J=-2

MAT(J,1)=1.

AT (J,2)=HPC (M)
MAT(Js3)=HPC (M) **2
MAT(J,4)=HPC (M) **3

MAT (J45)=FN2C(M)

L=J+2

MAT(L,1)=0.

MAT(L,2)=1.
MAT(L,3)=2.*HPC(H)
MAT(Ls4)=3.*HPC(N)**2
MAT(L.o5)=SLOPE (M)

CALL GAUSEL (MATg444s5,NRANK)
IF (NRANK.LT.4) GO TO 60
ALPHA(I)=MAT(1,5)
BETA(I)=MAT(2,45)
GAMMA(I)=MAT(3,5)
DELTA(I)=MAT (4,5)
HMAX=AMAXL(H4MAX,HPC (NMAX))
NH=2

H=R (1) -EARTHR

F2=F*F

IF (H.GE.HPC(1))} GO TO 12
NH=2
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00PPOOL

FRIM PROFILES HAVING THE SAME FORMOOPPOOZ

poPPO03
O0OPPOOL
0OPPOOS
00PPODB
ooPPOO7
poPPOOB
DOPPOO0S
DOPPOL0
poPPO1L
poPPO12
DOPPOL3
00PPOLG
00PPO15
DOPPO16
0OPPOL7
ooPPO18
DoPPO19

/(1X,520.10,E20.13))0IPPO20

DOPPO21
DIPPO22
popPPO23
0oPPO24
DOPPO25
DOPPO26
ooPPO27
0oPPO28
DoPPO29
00OPPO30
DOPPO31
ooPPO32
DOPPO33
DOPPO34
0OPPO35
DOPPO36
O0PPO37
DoPPO38
0oPPO39
DOPPOLO
00OPPO41
DOPPO4L2
DOPPO43
O0OPPOLG
DOPPO4LS
DOPPO4G
OOPPO4L7
0O0PPO4S
OOPPO4Y
DOPPOSO
00PPO5S1
DOPPGS2
DOPPO53
0OPPOSKL
O0PPOSS
DOPPO56
DOPPOS7
DOPPO58
GOPPOS9
0OPPOGO
ooPPO61
00PPOB2
DOPPOB3
OOPPOGL
0oPPOBS



12

15

16

18
50

s8N
6000

DOPPO6&A

IF(FN2C(1)eEQeDe) GO TO 50 DOPPQ&T

X=FN2C (1) *EXP(A# (H-HPC(1)))/F2 DOPPOGS

Go To 50 DOPPUBY

IF (HeGE.HPCI(NOC)) GO TO 18 DOPPO70

NSTEP=1 DOPPOT1

IF (HeLTeHPCINH-1)) NSTEP=-1 DOPPOT72

IF (HPC(NH=1)el EeHeANDaHeLTeHPCINH]) ) GO TO 16 DOPPOT73

NH=NH+NSTEP DOPPO 74

Go To 15 DOPPO 75

X=(ALPHA(NH) +H* (BETA(NH) +H* ( GAMMA (NH ] +H*DELTA(NH) ) ) ) /F2 DOPPQO76

Go To 5n DOPPOT77

X=FN2C(NOC) /F?2 DOPPC 78

CONTINUE DOPPO 79

RETURN NPOPPORO

PRINT 6n00s IsHPC(I) DOPPOEB1

FORMAT (4H THEsT4955HTH POINT IN THE DN/DT PROFILE HAS TDOPPOB2

1HE HEIGHTsF8e2s40H KMs WHICH IS THE SAME AS ANOTHER POINTe) DOPP(Q83
CALL EXIT DOPPO84
END DOPPOBS
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