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ABSTRACT

The improved and completed mathematical model of the solar radiation force
and torques, which has been previously developed for the Mariner 10 Venus/
Mercury spacecraft mission, is used for a detailed analysis of the effects of
the solar light pressure on the Helios spacecraft. Due to the fact that the
main body of the Helios spacecraft is a surface of enclosure, inside of which
most of the reradiated thermal encrgy is lost, expressions for the portion
of the solar radiation force, produced by the thermal reradiation, had to be
given a different form. Hence the need for the derivation of a somewhat
different theoretical model for the force acting on the main body of the space-

craft,
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I. INTRODUCTION

The heliocentric orbit of the Helios spacecraft is an extended ellipse
of eccentrictiy 0.54*. After the injection into its orbit at its aphelion
point at approximately one astronomical unit from the Sun, the spacecraft is
falling freely toward the Sun until it reaches its perihelion point at approxi-
mately 0.3 astronomical units from the Sun. Tt moves in the orbital plane of

the Earth (ecliptic plane) with an orbital period of approximately 180 days.

The proximity of the spacecraft to the Sun in the region of its orbit
near its perihelion point causes a relatively large effect of the solar
rgdiation force on the reflecting surfaces of the spacecraft, thus creating a
necessity for a detailed analysis of the effects of the solar pressure on the
orbital motion of Helios. The mathematical and physical concepts of the model,
used in this analysis, are essentially the same as those outlined in References

1 through 6.

The side view of the Helios spacecraft is shown in Figure 1. The
principal parts of the spacecraft are: - 1) the main body of the spacecraft,
consisting of two truncated cones, connected by a circular cylinder in the
middle; 2) three antennae: high~, medium-, and low-gain antenna, and 3)
four booms carrying instruments. More detailed side and top views of Helios are

shown on Figures 2 -and 3.

*Numerical values used throughout thigs report are for Helios A spacecraft.
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The mathematical model for the solar radiation force will be given in
the form of a short outline. In addition to this, particular attention will be
paid to the derivation of the expression for the thermal reradiation of the
absorbed solar energy, emanated from the relatively large surface of enclosure

of the main body of the spacecraft.

Since the spacecraft is rotating at 60 rpm, the most suitable reference
system, which will be used for the calculation of the solar radiation force,
is an inertial ecliptic system, translated into the center of mass of the

spacecraft.

IT, THE SOLAR RADIATION FORCE

The solar radiation force acting on the spacecraft is the sum of solar
radiation force acting on one particular component of the spacecraft, and is

given by (Reference 1)

}\
F o= - —-52- / [£(8)N + (1 - By) U cos8] ds, (1)
P s
where
£(8) = 2 Bycos?e + B(E) [y(1 - B) + (1 - v) K(r,8)] cost (2)

Here As = 4,51312 x 10_6 N/m2 is the solar constant, p is the heliocentric
distance of the spacecraft, expressed in astrbnomical units, 6 is the local -
angie of incidence, N is the unit vector along the local normal’ﬁo_the irradiated
surfacé, U is the unit vector along the spacecraft-Sun direction; B(fl‘is the
diffuse reflection coefficient, Y is the total reflect%on coefficient and B

is the specular reflection coefficient of the illuminated surface. If Lambert's

JPL Technical Memorandum 33- 778



cosine law of diffuse reflection is used,
2
B(f) = 3

S is the irradiated surface area cf the spacecraft's component, and
K(r, 8) is the thermal reradiation function. From References 1 and 9, the

explicit expression for K(r, 8) is

FF B B (3)

K(x, 8)

in the case when both spacecraft's components are exposed to space, TF and TB
are respectively absolute temperatures and € and Eq emissivities of the

front (illuminated) and back surfaces of the spacecraft's component. From
the balance between the total absorbed solér energy and the amount of energy
reradiated from both surfaces of a piecewise slab structure,. using Gauss'
theorem and assuming that the -areas of the front and back surfaces are the
same, we have

, K. (1=
e T ¥4 e, T4 = S cos8 4)

where o is the Stefan's coenstant

o = 5.6697 X’lO;S kg/sec3 °K4 "
»and

K, = 1.353 x 102 kg/sec’

For an elementary slab of thickness %, Laplace's equation and boundary conditions
yield
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TF = TB + . TB s (5)
where k is the thermal conductivity of the material. Equations (4) and (5)
yield
2
K(rle) - 1 - 2kp~ sech (T - T.) (6)

KA1 -7v) F B ;

this expression is linear with respect to the difference of absolute temperatures

of the front and back sides.

For surfaces of enclosure the absorbed thermal energy which is reradiated
inside the body is multiply scattered in all directions, since the interior of
kthe surface contains various parts of different shapes. The so-scattered
particles lose their momentum and only an insignificant small portion is re-

radiated outside.  Thus, the expression for K(r,8) becomes

K(r,8) F I ‘ %

where, as before, TF and TB have to be determined from Equations (4) and (5).

Finally, for adiabatic surfaces,

K(c,8) = 1.
For surfaces for which Tp = TB (no temperature gradient),
€, ~ E
K(1:,0) = K = E§L+ EB 7 ; (8)
F B
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III. EXPANSION OF THE THERMAL RERADIATION FUNCTION K(r,6) FOR THE MAIN BODY
OF THE SPACECRAFT.

The main body of the Helios spacecraft is a surface of enclosure inside of
which the multiply scattered radiation is lost. Fol!%wing the procedure in
Reference 1 we can expand the function K(r,8) in the following manner. First

we write the approximate expression for the temperacure ratio

1+ (A + B) R(x,6)

TF AR(r,8)
';i,—}; = l+-ﬁ-ﬁ(—r"‘é‘)- 1 + BR(r,8)
where
3/4
R(r,8) = @ﬁﬂ ,
p
gl €
‘ B 3
A = —
3EF : (9)
B S e te,
°F B

[ -)
T = L —
O(EF + eB)

Further expansion of the temperature ratio leads to the following
expression
T 4

(EE5 = i + 4AR(r,8) +2A (3A - 2B) [R(r,e)l2 - (10)
iy , :
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where

3A - 2B = - 34— = -~ 3AK.

Denoting by

we obtain from Equation (7) the approximate expression

K.+ PR(r,8) + [R(r,n)]°

K(r,8) 1

or, explicitly,

cos® 3/4 cosh 3/2
K(r,08) = Kl + P(—z) + Q(T) (11)
p p ?
where
be_ €
P = F B : A,
(e, + £5)
(12)
1le., = 3¢
Q = - 2e_ ¢ F B A2
F B (e + ¢ )3
¥ B

Iv. SOLAR RADIATION FORCE ON THE MAIN BODY OF THE SPACECRAFT

The main body of Helios, whose side and top views are shown in Figure 4,
consists of two truncated, sixteen-sided pyramids,. connected in.the middle by a

sixteen-sided prism.  On account of the very fast spinning rate of Helios, we
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shall considerably simplify our calculations if we approximate the body of
Helios by two truncated cones, connected in the middle by a circular cylinder.
The average radii of the truncated cones are calcualted in such a manner that
the areas, which play a major role in the expressions for the solar pressure
effects, are preserved. In other words the radii are calculated so that the
area of one truncated pyramid is equal to the area of ome truncated cone, and
the same rule is used for the cylinder in the middle. Thus, for the larger

radius of the frustrum we obtain

Rl = 1.372 m ,

and for the smaller radius which, at the same time is the radius of the middle

cylinder, we find

R2 = 0.871lm

(see Figure 5). The height of one of the frustrums is H = 78.65 cm, and the

height of the middle cylinder is h = 55.0 cm.

Tn order to facilitate the calculation of the solar radiation force
acting on the main body of the spacecraft, we shall introduce a noninertial,
slowlj rotating ecliptic reference frame X, Yy Zq- The zl—axis is pointing
toward the morth pole of the ecliptic, xl yl-plane is the ecliptic plane, and
the yl—axis lies along the instantaneous spacecraft—Sun direction. Incidentally,

we should mention that, without any significant loss in accuracy, we.can assume

that the zl-axis is also the spin-axis of the spacecraft.

In the Xl y1 zl system the equation of the conic surface is

2 2 2 2
¢(xl, Yy zl) = X + vy~ (zl + 8" tan"a -, (13)

JPL Technical Memorandum -33-778



where

is the z-coordinate of the vortex of the cone. Hence, the unit vector along

the local normal to the surface is

x, coto
1

. cota
y.L

§ = Vo _ cosa
[V ] z, tE
- (zl + £) tana

where o is the cone angle, given by

tanoa = Rl _ Rz
H
or a = 32275,
Introducing cylindricai coordinates rl, A by

Xy = rl COSA
Yy = 0 sind

= +
r; (zl £) tanog

- we obtain
COSXA COSQ ’

N = |sin) coso ; (14)

- sina
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Also,

and

r, dr., di

sina

Since the main body of the spacecraft is perfectly symmetrical with respect

to the three coordinate axes, the only existing component of the solar radiation

force will act along the y,-axis. Integrating Equation (1) we obtain the y.-
1 1

component of the force acting on both frustrums. in the form

2)\8 H 2 T
FYF = - 302 (Rl + RZ) {ABF Yp cos o + 3 [YF (L - BF)
PF (cosot)7/4
+ (1 - YF) KF] cosa + 3(L - BF YF) + (1 - YF) ““;575___ Il (15)

QF (COSU)S/Z : }
2

+(1-YF)——‘°—§—"‘
P

where BF’ Yp? PF’ QF’ KF are values of B, v, P, Q and K for the two frustrums.

I. and I

1 9 are given by

v - ™
I, - f a1, =/(sinx)7/2 a
0 0

JPL Technlcal Memorandum 33-778



10

or, in terms of beta and gamma functions (Reference 10),

11/4 _ 15 15 11/4 r2 ('}sé)
I. = 2 B(=2, =2) = 2 ——2 = 1.382638
1 8 ° 38 15 )
T Q;ﬂ
2 9
'~ )
o= 27238 8 o 724 _ 1 9ug598
2 AR 9
r (50

The complete integrated expression for the yl—comprnent of the solar radiation
force acting on the surface of the middle circular cylinder can be taken from

Reference 6. It is

Zkg th .
FYC S T T2 480 Yc +-§
3p

[YC 1 - BC) + (1 - Yc) KC]

(16)

I, P I.Q
1l ¢ 2 e

where BC, Y Pc’ Qc’ Kc’ are the values of B8, ¥, P, Q, and K for the middle

c
cylinder. The total solar radiation force acting on the whole main body of

Heldios is then

acting in the Sun-spacecraft direction.

V. THE SOLAR RADIATION FORCE ACTING ON OTHER’APPENDAGES OF THE HELIOS SPACECRAFT

A very rough calculation of the total solar radiation force acting on all

other major components of the spacecraft shows that the maximum contributien to -
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the force, due to the irradiation of all those components, does not exceed 6.8
per cent of the force exerted on the main body of the spacecraft. Still, in
order to perform a complete analysis of the solar pressure effects on Helios,
we shall furnish a short synopsis of the solar radiation forces acting on other

parts of the spacecraft, shown on Figure 6 and explained in Table 1.

All the components have simple geometric shapes for which the expressions
for the solar radiation force have already been derived in References 1-63
they all can be considered as having purely adiabatic surfaces for whkich
K(r,8) = 1. Particular attention has been given to the derivation of the solar
radiation force acting on the despun high-gain antenna, pointed toward the
Earth, and its partially shadowed frame. The force acting on the four rapidly
rotating booms and instruments has been averaged over one period of rotation
(1 sec.). It is very evident that due to the smallness of the forces involved,

it has been very beneficial.

COMPONENT NO. DESCRIPTION

1 Main body

2 High-gain antenna

3 Medium-gain antenna

4 Low-gain antenna

5 Instruments and the dummy
counterbalance

6 Instrument carrying booms

7 ; Booms
TABLE 1

Principal pérts of the spacecraft.

JPL Technical Memorandum 33-778 11



12

and convenient to use approximate expressions which considerably reduce the
complexity of the mathematical apparatus applied and ultimately implemented

into the computer programme.

VI. COMPUTER PROGRAMME FOR THE CALCULATION OF THE SOLAR RADTIATION FORCE,

The solar radiation force is a function of the heliocentric distance of
the spacecraft and, up to a lesser extent, of the position of the spacecraft
relative to the position of the Earth. Thug, in order to compute a series of
values of the solar radiation force over a certain interval of time, we should
first compute the positions of the spacecraft in its heliocentric orbit. The
relatively small magnitude of the force (the maximum total force is approx-
imately 2.63 x 10—4 N or 26.3 dynes) has led to the conclusion that an
unperturbed, elliptical orbit would yield a more than satisfactory accuracy for
that purpose. The orbital elements, which served as input data for the
calculation of this orbit, were obtained from the personnel of the German

Geselschaft fur Welfraumforschung by J. Peyn of the University of Hamburg.

The computer programme, listed in Appendix 1, is entirely self-explanatory
via its comment statements, SO that additional descriptions and explanations
would undoubtedly be superfluous. Although the use of only one space~fixed
system of reference axes would be perfectly sufficient (such as the ecliptic
system for 1950.0, initially used), the programme also computes the components
of the solar radiation force along the axes of the Eafth—equatorial reference
frame of 1950.0. It also gives the magnitude of the total force acting on the
spacecraft. The forces are computed forreach day (zero-hour GMT) during one
complete orbital period of the spacecraft (approximately 190 days), starting

with the day of the insertion into the elliptic orbit, five days after the

JPL Technical Memorandum 33-778



launch time; the output is given in Appendix 2. In addition to this, a plotting
programme has been used to depict graphically the behaviour of the force

components over a period of 400 days. The graphs are shown in Appendix 3.

JPL Technical Memorandum 33~778
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2+ EGQUATICNK-

TFROLT = TBACK + (D*SICMA%EPSB/COND) ¥TBACK**4
(SCUNDARY CONDITIGNS, LAFLACE-S EQUATICN)

EROCH = TSTART = 1974, DECEMBER lu, 00 HRS, 0C MINs, 0C SEC.

XsYs2  ARE ECLIPTIC COCRDINATES OF THE SPACECRAFT

XusYuwsiu ARE EQUATCRIAL COURDINATES OF THE SPACECRAFT

XE s YE»2E=C ARE ECLIPTIC COCRECINATES CF THE EARTH

REFERLNCES~
1. ReNMeGECRGEVIC, TLCHMICAL MEMORANDUM 32-494, OCTCBER 1,1971
2. ReMeCECRGEVIC, TECHNICAL MEMORANDUM 391-429, MARCH 30,1973
3y ReMeGEGKGEVIC, TECHNICAL MEMORANDUM 33698, DECEMBER 1,1974
Gy ReMeCEURGEVICy PROGRAM —MVMSOL—y MAY, 1974

**k**%*****%i&***%***%*******‘k****—k-)(-**-,"r*%(-*w"r%%** HHHERR AP R RFDE RN HARHHEXXR KR RAES

SPECIFICATIONS-

AN OO OO N0 OO NN OO0 O

REAL INCLsNCDL

REAL IXXslIYYslZZ

REAL MSTART»MZERQsMESTRT»MEAN,MEANE,MASS

REAL 11,12kl

REAL M(4UU) »MEL&UL) yNORM(28)

DIMENSIUN THETA(QLC).ETHETA(QCC))X(4CO)9Y(VJC)’R(4GC)’Z(4CC)’
# XE{4UC),YE(4UC) s RE(4C0)

DIMENSTON UX(4CU) sLY (4CLC) UL (40C)

SIMENSICN P51(4CO)9DPSI(4OO)sRHO(“OO)yRHOE(4OO)yTIME(4OO)

DIMENSICN E(4CU)sEE(40G) sDTHETA(400) sDETHTAL4CR)

DIYEMSICN Di4{6u0) sDME(400),DEL40ULY,H,DEE(4CD)

DIMENSION UR(40O) s FEX(40C) sFBY{40UC) sFBZ 1400} »BACCI4TC)
* BFORCE(4CT)

DIMENSION XGU&LE) s YQ(400)sZQ1400U)»SEP(4C0)»DSEP(4C0)
% CFR(4L0)sBFY(400) sBFL(400)

CIMENSICN FTX(4CU)»FTY(406) oFTZ(400)

DIMENSION FTHMAG(400) s TACC{4L0)

DIMENSTON TFYL(4CU)»FAV(4GCISFLATI4CC)

DIMENSICN AREA(28)

DIMENSICN SDIST(4CC)

DIMENGICN FLAGL28)

BATA P1/3e141592654/sDAY/B64(Ce/ s SPEED/24997925E+08/

DATA 11/14382638/+12/1.248598/

DATA R1/1e373/9R2/0486713/,H/CeT865/9sHC/06550/

DATA ©T/128,2152777778/

C
NAMELIST/INPUT/EPbF,EPsB,GAMAN,sIGMA,soLAR,BETA,COND,ECCE,TSTART,
1 IbTEP,Axt,tOMEGA,tPSLN,GM,MASS,AusMZERO,N,DEPTH,TLNCH,Ixx,IYY,
2 IZZ»1NCL,NOUE,AX’GMtbA,ECC,MESTRT,NORM,AREA,GAMSA,GAMCC’RA,HAo
3 - ABETA ’ )
C

RAD = 180.0/Fl

7000 READ(5»INPUT)
WRITE{&+3CCU)
WRITE (6, INPUT)
WRITE(6,100C)

3000 FCRMATILIHYLy4X//7//)

100U FORMAT (LrilslKs/)
U0 boo J=1,28
AREA(J) = AREA(J)/Z1C0GCT
NORM(J) = LORI{J)/RAD

588  CONTINUE
ALPHA = ATAN((R1-R2)/H)
MEAN ‘= SCRT(GM/AX%%3) "
MEAHE = SQRTIGM/AXE*%3)
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CMEAN = PZAN¥DAYXRAD
OMEARNE = MEANEX*DAY®RAD
IF(MESTRTeGT 036Ge L) MESTRT=MESTRT=25C 0
PER = 24C*¥P1/ (MEAN®DAY)
PERE = 2.,0%PI/(MEANE*DAY) .
ETA = SGRT((1eusECC)I/1140C=-ECCY)
ETAL = SURT((LleG+ECCE I /(1eC~ECCEN!
IF(CMEGACLT eveC)OMEGA = ONMEGA + 36CC
FOTART = MZERG - CMEAN®DT
IFUASTARTeLT 6« 0e ) MSTAR T=MSTART+360
2ud3 WRITE(E92) .
v‘-RITE(é’E)Ax’f'_CC’OMVE(Ji‘.’MSTART,Dl".ltAN,PER,INCL,NODE
WRITE(S94)
WRITE(G6»21)AXE sECCE sEOMEGA 3 -ESTRT s DMEANE 9 PERE
2 FCORNAT(36Xy=-HELICCENTRIC EGUATORIAL ORBRITAL PARAMETERS OF THE ~»
% «SPACECRAFT=//)
3 FORMATI(238Xy=AX ==9E16e891Xs~KMa/ 937X s~ECC ==3Fl6e11/ 935X 9s=0OMEGA ==
1 2FlEell9lX9~DEG=/ 934Xy -METART ==»F1l5e1141X»~DEG~/936Xs—MEAN ==,
2 Fl6ellslXs~DEG/DAY~/ 924X 9~PERIUD =~3F16e1191Xs—DAYS~/s36X,
3 =INCL =-3F15e1191Xs-DEG-/s36X9—NOUDE ==9F16611s1Xs~DEG-///)
4 FORMAT( /36Xs-HELIOCENTRIC ECLIPTIC ORSITAL PARAMETERS OF THE =-»
-EARTH=//)
31 FORMATI(3BXs=AX ==9E16eBs1Xy~KM=/93T7Xs-ECC ==-9F16e11/925Xs-CMEGA =-
i sF16e11 91X 9~DEG=/ 938X y=MSTART ==9Fl6ells1Xy~DEG-/ 336X s~MEAN ==,
2 Fl6ellolXs=DEG/DAY=/ 34X y~PERIOD ==3F1l6e11s1Xs~DAYS~////)
CMEGA = CMEGA/RAD
ZOMEGA = EOMEGA/RAD
EPSLN EPSLN/RAD
(
(

[

SE = SIN(EPSLMN)

CE = CCS({EPSLN)
MSTAR MSTART/RAD
MEGTRT MESTRT/RAD
INCL = INCL/RAD

NOLE = NCDE/RAD

ClI COSLINCL)

Sl SINCINCLY

CN COS (NDDE)

SN SIN{NODE)

CO COS(CMEGA)

SO SIN(CMEGA)

IN
<
~

m

6w unon

CONVERSION GF EWUATORIAL COREITAL PARAMETERS  FGR 195040 INTG ECLIPTIC
PARAMETERS FOR 1950

ONaNaNe!

SC = CE*S[ = SE#CI*CN
S5 = SE¥*SN
SNI = SQRT(SS**2+5C#%2)
C51 = CI¥CE + SI#SEXCH
INCL = ATANZISNIyCSI)
DELCM = ATAN(5S/5C)
CMEGA = CMEGA=DELCHM
SNODE = . SI*SIN(DELOM)/SE
NODE = ASIN(SNODE)
CINCL = INCL*RAD
DOMEGA = UMEGA®RAD
DNODE = MNODE*RAD
WRITE(6+97) ,
WRITE(6598)DOMEGA»DINCL s DNODE
97 FORMAT(36X,-ECLIPTIC ANGULAR CRBITAL PARAMETERS OF THE SPACEI-,
*  —RAFT=-/7) .
98 FORMAT(35X,~OMEGA ==yF16411,1Xy=DEG=/,36X,~INCL =—3Fl6e1141X,
% T =DEG=7 336X s=MODE == F15e11,1Xs=DEG~//7/)
¢ ‘
C "COMPUTATION CF UNPERTURBED POSITIONS OF THE SPACECRAFT 'AND THE EARTH
C
51

Cl

SIMUINCL)
COS(INCL)

"on
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SN = SIN(MNCGDE}

CN = COS(NODE)

S0 = SIN(OMEGA)

COo = COS({OMEGA)

PX = CN®¥CO - SN¥50%CI

PY = SN¥CC + CN¥SC*CI

Pz = S0%S51

QX = ~CM#5C — SN#*CC*(CI

QY = —Sh#S0 4+ CN#CO*CI

GZ = CO*51

RX = SN#5I

RY = ~CN¥S]

Rz = CI

TESTL = PX¥%2 4+ PY*¥2 4+ PZ#%#2 -1,
TEST2 = QX¥%¥2 + QY¥*¥2 + QZ*%2 -1,
TESTS = RX#*#2 + RY#%¥2 + RZ*%*2 ~1l.
TESTS4 = PX*%2 + QX¥%¥2 + RX¥%2 -1,
TESTS = PY#%2 + QY#¥2 4 RY¥¥2 -1l
TEST6 = PZ¥¥2 + QZ¥%¥2 + RZ*¥2 ~1.
TESTT7 = PX*¥QX% + PY¥UY + PZxUZ
TESTY = PX#RX + PY®RY 4 PI¥RZ
TESTY = QX#¥RX + QY¥RY + GZ#¥RZ
TESTLIC = PxX*PY + QX%3Y + RX*RY
TESTLL = PX*PZ + QX¥QZ + RX*RZ
TESTLIZ = PY*PZ + QY¥GZ + RY*RZ
WRITE(68)

wRITE(6s9CG)PXIPYsPLyQXsQY Q2 sRXIRYHRZ
WRITE(6,11)
WRITE(6,8C12 ) TESTL TESTZ2,TEST3 s TEST4» TESTS s TESTESTESTT,TESTS,
* TEST9,TESTIC,TESTLIYI,TESTLIZ
8 FORMAT( /36Xs~VECTORS PstisR CF THre SPACECRAFT=//336Xs-ECLIPTIC~/)
905 FORMAT(LOXs=PR ==»FLlCeb,10Xs—PY =—,F1l066,10Xs=PZ ==,F10e6/,
1 1UXs=GX ==>F15e63510Xs~CY =—3FlCe6510Xs~Q2 =~4F10e6/,10Xs
2 -RX m=sFl0eG6,410Xs=RY ==3F10e6,10%X,~R2 =—,F10e6//)
il FQRHHT(//30X9“GRTHOGCNALITY TEETS-/)
8012 FOKMAT(/(4F156))
NP = N/BCG + 1
CO 16 WPTS = 1N

MINPTS) = MSTART + (NPTS—1)*MEAN®TSTEP

MLINPTS) = MESTRT + (NPTS- l)*%EAh:*ToTEP
E(NPTS) = ANON(EFC9N(ADTJ))

EE(NPTS) = ANCM(ECCESMEINPTS))

R{KPTS) = AX¥ {1l G-ECCX¥COS{E(NPTS)/)

RE(NPTS) = AXE*(1+0-ECCE*COS(EE(NPTS)Y)
RHC(NPTS) = R{NPTS) /AU

RHOE(NPTS) = RE(NPTS)I/AU

THETA{NPTS) = 2+C*ATAN(ETAXTAN(E(NPTS)/240))
ETHETAINPTS) = 24 U¥ATAN(ETAE*TAN(EE(NPTS)/240))

IF(EINPTS) oGl e 2o C*¥PI)EINPTS)IZE(NPTS ) ~20G#P 1
IF(Ec (NPTS) o Che2s UXPIIEE(NPTS ) =EE(NPTS)=2.0%P1
IF(MINPTS) e GE 2 0*PIIMINPTSYEMINPTS ) =24 0%PI
TF(ME (NPTS) oGELe 24 CH¥PTIME(NPTS)=ME(NPTS) =2 0%P1

XCRB = R(NPTS)*COS(THETA(NPTS))
YORB R(PPTS)*SIN(THETA(APTC))
XIRPTOY = P)*XCRD + QX¥YORB -
Y{(NPTS) = PY*XORE + QY#YCRB
ZINPTS) = Pz#XOR3 + QZ¥YORB
XGINPTS) = X(NPTS)
YC(NPTS) = Y(NPTS)#CE ~ Z(NPTS)*SE
ZO(NPTSY = Y(NPTSI*#SE + Z(NPTS)*CE .
XEIMPTS) = RE(NPTS)I*COS(LTHETA(NPTS) + EOMEGA)
YZ(NPTS) = Ro(MPTSI®SIN(ETHETA(NPTS) + EOMEGA)
TIME(NPTS): = TSTART + ((NPTS-1)#ToTEP) /DAY - TLNCH
CUXUINPTS5) .= XINPTS)=XE(NPTS!
UY(NPT3) = YINPTSI-YE(NPTS)

UZ(NPTS)  Z(NPTS)
ORIGINAL PAGE IS
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URSQ = UX(NPTS)*#2 + UY(NPTE)*%2 4 UZ(NPTS)**2
UR(NPTS) = SGRT(URSQ)

CAsCYsCL ARE COMPUNENTS OF THE CROSS-PRODUCT (VECTCR-PRCODUCT) (R X REI)

SIN(PSL) AND SIN{SEP) AKE GETERMINED FROM CROSS-PRODUCTS (RE X R) AID
(KX RE)» RESPECTIVELY.

LUSIPSE) AND COS(SZIP) ARE LETERMINED FROM DOT~PRODUCTS (SCALAR PRODUITS
{UReR) AND (UReREJ} s RLEGSFECTIVELY.

ThE SIGN OF SIN(PSI) IS DETERMIMED IN SUCH A MANNER THAT SIN(PSI) IS5
POSITIVE IF CZ IS NEGATIVE. THE ANGLC PST IS MEASURED FROM R TC UR 11
THE POSITIVE DIRECTICN

ENaYaNaraRANANARATAN S XA!

cxX ~Z{NPTS)I*YE(NPTS)

cy Z(KPTS)*XE(NPTS)

cz XINPTES)I*YE(NPTS) = Y(NPTE)I*XE(NPTS)
CsSG CX¥%2 4+ CYRH2 4 (CZ¥%2
DOT UXINPTOSI*X(NPTSH) + ULYINPTSI*Y(NPTS) + UZ(INPTS)I*Z(NPTS)
5PST = SGRT(CSG)/{URINPTS *R (KPTS 1))
IF(CZeLTeaCe)SPSI=-5P5T
CPSI = DOT/(UR(INPTS)I*R(NPTS) )
PSIINPTS) = ATANZ2(SPE1,CPST)
DPSI(NPTS) = PSIINPTCI®RAD
IF(DPSI{NPTS)eLTe0 .PSIINPTS)=DPSI(NPTS)+360,
FDOT = UX(NPTSI*XE(NPTS) + CY(NPTS)*YE(NPTS)
SHSEP = SPSI¥R(NPTS)/RE(MPTEL)
CCHLEP = =PDCT/{UR(NPTS)¥RE(NPTS))
SEPINPTS) = ATANZ (SNSEPCOSEP)
OSEP(NPTS) = SEP(NPTS)I*RAD

oo

CALCULATION CF THE SHORTEST DISTANCE FROM THE SUN TO THE GEOCENTRIC
LIGHT RAY PATH

[aNaNaNAl

DIST = R(NPTS)*SIN(PSI(NPTS))
SDIST(NPTS) = ABs(DIST)
DO 18 LIST=1NP
LL = S50%(LIST-1)+1
IFINPTSeEGeLLIWRITE(645180)
130 FORMAT(1H1,1Xy
1 ~TIME=s 6Xs~X(KM) =9 IXa=Y(KM)=39X =2 (KM)=9IX s~RHO (AL )~
2 S5X9s—KE(KM)~sBXs=YE{KM)=310X» ~RHOE= 98X s~PSI=/+
3 1X9={DAYS )=y BIXs~{AU) =3 TX = (DEG)=/)
18 CONTINUE
WRITE(691G) TIME (NPTS), )
1 XINPTS) s Y(NPTS) 42 (NPTS)yRHOINPTS Y yXE(NPTS) s YE(NPTS )
2 RHOE (MPTS)sDPSI(MPTS)
19 FORMAT(1XsF6e293E14e69F126692E14e6,3F12469F11062)
16 CONTINUE '
DO 33 NPTS=1si
OTHETA(MNPTS) = THETA(NPTS)®*RAD
DETHTA(NPTS) = ETHETA(NPTS)*¥RAD
IF(DTHETAINPTS) eLTeO0eQ)DTHETA(NPTS)I=DTHETA(NPTS) 436040
IF(DETHTAINPTS) o LT oUeG)IDETHTA(NPTo)=DETHTA(NPTS)+260.0
DMINPTS) = M{NPTS)#RAD
DMEIMPTS) = MEI(NPTS)¥RAD
DE(NPTS) = E(NPTS)*RAD
DEEINPTS) = EE(NPTS)*RAD
IF(DM(NPTS) eLTe0eO)DMINPTSY=CMINPTSEI+36C, :
IF(DME(NPTS) sLT«CeO)DME(NPTS 1 =DME(NPTS) 436050
IF(DE(NMPTS) o LTeUOIDEINPTSI=DE(NPTS ) +360.
IF{DEE(MNPTS ) eLTeCe0IDLEINPTS)=DEE(NPTEI+36CT
IF{DE(NPTE) e Gl 26U« GILE(NPTSI=DEINPTSE)=26C6C
IF(CEE(NPTS) e CE o360« UIDEE(NPTSY=DEE(NPTS)=36040
TF(DVMANPTS) o GE e 360 CIDYIHPTS i =DMINPTE) =360 0
IF(DME(NPTS) o GE 3606 0IBMEINPTS ) =DM (NPTSYI~36040
CO 119 LI&T=1NP e
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LL = S53%(LIST-1)+1
IF(NPTSeEGeLLIWRITE(6,182)
182 FORNAT(1H1,29x,—TIME—,SX,—ThETA—,éx,-E—,BX,—M—,SX,-THETAC-,BX,
1 'EE'$7X3“ME“,7X,-SDIST‘/979X"(DAYS)—16(4Xo‘(DEG)‘)96X,‘(KM)-/)
119 CCNTINUE
WRITE(5,19G)TIME(NPTS),DTHETA(NPTS),DE(NPTS),DM(NPTS),
1 DETHTA(NPTS),DEE(NPTS),DME(MPTS),SDIST(NPTS)
19C FORMAT(25XsF6e2,5FGe2yE1l4e6)
33 CCNTINUE

AUXILTARY PARAMETERS FOR THE CALCULATION OF THERMAL RE—-RADIATION EFFECTS

[aNaXe!

ELES = =10LuUUU.OU¥SCLAR/SPEED
EPS EPSF+EPSE
K1 EPSF/EPS

nou

~5A~ MEANS SGLAR ARRAY (TRUNCATED CCNES)
~CC— MEANS CENTRPAL CUMPARTMENT (CYLINDER)

[aNaIaIa)

TEMSA = SOLAR*(1le-GAMSA)/ (STGMAREPL)
“TEMCC = SULAR¥(1.-GAMCC)/ (SIGMA*EPS)
TSTSA=TEMSA% #0425

TSTCC=TEMCC* %0425

C = SISMA*DEPTH*#EPSB/COND
ASA=CHTETSA*#3 .

ACC = CHTSTCCH¥3

SSA=3 4 ¥ASA#K]

BECC = 34*ACC*KL
PSA = 4o ¥EPSF¥EPSu*ASA/ERSFR¥2
PCC = 4 ¥EPSF*EPSBRACC/EPSF*%2

ONU = —2 O*EPSF*EPSE® (11« O*EPSF-2,0%EPSE)
GSA GNUM* ( ASA%%2) /EPS¥*%3
Qcc ONUMK ( ACCH#%2) /EPS*%3

no.n

THZ BCDY OF ThiE HELIOS SPACtCRAFT CONSISTS COF -

1. MAIN BODY COF THE SPACECRAFT - TWO TRUNCATED CONES AND THE CYLINDER IN
THE MIDDLE. ONLY THIS PART CONTAINS THE THERMAL RE-RADIATION EFFECTSs
THREE ANTENMA BOOMS~ HIGH=-, MEDIUM=—," AliD LOW=-GAIM ANTENNA BOCMS. '
FOLR BOTATING SPACEtCRAFT ROCMS. TnE S0LAR FORGE wIlllL BE CALCULATED

BY AVERAGING OVER Cikk PERIOD OF ROTATICON.

AMTENNA WIRES.

FLAT PARTS OF THE FRAME OF THE HIGH-GAIRN ANTENNA REFLECTOR.
PARABOLICALLY. SHAPED FRAME OF THE HIGH-GAIN ANTERMNA

w N
. @

oy B
o @

CALCULATION OF THE SCLAR RADIATION FURCE ACTING ON THE MAIN BCOY CF THE
FMEL10S SPACECRAFT ’

1s CALCULATION OF THE SCLAR RACIATION FORCE CH TwG TRUNCATED CONES

lalakanaisNaneiaalaNaalakaNaNal

CTl = Z2<%ELESHH¥(R1+K21/3.

Ca = COS(ALPHA)

Tl = 4.*bETA*GAMSA*CA**2

T2 = o5¥PI*CA%(GAMSA* (1.—BETA) + (16 =CAMSAY*K1)
T3 = 3.%(1~BETA¥GAMSA)

Th = (1e-GAMSA)¥PSARII*CA¥¥1 475

T5 = (le—CGAMSA)¥QSARIZ2H¥TA¥#245

TRML = CT1#{Tl + T2 + T2)

TRM2 = CT1¥*T&

TRM3 = CTI1%T5

SOLAR RADIATIUN FCRCE ON THE MIDDLE CYLINDER

O OO
™N
.

CT2 = 2 *ELES*R2¥HC/3.

16 = 4.*bnTA*oAMCC + Be# (1 4~=BETARCAMCC)
T7 2 45¥PI%(GAMCC¥ (1e~8ETA) + {(1e—GAMCCI#KL)
78 =

{1e=GAMCCI#PCC*I1 ORIGINAL PAGE IR
~ OF POOR QUALITY
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[aNaNANA!

N onN

[AFANAXA!

OO0 0N

[}

aOMN O

le=CAMCC)2GCCH]2
CT2*(T6 + TT)
CT2*T¢

CT2%#T9

nouw "~

LR AT S r o —_— Y E B e
ke SN f'\ﬁt—'AFnTIU4i FOURCLD GOiv nc
N

HMICULE CYLINEIR

THC

ATION FCill
FORCE CR

THE

-
v
e
EC
n
non

Y et

[»EAWACIANING

v THE ANTERMNNA

CTA = 24%*ELES#RA®HA/3,
TiU = 4¢¥ABETAXGANMCC + 3e#(1e~ABETA%SAINCT)
T1l = o5%PIR(CANMCCH (Le=AZETAY+(1e—CGARCCI*RL)

TRM7 = CTA%(T1.+T11)

CALCULATION CF THE SOLAK RAUTATICN FuRCL ACTING Ci THE FOUR RCTATIRG
SPACECRAFT 2COMSs AVERACED OVER CNE PERICD

ABL = 4043

AB2 = 40254

AB3 = LC(0335

ABHl = 34768

AEH2 = 1458

ABH3 = 14.,0

BGC = «6C

ABCF = ELESEPI*(1.-BG)¥(2.%AD1I¥ABH] + 2.%AR2*A3H2 + AE3%ABH2) /6.

CALCULATION OF THE SOLAR RADIATION FURCE ACTING ON THE ANTERNA REFLECTCR
wIRES :

WCF = =e2
DALPHA = ALPHA*RAD
ELAM = ELES/100GU0040
ATR2 = TERM1/1C00000.
ATR35 = TZRM2/10000C0,
ATRS = TERM3/13CCG00,
WRITE(691C0)DALPHA $ELES s SLAMIKL 9y TOSTSASTSTCCHyPSASPCCyQSALQCC,
: ATR2sATR259ATRS
WRITE(696)
100 FORMAT(IH1y//7/ 911X s=PHYSICAL COUMNSTANTS FGR CALCULATION OF THE -
-S50LAR RADIATION FCRCE ON THE MAIN-/,12X,-800Y OF THE HELICL -
~SPACECRAFT=, }
77177 926%y=ALPHA =—3F1Z24651X9-DEG=/ 925X y~-ELES ==,
E1566/323X9s=LAMBDA ==4E15.6/
27X 9=K1l =-sF1206/924Xs=TSTAR ==22FQ43/ 928X s =P ==32F14e5/ 4287
2 =9 2E14e57/7 926Ky =TR2 2=3C1Ueb/ 425X, ~TRAE ==y E1NeS/ 325X,
~TR5 ==yEl4ke5//)
& FORMAT{IH125(/) 25Xy .

N E Wi

1 ~COMPGHNENTS COF THE SOLAR RADIATION FORCE ACTING OM -
2  =THE MAIN EODY OF THE-/325X,=HELIOS SPACECRAFT-»
3 ~ IN THE SPACE-FIXEDsBODY-CENTERED ECLIPTIC REFERENCE FRAME.~//
4 925X 9= (FORCE =y ‘
5 ~GIVEN IN E-0U6 NEWTONS s ACCELERATION IN E-11 YM/SECH*2)-//)
AVTOT = 0.6 i :
DO 1 NPTE&=14N
RM1: = 1eU/RACINPTS)

TOTAL FOPCE IN THE SUN=SPACECRAFT DIRECTIGN

le—= FQRCE ON THE MA&IN BCDY OF THE SPACECRAFT

FYl =

ERMI#RMI#*%2 4 TERMI®HMI#%345 + TERMIARMI®®S
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[}

Ze- FORCE Ch THE ANTLNMA oCUHS
FYA = TRMT#RM1*¥%2
3e— FORCE Uil THE FGUR WOTATING B0OMS OF ThE SPACECRAFT (AVERAGED CVIR
ORE PERIGD)
FYAS = ABCF*Ri1#%2
Lo~ FORCE ON THE WIRES CF THE ANTENMa REFLECTOR
FYAw = WCF#RML*%2

[N A]

(@]

TOTAL FCRCE (SUM CF FORCES 1. THROUGH 4.) IN THE SUN-SPACECRAFT DIRECTION

[ANALIS!

FYTOT = FYL + FYA + FYAB + FYAy

Foxs FBYs FBZ ARE COMPUNENTS OF THE SCLAR RADIATION FORCE ACTING CN THE
AALN S0DY CF THE HELIOS SPACECRAFT, ALONG THE AXES CF THEZ SPACI-FIXEID,
S3LY-CENTERED ECLIDTIC REFERINCE FRAME

[aNARANATA

FEX(NPTS)
FOY(NPTS
FEZ(NPTS)

FYL#y (NPTL)/RINETS)
FYleY(NPTEI/R(NPTE)
FY1#Z(NPTE) /R{NPTE)

RFx, bFY, AND 8Fz ARE COMPONENTS OF THE SCLAR RADIATION FCRCE ACTING
ON THE MAIN 20CY OF THE SPACECRAFT IN THT INSRTIAL EQUATCPIAL, ECDY-CERTERED
REFERENCE FRAME

ANANANAIR

SFXINPTS)
BFY(NPTS)
BFZ(NPTS)

FEX (NPTS)
FBY (NPTSI*¥CE ~ FBZ(NPTS)*SE
FaY (NPT3)*#SE + FEZ(NPTS)#CE

noin

[

BFORCE(NPTS) = ABS(FYL)
BACCINPTS) = lU0eu*BFCRCE(NPTS) /NASE
DO 5 LIST=1,NP
LL = 50%(LIST-1) +1
IF(NPTSeEGeLLIWRITE(S,7)
7  FORMAT(1H1»30Xs-TIME~» 9K 3=FBX=911Xs~FBY=311Xs~FBZ~910Xs~-FORTE-
% 10X »=ACC~y11Xy~RHCO=/)
5 CONTIMNUE
WRITE(6,9)TIME(NPTS),FBX(NPTs),F&Y(NPT&);FBZ(NPTS),BFORCE(NPTS)z
* BACCINPTS) s RHO(NPTS)
9 FCRMAT(29XsF54296F1445)

CALCULATION UF THE COMPONENTS OF Thi S0LAR RADIATICK FORCE ACTING ON THE
FRAMS OF THE ANTENMNA IN THE ECLIPTIC: COLLE~FIXED, BODY-CENTERED REFERENCE
FRAME

Y NaNANA!

XTCT
Y1071
ZTCT
DO 12 J=1,28

FLAGIJ) = Ce

U = OMEGA + THETAINPTS)

UPAP = U + NORM(J) + PSI(NPTS)

nonon
[N e N o
e »

ENX = ~CO3(UPAP)

ENY = SIN(UPAP)

PPA = PSI(NPTS) + NORM{J)

CPP = CCS(PPA) ,

CRF = ELES¥RM1¥*2%AREA(J)*CPP

CFA = 2¥BLTAXGAMAN¥CPP 4 2% (1e=SETAXTAMAN) /3.

IF(DPSI(MPTsa.GT.o..AND.DPSI(MPTs).LT.1eca>FLAG(1>=1.

IF(DPbI(NPTS).GT.U..AND.UPSl(NPT5>.LT.1ap.)FgAG(2)=1.

IF(DPSI(hPTs).67.45..AND.DP51(»PT5).LT.225;)FLAG(3)=1.
IF (DPSIINPTS) eGTab5e e ANDeOPST(NPTS) e LTo225,)FLAGIA) =1,
1F(DP51(NPT:).GT.qs..AnD.Dpsx(NPT:).LT.225.)FLAG(5)=1.
xF(DPoI(mPTS).01.90..AND.DP3L(NPT5).LT.270.)FLAG(&)=:-
IF(DPbl(NPTS)-GT-90-.AND.DPSI(NPT&).;T.Z25.)FLAG(7)=1.
IF(DPSI(NPTS) «GTa90e e ANDSDPST(NPTS) o LT 41804 )FLAGIEY =1,
IF(DPSTINPTS) eGTe 904 e ANDSDPSI(NPTS) 41 To18CIFLAGII) =1,
IF(DPSI{NPTS ) «GT oG s e ANDSDPSIINPTE} aLTa2704)FLAGIIC) =20

ORIGINAL PAGE 18
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NO NN

[a¥aVaNars]

OO OOy

AY A

)

[F(OPSTINPTS) ebTaldb ot LiaUPST{NPTE) LT3l IFLEGILIT=0
IF(JPGI(AFTS).GT.]%5..&ND.DF&I(RPTS).LT.Bib.)=LAG(12‘=
lF(DHbI(NPTS).5T.13b..AMD.DP&1(NPTS).LT.ZLE.):LAG(13)='
IF(DFSI(MOTS)eCTal 250 AN eEPSI(HPTS) eLT o270 IFLAGI LA ) =0
IFIOPSIINPTS) v0Telti0aeniieLFCI(MPTS)aLT 4270, )FLAGILSI=
IF(OPS L (NPTS) o0Tel8UseNL s P INATS I oLT o270 ) "LAGLLE])=
IFIOPSI(iPTS) eCTal8U0enitelPol (MPTS)al ToR20a ) LAG(LT )=
IF(OPOItPTS) e 0T el8ueeaNleLToT (HPIS LT o504 ) TLAGLLR )=
IFIOPSTIAPTL) e0Teve e AL UPSITINPTE) LT obb e elRoLPIL(NET
1eAlDeUPSTINPETEY GLTo260)FLAC(1G)=1,
IF(DPSIINPTE ) «5Tele a ANIGOPSIIPPTS) LT eb8 4 e CRGDOFSTINET Yo T 225 «
1o ANDeUPL (NPT oL Te2604)FLAGIZN) =1,
IF(OPSTINPTS) eGTale e ANDeDPEIIRPTS! dLT o450 eGRGDPEIINPT (), 0720225,
1eANDeOPETI{MPTS) eLTe 360, FLEC2) )=,
IF(OPSL(HPTE) e0Tes e s ANDeDPATINPTS!) «LTaB4eeCRIDPSI(NET ) e CT 2372
IF(DPET (HPTE) +GTeCo s ART DR T RiPT ) e LTe 90 e alReDPEIINPT ) aCGTs27Ne
1A DeLPSI{HPTS) el Ta36Ge)FLATIZ23)=1,
IF(DPST(NPTS) aGTalo eaNbei b EI(RPTE! «LTe9CesCRWEPSI(APT, )BT 42770
L1eAiDeUPSTUHPTS) o LT o360 ) FLE (2L =],
IF(OPST(NPTS) oBTele o ANLOZFS THMPTLr o LTelezeoi, 7aD22 (N0 3V e W 305
1eANDsOPSI(PMPTS) eLTe360)FLEL(28) =1,
IF(DPSI(APTS ) s0T el e s ANDLPSI(APTL) JLT2128 ¢ CReDVET (0P 1) LG R,
ToANDeDPST{NPTS) LT e36Ce)FLAC (LG =1,
XF(DP&l(NPTS)-GT-U- s AND e DP ST (f’;DYL.-’ .LT-135-.11°..'"PT TINP 5) e300,
1oANDeDPSTI(NPTS)aLTe360)FLAGI2T =10
IF(DPSI(NPTS).GT.L..AND.DPSI(ﬁ?rs aLlTel%54aDReNTPETINF 2V el 0315,
1ANDsDPSI(NPTS)sLTe360,FLAC(2O)=1,

AFX = CRF¥(CFA¥ENX - (1e~BETA¥GAMAN)¥X (NFTE) /S (NPT ) *FLAGL )
AFY = CRE#*(CFA®ENY = (1.=3ETA%GAMAN)®Y(NFTSL/{PTH)I*#TLAGL))
AFZ = =CRF#%(1e-BETAXGAMAN) ¥ZINPTSI#FLAG (L) /R(MPTS)
XTOT = XTOT + AFX
YTOT = YTCT + AFY
ZT0T = £TOT + AFZ
12 CChTINUE
AFTX = XTCT
AFTY = YTOT
AFTZ =

ZTOT

CALCULATIONR OF THE SOLAR RADIATION FURCE ACTING OK THE PAZABCLIC ANTENMA
FRAME

CF = «3%RMI¥*¥27SIN(PSI(NPTS)) _
UX ENPTS) #COL (PSTINPTE) ) /7 URINPTL) =X (NPT /R(PPTS)

XPT =

YPT = LY (NPTS)*COS(PSI(NPTS) ) /URINPTEI-YINPTE) /R(HPTE)

PFX = —CF#*XPT¥e2E5¥SIN(PSI(NMPTE))

PFY = —CF*yYPT#COS(PSI(NPTS) )
TFXs TFYs TFZ, ARE THE COMPOMENTS 0F THE RELULTANT ZCLAER CALTATICK TORCE
ACTING O ThE wHCLE BODY GF THE HELICS SPACECRAFT, ALGNG RE A ES OFf THE
ECLIPTICs SPACE-FIXED,y BODY-CEMTERED REFLRFICE FRAME.

TFX = FYTOT¥A(NPTE) /ZRINPTS) OAFIR# PEX
TFY = FYTUT*Y{NPTS) /RINPTZ) AFTY + FFy
TFZ = FYTOT*Z(NPTS)/R(NPTS) AF1Z

ETXANETS)y FTY(NPTS)y FTZINPTEYy ARE THE CCGHPOMENTS CF THE RTSULTANT
SCLAR RACTATICN FOBCE ACTING CY% THE wHnLE BCDY OF "THE HELIOS SIACECHAFT,
ALONG THE AXES OF THE LQUATORLAL, SPACE-FIXIDy bODY-CEMTERED R-FFRENCE FRAVME.

TFX
TFY#CE = THZ¥LE
‘TEY®gE - TFZ¥CL

FTX(RPTS)
FTY(NPTS)
FTZINPTL)Y

THE MAoITLUE CF THE RUSULTANT SCLAR RADTATION FORCE, IN E-06 EHTOMS, IS
FTUAGINPTS) = SuRT(FTIX (NPT %52 + FIY(APTSI%¥2 + FTZ(NPTS)I%#%2)
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[aNANA]

[aRaEa XAl

[aNaYa!

]

THE ACCELERATION OF THIS FORCE IM E-11 KM/SEC¥%2 ¢
TACCINPTS) = 1OC¥FTMAG(NPTS)/MASGS

TOTAL FORCE I} THE SPACECRAFT-SUN DIRECTION
TDOT = FIX(NPTSI¥XG(NPTS) + FTY(NPTSI#YS(NPTS)
*¥ o+ FTZ(NPTS)I®ZGINPTS)
TEYL(NPTSY = =TDOT/RINPTS)

LATERAL FORCE IN THE DIRECTIUN PERPENDICULAR TC THE, SUN-SPACECRAFT
DIRECTION

XEG = XE(NPTS)

YEL = YE(RNPTS)*CE

ZEQ = YE(NPTS)¥SE

RRE = X(NPTS)¥XE(NPTS) + Y(NPTSI®¥YE(RPTS)

DAM, = UR(NPTSI*SIN(PSI (NPTS))IRRIMPTS)I*%2

X1% = (RRE*¥XQ(NPTS) = XEUHRINPTS) *#2) /DNy

X1Y = (RRE*YQUINPTS) - YEGRR(NDPTS)#3#2) /0N

X1Z = (RRE*ZQ{NPTS) ~ ZEU¥R(NPTS)*%2)/DhM

FLAT (NPTS) = (XIX¥FTX(NPTS) + XIY¥FTY(NPTS) + X1Z¥FTZ(NPTS))/

1 FTHMAG INPTS)
AVERAGE VALUE OF ThE FORCE AT 1.0 AU

FAVINPTS) = TEYL{MNPTS)®*RHO(NPTS) *%2
AVIOT = AVTOT + FAVINPTS)

1 CONTINUE
AVTOT = AVTOT/N
WRITE (652G0) ,
20U FORMATILHL,25(7),25%,~CCMPONENTS OF THE SOLAR RADIATION FORCE -
1 -ACTING ON THE MAIN BODY OF THE —/,25X,-HELIOS SPACECRAFT IN ~
2 ~THE SPACE-FIXED EGUATORIAL, BODY-CERTERED -
3 —REFERENCE SY3TEMa~/325Xs~FORCE -
4 =GIVEN IN E-L6 NEWTOKS=//)
DO 201 KPTS=1)N
DO 202 LI1ST=1NP
LL = 50%(LIST-1)+1
IF(NPTS.EG.LLIWRITE(6,203)
203 FORMAT(1HLs1Xs=TIME~s6X s—X(KM)msIXamY {KM) =3 OXs=7 (KM) =2 9X,
1 ~RHO(AU)—38Xs~XFORCF~+AXy=YFORCE=y 8 s ~ZFIRCE~EX»=SEP(D)=/)
202 CONTINUE '
WRITE (652041 TIME(NPTS) s XW(NPTE) s YGINPTS) » ZU(NPTS) s RHO(NPTS)
1 BFX(KPTS)sBFY(NPTS) sbFZ{NPT5)sDSEP (NPTS)
204 FORMAT (FTe2+3Elbe69F1205694F1406)
201 CONTIAUE

WRITE(65205) : ‘ :
265 FORMAT(1H1225(/)»25Xs~COMPONENTS OF THE RESULTANT SOLAR RADIATION-

1 s~ FORCE-/»25Xs—ACTING ON THE WHOLE BODY OF THE HELIOS SPACE-,
2 —CRAFT=/5s25Xs~ALONG THE AXES OF THE EQUATORIAL,s SPACE-FIXED,~
— SODY-CENTERED-/ 25X »~REFERENCE FRAME, THE MAGNITUDE OF THE -
4 —RESULTANT FORCEs~=/s25Xs=AND ITS ACCELERATIOMs=/525Xs=FORCE -
5 1N E-06 MEWTONS—/»25Xs~ACCELERATION IN E-11 KM/SECH¥2-/)
DO 296 NPTS=1sN ,
DO 297 L15T=1,NP
LL = 50%(LIST-1) + 1
IF(NPTS.EQeLLIWRITE(6,298)
298 FORMAT(1HLs=TIME=35X%s~PSI(D)=54Xss=RHO(AU) 48X,
1  —-FXEQU=» 9Xs—FYEQL=y 9%Xs~FZEQU=-> OXs~FCRCE=s OXy—ACCEL-+9X,
2 =FYleyllXs=FLAT=/)
297 CCMTINUE
WRITE (6,299) TIME(NPTS)yDPSI(NPTS) sRHO(NPTS) ,
1 ETX(NPTS)sFTY(NPTSI,FTZ(NPTS) »FTMAGINPTS) ,TACCINPTS!,
2 TFYLINPTS)»FLAT(NPTS)
299 FORMAT(F6elsF106425F1l1a7sT7F1445) e
296 CONTINUE el cAGE 5
S SUUR QUALITY
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STOP
END

FUNCTION ANCM(ECCHM)
THIS FUNCTICN SUBROUTINE SCLVES THE KEPLER-S EQUATICN BY ITERATICMS

O NnOn

REAL
DATA EPS/00CL05/
ANCM = M
2 ANCM = M + ECC¥SIN(ANOM)
TEST = ANOM = M — ECCRSIMN(ANOM)
IFIABE(TEST) «GTW2PS)GC TC 2
IF(AéSﬁTEST)-LE-EPS)RETURN
END

> TRPUT
CPSF = yeT4
CP3d = Uebu
TAMBLA 65
GANMCC 85
GAMAN + 95
BETA = 95
ABETA «85
SLIGMA 5.6697E-C8
SOLAR 1.353E+4C3
CIOND = Ge25
DEPTH 0e01

HA 24095

RA «03125
ECC = .52180739C542
ZCCE = La01672
TSTART = CeC
TSTEP = 86400,
AX = o,96301973563E+0¢8
AXE = 041495989194E+9
EP3SLN = 23,44578889
OMEGA = 2574444908784
ECMEGA = 102450566
INCL = 2344465891399
NOOE = 40612804058997
MESTRT = 34047615
MZERO = 7146320412103

"noun

TLNCH =5

AJdT = 4 1495978930E+9

Gii = 2132712499390802500E+12
MASS = 256,9

No= 40

IXX = 34348

IYY = 1998

122 = 38244

NORM = 9069906313565 135431356318Ce31806913565904918003275¢5225e¢9225%50
18U 927009225492 T70092T7Ce ’31509315-,3]5. 93230 9Ce 30033603 35a945¢3945,
AREA = 1400922091605 3515609156691 4009650919¢32005200316Co91560915609654
1G4 )1901200)22-915U-,l560,l56-,c',5'.14(5.538- 9556416009l 3609156,
PEND :
-F LN ) MIF-
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APPENDIX 2
Components of the Solar Radiation Force in the

Earth-Equatorial Coordinate System of 1950.0 and

. . . , -6
its magnitude, given in 10 ~ Newtons.
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TIME
SeN
b0
7.0
8.0
9.0

1000
110
12.0
13.0
1400
1500
16.0
1700
18.0
17.0
2000
2140
2240
23.0
24-0
25.0
2640
27.0
28,0
29,0
30.0
al.o
3240
33.0
34,0
3540
36.0
37.0
38,0
3%9.0
40,0
4140
4240
4340
44,0
45,0
4640
4740
48,0
4940
50,0
51.0
52.0
53.0
54.0
5540
56,0

FR

-4'47125
“44a17443
-3.87685
-31.578n8
-3.27778
“2,97557
-2,57106
«-2036386
«2,05357
-1.73776
-1.422n1
wl 09786
~a7728¢4
e 444047
-, 10230
0242135
59394
095314
132050
166967
2.08254
2447887
2.88548
3.30479
3.73644
4,18204
H,64243
S5.11870
5061211
6,12371
be65497
7.20735
7¢78232
B8,38179
2,00747
9,64133
10‘34561
11,06229
11.81430
12.700038
1323340
14.41022
15;33441
1630733
17633924
19451035
2065375
2186118

23.13800

24, 48954
25,7223
27 444345

Fy

22694794
=23.03033
-23.11721
=23.20842
=23+30441
=23.40525
=23.51060
«23.62075
=-23473577
~23+85576
=21,98080
24411099
-24,24642
=24438720
~24453339
=24.68516
~24e8B4259
=25.00579
'25-17486
=25.34992
-25453112
=2571849
-2b411234
=26e3190l
=2be53240
~264,75258
=26e77966
-27¢2137°9
=27 .,45497
=27470336
'27095905
=2Be22208
'28|Q9262
=-28477068
«29.05630
~292434956
-29065038
‘29.95880
=30e28206
=-30.60%774
“30.74511
-31.28805
-31463823
=3]1e99542

=32.70291

=33433328
«33477050

34421344

=34.66048
-35055957

rz

-3495092
=-94,98679
100246
=100644(Q
“1010617
“10e14996
-“10+19580
=10e24372
129375
“10e34594
=10«40032
=1 0e45693
=10¢51583
~1De57704
=10eb6406(
“10e70659
1077504
=10e84598
~10¢71949
10679559
=110743¢
-11+1558
~11424001
~11e32702
1141686
=11e50%862
~1160533
=1170404
‘11o80582
1171066
1201864
~12¢12979
'12024414
=12e36176
~12e48265
=12+.60683
=12¢73434
~1286514
=12+99925
~13+13982
=13228232
=~{13.42818
=13e57734

"13072966

=13¢88504
-14¢27910
14446628
=14eb65646
1484915
=154s034366
~15423%223
~15¢43496
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FORCE

25.,40907
25.44716
25,49369
25,54867
25,61217
25,68426
25.76504
25,85462
25,95314
26,06075
26,17762
26,3p394
26,43991
26,58577
26,74173
26,7p0812
27,08521
27,27331
27,47276
27,68393
27,90728
28,14314
28,39202
28 ,65444
28,93088
29,22206
29.52857
29,85109
30,19046
30,54733
30,92269
31.31751
31.73278
32,16984
32,62978
33, l1407
33,62427
A4,16187
34,72878
35,36888
36,00735
36,68201
37 ,39559
A38,15069
38,95061
40,.830723
41,79663
42,81553
43,89104
45,02665
46,226664
47 .,49594



TiME

570
5840
59.0
&0.0
6140
62.0
63.0
6440
6540
6640
6740
' 68,0
6940
70.0
71.0
7240
73.0
74.0
7540
76.0
77.0
78,0
79.0
8040
81,0
8240
83,0
84.0
85.0
86,0
87.0
88,0
89,0
9060
9i.0
920
9340
94,0
5.0
96,40
97.0
98,0
99.0
1.00.0
1010
10200
10300
1040
IDSOD
x06.0
107.0
10800
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FX

Z9o0h025
a. 70111
32.61525
34-57231
36066475
38490392
H1ae30292
43287747
44461296
49 ab 1667
5281820
56626734
59.98634
6379814

68293447

7275840
77.98418
83.39108
89.19862
95.,41834
10206544
10901018“
}16052925
124,28747
132.28774
14039789
148 42263
156.09394
165419121
171.,87887
177420855
179,68071
178.77514
1735:64509
16357350
18,1313
127.33431
100.59042
71.28720
39692726
6022108
=224 14040
-49,74695
=73.59%94¢

-93,81015 .

'108092519
-124.18%17
-130.,38823
=133.49468
-134013596
-132.89080
=130e25478

Fy

‘36000676
-3he4y4829
w3beB88033
-37+29831)
=-37:69670
-38006904
-38.40737
=38e7N243
“38¢94292
~39411539
-37¢201382
'39-18886
=~39.04736
-38.75136
-38.,11689
~37.56814
-36e5765%
=-35424908
=-334%1372
~31228482
-28,45895
=24491362
=-20.50495
~154046347
-8,39760

-~e 29066

9.,48778
21617564
39«72110
55,74298
744242322
94435658
116+160235
139.09186
162629311
16461788
20471086

22070194

23232504
238004839
237453373
231..08393
219.55818
204417199
186438685
367031758
15165863

13323985

115.68665
9936848
84447775
71408296

FzZ

'15.62966
~15+82195
~1601018B
~16¢19236
~“16e36612
=16¢52665
=lheb765D
=-14:8B0587
-~16¢91125
'16-987“4
=-17+02728
=1{7+02240
16676276
=16.83625
-16¢546309
~146432727
-15.89957
=1532634
-14657642
~13eb1265
1239017
-10«B85585
894729
~beHP0%6
-3,70373
'019157
4e0H556
911097
1715067
24.,0%666
32.11847
4184047
5(3.29815
60224643
7031396
B0 «+00466
88.72813
96 67545
100473039
10322733
10301891
100023570
9524964
8858742
8088270
7261894
4583212
5784679
50023542
43615863
346669987
30+889233

FORCE

48 ,83924
50,26220
51.77102
53,37261
55,07445%
56,88553
58,81465
60,87316
63,07223
65 ,42479
67 ,94578
70,65085
73,556810
76,68695
79,94515
83,67122
87,.,59096
91,82302
96,39521
101,.,33461
106,67138
112,43553
118,65738
125,47035
132,60571
140,39832
148 ,78058
197.78699
170,76313
182,29138
194,79897
207 ,01709
219,0%178
230,49684
240,91367
249 ,85622
266,89150
260,73283
263 ,06539
262,52067
259,04199
252,85801
244 ,44436
234.,41603
223,79100
212.,44617
206.77324
195.,19272
183,65138
172.42174
161,6887¢
151,56928
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leE

10900
11000
1]1.0
11200
113.0
11400
115.0
116.0
11700
118-0
11900
12000
12100
12200
123.0
124.0
12500
12600
127.0
128.0
12900
13”00
13100
13240
x33|0
13400
135.0
13600
13700
13800
13940
140.0
141-0
14200
lq3-0
14460
14540
146.0
14700

14800

14900
15000
15100
152.0
15340
15400
]5500
]5600
[57o0
158.0
15%.0
]60.0

F X

=126.63783
=1224361443
-117.,68878
-112.79896
~107.83897
~102.70%39
-98,08317
~93,405759
~5H,71%78
-84 .62351
~8(1.54194
-76¢b7310
-73.01485%
~69,%6104
6630479
“43,23613
“60.34609
'57.62“65
~52,b646R8%
~S0e37142
-48,22577
~45.20198
44,2716
-4, 48595
“40.77919
-37,16392
=37 463471
=36,18543
-34.81056
-33.5U497
“32.26447
~31,08444
-29.96181
~28.89184
=27.87154
-26,89747
“25.96713
~-25407740
~24,22657
‘23.41131
“22462982
-21.87%88
~21415780
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APPENDIX 3
Plots of the Components of the Solar Radiation Force

in the Earth-Equatorial Coordinate System of 1950.0,

, . . , -6
and its magnitude, given in 10 Newtons.
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