;> with( plots) :
| > with(plottools) :
6GEMA
Meigtn Kvkhkng Feowotatikng Tpoyag Aopveopov (GEO) .
Mopatipnon : 1o onueto S1ELEVGNG TOV AopLPOopov : Avepyopevog koppos (Eapuvi
Ionpepio) kow Katepyopevog koppog (@0wormpivy Ienuepio)
£JOVLE TIC TEPLGGOTEPES SLATUPUYES EMKOVOVINS AOY® VvV .!
KAIZH AZONA TTEPIZTPO®HY g T'HX ¢ mpog TNV KotokOpuQo :
23, 439247 °=0.40909 rad .
Méon aktiva THX :6371 km .
AOMA10 :152.098.232 km , ITepmito :147.098.290 km , Exkevtpotnta :0.01671123 .
Meyihog HudEovae Exdemrtucic : a=149.598.261 km (5), = ¢=2.499.971 km (1)
Mikpog Hua€ovag EAeuttikng :b=149.577.371 km (4).
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i ¢ = 2.499955790 10° @)
| Moaopoanka Meygn Tpoyag .
>
> al =5
i al =5 &)
> bl = 4
i bl =4 (6)
_ (b1
>£I——evalf[ 1 (al) )
el == 0.6000000000 @)
> cl = al-&€l
i ¢l = 3.000000000 8)
1 — &l 0
> tan(\l’) = | — -tan| —
2 1+ &l 2
tan(%j =0.5000000000 tan( g) )

__a(1-¢)
r(ﬁ] - 1+E-cos(ﬁ] tan[

N|-E

1— el 0 y:=Exkevrtpua] Avopoiia
= -tan | —
] \/: [ 2 ] 0:=Alnic Avonaiia

Elicwon Eiiewn)c oe koptecravig Tuvietayuéves ne Apyn tov moro Exkevipuaic Avopaiiog

[a- cos(y), b-sin(y), 0]

a o peydAog ninadovag
b o pikpég muafovag mg EAdsrpng

| > Tell == spacecurve( [al-cos(y), bI-sin(y), 0], y=0..2Pi, color = red, thickness=3) :
> Tcer = spacecurve([al-cos(y), al-sin(y), 0], yw=0.2-Pi, color = blue, thickness= 1,
linestyle=1) :
;> Soleil = pointplot3d([cl, 0, 0], symbol = solidcircle, symbolsize =20, color =yellow) :
| > ARXH := pointplot3d([0, 0, 0], symbol=solidcircle, symbolsize =15, color = blue) :
> axX = spacecurve( [O 4+ A-al, 0, O], A=-1.1..1.1, color = black, thickness =2, linestyle
| =3 ) :
> axY = spacecurve( [O, 0+Aal, O], A=-1.1..1.1, color = black, thickness =2, linestyle
_ =3):
| > axZ = Spacecurve( [O, 0,0 +A-bI ], A=-0.3..1, color = black, thickness =2, linestyle = 3) :
> GRAMMHNODES = spacecurve( [cl, A-al, 0], A=-1.1..1.1, color = black, thickness=1,
linestyle=1) :
> nodel = pointplotj‘d( [cl,—al - ( 1— 812), 0], symbol = solidcircle, symbolsize =10, color
= blue) :




> node2 = pointplot3d( [c], al - (1 — EIZ) , 0], symbol = solidcircle, symbolsize =10, color

= cyan) :

> SHMEIOA = pointplotSd( [cl,—al -sqrt( 1— 812), 0], symbol = solidcircle, symbolsize
=10, color = black) :

> GRAMMHOA := Spacecurve( [l-cl, A-al -sqrt( 1— 812), 0], A=0..1, color = blue,
thickness =1, linestyle=1 ) :

> SHMEIOB := pointplot3d< [c], al -sqrt( 1— EIZ) , 0], symbol = solidcircle, symbolsize =10,
color = black) :

> PERIHEL = pointplot3d([al, 0, 0], symbol=solidcircle, symbolsize =10, color =black) :
| > AFHL := pointplot3d([ -al, 0, 0], symbol = solidcircle, symbolsize =10, color = black) :

> SHMI = pointplot3d([0, bl, 0], symbol=solidcircle, symbolsize =10, color =black) :

> SHM?2 = pointplot3d( [0, al, 0], symbol=solidcircle, symbolsize =10, color = black) :

| > SHM3 = pointplot3d([0,-b1, 0], symbol= solidcircle, symbolsize =10, color = black) :

> SHMA4 = pointplot3d([0,-al, 0], symbol = solidcircle, symbolsize =10, color = black) :

> AXONGHSPERIHEL = spacecurve( [al-cos(0) + A-sin(®), 0 +A-0,0 +A-cos(®) ], A=
-1.3..1.3, linestyle=2, color = brown) :

> AXONGHSAFHL = spacecurve( [al-cos(Pi) + A-sin(®), 0 +A-0,0 + A-cos(w) |, A=
-1.3..1.3, linestyle=2, color = brown) :

> AXONGHSnodel = spacecurve( [c] + A-sin(®),-al- ( 1 — 8]2) +2-0,0 + A-cos( ) ], A=
-1.3..1.3, linestyle=2, color = brown) :

> AXONGHSnode2 := spacecurve( [c] + A-sin(®), al - (1-— 8]2> +A-0,0 + A-cos(®) ], A=
-1.3..1.3, linestyle=2, color = brown) :

> display(Tell, Tcer, Soleil, axX, axY, axZ, ARXH, GRAMMHNODES, nodel, node?2,
SHMEIOA, GRAMMHOA, SHMEIOB, PERIHEL, AFHL, SHM1, SHM?2, SHM3, SHM4,

AXONGHSPERIHEL, AXONGHSAFHL, AXONGHSnodel, AXONGHSnode2, orientation
=[-90, 0, 0], axes =none, scaling = constrained) :

—_———

YOVTETAYREVES TNG LQAIPOS HE KEKMUEVO KOTA YOvio o aSova .

Meplotpodn nept Tov afova y-y
x[B ]:=7z[A]-sin(w) + x[4]-cos(w)
vIB | =y[A]

Z[B | = z[A]-cns(m] — x[A]-sin(m]

_ 23.439247-Pi
180
o = 0.4090920344 (10)



> R[e] = 6371
R, = 6371

'—tan_1 sqrt 1—e tn(Pl) -2
1+e 4

ynodes = 1.554084420

> xEL := a-cos(y)

xEL = 149598261 cos(y)
> yEL = b-sin(y)

VEL = 149577371 sin ()

> zEL =0
zEL =0

> X —xEL + R[e]-sin(0) -cos(¢ + 1) -cos(®) + R[e]-cos(0) -sin( o)

149598261 cos(y) +5845.280168 sin(0) cos(d + 1) + 2534.233760 cos(0)

> Y:=yEL + R[e]-sin(0) -sin(¢ + 1)
Y := 149577371 sin(y) + 6371 sin(0) sin(¢d + 1)
> Z:=zEL —R[e]-sin(0) -cos(¢ + 1) -sin(®) + R[e]-cos(0) -cos(m)
7 :=-2534.233760 sin(0) cos(d + 1) + 5845.280168 cos(0)
> evalf (subs(y = ynodes, X))
2499955823 10° 4 5845.280168 sin(0) cos(0 + 1) +2534.233760 cos(6)

> evalf (subs(\y = ynodes, Y) )
1.495564839 10° + 6371. sin(0) sin(¢ + 1)

> evalf (subs(\y = ynodes, Z) )
-2534.233760 sin(0) cos(¢ + 1) + 5845.280168 cos(0)

> anSF = animate(plot3d, [ [(19), (20), 21)],6=0.P1,6=0 ..2-Pi], 1=0..2-Pi, frames

=61) :

2ovtetoynéveg tov IXHMEPINOYtnc 'HX pe kexkhpévo kot

[Yovia o aEova :
> XISHM := xEL + R[e]- sm( 1; ) cos(¢) -cos( ) +R[e]~cos(%i)~sin(m)
XISHM = 149598261 cos() + 5845.280168 cos(d)
> YISHM = yEL -l-R[e]-sin(PTi ) -sin(0)
YISHM = 149577371 sin(y) + 6371 sin(0)
> ZISHM = zEL — R[e] s1n( 1; ) cos(¢) -sin( o) +R[e]-cos(%i)-cos(m)
ZISHM :=-2534.233760 cos(0)

> evalf (subs(y = ynodes, XISHM ) )
2499955823 10° 4 5845.280168 cos(0)

> evalf (subs(y = ynodes, YISHM ) )
1495564839 10° + 6371. sin(0)
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> evalf (subs(y = ynodes, ZISHM ) )
~2534.233760 cos( ) Q7

| > ISHMERINOS = spacecurve( [(25), (26), (27)], d =0..2-Pi, color = blue, thickness=5) :

2ovtetoynéveg tov TPOIIIKOY TOY KAPKINOYtng I'HX pe
| KekMpévo Katd yovio o aéovo :

2
Xcancer := 149598261 cos(y) + 5362.941494 cos($) + 1008.058506 (28)

> Xcancer := xEL —|—R[e]~sin(P7i — (1)) -cos( ) -cos(®) + R[e]-cos(P—i — (1)) -sin (@)

> Ycancer = yEL +R[e]-sin(% — 0)) -sin(0)

Ycancer := 149577371 sin(y) + 5845.280170 sin( ¢) (29)

> Zcancer = zEL —R[e]-sin(PTi — 0)) -cos( ) -sin(®) + R[e]-cos(l%i —0)) -cos( ®)

Zcancer = 2325.114789 — 2325.114793 cos( 0) 30)

> evalf (subs(\y = ynodes, Xcancer))
2.500963882 10° 4 5362.941494 cos(®) 31

> evalf (subs(\y = ynodes, Ycancer) )
1.495564839 10° 4 5845.280170 sin( ) 32)

> evalf (subs(\y = ynodes, Zcancer))
2325.114789 —2325.114793 cos(¢) 33)

> CANCER = spacecurve( [(31), (32), 33)], d=0..2-Pi, color =red, linestyle =3, thickness

=2):
2ovtetoynéveg tov TPOIIIKOY TOY AIT'OKEPQ g I'HX pe

| KekMpévo Katd yovio o aovo :
> Xcapricorne :== xEL —i—R[e]-sin(P?i + 0)) -cos(0) -cos(®) + R[e]'cos( % + 0)) -sin( ®)
Xcapricorne := 149598261 cos(y) + 5362.941493 cos(d) — 1008.058508 (34)
> Ycapricorne == yEL +R[e]~sin(l)7i + (x)) -sin(¢)
Ycapricorne = 149577371 sin(y) + 5845.280169 sin(¢) 35)

2 2
Zcapricorne = -2325.114792 — 2325.114793 cos(¢) 36)

> Zcapricorne = zEL —R[e]-sin(& + (o) -cos(¢) -sin(®) + R[e]-cos(ﬂ + 0)) -cos( )

> evalf (subs(\y = ynodes, Xcapricorne) )
2498947764 10° 4 5362.941493 cos(0) 37

> evalf (subs(\y = ynodes, Ycapricorne))
1.495564839 10° + 5845.280169 sin( ) 398

> evalf (subs(\y = ynodes, Zcapricorne))
-2325.114792 —2325.114793 cos(¢) 39)

> CAPRICORNE := spacecurve( [(37), (38), (39)], » =0..2-Pi, color = gold, linestyle=3,
thickness=2) :




Zovtetoryuéveg g Kukikng FEQETATIKHE tpoyiag Tov
| Aopogodpov (GEO):
> XGEO = xEL + 2164 -sin(& ) -cos(0) -cos(®) + 42164 ~cos( P ) -sin( ®)

2 2 2 2
XGEO := 149598261 cos(y) + 19342.36329 cos(¢) (40)
> YGEO = yEL + 42;64 -sin(%)sin(q))
YGEO = 149577371 sin(y) + 21082 sin(0) (41)
> ZGEO := zEL — 42;64 -sin(% ) -cos(¢) -sin(®) + 42;64 -cos(% ) -cos( )
i ZGEO :=-8385.923110 cos(0) (42)
> evalf (subs(\y = ynodes, XGEO) )
2.499955823 10° 4 19342.36329 cos(®) 43)
> evalf (subs(\y = ynodes, YGEO) )
1.495564839 10° + 21082. sin(0) 44)
> evalf (subs(\y = ynodes, ZGEO) )
-8385.923110 cos(¢) 45)

> GEO = spacecurve( [(43), (44), (45)],  =0..2-Pi, color = blue, thickness=1) :
> animGEQ = animate(pointplot3d, | [ (43), (44), (45)], symbol = solidsphere, symbolsize
=20, color = yellow], $ =0 ..2-Pi, frames =61, trace=3) :
Yovoeopog kévrpov FHE-AOPY®POPOY .
> lineOGEO := animate(spacecurve, | [ subs(w = ynodes, xEL + \-(XGEO — xEL) ), subs(y
= ynodes, yEL + A+ (YGEO — yEL) ), subs(\y = ynodes, zEL + \- (ZGEO — zEL) ) |, A
=0..1, color =black, linestyle = 4], »=0..2-Pi, frames =61, trace=3) :
2vovtetoyuéveg tov I-MEXHMBPINOY ¢ I'HX pe kekhpévo
L K0T yovia o aova :
> X :=xEL+ R[e]-sin(0)-cos(0)-cos(®) + R[e]-cos(0) -sin( )

X := 149598261 cos(y) + 5845.280168 sin(0) + 2534.233760 cos(0) (46)
> Y:=yEL + R[e]-sin(0) -sin(0)
Y := 149577371 sin(y) “47)
> Z:=zEL —R[e]-sin(0)-cos(0)-sin(®) + R[e]-cos(0) -cos( )
7 :==-2534.233760 sin(0) + 5845.280168 cos(6) (48)
> evalf (subs(y = ynodes, X))
2.499955823 10° 4 5845.280168 sin(6) + 2534.233760 cos(6) 49)

> evalf (subs(\y=ynodes, Y) )
1.495564839 10° (50)

> evalf (subs(\y = ynodes, Z) )
-2534.233760 sin(0) + 5845.280168 cos(0) (51)

> MESHMBRINOS := spacecurve( [(49), (50), (51)], 8 =0..2-Pi, color = green, thickness
=3):




> animMESHMBRINOS = animate( spacecurve, | | subs(y = ynodes, xEL + R[e]-sin(0)
-cos( ) -cos(®) ) + R[e]-cos(0) -sin(®), subs(y = ynodes, yEL + R[e]-sin(0)
-sin(@) ), subs(y = ynodes, zEL — R[e]-sin(0) -cos(0) -sin( @) + R[e]-cos(0)
-cos(®) ) ], 0=0..2- Pi, color =yellow, thickness =1 ], »=0.2Pi, frames=61) :

TOVTETOJUEVES TOL KEKAIEVOD KaTd Yovia o aéova [7-sin(®), 0, 7-cos(®) | mg Zoaipag pe : A=-1.3..1.3

> Xaxon = evalf (subs( W = ynodes, xEL + A-R[e]-sin(®) ) )

i Xaxon = 2.499955823 10° 4 2534.233760 A (52)
_> Yaxon = evalf (subs(y = ymodes, yEL +1-0) )
i Yaxon = 1.495564839 10° (53)
_> Zaxon = evalf (subs(\y = ynodes, zEL + A-R[e]-cos(®) ) )

Zaxon = 5845.280168 A (54)

| > axonS = spacecurve( [(52), (53), (534)], A=-1.3 ..1.3, color = red, thickness=4) :

> TEXTaxon := textplot3d( [subs(A=1.4, (52)), subs(A=1.4, (53)), subs(A=1.4, (54)),
"Nord"],fontz [arial, bold, 12]) :

2ovietayuéveg tov Eriyerov Xtabpov (BEPOIA) ,tng, pe
KEKAMPEVO Kotd yovia o dEova , THX .

40.5194° N, 22.2052° E

> xBER = xEL +R[e]-sin(

(90 —40.5194) ) ( 22.2052
‘Pi|-cos| ———

180 180
(90 —405194) .\
cos( ™ Pl) sin(®)

xBER := 149598261 cos(y) + 4443.500284 cos(0.3875538510 + ) + 1646.505561 (55)

Pi + (1)) -cos(®) + R[e]

o [ (90 —40.5194) ) . ( 222052 . )
> yBER := yEL + R[e] sm( 130 Pi |-sin BT Pi+¢
yYBER := 149577371 sin(y) + 4843.145152 sin(0.3875538510 + ¢) (56)
> zBER = zEL —R[e]-sin( BO=B.314) -Pi) -COS(% pi +¢) sin(®) + Rle]
_ (90 —40.5194) ..
cos( ™ Pl) cos(®)
zBER = 3797.710557 — 1926.489083 cos(0.3875538510 + 0) 7
> evalf (subs(\y = ynodes, xBER) )
2.501602329 10° + 4443.500284 cos(0.3875538510 + ¢) (58)
> evalf (subs(y = ynodes, yBER) )
i 1.495564839 10° + 4843.145152 sin(0.3875538510 + ¢) 59)
> evalf (subs(\y = ynodes, zBER) )
i 3797.710557 — 1926.489083 cos(0.3875538510 + 0) (60)
> xBERixt == xEL + 7100-sin( % -Pi) -cos(% -Pi +¢) -cos(®) + 7100




180
xBERtxt := 149598261 cos(y) +3257.062408 /2 cos(0.3875538510 + ¢)

+1412.106396 /2

'COS(M'Pi) -sin (@)

> yBERxt == yEL + 7100-sin(M _Pi) ‘Sm( 22.2052

180 30 1t q))
yBERxt := 149577371 sin(y) + 3550/ 2 sin(0.3875538510 + ¢)

(90 — 45) .Pi) _COS( 222052
180 180

~Pi) -cos( )

> zBERixt == zEL — 7100 -sin(
OS( (90 —45)

180
ZBERxt :=-1412.106396 v/ 2 cos(0.3875538510 + @) + 3257.062408 /2

> evalf (subs(\y = ynodes, xBERtxt) )
2.501952843 10° + 4606.181830 co0s(0.3875538510 + ¢)

> evalf (subs(\y = ynodes, yBERxt) )
1.495564839 10° 4 5020.458145 sin(0.3875538510 + 0)

> evalf (subs(\y = ynodes, zBERxt) )
-1997.020016 cos(0.3875538510 + ¢) + 4606.181830

> BEROIA = animate( pointplot3d, [ [(58), (89), (60)], symbol=solidcircle, symbolsize =35,
_ color=green], 0 =0..2-Pi, frames =61) :

> Btext = animate( textplot3d, [ [ (64), (65), (66), "BEPOIA"], font = [arial, bold, 8], color
= blue], p=0..2-Pi, frames =61) :

-Pi +¢) -sin(®) + 7100

>

Yvvoeopnoc BEPOIAX-AOPY®OPOY .

> lineBERDOR = animate( spacecurve, | | subs( W = ynodes, (58) + L- ((43) — (58)) ), subs(y
= ynodes, (59) + \- ((44) — (59)) ), subs(y = ynodes, (60) + A- ((45) — (60)) ) |, L=0
..1, color =red, linestyle=5 ], »=0..2-Pi, frames =61, trace=0) :

>

| EITIIEAO EKAEIITIKHE .

> ePEKLEIPTIKHS := cylinder( [ subs(\y = ynodes, xEL), subs(\y = wnodes, yEL) , subs(
= ynodes, zEL) ], 1.5 R[e],-1, strips =100) :

> XEKL = xEL +R[e]~sin(%i)-cos(¢) -cos(0) -I-R[e]-cos(%i)-sin(O)

> YEKL := yEL +R[e]~sin(%i ) sin(¢)

> ZEKL = zEL —R[e]-sin(l%i ) -cos(¢) -sin(0) + R[e]-cos(}%i ) -cos(0)

> evalf (subs(y = ynodes, XEKL) )

(61)

(62)

(63)

(64)

(65)

(66)

XEKL = 149598261 cos(y) + 6371 cos(0) (67)

YEKL := 149577371 sin(y) + 6371 sin(¢) (68)

ZEKL =0 (69)

2.499955823 10° 4 6371. cos( ) (70)



> evalf (subs(y = ynodes, YEKL) )
i 1.495564839 10° 4 6371. sin( ) (71)

> evalf (subs( = ynodes, ZEKL))

0. (72)
> TOMH := spacecurve( [(70), (71), (72)], =0 ..2-Pi, color = black, linestyle =1, thickness
=3):
AZONAX TQN KOMBQN (Nodes) , tapariinrog 6TOV Y-y TNG

| EKAEIINTIKHX mov wepvaer omo6 to kévrpo tne I'HX .
> AXnodes = spacecurve( [ subs(\y = ynodes, xEL), subs(\y = ymodes, yEL — \-yEL), 0], A=
_ -0.0001..0.0001, color = black, thickness =1, linestyle = 4) :

> AXnodesl = spacecurve( [ subs(y = ynodes, xEL), subs(y = ynodes, yEL — \-yEL), 0], A=
_ -0.00015..0.00015, color = black, thickness =1, linestyle=4 ) :

> animGEQO = animate( pointplot3d, [ [ (43), (44), (45)], symbol=solidsphere, symbolsize
=20, color = yellow], $ =0 ..2-Pi, frames =61, trace=3) :

> anNODE := pointplot3d (subs((b = %, [(43), (44), (45)] ) , symbol = solidsphere, symbolsize

=10, color= rea’) :

> katNODE := pointplotj’d(subs( =- %, [(43), (44), (45)] ) , symbol = solidsphere,

symbolsize =10, color = green) :

AZEONAX napaiiniog otov x-x T EKAEIITIKHXE wov

| TepvaeL amd To kévrpo g FHX .
> AXONASx = spacecurve( [ subs(y = ymodes, xEL — A1), subs(\y = ynodes, yEL), 0], A=
-14000..14000, color = black, thickness =1, linestyle = 4) :

AEZEONAZX taparinrog otov z-z T EKAEINITIKHX mov

 mepvael ano To kEvrpo e F'HX .

> AXONASz := spacecurve( [ subs(y = ynodes, xEL ), subs(\y = ynodes, yEL), .-1], A=
-10000 ..10000, color = black, thickness = 1, linestyle=4) :

>

> display(anSF, axonS, ISHMERINOS, MESHMBRINOS, animMESHMBRINOS, BEROIA,
Btext, ePEKLEIPTIKHS, TOMH, TEXTaxon, GEO, animGEQO, lineOGEO, CANCER,
CAPRICORNE, AXnodes1, AXONASx, AXONASz, anNODE, katNODE, lineBERDOR,
orientation = [ -55, 75, 0], axes = none, title

="KYKAIKH I'EQXTATIKH TPOXIA (GEO)\nHT'H XTON AZONA TQN KOMBQN-
\nZABBAZX I1. TABPIHAIAHYX", titlefont = [ arial, bold, 12 ], scaling = constrained) :




KYKAIKHTEQITATIKH TPOXIA (GEO)
HI'H ETON AZONA TQN KOMBON-
LABBAL II. TABPIHATIAHT

TTApTg kahoym pe Tpeis (3) Aopupdpovs dwtetaypévoug sty GEO ava 120"
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