;> with( plots) :
| > with(plottools) :
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@ : KATEH AZONA ITIEPIETPO®HE ¢ I'HE ¢ mpoc TV KaTekdpugo @ 23, 439247° =0.40909 rad.
Rg : Méon oxtive ITHE :6371 km .
Apiio :152.008.232 km , Ilspujiro :147.098.290 km , Exkevrpornre :0.01671123 .
Mevydaioc HmdZovae Eliewrtucns @ ©=149.598.261 km = ¢=2.499.971 km
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APKTIEOY KYKAOY : 1.161704293 N(rad)
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[a- cos(y), b-sin(y), 0]
a o peydAog ninadovag
b o pikpég muafovag mg EAdsrpng

YOVTETOYREVES TG LPUIpOS NE KEKMUEVO KOTA Yovia © dEova .

MNeplotpodn nepi Tov afova y-y

x[B ]:=7z[A]-sin(w) + x[4]-cos(o)
vIB | =ylA]
7[B ] =z[A4] cos(®w) — x[A]-sin(w)
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> R[e] = 6371
R, = 6371 (6)

;> HLIOS = pointplot3d([c, 0, 0], symbol = solidcircle, symbolsize =5, color =yellow) :
| > textHLIOS = textplot3d([ 3- ¢,— 3" ¢, 0, "HAIOX"], font = [arial, bold, 121]) :
>
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yaf := Pi

yaf =
xEL := a-cos(y)
49866087 cos(y)
YL = 500
YEL := b-sin(y)
149577371 sin ()
YEL = 1500
zEL =0
zEL =0
X :=xEL + R[e]-sin(0) -cos(¢ + 1) -cos(®) + R[e]-cos(0) -sin( )
4
x o 9806087 cos(W) | soss 500168 sin(8) cos(d + 1) + 2534.233760 cos(0)

500
Y := yEL + R[e]-sin(0) -sin(¢ + 1)
149577371 sin( )
1500
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 = yaf, X) )
-99732.17400 + 5845.280168 sin(0) cos(¢ + 1) +2534.233760 cos(0)

evalf (subs(y=vyaf, Y) )
-0.00004090509931 + 6371. sin(0) sin(d + 1)

evalf (subs(y=yaf, Z) )

+ 6371 sin(0) sin(d + 1)

)

®

®
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15)



i -2534.233760 sin(0) cos(¢ + 1) + 5845.280168 cos(0)
> anSFaf = animate(plot3d, [ [(14), (15),(16)],6=0..Pi, =0 ..2-Pi], 1=0..2-Pi, frames
_ =49) :
2ovtetoynéveg tov IXHMEPINOYtc 'HX pe kexkhpévo kot
[Yovia o aEova :
. ( Pi Pi .
> XISHM := xEL +R[e]~sm(7 ) -cos(0) -cos(®) + R[e]~cos( - ) -sin( @)

49866087 cos( )

XISHM =
5 500

+ 5845.280168 cos( )

> YISHM := yEL —l—R[e]-sin(% ) sin(¢)

149577371 sin ()

YISHM = 1500

+ 6371 sin(¢)

> ZISHM = zEL —R[e]-sin(% ) -cos(0) -sin(®) + R[e]-cos( % ) -cos( @)
ZISHM :=-2534.233760 cos(0)

> evalf (subs(y = yaf, XISHM ) )
-99732.17400 + 5845.280168 cos(¢)

> evalf (subs(y = yaf, YISHM ) )
-0.00004090509931 + 6371. sin(¢)

> evalf (subs(y = yaf, ZISHM ) )
-2534.233760 cos(6)

| > ISHMERINOSaf := spacecurve( [(20), (21), (22)], & =0..2-Pi, color = blue, thickness=5) :

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

> Xcancer := xEL —i—R[e]-sin(P?i — (1)) -cos(¢) -cos(®) + R[e]-cos(PTi — (1)) -sin( @)

49866087 cos( )
500

Xcancer := +5362.941494 cos(¢) + 1008.058506

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

149577371 sin ()
1500

+5845.280170 sin ()

Ycancer =

> Zcancer = zEL —R[e]-sin(P?i —0)) -cos(¢) -sin( ) -l-R[e]-cos(PTi —0)) -cos( ®)

Zcancer = 2325.114789 — 2325.114793 cos( 0)

> evalf (subs(y = waf, Xcancer) )
-98724.11549 + 5362.941494 cos(¢)

> evalf (subs(y = yaf, Ycancer) )
-0.00004090509931 + 5845.280170 sin(¢)

> evalf (subs(\y = waf, Zcancer) )
2325.114789 — 2325.114793 cos(d)
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> CANCERaf := spacecurve( [(26), (27), (28)], 6 =0..2-Pi, color = red, linestyle =3, thickness
_ =2):

> animCANCER = animate( pointplot3d, [ [(26), (27), (28)], symbol = solidcircle, symbolsize
=5, color=gold], $=0..2-Pi, frames =49, trace = 24) :

>
Yovtetaynéveg tov APKTIKOY KYKAOYtng I'HE pe kekhipévo

L K0T yovia o aova :

> Xarkt :== xEL + R[e]-sin(®) -cos(¢) -cos(®) + R[e]-cos(®) -sin(®)

49866087 cos( )

500
> Yarkt = yEL + R[e]-sin(®) -sin(¢)
149577371 sin(y)

Xarkt =

+2325.114792 cos(¢) +2325.114792 29)

] Yarkt = 1500 +2534.233760 sin( ) 30)
> Zarkt = zEL — R[e]-sin(®) -cos(¢) -sin(®) + R[e]-cos(®) -cos( ®)

Zarkt := 5362.941492 — 1008.058508 cos( ) 31)

> evalf (subs(y = yaf, Xarkt) )
-97407.05921 + 2325.114792 cos(¢) 32)

> evalf (subs( = yaf, Yarkt) )
-0.00004090509931 + 2534.233760 sin( ) 33)

> evalf (subs(\y = yaf, Zarkt) )
5362.941492 — 1008.058508 cos(d) (34)

> ARKTIKOSaf = spacecurve( [(32), (33), 34)], d=0..2-P1, color =red, linestyle =3,
_ thickness=2) :

>

Yovietoyuéveg tov TPOIIIKOY TOY AITOKEPQ g I'HX pe
| KEKMPEVO Katd yovio o déovo :

> Xcapricorne == xEL +R[e]-sin(% + 03) -cos(0) -cos(®@) + R[e]-cos(% + 03) -sin( ®)

49866087 cos( )
500

Xcapricorne = +5362.941493 cos(d) — 1008.058508 35)

> Ycapricorne == yEL +R[e]~sin(% + (x)) -sin(0)

149577371 sin( )
1500

Ycapricorne = + 5845.280169 sin(¢) 36)

> Zcapricorne = zEL —R[e]-sin(% + co) -cos(¢) -sin(®) + R[e]-cos(% + 0)) -cos(®)

Zcapricorne = -2325.114792 — 2325.114793 cos(¢) 37

> evalf (subs(y = yaf, Xcapricorne) )
-100740.2325 + 5362.941493 cos(¢) (38)

> evalf (subs(y = yaf, Ycapricorne))
-0.00004090509931 + 5845.280169 sin(¢) 39

> evalf (subs(y = yaf, Zcapricorne) )



>

>

>

>

-2325.114792 — 2325.114793 cos(¢)

_> CAPRICORNEaf = spacecurve( [(38), (39), (40)], 0 =0..2-P1, color =gold, linestyle=3,

thickness=2) :

Yovtetaynéveg tov ANTAPKTIKOY KYKAOY ¢ I'HX pe

| kKekMpévo Katd yovio o dova :

Xantarkt == xEL + R[e]-sin(Pi-®) -cos(¢) -cos(®) + R[e]-cos(Pi-®) -sin( o)
49866087 cos( )
500

Yantarkt == yEL + R[e]-sin(Pi-®) -sin(¢)
149577371 sin(y)
1500
Zantarkt := zEL — R[e]-sin(Pi-®) -cos( ) -sin( @) + R[e]-cos(Pi-®) -cos( ®)

Zantarkt = -5362.941494 — 1008.058506 cos(¢)

evalf (subs(y = yaf, Xantarkt) )
-102057.2888 + 2325.114788 cos(0)

evalf (subs (= yaf, Yantarkt) )
-0.00004090509931 + 2534.233756 sin( )

evalf (subs(\y = yaf, Zantarkt) )
-5362.941494 — 1008.058506 cos(¢)

Xantarkt = +2325.114788 cos(d) —2325.114793

Yantarkt == + 2534.233756 sm(q))

> ANTARKTIKOSaf = spacecurve( [ (44), (45), (46)], 0 =0..2-Pi, color = gold, linestyle =3,

thickness=2) :

Yovtetaynéveg tov I-MEXHMBPINOYtc I'HX pe kekhpévo

| KOTd yovia o aovo. :

X :=xEL + R[e]-sin(0) -cos(0) -cos(®) + R[e]-cos(0) -sin( ®)
49866087 cos( )
500

Y := yEL + R[e]-sin(0) -sin(0)

X =

+5845.280168 sin(6) + 2534.233760 cos( )

149577371 sin ()
1500

Z = zEL — R[e]-sin(0) -cos(0) -sin( @) + R[e]-cos(0) -cos( ®)
Z :=-2534.233760 sin(0) + 5845.280168 cos(0)

evalf (subs(y = yaf, X) )
-99732.17400 + 5845.280168 sin(0) + 2534.233760 cos(0)

evalf (subs(\y=wyaf, Y) )

—0.00004090509931

evalf (subs(y=yaf, Z) )
-2534.233760 sin(0) + 5845.280168 cos(0)

> MESHMBRINOSaf = spacecurve( [(50), (51), (52)], 6=0..2-P1i, color = green, thickness

=3):
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> animMESHMBRINOSaf := animate( spacecurve, | | subs(y = waf, xEL + R[e]-sin(0)
-cos(9) -cos(®) ) + R[e]-cos(0) -sin( @), subs(y = waf, yEL + R[e]-sin(0)
-sin(9) ), subs(y = yaf, zEL — R[e]-sin(0) -cos(¢) -sin(®) + R[e]-cos(0) -cos(®) ) |
,0=0.2- Pi, color =yellow, thickness = 1 ], »=0.2Pi, frames=49) :

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

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

i Xaxon =-99732.17400 + 2534.233760 A (53)
> Yaxon = evalf (subs(y = yaf, yEL +1-0) )
i Yaxon = —0.00004090509931 (54)
> Zaxon = evalf (subs(y = yaf, zEL + \-R[e]-cos(®) ) )
Zaxon = 5845.280168 A (55)

| > axonSaf = spacecurve( [(53), (54), (55)], A=-1.3..1.3, color =red, thickness=4) :

> TEXTaxonaf := textplot3d( [subs(A=1.4, (53)), subs(A=1.4, (54)), subs(A=1.4, (55)),
"Nord"], font= [arial, bold, 121]) :

2ovtetorynéveg tov Entygiov XtaOpov (BEPOIA) ;¢ , pne
KEKAMPEVO KoTd yovia o dEova , THX .

BEPOIA

40.5194° N, 22.2052° E

AOHNAI
37.9838° N, 23.7275° E

MAPIZI

48.8566° N, 2.3522° E

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

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

180 180
. (90 —40.5194) .\ ...
cos( 120 Pl) sin(®)

49866087 cos( )
500

Pi + (1)) -cos(®) + R[e]

XBER =

+ 4443.500284 cos(0.3875538510 + ¢) + 1646.505561 (56)

> yBER = yEL +R[e]-sin(

(90 —40.5194) .\ .. (22.2052 .
130 Pl) sm(—180 P1+¢)

149577371 si
15005“1("’) +4843.145152 sin (0.3875538510 + ¢) 7)

VBER =




o _ (90 —40.5194) . 22.2052
> zBER = zEL — R[ e] sm( 130 Pl) COS(—ISO

-Pi + q)) -sin(®) + R[e]

-cos( (99 _f8065194) -Pi) -cos( m)

ZBER := 3797.710557 — 1926.489083 cos(0.3875538510 + ¢) (58)

> evalf (subs(\y = waf, xBER) )
-98085.66844 + 4443.500284 cos(0.3875538510 + 0) 39

> evalf (subs(y = waf, yBER) )
-0.00004090509931 + 4843.145152 sin(0.3875538510 + ¢) (60)

> evalf (subs(\y = yaf, zBER) )
i 3797.710557 — 1926.489083 cos(0.3875538510 + ¢) (61)

> xBERxt = xEL + 7000-5in(% -Pi) -cos( % Pi + ¢) cos(@) + 7000

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

180
4986608
BERixt = 2 Sgocos(“’) +3211.188289 2 cos(0.3875538510 + ¢) (62)
| 13922175742
_ L ((90—45) .\ (222052 .
> yBERxt := yEL + 7000 sm(—1 20 P1) Sm(—ISO P1 + q>)
149577371 si
VBERmt = 12 771 57005“1(‘“) +3500 2 sin(0.3875538510 + ) (63)
> zBERixt := zEL — 7000-sin(% ~Pi) -cos( 22@% ‘P14 q>) -sin( @) + 7000
. (90 —45) .\
COS(—ISO Pl) cos(®)
zBERtxt :=-1392.217574 /2 cos(0.3875538510 +¢) +3211.188289 /2 (64)
> evalf (subs(y = waf, xBERtxt) )
-97763.28103 + 4541.306028 cos(0.3875538510 + ¢) (65)
> evalf (subs(y = yaf, yBERxt) )
-0.00004090509931 + 4949.747467 sin(0.3875538510 + ¢) (66)
> evalf (subs(y = yaf, zBERtxt) )
- 1968.892974 cos(0.3875538510 + ¢ ) + 4541.306028 (67)

_> BEROIAaf = animate( pointplot3d, [ [(59), (60), (61)], symbol=solidcircle, symbolsize=35,
_ color=green], 0 =0..2-Pi, frames =49) :
> Btextaf = animate(textplotj’d, [[(65), (66), (67), "BEPOIA"], font = [arial, bold, 8], color
_ = blue], p=0..2-Pi, frames =49) :
| >
2ovtetoynéveg tov IAPAAAHAOY KYKAOY™c I'HX tov
| o1epyopevov om6 Ty BEPOIA , pe kekhpévo Katd yovia o agova :

(90 —40.5194)
180

> XBER := xEL —I—R[e]-sin( -Pi) -cos(0) -cos(®) + R[e]




(90 —40.5194) .\ .
( 130 Pl) sin(®)
4986608
XBER = 22 Sgocos("’) + 4443.500284 cos(0) + 1646.505561 (68)
> YBER = yEL +R[e]-sin( (90 _148065194) -Pi) -sin(¢)
YBER = 122 771357 (}Osm(“’) +4843.145152 sin () (69)
> ZBER = zEL —R[e]-sin( BO=B.314) -Pi) cos(0) -sin(®) + R[e]
([ (90 —40.5194) .\
cos( 120 Pl) cos( )
ZBER = 3797.710557 — 1926.489083 cos(¢) (70)
> evalf (subs(\y = yaf, XBER) )
i -98085.66844 + 4443.500284 cos( ) (71)
> evalf (subs(y = yaf, YBER) )
i -0.0000409050993 1 + 4843.145152 sin(¢) (72)
> evalf (subs(\y = yaf, ZBER) )
3797.710557 — 1926.489083 cos( ) (73)

> CYCLEBEROIAaf = spacecurve( [(71), (72), (73)], =0..2Pi, color = green, linestyle=1,
_ thickness=1) :

>

2ovietoyuéveg tov KENTPOY tov TAPAAAHAOY KYKAOY11g

I'HX tov owepyopevov a6 tnv BEPOIA | pe kekhpévo kota yovia @
| GEova :

> Xcenter = evalf(subs(\pZ waf, xEL + R[e]-cos( (90 — 40.5194) -Pi) -sin (®) ) )

180
i Xcenter := —98085.66844 (74)
> Ycenter = evalf (subs(\y = yaf, yEL) )
i Ycenter :== —0.0000409050993 1 (75)
> Zcenter := Subs(w = yaf, zEL + R[e]-cos( (20 _148065194) -Pi) -cos( ) )
Zcenter = 3797.710557 (76)

> CENTERBEROIA := pointplot3d([(74), (75), (76)], symbol = solidcircle, symbolsize =5,
color =black) :

[ >

I EINIINTEAO EKAEINTIKHY .

> ePEKLEIPTIKHSaf = cylinder( | subs(\y = waf, xEL), subs(\y = yaf, yEL), subs(y = yaf,
ZEL) ], 1.5- R[e],- 1, strips =100, transparency = 0.75) :

> XEKL = xEL +R[e]-sin(& ) -cos(0) -cos(0) + R[e]-cos( Pr ) -sin(0)

2 2
49866087 cos( )

XEKL = 500

+6371 cos(9) (77




> YEKL := yEL +R[e]~sin(%i ) sin(¢)

149577371 sin ()

] YEKL := 1500 + 6371 sin(0) (78)
. ( Pi . Pi

> ZEKL = zEL —R[e]-sm(; ) -cos(q)) sin(0) + R[e]-cos( o ) -cos(0)

i ZEKL =0 79
> evalf (subs( = yaf, XEKL) )

i -99732.17400 + 6371. cos(d) (80)
> evalf (subs(\y = yaf, YEKL) )

-0.00004090509931 + 6371. sin( ) (81)

> evalf (subs(y = yaf, ZEKL) )

i 0. (82)
> TOMHaf = spacecurve( [(80), (81), (82)], 0 =0..2-Pi, color = black, linestyle =1, thickness

=3):

| >
AZEONAX TQN KOMBQN (Nodes) , tapdiiniog 6ToV y-y T1|C

| EKAEINTIKHX mov wepvaer omo6 to kévrpo tne I'HX .
| >

> AXnodeslaf := spacecurve( | subs(y = waf, xEL), subs(y = yaf,-A-1), 0], A=-15000
..15000, color = black, thickness =1, linestyle=4 ) :

>

| AZONAZX. napariqhog otov x-x s EKAEINTIKHE rov

| TEPvaeL oo To kévrpo g HX .
> AKTINESaf := spacecurve( [ subs (= waf, xEL + R[e] + A-(a-€ —xEL — R[e]) ), subs(y
_ = yaf, yEL), 0], A=0..0.1, color =red, thickness = 1, linestyle= 1 ) :
> AXONASxaf = spacecurve( [subs(y = waf, xEL + A (xEL + R[e]-xEL)), subs(y = yaf,
_ yEL) , O], A=-2..2, color = black, thickness =1, linestyle=4) :
>

_> evalf (subs( = yaf, xEL + R[e]) )
i —93361.17400 (83)
> evalf (subs(y=yaf, xEL +2- R[e]))
—86990.17400 84)

(> BELOS := arrow([(83) + 1000, 0, 0], Vector([ -1000, 0, 0]), 200, 400, 0.5,
cylindrical _arrow, color =red) :

>

AZONAX napaiiniog otov z-z T EKAEIIITIKHX mov

| mepvael oo To kEvrpo g 'HX .
> AXONASzaf = spacecurve( | subs(y = waf, xEL), subs(\y = waf, yEL), A-1], L=-10000
_ ..10000, color = black, thickness =1, linestyle = 4) :
> KATHETOS = spacecurve( [subs(y = waf, xEL + R[e]), subs(\y = yaf, yEL), A-1], A=
-10000..10000, color = green, thickness =1, linestyle =1 ) :




> SHMPROSPTAKTINAS := pointplot3d( [subs(y = waf, xEL + R[e]), 0, 0], symbol
= solidcircle, symbolsize =5, color = blue) :

Tovtetoyuéives tov ®QTIZOMENOY METETOY KYKAOYTe

b, =0 85)
> X® := xEL + R[e]-sin(0) -cos( 1;1 + H[‘b])
49866087 cos(y)
i XD = 500 0
> Y@ := yEL + R[e]-sin(0) -sin(I;1 + H[q)])
149577371 sin(y) .

_ Y = oo + 6371 sin(0) @87)
> Z® := zEL + R[e]-cos(0)
] 70 = 6371 cos(6) (88)
> evalf (subs(y = yaf, XD) )

99732.17400 (89)

> evalf (subs(y = yaf, YD) )
-0.00004090509931 + 6371. sin(0) 90)

> evalf (subs(\y = yaf, ZD) )
6371. cos(0) 91)

> FMEGISTOSKYKLOSaf = spacecurve( [(89), (90), (91)], ©=0..2-Pi, color = blue, thickness

=1):

>
>

EYPEXH TQN XHMEIQN TOMHX A, B : TAPAAAHAOY KYKAOY1ng
I'HX tov diepyopevov amo Ty BEPOIA
& ©PQTIZOMENOY MET'IXTOY

KYKAOY .
>
EIMAYZH TOY LYETHMATOX
| >
> (71)=(89)
-98085.66844 + 4443.500284 cos(d) = —99732.17400 92)
> (72)=(90)
-0.00004090509931 + 4843.145152 sin(¢) = -0.00004090509931 + 6371. sin (@) (93)
(> (73)=(91)

3797.710557 — 1926.489083 cos(§) = 6371. cos(0) (94)




> allvalues(solve( {(92), (93)}, {$,0}))
{$=1.950389322, 6 =0.7839366496 } 95)

> evalf (subs((95)[ 1], (71)))

i —99732.17400 (96)
> evalf (subs((95)[11], (72)))

i 4498.388366 97
> evalf (subs((95)[11], (73)))

i 4511.556576 (98)
=>

| >

> A4 = [(96), (97), (98)]

i A == [—99732.17400, 4498.388366, 4511.556576] 99)
> B = [(96).-(97), 98)]

i B :=[—99732.17400, —4498.388366, 4511.556576] (100)
>

> pointA = pointplot3d( A, symbol = solidcircle, symbolsize =5, color =red) :
> pointB = pointplot3d( B, symbol=solidcircle, symbolsize=5, color = cyan) :

L, MHKOL XOPAHE AB:

> L[AB] = sqrt( (A[1]—B[1])> + (4[2] — B[2])* + (4[3] — B[3])?)
L

]
g = 8996.776732 (101)

AKTINA "zrp TOY IIAPAAAHAOY KYKAOY tnc F'HE tov digpyopsvor ano v BEPOIA :

(90 — 40.5194) )
180 P1
Fypp = 4843.145152 (102)

> r[BER] := R[e]~sin(

>

EITIKENTPOZ T'Q2NIA agpp mov figrer v zopéi] AB (NYXTA omnv BEPOIA) :

o -1 _L[4B]
> a[BER] = 2-sin (—Z-r[BER] )

Qg = 2382406616 (103)
> NYXTA = 4LBER] 4

2-Pi

_ NYXTA = 9.100122944 h (104)
> HMERA == 24h — NYXTA
_ HMERA = 14.89987706 h 105)
>

> display(anSFaf, axonSaf, ISHMERINOSaf, animMESHMBRINOSaf, BEROIAaf, Btextaf,
ePEKLEIPTIKHSaf, TOMHaf, TEXTaxonaf, CANCERaf, CAPRICORNEaf, AXnodes1af,
AXONASxaf, AKTINESaf, AXONASzaf, KATHETOS, SHMPROSPTAKTINAS,
ARKTIKOSaf, ANTARKTIKOSaf, BELOS, animCANCER, CYCLEBEROIAaf,
FMEGISTOSKYKLOSaf, pointA, pointB, CENTERBEROIA, orientation = [ -20, 60, 0],




axes = none, title
="KAAOKAIPI XTO BOPEIO HMIZ®AIPIO\nH T'H XTO A®HAIO\nXABBAX I1.

T"ABPIHAIARY", titlefont = [ arial, bold, 12, scaling = constrained, lightmodel = light4 ) :

KAAOEKAIPI £TO BOPEIO HMIZ®ATPIO
HTI'H £TO A®HAIO
ZABBAL IL. TABPTHATAHE

>

> display(anSFaf, axonSaf, ISHMERINOSaf, animMESHMBRINOSaf, BEROIAaf, Btextaf,
ePEKLEIPTIKHSaf, TOMHaf, TEXTaxonaf, CANCERaf, CAPRICORNEaf, AXnodeslaf,
AXONASxaf, AKTINESaf, AXONASzaf, KATHETOS, SHMPROSPTAKTINAS,
ARKTIKOSaf, ANTARKTIKOSaf, BELOS, animCANCER, CYCLEBEROIAaf,
FMEGISTOSKYKLOSaf, pointA, pointB, CENTERBEROIA, orientation = [ - 60, 25, 0],
axes = none, title

= "TTPOBOAH [-60,25,0]\nKAAOKAIPI XTO BOPEIO HMIZ®AIPIO\nH I'H ZTO
ADPHAIO\nZABBAZX I1. TABPIHAIAHY", titlefont = [arial, bold, 12], scaling

= constrained, lightmodel = none) :




ITPOBOAH [-60,25,0] ;
KAAOKAIPI LTO BOPEIO HMIZ®AIPTIO ;
HTH ETO A®HAIO '
TABBAE IL. TABPTHAIAHE 7

>

EYPEXH AIAPKEIAY HMEPAX-NYXTAX XE
| OAHN THN AIAPKEIA TOY ETOYX.

>
Yovietoyuéveg tov TIAPAAAHAOY KYKAOY ¢ I'HX 1tov
owgpyopevov amd tnv BEPOIA , pe kekMmpévo kotd yovia o aova :

"V [

(90 —40.5194)

> XBERI ==+R[e]-sin( -Pi) -cos(¢) -cos(®) + R[e]

180
S( (90 —148065194) .Pi)_sin(m)
i XBERI := 4443.500284 cos(0) + 1646.505561 (106)
> YBERI ==+R[e]-sin( (20 _14800'5194) -Pi)-sin(q))
i YBERI := 4843.145152 sin(¢) 107)
> ZBERI :=—R[e]-sin( (20 _148065194) -Pi)-cos(q))-sin((o) —I—R[e]'cos( (20 _14800'5194)




-Pi) -cos( )
ZBERI = 3797.710557 — 1926.489083 cos(0) (108)

>

Zovietoypéveg Tov PQTIZOMENOY METIETOY KYKAOY™mncI'HX.

i ul =0.2-Pi
B
> X :=+R[e]-sin(9)-cos(};1 —I—u])
i X®] :=-6371sin(0) sin(ul) (109)
> YOI ==-|—R[e]-sin(9)-sin(zi +u])
I YOI = 6371 sin(8) cos(ul) (110)
> 7Z®] :=+ R[e]-cos(0)
Z®1 = 6371 cos(0) (111)

EIMAYXH TOY LYXTHMATOZX
> XBERI=X®I

i 4443.500284 cos(d) + 1646.505561 = -6371 sin(0) sin(ul ) (112)
> YBERI=Y®I
4843.145152 sin(¢) =6371 sin(0) cos(ul) 113)
(> ZBERI=7®]
3797.710557 — 1926.489083 cos(¢) = 6371 cos(6) (114)

> sol = allvalues(solve( {(112), (113)}, {0, 0}) ) :
> evalf (subs(ul =0, s0l[1]))
{$=1.950389322, 6 =0.7839366497 } (115)

> evalf (subs(ul =0, s0l[2]))
{6=—1.950389322, 6 = —0.7839366497 } (116)

> Al = [subs(sol[1][1], XBERI), subs(sol[1][1], YBERI), subs(sol[1][1], ZBERI)]:
> Bl := [subs(sol[2][1], XBERI), subs(sol[2][1], YBERI), subs(sol[2][1], ZBERI) ] :

> evalf (subs(ul =0, A1))

i [0.,4498.388408, 4511.556576] (117)
> evalf (subs(ul =0, BI))
i [0., —4498.388408, 4511.556576] (118)
> evalf(subs(u] = %,AI) )
i [ —2796.994723, —5.736730733 1077, 5724.199640 ] (119)
> evalf(subs(u] = %, BI) )
[6090.005845, 1.249080787 105, 1871.221474 ] (120)




L ;5; MHKOZ XOPAHE AlB1 .

(> L[41B1] = squt( (AI[1]— BI[1])2+ (A1[2] — BI[2])* + (A1[3] — BI[3])?) :
>

AKTINA "3rp TOY IMAPAAAHAOY KYKAOY 1 THE tov dizpyopsvou ano v BEPOIA :

> r[BER] = R[e]-sin( (90 — 40.5194) -Pi)

180
Fapp = 4843.145152 (121)
. L[AIBI] Y.
=> a[BERI] := 2-sin (—Z-r[BER] ) :
>
3-Pi Pi
a) Ul : .-
2 2
> NYXTAla = “BERI] 54y
i 2-Pi
|> HMERAIla = 24h — NYXTAla :
B
> TEST := evalf (subs(ul =0, NYXTAla))
i TEST :=9.100123121 h (122)
,
> evalf(subs(,ul = %, NYXTA]a) )
_ 11.99973536 h (123)
> evalf(subs(ul = 3.2Pi ,NYXTAIa) )
i 11.99973536 h (124)
_>
Pi 3-Pi
by ui = F1
_ 2 2
>
> HMERAIb == %-2411;
-rl

> NYXTAIb := 24h — HMERAID :

\%

> evalf (subs(ul =Pi, HMERAID) )
9.100123111 h (125)




> evalf(subs(ul = P?i, HMERA]b) )
| 11.99973536 h (126)
> evalf(subs(,u] = 3.2Pi , HMERA]b))
11.99973536 h (127)

cos_l(tan(%-ﬁ)-tan(m]-cos(p.])-24

EIMMAAHOEYEH ME E&APMOTH TOY TYIIOY : DIARKEIANYXTAS — h

Pi

MPOZOXH .!!! TO , 1=0, OTAN H ' BPIZKETAI £TO OEPINO
| HAIOZTAZIO .

| >
> DIARKEIANYXTAS :
-1
cos [ tan[ 303194 pi) tan(®)-cos(p) |-24
180
Pi
DIARKEIANYXTAS e 24 arccos(0.3705424681 cos() ) (128)
T
_> evalf (subs(n=0, (128)) )
i 9.100123121 (129)
> evalf(subs(},l= P?i, (128)) )
i 12.00000000 (130)
> evalf (subs(u="Pi, (128)) )
i 14.89987687 (131)
> evalf(subs(uz 3'2Pi , (128)) )
i 12.00000000 (132)
> evalf (subs(u=2-Pi, (128)) )
9.100123121 (133)

> pBl = plot( [DIARKEIANYXTAS, 24 — DIARKEIANYXTAS], w=0..2-Pi, color = [ black,
red), thickness =2, view= [default, 7 ..18], labels = ["W", "dapkero. opeg" ], gridlines,
legend = ["Noyto", "Huepa'], title

="BEPOIA : AIAPKEIA HMEPAX-NYXTA>X\nKATA THN ITEPI®OPA THX I'HX I1EPI
TON HAIO\nZABBAZX I'1. TABPIHAIAHY", titlefont = [ arial, bold, 14]) :

| >

> ETESOLSTICEIB := plot([0,\, A=7 ..18], linestyle= 1, thickness = 5, color = blue, legend
= ["@epwv6 HAootaoo-21 IOYNIOY"]) :

| > ETESOLSTICE2B := plot([2- Pi,\, A.=7..18], linestyle= 1, thickness = 1, color = blue) :




> EQUINOXIB := plot(

Pi ~
oA A=T.18

[ "®Owonmpwvr Ionuepio-21 XETTTEMBPH"] ) :

> EQUINOX2B = plot( 3. Pi

=7..1
> ,AMA=T.18

| >

legend = [" Eopwn lonuepio-21 MAPTH"]) :
>

EQUINOX2B) :

BEPOIA : ATAPKETA HMEPAY NYXTAY
18

TABBAL II. T ABPITHAIAHE

Stapwetor dpeg

N
AN

T
I
4

I 1
T
2

KATA THN IEPI®OPA THE I'HE ITEPI TON HAIO

in "
4
— Moy

|
EL3
4

L
=

, linestyle= 1, thickness =3, color = cyan, legend

> hiverSOLSTICEB = plot( [ Pi, A, A=7.18 ], linestyle=1, thickness =5, color = gold, legend
= ["Xeweptvo HAootéo10-21 AEKEMBPH"]) :
, linestyle= 1, thickness =3, color = green,

> display(pBI1, ETESOLSTICEIB, ETESOLSTICE2B, EQUINOXIB, hiverSOLSTICEB,

| >

n
= Hugpar

Iul

— Ozpivo Hitootaowe-21 IOYNIOY

Otvommpivn Ionuepio-21 ZEIITEMBPH

¥ epivd Huootdow-21 AEKEMBPH === Eapw Ionuepia-21 MAPTH

legend = ["Noyto", "Huepa"], title

> pB = plot( [DIARKEIANYXTAS, 24 — DIARKEIANYXTAS], w=0..2-Pi, color = [ black,
red], thickness =2, view= [default, 7..18 ], labels = ["U", "dupxewo opeg"], gridlines,



="BEPOIA : ANIMATION : AIAPKEIA HMEPAX-NYXTAZ\nKATA THN ITEPI®OPA
THX I'HZ TTEPI TON HAIO\nXABBAZX I1. TABPIHAIARE", fitlefont = [arial, bold, 14]) :

> back = display(pB, ETESOLSTICEIB, ETESOLSTICE2B, EQUINOX1IB, hiverSOLSTICEB,
EQUINOX2B) :

> HMERA := animate(pointplot, | [, 24 — DIARKEIANYXTAS], symbol = solidcircle,
_ symbolsize =10, color = red], w=0.2-Pi, frames =17, trace=16) :
> NYXTA := animate(pointplot, | [\, DIARKEIANYXTAS), symbol = solidcircle, symbolsize
_ =10, color = black], w=0.2-Pi, frames =17, trace=16) :
> LIGNE = animate(plot, | [, DIARKEIANYXTAS + \- (24 — DIARKEIANYXTAS
— DIARKEIANYXTAS), A=0..1 ], linestyle =4, thickness =2, color = blue], u=0.2-Pi,
_ frames =17, trace=16) :
| > display(back, HMERA, NYXTA, LIGNE) :

BEPOIA : ANIMATION : AIAPKETA HMEPAX-NYXTAX
KATA THN IEPI®OPA THXE I'HE ITEPI TON HAIO
TABBAX II. TABPIHAIAHE

SLdp el @ peEC

T T
L3 L3 an n st 3 Iz 2
4 2 4 4 2 4
0
— Niyta — Huépo
— Oeprvd Hltootdoro-21 IOYNIOY Ovonopiv Ionuepio-21 ZEIITEMBPH
— Wapepvd Hiootdowe-21 AEKEMBPH = Eopwi) Ionuspio-21 MAPTH




