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1 Thefollowing notations are used: Dgthe diameter of the Sun, d.5 Earth-Sun distance, 0 angular
diameter of the Sun as seen from the Earth:

According the fig. 1 the angular diameter of the Sun can be calculated as follows

Fig. 1

sinQ =&~Q-

2 dy 2
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5
g=2% _Ds _2:696-10°km _ 55905
rs Ops 15107 km

The figure 2 presents the Sun’s evolution during sunset as seen by the astronomer. In an equinox day the
Sun moves retrograde along the celestial equator. There are marked the following 3 positions of the Sun:

T,..- The solar disc istangent to the equatoria plane above the standard horizon — the start of the sunset;

dos

S

dos

- The center of the solar disc on the celestial equator in the moment of the sunset starts;
Ty - The solar disc istangent to the equatorial plane bellow the standard horizon — the end of the sunset
S, - The center of the solar disc on the celestial equator in the moment of the sunset ends;

The duration of the sunset is 7 . During this time the center of the Sun moves along the equator from S,

to S,.. The vector-radius of the Sun rotates in equatorial plane with angle ¢ and in vertical plane with angle 6.i.e.

the angular diameter of the Sun as seen from the Earth.
Considering that the Sun travels the distance 2x along the equatorial path with merely constant i.e. during

time 7 and that the spherical right triangle S, T,V can be considered a plane one the following relations can be
written:
siny=1%; x= o ; 2x= 2 - Ds
X siny siny siny
Dy Ds
ngz 2x __ _siny _ des _ 6T
V. o-dy z—ﬁ-dps Z—-Sin;/ 27 -siny
T T
siny=sin(90°—(p)=005(p;
o 0-T,

_271~COS(p’
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0,00928rad-24h  0,22272-60

T= = min ~3min.
2-314rad-cosl45°21)  2-314-0,707

2) If the atmospheric refraction is negligible the eagle on the top of the cross V; on figure 3 is on the same
|atitude ((p) as the astronomer but at the altitude H. Thus from the point of view of the V; the horizon line is below

the standard horizon line with an angle A«

AN
Lowered | /
. \
horizon SO

Fig. 3
CosAq, =—,
R+H
. JR+H)P-R* J2RH+H? J2RH [2H _
SinAa, = = ~ = ~Aay;
R+H R+H R R

Ay = |2 23KM 0 02685 rad ~154°
6380 km

For the observer V1 the Sun will go below the lowered horizon after moving down
horizon with angle A¢; and moving along the equator with an angle Af;, asseeninfig. 4

under the standard
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Fig.

In the right spherical triangle ABV by using the sinusformula:
sin(90° —(0) sin90"

sinAa,  SiNAB,’

cosp 1 . Aa; .
A = Aﬁlz ;
a, A Cosg
2
Aﬂl—a)-Arl—T—ﬁArl,

A T, : . i :
Ar, =25 . ]"540 2400 [nln ~8,71minute,
cosp 27 cos(4521) 360
Which represents the delay of the start of the sunset from the point of view of V, regardless to the astronomer due
to the V; observer’s altitude.

The dtitude effect on the total time of sunset can be calculated by using thefig. 5
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Equatorial plane
Lowered .

horizon’s plane R

Fig.5

sin(y+Aa1):&; y=—7—> Rs ; 2y =— R , D ;
y sin(y + Aa,) sin(y +Aa;)  sin(y +Aa,)
Dy Dg
2y_ 2y _sn(y+Aa)  dw 0T,
V  w-dy Zl'dps 2—”~Sin(7/+Aa1) 27-sin(y +Aa,)’
To T
y=90" —¢;
Sin(7+Aa1)=sin(9O° —¢)+Aa1)=sin[90° —((p—Aal)]z cos(p—Aa,);
.= 0-T, ]
' 27-coslp-Aa,)’
. 0,00928rad- 24 h _ 0,22272-60
' 2.314rad cos45’ -154°) 2-314-0,725
Which represents the total duration of sunset for V, at atitude H.
Similarly for eagle V,at the same latitude (go) but altitude H +h (the top of the cross), the lowering

T, =

min = 2,9350 min,

effect on the horizon is measured by angle Aa, thus
R

COSA%: =B i h’
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JR+H +hf —R* _J2R(H+h)+(H+h)’ /2R(H+h) :\/Z(H +h)

SinAa, = = Aa,,
R+H +h R+H +h R R
A \/2.(2,3+o,0393) km ~0,02707 rad ~ 155"
2 6380km ’ ’

sin(90° —p)  sin90" |
SinAa,  SINAS,’

cosp 1 . Aa,

= ; AB, =—2,

Aa, AB, cos¢g
2

AB, =w-Ar, =T—7[-Arz;

P

_Aa, Tp 155 24-60min ~ 8,77 minute,
cosp 27 cosl4521)  360°

Which represents the delay of the start moment of the sunset for V, dueto the altitude H +h .

At,

Similar the total duration of the sunset for the observer V., :

. 0-T, _
2 2r-cos(p—-Aa,)’
0,00928rad- 24 h _0,22272-60

min = 2,9309 min,

= 5 St
2-314rad-cos{45 —155°) 2-314-0,726

We may note the following:
- the horizon- lowering A« isincreased by the increase of the altitude;
(H<H+h—>Aq <Aay;H > Aa 1)
- the delay of the moment of sunset start isincreased by the increase of the atitude:
(H <H+h—> A7, <A7,;H T—)ATT)
- the total duration of sunset isreduced by the increase of the altitude:
(O<H<H+h>7>7>7,H >l
Conclusions:
If we consider t, the moment of sunset star for the astronomer
-for V, the sunset startsat t, +8,71min and ends at t, +8,71min+2,9350 min =t, +11,6450 min

-for V, the sunset starts a t, +8,77min and ends at t, +8,77 min+2,9309 min =t, +11,7009 min
- Thus eagle from the plateau leaves first the cross;
- The time between the leaving momentsis:

At =t, +11,7009 min—t, —11,6450 min = 0,0559 min = 3,354s.

b)

As seen in fig. 6 the length of the cross on the plateau will be minimum when the Sun passes the local
meridian, i.e. the height of the Sun above the horizon will be maximum:

(hmax =y= ) _(D)-

Thus the shadow of the horizontal arms of the crossis superposed on the shadow of the vertical pillow.
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7 Locd
Meridian

Fig. 6

In this conditions :

Sin¢=g;¢~7=90°—¢;
~h —h h ~h 393m 393
sing siny Sin(90°—¢)) cosep cos4s5 0,707
The distance between the two eaglesis
um.n:h-cot¢zh-cotgo:h-cot(90°—go):h-tanqo:39,3m.

d m~ 5558 m;

2) In the above mentioned conditions the shadow of the arm oriented toward South is on the vertical
pillow of the cross, asseeninfig. 7:
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Fig. 7

I
tanp=—"; 1, =u, - tanp=7mtan45 =7m,
ub
Which represents the length of the crossarm.

C

1)) For an observer situated in the center O of the celestial topocentric sphere, at latitude ¢, at sealevel, d
the stars are circumpolar ones see fig. 8. Their diurnal parallels, parallel with the equatorial parallel, are above the
real local horizon (NOSO). The star o, isa the circumpolar limit because its parallel touches the rea local
horizon in point N, but still remains above it. Thus o, is a marginal circumpolar star. Without taking into
account the atmospheric refraction:

From theisosceles triangle Oo, N, resultsthe o, declination:
Somin +90" +(p—35,,,) =180";

5O,m'n =90’ — Q.
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For the observer at latitude ¢, but a height h, taking into account the effect of lowering of the horizon
the star o will meet the problem requirements see figure 10. The new horizon is N"S' and declination of
G"iS Sy < Syuin - A o, remains acircumpolar one but above the limit.

From theisoscelestriangle N"Oo" the declination of star o will be:

mn *

Fig. 10

25, +(@— S5 )+ (907 +67)=180";
5. =90 —p—0".
By taking into account the refraction effect and the atitude effect, from triangle NOgin figure 11, the
declination will be

Fig. 11

28, + (=54 )+(90" +6)=180";
0=040"; 0=E=34" 0"=Aa, =155';
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Onin =90° —@ —0'-0"=90%-¢p —0"-Aa2;
Smin =90° —45° —0,56° —1,55° ~ 42,9°.
1) The maximum height above the horizon will be
hrex =90° +8min —@ =90° +42,9° —45° =87,9°.
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b)
c)
d)
€)

f)

= 00 00 00 00

a) The two places are represented in the figure.

Fig.
Py = Py sug = Px.Nod — Pxs

Ay vest T Ax g =1807 Ay + 4, =180,

Promenia = 43" NoOrd; Aggoin = 30" ESt,
The landing point is

¢)Antipod =43 S'Id’ ;{’Antipod =150° Va,
Somewhere South EEst from Tasmania (South from Australia).
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b) The schetch of the trgjectory
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Tangent to the _ _ Horison at
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——---
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~
S~

In order to hit the point the trgjectory of the missile has to be an elypse with the Earth center in the center
of the Earth. Se stie ca:

EB= 2. EB; FE, = 3 EB.
Rezulta:

tan2a =i; FF, =R-tan2¢;
R

tma:Fl—;; FEB=R-tang;
R-tan2a = FB=R-tang;
tan2a =3-tane;
sin2a _,sina .
cos2a  cosa
2sina-cosa _ ,Sina
cos2a  cosa’
2c0s® o = 300s2¢; Zcosza:3(cosza—sin2a)

. 1
3sinag=cos’ a; tan’ o = =;

tanazg; a=30"; 20=60"; f=90"-20=30"; 24 =60,
A(RF,A)—>triunghi echilateral;
RE, =AF =RA=2R
RF,+RF =2a=3R
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c)
VAntlpod VO
d)
EF, = R-tan2a = 2¢; c= ~-tan2e = R -tan60 =£R;
2 2 2
b=+a®-c? :\ER;
2a=2r +26r, - —c:%<3—\/§)R;

r. =2a—r., =%(3+ \/§)R;

Viin I\/KM[i—i} Mo :%(3+\/1_3)R;

r

max

v KM f 4 2 _\/ZgoR_s—\/?;
™ VR ([B+v3R 3R 3 3443

Q= d—S = constant;
dt

S

ZSOJFZSl So ?+281 S) Sb+431

At At T 2-At

S _
=
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ab / b’ b | b?
S):ﬂab;sl:?{ 1—¥-5+acsm 1—;}

At:m.Tz[z+2§J.T;
25 2 5
T=2x

3 3
KM R Y49,
2 2
B_Ub B P aesin -2 |
S ~#la a a
2
/1_b_=e §:1(9-8+HCSineJ;
a S ~7l\a

At=(}+ﬁ+acsme]-T.
2 ma T

f) Theintegral luminosity of Sun:

L _ Eem's,Soare
s =

=386-10"° W,
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Daca For acircumsolar surface £ with radius r,g, see picture bellow the solar radiation enegy
passing through the surface in one second is L.

Sfera circumsolara a carei
raza este egala cu distanta de
la Soare la Paméant (Luna)

AR}
Luna
Density of solar flux
Eem's,Soare
Eem's Soare t I—s Ls
= : = == = constant.
Poomer 3 S S 4mi

_ 2
I:incidentFuIIMoon - ¢Sun,rpS ’ ﬂRL .

Daca «, este albedoul Lunii, rezulta:
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Freﬂecta, FullMoon
OZL e —
F

— fluxul energetic al radiatiilor reflectate de Luna Plina spre observatorul de pe Padmant;

incidentFullMoon
unde I:reﬂectat,LunaPIina
_ _ 2

Fra‘lecta, FullMoon — &L * I:incidentFullMoon =a ¢Soa,,re,rpS ﬂRL

In consecinti, densitatea fluxului energetic ajuns la observator, dupa reflexia pe suprafata Lunii,

este:

2

_ Fre‘ledat, FullMoon ﬂRL

¢moor1 observator — 2 2 =q - ¢Soare,rpS ’ 2 2
mPL ﬂrPL
Symilarly
F 2
_ Preflecta, proiectil 7R, ojeci
¢proiectil, observator — 4 2 - aproiectil : ¢Soare,rPS ' 4 2 '
ﬂrD,proiectil mD,proiectiI

In expresia anterioara s-a avut in vedere faptul ca densitatea fluxului energetic al proiectilului la

observator rezulta din distribuirea prin suprafata sferei cu raza rp ey -

Utilizand formula lui Pogson, vom compara magnitudinea aparenta vizuald a Lunii Pline cu
magnitudinea aparenta vizuala a proiectilului balistic:

¢Luna,observaor

|Og = _0’4(rnl_unaPIina - rnproiectil);
¢pr0iecti|,observator
R R’
¢ a, '¢SoarerpS ’ 22 a I'T
|Og Luna,observator — |Og PZL — |Og P; ’
¢proiectil,observalor ﬂRproiectiI Rproiectil
A projectil * ¢Soare,rpS ’ Aar2 A projectil * or2
D,proiectil rD,proiec'[il
R’
a - rT
PL —
log 2 - _0’4(m|. - mproiedil);
a roiectil
proiectil ' 2
2rD,proiet:til
R | :
aL rD,proiectil ( ),
log ) ’ 2£—J =-04m - My roiecti }
A proiedtil Rproiectil L

aL = 0112' aproiectil :1;
R =1738km; R, e =400 mm;

1
rD,proiectil = r.n'ax,observetopproiectiI = hrmx = r.max - R’ rn‘ex = E (3+ \/:'_)’)R’

M = %(3+ J3R-R= %(1+ J3)R~8700km;
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Mot = Fopsavatoruna = 384400km; m =-12,7";
log—% 4 2log R, log2+ ZIQM = —O,4(mL - mproiecm)
& proiedtil roiectil =
log(0,12) + 2|09170?8;.O?nm +log2+ 2|093§:Z.u% =-04(m - mpmm”)
log(0,12)+ 2log 12328'?0 +log2+2log 32;280 = —O,4(mL - mpmm”)

—0,920818754 +13,27597956 + 0,301029995 — 3,290528253 = ~0,4(M M, ;;ece1 )
234" =12,7" + M, e
M, ieeit =10, 7™
My ~ 6" Mg > My

The projectile wasn’t seen when it was at its apogee
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