




FOREWORD
The Sight Reduction Tables for Air Navigation consist of three volumes of comprehensive tables of altitude and

azimuth designed for the rapid reduction of astronomical sights. The present volume (Volume 1) contains tables
for selected stars for all latitudes, calculated for the epoch of 2025.0, and replaces the previous edition calculated
for the epoch of 2020.0. It is intended for use for about 5 years, when a new edition based on a later epoch will be
issued.  Volume 2  for  latitudes  0°-40°  and Volume 3  for  latitudes 39°-89°  are  permanent  tables  for  integral
degrees of declination. They provide sight reduction for bodies with declinations within 30° north or south of
the equator, which includes the Sun, Moon, planets and most of the navigational stars.

Sight Reduction Tables for Air Navigation have been published in the USA as Pub. No. 249, and in the UK as AP-
3270.  The Nautical  Almanac  Office  of  the  U.S.  Naval  Observatory  and H.M.  Nautical  Almanac Office  have
cooperated in their design and preparation.

This  Commercial  Edition (Volumes  2  and 3)  is  produced from digital  information  supplied by the  U.S.
Government. Volume 1 is updated for epoch 2025.0 with primary data provided by U.S. Naval Observatory
Astronomical Applications Department software. The Commercial Edition is slightly reduced in size for easier
storage. This edition and the tables, explanation, and examples within have been prepared, edited, and checked
for quality by Frank Reed, ReedNavigation.com, under contract to Celestaire, Inc. This Volume 1 is Copyright
2020 by Celestaire, Inc. All rights are reserved. No part of this book may be reproduced or transmi ed in any
form without prior wri en permission from Celestaire, Inc.



INTRODUCTION

DESCRIPTION OF THE TABLES

The  Main Table Selected Stars in this work, designated as Volume 1 of the three-volume series of Pub. 249,
Sight Reduction Tables for Air Navigation, contains values of the altitude, to the nearest minute of arc, and the true
azimuth, to the nearest degree, of seven selected stars for the complete ranges of Latitude and Local Hour Angle
of Aries covering the entire globe and all possible dates for the decade centered on the epoch of the tables: 2025.
The arrangement  provides,  for  any position  and time,  the  best  selection of  seven  of  the  stars  available  for
observation and, for these seven stars, data for prese ing a sextant before observation and for accurate reduction
of the sights after observation.

In the calculation of the altitudes and azimuths the mean places of the stars for epoch 2025.0 have been used;
corrections for precession and nutation are given in Table 5, but their omission will not give rise to a positional
error greater than two miles in the five-year period centered on the table date. No correction for refraction or dip
is included in the tabulated altitudes in the Main Table. These corrections, found in Table 8, must be applied to
the sextant altitudes.  Note that starting with epoch year 2025 tables for refraction and dip are provided for
marine sextant use.

Although Pub. 249 was designed originally for air navigation, it is now used primarily for marine navigation.
Volume 1 may be used without reference to an almanac such as the  Air Almanac or Nautical Almanac. With the
normal  procedure  of  plo ing  a  sight  from an  assumed position,  no  interpolation  is  required  for  the  stars
tabulated.

The time argument in the examples is labeled UT (Universal Time, specifically UT1). It is also known as GMT
(Greenwich Mean Time). For the purposes of celestial navigation, GMT and UT may be considered synonymous.

The Local Hour Angle or LHA of Aries will be referred to in the remainder of this volume as LHA  using
the  traditional  astronomical  symbol  for  Aries,  ,  which  is  a  stylized  representation  of  ram’s  horns.  Aries,
originally aligned with the constellation Aries but now found within the official boundaries of the constellation
Pisces, is the designation for 0° ecliptic latitude and longitude, and it is the zero point for longitude in many
celestial coordinate systems. The “First Point of Aries” is the point on the celestial sphere reached by the Sun at
the instant of the Vernal Equinox (around March 20 annually). The value of  LHA  uniquely determines the
East/West  orientation  of  the  stars  with  respect  to  an  observer  on  the  Earth,  while  the  observer’s  latitude
determines the North/South orientation of the stars. 

ACCURACY AND LIMITATIONS

Altitudes in Pub. 249 Volume 1 have a nominal precision of one minute of arc. The underlying data is an
order of magnitude more accurate, and since outliers are rare in the computation process, theoretically position
lines and position fixes can be accurate to 0.5 nautical miles, assuming accurate sights and proper application of
all  corrections.  In actual  practice at  sea,  position lines and fixes are somewhat less accurate,  depending on
conditions.

The seven stars selected for each tabulated observable sky are the only ones which may be analyzed using
this volume (with a separate table for Polaris). If any other stars or other celestial bodies are observed, alternate
sight reduction tables or digital computation must be used.

MAIN TABLE – SELECTED STARS

The main table in this volume consists of 318 pages providing the seven recommended stars for sextant sights
for every degree of latitude and for every degree of LHA . On any given date at some instant of UT, LHA  has
a one-to-one relationship with longitude. Hence the tables cover every location on the globe indicating which
stars are best placed in terms of altitude and azimuth for sextant observations for a celestial fix.



Stars in this volume are chosen from a list of 41 stars which is a subset of the standard 57 navigational stars
listed on the daily pages of the modern Nautical Almanac. The star list on the opening page of this volume (before
the title page) lists all 57 standard navigational stars. Those marked with an asterisk (*) are fainter stars and are
not used in the Main Table in this volume. Stars listed in all upper case, such as SIRIUS, are among the twenty
brightest stars, brighter than magnitude 1.5.

On each line of the Main Table, three stars are marked with a diamond symbol  . These are best suited,
among  the  seven available,  for a  fast  three-star  fix with wide crossing angles  among the  resulting lines  of
position. Shoot those first unless clouds or viewing angle limitations rule them out. If a two-star fix is preferred,
ignore the diamonds, and choose the most convenient pair from the seven that are bright, easily-identified, and
separated by at least 45° and not more than 135° in azimuth, preferably near 90° apart.

For each star, the Main Table provides the un-refracted altitude above the true horizon, referred to in the
intercept method as Hc, and also the true azimuth (non-magnetic compass direction) measured clockwise in
degrees from true north, labeled Zn.

The tables are entered by latitude and LHA . Latitude is selected as the integer (whole number) degree of
latitude as close as possible to the observer’s estimated position. The selected latitude is the AP latitude. 

LHA  is chosen based on the observer’s estimated longitude by first calculating GHA  using Table 4 (or if
preferred using an almanac or a specially-designed watch or software app directly reading GHA ).

Example for GHA of Aries: 
You are in the Mediterranean Sea east of Malta, near latitude 35°45' N and longitude 15°40' E on June 17, 
2025 at 03:04:12 UT. From Table 4, we read out the three parts, a, giving the initial value for the year and 
month, b, providing the increment for the number of days and elapsed hours, and c, the change for the 
elapsed minutes and seconds: 

GHA  = a + b + c =

ʹ249° 44 (a) for June 1, 2025

ʹ 60° 54 (b) for 3 hrs on day 17

ʹ 1° 03 (c) for 4 min and 12 sec

ʹ 311° 41 Sum is GHA

If  necessary,  it  may  be  useful  to  subtract  360°  from  the  sum,  however,  especially  in  west  longitude,  a
navigator may prefer to wait to subtract 360° until after the calculation of LHA . The LHA of Aries is found by
adding a selected longitude (West longitudes are treated as negative numbers) resulting in an integer value for
LHA . 

LHA = GHA + Lon (East)
LHA = GHA - Lon (West)

The degrees of the selected longitude should match the DR longitude or the best estimated longitude of the
observer within 1° (2° in high latitudes) while the minutes of the selected longitude should match the minutes of
GHA  in West longitude or 60 minus the minutes of GHA  in East longitude. By selecting the minutes of the
longitude to equal or complement the minutes of GHA  we guarantee that the resulting LHA  will be a whole
number with no minutes, as required by the tables.

Example for LHA of Aries: 
Continuing the example above, having determined that GHA  is 311°41' and knowing that our longitude
is near 15°40' E, we select a longitude of 15°19' E. Adding these yields LHA  equal to 327° and no 
minutes. The selected longitude, 15°19' E, should be recorded as the AP longitude for a sight of a star 
observed at this UT.



The selected longitude becomes the longitude of the Assumed Position or AP for this sextant sight. Normally,
when sights are taken at arbitrary intervals of time, each yielding a unique value for GHA , each sight will have
a unique AP longitude. 

Note that for  planning purposes,  it  is not necessary to select an exact number of  minutes of  arc  for  the
longitude. The value of LHA  is only required to the nearest degree.

An estimate of LHA  for planning purposes may also be found by direct observation, without calculating
GHA  or selecting a longitude. Look for a known star on the observer’s meridian, bearing either due north or
due south and at least 25° away from the celestial pole. Look up the SHA of that star in the list of Navigational
Stars. Subtract the SHA from 360°. If the star is below the pole, add 180°. The result is LHA .

Example of Estimating LHA of Aries: 
You are near latitude 40° N, and you observe the star Sirius on the meridian. From the Navigational Stars 
table, you see that its SHA is about 258°. Subtracting from 360°, the LHA  is 102°. Opening the Main 
Table to the page for 40°N and seeking LHA  102°, we confirm that the azimuth of Sirius is near 180°. On
the same line for LHA  equal to 102°, we can read the altitudes and azimuths of the recommended 
navigational stars that we will see in our sky, in addition to Sirius.

PLANNING OBSERVATIONS

The primary table in this volume Main Table Selected Stars may be used as an efficient, simple starfinder to
plan a round of twilight star sights. Turn to the page closest to your estimated latitude. Calculate LHA  (or
estimate it visually, see above). Find the row in the tables corresponding to that LHA  and read out the Hc and
Zn for the selected stars. As time elapses, stars climb from the eastern horizon and descend toward the western
horizon. For an observer at a fixed location or an observer on a relatively slowly-moving vessel, each 1° change
in LHA , corresponding to a change of one row in the table, is identical to a passage of time of four minutes
(more  accurately  3m  59.3s).  If  an  observer  initially  plans  observations  using  one  row  in  the  table  but
circumstances require a delay of four minutes or eight minutes or some other multiple of four minutes, the delay
is easily managed by dropping down one or two lines in the table, increasing LHA  by 1° or 2° or more.

It is important to consult the Main Table for planning purposes before any round of sights since only seven
selected stars are available for each location and time. In addition, by planning sights, the navigator can preset
the  sextant  to  the  correct  altitude and often find stars  in  brighter  twilight  by scanning along  the  expected
azimuth.

Example Planning Sights:
On April 30, 2024 at 22:40 UT, we are near latitude 18°50’N and longitude 59°20’W, and we wish to preset 
a sextant to observe a pair of stars for a two-body fix. GHA  is 199°22’, found using Table 4. We subtract 
the longitude, since it is a West longitude, and find 140° for LHA  rounding to the nearest degree (during
planning it is not necessary to select a perfect AP longitude). On page 122 of the Main Table, for latitude 
19°N in the row for LHA  equal to 140°, we find the bright stars Arcturus, Spica, Sirius, Betelgeuse, and 
Capella listed, as well as the somewhat fainter stars Dubhe and Alphard. Among the brighter stars, for a 
two-body fix, we look for a pair widely separated in azimuth, preferably near 90° apart but in the range 
45° to 135° separation. 

Capella and Sirius are separated by 84° and would make an excellent choice:

SIRIUS Hc = 37°59ʹ Zn = 229°

CAPELLA Hc = 33°59ʹ Zn = 313°

Before the stars are easily visible in evening twilight, a navigator can preset his or her sextant to 38° and 
scan along the horizon in the southwest near the predicted azimuth for Sirius. Or we can preset to 34° and
scan in the northwest for Capella.



CLEARING THE EFFECTS OF REFRACTION AND DIP 

Any sextant angle should first be corrected for index error of the instrument, or whenever possible index
error should be zeroed out by careful adjustment of the instrument. Altitudes measured from the sea horizon
must be corrected for “dip” or depression of the horizon. All sextant altitudes of stars should also be corrected
for astronomical refraction. 

Tables for  both refraction and dip corrections for marine navigation (surface navigation) are provided in
Table 8.  These small tables for  refraction and dip are more than adequate in all  cases of marine navigation
covered by this volume. The tables provide the refraction and dip accurate to the nearest minute of arc and the
nearest  tenth of  a  minute  by  simple  interpolation.  These  are  not  “critical  tables”,  and they can be  visually
interpolated for more exact values. Both refraction and dip are subtracted from the observed altitude.

Note that marine navigators should ignore Tables 8A for refraction at high altitude (unless sailing on large
lakes in high mountains) and Table 9 for Coriolis corrections.

Example for Dip and Refraction:
You are on the bridge wing of a large vessel. Your height of eye (height above the wavetops) is 45 feet. You
measure the altitude of the star Vega to be 60°08’. Your sextant has no index error. From table 8, by simple 
interpolation, the dip is 6.5’ while the refraction is 0.6’. Both are subtracted. To the nearest minute, the 
corrected altitude, Ho, is 60°01’.

Although over 99.9% of altitudes in the Main Table Selected Stars in this volume are above 10° in altitude, it
may sometimes be desirable, for stars lower than 15° altitude, to correct for extreme weather conditions. The
refraction from Table 8 should be multiplied by a factor  ƒ directly proportional to atmospheric pressure and
inversely proportional to absolute temperature. Under normal conditions, ƒ is equal to one. If temperature, T, is
provided in degrees Fahrenheit and pressure in inches of Mercury, then 

ƒ = 17.1 × P / (T + 459)

If temperature is given in degrees Celsius and pressure in millibars, then
ƒ = 0.28 × P / (T + 273)

Example for Refraction Adjustment: 
The altitude of the star Sirius is observed to be 11°12’ (after index correction and dip). Temperature is 5°F 
and pressure is 29.90” Hg. From Table 8, the refraction is 5’. The factor ƒ in this case is 1.10. The adjusted 
refraction is 5.5’ which would be subtracted, as usual, from the observed altitude yielding Ho =  11°06.5’.

REDUCING SIGHTS TO FIX POSITION

The primary function of the  Main Table Selected Stars in this volume is to facilitate the rapid reduction of
twilight star sights yielding lines of position via the intercept method. The navigator measures the altitudes of
two, three, or more of the selected stars, previously chosen during the planning phase. Those sights are then
cleared of the effects of refraction and dip as described above. The corrected observed altitudes, or Ho altitudes,
are then compared by simple subtraction with the Hc values from the appropriate line in the table. 

As usual  in the intercept method,  if  the Ho,  or  corrected observed altitude, is  higher  than the expected
altitude (the Hc from the table), the observer is closer to the sub-star point (also known as the GP of the star –that
place on the globe where the star is exactly 90° high). The intercept vector is drawn from the AP towards the Zn
azimuth taken from the table, and then the LOP or line of position is drawn perpendicular to that vector. 

If the Ho is lower than the expected altitude, Hc, then the observer is further from the sub-star point, and the
intercept vector is drawn from the AP away from the Zn azimuth (equivalently drawn towards Zn + 180°). In
either case, towards or away, the length of the intercept vector, a, or simply the intercept, is equal in nautical
miles to the difference between Ho and Hc in minutes of arc. 



Because these tables, as well as similar lookup tables, like Pub.229, use integral values of latitude and LHA ,
the  intercepts  can  sometimes  be  30  to  40  nautical  miles  in  length.  Unlike  in  other  implementations  of  the
intercept method, where a good DR position or even a satellite-derived position (GPS or other GNSS position)
might be used for the AP, the long lengths of the intercepts using Pub.249 do not directly suggest errors in the
sextant sights. Intercepts longer than 30 nautical miles may still imply a position fix accurate to 1 nautical mile or
be er.

Two-body Fix Example:

On April 30, 2024 in evening twilight we are near latitude 18°50’ N and longitude 59°20’ W. Using data on 
page 122 of the Main Table (see the planning example above), for latitude 19°N in the row for LHA  
equal to 140°, we have planned to take sights on the bright stars Sirius and Capella:

SIRIUS Hc = 37°59ʹ Zn = 229°

CAPELLA Hc = 33°59ʹ Zn = 313°

At 22:40:16, we observe the altitude of Sirius and find Hs, the uncorrected sextant altitude, is 37°45’. At 
22:43:48, the altitude of Capella is found to be 33°21’. Our height of eye (relative to the tops of ocean swells
and waves) is 16 feet. For these sights, assume our sextant has an index error of +1.5’ implying an, IC, 
index correction of -1.5’. 

We can determine a two-body fix in steps:

• correct the altitudes for index error, dip, and refraction giving Ho for each,

• find GHA  for the time of each sight,

• select an AP longitude for each sight to produce an integer value of LHA ,

• look up the Hc and Zn values for each LHA  in the Main Table on the page for the AP latitude,

• calculate the intercept distances from Ho - Hc,

• plot the intercepts toward or away from the Zn values for each star,

• read off the position fix from the plot.

SIRIUS:
Hs: 37°45ʹ GHA   189°51ʹ (a) for April 2024

    -1.5ʹ IC, index corr.  359°29ʹ (b) for 22 hrs on day 30
       -4ʹ dip    10°06ʹ (c) for 40 min, 16 sec

    -1.3ʹ refraction  199°26ʹ Sum is GHA

Ho: 37°38ʹ sum, rounded AP Lon    59°26ʹ minutes match
  140°— Difference is LHA

From page 122 in the Main Table, this LHA  corresponds to the line of data we used for planning:

SIRIUS Hc = 37°59ʹ Zn = 229°

The intercept distance is the difference between Hc and Ho, which is 21’ or 21 nautical miles, and since Ho
is lower, this distance is laid off from the AP position away from azimuth 229°. The LOP is plo ed 
perpendicular to the intercept vector.



CAPELLA:
Hs: 33°21ʹ GHA   189°51ʹ (a) for April 2024

    -1.5ʹ IC, index corr.  359°29ʹ (b) for 22 hrs on day 30
       -4ʹ dip    10°59ʹ (c) for 43 min, 48 sec

    -1.5ʹ refraction  200°19ʹ Sum is GHA

Ho: 33°14ʹ sum, rounded AP Lon    59°19ʹ minutes match
  141°— Difference is LHA

From page 122 in the Main Table, this LHA  is one line below the data we used for planning:
CAPELLA Hc = 33°18ʹ Zn = 313°

For Capella the intercept distance is 4’ or 4 nautical miles, and since Ho is lower, this distance is laid off 
from the AP position away from azimuth 313°. The LOP is plo ed perpendicular to the intercept vector.

Note that the AP positions for the two sights in this example are not the same. They share the same latitude,
but the longitudes differ by 7’. The intercepts should be drawn from the correct AP for each sight. Plo ing the
two LOPs and reading off  the crossing point (left as an exercise for the reader) will yield a fix near  latitude
19°09’ N and longitude 59°05’ W.

In more complicated plots with more LOPs than this simple two-body case, the presence of multiple AP
positions can become confusing. Two procedures are available to simplify plo ing and use a single AP position
for all sights:

Timed sights. By taking individual star sights at intervals of four minutes as nearly as possible, usually timed
by an assistant or with an audible alarm, the same AP longitude will emerge for each sight since the minutes of
GHA  cycle through one whole degree in almost exactly four minutes.

MOB Adjustment. Sights taken over a period of up to 30 minutes can be synchronized to one common time
using the Motion of Body calculation (details below). The UT of the first or last sight in a set is treated as the
common time for all sights, and the observed altitudes are shifted up or down to account for the rotation of the
Earth during the intervals between sights. Reduced to a common time, all sights then have the same GHA  and
thus the same AP longitude and LHA .

ADJUSTING FOR ELAPSED TIME

Tables 1 and 2, known traditionally as the “MOO” and “MOB” tables, allow us to adjust fixes and lines of
position for small differences in timing. The MOO table adjusts for the Motion of the Observer across the globe,
while the MOB table adjusts for the Motion of the Body in the observer’s sky due to the rotation of the Earth.

MOO, Table 1:

The distance made good and the angle off the bow determine the change in altitude of a star in a short period
of time due to vessel motion. Stars ahead of the vessel climb at a rate of 1’ of altitude per nautical mile traveled.
Those  astern  fall  at  the  same  rate.  Stars  to  port  and  starboard  rotate  relative  to  points  on  the  horizon
perpendicular to the vessel’s motion. In effect the celestial sphere is rotated about an axis running directly abeam
(90° off the bow). The changes in altitude, Δh (“delta h”), are given by

Δh = d × cos(C – Zn)

where d is the distance made good which may be read directly from a recording device, adding or subtracting the
drift from estimated currents, or may be computed from the elapsed time in hours multiplied by the speed in
knots (adjusted for currents if possible). The difference between C, the true course of the vessel, and Zn, the true
azimuth of the star, gives the angle off  the bow in degrees (denoted as “Rel. Zn” in the table). The resulting
change in the star’s altitude Δh due to the “Motion of the Observer” is tabulated in Table 1.



In the standard methods of  marine celestial navigation, lines of position are plo ed and then advanced
manually  to  account for  motion  of  the  observer,  generating a running fix,  and the  MOO correction can be
entirely ignored if this plo ing procedure is employed.

Note: in earlier editions of Pub.249 Vol.1, alternate tables arranged more appropriately for air navigation
were published. These tables are no longer included.

MOB, Table 2:

Table 2 allows us to adjust observed altitudes to bring them all to a single time of observation, synchronizing
the sights and simplifying the analysis. A series of  two or more star sights taken over a period of up to 30
minutes can be converted into an equivalent set of sights taken at one instant of time. Plots using one instant of
time employ the same AP longitude for all lines of position and are easier to draw and read.

Values in Table 2 are calculated using an approximate, instantaneous relationship for the change of altitude
which is directly proportional to the elapsed time in minutes, T, and the cosine of the observer’s latitude as well
as the sine of the true azimuth of the star. The maximum rising rate for stars for observers on the equator with
azimuths due East or due West (Zn 90° or 270°) is 15.04’ per minute of time (note that this sidereal or star rate is
slightly faster than the mean rate of rise for the Sun which is exactly 15’ per minute):

Δh = 15.04ʹ × T × cos(Lat) × sin(Zn)

This formula, and Table 2, should only be used for short intervals of time between sights, up to 30 minutes.
Beyond that interval, errors larger than 2’ are possible. 

Corrections for MOB from the table should be applied directly to the corrected altitudes Ho. While other
procedures are available, it is simplest to correct the Ho values for elapsed time between sights.

Example for Motion of Body Adjustment:

Your vessel is hove to south of New England near 40°54' N, 70°18' W on July 5, 2026 (local date) in evening
twilight. The Universal Time, UT, is after 00:45 so the Greenwich date is July 6. You observe the altitudes 
of three of the selected stars: Altair, Antares, and Arcturus. These are not the recommended triple for a 
three-body fix, indicated by the diamond symbols , however they are bright, easily-identified, and 
widely separated in azimuth. Also note that Venus is in the sky and very bright, and if other tables are 
available, it might be used for a fix (planet sights cannot be analyzed using this volume). The sextant has 
zero index error, and the height of eye is 3 meters. 

The observed altitudes:

 Star Time (UT)  Hs 

Altair 00:45:54 18°51'
Antares 00:47:24 19°39'
Arcturus 00:49:00 66°03'

Each sight is corrected for dip, -3', and the Altair and Antares sights are both corrected by about -3' for 
refraction. The correction for refraction for Arcturus is about -0.5' which may be ignored. 

 Star Time (UT)  Ho 

Altair 00:45:54 18°45'
Antares 00:47:24 19°33'
Arcturus 00:49:00 66°00'

We next select the Arcturus sight as our anchor sight. We will bring the other two sights forward in time to 
synchronize with the anchor sight using the MOB table. We need the azimuths of the stars which we can 
get from the Main Table. GHA  from Table 4 for the Arcturus sight is 296°17'. We select an AP longitude 
of 70°17' W to cancel out the minutes of arc yielding LHA  equal to 226°. From page 79 of the Main Table 
we read out the Hc and Zn for the three stars:



 Star  Hc  Zn 

Altair 19°24' 095°
Antares 19°34' 159°
Arcturus 65°51' 208°

The Altair sight precedes the Arcturus sight by 3.1 minutes (of time). The Antares sight precedes the 
Arcturus sight by 1.6 minutes. We enter Table 2 for latitude 41° and Zn 095°, visually interpolating, and 
find 11.2’ change in altitude in one minute of time. In 3.1 minutes of time, the altitude of Altair will 
increase by 34.7’. We enter Table 2 again for latitude 41° and Zn 159°, visually interpolating, and find 4.1’ 
change in altitude in one minute of time. Or in 1.6 minutes, the altitude of Antares will increase by 6.6’. 
We adjust the altitudes of Altair and Antares upwards (since they were in the west and still climbing) and 
assemble the complete set of altitudes and azimuths (Ho* indicates adjusted Ho values):

 Star  Ho*   Hc   Zn 

Altair 19°20' 19°24' 095°
Antares 19°40' 19°34' 159°
Arcturus 66°00' 65°51' 208°

The intercepts are: Altair 4’ away from Zn 095°, Antares 6’ towards Zn 159°, and Arcturus 9’ towards Zn 
208°. Since we have synchronized all three of the sights to the time (and LHA ) of the Arcturus sight, 
they are all plo ed from the same AP position: 41° N, 70°17' W. When plo ed, the LOPs cross in a triangle
centered nearly on 40°52' N, 70°23' W. That is our vessel’s celestial fix at 00:49:00 UT.

PRECESSION & NUTATION

Table 5 corrects a celestial fix or single LOP for P&N – precession and nutation, the slow, cyclic drift of the
Earth’s axis of rotation relative to the celestial sphere. Though the relationships among pairs and triples of stars
remain the same, producing tight fixes from good observations, a celestial fix derived using data for the year
2025 (the epoch date of the current tables) will slide across the globe in years further from the epoch date. Table 5
provides the drift in the position fix. Each yearly section in Table 5 applies to the middle of that year, and if
desired, a navigator may interpolate between yearly values for dates near the beginning or end of any year.
There is no correction for P&N near January 1, 2025, the primary epoch of these tables.

It is not necessary to adjust each LOP for P&N. The fix itself may be picked up and moved by the amount
and direction given in the table.  Given a single LOP, any single point on the line should be moved by the
distance and direction in the table, and the precessed LOP should be drawn parallel to the original. 

Note: Table 5 does not, and cannot, account for annual aberration which affects the relative positions of the
stars during the course of each year. Aberration can shift individual lines of position by +/-0.3’, and it is the
principal astronomical factor neglected when using this volume of Selected Stars.

Example for Precession & Nutation Adjustment:

On March 30, 2021 we are sailing east of Singapore, heading north near 1°15' N, 106°45' E. We begin 
planning sights in morning twilight at 22:20:00 UT. Looking at the sky, the navigator estimates that the 
two stars Shaula and Kaus Australis are on either side of the meridian in the southern sky. The SHAs of 
these stars, from the Navigational Stars list, are nearly 96° and 84° respectively, so the SHA of the 
meridian is nearly 90°. Subtracting from 360°, the visually estimated LHA  is approximately 270°. 
Without further calculation, we can consult Table 5 to determine the P&N correction to be applied to our 
eventual fix. For a latitude near 0° and LHA  approximately equal to 270°, our fix using this 2025 volume
must be shifted 3.0 nautical miles towards azimuth 271°. 

Continuing with our sights, we consult the Main Table for latitude 1° N on page 159 and seek LHA  270°.
We select Vega and Arcturus for a two-body fix. They are separated by 80° in azimuth and bright. 

 



We observe the altitudes and correct the sights for dip and refraction using Table 8:

 Star Time (UT)  Ho 

Vega 22:23:40 51°45'
Arcturus 22:27:38 30°31'

Since the altitudes were timed to be separated by four minutes,  we will  be able to  use the same AP
longitude for both sights. 

GHA  for the Vega sight is 164°26'. For Arcturus it is 165°26'. For both, we choose AP longitude equal to
106°34' E. Adding this longitude to GHA  yields  271° for LHA  for the Vega sight and 272° for the
Arcturus sight. Turning again to page 159 in the Main Table for latitude 1° N, we find the Hc and Zn for
the two sights:

 Star  Ho   Hc   Zn 

Vega 51°45' 51°25' 011°
Arcturus 30°31' 30°37' 292°

The intercepts are:  Vega 20’  towards azimuth 011°, and Arcturus 6’  away from Zn 292°. Both LOPs are
plo ed from the same AP position: 1° N, 106°34' E. When plo ed, the LOPs cross near 1°18' N, 106°48' E. 

Exact calculation of LHA  did not appreciably change the value initially estimated. We can still use the
result found in Table 5 and shift the position nearly due west by 3.0 nautical miles. The final fix, adjusted
for P&N from the epoch date of 2025.0 back to 2021, is 1°18' N, 106°45' E at 22:27:38 UT.

LATITUDE BY POLARIS

Polaris  revolves  daily  around the  north celestial  pole  in  a  small  circle  which,  for  the  remainder  of  the
twenty-first century, is less than two-thirds of a degree in radius. The vector from the true celestial pole, located
directly above the Earth’s North Pole, and the position of Polaris itself, orbits around once every 23h 56m. If
Polaris were located exactly at the celestial pole, the latitude would equal the corrected altitude. Instead Polaris
has a small “polar distance” or pd, equal to 90° - Dec, which is equal to the length of the rotating vector from
Polaris to the celestial pole.  The pd of Polaris varies from approximately 39.1’  in 2020 to 36.7’  in 2030.  The
tabulated  quantity  Q  is  the  vertical  projection  in  minutes  of  arc  of  that  polar  distance  vector  and  is
approximately given by:

Q = -pd × cos (LHA  + SHAP),

where SHAP is the SHA of Polaris, which is approximately 316.6° in 2020 and 311.8° in 2030. For any observation
of the altitude of Polaris, the quantity Q is added to the corrected altitude to give the latitude.

Example of Latitude by Polaris:
A vessel is sailing off the west coast of Greenland on August 13, 2025 near 65°15' N, 52°42' W. At 04:15:00 
UT the navigator measures the altitude of Polaris and records 65°32'. Index correction is -1'. Height of eye 
is 10 meters implying dip is -6.5'. Refraction is approximately -0.5'. The net of the three corrections is -8'. 
Therefore the corrected altitude, Ho, is 65°24'. 

From Table 4, we calculate GHA : (a)+(b)+(c) = 384°98'. Although this angle could be re-wri en or 
simplified as 25°38', it is not necessary at this point. Next we subtract the longitude. Note that for the 
Polaris table, no effort is made to select an AP longitude to produce an integer value for LHA . We 
subtract the best estimate of longitude,  52°42', directly from GHA : 

LHA  = GHA  – Lon(W),
LHA  = ʹ ʹ ʹ 384°98  – 52°42  =  332°56 .

From Table 6, we find that the Q correction is -11'. The latitude is the corrected altitude plus Q:

Lat = Ho + Q =  ʹ ʹ ʹ65°24  – 11  =  65°13 .



Although the Polaris table is a critical table and appears to require entry with a relatively precise value of
LHA , it is normally sufficient to calculate or estimate the value of LHA  to the nearest degree. The value of
LHA  at the time of a Polaris sight may be estimated by noting which bright star is near the meridian at the
time of the sight, as described above. 

The Polaris table is calculated for the primary epoch date of Pub.249. In other years, the table may be slightly
less accurate. If higher accuracy is desired, use the P&N table (Table 5) to shift the resulting latitude LOP. Or
directly calculate Q values from the relationship above.

Example of Latitude by Polaris by Computation:
A vessel is sailing from from coastal Morocco toward the island of Lanzarote in the Canary Islands on 
October 20, 2029 near 29°05' N, 12°30' W. At 18:48:30 UT the navigator measures the altitude of Polaris and
records 28°55'. Index correction is zero. Height of eye is 16 feet implying dip is -4'. Refraction is 
approximately -2'. The net correction is -6', so the corrected altitude, Ho, is 28°49'. From Table 4, we 
calculate GHA : (a)+(b)+(c) = 311°38'. Next we subtract the best estimate of longitude,  12°30', directly 
from GHA : 

LHA  = GHA  – Lon(W),
LHA  = ʹ ʹ ʹ 311°38  – 12°30  =  299°08 .

Rather than using Table 6, we calculate the correction:
Q = -pd × cos (LHA  + SHAP),

where we estimate pd to be 37’ and SHAP nearly 312° (see above). Hence Q is approximately +12’.

Lat = Ho + Q =  ʹ ʹ ʹ28°49  + 12  =  29°01 .

Note that using Table 6 we would have found Q equal to +11’. The correction for P&N from Table 5 for 
2029 would have then directed us to shift the latitude LOP 2.6 miles towards azimuth 070° increasing the 
latitude by 1’ and matching the result of the direct computation.

AZIMUTH BY POLARIS

On the same page, below Table 6, Table 7 provides an accurate azimuth of Polaris determined by LHA  and
latitude. For the remainder of the twenty-first century, for latitudes below 50° N, the azimuth of Polaris is always
within one degree of true North. For this table especially, LHA  may be estimated by noting the SHA of a star
on the observer’s meridian above the pole and then subtracting from 360°. 

The azimuth of Polaris may be directly calculated with excellent accuracy for all latitudes below 80° N from:

Zn = -pd × sin (LHA  + SHAP) / cos(Lat).

In this relationship, the corrected altitude, Ho, may be substituted for the observer’s latitude. The result gives the
true azimuth of Polaris in minutes of arc. Divide by 60 and round appropriately for the azimuth in degrees.
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