CELESTIAL NAVIGATION

USER's GUIED

For 14-Software Programs

Captain / ADEL MOSTAFA



To the Student & Navigator

With the hope that this work
will stimulate an interest in Celestial Navigation

and provide an acceptable guide to its software applications.
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Introduction

Since the use of the ship's positioning system by GPS, a saying has emerged that
Celestial Navigation science has ended its era and that the Sextant should be hidden
inside museums.
To respond to this statement, we summarize the following:
First: Celestial Navigation is not limited to determining the position of the ship, but it
goes beyond that limited mission to the following important topics:
1) Compass error setting
a)  Measuring the direction of the sun during theoretical sunrise or sunset
b)  Measure the direction of any low-altitude celestial body
2) Definition of different time measurement systems and the relationship between
them.
3) Knowledge of the foundations of the system of rising and setting celestial bodies.
4) Knowledge of the foundations of the annual movement of the sun and its effect on
the phenomenon of day and night.
5) Transforming the legal foundations of the times of the call to prayer for the five
daily prayers into applied equations.

Second: According to the International Maritime Organization IMO, Celestial Navigation
is still recognized as a method for determining the observed position of a ship, and
determining the ship's position by GPS is a confirmatory system.

Third: The flight of many navigators from the application of Celestial Navigation in
determining the position of the ship is attributed to several reasons:
1) Unfamiliarity with adjusting the marine sextant.
2) Unskilled in using the marine sextant to measure the altitude of celestial bodies.
3) Awe of the length of the calculations to reach the elements of the position line.
4) Unfamiliarity with determining the most likely observed location after drawing
three or more position lines.

To solve this dilemma, many available computer programs only require the navigator to
observe stars or planets and enter data to obtain the most likely observed position; thus,
the solution can be summarized in that the navigators are trained to control and use the
marine sextant.



It is worth noting that one of the most important duties of the navigator is to calculate the
time of occurrence of any natural phenomenon for a sailing ship; Therefore, the navigator
resorts to applying the method of successive approximation. This method consists of
applying the following steps:
1) Calculate the future time of occurrence of the phenomenon using the ship's
current position; which is known as the first approximation.
2) Finding the ship's position at the time that was found in the previous step.
3) Using the ship’s last position to calculate the time of the future occurrence of the
phenomenon again, this is known as the second approximation.
Of course, the mathematical position of the ship can be obtained using the sailing map, or
analytically using the following equations:

d. Lat. = dist. Cos T. Co.
dep. =dist. SinT. Co.
d. Long. = dep. / Cos (mean Lat.)

Natural phenomena that require finding their future time of occurrence while sailing; can
be summarized in one sailing day as follows:

1) Morning civil twilight time to prepare for star observations.

2) Sunrise time to check the compass error (amplitude method).

3) The accurate time of the meridian passage of the sun to find the Observed

Latitude of the ship at noon.
4) Sunset time to check the compass error (amplitude method).
5) Evening civil twilight time to prepare for star observations.

It is obvious that there are many programs that solve these requirements, but alone; any
calculation of the time of the morning civil twilight, for example, without preparing the
stars chart for observation. So the thought was to design several programs to solve these
requirements; these programs are:

A. The first group to solve general navigation problems:

1. A program for finding the arrival position with the knowledge of the starting
position, the true course and the distance traveled.

2. A program for finding the distance and true course from the departed position to
the arrived position.



B. The second group to solve the problems of daily celestial navigation
activities:

3. A program for finding the time for the next prayer; and the direction of the Qiblah
at that time.

4. A program for finding Compass error (Time Method).

5. A program for finding Compass error (Amplitude Method).

6. A program to prepare for observing the stars (Star Chart) during the morning (or
evening) twilight.

7. A program to find the time to the nearest second to cross the sun on the ship's
meridian.

C. The third group for solving basic celestial navigation problems:

8. A Program to solve the observation of the sun.

9. A program to solve two observations of the sun, with a long run in between, in
order to obtain the observed (fixed) position.

10. A Program to solve the observation of a star

11. A program for finding the most probable observed position by observing a group
of stars simultaneously in a Universal Method.

12. A program for finding the most probable observed position by observing a group
of stars simultaneously in the Egyptian Method.

D. The fourth group to solve problems related to celestial navigation:

13. A Program to identify a bright unknown star among the clouds.

14. A program for finding the coordinates of the sun and the point of the vernal
equinox, as well as the equation of time.

It should be noted that these programs are available to my sons and fellow naval officers
as a science to benefit from.

This is what was agreed upon by the work team, Eng. Islam Badawy, who designed these
programs, and my dear son, Ahmed Adel, who designed the required graphics.

In the exercises; you shall use the following equipment’s:
e Captain Adel Mostafa soft-ware programs which is given free.
e Pages of Nautical Almanac Tables for the year 1990 are accompanied for the
concerned dates.
e Any Nautical Almanac Tables to extract:
o0 Increments for Sun and Aries.
o Dip angle correction.
0 Altitude corrections for sun and stars
Applications of these Soft-Ware Programs are explained separately in the next pages.



GROUP (1)

ELEMENTARY GENERAL NAVIGATION PROBLEMS

e Rhumb Line (Lat. & Long.)
e Rhumb Line (T. Co & Dist.)



1) Rhumb Line (Lat. & Long.)

To apply this software program_you must:

Calculate distance run in the interval of run.
It is designed to obtain reached position by the knowledge of initial position, true course

and distance run.

The screen of the software program is given below

Rhumb Line Sailing (Latitude & Longitude)

DR Latitude

| ° | | )

| [N/S

DR Longitude

| | )

| [E/W

True Co.

Distance

Solved Application:
Given:
e ZT; 2200 Mar. 12%;
e DR (31° 07°.1N; 24° 45 .8E)
e True Course 153°.0
e Speed 16.4 k
Find DR at ZT, 0400 Mar.13™,

Procedure of application
Step (1): Obtaining interval of run

ZT, 0400 Mar.13™
ZT, () | 2200 Mar. 12
Interval | 6h00m

Step (2): Obtaining distance run
Distance run = [6h 00m x 16.4k] = 98.4 Miles

A. GROUP (1)



Step (3): Apply software as follows;

RHUMB LINE (LAT + LONG)

D.R.Lat

31 7.1 N~
D.R.Long

24 45,3 E o~

Distance Run
938.4

True Course
153

Lat2 = 29° 39.4'N; Long2 = 25° 37.6'E

Result obtained DRosgoMarch 13" (29° 39°.4 N; 25° 37°.6 E)

TRAINING APPLICATIONS
Application (1)
Given:
e Initial DR (31° 15°.9 N; 115° 44°.7 W)
e Distance runs 167.5 M
e True course to steer 201°.0
Calculate Final DR?

Application (2)

Given:
e Initial DR (37°15°.9 S; 177°41°.7 W)
e Distance runs 367.8 M
e  True course to steer 259°.0

Calculate Final DR?

Application (3)

Given:
e Initial DR (01° 15°.9 N; 077° 51".3 E)
e Distance runs 452.6 M
e  True course to steer 169°.0

Calculate Final DR?

Application (4)

Given:
e Initial DR (00° 10°.5 S; 179° 55°.0 E)
e Distance runs 76.0 M
e True course to steer 066°.0

Calculate Final DR?



ANSWERS

Application (1)

RHUMB LINE (LAT + LONG)

D.R.Lat

31 15.9 N -
D.R.Long

115 .7 W -

Distance Run
167.5

True Course
201

Lat2 = 28° 39.5'N; Long2 = 116° 54'W

Result obtained (28°39°.5 N; 116° 54°.0 W)

Application (2)
RHUMB LINE (LAT + LONG)

D.R.Lat

37 15.9 5 -
D.R.Long

177 41.7 W -

Distance Run
367.8

True Course
259

Lat2 = 38° 26.1'S;lLong2 = 174° 41.1'E

Result obtained (38°26°.1 S; 174° 41°.1 E)

Application (3)



RHUMB LINE (LAT + LONG)

D.R.Lat

1 15.9 N -
D.R.Long

77 513 E o~

Distance Run
452.6

True Course
168

Lat2 = 6° 8.4'N; Long2 = 79° 17.7'E

Result obtained (6°08.4 S; 079° 17°.7 E)

Application (4)
RHUMB LINE (LAT + LONG)

D.R.Lat

oo 10.5 5 hd
D.R.Long

179 55 E b4

Distance Run
78

True Course
a6

Lat2 = 0° 20.4' N ;Long2 = 178° 55.6'W

Result obtained (00°20°.4 N; 178° 55°.6 W)



2) Rhumb Line (T. Co & Dist.)

To apply this software program no previous calculations is needed:
It is designed to obtain true course and distance run from the initial position to the
reached position.
The screen of the software program is given below

Rhumb Line Sailing (Course & Distance)

DR; Latitude
L | [ RLYE
DR; Longitude
L | [ | [E/wW_|
DR, Latitude
L | [ RLYE
DR, Longitude
L | [ | [E/wW_|

Solved Application (1):
Given:

DR position (38°26°.1 S; 174° 41°.6 E)

Observed position (38°30°.5 S; 174° 37°.1 E)
Calculate the shift and bearing of the observed position from the DR position.
Procedure of application

Apply software as follows

RHUMB LINE (COURSE + DISTANCE)

D.R.Lat

8
&
o
1

D.R.Long
174 416

m
]

D.R.Lat

-]
w
S
n
n
1

D.R.Long
174 371

H

(Distance: 5.6M ; TBg: 218.7°)

Result obtained:

Shift of the observed position from DR position is5.6 Miles in the direction 218°.7



Solved Application (2):
Given:
Your vessel in DR position (38°30°.5 S; 174° 37°.1 E) received SOS signal from a ship in DR position
(30°39°.1°S; 172° 38".8 E).
Calculate distance run and true course to steer to arrive to that ship?
Apply software as follows

RHUMB LINE (COURSE + DISTANCE)

D.R.Lat
33 30.5

w
Fl

D.R.Long
174 371

m
4

D.R.Lat
30 39.1

w
Fl

D.R.Long
172 8.8

H

(Distance: 481.4M ; TBg: 348.3°)

Result obtained:
Distance 481.4 Miles; True course to steer 348°.3

TRAINING APPLICATIONS
Application (1)
Given:
DR position (28°23°.5N; 170° 13°.7 E)
Observed position (28°32°.2N; 170° 17°.3 E)
Calculate the shift and bearing of the observed position from the DR position.

Application (2)

Given:

Your vessel in DR position (42°39°.5 N; 174° 08°.1 W) received SOS signal from a ship in DR position
(37°09°.1 N; 172° 38°.8 W).

Calculate distance run and true course to steer to arrive to that ship?



ANSWERS

Application (1)
RHUMB LINE (COURSE + DISTANCE)

D.R.Lat

® 23.5 N~
D.R.Long

170 13.7 E |
D.R.Lat

% 322 N v
D.R.Long

170 17.3 E ~|

(Distance: 9.3M ; TBg: 20°)

Result obtained:
Shift of the observed position from DR position is9.3 Miles in the direction 020°.0

Application (2)

RHUMB LINE (COURSE + DISTANCE)

D.R.Lat

42 39.5 N_V
D.R.Long

174 5.1 [ ~|
D.R.Lat

37 5.1 e
D.R.Long

172 38.8 \'\_V

(Distance: 337.4M ; TBg: 168.3°)

Result obtained:
Distance 337.4 Miles; True course to steer 168°.3



GROUP (2)

DAILY CELESTIAL NAVIGATION ACTIVITIES

Prayer Times

Compass Error (Time Method)
Compass Error (Amplitude Method):
Star Chart

Meridian Passage



B. GROUP (2)

3) Prayer Times
To apply this software programs you can proceed without any previous calculations.
The software program is designed to obtain:

El-Fagr Time and EI-Qibla direction

El-Sherouk Time (Sun rise)

El-Zohr Time (Noon) and EI-Qibla direction
El-Asr Time and EI-Qibla direction

El-Maghrib Time (Sun set) and EI-Qibla direction
El-Esha Time and El-Qibla direction

The screen of the software program is given below

Prayer Times and EI-Qibla Direction

Lh | Im | [s |

(D | [™M | LY |

DR Latitude

L L | [N/s |

DR Longitude

L L | [E/W_ |
True Co. Speed Prayer

L | Lknots | | |




Solved Application (1):
ZT 1200; Z.N. (+2); Jul. 11, 1990

e DR (35°10°.1N;35°41°.2W)

e True Course 250°.0
e Speed 17k

e Calculate EI-Asr Time and EI-Qibla direction

Solution
Apply software as follows;

Total_Prayer_Times

Zone Time

Hour
12

Date
Day

11

D.R.Lat

35

D.R.Long

35

True Course

250

Minutes
0

Month

10.1

Second

w4
Prayer Time

El-Asr A

El-Asr Time (o2)| 5] g8, Acgo) is: 16:20:11

Kepla Direction (als)l olxil) is: 100.1°

[Csuomic |

ANSWER
El-Asr time 16h 20m 11s
Kepla Direction 100°.1




TRAINING APPLICATIONS

Application (1)
ZT 0000; Z.N. (-9); August 37, 1990
e DR (31°17°.1N;135°33'.2E)
e True Course 140°.0
e Speed 18.6 k
e Calculate El-Fagr Time and EI-Qibla direction

Application (2)
ZT 1600;_Z.N. (+9); October 2", 1990
e DR (41°53.1S;139°53°.2W)
e  True Course 020°.0
e Speed 195k
e Calculate EI-Maghreb Time and EI-Qibla direction

Application (1)
Total_Prayer_Times

Zone Time

Hour Minutes Second

0o oo oo

Date

Day Month ‘Year

3 8 1990

D.R.Lat

31 17.1 N A

D.R.Long

135 33.2 E -

True Course Speed Prayer Time

140 18.6 El-Fagr -
El-Fagr Time (LxaJl ul3i g8, Acge) is: 03:35:11
Kepla Direction (alual olxl) is: 291.7°

El-Fagr time 03h 35m 11s
Kepla Direction 291°.7




Application (2)

Total_Prayer_Times

Zone Time
Hour Minutes second
16 o 0
Date
Day Month Year
2 10 1990
D.R.Lat
41 53.1 5 -
D.R.Long
139 53.2 W -
True Course Speed Prayer Time
020 19.5 El-Maghreb -

El-Maghreb Time (w,20J] 5] g9, Acge) is: 18:24:54

Kepla Direction (aluJ] olxl) ist 178.2°

El-Maghreb time 18h 24m 54s

Kepla Direction 178°.2




4) Compass Error (Time Method)
To apply this software program:
In case of a star you must:
e Calculate [GHA star] at GMT of taking compass or gyro bearing or both.
e Extract [Dec. star]

In case of Sun you must:
e Calculate [GHA sun] at GMT of taking compass or gyro bearing or both.
e Calculate [Dec. sun]

In both cases:

e Correct variation to year 1990 for exercises; (practically in deep sea it is
corrected to the current year of sailing).

The software program is designed to obtain;

. Compass Error
. Gyro Compass Error
o Deviation

The screen of the software program is given below

Compass Error

GHA of body at GMT

L L |

Dec. of body

L L | [N/s |
DR Latitude

L | L | [N/s |

DR Longitude
° B | [E/W_ |
Compass Bearing

Gyro Bearing

Variation
L° | LE/wW_|




Solved Application (1):

The star Dubhe was seen at low altitude on the western horizon.
It is required to check the error of the compasses.
The following data were recorded;

e GMT: 23h 40m 40s on August 23 ; 1990
DR:29°30°.0 N; 46°40°.0 W

e Compass Bearing 330°.0

e  Gyro Bearing 332°.0

e Variation (1978) 3°.0 E (decreasing 5" annually)
Calculate the error of each compass and the deviation.

Solution;
Step (1) Extract G.H.A.~ & Dec~«

GHA.y 316°58'.4
Incr. 10°11°.7

SHA 194°12°.9 Dec 61° 48°.2N
G.HA- | 161°23.0

Step (2)
Calculate Variggo;
Var.1990 =Var.197g - (5X12) =3°.0E-1°0=2°0E
Step (3)
Apply software as follows;
COMPASS ERROR

GHA at GMT
161 23

Dec at GMT

61 43.2 N -
D.R.Lat

29 30 N -
D.R.Long

46 40 W -

Compass BG.

330

Gyro BG.
332

Variation
2 E -
C.error= 3.6° E

G.error= 1.6° L

Deviation= 1.6° E

Answers: Compass Error [3°.6 E] & Deviation [1°.6 E]
Gyro Error [1°.6 Low]



Solved Application (2):
Sun was seen at low altitude on the western horizon.
It is required to check the error of the compasses.
The following data were recorded;
GMT: 01h 24m 28s on January 2" ; 1990
DR:31°15°.0 S; 125°22°.0 W

Compass Bearing 259°.0

Gyro Bearing 255°.5
Variation (1986)  1°.4 E (decreasing 6" annually)
Calculate the error of each compass and the deviation.

Solution;
Step (1) Extract G.H.A.» & Dec=

Step (2)

G.H.A. 194° 03"
Incr. 06° 07"

A Dec. 22° 57°.4S

.0 d. Corr.

0.1

GHA. | 200° 10°

Calculate Variggo;
Var. 1990 = Var. 19g6 - (6‘X4) =1°4E-0°4=1°0E

Step (3)

Apply software as follows;

COMPASS ERROR

1 C.Dec | 22°57°3S

GHA at GMT

200

10.1

Dec at GMT

22
D.R.Lat
31

D.R.Long
125

57.3

22

Compass BG.

259
Gyro BG.
255.5

Variation
1

Y
C.error= 2.2° W
G.error= 1.3°L

Deviation= 3.2° W

Answers: Compass Error [2°.2 W] & Deviation [3°.2 W]

Gyro Error [1°.3 Low]



TRAINING APPLICATIONS

Application (1)
The star Altair was seen at low altitude on the western horizon.
It is required to check the error of the compasses.
The following data were recorded;
e GMT: 19h 31m 29s on June 17™; 1990
e DR:34°10°.0S;144°35°.0E
e Compass Bearing 312°.0
e  Gyro Bearing 308°.0
e Variation (1980) 3°.0 E (decreasing 3" annually)
Calculate the error of each compass and the deviation.

Application (2)
The star Hadar was seen at low altitude on the eastern horizon.
It is required to check the error of the compasses.
The following data were recorded;
e GMT: 7h 32m 40s on February 171; 1990
e DR:41°20°.0S;171°20°.0 E
e Compass Bearing 155°.0
e Gyro Bearing 159°.5

e Variation (1986) 1°5 W (increasing 15 annually)
Calculate the error of each compass and the deviation.

Application (3)

Sun was seen at low altitude on the eastern horizon.
It is required to check the error of the compasses.
The following data were recorded;

e  GMT: 14h 42m 14s on June 17%; 1990

e DR:21°10°.0 N; 125°00°.0 W

e Compass Bearing 065°.5

e Gyro Bearing 069°.0

e Variation (1975) 0°.5 W (decreasing 4" annually)
Calculate the error of each compass and the deviation.

Application (4)
Sun was seen at low altitude on the eastern horizon.
It is required to check the error of the compasses.
The following data were recorded;
e GMT: 22h 35m 10s on August 23 ; 1990
DR:22°05°.0 N; 120°30°.0 E
e Compass Bearing 085°.0
e Gyro Bearing 083°.0

e Variation (1978)  1°5 W (increasing 5™ annually)
Calculate the error of each compass and the deviation.



ANSWERS

Application (1)

COMPASS ERROR

GHA at GMT
251 4.5

Dec at GMT
3 50.5

D.R.Lat
34 10

D.R.Long
144 35

Compass BG.

312

Gyro BG.
308

Variation

2.5 E -
C.error= 5.9° W
G.error= 1.9°H

Deviation= 8.4° W

Answers: Compass Error [5°.9 W] & Deviation [8°.4 W]
Gyro Error [1°.9 H]

Application (2)

COMPASS ERROR

GHA at GMT
+ 4.1

Dec at GMT
60 19.5

D.R.Lat

4 20

D.R.Long
171 20

Compass BG.

155

Gyro BG.
159.5

Variation

2.5 w -
C.error= 5.3°E
G.error= 0.8° L

Deviation= 7.8° E

Answers: Compass Error [5°.3 E] & Deviation [7°.8 E]
Gyro Error [0°.8 Low]



Application (3)

COMPASS ERROR

GHA at GMT
0 211

Dec at GMT
23 23.2

D.R.Lat
21 10

D.R.Long
125 i

Compass BG.

65.5

Gyro BG.
69

Variation

0.5 E -
C.error=4.1°E
G.error= 0.6° L

Deviation= 3.6° E

Answers: Compass Error [4°.1 E] & Deviation [3°.6 E]
Gyro Error [0°.6 Low]

Application (4)

COMPASS ERROR

GHA at GMT
158 3

Dec at GMT
1 17.2

D.R.Lat
2 5

D.R.Long
120 30

Compass BG.

085

Gyro BG.
083

Variation

2.5 W -
C.error= 2.4° W
G.error= 0.4°H

Deviation=0.1° E

Answers: Compass Error [2°.4 W] & Deviation [0°.1 E]
Gyro Error [0°.4 H]



5) Compass Error (Amplitude Method):

It is a chance to check compasses and deviation at theoretical sunrise or sunset. The sun’s bearing
must be taken a certain situation of the sun’s disc. This is correct only when the altitude of the lower limb
of the sun’s disc is nearly equals its semi-diameter.

Practically the navigator must calculate the True Bearing of the sun’s disc at the phenomena in-advance. At
the moment when he observes the compass bearing, he can obtain the compass error directly.

The software program is designed to obtain;
e True Bearing
e Compass Error
e  Gyro Compass Error Sem eI <o oo
e Deviation

- > Atmospheric Refraction=34
Altitude of Lowerkimb =178 ¢ ——___
Visible horizon

a

i
Sun's actual position at theorctical sunsise/sunset

The screen of the software program is given
below

Compass Error (Amplitude)

zT

Lh | [m ] [s |
Date

o | [m ] [y |
Phenomena

| Sunrise / Sunset |

DR Latitude

L | [ | [N/s ]
DR Longitude

L i | [E/w |
True Co. Speed

| ° | [ knots |

Compass Bearing
Gyro Bearing

Variation
B | [E/wW_ ]




Solved Application

ZT 0400 April 2" 1990;
e DR (30° 10°.1N; 25° 19°.6 E)
e True Course 153°
e Speed 16 k

e Variationiggy 1°.3E
In order to check the compasses at theoretical sunrise phenomena; calculate the True Bearing of the sun at

the phenomena in-advance.
At theoretical Sun Rise:
e Compass bearing was 094°.7
e  Gyro bearing was 093°.6
Calculate the error of each compass and the deviation.

Solution;
Apply software as follows;

COMPASS ERROR Amplitude

Answer:

Cancel

True Bearing at Sunrise 084°.5
Compass Error 0°.2 W

Gyro Error 0°.9 Low
Deviation 1°.5W

Haur

T 4

Day

Date 2
D.R.Lat 30
D.R.Long 5
True Course
Speed
Phenomena
Compass BG.
Gyro BG.

Variation

Min
0

Month
4

10.1
19.6
153
156
Sunrise v
4.7
83.6

13

True Bearing= 84.5°

C.error= 0.2° W
G.error= 0.9° L

Deviation= 1.5° W

‘fear

1990

|

)

[



TRAINING APPLICATIONS

Application (1)
ZT 0400 August 23 1990;
e DR (44°11°.1S;30°57 .8E)
e True Course 100°
e Speed 16 k
e Variationiggo 2°.1E
In order to check the compasses at theoretical sunrise phenomena; calculate the True Bearing of the sun at
the phenomena in-advance.
At theoretical Sun Rise:
e Compass bearing was 073°.0
e  Gyro bearing was 074°.0
Calculate the error of each compass and the deviation.

Application (2)
ZT 1600 October 15" 1990;
e DR(39°15".4N;179°31°.0E)
e  True Course 085°
e Speed 22k
e Variationiggy 3°.0W
In order to check the compasses at theoretical sunrise phenomena; calculate the True Bearing of the sun at
the phenomena in-advance.
At theoretical Sun Rise:
e Compass bearing was 261°.1
e  Gyro bearing was 260°.7
Calculate the error of each compass and the deviation.



ANSWERS

Application (1)

COMPASS ERROR Amplitude

Cancel

Answer:

IT

Date
D.R.Lat
D.R.Long
True Course

Speed

Phenomena

Compass BG.

Gyro BG.

Variation

Hour

Day
23

30

Min
[ulx]
Month

11.1

57.8

100

16

Sunrise hi

73
74

2.1

True Bearing= 73.8°

C.error= 0.8° E
G.error= 0.2°H
Deviation= 1.3° W

True Bearing at Sunrise 073°.8

Compass Error 0°.8 E

Gyro Error 0°.2 H
Deviation 1°.3 W

Year
1990

||

Submit




Application (2)

COMPASS ERROR Amplitude

Hour

IT 16
Day

Date 15

D.R.Lat 39

D.R.Long 179
True Course

Speed

Phenomena

Compass BG.
Gyro BG.

Variation

Min

Month
10

15.4

31

85

22

Sunset -

261.1
260.7

3

True Bearing= 259.1°

Cancel C.error= 2° W

G.error= 1.6° H

Deviation= 1° E

Answer:

True Bearing at Sunrise 259°.1
Compass Error 2°.0W

Gyro Error 1°.6 High
Deviation 1°.0 E

Submit




6) Star Chart
To apply this software programs you can proceed without any previous calculations.

The software program is designed to obtain:
Star Chart at Evening or Morning civil twilight (the middle time of taking star sights),
Accompanied with a table of suitable stars to be observed:

Star Name | altitude | True Bg.

! | l

The screen of the software program is given below

Star Chart

DR Latitude
L | [ | [N/s |
DR Longitude

L | [ | [E/w |
True Co. Speed Twilight
| ° | [ knots | [ Morning
Evening




Solved Application

At Z.T. 0005 January 2"%; 1990.

Ship was in DR Position (32° 45°.0 S; 173° 20°.0 E)
e Steaming Speed 195 K

e Steering true course 333°.0
Calculate:

e Choose and name (7) suitable stars for observation at the morning twilight; referring to the Air
Navigation Tables as a guide, giving their predicted altitudes & bearings (to the nearest degree).
e Draw a figure showing the horizon, true course of the ship and the chosen stars as a guide for

observation.

Manual Calculations:

To find G.M.T. of The Morning Civil Twilight;

2" Approximation

ZT. 0005 Jan.2"
ZN.(-) 12

G.D. | 1205 Jan. 1%
1t Approximation

LM.T. 0436 Jan. 2"
Lat. Corr? 8

LM.T. 0428 Jan. 2"
+Llong.w/E | 1133
G.M.T., 1655 Jan. 1%
G.D. 1205 Jan. 1%
Interval 0450

L.M.T. 0436 Jan. 2"
Lat. Corr” 4

L.M.T. 0432 Jan. 2"
+ Long. w/ E 1130
G.M.T., 1702 Jan. 1%
G.M.T, 1655 Jan. 1%
Interval 0007 (+)

Distance Run = (04h 50m) x 19.5k =94.3 M
True Course to steer 333.0

Distance Run = (00h 07m) x 19.5k =23 M

True Course to steer 333.0

d. Lat. dep. M. latitude  d. Long. d. Lat. dep. M. d. Long.
latitude
840N 42°8W 32°.15 50°5W 220 N 170w 31°3 12 W
DR, Lat. 32°45.0S  Long. 173° 200 E | DR, Lat. 31° 210 S Long. 172° 29°5 E
d. Lat. 1° 240 N d. Long. 0° 50°.5W d. Lat. 20N d. Long. 12w
DR, Lat [31°21’0S  Long. | 172° 295 E | DR; Lat. | 31° 190 S Long. | 172° 28°3 E

Calculating LHA y (AtG.M.T.;)

GHA.y 356° 05°.1
Incr. 0° 30°.1
G.H.A.y 356° 35°.2
+ Long. E/ W 172° 28°.3
LHA.y 169° 03°.5

~No o WN P

Extract The 7-Recommended Stars

Star Name Altitude
Arcturus 24°
Antares 22°5
Acrux 56°
Canopus 34°
Sirius 27°.5
Procyon 27°

Regulus 44°

True Bearing
047°
108°
166°
224°
266°
295°
337°



Procedure of application

A. Application of the soft-ware program;

ZT

[ 00 | |05 |

Date

[2 | 11 | 11990 |
DR Latitude

[32 | [45 | L s |
DR Longitude

[ 173 | |20 | E |
True Course Speed Twilight

[ 333 | [195 | [ morning |

B. Results obtained:

STAR CHART
%]
PROCYON +: ARCTURUS

279/2950 24°/047°

- e A
SIRIUS |
=1

28°/266°
| ANTARES
23°/108°
*7 * ;
& +4  ACRUX

CANOPUS
34°/224°

56°/165°



TABLE OF ALTITUDES AND BEARINGS

No Star Name Altitude True Bearing
1 Acrux B5® 50.8" 165° 28.3
2 Adhara 35° 20 254" 29.6'
3 Alphard BE" 36.4' 305" 26.5'
4 Antares 21" 53.2 108" .7
5 Arcturus 23° 5R 47" 0.1
6 Afria ey 155* 25.4'
7 Avior 49" 50.9" 213" 0.4
8 Canopus 40123 224° 5.8
9 Denebola 43 11.8" 11* &7.T"
10 Gacrux 60° 51.1° 158" 39.1"
11 Gienah for 1.2 47" 42.6'
12 Hadar 49" 51.9° 148° 43.9°
13 Menkent B4 B 109® 50.5'
14 Miaplacidus 47° 33 194* 40.6'
15 Procyon T 295" 1.7
16 Regulus 44 0.3 336° 4.3
17 Rigil Kentaurus 45* 23.8' 147° 33"
18 Sirius 25" 5.4 266" 13.2°
19 Spica 53" 30.5" 64" 1.6'
20 Suhail 61" 50.6" 235" 3T.%
21 zubenelgenubi 38" 46.6" 85" 53.4'
TRAINING APPLICATIONS

Application (1)

At Z.T. 0140 December 15%; 1990.
Ship was in DR Position (38° 25°.0 S; 159° 38".0 E)
Steaming Speed 18.4 knots
Steering True course 059°.0
Calculate:
e Choose and name (7) suitable stars for observation at the morning twilight; referring to the Air
Navigation Tables as a guide, giving their predicted altitudes & bearings (to the nearest degree).
e Draw a figure showing the horizon, true course of the ship and the chosen stars as a guide for
observation.



Application (2)

At Z.T. 1340 December 15%; 1990.
Ship was in DR Position (38° 25°.0 S; 159° 38°.0 W)
Steaming Speed 18.4 knots
Steering True course 077°.0
Calculate:
e Choose and name (7) suitable stars for observation at the evening twilight; referring to the Air
Navigation Tables as a guide, giving their predicted altitudes & bearings (to the nearest degree).
e Draw a figure showing the horizon, true course of the ship and the chosen stars as a guide for
observation.

Application (3)

At Z.T. 1330 December 17™; 1990.
Ship was in DR Position (37° 40°.0 S; 160° 50°.0 E)
Steaming Speed 19.0 knots
Steering True course 099°.0
Calculate:
e Choose and name (7) suitable stars for observation at the evening twilight; referring to the Air
Navigation Tables as a guide, giving their predicted altitudes & bearings (to the nearest degree).
e Draw a figure showing the horizon, true course of the ship and the chosen stars as a guide for
observation.

Application (4)

At Z.T. 0130 December 16%; 1990.
Ship was in DR Position (37° 40°.0 S; 160° 50°.0 E)
Steaming Speed 19.0 knots
Steering True course 249°.0
Calculate:
e Choose and name (7) suitable stars for observation at the morning twilight; referring to the Air
Navigation Tables as a guide, giving their predicted altitudes & bearings (to the nearest degree).
o Draw a figure showing the horizon, true course of the ship and the chosen stars as a guide for
observation.

Application (5)

At Z.T. 1450 December 17%; 1990.
Ship was in DR Paosition (38° 32°.0 N; 154° 48°.0 E)
Steaming Speed 18.5 knots
Steering True course 209°.0
Calculate:
e Choose and name (7) suitable stars for observation at the evening twilight; referring to the Air
Navigation Tables as a guide, giving their predicted altitudes & bearings (to the nearest degree).
o Draw a figure showing the horizon, true course of the ship and the chosen stars as a guide for
observation.



ANSWERS:

Answer of Application (1)

Answer of Application (1)
# | Star Name Altitude | True Bg.
1 | #Regulus 39° 011°
2 | Spica 31° 079°
3 ¢Acrux 54° 148°
4 Canopus 55° 229°
5 | #Regil 25° 280°
6 Betelgeuse 23° 300°
7 Procyon 40° 323°
Regulus
Procyon 39°/011°
Betelgeuse 40°/323°
23°/300° K
.- *e T \
[ P .
Reoil Spica
250 i 2800 @ 3 10 .i'lll 0?90
!
=1
[ =
| / * s [
X a - * 16
+ 3
Canopus X .
+ 54°/229° é%
54°/148°

QuestionNo 1




Answer of Application (2)

Answer of Application (2)
# | Star Name Altitude | True Bg.
1 | eHamal 28° 010°
2 | Aldebaran 20° 048°
3 | Rigel 31° 075°
4 | ¢Canopus 38° 132°
5 | Peacock 39° 219°
6 | #Fomalhaut 58° 273°
7 | Alpheratz 20° 341°

) Aloherati Hamal

20 J"{34]. 2801';0100
" . Aldebaran
20°/048°

+5

*e Rigel
31°/075°
, Fomalhaut - '3|
m—— 58°/273° o)
I' * 2 I
*:
* 13
Peacock .- ??8?’?311 ;o
39°/219° . *r

Question No 2




Answer of Application (3)

Answer of Application (3)
# | Star Name Altitude | True Bg.
1 | Aldebaran 21° 047°
2 | Alpheratz 20° 340°
3 Canopus 40° 132°
4 Fomalhaut 57° 272°
5 Hamal 29° 008°
6 Peacock 38° 218°
7 Regil 32° 074°
A e
29°/008°
-' . Aldebaran
21°/047°
* s *5
*: .
Regil
*+k s 32°/074
M 57°/272° =
L X I
+ Tl
* Canopus
Peacock ' 40°/ 11]320
38°/218° )
QuestionNo 3 M




Answer of Application (4)

Answer of Application (4)
# | Star Name Altitude | True Bg.
1 $ACrux 54° 148°
2 Betelgeuse 22° 299°
3 Canopus 54° 230°
4 Procyon 39° 321°
5 | #Regil 25° 279°
6 | #Regulus 39° 010°
7 Spica 32° 078°
p Regulus
MI,%EFX.QH. . 390 JI." 0100
Betelgeues 39°/321 . .
22°/299¢ s
*2 .
*s & .
. Spica
Regil . 2 4 oa. 32°/078°
250 /279° '
| + s |
+* 1%
&+ iz
Canopus e ¥
54° /23(0° Acrux
54°/148°
=7
&2
Application (4) i




Answer of Application (5)

Answer of Application (5)
# | Star Name Altitude | True Bg.
1 | Altair 40° 247°
2 | ¢Capella 23° 049°
3 Diphda 29° 151°
4 | ¢Fomalhaut 22° 179°
5 Hamal 47° 096°
6 Kochab 29° 344°
7 +Vega 41° 292°
Kochab
29° / 344°
% 10
Vega
41°/292° *;
| * 14
el
= P
Altair  **
40° / 247°
L2
Y Diphda

Avpplication (5)

Fomalhaut
22°/179°

T —— —_—

29/ 151°

Capella
23¢9/ 0490

Hamal
47° / 096°
* 2



7) Meridian Passage
To apply this software programs you can proceed without any previous calculations.

The software program is designed to obtain:
e GMT of meridian passage of true sun to the nearest second.
e DR position corresponding to GMT of meridian passage of true sun.

The screen of the software program is given below

Meridian Passage of True Sun

Lh | [m ]

(D | [™M | LY |
DR Latitude

L L | [N/s |
DR Longitude

L L | [E/W_ |
True Co. Speed

|° | [knots |




Solved Application

At Z.T. 0830; August 24" ; 1990

Ship was in D.R. position (40°45°.0 S; 159°42°.0 E)

True Co. to Steer 113°
Speed

Calculate the following:

19.5 knots

1) G.M.T. of meridian passage of the True Sun to the nearest second.

2) DR at G.M.T. of meridian passage

Manual Calculations:

To find G.M.T. of Noon:

ZT. 0830 Aug. 24"
ZN. (-) 11

G.D. | 2130 Aug. 23

1t Approximation

LM.T. 1203 Aug. 24"
+ Long;. W/ E 1039

GM.T, 0124 Aug. 24"
G.D. 2130 Aug. 231
Interval 0354

Distance Run = (03h 54m) x 19.5k =76.1 M
True Course to steer 113.0

2" Approximation

L.M.T. 1203 Aug. 24"
+Long. W/ E (-) 1045

G.M.T., 0118 Aug. 24"
G.M.T, 0124 Aug. 24"
Interval 0006 ( -)

Distance Run = (00h 06m) x 19.5k =2.0M
True Course to steer (113.0 + 180) =293.0

d. Lat. dep. M. latitude  d. Long. d. Lat. dep. M. latitude d. Long.

29°7S 70°.1E 41°.0 92°8E 008 N 18 W 41°2 2.4 W

DR, Lat. 40° 45°.0 S Long. 159° 42°0 E | DR, Lat. 41° 14.7'S  Long. 161° 14°8 E
d. Lat. 29°.7 S d. Long. 1° 32°.8 E d. Lat. 0.8 N d.Long. 2.4 W

DR, Lat. [41°14.7S  Long. | 161° 148 E | DR; Lat. | 41° 139 S  Long. | 161° 1224 E

Accurate GMT of Noon sight

LHA 360° 00°.0

+Llong.Ww/E (-) | 161° 12°4

GHA 198° 47°.6

Tab. GHA 194° 22°.0 - 0lh

Incr. 4° 25°.6 — 17m 42s

GMT 01h 17m 42s Aug. 24"




Procedure of application
A. Application of the soft-ware program;

MERIDIAN PASSAGE

Zone Time
Hour Min
8 30
Date
Day Month Year
24 3 1990
D.R.Lat
40 45 5 -
D.R.Long
159 42 E -
True Course
113
Speed
19.5
41° 1395
161°12.2 E
Meridian GMT is: 1H 17M 44S Submit

B. Results obtained:
DR Lat. 41°13°9S
DR Long. 161°12°2 E
GMT 01h 17m 44s



TRAINING APPLICATIONS
Application (1)
At Z.T. 0845; April 2"%; 1990
Ship was in D.R. position (38° 40°.0 N; 61° 49°.0 E)
True Co. to Steer 033°.0
Speed 17.0knots
Calculate the following:

1) G.M.T. of meridian passage of the True Sun to the nearest second.
2) DR at G.M.T. of meridian passage

Application (2)
At Z.T. 0915; October 15™; 1990
Ship was in D.R. position (43° 25°.0 S; 169° 40°.0 E)
True Co. to Steer 144°0
Speed 15.0 knots
Calculate the following:
1) G.M.T. of meridian passage of the True Sun to the nearest second.
2) DR at G.M.T. of meridian passage

Application (3)
At Z.T. 0840; December 16™; 1990
Ship was in D.R. position (30° 38°.0 S; 109° 22°.0 W)
True Co. to Steer 131°
Speed 18.5 knots
Calculate the following:
1) G.M.T. of meridian passage of the True Sun to the nearest second.
2) DR at G.M.T. of meridian passage.

Application (4)
At Z.T. 0910; Jun. 17%; 1990
Ship was in D.R. position (00° 05°.0 S; 48° 43°.0 W)
True Co. to Steer 208°.0
Speed 14.0 knots
Calculate the following:
1) G.M.T. of meridian passage of the True Sun to the nearest second.
2) DR at G.M.T. of meridian passage

Application (5)
At Z.T. 0935; February 17; 1990
Ship was in D.R. position (25°45°.0 S; 158° 40°.0 E)
True Co. to Steer 105°.0
Speed 19.0 knots
Calculate the following:
1) G.M.T. of meridian passage of the True Sun to the nearest second.
2) DR at G.M.T. of meridian passage



ANSWERS

Application No (1)
MERIDIAN PASSAGE

Zone Time
Hour Min
8 45
Date
Day Month
2 4
D.R.Lat
38 40
D.R.Long
51 43
True Course
33
Speed
17

39°249N

62° 26.5 E

Meridian GMT is: 7H 53M 56S

Results obtained:

DR Lat. 39°24°.9N
DR Long. 62°26°.5E
GMT 07h 53m 565

Application No (2)

MERIDIAN PASSAGE

Zone Time
Hour Mir
3 15

Date
Day Month

15 10

D.R.Lat
43 25

D.R.Long
169 40

True Course
144

Speed
15

48°42.6 S
175°12.7 E

Meridian GMT is: OH 5M 8S

Results obtained:
DR Lat. 48°42°6S
DR Long. 175°12°.7E
GMT 0h 05m 08s

‘Year
1930

i

[

Year
1930

i

i



Application No (3)
MERIDIAN PASSAGE

Zone Time
Hour Min
8 40
Date
Day Month Year
16 12 1990
D.R.Lat
30 ES] 5 -
D.R.Long
109 2 W
True Course
131
Speed
18.5
31°20.4 S
108°25.2 W

Meridian GMT is: 19H 9M 25S

Results obtained:

DR Lat. 31°20°4S
DR Long. 108°25°.2 W
GMT 19h 09m 25s

Application No (4)
MERIDIAN PASSAGE

Zone Time
Hour Min
9 10
Date
Day Month Year
17 ] 1930
D.R.Lat
00 5 S -
D.R.Long
P 43 W
True Course
208
Speed
14
0°43.55S
49°3.5W

Meridian GMT is: 15H 17M 55

Results obtained:
DR Lat. 00°43°5S
DR Long. 49°03° 5 W
GMT 15h 17m 05s



Application No (5)
MERIDIAN PASSAGE

Zone Time
Hour Min
9 35

Date
Day Month

17 2
D.R.Lat

25 45

D.R.Long

158 a0
True Course

105

Speed
19

25°59.85
159° 413 E
Meridian GMT is: 1H 35M 19S5

Results obtained:
DR Lat. 25°59°.8 S
DR Long. 159°41° 3 E
GMT 1h 35m 19s

Year
1990

i

[






GROUP (3)

BASIC CELESTIAL NAVIGATION ACTIVITIES

Individual Sun Sight

Calculated observed Position (Sun Run Sun)
Individual Star Sight

Most Probable Observed Position (Universal Method)
Most Probable Observed Position (Egyptian Method)



C. GROUP (3)

8) Sun Sight
To apply this software program you must:

e Calculate [GHA sun] and [DeC. sun] at GMT.
e Extract semi-diameter of the sun [SD] from daily page of nautical almanac tables.

The software program is designed to obtain Intercept & True Bearing of the sun.

The screen of the software program is given below

Sun Sight

GMT

Lh | Lm | s |
Sextant Altitude Limb
L° | | [L/u |
GHA of Sun at GMT

° | |

Dec. of Sun at GMT

° | | [N/S |
I.E.

Ht of Eye

meter

S.D.

DR Latitude

° . | [N/s |
DR Longitude

° L | LE/W |

SOLVED APPLICATION
At Z.T. 14550n October 14" ; 1990.
Ship was in D.R. position (40° 15°.0 S; 161° 00°.0 W).

L] I.E. 1°.2 offthearc

=  Ht ofeye 127 m

. Ch. error 3m 11s fast
Lower Limb of the Sun was observed as follows:

. Ch.Time 01h 5Im 50s

. Sext.alt. 35° 35°.0

Find the elements of the position line by Intercept method.



Manual Calculations:
1%t Step: To adjust time of G.M.T.

ZT. 1455 Oct. 14"

ZN. 11 (+)

G.D. 0155 Oct. 15t

Ch. Time 01lh 51m 50s

Ch. Error (-) 03m 11s

G.M.T. 01h 48m 39s Oct. 15"

2" Step: To Extract L.H.A. & Dec.

G.HA. 198° 30°.9 Dec. 8°21°2 S
Incr. 12° 09°.8 de 0.7 (+)
G.HA. 210° 407 C.Dec.» | 8°21°9 S
+ long (E/W) 161° 00°.0 (-)

L.H.A. 49° 40°.7

3 Step: To Calculate C.Z.D

Cos (CZD) = Cos (LHA) Cos (Lat.) Cos (Dec.) +Sin (Lat.) Sin (Dec.)

Cos (CZD) = Cos (49° 40°.7) Cos (40° 15°.0) Cos (8° 21°.9) +Sin (40° 15°.0) Sin (8° 21°.9)
Cos (CZD) = 0.48862+ 0.09340 = 0.58261 — CZD =54° 21".9

4™ Step: To obtain Intercept

Sext alt 35° 35°.0
I.E. 1.2 (+)
Obs. Alt 35° 36°.2
Dip 6.3 (-)
App alt 35° 29°.9
Corr. 1479 (+)
T. alt 35° 44°.8
90°

T.Z.D. 54° 15°.2
C.Z.D. 54° 21°.9
Intercept 67T

5t Step: To find True Bearing

LHA.  49° 40°.7 A 0.718 N

Lat. 40° 15°.0 S B 0.193 S

Dec. 8° 219 S c 0525 N
Az N 68°.1 W
T. B 291°.8




To apply the software program you must:

e Calculate [GHA sun] and [Dec. sun] at GMT.

e Extract semi-diameter of the sun [SD] from daily page of nautical almanac tables.
The software program is designed to obtain Intercept & True Bearing of the sun.
The screen of the software program is given below

GMT

[ ooh | | 00m | | 00s |
Sextant Alt.

| 00° | [00.0 | [ Limb |
GHA at GMT

| 00° | 100.0 |
Dec.

| 00° | 1000 [ | N/S |
Index Error

Height of Eye

SD
I |

DR Latitude

| 00° | 100.0 | | N/S |
DR Longitude

| 00° | 100.0 | | E/wW |




Procedure of application
A. Data extracted from NA tables

GHA. 198° 30°.9 Dec. |8 21'2S
Incr. 12° 09°.8 de(+) 0.7
GHA.  [210° 407 C.Dec. [8° 219 S

B. Application of the soft-ware program;

SUN SIGHT

GMT of Sight

1

Sextant Alt
35

GHA at GMT
210

Dec at GMT
8

Index error of the Sext

1.2

Hieght of eye

12.7

SD
16.1

D.R.Lat

D.R.Long
161

35

21.9

Int=0° 6.6'T

TBg= 291.90

C. Results obtained:

Intercept
T. Bg.

6.6T
291°9

S.D.16'.1

39

Limb |Lower hd

L

i

Submit




TRAINING APPLICATIONS

Question (1)

At Z.T. 1520 on April 2"%; 1990;

Ship was in D.R. position (51° 15°.0 N; 174° 30°.0 W).

= |E. 15 onthearc

= Ht. of eye 155 m

= Ch. Error 3m 13sslow
Lower Limb of the Sun was observed as follows:

= Ch.Time 03h 18m 27s

= Sext.alt. 25° 18°.5

Find the elements of the position line by Intercept method.

Question (2)
AtZ.T. 1250 on February 16™; 1990;
Ship was in D.R. position (51° 10°.0 N; 174° 40°.0 W).

L] lLE. 1°5 offthearc

=  Ht ofeye 160 m

= Ch. Error 2m 41sslow
Lower Limb of the Sun was observed as follows:

] Ch.Time 0Oh 56m 03s

= Sext.alt. 25° 05°.2

Find the elements of the position line by Intercept method.

Question (3)
At Z.T. 1550 on June 16" ; 1990;
Ship was in D.R. position (51°05°.0 N; 174° 35°.0 E).

] I.E. 1°.7 onthearc

=  Ht ofeye 173 m

= Ch. Error 3m 55s fast
Lower Limb of the Sun was observed as follows:

= Ch.Time 03h 45m 50s

= Sextalt. 42° 40°.0

Find the elements of the position line by Intercept method.

Question (4)
At Z.T. 1440 on August 24™; 1990;
Ship was in D.R. position (31°15°.0 S; 179° 10°.0 W).

] lLE. 1°.8 onthearc

=  Ht ofeye 170 m

= Ch. Error 4m  13s fast
Lower Limb of the Sun was observed as follows:

=  ChTime 02h 46m 53s

= Sextalt. 32° 25°.0

Find the elements of the position line by Intercept method.



Question (5)
At Z.T. 1350 on December 16" ; 1990;
Ship was in D.R. position (41° 07°.0 N; 034° 50°.0 W).

. lLE. 1°.6 offthearc

=  Ht ofeye 150 m

= Ch. Error 5m 18s fast
Lower Limb of the Sun was observed as follows:

] Ch.Time 03h 51m 28s

= Sext.alt. 22° 10°.0

Find the elements of the position line by Intercept method.

ANSWERS:
Application (1)
SUN SIGHT
GMT of Sight
3 21 40
Sextant Alt
25 18.5 Limb [Lower -
GHA at GMT
229 33.2
Dec at GMT
5 10.8 N -
Index error of the Sext
-1.5
Hieght of eye
15.5
SD
16
D.R.Lat
51 15 N -
D.R.Long
174 30 W -
Int=00 55T
TBg= 244.6°
Answer:
Intercept 55T

T. Bg. 24406



Application (2)

SUN SIGHT
GMT of Sight
00 sa =
Sextant Alt
= 52 Limb [ -
GHA at GMT
191 10,1
Dec at GMT
12 8.2 = =
Index error of the Sext
1.5
Hieght of eye
16
SD
16.2
D.R.Lat
51 10 N -
D.R.Long
174 40 w -
Int=00 8.4'T
Answer:
Intercept 84T
T.Bg. 197°.9
Application (3)
SUN SIGHT
GMT of Sight
3 41 55
Sextant Alt
2 © Limb lewsr ]
GHA at GMT
235 21
Dec at GMT
23 20.3 N -

Index error of the Sext
1.7

Hieght of eye

17.3

SD
15.7
D.R.Lat
51 5 F—
D.R.Long
174 35 E -

Int=0° 2.7'A
Answer:
Intercept 2°7TA



T. Bg.

Application (4)

Answer:
Intercept
T. Bg.

Application (5)

Answer:
Intercept

253°.3

SUN SIGHT

GMT of Sight

2 2
Sextant Alt

32 25

GHA at GMT
220 6.3

Dec at GMT

10 53.1
Index error of the Sext

-1.3

Hieght of eye
17

SD
15.8
D.R.Lat
31 15
D.R.Long
179 10
Int= 00 4.5'T
TBg= 310.30
45T
310°.3
SUN SIGHT
GMT of Sight
15 46
Sextant Alt
22 10
GHA at GMT
57 38.3
Dec at GMT
23 19.5

Index error of the Sext
1.6

Hieght of eye
15

SD

16,3

D.R.Lat

41 7

D.R.Long

34 50
Int= 00 B.5'T
TBg= 202.6°

40

Limb |Lower i

[

C

10

Limb |Lower w7

L

[




T. Bg. 202°.6

9) Sun Run Sun
To apply this software program you can proceed without any previous calculations. This
is clear from the screen of the program below, because [GHA sunj and [Dec. sun] at GMT1
of the first sun sight and at GMT of the second sun sight were calculated before when
each sight was solved separately.

The software program is designed to obtain; the fixed position at GMT of the 2" sun
sight as follows;

e Application (1):
Make run from before noon sun sight to meridian sun sight to obtain fixed position at
noon.

e Application (2):
Make run from Meridian sun sight to afternoon sun sight to obtain fixed position at the
afternoon sight.

The screen of the software program is given below

Sun Run Sun

First Sun Sight Second Sun Sight

GMT, GMT,
Lh | Lm | Ls | Lh | Lm | Ls |
Sextant Altitude Sextant Altitude
L L I IV L | /v |
GHA of Sun at GMT, GHA of Sun at GMT,
L L | L L |

Dec. of Sun at GMT, Dec. of Sun at GMT,

L L I EVET L | [IN/S |
Sailing Information Setup Sextant

DR;Latitude I.E.

1T [ 1 [N/s ]

DR; Longitude Ht of Eye

1] [Ew ]

True Co. Speed S.D.

[ | [knots ]




Solved Application

Z.T. 1312 of October 14™; 1990,
Ship was in DR position (34°53°.0 S; 32° 25°.0 W).

T. Co. 341°.0

Speed 18 knots

l.E. 2.1 Off the arc
Ht.ofeye 10.5m

Ch. Error 1m 19s slow

The 1% Sight of Sun’s lower limb was observed as follows:
Ch. Time 3h 12m 05s
Sext. Alt.  57° 50°.0

The 2" sight of Sun s lower limb was observed as follows:
Ch. Time 5h 20m 31s
Sext. Alt.  36° 10°.0

Find the observed position at the time of the 2" observation.

Manual Calculations:

A. Solution of the 1% Sun sight:
1%t Step: To Adjust GMT:

ZT4 1312 Oct. 14%
ZN. (+) 2
G.D. 1512 Oct. 14"

Ch. Time ; 03 12 05
Ch. Error (+) 01 19

G.M.T.1 15h 13m 24s Oct. 14"

2" Step: To Extract LHA and Dec.

GHA 48° 29°.5 Dec 8°12°.0 S
Incr. 3°21°.0 d.corrn (+) 0.2
GHA 51° 50°.5 C. Dec. |8°12°2 S
Long (-) 32° 25°.0

LHA 19° 25°.5

3 Step: To Calculate C.Z.D:

Cos (CZD) = Cos (LHA) Cos (Lat.) Cos (Dec.) +Sin (Lat.) Sin (Dec.)
Cos (CZD) = Cos (19° 25°.5) Cos (34° 53°.0) Cos (8° 12°.2) +Sin (34° 53°.0) Sin (8° 12°.2)
Cos (CZD) = 0.76571 + 0.08160 = 0.84731 — CZD = 32° 04°.8



4™ Step: To Correct Sextant Altitude and find Intercept:

Sext. alt. 57° 50°.0
IE (+) 2°.1
Obs. alt. 57° 52°.1
Dip (-) 5.7
App. alt. 57° 46°.4
Corr™ (+) 15°.6
True alt. 58° 02°.0
N0 (~)

TZD 31° 58°.0
CzZD 32° 04°.8
Inter. 6.8 T

5t Step: To Find True Bearing

LHA 19° 255 A 1977 N

Lat. 34°53°.0S B 0433 S

Dec 8°12°.2S Cc 1.544 N
Az. N 38°.3 W
T. Bg. 321°.7

B. Calculation of the 2" DR Position:

Ch. Time, | 05h 20m 31s The GMT of the 2" Sun sight must
Ch. Error + ‘ 01m 19s be ahead of the 1 Sun sight; for this
GM.T., | 17h21m50s Oct. 14" | we add 12hto G.M.T.,

GM.T., ‘ 17h 21m 50s Oct. 14t

G.M.T., 15h 13m 24s Oct. 14"

Interval | 02h 08m 26s

Distance Run = (02h 08m 26s) x 18.0 k =38.5 M

. d. Lat. dep.
Distance True Co. N S E W
66 T 321°.7 5.2 4.1
38.5 341°.0 36.4 12.5

41°6 N 16°.6 W

d. Long. = dep. / cos (m. Lat.) =16°.6 /cos (34°.5) — where m. Lat. = [(34° 53°.0 +34° 11°.4 )/2]
d.Long.=20".1W

DR; Position Lat. 34°53°.0 S Long. 32° 25°.0 W
d. Lat. 41°6 N d. Long. 2001 W
DR: Position | Lat. | 34°11°4 S Long. |32° 451 W




C. Solution of the 2" Sun sight:
GMT: 17h 21m 50s Oct. 14
DR,: (34° 11°.4'S; 32° 45".1 W)

2" Step: To Extract LHA and Dec.

GHA 78° 29°.8 Dec 8° 13°.8 S
Incr. 5° 27°.5 d.corrn (+) 0.3
GHA 83° 57°.3 C.Dec. |8 14.1S
Long (-) 32° 4571

LHA 51° 12°.1

3 Step: To Calculate C.Z.D:

Cos (CZD) = Cos (LHA) Cos (Lat.) Cos (Dec.) +Sin (Lat.) Sin (Dec.)
Cos (CZD) = Cos (51° 12°.1) Cos (34° 11°.4) Cos (8° 14°.1) +Sin (34° 11°.4) Sin (8° 14°.1)
Cos (CZD) = 0.51295+ 0.08049 = 0.59344 — CZD =53° 35".9

4™ Step: To Correct Sextant Altitude and find Intercept:

Sext. alt. 36° 10°.0
IE (+) 2°.1
Obs. alt. 36° 12°.1
Dip (-) 5.7
App. alt. 36° 06°.4
Corr™ (+) 14°.9
True alt. 36° 21°.3
N0 (=)

TZD 53° 38°.7
CzZD 53° 35°.9
Inter. 2’8 A

5t Step: To Find True Bearing:

LHA51°12".1 A 0.546 N
Lat. 34°11°4S B 0.186 S
Dec 8°14'.1S c 0.360 N

Az. N 73°.4 W

T. Bg. 286°.6




D. Plotting and Obtaining the Observed Position:

[TT1
PL;
PL; _
/
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b
| den. 4 0FE
o g g ey o
", i
5, riQ
A . o 9.Lat 32
h = .f 1
— Y > i
P Ay o 1
o i ]
A\ Jorn
- s
/
i
‘,F
/
.
y 3 !
—| PLy i
PL,
|
|
From Plotting Sheet:
DR; Position Lat. 34° 11°4 S Long. 32° 45°1 W
d. Lat. 03.2 N d. Long. 048 E

Fix. Position | Lat. |[34°08.25S Long. | 32° 403 W



Procedure of application

Data extracted from NA tables

GMTy: 15h 13m 24s Oct. 141"

GHA. |48 295 Dec. |8 12°0S

Incr. 3° 210 d (+) 0.2

GHA. |51°505 C.Dec. [8°12°.2'S
GMT2: 17h 21m 50s Oct. 14"

GHA. 78° 29.8 Dec. |8 138S

Incr. 5° 27°.5 c (+) 0.3

GHA. |84 2300 C.Dec. [8° 1418

Application of Software;

SUN RUN SUN

FIRST SUN SIGHT

GMT of Sight

15 13
Sextant Alt

57 50
GHA at GMT

51 50.5

Dec at GMT
[ 12.2

SAILING INFORMATION
D.R.Lat

34 53
D.R.Long

32 25
True Course

341
Speed

18

24

Limb |Lower -

S.D.16'.1

SECOND SUN SIGHT
GMT of Sight

17

Sextant Alt

36

GHA at GMT

83

Dec at GMT

8

SETUP SEXTANT
Index error of the Sext
21

Hieght of eye

10.5

sD

16.1

Fixed Postion(34° 8.1'S; 32° 40.3' W)

ANSWER;

Calculated Observed Position (34° 08°.1 S; 32° 40°.3 W)

Submit




TRAINING APPLICATIONS

Application (1)

Z.T. 13120of June 16%™; 1990,

Ship was in DR position (34° 53°.7 N; 32° 25°.3 E).

T. Co. 200°.0
Speed 18 knots
I.E. Nil

Ht.ofeye 10.1m
Ch. Error ~ Om 14s slow

The 1% Sight of Sun’s lower limb was observed as follows:
Ch. Time 11h 12m 05s
Sext. Alt.  68° 52°.0

The 2" sight of Sun s lower limb was observed as follows:
Ch. Time 2h 00m 50s
Sext. Alt.  35° 22°.3

Find the observed position at the time of the 2" observation.

Application (2)
Z.T. 1112 of October 14™; 1990,
Ship was in DR position (34°53°.0 S; 179° 39°.0 W).

T. Co. 326°.0
Speed 18.3 knots
I.LE. 2°.6 off the arc

Ht.ofeye 145m
Ch. Error ~ 3m 39s slow

The 1% Sight of Sun’s lower limb was observed as follows:
Ch. Time 11h 02m 45s
Sext. Alt.  61° 45°.0

The 2" sight of Sun s lower limb was observed as follows:
Ch. Time 1h 50m 10s
Sext. Alt.  50° 50°.0

Find the observed position at the time of the 2" observation.

Application (3)
Z.T. 11150f April 2" 1990,
Ship was in DR position (32°24°.0 S; 179° 44°.0 E).

T. Co. 059°.0
Speed 17.7 knots
I.E. 2°.6 on the arc

Ht.ofeye 17.4m
Ch. Error ~ 2m 39s fast

The 1% Sight of Sun’s lower limb was observed as follows:
Ch. Time 11h 20m 35s
Sext. Alt.  51° 13°.9

The 2" sight of Sun s lower limb was observed as follows:
Ch. Time 2h 18m 45s
Sext. Alt.  41° 17°.2

Find the observed position at the time of the 2" observation.



Application (4)

Z.T. 1055 June 16™; 1990

Ship was in DR position (  39°20°.0N ; 179°38.0 W),
Ship was steaming as follows:

True course to steer 282°.0
Speed 195 k
Chronometer error 01m 19s fast
Index error 2°.6 offthearc
Height of eye 154 m
1%t sun sight at Ch. Time  10h 58m 40s  when observed gave :
Sextant alt. 69°05°.0 (L.L.)
2" sun sight at Ch. Time  01h 22m 40s  when observed gave:
Sextant alt. 66°45°.0 (L.L.)

Find the observed position at the time of the 2" sight.

Application (5)

Z.T. 1055 January 2"%; 1990

Ship was in DR position (43°40°.0 S ; 179° 54°.0 E);
Ship was steaming as follows:

True course to steer 077°.0
Speed 20.7 k
Chronometer error 01m 49s slow
Index error 2.0 offthearc
Height of eye 184 m
1%t sun sight at Ch. Time  10h 58m 40s  when observed gave:
Sextant alt. 65°15°.0 (L.L.)

2" sun sight at Ch. Time  01h 22m 40s  when observed gave:
Sextant alt. 63°02°.9 (L.L)
Find the observed position at the time of the 2" sight.



ANSWERS:

Application No (1)

SUN RUN SUN

FIRST SUN SIGHT

GMT of Sight
11

Sextant Alt
88

GHA at GMT
347

Dec at GMT
23

21

SAILING INFORMATION

D.R.Lat

34

D.R.Long

32

True Course
200

Speed

1B

13

Limb

b

SECOND SUN SIGHT
GMT of Sight

14

Sextant Alt

335

GHA at GMT

30

Dec at GMT

23

SETUP SEXTANT
Index error of the Sext
0

Hieght of eye

10.1

SD

15.7

Fixed Postion(34° 15.5'N; 31° 45.1'E)

ANSWER: Fixed Position (34° 15°.5 N; 31° 45°.1E)

Application No (2)

SUN RUN SUN

FIRST SUN SIGHT

GMT of Sight
23

Sextant Alt
61

GHA at GMT
170

Dec at GMT
8

45

18.5

SAILING INFORMATION

D.R.Lat

34

D.R.Long
179

True Course
326

Speed

18.3

24

Limb

SECOND SUN SIGHT
GMT of Sight
1

Sextant Alt
50

GHA at GMT
211

Dec at GMT
8

SETUP SEXTANT
Index error of the Sext
26

Hieght of eye

14.5

sD

16

Fixed Postion(34° 16.6'S ; 180° 14.8' W)

ANSWER: Fixed Position (34° 16°.6 S; 179° 45".2 E)

6.9

4

Limb

[

49

Limb



Application No (3)

SUN RUN SUN
FIRST SUN SIGHT SECOND SUN SIGHT
GMT of Sight GMT of Sight
23 17 56 2 8 &
Sextant Alt Sextant Alt
o Limb u Limb
GHA at GMT GHA at GMT
163 32 213 5.1
Dec at GMT Dec at GMT
SAILING INFORMATION SETUP SEXTANT
D.R.Lat Index error of the Sext
D.R.Long Hieght of eye
i . C—
True Course SD
059 16
Speed
17.7
Fixed Postion(31° 50.2'S; 180° 33.2'E)
ANSWER: Fixed Position (31°50°.2 S; 179° 26°.8 W)
Application No (4)
SUN RUN SUN
FIRST SUN SIGHT SECOND SUN SIGHT
GMT of Sight GMT of Sight
2 57 2 t 2 2
Sextant Alt Sextant Alt
= E Limb & = Limb
GHA at GMT GHA at GMT
164 10 200 9.6
Dec at GMT Dec at GMT
SAILING INFORMATION SETUP SEXTANT
D.R.Lat Index error of the Sext
» » 26
D.R.Long Hieght of eye
i » 154
True Course SD
282 15.7
Speed

18.5

Fixed Postion(39° 32.2'N ; 180° 42.5'W)

ANSWER: Fixed Position (39° 32".2 N; 179° 17°.5 E)




Application No (5)

SUN RUN SUN
FIRST SUN SIGHT SECOND SUN SIGHT
GMT of Sight GMT of Sight
23 0 P 1 24 2
Sextant Alt Sextant Alt
o 5 Limb = 28 Limb
GHA at GMT GHA at GMT
164 11.2 200 10.4
Dec at GMT Dec at GMT
SAILING INFORMATION SETUP SEXTANT
D.R.Lat Index error of the Sext
E - C— .
D.R.Long Hieght of eye
True Course SD
77 16.3
Speed
20.7

Fixed Postion(43° 25.5'S; 180° 45.3'E)

ANSWER: Fixed Position (43° 25°.5 S; 179° 14°.7 W)



10) Star Sight

To apply this software program you must:
e Calculate [GHA star] & GMT in-advance.

e  Extract [Dec. siar]-

The software program is designed to obtain Intercept & True Bearing of a star.
The screen of the software program is given below

Star Sight
GMT

Lh | [m | s
Sextant Altitude

L | |
GHA of Star at GMT

L | |
Dec. of Star

B | [N/s ]

L |
I.E.

Ht of Eye
DR Latitude

L | [ | [Ns ]
DR Longitude
L i | [E/w ]

Solved Application
At Z.T.0602 on January 3'; 1990 Ship was in D.R. position (41° 10°.0 N; 171° 05".0 E).

= LE 2°.2 onthearc
= Ht. of eye 15 m
= Ch. error nil
Star Regulus was observed as follows:
= Ch.Time 6h 57m 45s
= Sext.alt. 400 47°.1

Find the elements of the position line by Intercept method.

Manual Calculations:
1t Step:  To Adjust Time Of G.M.T.

Z.T. 06 02 Jan. 3¢

Z.N. -11

G.D. 19 02 Jan. 2™

Ch. Time 6h 57m 45s

Ch. Error 0 00

G.M.T. 18h 57m 45s Jan. 2™



2" Step: To Extract L.H.A. & Dec.

G.H.A. 012° 06°.7
Incr. 14° 28°.6
SHA 208° 02°.0
G.H.A. 234° 37°.3
long (+) 171° 5.0
L.H.A. 045° 42°.3

3 Step: To Calculate C.Z.D

Cos (CZD) = Cos (LHA) Cos (Lat.) Cos (Dec.) +Sin (Lat.) Sin (Dec.)
Cos (CZD) = Cos (45° 42°.3) Cos (41° 10°.0) Cos (12°00°.9) +Sin (41° 10°.0) Sin (12°00°.9)

Dec.» N 12°

00°.9

Cos (CZD) = 0.51420 + 0.09398 = 0.65123 — CZD =49° 21".9

4™ Step: To Correct Sextant Altitude

Sext alt 400 47°.1
I.E. - 2.2
Obs. Alt 400 44°.9
Dip - 6.8
App alt 400 38°.1
Corr. - 1.1
T. alt 400 37°.0
90° 90°
T.Z.D. 490 23°.0
C.Z.D. 490 21°.9
Intercept 1I'1A

51 Step: To Find True Bearing

L.H.A. 045°
Lat. N 41°
Dec. N 12°

423 A 0.853 S

10°.0 B 0.297 N

00°.9 c 0.556 S
Az. S 67°.3W
T. Bg. 247°.3

Procedure of application

A. Obtain GMT
GMT: 18h 57m 45s July 31%

B. Data extracted from NA tables

G.H.A. 012° 06°.7
Incr. 14° 28°.6
SHA 208° 02°.0
G.H.A. 234° 37°.3

N 12°

00°.9



C. Apply soft-ware program as follows;

STAR SIGHT
GMT of Sight
18 57 45
Sextant Alt
40 47.1
GHA at GMT
234 37.3
Dec at GMT
12 0.9 N
Index error of the Sext
-2.2
Hieght of eye
15
D.R.Lat
41 10 M -
D.R.Long
171 5 E -
Int=0° 1.1'A
TBg= 247.3°¢
Answer:
Intercept 1°.1 Away

True Bearing 247°.3

TRAINING APPLICATIONS
Application (1)

At ZT 0500 Oct.15™; 1990.
Ship was in D.R. position (36°15°.0 S; 175° 19°.0 E).

I.E. 1°.7 offthearc

Ht. of eye 154 m

Ch. Error 7m 41sslow
The star Aldebaran was observed as follows:

Ch.Time 05h 05m 06s

Sext.alt. 31° 1374

Find the elements of the position line by Intercept method.

Submit




Application (2)
At ZT 0510 Oct.15™; 1990
Ship was in D.R. position (36° 20°.0 S; 175° 20°.0 E).

I.E. 1.7 onthearc
Ht. of eye 160 m
Ch. Error 8m 44s fast
The star Acamar was observed as follows:
Ch.Time 05h 21m 31s
Sext.alt. 49° 434

Find the elements of the position line by Intercept method.

Application (3)
At ZT 0505 Oct.15™; 1990
Ship was in D.R. position (36°19°.0 S; 175° 21°.0 E).

I.E. 2°.4 onthearc
Ht. of eye 16,1 m
Ch. Error 9m 33sslow
The star Ankaa was observed as follows:
Ch.Time 05h 03m 14s
Sext.alt. 23° 37°.9

Find the elements of the position line by Intercept method.

Application (4)
At ZT 0512 Oct.15™; 1990
Ship was in D.R. position (36°14°.0 S; 175° 17°.0 E).

I.E. 2°.8 onthearc
Ht. of eye 16.8 m
Ch. Error 9m 45s fast
The star Elnath was observed as follows:
Ch.Time 05h 22m 32s
Sext.alt. 23° 4874

Find the elements of the position line by Intercept method.

Application (5)
At ZT 0515 Oct.15™; 1990
Ship was in D.R. position (36°16°.0 S; 175° 16°.0 E).

l. E. 2°5 offthearc
Ht. of eye 166 m
Ch. Error 3m  39s fast
The star Miaplacidus was observed as follows:
Ch.Time 05h 16m 26s
Sext.alt. 49° 50°.8

Find the elements of the position line by Intercept method.



ANSWERS:
Application (1)

Answer: Intercept 1°.6 A
True Bearing 328°.7

Application (2)

Answer: Intercept 0°.9 A
True Bearing 247°.9

STAR SIGHT

GMT of Sight
17

Sextant Alt
3

GHA at GMT
212

Dec at GMT
16

Index error of the Sext
1.7

Hieght of eye

15.4

D.R.Lat

36

D.R.Long
175

19.8

Int= 0° 1.6°A

TBg= 328.70

STAR SIGHT

GMT of Sight

17

Sextant Alt
43

GHA at GMT
236

Dec at GMT
40
Index error of the Sext

-L7

Hieght of eye
1

41.8

0.2

D.R.Lat

35 20

D.R.Long

175 20
Int=0° 0.9'A
TBg= 247.9°

i

[

[

i

[

i



Application (3)

Answer: Intercept 2°.2 A
True Bearing 233°.7

Application (4)

Answer: Intercept 2°.3 A
True Bearing 345°.6

STAR SIGHT

GMT of Sight
17

Sextant Alt
23

GHA at GMT
274

Dec at GMT
42
Index error of the Sext

-2.4

Hieght of eye

16.1
D.R.Lat

36

D.R.Long
175

42.9

21

Int= 00 2.2'A

TBg=

STAR SIGHT

GMT of Sight
17

Sextant Alt
23

GHA at GMT
135

Dec at GMT
£
Index error of the Sext

-2.8

Hieght of eye

16.8
D.R.Lat

36

D.R.Long
175

Int= 00 2.3'A

233.70

48.4

45

TBg= 345.60

i

i

i

Cl

i

i



Application (5)

STAR SIGHT

Answer: Intercept 0.7 A
True Bearing 159°.0

GMT of Sight
17 12

Sextant Alt
P 50.8

GHA at GMT
142 55.1

Dec at GMT

9 0.4
Index error of the Sext

2.5

Hieght of eye
16

D.R.Lat

35 18
D.R.Long

175 18

Int= 00 0.7'A

TBg= 1590

i

i

i



11) UNIVERSAL METHOD

To apply this software program you must:

e Extract SHA & Dec. for each star concerned.
e (Calculate GHA*= [GHA vy + SHA] for each star concerned at its GMT.

Star (1) Star (2) Star (3) Star (4) Star (5)

GMT

GHA vy

(+)Incr. y

(+)S.H.A.

GHA *

e Arrange the data as given below to avoid mistakes of entry.

Co. True Course
Sp. Speed
IL.E. Index Error
H.E. Height of eye
DRL DR Latitude
DRG DR Longitude
RT Required time
Star 1 2 3 4 5

GMT

Sext. Alt.

GHA *

Dec.

The Input data are introduced in two steps;
Main data then press star number to introduce parameters of each one.



The following is the screen of the Universal Method software program:

Main Data
Number of Stars
True Co.  Speed
| ° | | knots |
IL.E. Ht. of Eye
[ > | | meter |
DR Latitude
L > L | [ N/s |
DR Longitude
L > L | [E/W |
Required Time for Fix
Lh | Lm | Ls |
Information of Star Ne (i)
GMT
Lh | [m | Ls
Sextant Altitude
L L |
GHA
L L |
Dec.
L L | L N/S |

The software program is designed to obtain the most probable observed position MPOP; at the required
time of fixing.

SOLVED APPLICATION
Z.T. 0407 January 2"%; 1990 Ship was in DR position (31° 19°.0 S; 172° 25°.0 E).

. True Course to steer 333°

o Steaming Speed 16.5 k

o I.E. 1.3 onthearc
o Ht. of eye 19.0 m

The following are 7-Star sights; were observed at morning twilight as follows:

Star Name | G.M.T.Jan. 1% | Sext. Alt.
Arcturus 16h 51m 38s 22°08°.5
Antares 16h 54m 10s 21°24°.3

Acrux 16h 57m 43s 56°19°.5
Canopus 17h 00m 00s 34°49°.1
Sirius 17h 02m 50s 27°15°.1

Procyon 17h 05m 11s 26°12°.3
Regulus 17h 07m 49s 43°20°.2

Find the most probable observed position at G.M.T. 17h 00m 00s January 1%; 1990;
Time at which the Assumed G.P.S. Position is (31° 20°.5 S; 172° 25".3 E).



SOLUTION:

Step (1): Extract GHA & Dec. of stars;

Star Arcturus GMT
GHA y 341°02°.6
Incr. 12°56°.6
SHA* 146°11°.9
GHA* 140°11°.1
Star Antares GMT
GHA vy 341°02°.6
Incr. 13°34°.7
SHA* 112°48°.2
GHA* 107°25°.5
Star Acrux GMT
GHA vy 341°02°.6
Incr. 14°28°.1
SHA* 173°29°.3
GHA* 169°00°.0
Star Canopus GMT
GHA y 356°05°.1
Incr. 00°00°.0
SHA* 264°03".4
GHA* 260° 08°.5
Star Sirius GMT
GHA y 356°05°.1
Incr. 00° 42°.6
SHA* 258° 48°.9
GHA* 255° 36°.6
Star Procyon GMT
GHA y 356°05°.1
Incr. 01°18°.0
SHA* 245°17°.8
GHA* 242° 40°.9
Star Regulus GMT
GHA vy 356°05°.1
Incr. 01° 57°.6
SHA* 208°02°.0
GHA* 206° 04°.7

16h 51m 38s Jan.1%

Dec.*

N 19°13°.8

16h 54m 10s Jan.1%

Dec.*

S$26°24°.7

16h 57m 43s Jan.1

Dec.* S63°02.4

17h 00m 00s Jan.1

Dec.* S52°41°.3

17h 02m 50s Jan.1%

Dec.* S16°42°.1

17h 05m 11s Jan.1%

Dec.* N5°15'.1

17h 07m 49s Jan.1

Dec.* N 12°00.9



Step (2): Arrange data in two tables as follows;

Main Data
Star number 7
DR Latitude 31°19°.0S
DR Longitude 172°25°.0E
True Course 333°
Speed 16.5
Index Error -1°.3
Height of Eye 19.0
Required Time for MPOP | 17h 00m 00s
Data of Stars
(1) Arcturus
GMT 16h 51m 38s
Sextant altitude 22°08'.5
GHA of star 140°11°.1
Declination of star 19°13°.8 N
(2) Antares
GMT 16h 54m 10s
Sextant altitude 21° 243
GHA of star 107° 25°.5
Declination of star 26°24°.7S
(3) Acrux
GMT 16h 57m 43s
Sextant altitude 56°19'5
GHA of star 169° 00°.0
Declination of star 63°02°.4S
(4) Canopus
GMT 17h 00m 00s
Sextant altitude 34°49' 1
GHA of star 260° 08°.5
Declination of star 52°41°3S
(5) Sirius
GMT 17h 02m 50s
Sextant altitude 27°15'.1
GHA of star 255° 36°.6
Declination of star 16°42°.1S
(6) Procyon
GMT 17h 05m 11s
Sextant altitude 26°12°.3
GHA of star 242° 40°.9
Declination of star 5°15°.1 N
(7) Regulus
GMT 17h 07m 49s
Sextant altitude 43°20°.2
GHA of star 206° 04°.7
Declination of star 12°00°.9 N




Step (3): Apply the software program;

UNIVERSAL METHOD

Stars Count
[Seven -
True Course Speed
333 16.5
Index error of the Sext Hieght of eye
-1.3 19
D.R.Lat
31 19 [S V]
D.R.Long
172 25 E -
Required Time for fixing
17 1] 1]
Le Jl2 Jls JEaJls Jle 2]

Star 7

17 7 49
Sext. Alt

43 20.2
G.H.A

206 4.7
Dec

MPOP OF STAR SIGHTS = 31° 20.81 5; 172° 25.39 E
Submit

MPOP (31°20°.8 S; 172° 25".4 E)




TRAINING APPLICATIONS
Application (1)
Z.T. 0455 Jun. 17 ; 1990 Ship was in DR position (20° 45°.0 N; 54° 35°.0 W).

. True Course to steer 300°
. Steaming Speed 19.5 k
. I.E. 1°.2 onthearc
. Ht. of eye 16.0 m
The following are 3-Star sights; were observed at morning twilight as follows:
Star Name | G.M.T. Sext. Alt.
Hamal 08h 44m 47s 44°20°.9
Ankaa 08h 47m 15s 23°15°.2
Eltanin 08h 53m 10s 25°31'5

Find the most probable observed position at G.M.T. 08h 50m 00s Jun.17'"; 1990; the time
at which the ASSUMED G.P.S Position is (20° 50°.0 N; 54° 30°.0 W).

Application (2)

Z.T. 1755; Aug.23" ; 1990. Ship was in DR position (39° 31°.0 S; 155° 23°.0 E).

e  True Course to steer 133°
e  Steaming Speed 18.3k
o I.E. 1°.7 off the arc
. Ht. of eye 16.0 m
The following are 4-Star sights; were observed at evening twilight as follows:
Star Name G.M.T. Sext. Alt.
Rasalhague | 07h 30m 45s | 33°20.4
Nunki 07h 33m 10s | 51°29'.9
Miaplacidus | 07h 37m 32s | 32°34°.3
Spica 07h 42m 35s | 43°55°4

Find the most probable observed position at G.M.T. 07h 40m 00s Aug. 23'; 1990; the time
at which the ASSUMED G.P.S Position is (39° 30°.0 S; 155° 20°.0 E).



Application (3)

Z.T. 1945 February 17™; 1990 Ship was in DR position (40° 35°.0 S; 35° 45°.0 W).

o True Course to steer 200°
o Steaming Speed 19.0 k
) I.E. 1°.6 off the arc
o Ht. of eye 18.6 m
The following are 5-Star sights; were observed at evening twilight as follows:
Star Name | G.M.T. Sext. Alt.
Betelguese | 21h 38m 38s | 40°57°.1
Adhara 21h 40m 47s | 64°55°.9
Acrux 21h 43m 15s | 27°59.8
Achernar 21h 48m 10s | 51°45°.8
Menkar 21h 51m 20s | 35°34°.0

Find the most probable observed position at G.M.T.21h 45m 00s. Feb. 17™; 1990;
Time at which the ASSUMED G.P.S Position is (40° 30°.0 S; 35° 40°.0W)

Application (4)

Z.T. 1837 April 2"%; 1990 Ship was in DR position (31° 00°.0 S; 100° 30°.0 E).

. True Course to steer 060°
o Steaming Speed 21.0 kts
. I.E. 1°.4 onthearc
. Ht. of eye 14.0m
The following are 6-Star sights; were observed at evening twilight as follows:
Star Name | G.M.T. Sext. Alt.
Pollux 11h 18m 50s 29°18°.9
Regulus 11h 20m 55s 25°14° .4
Acrux 11h 23m 10s 29°47°.0
Canopus 11h 25m 57s 67°50°.7
Acamar 11h 28m 12s 42°24° .2
Menkar 11h 30m 40s 24°31°.1

Find the most probable observed position at G.M.T. 11h 30m 00s. April 2" 1990;
Time at which the Assumed G.P.S Position is (30° 55°.5 S; 100° 33".3 E).



Application (5)

Z.T. 1850, October 15™; 1990 Ship was in DR position (33° 30°.0 S; 140° 28°.0 W).

o True Course to steer 065°
o Steaming Speed 17 k
) I.E. 2°.3 off the arc
o Ht. of eye 143 m
The following are 7-Star sights; were observed at morning twilight as follows:
Star Name | G.M.T. Sext. Alt.
Markab 3h 51m 00s 24° 56°.1
Diphda 3h 54m 00s 26° 50°.5
Achernar 3h 57m 00s 31°48°.2
Rigil Kent. | 4h 00m 00s 32°03'.5
Antares 4h 03m 00s 41°10°.9
Rasalhague | 4h 06m 00s 29°46°.4
Altair 4h 09m 00s 47°07°.2

Find the most probable observed position at G.M.T. 04h 00m 00s October 15™ ; 1990;
Time at which the Assumed G.P.S. Position is (33° 28°.0 S; 140° 30°.0 W).



ANSWERS OF APPLICATIONS
APPLICATION (1)

UNIVERSAL METHOD
Stars Count
[ThrEe -
True Course Speed
300 19.5
Index error of the Sext Hieght of eye
-1.2 16
D.R.Lat

20 45

D.R.Long

Required Time for fixing

0

8 4 47
Sext.Alt

4“4 209

GH.A

4 53.3

Dec

MPOP OF STAR SIGHTS = 20° 51.35 N ; 54° 27.28 W
Submit

ANSWER (20° 51°.4 N; 54° 27°.3 W)

APPLICATION (2)
UNIVERSAL METHOD

Stars Count

[Four w

True Course Speed
133 18.3

Index error of the Sext Hieght of eye
1.7 16

D.R.Lat

D.R.Long

Required Time for fixing

7 42 35
Sext.Alt

43 55.4

G.H.A

245 49

Dec

MPOP OF STAR SIGHTS = 39° 30.06 S; 155° 20.1 E
Submit

ANSWER (39° 30°.1 S; 155° 20°.1 E)




APPLICATION (3)
UNIVERSAL METHOD

Stars Count
[Fiva -
True Course Speed
200 19
Index error of the Sext Hieght of eye
16 8.6
D.R.Lat
o = —
D.R.Long

Required Time for fixing
21 45 0

LaJlzJladlalls])
Star 5

21 51 20
Sext.Alt

35 34

GHA

70 o

Dec

MPOP OF STAR SIGHTS = 40° 29.97 S ; 35° 30.82 W
Submit

ANSWER (40° 30°.0'S; 35° 39°.8 W)

APPLICATION (4)

UNIVERSAL METHOD
Stars Count
[six =
True Course Speed
&0 21
Index error of the Sext Hieght of eye
-1.4 14
D.R.lat
D.R.Long

Required Time for fixing
11 30 0

(I P T | B | B O
T sws ]

1 30 40
Sext.Alt

24 311

GHA

317 45.8

Dec

MPOP OF STAR SIGHTS = 30° 56.21 5; 100° 33.23 E
Submit

ANSWER (30° 56°.2 S; 100° 33".2 E)




APPLICATION (5)

UNIVERSAL METHOD

Stars Count

[SEVEH -
True Course Speed

65 17

Index error of the Sext Hieght of eye
2.3 14.3
D.R.Lat

D.R.Long

» -
Required Time for fixing

4 0 0

Lad e bad o] e ) fe ] o]
Star 7

4 9 o
Sext.Alt
47 7.z
GHA
148 6.1
Dec

MPOP OF STAR SIGHTS = 33° 30.05 5 ; 140° 28.29 W
Submit

ANSWER (33°30°.1 S; 140° 28°.3 w)




12) Egyptian Method
To apply this software program you must:

e Practically, decide the required time (GMT) of fixing. You choose a time of round figure of
minuets (15m) say. As an example assume that the GMT ® for
5-star sights are given as:
Star(1) Star(2) Star(3) Star(4)
| GMT | 3h22m41s | 3h24m13s | 3h 26m 56s 3h 29m 09s
So the required time (GMT) of fixing [3h 30m 00s] is suitable.
e In the exercises, required time (GMT) of fixing is given.
In both cases;

e Calculate [GHA y] at the required time of fixing.
e Extract SHA & Dec. for each star concerned.

Star(5)
3h 32m 17s

e Record Azimuth (Az.) for each star concerned obtained from the process of preparation for star
sights.
In both cases; arrange the data as given below to avoid mistakes of entry.

GHRy at RT
Co. True Course
Sp. Speed
LE. Index Error
H.E. Height of eye
DRL DR Latitude
DRG DR Longitude
RT Required time
Star 1 2 4 5

GMT

Sext. Alt.

S.HA.

Dec.

Az.

The Input data are introduced in two steps;
Fill the main data then press star number to introduce parameters of each one.




The following is the screen of the Egyptian Method software program:

Main Data
Number of Stars Twilight
| i | | Morning/Evening |
GHA vy at the Required Time
L° | [ |
True Co.  Speed
| ° | [ knots |
I.E. Ht. of Eye
[ | [ meter |
DR Latitude
L° | | IN/S |
DR Longitude
L° | | L[E/W |
Required Time for Fix
Lh | [m | s |
Information of Star Ne (i)

GMT
Lh | Lm | Ls

Sextant Altitude
L° | |

SHA
L° | |

Dec.
L° | | [N/S |
Azimuth

The software program is designed to obtain the most probable observed position MPOP; at the required
time of fixing.



SOLVED APPLICATION

Z.T. 1945 February 17™; 1990 Ship was in DR position (40° 35°.0 S; 35° 45°.0 W).

e True Course to steer 200°

e Steaming Speed 19.0 kts

e |E. 1°.6 off the arc

e Ht. of eye 18.6 m

The following are 7-Star sights; were observed at evening twilight as follows:

Star Name | G.M.T. Sext. Alt. Az
Procyon 21h 38m 38s | 32°34°.0 046°.7
Suhail 21h 40m 47s | 46°30°.3 114°4
Acrux 21h 43m 15s | 27°59'.8 150°.9
Al Na'ir 21h 45m 55s | 19°13'.8 223°.8
Diphda 21h 48m 10s | 28°06°.6 269°.6
Menkar 21h 51m 20s | 35°34'.0 316°.3
Elnath 21h 54m 47s | 20°56°.7 000°.8

Find the most probable observed position at G.M.T. 21h 45m 00s Feb.17"; 1990; the time
at which the ASSUMED G.P.S Position is (40° 30°.0 S; 35° 40°.0 W).

SOLUTION:

Step (1): Calculate GHRy at G.M.T. 21h 45m 00s Feb.17™"; 1990

GHA y 102°34°.5
Incr. 11°16°.8
GHAy  [113°51°3

Step (2): Extract SHA & Dec. for each star concerned

Step (3): Arrange data as follows;

GHRy at RT 113°51°.3

Co. 200°.0

Sp. 19.0

I.E. 1.6

H.E. 18.6 m

DRL 40° 35°.0S

DRG 35° 45°.0W

RT 21h 45m 00s Feb. 17"
star Procyon Suhail Acrux Al Na'ir Diphda Menkar Elnath
GMT 213838 | 214047 | 214315 214555 | 214810 215120 | 215447
Sext. Alt. 3234.0 46 30.3 2759.8 191338 28 06.6 3534.0 2056.7
S.H.A. 24517.7 | 22305.0 | 173288 28 05.9 349 13.6 314334 | 27834.6
Dec. 5150N |43236S |63026S |47006S |18025S |4031N |2836.2N
Az. 046.7 114.4 150.9 223.8 269.6 316.3 000.8




Egyption Method

Stars Count

Twilight

[Seven

A ] [Evining

GHA at the required time
113

True Course

200

Index error of the Sext
1.6

D.R.Lat

40
D.R.Long

35
Required Time for fixing
21

51.3
Speed
19
Hieght of eye
18.6
35
45
45

s 7]
[w 7

Lz JlaJlaJls Jls {2 ]

Result

P12 =40° 30.2'5 35° 4.7 W
P13 =40° 29.1'5 35° 43'W
P14=00050°0W

P15 =40° 33.5'535° 37.4W
P16 =40° 31.4'S 35° 40.1'W

P17 = 40° 30.3'5 35° 41.5'W

P23 =40° 285 35° 40.4 W

P24 =40° 26,4 =5 =350 39.5 =yP37 =00 0'50% O'W

P25 =00 0'S0° O0'W

P26 =00 0'S0° O'W

P27 =40° 30.3 5359 418 W
P34 =40° 27.2' 5359 38.4 W
P35 = 40° 26,7 5350 37.3 W

PI6=0005000W

P45 = 400 27.9'5 350 37.3W
P46 =40 23.7 5 359 36.3'W
P47 = 40° 30.6'535° 33.6' W17
P56 =40° 29.4'5 350 37.3W
P57 =40° 30.5'535° 37.4W

P67 = 40° 30.4 5 35° 38.8 W

MPCP 402 29.4'S352 38.9'W

MPOP is (40° 29°.4 S; 35° 38°.9 W)

Note:

The above figure is the final seen of application; where some couples of stars failed to solve.
This is due to the condition of the difference of azimuths in theory; [AAz. <30°] or [150° < AAz. <210°].
As an example P14 is not solved because Az. of star; (Procyon) = 046°.7 and stars Al Na'ir= 223°.8 so the

difference =177°.1.

| Submit |



TRAINING APPLICATIONS
Application (1)
Z.T. 0455 Jun. 17 ; 1990 Ship was in DR position (20° 45°.0 N; 54° 35°.0 W).

o True Course to steer 300°
. Steaming Speed 19.5 k
. I.E. 1°.2 onthe arc
. Ht. of eye 16.0 m
The following are 3-Star sights; were observed at morning twilight as follows:
Star Name | G.M.T. Sext. Alt. Az
Hamal 08h 44m 47s 44°20°.9 077°.1
Ankaa 08h 47m 15s 23°15°.2 161°.1
Eltanin 08h 53m 10s 25°31'5 318.3

Find the most probable observed position at G.M.T. 08h 50m 00s Jun.17t"; 1990; the time
at which the ASSUMED G.P.S Position is (20° 50°.0 N; 54° 30°.0 W).

Application (2)
Z.T. 1755; Aug.23; 1990. Ship was in DR position (39° 31°.0 S; 155° 23°.0 E).

. True Course to steer 133°
e  Steaming Speed 18.3k
o I.E. 1°.7 off the arc
. Ht. of eye 16.0 m
The following are 4-Star sights; were observed at evening twilight as follows:
Star Name G.M.T. Sext. Alt. Az.
Rasalhague | 07h 30m 45s | 33°20.4 028°.7
Nunki 07h 33m 10s | 51°29°.9 083°.6
Miaplacidus | 07h 37m 32s | 32°34°.3 203°.7
Spica 07h 42m 35s | 43°55° .4 296°.4

Find the most probable observed position at G.M.T. 07h 40m 00s Aug. 23'; 1990; the time
at which the ASSUMED G.P.S Position is (39° 30°.0 S; 155° 20°.0 E).

Application (3)
Z.T. 1945 February 17™; 1990 Ship was in DR position (40° 35°.0 S; 35° 45°.0 W).

. True Course to steer 200°
) Steaming Speed 19.0 k
o I.E. 1°.6 off the arc
o Ht. of eye 18.6 m
The following are 5-Star sights; were observed at evening twilight as follows:
Star Name | G.M.T. Sext. Alt. Az.

Betelguese | 21h 38m 38s | 40°57°.1 015°.9
Adhara 21h 40m 47s | 64°55°.9 071°4
Acrux 21h 43m 15s | 27°59'.8 150°.9
Achernar 21h 48m 10s | 51°45°.8 225°.3
Menkar 21h 51m 20s | 35°34°.0 316°.3

Find the most probable observed position at G.M.T.21h 45m 00s. Feb. 17%; 1990;
Time at which the ASSUMED G.P.S Position is (40° 30°.0 S; 35° 40°.0W)




Application (4)

Z.T. 0407 January 2"%; 1990 Ship was in DR position (31° 19°.0 S; 172° 25°.0 E).

o True Course to steer 333°

o Steaming Speed 16.5 k

o I.E. 1°.3 onthearc

o Ht. of eye 19.0 m

The following are 6-Star sights; were observed at morning twilight as follows:

Star Name | G.M.T. Sext. Alt. Az.
Arcturus 16h 51m 38s 22°08.5 048°.5
Antares 16h 54n 10s 21°24.3 108°.8
Acrux 16h 57m 43s 56° 19.5 165°.0
Sirius 17h 02m 50s 27°15.1 266°.2
Procyon 17h 05m 11s 26°12.3 294°.6
Regulus 17h 07m 49s 43° 20.2 334°.8

Find the most probable observed position at G.M.T. 17h 00m 00s January 1%t; 1990;
Time at which the Assumed G.P.S. Position is (31° 20°.5 S; 172° 25°.3 E).

Application (5)

Z.T. 1850, October 15™; 1990 Ship was in DR position (33° 30°.0 S; 140° 28°.0 W).

) True Course to steer 065°

o Steaming Speed 17 k

o I.E. 2°.3 off the arc

o Ht. of eye 143 m

The following are 7-Star sights; were observed at morning twilight as follows:

Star Name | G.M.T. Sext. Alt. Az.
Markab 3h 51m 00s 24°56°.1 049°.3
Diphda 3h 54m 00s 26°50°.5 094°.7
Achernar 3h 57m 00s 31°48°.2 141°.0
Rigil Kent. | 4h 00m 00s 32°03.5 214°.8
Antares 4h 03m 00s 41°10°.9 262°.5
Rasalhague | 4h 06m 00s 29° 46°.4 312°.7
Altair 4h 09m 00s 47°07°.2 348°.8

Find the most probable observed position at G.M.T. 04h 00m 00s October 15™ ; 1990;
Time at which the Assumed G.P.S. Position is (33° 28°.0 S; 140° 30°.0 W).




ANSWERS OF APPLICATIONS
APPLICATION (1)
Egyption Method

Stars Count Twilight
[Three - ] [Morning -
GHA at the required time
37 51.2
True Course Speed
300 19.5
Index error of the Sext Hieght of eye
-1.2 16
D.R.Lat
20 45 [ -
D.R.Long
54 3 [w -
Required Time for fixing
g 50 a

Result

P12 = 20% 51.6'N54® 31.9'W

P13 =20 46.4' N54° 30.6' W

P23 =00 O'NO°O'W

MPCP = 20° 49" N 542 312'W | Submit |

MPOP is (20° 49°.0 N; 54° 31°.2 W)




APPLICATION (2)
Egyption Method

Stars Count Twilight
[Four - ] [Evining -
GHA at the required time
5] 20,8
True Course Speed
133 18.3
Index error of the Sext Hieght of eye
1.7 16
D.R.Lat
39 31 E -
D.R.Long
155 23 E -
Required Time for fixing
7 40 o]

e Ja s s

P12 =359° 29'5155° 18.7E P24 =39° 33.25155° 19.4E

P13=0°050°0'E

P14 =39 30.1'5 155° Z1.5'E

P34 =390 29,1'5 155° 22.2°E

P23 =39° 77.8' 5 155° 18.5'E

| Submit

MPCP =392 298" S 1552 20.1"E

MPOP is (39°29°.8 S; 155° 20".1 E)



APPLICATION (3)

Egyption Method

Stars Count Twilight
[Five - ] [Evining -
GHA at the reguired time
113 51.3
True Course Speed
200 19
Index error of the Sext Hieght of eye
1.6 18.6
D.R.Lat
40 35 E -
D.R.Long
35 45 w ~|
Required Time for fixing
21 45 [u]
Loz s Jls]ls ]
Result
P12 =402 29.8'5 350 40.7W P24=00 0'500 0'W
P13=40° 29.3535° 43.5W 35 - 400 31,35 350 40'W P45 = 40° 30.1'5 35° 38.3' W

Pi4=00 0'S50° O'W

P15 =40% 30.2'S 35% 38.5'W

P23 =40° 28.4'535° 414 W

P34 =400 23.2 5 35° 40.7 W

PI5=00050°0W

MPCP =402 29.6'S 352 404" W

MPOP is (40° 29°.6 S; 35° 40".4 W)

Submit



APPLICATION (4)
Egyption Method

Stars Count Twilight
[Six - ] [Morning -

GHA at the required time

356 5.1

True Course Speed

333 18.5

Index error of the Sext Hieght of eye

-1.3 19

D.R.Lat

31 19 E ~|
D.R.Long

172 25 E -]
Required Time for fixing

17 0 o

Lo iz Jls JlaJls Jls ]

P12 =31 20'5 172° 22.1'E PI4=0°0=5=0°0E

P13=31% 20.45172° 22.6'E  pyc_qo g'soe 0'E P45 = 31° 20.9'5 172¢ 27.7E

PL4=31° 545 172° WE  po6 310 2095 170 2L8E  pacsio js.g's 1920 275 E

P15 = 31 23.6'5 172® 26.1'E

P16 = 31° 20.5'5 172° 22.7E P34 = 310 19,3 5 1720 27.6'E
P56 = 31% 18.2'5 172° 29.1'E

P35 =31% 19.1'5 172® 23.TE

P23 =31° 20.6'S 1720 21.9E P3®=0°050°0'E

=312 . o .
MPCP =312 206"'S 1722 255'E Submit

MPOP is (31° 20°.6 S; 172° 25°.5 E)



APPLICATION (5)
Egyption Method

Stars Count Twilight
[Seven - l [Evining -
GHA at the required time
83 25.9
True Course Speed
65 17
Index error of the Sext Hieght of eye
2.3 14.3
D.R.Lat
33 30 E -
D.R.Long
140 o) W -
Required Time for fixing
4 o] o]
LeJlaJls Jla]ls Jls Jlz]
Result
P12 =339 29.2'5 140° 30.5 W P24=133% 26.8' =5=140° 30.3 =P37 =00 0'50° O'W
P13=33> 20.5°5 140° 30.3W pa5—ge prsoe o'w P45 = 330 25.9'S 140° 26,7 W
Pl14=020'50° 0'W _ ! '
P26 =33° 3435 140° 309 W pa | 220 2g. 65 1400 255 W
P15 =332 33.2'5 140° 26.1'W =330 ! o '\
P27 =33° 27,95 140° 30.94 W P47 = 330 27.7 5140° 28.8 W17
P16 = 33° 31.7'5 1400 27.8'W P34 =330 28.1'S 1400 28,7 W
P56 = 332 30.5' 5 140 26.5'W
P17 =33 28.1'5 140° 31.8'W p35=330 27.2'5 1400 27 W/ P57 = 33° 27.5'5 140° 27 W
P23 =33° 29.75140° 30.5w PIE=0° 0500 O'W P67 = 33° 27'5 1400 22.9 W

MPCP 33¢

MPOP is (33° 29°.2 S; 140° 28°.3W)

29.2'5140° 28 3'W

Submit







GROUP (4)

PROBLEMS RELATED TO CELESTIAL NAVIGATION

¢ |dentification of Unknown Bright Star
e Coordinates of Sun, Aries and Equation of Time



13) Unknown Star Identification

To apply this software program_you must:
e Calculate [GHA ,] at GMT [time of taking Bearing and Altitude]
e Extract DR position at GMT.
The software program is designed to give the name of the unknown star.

The screen of the software program is given below

Unknown Star Identification

DR Latitude

L | | [N/s |
DR Longitude

L° | L | [E/w |
Altitude

True Bg.

GHA vy at Time of Observation

Hemisphere

D. GROUP (4)



Solved Application

Z.T. 0055 Aug. 13", 1990; DR (44° 02°.6 S; 29° 50".1 E)
Sky was cloudy, and a bright star was seen in a clearance of clouds. Altitude and Bearing was taken as
follows;
Altitude ~19°.0
True Bearing =146°.5
Identify the name of that star.

Solution
Step (1); Extract GHA y

Z.T. ‘ 0055 Aug. 13t
ZN -2

GD | 2255 Aug. 12
GHA vy ‘ 291° 05°.4
Incr. 13°47°.3
GHAy | 304°52'.7

Step (2); Apply Software as follows;

UNKNOWN STAR IDENTIFICATION

DR Latitude
44 2.6

i

DR Longitude
2 50.1

A

Altitude
19

True Bearing
145.5

GHA
304 52.7

Hemi-sphere of star

E -
SHA = 265°

Dec = 52°S Canopus Submit

Answer: The unknown star is Canopus



TRAINING APPLICATIONS

Application (1)
GMT 08h 06m 00s Jan. 2" 1990; DR (31°00°.0 S; 172° 29°.7 E)
Sky was cloudy, and a bright star was seen in a clearance of clouds. Altitude and Bearing was taken as
follows;
Altitude =31°.0
True Bearing ~107°
Identify the name of that star.

Application (2)
GMT 08h 06m 00s Jan. 2"@ 1990; DR (31°00°.0 S; 172° 29°.7 E)
Sky was cloudy, and a bright star was seen in a clearance of clouds. Altitude and Bearing was taken as
follows;
Altitude ~63°.0
True Bearing ~194°
Identify the name of that star.

Application (3)
GMT 17h 06m 00s Jan. 1% 1990; DR (31° 19°.0 S; 172° 28".3 E)
Sky was cloudy, and a bright star was seen in a clearance of clouds. Altitude and Bearing was taken as
follows;
Altitude = 44°.0
True Bearing =~ 337°
Identify the name of that star.

Application (4)
GMT 17h 48m 00s June 27" 1990; DR (38° 10°.0 N; 154° 38".0 E)
Sky was cloudy, and a bright star was seen in a clearance of clouds. Altitude and Bearing was taken as
follows;
Altitude =~ 45°.0
True Bearing ~ 290°
Identify the name of that star.

Application (5)
GMT 06h 51m 00s December 7t 1990; DR (38° 00°.4 N; 154° 24°.9 E)
Sky was cloudy, and a bright star was seen in a clearance of clouds. Altitude and Bearing was taken as
follows;
Altitude ~ 17°.0
True Bearing ~ 044°
Identify the name of that star.



ANSWERS;

Application (1)

UNKNOWN STAR IDENTIFICATION

The unknown star is Adhara

Application (2)

DR Latitude

31 0 5 i
DR Longitude

172 2.7 E -
Altitude

31

True Bearing

107

GHA

223 12.2

Hemi-sphere of star

-

SHA = 255°
Dec = 28°S Adhara Submit
UNKNOWN STAR IDENTIFICATION

DR Latitude

31 0 5 =
DR Longitude

172 2.7 E -
Altitude

83

True Bearing

154

GHA

223 12.2
Hemi-sphere of star
(w ]

SHA = 335°
Dec = 56° S Achernar Submit

The unknown star is Achernar




Application (3)

UNKNOWN STAR IDENTIFICATION

The unknown star is Regulus

Application (4)

DR Latitude
31 19

DR Longitude
172 3.3

Altitude
a4

True Bearing
337

GHA
356 35.2

Hemi-sphere of star

W~
SHA = 208°

Dec = 11° N Regulus

UNKNOWN STAR IDENTIFICATION

The unknown star is Vega

DR Latitude

38 10
DR Longitude

154 38
Altitude

45

True Bearing
290

GHA
152 4.7

Hemi-sphere of star

W

SHA = 81°

Dec = 38° N Vega

[

[

i

[l

Submit

Submit




Application (5)

UNKNOWN STAR IDENTIFICATION

The unknown star is Capella

DR Latitude

38 00.4

DR Longitude
154 24.9

Altitude
7

True Bearing
044

GHA
178 322

Hemi-sphere of star

E -
SHA = 281°

Dec = 46° N Capella

[l

[l

Submit




14) Equation of Time and the Coordinates of Sun and Aries:

To apply this software programs you can proceed without any previous calculations.

The software program is designed to obtain the following parameters at a given set of time:
e Dec. of true sun.
e G.H.A. of true sun, (error < 1°.0).
e S.H.A. of true sun.
e R.A. of true sun.
e G.H.A. of Aries, (error < 1°.0).
e Equation of time.

Where the Set of time is consists of; (Year; Month; Day; Hours; Minutes; Seconds)

The screen of the software program is given below

Coordinates of the True Sun and Equation of Time

Date
LY Y | LD |
GMT
Lh | [m | s |

Solved Application

Extract GHA, Dec for the Sun, Equation of time and GHA y at GMT 12h 00m 00s
July 151 1990.

Manual Solution

A. For Sun
GHA 358°31°.3 Dec 21°31°4N
Incr. 00 d corr 00
GHA  |358°31'.3 C.Dec |21°31°4N

B. Equation of time [- 5m 55s]

C. For Aries y
GHA 113°04°.9
Incr. 00

GHA | 113°04°.9



Software Application

SUN COORDINATES EQ OF TIME Result

Declination
G.H.A

R.A
S.H.A

R.G.H.A (Aries)

Eq. Of Time

ANSWERS;

Dec. sun
GHA sun
Eqg. of time
GHA vy

21°31.4N
358231

114.55479 = 7H 38M 13S

245° 26.7

113° 4.3

- 0H 5M 555

21°31°4 N
358°31°.0
- 5m 55s
113°04°.3

Training Applications

Application (1)

Find GHA, Dec for the Sun, Equation of time and GHA y at GMT 18h 00m 00s
August 20™ 1990.

Application (2)

Find GHA, Dec for the Sun, Equation of time and GHA y at GMT 00h 30m 00s
January 2" 1990.

Application (3)

Find GHA, Dec for the Sun, Equation of time and GHA y at GMT 06h 00m 00s

June 18t 1990.

Application (4)

Find GHA, Dec for the Sun, Equation of time and GHA y at GMT 18h 00m 00s

December 1%t 1990.

Back




ANSWERS
Application (1)

ANSWERS;

Dec. sun
GHA sun
Eq. of time
GHA vy

Application (2)

ANSWERS;
Dec. sun
GHA sun

Eq. of time
GHA vy

SUN COORDINATES EQ OF TIME Result

Declination
G.H.A

R.A

S.H.A

R.G.H.A (Aries)

Eq. Of Time

12°21°5N
89°09°.3
-3m 22s
238°48°.0

12°21.5N

89°9.3

149.64513 = OH 58M 345

210° 21.3

238° 48

- 0H 3M 225

Back

SUN COORDINATES EQ OF TIME Result

Declination
G.H.A

R.A

S.HA

R.G.H.A (Aries)

Eq. Of Time

22°57°.4S
186° 33°.6
- 3m 45s

108° 53°.6

22°57.4 S

186° 33.6

282.3336 = 18H 49M 20S

77° 40

108° 53.6

- 0H 3M 458

Back




Application (3)

ANSWERS;

Dec. sun
GHA s
Eqg. of time
GHA vy

Application (4)

ANSWERS;
Dec. sun
GHA sn

Eqg. of time
GHA vy

SUN COORDINATES EQ OF TIME Result

Declination
G.H.A

R.A

S.H.A

R.G.H.A (Aries)

Eq. Of Time

23°24° 0N
269° 45°.1
- Om 60s
356°12°.8

23° 24N

269° 45.1

86.46231 = 5H 45M 505

273°32.3

356°12.8

- O0H OM -60S

SUN COORDINATES EQ OF TIME Result

Declination
G.H.A

R.A

S.H.A

R.G.H.A (Aries)

Eq. Of Time

21°50°.6 S
92°43'1

+10m 52s
340°19°.0

21°50.6 S

920 43.1

247.59807 = 16H 30M 23S

112°24.1

340° 19

+ OH 10M 525

Back

Back




10 1990 JANUARY 1, 2, 3 (MON., TUES., WED.)

xC T
ur [ ARIES { VENUS —4.5] MARS +1.5] JUPITER —2.7{SATURN +0.5 STARS
(GMT)
G.H.A. G.H.A. Dec. G.H.A, Dec. G.H.A. Dec. G.H.A, Dec. Name S.H.A. Dec.
] r L] ’ o r o ’ ] r -] ’ ] v o ’ ] ’ o ’ -] ’
1 100 23.2 1152 11.4 S16 59.0 | 212 24.3 521 55.6 4 426 N23 13.3 | 173 29.9 S22 14.3 | Acamor 315 31.3 540 20.7
115 2571167 142 S8.4 1227 24.9 5591 19 454 12,3 ) 188 32.1 14.3 [ Achernar 335 39.4 557 27.4
130 28.1{ 182 17.2 57.9 | 242 255 5621 34 48.2 13.3 1 203 34.2 14.2 § Acrux 173 29.3 S63 024
145 30.6 1197 20.1 - - 57.4 257 26.1 -- 565 49 51.0 - - 133|218 364 - - 14.2 | Adhara 255 26.0 S28 57.4
160 33.0| 212 23.0 56.9 | 272 26.7 56.8 ] &4 53.9 13.4 | 233 385 14.2 | Aldebaran 291 09.3 N1l6 29.5
175 35.5| 227 26.0 56.4 | 287 27.3 57.1] 79 56.7 13.4 | 248 40.7 14.2
190 38.0 | 242 28.9 516 55.8 | 302 27.9 S21 57.4 | 94 59.5 N23 13.4 | 263 42.8 522 14.1 | Alioth 166 35.8 N56 00.4
205 40.4{ 257 31.8 55.3 | 317 28.5 57.7 | 110 02.4 13.4 | 278 45.0 14.1 | Alkaid 153 12.7 N49 21.4
220 42.9| 272 34.7 54.8 | 332 29.0 57.9] 125 05.2 13.4 ] 293 47.1 14.1 J Al Na'ir 28 05.9 547 00.8
M 235 454|287 37.7 -+ 543|347 29.6 - - 58.2 | 140 08.0 - - 13.5| 208 49.3 - - 14.0 | Alnilam 276 039 S 1 124
o 250 47.8 302 40.6 53.8 2 30.2 58.5 1155 10.8 135 323 514 14.0  Alphard 218 13.1 S 8 36.9
N 265 50.3 | 317 436 53.31 17 308 58.8 | 170 13.7 13.5] 338 53.6 14.0
D 280 52.8 | 332 46.5 S16 52,7 | 32 31.4 S21 59.1 | 185 16.5 N23 13.5 | 353 55.7 S22 13.9 Alphecca 126 26.1 N26 44.6
A 295 55.2] 347 49.5 52.2) 47 320 59.41200 19.3 13.5 8 57.8 13.9 | Alpheratz 358 01.9 N29 02.3
Y 310 57.7 2524 517 | 62 32.6 59.7 | 215 22.2 13.5) 24 00.0 13.9 | Altair 62 257 N 8 504
326 00.2) 17 554 - - 51.2| 77 33.2 21 59.9|230 25.0 - - 13.6| 39 021 - - 13.8 |Ankoa 353 32,9 S42 21.8
341 026 32 584 50.7 | 92 338 22 00.2]245 27.8 136] 54 043 13.8 | Antares 112 48.2 S26 247
356 05.1| 48 01.3 50.2 | 107 34.4 00.5 | 260 30.7 13.6] 69 064 13.8
11 07.5] -63 04.3 516 49.7 | 122 35.0 S22 00.8 | 275 33.5 N23 13.6 | 84 08.6 S22 13.7 [Arcturus 146 11.9 N19 13.8
26 10.0| 78 07.3 49.1 § 137 356 01.1 | 290 36.3 136] 99 10.7 13.7 | Atria 108 06.5 S69 00.6
41 12.5] 93 103 48.6 | 152 36.1 01.4 | 305 39.1 13.7 | 114 129 13.7 | Avior 234 24.8 S59 285
56 1491108 13.3 - - 48.1 | 167 36.7 - - 01.6 | 320 42.0 - - 13.7| 129 15.0 - - 13.7 | Bellatrix 278 50.6 N & 20.6
71 17.41123 163 47.6 | 182 37.3 01.9 335 448 13.7 | 144 17.2 13.6 {Betelgeuse 271 20.0 N 7 24.4
86 19.9] 138 19.3 47.1 ] 197 37.9 02.2 ] 350 47.6 13.7 } 159 19.3 13.6
| 101 22.3 | 153 22.3 516 46.6 [ 212 38.5 522 02.5 5 50.5 N23 13.7 { 174 21.5 S22 13.6 { Conopus 264 03.4 552 41.3
116 24.8 | 168 25.3 46.1 | 227 39.1 02.8| 20 53.3 13.8 | 189 23.6 13.5 | Capella 281 00.1 N45 59.5
131 27.3 1183 28.3 45.6 § 242 39.7 03.0} 35 56.1 138 | 204 25.7 13.5 [ Deneb 49 44.0 N45 147
146 29.7| 198 31.3 -+ 45.1|257 403 - - 033 | 50 58.9 - 13.8| 219 27.9 - - 13.5 | Denebola 182 51.4 N14 375
] 161 32.2 ) 213 343 44.6 } 272 40.9 03.6] bb 01.B 13.8 | 234 30.0 13.4 | Diphdo 349 13,5 518 025
176 34.7| 228 37.3 44.1 | 287 41.4 03.9| 81 046 13.8 | 249 32.2 13.4
DY 191 37.1) 243 40.4 516 43.6 | 302 42.0 522 04.2 ] 96 07.4 N23 139 | 264 34.3 522 13.4 | Dubhe 194 12.5 Nél 48.0
| 206 39.6| 258 434 43.1] 317 426 04.4-4-111.10.2 13.9 ] 279 36.5 13.3 | Elnath 278 34,5 N28 36.1
T 08] 221 42.0] 273 46.5 42.6 | 332 43.2 04.7 ] 126 13.1 13.9 ]| 294 38.6 13.3 | Eltanin 90 54.9 N51 29.2
u 23b 445|288 495 - - 421347 438 -+ - 05.0 | 141 159 - - 13.9] 209 40.8 - - 13.3 |Enif 34 047 N 9 498
E 251 47.0] 303 52.5 41.5 2 444 05.3 | 156 18.7 139 | 324 929 13.2 | Fomalhaut 15 43.4 529 40.7
S 266 49.4 | 318 55.6 41.0| 17 45.0 05.6 | 171 21.6 139 339 45.1 13.2
D ] 281 51.9] 333 58.7 S16 40.5| 32 45.6 S22 05.8 | 186 24.4 N23 14.0 | 354 47.2 522 13.2 | Gacrux 172 20.8 557 03.3
A 296 54.4{ 349 01.7 40.0 ] 47 46.1 06.1 | 201 27.2 14.0 9 49.4 13.1 { Gienah 176 10.4 S17 29.2
Y 311 56.8 4 04.8 395] 62 46.7 06.4 | 216 30.0 140] 24 515 13.1 |Hadar 149 135 Se0 19.4

{326 593| 19 07.9 - 391 77 473 -+ 067 (231 329 - - 14.0( 39 53.6 - - 13.1 |Hamal 328 20.6 N23 25.2
Dl 342 01.8] 34 109 386 | 92 479 06.9 | 246 35.7 14.0] 54 55.8 13.1 |Kaus Aust. B84 07.5 534 235
1357 04.2] 49 14.0 38.1 1107 48.5 07.2 ] 261 385 1411 69 579 13.0
12 06.7| 64 17.1 S16 37.6 | 122 49.1 S22 07.5| 276 41.4 N23 14.1 | 85 00.1 S22 13.0 | Kochab 137 19.5 N74 114
27 09.1} 79 20.2 37.1 1 137 49.7 07.81291 44.2 14.1 } 100 02.2 13.0 | Markab 13 56.1 N15 09.2
42 94 233 36.6 | 152 50.3 08.0 | 306 47.0 14,1 | 115 04.4 12.9 | Menkar 314 333 N 4 03.2
109 264 - - 36.1 | 167 508 - - 08.3 | 321 49.8 - - 14.1 | 130 06.5 - - 12.9 |Menkent 148 28.6 536 19.2
124 29.5 35.6 | 182 51.4 08.6 | 336 52.7 14.2 1 145 08.7 12.9 | Miaplacidus 221 42.9 S69 40.4
| 139 32.6 3311197 52.0 08.9 § 351 55.5 14;3_L_1_£|_0 10.8 12.8
154 357 S16 34.6 | 212 52.6 522 09.1 6 58.3 N23 14.2 | 175 13.0 522 12.8 | Mirfak 309 054 N49 49.9
169 38.8 3481 ) 227 53.2 09.4 ] 22 01.1 14,2 | 190 15.1 12.8 | Nunki 76 20.5 526 18.7
184 41.9 33.6 | 242 538 09.7 ] 37 04.0 142 | 205 17.3 12.7 | Peacock 53 47.3 556 46.2
199 45.1 -+ 331|257 544 -- 10.0| 52 06.8 - - 14.2 | 220 19.4 - - 12.7 |Pollux 243 48.8 N28 03.1
214 48.2 32.6 | 272 549 10.2 | 67 09.6 14.3 | 235 21.6 12.7 [ Procyon 245 178 N 5 15.1
229 51.3 32.1 | 287 55.5 105] 82 12.4 14.3 | 250 23.7 12.6

244 54.5 516 31.7 | 302 56.1 S22 10.8 | 97 15.3 N23 14.3 | 265 25.8 522 12.6 [Rasalhague 96 23.1 N12 33.8

w 259 57.6 31.2 | 317 56.7 11.0 § 112 181 14.3 | 280 28.0 12.6 | Regulus 208 02.0 N12 00.9
E 275 00.7 30.7 | 332 57.3 11.3 § 127 20.9 14.3 | 295 30.1 12.5 JRigel 281 28.7 S 8 12.7
D 290 03.9 -+ 30.2 | 347 579 - - 11.6]142 238 - - 14.4 | 310 323 - - 12.5 |Rigil Kent. 140 16.3 560 47.5
N 305 07.0 29.7] 2584 11.9 | 157 26.6 14.4 | 325 34.4 12.5 | Sabik 102 33.1 S15 42.9
E 320 10.2 29.2 | 17 59.0 121|172 29.4 14.4 | 340 3.6 12.5
S 335 13.4 516 28.7 | 32 59.6 522 12.4 } 187 32.2 N23 14.4 | 355 38.7 S22 12.4 | Schedor 350 00.9 N56 29.3
D 350 16.5 28.3| 48 00.2 12.7 | 202 35.1 14.4| 10 40.9 12.4 | Shavla 96 46.2 S37 05.9
A 5 19.7 27.8| 63 00.8 129 | 217 37.9 144 | 25 43.0 12.4 | Sirius 258 48.9 Sle 42.1
Y A4l 20229 -+ 273 78 014 -- 132|232 40.7 -+ 145| 40 45.2 - - 12.3 | Spica 158 49.9 S11 06.6
bl 343 00.9| 35 26.1 26.8] 93 01.9 13,5 | 247 435 145| 55 47.3 12.3 | Suhail 223 05.1 S43 23.4
358 03.4| 50 29.3 26.3 [ 108 02.5 13.7 | 262 46.4 145| 70 49.5 12.3
13 05.8]| 65 32.4 S16 25.9 | 123 03.1 S22 14.0 | 277 49.2 N23 14.5| 85 51.6 S22 12.2 |Vega 80 51.3 N38 46.3
28 08.3] B0 35.6 25.4 } 138 03.7 14.3 | 292 52.0 14.5 § 100 53.7 12.2 {Zuben'ubi 137 25.2 S16 00.1
43 10.8| 95 38.8 249|153 04.3 14.5 | 307 54.8 14.6 | 115 55.9 12.2 ST A Mer Por.
58 13.2{ 110 42.0 - - 24.4 | 168 04.8 - - 14.8( 322 57.7 - - 14.6 {130 58.0 - - 12.1 e 4 hom
73 15.7} 125 45.3 23.9 | 183 05.4 15.1 | 338 00.5 14.6 | 146 00.2 12.1 [ Venus 51 59.9 13 a4
88 18.1] 140 48.5 23.5 | 198 06.0 15.3 | 353 03.3 14.6 | 161 02.3 12.1 | Mars 111 162 9 49
h o . Jupiter 264 28.1 23 32

m
Mer. Poss. 17 117} v 31 d o5 v 06 d 03 v 28 d 0.0 v 21 d 00 |Saturn 72 59.1 12 21




XC JANUARY 1, 2,

3 (MON., TUES., WED.) 1
- o
ut SUN MOON Lat. Twilight Sunrise oonrise
MNaut. Civil 1 2 3 4
{GMT)
G.H.A, Dec. G.H.A. v Dec. d H.P. o h om hoom hom h m hom hom hoom
d bl o s o s o s s o + o+ s INT72}08 23| 10240 - 11 34 | 10 58 | 10 25 | 09 49
100{179 10.5 S23 02.5{131 54.3 12.4 S11 50.4 14.2 57.6| N 70 | 08 05 | 09 48 - 1120 | 1054 | 10 29 | 10 03
01)194 10.2 02.3]146 257 12.4 11 36.2 14.3 57.6 68107 49 |09 16 - 1109 | 1050 | 10 32 | 10 13
02209 09.9 02.1f160 57.1 12.4 11 219 14.3 57.6 66|07 37 |08 53 1026 (11001047 |10 35 |10 23
031224 09.6 .. 01.9[175 285 12.5 11 07.56 14.3 57.7 64107 26 | 08 34 | 09 49 |10 52 | 10 45 | 10 38 | 10 30
041239 09.3 01.7]190 00.0 12.6 10 53.3 14.5 57.7 62|07 17 |08 18 | 09 22 | 10 45 | 10 43 | 10 40 | 10 37
05254 09.0 01.5|204 31.6 12.5 10 38.8 14.5 57.7 60|07 09 0805|0902 1039|1041 | 1042 |10 43
061269 08.7 S23 01.3|219 03.1 12.6 S10 24.3 145 57.7| N58 | 07 02 | 07 54 | 08 45 | 20 34 | 10 39 | 10 43 | 10 48
071284 08.4 01.1)233 34.7 126 10 09.8 14.6 57.7 5610656 (0744 | 08 31 [ 10 30 | 10 37 | 10 45 { 10 53
08)299 08.1 00.9|248 06.3 12.7 9 55.2 14.7 57.7 5410650 |07 36 | 0819 | 10 25 | 10 36 | 10 46 | 10 57
M 091314 07.8 .. 00.7|262 38.0 12.6 9 40.5 14.7 57.8 5210644 {07 28 {08 08 | 10 22 | 10 35 | 10 47 | 11 01
0 10|329 07.5 005|277 09.6 12.7 9 25.8 14.8 57.8 5010639 {0720 0759|1018 |1033 |1048 |11 04
N 11|344 07.2 00.3}291 41.3 128 9 11.0 14.8 57.8 45|06 28 | 07 05 | 07 38 | 10 11 | 10 31 | 10 51 | 11 12
E 121359 06.9 523 00.1{306 13,1 12.7 S 8 56.2 149 57.8| N40| 06 18 0652 | 07 22 | 1003 | 1029 | 1053 | 11 18
v 13f 14 06.7 22 59.9{320 44.8 128 8 41.3 149 57.8 3510609 | 0640 [ 07 08 |09 59 | 10 27 | 10 55 | 11 24
14} 29 06.4 59.71335 16.6 128 8 26.4 15.0 57.9 30| 0600 | 0630|0656 |0954|1025) 1056|1129
151 44 06.1 .. 59.5/349 48.4 12.8 8 11.4 15.0 57.9 2010544 | 0612 |06 35 |09 45 | 10 22 | 10 59 | 11 37
16| 59 05.8 593 4202 128 7 564 150 579 N10| 0528 | 0555 |06 17 |09 38 | 10 20 | 11 02 | 11 45
17| 74 05.5 59.1| 18 52.0 12.9 7 41.4 152 57.9 0fos12 |0538 |06 00 |09 311017 | 1104|1152
18y B9 05.2 522 58.9| 33 23.9 129 S 7 262 151 57.9{ S10| 0453 | 0520 | 0543 |09 25 1015 | 11 06 | 11 50
19{104 04.9 58.6| 47 55.8 12.8 7 11.1 15.2 58.0 20|04 31 0500|0525 |09 161013 |11 09 | 12 07
20119 04.6 58.4| 62 27.6 129 6 55.9 15.2 58.0 300402 |0436 0503|0908 1010 |3i112 {12 16
211134 043 .. 58.2| 76 59.5 13.0 6 40.7 15.3 58.0 35]10344 | 0421 {0450 [0903 1008|1114 |12 21
22]149 04.0 58.01 91 315 129 6 25.4 153 58.0 4010322 | 0403|0436 0857|1006 |11 16 |12 27
23f164 03.7 57.8]106 03.4 129 6 10.1 154 58.0 45)1 0252 0341 | 0418 |0851 | 1004 | 1118 | 12 34
200]179 03.4 S22 57.6]120 35.3 13.0 S5 54.7 154 58.0] S50 | 02 08 J 03 12 | 03 56 |08 43 J 10 01 | 11 21 | 12 42
01194 03.1 57.4/135 07.3 13.0 5 39.3 15.4 58.1 5210142 J 0258 | 0346 | 0839 | 1000|1122 |12 46
02]|209 02.8 57.1]149 39,3 129 5 23.9 15.5 58.1 5410103 | 0240 | 0334 |0635)0959 |1124|1251
03]|224 02.5 56.9|164 11.2 13.0 5 08.4 15.5 58.1 S6| mr 02 19 | 0320 |08 30 | 0957 | 11 25 | 12 55
04]239 02.2 56.7|178 43.2 13.0 4 52.9 15.5 58.1 58| m 0151 | 0304 |0825 0956|1127 |1301
051254 01.9 56.5]193 15.2 13.0 4 37.4 155 58.1| S60| 0108 | 0244 | 0819 | 0954 |11 29 |13 07
06269 01.7 S22 56.3/207 47.2 130 S 4 21.9 15.6 58.2
07|284 014 56.0[222 192 13.0 4 063 15.6 582 1oy | sunser | . O Moonse!
T 08{299 011 55.8/236 51.2 13.0 3 50.7 15.7 582| °F Civil  Naut. | 1 2 3 4
U 091314 00.8 .. 55.6|251 23.2 13.0 3 350 15.6 58.2
E 10{329 005 55.4[265 55.2 13.0 3 19.4 15.7 58.2 of hnm ]l hmfn ] hmlnm ] h ) oo
S 11]344 00.2 55.1]280 27.2 13.0 3 03.7 157 582§ N72] wm 1328 1545 |20 22 | 22 38 | 24 56 | 00 56
D 121358 59.9 S22 54.9(294 59.2 13.0 5 2 48.0 158 58.3{ N70| == 14 20 | 16 04 | 20 33 | 22 38 { 24 45 | 00 45
A 13} 13 596 54.7|1309 31.2 13.0 2 32.2 15.7 58.3 68 = 14 52 | 16 19 | 20 42 | 22 38 | 24 37 | 00 37
Y 14| 28 593 545|324 03.2 13.0 2 16.5 15.8 58.3 6611342 | 1516 |16 31 | 20 49 | 22 39 | 24 30 | 00 30
15§ 43 59.0 .. 54.2|338 35.2 13.0 2 00.7 15.8 58.3 6411420 11534 | 1642 | 2055 | 22 39 | 24 24 | 00 24
16} 58 58.7 5401353 07.2 129 1 44.9 15.8 58.3 62114 46 | 1550 |16 51 |21 00 | 22 39 | 24 19 | 00 19
17} 73 58.4 53.8| 7 391130 1 29.1 158 58.4 6011506 |16 03 {1659 |21 04 | 22 39 | 24 15 | 00 15
18] 88 58.2 S22 53.6) 22 11.1 129 S1 133 159 58.4| N58§ 1523 [ 16 14 {1706 | 2108 [ 2239 | 24 11 [ 00 11
19]103 57.9 53.3| 36 43.0 13.0 0 57.4 15.8 58.4 5611537 | 1624 |17 13 | 2112 | 22 39 | 24 08 | 00 08
20]118 57.6 53.1| 51 15.0 12.9 0 41.6 159 58.4 54311549 | 1633 |17 19 | 2115 | 22 39 | 24 05 | 00 05
211133 57.3 .. 529] 65 46,9 129 0 257 15.9 58.4 52116 00 | 16 41 |17 24 | 21 18 | 22 39 | 24 02 | 00 02
22|148 57.0 52.6] 80 18.8 12.9 S 0 09.8 15.8 58.4 50§16 10 | 1648 |17 29 121 20 | 22 39 | 23 59 | 25 22
23|163 56.7 52.4] 94 50.7 12.9 N 0 06.0 15.9 58.5 45016 30 |17 03 |17 40 | 21 26 | 22 39 | 23 54 | 25 11
300|178 56.4 S22 52.2(109 22.6 12.9 N 0 21.9 15.9 585| N 40| 16 46 | 17 16 | 17 50 | 21 30 | 22 39 | 23 49 | 25 02
014193 56.1 519|123 54.5 128 0 37.8 15.9 58.5 3511700 {17 28 | 1759 {2134 | 22 39 | 23 46 | 24 54
02|208 55.8 517|138 26.3 12.8 0 53.7 16.0 58.5 3041712 {1738 |18 08 | 21 37 | 2239 | 23 42 | 24 47
03)223 555 .. 51.4|152 58.1 12.8 1 09.7 159 58.5 2011733 1757 {1824 | 2143 |22 39 | 23 36 | 24 35
044238 55.3 51.2|167 299 128 1 256 159 585| N10] 17 51 {18 13 |18 40 | 21 48 | 22 39 | 23 31 | 24 25
05}253 55.0 51.0]182 01.7 12.7 1 41.5 159 58.6 0fj1808 |18 30 1856 2153|2239 23262415
06)268 54.7 S22 50.7|196 33.4 12.8 N 1 57.4 159 58.6| S10] 18 25 | 1848 | 19 15 | 21 58 | 22 39 | 23 22 | 24 06
W 07]283 54.4 50.5/211 05.2 12.6 2 13.3 159 58.6 20| 1843 1908 | 1937 | 2203 | 2239 |23 16 | 23 56
E 08]298 54.1 50.2|225 36.8 12.7 2 29.2 159 58.6 3011905 |1932 |2005 | 2208|2239 ]2311 2344
D 09313 53.8 .. 50.0/240 08.5 12.6 2 45.1 16.0 58.6 3501918 | 1947 | 2023 |22 12 |22 39 | 23 07 | 23 38
N 10|328 535 49.8|254 40.1 12.7 3 01.1 159 58.6 40 19 32 ?_ns 20 46 | 22 15 | 22 39 | 23 04 | 23 30
E 11343 53.2 4951269 11.8 125 3 17.0 15.8 58.7 4511950 |20 27 | 2115 | 2219 | 2239 |22 59 |23 21
S 12|358 52.9 S22 49.3|283 433 12.6 N 3 32.8 159 58.7| S50 | 20 12 | 20 55 | 21 59 | 22 24 | 22 39 | 2254 |23 11
D 13}"13 527 49.01298 14.9 125 3 48.7 15.9 58.7 5212022 [ 2118 |22 24 |22 26 | 22 39 | 22 52 | 23 06
A 14| 28 52.4 48.8|312 46.4 124 4 04.6 15.9 58.7 5412034 |21 27 | 2303 | 2229|2239 | 2249|2301
Y 15| 43 521 .. 485|327 17.8 124 4 205 158 58.7 562048 | 2148 | M 22 31 | 2239 |22 46 | 22 55
16| 58 51.8 48.3|341 49.2 124 4 36.3 15.9 58.7 582104 2215 | 22 34 | 22 39 | 22 43 | 22 49
17{ 73 515 48.0{356 20.6 124 4 522 158 58.8] S60 2123 (2257 | 22 38 |22 39 |22 40 | 22 41
18| 88 51.2 S22 47.8| 10 52.0 12.3 N 5 08.0 15.8 58.8
19]103 50.9 47.5| 25 23.3 12.2 5 23.8 15.8 58.8 ¢ :UN M P MOON
20}118 507 47.3| 39 545 122 5 39.6 157 58.8( pg, | Ean- of Time | Mer. | Mer. Pass. p o o
211133 504 .. 47.0| 54 257 12.2 5 55.3 15.8 58.8 00" 12 Pass. | Upper Lower
221148 50.1 46.8f 68 56.9 12.1 & 11.1 15.7 58.8 mos m s h m h m h m d
23163 49.8 46.5] 83 28.0 12.1 6 26.8 15.7 58.9 10317 0332 (1204|1542 {0319 [04
= 20346 | 0400 |12 04 | 16 28 | 04 05 |05 0
$.D. 163 d 02] SD. 15.8 15.9 16.0 310414 J0a28 1204 1715|0452 |06
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40
VENUS —4.6{ MARS 4+ 13| JUPMTER —2.5|SATURN +40.6 STARS
I1GMT)
G.HA. Deec. G.H.A, Dec. G.H.A, Dec. G.H.A, Dec. Name S.H.A. Dec.
a r o ] ' ] ! -] ’ L] ! w » L] r L] " - ] o r
1500f 124 212 18,5 515 04.6 | 221 45.9 S23 28.8 | 53 41.1 N23 257 | 212 21.1 521 36.0 |Acamar 315 31.6 540 20.8
227 20.3 04.7 | 236 46.4 28.7| &8 43.7 25,7 | 227 23.2 360 |Achernar 335 39.8 S57 17.4
02 242 22.1 049 { 251 46.8 2851 83 462 25.7| 242 254 35.9 [ Acrux 173 287 563 026
257 239 -+ 05008266 473 - . 284 9B 488 -- 257257 276 - 359 [Adhare 255 26.0 528 57.6
272 25.6 05.2 | 281 47.8 28.3]113 513 25.7| 272 29.8 35.8 | Aldebaran 291 09.4 N1& 29.5
287 27.4 05.3 | 296 48.3 268.1%128 539 25.7 { 287 320 358
302 29.2 515 05.5 | 311 48.8 523 2B.0 | 143 564 N23 25.7 | 302 34.2 S21 35.B | Alioth 166 353 N56 00.4
317 30.9 05.6 | 326 49,3 27.9 (158 59.0 25.7 | 317 36.4 35.7 | Atkaid 153 12.2 N49 21.3
T 332 32.7 05.8 | 341 49.7 277|174 015 25.8 | 332 38.6 35.7 |Al Na'ir 28 05.9 S47 004
H 347 344 - - 059356 50.2 - - 27.6| 189 04.1 - - 25.8 | 347 406 - - 357 | Alnilam 276 04.0 51 125
y 2 36.2 060 | 11 50.7 27.5| 204 06.6 25.8| 2429 35.6 | Alphard 218 13.0 S 8 37.0
[ 17 379 062 | 26 51.2 273219 09.2 258 17 45.1 35.b
S 32 39.7 515 06.3 | 41 51.7 $23 27.2 | 234 11.7 N23 25.8 | 32 47.3 521 35.6 |Alphscea 126 257 N26 445
D 47 41.4 06,5 | 56 522 27.1 | 249 14.3 258 87 495 35.5 |Alphsratz 358 02.0 N29 02.2
A 62 43.2 06.6 | 71 52.6 269 264 168 258| 62 517 35.5 | Altair 62 256 N 8 50.3
¥ 77 449 +- 068 86531 - 268|279 194 - - 258 77 539 : - 354 | Ankao 353 331 S42 21.7
92 46.6 06.9 | 101 53.6 26.7 | 294 219 25.8| 92 56.1 35.4 | Antares 112 47.9 S26 24.7
107 48.4 07.0 | 116 54.1 26.5 | 300 235 25.8 | 107 583 35.4
122 50.1 515 07.2 | 121 54,6 523 26.4 | 324 27.0 N23 25.8 | 123 00.9 521 35.3 | Arcturus 146 11.5 N19 13.7
137 51.8 07.3 | 146 55.1 2631339 296 258 [ 138 02.6 35.3 { Atrig 108 05.7 S69 00.5
152 53.5 07.5 | 161 55.5 26.1 | 354 32.1 25.8 | 153 04.8 35.3 | Avior 234 24.7 559 288
167 55.2 * - 07.6 | 176 560 - - 260 9347 - 258|168 07.0 -« 35.2 {Bellatrix 278 50.6 N 6 20.5
182 56.9 07.8 | 191 565 258 | 24 372 258 | 183 09.2 35.2 {Betalgeuse 271 201 N 7 244
197 58.6 07.9 | 206 57.0 257 39 39.7 25.8] 198 11.4 35.1
1 213 00.3 S15 08.0 | 221 57.5 523 25.6 | 54 42.3 N23 258 213 13.6 521 351 { Conopus 264 03.6 552 41.6
228 02.0 08.2 | 236 57.9 2541 49 448 25.9 ) 228 158 351 | Copelia 281 00.2 N45 59.6
243 03.7 08.3 | 251 58.4 253 | 84 47.4 25.9 | 243 18.0 35.0 | Deneb 4% 440 N45 145
258 05.4 -+ 08,5266 589 -- 251 99 499 - - 259|258 20.2 - - 35.0 |Denebolo 182 511 N14 37.4
273 07.1 08,6 | 281 59.4 25.0 | 114 52.5 25,9 | 273 22.3 35.0 | Diphdo 349 13.6 518 02.5
288 08.8 08.7 | 296 59.9 249 | 129 55.0 2591 288 24.5 4.9
3037 10.5 515 08.9 | 312 00.4 $23 24.7 | 144 57.5 N23 25,9 | 303 26.7 521 34.9 | Dubhe 194 12.0 Nel 48.1
318 12.1 09.0 | 327 00.8 24.6 [ 160 00,1 259 | 318 28.9 34.9 {Elnath 278 34.6 N28 36.1
333 13.8 09.2 § 342 01.3 24.4 | 175 02,6 25.9 | 333 1. 34.8 | Eltanin 90 54.6 N51 29.0
F 348 155 -+ §9.3|357 018 - - 283 }190 052 -+ 259 ] 348 333 -+ 34.8 |Enif 13 D46 N 9 497
R 3 17.2 094 | 12 023 24.1 | 205 07.7 259 | 3355 34.7 jFomalhout 15 43.5 529 40.6
I 18 18.8 09.6| 27 028 240|220 10.2 259 | 18 317 347
o 33 20.5 $15 09.7 ) 42 033 523 238 } 235 128 N23 259 | 33 399 S21 24.7 | Gocruy 172 20.3 557 035
A ag 22.1 09.8 | 57 03.7 2371250 153 259 | 48 421 34.6 | Gianah 176 10.1 817 29.4
Y 63 238 10.0 | 72 04.2 236|265 179 259 63 442 34.6 |Hadar 149 12.8 S60 19.5
7B 254 - 101} 87 04T - 2341280 204 -+ 259| 78 464 - - 34.6 |Hamol 328 20.7 N23 25.1
93 27.1 10.3 | 102 05.2 23.3 | 295 229 25.9| 93 586 34.5 |Kaus Aust. 84 07.2 $34 235
108 28.7 10.4 | 117 05.7 231|310 255 ° 259 | 108 50.8 34,5
123 30.3 515 10.5 § 132 06.2 523 23.0 | 325 28.0 N23 26,0 | 123 53,0 521 34.4 | Kochab 137 18.6 N74 11.3
138 32.0 10.7 | 147 Q6.6 22.8 | 340 206 26.0 | 138 55.2 34.4 | markab 13 56,1 N15 09.1
153 33.6 10.8 | 162 07.1 22.7 | 355 331 26.0} 153 57.4 34.4 | Menkar 314 334 N 4 03.1
168 352 -+ 1094177 076 - - 225| 10 356 - - 26,0168 59,6 - - 24.3 | Menkent 148 28.2 536 19.4
183 368 11.1 1192 08.1 224| 25382 26.0 ] 184 01.8 34.3 | Mioplacidus 221 42,8 569 40.7
198 38.5 11.2 | 207 DB.6 222 ] 40 407 26.0 | 199 040 34.3
17 213 40.1 515 11.3 | 222 09.1 §23 22.1 | 55 432 N23 26.0 | 214 06.2 521 34.2 | mirdok 300 05.6 N49 499
228 41.7 11,5 | 237 69.5 2198 70 458 26.0 | 229 08.3 34.2 | Nunki 76 20.2 S26 18.7
243 433 11.6 | 252 10.0 218§ B5 483 26,0 | 244 105 34.2 | Peacock 53 471 556 46.1
258 44.9 - - 118|267 10.5 - - 21.6 100 508 - - 26.0 | 259 12.7 - - 34.1 |Pollux 243 48,7 N28 03.1
273 46,5 11.9 | 282 11.0 215|115 53.4 26.0 | 274 14.9 34.1 | Procyen 245 17,7 N 5 15.0
288 48.1 120 | 297 115 2131130 559 26.0 ) 289 17.1 34.0
303 49.7 515 12.2 | 212 2.0 523 21.2 | 145 5B.4 N23 26.0 | 304 19.3 521 24.0 [Rasathague 96 22.8 N12Z 33.7
318 51.3 12.3 | 327 12.4 210161 Q1.0 26.0 | 319 21.5 34.0 | Regulus 208 01.7 N12 00,8
5 333 52.9 12.4 § 342 129 209 | 176 035 26.0 | 334 237 33.9 Rige} 281 28.7 S B 12.8
A 348 54.4 -« 126357 134 -+ 207|191 060 - - 26.0 | 349 259 -+ 339 |Rigil Kent. 140 15.7 560 47.6
T 3 560 127 12 139 20.6 | 206 08.6 260| 4281 33.9 | Sabik 182 32.7 515 43.0
v 18 57.6 128} 27 144 20.4 | 221 111 261) 19 303 33.8
R 33 59.2 515 13.0 | 42 14.9 523 20.3 [ 236 13.6 N23 26,1 34 32.5 521 33.8 | Schedar 350 01.2 N56 29.2
o 49 00.7 131 | 57 15.3 20.1 | 251 16.2 261 49 347 33.8 | Shaulo 9% 45.9 537 05.9
A &4 02.3 13.2| 72 1s8 19.9 | 266 18.7 2611 64 368 33.7 [ Sirius 258 489 S16 42.2
Y 79039 -+ 12.3| 87 163 .- 1988281 212 -- 26.1| 79 30.0 - - 3.7 |$pica 158 49.6 S11 06.9
94 05.4 135 | 102 16.8 19.6 § 296 23.7 261 94 912 33.6 | Suhail 223 05.0 543 236
109 07.0 13.6 | 117 17.3 19.5 ] 311 263 26.1 | 109 43.4 336
124 08.5 515 13.7 [ 132 17.8 S23 19.3 [ 326 28.8 N23 26.1 [ 124 45.6 521 33.6 {Vega 80 51.1 N38 46.1
139 10.1 139 | 147 182 19.2 | 341 31.3 26.1 | 139 47.8 33.5 {Zuben'vbi 137 24.8 516 (0.2
154 11.6 14.0 | 162 18.7 19.0 | 356 329 26.1 | 154 50.0 33.5 SHA  Mer Pam
169 13,2 -+ 141|177 192 - - 188 11 364 - - 26.1 | 169 52,2 - - 335 e + hom
1B4 14.7 1431192 197 187 26 189 26.1 | 184 54.4 33.4 | Venus 67 168 9 47
4| 199 16.2 14.4 | 207 20.2 185] 4] 414 26.1 | 199 Sb.6 33.4 | Mars 76 139 912
h om Jupitar 248 58,7 20 18
Mer. Posa. 28 148) v 17 d o2 v o5 d 01 v 25 d 00 v 22 d 00 }Satum 47 30.0 9 46
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FRI., SAT.) 41
Twilight i
ut SUN MOON Lat. ¢ Sunrise Moonrise
Navt,  Civil 15 16 17 18
(GMT)
G.H.A. Dec. G.H.A. v Dec. d  H.P. o]l » o m Aom hom h m hom A om hoom
awl = o o s R s s ; , I N72f 06 11 [ 07 31 | 08 49 | 01 32 - - =
1500|176 27.3 512 5051302 44.5 15.2 S14 32,1 11.9 544 N 70| 06 10 [ 07 22 | 08 30 | 00 57 | ¢4 01 - -
01)i91 27.4 49.6|217 187 151 14 44,0 11.9 54.4 68| 0609 107 14 | 0815|0032 |02 a2 = -
024206 27.4 48.7(331 52.8 15.1 14 55.9 11.8 54.9 6610607 (07 07 § 08 03 | 00 14 [ 02 05 | 04 27 -
03f221 27.4 .. 47.9|34p 26.9 15.1 15 07.7 117 54.4 6A| 0606 |07 02 07 52 | 2538 | 01 38 | 03 29 -
041236 27.5 4700 1 010 150 15 194 117 54.4 62| 0605 [ 0657 | 0744 | 2518 | 0118 |02 55 | 04 36
05}251 27.5 46.2] 15 35.0 15.0 15 31.1 11.6 54.4 60| 0604 [ 0652|0736 (2502 |0102)|0231)0359
061266 27.5 512 45.3] 30 09.0 15.0 S15 42.7 12.5 543 F N 58| 06 03 ) 06 49 | 07 30 {24 48 | 00 48 | 02 11 | 03 32
07|281 275 44.5| 44 43.0 149 15 54.2 11.4 54.3 56| 0602 {0645 |07 24 | 24 37 |00 37 | 01 55 | 03 12
T 08]296 276 436| 59 169 14.8 16 056 11.4 543 54| 0601 [ 0642 | 07 1B | 24 26 | 00 26 } 01 42 | 02 55
M 091211 276 .. 42.8]| 73 50.7 149 16 17.0 11.3 54.3 521055359 [0639 |07 14 | 24 17 | oo 17 | 01 30 | 02 40
U 104326 276 4191 88 246 147 16 283 119 543 5010558 {0636 | 0709 |24 09 | oo 09 |01 19 | 02 27
R 11)341 27.7 41.0(102 58.3 148 14 396 11.2 543 45|05 56 | 06 20 | 07 00 | 23 52 |24 57 | o0 s57 |02 01
g 12]356 27.7 512 4D.2[117 32.1 14.6 Sl6 50.8 21.1 54.3| N40 ] 05 53 |06 24 | 06 52 | 23 36 | 24 40 | 00 40 | 01 42
13] 11 27.7 39.3{132 05.7 14.7 17 019 110 54.3 3510550 |0619 | 0645 | 23 20 |24 25 | 0025 |01 23
A 14) 26 27.8 3851146 394 146 17 12.9 11.0 54.3 3010547 | 0615 | 0639 |23 16 [ 2412 | 0012 |01 09
Y 15| a1 278 37.6|162 139 14.5 17 239 109 54.3 2010540 |06 06 [ 06 29 | 22 58 [ 23 50 | 24 44 ] 00 44
16| 56 27.8 36.71175 465 145 17 348 108 543 | N10| 05 33 | 0558 | 06 20 | 22 43 | 23 32 | 24 22 { 00 22
17| 71 279 359|190 20.0 144 17 45.6 108 54,3 0Jo525 |0550 | 0611 |22 29 |23 14 | 29 02 {00 02
18] 86 27.9 512 35.0(204 534 144 S17 564 10.7 54.3| S10] 0515 | 0540 |06 02 | 22 15 [ 22 57 | 23 43 { 24 32
19101 279 342|219 268 14.3 18 07.1 106 543 2010503 |0529 |0552 | 2200 | 2238 [2321 {249
20]116 28.0 3231234 00.1 14,3 18 17.7 10.5 54.3 30|04 a6 | 0516 |05 41 | 21 43 |22 17 | 2257 | 23 42
21J131 28.0 .. 324|248 334 14.2 18 28.2 104 542 35|04 36 | 0508 | 0534 | 21 33 |22 05 | 22 42 | 23 26
22|146 28.0 316|263 066 14.2 18 38.6 10.4 54.2 40|04 24 | 0458 | 0527 |21 22 | 2151 | 22 26 {23 08
23j161 28.1 30.7|277 39.8 14.1 18 49.0 10.3 53.2 45104 08 | 0447 | 0518 | 2108 |21 34 | 22 06 | 22 48
1600 176 28.1 512 29.8|292 12.9 14.1 S18 59.3 10.2 54.2| S50 |03 48 {04 32 {05 08 | 20 53 | 21 14 | 21 42 { 22 19
01191 281 29.0|306 46.0 14.0 19 (9.5 10.1 54.2 5210338 |0a26 | 0503 | 2045|2104 | 21302205
02| 206 28.2 28.1]321 19.0 14.0 19 19.6 10.1 54.2 5410327 |0418 | 0457 | 2037 | 2053 | 21 16 | 21 49
03]221 28.2 27.3|335 52.0 139 19 29.7 9.9 54.2 5610314 |04 09 |04a51 (2028 |2041 [2101 {2131
04|236 28.2 264|350 249 13.8 19 39.6 9.9 54.2 5810258 | 0359 |0aa5 | 20127 | 2027 | 2042 |21 09
05)251 28.3 255] 4577 138 19495 98542] S60) 0238 |0348 | 0437 [2005 |20 1020192039
061266 28.3 512 24.7) 19 30.5 13.7 519 59.3 9.7 54.2 o
07|281 28.3 23.8] 34 03.2 137 20 090 97 542 tar. | sumsar | . SR Moonset
08)296 28.4 22.9{ 48 359 13.6 20 18.7 9.5 54.2 Cwil MNew | 15 16 17 18
F 09311 284 .. 22.1] 63 085 13.6 20 282 9.5 54.2
R 10]326 28.5 21,2| 77 41.1 134 20 37.7 94 54.2 AR Y
1 11]341 285 203| 92 135 135 20471 92542 | N72| 1540 |1659 |18 19 |05 5 = - -
D 12)356 28.5 512 19.5[106 26.0 13.4 S20 563 9.2 542| N70]| 16 00 | 17 08 | 18 20 | 08 34 {05 02 - -
A 13t 11 286 18.6|121 184 13.3 21 055 9.2 54.2 68|1615 |17 16 |18 21 | 07 00 | 06 22 - -
Y 14) 26 286 17.7|135 50.7 13,2 21 147 9.0 54.2 66|16 27 |17 22 |18 22 |07 21 {07 00 | 06 13 -
150 41 287 .. 169|150 22.9 13.2 21 237 B89 542 64| 16 37 |17 28 |18 23 | 07 37 | 07 27 | 07 12 -
16| 56 28.7 16.0| 164 55.1 13.1 21 32.6 BB 54.2 62|16 46 { 17 33 |18 24 | 07 50 [ 07 48 | 07 46 | 07 47
17] 71 28.7 151|179 27.2 131 21 41.4 84 54.2 60| 1653 11737 | 1826 |08 02 {0805 |08 11 |08 24
18 86 28.8 S12 14.3(193 59.3 13.0 521 50.2 8.6 542 N58[ 1700 (1741 |18 27 |08 12 {08 20 {08 31 [ 0B 51
191101 288 134|208 31.3 13.0 21 SB8 B.& 542 5611705 | 1744 | 1828 |08 21 {0832 |08 48 | 09 12
20| 116 28.9 12,5|223 03.3 128 22 07.4 B85 542 5411711 |17 47 |18 29 | 0829 {08 43 |09 02 { 09 29
21p131 289 .. 11.6|237 35.1 129 22 159 B.3 542 5211715 | 1750 (18 30 |08 3b | 08 52 | 09 14 | 09 44
22F146 28.9 10.8|252 07.0 12.7 22 242 8.3 54.2 5011720 |17 53 [ 1831 |08 42 | 09 0L | 09 25 | Q9 57
23f161 29.0 09.9)|266 387 12.7 22 32.5 8.2 54.2 4511729 [ 1759|1833 0856 | 0920 | 09 48 | 10 24
1700 176 29.0 S1Z 09.0)281 104 126 522 40.7 8.1 542| N40| 1737 {1804 [18 36 [09 07 (09 35 | 10 06 | 10 45
01191 29.1 08.2|295 42.0 12.6 22 488 8.0 542 3511743 |1809 | 1839 [ 0917 | 0947 | 1022 |11 02
02] 206 29.1 07.3]310 136 12,5 22 568 7.8 54.0 3011749 | 1814 | 1842 | 0926 | 0959 |10 35 |11 18
03221 29.1 064|329 45.1 12.4 23 04.6 7.8 542 20f1800 | 1822|1848 |09 41 [310 1B | 10 58 | 11 42
043236 29.2 05.5/339 165 124 23 124 7.7 542| N10| 2809 | 1830 | 1855 | 0954 |1035 1118 |12 06
D5{251 29.2 04.7]353 479 123 23 201 7.6 54.2 0p1817 | 1839 | 1903 10 06 | 10 50 | 11 37 } 12 27
06{266 29.3 512 3.8 8 19.2 12.2 523 277 75543| S10( 1826 (1848 (1913 [ 1019 [ 1106 [ 1156 |12 47
07]281 29.3 02.9] 22 50.4 12.2 23 352 7.4 543 2018 36 | 1859 |19 25 |10 32 | 1123 |12 16 § 13 10
S 081296 29.4 02.1| 37 21,6 12.1 23 42,6 7.2 543 3011847 | 1912 | 1941 1047 |11 43 |12 39 | 13 36
A 09311 29.4 .. 01.2| 51 52.7 121 23 49.8 7.2 543 35]1853 |1920 | 1951 1056 |11 54 | 1253 | 13 51
T 10|326 29.5 12 00.3} &6 23.8 11.9 23 57.0 7.1 543 4011901 | 1929 |20 03 1106 |12 08 |13 09 | 14 09
U 11|341 295 11 59.4| 80 54.7 12.0 24 04.1 69 54.3 45011909 | 1940 | 2019 |11 18 |12 23 |13 28 |14 22
g 12|356 29.5 S11 58.6f 95 25.7 11.8 524 11.0 69 543 S50[ 1919 (1954 |20 38 |11 33 |12 43 [1352 | 14 58
13] 11 29.6 577|109 %5 11.8 24 17.9 6.7 54.3 5211924 |2001 | 2048 |11 39 |12 52 |14 04 | 15 11
A 191 26 29.6 56.8)124 27.3 11.7 24 246 6.7 54.3 5411930 )2009 2059 J11 47 |1302 /1417 )15 27
Y 15| a1 29.7 559|138 58.0 11.7 24 31.3 5.5 54.3 5601935 | 2017 } 2112 | 1156 |12 14 | 14 32 | 15 45
16 56 29.7 5501153 287 116 24 378 64 543 S8|1942 Y2027 f2127 11205 |13 28 |14 50 | 16 07
17| 71 29.8 5421167 59.3 115 24 442 63 543| S60l 195002038 | 2v 46 §1216 |13 44 11512 | 16 3¢
18| 86 29.8 S11 53.3(182 29.8 11.5 S24 50.5 6.2 54.3
19}101 299 524|197 003 114 24 567 61 543 Fen. of fi"” " MOON
20[116 299 5151211 30.7 113 25 02.8 60 544| pg, | Ean- of Time | Mer | Mer. Poss. ) o
211131 300 .. 50.7|226 010 11.3 25 08.8 5.8 54.4 00" 12" | Pass. | Upper lower
22146 300 49,8]240 31.3 11.2 25 l4.6 58 544 m s @ 5] h m| b m] h om]o
231161 301 48.5]255 015 11.1 25 204 56 544 1511411 | 1408 {1214 |0356 |1617 |20
1611408 | 1406 {122 14 J 04490 |17 02 |21 0
$.0. 162 d 09| so. 14.8 14.8 14.8 1711404 | 1402 |12 18 | 05 26 | 17 50 |22




xC

70 ~_ APRIL 1, 2, 3 {SUN., MON., TUES.}
ur | ARIES | VENUS —4.4] MARS +1.0| JUPITER —2.2|SATURN +0.6 STARS
IGMT)
G.H.A, G.H.A, Dec. G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. Nuome S.H.A. Dec.
L -] r a + a I a L3 o r 9 ’ a r o L 1 I 9 r
05.7 | 222 41.3 512 06.7 | 231 09.2 517 26,0 | 96 05.2 N23 29.4 | 252 48.9 521 02.5 | Acamar 315 318 540 20.7
08.2 ] 237 41.2 06.1 | 246 09.8 255|111 07.4 29.4 | 267 51.2 2.5 | Achernar 335 40.0 557 17.2
10.6 | 252 41.2 055 261 10.4 2501126 0926 29,4 | 282 53.5 Q2.4 | Acrux 173 28.5 563 02.9
1311267 41.2 - - 049|276 11.0 - - 244 141 11.7 -- 29.4( 297 559 - - 02.4 | Adhoro 255 26.2 5g8 571.7
15.6| 282 41.2 04.3 | 291 11.5 239|156 139 29.4 | 312 s58.2 0Z.4 |Aldeboron 291 09.6 N1& 29.5
18.0f 297 41.1 03.B | 306 12.1 234|171 161 29.4 | 328 00.5 02.4
20.5] 312 41,1 512 03.2 | 321 12.7 S17 22.9 | 186 18.3 N23 29.4 | 342 02.8 521 02.4 | Alioth 166 35.1 N56 00.6
2301327 41.1 D26 336 13.3 2241201 204 29.4 | 358 05.1 02.3 | Alkaid 153 11.9 Nag 214
2541 342 41.0 02.0{ 351 13.9 218 [ 216 226 29.3{ 13 07.5 02.3 jAl MHa'ir 28 05.7 547 0C.4
s 27.91 357 41.0 -+ 015 6145 - - 2131231 238 -- 29.3| 28 09.8 -+ 02.3 | Alnilam 276 04,1 S 1 125
0] 30.3| 12 410 009 21 15.1 20.8 | 246 26.9 293 43121 02.3 | Alphard 21B 13.0 58 372
N 28| 27 409 12 00.3| 36 15.7 203 | 261 291 29.3| 58 14.4 02.3
o 3531 42 40.9 511 59.7 | 51 16,3 517 19.7 | 276 31.3 N23 29.3 | 73 16.8 521 02.2 | Alphecca 126 25.4 N2 44.5
A 3r?] 57 40.9 59.1| 66 16.8 19.2 | 291 335 29.3| 68 19.1 02.2 |Alpheratz 358 02.0 N29 02.1
Y 40.2] 72 408 58.5] Bl 174 18.7 | 306 356 2931103 214 02.2 | Altair 62 253 N & 503
42.7] 87 40.8 - - 579 | 96 18.0 - - 18.2|321 37.8 - - 29.3| 118 237 - - 02.2 |Ankaa 353 33.1 S42 215
45.1} 102 a0.8 574|111 18.6 17.7 | 336 40.0 29.3 11332 261 02.2 | Antares 112 47.5 S26 248
q7.6 ) 117 40.7 56.8 | 126 19.2 17.1 ] 351 421 29.3 ] 148 284 02.1
50.1| 132 40.7 511 56.2 | 141 192.8 S17 166 6 44.3 N23 29.3 | 163 30.7 S21 02.1 { Arclurus 146 11.2 N19 13.7
52.51147 40.7 55.6 | 156 204 161} 21 465 29.3{178 330 02.1 | Atria 108 04.9 569 00.6
55.0 ] 162 0.6 55.0 1171 21.0 156} 36 487 2931193 354 02.1 | Avior 234 25.1 559 28.9
5751177 406 +- 5441186 216 .- 150| 51 508 .- 29.3| 208 37.7 : + 02.0 |Bellatrix 278 50.8 N & 20.5
59.9| 192 40.6 53.8| 201 22.2 145] 66 53.0 29.3 ] 223 40.0 02.0 | Betelgeuse 271 20.2 N 7 244
&1 207 40.5 53£|l 216 22.7 14,0 | 81 55.2 29.3 | 238 42.3 02.0
2 04.8 ] 227 40.5 511 52.6 | 231 23.3 517 135 | 96 57.3 N23 29.3 | 253 44.7 S21 02.0 Canopus 264 03.9 552 416
07.3]237 a0.4 52.1 | 246 231.9 129|111 595 29.3 | 268 47.0 02.0 {Capella 281 00.4 N4S 59.6
09.8 [ 252 40.4 51.5 | 261 24.5 124 | 127 Q1.7 29.3 | 283 49.3 01.9 | Denchb 49 43.7 N45 14.4
12.2 | 267 40.4 - - 50.9 {276 25.1 - - 119|142 038 -+ 2923|298 51.6 - - 01.9 | Denebala 182 51.0 N14 374
14.7 | 282 40.3 50.3 | 291 25.7 11.4 | 157 0b.0 29.3 ] 313 54.0 01.9 | Diphda 349 13.6 S18 024
17.2] 297 30,3 49.7 | 306 26.2 108172 08.2 29.3 | 328 56.3 0l.9
19.6 ] 312 40.2 S$11 49.2 | 321 26.9 S17 10.3 | 187 10.2 N23 29.3 | 343 58.6 S2} 01.9 | Dubhe 194 12.0 N&l 48.2
22.11 327 40.2 43.5| 336 275 09.8 7202 125 29.3 | 359 01.0 01.8 | Elnath 278 34.8 N28 36.1
24.6 342 40.2 47.9 | 351 28.1 09.3 | 217 147 29.3 14 033 01.8 | Eltenin 30 54.1 N51 29.0
M 27.0% 357 40,1 - - 473 6 20.7 -« 087|232 168 -- 293| 29 056 -+ 01.8 |Enif 34 044 N 9 496
0 10 295] 12 40.1 46,7 21 292 08.2 | 247 190 2931 44 079 01.8 | Fomalhaut 15 43.3 S29 404
N 11 32.0] 27 40.0 461 ] 36 298 07.7 | 262 21.2 293{ 59 103 D1.8
b 12 344 ) 42 40.0 511 455 | 51 304 517 07.2 | 277 233 N23 29.3| /4 12.6 521 01.7 | Gocrux 172 20.1 557 03.7
A3 36.9] 57 4p.0 449 | o6 310 06.6 | 292 255 293 ] 89 149 01.7 | Gienah 176 10.0 517 295
Y 14 39.3) 72 399 443 | Bl 316 0b.1 | 307 27.7 29.3| 104 17,2 01.7 |Hador 149 12.4 Se0 19.7
15| 55 418} 87 399 -« 43.7| 96 322 -+ 05.6 322 298 - - 29.3!119 196 - + 017 |Hamal 328 20.8 N23 25.0
18] 70 44.3] 102 39.8 431 ] 111 328 05.0 | 337 320 2931134 219 01.7 [ Kaus Aust, 84 068 S34 234
17| 117 39.8 42,5 ] 126 334 04.5 | 352 34.2 29.3 1149 242 0le
132 39.8 S11 41.9 | 141 34.0 S17 04.0 7 363 N23 29.3 ] 164 26.6 S21 01.6 |Kochab 137 17.8 N74 1149
147 39.7 41.2 1 156 346 03.4| 22 385 2931179 289 01.6 | Markab 13 56.0 N15 09.0
162 39.7 40.6 | 171 352 029 | 37 406 29.3 1194 31.2 01.6 | Menkar 314 335 N 4 03.1
177 396 - - 40.0118b 358 - - 024 | 52 428 - - 29.3| 209 335 - 0l.6 | Menkent 148 27.9 S36 195
192 396 39.4 1201 3b.4 019} &7 45.0 29.3 | 224 359 01.5 | Mioplocidus 221 43.2 Sp9 40.9
207 39.5 388 ] 216 37.0 012 82 47,1 29.3 | 239 38.2 01.5
222 39.5 511 38.2 § 231 37.6 517 00.8 | 97 49.3 N23 29.3 | 254 40.5 521 D1.5 | Mirfak 309 05.9 N49 498
237 39.4 37.6 [ 246 38.2 17 003|112 51.5 29.3 | 269 42.9 01.5 { Nunki 76 19.8 526 1646
252 39.4 37.0 | 261 38.8 16 59.7 | 127 53.6 29.3 | 284 45.2 01,5 | Peacock 53 4b.6 S56 459
267 39.3 - - 364|276 393 -+ 592|142 558 - - 2921299 475 - - 01.4 |Pollux 243 48.9 N2g 03.1
282 39.3 358 291 399 58.7 | 157 57.9 293 | 314 499 01.4 [Procyon 245 179 N 5 150
297 39.3 35.1 § 306 40.5 58,1 | 173 00.1 29.3 ] 329 52.2 D14
312 39.2 511 34,5 ] 321 4).1 S16 57.6 | 188 02.3 N23 29.3 | 344 54,5 522 01.4 Rasalhague 96 22.5 N12 33.7
327 39.2 339 336 41.7 57.1 1203 D44 293 | 359 568 01.4 [Regulus 208 01.7 N12 00.8
342 391 33,3 | 351 42.3 56.5 | 218 06.6 293 14 59.2 01.3 | Rigel 281 289 S 8 128
357 391 - - 32.7 6429 -+ 560|233 087 -+ 293 | 30 0LS5 -+ 01.3 |Rigil Kent. 140 15.2 Se0 47.8
12 39.0 3211 21 435 55.5 1248 10.9 293 | 45 038 1.3 [ Sabik 102 324 S15 430
27 3.0 314 36 441 54,9 | 263 13.1 293 | 60 06.2 0.2
42 38.9 511 30.8| 51 44.7 516 54.4 | 276 152 N23 29.3| 75 08.5 S21 01.3 | Schedar 350 01.3 N5& 29.1
57 38.9 30.2 | 66 453 539|293 174 293 | 90 108 01.2 | Shoula 96 45.4 $37 059
72 388 296 | Bl 459 53.3 | 308 195 29.2 | 105 13.2 01.2 | Sirius 258 49.1 Sl6 42.3
87 388 -+ 29.0| 96 465 - - 528|323 217 -+ 292|120 155 - - D1.2 |Spico 158 49.3 511 069
102 38.7 283 | 111 47.1 523|338 238 2921135 178 01.2 | Suhail 223 05.1 S43 238
117 38.7 27.7 1 126 47.7 §1.7 | 353 26.0 29.2 | 150 20.2 01.2
132 38.6 S11 27.1 | 141 48.3 516 51.2 8 28.2 N23 29.2 | 165 22.5 521 01.1 [Vega B0 50.7 N38 46.1
147 38.6 26.5 1156 48.9 506 23 303 29.2 | 180 248 01.1 | Zuben'ubi 137 24.5 516 00.3
162 38,5 2581171 495 501 | 38 325 29,2 ]| 195 27.2 011 SHA  Mor. Pass.
177 385 -+ 2521186 500 - - 496 | 52 346 .- 262|210 295 - - D11 2 P h =
192 38,4 24.6 | 201 50.7 490 | &8 368 292|225 218 01.1 | Venus 32 3546 909
207 38.5 24.0 | 216 51.3 48.5| B3 38.9 29.2 | 240 34.2 D1.0 JMmars 41 18.5 8 34
hom Jupiter 266 52.5 17 30
Mar, Poss. 11 178 v 00 d ob v 0w d 05| v 22 d oo v 23 d 00|Sotem 63 398 7 04




xC

e.~ APRIL 1, 2, 3 (SUN., MON., TUES.) 7
ili b
uT SUN MOON Lat. Twilight Sunrise Moanrise
Naut.  Civil 1 2 3 4
(GmT)
G.H.A. Dec. G.HA. v Dec. g H.P. o hom T noom hom h m hom hom
an - 4 s s o . o 1 . , I N72%01 2% | 03 37 | 04 52 = a ] o
190178 58.7 N 4 21.4]107 329 3.6 N27 158 0.1 59.3| N70] 02 15 | 03 54 | 05 00 = o fun 0% 26
01|193 58.9 223|121 555 3.7 27 159 0.2 59.3 680244 J0a07 |O506 | D (] =) 10 15
02| 208 59.1 2331136 18.2 37 27 157 0.3 59.2 660306 |0a18 |05 12 =] ) 08 20 | 10 46
03| 223 59.3 24.3(150 409 3.7 27 154 05 59.2 éA] 0322|0926 |05 18 =] 06 35 | 09 09 | 11 08
04|238 59.5 252|165 03.6 3.9 27 149 0.7 59.2 6210336 |04 34 |0520 |06 09 |07 48 | 09 40 | 11 26
05|253 59.7 26.2|17% 265 3.8 27 14.2 0B 59.2 6| 0347 |0a4d0 | 0523 J0658 0824 |1003 |11 41
Db|268 59.9 N 4 27.2]1193 49.3 3.9 N27 134 11 591 N58| 0356 |04 a6 | 0526 J07 29 Joga9 | 1021 )11 54
07]284 00.0 28.1[208 12.2 4.0 27 123 1.2 5%.1 560404 |0a51 0529 |0753 |0910 | 1037 {1204
08299 00.2 29.1{222 352 4.0 27 11.1 15 59.1 54]0411 | 0455 |05 31 joa 12 |0927 |1050 |12 14
§ 090314 004 .. 301|236 58.2 4.1 27 09.6 16 59.0 5210418 | 0459 | 0533 [08 28 | 09 41 | 11 01 | 12 22
v 10{329 00.6 3100251 21.3 4.1 27 08.0 1.8 59.0 50104 23 | 0503 | 0535 |08 42 |09 54 |11 11|12 30
N 11|344 00.8 320|265 444 4.2 27 062 1.9 59.0 45104 35 | 0510 | 0540 1 09 10 | 10 19 | 11 33 ' 12 46
D 120359 01.0 N 4 329)280 07.6 4.2 N27 043 2.2 589 N40Jo04 43 10516 | 0543 0932|1040 | 11501259
A 13 14 012 339|294 309 4.3 27 021 2.3 589 35|04 51 |0s21 |os46 |02 5L f1l057 |12 04 |13 10
Y 14| 29 01.4 349|308 54.2 44 26 59.8 2.5 58.9 30)o0456 |0525 |0549 |wo? | 1112|1217 |13 20
15| 44 01.5 .. 358)323 17.6 4.5 26 57.3 2.7 589 2040505 | 0531 | 0553 |10 34 | 11 37 | 12 38 | 13 37
16| 59 01.7 368|337 411 45 26 546 29 588| N10J 0511 {0536 |0557 |1057 {1158 |12 56 |13 51
17| 74 0139 37.8{352 04.6 4.7 26 517 3.0 58.8 OJo516 10540 |06 00 |11 18 | 1218 |13 14 | 14 04
18] 89 02.1 N 4 38.7] 6283 4.6 N26 487 32588) SI0f0518 {0543 o604 |11 40 1238 } 1331|1418
19| 104 02.3 39.7| 20 51.9 4.8 26 455 34 587 20{0520 | 0545 [0607 |12 03 | 1259113 49 |14 32
20l 119 025 40.7] 35 15.7 4.9 26 421 3.5 58.7 30]0519 | 0547 |06 11 |12 30 |13 24 | 14 10 | 14 48
211134 02.7 .. 4L6| 49 396 4.9 26 386 3.7 58.7 3510519 | 0548 |06 13 |12 46 [ 1339 | 14 22 | 14 58
22149 02.8 42.6| 64 035 50 26 349 39 587 4000517 | 0549 |06 16 | 21304 |23 55 | 14 36 | 15 08
23|164 03.0 43.6|] 78 275 51 26 310 4.1 586 4500515 J0549 | 0618 |13 27 {1415 f1a 52 |15 21
2001179 03.2 N 4 43.5] 92 51.6 5.2 N26 269 4.2 586) S5000512 | 0549 Jos22 1355 |1a40 | 1512 | 15 36
01)194 03.4 455|107 15.8 5.3 26 22.7 4.4 586 5210510 {0549 |06 23 |14 09 | 14 52 | 15 22 | 15 43
02209 03.6 464|121 40.1 5.3 26 183 45 585 54| 0508 | 0549 [0625 |14 25 | 15 06 | 15 33 { 15 51
03224 03.8 .. 474|136 044 55 26 138 47 58.5 5610506 | 0549 [ 0627 |14 44 | 15 22 | 15 45 | 15 59
04239 04.0 4841150 289 55 26 091 4.9 585 58| 0504 | 0549 | 0629 |1507 | 15 41 | 15 59 | 16 09
05(254 04.1 4931164 534 57 26042 50584 SE0| 0501 | 0549 { 06 22 | 1538 |6 04 |16 15 | 16 20
06/269 D4.3 N 4 50.3{179 18.1 5.7 N25 59.2 5.2 58.4 3
07(284 045 513[193 428 58 25 540 54 589 | 1oy | sumser | . 0N Moonset
038|299 04.7 522|208 07.6 6.0 25 486 55 583 Civil  Nout. | 1 2 3 4
M 09]314 089 .. 3532}222 326 6.0 25 431 55 583
Q 10|329 051 5411236 576 6.1 25 375 58 583 ol v m hom | »nom T N hom
N 11|344 5.2 5511251 227 6.2 25317 6.0583| N72| 1918 {20 35 |22 51 1 o o =
D 12)359 05.4 N 4 56.1]265 47.9 63 N25 257 61 582 N70| 1910 | 20 17 | 21 59 = o ) 06 36
A 13| 14 056 57.0]280 132 65 25196 63582| 68|1903|200}l2128| = o o | os as
Y 1a| 29 058 58.0|294 387 65 25 133 6.4 5812 6bf1e 58 [ 1952 2105 | O a 05 51 | 05 14
15| 44 060 .. 589|309 042 &6 25 069 6.5 58.1 6411853 | 1943 (2048 | O 05 38 | 05 02 | 04 50
16| 59 06.2 4 59.9|323 29.8 &7 25 004 6.7 58.1 62|18 49 | 2935 {2034 {0256 {0425 Jo431)0431
17| 74 064 5 009|337 555 6.9 24 537 6.8 58.1 G0y 1846 | 1929 | 2023 |63 07 |03 49 |04 07 [ 04 15
18] 89 06.5 N 5 0180352 214 6.9 N24 469 7.0580] N58| 1842 | 1923 2013 | 0236 | 02 22 | 03 48 | 04 02
19)104 047 028| 6473 7.1 24 399 7.1 580 S6) 1840 | 1918 |20 05 |02 23 |03 0z |03 32 | 03 51
220|119 0e.9 03.7] 21 134 7.1 24 328 73 58.0 5411837 | 1913 | 1958 |01 54 | 02 45 | 02 18 | 03 40
210134 07.1 .. 04.7] 35 395 7.3 24 255 7.4 58.0 52F1835 | 1909 |19 51 |01 37 | 06230 |03 06 | 03 31
221149 97.3 057| 50 058 7.3 24 181 7.5 57.9 5011833 | 1906 | 1945 |01 23 10217 {0255 |03 23
223|164 97.5 066] 64 32.0 7.5 24 106 7.7 57.9 45118 29 | 1858 |19 34 | 00 55 | 0) 5¢ | 02 33 | 03 Q&
300(179 07.6 N 5 07.6[ 78 58.6 7.6 N24 029 7.7 57.9| N40{ 18 25 {18 52 | 29 25 | 00 33 { O 29 | 02 15 { 02 51
01|194 07.8 08.5| 93 252 7.7 23 552 8.0 57.8 3511822 11847 (1917 |00 24 |01 12 j 02 00 | 02 39
02|209 08.0 095|107 51.9 7.8 23 47.2 8.0 57.8 |18 19 1843 |19 11 f24 57 | o057 |01 46 | 02 28
03|224 08.2 105|122 187 7.9 23 392 8.2 57.8 2001814 | 1837 | 1902 [24 31 |00 31 | 01 24 | 02 10
04239 08.4 114|136 456 8.0 23 310 83 578 | N10j18 11 |i832 | 1856 {2408 |00 08 |01 04 | 01 54
05|254 08.6 12.4|151 126 8.1 23 227 84 57.7 O|1807 | 1828 | 1852 | 2347 |24 45 | 00 45 | 01 28
061269 08.8 N 5 133[165 39.7 8.3 N23 143 86 572.7) S10| 1803 | 1824 | 1849 | 23 26 | 24 26 | 00 26 | 01 23
07]284 08.9 143|180 07.0 8.3 23 057 8.7 57.7 20116 00 |18 22 |18 47 | 2304 24 06 | 00 06 | 01 06
T 08]2%9 09.1 152|194 343 85 22 57.0 87 57.6 30| 1756 | 1820 |18 47 | 22 37 | 23 43 | 24 47 | 00 47
U 09]31a 09.3 162|209 01.8 8.5 22 483 9.0 57.6 3511754 | 1819 | 1848 | 2222 {23 29 |24 36 | 00 36
E 10§329 09.5 17.2|223 293 8.7 22 383 9.0 57.% 4011751 |18 18 |18 49 | 22 04 | 23 13 | 24 23 { 00 23
5§ 11]244 09.7 18112327 57.0 88 22 303 9.1 57.5 45117 48 |18 17 [ 18 51 | 21 42 1 22 54 | 24 68 { 00 08
D 12[359 09.9 N 5 191|252 24.8 8.9 N22 212 9.3 5750 S50( 1745 {1817 [ 1854 | 21 14 (22 30 | 23 49 | 25 07
¢ 13] 14 10.0 20.0]266 52.7 50 22 119 94 57.5 S2|1743 1817 | 1856 {21 00 | 22 18 | 23 40 | 25 oG
14| 29 10.2 21.0{281 20.7 9.1 22 02.5 9.4 57.5 S|1741 |18 17 | 1858 | 20449 |22 05 | 23 30 | 24 53
15| 44 104 2201295 48.8 9.2 21 53.1 9.4 57.4 56|17 40 |18 17 |19 00 | 20 26 | 21 49 | 23 18 | 24 a5
16| 59 10.6 229|310 17.0 94 21 435 9.7 57.4 58|1738 |18 17 |19 02 {2003 [ 2131 |23 05 |24 36
17| 74 0.8 23.91324 454 9.4 21 338 9857.4| S60) 1735|1817 |19 05 | 1932 [2108 |27 49 | 24 26
18( 89 11.0 N 5 24.8{339 13.8 9.5 N21 24.0 9.9 57.3
19/104 11.1 2581353 423 9.7 21 14.1 10.0 57.3 ¢ ‘S..UN M fo MOON
20119 11.3 2671 8110 9.8 21041101 57.3| pg, | Ean of Time or. Mer. Pass. ) el Phase
211134 115 .. 27.7| 22 39.8 9.8 20 54.0 103 57.3 00" 12" | Pass. | Upper Llower
22|149 11.7 28.6| 37 08.6 18,0 20 437 103 57.2 m s ] m s| h m|] r o] n oo ]a
23164 119 29.6] 51 37.6 101 20 334 10.4 57.2 110405 |035 |1204 |17 320502 |08
210348 0329 |12 04 |18 32 |06 03 |07 0
5D 160 d 10| SD. 16.1 159 15.7 3|10330 0321|1203 1926 }07 00 |08




xC

120 ~Z.- JUNE 15, 16, 17 (FRI., SAT., SUN.)
ur | ARIES | VENUS —4,0] MARS +0.4| JUPITER — 1.9|SATURN +0.2 STARS
|GMT)
PN G.H.A. G.H.A, Dec. G.HA. Dec. G.H.A, Dec. G.H.A, Dec. Marme S.H.A. Dez.
] I o I o ! ] i o i a r a i ] r o ra o f a »
1500: 263 Q1.1 | 216 43.6 N15 22,2 | 252 254 N 2 24.3 | 155 52.4 N22 41.6 | 327 05.4 521 11.1 | Acamar 315 31.6 540 20.3
1 036 231 43.2 23.0 | 267 26.2 250 (170 54.3 41.5 { 342 0680 11.1 {Achernar 335 396 557 16.7
06.1 § 246 42.7 23.9 | 282 27.0 2561185 56.2 41.4 1357 10.¢ 11.1 | Acrux 173 28.8 563 03.2
0B.51 261 423 - - 24.7 | 297 278 -+ 2631200 581 »+ Al4 | 12 13.2 -+ 11.2 | Adhara 255 26.5 528 57.5
11.0| 276 418 25.6 | 312 28.6 27.0| 216 00.0 413 27 158 11.2 | Aldebaran 291 09.5 K16 29.5
1341291 414 26.4 | 327 29.4 27.7| 231 018 41.3 | 42 185 11.2
15.9 | 306 40.9 N15 27.3 | 342 30.2 N 2 28.4 { 246 03,7 N22 41.2 | 57 21.1 521 11.3 | Alioth 166 35.3 N56 00.8
184 | 321 40.5 28.1 | 357 31.2 29.1 | 261 05.6 421| 72 23.7 11.3 |Alkaid 153 120 N49 21.7
20.8] 336 40,0 29.0) 12 318 29.8 | 276 07.5 41.1| 87 28.3 11.3 | Al Na'ir 28 04.9 547 00.2
F 2331351 396 -- 29.8f 27 326 - 305|291 094 - - 420|102 28.9 - - 11.3 | Alnilam 276 04,2 51 12.4
R 258] 6391 30.7 | 42 334 31.2 | 306 11.3 41.0 | 117 31.6 11.4 { Alphard 218 132 § 8 371
i 28.2] 21 3846 315 57 34.2 318 )321 13, 40.9 | 132 34.2 11.4
o 30.7F 36 38.2 N15 323 | 72 35.0 N 2 325336 150 N22 40.8 | 147 36.8 S21 11.4 Alphacea 126 25.2 N26 44.7
A 33.2( 51 377 33.2| 87 358 332|351 169 40.8 | 162 394 11.5 |Alpheratz 358 (1.5 N29 02.2
Y 356 bb 373 34.0 | 102 3b.6 339 6 188 40.7 | 177 420 11.5 | Altoir 62 248 N 8 505
38.1) Bl 368 -+ 349|117 374 - 346 21 207 -+ 0.7 ]| 192 4446 - - 11.5 | Ankaa 353 32.6 S42 21.2
406 96 363 35.7 | 132 38.3 353 W 225 40.6 |1 207 473 11.5 | Antares 112 47.1 526 249
4301111 359 36.6 ) 147 39.1 36.0) 51234 30.5 | 222 499 116
455} 126 354 N15 37.4 | 162 399 N 2 367 | 6b 263 N22 40.5 | 237 52.5 S21 11.6 |Arcturus 146 11.2 N19 13.9
47.9] 141 350 38.2 | 177 40.7 3741 81 282 40.4 | 252 55.1 11.6 |Ania 108 04.0 569 00.9
50,41 156 34.5 39.1 f 192 41.5 380 96 30.1 40.4 | 267 57.7 11.7 | Avior 234 257 559 289
52.9F 171 34.0 - - 39.9| 207 42.3 -+ 387|111 319 -+ 40.3| 283 00.4 - - 11.7 |Bellatriz 278 509 N & 20.6
55.3) 186 33.6 40.7 | 222 43.1 394 | 126 338 40.2 | 298 03.0 11.7 |Betelgevse 271 203 N 7 244
57.8] 201 33,1 41.6 | 237 43.9 40.]1 | 141 35.7 40.2 | 313 05.6 11.7
1600 00.3 | 216 32.6 N15 42.4 | 257 44.7 N 2 40.8 | 156 37.6 N22 40.1 | 328 08.2 521 11.8 | Conopus 264 04.4 552 414
02.7]231 32.2 43,3 | 267 455 4151171 395 40.0 1 343 10.8 11.8 | Capeila 281 00.5 N45 59.4
05.2 | 246 31.7 44.1 | 282 46.3 42.2 | 186 41.3 40.0 | 358 13.5 11.8 | Deneb 49 43.0 N45 14.6
07.7]261 31.3 + - 449297 47.1 - - 429|201 43.2 -+ 399 | 13 161 -+ 11.9 {Danebsla 182 51.2 N14 375
10,1 276 30.8 45.8 [ 312 47.9 4351 216 45,1 19.9| 28187 11.9 [ Diphde 349 13.2 518 02.1
126 291 303 46,6 | 327 48.7 44,2 1 231 47,0 9.8 | 43 213 11.9
15.01{ 306 29.9 N15 47.4 | 342 49.5 N 2 349 | 246 48,9 N22 39.7) 58 22.9 521 11.9 | Dubhe 194 12.5 N6l 48.4
17.5] 321 294 48.3 | 357 50.3 456 | 261 50.7 39.7]| 73 266 12.0 | Elnath 278 34.8 N2B 36.1
s 20.0 | 336 289 4911 12 512 46.3 | 276 52.6 39.6| 88 29.2 12.0 | Eltonin 90 536 N51 29.3
A 2241351 285 - 499 27 519 - - 47.0|291 545 -+ 396|103 31.8 -+ 12.0 |Enif 34 039 N 9 898
T 249 6 28.0 50.8 | 42 52.7 47.7 | 306 564 3951118 344 12.1 {Fomalhaut 15 42.8 529 40.2
] 274} 21 275 5l.6| 57 53,5 48.4 ] 321 58.3 39.4 | 133 37.0 i2.1
R 298] 36 27.0 N15 524 72 543 N 2 49.0 | 337 00.1 N22 39.4 | 148 39.7 521 12.1 { Gocrux 172 20.3 $57 04.0
o 32.3| 51 266 53.2| 87 55.1 49.7 | 352 020 39.3 | 163 423 12.2 | Gienah 176 10.1 S17 29.5
A 34.8| 66 26.1 54.1 | 102 55.9 50.4 7 039 39.3 | 178 44.9 12.2 |Hadar 149 12.3 S60 20.0
Y 37.2] 81 256 - - 54.9 | 117 568 -+ 51,1} 22 058 -+ 39.2|193 475 - - 12.2 |Hama) 328 20.5 N23 251
39,71 96 25.2 55.7 | 132 57.& 518 | 37 07.7 39.1 | 208 50.2 12.2 | Kaus Aust. 84 06.2 S34 235
42.2| 111 24.7 56.6 | 147 58.4 525 52 085 391|223 528 123
44.6| 126 24.2 N15 57.4 | 162 59.2 N 2 53.2 | 67 11.4 N22 39.0 | 238 55.4 521 12.3 |Kochab 137 18.0 N74 11.8
47,11 141 23.7 58.2 | 178 00.0 538 | B2 133 389 | 253 580 12.3 | Markab 13 55,5 N15 09.2
495 156 23.3 59.0 1193 00.8 545( 97 15.2 389 | 269 806 12.4 | Mankar 314 334 N 4 033
52.0)171 228 15 598 | 208 01.6 -+ - 552|112 17.0 - - 388|284 03.3 - - 12.4 | Menkent 14B 27.8 536 19.7
54.5]| 186 22,3 16 00.7 | 223 02.4 5591127 189 38.8 | 299 05.9 12.4 | Miaplocidus 221 44.2 Se9 409
5691201 21.8 01.5 | 238 03.2 56.6 ) 142 20.8 387 ] 314 OJB._S_ 12.4
1790 594 216 21.4 N16 02.3 | 253 04.0 N 2 57.3 | 157 22.7 N22 38.6 | 329 11.1 521 12.5 | Midak 309 05.7 N49 49.6
D1.9| 231 209 03.1 ) 268 048 58.0 172 240 38.6 | 344 13.7 12.5 JNunki 76 19.3 S26 18.6
04.3| 246 20.4 04.0 | 283 05.6 58.6 | 187 26.4 38.5 | 359 16.4 12.5 | Peacock 53 45.7 S56 45.8
0681261 199 - 04.8 [298 064 2593|202 283 +- 384 | 14 190 - - 12.6 |Pollux 243 49.1 N28 03.1
0931276 19.5 056|313 07.2 3 0D.0| 217 30.2 B4 | 29216 12.6 JProcyen 245 180 N 5 15.0
117291 19.0 06.4 | 328 08.0 00.7 | 232 32.1 383 49 24.2 12.6
14.2 1306 18.5 N16 07.2 | 343 09.8 N 3 0l.4 | 247 34.0 N22 383 | 59 269 $21 12.6 Rasolhague 96 22.1 N12 339
16.7 | 321 180 08.1 | 358 09.6 Q2.1 | 262 358 B2z 74 295 12.7 |Regulus 208 01.9 N12 009
19.1] 336 174 D85 | 13 105 0281277 377 381 89 321 12.7 |Rigel 281 29.0 S & 126
1) 216|351 12,1 - - 097 ) 28 113 -- 03,4292 396 -- 38.1| 104 347 - 12.7 Rigil Kent, 14D 15.0 S60 48.1
U 24.0| & 166 105 | 43 12.1 04.1 | 307 41.5 380119 37.4 12.8 | Sabik 102 32.0 515 43,0
Y 265] 21 161 11.3] 58 12.9 04.8 | 322 43.3 38.0 | 134 40.0 12.8
o 29.0( 36 15.6 N16 12.2( 71 13.7 N 3 05.5 [ 337 45.2 N22 37.9 | 149 42.6 521 12.8 | Schadar 350 00.7 N56 28.9
A 314[ 51 151 13.0| 88 14.5 06.2 | 352 47.1 37.8 | 164 45.2 12.9 | Shaula 9 44.9 537 06.0
Y 339| 66 147 13.8 | 103 15.3 069 7490 37.8| 179 47.8 12.9 | Sirivs 258 49.3 516 42.1
364| 81142 -- 146|118 161 «+ 07.5| 22509 -+ 37.7|194 505 « » 12.9 |Spica 158 49.3 S11 06.9
388} %6 13.7 15.4 | 133 16.9 08.2| 37 527 37.6 ] 209 53.1 12.9 | Suheil 223 05.5 543 238
41.3] 111 13.2 16.2 | 148 17.7 089 | 52 348 37.6 ) 224 55.7 13.0
4381126 12.7 N16 17.0 | 163 18.5 N 3 09.6 | &7 56.5 N22 37.5 | 239 58.3 S21 13.0 Vega 80 50.2 N38 46.3
4.2 § 141 1222 17.8 1178 19.3 10.3| B2 s84 37.5| 255 01.0 13.0 }Zuben'ubi 137 24.3 S16 004
48.7 | 156 11.8 18.6 | 193 20.1 11.0 | 98 00.3 37.4 | 270 036 13.1 SH.A,  Mer. Foss
511F171 113 - - 194 | 208 209 - - 11.6| 113 02,1 - - 373|285 062 -- 13,1 o ] b m
53.6| 188 10.8 20,3 | 223 21.8 12.3 | 128 04,0 37.3 ] 200 08.8 13,1 {Yenus 312 324 9 34
56.11 201 10.3 21.1 238 22.6 13.0 | 143 05,9 37.2 { 315 11.5 13.2 [ Mars 348 444 7 09
m Jupiter 252 373 13 32
229y v-o05 d o8 v 08 d 07 v 9 d o1 v 26 d 0.0 |Satuemn 64 08.0 2 07




xC

r7w JUNE 15, 16, 17 (FRI., SAT., SUN.) 121
Twilight Moonrise
ut SUN MOON Lat, 9 Sunrise
(GMT) Naut,  Civil 15 16 17 18
G.H.A, Dec. G.H.A ] Dec. o H.P. o hom hom a m hom nom hom A om
d o 2 o s o 4 s ¢+ o+ +INT2] O = o e x}|2318 |22 39 fa122
15001179 559 N23 17.4|283 40.4 13.7 S 5 51.5 147 57.3| N70] O o =) ® 4312326 2258|2214
01|i9a 55.8 17.5]298 131 13.7 5 368 14.7 57.3 68| o fa a  [{e £}]23233 |2314 |22 47
02| 209 55.6 17.6]312 45.8 13.7 5 22.1 14.8 57.3 1= o a @ ®}12338 |2327 |231
03|224 555 .. 17.7|327 185 136 5 07.3 14.7 57.4 ea| i 01 32 {2349 |2343 |2337 |23 31
041239 55.4 17.8]341 S1.1 13.7 4 52.6 14.9 57.4 62§ mw i 02 10 {23 49 | 23 48 | 22 47 | 23 46
05|254 55.2 179|256 238 13.7 4 37.7 148 574 60§ 00 52 | 02 36 { 23 4% | 23 51 | 23 54 | 24 00
06)269 55.1 N23 18.1) 10 565 13.6 S 4 22.9 149 S74] N58B} W D141 | 0256 {234% | 2355 |24 01 {0001
071284 55.0 18.2| 25 29.1 13.7 4 08.0 149 57.5 S6| 0211 |03 13 {2349 | 2358 |24 08 | 00 08
08)299 54.8 18.3| 40 01.8 13.6 3 53.1 15.0 S7.5 S4|oo48 | 0233|0327 |2349 |24 00 | 00 00 | 0O 13
F 09)314 547 .. 18.4| 54 344 136 3 381 15.0 57.5 S52)0133 | 0251|0339 {2349 [2403 | 0003 |00 18
R 10329 54.6 18.5| 6% 07.0 136 3 231 150576 50|02 00 |03 06 |0350 | 2349|2605 | 0005|0023
i 11|34 54.4 18.6] 83 396 136 3 081 151576| 45|02 46 |03 35 |04 13 |23 49 | 24 10 | 00 10 | 00 32
i’ 121359 54.3 N23 18.7) 98 12.2 135 S 2 53.0 150 576 N40) 03 16 |03 58 |04 31 |23 49 | 264 14 | 60 24 | 00 42
Y 13| 14 54,2 18.8]112 44.7 13.6 2 38.0 152 57.7 3510339 |04 16 |04 46 | 23 49 | 24 18 | 00 18 | 00 49
14] 29 540 189|127 17.3 13.5 2 22.8 15.1 57.7 3230|0356 0431|0458 2349 | 2421|0021 {0055
15] 44 539 19.0]141 49.8 13.5 2 07.7 15.1 57.7 20104 27 [ 04 56 | 0520 |23 49 | 24 27 | 00 27 | 01 06
161 59 53.8 19.1]156 22.3 135 1526 152 57.8| N 10§04 49 [ 05 16 | 0539 | 23 49 | 24 31 | 00 31 | 01 16
171 74 536 19.2]170 54.8 134 1 37.4 15.2 57.8 0fo508 | 0534 | 0557 | 2349 | 24 36 | 00 36 | 01 26
18y 89 53.5 N23 193|185 27.2 135 $1 222 153 578] 510§ 0525 |05 51 |06 14 |23 50 | 24 41 | 00 41 | 01 35
194104 53.4 19.4|199 59.7 134 1 069 152 57.8 2010541 10609 |06 33 | 2350 |24 46 |00 46 |01 a5
20119 53.2 19.5(214 321 13.3 0 51.7 153 579| 3010558 |06 28 | 06 54 | 23 50 |24 52 | 05 52 | 01 57
211134 53,1 .. 19.6|229 044 1324 0 364 153 579| 35|06 06 | 0638 |07 06 | 2950 | 2455 | 0055 |02 0a
22149 53.0 19.7|243 368 133 021.1153579| 40{06 16 [ 0650 |07 20 | 2350 | 24 59 | o0 59 | 02 12
23{164 52.8 19.8]258 09.1 13.3 S 0 05.8 153 58.0| 45|06 26 |07 03 |07 37 | 2350 | 2504 |01 04 b2 21
16901179 52.7 N23 19.9]272 414 13.2 N0 09.5 154 58.0) S50 06 36 ) 07 19 | 07 58 | 23 50 | 25 09 | 01 09 | 02 32
01194 52.6 20.0[287 13.6 133 0 24.9 1532 58.0 52| 0643 [o07 27 [os8 08 |23 50 {2512 | 0112 | 02 37
02209 52.4 20.1[301 459 131 0 40.2 154 58,1 5410649 |07 35 |08 19 2351 | 2515 | 0115 | 02 43
03| 224 52.3 20.2|316 18.0 13.2 0 55.6 15.4 5B.1 56| 0655 | 0744 | 08 31 J23 51 |25 18 | 01 18 | 02 49
04239 52.2 203|330 502 13.1 1 11D 154 58.1 58| 0702|0756 |ogae 12351 |25 21 | o121 | 02 57
05|254 52.0 204|345 223 130 1264 154 582) S6D| 0709 |08 06 | 0903 }2351 | 2525 | 0125 |03 05
061269 51.9 N23 20.5)359 543 13.1 N' ) 41.8 154 58,2 P
07{284 518 20| 14 268 13.0  157.2 154 582 | 10y | sunser | . N Moonset
s 08]299 516 207| 28 58.4 129 2 126 15.4 583 | ~°" Civil Nout. | 15 16 17 18
A 091314 515 .. 208| 43 303 129 2 28,0 154 583
T 10]329 514 209| 58 02.2 12.8 2 43.4 155 583 TEEIEEEEEY Y Y T
U 11344 512 209| 72 340 128 2 589 154 583| N72| o= (= © 1043|1255 |15 16 {18 23
R 12]359 511 N23 21.0) 87 050 128 N 3 143 154 584 N70] o a = 1048 |1250 |14 59 | 17 33
D 13| 14 509 211|101 37.6 12.7 3 29.7 155 58.4 8| o = = |1052 1246 |19 46 | 17 01
A 14| 29 508 212|116 09.3 126 3 45.2 154 58.4 6| o o O |1055 |12 42 | 14 35 | 16 39
Y 15| 44 507 213|130 40.9 12.6 4 00.6 155 585 642230 | m i 1058 | 1240 |14 26 |16 21
16| 5% 50.5 21.4/145 125 12.6 4 161 154 SB.S 622152 | i 1101 |12 37 [ 1418 [ 16 06
17} 74 50.4 215|159 44.1 124 4 315 154 SRS 60121 26 |23 10 i 1103 |12 35} 14 12 | 15 54
18§ 89 50.3 N23 21.6(174 155 125 N 4 469 154 586 NSB}2105 |22 21 | mr 1105 {12 33 | 14 06 § 15 43
104 50.1 2160188 47.0 123 5 02.3 154 586 S6| 2049 | 2351 | 1106 (1232 |14 01 |15 34
119 50.0 21.7]|203 183 123 5 17.7 154 58.6 5412034 | 2129 | 2315|1108 |12 30 | 13 56 | 15 26
134 499 .. 218|217 496 12.3 5 331 154 587 5212022 2111 | 2229 11109 |12 2% |13 52 §15 19
149 49.7 219|232 209 122 5485154 587 50| 2011 | 205 |22 01 | 1110 |12 28 |13 48 | 1513
164 49.6 22.0)24b 521 12.1 & 03.9 154 58.7 4511949 | 2026 |21 16 |12 13 J12 25 |13 40 | 14 59
179 49.5 N23 22.0{261 23.2 12.0 N 6 19.3 153 588 N40[ 19 31 [ 2004 [ 2045 [ 11 15 | 12 23 | 13 33 § 14 47
194 49.3 22.1|275 54.2 12.0 & 34.6 154 588 3501916 [ 1945 | 2022 | 1117 J1221 |13 28 |14 38
209 49.2 222|290 252 12.0 & 50.0 153 5848 30f1903 (1930|2004 |2118 [ 1219 |13 23 §14 29
224 491 223|304 56.2 118 7 05.2 153 589 2011841 |1905 |19 35 |11 21 f12 16 |13 14 {1315
239 489 2240319 270 118 7 206 153 589 | N10| 1822 | 1845 |19 12 |11 23 }12 14 |13 06 | 34 02
254 48.8 224|333 578 11.7 7 359 152 589 Ol1804 |1827 | 1853 |12 26 1211 | 1259 f13 51
269 48.6 N23 22.5(348 285 11.6 N 7 51.1 153 589 S10( 1747 (1810 {1836 (12128 [ 17 09 (1252 |13 39
284 485 226) 2591 116 8 064 152 59.0 2001728 {1752 |18 20 |11 30 [12 06 | 12 45 | 13 27
299 48.4 227| 17 297 1.5 8216152 59.0| 30J1707 [1734 |1803 |1133 |12 04 |12 36 |13 12
314 482 .. 227| 32002 114 8 368151 590| 3501655 [ 1723 |17 55 | 1134 |12 02 | 1231 |13 04
329 48.1 22.8| 46 306 113 8 519 152 591 40011641 |17 11 |17 45 |11 36 |12 00 |12 26 | 12 55
N 11§34 48.0 229| 61 00.9 11.2 9 07.1 15.0 59.1 4511624 f 1658 |17 35 |11 38 | 1158 | 1219 | 12 44
2 12(359 47.4 N23 23.00 75 31.1 11.2 N9 221 151 591 550]16 03 (1642 |17 23 (1140 (1155 (1212 (12 31
vy B| a7 23.0] 90 013 111 9 37.2 150 59.2 5211553 t1634 |17 18 |11 41 |11 54 |12 08 | 12 25
141 29 476 231|104 314 110 9 52.2 15.0 59.2 5441542 | 1626 | 1712 |11 42 |11 53 | 12 04 | 12 19
15| 44 474 232|119 014 10.9 10 07.2 15.0 592 5611530 | 16 27 |17 06 | 11 43 |11 51 |12 00 |12 11
16| 59 47.3 23.2|123 313 108 10 22.2 14.9 59.3 581515 {1607 | 16 590 |11 45 | 11 50 | 11 55 | 12 03
17| 74 47.2 23.31148 01.1 108 10 37.1 149 593| S 60§14 58 | 15 55 | 16 52 | 11 46 | 11 48 | 11 50 | 11 54
18] 8% 47.0 N23 23.4(162 309 106 NIO 52.0 14.8 59.3
191104 46.9 234|177 005 10.6 11 06.8 14.8 593 ¢ S,UN " MOON
20[119 467 23.5[191 30.1 10.4 11 226 14.8 594 pg, | EQN. of Time or | Met. Pass. o] Phase
211134 466 .. 23.6]205 59.5 104 11 364 14.7 594 00" 12" | Pass. | Upper lower
22[149 46.5 23.60220 289 10.3 11 51.) 14.6 56.4 m sl m s 5 m]* el =13
23| 164 463 23,7|234 582 10.2 12 05.7 146 595 15300 16 00 23 12 00 | 05 15 | 17 37 |22
16{0029 0035 [1200 Jos 00 1824 [23] (P
5.0. 158 4 0.1} S.D. 15.7 15.9 16.1 17| 0042 {0048 f 12 01 |05 48 | 19 12 |24




XC AUGUST 23, 24, 25 (THURS., FRL., SAT.)

166
ur | ARIES | VENUS —3.9] MARS —0.3|JUPITER — 1.9|SATURN +0.3 STARS
(GMT)
J h G.H.A, G.H.A. Dec. G.HA, Dac. G.H.A. Crec. G.H.A. Dec. Mome S.H.A. Dec.
Ll ! o r o ’ a r a r -] L a r =] L o r -] ¥+ o r
2300] 331 01.7] 197 15.5 N18 07.8 | 277 19.3 N17 21.8 | 207 45.0 N20 13.7 [ 39 57.3 522 00.7 | Acamor 315 31.1 540 20.1
01§ 346 04.2| 212 14.8 07.0 | 292 20.4 22.1 | 222 47.0 13.6| 54 59.8 00.7 | Achernar 3315 38.8 557 lbb
2 1 066]227 141 06.3 | 307 21.5 22.5] 237 489 13.5] 70 024 00.7 | Acrux 173 29.3 563 031
03] 16 09.1) 242 13.5 - - 055|322 226 -+ 228|252 508 -+ 134| 85050 - - 00.7 [Adhara 255 262 528 57.3
04] 31 1le| 257 128 04.8 | 337 237 23.2 | 267 527 13.3 | 100 07.6 00.7 fAldebaran 291 09.1 N16 296
05| 46 140|272 12.2 04.0 | 352 24.8 235 | 282 54.6 13.2 | 115 10.2 00.8
06 61 165|287 11.5 Ni8 03.3 7 259 N17 23.8 | 297 56.6 N20 13.1 | 130 12.8 522 00.8 | Alioth 166 35.8 N56 Q0.8
07| 76 19.0| 302 10.8 02.5| 22 27.0 24.2 | 312 585 12.9 | 145 15.4 00.8 | Alkoid 153 12.4 N49 217
T 08] 91 21.4] 317 10.2 01.7 ) 37 2821 24.5 | 228 00.4 12.8 | 160 18.0 00.8 J Al Na'ir 28 04.5 547 00.3
H {9]106 239|332 095 -- 01.0] 52 29.2 - - 249|343 023 - - 127|175 20.6 - - 00.9 | Alnilam 276 038 S 1 122
U 100121 26.3| 347 089 18 00.2{ 67 30.3 25.2 | 358 04.2 12.6 | 150 232 00.9 | Alphard 218 13.2 S 8 370
R 11]136 288| 2082 17 594 BZ 314 256 13 06.2 12.5 | 205 25.7 00.9
$ 12§151 31.3) 17 07.5 N17 587 97 32.5 N17 25.9 | 28 08.1 N20 12.4 | 220 28.3 $22 00.9 | Alphecca 126 254 N26 449
G 13166 33.7{ 32 069 57.9] 112 33.5 26,3 [ 43 10.0 12.3 | 235 30.9 00.9 | Alpheratz 358 01.0 N2% 025
A 141181 36.2] a7 082 57.11 127 34.6 26.6} 58 11.9 12.2 § 250 33.5 01.0 | Altoir 62 24.6 N B 50.7
Y 151196 387| 62 056 - 564|142 357 - - 269| 73138 -+ 121{ 265 361 -+ 010 |Ankaa 353 32.0 S42 21.1
18] 211 a11) 77 pag 55.6 | 157 36.8 27.3| 88 15.8 12.0 | 280 38.7 01.0 | Antores 112 47.2 526 24.%
17] 226 92.6| 92 pa.2 54.8 | 172 37.9 276|103 17.7 11.9 | 295 41.3 01.0
18] 2a1 46.1| 107 03.6 N17 54.1 | 187 39.0 N17 28.0 | 218 19.6 N20 11.7 | 310 43.8 522 01.0 | Arcturus 146 11.4 N19 13.9
19 256 48.5| 122 02.9 53.3 | 202 40.1 283|133 215 11.6 | 325 46.9 01.1 | Atria 108 04.4 S69 01.1
208271 51.0] 137 02.2 525217 41.2 28.7 | 148 235 11.5 | 34D 49.0 01.1 | Avior 234 257 859 286
21| 286 535|152 016 - - 51.7]232 423 + - 290|163 254 -+ 11.4| 355 516 - - 011 |Bellatrix 278 505 N & 20.7
22| 301 55.9| 167 01.0 51.0 | 247 43.4 293|178 27.3 11.3 | 10 54.2 01.1 |Betelgeuse 271 199 N 7 245
23} 316 58.4 | 182 00.3 50.2 | 262 44.5 29.7 | 193 29.2 11.2 | 25 56.8 01.1
2400332 008|196 59.7 N17 49.4 | 277 45.6 Ni7 30.0 | 208 31.1 N20 11.1| 40 5%9.4 522 D1.2 |Canopus 264 04,0 552 4L}
01| 347 03.3) 211 59.0 48.6 | 292 46.7 30.4 | 223 33.1 11.0{ 56 02.0 01.2 | Capetla 280 59.9 N45 593
021 2 058|226 58.4 47.8 | 307 47.5 30.7 | 238 35.0 1091 71 045 01.2 | Deneb 49 42.8 K45 149
03] 17 08.2| 241 57.7 - - 47.1|322 489 -+ 310|253 369 -- 10.8| 86 07.1 - - 01.2 {Denebolo 182 51.3 Nl4 375
04 32 10.7 | 256 57.1 46.3 | 337 50.1 314 | 268 38.8 10.6 | 101 09.7 01.2 | Diphda 349 12,7 S18 G2.0
051 47 132|271 56.4 45.5 | 352 51.2 31.7 | 283 40.7 105 | 116 12.3 01.3
62 15.6| 286 55.7 N17 44.7 7 52.3 N17 32.1 | 298 42.7 N20 10.4 | 131 14.9 522 01.3 | Dubhe 194 12.9 N6l 48.2
07| 77 18.1] 301 55.1 439 22 534 32.4 | 313 446 10.3 | 146 17.5 01.3 |Elnath 278 34.4 N28 361
08 92 20.6{ 316 54.4 432 37 54.5 32.7 | 329 46.5 10.2 | 141 20.1 01.3 | Eltanin 90 53.9 N51 29.6
F 107 23,0331 53.8 - - 424 52 55.6 + - 331|343 484 -« - 10.1| 176 22.6 - - OL3 {Enif 34 03,6 N 9 501
R 10 122 255 346 53.1 41.6 | &7 56.7 33.4 | 358 50.4 10.0 | 191 25.2 01.4 | Fomalhaut 15 42.3 529 40.1
I 11| 137 28.0] 1 525 408 82 57.8 338 13 523 09.9 | 206 27.8 U1.4
D 12| 152 30.4| 16 51.8 N17 a0.0| 97 58.9 N17 34.1 | 28 54.2 N20 09.8 | 221 30.4 522 01.4 | Gocrux 172 20.7 557 03.9
A 13| 167 329| 31 512 39.2 | 113 00.0 34.4| 43 561 09.7 | 236 33.0 01.4 | Gienah 176 10.2 517 29.4
Y 34f 182 35.3| 46 505 38.4 {128 L1 34.8| 58 58.1 09.6 | 251 35.6 01.4 {Hadar 149 12.5 S&b 20.0
lzl 197 37.8| 61 499 - 376|143 022 -- 351 | 74 O0.0 - - 09.4 | 266 38,1 -+ 0L.5 {Homal 328 20.0 N23 25.2
16] 212 403} 76 493 3691158 03.2 354 | 89 01.9 09.3 | 281 40.7 0L.5 |Kaus Aust. B4 06.2 534 235
17| 227 427 91 486 3611173 04.4 35.8 | 104 03.8 09.2 | 296 43.3 01.5
18] 242 45.2 | 106 48.0 N17 35.3 | 188 05.5 N17 3&.1 | 119 05.7 N20 09.1 | 311 45.9 522 01.5 |Kochab 137 19.2 N74 118
19| 257 477|121 473 34.51203 06.7 364 | 134 07.7 09.0 | 326 48.5 01.5 | Markab 13 55.1 N15 09.4
2001272 50.1 [ 136 46.7 3371218 07.8 36.8 | 149 09.6 08.9 | 341 51.1 01.6 | Menkar 314 329 N 4 034
21| 287 52.6| 151 460 - - 329|233 089 -+ - 37.1|164 11.5 - - 08.8 | 356 53.6 -+ 0L.6 | Menkent 148 28.0 $S3& 19.7
22| 302 55.1| 166 45.4 32.1| 248 10.0 375|179 13.4 08.7| 11 5&.2 0L.6 { Mioplacidus 221 44,5 S69 40.b
23] 317 57.50 181 447 31.3 1263 11.1 37.8 | 194 15.4 08.6 | 26588 01.6
25001 323 00.0 | 196 44.1 N17 30.5 } 278 12.2 N17 38.1 | 209 17.3 N20 08.5 | 42 01.4 522 Q1.6 | Mirfak 309 04.9 N49 49.7
01] 348 02.5| 211 434 29.7 | 293 13.3 38.5 | 224 19.2 08.3| 57 04.0 £1.6 | Nunki 76 19.2 526 186
02f 3 039226 428 28.5 [ 308 14.4 386 239 21.1 8.2 | 72 066 01.7 § Peacock 53 453 556 46.0
03] 18 074|241 42,2 -+ 28.1]323 156 - - 39.1|254 231 -+ 081 | 87 091 -+ 0L7 |Potlux 243 48.8 N28 (3.0
33 09.8| 256 41.5 27.3 [ 338 16,7 39.5 | 269 25.0 08.0 | 102 11.7 01.7 | Procyon 245 178 N 5 151
05| 48 12.3| 271 40.% 26.5 | 353 17.8 39.8{ 284 26.9 07.9 | 117 14.3 oL.7
06 &3 14.8| 286 40.2 N17 25.7 8 18.9 N17 40.1 1 299 28.8 N20 07.8 | 132 16.9 S22 01.7 {Rosalhague 96 22,2 N12 341
07] 78 17.2| 301 39.6 249 23 20.0 40.5 | 314 30.8 07.7 | 147 195 01.8 |Regulus 208 02.0 N12 00.9
S 93 19.7 | 316 38.% 241 38 211 40.8 | 339 32.7 07.6 | 162 22,1 01.8 [ Rigal 281 7286 S 8 12.4
A 108 222|331 383 - - 23.3| 53 222 -+ 41.1| 344 346 -+ 07.5| 177 246 -+ 018 }Rigil Kent. 140 155 560 48.1
T 10123 2a.6| 346 377 22.5| 68 23.4 41,5 | 359 36.5 07.4 | 192 27.2 01.8 | Sabik 102 32,0 515 429
U 11138 27.1| 1 37.0 21.7| 83 245 418 14 385 07.2 | 207 29.8 018
R 1] 153 29.6| 16 364 N17 209 | 98 25.6 N17 92.1 | 29 40.4 N20 07.1 | 222 32.4 522 01.9 | Schedar 349 599 N5& 29.2
D 12] 168 32.0) 31 357 20.0 | 113 26.7 425 | 44 423 07.0 | 237 35.0 01.9 {Shaula 9 450 S37 06.0
A 14| 183 3a5| 46 35.1 19.2 | 128 27.8 42894 59 44.2 06.9 | 252 37.5 01.9 [ Sirius 258 49.0 516 419
Y 15198 36.9| 61 245 .- 184|143 289 - - 431 74 462 - - 068|267 401 - - 019 | Spica 158 495 511 Og.8
18] 213 39.4| 76 338 17.6 | 158 30.1 434 | 89 48.1 06.7 | 282 427 01.9 [ Suhail 223 056 543 235
17] 228 419 91 33.2 1681173 31.2 43.8 | 104 50.0 06.6 | 297 45.3 02,0
18] 243 4.3 [ 106 32.6 N17 16.0 | 188 32.3 N17 44.1 | 119 51.9 N20 0&.5 | 312 479 $22 02.0 | Vega 80 50.3 N38 46.6
19 258 A6.B| 121 31.9 15.2 | 203 33.4 44.4 | 134 53.9 06.4 | 327 50.4 02.0 {Zuben’ubi 137 24.5 S16 00.3
273 49.3[ 136 31.3 14.4 | 218 34.6 448|149 558 06.3 | 342 53.0 02.0 S.HA.  Mor Pass
21| 288 51.7| 151 30.6 -+ 13.5{233 357 - - 451|164 57.7 -+ 06.2 | 357 55.6 - - 020 P -
22| 303 54.2 | 186 30.0 12.7 | 248 .8 45.4 | 179 59.7 ne0| 12 587 071 fVenus 224 588 10 52
23] 318 56,7 | 181 294 11.9 | 263 37.9 45.8 | 195 016 05.9 | 28 00.8 02.1 | Mars 05 448 5 29
T Jupitar 236 303 10 05
Mor. Poss. 1 516 v-0e d 08 v 1.1 d o3 v 19 d o0l v 26 d 0.0|Saturn 68 585 21 12




xC

v rw AUGUST 23, 24, 25 (THURS., FRIL., SAT.) 167
oF SUN MOON o, | TVIORT ise Moonrise
oM MNout.  Civil 23 24 25 26
G.H.A. Dec. G.H.A. v Oec. d H.P. sl &+ m hom hom hom hom A om [
d ol & - o s o s . o s+ 1 s INT2) W 6110 |03 18 Q0922 | 11331143 -
2300|179 17.9 N11 363|152 49.4 14.8 S 3 457 144 S6.2| N70| 0206 |0338 0913|1111 [L1327| ==
01]194 18.1 355)167 23.2 148 4 00.1 14.3 56.2 68| M 0239 |0354 |0905 | 1054 |1252]1525
02| 209 18.2 34.6]181 57.0 148 4 14.4 14.3 56.2 6640101 |0302 [0407 | 0859|1041 1227|1425
03|224 184 .. 338|196 308 149 4 28.7 14.3 56.1 64JoL51 |032070418 |0854|10230]1208]|1381
041239 18.6 32.9]211 04.7 148 4 43.0 14.2 5b6.1 b2| 0220 | 0335|0427 [0850 | 1020 |11 52 (132
05|259 18.7 32.1{225 38.5 148 4 57.2 14.2 56.1 600242 | 0347 |04 3550846 | 1012 |11 39 | 13 07
06|26% 189 N11 31.2|240 12.3 149 S511.4 141 561 | NS8J 0259 |03 58 |04 42 J 0842 | 1005 | 11 28 | 12 51
07]284 19.1 30.4(254 46.2 14.9 5 255 14.1 560 5640313 |04 07 |04 48 0B 39 | 0959 {11 18 | 12 37
T 08|299 1%.2 295|269 201 148 5 396 141 560 5410325 |04 15 | 0453|0837 |[0954 1110122
H 09]314 194 .. 287[283 53.9 149 5 537 14.1 56.0 520336 |04 21 [0458 | 0834|0949 11021215
U 104329 19.5 279|298 278 149 & 07.8 14.0 55.9 5000345 |04 26 | 0502 | 0832|0944 | 1056 |12 066
R 11344 19.7 27.0]3132 017 149 & 21.8 13.9 55.9 45004 03 |04 41 J 0512 | 08 27 | 09 35 | 10 41 | 11 47
g 121359 19.9 N1l 26.2|327 35.6 149 S 6 357 139 559 N 40| 04 17 J 04 51 | 05 20 |06 23 |09 27 | 10 29 | 11 32
A 13 14 200 253|342 09.5 148 b 49.6 13.9 55.9 35|04 29 0500 | 0526 |08 20 [09 20 |10 19 |11 I8
Y 14| 29 20.2 2451356 43.3 149 7 03.5 13.8 55.8 30l0438 {0508 | 0532 |08 17 {0914 1010|1107
150 44 204 .. 236] 11 17.2 149 7 17.3 13.8 55.8 2000453 10520 0542 | 0812 |09 04 | 09 55 | 10 48
16f 59 205 228| 25511149 7311138558 N o505 |o530 j0551 | 0807 o855 |0942]10m
17| 74 z0.7 21.9| 40 250 149 7 44.9 13.7 55.8 OJo514 |0538 {0559 |08 03 | 0B 46 | 09 30 | 10 15
18| 89 208 N1l 21.1) 54 589 148 57 586 136 557) S10f 0521 0546 | 06 07 | 67 59 | 08 38 | 09 18 { 10 OC
19104 21.0 20.2] &% 327 149 § 12.2 13.6 55.7 200527 fo553 | 0615 |07 55 |08 29 | 0905 |09 43
200119 21.2 1%.4) 84 066 149 B 258 13.6 55.7 30|0532 0600|0625 | 0750|0819 |0851 |09 24
211134 21.3 .. 1B.5| 98 40.5 148 8 39.4 13.5 55.7 35|0535 0604 | 0630 | 07 47 |08 14 | 08 42 | 0% 13
22|149 21.5 17.7|113 14.3 149 8 52.9 134 55.6 4010537 10603 | 06 36 |07 44 |OBO7 |0833 |9 01
23|1e4 21.7 16.8]127 48.2 148 9 06.3 13.4 55.6 45| 0539 {06 13 | 06 43 | 07 40 | 08 00 | 08 21 | 0B 45
24000179 21.8 N11 160|142 22.0 149 S 9 19.7 134 556 $50| 0541 |[0618 | 0651 |67 36 | 0751 |08 08 | 08 28
01194 22.0 151|156 559 148 9 331 133 556 52| 0542 10621 | 0655 |07 34 |07 47 {0802 |08 20
02{209 222 1431171 29.7 148 9 464 13.2 555 5410542 L0622 107 00 } 07 32 |07 43 |07 55 1908 1C
03|224 22.3 .., 134|186 03.5 148 9 59.6 13.2 555 56[0543 | 0626 |07 04 | 07 30 |07 38 [ 67 47 | 08 0C
04239 225 12.5|200 37.3 14.8 10 12.8 13.2 555 580543 |06 29 |07 09 | 07 27 [ 07 32 | 07 39 | 07 48
051254 22.7 11.7]215 11.1 148 10 26.0 131 555} S 60| 0544 |06 32 [07 15 | 07 24 | 07 26 | 07 29 | 07 24
06{209 22.8 N11 108|229 44.9 14.7 S10 39.]1 13.0 554 o
07|284 230 100|244 186 148 10 5271 150 55.4 | 1r | sunser | O Moonse!
08]299 232 09.1|258 52.4 147 11 05.1 12.9 55.4| " Civil  MNaw. | 23 24 25 26
F 991314 233 .. 083273 26.1 147 11 18.0 12.8 554
R 10|329 235 07.4]287 59.8 14.7 11 30.8 12.8 55.4 ol nomf o m|l hm] ]l n ) o om
1 11[344 23.7 D6.6|302 33.5 147 11 43.6 12.8 553 | N 72| 20 43 | 22 42 b 18 35 [ 17 56 | 16 3 -m
D 32359 23.8 N1l 05.7)317 07.2 147 511 56.4 12.7 553 | N 70| 20 23 | 21 52 b 1847 1820|1736 | =
A 13l 14 240 0491331 409 146 12 09.1 12.6 553 &Blwpeslar fiit 1857 (1838 113|175
Y 13| 29 242 04.0|396 14.5 146 12 21.7 12.5 55.3 6b| 1955 | 2059 | 2253 | 1905|1853 |18 39 |18 16
15] 44 243 .. 031| 0481 146 12 34.2 125 55.2 641945 |2042 | 2209 | 1912 |19 06 | 18 59 | 1B 50
16| 59 24.5 02.3} 15 21.7 146 12 46.7 12.5 55.2 621936 2027 J2141 | 1918 |19 16 |19 15|19 16
174 74 24.7 01.4| 29 553 146 12 59.2 12.3 55.2 601928 [2015 | 2120 | 1923 | 1926 |19 29 | 19 36
18] 89 24.8 N1l 00.6{ 44 28.9 145 S13 115 123 552 | N58| 1922 {2005 {21 03 | 1928 | 19 34 | 19 41 | 19 52
191104 25.0 10 59.7] 59 02.4 145 13 238 123 552 56|19 16 {1957 [ 2049 | 19 32 | 19 41 | 19 51 | 20 Gb
200119 25.2 58.9| 73 359 145 13 36.1 12.1 55.1 5411910 | 1949 | 2038 |19 36 | 1947 | 2001 | 20 18
21134 253 .. 58.0| 88 09.4 144 13 48.2 i2.1 55.1 5211906 11942 | 2028 |19 39 {1953 | 2009 | 20 29
221149 25.5 5711102 42.8 145 14 00.3 12.1 55.1 5001901 | 1936 | 2019 | 1942 | 1958 |20 16 | 20 39
23{164 25.7 5631117 16.3 14.4 14 12.4 12.0 55.1 450852 | 1923 | 2001 |19 49 | 2009 | 20 32 | 20 59
2500 179 25.8 N10 5547131 49.7 14.3 514 244 119 550] N40J 1844 119 13 | 1947 | 1954 {20 19 120 45 | 21 15
01|194 26.0 54.6(146 23.0 144 14 363 11.8 55.0 3511838 | 1904 {1935 | 1959 [ 2027 |20 56 | 21 29
021209 26.2 53.7|160 56.4 14.3 14 48.1 11.7 55.0 3011832 | 1857 | 1926 | 2003 [ 20 34 |21 06 | 21 42
03|224 26.3 .. 528|175 29.7 14.3 14 59.8 11.7 55.0 201822 11845 | 1911 | 20 11 | 20 46 | 21 23 | 22 62
041239 26.5 520|190 030 142 15115116 550 N10| 1814 | 1835 |19 00 |20 18 {2057 |2138 |22 21
05{254 26.7 51.1|204 362 14.2 15 23.1 11.6 550 0|18 06 | 1827 | 1851 | 2024 |21 Q7 | 2152 ) 2238
061269 26.9 N10 50.3|219 09.4 14.2 515 347 115549 S10| 1758 |18 19 |18 44 | 20 30 | 21 17 | 22 06 | 22 55
07284 27.0 464|233 42,6 14.2 15 46.2 11.3 54,9 20]1750 | 1812 | 1838 j2037 |21 28 |22 20 |22 13
§ 08|299 27.2 485|248 158 141 15 57.5 11.4 54,9 3001740 |12 05 |18 33 [ 2044 | 21 41 |22 38 | 23 34
A 090314 27.9 .. 47.7|262 489 141 1é 089 11.7 54,9 3511735 |18 01 |18 30 |20 49 | 21 48 | 22 48 | 23 47
T 10(329 27.5 468|277 22.0 140 16 20.1 11.2 54.9 4001729 | 1757 |18 28 2054 | 21 57 |22 59 | 24 61
U 11|344 27.7 46,0291 55.0 14.1 16 31.3 11.1 54.8 4501722 |1752 |18 26 | 2100 | 2207 [ 2313|2418
R 12]359 27.9 N1C 45.1{306 28.1 13.9 S16 42.4 11.0 54.8| $50]| 17 14 { 17 47 |18 25 |21 07 | 22 19 | 23 30 { 24 40
D 13| 14 281 44.2{321 01.0 14.0 16 53.4 10.9 54.8 52|17 10 |17 45 | 1824 | 21 10 | 22 24 | 23 38 | 24 50
A 4| 29 282 43.4]335 34.0 139 17 04.3 109 54.8 54|17 06 | 17 42 |18 24 |21 14 | 22 30 | 23 46 | 25 01
¥ 15| a4 28.4 .. a2.5]350 06.% 139 17 15.2 10.8 548 56|17 02 |17 40 | 1823 | 21 18 | 22 37 | 23 56 | 25 14
16| 59 28.6 4l.6| 4 39.8 13.8 17 26.0 10.7 54.8 58|16 56 | 1737 |18 23 [ 2122 | 2245 2408 | 00 08
17| 74 28.7 q0.8] 19 126 138 17 367 106 54.7| S&0J 1651 |17 34 |18 22 | 2127 | 2254 2421 | oD 21
18] 89 28.9 N1p 39.9] 33 454 13.7 S17 47.3 10.5 54.7
191104 29.1 39.0] 48 181 13.8 17 57.8 10.5 54.7 e ¢ .?_UN M Mer. P MOON
201119 29.3 38.2{ 62 50.9 136 18 08.3 10.3 54.7| pg, | SAm ©F TiMe er- e PAR igel  Phose
21134 29.4 ., 37.3] 77 235 13.7 18 18.6 10.3 54.7 0k 12 Pass. | Upper Lowsr
22}149 296  36.5] 91 56.2 13.6 1B 289 10.2 54.7 m ] m s| »n m| hn m] " m]a
23]164 298 3561106 28.8 13.5 18 33.1 10.1 546 23]0249 10241 |12 03 |14 14 | ©1 52 |03
2410233 |0225 |12 02 |14 57 | 02 35 |04 .)
sD. 158 d 09| sD. 15.2 5.1 14.9 25]0217 0209 |12 02 [ 1541 | 03 19 |05




xC
1ivyw OCTOBER 13, 14, 15 (SAT., SUN., MON.)

201
us SUN MOON Lat. Twilight Sunrise Moonrise
oD Naut.  Civil 13 14 15 16
G.H.A. Dec. G.H.A. [ Dec. d H.P. o hom hom hom hom hnom hom n o
i nl o s o o . e s s+ +INT2|0249 J0oe08 |07 28 | 2354 | 2608 ;0208|041
1300 183 237 S 7 356[246 17.4 11.0 N16 164 122 57.6| N7Q0 | 0a 54 | 0e 05 |07 07 | 24 14 | 00 14 | 02 15 | 04 08
01198 23.9 365|260 474 111 16 04.2 123 574 68|oas7 o602 fO659 (2429 | 0029 (0221|0407
02]213 24.0 37.4|275 17.5 11.1 15 519 124 576 66{os500 0600|0652 2941|0041 02260405
03|228 242 .. 38.4|289 47.6 11.3 15 395 124 57.6 td|os503 0557 [064ae | 2451 | 0051 |0230]0405
(4] 243 24.3 393|304 17.9 114 15 27.1 12.5 57.5 6210504 [0556 | G641l | 2500 ] 01 0002330404
05258 24.5 40.2|318 48.3 114 15 14.6 12.6 52.5 630|050 {0554 |06 36 2507 0107 | 0236|0403
06273 246 57 412|333 187 11.5 N15 02.0 126 57.5f N58| 05 07 | 0552 | 06 32 |25 13 | 01 13 |02 39 | 04 02
907|288 24.8 421|347 49.2 11.7 14 49.4 12.7 575 560508 {0551 | 0628 | 2519 |01 19 | 0242|0402
5 0Bf303 249 430] 2 199 11.7 14 36.7 12.8 57.4 540503 {0550 | 0625 |00 0L |01 24 | 0244 | 04 Gl
A §9}318 25.1 4401 16 506 11.8 14 239 12.8 574 520509 {0548 | 0622 |ooo9 | 0129|0246 |0ant
T 10[333 25.2 949 31 21.4 11.8 14 11.1 129 574 500510 | 0547 |06 20 j0015 | o1 23 | 02 47 | 04 00
U 11[348 25.4 45%| 45 52,2 12.0 13 58,2 129 57.4 450510 {0544 |06 14 f 00 29 |01 42 | 02 51 |03 59
R 12| 3255 57 46.8| 60 23.2 12.0 N13 453 130 57.4| N 40| 0510 | 05 42 | 06 09 | 0o 41 | 01 49 |02 55 | 03 58
B 13| 18 257 47.7] 74 54.2 12.2 13 32.3 13.1 57.3 3500510 | 0539 | 0605 [ 0051 | 0155|0257 |0358
A 14| 33 258 48.7] 89 254 12.2 13 19.2 13.1 57.3 3010509 | 0537 | 0601 0059 | 0201|0300 [0357
Y 15] 48 26,0 .. 49.61103 5e.6 12.3 13 06.1 13.1 57.3 20|0507 | 0532 | 0554 Fol 14 | o210 |03 04 |03 56
16| 63 26.1 5650118 27.9 123 12 530 133 573 | N10| 0503 | 0527 | 0548 [ 0127 | 0219 | 0308 | 0355
17| 78 26.3 515|132 59.2 125 12 39.7 13.2 57,2 D]0458 |0522 0543 |0139|0226 0311|0354
18] 93 264 S 7 524|147 30.7 12,5 N12 265 133 57.2| S10{ 04 51 | 05 16 | 05 37 f 01 51 | 02 34 | 03 15 | 03 54
19]108 266 533|162 02.2 125 12 13.2 134 57.2 20]oaaz | 0508 | 0531 F0203 |0z42 |0318|0353
200123 26.7 54.3]176 33,7 12,7 11 59.8 13.4 57.2 30Jo231 (0459|0523 0218|0252 0323|0352
21|138 26.9 .. 552|191 054 12.7 11 46.4 134 57.1 3510423 0453|0519 |0z226 |0257 p0325 0351
22|153 27.0 56,1205 37.1 128 11 330 135 57.1 40 ) 0a 14 |04 47 | 0514 [ 0235 | 0303 (0328|0351
23]168 27.2 57.1]220 089 129 11 19.5 13,5 57.1 45104 02 | 04 39 | 0509 | 02 47 | 03 10 | 03 31 | 02 50
1400 183 27.3 5 7 58.0[234 40.8 13.0 N11 060 13.6 57.1| 550103 48 |04 28 | 0502 [ 0300 |03 19 |03 35|03 49
01]198 27.5 589|249 12.8 13.0 10 52.4 13.6 57.0 5210240 |04 24 | 04 59 [ 03 06 | 03 22 {03 36 | 03 49
024213 27.6 7 599|263 44.8 13.1 10 38.8 13.7 57.0 54102320418 | 0455 [0313 |03 27032380349
03l228 278 8 00.8|278 169 131 10 25.1 13.6 57.0 5610323 | 0412|0452 0320|0331 ]03401 0348
041243 279 01.7f292 49.0 13.2 1§ 11.5 13.8 57.0 58103 12 |04 06 |04 47 | 03 29 | 03 36 | 03 42 | 03 48
05{258 28.1 02.6f307 21.2 133 9577 137 57.0] S60§03 00 | 03 58 |04 43 [ 03 38 | 03 42 | 03 45 | 03 47
06]273 28.2 58 03.6[321 53.5 13.3 N 9 44.0 13.8 56.9 ™
07|288 2814~ 04.3]336 258 132 9302 138 569 1or | sunser | O Moonset
08303 285 05.4]350 58.2 13.5 9 164 139 5691 "0 Cwil Nout | 13 14 15 16
$ 090318 287 .. O64| 5 307 135 9 025 139 569
¥ 10)333 288 07.3| 20 03.2 136 8 486 139 568 ol v m | nom ] " af el hm]| hm] hom
N 11348 289 08.2| 34 358 137 8 347 139568 N7241612 |17 22 |1840 f1701 |16 23 1553|152
L 12] 3291 $8092] 499085137 N8208 140568 N700 1623 |17 26 |18 36 |16 39 |16 13 | 1551 | 15 30
A 13) 18 29.2 1014 63 41.2 137 8 06.8 14.0 56.8 6801632 11728 )18 33 | 1622 |16 04 | 15 49 { 15 35
¥ 14| 33 204 11.0| 78 13.9 138 7 52,8 14.0 56.8 bbl1639 |17 31 11830 | 1608 | 1557 | 1548 | 15 38
15| 48 29.5 .. 12.0| 92 46.7 139 7 388 141 56.7 641645 | 1733 {1828 | 1557 [ 1551 | 15 46 | 15 41
16 &3 29.7 1290107 19.6 139 7 24.7 14.0 56.7 621650 ] 1735 | 1826 | 1547 | 15 46 | 15 45 | 15 44
17| 78 29.8 13,8121 52.5 13.9 7 10.7 14.1 56.7 60| 1655 |17 37 11825 | 15 38 | 15 42 | 15 44 | 15 46
18F 93 799 SR 147|136 254 141 N e 56k 141 567  NSB| 2659 |17 39 {18 24 | 1531 | 1538 | 1543 [ 1549
19|108 30.1 157|150 58.5 140 6 42.5 14.2 566 56|17 03 | 1740 {1823 | 1524 |15 34 | 1543 | 1551
20}123 30.2 166|165 315 141 & 2B8.3 14.1 56.6 B |1706 (1742 {1822 | 1518 | 1531 | 1542 | 1552
21|138 304 .. 175|180 04.6 142 & 14.2 14.2 566 62l17 09 (1743 11822 | 1523 J1528 | 1541 | 15 54
22153 30.5 185|194 37.8 14.2 & 00.0 14.1 56.6 50|17 12 [ 1744 | 1821 | 1508 | 1525|1541 1555
23166 30.7 19.4]209 11.0 14.2 5 45.9 14.2 566 45 1718 [ 1747 | 1821 | 1457 1519 |15 29 | 15 58
1500|182 308 S 8 20.3[223 44.2 143 N 5317 142 565| N40 |17 23 { 1750 |18 21 | 1448 | 1514 | 1538 | 16 01
01]198 309 21.2|238 17.5 143 5 17.5 14.3 5.5 3501727 {1752 | 1822 |14 41 1510 | 1537 | 16 63
02213 31.1 22.2|252 50.8 14.4 5 03.2 142 565 300173111755 |1823|1434 1506|1536 [1605
03228 31.2 .. 231|267 24.2 144 4 49.0 14.2 565 20|1738 {18600 |18 25 | 1422 | 1500 |15 35 |16 09
4243 31.4 2600281 57.6 145 4 348 143 564 N10| 17 44 { 1805 | 18 29 | 14 12 | 14 54 | 15 33 | 16 12
095|258 31.5 2490296 311 145 4 205 142 564 0]1749 | 1810 |18 35 | 14 02 | 14 48 | 1532 |16 15
061273 316 58 259|311 04.6 145 N 4 063 143 564 S10] 175511817 | 1841 |13 52 | 14 42 | 15 31 | 16 18
07288 31.8 26.8)325 381 146 3 520 143 5b4 2001802 |18 24 | 1850 | 1341 |14 36 | 1529 |16 21
8303 31.9 27.71340 117 146 3 37.7 143 5b.4 3011809 | 1833 | 1902 | 1329 {14 29 [ 1527 | 16 24
M 09318 321 287|354 453 146 3 23.4 14.2 56.3 35011813 {16839 |19 10 1322 1425|1527 |16 28
< 10]333 32.2 29.6| 9 18.9 146 3 09.2 143 583 4011818 {1846 |19 19 |13 14 | 14 21 | 1525 | 16 2%
N 11}348 32.3 30.5| 23 52.5 147 2 549 14.3 56.3 45118 24 11855 |19 31 1304 | 1415 | 15 24 | 16 31
D 12| 3325 58 21.4| 38 262 14.8 N2 406 143 563| $50| 1831 {1905 | 1946 [1252 | 1409 | 15 23 | 16 35
A 3] 18 326 32.4] 53 00.0 147 2 263 14.3 56.3 52118 34 | 1910 | 1953 |12 47 | 14 06 | 15 22 | 16 3¢
Y 1a] 33 324 333} 67 337 148 2 12.0 14.3 56.2 5411838 | 1915 | 2002 [ 12 41 | 14 02 | 15 21 | 1& 38
15] 48 32.% .. 342| 82 07.5 148 1 57.7 143 56.2 S6|l1842 1921 | 2011 f12 34 | 1359 | 1520 {16 40
16] &3 33.0 35.1| 96 41.3 148 1 43.4 14.2 56.2 58|1846 | 1928 |20 22 1227 | 1355 | 1519 | 1642
17| 78 33.2 361|111 151 149 1292 143 562f SO60| 1851 (1926 | 20235 [ 1218 | 1350 |15 19 | 16 44
18] 93 333 S8 37.0{125 49.0 149 N 1 149 143 56.1
13{108 33.3 379|240 229 149 1 006 14.3 56.1 E " .?AUN M Mer. P MOON
20123 336 38.8[154 568 149 0 46.3 142 56.1} pay an. or fims e er. Fass. age|  Phose
211138 33,7 .. 398|169 307 150 0 32.1 143 56l 00 12 Pass. | Upper Lower
22|153 339 407|184 04.7 149 0 17.8 14.2 56.1 m s ] m s " m] b m] " m|d
234168 34.0 4161198 38.6 158 & 03.6 14.3 56.0 1301335 113421146 0750|2014 {24
1411349 |13 50 {1146 |08 37 2100 |25 O
s.0. lel d 09| 50 15.6 15.5 15.3 15]1403 |14 10 [ 11 46 | 09 22 | 21 43 |26




202 ..XC OCTOBER 16, 17, 18 (TUES., WED., THURS.)

VENUS —3.9 MARS ~—1.3|JUPITER —2.1|SATURN +0G.5 STARS

GHA, Drec. G.H.AL Dec. G.H.A, Dec. G.H.A. Dec. MName S.H.A. Erec.

& L3 9 L3 o ! o L3 o ‘ o f o f L] ’ & f L 4
187 04.0 5 5 54.4 | 311 06.6 N21 56.2 | 251 12.1 N18 01.2] 93 32.0 522 07.9 | Acamar 315 30.7 340 20.2
202 03.6 55.6 | 326 089 56.3 | 266 14.3 0131108 34.4 07.9 | Achernar 335 385 557 168
217 03.1 56.9 | 341 11.2 56.4 | 281 1b4 01.0] 123 36.7 07.8 | Acrux 173 29.3 563 028
232 027 -+ 581|356 135 -+ 56529 185 - 009138 29,1 - - 078 fAdhora 255 25.8 528 57.2
247 023 5593 | 11 158 56.6 | 3211 20.7 00.9 | 153 414 07.8 | Aldebaran 291 08.7 N1& 29.7
262 0L% 6 006 | 26 181 56.7 | 326 22.8 00.8 | 168 43.8 07.8

277 014 5 6 018 | 41 204 N21 56.8 | 341 24.9 N1B 00.7 | 183 46.2 522 07.8 | Alicth 166 35.9 N5& 00.5
292 01.0 030 56 22.7 57.0 | 356 27.1 00.6 | 198 485 07.8 | Alkaid 153 12.6 N4% 215
307 Q0.6 04.3] 71 25.0 571 11292 00.5 | 213 50.9 07.8 | Al Na'ir 28 04.6 547 004
322 001 -- 055 86273 -- 57.2{ 26 313 -- Q05| 228 53.3 - - 07.8 [Alilom 276 034 51 122
336 59.7 06.7 | 101 296 57.31 41 335 00.4 1242 5556 07.8 | Alphard 218 129 5 8 37.0
351 59.3 079116 315 574 56 356 00.3 | 258 58.0 07.8

6589 5 6092|131 342 N21 57.5| 71 37.8 N18 00.2 | 274 00.3 S22 07.7 | Alphecca 126 25.7 N2& 44.8
21 58.4 10.4 | 146 365 576 86 399 00.1 | 289 02.7 07.7 | Alpheratz 358 009 N29 026

36 580 116 | 16l 388 57.8 | 101 420 00.0 | 304 05.1 07.7 | Altair 62 248 N 8 507
51576 - 128176 41.1 - - 57.9 ] 116 44.2 18 00.0] 319 074 - - 07.7 | Ankaa 353 319 542 21.2
66 57.1 141 191 435 58.0| 131 46.3 17 59.9] 334 09.8 07.7 | Antares 112 47.4 S26 24.8

81 56.7 15,3 | 206 45.8 58,1146 484 56.8 | 34% 12.2 07.7

96 563 S & 16.5 | 221 48.1 N21 58.2{ 161 50.6 N17 59.7 4 14.5 522 07.7 | Arcturus 146 11.5 Ni9 13.8
111 55.8 17.7 | 236 50.4 58.3 | 176 527 596 | 19 169 07.7 | Atrig 108 05.0 569 010
126 554 19.0 | 251 52.7 58.4 | 191 54.9 59.6 | 34 19.2 07.7 | Avior 234 25.2 559 28.4
141 55.0 - - 202|266 551 - - 5B,6 | 206 57.0 - - 595 4% 21.6 - - (7.6 |Bellatrix 278 501 N & 20.7
156 54.5 21.4 ] 281 57.4 58,7 | 221 5%.1 59.4| &4 25.0 07.6 |Betelgeuse 271 195 N 7 245
171 54.1 22.6 | 296 59.7 58.8 237 013 593 | 79 263 07.6

1686 53.7 5 6 23.9 | 312 02.0 NZ1 58.9 [ 252 03.4 N17 59.21 94 28.7 527 07.6 [ Canopus 264 3.5 552 41.0
201 532 251 [ 327 044 59.0 | 267 05.6 59.2 [ 16% 31.0 07.6 1 Capella 280 59.3 N45S 594

216 52.8 26.3 | 342 06.7 59.1 | 282 07.7 59.11 124 334 07.6 | Deneb 49 43.0 N45 15.1
231 52.4 - - 275|357 09.0 - - 592|297 098 - - 59.0| 139 358 -+ 07.6 |Denebala 182 51.2 Ni4 374
246 51.9 288 12 114 59.4 | 312 12.0 58.9 | 154 38.1 07.6 | Diphda 149 12.5 518 02.0
281 51.5 300 27 137 59.5 | 327 14.1 58,9 | 16% 40.5 07.6
276 51.1 5 6 31.2| 42 16.0 N21 59.6 | 342 16.3 N17 58.8 ) 184 42.8 522 (7.6 | Dubhe 194 12.6 Nb: 479
291 50.6 324 | 57 184 59.7 | 357 18.4 58.7 | 199 45.2 07.5 | Elnath 278 339 N28 361
306 50.2 337 72 207 598 1z 20.6 586|214 476 07.5 | Eltanin 90 54.3 N51 29.6
321 498 - - 349 87 23.1 21599 27 227 -- 5B.5|229 499 - - 07.5 |Enif 34 037 N 9 501
336 49.3 3611102 254 22 Q0.0 | 42 248 5B.5| 244 52.3 07.5 | Fomathowt 15 42,3 529 40.2
351 489 3731117 27.7 00.1 | 57 2780 58.4 | 259 54.6 07.5

6485 5 & 38.6 132 20.1 N22 00.3 | 72 29.1 N17 58.3 | 274 57.0 522 07.5 | Gocrux 172 20.7 557 03.6
21 48.0 3981147 324 004 87 31.3 58.2 1 289 59.3 07.5 | Gisnoh 176 10.2 517 294
36 476 41.0 | 162 348 00.5 | 102 33.4 58.1 | 305 007 07.5 |Hadar 149 13.0 560 19.8
51 472 -~ 4221177 371 - - 006117 356 - - 581|320 041 -+ 07.5 fHamal 328 19.7 N23 254

&b 46,7 434|192 385 00.7 | 132 37.7 58.0 | 335 064 07.4 | Kaus Aust, 84 064 534 235
B1 46,3 44.7 | 207 419 00.8 | 147 39.8 57.9 | 350 0.8 07.4

96 458 5 6 459 | 222 44.2 N22 (0.9 | 162 42.0 N17 57.8 5 111 522 (7.4 | Kochab 137 200 N74 116
111 454 47.1 | 237 46.6 01.0 } 177 44.1 57.7| 20 135 07.4 [ Morkab 13 55.1 N15 09.6
126 450 48.3 | 252 489 01.1 | 192 46.3 57.7| 35158 07.4 | Menkar 314 325 N 4 035
141 445 - - 49.5[267 51.3 - - 01.3]207 484 - 57.6| 50 18.2 -+ 07.4 | Menkent 148 28.1 836 19.5
156 44.1 54.8 1282 53.7 01.4 | 222 506 57.5| &5 20.6 07.4 | Miaplacidus 221 43.9 569 40.4
171 43.7 52,0 | 297 36.0 01.5 | 237 52.7 5741 80 229 07.4

186 43.2 5 6 53.2 ] 312 58.4 N22 016 | 252 54.9 N17 57.4 | 95 25.3 522 07.4 | Mirfak 309 04.4 Na9 49.8
201 42.8 54.4 | 328 008 01,7 | 267 57.0 57.3 | 110 27.6 07.3 | Nunki 76 19.4 526 18.%
216 42.3 55.6 12343 03.1 01.8 [ 282 5%8.2 57.2 | 125 30.0 07.3 |Peacock 53 45.6 556 46.1
231 419 - - 565|358 055 - - 019298 01.3 - - 57.1| 140 32.3 -+ (7.3 |Pellux 243 48.4 N28 02.9

246 41.5 58.1| 139079 02.01313 034 57.0| 155 24.7 07.3 | Procyon 245 175 N 5 151
261 410 6593 28 102 02.1 1328 056 57.0 | 170 37.0- 07.3
276 40.6 5 7 00.5{ 43 12.6 N22 2.3 [ 343 §7.7 N17 56.9 | 185 39.4 522 07.3 [Rasclthogue 96 22.4 N12 34.1
291 401 017| 58150 02.4 ] 358 09.9 56.81 200 41.8 07.3 | Regulus 208 01.7 N12 00.8

306 39.7 029 73 174 0251 13 120 56.7 | 215 44.1 07.3 |Rigel 281 28.2 5 8 124
321 392 -+ 04.2| 88 198 -+ Q26| 2B 142 - 566|230 465 - - 07.3 |Rigl Kent. 140 15.8 560 47.9
336 388 05.4 1103 22.1 02.7] 43 163 56.6 | 245 48.8 07.2 | Sobik 102 32.3 515 42.9

351 38.4 06.6 | 118 245 02.8| 58 185 5651 260 51.2 07.2
§ 379 57078133 26,9 N22 029 | 73 20.6 N17 56.4 | 275 53.5 522 (7.2 | Schedar 349 59.6 N5& 29.5

21 375 09.0 | 148 2%.3 03.0| 88 228 56.3 | 290 55.9 07.2 | Shavla 96 452 537 060
36 37.0 10,2 | 163 317 03,1103 249 56.3 | 305 58.2 07.2 | Sirius 258 48.6 S16 419
51 366 +- 1141178 343 -+ 03.2[118 27.1 - - 5621321 006 - ' 67.2 |Spica 158 49.5 Sil 068
&b 362 12,7 | 193 365 03.3 1133 29.2 56.1 | 326 02.9 07.2 | Suhail 223 05.2 543 23.4
81 337 13.9 | 208 389 03.5 | 148 31.4 56.0 | 351 05.3 07.2
96 353 S 7 151 | 223 41.3 N22 03.6 | 163 33.5 N17 560 & 07.5 522 07.1 {Vega 80 50.6 N38 46.7
111 34.8 16.3 238 43.6 0371178 35.7 55.9( 21 10.0 §7.1 j Zubaen'ubi 137 24.6 516 003
126 34.4 17.5 { 253 46.0 03.8 | 193 37.8 55.8 [ 36 12.3 07.1 I A Mo Pon
141 339 - - 18.7 [ 268 484 -+ 039208 40,0 - - 557 | 51 14.7 -+ 071 ot hom
156 335 19.9 | 283 508 04.0 | 223 421 556 ] 66171 07.1 1Vanus 161 393 11 33
171 331 21.2 ] 298 53.3 04.11238 443 556 81 19.4 07.1 | Mars 286 47.7 3 11
Jupiter 226 491 T 11

Mor. Pass. 22 154 v-—0& d 1.2 v 23 d o1 v 21 d o1 v 24 d 00 ({Soturn 9 143 17 39
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242
ur | ARIES | VENUS —3.9| MARS —1.5| JUPITER —2.4|SATURN +0.6 STARS
{GMT)
4 h G.H.A. GHA. Dec. GHA Dec. GH.A, Dec. G.H.A Dec. Name S.HA. Dec.
-] E & ’ a r Ll ’ L r ] E o ¢ ] ¥ -] r -] f a L
1500F 83 23.6} 169 40.9 524 09.9 | 26 13.1 N22 08.1 | 307 30.2 N17 26.6 | 147 44.6 S21 2B.5 [ Acamer 315 30.7 540 20.5
0l 98 26.0] 184 40.0 099} 41 16.2 08.0 | 322 328 26.7 | 162 46.8 28.4 | Achernar 335 38.7 S57 17.1
02] 113 28.5( 199 39.0 03.9[ 56 193 07.9 | 337 354 26.7 | 177 489 28.4 | Acrux 173 28.6 SB3 02.7
03] 128 31.0| 224 28.0 -- 099 71 224 - - 079|352 380 - - 268|192 51.1 - - 28.4 | Adhara 255 25.4 S28 57.5
041 143 33.4| 229 37.0 09.9]| 86 255 078 7403 26.8 | 207 53.3 28.3 | Aldebaron 291 08.4 N16 29.6
051 158 35.9| 244 360 09.9 | 101 28.6 07.8| 22 431 26.9 | 222 555 283
064 173 38.3| 259 35.1 524 09.9 | 116 31.7 N22 07.7 | 37 45.7 NI7 269 ] 237 52.7 21 28.2 | Alioth 166 35.4 NS& 00.2
071 188 40.8] 274 34.1 £9.9 | 131 34.8 07.6| 52 48.3 26.9 | 252 59.8 28.2 | Alkaid 153 123 N49 21.2
s 08] 203 43.3] 289 33.1 09.9 ] 146 37.9 07.6] 67 50.9 27.0 § 268 02.0 28,1 | Al No'ir 28 04.9 S47 005
A 09]218 457304 32.1 -+ 099161 41.0 -+ 07.5] 82535 -+ 27.0[283 04.2 - - 28.1 | Alnitam 276 03.1 $1 123
T 10f 233 48.2| 319 31.1 09.9 | 176 44.1 074 97 56.1 27.1| 298 Ob.4 28,1 | Alphard 218 125 § 8 37.1
U 11f 248 50.7 | 334 30.2 09.9 | 191 47.2 074|112 58.6 27.1| 313 085 280
R 128263 52.1] 349 29.2 524 09.9 | 206 50.2 N22 07.3 | 128 02.2 N17 27,2 | 328 16.7 521 28.0 | Alphecca 126 25.6 N26 44.5
D 13| 278 55| 4 282 09.9 | 221 53.3 07.2 | 143 038 27.2| 343 129 27.9 |Alpheratz 358 01.0 N29 02.7
A 141292 5811 19 27.2 09.9 | 236 56.4 07.2 | 158 Db.4 27.3 | 358 15.1 27.9 | Altair 62 25.0 N 8 50.7
Y 15]309 0051 24 263 - - 0991251 595 -~ Q7.1}173 09.0 - - 273 13 173 - - 27.8 | Ankaa 353 321 542 21.4
lof 324 03.0f 49 253 09.9 | 267 02.6 07.0} 188 116 22.3¢ 28 194 27.8 J Antares 112 47.3 526 248
17| 339 054 64 243 £09.9 | 282 05.7 07.0] 203 14.2 274 43 218 27.7
18] 354 07.9| 79 23.3 524 09.9 | 297 08.7 N22 06,9 | 218 16.8 N17 27.4 | 58 23.8 521 27.7 {Arcturus 146 11.3 N19 13.6
9] 9 104 94 223 09.8 | 312 11.8 068 | 233 19.3 275| 73 260 27.7 | arria 108 05.0 S&9 00.7
20 24 12.8[ 109 214 09.8 [ 327 14.9 06.8 | 248 21.9 27.5( B8 28.1 27.6 | Avior 234 24.5 $59 28.6
21 39 153|124 204 - - 09.8| 342 18.0 - - 067|263 245 - - 276|103 303 -+ 27.6 |Belloteix 278 49.7 N & 206
22| 54 17.8]139 19.4 09.8 | 357 21.0 06.6 1278 27.1 27.6] 118 325 27.5 |Betalgeuse 271 192 N 7 244
23) 9 20.2] 154 184 09.8] 12 241 06.6 | 293 29.7 27.7 | 133 34.7 27.5
16 B4 22.7[ 169 17.5 524 09.8 | 27 27.2 N22 06.5 | 308 32.3 N17 27.7 | 148 36.9 521 27.4 |Canopus 264 03.1 552 41.3
01| 99 25.2] 184 165 09.7 | 42 30.2 06.5 | 323 34.9 27.7 1163 39.0 27.4 | Capelia 2B0 5B.9 N45 39.5
02| 114 27.6] 199 155 09,7 | 57 333 06.4 | 338 375 27.8] 178 41.2 27.4 | Daneb 4% 43.4 N45 151
129 301|214 145 - - 09.7| 72 364 - - 063|353 401 - - 27.8[193 434 . - 27.3|Denebola 182 50.8 N14 37.2
144 326|229 135 09.7| 87 39.4 063 8427 27.9 | 208 45.6 27.3 | Diphde 349 12.6 518 02.2
05] 159 35.0] 244 12.6 09.6 | 102 42.5 06.2] 23 45.3 2791 223 47,7 27.2
08] 174 37.5| 259 11.6 S24 096 | 117 45.6 N22 06.1 | 38 47.8 N17 28.0 | 238 49.9 $21 27.2 {Dubhe 194 11.9 N6l 476
07] 189 39.9) 274 10.6 . 096132 486 06.1] 53 504 28,0 | 253 52.1 27.1 | Elnath 278 33.5 N28 36.1
g 204 424|289 096 09.5 } 147 51.7 060 | &8 53.0 28.1 | 268 54.3 27.1 |Eltarin 90 54.5 NS 29.3
s 219 449|304 0B.7 - - 095|162 547 ++ 060 83 556 - 28.1{ 283 56.4 : - 27.0 |Enif 34 038 N 9 501
u 10 234 47.3| 319 07.7 09.5 [ 177 57.8 059 98 58.2 28.2 | 298 56.6 27.0 |Fomalhaut 15 42.5 529 40.3
N 1] 24% 49.8 ] 334 06.7 0%.4 ] 193 GO.B 5.8 | 114 008 28.2 1314 0D.8 7.0
D 12 264 52.3| 349 05.7 524 09.4 | 208 03.9 N22 05.8 | 129 03.4 N17 28.3 | 329 03.0 S21 269 | Gacrux 172 20.1 S57 034
A 13| 279 547 4 048 09.3 1223 06.9 05.7 | 144 060 28.3 | 344 05.2 26,9 | Gianoh 176 09.8 517 29.5
Y 141 294 57.2 19 D38 09.3 | 238 10.0 05.6 | 159 0856 28.3 1 359 07.3 26.8 |Hadar 149 12.5 560 19.6
15} 309 59.71 34 02.8 -+ ©9.3 1253 13.0 - 05.6}174 11.2 - 284 14 09.5 : - 26.8 [Homal 328 19.6 N23 254
16325 02.1| 49 0L8 09.2 | 268 16.1 05.5 | 189 13.8 284 | 29117 26.7 [Kaus Aust. B84 065 $34 235
171340 04.6] &4 008 09.2 | 283 19.1 055 | 204 16.4 285 44 139 26.7
18] 355 07.1| 78 59.9 524 09.1| 298 22.2 N22 05.4 § 219 19.0 N17 285 | 59 16.0 521 26.6 {Kochab 137 19.9 N74 112
19 10 @9.5[ 93 56.9 09.1 [ 313 25.2 6531234 216 2861 74 18.2 264 { Markab 13 552 N15 0%.6
201 25 12.0| 108 57.9 09.0 | 328 28.3 05.3 | 249 24.2 286 | 89 204 26.6 | Menkar 314 324 N 4 034
21} 40 144|123 569 -- 09.0 | 343 313 -« 052|264 268 - - 287|104 226 - - 265 | Menkent 148 27.8 536 19.5
22| 55 1691138 56.0 08.9 | 358 34.3 05.2 | 275 294 2871119 24.7 26.5 [ Mioplacidus 221 42.9 569 406
23} 72 194153 55.8 08.91 13 374 05.1 1 294 32.0 20.8 | 134 26.9 264
1700] 85 21.8| 168 54.0 524 08.8 | 28 40.4 N22 05.0 | 309 34.6 N17 28.8 | 149 29.1 521 264 | Mirfok 309 04.2 N49 50.0
01] 100 24.3| 183 53.0 0881 43 434 05.0 | 324 37.2 289 | 164 313 26.3 [ Munki 76 19.5 526 184
02| 115 26.8| 198 52.1 087 [ 58 465 04.9 | 339 398 28.9 {179 33.4 26.3 |Peatock 53 46.0 556 46.1
a 130 29.21213 511 -+ 087 73 495 - 049354 42.4 -+ 29.0] 194 356 - - 256.2 {Pollux 243 47.9 N28 02.9
145 317|228 50,1 08.6| 88 525 048] 9450 29.0 | 209 37.8 26.2 |Procyan 245 17.0 N 5 149
05] 160 352 | 243 491 £8.5 [ 103 55.6 04.7] 24 478 29.1| 224 40,0 26.2
06] 175 36.6 | 258 48.1 524 08.5 | 118 58.6 N22 04.7 | 39 50.2 N17 29.1 | 239 42.1 521 26.1 |Rosclhogus 96 22.4 N12 339
07| 190 39.1| 273 47.2 084 1134 016 046 | 54 528 29.2 | 254 44.3 26.1 { Regulus 208 013 N12 00.6
glzos 4151 288 46.2 084 | 149 D4.6 046§ 63 554 29.2 | 269 46.5 26.0 |Rigel 281 27.9 S8 124
M 220 440|303 45.2 - - 083 | 164 07.6 - - 045 | B4 580 - - 29.2| 284 48.7 - - 26.0 |Rigil Kent. 140 15.4 S60 47.7
O 10f 235 45.5| 218 44.2 08.2 | 179 10.7 04.4 | 100 D0.6 29,3 | 299 50.8 254 | Sabik 102 32.2 S15 429
N 11| 250 4891 333 433 08.2 1194 13.7 04.4 1115 032 29.3 | 314 530 25.9
D 12| 265 51.4 | 3¢8 42.3 S24 08.1 | 269 16.7 N22 04.3 | 130 05.8 N17 29.4 | 329 55.2 S21 25.8 | Schedor 349 59.8 N56 29.7
A 13| 280 5391 3413 08.0 | 224 19.7 04.3 | 145 08.4 29.4 | 344 57.4 25.8 | Shavlo 96 45.2 $37 05.9
Y 14] 295 56.3] 18 40.3 08.0 | 239 227 04.2 | 160 11.0 29,5 | 359 59.5 25.8 | Sirius 258 48.2 Sib 421
15 310 58.8| 33 394 .- 079|254 257 -+ 042|175 136 - - 295| 15017 -- 257 |Spica 158 49.2 511 069
16f 326 01.3) 48 384 07.8 | 269 28.8 04.1 | 190 16.2 296 30 039 25,7 { Suheil 223 04.6 S43 234
17| 341 03.7| 63 374 07.7 | 284 318 04.0 | 205 188 29.6| 45 06.1 256
78 36.4 S24 07.7 | 299 34.8 N22 04.0 | 220 21.4 N17 29.7 | 40 08.2 521 25.6 { Vege B0 50.8 N33 465
93 35.5 07.6 | 314 37.8 03.9 | 235 24.0 29.7| 75 104 255 |Zuben'vbi 137 24.4 S16 00.3
108 34.5 07.5 | 329 40.8 03.9 { 250 26.6 2981 90 126 25.5 SH.A, er. Pom.
123 335 -+ 074344 438 -« 03.B[265 292 -+ 298 [105 148 -+ 254 e b om
138 32.5 07.3 } 359 46.8 03.8 1 280 31.8 299 | 120 6.9 25.4 }Venus B4 54.8 12 44
153 316 07.3] 14 49.8 03.7 1295 344 29.9 | 135 19.1 25.3 | Mars 303 045 22 06
— Jupiter 224 096 325
Mer. Pon. 18 195| w-10 d eof v 32 d oc1| v 26 d oo| v 22 & 00]Satum b4 142 14 04
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ur SUN MOON Lest. Twilight Sunrise Moonrisa
GMT) Naut,  Civil 15 16 17 18
G.H.A. Dec. G.H.A, v Dac. d H.P. o h m h m rom hom h m h m h om
i h o ! o ’ o ¥ ? o ¥ ¥ ’ N 72 08 21 10 4% = - - - -
1500]181 17.7 523 14.6/207 31.4 11.5 524 18.9 53 540| N701 0801 f09 49 | = = - - -
01|196 17.4 147|222 019 115 24 242 5.1 54.0 68l0746 0914 ( = - - - =
02]211 171 14.8|236 32.4 11.4 24 29.2 5.0 54.0 66107 33 0B 49 | 10 29 = - - -
03|226 16.8 150(251 02.8 114 24 343 4.9 540 eéd|o0722 0830|0947 |09 26 - - 11 41
04241 165 151|265 33.2 11.3 24 39.2 4.8 54.0 62 o712 |0814 |09 19 |oe 34 | 0950 | 1038|1058
05|256 16.2 152|280 03.5 11.3 24 440 4.7 54.0 60|07 o0a |08 00 |08 558 | 0802 |09 11| 1000 [ 1029
06]271 159 523 154294 33.8 11.3 524 487 4.5 540 M58 06 56 | 07 49 | 08 a1 | 07 38.| 08 44 | 09 23 | 10 07
07288 15.6 155[309 04.1 11.2 24 532 4.4 540 56| o6s50 | 0739|0820 |0719 0823 |0912]¢9 48
§ 08|301 153 15.6[323 343 112 24 57.6 4.4 54.0 540643 0730|0813 |0703 |oBo5 |0855 0933
A D316 150 .. 15.8(338 045 11.2 25 02.0 4.2 54.0 52|0638 {0721 | 080z |0650 |07 5008400920
T 10331 14.7 15.9{352 34.7 11.1 25 06.2 4.0 54.0 50| 0633 | 0714 | 0753 | 0638 |07 37 |0827 0908
U 11j34e 14.4 16.0] 7 048 111 25102 40540 450621 | 0658 |07 32 | 0613 [ 07 10 | 0B 01 | 08 44
R o12] 1141 523 16.2] 21 349 110 525 142 39559 N40| o611 {0645 | 07 15 | 0553 [ 06 49 | 07 40 | 08 24
D oyal 16 138 16.3| 36 049 11.0 25181 37 539| 35|0601 | 0633 | 0701|0537 0632 |07 220808
A 14| 31 135 164 50 349 11.0 25 218 3.6 539 30|o553 | o622 |0649 | 0523 J06 17 |07 07 )07 54
Y 15| 46 132 .. 166| 65 049 11.0 25 254 35 539 20 o538 |obo4 |06 28 | 0459 0551 | 064207 30
16| 81 12.9 167] 79 249 109 25289 34 539| N10]Jos 20 | 0546 |06 09 |04 38 [ 0529 | 06 20 | 07 09
17| 76 12 16.8| 94 048 109 25 323 3.2 539 0]oso3 |o529 | 0552 | 0419 [0509|0559 |06 49
18] 91 12.3 523 169|108 34.7 10.9 525 355 32539 S10{ 0444 | 0511 | 0534 |04 00 |04 48 | 0539 | 06 30
19f108 12.0 17.1|123 046 108 25 387 3.0 53.9 2040422 loas1 |0515 |0339 |0a26|0516]0609
20|121 117 17.2]137 34.4 108 25 41.7 2.8 539 3010353 | 0426|0452 03160401 ]0451]054s
21|136 11.4 17.3|152 04.2 10.8 25 44.5 2.8 539 35003 34 |04 11 |04 41 |03 02 |03 46 | 0436|0530
22{151 11.1 17.4{166 34.0 10.8 25 47.3 2.7 53.9 40003 11 (0353 (0426|0246 |0329 (0418 0514
223|166 10.8 17.5|181 03.8 10.7 25 50.0 2.5 53.9 45| 0z 41 |03 30 |oso8 | o227 |03 08 |0357]0454
16%]181 105 523 17.7[195 33,5 107 $25 52.5 2.4 53.9| S50 | 0156 1 03 01 | 03 45 | 02 03 | 02 42 | 03 31 | 04 29
01|19¢ 10.2 17.8|210 03.2 10.7 25 549 2.3 53.9 52lo0128 {0246 | 0334|0152 0229 |0318(0417
02]211 099 179|224 329 10.7 25572 21 538 54 0044 {0228 |0322|0139 021503030403
03|226 096 .. 18.0)239 02.6 10.6 25 59.3 2.0 53.9 56| 0206 | 0208|0124 |0158]0245] 0347
04]za1 09.3 181|252 322 10.7 26 01.3 2.0 539 sa| m 0137 {0251 |0Lo7 |0138 |0224]|0328
{5256 0B.9 18.3|268 01.9 10.6 26 033 17 539 S60| 0048 {0z 31 | 0046 | 0112 |01 57 |03 04
06]271 8.6 523 184|282 31.5 10.6 526 050 17 539 pr»
07{286 083 185|297 011 105 26 067 15 539 | 1ov | sunger | . 0N Moonset
08|301 og.0 166|311 306 106 26 082 1.3 539 Gvil  Naw. | 15 16 17 18
5 09|216 07.7 187|326 002 105 26 096 1.3 539
v 10|331 07.4 18.8|340 29.7 10.6 26 109 1.2 539 AR IR I A
N 11]346 07.1 189]354 593 105 26121 10539 | N72| m 130211530 | = - L -
D 12| 1068 523190 9288105 526121 09539| N70| mm 140211550 | wm - - -
A 13| 16 06.5 19.2] 23 583 105 26 140 0.8 539 68| mm 143711605 | wm - - -
Y 14| 31 062 19.3{ 38 27.8 10.5 26 148 0.7 539 66l1322 (15021618 | wm - - -
15] a6 059 .. 19.4| 52 57.3 10.5 26 155 0.5 539 411404 J1521 {1629 |11 30| = = |14 28
16] &1 056 19.5| 67 26.8 10.4 26 160 0.4 539 62 1432 {1537 j1639 | 1222|1250 [ 1348 |15 10
17| 76 05.3 19.6{ B1 56.2 10.5 26 164 0.3 53.9 60| 145311551 1647 | 1254 |13 29 | 14 25 [ 15 40
18] %1 05.0 523 19.7] 96 257 10.5 526 16.7 0.1 539| N58| 1510 [ 1602 [ 1655 | 13 18 | 13 56 | 14 52 | 14 0z
19|106 047 19.8]110 55.2 10.4 26 168 0.1 53.9 6611525 | 1612 {1701 |13 238 |14 18 | 1512 | 16 20
20]121 04.4 19.9}125 24.6 10.5 26 169 0.1 54.0 5411538 | 16 21 | 17 08 | 13 54 | 14 35 | 15 30 | 16 35
21{136 04.1 .. 20.0{139 54.1 10.4 26 16.8 0.3 54.0 5201549 (1630 |17 19 | 14 08 { 14 50 | 15 44 | 16 48
22]151 038 20.1|154 235 165 26 165 0.3 54.0 50l1558 | 1637 1718 |14 20 | 1504 | 1557 | 16 59
23]166 03.5 20.2|168 53.0 10.6 26 162 0.5 54.0 4501619 | 1653 | 1730 | 14 45 | 15 30 | 16 23 | 17 23
1700I131 03.2 523 20.5[183 224 10.5 526 157 0.6 54.0| N40| 1636 |17 06 |17 40 | 1505 | 1552 | 16 a4 | 17 42
091|196 02.9 204|197 519 104 26 151 07 540| 35|1650 17 18 |17 50 | 1522 | 16 09 | 17 O1 | 17 58
02|211 026 20.5]212 21.3 10.5 26 14.4 0.9 54.0 30|1702 j1729 | 1759 11537 |16 2a |17 16 |18 11
903|226 02.z .. 20.6|226 50.8 105 26 135 1.0 540 201723 1747 | 1815 | 1601 | le 50 |17 42 | 18 35
04)241 019 20.7|241 203 10.4 26125 11540 N10| 1742 |18 05 | 1831 |16 23 |17 12 |28 03 | 1855
05f256 0.6 20.8| 255 49.7 10.5 26 114 1.2 54.0 Of1759 1822 {1848 [ 1643 |17 33 | 1823 | 1913
06f271 01.3 S23 20.%|270 19.2 105 526 10.2 1.4 54.0) S10f18 17 (1840 [ 1907 | 1703 |17 54 | 1844 | 19 32
07| 286 01.0 21.0|284 48.7 105 26 088 1.4 540 200182 |1900 |19 29 | 1724 | 1816 | 1905|1951
08| 301 00.7 21.11299 18.2 10.5 26 07.4 1.6 54.0 30l1858 |1925 11958 [ 1749 | 1841 |19 30 | 20 14
M 090316 004 .. 21.21313 47.7 105 26 058 1.8 54.0 3501911 |1940 2017 | 1804 | 18 57 | 19 45 { 20 28
O 190331 001 21.31328 17.2 105 26 04.0 1.8 540 4041926 |1958 |20 40 | 18 21 | 19 14 | 20 02 | 20 43
N 11]345 59.8 21.4|342 46.7 105 26 02.2 2.0 54.0 45§19 44 |2021 2111 | 1841|1935 |2022 {2161
D 12l 0595 S23 21.5§357 16.2 10.6 S26 00.2 22 540] $50f 20 06 | 2051 (2156 | 1907 | 20 02 | 20 47 | 21 24
A 3] 15 592 21.5| 11 45.8 105 25 581 2.3 54.0 5202017 |2106 {2223 |19 19 | 2015|2100 |21 34
¥ 14| 30 sa9 216| 26 15.3 106 25 558 2.3 54.0 5402029 | 2129 2309|1934 | 2030|2114 |21 46
15| 45 586 .. 21.7| 40 44.9 10.6 25 535 2.5 54.0 S6la043 | 2146 | 1 19 50 | 20 47 |21 30 | 22 00
16| &0 58.3 218| 55 145 10.6 25 51.0 2.6 54.0 SBP2100 |22 15 | #r 2010 |21 08 | 2150 )22 16
17] 75 s8.0 219| 69 441 10.7 25484 28 540| S60| 2120 |23 08 | M 2036 | 2135 [221a4 |22 36
18] 90 57.7 523 22.0| 84 13.8 10.6 525 456 2.8 54.0
19165 57.3 22.1| 98 434 107 25 428 3.0 540 f ?.UN " rer. P MOON
204126 57.0 2210213 131 167 25 39.8 3.1 54.1) pgy Eqn. of Time wr o rass ligel  Phase
21]135 s6.7 222|127 428 107 25 367 2.2 541 00h 12t | Pass. | Upper Lower
221150 56.4 222|142 125 107 25 335 34 541 m sl m s ] hom|how]F .
23165 56.1 224|156 42,2 10.8 25 30.1 3.4 54.1 15} 0511 jo457 |11 55 | 1031|2256 |28
16| 04 42 joa 28 |11 5 | 11 21 {23 46 |29 .
5.D. 163 d 01) s.b 14.7 14.7 14.7 1704 12 |03 59 | 1156 | 12 11 | 24 36 |00
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