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Astronavigace

Petr Scheirich

Astronomicki %st av AVLR bocman & master na

http://sajri.astronomy.cz/astronavigace/ verze: 1. 11. 2013



Obzorn2kov® (azi mut 8l

UdS§vaj2 souSadnice na obloze, Kter

Hivigka (%hl ovg8) nad obzorem
Zni azimut Zenit

Nadir



Obzorn2kov®

UdS§vaj2 souSadnice na

Hivigka (¥%hl ov§g) nad
Zn 1 azimut

u mh SRdomO0Ao d
p a dAuddi9GAd O

Azi mut mnRS2me ol
ve smDru
-vIchojh- z8§pad
od 0Ado 360A

(azi mut 8l

obl oz e, kter

obzorem
Zenit

Nadir



Rovn2kov® (ekvatore§gl

UdS§vaj2 souSadnice na povrchu Zemnh

Greenwichsky
(nulty) polednik

Mistni polednik

Lon (longitude)
je zemBDpi sn§
Znam®nk a:
vichodn2 (E):
z8padnt (W):

Zemé& Lat (latitude)

Je zemDpi sns§
Znam®nka:
severn?2 (N):
jigneg (S):



Rovn2kov® (ekvatore§gl

UdS§vaj2 souSadnice na

Objekt na obloze
O

Substelarni bod

Zemeé

povrchu Zemh

Greenwichsky
(nulty) polednik

Mistni polednik

S p o j -# abjekt na obloze
pomyslnou pS2mko
Zemh, protne tat
povrch ZemPdt el §r
bodD

Substel 8rn2 bod
povrchu Zemi, od
objekt uvid?2me p
sebou (v zenitu).



Rovn2kov® (ekvatore§gl

UdS§vaj2 souSadnice na

Objekt na obloze

Substelarni bod

Zemeé

povrchu Zemh

Greenwichsky
(nulty) polednik

Mistni polednik

GHA (Greenwich Hour Angle)
je Greenwichskl
(ekvival ent zeml

Dec (Declination)
je Deklinace
(ekvivalent zemD



Rovn2kov® (ekvatore§gl

UdS§vaj2 souSadnice na povrchu Zemnh

Objekt na obloze
O

Greenwichsky
(nulty) polednik

Mistni polednik

Substelarni bod

Deklinace mTge b
severnz (N, +)
nebo ji)yn2z (S,
obdobnhD jako zen

Zemeé



Rovn2kov® (ekvatore§gl

UdS§vaj2 souSadnice na povrchu Zemnh

Objekt na obloze

Greenwichsky
(nulty) polednik

Mistni polednik

Substelarni bod

Zemeé

GHA

mNS2me od ni
(Green. ) pol ed
smDr em8mpa d
od 0OAdo 360A

Jeho znam®n|
opalme&g m§

zemRDpi sng d
Lon:

vichodn2 (E
z8padnt (W)



Rovn2kov® (ekvatore§gl

UdS§vaj2 souSadnice na povrchu Zemnh

GHA

mNS2 me od n
(Green. ) pol ed
Greenwichsky smiDr emS8mpa d
(nulty) polednik od OAdo 360A

Mistni polednik

Objekt na obloze

Jeho znam®n|
opalme&g m§

zemRDpi sng d
Lon:

vichodn2 (E
z8padnt (W)

Substelarni bod

Prol to tak je:
Budeme pot Sebovat
Zemé LHA (Local Hour Angle)

je m2stn?2 hodinov
Je to ekvival ent
m2stn2ho (local)

Pl at?2 jednoldHAas®HA+vont @lwzor na Zonam®nko u



Rovn2kov® (ekvatore§gl

PS2klad (vi:
Lon = 15AE (tedy +)

Objekt na obloze GHA=60A( na z§

O

Greenwichsky
(nulty) polednik LHA = 60 + 15 = 75A

Mistni polednik

Substelarni bod




Rovn2kov® (ekvatore§gl

Objekt na obloze
O

Greenwichsky
(nulty) polednik

Mistni polednik

Substelarni bod

Vgechny Y%hly (ag na 1 vIijimku)

d ed |i 2ntug ley



Sextant

Sextantje¥ah | omRr nT pS2stroj sl oug?co?

Kk

mh S ¢

dvlDma vzd8§8leniTmi ob@ldkty, s pSesnost 2

Filtry ,‘
\ AL Z1 (indexové zrcatko)

Z2
(horizontoveé

zrcatko) Dalekohled

Ram se /

stupnici

Otocné rameno
(alhidada)

bubinek Uvolnovaci packa



Sextant

Prol oznalen2 Asextantif:
Stupnice vyt2ng j6@Anu ¢gestinu kruhu
PSedchTdce sextantu: 4584t ant (osmina Kkr




Sextant

Princip sextantu:
Al ndexov® zrc8tko je plr
je pTlen® (|l evou pol ovi
Obijekt II. Ay zorn®m poli tedy vi d?
X (v |l ev® | 8sti skrz skl o
dvojitl odraz |II obj ek

Zorné pole dalekohledu

N
Pt
oL AN
Objekt I.
(horizont) = 3 Objekt II.
79 . DaleRdhled | horizont 2%
e
. - s
Ram se stupnici 23
) /2
©

Ll




Sextant

Pot ®, <c¢co oba obj e
al hidg§dy do pSesn
stupnici Yahel
Objekt I1.
X

Zorné pole dalekohledu

Objekt I.
(horizont)

horizont § bjekt I1.

Ram se stupnici

Ll




Sextant

Sextantem mTgeme mNRSi t
(120 , neg kolik vyt2ng |j
odrazem od i ndexov®ho z
pSich8zej2c2m a odragen
odvoj ng§s/shdeuk poot ol en2? z

Na stupnici sextan
rovnou ¥Yihel me z i 0



BDgnhN dostupn® sext a

Davis MK 3

Plastovl sextant pro zal 8teln2ky.
Pouze prTzor.

Odel et stupnic-€.s pSesnost? 1
Pap2rovs8 krabice.

Hmotnost: 170 g.

Cena:1640 K|

Davis MK 15

Plastovli, plnohodnotniT, i kdyg m®nNhD teplotr
sextant. Mikrometrickl bub2nek. Jednoduchl
Odel et stupnice08. pSesnost? 0, 1"

Plastovl kufS2k.

Hmotnost: 0,43kg, s k ulfl&g k e m

Cena:6 118 K|

Astra llIB

Kovovl profesiong§ln2 sextant, teplotnhD sta
bub2nek, osvDtlen2 stupnic. ZvDtdgen?2 dal ek

Odel] et stupnice08. pSesnost?2 0, 1"
DSeviDnl kuf$2k.

Hmotnost: 1,4kg, s Kk uw3f98F k e m

Cena:12990 Kl

Uvedeny jsou pouze tSi nej bnNgnr
Ceny podle www.marine4u.cz, prosinec 2012



Odel et

KIadn® hodnoty

J-.._T_}____

]

+23-3 1

I -

I

o

c

O

N

g:)

1|17l
-~

48A23,60

hodnoty

ANapravo od rysky u hlavn2
stupnice | teme ¢
ANad nejdel g2 ry
bub2nku cel ® mi I
APodle dvojice rysek
unpmusibed? nek | t eme
odshora desetiny minuty.



10

Odel|l et hodnoty
Z8porn® hodnoty
& m " i m "
= ’”//””/Hllluulu —;— WI”””“I/HHIH
: mas P - =00y e
/07_:_:-§‘—+02 42—9'08

] Y

—

—

1A+ 560 020 13,80

ANapravo od rysky u hlavn?
stupnice | teme cel ®

ANad nejdel g2 ryskou | APedmeejndael g2 ryskou | t
bub2nku cel ® minuty. bub2nku cel ® minuty.

APodle koinciduiz ¢ 2 rysky na nARodlakoinciduf c2 rysky na n
| teme odshora deseti ny tmiodeddladesetiny minuty.

i 3,80
ANalevo od rysky u hlavn?

Sstsupumpi ce | teme cel ® s



SeS2zen?2 sextantu

1. Vytemperovsg§n? sextantu

Sextant ponech8me dostatelnou dobu
V. dTsl edku zmBDOn teploty se m2rnhD n
aby se to dRNDlo v prTbDhu mhDSen?z.



SeS2zen?2 sextantu

2.5eS2 zen? zrc8tek

Spr&8§vnhD seS2zen§ zrc8tka:
Alndexov® zrc8tko je kolm® k rovin
APSi nastaven2 alhidg8dy na 0 jsou

\ y, ' Z1 (indexové zrcatko)
Z2
(horizontové
zrcatko) Dalekohled
Ram se Oto€né rameno
stupnici (alhidada)

Mikrometricky 5 %)

bubinek Uvolnovaci packa



SeS2zen?2 sextantu

Kol most i ndexov®ho zrcs8t ka




SeS2zen?2 sextantu

SeS2zen? horizontov®ho zrcé8tka
1. Al hid8du nastav2me pSesnhD na 0.

2. Pod2vs8&§me se na (moSskl) horizont
hornZ ho groubu srovn8§me horizont d




SeS2 zen?

SeS2zen2 horizontov®ho

3. Otol 2me sextant do
pod2v8me na horizont

4, PSej2gd2me hranou
hori zont Ot 8| 2 me
pSechod nen?2 napro

Gpatnh:

Gpatnh:

pSej2¢gdnn?

ve skle ukazuje se
zpogdnhDn2 m.

PSi pSeg 2 gdnNmSi
horizont ve skle
ukazuiep Sed| asnin.

vodo

sextantu

Zzrcs8t ka

Sprsgvnh:
s e PISeerj iz 2yamitn 2
horizont je zcela
pl ynul ®.

p <



SeS2zen?2 sextantu

SeS2zen? hori zontov®ho zrc8t k a

Al ternativn?2 seS2zen2 pomoc?2 Slunc
Oba grouby seSizujeme nar 8§z,

Gpatnh: Pomoc2 obou groubT sesS
Zrc8tko je gpatnhD szrSegteho tvak, aby ze dv.
verti k8l n2m i horizon3l8mcen vzni k!l jedinl

smBDr u.



MNSen2 chyby indexu (

Kvalitn2 (kovovIi) sextant nemus2?2m
mNSen2m. Mus22me ale vgdy ovDSit,
chybu indexu.

Chybaindexu$2 k§, jakl wWhel sextant mhD!
Tuto chybu mus2me pak odel 2st od -

| E (stejnhN jako n8&sledn® mNRSen? Y

AnepSesn® seS2zen? zrcS8tek
Av TI'i v gnekov®m pSevodu mikr. bub
Avl astn2 chybu pozorovatele (nedot

Z toho dTvodu bwamb8ebdvhBE ®SRuUob el

Bub2nkem ot &8l 2me pSi mhRSen2 | E |
jednu stranu!



MRNSen2 chyby
Postup pSi mRSen?2 | E:
1. Nahrubo
2. (V pS2padh ur|] ovgn?2
3. Pod?2vs8me se na hori

srovn8me do jedin®
4. Hodnota na stupnici

pougi j eme

pr TmDr nou,

| E

J

ndexu (

nastav2meil®ml hi d8du cca 1

pomoc? S
nt (nebo SI
i nie (jedinc
e | E. Post
nebo nej | a:t



Mohu p
d

Ano, ALE:

St Secha mus?2 blt dostatelnh dal ek
umBDIl ou chybu!

V nekon

Obj ekt |
2 do obo

e
dopadaj ?2c
n

rovnobDiDg
seS2zen?
zorn®m po

2

®, a pSi
zrcs8tek
i v jed




Mohu p
d

Ano, ALE:

St Secha mus?2 blt dostatelnh dal ek
umBDIl ou chybu!

V nekon

Obj ekt |
2 do obo

e
dopadaj ?2c
n

rovnobDiDg
seS2zen?
zorn®m po

2

®, a pSi
zrcs8tek
i v jed




Mohu p
d

Ano, ALE:

St Secha mus?2 blt dostatelnh dal ek
umBDIl ou chybu!

Objektjejebl2 z k o : papr s
dopadaj ?2?c? do obo
nejsour ovnobNgn®, a
sewyvl zorn®m pol i,
rovnobDgng8 ani zr

Nastavit pak 0 na stupnici je

nesmysl!




Svisl§8 vzdS8l enost 10cemzi Zr c
Maxi m8l n2 povidd en8 chyb
- Vzd§ | enost >38kBiechy

10 cm




V4 ~ V4

MDSen? vIigky nad moSsk

Pokud se d2v8me smDrem k pevninhi,
rozhran2 mezi moSem a pevninou
ne bSeh.

Vzd8l enost[NWM =2x,/A, [m]u hoaoT VI gka ok

nad hladinou
Dhor Dhor



MDSen2 vIigky nad moSsk

Postup pSTigkr((MSJESEZrh?§tek pop2geme mhRSen?2 v ¢
dopSedu nezn§me, tedy nap$S. Slunce, MRs2ce, p
tabul ky, kter® ng&§m vigku pSiblignhn Seknou dop

1. Nahrubo nastav2me Aanleh2i di&du s €agat |

2

n <

p 2padD mNSen?2 Sl unce nast ayv?
padnhD | horizontov® zrc8t ko).

b/—\

3. Dalekohled nam2S2me na objekt n:
v prav® polovinhD zorn®ho pol e.




MDSen2 vIigky nad moSsk

Ot 8] 2me sextantem doddijptdno&r overl
al hidg8dou, aby n8m objekt neut el
zorn®m pol i hori zont . Pust 2 me p:
bub2nku pSivedeme doln2 okraj SI

horizontem ( hvNzdu nebo planetu, cog jsou bc
na horizont).




MDSen2 vIigky nad moSsk

To co chceme zmRSit, je nejkratg?
horizontu. Mus2me proto drget s
smRDru, jinak namhRS2me vzd§Il enost

Toho | ze ale jen obt2zgnhD dos8hnout

NagtRNDst2 je Segen?2 snadn®é




MDSen2 vIigky nad moSsk

Pokud nakl on?2me sextant do strany

dal ekohledu), zal neme mRSit vDt
zpTsob2z, ge objekt se n8m vzd§gl ?
Toho vyugljemeI Nakl 8n2 me sextant

obj ekt pSlbIlgu1e a vzdaluje k |
Postupnhi pSltahUJeme obj ekt k hi
avr at i obl oul ku C




MDSen2 vIigky nad moSsk

Pokud nakl on?2me sextant do strany

dal ekohledu), zal neme mRSit vDt
zpTsob2z, ge objekt se n8m vzd§gl ?
Toho vyugijeme! Nakl|l &8n2me sextant

objekt pSibliguje a vzdaluje k |
PostupnhD pSitahujeme objekt k he
avr at i nedot kne.




MDSen2 vigky s umiRITnm

Na pevninhD nahrazujeme moSskIl hor
UmNRI T horizont
je hladina (t®mRS | ibovol n®) kat

v 0 dor preadia®

MNS2 me Yhlovou vzd8l enost mezi ob
odrazem v hladinh.3vilagkoa vazldj§d ketnw
horizont8l n2 rovinou.

Prihledné stény stfisky proti vétru

Hladina kapaliny

Paprsek odrazeny od hladiny
umélého horizontu




o To T I Po o To I Z

MDSen2 vIigky s umbDITn

§pl R umnND| ®h ey moirai tzve §itt Uzdcadae ek nim | aail
~REU'S  (skvDl ® mEkadyzmzksdan §

Voda (hejsnazg? ;m&hiop ylam@sk sk) a st S2gky

Vyj et | MO tvazkost @dd; g® ht nN s gh rvoyzi @ §s vi nst v o
St ol n2neo b €2msd kol gazkl

Jar (vazkostt ®mBS §ne;vd D% r 101 & pozounmbubligky)
Melasa (vazkosthH®drge) vyml v §
Med (vazkost dobr§:h TSe se) vyml v §

Pl otna z HDD @oar e omeiBs | pSEmsmiod)ti: k

Prihledné stény stfisky proti vétru

Hladina kapaliny

Paprsek odraZeny od hladiny
umélého horizontu




MDSen2 vigky s umiRITnm

Postup pé’ngm&e&ﬁ!%te!nzk s umRDITm horizon

pouze Slunce)

Nahrubo nastav?2me Aanleh2i d8dd s cagat |

Nastav2me vhodn® filtry pSed i nc
Stoupneme/ sedneme si tak, abychc
vidnDli odrtazt &l polcehu ase snag?2 me

cel ®ho .mNSen?

Dal ekohled nam2S2me na objekt n:
v prav® polovinh al '




MDSen2 vigky s umiRITnm

5, Ot 8l 2 me sextantem doddjptdno&r ovel
al hidg8dou, aby n8m objekt neut el
zor n®nodraz®sluncevhladinl kapaliny. Pust ?
al hidsgdy, a pak ot8|len2m bub?znk:t
sebe tak, aby se(wbensmulsipabevkifahy

vlievo ophRDt vyug2v8me rotace sextantu okol o os

L s




PSesnl | as'!
PSesnl | as je pro astronavigac.i S

Jak® chyby v poloze mTgeme dos8hn
mNSen?2 slsehybou

PS. : na rovn2ku v dobhD rovnodenno
Jak rychle se mhRn2 jeho vigka?

24 h éééééA 360
1 s éeéeéeenodo =15 0
Jestije zaznamen8&§m | as mNRSen2? s chyb

tomu, jako kdybych téaDsiut pol @ghuw
chybou 1 NM)



V4 ~

PSesnl | as'!
PSi mRSen2 vigky tedy vgdy nejpr
sv®mu asistentovi AteNfi) a pak

Zdroje pSesn®ho | su:

GPS
tycho.usno.navy.mil

radi oé
dobr® hodi nky

To T T I



OprasymRSen® vIigky

Samotnl %daj ze sextantu jJjegthD ne
url en?2 pol ohy. Mus?2 me | | opravit

Oznal 2 me:
SRT Yad a | ze sextantu (sextant read:i

~

Hiobservovan8 vigka (tj. vigka po

1. Index error

Na moSi :H,=SRi |l E é

Na sougiH,=(SRT1 E) [/ 2 é

SRi“idaj ze Héwobapt upvanES chydadgnkeau,



OpravymRSen® ivi gky
2. Deprese horizontu (Dip)

Rozd?2| mezi viditelnIm horizontem

Spravna vyska

|dealni horizontalni rovina

Zmérena vwska

SRi“idaj ze Héwobapt upvanES chydadgnkeau,



OpravymRSen® ivi gky
2. Deprese horizontu (Dip)

Rozd?2| me z i viditelnim horizontem

V astronavigaci(ag na vIji mku IsH)2 tvegnee lon v §
vislednl Yhreeln gfiung2 Dhipt z&§por nou

Dip[']=-176x.jh,, [m] hao' VI §ka oka

nad hladinou

Na moSi :H,=SRi IE +Dip é

Na sougiH,=(SRT1 E) [/ 2 é(na sougi Di p

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu



OpravymRSen® ivl gky
3. Refrakce (R)

Refrakcejelomsvlt | a v zemsk® at mosf ®Se.
objekty zdaj2 bilt vige neg ve sl

Zdanliva poloha Slunce

Skutecna
poloha Slunce

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu



OpravymRSen® ivl gky
3. Refrakce (R)

Refrakcejelomsvlt | a v zemsk® at mosf ®Se.

~

objekty zdaj2 bilt vige neg ve sl

A M8 z8&8pornou hodnotu (namhRSen® v
A Z8vis2 na zmhRSen® vigce maximgé)mit
A PS.: V1 gk aR
OA~ ~1346xvi dzime pSi vichodu
10A 1530 pr8vn tNRsnhN nad h

45A 11,00 skutelnosti jegth
90A 0,06

Pozor: hodnoty refrakce jsouv ¥sh | o vmicut8 c,h ne ve st

Na moSi :H,=SRi IE +Dip+R¢&

Na sougiH,=(SRTIE)2+R é

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu, R T refrakce



OpravymRSen® ivl gky
4. Semidiameter (SD)

Semidi ameter je Yhlovl - ot

Slunce nebo MNDs?2ce.
} so

PSi mRSen2 nad moSskIm A m
obvykle vigku doln2ho 7 a |
ale vigka stSedu di sk nu :
pSil2st SD.

V. umDl ®&m horizontu (na v Y

kot oul na kotoul, ted !

Na moSi :Hy,=SRi IE +Dip+ R (+ SD )gynce vn s £

Na sougiH,=(SRTIE)2+R é

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu, R 1 refrakce, SD T semidiameter



OpravymRSen® ivl gky
4. Semidiameter (SD)

Hodnoty SD:
Slunce MNs 2 c
15761 16, 34 ,iA®, 806

Semidiameters e mRDn2, protoge ZemhD ob?2hS§
dr 8ze, a MNDs2c¢c okolo ZemnD t ak®.

U Slunce si mTgeme dodv,olNiseMpomgse m
hl edat SD v tabul k8ch (Al manachu

Na moSi :Hy,=SRi IE +Dip+ R (+ SD )gynce vn s £

Na sougiH,=(SRTIE)2+R é

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu, R 1 refrakce, SD T semidiameter



OpravymRSen® ivl gky
5. Paralaxa (P)

Vigky tnDles ml Zenit Mésic

| ok8n2m hori z

vipolty provs oA

VT gk y nad hor pozorovatel A Ho'
pSenesenim do Lokalni horizont
Zemh.

Pro vzdS8Il en® \HO

obDh tyto v g k Nebesky horizont
MNDs2c je ale Zemé

Na moSi :Hy,=SRi IE +Dip+ R (+ SD )gynce vn s £

Na sougiH,=(SRTIE)2+R é

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu, R 1 refrakce, SD T semidiameter



OpravymRSen® ivl gky
5. Paralaxa (P)

Zenit Mésic

Rozd2I| vigek
horizontem a nad
nebeskIim hori P
( P Se nese nT m d pozorovatel A Ho'
ZemnD) n a pdralagam

Lokalni horizont

TTk8 se pouze

MNs2ce! \He
Protoge namiS

meng? Yhel, n Zemé
mpDI i1, je para

Kl adn§.

Nebesky horizont

N a mo él :Ho:SRT IE +Dip+R(+SD)SIunce,MDs 2(-!5 P)MI’JS2 c

Na sougiH,=(SRTIE)2+R(+P)yps-z .

SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i
deprese horizontu, R 1 refrakce, SD T semidiameter, P T paralaxa.



Par al ax a

Je-l | MNDs 2 c
par al axa

Je-l | MNDs 2 c
par al aAla

OpravymRSen® ivl gky

5. Paralaxa (P)

. Zenit Mésic
Z 8V I h
vV Z PN\
ozorovatel Ho'
nul o P 7
Lokalni horizont
u 0]
ag 1
,\Ho
Nebesky horizont
Zemeé

N a mo él :Ho:SRT IE +Dip+R(+SD)SIunce,MDs 2(-!5 P)MI’JS2 c
Na sougiH,=(SRTIE)2+R(+P)yps-z .
SRiidaj ze Héwbawet upvanE§ chydadgseau, Dip i

deprese horizontu, R 1 refrakce, SD T semidiameter, P T paralaxa.
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H,Tobservovang viIgka

Znam®
IEichyba indexu (neseS2zen?2 zrc§t etki,
Dpideprese horizontu (moSskl hori ion
Rirefrakce (lom svhRDtla v atmosf ®Se,
SDisemi di ameter (%hlovIl pol omRr Sl+un

Piparal axa (rozd?2| me z | hori zont em |
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178 2010 SEPTEMBER 10, 11, 12 (FRI., SAT, SUN.) 2010 SEPTEMBER 10, 11, 12 (FRI., SAT,, SUN.) 179
| Twilight Moonrise
UT | ARIES | VENUS —4.7| MARS +1.5|JUPITER —2.9 | SATURN +1.0 STARS uT SUN | MOON Lat. Sunrise
Naut. _ Civil 10 11 12 13
GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec GHA Dec GHA v Dec d HP h m h m h m h m h m h m h m
d ° 7 o o @ o v o @ P o i , o ' > =z N 72| 01 26 | 03 33 | 04 48 | 09 59 | 13 04 f: ==
° dbl o 1 o o 4 4 o 4 4
1000 348 55.5 | 141 32.6 S15 42.1 | 144 09.2 $10 20.0 | 348 23.3 S 1 29.6 | 163 18.9 S 0 04.1 [Acamar 315196 $40 154 1000|180 42.3 N 5 03.4 162 14.8 8.7 S 8 22.6 14.9 608 | N 70 | 02 11 | 03 49 | 04 56 | 09 40 | 12 10 | mem | mem
01f 3580156 33.4 43.1 [ 159 10.1 206 | 3 26.0 29.7 (178 21.1 04.2 |Achernar 335 27.6 S57 10.6 01 195 42.5 025|176 425 87 8 37.5 147 60.8 68 | 02 20 | 04 02 | 0502 |09 24 | 11 37 | 14 11 | =mm
02| 19 00.4 171 34.2 44.0 | 174 11.0 212 18 2838 29.9 (193 233 04.3 | Acrux 173 12.4 S63 09.6 3 ¥ ? 5 14 i
02| 210 42.7 015(191 10.2 87 8522 14.7 60.8 66 | 03 01|0413(0507]|0912|1113(1320]1542
03| 34 02.9 186 349 . . 450189 11.9 . . 21.9| 33 315 . . 30.0 | 208 255 . . 04.4 |Adhara 255 14.3 528 59.0 o 51 o
03225 43.0 5006|205 37.9 8.6 9 06.9 14.6 60.8 64 10317 |04 21 | 0511 )09 02|10 55 | 12 48 | 14 36
04| 49 05.4 | 201 357 45.9 | 204 12.8 225 48343 30.1 | 223 27.7 04.5 | Aldebaran 290 51.6 N16 31.9 4 o 5 0 a4
05| 64 07.8 | 216 36.5 26.8 | 219 13.7 231 | 63 370 30.3 | 238 29.9 04.7 04]| 240 43.2 4 59.6 /220 05.5 8.6 9 21.5 14.6 60.7 62 | 03 30 | 04 29 | 05 15 | 08 54 ‘ 10 40 | 12 24 | 14 01
B - : g . : 3| 238 2% o 05( 255 43.4 58.7 234 331 86 9 36.1 145 60.7 60 | 03 41 | 04 35 | 05 18 | 08 46 | 1o 28 | 12 06 | 13 35
06| 79 10.3 | 231 37.3 S15 47.8 | 234 14.6 S10 23.7 | 78 39.8 S 1 30.4 | 253 32.0 S 0 04.8 |Alioth 166 22.8 N55 54.2 06] 270 43.6 N 4 57.7 | 249 00.7 8.6 S 9 50.6 14.4 60.7 | N 58 | 03 51 | 04 40 | 05 21 | 08 40 | 10 17 | 11 50 | 13 15
07| 94 12.8 | 246 38.1 48.7 | 249 15.5 24.4| 93 426 305 | 268 34.2 04.9 | Alkaid 153 00.7 N49 15.7 07| 285 438 E 5 | o | 10 137
o 4 56.8 | 263 28.3 8.6 10 05.0 14.3 60.7 56 | 03 59 | 04 45 | 05 23 | 08 34 [ 10 07 | 11 37 | 12 59
08] 109 15.2 | 261 38.8 49.7 | 264 16.4 25.0 | 108 45.3 30.7 | 283 36.4 05.0 | Al Na'ir 27 45.7 S46 54.4 08| 300 44.0 559|277 559 85 10 193 143 60.6 54 | 04 06 | 04 50 | 05 26 | 08 29 | 09 59 | 11 26 | 12 45
F 09124 17.7 | 276 39.6 . . 50.6 | 279 17.3 . . 25.6 (123 48.1 . . 30.8 | 298 38.6 . . 05.1 [Alnilam 275484 S 1116 F i . 3 % 74 '
09{315 44.3 . . 54.9|292 23.4 8.6 10 33.6 14.2 60.6 52 | 04 12 | 04 53 | 05 28 | 08 25 | 09 52 | 11 16 | 12 32
R 10| 139 20.2 | 291 40.4 51.6 | 294 18.2 26.2 [ 138 50.8 309 | 313 40.8 05.3 | Alphard 217 58.3 S 8422 R 109|330 445 54.0 306 51.0 85 10 47.8 141 60.6 50 |04 17 | 04 57 | 05 30 | 08 21 | 09 45 | 11 07 | 12 22
| 11{154 22.6 | 306 41.2 52.5 | 309 19.2 26.9 | 153 53.6 311,| 328 4310, 054 | 11|345 447 53.0 (321 185 8.5 11 01.9 14.0 60.5| 45|04 29 | 05 04 [ 05 34 [ 08 12 | 09 31 | 10 48 | 11 59
D 12169 251 | 321 42.0 S15 53.4 | 324 20.1 S10 27.5 | 168 56.3 S 1 31.2 [ 343 452 S 0 05.5 [Alphecca 126 12.8 N26 409 12| 0 44.9 N 4 521 | 335 46.0 8.5 S11 15.9 13.9 60.5| N 40 | 04 37 | 05 10 | 05 37 | 08 05 | 09 20 | 10 32 | 11 41
A 13| 184 27.5 | 336 42.8 54.4 | 339 21.0 28.1 [ 183 59.1 31.3 | 358 47.4 056 |Alpheratz 357 453 N29 09.2 13| 15 451 511350 135 8.4 11 29.8 13.9 60.5 35 | 04 a2 | 05 14 | 05 40 | 07 58 | 09 10 | 10 20 | 11 26
y 14199 300 | 351 436 55.3 | 354 21.9 28.7 [ 199 01.8 315 | 13 49.6 05.7 | Altair 62 100 N 8540 (' 13| 30453 502 | 4409 84 11437 137 60.5 30 | 04 50 | 05 18 | 05 42 | 07 53 | 09 01 | 10 08 | 11 13
15214 325| 6444 .. 562 | 9228 .. 29.4(214 046 . . 31.6| 28 51.8 05.9 | Ankaa 353 17.2 $42 14.6 15| a5 456 .. a92| 19083 84 1157.4 137 60.4 20 | 04 59 | 05 24 | 05 47 | 07 a3 | 08 47 | 09 49 | 10 50
16[229 34.9 | 21 452 57.2 | 24 23.7 30.0 [ 229 07.4 317 | 43 53.9 06.0 | Antares 112 28.8 S26 27.4 16| 60 45.8 483 | 33357 84 12111 13.6 60.4| N 10 | 05 05 | 05 29 | 05 50 | 07 35 | 08 34 | 09 33 | 10 31
17( 244 37.4 | 36 46.0 58.1| 39 24.6 30.6 | 244 10.1 318 | 58 56.1 06.1 17| 75 46.0 47.3| 48 03.1 8.4 12 24.7 13.5 60.4 0] 0509 0533|0553 (07 28| 0822|0917 |10 13
18| 259 39.9 | 51 46.7 S15 59.1 | 54 25.5 S10 31.2 [ 259 12.9 S 1 32.0 | 73 58.3 S 0 06.2 [Arcturus 145 57.7 N19 07.7 18| 90 46.2 N 4 46.4 | 62 305 8.3 S12 38.2 13.4 60.3| S 10 | 05 11 | 05 36 | 05 57 | 07 20 | 08 10 | 09 02 | 09 56
19[274 42.3 | 66 475 16 00.0 | 69 26.4 31.8 | 274 156 32.1| 89 005 06.3 | Atria 107 32.5 S69 03.1 19 105 46.4 45.4| 76 57.8 83 12 51.6 13.3 60.3 20 | 05 12 | 05 38 | 06 00 | 07 12 | 07 58 | 08 46 | 09 36
20( 289 44.8 | 81 48.3 00.9 | 84 27.3 325|289 18.4 3221104 02.7 06.5 | Avior 234 19.4 S59 32.4 20| 120 46.7 445| 91251 83 13 049 13.2 60.3 30 | 0512 | 05 40 | 06 03 | 07 03 | 07 44 | 08 27 | 09 15
21|304 47.3| 96 49.1 . . 019 99 28.2 . . 331|304 21.1 . . 324|119 049 06.6 | Bellatrix 278 34.2 N 6 21.7 21135 46.9 . . 435|105 52.4 83 13 18.1 13.2 60.2 35| 0511|0540 |06 06| 06 58| 07 36| 08 17 | 09 02
22[319 49.7 | 111 49.9 02.8 | 114 29.1 33.7 | 319 23.9 32.5 134 07.1 06.7 | Betelgeuse 271 03.5 N 7 24.6 22| 150 47.1 426120 197 82 13 31.3 13.0 60.2 20 | 05 09 | 05 41 | 06 08 | 06 53 | 07 26 | 08 04 | 08 47
23| 334 52.2 | 126 50.8 03.7 | 129 30.0 34.3 | 334 26.6 32.6 | 149 093 06.8 23] 165 47.3 416 (134 469 8.2 13 443 129 60.2 45 | 05 07 | 05 41 | 06 10 | 06 46 | 07 16 | 07 50 | 08 30
1100[ 349 54.6 | 141 51.6 S16 04.6 | 144 30.9 510 35.0 349 29.4 S 1 32.8 | 164 115 S 0 06.9 [Canopus 263 57.2 S52 41.8 1700|180 47.5 N 4 407 | 149 14.1 8.2 513572 12.8 60.1 [ S 50 | 05 04 | 05 41 | 06 13 | 06 38 | 07 03 | 07 32 | 08 09
0lf 4571156 52.4 05.6 | 159 31.8 356 | 4322 329 (179 13.7 07.1 | Capella 280 37.4 N46 00.4 01 195 47.7 39.7 |163 41.3 8.2 14 10.0 12.8 60.1 52|05 02 | 05 41 | 06 15 | 06 34 | 06 57 | 07 24 | 07 58
02 19 59.6 | 171 53.2 06.5 | 174 32.7 36.2 19 34.9 33.0 | 194 15.8 07.2 | Deneb 49 32.5 N45 19.4 02| 210 48.0 38.8 /178 08.5 8.1 14 22.8 12.6 60.1 54 | 05 00 05 41 06 16 06 30 06 50 07 15 | 07 47
03] 35 02.0 186 54.0 . . 07.4189 33.6 . . 36.8| 34 37.7 . . 33.2|209 180 07.3 | Denebola 182 36.0 N14 30.8 03| 225 48.2 . . 37.8 /192 35.6 8.2 14 354 12.5 60.0 56 | 04 58 | 05 41 | 06 18 | 06 26 | 06 43 | 07 05 | 07 34
po.2 07.4 | Diphda 348 57.5 S17 55.4 04| 240 48.4 36.9 | 207 02.8 8.1 14 47.9 12.4 60.0 58 | 04 55 | 05 41 | 06 20 | 06 21 | 06 35 | 06 53 | 07 19
Objekt na 0b|02e 2.4 07.5 05{ 255 48.6 35.9 (221 29.9 8.0 15003 12.3 60.0| S 60 | 04 52 | 05 41 | 06 22 | 06 16 | 06 26 | 06 40 ‘ 07 01
4.6 S 0 07.7 | Dubhe 193 54.6 N61 41.5 06( 270 48.8 N 4 35.0 [ 235 56.9 8.1 S15 12.6 12.2 59.9 Twilight Moohisat
O 6.8 07.8 | Elnath 278 15.2 N28 36.9 07| 285 49.1 34.0 (250 24.0 8.0 1524.8 121 59.9 | Lat. | Sunset
) . 9.0 07.9 | Eitanin 90 47.0 N51 29.6 i 08| 300 49.3 33.1 (264 51.0 8.0 15 36.9 12.0 59.9 Civil  Naut. 10 11 12 13
Greenw|chsky 1200 1080 Egrl:\ i 33 488 N 9 55.7 09[315 49.5 . . 321|279 180 8.0 15489 119 59.8 T T T
- 8 alhaut 15 25.8 $29 33.7 T 10|330 49.7 31.2(293 45.0 7.9 16 00.8 11.7 59.8 hm| hm| hm| hm| hm| hm| hm
(nulty) polednik 5.6 08.3 U 11]345 49.9 30.2 (308 11.9 7.9 16 12.511.7 59.8 | N 72 | 19 02 | 20 17 [ 22 17 | 16 54 | 15 45 | mm -
7.7'S 0 08.4 | Gacrux 172 03.8 $57 105 R 12| 050.2 N 4 29.3 (322 38.8 7.9 S16 242 11.5 59.7 [ N 70 | 18 55 [ 20 01 [ 21 36 [ 17 16 | 16 41 | mm | wm
9.9 08.5 | Gienah 175 54.7 S17 36.1 D 13| 15 50.4 28.3 337 05.7 7.9 16 357 114 59.7 68 | 18 49 | 19 48 [ 21 09 | 17 33 | 17 15 | 16 37 | =
f2.1 08.6 | Hadar 148 513 S60 257 4 14| 30 50.6 27.4(351 326 7.8 16 47.1 113 59.7 66 | 18 45 | 19 38 | 20 49 | 17 47 | 17 40 | 17 30 | 17 05
ha.3 08.7 |Hamal 328 028 N23 309 () 15| 4550.8 . . 26.4| 5594 7.9 16584112 596 64 | 18 40 | 19 30 | 20 33 | 17 59 | 17 59 | 18 02 | 18 12
65 08.9 |Kaus Aust. 83 46.3 $34 22.8 16| 60 51.0 25.5| 20263 7.7 17 09.6 11.0 59.6 62 | 18 37 | 19 23 | 20 20 | 18 09 | 18 15 | 18 26 | 18 47
8.7 09.0 17} 75 51.2 24.5| 34530 7.8 17 20.6 11.0 59.5 60 | 18 34 | 19 17 | 20 10 | 18 17 | 18 29 | 18 46 | 19 13
S b t I 3 . b d 0.9 'S 0 09.1 | Kochab 137 20.3 N74 06.9 18| 90 51.5 N 4 23.6 | 49 19.8 7.8 S17 31.6 10.8 59.5 | N 58 | 18 31 | 19 11 | 20 01 | 18 25 | 18 40 | 19 02 | 19 33
ubstelarni po 31 09.2 |Markab 13 40.0 N15 16.0 19|105 517 226 | 63 46:6 7.7 17 42.4 107 59.5| 56 | 18 29 [ 19 07 | 19 53 | 18 31 | 18 50 | 19 15 | 19 50
5.3 09.3 | Menkar 314 17.0 N 4 08.1 20[ 120 51.9 21.7| 78 133 7.7 17 53.1 10.6 59.4 54 | 18 27 | 19 02 | 19 46 | 18 37 | 18 59 | 19 27 | 20 04
7.4 09.5 [Menkent 148 10.3 S36 25.5 21135 521 . . 20.7| 92 40.0 7.7 18 03.7 10.4 59.4 52 |18 25 |18 59 | 19 40 | 18 43 | 19 07 | 19 38 | 20 17
9.6 09.6 |Miaplacidus 221 41.1 S69 45.5 22| 150 52.3 19.7 [ 107 06.7 7.6 18 14.1 10.3 59.4 50 [ 18 23 | 18 55 | 19 35 | 18 48 | 19 15 | 19 47 | 20 28
1.8 09.7 23] 165 52.6 18.8 /121 333 7.7 18 24.4 10.2 593 45|18 19 |18 49 | 19 24 | 18 58 | 19 30 | 20 07 | 20 51
4.0 S 0 09.8 | Mirfak 308 43.1 N49 53.9 1200 180 52.8 N 4 17.8 [ 136 00.0 7.6 S18 34.6 10.1 59.3 | N 40 | 18 16 | 18 43 | 19 15 | 19 07 | 19 43 | 20 23 | 21 09
6.2 09.9 | Nunki 76 00.6 S26 17.0 01f195 53.0 16.9 | 150 26.6 7.6 18 44.7 9.9 59.2 35|18 13 | 18 38 | 19 08 | 19 15 | 19 54 | 20 37 | 21 25
8.4 10.1 | Peacock 53 21.8 S56 42.1 02 210 53.2 15.9 | 164 53.2 7.5 18 54.6 9.8 59.2 30 |18 11 | 18 35 | 19 03 | 19 22 | 20 04 | 20 49 | 21 38
po.e 10.2 | Pollux 243 30.4 N28 00.0 03225 53.4 . . 15.0(179 19.7 7.6 19 044 9.7 59.2 20 |18 07 | 18 29 | 18 54 [ 19 33 | 20 20 | 21 09 | 22 01
h2.8 10.3 [Procyon 245 02.0 N 5 11.9 04240 53.7 14.0 /193 463 7.5 19141 9.6 59.1 | N 10 | 18 03 | 18 24 | 18 49 [ 19 44 | 20 35 | 21 27 | 22 21
hs.o 10.4 05 255 53.9 131208 12.8 7.5 19 23.7 9.4 59.1 0|18 00| 18 21 | 18 45 | 19 53 | 20 48 | 21 44 | 22 40
h7.1 S 0 10.5 |Rasalhague 96 08.3 N12 33.3 06[270 541 N 4 12.1 (222 39.3 7.5 S1933.1 9.3 59.0| S 10 | 17 57 | 18 18 | 18 42 | 20 03 | 21 02 | 22 01 | 22 59
ho.3 10.7 |Regulus 207 45.9 N11 54.9 07| 285 54.3 11.2 237 058 7.5 19 42.4 9.1 59.0 20 | 17 54 | 18 16 | 18 41 | 20 14 | 21 17 | 22 19 | 23 19
15 10.8 |Rigel 281 14.0 S 8 11.2 08 300 54.5 102|251 323 7.4 19515 9.1 59.0 30 | 17 50 | 18 14 | 18 42 | 20 26 | 21 33 | 22 40 | 23 4
p3.7 10.9 |Rigil Kent. 139 55.0 S60 52.9 S 09|31554.8 . . 09.3 265 58.7 7.5 20 00.6 8.8 58.9 35| 17 48 | 18 14 | 18 43 | 20 32 | 21 43 | 22 52 | 23 56
5.9 11.0 | Sabik 102 14.8 S15 443 U 10]330 55.0 08.3 280 252 7.4 20 09.4 8.8 58.9 40 |17 46 | 18 13 | 18 45 | 20 40 | 21 55 | 23 06 | 24 1
ps.1 111 N 11f345 55.2 07.4|294 51.6 7.4 20182 8.6 58.8 45 | 17 44 | 18 13 | 18 47 | 20 50 | 22 08 | 23 22 | 24 30
0.3 S 0 11.3 | Schedar 349 42.4 N56 35.8 D 12| 0554 N 4 06.4 (309 18.0 7.4 S20 26.8 8.5 58.8| S 50 | 17 41 | 18 13 | 18 50 | 21 01 | 22 24 | 23 43 | 24 54
2.5 11.4 | Shaula 96 24.6 $37 06.8 A 13| 15 556 05.4 {323 44.4 7.4 20 353 8.3 58.8 52 (17 39 | 18 13 | 18 52 | 21 06 | 22 32 | 23 53 | 25 05
4.7 11.5 | Sirius 258 35.6 S16 43.7  y 14| 30559 04.5 (338 10.8 7.3 20 436 82 58.7 54 | 17 38 | 18 13 | 18 54 | 21 12 | 22 40 | 24 04 | 00 04
~ 6.8 . . 11.6 |Spica 158 33.6 S11 13.0 15| 45 56.1 . . 03.5(352 37.1 7.4 20518 8.1 587 56 | 17 36 | 18 13 | 18 57 | 21 18 | 22 50 | 24 16 | 00 16
Zeme 9.0 11.7 | Suhail 222 54.4 43 28.4 16| 60 56.3 026| 7035 73 20599 7.9 586 58 | 17 35|18 14 | 18 59 | 21 26 | 23 01 | 24 31 | 00 31
hi2 11.9 17| 75 56.5 016 | 21298 7.3 21078 7.8 586 | S 60 | 17 33 | 18 14 | 19 03 | 21 34 | 23 14 | 24 48 | 00 48
[as 020 Ve b M2 e ro | 357 | 335 15 2235 75 365 o voon
ps.6 12.1 |Zuben'ubi 137 07.8 S16 05.2 B . 8 - -
L7 s 122 SHA  Mer Pass 20| 120 57.2 588 | 64487 7.3 21308 7.4 58.5| Day | Ean-ofTime Mer. Mer. Pass.  |age  Phase
0.0 123 " e 211135 57.4 . . 57.8| 79 150 7.3 21 38.2 7.2 584 ooh Bl Pass. | Upper Lower
b2.2 12.5 |Venus 151 56.9 14 32 22| 150 57.6 56.8 | 93 413 7.2 21454 7. 584 d|m s m s| hm| hm| h m| d %
pa.3 12.6 |Mars 154 36.2 14 21 23] 165 57.9 55.9 | 108 07.5 7.3 S21 52.5 6.9 58.4 10 | 02 49 | 02 59 | 11 57 [ 13 41 | 01 14 | 02 7
Jupiter 359 348 0 42 11|03 10|03 20 |11 57 [ 14 35 | 02 08 | 03 14 ‘)
Mer.Pass. 0 402| v 08 d 09] v 09 d 06] v 28 d 01] v 22 d 01 |Satun 174 16.8 13 01 sD 159 d 10| SD 165 16.3 16.0 12 | 03 31|03 41 | 11 56 | 15 31 | 03 03 | 04 22
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A2ALTITUDE CORRECTION TABLES 10-90'—SUN,STARS,PLANETS ALTITUDE CORRECTION TABLES 0-10°—SUN,STARS,PLANETS A3
OCT.~MAR. SUN APR.—SEPT. STARS AND PLANETS DIP OCT—MAR. SUN APR—SEPT. OCT—MAR. SUN APR—SEPT.
:‘}\gp. o L STARS /}sﬂp 3 p Lo p STARS
e T wer Upper ower Upper | PLANETS) t. ower Upper wer Upper | PLANETS)
App. Lower Upper | App. Lower Upper || App App. Additional ||Ht. of n Ht. of |Ht. of n . k 7 P : P 2 P
A Limb Lo | At Limb Limb || A SO [ Al Comn || Bve O™ Eye | Eye OO Limb Limb | Limb Limb Limb Limb | Lib Limb
o , ’ ’ ’ ’ ox ’ ’ ’ , ,
o 1 o o 2010 m ft. | m ' 000 | —175 —498 | —178 —496 | —338 330 | + 34 —289 | + 31 —287 | —129
0133 y ' 939 v 4 955 24 ', 80| 10 — 18 6 ¢ - ’ . 6 28 - 8- <
945 +10-8 —21°5 9 50 +106 —212 10 07 53 VENUS 56 28 86 | 15 — 22 0 03 1 .9 49»2 17_2 49‘o 33.2 335 34 287 3.3 285 |247
(g —31, i 21 —s 3 _ — 2+ 0 06 163 486 166 484 326 3 40 38 285 36 282 12°5
+109 —214 , T107 =200 {0 0=52 | Jan 1-July 14 28 9" g2 |l 2701 = 29
+1ro—203 | 1% £108 —2r0 || 10 2% =54 . —30 5 009 157 480 160 478 | 3200 345 40 283 38 280 12:3
10 08 T 5T 10 14 +109 —200 10 32_5_0 o ’ 30 Biede 98 | 25 — 28 012 152 475 154 472 315 350 42 281 10 278 12-1
10 20 ;”_2 i 10 27 1ii6 =20t 10 46 —i% 60 TOI 32 —32 1005 | 30 — 30 015 146 469 148 466 309 355 44 279 41 277 19
10 3.63 +113 =210 | ig 49 +11°1 —207 ;? f9—4‘8 July 15-Sept. 1 32 -33 ::2 See table 018 | —141 —464 | —143 —461 | —304 400 | + 46 -277 |+ 43 —275| —11'7
e I | I 23—4-7 Dec. 29-Dec. 31 || 30 —34 1™ - o2r | 135 458 | 138 456 | 298 405 48 275 | 45 23| 1S
L1105 —208 T 4113 -2 —46 o, 03 024 130 453 | 133 451 293 410 49 274 47 271 114
115 i“.g ,jz,. | 11:22 I“_i _mi I 44735 0 4o, 40 _gg 133 ;2 _ 7_/9 0 27 125 448 12:8 446 288 415 51 272 49 269 -2
1 30 ;“_ a6 | V37 ;”V; coraes 12 00 41 o 43 —37 ol R 83 o 30 120 443 123 441 283 4 20 53 270 50 268 110
11 45 7 11 53 & s 12 17 44 76 45 £ 149 0 33 116 439 11-8 436 279 4 25 54 269 52 266 109
° +11-8 —205 22 4+116 —202 —43 " 2 —38 i 24 — 86
12 01 12 10 12 35 Sept. 2-Sept. 24 47 157
i3 yg TILg =204 | oo 27 +11-7 —201 75! 53—4-2 Dec. 5-Dec. 28 50 -39 165 26 — 90 036 [ —I1I'T —434 | —11'3 —431 | —27:4 430 |+ 56 —267| + 53 —265 | —107
346 T120 =203 +11'8 —200 —41 5 L T4 | 28— 93 039 106 429 109 427 269 435 57 266 55 263 106
1230 | ipr—202 | 2® 4arg—ige || 3 P2 —go B s 2 74 042 102 425 105 4273 26°5 4 40 59 264 56 262 104
1258 1 os a0t | 3% 4iz0 —1g8 || 1332 _3q 34 103 55 _ g 183 0 — 96 045 98 421 100 418 261 445 60 263 58 260 103
1314 4 1hs 200 | B3 L a Sigg || 3B 38 60 Ig:f 58 —43 97| 3 100 ° 94 417 96 44| 257 4 50 62 261 59 259 | 101
- - 0 51 -0 g 3 £ 2 6 6 61 - 100
B seg | B4 o ige || 276 5 80 6.1 —44 2| 34 —103 5 90 413 92 410| 253 455 3 260 257
13 55 14 06 14 39 Sept. Oct. 63 210
14 '” +125 198 i4 5 +123 —19'5 i< 55 —36 NLP - ZS‘DC -9 66 — 45 mo 36 —106 054 | — 86 —409 | — 88 —406 | —249 500 | + 64 —259 | + 62 —256 | — 98
+126 —197 +124 —194 —35 0y, {205 064 —46 38 —108 0 57 82 405 84 402 | 245 505 66 257 63 255 97
64 "
BT e R R O S | R ! S 9 _4q 229 I 00 78 01| 8o 308 | 241 510 67 256| 65 253 96
1505 1 158 —1gs | 1518 1126 —1g2 || 15033 2 +og 72 _ 48 B9 40 —na T 03 T4 397 77 395 | 237 515 68 255 66 252 95
15 3L 1 s iy | 1045 s —new |1 2925 228 3 +o TS5 _49 490 o iy 1 06 71 394 730 391|234 5 20 70 253 67 251 93
1559 130153 16 13 +128 =150 16 55 g 88 +o:2 79 =i 26-0 o 109 67 390 70 388 230 525 70 252 68 250 92
16 27 +131 —192 16 43 ;xrg —189 17 27‘3-0 83 ot 82 —51 27 46 —11°9 112 | — 64 —387 | — 66 —384 | —22:7 530 |+ 72 —251 | + 69 —249 | — 91
i: :: 132 —191 ;; ;‘; +130 —188 ;g ‘3’; —29 | Oct. 10-Nov. 19 §§ —52 iz; 48 —122 1 60 383 2-3 /1| 2273 535 73 250 | 71 247 g0
~ +133 —190 +131 —187 —28 s, Lo=53 3 Ix 57 380 0 378 220 5 40 74 249 72 246 ‘9
1805 12,4 —189 18 23 +132 186 || 0 16 5 ° Lo 92 54 304 f'z —_— 121 54 377 57 35| 217 545 75 248 73 245 88
BBAL 2o e | 990 405 g || 1958 o6 26 o 95 _oe S| Ly 124 S1o3ra| 53 31| 2rg 5 50 76 27| 74 44| 87
19 20 =2 | 1941 Lo 20 40 46 +03 99 _ Lz 327 P 127 48 371 50 368 211 555 77 246 75 243 86
20 02 T136 =187 2024'134_184 21 27 25 0 1oz 103 56 339 24
iy — L1715 — i | 3 —s = B — 45 —16 — 47 —16 — 20 78 — 24 -6 —24- — 8
20 46 +13:7 —186 P 135 —183 23 11y 24 g: 101 106 557 351 8 27 130 4_5 3 AS 4_7 3 .5 20.8 600 | + 7‘8 24.5 + 7. 4vz .5
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App. Alt. = Apparent altitude = Sextant altitude corrected for index error and dip. Additional corrections for temperature and pressure are given on the following page.

For bubble sextant observations ignore dip and use the star corrections for Sun, planets and stars.
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L, S69 45.5 22(150 52.3 19.7 (107 06.7 7.6 18 14.1 10.3 59.4 50 | 18 23 | 18 55 | 19 35 | 18 48 | 19 15 | 19 47 | 20 28
Substelarni bod 23| 165 52.6 18.8 [121 33.3 7.7 18 24.4 10.2 59.3 45|18 19 | 18 49 | 19 24 [ 18 58 | 19 30 | 20 07 | 20 51
N49 539 1200|180 52.8 N 4 17.8 [136 00.0 7.6 S18 34.6 10.1 59.3 | N 40 | 18 16 | 18 43 | 19 15 | 19 07 | 19 43 | 20 23 | 21 09
$26 17.0 01f195 53.0 16.9 |150 26.6 7.6 18 44.7 9.9 59.2 35|18 13|18 38 |19 08 | 19 15 | 19 54 | 20 37 | 21 25
S$56 42.1 02| 210 53.2 15.9 | 164 53.2 7.5 18 54.6 9.8 59.2 30 |18 11 | 18 35 [ 19 03 | 19 22 | 20 04 | 20 49 | 21 38
N28 00.0 03(225 53.4 . . 15.0 (179 19.7 7.6 19 04.4 9.7 59.2 20 | 18 07 | 18 29 | 18 54 | 19 33 | 20 20 | 21 09 | 22 01
N 5119 04/ 240 53.7 14.0 (193 463 7.5 19141 9.6 59.1 | N 10 | 18 03 | 18 24 | 18 49 | 19 44 | 20 35 | 21 27 | 22 21
05| 255 53.9 13.1 (208 12.8 7.5 19 23.7 9.4 59.1 01800 |18 21|18 45|19 53 | 20 48 | 21 44 | 22 40
N12 333 06/ 270 54.1 N 4 12.1 (222 39.3 7.5 $19 331 9.3 59.0| S 10| 17 57 | 18 18 | 18 42 | 20 03 | 21 02 | 22 01 | 22 59
N11 54.9 07| 285 54.3 11.2 (237 05.8 7.5 19 42.4 9.1 59.0 20 (17 54 | 18 16 | 18 41 | 20 14 | 21 17 | 22 19 | 23 19
S 8 11.2 08] 300 54.5 10.2 (251 323 7.4 19 515 9.1 59.0 30 | 17 50 | 18 14 | 18 42 | 20 26 | 21 33 | 22 40 | 23 42
S60 52.9 S 09|31554.8 . . 09.3[265587 7.5 20 00.6 8.8 58.9 35 (17 48 | 18 14 | 18 43 | 20 32 | 21 43 | 22 52 | 23 56
s15 443 U 10330 55.0 08.3 [280 25.2 7.4 20 09.4 8.8 58.9 40 | 17 46 | 18 13 | 18 45 | 20 40 | 21 55 | 23 06 | 24 11
N 11|345 552 07.4 [294 51.6 7.4 20 18.2 8.6 58.8 45|17 44 | 18 13 | 18 47 | 20 50 | 22 08 | 23 22 | 24 30
NS6 358 D 12| 0554 N 4 06.4 309 18.0 7.4 S20 26.8 8.5 58.8| S 50 | 17 41 | 18 13 | 18 50 | 21 01 | 22 24 | 23 43 | 24 54
s37 06.8 A 13| 15556 05.4 [ 323 44.4 7.4 20 353 8.3 58.8 52 | 17 39 | 18 13 | 18 52 | 21 06 | 22 32 | 23 53 | 25 05
S16 437y 14| 30559 04.5 338 10.8 7.3 20 43.6 8.2 58.7 54 | 17 38 | 18 13 | 18 54 | 21 12 | 22 40 | 24 04 | 00 04
S11 13.0 15| 45 56.1 . . 03.5(352 37.1 7.4 20 51.8 8.1 587 56 | 17 36 | 18 13 | 18 57 [ 21 18 | 22 50 | 24 16 | 00 16
S43 28.4 16| 60 56.3 026 | 7035 7.3 20599 7.9 586 58 | 17 35 | 18 14 | 18 59 | 21 26 | 23 01 | 24 31 | 00 31
Zemé 17| 75 56.5 01.6| 21298 7.3 2107.8 7.8 586 [ S 60 |17 33 |18 14 | 19 03 | 21 34 | 23 14 | 24 48 | 00 48
N38 47.9 18| 90 56.7 N 4 00.7 | 35 56.1 7.3 S21 15.6 7.7 586 SUN MOON
S16 05.2 19/105 57.0 3 59.7 | 50 22.4 7.3 21 23.3 7.5 585
oies Pass. 20| 120 57.2 588 | 64487 7.3 21308 7.4 58.5| Day | Ean-ofTime | Mer Mer. Pass. | age  Phase
e 21[135 574 . . 57.8| 79150 7.3 21 382 7.2 58.4 00" 12" | Pass. | Upper Lower
14 32 22| 150 57.6 56.8| 93 41.3 7.2 21454 7.1 58.4 d|m s| m s| hm| hm| hm| d %
14 21 23| 165 57.9 55.9 | 108 07.5 7.3 S21 52.5 6.9 58.4 10 {02 49 | 02 59 | 11 57 [ 13 41 | 01 14 | 02 7
- 0 42 11 [ 03 10 | 03 20 | 11 57 | 14 35 | 02 08 | 03 14 .)
T PASS U0 U@ UV UV UY @ US| U % ¢ UT U ZZ 7 UISamm T Te® 13 01 SD 159 4 10| SD 16.5 16.3 16.0 12 [ 03 31|03 41 | 11 56 [ 15 31 | 03 03 | 04 22




178 2010 SEPTEMBER 10, 11, 12 (FRI., SAT., SUN.) 2010 SEPTEMBER 10, 11, 12 (FRI., SAT.,, SUN.) 179
Twilight Moonrise
UT | ARIES | VENUS —-4.7| MARS +1.5 |JUPITER .9 | SATURN +1.0 STARS uT SUN MOON Lat. ) Sunrise
Naut.  Civil 10 11 12 13
GHA GHA Dec GHA Dec GHA Dec N Dec Name SHA Dec GHA Dec GHA v Dec d HP o h m h m h m h m h m h m h m
d h o 7 °o 1 o 7 o 7 o o o 7 o 7 o o 4 h - 3 o« 9 o i o i 7 3 N 72| 01 26 | 03 33 | 04 48 | 09 59 | 13 04 ] -
1000| 348 55.5 | 141 32.6 S15 42.1 | 144 09.2 S10 20.0 | 348 23.3 S 1 29.6 S 0 04.1 [Acamar 315 19.6 S40 15.4 1000] 180 42.3 N 5 03.4 [162 14.8 8.7 S & 22.6 14.9 60.8 | N 70 | 02 11 | 03 49 | 04 56 | 09 40 | 12 10 | mmm -
01| 3 58.0 | 156 33.4 43.1 {159 10.1 20.6 | 3 26.0 29.7 | 178 21. 04.2 |Achernar 335 27.6 S57 10.6 01| 195 42.5 025176 425 87 8 37.5 147 60.8 68 | 02 40 | 04 02| 05 02| 09 24 | 11 37 | 14 11 | =m
02| 19 00.4 | 171 34.2 44.0 | 174 11.0 21.2| 18 28.8 29.9 | 193 23.3 04.3 | Acrux 173 12.4 S63 09.6 02l 210 427 015|191 102 87 8522 147 608 66 | 03 01| 04 13| 05 07 | 09 12 | 11 13 | 13 20 | 15 42
03| 34 029|186 34.9 . . 450|189 205 37.9 86 9 06.9 14.6 60.8 64 | 0317 | 04 21 | 05 11 | 09 02 | 10 55 | 12 48 | 14 36
O 49 054|201 357 359 204 ‘ . 220055 8% 9215146 6070 62 | 03 30 | 04 29 | 05 15 | 08 54 | 10440 | 12 24a| 14 01
05| 64 07.8 | 216 36.5 46.8;1 219 Ka d § d V O S t r‘ a n a 234 Q sh 9 Si 14&0,7 f] 60) lB ap | 04 e 05 18 | of A5, dzs a o] 13 SE
06| 79 10.3 | 231 37.3 515 47.8 | 234 g J 249 8% sBE o ek 148A0 7 58443 i 04 0s 21 | ooeBH Wiy 5J 131
07) 94 12.8 | 246 38.1 48.7 | 249 , 263 283 8.6 10 05.0 14.3 60.7 | 56 | 03 04 45 | 05 23 | 08 34 | 10 07 | 11 37| 12 59
- 83 }gz g; S;’i gg‘z gg'z 5‘7’; - 59 85 10193143 60.6| 54| 04 06 | 04 50 | 05 26 | 08 29 | 09 59 | 11 26 | 12 45
: CROR 0L ro t I n O S O 2 §3.4 8.6 10 33.6 14.2 60.6 52 |04 12 | 04 53 | 05 28 | 08 25 | 09 52 | 11 16 | 12 32
R 10139 20.2 | 291 40.4 51.6 ( 294 p . 1.0 85 10 47.8 141 60.6 50 | 04 17 | 04 57 [ 05 30 | 08 21 | 09 45 | 11 07 | 12 22
| 111154 22.6 | 306 41.2 52.5 | 309 321185 85 11 01.9 14.0 60.5 45| 04 29 | 05 04 | 05 34 | 08 12 | 09 31 | 10 48 | 11 59
D 12]169 25.1 | 321 42.0 S15 53.4 | 324 JBTSIT 275 1e8 So5 S T 1230 . U5 [ FPNeCea 120 12 W20 200 D 12] 04490 N 4 52.1 335 46.0 8.5 S11 159 13.9 60.5| N 40 [ 04 37 | 05 10 | 05 37 | 08 05 | 09 20 | 10 32 | 11 41
A 13|184 27.5 | 336 42.8 54.4 | 339 21.0 28.1 | 183 59.1 31.3 | 358 47.4 05.6 |Alpheratz 357 453 N29 09.2 1 13| 15 45.1 511350 13.5 8.4 11 29.8 13.9 60.5 35| 04 44| 0514|0540 075809 10| 1020 11 26
Y 14| 199 30.0 | 351 43.6 55.3 | 354 21.9 28.7 | 199 01.8 315 | 13 49.6 05.7 | Altair 62 10.0 N 8 54.0 v 14| 30 45.3 50.2 4 409 84 11 43.7 13.7 605 30| 0450|0518 0542|0753 |09 01|10 08|11 13
15/214 325| 6444 .. 56.2| 9228 .. 294|214 046 .. 31.6| 28 51.8 . . 059 |Ankaa 353 17.2 542 14.6 15| 45 456 . . 49.2| 19 083 84 11 57.4 13.7 60.4 20| 0459 | 0524|0547 |07 3408470949/ 1050
16| 229 349 | 21 45.2 57.2 | 24 23.7 30.0 | 229 07.4 31.7 | 43 53.9 06.0 | Antares 112 28.8 S26 27.4 16| 60 45.8 48.3| 33357 84 12 11.1 136 60.4| N 10 | 05 05 | 05 29 | 05 50 | 07 35 | 08 34 | 09 33 | 10 31
17| 244 37.4 | 36 46.0 58.1 | 39 246 30.6 | 244 10.1 31.8| 58 56.1 06.1 17| 75 46.0 47.3| 48 03.1 8.4 12 24.7 13.5 60.4 0| 0509 |0533|0553(0728]|0822|0917 1013
18| 259 39.9 | 51 46.7 S15 59.1 54 25.5 S10 31.2 ({259 12.9 S 1 32.0| 73 58.3 06.2 | Arcturus 145 57.7 N19 07.7 18| 90 46.2 N 4 46.4 | 62 30.5 8.3 S12 38.2 13.4 60.3| S 10| 05 11 | 05 36 | 05 57 | 07 20 | 08 10 | 09 02 | 09 56
19| 274 42.3 | 66 47.5 16 00.0 | 69 26.4 31.8 | 274 15.6 32.1| 89 00.5 06.3 | Atria 107 32.5 Se69 03.1 19| 105 46.4 45.4| 76 57.8 8.3 12 51.6 13.3 60.3 20 (05 12| 05 38 | 06 00| 07 12 | 07 58 | 08 46 | 09 36
20| 289 44.8 | 81 48.3 00.9 | 84 27.3 32.5 | 289 18.4 32.2 1104 02.7 06.5 | Avior 234 19.4 S59 32.4 20l 120 46.7 445| 91 25.1 8.3 13 04.9 13.2 60.3 30| 0512|0540 | 06 03|07 03| 07 44 | 08 27 | 09 15
21304 47.3 | 96 49.1 . . 019| 99282 .. 33.1 (304 21.1 . . 32.4 119 04.9 . . 06.6 |Bellatrix 278 342 N 6 21.7 211135 46.9 . . 435|105 52.4 8.3 13 18.1 13.2 60.2 35 (05 11| 0540 | 06 06 | 06 58 | 07 36 | 08 17 | 09 02
22| 319 49.7 | 111 49.9 02.8 | 114 29.1 33.7 | 319 23.9 32.5 (134 07.1 06.7 | Betelgeuse 271 03.5 N 7 24.6 22| 150 47.1 42.6 120 19.7 8.2 13 31.3 13.0 60.2 40 | 05 09 | 05 41 | 06 08 | 06 53 | 07 26 | 08 04 | 08 47
23| 334 52.2 | 126 50.8 03.7 | 129 30.0 34.3 | 334 266 32.6 | 149 09.3 06.8 23| 165 47.3 41.6 134 46.9 8.2 13 44.3 12.9 60.2 45 | 05 07 | 05 41 | 06 10 | 06 46 | 07 16 | 07 50 | 08 30
1100 349 54.6 | 141 51.6 S16 04.6 | 144 30.9 S10 35.0 [ 349 29.4 S 1 32.8 | 164 11.5 06.9 | Canopus 263 57.2 S52 41.8 11()0 180 47.5 N 4 40.7 | 149 14.1 8.2 S13 57.2 12.8 60.1 | S 50 [ 05 04 | 05 41 | 06 13 | 06 38 | 07 03 | 07 32 | 08 09
01f 4571|156 52.4 05.6 | 159 31.8 35.6 4 322 32.9 179 137 07.1 | Capella 280 37.4 N46 00.4 01} 195 47.7 39.7 | 163 41.3 8.2 14 10.0 12.8 60.1 52 | 05 02 | 05 41 | 06 15 | 06 34 | 06 57 | 07 24 | 07 58
02| 19 59.6 | 171 53.2 06.5 | 174 32.7 36.2 | 19 34.9 33.0 | 194 15.8 07.2 | Deneb 49 32.5 N45 19.4 02{ 210 48.0 38.8 178 08.5 8.1 14 22.8 12.6 60.1 54 | 05 00 | 05 41 | 06 16 | 06 30 | 06 50 | 07 15 | 07 47
03| 35 02.0 186 54.0 . . 07.4|189 33.6 . . 36.8| 34 37.7 . . 33.2 209 18.0 . . 07.3 [Denebola 182 36.0 N14 30.8 03{225 48.2 . . 37.8|192 35.6 8.2 14 35.4 12.5 60.0 56 | 04 58 | 05 41 | 06 18 | 06 26 | 06 43 | 07 05 | 07 34
04| 50 04.5 | 201 54.8 08.4 | 204 34.5 37.4| 49 40.4 33.3 | 224 20.2 07.4 | Diphda 348 57.5 S17 55.4 04/ 240 48.4 36.9 | 207 02.8 8.1 14 47.9 12.4 60.0 58 | 04 55 | 05 41 | 06 20 | 06 21 | 06 35 | 06 53 | 07 19
05 65 07.0 | 216 55.6 09.3 | 219 35.4 38.1 | 64 43.2 33.4 | 239 22.4 07.5 05| 255 48.6 35.9 (221 29.9 80 1500.312.3 60.0| S 60 | 04 52 | 05 41 | 06 22 | 06 16 | 06 26 | 06 40 l 07 01
06| 80 09.4 | 231 56.4 S16 10.2 | 234 36.3 S10 38.7 | 79 45.9 S 1 33.6 | 254 24.6 07.7 | Dubhe 193 54.6 N61 41.5 06| 270 48.8 N 4 35.0 [ 235 56.9 8.1 S15 12.6 12.2 59.9 Twilight Moonset
07| 95 11.9 | 246 57.2 11.1 | 249 37.2 39.3 | 94 48.7 33.7 | 269 26.8 07.8 | Elnath 278 15.2 N28 36.9 07] 285 49.1 34.0 | 250 24.0 8.0 15 24.8 12.1 59.9 | Lat. | Sunset
S 08110 14.4 | 261 58.0 12.1 | 264 38.1 39.9 | 109 51.5 33.8 | 284 29.0 07.9 | Eltanin 90 47.0 N51 29.6 S 08300 49.3 33.1 [ 264 51.0 8.0 15 36.9 12.0 59.9 Civil Naut. 10 11 12 13
A 09)125 16.8 | 276 58.9 . . 13.0 [ 279 39.0 . . 40.5|124 54.2 . . 34.0 [ 299 31.2 . . 08.0 |Enif 33 488 N 9557 A 09/31549.5 . . 32.1(279 18.0 80 1548.9 11.9 59.8 T T T
T 10{140 19.3 | 291 59.7 13.9 | 294 39.9 41.2 | 139 57.0 34.1 | 314 33.4 08.1 |Fomalhaut 15 25.8 S29 33.7 T 10330 49.7 31.2 293 45.0 7.9 16 00.8 11.7 59.8 cl hm| Ahm| hm| hm| hom } hm| hm
U 11]155 21.8 | 307 00.5 14.8 | 309 40.8 41.8 | 154 59.7 34.2 | 329 35.6 08.3 U 11]345 49.9 30.2 /308 11.9 7.9 16125117 59.8| N 72 |19 02 | 20 17 [ 22 17 | 16 54 | 15 45 | mm -
R 12| 170 24.2 | 322 01.3 S16 15.8 | 324 41.7 S10 42.4 | 170 02.5 S 1 34.3 | 344 37.7 08.4 | Gacrux 172 03.8 S57 10.5 R 12| 0502 N 429.3(322 388 7.9 S1624.211.5 59.7| N 70 | 18 55 | 20 01 | 21 36 | 17 16 | 16 41 | - ]
D 13|185 26.7 | 337 02.1 16.7 | 339 42.6 43.0 | 185 05.3 34.5 | 359 39.9 08.5 | Gienah 175 54.7 S17 36.1 D 13| 15504 28.3 (337 05.7 7.9 16 35.7 11.4 59.7 68 | 18 49 | 19 48 |21 09 | 17 33 | 17 15 | 16 37 | mm
A 14| 200 29.1 | 352 03.0 17.6 | 354 435 43.7 | 200 08.0 346 | 14 421 08.6 |Hadar 148 51.3 S60 25.7 A 14| 30 50.6 27.4 1351 326 7.8 16 47.1 11.3 59.7 66 | 18 45 | 19 38 | 20 49 | 17 47 | 17 40 | 17 30 | 17 05
v 15{215 316 | 7 03.8 .. 185| 9444 .. 44.3|21510.8 .. 34.7 | 29 443 . . 08.7 |Hamal 328 02.8 N23 30.9 15| 4550.8 . . 26.4| 5594 7.9 16584 11.2 59.6 64 | 18 40 | 19 30 | 20 33 | 17 59 | 17 59 | 18 02 | 18 12
16| 230 34.1 | 22 04.6 19.4 | 24 453 44.9 | 230 13.5 34.9| 44 465 08.9 |Kaus Aust. 83 46.3 S34 22.8 Y 16| 60 51.0 25.5| 20 26.3 7.7 17 09.6 11.0 59.6 62 |18 37 |19 23 | 20 20 | 18 09 | 18 15 | 18 26 | 18 47
17| 245 36.5 | 37 05.4 20.4 | 39 46.2 45.5 | 245 16.3 35.0 | 59 48.7 09.0 17} 75 51.2 245 34 53.0 7.8 17 20.6 11.0 59.5 60 | 18 34 | 19 17 | 20 10 | 18 17 | 18 29 | 18 46 | 19 13
18| 260 39.0 52 06.3 S16 21.3 54 47.1 S10 46.1 | 260 19.0 S 1 35.1 74 50.9 09.1 | Kochab 137 20.3 N74 06.9 18/ 90 51.5 N 4 23.6| 49 19.8 7.8 S17 31.6 10.8 59.5| N 58 | 18 31 | 19 11 | 20 01 | 18 25 | 18 40 | 19 02 | 19 33
19( 275 41.5 | 67 07.1 22.2 | 69 48.0 46.8 | 275 21.8 353 | 89 53.1 09.2 | Markab 13 40.0 N15 16.0 19| 105 51.7 22,6 | 63 46.6 7.7 17 42.4 10.7 59.5 56 | 18 29 | 19 07 | 19 53 | 18 31 | 18 50 | 19 15 | 19 50
20( 290 43.9 | 82 07.9 23.1| 84 48.9 47.4 | 290 24.6 35.4 | 104 55.3 09.3 | Menkar 314 17.0 N 4 08.1 20| 120 51.9 21.7| 78 13.3 7.7 17 53.1 10.6 59.4 54 | 18 27 | 19 02 | 19 46 | 18 37 | 18 59 | 19 27 | 20 04
21| 305 46.4| 97 08.8 . . 24.0| 99 49.8 . . 48.0 305 27.3 . . 35.5|119 57.4 . . 09.5 [Menkent 148 10.3 S36 25.5 21| 135 52.1 20.7 | 92 40.0 7.7 18 03.7 10.4 59.4 52|18 25|18 59 |19 40 | 18 43 | 19 07 | 19 38 | 20 17
22| 320 48.9 | 112 09.6 24.9 | 114 50.7 48.6 | 320 30.1 35.7 | 134 59.6 09.6 |Miaplacidus 221 41.1 S69 45.5 22| 150 52.3 19.7 | 107 06.7 7.6 18 14.1 10.3 59.4 50 |18 23| 18 55| 19 35 | 18 48 | 19 15 | 19 47 | 20 28
23[335 51.3 | 127 10.4 25.9 | 129 51.6 49.2 | 335 32.8 35.8 | 150 01.8 09.7 23] 165 52.6 18.8 |121 33.3 7.7 18 24.4 10.2 59.3 45|18 19 | 18 49 | 19 24 | 18 58 | 19 30 | 20 07 | 20 51
1200 350 53.8 | 142 11.3 S16 26.8 | 144 52.4 S10 49.9 | 350 35.6 S 1 35.9 | 165 04.0 09.8 | Mirfak 308 43.1 N49 53.9 1200( 180 52.8 N 4 17.8 [ 136 00.0 7.6 S18 34.6 10.1 59.3 | N 40 | 18 16 | 18 43 | 19 15 | 19 07 | 19 43 | 20 23 | 21 09
0lf 5562|157 12.1 27.7 | 159 53.3 50.5 5 38.4 36.1 | 180 06.2 09.9 | Nunki 76 00.6 S26 17.0 01f195 53.0 16.9 150 26.6 7.6 18 44.7 9.9 59.2 35|18 13 | 18 38 [ 19 08 | 19 15 | 19 54 | 20 37 | 21 25
02 20 58.7 | 172 13.0 28.6 | 174 54.2 51.1 | 20 41.1 36.2 | 195 08.4 10.1 | Peacock 53 21.8 S56 42.1 02| 210 53.2 15.9 (164 53.2 7.5 18 54.6 9.8 59.2 30 [ 18 11 | 18 35 [ 19 03 | 19 22 | 20 04 | 20 49 | 21 38
03| 36 012|187 13.8 . . 29.5(189 55.1 . . 51.7 | 35439 .. 36.3 210 10.6 . . 10.2 |Pollux 243 30.4 N28 00.0 03]225 53.4 . . 15.0[179 19.7 7.6 19 04.4 9.7 59.2 20 |18 07 | 18 29 | 18 54 | 19 33 [ 20 20 | 21 09 | 22 01
04| 51 03.6 | 202 14.7 30.4 | 204 56.0 52.3 | 50 46.6 36.5 | 225 12.8 10.3 | Procyon 245 02.0 N 5 11.9 04 240 53.7 14.0 | 193 46.3 7.5 19 141 9.6 59.1 | N 10 | 18 03 | 18 24 | 18 49 | 19 44 | 20 35 | 21 27 | 22 21
05| 66 06.1 | 217 15.5 31.3 | 219 56.9 53.0 | 65 49.4 36.6 | 240 15.0 10.4 05| 255 53.9 13.1 (208 12.8 7.5 19 23.7 9.4 59.1 0|18 00|18 21 | 18 45 | 19 53 | 20 48 | 21 44 | 22 40
06| 81 08.6 | 232 16.3 S16 32.2 | 234 57.8 S10 53.6 | 80 52.2 S 1 36.7 | 255 17.1 10.5 | Rasalhague 96 08.3 N12 33.3 06[270 54.1 N 4 12.1 (222 39.3 7.5 S19 33.1 9.3 59.0| S 10 | 17 57 | 18 18 | 18 42 | 20 03 | 21 02 | 22 01 | 22 59
07| 96 11.0 | 247 17.2 33.1| 249 58.7 54.2 | 95 54.9 36.9 | 270 19.3 10.7 | Regulus 207 45.9 N11 54.9 07| 285 54.3 11.2 (237 05.8 7.5 19 42.4 9.1 59.0 20 |17 54 | 18 16 | 18 41 | 20 14 | 21 17 | 22 19 | 23 19
08] 111 13.5 | 262 18.0 34.0 | 264 59.6 54.8 | 110 57.7 37.0 | 285 21.5 10.8 | Rigel 281 14.0 S 8 11.2 08 300 54.5 10.2 |251 32.3 7.4 19 515 9.1 59.0 30 | 17 50 | 18 14 | 18 42 | 20 26 | 21 33 | 22 40 | 23 42
S 09| 126 16.0 [ 277 18.9 . . 35.0 [ 280 00.5 . . 55.4 [ 126 00.4 . . 37.1 | 300 23.7 . . 10.9 |RigilKent. 139 55.0 S60 52.9 S 09315548 . . 09.3|265587 7.5 20006 88 58.9 35|17 48 | 18 14 | 18 43 | 20 32 | 21 43 | 22 52 | 23 56
U 10| 141 18.4 | 292 19.7 35.9 | 295 01.4 56.1 | 141 03.2 37.3 | 315 25.9 11.0 | Sabik 102 14.8 S15 44.3 U 10| 330 55.0 08.3 280 25.2 7.4 20094 88 589 40 | 17 46 | 18 13 | 18 45 | 20 40 | 21 55| 23 06 | 24 11
N 11| 156 20.9 | 307 20.6 36.8 | 310 02.3 56.7 | 156 06.0 37.4 | 330 28.1 11.1 N 11| 345 55.2 07.4 294 51.6 7.4 20 18.2 8.6 58.8 45 | 17 44 | 18 13 | 18 47 | 20 50 | 22 08 | 23 22 | 24 30
D 12|171 23.4 | 322 21.5 S16 37.7 | 325 03.2 S10 57.3 | 171 08.7 S 1 37.5 | 345 30.3 11.3 | Schedar 349 42.4 N56 35.8 D 12| 0554 N 4064309 18.0 7.4 520 26.8 8.5 58.8 S 50 | 17 41 | 18 13 | 18 50 | 21 01 | 22 24 | 23 43 | 24 54
A 13[186 25.8 | 337 22.3 38.6 | 340 04.1 57.9 | 186 11.5 37.7| 0325 11.4 | Shaula 9% 24.6 $37 06.8 A 13| 15556 05.4 |323 44.4 7.4 20353 83 58.8| 52|17 39 |18 13 |18 52 | 21 06 | 22 32 | 23 53 | 25 05
y 184|201 283|352 23.2 39.5 | 355 05.0 58.5 | 201 14.2 37.8 | 15 34.7 11.5 | Sirius 258 35.6 S16 43.7  y 14| 30559 04.5|338 10.8 7.3 20 43.6 82 587 54 | 17 38 | 18 13 | 18 54 | 21 12 | 22 40 | 24 04 | 00 04
15| 216 30.7 7 240 .. 40.4 10 05.9 . . 59.1 [216 17.0 . . 37.9| 30 36.8 . . 11.6 |Spica 158 33.6 S11 13.0 15{ 45 56.1 . . 03.5(352 37.1 7.4 20 51.8 8.1 58.7 56 | 17 36 | 18 13 | 18 57 | 21 18 | 22 50 | 24 16 | 00 16
16( 231 33.2 | 22 24.9 413 | 25 06.7 10 59.8 | 231 19.8 38.1| 45 39.0 11.7 | Suhail 222 54.4 $43 28.4 16| 60 563 02.6| 7035 7.3 20599 7.9 586 58 |17 35 | 18 14 | 18 59 | 21 26 | 23 O1 | 24 31 | 00 31
17| 226 35.7 | 37 25.8 422 | 40 07.6 11 00.4 | 246 22.5 382 | 60 41.2 11.9 17| 75 56.5 01.6| 2129.8 7.3 2107.8 7.8 58.6|S 60 | 17 33 | 18 14 | 19 03 | 21 34 | 23 14 | 24 48 | 00 48
18[ 261 38.1| 52 26.6 S16 43.1| 55 08.5 S11 01.0 | 261 25.3 S 1 38.3 | 75 43.4 12.0 |Vega 80 40.2 N38 47.9 18| 90 56.7 N 4007 | 35561 7.3 S21 156 7.7 586 SUN MOON
19| 276 40.6 | 67 27.5 44.0 | 70 09.4 01.6 | 276 28.0 38.5 | 90 45.6 12.1 | Zuben'ubi 137 07.8 S16 05.2 191105 57.0 3597 ( 50 22.4 7.3 21233 7.5 585 Eqn. of Time | Mer. Mer. Pass
20( 291 43.1| 82 28.4 449 | 85103 02.2 | 291 30.8 38.6 | 105 47.8 12.2 SHA  Mer.Pass. 20} 120 57.2 58.8 | 64 487 7.3 21308 7.4 585| Day N N ’ ) © |Age Phase
211306 45.5| 97 29.2 . . 45.8 (100 11.2 . . 02.9 | 306 33.6 . . 38.7 [ 120 50.0 . . 123 5y b 21135 57.4 . . 57.8| 79150 7.3 21 382 7.2 584 00 12 Pass. | Upper _Lower
22 321 48.0 | 112 30.1 46.7 | 115 12.1 03.5 | 321 36.3 38.8 | 135 52.2 12.5 | Venus 151 56.9 14 32 22| 150 57.6 56.8 | 93 41.3 7.2 21454 7.1 584 dl m s m s| hm| hm|] hm| d %
23| 336 50.5 | 127 31.0 47.6 | 130 13.0 04.1 | 336 39.1 39.0 [ 150 54.3 12.6 [ Mars 154 36.2 14 21 23] 165 57.9 55.9 | 108 07.5 7.3 S21 52.5 6.9 58.4 10 [ 02 49 | 02 59 | 11 57 | 13 41 | 01 14 | 02 7
h m Jupiter 359 348 0 42 11 [ 03 10 [ 03 20 | 11 57 | 14 35 | 02 08 | 03 14 0
Mer.Pass. 0 402 v 08 d 09| v 09 d 06| v 28 d 01 v 22 0.1 | Saturn 174 16.8 13 01 SD 159 d 1.0| SD 16.5 16.3 16.0 12 | 03 31 [ 03 41 | 11 56 | 15 31 | 03 03 | 04 22
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Twilight Moonrise
UT | ARIES | VENUS —-4.7| MARS +1.5|JUPITER —2.9 | SATURN +1.0 STARS uT SUN MOON Lat. 9 ) Sunrise
Naut.  Civil 10 11 12 13
GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec GHA Dec GHA v Dec d HP ° h m h m h m h m h m h m h m
d h o 7 °o 1 o 7 o 7 o o o 7 o o 7 o o 4 h - 3 o« 9 o i o i 7 3 N 72| 01 26 | 03 33 | 04 48 | 09 59 | 13 04 ] -
1000 348 55.5 | 141 32.6 S15 42.1 | 144 09.2 S10 20.0 | 348 23.3 S 1 29.6 | 163 18.9 S 0 04.1 | Acamar 315 19.6 S40 15.4 1000|180 42.3 N 5 03.4 | 162 14.8 8.7 S 8 22.6 149 60.8 | N 70 | 02 11 | 03 49 | 04 56 [ 09 40 | 12 10 | mem -
01f 3580|156 33.4 43.1 {159 10.1 20.6 | 3 26.0 29.7 | 178 21.1 04.2 |Achernar 335 27.6 S57 10.6 01| 195 42.5 025176 425 87 8 37.5 147 60.8 68 | 02 40 | 04 02| 05 02| 09 24 | 11 37 | 14 11 | =m
02 19 00.4 | 171 34.2 44.0 | 174 11.0 21.2| 18 28.8 29.9 | 193 23.3 04.3 | Acrux 173 12.4 S63 09.6 02| 210 42.7 015|191 102 87 8522 147 608 66 | 03 01| 04 13| 05 07 | 09 12 | 11 13 | 13 20 | 15 42
03[ 34 02.9186 34.9 . . 45.0 (189 11.9 . . 21.9| 33 31.5 . . 30.0 [ 208 25.5 . . 04.4 [Adhara 255 14.3 $28 59.0 03] 225 430 5 0061205 379 8.6 9 069 14.6 60.8 64 | 03 17 | 04 21 | 05 11 | 09 02 | 10 55 | 12 48 | 12 36
04} 49 054 | 201 35.7 86 9215146 60.7| 62|03 30| 0429|0515 0854|1040 |12 24 | 14 01
05| 64 07.8 | 216 36.5 . 8.6 36.1 14.5 60.7 60 | 03 41 | 04 35 | 05 18 | 08 46 | 10 22; 12 06 | 13 35
06| 79 10.3 | 231 37.3 S V I S I e d O I u b 2 h § d a stso,e ht 63’7]"'1 58 | o3fs1 | of Yo [5 21 \f 40 ]o 44| 11 50 | 13 15
07| 94 12.8 | 246 38.1 A boso B oy 56 | 03\59 | of5 | b5 23 (Vs 320 Ro 07 | 11 97 | 12 59
08]109 15.2 | 261 38.8 , 85 1019.3 143 60.6| 54|04 D6 | 04 50 | 05 26 | 08 29 | 09 59 | 11 26 | 12 45
F 09)124 17.7 | 276 39.6 2 6 33.6 60.6 0412 | 04.p3 | P5 28 | Q8 2 9 52 | 11 16 | 12 32
R 10139 20.2 | 291 40.4 t S e t d e n a wT S C é *47.8@60.6 F?l OQ (ﬁ7 ﬁs 30 ri 21 ﬁq 45 | 11 07 | 12 22
| 111154 22.6 | 306 41.2 ¥ 25 8 019 Y 605 skl o4 oMa [ bs 34 12Y09 31 | 10 48 | 11 59
D 12[169 25.1 | 321 42.0 8.5 S11 15.9 13.9 60.5 | N 40 | 04 37 | 05 10 | 05 37 | 08 05 | 09 20 | 10 32 | 11 41
A 13| 184 27.5 | 336 42.8 ST T 330 210 T Ies o1 SIS ] ooe are O5C [APNEraZ 257 255 N20 002 A 13| 15 451 51.1(350 135 8.4 1129.813.9 60.5| 35|04 44 05 14 | 05 40 [ 07 58 | 09 10 | 10 20 | 11 26
Y 14| 199 30.0 | 351 43.6 55.3 | 354 21.9 28.7 | 199 01.8 315 | 13 49.6 05.7 | Altair 62 10.0 N 8 54.0 v 14| 30 45.3 50.2 4 409 84 11 43.7 13.7 605 30| 0450|0518 0542|0753 |09 01|10 08|11 13
15| 214 32.5 6 44.4 . . 56.2 9228 .. 29.4(214 046 .. 316 | 28 51.8 .. 059 |Ankaa 353 17.2 S42 14.6 15| 45456 . . 49.2| 19 08.3 84 11 57.4 13.7 60.4 20 | 04 59 | 05 24 | 05 47 | 07 44 | 08 47 | 09 49 | 10 50
16| 229 34.9 | 21 45.2 57.2 | 24 23.7 30.0 | 229 07.4 31.7 | 43 53.9 06.0 | Antares 112 28.8 S26 27.4 16| 60 45.8 48.3| 33357 84 12 11.1 136 60.4| N 10 | 05 05 | 05 29 | 05 50 | 07 35 | 08 34 | 09 33 | 10 31
17| 244 37.4 | 36 46.0 58.1 | 39 246 30.6 | 244 10.1 31.8| 58 56.1 06.1 17| 75 46.0 47.3| 48 03.1 8.4 12 24.7 13.5 60.4 0| 0509 |0533|0553(0728]|0822|0917 1013
18| 259 39.9 | 51 46.7 S15 59.1 54 25.5 S10 31.2 | 259 12.9 S 1 32.0| 73 58.3 S 0 06.2 |Arcturus 145 57.7 N19 07.7 18| 90 46.2 N 4 46.4 | 62 30.5 8.3 S12 38.2 13.4 60.3| S 10| 05 11 | 05 36 | 05 57 | 07 20 | 08 10 | 09 02 | 09 56
19| 274 42.3 | 66 47.5 16 00.0 | 69 26.4 31.8 | 274 15.6 32.1| 89 00.5 06.3 | Atria 107 32.5 Se69 03.1 19| 105 46.4 45.4| 76 57.8 8.3 12 51.6 13.3 60.3 20 (05 12| 05 38 | 06 00| 07 12 | 07 58 | 08 46 | 09 36
20| 289 44.8 | 81 48.3 00.9 | 84 27.3 32.5 | 289 18.4 32.2 1104 02.7 06.5 | Avior 234 19.4 S59 32.4 20l 120 46.7 445| 91 25.1 8.3 13 04.9 13.2 60.3 30| 0512|0540 | 06 03|07 03| 07 44 | 08 27 | 09 15
21304 47.3 | 96 49.1 . . 019| 99282 .. 33.1 (304 21.1 . . 32.4 119 04.9 . . 06.6 |Bellatrix 278 342 N 6 21.7 211135 46.9 . . 435|105 52.4 8.3 13 18.1 13.2 60.2 35 (05 11| 0540 | 06 06 | 06 58 | 07 36 | 08 17 | 09 02
22| 319 49.7 | 111 49.9 02.8 | 114 29.1 33.7 | 319 23.9 32.5 (134 07.1 06.7 | Betelgeuse 271 03.5 N 7 24.6 22| 150 47.1 42.6 120 19.7 8.2 13 31.3 13.0 60.2 40 | 05 09 | 05 41 | 06 08 | 06 53 | 07 26 | 08 04 | 08 47
23| 334 52.2 | 126 50.8 03.7 | 129 30.0 34.3 | 334 26.6 32.6 | 149 09.3 06.8 23| 165 47.3 41.6 134 46.9 8.2 13 44.3 12.9 60.2 45 | 05 07 | 05 41 | 06 10 | 06 46 | 07 16 | 07 50 | 08 30
1100 349 54.6 | 141 51.6 S16 04.6 | 144 30.9 S10 35.0 | 349 29.4 S 1 32.8 | 164 11.5 S 0 06.9 [Canopus 263 57.2 S52 41.8 11()0 180 47.5 N 4 40.7 | 149 14.1 8.2 S13 57.2 12.8 60.1 | S 50 [ 05 04 | 05 41 | 06 13 | 06 38 | 07 03 | 07 32 | 08 09
01f 4571|156 52.4 05.6 | 159 31.8 35.6 4 322 32.9 179 137 07.1 | Capella 280 37.4 N46 00.4 01f 195 47.7 39.7 | 163 41.3 8.2 14 10.0 12.8 60.1 52|05 02 | 0541 |06 15| 06 34 [ 06 57 | 07 24 | 07 58
02| 19 59.6 | 171 53.2 06.5 | 174 32.7 36.2 | 19 34.9 33.0 | 194 15.8 07.2 | Deneb 49 32.5 N45 19.4 02{ 210 48.0 38.8 178 08.5 8.1 14 22.8 12.6 60.1 54 | 05 00 | 05 41 | 06 16 | 06 30 | 06 50 | 07 15 | 07 47
03| 35 02.0 186 54.0 . . 07.4|189 33.6 . . 36.8| 34 37.7 . . 33.2 209 18.0 . . 07.3 [Denebola 182 36.0 N14 30.8 03[ 225 48.2 . . 37.8|192 35.6 8.2 14 35.4 12.5 60.0 56 | 04 58 | 05 41 | 06 18 | 06 26 | 06 43 | 07 05 | 07 34
04| 50 04.5 | 201 54.8 08.4 | 204 34.5 37.4| 49 40.4 33.3 | 224 20.2 07.4 | Diphda 348 57.5 S17 55.4 04| 240 48.4 36.9 | 207 02.8 8.1 14 47.9 12.4 60.0 58 | 04 55 | 05 41 | 06 20 | 06 21 | 06 35 | 06 53 | 07 19
05 65 07.0 | 216 55.6 09.3 | 219 35.4 38.1 | 64 43.2 33.4 | 239 22.4 07.5 05| 255 48.6 359|221 29.9 8.0 15003 12.3 60.0 | S 60 | 04 52 | 05 41 | 06 22 | 06 16 | 06 26 | 06 40 | 07 01
06 80 09.4 | 231 56.4 S16 10.2 | 234 36.3 S10 38.7 | 79 45.9 S 1 33.6 | 254 24.6 S 0 07.7 |Dubhe 193 54.6 N61 41.5 06| 270 48.8 N 4 35.0 | 235 56.9 8.1 S15 12.6 12.2 59.9 Twilight Moonset
07| 95 11.9 | 246 57.2 11.1 | 249 37.2 39.3 | 94 48.7 33.7 | 269 26.8 07.8 | Elnath 278 15.2 N28 36.9 07] 285 49.1 34.0 | 250 24.0 8.0 15 24.8 12.1 59.9 | Lat. | Sunset
S 08110 14.4 | 261 58.0 12.1 | 264 38.1 39.9 | 109 51.5 33.8 | 284 29.0 07.9 | Eltanin 90 47.0 N51 29.6 S 08300 49.3 33.1 [ 264 51.0 8.0 15 36.9 12.0 59.9 Civil Naut. 10 11 12 13
A 09)125 16.8 | 276 58.9 . . 13.0 [ 279 39.0 . . 40.5|124 54.2 . . 34.0 [ 299 31.2 . . 08.0 |Enif 33 488 N 9557 f A 09/31549.5 . . 321 (279 18.0 80 1548.9 11.9 59.8 T T T
T 10{140 19.3 | 291 59.7 13.9 | 294 39.9 41.2 | 139 57.0 34.1 | 314 33.4 08.1 |Fomalhaut 15 25.8 S29 33.7 | T 10|330 49.7 312|293 450 7.9 16 00.8 11.7 59.8 s wamd wowml wal o ml ® w } B owil oW @
U 11)155 21.8 | 307 00.5 14.8 | 309 40.8 41.8 | 154 59.7 34.2 | 329 35.6 08.3 U 11345 49.9 30.2 (308 11.9 7.9 16125117 59.8 N 72 | 19 02 | 20 17 | 22 17 | 16 54 | 15 45 | mmm L
R 12| 170 24.2 | 322 01.3 S16 15.8 | 324 41.7 S10 42.4 | 170 02.5 S 1 34.3 | 344 37.7 S 0 08.4 |Gacrux 172 03.8 S57 10.5 R 12 0502 N 429.3(322 388 7.9 S1624.2 115 59.7| N 70 | 18 55 | 20 01 | 21 36 | 17 16 | 16 41 [ - -_—
D 13|185 26.7 | 337 02.1 16.7 | 339 42.6 43.0 | 185 05.3 34.5 | 359 39.9 08.5 | Gienah 175 54.7 S17 36.1 D 13| 15504 28.3 (337 05.7 7.9 16 35.7 11.4 59.7 68 | 18 49 | 19 48 |21 09 | 17 33 | 17 15 | 16 37 | mm
A 14| 200 29.1 | 352 03.0 17.6 | 354 435 43.7 | 200 08.0 346 | 14 421 08.6 |Hadar 148 51.3 S60 25.7 A 14| 30 50.6 27.4 1351 326 7.8 16 47.1 11.3 59.7 66 | 18 45 | 19 38 | 20 49 | 17 47 | 17 40 | 17 30 | 17 05
v 15| 215 31.6 7 03.8 . . 185 9444 . . 443 |21510.8 . . 347 | 29 44.3 . . 08.7 [Hamal 328 02.8 N23 30.9 15| 45 50.8 . . 26.4 559.4 7.9 16 58.4 11.2 59.6 64 | 18 40 | 19 30 | 20 33 | 17 59 | 17 59 | 18 02 | 18 12
16| 230 34.1 | 22 04.6 19.4 | 24 453 44.9 | 230 13.5 34.9 | 44 465 08.9 |Kaus Aust. 83 46.3 534 22.8 | Y 16| 60 51.0 25.5| 20 26.3 7.7 17 09.6 11.0 59.6 62 | 18 37 | 19 23 | 20 20 | 18 09 | 18 15 | 18 26 | 18 47
17| 245 36.5 | 37 05.4 20.4 | 39 46.2 45.5 | 245 16.3 35.0 | 59 48.7 09.0 17} 75 51.2 245 | 34 53.0 7.8 17 20.6 11.0 59.5 60 | 18 34 | 19 17 | 20 10 | 18 17 | 18 29 | 18 46 | 19 13
18| 260 39.0 | 52 06.3 S16 21.3 54 47.1 S10 46.1 | 260 19.0 S 1 35.1 74 50.9 S 0 09.1 | Kochab 137 20.3 N74 06.9 18/ 90 51.5 N 4 23.6| 49 19.8 7.8 S17 31.6 10.8 59.5| N 58 | 18 31 | 19 11 | 20 01 | 18 25 | 18 40 | 19 02 | 19 33
19| 275 415 | 67 07.1 22.2 | 69 48.0 46.8 | 275 21.8 353 | 89 53.1 09.2 | Markab 13 40.0 N15 16.0 19| 105 51.7 22.6| 63 466 7.7 17 42.4 10.7 59.5 56|18 29|19 07 | 19 53 | 18 31 | 18 50 | 19 15 | 19 50
20( 290 43.9 | 82 07.9 23.1| 84 48.9 47.4 | 290 24.6 35.4 | 104 55.3 09.3 | Menkar 314 17.0 N 4 08.1 20| 120 51.9 21.7| 78 13.3 7.7 17 53.1 10.6 59.4 54 | 18 27 | 19 02 | 19 46 | 18 37 | 18 59 | 19 27 | 20 04
21| 305 46.4| 97 08.8 . . 24.0| 99 49.8 . . 48.0| 305 27.3 . . 35.5|119 57.4 . . 09.5 [ Menkent 148 10.3 S36 25.5 21| 135 52.1 . . 20.7| 92 40.0 7.7 18 03.7 10.4 59.4 52|18 25|18 59|19 40 | 18 43 | 19 07 | 19 38 | 20 17
22| 320 48.9 | 112 09.6 24.9 | 114 50.7 48.6 | 320 30.1 35.7 | 134 59.6 09.6 |Miaplacidus 221 41.1 S69 45.5 22| 150 52.3 19.7 | 107 06.7 7.6 18 14.1 10.3 59.4 50 |18 23| 18 55| 19 35 | 18 48 | 19 15 | 19 47 | 20 28
23[335 51.3 | 127 10.4 25.9 | 129 51.6 49.2 | 335 32.8 35.8 | 150 01.8 09.7 23| 165 52.6 18.8 |121 33.3 7.7 18 24.4 10.2 59.3 45|18 19 | 18 49 | 19 24 | 18 58 | 19 30 | 20 07 | 20 51
1200| 350 53.8 [ 142 11.3 S16 26.8 | 144 52.4 S10 49.9 | 350 35.6 S 1 35.9 | 165 04.0 S 0 09.8 |Mirfak 308 43.1 N49 53.9 | 1200|180 52.8 N 4 17.8 [ 136 00.0 7.6 S18 34.6 10.1 59.3 | N 40 | 18 16 | 18 43 | 19 15 | 19 07 | 19 43 | 20 23 | 21 09
0lf 5562|157 12.1 27.7 | 159 53.3 50.5 5 38.4 36.1 | 180 06.2 09.9 | Nunki 76 00.6 S26 17.0 01f195 53.0 16.9 150 26.6 7.6 18 44.7 9.9 59.2 35|18 13 | 18 38 [ 19 08 | 19 15 | 19 54 | 20 37 | 21 25
02 20 58.7 | 172 13.0 28.6 | 174 54.2 51.1| 20 41.1 36.2 | 195 08.4 10.1 | Peacock 53 21.8 $56 42.1 02| 210 53.2 15.9 | 164 53.2 7.5 18 54.6 9.8 59.2 30 [ 18 11 | 18 35 [ 19 03 | 19 22 | 20 04 | 20 49 | 21 38
03| 36 012|187 13.8 . . 29.5(189 55.1 . . 51.7 | 35439 .. 36.3 210 10.6 . . 10.2 |Pollux 243 30.4 N28 00.0 03]225 53.4 . . 15.0[179 19.7 7.6 19 04.4 9.7 59.2 20 |18 07 | 18 29 | 18 54 | 19 33 [ 20 20 | 21 09 | 22 01
04| 51 03.6 | 202 14.7 30.4 | 204 56.0 52.3 | 50 46.6 36.5 | 225 12.8 10.3 | Procyon 245 020N 5 11.9v 04 240 53.7 14.0 | 193 46.3 7.5 19 141 9.6 59.1 | N 10 | 18 03 | 18 24 | 18 49 | 19 44 | 20 35 | 21 27 | 22 21
05 66 06.1 | 217 15.5 31.3 | 219 56.9 53.0 | 65 49.4 36.6 | 240 15.0 10.4 05| 255 53.9 13.1 (208 12.8 7.5 19 23.7 9.4 59.1 0|18 00|18 21 | 18 45 | 19 53 | 20 48 | 21 44 | 22 40
06| 81 08.6 | 232 16.3 S16 32.2 | 234 57.8 S10 53.6 | 80 52.2 S 1 36.7 | 255 17.1 S 0 10.5 |Rasalhague 96 08.3 N12 33.3 06| 270 54.1 N 4 12.1 (222 39.3 7.5 $19 33.1 9.3 59.0| S 10 | 17 57 | 18 18 | 18 42 | 20 03 | 21 02 | 22 01 | 22 59
07| 96 11.0 | 247 17.2 33.1 | 249 58.7 54.2 | 95 54.9 36.9 | 270 19.3 10.7 | Regulus 207 45.9 N11 54.9 07| 285 54.3 11.2 (237 05.8 7.5 19 42.4 9.1 59.0 20|17 54 | 18 16 | 18 41 | 20 14 | 21 17 | 22 19 | 23 19
08] 111 13.5 | 262 18.0 34.0 | 264 59.6 54.8 | 110 57.7 37.0 | 285 21.5 10.8 | Rigel 281 14.0 S 8 11.2 08 300 54.5 10.2 |251 32.3 7.4 19 515 9.1 59.0 30 | 17 50 | 18 14 | 18 42 | 20 26 | 21 33 | 22 40 | 23 42
S 09| 126 16.0 | 277 18.9 . . 35.0 [ 280 00.5 . . 55.4 | 126 00.4 . . 37.1[300 23.7 . . 10.9 |Rigil Kent. 139 55.0 S60 52.9 S 09315548 . . 09.3|265587 7.5 20006 88 58.9 35|17 48 | 18 14 | 18 43 | 20 32 | 21 43 | 22 52 | 23 56
U 10| 141 18.4 | 292 19.7 35.9 | 295 01.4 56.1 | 141 03.2 37.3 | 315 25.9 11.0 | Sabik 102 14.8 S15 44.3 U 10| 330 55.0 08.3 280 25.2 7.4 20094 88 589 40 | 17 46 | 18 13 | 18 45 | 20 40 | 21 55| 23 06 | 24 11
N 11| 156 20.9 | 307 20.6 36.8 | 310 02.3 56.7 | 156 06.0 37.4 | 330 28.1 11.1 N 11| 345 55.2 07.4 294 51.6 7.4 20 18.2 8.6 58.8 45 | 17 44 | 18 13 | 18 47 | 20 50 | 22 08 | 23 22 | 24 30
D 12|171 23.4 | 322 21.5 S16 37.7 | 325 03.2 S10 57.3 | 171 08.7 S 1 37.5 | 345 30.3 S 0 11.3 | Schedar 349 42.4 N56 35.8 D 12| 0554 N 4064309 18.0 7.4 520 26.8 8.5 58.8 S 50 | 17 41 | 18 13 | 18 50 | 21 01 | 22 24 | 23 43 | 24 54
A 13[186 25.8 | 337 22.3 38.6 | 340 04.1 57.9 | 186 11.5 37.7| 0325 11.4 | Shaula 9% 24.6 $37 06.8 A 13| 15556 05.4 |323 44.4 7.4 20353 83 58.8| 52|17 39 |18 13 |18 52 | 21 06 | 22 32 | 23 53 | 25 05
y 184|201 283|352 23.2 39.5 | 355 05.0 58.5 | 201 14.2 37.8 | 15 34.7 11.5 | Sirius 258 35.6 S16 43.7  y 14| 30559 04.5|338 10.8 7.3 20 43.6 82 587 54 | 17 38 | 18 13 | 18 54 | 21 12 | 22 40 | 24 04 | 00 04
15| 216 30.7 7 240 .. 40.4 10 05.9 . . 59.1 [216 17.0 . . 37.9| 30 36.8 . . 11.6 |Spica 158 33.6 S11 13.0 15{ 45 56.1 . . 03.5(352 37.1 7.4 20 51.8 8.1 58.7 56 | 17 36 | 18 13 | 18 57 | 21 18 | 22 50 | 24 16 | 00 16
16| 231 33.2 | 22 249 41.3| 25 06.7 10 59.8 | 231 19.8 38.1 | 45 39.0 11.7 | Suhail 222 54.4 $S43 28.4 16| €0 563 02.6| 7035 7.3 20599 7.9 586 58 | 17 35 | 18 14 | 18 59 | 21 26 | 23 01 | 24 31 | 00 31
17| 226 35.7 | 37 25.8 422 | 40 07.6 11 00.4 | 246 22.5 382 | 60 41.2 11.9 17| 75 s6.5 016| 21298 7.3 2107.8 7.8 58.6 S 60 | 17 33 | 18 14 | 19 03 | 21 34 | 23 14 | 24 48 | 00 48
18[ 261 38.1 | 52 26.6 S16 43.1 | 55 08.5 S11 01.0 | 261 25.3 S 1 38.3 | 75 43.4 S 0 12.0 |Vega 80 40.2 N38 47.9 18| 90 56.7 N 4007 | 35561 7.3 S21 156 7.7 586 SUN MOON
19| 276 40.6 | 67 27.5 44.0 | 70 09.4 01.6 | 276 28.0 38.5 | 90 45.6 12.1 | Zuben'ubi 137 07.8 S16 05.2 191105 57.0 3597 ( 50 22.4 7.3 21233 7.5 585 Eqn. of Time | Mer. Mer. Pass
20( 291 43.1| 82 28.4 449 | 85103 02.2 | 291 30.8 38.6 | 105 47.8 12.2 SHA  Mer.Pass. 20} 120 57.2 58.8 | 64 487 7.3 21308 7.4 585| Day N N ’ ) © |Age Phase
211306 45.5| 97 29.2 . . 45.8 (100 11.2 . . 02.9 | 306 33.6 . . 38.7 [ 120 50.0 . . 123 5y b 21135 57.4 . . 57.8| 79150 7.3 21 382 7.2 584 00 12 Pass. | Upper _Lower
22 321 48.0 | 112 30.1 46.7 | 115 12.1 03.5 | 321 36.3 38.8 | 135 52.2 12.5 |Venus 151 56.9 14 32 22| 150 57.6 56.8 | 93 41.3 7.2 21454 7.1 584 dl m s| m s| hm| hm|] h m| d %
23| 336 50.5 | 127 31.0 47.6 | 130 13.0 04.1 | 336 39.1 39.0 [ 150 54.3 12.6 [ Mars 154 36.2 14 21 23] 165 57.9 55.9 | 108 07.5 7.3 S21 52.5 6.9 58.4 10 {02 49 | 02 59 | 11 57 [ 13 41 | 01 14 | 02 7
h m Jupiter 359 348 0 42 11 [ 03 10 [ 03 20 | 11 57 | 14 35 | 02 08 | 03 14 0
MerPass. 0 40.2| v 08 d 09| v 09 d 06| v 28 d 01| v 22 d 01 |Satumn 174 16.8 13 01 SD 159 d 1.0| SD 16.5 16.3 16.0 12 | 03 31 [ 03 41 | 11 56 | 15 31 | 03 03 | 04 22
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Twilight Moonrise
UT | ARIES | VENUS —-4.7| MARS +1.5|JUPITER —2.9 | SATURN +1.0 STAR Ly SUN MOON Lat. Mo G Sunrise 10 11 12 13
aut. VI
GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec GHA Dec GHA v Dec d HP o h m h m h m h m h m h m h m
d h o ot °o t o 7 ot o ot o ot o v o P anll o o« 9 o i o i 7 , | N 72|01 26| 0333 | 0448|0959 |13 04| mmm -_
1000| 348 55.5 | 141 32.6 S15 42.1 | 144 09.2 S10 20.0 | 348 23.3 S 1 29.6 | 163 18.9 S 0 04.1 [Acamar 315 19p S40 15.4 & 4 4.9 60 4 a
0lf 3 58.0 (156 33.4 43.1| 159 10.1 20.6 3 26.0 29.7 | 178 21.1 04.2 |Achernar 335 27§ S57 10.6 1083 igg é'é 5 g;'g isz iz'g g'; = g ‘;‘;g 14'3 20'3 N Zg gg :é gi 32 85 gg gz 22 3 ;3 1:1 =
02 19 00.4 | 171 34.2 44.0 | 174 11.0 21.2| 18 28.8 29.9 | 193 23.3 04.3 | Acrux 173 12 S63 09.6 02210 427 0150191 102 87 8522147 608 66 | 03 01| 04 13 | 05 07 | 09 12 | 11 13 | 13 20 | 15 42
03[ 34 02.9186 34.9 . . 45.0 (189 11.9 . . 21.9| 33 31.5 . . 30.0 [ 208 25.5 . . 04.4 [Adhara 255 14 $28 59.0 : ) S s 56 2 :
03f225 43.0f 5 006205 37.9 8.6 9 06.9 14.6 60.8 64| 0317 | 0421|0511 |09 02|10 55|12 48 | 14 36
04| 49 05.4 | 201 35.7 45.9 | 204 12.8 22.5| 48 34.3 30.1 | 223 27.7 04.5 |Aldebaran 290 51 N16 31.9 = o
05| 6a 078|216 36.5 46.8 | 219 13.7 231 | 63 37.0 30.3 | 238 29.9 04.7 04§§240 4320 4 59.6] 220 05.5 8.6 9 21.5 14.6 60.7 62 | 03 30 | 04 29 | 0515 | 08 54 | 10 40 | 12 24 | 14 01
: : : : : : : : : 05f255 43.4 58.7] 234 33.1 8.6 9 36.1 145 60.7 60 | 03 41 | 04 35 | 05 18 | 08 46 | 10 28 | 12 06 | 13 35
06 79 10.3 | 231 37.3 S15 47.8 | 234 14.6 S10 23.7 | 78 39.8 S 1 30.4 [ 253 32.0 S 0 04.8 [Alioth 166 22jB N55 54.2 ; [ ‘
: 43, 4 57.7] 249 00.7 8. .6 14, ) 4 4
07| 94 12.8 | 246 38.1 48.7 | 249 155 24.4| 93 426 30.5 | 268 34.2 04.9 | Alkaid 153 0o N49 15.7 Oofero:436 327247 007 861519 506 13 1007 | N 0041 103 51| 08-40(], 05121 { 08 90 | 10 17 | 41 20 1 15 15
0 07f285 43.8 56.8] 263 28.3 8.6 10 05.0 14.3 60.7 56 | 03 59 | 04 45 | 05 23 | 08 34 | 10 07 | 11 37 | 12 59
08| 109 15.2 | 261 38.8 49.7 | 264 16.4 25.0 | 108 45.3 30.7 | 283 36.4 05.0 [ Al Na'ir 27 45f S46 54.4
A 08300 44.0 559§ 277 55.9 8.5 10 19.3 14.3 60.6 54 | 04 06 | 04 50 | 05 26 | 08 29 | 09 59 | 11 26 | 12 45
F 09|124 17.7 | 276 39.6 . . 50.6 | 279 17.3 . . 25.6 | 123 48.1 . . 30.8 298 38.6 . . 05.1 |Alnilam 275 48 S 1 11.6 E
101555 205:| 561 464 S| 264 185 5i3| 155 co's o | 555 Goe o5 [ nmhard 22 2 a5 094315 44.3). . 54.9§292 23.4 86 10 33.6 14.2 60.6 52 | 04 12 | 04 53 | 05 28 | 08 25 | 09 52 | 11 16 | 12 32
R - - - - - : : . s2HAphan 58P IS 82, R 104330 445 54.0f 306 51.0 85 1047.8 141 60.6| 50 | 04 17 | 04 57 | 05 30 | 08 21 | 09 45 | 11 07 | 12 22
| 11}154 22.6 | 306 41.2 52i5{{ 209 19.2 26.9:] 153 53.6 31.1 | 328 43.0 05.4 | 11f345 44.7 53.0f321 185 85 11 01.9 14.0 60.5| 45|04 29 | 05 04 | 05 34 | 08 12 | 09 31 | 10 48 | 11 59
D 12169 25.1 | 321 42.0 S15 53.4 | 324 20.1 S10 27.5 | 168 56.3 S 1 31.2 | 343 452 S 0 055 |Alphecca 126 12 N26 40.9 120 ¢ 4a9f 4 52.1] 335 46.0 8.5 S1115.9 13.9 60.5| N 40 | 04 37 | 05 10 | 05 37 | 08 05 | 09 20 | 10 32 | 11 41
A 13|184 27.5 | 336 42.8 54.4 | 339 21.0 28.1 | 183 59.1 31.3 | 358 47.4 05.6 |Alpheratz 357 45 N29 09.2 1 13] 15 451 5110350 135 84 11 29.8 13.9 60.5 35| 04 24 | 05 14 | 05 40 | 07 58 | 09 10 | 10 20 | 11 26
y 14/199 30.0 | 351 436 55.3 | 354 21.9 28.7 | 199 01.8 31.5| 13 49.6 05.7 | Altair 62 10p N 8540 (' 1af 30 453 5020 72209 84 11437137 605 30 | 04 50 | 05 18 | 05 42 | 07 53 | 09 01 | 10 08 | 11 13
15| 214 32.5 6 44.4 . . 56.2 9228 .. 29.4(214 046 .. 316 | 28 51.8 .. 059 |Ankaa 353 17p S42 14.6 150 45 a5.6f. . 49.2] 19 08.3 84 11 57.4 13.7 60.4 20 | 04 59 | 05 24 | 05 47 | 07 44 | 08 47 | 09 49 | 10 50
16| 229 34.9 | 21 45.2 57.2 | 24 23.7 30.0 | 229 07.4 31.7 | 43 53.9 06.0 | Antares 112 28B S26 27.4 160 60 458 483 33357 84 12111136 60.4| N 10|05 05 | 05 29 | 05 50 | 07 35 | 08 34 | 09 33 | 10 31
17| 244 37.4 | 36 46.0 58.1| 39 24.6 30.6 | 244 10.1 31.8| 58 56.1 06.1 17§ 75 46.0 47.3] 48 031 8.4 12 247 135 60.4 00509 | 0533055307 28| 082209171013
18| 259 39.9 | 51 46.7 S15 59.1 | 54 25.5 S10 31.2 [ 259 12.9 S 1 32.0 | 73 58.3 S 0 06.2 [Arcturus 145 57 N19 07.7 180 90 46.2BN 4 26.4] 62 305 83 S12 382 13.4 603| S 10 | 05 11 | 05 36 | 05 57 | 07 20 | 08 10 | 09 02 | 09 56
19| 274 42.3 | 66 47.5 16 00.0 | 69 26.4 31.8 | 274 15.6 32.1| 89 00.5 06.3 Alltla 107 326 S69 03.1 198105 46.4 45.4] 76 57.8 8.3 12 51.6 13.3 60.3 20 | 05 12 | 05 38 | 06 00 | 07 12 | 07 58 | 08 46 | 09 36
20 289 44.8 | 81 48.3 00.9 | 84 27.3 32.5 | 289 18.4 32.2 | 104 02.7 06.5 | Avior 234 19 S59 32.4 200120 46.7 425 91 251 83 13 04.9 13.2 60.3 30 | 05 12| 05 40 | 06 03 | 07 03 | 07 44 | 08 27 | 09 15
21(304 47.3| 96 49.1 . . 019 99 28.2 . . 33.1(304 21.1 . . 32.4 119 049 . . 06.6 |Bellatrix 278 34 N 6 21.7 210135 a690. . 435) 105 52.4 83 13 181 13.2 60.2 35| 05 11| 0540 | 06 06 | 06 58 | 07 36 | 08 17 | 09 02
22319 49.7 | 111 49.9 02.8 | 114 29.1 33.7 | 319 23.9 32.5 | 134 07.1 06.7 |Betelgeuse 271 03 N 7 24.6 220150 47.1 4260120 19.7 82 13 31.3 13.0 60.2 40 | 05 09 | 05 41 | 06 08 | 06 53 | 07 26 | 08 04 | 08 47
23| 334 52.2 | 126 50.8 03.7 | 129 30.0 34.3 | 334 26.6 32.6 | 149 09.3 06.8 23§165 47.3 41.6] 134 46.9 8.2 13 44.3 12.9 60.2 45| 05 07 | 05 41 | 06 10 | 06 46 | 07 16 | 07 50 | 08 30
] ] ettt i el e —— 180 47.5fN 4 40.7] 149 14.1 8.2 $13 57.2 12.8 60.1 [ S 50 | 05 04 | 05 41 | 06 13 | 06 38 | 07 03 | 07 32 | 08 09
. . 195 AB.7 39.7] 163 41.3 8.2 14 10.0 12.8 60.1 52| 0502 | 0541 | 06 15| 06 34 | 06 57 | 07 24 | 07 58
2 10 .ol s8] 08.5 81 LA 22p 126 pR1 5 41 16 | 06 30 | 06 50 | 07 15 | 07 47
Z a V e n O I 5 = |§ 356 8.2 35} 12,5 @o 5 41 [loe 18 | 06 26 | 06 43 | 07 05 | 07 34
240 48.4 6.9 02.8 8.1 “T4 479 12.4 800 5 41 Boe 20 | 06 21 | 06 35 | 06 53 | 07 19
~ 255 48.6 359 (221 29.9 8.0 15003 12.3 60.0 05 41 [p6 22 | 06 16 ‘ 06 26 | 06 40 | 07 01
nal ezneme hl edan| e ek e € ko) ns
s 85 34.0 2af\8.0 U5 24.8 121 §o.9 | .
A 300 49.3 33.1|264 51.0 8.0 15 36.9 12.0 9.9 Civil  Naut. 10 1 1 1
T 315 49.5 . a2l §27§ 18.Gy 8.0 15 48.9 11.9 59.8 - -
" 1330 49.7 2 45\ 7.9 16 0117 59.8 o mf™*h m| hm| hm| on m! hm| hom
JdTen m 8§ dv a sl ou P C € (i GIEA: sidy ke sCon 2708 28 o | -
R 0502 N 4293322388 7.9 S16 24.211.5 59.7| N 70 | 18 55 | 20 01 | 21 36 | 17 16 | 16 41 | mmm =
D DS s TET T oo 520 SO AB BT oo oY Sl e TIS o ST D 13| 15504 28.3 (337 05.7 7.9 16 35.7 11.4 59.7 68 | 18 49 | 19 48 | 21 09 | 17 33 | 17 15 | 16 37 | mm
A 14| 200 29.1 | 352 03.0 17.6 | 354 435 43.7 | 200 08.0 346 | 14 421 08.6 |Hadar 148 51.3 S60 25.7 A 14| 30 50.6 27.4 1351 326 7.8 16 47.1 11.3 59.7 66 | 18 45 | 19 38 | 20 49 | 17 47 | 17 40 | 17 30 | 17 05
v 151215 316 | 7038 .. 185| 9444 .. 443|215 10.8 . . 347 | 29 44.3 . . 08.7 |Hamal 328 02.8 N23 30.9 15| 4550.8 . . 26.4| 5594 7.9 16584 11.2 59.6 64 | 18 40 | 19 30 | 20 33 | 17 59 | 17 59 | 18 02 | 18 12
16( 230 34.1 | 22 04.6 19.4 | 24 453 44.9 | 230 135 349 44 465 08.9 |Kaus Aust. 83 463 534 22.8 Y 16| 60 51.0 25.5| 20263 7.7 17 09.6 11.0 59.6 62 | 18 37 | 19 23 | 20 20 | 18 09 | 18 15 | 18 26 | 18 47
17| 245 36.5 | 37 05.4 20.4 | 39 46.2 45.5 | 245 16.3 35.0 | 59 48.7 09.0 17} 75 51.2 245 34 53.0 7.8 17 20.6 11.0 59.5 60 | 18 34 | 19 17 | 20 10 | 18 17 | 18 29 | 18 46 | 19 13
18| 260 39.0 52 06.3 S16 21.3 54 47.1 S10 46.1 | 260 19.0 S 1 35.1 74 50.9 S 0 09.1 | Kochab 137 20.3 N74 06.9 18/ 90 51.5 N 4 23.6| 49 19.8 7.8 S17 31.6 10.8 59.5| N 58 | 18 31 | 19 11 | 20 01 | 18 25 | 18 40 | 19 02 | 19 33
19( 275 41.5 | 67 07.1 22.2 | 69 48.0 46.8 | 275 21.8 353 | 89 53.1 09.2 | Markab 13 40.0 N15 16.0 19| 105 51.7 22,6 | 63 46.6 7.7 17 42.4 10.7 59.5 56 | 18 29 | 19 07 | 19 53 | 18 31 | 18 50 | 19 15 | 19 50
20| 290 43.9 | 82 07.9 23.1| 84 48.9 47.4 | 290 24.6 35.4 | 104 55.3 09.3 | Menkar 314 17.0 N 4 08.1 20| 120 51.9 217| 78133 7.7 17 53.1 10.6 59.4 54 |18 27 |19 02 | 19 46 | 18 37 | 18 59 | 19 27 | 20 04
21| 305 46.4| 97 08.8 . . 24.0| 99 49.8 . . 48.0 305 27.3 . . 35.5|119 57.4 . . 09.5 [Menkent 148 10.3 S36 25.5 21135 521 . . 20.7| 92 40.0 7.7 18 03.7 10.4 59.4 52|18 25|18 59|19 40 | 18 43 | 19 07 | 19 38 | 20 17
22| 320 48.9 | 112 09.6 24.9 | 114 50.7 48.6 | 320 30.1 35.7 | 134 59.6 09.6 |Miaplacidus 221 41.1 S69 45.5 22| 150 52.3 19.7 | 107 06.7 7.6 18 14.1 10.3 59.4 50 | 18 23 | 18 55 | 19 35 | 18 48 | 19 15 | 19 47 | 20 28
23| 335 51.3 | 127 10.4 25.9 | 129 51.6 49.2 | 335 32.8 35.8 | 150 01.8 09.7 23| 165 52.6 18.8 [121 33.3 7.7 18 24.4 10.2 59.3 45|18 19 | 18 49 | 19 24 | 18 58 | 19 30 | 20 07 | 20 51
1200| 350 53.8 [ 142 11.3 S16 26.8 | 144 52.4 S10 49.9 | 350 35.6 S 1 35.9 | 165 04.0 S 0 09.8 |Mirfak 308 431 N49 53.9 1200|180 52.8 N 4 17.8 [ 136 00.0 7.6 S18 34.6 10.1 59.3 | N 40 | 18 16 | 18 43 | 19 15 | 19 07 | 19 43 | 20 23 | 21 09
01 5 56.2 | 157 12.1 27.7 | 159 53.3 50.5 5 38.4 36.1 | 180 06.2 09.9 [ Nunki 76 00.6 S26 17.0 01f 195 53.0 16.9 [ 150 26.6 7.6 18 44.7 9.9 59.2 35|18 13|18 38|19 08 | 19 15 | 19 54 | 20 37 | 21 25
02| 20 587|172 13.0 28.6 | 174 54.2 51.1| 20 41.1 36.2 | 195 08.4 10.1 | Peacock 53 21.8 $56 42.1 02| 210 53.2 15.9 | 164 53.2 7.5 18 54.6 9.8 59.2 30 | 18 11 | 18 35 | 19 03 | 19 22 | 20 04 | 20 49 | 21 38
03| 36 012|187 13.8 . . 29.5(189 55.1 . . 51.7 | 35439 .. 36.3 210 10.6 . . 10.2 |Pollux 243 30.4 N28 00.0 03}225 53.4 . . 15.0|179 19.7 7.6 19 04.4 9.7 59.2 20 | 18 07 | 18 29 | 18 54 | 19 33 | 20 20 | 21 09 | 22 01
04| 51 03.6 | 202 14.7 30.4 | 204 56.0 52.3 | 50 46.6 36.5 | 225 12.8 10.3 | Procyon 245 02.0 N 5 11.9 04} 240 53.7 14.0[193 463 7.5 19141 9.6 59.1 | N 10 | 18 03 | 18 24 | 18 49 | 19 44 | 20 35 | 21 27 | 22 21
05 66 06.1 | 217 15.5 31.3 | 219 56.9 53.0 | 65 49.4 36.6 | 240 15.0 10.4 05 255 53.9 13.1 (208 12.8 7.5 19 23.7 9.4 59.1 0|18 00|18 21|18 45|19 53|20 48 | 21 44 | 22 40
06| 81 08.6 | 232 16.3 S16 32.2 | 234 57.8 S10 53.6 | 80 52.2 S 1 36.7 | 255 17.1 S 0 10.5 |Rasalhague 96 08.3 N12 33.3 06| 270 54.1 N 4 12.1 (222 39.3 7.5 $19 33.1 9.3 59.0| S 10 | 17 57 | 18 18 | 18 42 | 20 03 | 21 02 | 22 01 | 22 59
07| 96 11.0 | 247 17.2 33.1 | 249 58.7 54.2 | 95 54.9 36.9 | 270 19.3 10.7 | Regulus 207 45.9 N11 54.9 07| 285 54.3 11.2 (237 05.8 7.5 19 42.4 9.1 59.0 20|17 54 | 18 16 | 18 41 | 20 14 | 21 17 | 22 19 | 23 19
08[ 111 13.5 | 262 18.0 34.0 | 264 59.6 54.8 | 110 57.7 37.0 | 285 21.5 10.8 | Rigel 281 14.0 S 8 11.2 08| 300 54.5 10.2 (251 32.3 7.4 19 515 9.1 59.0 30 | 17 50 | 18 14 | 18 42 | 20 26 | 21 33 | 22 40 | 23 42
g |
S 09| 126 16.0 | 277 18.9 . . 35.0 [ 280 00.5 . . 55.4 | 126 00.4 . . 37.1[300 23.7 . . 10.9 |Rigil Kent. 139 55.0 S60 52.9 S 09315548 . . 09.3|265587 7.5 20006 88 58.9 35|17 48 | 18 14 | 18 43 | 20 32 | 21 43 | 22 52 | 23 5
U 10| 141 18.4 | 292 19.7 35.9 | 295 01.4 56.1 | 141 03.2 37.3 | 315 25.9 11.0 | Sabik 102 14.8 S15 44,3 U 10/330 55.0 08.3 280 25.2 7.4 20 09.4 8.8 58.9 40 | 17 46 | 18 13 | 18 45 | 20 40 | 21 55 | 23 06 | 24 11
N 11| 156 20.9 | 307 20.6 36.8 | 310 02.3 56.7 | 156 06.0 37.4 | 330 28.1 11.1 N 11f345 55.2 07.4 | 294 51.6 7.4 20 18.2 8.6 58.8 45 | 17 44 | 18 13 | 18 47 | 20 50 | 22 08 | 23 22 | 24 30
D 12[171 23.4 | 322 21.5 S16 37.7 | 325 03.2 S10 57.3 | 171 08.7 S 1 37.5 | 345 30.3 S 0 11.3 |Schedar 349 42.4 N56 35.8 D 12| 0554 N 4064|309 18.0 7.4 S20 26.8 8.5 58.8| S 50 | 17 41 | 18 13 | 18 50 | 21 01 | 22 24 | 23 43 | 24 54
A 13| 186 25.8 | 337 223 38.6 | 340 04.1 57.9 | 186 11.5 37.7| 0325 11.4 | Shaula 9% 24.6 $37 06.8 A 13| 15556 05.4 |323 44.4 7.4 20353 83 58.8| 52|17 39 |18 13 |18 52 | 21 06 | 22 32 | 23 53 | 25 05
y 184|201 283 | 352 232 39.5 | 355 05.0 58.5 | 201 14.2 37.8 | 15 34.7 11.5 | Sirius 258 35.6 S16 43.7  y 14| 30559 04.5|338 10.8 7.3 20436 8.2 587 54 | 17 38 | 18 13 | 18 54 | 21 12 | 22 40 | 24 04 | 00 04
15| 216 30.7| 7 240 .. 40.4| 10059 .. 59.1|216 17.0 . . 37.9| 30 36.8 . . 11.6 |Spica 158 33.6 S11 13.0 15 45 56.1 . . 03.5|352 37.1 7.4 20518 8.1 587 56 | 17 36 | 18 13 | 18 57 | 21 18 | 22 50 | 24 16 | 00 16
16| 231 33.2 | 22 249 413 | 25 06.7 10 59.8 | 231 19.8 38.1| 45 39.0 11.7 | Suhail 222 54.4 $43 28.4 16| €0 563 02.6| 7035 7.3 20599 7.9 586 58 | 17 35 | 18 14 | 18 59 | 21 26 | 23 01 | 24 31 | 00 31
17| 226 35.7 | 37 25.8 422 | 40 07.6 11 00.4 | 246 22.5 382 | 60 41.2 119 17| 75 s6.5 016| 21298 7.3 2107.8 7.8 58.6 S 60 | 17 33 | 18 14 | 19 03 | 21 34 | 23 14 | 24 48 | 00 48
18| 261 38.1 | 52 26.6 S16 43.1 | 55 08.5 S11 01.0 | 261 25.3 S 1 38.3 | 75 43.4 S 0 12.0 |Vega 80 40.2 N38 47.9 18} 90 56.7 N 4 007 | 35561 7.3 $21 156 7.7 58.6 SUN MOON
19 276 40.6 | 67 27.5 44.0 | 70 09.4 01.6 | 276 28.0 38.5 | 90 45.6 12.1 [Zuben'ubi 137 07.8 S16 05.2 191105 57.0 3 59.7| 50 224 7.3 21233 7.5 585 Eqn. of Time | Mer Mer. Pass
20( 291 43.1| 82 28.4 449 | 85103 02.2 | 291 30.8 38.6 | 105 47.8 12.2 SHA  Mer.Pass. 20} 120 57.2 58.8 | 64 487 7.3 21308 7.4 585| Day ’ ’ ) © |Age Phase
21| 306 45.5| 97 29.2 . . 45.8 (100 11.2 . . 02.9 | 306 33.6 . . 387|120 50.0 . . 12.3 oy b 221|135 57.4 . . 57.8| 79 150 7.3 21 38.2 7.2 584 ooh 12" Pass. | Upper Lower
22| 321 48.0 | 112 30.1 46.7 | 115 12.1 03.5 | 321 36.3 38.8 | 135 52.2 12.5 |Venus 151 56.9 14 32 22| 150 57.6 56.8 | 93 41.3 7.2 21454 7.1 584 d| m s| m s| hm| hm|] hm| d %
23| 336 50.5 | 127 31.0 47.6 | 130 13.0 04.1 | 336 39.1 39.0 | 150 54.3 12.6 |Mars 154 36.2 14 21 23| 165 57.9 55.9 | 108 07.5 7.3 S21 52.5 6.9 58.4 10 {02 49 | 02 59 | 11 57 [ 13 41 | 01 14 | 02 7
hom Jupiter 359 348 0 42 11|03 10| 0320|1157 |14 35|02 08|03 14 0
MerPass. 0 40.2| v 08 d 09| v 09 d 06| v 28 d 01| v 22 d 01 |Satumn 174 16.8 13 01 SD 159 d 1.0| SD 16.5 16.3 16.0 12 | 03 31 [ 03 41 | 11 56 | 15 31 | 03 03 | 04 22




2010 SEPTEMBER 10, 11, 12 (FRI., SAT., SUN.)

Twilight

uT SUN MOON Lat. | Sunrise
Naut. Civil 10 1
GHA Dec GHA v Dec d HP o h m h m h m h m h

Al_72 ot B ¥ A a2 22 fa V. B, K o) Ao L0

d h [} !/ o] / ] Z 2 . 3
103(1) 180 42.3 N 5 03.4 | 162 1;| PS2 k| ad: 2
195 42.5 02.5|176 4 ]
02| 210 42.7 01.5 19110HI ed§me GHA a Dec S| unC‘1
03| 225 43.0 5 00.6 |205 371 10.9.2010 v 08" UT 0
04| 240 43.2 4 59.6 | 220 05 0
05| 255 43.4 58.7 | 234 33 0
06] 270 43.6 N 4 57.7 | 249 0¢ 0
07] 285 43.8 56.8 | 263 2§ 0
08| 300 44.0 55.9 | 277 59 9
F 09]315 44.3 . . 54.9 292 23 9
R 10| 330 44.5 54.0 | 306 51 9
| 11| 345 44.7 53.0 | 321 1§ 9
D 12] 0449 N 4 52.1 | 335 4¢ 9
A 13| 15 45.1 51.1 | 350 13 9
Yy 14| 30 45.3 50.2 4 4(Q 9
15| 45 456 . . 49.2| 19 0§ 8
16| 60 45.8 48.3 | 33 39 8
17| 75 46.0 47.3 | 48 03 8
18| 90 46.2 N 4 46.4 | 62 30 8
19| 105 46.4 45.4 | 76 57 7
20} 120 46.7 44,5 | 91 29 7
211 135 46.9 . . 43.5|105 52 7
22| 150 47.1 42.6 | 120 19 7
23| 165 47.3 41.6 | 134 44 7
1100 180 47.5 N 4 40.7 | 149 14 7
01} 195 47.7 39.7 | 163 41 6
fatal ~ o~ A oA e T ’




2010 SEPTEMBER 10, 11, 12 (FRI, SAT, SUN.)

Twilight

uT SUN MOON Lat. ~ | Sunrise
Naut.  Civil 10 |
GHA Dec GHA v Dec d HP o h m h m h m h m h

| 792 N1 L N2 272 NA A0 N SO

d h [#) !/ [s] / Z 2 ] . 3
108(1) 180 42.3 N 5 03.4 | 1 PS2 k| ad: 2
195 42.5 02.5 |1 1
65| 515 a57 o1cla HI ed8me GHA a Dec Slunc,l
03| 225 43.0 5 00.6 |2 10.9.2010 v 08" UT 0
04| 240 43.2 4 59.6 | 2 0
05| 255 43.4 58.7 | 2 0
06| 270 43.6 N 4 57.7 | 2 1. Nal eznu dvojstranu se|
07| 285 43.8 56.8 | 263 0
08| 300 44.0 55.9 | 277 59 9
F 09|315 44.3 . . 54.9 292 23 9
R 10| 330 44.5 54.0 | 306 51 9
| 11| 345 44.7 53.0 | 321 18 9
D 12| 0449 N 4 52.1 | 335 46 9
A 13| 15 451 51.1 | 350 13 9
y 14| 30453 50.2 4 4Q 9
15| 45 456 . . 49.2 | 19 08 8
16| 60 45.8 48.3 | 33 39 8
17| 75 46.0 47.3 | 48 03 8
18| 90 46.2 N 4 46.4 | 62 30 8
19| 105 46.4 45.4 | 76 57 7
20] 120 46.7 445 | 91 29 7
211135 469 . . 43.5(105 52 7
22| 150 47.1 42.6 | 120 19 7
23| 165 47.3 41.6 | 134 44 7
1] 00| 180 47.5 N 4 40.7 | 149 14 7
01} 195 47.7 39.7 | 163 41 6

()]




2010 SEPTEMBER 10, 11, 12 (FRI., SAT., SUN.)

- Twilight
uT SUN<+— MOON Lat. | Sunrise

Naut. Civil 10 |
GHA Deo GHA v Dec d HP o h m h m h m h m h
& B i ’ " : 5 - Al_72 ot B ¥ A A2 22 oA AQ faVo Nl ~d o 3
103(1) 180 42.3 N 5 0B.4 | 162 1;| PS2 k| ad: 2
195 42.5 ob.s | 176 4 5
65| 515 a57 ol = meIed§me GHA a Dec Slunceg
03| 225 43.0 5 0b.6 1205371 10.9.2010 v 08" UT 0
04| 240 43.2 4 5p.6 | 220 05 0
05| 255 43.4 5B.7 | 234 33 0
06[270 436 N as5p7 249091, Nal eznu dvojstranu se|
07| 285 43.8 5b.8 | 263 29 0
08| 300 440  ssvrzr=32. Naleznu sloupec SUN 9
F 09|315 44.3 . . 54.9 292 23 9
R 10| 330 44.5 54.0 | 306 5] 9
| 11| 345 44.7 53.0 | 321 18 9
D 12| 0449 N 4 52.1 | 335 46 9
A 13| 15 451 51.1 | 350 13 9
y 14| 30453 50.2 4 40 9
15| 45 456 . . 49.2| 19 08 8
16| 60 45.8 48.3 | 33 39 8
17| 75 46.0 47.3 | 48 03 8
18| 90 46.2 N 4 46.4 | 62 30 8
19| 105 46.4 45.4 | 76 57 7
20| 120 46.7 44.5 | 91 25 7
21| 135 46.9 . . 43.5|105 52 7
22| 150 47.1 42.6 | 120 19 7
23| 165 47.3 41.6 | 134 46 7
1] 00| 180 47.5 N 4 40.7 | 149 14 7
01} 195 47.7 39.7 | 163 41 6

()]




2010 SEPTEMBER 10, 11, 12 (FRI., SAT., SUN.)

{ Twilight
uT SUN MOON Lat. | Sunrise
Naut. Civil 10 1
GHA Dec GHA v Dec d HP o h m h m h m h m h
AlL_72 ot B ¥ A A2 22 fa V. B, K o) Ao L0 3
d h &} !/ O / o 7
1000 180 42.3 N 5 03.4 | 162 1;| PS2 k!l ad: 2
01| 195 42.5 02.5|176 4 bt
02| 210 42.7 01.5 19110HI ed§me GHA a Dec S| unceg
03| 225 43.0 5 00.6 120537 10.9.2010 v 08" UT 0
04]| 240 43.2 4 59.6 | 220 05 0
05| 255 43.4 58.7 | 234 33 0
06| 270 43.6 N 4 57.7 | 249 00 Nal ez nu dvojstranu s e |o
07| 285 43.8 56.8 | 263 28 0
Fia 300 44.0 559 | 277 554 2. Naleznu SloupeC SUN 9
09{1315.44.3 . . 54.9 292 23 : h 9
R 10| 330 44.5 54.0 306513' N a svisl ® ose nalezn)J 9
| 11| 345 44.7 53.0 | 321 18 9
D 12| 0 44.9 N 4 52.1 | 335 46 9
A 13| 15 451 51.1 | 350 13 9
y 14| 30453 50.2 4 40 9
15| 45 456 . . 49.2 | 19 08 8
16| 60 45.8 48.3 | 33 33 8
171 75 46.0 47.3 | 48 03 8
18| 90 46.2 N 4 46.4 | 62 30 8
19| 105 46.4 45.4 | 76 57 7
20} 120 46.7 44.5 | 91 25 7
21| 135 46.9 . . 43.5|105 52 7
22| 150 47.1 42.6 | 120 19 7
23| 165 47.3 41.6 | 134 46 7
1] 00| 180 47.5 N 4 40.7 | 149 14 7
01] 195 47.7 39.7 | 163 41 6

()]

(@}



2010 SEPTEMBER 10, 11, 12 (FRI., SAT., SUN.)

Twilight
uT SUN MOON Lat. | Sunrise
Naut. Civil 10 1
GHA Dec GHA v Dec d HP o h m h m h m h m h
& B AlL_72 ot B ¥ A A2 22 oA AQ faVo Nl ~d o 3
(&) !/ [s] ! [s] Z
1000] 180 42.3 N 5 03.4 | 162 1;| PS2 k| ad: 2
01| 195 42.5 02.5|176 4 &
02| 210 42.7 01.5 19110HI ed§me GHA a Dec S unceg
03| 225 43.0 5 00.6 |205 371 10.9.2010 v 08" UT 0
04| 240 43.2 4 59.6 | 220 05 0
05| 255 43.4 58.7 | 234 33 0
06270 436 N 4577 2430d1. Nal eznu dvoj stranu se [0S
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