CHAPTER 18 of The Admiralty Manual of Navigation Volume 2 (1973 edition)
Notes on Sights 

A single observation of a heavenly body or a terrestrial object gives a position line. Although it is not possible to obtain the ship's position from a single position line, the line itself can be of great use when the ship is near land. 

The use of a single position line 
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Suppose that, in Fig. 108, a ship wishes to pass 10 miles from the lighthouse and proceed up a channel in thick weather, and that an astronomical observation (before the weather became thick) gave the position line shown. 

If the line AB is drawn tangential to the 10-mile circle, parallel to the position line, and the ship steams the distance CD arid then alters course along AB, she should, if there is no unknown tidal stream or current, pass 10 miles clear of the lighthouse. 

The Fix and the Observed Position 

One position line combined with another gives the ship's position. If the two position lines are obtained from shore objects, her position is called a 'fix.' If they are obtained from heavenly bodies, it is called an 'observed position.' The distinction is made because a position obtained from astronomical observations is not so reliable as one obtained from terrestrial bearings.  

The transferred position line 

If two position lines are obtained at approximately the same moment, the ship's position is decided by their point of intersection. If there is an appreciable interval between the times at which they are obtained, the first position line must be 'run on' to allow for the distance that the ship covers in that interval. The ship's position at the time of the second position line is then decided by the intersection of the second position line and the first position line transferred. 

Too much reliance must not be placed upon a position found by the transference of a position line if: 

1. there is a long interval between sights, because the run is never accurately known, especially in tidal waters; 

2. the angle of cut between the two position lines is less than 30°, because even small errors in the altitude will then considerably affect the position found. (See also Volume I, Chapter IV.) 

Heavenly bodies suitable for observation 

In daylight it is sometimes possible to obtain simultaneous observations of the Sun and the Moon, or the Sun and Venus, or Venus and the Moon, and so avoid a long run between sights. The best observations, however, are obtained of the Moon, planets, and stars at morning and evening twilight. 

The most reliable observed position is obtained if the bearings of the two heavenly bodies differ by about 90°. 

Visibility of heavenly bodies 

Stars can be observed with a marine sextant when the Sun is at a depression of 3° or more below the horizon; the horizon, however, becomes invisible when the Sun is depressed more than 9° below the horizon. The altitudes of stars may therefore be measured when the Sun's depression is between 3° and 9°, and the middle of this observing period is the time of the beginning or end of civil twilight. The time of civil twilight is tabulated in the Nautical Almanac and plans for taking star sights should be based on this time. 

Abnormal refraction 

Positions obtained from sights taken during the day can be dangerously misleading owing to abnormal refraction. Mirage effects are an indication that the refraction is abnormal, while any unusual difference between the sea-surface and air temperatures indicates that it may be. In the Red Sea, for example, abnormal refraction is a common experience, because the wind which blows off the land has been heated to a temperature considerably higher than that of the sea. 

If abnormal refraction is suspected, sights should be treated with the utmost caution. 

Star sights at morning and evening twilight are more likely to give accurate results than observations taken at other times. 

Procedure for morning and evening observations of stars and planets 

1. Set up the star globe/ star identifier or stellarium software beforehand for the time of beginning or end of civil twilight. 

2. Choose three or more stars and planets to give the best cuts. Two should be about 90° apart. The best combination is, if possible, four stars 90° apart in azimuth, because any abnormal refraction error will be eliminated by using opposite horizons. Stars should be selected with altitudes between 300 and 60° and, where possible, with approximately the same altitude. At least four additional stars should also be selected as standbys, in case the sky is partly clouded and the originally chosen stars are obscured. 

3. When choosing stars, note the weather and the direction in which the horizon is likely to be clearest. 

4. Make a list of the approximate altitudes and bearings of the chosen stars and a rough sketch showing the bearings relative to the course of the ship; this will make identification easier. It is a good plan to set on the sextant the altitude of the brightest star chosen. Then, knowing the approximate bearing relative to the ship’s head, look through the star telescope and sweep the horizon at this point. The star will frequently be found before it is visible to the naked eye, when the horizon is still good. 

Familiarity with this method is invaluable if there is broken cloud, for then a star may be visible only for a few moments. It is possible to take sights in this way without seeing the stars with the naked eye. 

Note: This is the best method of finding Polaris. 

Taking observations 

1. In clear weather. Take observations from the highest convenient position. 

2. In fog, haze or mist. Take observations from the lowest convenient position. 

3. With an indistinct, cloudy or hazy Sun, the perimeter of the Sun's disc is uncertain and it is more accurate to bisect the disc on the horizon than to make the lower limb touch the horizon. If this is done, the altitude corrections, less that for semi-diameter, must be applied separately. 

4. When possible, check the sextant for side error before taking sights. 

5. When possible, take the index error before and after sights. 

6. When observing the Sun, use sufficiently strong shades to avoid any possibility of dazzle. 

7. When possible, take observations of a heavenly body in sets of three or five at approximately equal time-intervals. 

8. Having brought the heavenly body to the horizon, always swing the sextant a few degrees each side of the vertical plane to make the body appear to describe the arc of a circle. This arc should then be raised or lowered by means of the micrometer drum, until it just touches the horizon. If the observed altitude is measured at this point, there will be no doubt that the vertical angle is obtained. 

An alternative method is to bring the heavenly body down to the horizon and then note whether it is rising or setting. (If the body is west of the meridian it will be setting, if east of the meridian it will be rising.) If it is setting, move the micrometer drum until the object is slightly above the horizon; then, leaving the sextant set, swing it gently from side to side until the star or limb just touches the horizon. If it is rising, move the micrometer drum until the object is slightly below the horizon, and carry out this same procedure. 

9. When the horizon is poor, it is essential to take several altitudes of each body and to set the sextant to a given increase or decrease of altitude between each observation. If the time intervals are not approximately equal, the sights should be either discarded or used with extreme caution. 

10. Having taken a set of observations of a star or planet, the identity of which is uncertain, take a compass bearing of it. 

11. Make sure that the minute and second hands of the deck watch are 'lined up,' so that there can be no possibility of an error in the reading of the minute hand. If times are being taken by an assistant it is advisable to check the minute hand yourself. 

Times should be read to the nearest second. It is useful to be able to count in seconds so that, if there is no one available to take times, you can walk to the chart table counting the seconds and there read the deck watch. 

12. Sometimes difficulty is found in bringing a faint star down to the horizon. 

When this happens, a good plan is to reverse the sextant in the hand and look direct at the star with the index bar at zero. Bring the horizon up to the star; then reverse the sextant and proceed in the normal manner. 

13. When the ship is rolling heavily, errors due to rapidly changing dip may be reduced, and more accurate observations obtained, by observing from a position close to the centre line of the ship. 

14. Observe stars as early as possible at evening twilight and as late as possible at morning twilight. The horizon will then be clearest. 

15. On a clear night within about two days of Full Moon, star sights can be taken with a horizon illuminated by moonlight. This should only be attempted when the Moon is high. The horizon on the bearing of the Moon appears to dip and is therefore suspect. The Moon itself and stars near it should not be used. 

