PF-09 Slrian AFed L Y olas IV 658 « o325 pole b)aal 43 Liubesy

[ " Suid el o lad precinds anliogss” |

@ e ;

s (070 poke Ghjgel 5O MR

TS 1

)

&F

FIO-AAAR 1 Seig SIl L L

P E
LF USAEE)

Home Page: https://basicscience.cfu.ac.ir

b 3907 w1y (215D 3 4SS o) 0 sk 39 T O il g olo A (ke (o y
STSE "JS'.’.Q)

T3 el dose Ol 5 Sle (sago
oyl ol b y3 o8l gy psle (gl L
)OI eS8 oSl gl pole 09,8 il ¥
(£2 mhdymnafy@gmail.com) : Jsts oo s

oM dlo ol

54-:5% :lio g4
2 iy (o285 cgludl sl oanlie BB Slawl pr2 cnieke 5 o) Al (23S lsisa; ole sing} Alie
ki ol 31 a8 olo (g5 4y sl il ity Jamacnyj g ole ((Kim b angi slopllas 2 IS
lylislo 5 (1S slagyied 13 1) 508 (iledolS bl 2580 Juol> 3853 e iolo (omrdus ilobes 1o doxdy ;U

oot 4 iSisel g o ag 63,509y b dlie ol ol 03l iS5 Cilie gy amde 5 (S8 vpLpyivy redly s U
O 3 1y ol G g o pion allie g )lis kg (S iolb gl menlis ole slajs BB yeLpyvyr n g S5k AU
ot JolSS 5 Gl 42l 2 0938 WS e O gy Sloslne 5 o sdtahy el ool g vrie s 5
G Pgdie By 58 S B G5 IND g Ol o e ndlon Slaod > Gt e v s il b
sor &l @l Gbuille 5 0ud (B ol by By (508 )Ll glgl s S
slmodly 4SS L i olagSm g olol gl s (ol a8 colo JUil <5 > (g2 oplie 3900

Cao b calnl 45 > 039 olo 4 bgyyo (slrossly 45 Amd oo s dlie o g0l Hlate ;I Wilodds Julo ego aojlganls
LJT ) « d‘))g‘?ﬁ) “‘\“5@ Ivm‘)9 STSE ‘>)§‘i5) » e d)j')b_Lsm‘»l’ Lgbbblﬁ L?l)"o LSI)‘.' ng))l ;bLg)el

Al Lol 25 oo )18 4295 3)90 lajen ©ygods Cumjlase 5 Sinjd «5)slS b e e b))

&y

Sy Lialsdl 4 Wl e pole (5590l 55 (bjgal dnly cpl Syl Lol (b (slmossdy I ool 48 cul o o5
el cals uplio b 505,50 pased clady o0 Mgw o olasl )iw ol ¢ 0950 )ly» «la)) (o 9RR0 oo clngl
.‘_5)1.,\.«: a)f

STSE 5,55, L L;u)}pl ly (b asS L e oyl p O-‘ il g olo (galal ole )y (VF40) cdosee b5 muold {gige el (3lo 3liw!
FE-0 (V) VY (o5 pole jsel )5 Limoh
g http//doi.org/10.48310/basic.2026.22970.1597

BY__NC 2B Ny 5 © OWSin y8 o8l 1 il

* IMhdymnafy40@gmail.com


https://basicscience.cfu.ac.ir/

o STSE 3,509, U sdjgal oy (b p2 4G b como 05lemr 2 o] 1l g olo (galdl (ool (o 2

dodio .

Ty bao o Tanale Tigyglid L ol 10 ple (gaalllas 51 48 sl pole (3j90l g sloolsiy Sl (S, STSE 2,50y,
oS el o] 3S0g; cpl B S o (Byme ] (s8Bly (S5 ) i oSk dnJgo b I (ghiegazne & ) ple g 2,05 STy
6 diilo almosyy olite ol 51O(VAF cagaSGlasl (1518 (Bly g b ladye g o)l ololine pele (6,50
SrardiS il oa g Slanihy S8 ) Smsl 5 (riwple) Gl xS USS )3 oh i)l sele ciale oa 45 colo alal
35509y ol 4l » ST Gl psle (higel sl Slegoge nycaslie | cladl Cuanl 5y gl Sinjd > 490
e 5 &S odnlis 1y ] 4l et &g 4 )l SED 51 s ol Slawl p 2 (st olo Kigd o oguno
olo 1 plaie lyuss g gl ole o8 (ol Glpss o 5l Gloj porse a5 Cuwl ol g diwgn (5 pdyotalin
Slole maw 3l oalie bl SUds) Jide p dwiidn pod 5 ol dudyd— ool owdw dlolw dwsn I 56
oyl lw) sl a8 S 4118 6Ll 5 )50 € 0950 1585 Aol i Aile SwS” 056 molio )3 3.8 jobo &y dlaly ol 5,105 0
(Y.

Slaiad )3 (50 (§lobolS (658 JSb (slive ol 5o, YAOY DM L ol ] Laogio 45 olo CSoagis (50590
Silede (@3 ) Oy € o0 (slaptyysSIP Ao y0e (Jelod wlie )3 (] Sllors §0)93 (pl 3o ol b il
P 8 o S 5 om0 wle adgl (lagied &5 w sl (556 0)53 (s (B (ped Cansl 00
@ty g gl ol e o5 (SleslretaiS Ly olo b gapulone b ) olol 1) loj e ailsy oMl e
055U sy el cage 35 syt 5 508 Sl e SMBT IV (uge)ans 8,558 & 35 4i)lhe 5 ablie
5 Al wsnliie A (jgel (315 35500 sl ()3 IS 53 iyl 4 B W S S g 5
5 ooy ol 1 sl 5 i cdblie ki lio Lilo sy dpsiS S gy poler bly Jlawo > 3 1y gjlu S
2l sojlul 3 ¢ alidg) oMo (o) Uolo (galiold jus oS |y it (659300 (6308 S j2 Sy (sl (Selizd
O 383w (Vo7 el byl e Sl 50 By g Bod (i) Ll b g olegSin b olo pl g8y (Sl ol
9 05 o9 oo )l daupildl de g )i olo Sl edg sl Al Csl (6595 (5lai pee 53 i & sl
(VAR ¢ agae) )15 (o3l Cuol (6 (1305 E)U )3 (Prile slagSl (S S8 (o

Casbge 5] 1 4 sl dubybe — o ol o dutin Juols olo salal b ole (5 e o olo (5316 o5
g g0 0433 o) B 13 51 oS olo 0 )Se ol ke ] g g A 0 e (30 5 Ayt A g oo (50l
yine (0955 @lie )3 45" (59, YU/OY - DAMAY ) jo, YA/OY-5 L ol pl s olo Sodginm (1S5ko 095 33,5 0 oglaio
293 % 005 &S 31 B (55 WWITVIY %) (6 (0590 L o] oglds (Vo2 ¢ palisleo R (g )l o 155
Wile laeglled LS 355 o i Lol B cait 4 W 0)93 ol ccsioy oo 5 (ohismmd gy - ol A 5
(2Lad sisyglid (o)l cw)p g cliee lacSin )b )3 ole (i Julod b Gl pess 13905 us colo sloy93 Ao
A8 o yboline g 5 es |y (6 pS0b S s STSE bjgel sl SO polie | oladiges

1 Science

2 Technology

3 Society

4 Environment

5 Aikenhead,1994

6 Siedlemann, 2006

7 Meeus, 1998

8 Meeus, 1998; Seidelmann, 2006



VF+0 )LQ{ &Y b)lo.».:} NY 0,92 c‘_g)b’vu ,05-'& uﬂ)’oi)b um.hs).’ ¥

gy wli yigy Y

5,90 AL 5 Laodls o) (il 33 asl 018 ploc] (solial Lot 5 Il 5o o) 5 s pSorte b pols ings:
el Jp5 9 4350l wadypdmmejole bl pwdin Jlidle wlo galal b lasye (o520 slaonly g0yl Sl
e «unss p5 ) blord s 5 gygla)S yiine wlio Gjb l elo laomecunys o (Kimd (B (ized g (5 yed
iyl b 505y ' TAU slio 5 ol oymgma b1 ke anass cVlis 5 Lol ol pgos pine 5 DS
@y Ablie lie (puiuSigll (556 dgly Wile olmodssy b lasije ot Loy g ()lse (sl yiel)ly ( Sloj (slmeygd ale
235 glytal (higel sgmo 4y dargils gl 5 panas

ol g a9 552 cslosls S35 oo pole 039 5> sy lia lio e 2 olo Syl il (ol epg P15
i) (Com jlawe—dnola— ¢ ,0lid—ple) STSE _Ldow Cgnjla LBy leMbl s .05 odliitnl (y0j i > joore
b g ()l e g o5 )3 03,5 Sy ol (Kb elalnll g (ols slaony e LU B a5 il
390 oMl 0y93 @lio 55 9 lnl 9 2 cpae o Sl Slam sl (te ol )6 pine laiagh Jald
398 (§3loil 385 y0B 9 (508 gl SS9 J9oS S S L9y b e85 )15 adlllas

igel g 90 SloaBl NAb oy (sl padS g (&S Sl Julod g, b eadisygla S slaedls ol
asly by Kisyd g oyl anles b egos leMbl ad 23,k le € ubjgel sl (Sb» 5 LB s onsgygls )3
2 90 3l g U o> ISl 3,509 ol W35 (e (emacens) 5 (gl (sloz] i )3 olo gy slrony
sl (gisy slasyslid ¢ 2Bly Su5 L ‘_'j blsyl &y STSE 5,59, b ;500 (gamw 3l 9 2l lgiwl 385 ale (glaosly a)ly
Do il e slasely g (cou9

2 e Jole o a8l s100) brao pgdge S &5 Glowsl pr ) o amd o (Lt olo a5 9 (P (2
Canl (6508 pasd yolwl (jg, YVOY 1Sho b cole Sodgimw a5 > .l 009y iy (iD g (el cua g Hld L & 20 S
SolowiolS 5 S 5 slaprsdl gyl dunS o o) Kaly pu ki el aS W Coge (s yes Jlo b Oi AU
gy 223 e el (556 agl; 9 SOl grmen 309, (ale S Bl I (28 Glesle ST (b ) (oles
g —ilyS a8 ony iy Mg o Couwe olo pdaw dalllas (sl oMb bI& )1 5 xoy dile obald g LS o waly8 ) 0l
Sgm 0aimd3Lid ¢ 3)1 Lo g 3 @l g olog,Sue colopl iile obrosyly (635 S 1 a3l olo jlo (gouin L3,
g Sy day e als sloan ) ogMe olo 355 o piszinss Saeddly cds > b a5 canl o)l sloo S &y o Sl
o 50 STSE 3,05, 2 (o (rbisel (o b (o 3583 (slo b a5 o am3 o (L5 g ol pnine
dnol> 9 (59l b ple bls)l ogd g 03> oo conmliie &)lae ¢ g0la] S5 dxangs' (4l (g yam olo dilo nnbo (sloossy
09390l el aslio (265 ALy 095 g0 ol Al bjgel doly (GliE Crge el (gl pale 3dlS () a8 ol 3
il lad 4y gel pllas ) (pegs Clegidge S

1 International Astronomical Union



fv STSE 2,545, b euijgel 4oty (21yb 31 4 b oo 0 )k 2 o 153l g olo (gl ool (quw 2

rglol panlie

Cesl olo JB oy (ol jlime 29800 00> (e 1 45 ybosled wandygs g olo e (shold Jobo ST 2S5
9y aw g8 al preiele g adysiole kS gl Tgil gy (N ISSLYY g )Sen 5 ig8)S)
2,5 dnsloxa 5 (Visaal) jl Loyt Glga )y (K) olo

(2lidgy ga) K =0 oKl (5 ole) 1 = VA2 1o (alidey Vo) K = 1 olST (JolS ole) T = 0° 31 oS e

“(\R‘V\ ‘&%‘)39’. .Mb19>

" \ + cosi \)
Y
Waning Gibbous
alo WilS Cudad b3y IS
gli g oy ldgy oy (1Sl o (g0 (Sig b 1 ole A5 Cuid gbajL anulio LY Jgua
olo 5 (423) gl | (s aldgy 20> | (595) b oo M) SS9
% olo WO e . e <o) 5l g (5508 ol JT 10y BBy
sl e Vo AR A Sygd Lt 3l o pMbod
Jsl ey A0 Lo v Cuwly Ceows 139y o B
ool oas 4.0 a2 YE-VFA ey o b
54 olo 0 AT RAYA 1udyss Ggye 5 ol ¢ JolS ol
ials oas YV O JALE VEA-YY.) iy, tals
P9 &0y vve /b AR 09y o Crow o B
sl e YV.-y5 O Z¥a-y YYA-YAL Sy eoll 5l i culy

! Elongation

2 Karttunen et al., 2017
3 Phase angle

4 Meeus,1998



VF+0 )Lefj &Y D)Lw.:} NY 0,92 4&)9.0“ ,051-9 U”)?"i)b Mﬂ)" FA

(VY L) T4 = s g (Slawl oo IS bt L) olo s (glopls (sauly 45 25 0 S ndg 4 g

ol w3 oo &) (YY) pod a5 (T ) gl i colo sl )3 35 (o )8 403l eI 51 (S o olo (i 1l
el iy $8L St p yoiline 5 s 53 ol § 355 003 (1) (oo Bd olo (108 (e 3950 9o (wdid Cupadse
Gl slio (B25,50L (gl 3350 cal it 5 GB35l (sl 00 okao (slls b ol (glopls )b 5 JS I ool
YY)

P92 om IV R lgly (salols 4 S pe 3 &8 (o)l el (shojly cults g0l iy il Tl
s oS _olSin ogts — sl 0391 Simlad 2lai Calts ¢ it 5 oMol sos5 ST 51 6l 3 15 o LS ool
Vgomn Calti 00 (Su38 325 53 (VVF (qughe) (5B ehol Joo o8] (o yp Mae) 428,50 1,5 pateed 70 & 3
33208 e ebigel 3,509y 5yl 5w 32 4S5 L 58 (gl (slalos 13 g 2500 G plal oy AT sagly M) 4
23

3 el a0, 4 i culis &S b 5 o)l paghe sle (slajls jd a5 cuwl (VY. L °R4) acSlE ol ,Slo xu s
abs )y bjgel aun blxd 5l Jg wlagls go,byd pMasl 93y as ST plpls olo 385 518 b oyl o,lsl *VY+ causl;
b B Ll e cglis &y b il

gl aoly &ilyald idh 4 azgi b oy 9 olo ai i Y S

‘M[) M)9'> 9 Oa.o) ‘JLA W B ).) d\.‘a?d O] ).) OLO uu&w.h )f‘ (Y”; “)QJJJLJJ).WJ‘ °. = £ 9.) uaJ L;lo);‘.)

! Quadrature
2 Lange, 2013
3 Trine

4 Conjunction



¥4 STSE 3,509, U sijgal oy (b p2 4G b como 05lemr 32 o] 1yl g olo (Al (ool (o 2

TVAS R Jgb OS] cplply 9,5 )18 ad s g (o)k b ole) (Slew p o oy &5 W8l e 3lT Sloj ablie
oy 4 Ll 5B en) canl Sy Sl doy (lp Cao oy ying g Cunl € JalS olo» B lan ol ole (gl 33,5 0
(Y Wy g cyigiylS )] JolS

1s5de o)l yae Conl (S lo cl (2 el i Sl (3)las b 0 p25 ale) (g)le 19,0 il sl )
(Vss) sl asly Jlisas 1) sudyos bildo

First Wwaxing
Quarter Gibbous

. The Moon as seen from Earth .

(390l 0,509y 4ilyglsd g cale iy Sg0d g duil 95 g (o) g olo abilie Y JSi

2 g S o St Syt )58 iyl S8 sy bl 5 gl sl G Sl sl by gl sl e
sl 5yt 2 )18 camo g amslrile (5,5 353 0gMe pamlio cul (bjgel,0 (VAW ug0) Whosalie LB i ples
5 asalr o5l ple om dlie 5 e (Bisel 25ly (BB 5 5 3lse )l Sl Yoy CELE 5 ) 53 abyty
1] 48l dged layee
ol g (B dnole (oBi5eT 29y b (508 (6 s il 9 Ol Slo a8 1 (6508 (g)labolS gz b )

39S Sl lali gl ety lal &7 Sloj 35 (0jl (Sl slagsted Blosl 4 (5508 (5)loudolS )b
Sy 255 a2 ol S JSS juii g ddysd 06 5 sl Wilo (b plaie (slaosy 4 (amde slag] 5 )85
fWiload mulas ole (38 (a2 bl 2 (e dlinm) Ghgscle 53 0284 LS claugl (s & And e (LS ()b
! TN ) 35515 0Ll (5508 oo 033193 (sl Sl ol ay Jlo Do v Sl ey (08 L (L 5 6y 8l
0 e )55 (glb ke & ey s 1] g oo SET ole M el gy b ol o claplls

Ao odlisl 5 ale (g48 52 5l e (slagm] Gloj (sl sl bl g e Gy b g5 (il puae
Ol by Jlo 5 308 Jlo oo SWSIL 08,5 IS (g yedm(sud s (o5 5 slopllad i 5 (i slobed 5
e (5508 JladolS o5 i) (g ladols yr oMo i pMl Sl Gty el 53 TV A s s g 0, )35
(WA g ygata)cils )8 ailale iols sbvjg) o sl

1 Opposition

2 Karttunen & et al

% Richards, 1998

4 Reingold & Dershowitz, 2018



VF+0 )LG‘{‘fY b)wc\" D)gﬁc‘_g)b’vu,asj&&)"oi)DW5}g O

2 i)l syl pl 03,5 0il collad (o jes pgd abL CEME (g0)90 4 (5y08 (5 om0 (g)lasdolS ol
Jlo )3 dizte & 4o 31 (o) POl proly oy ool 295 Taso () (e plal b pgutio 51 g e 05 (5,2 WY Lo

gy boke o g 00)5 pabaiiole Mo cujy sline 1 sym (5308 Jlo e o) J1OYAY (o) b s (6o £YY
(V)akay (ke Jobo (gl el olo VY Jolis &S (5508 s 23950 Tty M

_ _ , Y
Tpear = )Y X YA.OY-OM = YOF.XSY-0F 5, ™

oo Jsb 55 6ye5 (slmole 45 395 ca omge oM il o] sy Sl J) yiobsS 3o 1) B 1+ 39 4t
05255 3 Waole ;03 g adli6 ¢)ldn) olo 508 (6 o sladdolS )3 (> (e ) Nigd el il Joab 55 Jlgie
LY gy g W)l 8 Jle Jgad e el
Bl drg 35 00970 g o0k Slagby (Mo ey Cuf) p ogdle il ST 355 e sl (oMl g 5
pold Mo (gpdscady alisd o (0lh0) olo g5 loj (samole lp Joli> o 9 0i)ls> 2 lebue Gladie
(IPVE (pugho)sis,S
sl olo o5 (sl Olpis 2 (gy08 (5 )loubolS ool 15508 slo (sl o 53 o] iz (slacdls g olo 25 —Y
(50599) 059 YU/D L ji (e 12 S )3 olo cshxe U 03 J1aisl go oy olo g (0 didy B (o Cuanbgo s &y &
oo o 121,120l oo Colo sl |y Sl yusis cl S oy 55 olo dy CdS Sl ot 5 JolS olo b g5 oo b 51 (335800
Ol oMl oy 3. 398 oy (8 813 ot Gl adygh )8 1 ole M o sl (glalaxd (g 5o
H(WWAY sonl) cunl olo gl 5o, e ol 9 3,0 pU €05 JMo o oy
Jols Jlo y s508 (s sl > s objgol G Mz 1S9y (8,5 o 3 b (608 (50 5> llolo jlad g S
3 e gd g oabisd ¢ Jlgd el cplind ceay (SWlsdlore Yl ool SWlan e Jg Yl e piuoep yororcanl olo 03150
b (Sialon (gl o) (YOFXFY ) L ol (6508 Jlo 0l casl o, Yo b ¥R Liglito (5505 (glmolo Jsbo 5" ]
aasloogd e 03933 Jlo oo o BT & 55y Sy g 29800 485 Jai 5 S’ Jlo LSy Jlo sy (A8l (slaole
33 3639 dwS Jlo VY ol 55 &8 ol €l Yo (a5 00 wlol 5 (6308 w98 ) S Jlo s Jgo,8 (V0 oF
(VA gy 9 3)lm)) (Falah)il cowsl ol b2 cnl ) (6508 Jlo Jsbo (Lo s

14X YOF 4+ 1) X Y00 )
T = . = YOY.vFFY

dussS sl = V,0,Y, 1, 3F, 15, VA, T, Y, V5, YA

o B il Loy el ol (5959155 b (6508 gl CiS (g5 (o0 oy -l S35 Sl (Bl (50920 Hlade L &S
312,253 1y (STSE) o jgel 3,509, 5 slaz § ol

394> (yej Bole 350 lawsgie (galold 05 > oo (o) (golyn (Blsgan e 3 olo iipe) yeda olo JWEl S > ¥

Sloj) olo 6y (0593 (Vo o8 (yadisl)uisl o € = +/+0FA ) 310 5l 293 (chld )] Jlae g cowl yiaglS (FAY,F-+)

i 09z Ll T(VAM (g5l g 0j95 (9 ) Caml o) YVIVAEEY 1L ol (05000 o ki 1 Cas JolS 550 S oo oS

! Reingold & Dershowitz, 2018
2 Chapront-Touzé & Chapront, 1988



O STSE 3,509, U sijgal oy (b p2 4G b como 05lemr 32 o] 1yl g olo (Al (ool (o 2

A Comd (goand Camidg lod 53 0)Lgd U 03 o0 590 S 3l iy (Sl b olo (A8 o &8 > Aliyod jeddy e ol ) 55

Db e SIS (gody 93 g ole Jlil S >
3935 5y yb &S ole gy 5 ol (slile ;5 OS] =Y el (gyed (5 lasbolS (sliso a5 lnjls (g ymlls o5 —)
1wl pho S50y () 0 b sl baro 5 molgn Fu )l a4y ds g (WWOD puas)diS o ypuutd 4di8d O+
2 loj g ey lojt 39ien cap (530 loj £55 53 oDl s > 1 MB loj g o Lo 0
kil 39 oo glo s Jgbo o (Sloj (o 9300 S ylie gelind (Slie 2 eyl ssng oloj - 07
gy BB Mo cin Cunlyot Loy snd s g olo ijlio ) gz Ll (Vo8 cpalisli)cusl ogo olo Bly 5l
ol ol gl 45 Slo el )l 5l Ly coslos ¥ 110 Ygano oy olo 51T ¢ g (slamoii ) el by o
(VAT cgonl) sy a2 )3V BV 51 G a0 (0aSSgl) 2l po5
olo Sl 15 )l (suals (285 (oMl b )5 pogite (ul ol olo Bly (6 ydpy polul p (Mo (loj : Mo o - 0-F
rewl Jole dw @ (g p0dicah)y ol pine d0dygn Cgpe 381 )3 I (gosalie ) kS (g0
olo (pdg) ylgs Cuales =¥ (331 51,3 p JMo £las) = (eSSl slopl> Jolo M -
o ola ST )3 gl Liia OS] ) ] el YO B Yo Vb iy g 5,lin oy (o Abools ¢ uSolin ygbots

2 el ol b il 5y o5 olag)lodolS il )glid g cole ((GBUD dnsla 3509y Bk Conl (oMl (6198 e
Db gl ol 0g)5 dw 3 g5 oo 1) cilonds  aiilojls ole <8 > by

S5 5oy ¥e L VA Slale g ol itio oo Sodgiams 9452 0 Bro Bro (6508 gl iy (508 g —)
g9 had ol I (882 Cgoar aoke i cnl 3 2950 Pl M gy oll 2 W sle o LT 0395 e
oo sl 9 1 ygiS Sl gl )3 &S (oMl (5508 (5 gl Wiz Wiged (VIA (jgdyd 9 39l )). S o
@9 3 om Sl o gosalie o el Mo g al y olo ST e gl JS5 el O 5 Solio jlns
o blpd 5 JMo £lis)] (pieSSgll ol yoe I (b enlosly (L5 ol g silomal (o2 (SNigg oS Gl oS And )55
Galee fasl Mo o) ci b (255 5 (K08 (5ot (s €5 (il (ol Caje LAY Gaslonul AV gl
ol ol JET pMel j5 e M) 5 sgn Laslyd 4y Sty g el o] (Sinlas pie ol

S5 g ole (uihaSs (el Lol 59 00 malais olo galy 2 ol dopllas (] )3 1 Gy 35508 oS -V
oS a3 o Sl JWgjle ol lie (Slusbre (sl )5 b 398 00 039381 (Lol olo (ume Jolsh 53 cpasein (slofuab
(VAW )l) wiley (B b Gloa ) ol 5 (b S)lass

slagle damgi pl ) taitud S sladiges | (da moi g (dlo V1) Sigie 452 L (g e jladolS ladiged
Ol ey Jlo g 5ye8 Jlo le BB L L9 0 Joi 3)ly a8 2 Cilisie bl )3 o Wl L3I ole (55l> dunS
ONE] Cargo Wl oo (o Mol Bkl g dunsS” Jlo (s (S Ll )15 Cmnl Juad (e (65)gliS b (guslg 235
233)5 (oo (glam s g s ppands 5

el al p ple mel (o pdidngin 9 b Sl clp bl g bcdgd (S ialas b 6303)])5 wpi=Y
e delgd b ((pwdin Cuxdge &)lie) (o920 luwlne L) olo el oloj W piasas oyl 103,831 1, 0y i
Gl (o9 c(s35m Gliys (333 ol oo Jlo (sl Cuf)y  paliiis 4S5 (g iS00 e (o T (555]))

1 Astronomical Lunar Time
2 Hilal Time
3 Schaefer, 1993; Yallop, 1997



VF+0 )L&J, &Y b)lo.».:} AY 0593 ¢ 2y ,05.'.: u,v,,ci)b QAR9H oy

o35 Slusloxo 2 il s Bhos 908 5 395 oo 03listal (63900 iy 53 orgi 5 (5 o) duolia (5l o o)
JB (g 5 ey olo siilo) gousy slog,b b sl oo Slaslms 5 Mo Cofy gt of Slive 2995 o palais
sl (505 ISl g sl smotar (B S 4 plg o o bl (Vo VA Gragd)s 9 2980 )igd (g yaely
lnolo (32 el pYel )3 059)cSy M) 5 o (1) lg) b BT o565 4y s (o ol oo 1 g (ol 5 (o
55 o)l

o S &S sl ol (238 38 objgal 3,809, ) el Bl 6yl 5 ole ASS tole g (pnej e | ol S Ja
23,5 (55550 iz 590 4 ol JE o) b plp o] 282 o) o sl 03,8 s gyl 1y 095 e U S 2
60593 sl opy () KM (gigai olo . 3,5 0 48 S5 0 e Cunws 4y 0)lgad ] (g0 )Sa S oy
o133 olo (g0 S Sy )lsam (05 3l bl sl (] ES (g)ds g0)90 il ol o) YVNVNEF & oo s 2
8,55k (el (laoeo 5 dnolrcs pglibenle) cbjgol G )laz slod,Sag) s 4z Jal o o5 pelie Jbj0al 220 0
1wl Sgo sl pe Sl 0jo> (il

S gla Sael el a5 ol @glite olo 93 5 Sud5 lCuond p o (il)S (Copm 1 IS (slagp —)
2 |y G co g lite 15 26 oo ) oS S e Sloml gtS oy e Sl ul 90 oo £y )
4 P9 abdl 51 6 agd 8y Jal g GiS e e Slojen Cams B2l hlod (GALES yoltdS ¢(g5 51 3 51 w3 oo
/ ’ LR g0y 5 6x98) 335 AT S 2 5398 s bo)S

byt ol S8 & 5 wisls Mol &5 4 _oluen] > (6005 (gla Stal s 1055 Ml 5 sl SIShausl ¥
v U col olo gadgl id > ads WS Jole (6551 O (ol S0 o i Lo)S |y (b (650 (o SKlawl
Py Ja8 4

Ol S oo 425 ) (Aed )9t 4 G d)llae Jro) Folite (sln a8 baailoles (B0 150> sbaosls 9 ylul Y
(VAR 903 5 (6390) i (597 (2l &6 9 S5 (ylde S 5 4 0> (St

|y ol o 700 31 s (3935 U eailyiioe e J Lo epgme laogi (S0l g 0lo e (390 (g e &2 Zipgml e
o3l 3 28300 03l egeoe g sl on Jlae Slugi 5 025 5 sk 13 Cgmelyed ) Sl S 0l fpsten oloj Jsb 3
ool 515 31 nl (VUM (9088 5 0355 9 nl)02)5 gy BB e L (sl olo s 70 3905 Cotasily Jloj
ol Ul 350 125 Syl (590l 2,509 (dame Gy g ily5ld

aw e Bagys (l 999500 L pwlidl 2o g )i cacly (dndyg o) olo | (U (a1tS (lo SaedS 1 g )i (I
lo 5 o5 Gloe albold (I3l (0 AUS o dloml GBS 3 (0) Alegy g oS 59y p 4k S0 ol 9 YU |y O
9 (Mb Gl jg) Jobo) 2820 S8 (loj CuddS b (e oS 2980 el ooyl g (poj (i 2 (e Syl SIS ol
Jlo s oo YA Loy dlols zlial &5 48 wloals 3l T s y08 6y5 cloispuSojll 355 195 (o) 5l iy oo
LYV S g g el g)cn
ey 35 o Bolo 3350 (galols & ple (ciny 2295 00 A (e 41 S olo Jlo abal (TS5 4117 (5 p0d A

J oo 6yl s g Gl Al i 93 Ot (1) (98 el (l 5D sy o0 395 e (35168 4y olo (Spdn e )
ol (a5 g J) gk YOF D+ 3935 Lndn 53 olo (sAlold (Sibs oy on 393 e (s 42 LS P33 g6 31

! Gravity lock

2 Murray & Dermott, 1999

% Libration

4 Lunar Laser Ranging

S Williams, Turyshev & Boggs, 2016
® Perigee



oF STSE 3,509, U sijgal oy (b p2 4G b como 05lemr 32 o] 1yl g olo (Al (ool (o 2

5 Shdygs gy Sl p g G Slopl Jol5 jgbay olo Jlae 1nf WS ooyt 2 o 0 (Sl kel s
(VWA (gen) Do i (o5 (3088 Sla S wn

Sole 3l 555 plewl )3 o] (oymlls ad b (clangly (o3l sl (anas ;5 olo 45 olKin ¢ e b 5 5l Polo
vavas i b yuole ST > fpued 4 .Cuol 4880 Y dgus 1Kl 48T s ) ¢ awsd (cadBD YT/ gl g o0 0000
Y8 ednlo)ule wy slopl 09 plojen L

2395 oo (ards—ggl b 5 S o il (6108 (4352 32 P (o) 4 Cumd pAna> Cuabse ((Seely S ]
295 (VAAR (903 5 ()90) Hjioe (0] 597 4 JolS )93 S Jb S Jlo MAD 12 394 13 9 A8 (00 C5 > (o0 B Cug
ol w02 B S 555l 9 S8 sl (ol pealie ol ales 4 BN bjgel

ke oy 3550 B 3550 alols oS pla (sl e Sl olo e (gl (3233)90 (> (S 2 7 (6 08 2l
ol 2 pn sl oglS o Ve 3gus 7ol 13 oo il ol Lawgio dlold sl oy yiaS > lite 51,5 (goy g3l
LS oy (SS 55 00e
b ol 3 (VA (ose) 39 g0 5 Vg (oS Jle (b loj Cite g Cuwl diseS olo (gylhe s yur gl ) Tolo 9,50
& sl b olejen Loy olo )y (ST cplplly £ g8 428> YUY dgao sl SSa S (i U 003 5l olo (slaygly (g0l
Koty 13 51V V5 ¢ yaliylus) aial o ologySin |y o gl 35 o0 0133 (3:Skee b J| 3,555 5 5iSasS olo camd
SES A oo Gyt )y (IS GRS ok g ded e (31,5 OYMUBT 5 asds slen 7l Cusdse
SO g0 5 90 ) 2313 JolS s (s MAB Ty g, TYYY/E j 30 )3 pawdn—gl Las g oS
0 (plo | 5 lis ) 9 555 lewl jd ole il ,2991,5\“F~’~~ 35S pa dasd )3 (pej g ole 3500 5 S 10 alols
zol (KM ¥-5Ve )b Lavas (KM Y050 +) sgus olo oo i) o) salold ol (squa olo e a5 Lol 31305 0
e 5o o8 o) ol IS its > g el gl Sl 31 55 TVF g0 ands 53 ole (5 nll b LIS o
ol 3,505 wds (sl Aold @ gyl b s 503k Jo b (Y408 cyeliulin) 29n 03y Y+ 22 (abuols
(F)alaslyr sl o5 Sy 505,50k (sl 90l

R
0 = v arctan (%) )

o gl peole U omej calols (d) (z W\“V);:asl;) wlo 3:Ske gl Rewlole (slagljylad (0) oy a8

lagly M3 wl(\”/\\‘,\‘« . ,m;s) ¥V sSle calols 155 (0 = ¥Y.0") il (d = Y0%,0. - ,,A,Ls) Skl
B8l S35 ole By 0fagr — 398 03 Jgese Sl gy 9 Sy colopl plKin olo 398 o sl oumliio JB Lol S8
256 st Uhjgel (VAR 500 9 (6y50) S 0 it 1) 2le3S 5 nl 55 0 sl Sl g S e o) b gl
i Al 5 D G i ()5 855 5 e 1 4l

3 ey (S gl )3 o g 552 (aely ¢ a8 59,5 Sl Gl Jdsas wolopl (lej )3 (S jebie; I
Bloowe; Gedld b boj)lipe) p (wgune Sl g Casl jio lo Ve B0 dgu Solis ol ol (1Sl Sl
(VAR (pwgsa)3)

1 Supermoon
2 Apogee
3 Micromoon



VF+0 )LQ{ &Y b)lo.».:} NY 0,92 c‘_g)b’vu ,05-'-9 uﬂ)’oi)b U"&s)" Of

ol L Laiye (slagpi b e (slacumlin b Yoano baoke sl ¢t (5308 slaasit 13 tio09f 5 (Sib b slaaia
ool ol (0lgr0ke slagted 5 ol e 53 ohgts) e (SSin )3 )3 5L jlg)cnl jl g W oo Glojun ol
(olo Lo 45L) Lol (slayloj )3y ol oy p WS Lol 00,5 g Colo b o5l dim o ¢ oMol g0 5> il
(YA (0io)d54 oo 043D

L3k 353 ylse ol 3 (38,5 5B L lojen gole b jhole & dad oo &) (o olog im0y olo ] S
003 19305 5 FSasS oS (e L 03 Sl olo «dle il )3 KM £ Ve s 300 a1 alols 509 (gim —
o sodo cilas &S5 5y bjgel gl oolitel 350 (gl (5)5liE g (5l ann(FUSE)(Y - o5 (pelaylu)ogd oo
Al o Gl & (isel 3,50, cnl 0 35 0
ol S48 AN dods awds b 4 Cowd &Sl wgd (gadBd YUY dgus olo (glagly Jhad zol
SAEE ) Cons (VA (ogsa)anl slopl s 5| j2aS ¥V gan Alols mrye oS el oy 5 o Sawas
(B)aluly Tl iz 03l ©yg0ds zgl 5 paras S 5> b

Y
Lperigee (”’V”) ~ - ®)

Lapogee Yor,o-. -

(FJelaly TS 5 IS slaly siogh TS 0e+ 5 F15V- (Sl gl i ]

L. d '
perigee apogee
_ ( ) .

Lapogee dperigee
S iane (S5 olog Snm g olo ] 02y (FUS)o9:5 00 023 gl 3 olo 5l ¥+ dga s y3 0lo in
Olej 55 > pawas gyl s Cusdge wid g (MIS (Slagy Clody 4l Cunl (sgdn LSS e pl Cusl ol e (139,
A3 o3 &) (B gl 53 (508 9 (6o Slamagii )3 olag)Sen g olapl cons )3 Lhnds S (g 1) 1S (o0 i
3)lge By 5 e G g GBS amly (i5u 2 3)lge (B )3yl bjeel doly (Al 0(VAA% 903 5 5500 )
5 k8 BB olS1d sl (B35l 3,S0g) A lee sl i 358 oo aile d)lse 1 50 g wl)gld g ele i3
Aol e il

Sl (598 b



NN STSE 3,509, U sijgal oy (b p2 4G b como 05lemr 32 o] 1yl g olo (Al (ool (o 2

dlog S0 g 8lo il ol s Siug dwslin Y Joan

M9 (Supermoon) slo ! (Micromoon) sleg ySue

e Cuxdge oA & (S35 z9l & Sedp
KW TN X Y050 km R¥FYee km
sl ) obe jl 5S35 AN dgl> obe 5l 5 Ss 68 AN dgd>
sl (Sauisp e5be 5|y A¥e 350 RGN A SN
Lo 5 4>y 5l aeldy il58l Sl aoly ialsh Syl
€959 (s2)9 LL Y=Y =) Jlo 5 )b Jbo )k v
‘_Sa.m)ﬁ C)'Ua.ol k.i).))) ’J\olf 919 cgf))'{ ?Lo )90 ?Lo L &; f:‘.o

0130 |y S5l augly g (Prlaw (o3lg 8 g uad 41,5 a5 da |y alold 5110 ST o) (oo (i
(V)dbasly )l dlols s (5y9d0me (oS Capuad 04 puSate (g o s

1
F < ; : (V)
(Nalay tho i gl &1 pand 53 (i) o g
Y
Fperigee dapogee
~ M)
Fapogee dperigee

z) (\.\”~) L’)"’ Comi (] (dapogee ~ \°~?V~~,);.o9l§) 9 (dperigee ~ Va;a":ﬁ‘%)“?‘i)ﬁ-’u‘ L
el glin )3 ol Bllae oy ol — Wlion Jai gl 3 5 Jl Sy MY g0 pands 3 )b m B (Y7t
(705 alatle) 35 o5 (oS ol (a0 il 5 (538 Sl 8,5 5 o
ol 2529 eyl y9i > (SIS (53565 3> (oS I3 5 iy, I3 ooy Seslolep] (lotnl 5 (Sisb )yl
Sl ny wle (e slroyy b g Cunl doyd sl 168 o 9 532 (Jgeme Sllug b auslie )3 20 9 )52 0 ol 51 L]
Sl ooyl (o) 5 (S Coonl (YoF Sl g Gy olilg) o dunlie LB bopogildl o o @i g Jolsw
Wlgiee 0 ologySue D90 Tile (osas (sl 5 (o978 (lSe Cuo b iy g Cusl Sl poas g gl S0,
(VA ogao) 25l ddo a3l ygml ydlS g (suoy Slalllan (3 (g)lol (clavdunlio oy
5 Gl (Sodnr (0] )93 4 olo sl & Cul 25 (s ale Ubjgel 95809 )3 BguS g Bgus WS (ol &) e
Gl (0/%) o3 &5 5 42y gy 393> (shngls L (plowel 13 audy 8 (5ol €8 o pmio) o pls (gciuo &
Se 5> Blge Juin 1 olo g (pej dedygh T > dw o ole b giole pla )3 (> (ren 4LV (i) 310
s 3 (VP (elle) 33m o133 g yipld (seimin | yicouly b YL (S ole g 058 el 8 s oIS Lt
b ) zoyllbpls goxio 3ylhe 45 A3l (cldlais 93 5l Ko (Sud 50 B olo 45 and o ¢y BguS b Ggud B Lo
(VA (ge)d g (5y50) Lol o €5 e (slao SH |y blE oyl S o
s9y olo sl Al o S 5l (o (S0 50 9 g5 ol Cumg )3 ole ST 0,80y, ol > (bjgel 5 ety Jle i 5l
x5 B ole g udyod (e 9 8L 4 olo STLIL (VAR ugee) dad 0 &) (BguS) (K885 undy5s 9 338l 0o (e
(VorF edali) am3 0 (69, (Boud) (KBSolo g 28l 0o 0lo 2 (e (stul



VF+0 )LQ{ &Y b)lo.».:} NY 0,92 c‘_g)b’vu ,05-'& uﬂ)’oi)b um.hs).’ oy

s Jo 5 plowl 3 305 Cambge (o) e 5 5 35500 Pl (508 ole o 53 Jligd kb )5y Sl ol 5 g2
Jsio s515 93 oo Slo5 cselold (1R (o) 20308 5 Jlo 3 b 3z b e ol SO pliulyom
iy Jlo 3 s 53, V8 T ey el g, YYFIEY 2505 o 35500 S € KBS Jl» 05 S, J) 1y
€« 55,5 o Juad» bl 4 a8 Jlo 5l pastie Sloj (ajb 95 55 b la Ki8,S (o cped (Yo o8 (el ilo) (Joaso
‘L;QJ-C b)i.{g) l.s L,‘.ma.a AJ?.AJ dl).’ (\ﬂﬂﬂ «goyd g d)?o) .))].) Plﬂ.) J9) YY U Y'Y D9l Jua_‘? »y c..\l.b.)L;o é) .)9.»)@ aus
1wl ©ygo (pde e 0)5 (et gy
‘L')A..\:{Lu) 5 pb € Gdgno (B SY ‘A;_fdo S > Oi s & Gﬁﬁﬂéﬂb g 5ol O] P& gldass :\d)‘.\.o 0,5 pokde
W90y g d)}e) .)y.ugo O..\.A.AlJ «u_lg)'.i u_a;)f» ‘.).J)fu.o).g Uj Cg> L Cﬁ)‘”?’)’b Jl.o.w )] olo UT ) LY d‘d‘a.o.’ 9 .(Y";
(oese) 9S oo JLB s S o Loy pye dw il boyS opl 5 (S0 (Saap o ole &S los ks el Jolo as > ey
YNVE 2500 € oy <8 o by olaals cpl JolS (50,90 (VAR ¢ wgus) Mg oo sl (yf 4 3y 3) olo <8 > g
s 9 (535,85 (el Josb 35550 Sl qon 5 8 o (V225 i) 390 455 T o5 (525 o] @ 5 el Jlo
S 3o JSi5 1) oyl Bopme (w32 elel oy (pen g igd HLSS ol Golite slaglej > oy by Sl
(\ﬂﬂﬂ «Dg0yd g 6)90) J)‘J 39) M) 9 J'.w YA D9 l.: )JI)J d‘o)sb

oS YT L (VAN wges) Cawl do g 53 L loa b bl pdew plate clyuss Lol cde wolo yil)S (6905
53V calile) 3550 sl ol (55, ol 5 Yl sl oo 31153 a3 ol 4y (S5 Caa) (05 (59 39
Obos iyl yd sote Jole 5 bl Ful o aSly )ls 15t obyd slapiunwsST o Jolgw (658 IS 55 ke Lo
Slyl sagly wad Sblog 5l g )0 a5 Sk |y omej S 52 pome 93 LIS 59y Lole (e yoee silub
Gl 8 4 ol (Sisel )59y (bl )3 (Y4 o8 alisli) Abe o5 )b Jsb )3 aobe JBxd 9 Sii e
g g0 &by STSE 5S4, isu 31 plsis 4 (oo Cuy

Sledilodgy (Kimy8 g (508 sl g)ladolS I gyl (sl wlo (5)5 slads o Slusl Kinyd g acelocuw) » ids
olo (slods 2 L s g Jreadys (sl ccs)sile slodisS | (gl 3. (VAW (pagea) Lol (355 g pDll oz 3 alox
(VAR «igeyd g (5y90) 1S o Sy JolS olo slacad 50 L b ale 5 byl po (5 Mo il Sinlon

5l s a1y o] (St (gladiged 53,8y o & ] & sl Glowsl py (s olo 1sygld g ple )3 i
3 ot Jbo 3Ll ¥/0 g0 olo a8 sl Lis ¢ 3,5 05T 1, ole S5 oS 5 Tela] (slacy ygolo y3 oaialoul sla oy
(Y8 pedilu) Sloads las (e 51 &S o oS5 (g0lg0

1 Lunar Nodes
2_Nodal cycle
3 Apollo



OV STSE 3,509, U sdjgal oy (b p2 4G b como 05lemr 2 o] 1l g olo (galdl (ool (o 2

O1lguin .F

oo s 3 olo (1S 156 a5 Lt 5l g oS B 8B 0)l)> &y (Saliz lalllas )
olo rodily id awyp glp Lds laodld jleslaiwl b (g amelS (sla g jlodus 29 oo dlogsdius ¢ o) (5970
b GBS (o) weldl g5l 5

G5 (mubn jo (S9S Sdydn 929 bole P of)y uite Gl FES e dwg -V
sl 03518 (gdioy goodls g )55 (SaSTy (g bl yd S piagieh slaJde oS Aejls b (6 0dpcah,

ﬁs}' 6“ 43§|.3 OA

2990 3 s 4y 4l o ol po ple )3 (ST welie 1Sy onej o Il B8 S 3 g ole ale
2 iy aelin @lp (ogrdo wr 2,509) crl 2 (ele dii lgie 43925 )5 elii il )50 A5 (0090 (] Cilie
36 ams e 1y ISl s Bj00T 43,800, cl 208 ol 2 938 sl ple il 4y (a0l (sl osrdo o 9 (S
o> 9 (598 b ple b3l opd 5 03l il cosaliin &)lpe o3l 1S5 dasgs sl (e 0o Alo (onnlo (sloosy
WSS ol y8

5 Slosl plil COLLS dipnj )3 29b (o0 g (6508 po Syt )3 Jol B> g0l juas 1> SGPIST g (55l
P by by ()5l 5 (oo Clel it ao e ) Gl dely oS S8l Cows (agle 4 g (0 SRS Wl lie 30
ol 2o Sluslol gl e )bl plgs oo oy 9 S5 08y Sl (o0 izt el p3 1) A 9 U5 diej 45 L doye
Wz 0y b (59l (pl Jidin o b Syl )3 WS (0 Culled die

Ol i (oo 4ol 365 (S35 4y sl 135 il by g plia 48T lgd ol o)lgan iliss oli g Lo Sin b
4l g IS Glowsl (sl 0ayay E5By 005 Slelis 5 7yl o) wlh il slo o 3 Wl o 50y U
L9l (B2 gl ol ol 2 4 0l (oo (05 490 4 ole <S> 168981 L e (5508 — sy b ciges lsie
29 o band g e oL by @l

2 oo sl 3 Sles )l 56 wn y lite jbo 4y aiaas o] 53 45 556sS Shgge g (Sl 131 5 Coy bapme
b doly 4 e Canb b basijo (35158 5l g3 a3 )15 35 mes sl |y st Glow il j5b 4 i j Laeo
5 d05 )72 Jto o) 1 olo hlisee Sl S oo Bao )5 de 3)lse yam s Slowl plial Labaly 3005 (oo (55
LiS ol wlg5 (o0 e ol )3 (bjgal (b g 3l o Conmj Lamo L b )3 oo 320lae Ll (o))S ey 5 Jolos
STSE 5,59, 2 stz bi5el (A L (0928 (3485 (slo s S 5 48 amd g0 i gy ol oo )3 il
=hjel 1y (SUE carge Liias (el sole 3l ol ST S oo alal g5dg0 ylolias 5 5 Gras S0 4 Wl
ol o slens 4 bjgal pllas (> o950 Olegudge S5 higel (sl canlio oSl Al g o Kol ala

&bo .F

I o8y LS 2yl yg5. p M 3 o5 5 5 losdolS, (VWAE). 2 ccsres]

oo Uil ) pade (opad puads g paz b bl (WM. p oo

(2B p 58 e 1ol (aly omeedlies il g desis) dig/ ol (5 85T (WYY). pillias alss ougb

sl (slagsinggy Skt 1ol g (o Bldeste dadie 5 onas) (KL i (WVF). ¢ gl

i ixto oSty LS s (e dopliie 1) abs) loddo (58,5 5 pazei (W), Chogy o S 3 L3, o5 y9aie
i p Slllae 5 il pole oSyl 1yt oM 0,0 b sl ol 3 s laidols o (WAA). G o(s ypnie



VF+0 )LQJ’ &Y D)Lw.:} NY 0,92 c‘_g)qﬁ ,051-9 uﬂ)’oi)b Msf OA

Aikenhead, G. (1994). What is STS Science Teaching? Science Education, 78(5), 522-527.
Chapront-Touzé, M., & Chapront, J. (1988). ELP 2000-85: A semi-analytical lunar ephemeris.
Astronomy and Astrophysics, 190, 342-352.

Karttunen, H., Kroger, P., Oja, H., Poutanen, M., & Donner, K. J. (2017). Fundamental Astronomy (6th
ed.). Springer.

Lang, K. R. (2013). Essential Astrophysics. Springer.

Meeus, J. (1998). Astronomical Algorithms (2nd ed.). Willmann-Bell.

Murray, C. D., & Dermott, S. F. (1999). Solar System Dynamics. Cambridge University Press.

NASA. (2025). Moon phase and Earth-Sun alignment images. Retrieved November 25, 2025, from
https://svs.gsfc.nasa.gov/Gallery/Moon.html

Reingold, E. M., & Dershowitz, N. (2018). Calendrical Calculations: The Ultimate Edition (4th ed.).
Cambridge University Press.

Richards, E. G. (1998). Mapping Time: The Calendar and Its History. Oxford University Press.
Seidelmann, P. K. (Ed.). (2006). Explanatory Supplement to the Astronomical Almanac (3rd ed.).
University Science Books.

Williams, J. G., Turyshev, S. G., & Boggs, D. H. (2016). Lunar laser ranging tests of the equivalence
principle. Classical and Quantum Gravity, 29(18), 184004.



https://svs.gsfc.nasa.gov/Gallery/Moon.html

Research in Empirical Science Education, VVol. 12, No. 42, PP. 44-59.

[Special Issue of the 6™ National Conference on Physics Education ]

Research in Empirical Science Education !b‘ o)

Online ISSN: 3115-8889

Home Page: https://basicscience.cfu.ac.ir Farhangian

University

Scientific study of the moon's habitability and its effects on planet Earth based on

the STSE approach

Mehdi Manafi Zainjanab ", Mohammad Ghasem Najned *

1. Department of Educational Sciences, Farhangian University, P.O. Box 889-14665 Tehran, Iran.

2. Department of Physics Education, Farhangian University, P.O. Box 889-14665 Tehran, Iran.

* Corresponding author: (52 Mhdymnafy40@gmail.com)

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received:
2026/05/17

Received in revised form:

2026/05/25
Accepted:
2026/05/25
Available online:
2026/06/15

Keywords:
Moon phases,
Lunar calendar,
Quadrature,
Conjunction,
Supermoon,
Orbital nodes.

The Moon, as the Earth's closest neighbor and the most important celestial body visible to humans, has
played a fundamental role in shaping human calendar, cultural, scientific, and environmental systems. The
phase cycle of the Moon, which results from the geometric interaction of the three-body system of the
Moon-Earth-Sun, has formed the basis of lunar chronology in ancient civilizations and the cultural and
religious structures of various societies. This article, with an astronomical-analytical and educational
approach, examines in detail the phases of the Moon, the concepts of phase angle, elongation, squaring,
trine, conjunction, and opposition, and explains their role in determining lunar months, crescent visibility,
and observational calculations. In addition, the emergence and evolution of lunar calendars in
Mesopotamian, Egyptian, Chinese, and Iranian civilizations and the formation of the Hijri lunar calendar
are discussed. In another part of the article, types of lunar, lunisolar, and arithmetic chronology are
introduced and their implementation challenges are examined. Concepts such as the transitory motion of
the moon, gravitational lock, perigee, apogee, supermoon, and micromoon are also analyzed based on
astronomical data. From an educational perspective, the article shows that lunar phenomena, especially the
lunar cycle, provide a valuable opportunity for designing teaching-learning units based on the STSE
approach; an approach in which the relationship between science, history, technology, culture, and the
environment is simultaneously considered. The findings indicate that using the natural phenomena of the
moon by designing this educational unit in science education can increase conceptual understanding,
promote astronomical literacy, strengthen critical thinking, and link learners' personal experiences with
scientific concepts.
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