Pub. No. 249 Vol. 1 star siaht reduction form

Sight # 1 2
Star Alpheratz Kochab
DR Latitude N 40° N 40°
DR Longitude W 075° W 075°
Date 9/22/2016 9/21/2016
uT 01:20:15 01:25:37
Hs 84° 43' 80° 25'
Index Error +0°01'(On)| +0°01'(On)
Hs — Index Error 84°42'
Dip Using AH
(AH/2) = Ha 42° 21
ACT -0°1.1'
Ho| 42°19.9'
GHA Y 16°19.6'
GHA Y increment for o ,
minutes & seconds 5°04.6
GHA Y| 21°24.2'
AP A W 075° 24.2'
LHA 306°
Hc 43°12'
Zn 085°
0° 52
Intercept Away




Star sight reduction
Pub. No. 249 Vol. 1

Sight, Star, DR Latitude, DR Longitude

Form label What is it? Where to get it? Figure
Sight # Siaht number It's the sequential number of the sight you're taking. It's an orderly way 1
9 of keeping track of the sights you make.
The name of the N
Star \ USNO Navigational Star Chart
star youre Alpheratz is located in the constellation Andromeda Alpheratz
shooting
. Dead Reckonin DR. Latitude means Ded Reckoning Latitude and uses the integral degree
DR Latitude Latitude 9 | of Latitude. It's the Latitude you think you're closest to based on your DR| N 40°
Log. Example- N 40°
. Dead Reckonin DR. Longitude means Ded Reckoning Longitude and is the integral degree
DR Longitude Lonaitude 9 |of Longitude you think you're closest to based on your DR Log. W 075°
9 Example-W 075°
“ded” Reckoning stands for “deduced reckoning” but is usually written dead reckoning
Date & Time
Form label What is it? Where to get it? Figure
The date based
Date on See Time below September 22, 2016
Greenwich Time.
The time based on Greenwich/Universal Time. Get the time
in GMT/UT here- http://time.is/UTC
Call NIST- 303-499-7111
GMT Shortwave radio- WWV & WWVH 2.5, 5, 10, 15, 20 mHz.
Greenwich Mean
. Time To figure GMT add or subtract the time difference between
Time also known as UT |your time zone and Greenwich England. 01:20:15
It's based ona 24 |For the Eastern US during DST (Daylight Saving Time) add 4
hour number. hours to local time. During DST the new day begins at 8 PM
local time.
For the Eastern US during EST (Eastern Standard Time) add
5 hours to local time. During EST the new day begins at 7
PM local time.



http://time.is/UTC

Hs, IE, Dip, AH/2, ACT, Ho

Form label What is it? Where to get it? Figure
Height of sextant- the initial, uncorrected, sextant angle reading
of the star you observed. The sextant measurement is from the
Hs Height of sextant |sea horizon or an Artificial Horizon (AH) to the celestial body (star, 84° 43’
Sun, planet, moon) in the sky.
Set the sextant to 0° 00.0° and look at a bright star. If you see only
one star, or if they are side by side, there is no Index Error.
If you see two of the same star one over top of the other there is
Index Error (IE). To find the Index Error in this case turn the
The amount of micrometer drum until both images of the star appear
T superimposed or side by side. Read the the amount of IE.
Index E misalignment
ndex Error ° 01"
betvyeen the Index If the IE is greater than 0° then the IE is on the arc and must be 0" 01
mirror and the
Hori . subtracted from the Hs.
orizon mirror.
If the IE is less than 0° then the IE is off the arc and must be added
to the Hs.
In our example the IE is on the arc so it must be subtracted from
the Hs.
Height of sextant (Hs) 84° 43'
Hs- Index Error | minys the Index Subtract the Index Error from the Height of sextant. - 0°01'
Error. 84° 42'

Dip is the amount of
angle to subtract
from the Hs when
making an
observation using

Dip correction can be found on ALTITUDE CORRECTION TABLES
10°-90° —SUN, STARS, PLANETS on the right hand column of that
table.

When using an

Dip the ocean's horizon. [In this example we're “on the hard” (on land) and using an :elldttsrci:i:;
The amount to Artificial Horizon (AH). There's no Dip correction required when for Di
subtract is using an Artificial Horizon (AH). p-
determined by the
Height of your Eye  [ALTITUDE CORRECTION TABLES are attached at the end herein.
above the water.
Hs minus Index Error 84°42'
(AH/ 2)= Ha divided by 2 =Ha |Get the final figure from Hs minus Index Error (above) and divide it divided by 2
Ha means by 2. The result is the Ha or Height apparent.
Height apparent. Ha=42°21'
ALTITUDE CORRECTION TABLES are attached at the end herein.
Use the ALTITUDE CORRECTION TABLES 10° -90° —
Altitude Correction SUN,STARS,PLANETS. For brevity these tables are referred to as
ACT Table ACT.  Find the Ha correction for the star in the STARS AND -0°1.1'
PLANETS column. Find where the Ha of 42° 21' would
approximately be located- between 40° 08' and 42° 44",
For stars the correction is always subtracted from the Ha figure.
Subtract the star ACT (0° 1.1') from the Ha to arrive at the Ho (Ha) 42° 21'
Ho Height observed [(Height observed). After all of the above corrections Ho=42° (Act)-0°1.1'
19.9' (round it up to 42° 20"). Ho= 42° 20'




Getting GHA Aries

Round the final figure up or down.

Form label What is it? Where to get it? Figure
The necessary portion of The Nautical Almanac is provided at the end of
this file.
Greenwich Hour Angle
_Ariesbasedonthe |you'(l find the GHA ¢ in The Nautical Almanac daily pages for
GHA <r integral hour and date . . . . 16°19.6'
of the sextant the date and time of the observation. The GHA ¢r figure is
observation. based only on the integral hour of the observation.
Get The Nautical Almanac daily pages at TheNauticalAlmanac.com
The Nautical Almanac- /ncrements & Corrections for Sun, Planets, Aries,
Moon (the "yellow pages"”) for the minutes and seconds of time of the
GHA «r observation. You can get the Increments & Corrections Table here-
increment Greenwich Hour Angle
Ariesincrement for |https://www.thenauticalalmanac.com/Increments _and Corrections/
For the minutes and Increments_and_Corrections_Table.pdf 5°04.6'
. seconds of time of the
minutes & | sextant observation. |You can also use the GHA ¥ Increment from TABLE 4 — GHA P FOR THE
seconds YEARS 2011 -2019 (the second page of TABLE 4)
The second page of TABLE 4 is provided at the end of this file.
. Add the GHA ¥ integral hour figure to the 16°19.6'
Greenwich Hour Angle ona gt
GHA °r reenwich Tour Ang GHA P Increment Figure. +5°04.6
Aries total 51°24.2'



https://www.thenauticalalmanac.com/Increments_and_Corrections/Increments_and_Corrections_Table.pdf
https://www.thenauticalalmanac.com/Increments_and_Corrections/Increments_and_Corrections_Table.pdf

Calculating LHA Aries

Form label What is it? Where to get it? Figure
Ap A in Western Longitudes
Combine the DR. Longitude figure with only the minutes (of
arc) of the total GHA €Y figure. The Ap A figure will be used
when plotting the LOP on the UPS. . .
Ap A Assumed position . - DR Longitude W 075
Longitude Ap A in Eastern Longitudes
Ap A W075°24.2'
In Eastern longitudes the Ap A is determined as follows;
DR longitude + (0°60' minus GHA minutes of arc)
Example- E 075° + (0°60' = 0° 24.2")= E 075° 35.8' Ap A
To get the LHA ¥ subtract or add the Ap A from/to the GHA
% total according to the following rules-
. GHAY 21°24.2'
In Western longitudes +360°
Local Hour Angle Subtract Ap A from the GHA total. Ignore the minutes of GHA. 381°24.2'
LHA <r Aries totalg In Western Longitudes if GHA is less than the Ap A first add
360 to the GHA and then subtract the Ap A from it. 381°24.2'
In East L itud - Ap A W075°24.2'
n Eastern longitudes LHA ¥ = 306°

Round up the GHA 9 to next highest degree and add the DR.

longitude integral degree to it. If the resulting figure is over
360 then subtract 360 from it.

LHA <r = 306°

The LHA figure and DR. Latitude figure are both needed to find Hc and Zn in Pub. No. 249 Vol. 1




Finding Hc and Zn

Form label| What s it? Where to get it? Figure
The necessary portion of Pub. No. 249 Vol. 1 is provided at the end of this
file. You can get the entire Pub. No. 249 here-
https://thenauticalalmanac.com/Pub_No_249/Vol_1_Epoch_2020/Pub_249_Vol_1_Epoch_2020.pdf
iah Hc is found in Pub. No. 249 Vol 1.
Hc Heig ttd Hc=43°12'
compute To find Hc you need the DR. Latitude (N 40°) and the LHA ¢ (306°).
Locate the LHA < row of 306° on the sheet and move across until you see
where the star, Alpheratz, intersects that row. Find Hc in the Hc column
under Alpheratz
The necessary portion of Pub. No. 249 Vol. 1 is provided at the end of this
file.
Zn is the horizontal angle in degrees that points to the star from the Ap. A.
ﬁi‘ggg? Approximately, and close enough for us, Zn is the horizontal angle that
Zn or points to the star from where we took the sextant observation. Zn= 085°
Azimuth angle Zn is based on True North and not magnetic North.
Locate the LHA row of 306° on the sheet and move across until you see
where the star, Alpheratz, intersects that row. Find Zn in the Zn column
under Alpheratz
The intercept is a mark on the azimuth line on the UPS. The length of the
intercept is calculated by comparing Hc to Ho and subtracting the smaller
of the two figures from the larger. Once the intercept is calculated and
marked on the azimuth line, a 90° line will be drawn through the intercept.
Intercept is the [This will be the LOP.
distance and
directionthe |[The direction of the intercept line must be determined and is drawn either Hc=43°12'
Intercept |LOP (Line OF Away orTowards the star on the azimuth line from the Ap A of W 075° Ho= 42° 20'
Position) is 24.2". Intercept= 0°52'
drawn from the
Ap. A If Hc is greater then the Intercept point is Away from the Ap A.
If Ho is greater then the Intercept point is Towards the star beginning at
the Ap A.
The UPS LOP plot is at the end of this file.
How to plot an LOP
The following procedure and label is not on the sight reduction form
Get it here-
LOP Line of Position

https://thenauticalalmanac.com/Procedures/Procedure-_Plotting_an_LOP.pdf

Copyright 2025- TheNauticalAlmanac.com

/home/hello/My Documents/AAA- My Method/Forms, Formulas & Methods/E- Star Sight reduction procedure Pub. No. 249 Vol. 1/Complete_Pub._No._249_Vol_1_Starsight_Reduction_Procedure_using_AH.odt
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Altitude Correction Tables for 10° to 90° — Sun, Stars, Planets

SUN SUN Stars & Additional : DIP
October — March April — September Planets Altitude Refraction always subtracted from Hs

App. Lower Upper App.  Lower Upper App. Correction for App. Ht. of Ht. of |Ht. of
At.  Lmb  Limb At.  Limb  Limb Alt. | ©°7 | |Mars & Venus A cor Eye 7 | Eye |Eye  CO7
o o El A small © ' meters ' feet |meters
933 ' 939 ' ' 955 additional 55 -91 2.4 80 | 1.0 -1.8

+10.8 - 215 +10.6 - 21.2 -5.3| laltitude -2.8
945 950 10 07 correction for 60 -85 2.6 86 | 1.5 -22

+109 -21.4 +10.7  -21.1 -52 -2.9
956 10 02 10 20 Mars & Venus 65 -79 2.8 92 |20 -25
1008 M0 T3 1014 108 —2L0 1032 1| [canbe 7.0 75 30 >0 g5 |25 -28

+111  -21.2 +10.9 —20.9 -5,0 | [Qaredin he -31
10 20 10 27 10 46 aily Pages o 75 -70 3.2 105 | 3.0 -3.0
0 +11.2 -21.1 A +11.0 -20.8 1059 -4.9 The Nautical 8.0 66 3.4 -3.2 11.2

+11.3  -21.0 +111  -20.7 —ag | [jmanac forthe -3.3
10 46 1053 1114 y of th 85 -63 3.6 11.9 | See table

+11.4 -20.9 +11.2 —-20.6 —4.7 | |observation. -34 -
11 00 11 07 1129 90 -59 3.8 12.6

+115 -20.8 +11.3 -205 46| |Find the -35 meters
1115 1122 11 44 e 95 -57 4.0 13.3

+11.6 -20.7 +11.4 -20.4 —4.5 | |[correctionin -3.6 20 -7.9
11 30 11 37 12 00 the block 100 -54 4.3 14.1

+11.7 -20.6 +115 -20.3 —4.4| |abeled -3.7 22 -83
11 45 1153 1217 Horizontal 105 -51 45 14.9

+11.8 -205 +11.6 —20.2 -43 orizontal -3.8 24 -86
12 01 12 10 12 35 parallax. 11.0 -49 47 15.7

+119 -204 +11.7 -20.1 4.2 -3.9 26 -9.0
1218 12 27 12 53 he figure will 115 -47 5.0 16.5

+120 -20.3 +11.8 -20.0 -41 9 -4.0 28 -9.3
12 36 14 45 1312 cover the range 120 -45 5.2 17.4

+12.1 -20.2 +11.9 -19.9 -4.0 of 3 days found -4.1
1254 13 04 1332 on that Daily 125 -44 55 18.3

+122 -20.1 +12.0 -19.8 -39| [ -4.2 30 -96
1314 1324 1353 age. 130 -42 5.8 19.1

+12.3  -20.0 +121  -19.7 -38 -4.3 32 -10.0
1334 19 1344 106 1416 135 -40 61, 201 .
1355 14 06 14 39 The correction 140 -39 6.3 21.0

+125 -19.8 +123 -195 —-3.6| |[istobe added -45 36 -10.6
1417 14 29 15 03 to Apparent 145 -38 6.6 22.0

+126 -19.7 +12.4  -19.4 -35| |atitude -4.6 38 -10.8
14 41 1453 15 29 : 150 -36 6.9 22.9

+127 -19.6 +125 -19.3 -34 -4.7
1505 1518 15 56 155 -35 7.2 23.9

+128 -195 +126 -19.2 -33 -4.8 40 -111
1531 15 45 16 25 16.0 -34 75 24.9

+129 -19.4 +12.7  -19.1 -32 -4.9 42 -11.4
15 59 16 13 16 55 165 -33 7.9 26.0

+130 -19.3 +12.8 -19.0 -3.1 -5.0 4 -11.7
16 27 16 43 17 27 170 -32 8.2 27.1

+13.1 -19.2 +12.9 -18.9 -3.0 -5.1 46 -11.9
16 58 17 14 18 01 175 -31 85 28.1

+132 -19.1 +13.0 -188 -29 -5.2 48 -12.2
17 30 17 47 18 37 180 -30 8.8 29.2

+133  -19.0 +131 -187 -28 -5.3 feet -
18 05 18 23 19 16 185 -29 9.2 30.4

+134 -18.9 +132 -186 -2.7 -54 2 -14
18 41 19 00 19 56 190 -29 9.5 315

+135 -18.8 +133 -185 -26 -5.5 4 -19
19 20 19 41 20 40 195 -28 9.9 32.7

+13.6 -18.7 +13.4 -18.4 -25 -5.6 6 -24
2002 2024 2127 200 -27 10.3 33.9

+13.7 -18.6 +135 -18.3 -24 -5.7 8 -27
20 46 2110 2217 210 -26 10.6 35.1

+138 -185 +13.6 -18.2 -23 -5.8 10 -31
2134 2159 2311 220 -24 11.0 36.3

+139 -184 +13.7 -18.1 -22 -5.9
2225 2252 24 09 230 -23 11.4 37.6 | Seetable

+140 -18.3 +13.8 -18.0 -21 -6.0 -
2320 2349 2512 240 -22 11.8 38.9

+14.1 -18.2 +13.9 -17.9 -2.0 -6.1 feet -
24 20 2451 26 20 250 -21 12.2 40.1

+14.2 -18.1 +140 -17.8 -1.9 -6.2 70 -8.1
2524 2558 2734 260 -20 12.6 415

+14.3 -18.0 +141  -17.7 -18 -6.3 75 -84
26 34 2711 2854 270 -19 13.0 428

+144 -17.9 +142 -176 -1.7 -6.4 80 -8.7
27 50 2831 3022 280 -1.9 13.4 442

+145 -17.8 +143 -175 -16 -6.5 85 -8.9
2913 29 58 3158 290 -18 13.8 455

+14.6 -17.7 +14.4 -17.4 -15 -6.6 90 -9.2
30 44 3133 3343 300 -17 14.2 46.9

+14.7 -17.6 +145 -17.3 -1.4 -6.7 95 9.5
3224 3318 3538 310 -17 14.7 48.4

+148 -175 +14.6 -17.2 -13 -6.8
3415 3515 3745 320 -16 15.1 498 | 100 -9.7

+149 -17.4 +14.7  -17.1 -1.2 -6.9
36 17 3724 40 06 330 -15 15.5 51.3 | 105 -9.9

+150 -17.3 +148 -17.0 -1.1 -7.0
3834 3948 42 42 340 -15 16.0 52.8 | 110 —10.2

+151 -17.2 +14.9 -16.9 -1.0 -71
41 06 4228 4534 350 -1.4 16.5 543 | 115 -10.4

+152 -17.1 +150 -16.8 -0.9 -7.2
43 56 4529 48 45 360 -14 16.9 55.8 | 120 —10.6

+153 -17.0 +151 -16.7 -0.8 -7.3
47 07 4852 52 16 370 -13 17.4 57.4 | 125 -10.8

+154 -16.9 +152 -16.6 -0.7 -74
50 43 5141 56 09 380 -13 17.9 58.9

+155 -16.8 +153 -165 -0.6 -75 130 -11.1
54 46 56 59 60 26 390 -12 18.4 60.5

+156 -16.7 +154 —-16.4 -05 -7.6 135 -11.3
59 21 61 50 65 06 400 -12 18.8 62.1

+157 -16.6 +155 -16.3 -04 450 -1.0 -7.7 140 -11.5
64 28 67 15 70 09 500 -08 19.3 63.8

+158 -165 +156 -16.2 -03 55.0 -07 -7.8 145 -11.7
70 10 7314 7532 60.0 -06 19.8 65.4

+159 -16.4 +157 -16.1 -0.2 650 -05 -7.9 150 —11.9
76 24 79 42 8112 700 -04 20.4 67.1

+16.0 -16.3 +158 -16.0 -0.1 750 -03 -8.0 155 —12.1
83 05 86 21 87 03 80.0 -02 20.9 68.8

+16.1 -16.2 +159 -15.9 0.0 85.0 -01 -8.1
90 00 90 00 90 00 21.4 70.5

App. Alt. = Apparent altitude = Sextant altitude corrected for index error and dip.

www.TheNauticalAlmanac.com




Altitude Correction Tables for 0° to 10° — Sun, Stars, Planets
Sun Sun Sun Sun
App. | October - March April - September Stzrs App. | October — March April - September Stgrs
Alt. [Lower Upper | [Lower  Upper |pianets Alt. | Lower Upper Lower  Upper |planets
Limb Limb Limb Limb Limb Limb Limb Limb

o L] ] ] ] ] ] o ] ] ] ] ] ]

0 00 -175 —-49.8 —17.8 —49.6 |—33.8 330| + 34 —-289 + 3.1 -28.7 |-129
0 03| 169 492 17.2 490 33.2 3 35 36 287 3.3 285 12.7
0 06| 16.3 48.6 16.6 484 32.6 3 40 38 285 36 282 125
0 09 | 15.7 48.0 16.0 47.8 32.0 3 45 4.0 28.3 3.8 28.0 12.3
0 12| 15.2 47.5 154 47.2 315 3 50 4.2 28.1 4.0 27.8 12.1
0 15| 14.6 46.9 14.8 46.6 30.9 3 55 4.4 27.9 4.1 21.7 11.9
0 18 |-14.1 -46.4 —14.3 -46.1 |-30.4 400 +46 -27.7 + 43 -275 |-11.7
0 21| 135 45.8 13.8 33.8 29.8 4 05 4.8 27.5 4.5 27.3 115
0 24| 13.0 45.3 13.3 45.1 29.3 4 10 4.9 27.4 4.7 27.1 11.4
0 27 | 125 44.8 12.8 44.6 28.8 4 15 5.1 27.2 4.9 26.9 11.2
0 30| 12.0 44.3 12.3 44.1 28.3 4 20 53 27.0 5.0 26.8 11.0
0 33| 11.6 43.9 11.8 43.6 27.9 4 25 5.4 26.9 5.2 26.6 10.9
0 36 -11.1 -10.0 —-11.3 —-43.1 |-27.4 4 30| +56 —-26.7 + 53 -26.5 |-10.7
0 39| 10.6 42.9 10.9 42.7 26.9 4 35 5.7 26.6 55 26.3 10.6
0 42| 10.2 42.5 10.5 42.3 26.5 4 40 5.9 26.4 5.6 26.2 10.4
045| 98 421 100 4138 26.1 4 45 6.0 263 58 26.0 10.3
0 48 9.4 41.7 9.6 41.4 25.7 4 50 6.2 26.1 5.9 25.9 10.1
0 51 9.0 41.3 9.2 41.0 25.3 4 55 6.3 26.0 6.1 25.7 10.0
054| -86 —-40.9 -88 —-40.6 |-24.9 50| + 64 —-259 + 6.2 —-25.6 -9.9
0 57 8.2 405 84 402 245 5 05 6.6 257 6.3 255 9.7
100 7.8 40.1 8.0 39.8 24.1 5 10 6.7 25.6 6.5 25.3 9.6
103 7.4 39.7 7.7 39.5 23.7 5 15 6.8 25.5 6.6 25.2 9.5
1 06 7.1 39.4 7.3 39.1 23.4 5 20 7.0 25.3 6.7 25.1 9.3
109 6.7 39.0 7.0 38.8 23.0 5 25 7.1 25.2 6.8 25.0 9.2
112 | -6.4 -38.7 -6.6 -384 |-227 530 + 72 -25.1 + 6.9 —-24.9 -9.1
115 6.0 383 6.3 381 22.3 5 35 7.3 250 71 247 9.0
118 57 38.0 6.0 37.8 22.0 5 40 7.4 24.9 7.2 24.6 8.9
121 54 37.7 57 37.5 21.7 5 45 7.5 24.8 7.3 245 8.8
124 51 37.4 5.3 37.1 21.4 5 50 7.6 24.7 7.4 24.4 8.7
127 4.8 37.1 5.0 33.8 21.1 5 55 7.7 24.6 7.5 24.3 8.6
130 -45 -36.8 -47 -36.5 |[-20.8 6 00| + 78 —-245 + 7.6 —-24.2 -85
135 4.0 36.3 4.3 36.1 20.3 6 10 8.0 24.3 7.8 24.0 8.3
140 3.6 35.9 3.8 35.6 19.9 6 20 8.2 24.1 8.0 23.8 8.1
145 3.1 35.4 3.4 35.2 19.4 6 30 8.4 23.9 8.2 23.6 7.9
150 2.7 35.0 2.9 34.7 19.0 6 40 8.6 23.7 8.3 235 7.7
155 2.3 34.6 25 34.3 18.6 6 50 8.7 23.6 8.5 23.3 7.6
200 -19 —-34.2 —-21 —-339 ([-18.2 700(| + 89 —234 + 8.7 —-23.1 -7.4
2 05 15 33.8 1.7 33.5 17.8 7 10 9.1 23.2 8.8 23.0 7.2
210 1.1 334 1.4 332 17.4 7 20 92 231 9.0 2238 7.1
2 15 0.8 33.1 1.0 32.8 17.1 7 30 9.3 23.0 9.1 22.7 6.9
2 20 0.4 32.7 0.7 32.5 16.7 7 40 9.5 22.8 9.2 22.6 6.8
225|-0.1 32.4 -0.3 32.1 16.4 7 50 9.6 22.7 9.4 22.4 6.7
230 +0.2 -32.1 0.0 -31.8 |-16.1 8 00| + 97 —-226 + 95 -223 - 6.6
2 35 0.5 31.8 +0.3 315 15.8 8 10 9.9 22.4 9.6 22.2 6.4
2 40 08 315 0.6 312 15.4 8 20 100 223 9.7 221 6.3
2 45 11 31.2 0.9 30.9 15.2 8 30 10.1 22.2 9.9 21.9 6.2
2 50 14 30.9 1.2 30.6 14.9 8 40 10.2 22.1 10.0 21.8 6.1
2 55 1.7 30.6 14 30.4 14.9 8 50 10.3 22.0 10.1 21.7 6.0
300|+20 -30.3 +17 -30.1 |-14.3 9 00 |+ 104 -21.9 + 10.2 -21.6 -5.9
3 05 2.2 30.1 2.0 29.8 14.1 9 10 10.5 21.8 10.3 21.5 5.8
310 25 298 22 296 13.8 9 20 106 217 104 214 5.7
3 15 2.7 29.6 2.5 29.3 13.6 9 30 10.7 21.6 10.5 21.3 5.6
3 20 2.9 29.4 2.7 29.1 13.4 9 40 10.8 21.5 10.6 21.2 55
3 25 3.2 29.1 2.9 28.9 134 9 50 10. 21.4 10.6 21.2 54
3 30 3.4 —289 +31 -—-28.7]-129 1000 [+ 11.0 -—-21.3 + 107 -—-211| -5.3

For bubble sextant observations- ignore dip and use star corrections for the Sun, planets and stars.
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September 21, 22, 23 UT (Wed., Thu., Fri.)

Aries Venus Mars Jupiter Saturn Stars
Wed GHA GHA Dec GHA Dec GHA Dec GHA Dec SHA Dec
0 0°18.0 | 155°190.9  S10°05.0 | 94°50.0 S25°54.0 | 177°35.7 NO0°01.1 | 110°41.9  S$20°37.5 Alpheratz  357°40.8 29°11.0
1 15°20.5 | 170°19.5 06.2 | 109°50.7 540 | 192°37.7 00.9 | 125°442 37.6 Ankaa  353°13.2  -42°12.8
2 30°23.0 | 185°19.1 07.4 | 124°51.4 540 | 207°39.7 00.6 | 140°46.5 37.6 Schedar  349°37.3 56°37.7
3 45°25.4 | 200°18.7 -+ 08.6 | 139°52.1 - - 541 | 222°41.6 -+ 004 | 155°48.8  -- 37.6 Diphda  348°53.4  -17°53.6
4 60°27.9 | 215°18.3 09.8 | 154°52.8 541 | 237°43.6  NO00°00.2 | 170°51.1 37.6 Achernar  335°247  -57°09.0
5 75°30.3 | 230°18.0 11.0 | 169°53.5 541 | 252°456  S00°00.0 | 185°53.4 37.7 Hamal  327°58.0 23°32.4
6 90°32.8 | 245°17.6  S10°12.2 | 184°54.2  S25°54.1 | 267°47.6  S00°00.2 | 200°55.7  $20°37.7 Polaris  316°25.7  89°10.8
7 105°35.3 | 260°17.2 13.4 | 199°54.9 541 | 282°49.5 00.4 | 215°58.0 37.7 Acamar  315°16.4  -40°14.2
8 120°37.7 | 275°16.8 146 | 214°55.6 54.1 | 297°515 00.6 | 231°00.3 37.8 Menkar  314°12.5 4°00.3
9 135°40.2 | 290°16.4 - - 158 | 229°56.3 - 54.2 | 312°53.5 -+ 00.9 | 246°02.6 - - 37.8 Mirfak ~ 308°36.8 49°54.9
10 | 150°42.7 | 305°16.0 17.0 | 244°57.0 542 | 327°55.4 011 | 261°04.9 37.8 Aldebaran  290°46.7  16°32.4
11 | 165°45.1 | 320°15.6 182 | 259°57.7 542 | 342°57.4 013 | 276°07.3 37.8 Rigel 2817009  -8°11.0
12 | 180°47.6 | 335°15.3 S10°19.4 | 274°58.4  S25°54.2 | 357°50.4  S00°0L.5 | 291°09.6  S20°37.9 Bclalpel!a gggcg;'é 4202(1)'2
13 | 195°50.1 | 350°14.9 20.6 | 289°59.1 54.2 13°01.3 01.7 | 306°11.9 37.9 ’Ela”t': 578°00.8 28°37.0
14 | 210°525 5°14.5 21.8 | 304°59.8 542 | 28°03.3 01.9 | 321°14.2 37.9 Al r_1|a 5789441 10115
15 | 225°55.0 | 20°141  -- 231 | 320°005 - - 543 | 43°05.3 -+ 021 | 336°165 - - 380 Bet l"' am 570°58.9 70048
16 | 240°57.5 | 35°13.7 243 | 335°01.2 543 | 58°07.2 02.4 | 351°18.8 38.0 ec‘:fj:z: 563°55 2 529421
o o o o o . - .
17 | 255°59.9 | 50°13.3 255 | 350°01.9 543 | 73°00.2 02.6 6°21.1 38.0 o 2589318 169443
18 | 271°02.4 | 65°12.9 S10°26.7 5°02.6 S25°54.3 | 88°11.2  S00°02.8 | 21°23.4  $20°38.0 Adhara  255°10.9  -28°50.6
19 | 286°04.8 | 80°125 27.9 | 20°033 54.3 | 103°13.1 03.0 | 36°25.7 38.1 Procyon  244°57.6 5910.9
20 | 301°07.3 | 95°12.1 29.1 35°04.0 543 | 118°15.1 032 | 51°28.0 38.1 Pollux 2439252 27°50.0
21 | 316°09.8 | 110°11.8  -- 30.3 | 50°04.7 - 543 | 133°17.1 -+ 034 | 66°30.3 -- 381 Avior  234°174  -50°336
22 331212.2 125211.4 315 65205.4 54.4 148219.1 03.6 81232.6 38.2 Suhail 222°51.1 -43°29.9
23 346°14.7 140°11.0 32.7 80°06.1 54.4 163°21.0 03.9 96°34.9 38.2 Miaplacidus 221°39.7 -69°47.0
Mer.pass.:23:55 v-0.4 d-1.2 m-3.8 v0.7 d-0.0 m-0.1 v2.0 d-0.2 m-1.5 v2.3 d-0.0 m0.5 Alphard 217°54.2 -8°43.8
Regulus 207°41.5 11°53.2
Thu | GHA GHA Dec GHA Dec GHA Dec GHA Dec Dubhe 1637498  61°39.6
S S S S S S S S S Denebola 182°31.8 14°28.9
0 1°17.2 | 155°10.6  S10°33.9 | 095°06.8 S25°54.4 | 178°23.0  S00°04.1 | 111°37.2  S20°38.2 Gienah  175°503  -17°37.9
1 16°19.6 | 170°10.2 35.1 | 110°07.5 54.4 | 193°25.0 04.3 | 126°39.5 38.2 Acrux  173°07.4  -63°11.4
2 31°22.1 | 185°09.8 36.3 | 125°08.1 54.4 | 208°26.9 045 | 141°41.8 38.3 Gacrux  171°58.9  -57°12.3
3 46°24.6 | 200°09.4 - 37.4 | 140°08.8 - 544 | 223°289 - 047 | 156°441 - - 383 Alioth  166°10.4 550504
4 61°27.0 | 215°09.0 38.6 | 155°09.5 544 | 238°30.9 04.9 | 171°46.4 38.3 Spica  158°202  -11°14.7
5 76°29.5 230°08.6 39.8 170°10.2 54.4 253°32.8 05.1 186°48.7 38.4 Alkaid 152°57.7 49°14.1
6 01°31.9 | 245°08.2 S10°41.0 | 185°10.9 S25°54.5 | 268°34.8  S00°05.4 | 201°51.0 S20°38.4 Hadar  148°452  -60°27.1
7 106°34.4 | 260°07.8 422 | 200°11.6 545 | 283°36.8 05.6 | 216°53.4 38.4 Menkent ~ 148°05.3  -36°27.0
8 121°36.9 | 275°07.4 434 | 215°123 545 | 208°38.7 05.8 | 231°55.7 38.4 Arcturus  145°54.0 19°06.0
9 136°39.3 | 200°07.0 - - 446 | 230°13.0  -- 545 | 313°40.7 -+ 06.0 | 246°58.0 - - 385 Rigil Kent.  139°49.1  -60°54.2
10 | 151°41.8 | 305°06.6 458 | 245°137 545 | 328°42.7 06.2 | 262°00.3 38.5 Kochab ~ 137°21.1 74°05.6
11 166°44.3 | 320°06.2 47.0 | 260°14.4 545 | 343°44.6 06.4 | 277°02.6 38.5 Zuben'ubi  137°03.2  -16°06.4
12 | 181°46.7 | 335°05.9 S10°48.2 | 275°15.1 S25°54.5 | 358°46.6  S00°06.6 | 292°04.9  S20°38.6 Alphecca  126°09.4  26°39.9
13 196°49.2 | 350°05.5 49.4 | 290°15.8 54.5 13°48.6 06.9 | 307°07.2 38.6 Antares  112°23.7  -26°27.9
14 211°51.7 5°05.1 50.6 | 305°16.4 54.5 28°50.5 07.1 | 322°09.5 38.6 Atria  107°23.6  -69°03.4
15 | 226°54.1 | 20°047  -- 51.8 | 320°17.1  -- 545 | 43°525 -- 073 | 337°11.8 - - 387 Sabik  102°10.1  -15°44.5
16 241°56.6 35°04.3 53.0 | 335°17.8 54.5 58°54.5 07.5 | 352°14.1 38.7 Shaula 96°19.0  -37°06.8
17 256°59.1 50°03.9 54.2 | 350°18.5 54.6 73°56.5 07.7 7°16.4 38.7 Rasalhague 96°04.5 12°33.3
18 | 272°01.5 | 65°03.5 S10°55.4 5°10.2  S25°54.6 | 88°58.4  S00°07.9 | 22°18.7 S20°38.7 Eltanin  90°45.1  51°29.7
: : : : : : : : i Kaus Aust. 83°40.9  -34°22.4
19 | 287°04.0 | 80°03.1 56.6 | 20°19.9 54.6 | 104°00.4 08.1 37°21.0 38.8 v 80°37.4 38°48.4
20 | 302°06.4 | 95°02.7 57.7 | 35°20.6 546 | 119°02.4 08.4 | 52°233 38.8 N e‘f‘. 75056 8 6°16.4
21 | 317°08.9 | 110°02.3 10°58.9 | 50°21.3 - 546 | 134°04.3 -+ 086 | 67°256  -- 388 AT'".' iSed e
22 | 332°114 | 125°01.9  11°00.1 | 65°21.9 54.6 | 149°06.3 08.8 | 82°27.9 38.9 pentaly g;ogg'g 52025’);
o o o o o . - .
23 | 347°13.8 | 140°01.5 013 | 80°226 546 | 164°08.3 09.0 | 97°30.2 38.9 Dot 20°20.0 159208
Mer.pass.:23:51 v-0.4 d-1.2 m-3.8 v0.7 d-0.0 m-0.0 v2.0 d-0.2 m-1.5 v2.3 d-0.0 m0.5 Enif 33°44.7 9°57.3
Al Na'ir 27°40.6  -46°52.7
Fri GHA GHA Dec GHA Dec GHA Dec GHA Dec Fomalhaut 15221.3 —29‘0’3149
0 2°16.3 | 155°01.1 S11°025 | 05°23.3 S25°54.6 | 179°10.2  S00°09.2 | 112°32.5  $20°38.9 Scheat 137509 287106
1 17°18.8 | 170°00.7 03.7 | 110°24.0 54.6 | 194°12.2 09.4 | 127°34.8 38.9 Markab 137358 157179
2 32°21.2 | 185°00.3 049 | 125°24.7 546 | 209°14.2 09.6 | 142°37.1 39.0 |[ Sep 21 Wed SHA  Mer.pass
3 47°237 | 199°50.9 -+ 06.1 | 140°25.4 - 546 | 224°16.1 -+ 099 | 157°39.4  -- 39.0 Venus  155°01.9 13:39
4 62°26.2 | 214°59.5 07.3 | 155°26.1 54.6 | 239°18.1 10.1 | 172°41.7 39.0 Mars 04°32.0 17:40
5 77°28.6 | 229°59.1 08.4 | 170°26.7 54.6 | 254°20.1 10.3 | 187°44.0 39.1 Jupiter  177°17.7 12:08
6 02°31.1 | 244°58.7 S11°09.6 | 185°27.4  S$25°54.6 | 260°22.0  S00°10.5 | 202°46.3  $20°39.1 Saturn  110°23.8 16:35
7 107°33.6 | 259°58.3 10.8 | 200°28.1 546 | 284°24.0 10.7 | 217°48.6 39.1
8 | 122°36.0 | 274°57.9 12.0 | 215°28.8 54.6 | 209°26.0 10.9 | 232°50.9 302 || Sep 23/;':: 15305;3'2 Merl";‘f":g
9 137°38.5 | 289°57.5 - 132 | 230°295 - 546 | 314°27.9 -+ 111 | 247°532 .- 30.2 Mare 03°29.6 17:39
10 | 152°40.9 | 304°57.1 14.4 | 245°30.2 546 | 329°29.9 11.4 | 262°555 39.2 Jupiter  177°05.8 12:05
11 167°43.4 | 319°56.7 15.6 | 260°30.8 546 | 344°31.9 11.6 | 277°57.8 39.2 Sp ons :
aturn 110°20.1 16:31
12 | 182°45.9 | 334°56.3 S11°16.7 | 275°31.5  S25°54.6 | 359°33.9  S00°11.8 | 293°00.1  S20°39.3 -
13 197°48.3 | 349°55.8 17.9 | 290°32.2 54.6 14°35.8 12.0 | 308°02.4 39.3 Sep 23 Fri SHA  Mer.pass
14 212°50.8 4°55.4 19.1 | 305°32.9 54.6 20°37.8 12.2 | 323°04.7 39.3 Venus  152°44.8 13:40
15 | 227°53.3 | 19°55.0 - - 20.3 | 320°33.6 - 546 | 44°3938 -+ 12.4 | 338°07.0 - 39.4 Mars 93°07.0 17:38
16 242°55.7 34°54.6 21.5 | 335°34.2 54.6 59°41.7 12.6 | 353°09.3 30.4 Jupiter  176°53.9 12:02
17 257°58.2 49°54.2 22.7 | 350°34.9 54.6 74°43.7 12.9 8°11.6 39.4 Saturn  110°16.2 16:27
18 | 273°00.7 | 64°53.8 S11°23.8 5°35.6  S25°54.6 | 89°45.7  S00°13.1 23°13.9  S20°39.4 Horizontal parallax
19 | 288°03.1 79°53.4 25.0 | 20°36.3 54.6 | 104°47.6 13.3 | 38°16.2 39.5 Venus: 0.1
20 | 303°05.6 | 94°53.0 262 | 35°37.0 546 | 119°49.6 135 | 53°185 39.5 Mars. 0.1
21 | 318°08.1 | 109°52.6 - 274 | 50°37.6 - 546 | 134°516 -+ 137 | 68°208  -- 395
22 | 333°10.5 | 124°52.2 28.6 | 65°38.3 54.6 | 149°53.5 13.9 | 83°23.1 39.6
23 | 348°13.0 | 139°51.8 207 | 80°39.0 54.6 | 164°55.5 14.1 98°25.4 39.6

Mer.pass.:23:47

v-0.4 d-1.2 m-3.8

v0.7 d-0.0 m-0.0

v2.0 d-0.2 m-1.5

v2.3 d-0.0 m0.5
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TABLE 4- GHA Y’ (ARIES) FOR THE YEARS 2022-2030
c. INCREMENT OF GHA Y’ FOR MINUTES AND SECONDS

00° | 04° ‘ 08s ‘ 125 | 168 ‘ 20s ‘ 245 ‘ 28s 328 ‘ 36° | 408 ‘ 445 | 488 | 528 ‘ 565 ‘ 60°
00 | 000 001 002 003| 004 005 006 007 | 00 | 008 009 010 011 | 012 013 014 015| 00
o1 | 015 o016 017 018 | 019 020 021 022 | o1 | 023 024 025 026 | 027 028 029 030| o1
02 | 030 031 032 033 | 034 035 036 037 | 02 | 038 039 040 041 | 042 043 044 045 | 02
03 | 045 046 047 048 | 049 050 051 052 | 03 | 053 054 055 056 | 057 058 059 100 | 03
04 100 101 102 103 104 105 106 107 04 108 109 110 111 112 113 114 115 04
05 115 116 117 118 119 120 121 122 05 123 124 125 126 127 128 129 130 05
06 130 131 132 133 134 135 136 137 06 138 139 140 141 142 143 144 145 06
07 145 146 147 148 149 150 151 152 07 153 154 155 156 157 158 159 200 07
08 200 201 202 203 204 205 206 207 08 208 209 210 211 212 213 214 215 08
09 215 216 217 218 219 220 221 222 09 223 224 225 226 227 228 229 230 09
10 230 2 31 232 233 234 235 236 237 10 238 239 240 241 242 243 244 245 10
11 245 246 247 248 249 250 251 252 1 253 254 255 256 257 258 259 300 11
12 300 301 302 304 305 306 307 308 12 309 310 311 312 313 314 315 316 12
13 316 317 318 319 320 321 322 323 13 324 325 326 327 328 329 330 331 13
14 331 332 333 334 335 336 337 338 14 339 340 34 342 343 344 345 346 14
15 | 346 347 348 349 | 350 351 352 353 | 15 | 354 355 356 357 | 358 359 400 401 | 15
16 401 402 403 404 405 406 407 408 16 409 410 411 412 413 414 415 416 16
17 416 417 418 419 420 421 422 423 17 424 425 426 427 428 429 430 431 17
18 431 432 433 434 435 4 36 437 438 18 439 440 441 442 443 444 445 446 18
19 4 46 4 47 448 449 450 4 51 452 453 19 454 455 456 457 458 459 500 501 19
20 | 501 502 503 504 | 505 506 507 508 | 20 | 509 510 511 512 | 513 514 515 516 | 20
21 | 516 517 518 519 | 520 521 522 523 | 21 | 524 525 526 527 | 528 529 530 531 | 21
22 | 531 532 533 534 | 535 536 537 538 | 22 | 539 540 541 542 | 543 544 545 546 | 22
23 546 547 548 549 550 551 552 553 23 554 555 556 557 558 559 600 6 01 23
24 | 601 602 603 604 | 605 606 607 608 | 24 | 609 610 611 612 | 613 614 615 616 | 24
25 616 617 618 619 620 621 622 623 25 624 625 6 26 627 628 629 6 30 6 31 25
26 | 631 632 633 634 | 635 636 637 638 | 26 | 639 640 641 642 | 643 644 645 646 | 26
27 6 46 647 648 649 6 50 6 51 652 6 53 27 654 655 6 56 657 6 58 6 59 700 7 01 27
28 7 01 7 02 7 03 7 04 7 05 7 06 707 7 08 28 709 710 711 712 713 714 715 716 28
29 716 717 718 719 7 20 721 722 723 29 724 725 7 26 727 728 729 7 30 7 31 29
30 7 31 7 32 7 33 734 7 35 7 36 7 37 7 38 30 7 39 7 40 7 41 7 42 7 43 7 44 7 45 7 46 30
31 7 46 7 47 7 48 7 49 7 50 7 51 7 52 7 53 31 754 7 55 7 56 757 7 58 7 59 800 8 01 31
32 8 01 802 803 804 805 806 807 808 32 809 810 811 812 813 814 815 816 32
33 816 817 818 819 820 8 21 822 823 33 824 825 826 827 828 829 830 8 31 33
34 8 31 832 833 834 835 8 36 837 838 34 839 840 8 41 842 843 844 845 8 46 34
35 | 846 847 848 849 | 850 851 852 853 | 35 | 854 855 856 857 | 858 859 900 901 | 35
36 901 902 903 904 905 906 907 908 36 910 911 912 913 914 915 916 917 36
37 917 918 919 920 921 922 923 924 37 925 926 927 928 929 930 9 31 932 37
38 | 932 933 934 935 | 936 937 938 939 | 38 | 940 941 942 943 | 944 945 946 947 | 38
30 | 947 948 949 950 | 951 952 953 954 | 39 | 955 956 957 958 | 959 1000 1001 1002 | 39
40 |1002 1003 1004 1005 |1006 1007 1008 1009 | 40 |1010 1011 1012 1013 |1014 1015 1016 1017 | 40
41 1017 1018 1019 1020 |1021 1022 1023 1024 41 1025 1026 1027 1028 (1029 1030 1031 1032 41
42 |1032 1033 1034 1035 |1036 1037 1038 1039 | 42 |1040 1041 1042 1043 |1044 1045 1046 1047 | 42
43 |1047 1048 1049 1050 |1051 1052 1053 1054 | 43 |1055 1056 1057 1058 |1059 1100 1101 1102 | 43
44 1102 1103 1104 1105 1106 1107 1108 1109 44 1110 1111 1112 1113 (1114 1115 1116 1117 44
45 1117 1118 1119 1120 |1121 1122 1123 1124 45 1125 1126 1127 1128 (1129 1130 1131 1132 45
46 1132 1133 1134 1135 |1136 1137 1138 1139 46 1140 1141 1142 1143 (1144 1145 1146 1147 46
47 1147 1148 1149 1150 1151 1152 1153 1154 a7 1155 1156 1157 1158 (1159 1200 1201 1202 47
48 1202 1203 1204 1205 |1206 1207 1208 1209 48 1210 1211 1212 1213 (1214 1215 1216 1217 48
49 1217 1218 1219 1220 | 1221 1222 1223 1224 49 1225 1226 1227 1228 (1229 1230 1231 1232 49
50 1232 1233 1234 1235 |1236 1237 1238 1239 50 1240 1241 1242 1243 (1244 1245 1246 1247 50
51 1247 1248 1249 1250 |1251 1252 1253 1254 51 1255 1256 1257 1258 (1259 1300 1301 1302 51
52 |1302 1303 1304 1305 |1306 1307 1308 1309 | 52 |1310 1311 1312 1313 [1314 1315 1316 1317 | 52
53 1317 1318 1319 1320 |1321 1322 1323 1324 53 1325 1326 1327 1328 (1329 1330 1331 1332 53
54 1332 1333 1334 1335 |1336 1337 1338 1339 54 1340 1341 1342 1343 (1344 1345 1346 1347 54
55 |1347 1348 1349 1350 |1351 1352 1353 1354 | 55 |1355 1356 1357 1358 |1359 1400 1401 1402 | 55
56 1402 1403 1404 1405 |{1406 1407 1408 1409 56 1410 1411 1412 1413 | 1414 1415 1416 1417 56
57 1417 1418 1419 1420 | 1421 1422 1423 1424 57 1425 1426 1427 1428 (1429 1430 1431 1432 57
58 1432 1433 1434 1435 | 1436 1437 1438 1439 58 1440 144 1442 1443 | 1444 1445 1446 1447 58
59 1447 1448 1449 1450 | 1451 1452 1453 1454 59 1455 1456 1457 1458 (1459 1500 1501 1502 59
Example. The value of GHA o for March 17, 2027 at GMT 05:11:41 s (a) 158° 35’ + (b) 090° 59 + (c) 002055 = 171° 29",

Reminder- GHA Y can never exceed 360°. If total is greater than 360° then subtract 360° from it.
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GHA LHA SHA diagram

The above diagram, showing the plane of the equator as seen from the north pole, illustrates
the relationship between the Greenwich and local hour angles, and longitude and sidereal hour angle.

G.H.A. of Aries ( or ), Sun, Moon and planets are tabulated directly ; for these :
LHA. = GHA. — W, longitude ( + E. longitude)
For the stars :
GHA. * « GHA.vr + SHA. % LHA x =LHA v + SHA. %
LHA. * = GHA.v» + SSHA. x — W, longitude ( + E. longitude)



LAT 40°N LAT 40°N

LHA| Hc Zn | HC Zn [ Hc Zn | Ho Zn [ Hc Zn | Ho Zn [ He Zn | |[LHA| Hc Zn | HC Zn | HC Zn [ Hc Zn | Ho Zn [ HC Zn | HC Zn

+CAPELLA | ALDEBARAN +Diphda FOMALHAUT ALTAIR +VEGA Kochab P +Dubhe REGULUS PROCYON +5SIRIUS RIGEL ALDEBARAN +Mirfak

343’055 | 26%1'090 | 31°11' 168 | 19°00"194 | 26%58’ 258 | 30700’ 297 | 27°38'348 90 | 40%5'037 | 2845’ 099 | 489327140 | 32716 167 | 40%3'195 | 6024224 | 61°17' 303
3441 056 | 2707 091 | 3120 169 | 18 49 195 | 2613 259 | 2919 298 | 2728 348 91 | 4113 038 | 2930 100 | 4901 142 | 3226 168 | 4031 196 | 59 51 225 | 60 39 303
3519 056 | 2753 091 | 3129 170 | 1837 196 | 2528 260 | 2838 208 | 2719 348 | [ 92 | 4141 038 | 3016 100 | 4929 143 | 3235 169 | 4018 197 | 59 18 227 | 6000 303
3557 057 | 2838 092 | 3136 171 | 18 24 197 | 2442 261 | 2758 299 | 2710 349 93 [4209 038 | 3101 101 [ 4956 145 [ 3243 170 | 4004 198 | 58 45 228 | 50 22 303
3635 057 | 2924 093 | 3143 172 | 18 10 198 | 2357 261 | 2718 299 | 2701 349 94 (4237 038 | 3146 102 | 5022 146 | 3250 171 | 3948 200 | 58 10 230 | 58 43 303

37°14'057 | 30°10°093 | 31°49'173 | 17°56 ' 190 | 2312’ 262 | 26°38"300 | 26%52' 349 95 | 436’038 | 32°31"102 | 50°48’147 | 32%57'173 | 39%33'201 | 57°34"231 | 58°04 303
3753 058 | 3056 094 | 3154 174 | 1741 199 (2226 263 | 2558 300 (2644 349 | | 96 | 4334 038 | 3316 103 |51 12 149 | 3302 174 | 3916 202 | 56 58 232 | 57 26 303
3832 058 | 3142 095 | 3158 175 | 17 25 200 | 21 40 263 | 2518 301 | 26 35 350 97 | 4402 038 | 3400 104 | 51 35 150 | 3306 175 | 3858 203 | 56 22 234 | 56 47 303
3911 058 | 3228 095 | 3201 177 | 1709 201 | 2055 264 | 2439 301 | 2627 350 | | 98 | 4431 038 | 3445 105 |51 57 152 | 3310 176 | 3839 205 | 55 44 235 | 56 09 303
3950 058 | 3314 096 | 3204 178 | 16 52 202 | 2009 265 | 2359 301 | 26 19 350 99 | 4459 038 | 3520 106 | 52 19 153 | 3313 177 | 3820 206 | 55 06 236 | 55 30 303

10 | 40%9'058 | 33%59'097 | 3205’ 179 | 16°34’203 | 19°23'265 | 230’302 | 26°2"351 | (100 | 45°28'038 | 36°13" 106 | 52°397155 | 33°15’ 178 | 3759 207 | 54°28'238 | 54°51’ 303
11 | 4108 059 | 3445 097 | 3206 180 | 16 16 204 | 18 37 266 | 2241 302 | 2604 351 | | 101 | 4556 038 | 3657 107 | 5258 156 | 3315 179 | 3738 208 | 53 49 239 | 54 13 303
12 (4148 059 | 3530 098 | 3205 181 | 1557 205 | 1751 267 | 2203 303 [ 2557 351 | | 102 | 4624 038 | 3741 108 | 53 16 158 | 3315 181 | 3716 209 | 53 09 240 | 53 34 303
13 | 4227 060 (3616 099 | 3204 182 | 1538 205 | 17 06 267 | 2124 303 [ 2550 351 | | 103 | 4653 038 | 3825 109 | 53 32 160 | 3314 182 | 3653 210 | 52 29 241 | 52 56 303
14 (4307 060 | 3701 100 | 3202 183 |15 18 206 | 16 20 268 | 2046 304 [ 2543 352 | | 104 | 4721 038 | 3908 110 | 53 48 161 | 3313 183 | 3629 212 | 51 49 242 | 52 17 303

WO EWRNEO ‘—3

+CAPELLA (BETELGEUSE RIGEL +Diphda Enif +DENEB Kochab +Kochab Denebola +REGULUS SIRIUS RIGEL +ALDEBARAN Mirfak

15 | 43%7'060 | 17°00°095 | 14°04'114 | 31°59" 184 | 37%28'249 | 43%33'299 | 25°37'352 | | 105 | 31°23'017 | 2236090 | 391" 110 | 330" 184 | 36%5' 213 | 51°08'243 | 51°39'303
16 | 4427 060 | 1745 095 | 14 46 114 | 3155 186 | 3645 250 | 4252 299 | 2530 352 | | 106 | 31 36 017 | 2322 080 | 4034 111 | 3306 185 | 3530 214 | 50 26 244 | 51 00 303
17 | 4507 061 | 1831 096 | 1528 115 | 3150 187 | 3602 251 | 4212 300 | 2524 352 | |107 | 3149 017 | 2408 091 | 4117 112 | 3301 186 | 3514 215 | 4945 245 | 50 22 304
18 | 4547 061 | 1917 097 | 16 00 116 | 31 44 188 | 3518 251 | 4132 300 | 2518 353 | | 108 | 3203 017 | 2454 092 | 4159 113 | 3256 187 | 3447 216 | 49 03 2456 | 49 44 304
19 | 4627 061 | 2003 097 | 16 50 117 | 31 3B 189 | 3435 252 | 4053 300 | 2512 353 | | 109 | 3216 017 | 2540 092 | 4242 114 | 3250 189 | 3419 217 | 48 21 247 | 49 06 304

20 | 4708062 | 20%8’'098 | 17°31' 117 | 31°30°190 | 33%1’ 253 | 40°13' 300 | 25°07’ 353 110 | 32%30'017 | 26%6'093 | 4323115 | 32%2"190 | 3351’ 218 | 4738248 | 48%27'304
21 (4748 062 (2134 099 | 1812 118 (3122 191 | 3307 254 | 3933 301 2502 354 | |111 | 3244 018 | 2712 094 [ 4405 116 | 3234 191 | 3323 219 | 4655 249 | 4749 304
22 | 4820 062 | 2219 099 | 1852 119 | 3112 192 | 3223 255 | 3854 301 | 2457 354 | | 112 | 3258 018 | 2758 094 | 4446 117 | 3225 192 | 3253 220 | 4612 250 | 4711 304
23 | 4900 062 (2304 100 | 19 32 120 | 3102 193 | 3138 255 | 3815 301 (2452 354 | |113 | 3312 018 | 2844 095 | 4527 118 | 3215 193 | 3223 221 | 4529 251 | 4633 304
24 | 4950 062 | 2349 101 (2012 120 | 3051 184 | 3054 256 | 3735 302 | 24 47 354 114 [ 3326 018 | 2020 095 | 4607 119 | 3204 184 | 31 53 222 | 4445 252 | 4556 305

25 | 50°31"063 | 2435’ 101 | 20%2"121 | 30%0'195 | 30709'257 | 36%6"302 | 24%3'355 | | 115 | 33%1'018 | 30°15' 096 | 46%7 120 | 31°52" 195 | 31°22'223 | 44%01' 253 | 4518’ 305
26 | 51 12 063 | 2520 102 |21 31 122 | 3027 197 | 29 24 258 36 18 302 24 39 355 116 (3355 018 | 31 01 097 | 4727 121 | 31 40 196 | 3050 224 | 43 17 254 | 44 40 305
27 | 5153 063 | 2604 103 | 2210 123 | 3013 198 | 2830 258 | 3530 303 | 24 35 355 117 | 3410 019 | 31 46 098 | 4806 122 | 3126 198 | 3018 225 | 4233 255 | 44 03 305
28 | 5234 063 | 2640 104 | 2248 124 | 2959 199 | 2754 259 | 3500 303 | 2432 356 | | 118 | 3424 019 | 3232 099 | 4845 123 | 31 12 199 | 2045 226 | 41 48 255 | 4325 306
29 | 5315 064 | 2734 104 | 2326 124 | 2044 200 | 2700 260 | 3422 303 | 2428 356 | | 119 | 3439 019 | 3317 099 | 4923 124 | 3057 200 | 2011 227 | 41 04 256 | 42 48 306

+CAPELLA (BETELGEUSE RIGEL +Diphda Alpheratz +DENEB Kochab +Kochab Denebola +REGULUS SIRIUS RIGEL +ALDEBARAN CAPELLA
30 |53°56'064 | 28°8105 | 2404'125 | 20%8'201 | 64547255 | 33%4'304 | 24257356 | | 120 | 34%54 019 | 3402'100 | 50°00'126 | 30°%41"201 | 288’228 | 40%10" 257 | 605" 295
31 | 5437 064 | 2002 106 | 2441 126 | 2912 202 | 6400 254 | 3305 304 | 2422 357 | | 121 | 3500 019 | 3448 101 | 50 37 127 | 3024 202 | 2803 229 | 3934 258 | 59 23 295
32 | 5519 064 | 2947 107 | 2518 127 | 2854 203 | 6325 255 | 3227 305 | 2419 357 | | 122 | 3524 019 | 3533 101 |51 14 128 | 3007 203 | 2728 230 | 3849 259 | 58 42 205
33 | 5600064 | 3031 107 | 2554 128 | 2836 204 | 6241 256 | 3150 305 | 2417 357 | | 123 | 3539 019 | 3618 102 | 51 50 129 | 2049 204 | 2653 231 | 3804 259 | 58 00 295
34 (5641 064 | 3114 108 | 2631 129 | 2817 205 | 6156 257 | 31 12 305 | 24 15 357 124 | 3555 020 | 3703 103 | 5225 130 | 2930 205 | 2617 232 | 3719 260 | 57 19 29

35 | 57%23'064 | 31°58"109 | 2706'130 | 2757206 | 61°11" 258 | 30357306 | 24"13"358 | | 125 | 36°0'020 | 3797 104 | 53°00°132 | 29°0° 206 | 25°41'232 | 3634261 | 56°37 296
36 |58 04 065 | 3241 110 | 2741 131 [ 2737 207 | 6026 259 | 2957 306 | 2411 358 | | 126 | 3626 020 | 3832 105 | 53 34 133 | 2B 50 207 | 25 04 233 | 3548 262 | 55 56 296
37 | 5846 065 | 3324 111 | 2816 131 | 2716 208 | 59 41 260 | 2020 306 | 24 10 358 127 | 3641 020 | 3916 105 | 54 07 134 | 2828 208 | 2427 234 | 3503 262 |55 15 296
38 | 5927 065 | 3407 111 | 2850 132 [ 2654 209 | 58 55 261 | 2843 307 [ 2408 350 | | 128 | 3657 020 | 4001 106 | 54 39 136 | 2806 209 | 2350 235 | 3417 263 | 54 33 29
39 | 6009 065 | 3450 112 | 2024 133 [ 2631 210 | 58 10 262 | 2807 307 [ 2407 359 | | 129 | 3713 020 | 4045 107 |55 11 137 | 2744 210 | 2312 236 | 3332 264 | 53 52 296

40 | 60%1" 065 | 35°32°113 | 20%7" 134 | 2608'211 | 57°24'262 | 27°30308 | 24077359 | 130 | 37%29'020 | 41°29"108 | 55°42'139 | 27%20'211 | 22%34'237 | 326’264 | 53°11 297
41 | 6132 065 | 3614 114 | 3030 135 | 2544 212 |56 39 263 | 2654 308 | 2406 000 | | 131 | 3744 020 | 4212 100 |56 11 140 | 2656 212 | 2155 237 | 32 00 265 | 52 30 297
42 | 6214 065 | 3656 115 | 3102 136 | 2520 213 |55 53 264 | 2618 308 | 2406 000 | (132 | 3800 020 | 4256 110 | 56 40 142 [ 2632 213 |21 16 238 | 31 14 266 | 51 49 297
43 | 6255 065 | 3738 116 | 3133 137 | 2454 214 |55 07 265 | 2542 309 | 2406 000 | (133 | 3816 020 | 4339 110 | 57 08 143 [ 2606 214 | 2037 239 | 3028 266 | 51 08 297
44 | 6337 065 | 3810 117 | 3204 138 | 24 20 215 | 54 22 266 | 25 06 309 | 24 06 000 134 | 3832 021 | 4422 111 | 5735 145 | 2540 215 | 1958 240 | 2043 267 | 50 27 297

+Dubhe POLLUX SIRIUS +RIGEL Diphda +Alpheratz DENEB Kochab +ARCTURUS SPICA REGULUS +5IRIUS BETELGEUSE | #CAPELLA
45 | 22°1' 026 | 31°02'078 | 12°43'125 | 32°35° 139 | 2402216 | 53°367266 | 24°31"310 | | 135 | 38%99'021 | 20%20'082 | 10%2"114 | 58%1" 147 | 25°14 216 | 37°38"244 | 4046' 208
46 | 2232 026 | 3147 078 | 1321 126 | 3304 140 | 2335 216 | 52 50 267 | 2355 310 | [136 | 3905 021 | 2105 082 | 10 44 115 | 58 25 148 [ 2447 217 | 3656 245 | 4905 298
47 | 2252 027 {3232 079 | 1358 127 | 3333 141 | 2308 217 | 5204 268 | 2320 310 | (137 [ 3921 021 |21 51 083 |11 26 115 [ 58 49 150 | 2419 218 | 36 14 245 | 4825 208
48 | 2313 027 | 3318 080 | 1435 127 | 3402 142 [ 2230 218 |51 18 268 | 2245 311 138 | 3937 021 (2237 083 | 1207 116 |59 11 152 | 2350 219 | 3532 247 | 47 44 298
49 (2334 027 | 3403 080 | 15 11 128 | 3430 143 (2211 219 | 50 32 269 | 2211 311 139 [ 3954 021 | 2322 084 | 12 48 117 | 59 32 154 | 2321 219 | 3450 248 | 47 04 298

50 |23%5' 028 | 3448081 | 15°47'129 | 34%57 144 | 21°41’ 220 | 49%6’270 | 21°36'312 | | 140 | 40™10' 021 | 2408’085 | 13°29’118 | 59°52' 155 | 22%2220 | 3407 249 | 4623299
51 (2417 028 | 3533 081 | 16 23 130 | 3523 145 | 21 12 2721 | 49 00 270 | 21 02 312 141 | 4026 021 | 2454 085 | 14 10 118 | 6010 157 | 2222 221 | 3324 249 | 45 43 299
52 | 2430 028 | 3619 082 | 1658 130 | 3549 147 | 2041 222 | 4814 271 | 2028 313 | | 142 | 4043 021 | 2540 086 | 14 50 119 | 6027 159 | 21 51 222 | 3241 250 | 45 03 299
53 | 2501 028 (3704 082 | 1732 131 | 3614 148 | 2010 223 | 4728 272 (1955 313 | |143 | 4059 021 | 2625 087 | 15 30 120 | 6043 161 | 21 20 223 | 31 58 251 | 4423 300
54 | 2523029 |3750 083 | 1B o7 132 | 3638 149 | 1930 223 | 4642 272 | 1921 314 | | 144 | 4115 021 | 2711 087 | 1610 121 | 6057 163 | 20490 224 | 31 14 252 | 4343 300

55 | 25°46'020 | 38%36'083 | 18°41"133 | 3701150 | 19°07' 224 | 45°56" 273 | 1B°98'314 | | 145 | 41°32'021 | 2757 088 | 16°49121 | 61°10" 165 | 2017 225 | 30307253 | 43903'300
56 | 2608 030 | 3921 084 | 1914 134 | 3724 151 | 1835 225 | 4510 273 | 1815 315 | | 146 | 41 48 021 | 2843 088 | 1729 122 | 6121 167 | 19 44 226 | 2946 253 | 42 24 300
57 | 2631 030 | 4007 085 | 1947 135 | 3746 152 | 1B 02 226 | 4425 274 | 1742 315 | | 147 | 4205 021 | 2029 089 | 18 07 123 | 61 30 169 | 19 11 226 | 2902 254 | 41 44 301
58 | 2654 030 | 4053 085 | 2020 135 | 3807 153 | 1720 227 | 43309 275 | 1710 315 | | 148 | 4221 021 | 3015 090 | 1846 124 | 61 38 171 | 18 38 227 | 2818 255 | 41 04 301
59 | 2718 031 | 4130 086 | 2052 136 | 3827 155 | 1655 228 | 4253 275 | 16 38 316 149 (4238 021 | 3101 090 | 1924 124 | 6144 173 | 18 04 228 | 27 34 256 | 4025 301

+Dubhe POLLUX PROCYON +5IRIUS RIGEL +Hamal Schedar +Kochab ARCTURUS +5PICA REGULUS PROCYON +POLLUX CAPELLA
60 | 27%1'031 | 42%25'086 | 20°42'110 | 21°23'137 | 38%6"156 | 61°16" 244 | 54°04'314 | | 150 | 4254 021 | 31°47'091 | 20027125 | 61°49'175 | 4306231 | 601" 257 | 396" 302
61 | 2805 031 | 4310 087 | 3023 111 | 2154 138 | 3904 157 | 6034 245 |53 31 314 | | 151 | 4310 021 | 3233 092 | 2039 126 | 6152 177 | 4229 233 | 59 16 258 | 3907 302
62 | 2820 032 | 4356 088 | 3108 112 | 2225 139 | 3922 158 | 5952 246 | 5258 314 | |152 | 4327 021 | 3319 092 | 2116 127 | 6153 179 | 4153 234 | 58 31 259 | 3828 3m
63 | 2853 032 | 4442 088 3150 112 | 2255 140 | 3939 159 | 59 10 247 | 52 25 314 153 | 4343 021 | 3405 093 | 2153 128 [ 6153 181 | 4115 235 | 5746 260 | 3740 303
64 | 2917 032 | 4528 089 | 3233 113 | 2324 141 | 3954 161 |58 28 248 | 5152 314 | | 154 | 4400 021 | 3451 094 | 2229 129 | 6151 184 | 4038 236 | 57 00 260 | 3710 303

65 | 29%2'032 | 464’089 | 33%15 114 | 233" 142 | 40709'162 | 57745249 | 51°19"314 | | 155 | 44°16'021 | 35°37'094 | 23%05" 129 | 61°47'186 | 40007237 | 56°15" 261 | 3632303
66 | 3007 033 | 4700 090 | 3357 115 | 2421 142 | 4023 163 | 57 02 250 | 50 46 314 | | 156 | 4432 021 | 3622 095 | 2340 130 | 61 42 188 | 3921 238 | 55 30 262 | 3553 304
67 | 3032033 | 4746 091 | 3438 116 | 2440 143 | 4035 165 |56 18 251 | 5013 314 | | 157 | 4448 021 | 3708 096 | 2415 131 | 61 35 190 | 3842 239 | 54 44 263 | 3515 304
68 | 3057 033 | 4832 091 | 3519 117 | 2516 144 | 4047 166 | 55 35 252 | 4940 314 | | 158 | 4504 021 | 3754 096 | 2440 132 | 6127 192 | 3802 240 | 53 58 264 | 34 37 304
69 | 3122033 (4918 092 | 3600 118 | 2543 145 | 4058 167 | 54 51 253 [ 4907 314 | | 159 | 4521 020 | 3840 097 | 2523 133 | 6116 194 | 3723 240 | 53 13 264 | 3359 305

70 | 31°47'034 | 50°04'093 | 36%1" 119 | 269’146 | 41°08"168 | 54°07 254 | 48%34'314 160 | 45°37'020 | 39%5'098 | 25°57' 134 | 61°05" 196 | 36%2’241 | 52°277265 | 33%21' 305
71 | 3213 034 | 5050 093 | 3721 119 | 2634 147 | 4116 170 |53 22 255 | 4801 314 | | 161 | 4553 020 | 4011 099 | 2630 135 | 6052 198 | 3602 242 | 51 41 266 | 3244 305
72 | 3230034 |51 36 094 | 3801 120 | 2659 148 | 4124 171 | 52 38 256 | 4728 314 162 | 4608 020 | 4056 099 | 2702 136 | 6037 200 | 3521 243 | 5055 266 | 3206 306
73 | 3305 034 | 5221095 | 3840 121 | 2723 149 | 4131 172 |51 53 257 | 4655 314 | | 163 | 4624 020 | 41 41 100 | 2734 136 | 6021 202 | 3440 244 | 50 09 267 | 31 29 306
74 | 3331035 |530709 | 3919 122 | 2746 150 | 4136 174 | 51 08 258 | 4622 314 | | 164 | 4640 020 | 4226 101 | 2805 137 | 6003 203 | 3358 245 | 4923 268 | 3052 306

+Dubhe POLLUX PROCYON +5IRIUS RIGEL +Hamal Schedar +Kochab ARCTURUS +5PICA REGULUS PROCYON +POLLUX CAPELLA
75 | 33%57'035 | 53°53'096 | 3958123 | 2808'151 | 41°417175 | 50°23'259 | 45°49'314 | | 165 | 46%56' 020 | 43°12" 102 | 2836138 | 59°44205 | 3317 246 | 4837269 | 30%15' 307
76 | 3423035 | 5439097 | 4036 124 | 2830 152 | 4145 176 | 4938 259 | 4517 315 | | 166 | 4711 020 | 4357 102 | 29006 139 | 59 24 207 | 3235 247 | 4752 269 | 2938 307
77 | 3450 035 | 5524 098 | 4114 125 | 2851 153 | 4147 178 | 4853 260 (4444 315 | | 167 | 4727 020 | 4441 103 | 2936 140 | 59 02 209 | 31 52 247 | 4706 270 | 29 02 307
78 | 3516 036 |56 10 099 | 4151 126 | 2012 154 | 4148 179 [ 4807 251 | 44 11 315 168 | 4742 012 | 4526 104 | 3005 141 | 58 39 211 | 31 10 248 | 4620 270 | 28 25 308
79 | 3543 036 (5655 100 | 4228 127 (2932 155 | 4149 180 | 4722 262 (4339 315 | | 169 | 4757 019 | 4610 105 | 3034 142 | 5815 212 | 3027 249 | 4534 271 | 2749 308

80 | 36°0'036 | 57°40°100 | 4304129 | 29%1" 156 | 41°48'182 | 46°36'263 | 4306315 | [ 170 | 48712019 | 46%5' 106 | 31%01" 143 | 57°50° 214 | 20%4'250 | 448272 | 27713 309
81 | 23637 036 | 58 25 101 | 4340 130 | 3009 157 | 41 46 183 | 4551 263 | 42 34 315 171 [ 4827 019 | 4739 107 | 31 2B 144 | 5724 216 | 29 00 251 | 4402 272 | 26 37 309
82 | 3704 036 | 59 10 102 | 4415 131 | 3026 158 | 41 43 184 | 4505 264 | 42 01 315 172 (4842 019 | 4823 108 [ 3155 145 |56 57 217 | 2817 251 | 4316 273 | 26 02 300
83 | 3731 036 | 53955 103 | 4449 132 | 3043 159 | 4130 186 | 4419 265 | 4120 315 | | 173 | 4857 019 | 4907 108 | 3221 146 | 5628 219 | 2733 252 | 4230 274 | 25 26 310
84 | 3759 037 60 40 104 | 4523 133 | 30 58 160 | 41 34 187 | 43 34 265 | 4057 316 174 | 4911 018 | 4950 109 | 32 46 147 | 55 59 220 2649 253 (4144 274 | 2451 310

85 | 38926037 | 61°24'105 | 453°56" 134 | 31°13" 162 | 41°28'188 | 4248266 | 40%25'316 | [ 175 | 49267018 | 50°33"110 | 33%10' 148 | 55°29'222 | 26%5' 254 | 4058275 | 2476311
86 | 3854 037 | 6200 106 | 4629 135 | 3128 163 | 4121 189 | 4202 267 | 3953 316 | [176 | 4940 018 |51 16 111 [ 3334 150 | 54 58 223 [ 2521 255 (4012 275 [ 2341 311
87 | 3922 037 | 6253 107 | 4701 137 | 3141 164 | 4113 191 | 4116 268 | 3921 316 | |177 | 4954 018 | 51 59 112 | 3357 151 | 54 26 235 | 24 37 255 | 3927 276 | 2307 312
88 | 3949037 |6337 108 | 4732 138 | 3153 165 | 4104 192 | 4030 268 | 3840 316 | |178 |50 08 017 | 5241 113 | 3419 152 |53 53 226 | 2352 256 | 3841 276 | 2233 312
89 | 4017 037 | 6420 109 | 4803 139 | 3205 166 | 4054 193 | 3944 269 | 3818 317 | [179 | 5021 017 |53 23 114 | 3440 153 (5320 227 | 2308 257 [ 3755 277 | 21539 312

80




LAT 40°N LAT 40°N

LHA| Hc Zn | Hc Zn [ Hc Zn | Ho Zn [ Hc Zn | HC Zn [ Hc Zn | [LHA| Hc Zn | Hc Zn | HC Zn [ Hc Zn | Ho Zn [ HC Zn | HC Zn

L +VEGA Alphecca ARCTURUS +5PICA REGULUS +POLLUX CAPELLA 1— +Alpheratz ALTAIR Munki +ANTARES ARCTURUS +Alkaid Kochab

180 | 17°48'054 | 43%0'090 | 5405115 | 35%01"154 | 52°946'229 | 37°10'278 | 21°25"313 | | 270 | 16°39'066 | 50°13'134 | 22%7'166 | 20%20°201 | 3802263 | 45°35" 304 | 49°30"342
181 | 18 25 054 | 44 36 090 | 54 46 117 | 3521 155 | 52 11 230 | 3624 278 | 2051 313 271 | 1721 066 | 50 46 135 [ 2237 167 | 2003 202 | 3716 264 | 4456 304 | 4916 342
182 | 1903 055 | 4522 091 |55 27 118 | 3540 156 | 51 35 231 | 3539 279 | 2018 314 | | 272 | 18 03 067 | 51 1B 136 | 2247 168 | 1945 203 | 3630 265 | 4418 304 | 4901 342
183 | 1940 055 | 4608 g9z | 56 0B 119 | 3558 157 | 5059 233 | 3453 279 | 1945 314 | | 273 | 1845 067 | 51 50 138 | 2256 169 | 1927 204 | 3545 266 | 4340 304 | 4847 341
184 | 2018 056 | 4653 092 | 56 48 120 | 3615 159 | 50 22 234 | 3408 280 | 19 12 315 274 | 19 28 068 | 52 20 139 | 2304 170 | 19 08 205 | 3459 266 | 4303 305 | 4832 341

185 | 2056056 | 47°39'093 | 57°27 121 | 36%31" 160 | 49%5" 235 | 33%23"280 | 18°39'315 275 | 20°11’ 068 | 52°50" 141 | 23%12" 171 | 18°48'206 | 3413 267 | 42%25'305 | 4817 341
186 | 2135 057 | 4825 094 |58 06 123 | 3647 161 | 4907 236 | 3238 281 |18 07 316 | | 276 | 2053 069 |53 18 142 | 2318 172 | 18 28 207 | 3327 268 | 41 47 305 | 4802 321
187 | 2213 057 | 4911 094 |58 45 124 | 3701 162 | 4820 237 | 3153 282 | 1735 316 | | 277 |21 36 069 | 5346 143 | 2324 173 | 18 07 208 | 3241 268 | 41 10 305 | 4747 341
188 | 2252 058 | 4957 095 | 5922 125 | 3715 163 | 4750 238 |31 0B 282 | 1703 316 | | 278 | 2210 070 | 54 13 145 | 2329 174 | 1745 208 | 31 55 269 | 4032 306 | 4732 341
189 | 2331 058 | 5043 096 | 6000 127 | 3728 164 | 4710 239 | 3023 283 | 1632 317 | | 279 | 2303 070 | 54 39 146 | 2334 175 | 1723 209 | 31 09 270 | 3955 306 | 4716 340

190 | 24%10"059 | 51°28'097 | 60%36'128 | 370" 166 | 46°31" 240 | 29738'283 | 16%00'317 | | 280 | 236’071 | 55704148 | 2337176 | 17°00°210 | 30%23"270 | 39°18'306 | 4701 340
191 | 2449 059 | 52 14 097 | 6112 130 | 3751 167 | 4550 241 | 2853 284 | 1520 318 | | 281 | 2430 072 | 55 28 150 | 2340 177 | 16 37 211 | 2037 271 | 3841 307 | 4645 340
192 | 2520 060 |53 00 098 | 6147 131 | 3801 168 | 4510 242 | 2800 284 | 1459 318 | | 282 | 2513 072 |55 50 151 | 2342 178 | 16 13 212 | 2851 271 | 38 04 307 | 46 29 340
193 | 2600 060 | 53 45 099 | 6221 133 | 3800 169 | 4429 243 | 2724 285 | 1428 319 | | 283 | 2557 073 |56 12 153 | 2343 179 | 15 49 213 | 2805 272 | 3727 307 | 46 14 340
194 [ 26 49 060 | 54 30 100 | 6254 135 | 3817 171 | 4348 244 | 2640 285 | 1358 319 | (284 | 2641 073 | 56 32 155 | 2344 180 | 15 24 213 | 2719 273 | 3651 307 | 4558 340

DENEB +*VEGA ARCTURUS +5PICA REGULUS +POLLUX Dubhe +Alpheratz Enif ALTAIR +Rasalhague | ARCTURUS Alkaid +Kochab
195 | 13°%02'0p41 | 27%29'061 | 63%26'136 | 3824172 | 436" 245 | 25°55" 286 | 62709"331 285 | 27%5'074 | 42°43'118 | 56°52" 156 | 56°52' 220 | 2633'273 | 36°14' 308 | 45°42"340
196 | 1332 041 | 2800 061 | 6357 138 | 3830 173 | 4224 246 | 2511 286 | 6147 330 | | 286 | 2800 074 | 4324 119 | 57 09 158 | 56 22 222 | 2548 274 | 35 38 308 | 45 26 340
197 | 14 02 p42 28 49 062 64 28 140 38 35 174 | 41 42 247 | 24 27 287 61 24 329 287 | 28 53 075 | 4404 120 | 57 26 160 5551 223 | 2502 275 | 3502 308 | 45 10 339
198 [ 14 33 042 | 2930 062 | 6457 142 [ 3840 176 | 4059 248 | 2343 287 | 61 00 320 | | 288 | 2938 075 | 4444 121 |57 41 162 | 55 19 224 | 2416 275 | 3426 309 | 4454 339
199 [ 1504 043 | 3011 063 | 6524 144 [ 3843 177 | 4017 249 | 2300 288 | 6036 328 | | 289 | 3022 076 | 4523 122 | 5755 163 | 54 46 226 | 2330 276 | 3350 309 | 44 37 339

200 | 15°35' 043 | 30%2'063 | 65°51" 146 | 38%45' 178 | 3934250 | 22°16' 289 | 60°12' 328 290 | 31°%07'076 | 46%02"123 | 58°08'165 | 54°13" 227 | 22%4'276 | 33"14'309 | 4421"339
201 (1607 044 | 3133 064 | 6616 148 [ 3846 179 | 3850 251 |21 32 289 [ 5947 327 | | 291 | 3152 077 | 4640 124 |58 19 167 | 53 39 229 | 2159 277 | 3239 310 | 4405 339
202 | 1630 044 | 3214 064 | 6640 150 | 3846 181 | 3807 252 | 2049 290 | 5922 327 | | 292 | 3236 077 | 4718 125 |58 28 169 | 53 04 230 | 2113 278 | 3203 310 | 43 49 339
203 | 1711 045 | 3255 064 | 6702 152 | 3845 182 | 3723 252 | 2006 290 | 58 57 327 293 (3321 078 | 4755 126 [ 5837 171 | 5229 231 | 2028 278 | 31 28 310 | 4332 339
204 (1743 045 | 3337 065 | 6723 155 [ 3843 183 | 3639 253 | 1923 291 [ 5832 326 | | 294 | 3406 078 | 4832 128 | 5843 173 | 51 52 232 | 19 42 279 | 3053 311 | 4316 339

205 | 18%16" 046 | 34"19'065 | 67%2"157 | 38%30"184 | 35°55 254 | 18°40' 201 | 58°%06'326 | | 295 | 341" 079 | 4908'120 | 58°48'175 | 51°16' 234 | 18°57' 279 | 30°18' 311 | 4259 339
206 | 18 49 046 | 3501 066 | 6759 159 | 3835 186 | 3511 255 | 17 57 292 | 57 40 325 296 (3537 080 | 4943 130 [ 5852 176 | 50 38 235 | 18 12 280 | 2944 311 | 4243 339
207 | 1922 046 | 3543 066 | 6814 162 | 3830 187 | 3426 256 | 1715 292 |57 14 325 | | 297 | 3622 080 | 5018 131 |58 54 178 | 50 01 236 | 1726 281 | 29 00 312 | 4227 339
208 | 1955 047 | 3625 067 | 6828 164 | 3824 188 [ 3342 256 | 1632 293 |56 47 325 | | 298 | 3707 081 | 5053 132 | 5855 180 | 4922 237 | 16 41 281 | 2835 312 | 42 10 339
209 | 2029 047 | 3707 067 | 6830 167 | 3817 185 | 3257 257 | 15 50 294 | 56 20 324 299 [ 3752 081 |51 26 134 [ 5854 182 | 4843 238 | 1556 282 | 28 01 312 | 41 54 339

DENEB +VEGA Rasalhague ANTARES +5PICA REGULUS +Dubhe +Mirfak Alpheratz +Enif ALTAIR Rasalhague +Alphecca Kochab

210 | 21°03'048 | 37%9'067 | 35°28'104 | 14°54" 146 | 38%00'191 | 32%12' 258 | 55°54"324 | | 300 | 18°11" 039 | 38%38'082 | 51°59" 135 | 58°51" 184 | 4804239 | 3424278 | 41°37'339
211 | 2137 048 | 3832 068 | 3612 105 | 15 19 146 | 38 00 192 | 31 27 259 | 55 27 324 301 | 18 40 040 | 3923 082 [ 52 31 136 | 58 47 186 | 4724 240 | 3339 278 | 41 21 339
212 | 2211 049 | 3914 068 | 3656 106 | 15 44 147 | 3751 193 | 3042 259 | 5459 324 | | 302 | 19 10 040 | 4000 083 |53 03 138 | 58 42 188 | 4644 241 | 3254 279 | 41 04 339
213 (2246 049 | 3957 069 | 3741 107 | 16 09 148 | 3740 194 | 2957 260 | 54 32 323 303 | 1940 040 | 4055 083 [ 5333 139 |58 35 190 | 46 04 242 | 3208 279 | 4048 330
214 | 2321 050 | 4040 069 | 3824 108 | 1633 149 | 3728 196 | 2012 261 |54 05 323 | | 304 | 2010 041 | 41 40 084 | 54 03 141 | 58 26 192 | 45 23 243 | 31 23 280 | 40 32 339

215 | 23%56"050 | 41°23'069 | 398’108 | 16°57" 150 | 37"15 197 | 28%6'261 | 53°37'323 | | 305 | 2040041 | 4226°085 | 54°31" 142 | 58°16" 193 | 44%41" 244 | 3038281 | 40%15" 339
216 | 2431 050 | 4206 070 | 3952 100 |17 10 151 [ 3701 198 | 2741 262 |53 00 323 | | 306 | 21 10 042 | 4312 085 |54 59 124 |58 05 195 | 4400 245 | 2952 281 | 3959 339
217 | 2507 051 | 4249 070 | 4035 110 | 1742 151 | 3647 190 | 2655 263 |52 41 323 | | 307 | 21 41 042 | 4358 086 | 55 26 145 | 5752 197 | 4318 246 | 2907 282 | 3043 339
218 (2543 051 | 4333 071 |41 18 111 | 1803 152 [ 3631 200 | 2600 264 | 52 13 322 308 | 2212 043 | 4443 086 | 5552 147 | 57 38 190 | 4235 247 | 2822 282 | 39026 339
219 [ 26 18 052 | 4416 071 | 4201 112 [ 1824 153 | 3615 201 | 2524 264 | 51 45 322 | | 309 | 2243 043 | 4529 087 | 56 16 148 | 5722 201 | 4153 248 | 2738 283 | 3910 339

220 | 26%5’ 052 | 45°00°071 | 42%3"113 | 18°45" 154 | 35°58’ 203 | 24°38’265 | 51°17'322 | [ 310 | 23%15' 043 | 46°15' 088 | 56°40"150 | 57°05' 202 | 41°10° 249 | 26%3’ 283 | 38%4 339
221 | 2731 052 | 4543 072 | 4325 114 | 1905 155 | 3540 204 | 2352 266 | 50 40 322 | | 311 | 2346 044 | 4701 088 | 57 02 152 | 56 47 204 | 4027 250 | 2608 284 | 38 38 339
222 | 2807 053 | 4627 072 | 4407 115 | 1924 156 | 3521 205 | 2306 266 | 50 21 322 | | 312 | 2418 044 | 4747 089 | 57 24 153 | 56 28 206 | 3944 251 | 2524 284 | 3822 340
223 | 2844 053 | 4711 073 | 4449 116 | 1942 157 | 3501 206 | 2220 267 | 4952 322 | | 313 | 2450 045 | 4833 089 | 5744 155 | 56 07 208 | 3900 252 | 24 39 285 | 3806 340
224 | 2921 054 | 4755 073 | 4530 117 | 2000 158 | 3440 207 | 21 35 268 | 4924 322 | | 314 | 2523 045 | 4919 090 | 58 02 157 | 5545 209 | 3816 253 | 2355 286 | 3750 340

DENEB +ALTAIR Rasalhague ANTARES +5PICA Denebola +Dubhe +Mirfak Hamal Diphda +FOMALHAUT ALTAIR +VEGA Kochab

225 | 2058’ 054 | 18°48' 004 | 46°1' 118 | 20°17' 158 | 34°10' 208 | 41°25" 252 | 48%6'322 | | 315 | 25°55' 045 | 2420072 | 12°04126 | 15°13" 154 | 55°227211 | 6237279 | 37°34" 340
226 (3035 054 | 1934 095 | 4651 119 | 2034 159 | 3357 209 | 4041 253 [ 4827 322 | | 316 | 2628 046 | 2515 080 | 1241 127 | 15 33 154 | 54 58 212 | 61 52 280 | 3718 340
227 | 3113 055 | 2020 095 | 4732 120 | 2050 160 | 3334 210 | 3957 254 | 4759 322 | | 317 | 2701 046 | 2600 080 | 13 18 128 | 15 53 155 | 54 33 214 | 61 07 280 | 3702 340
228 | 3151 055 |2106 096 | 4811 121 | 2105 161 | 3310 212 | 3912 255 | 4730 322 | | 318 | 2734 046 | 2645 081 | 13 54 128 | 1612 156 | 54 07 215 | 6021 280 | 3646 340
229 | 3228 055 | 2151 097 | 4850 122 | 2119 162 | 3246 213 | 3828 256 | 4702 322 319 [ 2808 047 | 2731 081 | 14 30 129 | 16 30 157 | 53 40 217 | 59 36 281 | 36 31 340

230 | 3306'056 | 22737'097 | 49%20'123 | 21°33"163 | 32%1' 214 | 37%3'256 | 46%33'322 | | 320 | 28%=2'047 | 28716’ 082 | 15°05" 130 | 16°487158 | 53°12' 218 | 58%51' 281 | 36°135' 340
231 (3344 056 | 2322 098 | 50 08 124 | 21 46 164 | 31 55 215 3659 257 46 05 322 321 | 2015 048 | 20 02 083 15 40 131 1705 159 | 52 43 220 58 06 282 36 00 340
232 [ 3423 057 | 2408 099 | 5045 125 [ 2158 165 | 3128 216 | 3614 258 [ 4536 322 | [ 322 | 2940 048 | 2047 083 | 1615 131 | 1721 159 | 5213 221 |57 21 282 | 3544 341
233 | 3501 057 | 2453 100 | 51 22 127 | 2210 166 | 3101 217 | 3520 259 | 4508 322 | | 323 | 3024 048 | 3033 084 | 1649 132 | 17 37 160 | 51 42 223 | 56 36 282 | 35 29 341
234 [ 3540 057 | 2530 100 | 51 59 128 (2221 167 | 3033 218 | 34 44 259 | 44 40 322 324 | 3058 p4g | 3110 084 | 1723 133 | 1752 161 | 51 11 224 |55 51 283 | 35 14 341

235 | 36%18'058 | 26%4'101 | 52°35' 129 | 22%31' 168 | 307053" 219 | 33597260 | 44%1' 322 | | 325 | 31°33'049 | 3204085 | 17°56" 134 | 18°%07" 162 | 50°38'225 | 55706283 | 3459 341
236 | 3657 058 | 2700 102 | 53 10 130 | 2240 169 | 2936 220 | 3313 261 | 4343 322 | | 3263207 049 | 3250 085 | 1829 135 | 18 20 163 | 50 05 227 | 54 22 284 | 3444 341
237 (3736 058 | 2754 102 | 5345 132 [ 2249 170 | 2906 221 | 3228 262 (4315 322 | [ 327 | 3242 050 | 3336 086 | 19 02 136 | 18 33 164 | 4032 228 | 53 37 284 | 3420 341
238 | 3816 p59 | 28390 103 | 54 19 133 | 2256 171 | 2836 222 | 3142 262 | 4246 322 328 (3317 050 | 3422 087 [ 1933 136 | 1846 165 | 4857 229 | 5252 284 | 3414 341
239 | 3855 059 | 2923 104 | 5452 134 | 2304 172 | 2805 223 | 3057 263 | 4218 322 | | 3293353 050 | 3508 087 | 2005 137 | 1858 166 | 4822 230 | 52 08 285 | 3400 342

+DENEB ALTAIR Nunki +ANTARES ARCTURUS +Alkaid HKochab +CAPELLA Hamal Diphda +FOMALHAUT ALTAIR +VEGA Kochab

240 | 39°34'059 | 3008'105 | 12°04' 140 | 23%10"173 | 59°29'234 | 65°%01' 303 | 54°56"352 | | 330 | 16°35" 043 | 33°54 088 | 2036138 | 19°00°167 | 4797 231 | 51°23285 | 33%5' 342
241 (4014 060 | 3052 105 | 12 33 141 [ 2315 174 | 58 51 236 | 6423 302 [ 54 50 351 | {331 | 1706 044 | 3640 089 | 21 06 139 | 19 19 167 | 47 10 233 | 50 39 285 | 3331 342
242 [ 4054 060 | 3136 106 | 1302 142 (2320 175 |58 13 237 | 6344 302 [ 54 43 351 | {332 | 1738 044 | 3726 089 | 2136 140 | 19 29 168 | 4634 234 | 4955 286 | 3317 342
243 | 4133 060 | 3220 107 | 13 30 143 | 2324 176 | 57 34 238 | 6305 302 | 54 35 351 333 |18 10 045 | 3811 090 [ 2206 141 | 1938 169 | 4556 235 | 49 11 286 | 3302 342
244 | 4213 061 | 3304 108 | 1358 144 | 2327 177 | 5655 240 | 6226 302 | 5428 350 | | 334 | 1842 045 | 3857 090 | 2234 142 | 1946 170 | 4519 236 | 4827 287 | 3248 342

245 | 42%53 061 | 33%8' 109 | 14°25" 144 | 23°30"177 | 56°15" 241 | 61°477302 | 54°20°350 | [ 335 | 19°15" 045 | 39%43'091 | 23%03"142 | 19°53" 171 | 44°40°237 | 47%43'287 | 32°34"342
246 | 4334 061 | 3431 109 | 1451 145 | 2331 178 |55 34 242 | 6108 302 |54 11 349 | | 336 | 1948 046 | 4020 092 | 2330 143 | 2000 172 | 44 01 238 | 4650 287 | 3221 343
247 | 44 14 061 | 3515 110 | 15 17 146 |23 32 179 | 54 53 243 60 29 302 | 54 03 348 337 | 2021 046 | 41 15 092 | 23 58 144 | 20 06 173 4322 239 46 15 288 | 3207 343
248 | 4454 062 | 3558 111 | 1543 147 | 2332 180 |54 12 244 | 5950 302 |53 54 349 | | 338 | 2054 047 | 4201 093 | 2424 145 | 2011 174 | 4243 240 | 45 31 288 | 31 54 343
249 | 4535 062 | 3640 112 | 1608 148 | 2332 181 |53 31 245 | 50 11 302 | 53 44 348 339 | 2128 pa7 | 4247 094 | 2450 145 [ 2016 175 | 4203 241 | 44 48 289 | 31 40 343

250 | 46°5' 062 | 37%23"113 | 16°32'148 | 23°30'182 | 52°49°245 | 58°31'302 | 53°35 348 340 | 22%2'048 | 439337095 | 25°15" 147 | 2020176 | 41°22'242 | 4404 289 | 31°27'343
251 | 465356 062 | 3805 114 | 1656 148 | 2328 183 | 52 06 248 | 5752 302 | 53 25 347 341 (2236 048 | 4419 095 | 2540 148 | 2023 177 | 4041 243 | 4321 289 | 31 14 344
252 | 4737 063 | 3847 115 |17 19 150 | 2325 184 |51 24 249 | 5713 302 |53 15 347 | | 342 | 2310 049 | 4504 096 | 2604 149 | 2025 178 | 4000 244 | 4237 290 | 31 01 344
253 | 4818 063 | 3920 115 | 1742 151 | 2321 185 | 5041 250 | 56 34 302 | 53 04 347 | | 343 | 2345 049 | 4550 097 | 2627 150 | 2027 178 | 3919 245 | 41 54 290 | 3048 344
254 | 4859 063 | 4010 116 | 1804 152 | 2316 186 | 4958 250 | 5555 302 | 5253 346 | | 344 | 2410 049 | 4636 097 | 2650 151 | 2027 179 | 3837 246 | 41 11 291 | 3036 344

+DENEB ALTAIR Nunki +ANTARES ARCTURUS +Alkaid Kochab +CAPELLA | ALDEBARAN Diphda +FOMALHAUT ALTAIR +VEGA Kochab

255 | 49°40'063 | 40%51" 117 | 18°25" 153 | 23°11" 187 | 49°14 251 | 55°16302 | 52°342' 346 345 | 2454050 | 14°54' 081 | 27°12' 152 | 2027180 | 3755 247 | 40%28'291 | 30%23'344
256 | 5021 064 | 4132 118 | 1B 46 154 | 2305 188 | 4830 252 |54 36 302 |52 31 346 | | 346 | 2530 050 | 15 40 081 | 2733 153 | 2027 181 | 3713 247 | 3945 291 | 3011 345
257 | 51 02 064 | 4212 113 | 19 06 154 | 2258 182 | 4747 253 | 53 57 302 | 52 20 345 347 | 26 05 051 | 1625 082 | 2754 154 | 2025 182 | 36 30 248 | 3903 292 | 2050 345
258 | 51 44 064 | 4252 120 | 1926 155 | 2250 190 | 4702 254 |53 18 302 |52 08 345 | | 348 | 2641 051 | 1711 083 | 2814 155 | 2023 183 | 3547 249 | 3820 292 | 2047 345
259 | 5225 064 | 4332 121 | 10 44 156 | 2242 191 | 4618 255 | 52 39 302 | 51 56 345 349 2716 051 | 1756 083 [ 2B 33 156 | 2020 184 | 3504 250 | 3738 293 | 29 35 345

260 | 53°07'0685 | 44°11’ 122 | 203’157 | 22°32'192 | 45°34’2% | 52°00°302 | 51°44'344 350 | 27%52"052 | 18°42"084 | 28%1' 157 | 2017 185 | 34%21'251 | 36%55' 293 | 2024 346
261 | 53 48 065 | 4449 123 | 2020 158 | 2222 193 | 4440 257 |51 22 302 | 51 31 344 351 | 2820 052 | 1028 084 | 2000 158 | 2012 186 | 3338 252 (3613 204 | 2012 345
262 | 54 30 065 | 4528 124 | 2037 150 | 2212 194 | 4404 257 | 5043 302 | 51 19 344 352 | 2005 053 | 2013 085 | 2025 159 | 2007 187 | 3254 252 | 3531 294 | 2001 345
263 | 55 11 065 | 4603 125 | 2053 160 | 2200 195 | 4319 258 |50 04 303 | 51 06 344 | | 353 | 2042 053 | 2050 085 | 2041 150 | 2001 188 | 3210 253 | 3449 294 | 2850 345
264 | 55 53 065 | 4642 127 | 2100 161 | 21 48 196 | 42 34 259 | 4925 303 | 50 53 343 354 | 3018 053 | 2145 086 | 2957 161 | 1955 189 | 3126 254 | 3407 295 | 2830 348

265 | 56°35066 | 47°19" 128 | 21°24 162 | 21°35" 197 | 41°49'260 | 48%7'303 | 50°39'343 | | 355 | 30%5' 054 | 22°31'087 | 30%1' 162 | 19°48'190 | 30%2255 | 3326295 | 28%9"347
266 | 5717 066 | 4755 129 | 2138 163 | 2122 198 | 41 04 261 | 48 08 303 | 50 26 343 356 (3133 054 | 2317 088 | 3025 163 | 19 40 191 | 2957 256 | 3244 296 | 2818 347
267 | 5759 066 | 4831 130 | 2151 164 |21 07 192 | 4018 261 | 4730 303 | 50 12 343 357 | 3210 054 | 2403 088 | 3037 164 | 19 31 191 | 2913 256 | 3203 296 | 28 08 347
268 | 58 41 066 | 4906 131 | 2204 164 | 2052 200 | 3933 262 | 4651 303 | 4958 342 | | 358 | 3247 055 | 24490 089 | 3049 165 | 19 21 192 | 2828 257 | 31 22 297 | 2758 347
269 | 5923 066 | 4940 133 | 2216 165 | 2037 200 | 3847 263 | 4613 304 | 4944 342 | | 359 | 3325 055 | 2535 089 | 3101 167 | 19 11 193 | 2743 258 | 3041 297 | 2748 328
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