CHAPTER 20

SIGHT REDUCTION

BASIC PRINCIPLES

2000. Introduction a chart required to plot this large distance would be imprac-
tical. To eliminate this problem, the navigator does not plot
Reducing a celestial sight to obtain a line of positionthis line of position directly. Indeed, he does not plot the GP
consists of six steps: at all. Rather, he chooses assumed position (AP)hear,
but usually not coincident with, his DR position. The navi-
1. Correcting sextant altitude (hs) to obtain observedyator chooses the AP’s latitude and longitude to correspond
altitude (ho). to the entering arguments of LHA and latitude used in the
2. Determining the body’s GHA and declination. Sight Reduction Table§rom theSight Reduction Tables
3. Selecting an assumed position and finding that pothe navigator computes what the body’s altituaeuld

sition’s local hour angle. have beerhad it been measured from the AP. This yields
4. Computing altitude and azimuth for the assumedhe computed altitude (h). He then compares this com-
position. puted value with thebserved altitude (h,) obtained at his
5. Comparing computed and observed altitudes. actual position. The difference between the computed and
6. Plotting the line of position. observed altitudes is directly proportional to the distance

between the circles of equal altitude for the assumed posi-
This chapter concentrates on using Meutical Alma-  tion and the actual position. Theight Reduction Tables
nacandPub. No. 229, Sight Reduction Tables for Marinealso give thedirectionfrom the GP to the AP. Having se-
Navigation. lected the assumed position, calculated the distance
The introduction to each volume of tisght Reduction between the circles of equal altitude for that AP and his ac-
Tablescontains information: (1) discussing use of the publi-tual position, and determined the direction from the
cation in a variety of special celestial navigation techniquesassumed position to the body’s GP, the navigator has
(2) discussing interpolation, explaining the double secon@nough information to plot a line of position (LOP).
difference interpolation required in some sight reductions,  To plot an LOP, plot the assumed position on either a
and providing tables to facilitate the interpolation processchart or a plotting sheet. From ti&ght Reduction Tables
and (3) discussing the publication’s use in solving problemsletermine: 1) the altitude of the body for a sight taken at the
of great circle sailings. Prior to using ttgight Reduction AP and 2) the direction from the AP to the GP. Then, deter-
Tables carefully read this introductory material. mine the difference between the body’s calculated altitude
Celestial navigation involves determining a circular at this AP and the body’s measured altitude. This difference
line of position based on an observer’s distance from a cerepresents the difference in radii between the equal altitude
lestial body’s geographic position (GP). Should thecircle passing through the AP and the equal altitude circle
observer determine both a body’s GP and his distance fromassing through the actual position. Plot this difference
the GP, he would have enough information to plot a line offrom the AP eithetowardsor away fromthe GP along the
position; he would be somewhere on a circle whose centeaxis between the AP and the GP. Finally, draw the circle of
was the GP and whose radius equaled his distance from thatjual altitude representing the circle with the body’s GP at
GP. That circle, from all points on which a body’s measuredhe center and with a radius equal to the distance between
altitude would be equal, is@rcle of equal altitude. There  the GP and the navigator’s actual position.
is a direct proportionality between a body’s altitude as mea-  One final consideration simplifies the plotting of the
sured by an observer and the distance of its GP from thaqual altitude circle. Recall that the GP is usually thousands
observer; the lower the altitude, the farther away the GPof miles away from the navigator’s position. The equal alti-
Therefore, when an observer measures a body’s altitude hede circle’s radius, therefore, can be extremely large. Since
obtains an indirect measure of the distance between himsetis radius is so large, the navigator can approximate the sec-
and the body’s GP. Sight reduction is the process of contion close to his position with a straight line drawn
verting that indirect measurement into a line of position. perpendicular to the line connecting the AP and the GP. This
Sight reduction reduces the problem scale to managestraight line approximation is good only for sights of rela-
able size. Depending on a body'’s altitude, its GP could bdively low altitudes. The higher the altitude, the shorter the
thousands of miles from the observer’s position. The size oflistance between the GP and the actual position, and the
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308 SIGHT REDUCTION

smaller the circle of equal altitude. The shorter this distancethe radii of the circles of equal altitude passing through the
the greater the inaccuracy introduced by this approximatiorAP and the observers actual position. The position having
the greater altitude is on the circle of smaller radius and is

2001. Selection Of The Assumed Position (AP) closer to the observed body’s GP. In Figure 2003, the AP is
shown on the inner circle. Thereforg,i greater thanda
Use the following arguments when entering Bight Express the altitude intercept in nautical miles and la-
Reduction Tablet compute altitude (hand azimuth: bel it T or A to indicate whether the line of position is
toward or away from the GP, as measured from the AP.
1. Latitude (L). A useful aid in remembering the relation betwegp h
2. Declination (d or Dec.). h., and the altitude intercept ist, M, T, for H, More To-
3. Local hour angle (LHA). ward. Another is C-G-A: Computed Greater Away,

remembered aSoastGuardAcademy. In other words, ifh
Latitude and LHA are functions of the assumed posi-is greater thanfithe line of position intersects a point mea-
tion. Select an AP longitude resulting in a whole degree okured from the AP towards the GP a distance equal to the
LHA and an AP latitude equal to that whole degree of lati-altitude intercept. Draw the LOP through this intersection
tude closest to the DR position. Selecting the AP in thigpoint perpendicular to the axis between the AP and GP.
manner eliminates interpolation for LHA and latitude in the
Sight Reduction Tables 2003. Plotting The Line Of Position
Reducing the sight using a computer or calculator sim-
plifies this AP selection process. Simply choose any  Plot the line of position as shown in Figure 2003. Plot
convenient position such as the vessel's DR position as thine AP first; then plot the azimuth line from the AP toward
assumed position. Enter the information required by the spesr away from the GP. Then, measure the altitude intercept
cific celestial program in use. Using a calculator reduces thalong this line. At the point on the azimuth line equal to the
math and interpolation errors inherent in using#ight Re-  intercept distance, draw a line perpendicular to the azimuth
ductiontables. Enter the required calculator data carefully.line. This perpendicular represents that section of the circle
of equal altitude passing through the navigator’s actual po-
2002. Comparison Of Computed And Observed sition. This is the line of position.
Altitudes A navigator often takes sights of more than one celes-
tial body when determining a celestial fix. After plotting the
The difference between the computed altitud@ @md  lines of position from these several sights, advance the re-
the observed altitude ghis thealtitude intercept (a). sulting LOP’s along the track to the time of the last sight
The altitude intercept is the difference in the length ofand label the resulting fix with the time of this last sight.
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Figure 2003. The basis for the line of position from a celestial observation.
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2004. Recommended Sight Reduction Procedure lists these corrections.
Additional Correction: Enter this additional correction

Just as it is important to understand the theory of sighfrom Table A 4 located at the front of tddmanacwhen ob-
reduction, it is also important to develop a working proce-taining a sight under non-standard atmospheric temperature
dure to reduce celestial sights accurately. Sight reductioand pressure conditions. This correction is a function of at-
involves several consecutive steps, the accuracy of eaeghospheric pressure, temperature, and apparent altitude.
completely dependent on the accuracy of the steps thatwent Horizontal Parallax Correction: This correction is
before. Sight reduction tables have, for the most part, rednique to reducing moon sights. Obtain the H.P. correction val-
duced the mathematics involved to simple addition andie from the daily pages of tidmanacEnter the H.P correction
subtraction. However, careless errors will render even th&ble at the back of thélmanaawith this value. The H.P correc-
most skillfully measured sights inaccurate. The navigatotion is a function of the limb of the moon used (upper or lower),
must work methodically to reduce these careless errors. the apparent altitude, and the H.P. correction factor. The H.P.

Naval navigators will most likely use OPNAV 3530, U.S. correction is always added to the apparent altitude.
Navy Navigation Workbook, which contains pre-formatted Moon Upper Limb Correction: Enter -30' for this
pages with “strip forms” to guide the navigator through sightcorrection if the sight was of the upper limb of the moon.
reduction. A variety of commercially-produced forms are also ~ Correction to Apparent Altitude: Sum the altitude cor-
available. Pick a form and learn its methibdroughly With  rection, the Mars or Venus additional correction, the additional
familiarity will come increasing understanding. correction, the horizontal parallax correction, and the moon’s

Figure 2004 represents a functional and completeipper limb correction. Be careful to determine and carry the al-
worksheet designed to ensure a methodical approach to aggbraic sign of the corrections and their sum correctly. Enter
sight reduction problem. The recommended procedure dighis sum as the correction to the apparent altitude.
cussed below is not the only one available; however, the  Observed Altitude: Apply the Correction to Apparent
navigator who uses it can be assured that he has considerAtlitude algebraically to the apparent altitude. The result is
everycorrection required to obtain an accurate fix. the observed altitude.

SECTION ONE consists of two parts: (1) Correcting SECTION TWO determines the Greenwich Mean
sextant altitude to obtain apparent altitude; and (2) Correctfime (GMT) and GMT date of the sight.
ing the apparent altitude to obtain the observed altitude. Date: Enter the local time zone date of the sight.

Body: Enter the name of the body whose altitude you DR Latitude: Enter the dead reckoning latitude of the
have measured. If using the sun or the moon, indicate whichiessel.
limb was measured. DR Longitude: Enter the dead reckoning longitude of

Index Correction: This is determined by the charac- the vessel.
teristics of the individual sextant used. Chapter 16 discusses Observation Time: Enter the local time of the sight as
determining its magnitude and algebraic sign. recorded on the ship’s chronometer or other timepiece.

Dip: The dip correction is a function of the height of Watch Error: Enter a correction for any known watch
eye of the observer. It is always negative; its magnitude i€rror.
determined from the Dip Table on the inside front covertof ~ Zone Time: Correct the observation time with watch
the Nautical Almanac error to determine zone time.

Sum: Enter the algebraic sum of the dip correctionand  Zone Description: Enter the zone description of the
the index correction. time zone indicated by the DR longitude. If the longitude is

Sextant Altitude: Enter the altitude of the body mea- west of the Greenwich Meridian, the zone description is
sured by the sextant. positive. Conversely, if the longitude is east of the Green-

Apparent Altitude: Apply the sum correction deter- wich Meridian, the zone description is negative. The zone
mined above to the measured altitude and enter the result description represents the correction necessary to convert
the apparent altitude. local time to Greenwich Mean Time.

Altitude Correction: Every observation requires an Greenwich Mean Time: Add to the zone description
altitude correction. This correction is a function of the ap-the zone time to determine Greenwich Mean Time.
parent altitude of the body. Thdmanaccontains tables for Date: Carefully evaluate the time correction applied
determining these corrections. For the sun, planets, anabove and determine if the correction has changed the date.
stars, these tables are located on the inside front cover arithter the GMT date.
facing page. For the moon, these tables are located on the
back inside cover and preceding page. SECTION THREE determines two of the three argu-

Mars or Venus Additional Correction: As the nameim- ments required to enter tHaight Reduction Tablesocal
plies, this correction is applied to sights of Mars and Venus. Thélour Angle (LHA) and Declination. This section employs
correction is a function of the planet measured, the time of yeathe principle that a celestial body’s LHA is the algebraic sum
and the apparent altitude. The inside front cover oftheanac  of its Greenwich Hour Angle (GHA) and the observer’s lon-
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Figure 2004. Complete sight reduction form.
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gitude. Therefore, the basic method employed in this sectioaddition or subtraction.
is: (1) Determine the body’'s GHA; (2) Determine an as- Assumed Longitude:If the vessel is west of the prime
sumed longitude; (3) Algebraically combine the two meridian,the assumed longitude will be subtracted from the
guantities, remembering to subtract a western assumed lo@GHA to determine LHA. If the vessel is east of the prime
gitude from GHA and to add an eastern longitude to GHA;meridian, the assumed longitude will be added to the GHA
and (4) Extract the declination of the body from the approprito determine the LHA. Select the assumed longitude to
ate Almanac table, correcting the tabular value if required. meet the following two criteria: (1) When added or sub-
tracted (as applicable) to the GHA determined above, a
(1) Tabulated GHA and (2)v Correction Factor: whole degree of LHA will result; and (2) It is the longitude
(1) For the sun, the moon, or a planet, extract the value foclosest to that DR longitude that meets criterion (1) above.
the whole hour of GHA corresponding to the sight. For exam-  Local Hour Angle (LHA): Combine the body’'s GHA
ple, if the sight was obtained at 13-50-45 GMT, extract thewith the assumed longitude as discussed above to deter-
GHA value for 1300. For a star sight reduction, extract the valmine the body’s LHA.
ue of the GHA of Aries (GHA Y ), again using the value (1) Tabulated Declination andd Correction factor:
corresponding to the whole hour of the time of the sight. (1) Obtain the tabulated declination for the sun, the moon,
(2) For a planet or moon sight reduction, enter the the stars, or the planets from the daily pages oftmeanac
correction value. This quantity is not applicable to a sun oiThe declination values for the stars are given for the entire
star sight. Ther correction for a planet sight is found at the three day period covered by the daily page of Mfrmanac
bottom of the column for each particular planet. M®or-  The values for the sun, moon, and planets are listed in hourly
rection factor for the moon is located directly beside theincrements. For these bodies, enter the declination value for
tabulated hourly GHA values. Thecorrection factor for the whole hour of the sight. For example, if the sight is at 12-
the moon is always positive. If a planetvsorrection factor 58-40, enter the tabulated declination for 1200. (2) There is
is listed without sign, it is positive. If listed with a negative nod correction factor for a star sight. There @reorrection
sign, the planet’s correction factor is negative. Thiscor-  factors for sun, moon, and planet sights. Similar to the v cor-
rection factor is not the magnitude of tkieorrection; itis  rection factor discussed above, ttheorrection factor does
used later to enter the Increments and Correction table toot equal the magnitude of tliecorrection; it provides the
determine the magnitude of the correction. argument to enter the Increments and Corrections tables in
GHA Increment: The GHA increment serves as an in- the Almanac The sign of theal correction factor, which de-
terpolation factor, correcting for the time that the sighttermines the sign of thd correction, is determined by the
differed from the whole hour. For example, in the sight attrend of declination valuesiotthe trend ofd values. Thel
13-50-45 discussed above, this increment correction aeorrection factor is simply an interpolation factor; therefore,
counts for the 50 minutes and 45 seconds after the whol® determine its sign, look at the declination values for the
hour at which the sight was taken. Obtain this correctiorhours that frame the time of the sight. For example, suppose
value from the Increments and Corrections tables irAlhe the sight was taken on a certain date at 12-30-00. Compare
manac The entering arguments for these tables are théhe declination value for 1200 and 1300 and determine if the
minutes and seconds after the hour at which the sight wadeclination has increased or decreased. If it has increased,
taken and the body sighted. Extract the proper correctiothed correction factor is positive. If it has decreased, dhe
from the applicable table and enter the correction here. correction factor is negative.
Sidereal Hour Angle or v Correction: If reducing a d correction: Enter the Increments and Corrections ta-
star sight, enter the star’s Sidereal Hour Angle (SHA). Theble with thed correction factor discussed above. Extract the
SHA is found in the star column of the daily pages of theproper correction, being careful to retain the proper sign.

Almanac The SHA combined with the GHA of Aries re- True Declination: Combine the tabulated declination
sults in the star's GHA. The SHA entry is applicable only and thed correction to obtain the true declination.
to a star. If reducing a planet or moon sight, obtainther- Assumed Latitude: Choose as the assumed latitude

rection from the Increments and Corrections Table. Thehat whole value of latitude closest to the vessel’'s DR lati-
correction is a function of only the correction factor; its tude. If the assumed latitude and declination are both north
magnitude is the same for both the moon and the planetsor both south, label the assumed latitugme If one is
GHA: A star's GHA equals the sum of the Tabulated north and the other is south, label the assumed latitude
GHA of Aries, the GHA Increment, and the star's SHA. contrary.
The sun’s GHA equals the sum of the Tabulated GHA and
the GHA Increment. The GHA of the moon or a planet SECTION FOUR uses the arguments of assumed lati-
equals the sum of the Tabulated GHA, the GHA Incrementtude, LHA, and declination determined in Section Three to enter
and thev correction. the Sight Reduction Tablés determine azimuth and computed
+ or — 360 (if needed): Since the LHA will be deter- altitude. Then, Section Four compares computed and observed
mined from subtracting or adding the assumed longitude taltitudes to calculate the altitude intercept. The navigator then
the GHA, adjust the GHA by 360f needed to facilitate the has enough information to plot the line of position.
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(1) Declination Increment and (2)d Interpolation Fac- ployed, refer to detailed instructions in tB&ght Reduction
tor: Note that two of the three arguments used to enteBitjist =~ Tablesintroduction.
Reduction Tabled.HA and latitude, are whole degree values. Total Correction: The total correction is the sum of
Section Three does not determine the third argument, declinthe double second difference (if required) and the interpo-
tion, as a whole degree. Therefore, the navigator mudation corrections. Calculate the interpolation correction by
interpolate in theSight Reduction Tabldsr declination, given dividing the declination increment by 60" and multiply the
whole degrees of LHA and latitude. The first steps of Sectiomesulting quotient by the interpolation factor.
Four involve this interpolation for declination. Since declination Computed Altitude (h.): Apply the total correction,
values are tabulated every whole degree irSiight Reduction  being careful to carry the correct sign, to the tabulated com-
Tablesthe declination incrementis the minutes and tenths of thputed altitude. This yields the computed altitude.
true declination. For example, if the true declination $13R6', Observed Altitude (hy): Enter the observed altitude
then the declination increment is 15.6'. (2) Bight Reduction from Section One.
Tablesalso list ad Interpolation Factor. This is the magnitude of Altitude Intercept: Compare hand h,. Subtract the
the difference between the two successive tabulated values femaller from the larger. The resulting difference is the mag-
declination that frame the true declination. Therefore, for the hynitude of the altitude intercept. Ifhis greater than fthen
pothetical declination listed above, the tabulat@uterpolation  label the altitude intercegoward If h; is greater than §
factor listed in the table would be the difference between declithen label the altitude intercepivay.
nation values given for £2and 14. If the declination increases
between these two valuasjs positive. If the declination de- Azimuth Angle: Obtain the azimuth angle (Z) from
creases between these two valdés negative. the Sight Reduction Tableausing the same arguments
Computed Altitude (Tabulated): Enter theSight Re-  which determined tabulated computed altitude. Visual in-
duction Tableswith the following arguments: (1) LHA terpolation is sufficiently accurate.
from Section Three; (2) assumed latitude from Section  True Azimuth: Calculate the true azimuth g¥Zfrom
Three; (3) the whole degree value of the true declinationthe azimuth angle (2) as follows:
For example, if the true declination were°11%.6', then en-

ter the Sight Reduction Tablewith 13° as the value for a) If in northern latitudes:
declination. Record the tabulated computed altitude. LHA >180°, then Z = Z
Double Second Difference Correction:Use this cor- LHA <180°, then Z, = 360°—7

rection when linear interpolation of declination for computed
altitude is not sufficiently accurate due to the non linear b)
change in the computed altitude as a function of declination.

The need for double second difference interpolation is indi-
cated by thed interpolation factor appearing in italic type LHA >180° then Z, = 180° -Z
followed by a small dot. When this procedure must be em- LHA <180° then Z = 180°+Z

If in southern latitudes:

SIGHT REDUCTION

The section above discussed the basic theory of sigtor the Kochab sight is 15708.0'W. Determine the inter-
reduction and proposed a method to be followed when recept and azimuth for both sights. See Figure 2005.
ducing sights. This section puts that method into practicein  First, convert the sextant altitudes to observed alti-
reducing sights of a star, the sun, the moon, and planets.tudes. Reduce the Spica sight first:

2005. Reducing Star Sights To A Fix Body Spica
Index Correction +2.1'
On May 16, 1995, at the times indicated, the navigator ~ Dip (height 48 ft) -6.7'
takes and records the following sights: Sum -4.6'
Sextant Altitude (§ 32°34.8'
Star Sextant Altitude Zone Time Apparent Altitude (B 32° 30.2'
Altitude Correction -1.5
Kochab 47 19.1' 20-07-43 Additional Correction 0
Spica 32 34.8' 20-11-26 Horizontal Parallax 0
Correction to i -1.5'
Height of eye is 48 feet and index correction (IC) is Observed Altitude (}) 32 28.7

+2.1'. The DR latitude for both sights is38. The DR lon-
gitude for the Spica sight is 1320'W. The DR longitude Determine the sum of the index correction and the dip
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correction. Go to the inside front cover of the Nautical Alma-d Correction —
nac to the table entitled DIP. This table lists dip correctionstrye Declination S 1°108.4'
as a function of height of eye measured in either feet opssumed Latitude N 3%ontrary
meters. In the above problem, the observer’s height of eye is
48 feet. The heights of eye are tabulated in intervals, with the  First, record the GHA of Aries from the May 17, 1995
correction corresponding to each interval listed between thdaily page: 32428.4".
interval’'s endpoints. In this case, 48 feet lies between the tab-
ulated 46.9 to 48.4 feet interval; the corresponding correction  Next, determine the incremental addition for the min-
for thisinterval is -6.7'. Add the IC and the dip correction, be-utes and seconds after 0600 from the Increments and
ing careful to carry the correct sign. The sum of theCorrections table in the back of tiNautical AlmanacThe
corrections here is -4.6". Apply this correction to the sextanincrement for 11 minutes and 26 seconds’ i52.
altitude to obtain the apparent altitudg) (h

Next, apply the altitude correction. Find the altitude Then, calculate the GHA of the star. Remember:
correction table on the inside front cover of tiautical Al-
manacnext to the dip table. The altitude correctionvariesas ~ GHA (star) = GHA > + SHA (star)
a function of both the type of body sighted (sun, star, or
planet) and the body’s apparent altitude. For the problem

above, enter the star altitude correction table. Again, the cor-  The Nautical Almanadists the SHA of selected stars on
rection is given within an altitude intervalgln this case  gach daily page. The SHA of Spica on May 17, 19954583,
was 32 30.2". This value lies between the tabulated end-  The Sight Reduction Tablegntering arguments are
points 32 00.0' and 3345.0". The correction corresponding \yhole degrees of LHA and assumed latitude. Remember
to this interval is -1.5'. Applying this correction tq fields  that | HA = GHA - west longitude or GHA + east longitude.

an observed altitude of 328.7". Since in this example the vessel is in west longitude, sub-
Having calculated the observed altitude, determine thg ¢t its assumed longitude from the GHA of the body to
time and date of the sight in Greenwich Mean Time: obtain the LHA. Assume a longitude meeting the criteria
Date 16 May 1995 listed in section 2004.
DR Lat|tL!de 39N From those criteria, the assumed longitude must end in
DR Longitude 15710'W 05.7 minutes so that, when subtracted from the calculated
Observation Time 20-11-26 GHA, awhole degree of LHA will result. Since the DR lon-
Watch Error 0 gitude was 15710.0', then the assumed longitude ending in
Zone Time 20-11-26 05.7' closest to the DR longitude is T805.7". Subtracting
Zone Description +10 this assumed longitude from the calculated GHA of the star
GMT 06-11-26 yields an LHA of 328.
GMT Date 17 May 1995 The next value of concern is the star’s true declination.

This value is found on the May 17th daily page next to the
Record the observation time and then apply any waiclitar's SHA. Spica’s declination is S 108.4". There is no d

error to determine zone time. Then, use the DR longitude &{orection for a star sight, so the star's true declination
the time of the sight to determine time zone description. INequals its tabulated declination. The assumed latitude is de-
this case, the DR longitude indicates a zone description Ggrmined from the whole degree of latitude closest to the
+10 hours. Add the zone description to the zone time t0 0bpR |atitude at the time of the sight. In this case, the assumed
tain GMT. It is important to carry the correct date when |atitude is N 39. It is marked “contrary” because the DR
applying this correction. In this case, the +10 correctionagityde is north while the star's declination is south.

made it 06-11-26 GMT on Mag7, when the date in the lo- The following information is known: (1) the assumed
cal time zone was Mai6. _Iposition’s LHA (329) and assumed latitude (39 con-
After calculating both the observed altitude and the GM trary name); and (2) the body’s declination (508.4").

time, enter the daily pages of thNautical Almanado calcu- Find the page in th8ight Reduction Tableorrespond-
late the star's Greenwich Hour Angle (GHA) and declinationing to an LHA of 329 and an assumed latitude of N°39
Tab GHA “Y° 324 28.4 with latitude contrary to declination. Enter this table with
GHA Increment 252.0 the body’s whole degree of declination. In this case, the
SHA 158 45.3' body’s whole degree of declination is°1This declination
GHA 486° 05-_7' corresponds to a tabulated altitude of 3%.9'. This value
+/- 360 not required is for a declination of 1%; the true declination is £108.4'.

_ Therefore, interpolate to determine the correction to add to
Assumed Longitude 183705.7 the tabulated altitude to obtain the computed altitude.
LHA 329° The difference between the tabulated altitudes fér 11

Tabulated Ded S 1T 08.4/n.a. and 12 is given in theSight Reduction Tabless the value
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d; in this case, d = -53.0. Express as a ratio the declinationussed above. In this case, enter ®ight Reduction
increment (in this case, 8.4") and the total interval betweeifablesas before, with LHA, assumed latitude, and dec-
the tabulated declination values (in this case, 60') to obtaitination. Visual interpolation is sufficient. Extract the
the percentage of the distance between the tabulated declialue Z = 143.3. The relation between Z and,Zhe true
nation values represented by the declination incremenazimuth, is as follows:

Next, multiply that percentage by the increment between

the two values for computed altitude. In this case: In northern latitudes:

LHA >180°, then Z, = Z
8.4 LHA <180°, then Z, = 360° — Z

o5 ¥ (-53.0= 7.4

In southern latitudes:

LHA >180°, then Z, = 180° -Z
LHA <180°, then Z, = 180° + Z

Subtract 7.4' from the tabulated altitude to obtain the fi-
nal computed altitude: 4= 32 08.5'.

DeciInc/+or-d 8.4'/-53.0

h. (tabulated) 3215.9' In this case, LHA > 18Dand the vessel is in northern lati-
Correction (+or-) -7.4' tude. Therefore, £= Z = 143.3T. The navigator now has
h. (computed) 3208.5' enough information to plot a line of position.

It will be valuable here to review exactly what h The values for the reduction of the Kochab sight follow:

and h, represent. Recall the methodology of the alti- Body Kochab
tude-intercept method. The navigator first measuregndex Correction +2.1°
and corrects an altitude for a celestial body. This cor-Dip Correction -6.7'
rected altitude, § corresponds to a circle of equal Sum -4.6'
altitude passing through the navigator’s actual positiors 47°19.1°
whose center is the geographic position (GP) of thenh, 47° 14.5'
body. The navigator then determines an assumed posiltitude Correction -9

tion (AP) near, but not coincident with, his actual Additional Correction
position; he then calculates an altitude for an observeHorizontal Parallax
at that assumed position (AP).The circle of equal alti-Correction to

not applicable
not applicable
-9'

tude passing through this assumed position is;no 47° 13.6'
concentric with the circle of equal altitude passing 16 May 1995
through the navigator’s actual position. The differenceDR latitude 39N
between the body’s altitude at the assumed positigh (h DR longitude 157 08.0' W
and the body’s observed altitudeyfhs equal to the dif- Observation Time 20-07-43
ferences in radii length of the two corresponding CirCIeS\Natch Error 0
of equal altitude. In the above problem, therefore, theZone Time 20-07-43
navigator knows that the equal altitude circle passingZone Description +10
through his actual position is: GMT 06-07-43
GMT Date 17 May 1995
h, = 32°28.7 Tab GHA ° 324 28.4'
-h -_32°08.5 GHA Increment 156.1
c 20.2NM SHA 137 18.5
GHA 463 43.0°
away from the equal altitude circle passing through hist/- 360 . not applicable
assumed position. Since is greater than § the navi- Assumed Longitude 30175;643-0'

gator knows that the radius of the equal altitude circlecHA
passing through his actual position is less than the radilab Dec /d
us of the equal altitude circle passing through thed Correction

N74° 10.6'/ n.a.
not applicable

assumed position. The only remaining question is: in! 'u€ Declination N7210.6
what direction from the assumed and actual position i¢\SSumed Latitude 3N (same)
the body’s geographic position. Tiséght Reduction Ta- DecInc/+or-d 10.6'/-24.8
blesalso provide this final piece of information. This is M 4r 126

the value for Z tabulated with the;fand d values dis- Total Correction -4.2"



SIGHT REDUCTION
1995 MAY 16, 17, 18 (TUES., WED., THURS.)
ur | ARIES | VENUS —3.9| MARS +0.7|JUPITER —2.5|SATURN +1.3 STARS
(GMT)
% il G.H.A. G.H.A, Dec. G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. Name S.H.A. Dec.
a ’ 2 r o ’ o ' a r o ’ a r o ’ o r -] ’ o r
1600] 233 14.4( 205 51.6 N 9 30.5| 84 34.3 N14 31.2 | 342 02.6 S21 28.7 | 239 13.9 S 4 40.8 | Acomar 315 29.1 540 19.4
01| 248 16.9| 220 51.2 316| 99 358 30.8 | 357 05.3 28.7 | 254 16.2 40.7 | Achernar 335 37.4 S57 155
02| 263 19.4| 235 50.8 32.7 (114 373 30.3| 12 08.1 28.7 | 269 18.5 40.6 | Acrux 173 24.0 S63 04.7
03| 278 21.8| 250 50.4 - - 33.8|129 388 -+ 299| 27 10.9 - - 28.6| 284 20.7 + - 40.6 | Adhara 255 23.5 528 58.2
04) 293 24.3| 265 50.0 34.9 | 144 40.3 29.5| 42 13.7 28.6 | 299 23.0 40.5 | Aldebaran 291 05.3 N16 29.9
05| 308 26.8| 280 49.6 36.0 | 159 41.7 29.1| 57 164 28.5| 314 253 40.4
06) 323 29.2| 295 49.2 N 9 37.1 | 174 43.2 N14 28.7 | 72 19.2 S21 285 | 329 27.6 S 4 40.4 | Alioth 166 32.3 N55 59.2
07| 338 31.7| 310 48.8 38.2 | 189 44.7 28.3| 87 22.0 28.5 | 344 29.9 40.3 | Alkaid 153 09.2 N49 20.3
T 08| 353 34.2| 325 48.4 39.2 | 204 46.2 27.9 | 102 24.7 28.4 | 359 32.1 40.2 | Al Na'ir 28 00.8 S46 58.7
U 09| 8 36.6|340 48.0 - - 403|219 47.7 - - 275|117 27.5 - - 284| 14 344 .- 40.2 | Alnilam 276 00.5 S 1 125
E 10| 23 39.1| 355 47.6 414|234 49.2 27.1| 132 30.3 28.4| 29 367 40.1 | Alphard 218 09.5 S 8 386
S 11| 38 41.5| 10 47.1 42.5 | 249 50.6 26.6 | 147 33.1 283 44 390 40.0
D 12| 53 44.0| 25 46.7 N 9 43.6 | 264 52.1 N14 26.2 | 162 35.8.521 28.3| 59 41.3 S 4 40.0 Alphecca 126 22.2 N26 438
A 13| 8 46.5| 40 46.3 44.7 | 279 53.6 25.8 | 177 386 283 74 436 39.9 | Alpheratz 357 57.8 N29 03.8
Y 14| 83 489 55 459 45.8 | 294 55.1 25.4 | 192 41.4 28.2| 89 45.8 39.8 | Altair 62 213 N 8 51.4
15| 98 51.4| 70 455 - - 46.9| 309 56.6 - - 25.0 | 207 44.2 - - 28.2| 104 48.1 - - 39.8 | Ankaa 353 29.4 S42 19.7
16] 113 53.9| 85 45.1 47.9 | 324 58.0 24.6 | 222 46.9 28.2 | 119 50.4 39.7 | Antares 112 42.6 S26 25.3
17| 128 56.3| 100 44.7 49.0 | 339 59.5 24.2 | 237 49.7 28.1| 134 52.7 39.6
18) 143 58.8| 115 44.3 N 9 50.1 | 355 01.0 N14 23.8 | 252 52.5 S21 28.1 | 149 55.0 S 4 39.6 | Arcturus 146 07.8 N19 12.4
191 159 01.3| 130 43.9 51.2| 10 02.5 23.3 | 267 55.3 28.1 | le4 57.3 39.5 | Atria 107 56.1 S&9 01.0
20| 174 03.7] 145 435 52.3| 25 03.9 22.9 | 282 58.0 28.0 [ 179 59.5 39.4 | Avior 234 23.8 559 30.1
211 189 06.2| 160 43.1 - - 534 | 40 054 - - 225|298 00.8 - - 28.0| 195 01.8 - - 39.4 |Bellatrix 278 469 N 6 20.6
22| 204 08.7| 175 42.7 54.5| 55 06.9 22.1 | 313 036 28.0 | 210 04.1 39.3 |Betelgeuse 271 163 N 7 24.2
23] 219 11.1] 190 42.3 55.5| 70 08.4 21.7 | 328 06.3 27.9 | 225 06.4 39.2
1700f 234 13.6| 205 41.9 N 9 56.6 | 85 09.8 N14 21.3 | 343 09.1 S21 27.9 | 240 08.7 S 4 39.1 | Conopus 264 02.6 552 41.9
01] 249 16.0| 220 41.5 57.7 | 100 11.3 20.9 | 358 11.9 27.8 | 255 11.0 39.1 | Capelia 2B0 55.0 N45 59.5
02] 264 18.5] 235 41.1 58.8 | 115 12.8 205 13 14.7 27.8| 270 13.2 39.0 | Deneb 49 40.6 N45 15.7
03| 279 21.0| 250 40.7 9 59.9|130 14.3 - - 20.0| 28 17.4 - - 27.8| 285 15.5 - - 38.9 |Denebola 182 47.4 N14 358
04) 294 23.4| 265 40.3 10 01.0 | 145 15.7 19.6 | 43 20.2 27.7 | 300 17.8 38.9 | Diphda 349 09.8 518 00.7
05| 309 25.9 | 280 39.8 02.0 | 160 17.2 19.2 | 58 23.0 27.7 | 315 20.1 38.8
06| 324 28.4| 295 39.4 N10 03.1 | 175 18.7 N14 18.8 | 73 25.8 S21 27.7 | 330 22.4 S 4 38.7 | Dubhe 194 08.2 N61 46.7
w 07| 339 30.8| 310 39.0 04.2 | 190 20.2 18.4| 88 28.6 27.6 | 345 24.7 38.7 | Elnath 278 30.2 N28 36.1
E 08| 354 33.3| 325 38.6 05.3 | 205 21.6 18.0 | 103 31.3 27.6 0 26.9 38.6 | Eltanin 90 52.0 N51 29.3
D 09 9 3580340 38.2 - - 064|220 231 -+ 175|118 341 - - 276 15 29.2 - - 385 |Enif 34 005 N 9 51.2
N 10| 24 38.2| 355 37.8 07.4 | 235 24.6 17.1 | 133 369 27.5| 30 315 38.5 | Fomalhaut 15 39.1 529 38.6
E 11| 39 40.7| 10 37.4 08.5 | 250 26.0 16.7 | 148 39.7 27.5| 45 338 38.4
S 12| 54 43.1| 25 37.0 N10 09.6 | 265 27.5 Nu4 16.3 | 163 42.4 $21 27.5 | 60 36.1 S 4 38.3 | Gacrux 172 15.6 S57 05.5
D 13| 69 456 40 36.6 10.7 | 280 29.0 15.9 | 178 45.2 27.4| 75 38.4 38.3 | Gienah 176 06.1 S17 31.2
A 14| 84 48.1| 55 36.2 11.8 | 295 30.5 15.5 | 193 48.0 27.4| 90 40.7 38.2 | Hadar 149 06.6 S60 21.2
Y 15| 99 505 70 35.7 - - 12.8|310 319 - - 15.0| 208 50.8 - - 27.4| 105 42.9 - - 38.1 | Homal 328 16.4 N23 26.3
16| 114 s53.0| 85 35.3 13.9 | 325 334 14.6 | 223 535 27.3 | 120 45.2 38.1 [Kaus Aust. 84 01.5 S34 23.0
17| 129 55.5| 100 349 ~ 15.0 | 340 34.9 14.2 | 238 56.3 27.3| 135 47.5 38.0
18] 144 57.9| 115 34.5 N10 16.1 | 355 36.3 N14 13.8 | 253 59.1 521 27.2 | 150 49.8 S 4 37.9 | Kochab 137 18.5 N74 10.6
19| 160 00.4 | 130 34.1 17.2| 10 37.8 13.4 | 269 01.9 27.2 | 165 52.1 37.9 | Markab 13 52.0 N15 10.8
20) 175 02.9| 145 33.7 18.2| 25 39.3 13.0 | 284 04.6 27.2 | 180 54.4 37.8 | Menkar 314 29.6 N 4 04.2
21§ 190 05.3] 160 33.3 - - 19.3| 40 40.7 -+ 125|299 07.4 -+ 27.1| 195 56.7 - - 37.7 | Menkent 148 23.3 S36 21.0
22| 205 07.8| 175 32.8 204 | 55 422 12.1 | 314 10.2 27.1| 210 58.9 37.7 | Mioplacidus 221 42.6 569 42.4
23] 220 10.3| 190 32.4 21.5| 70 437 11.7 | 329 13.0 27.1| 226 01.2 37.6
1800] 235 12.7 [ 205 32.0 N10 22.5 | 85 45.1 N14 11.3 | 344 15.8 S21 27.0 | 241 03.5 S 4 37.5 | Mirfak 309 00.4 N49 50.6
01] 250 15.2| 220 31.6 23.6 | 100 46.6 10.9 | 359 18.5 27.0 | 256 05.8 37.5 | Nunki 76 14.9 S26 18.0
02| 265 17.6| 235 31.2 24.7 | 115 48.1 10.5| 14 21.3 27.0| 271 08.1 37.4 | Peacock 53 40.4 S56 44.7
03] 280 20.1| 250 30.8 - - 258130 495 -+ 10.0| 29 241 - - 269|286 10.4 - - 37.3 |Pollux 243 44.6 N28 02.2
04] 295 22.6| 265 30.4 26.8 | 145 51.0 09.6| 44 269 26.9 | 301 12.7 37.3 | Procyon 245 141 N 5 14.0
05| 310 25.0 280 29.9 27.9 | 160 52.5 09.2]| 59 29.6 26.9 | 316 15.0 37.2
06f 325 27.5( 295 29.5 N10 29.0 | 175 53.9 N14 08.8 | 74 32.4 S21 26.8 | 331 17.2 S 4 37.1 |Rasolhague 96 18.8 N12 33.8
07] 340 30.0| 310 29.1 30.0 | 190 55.4 08.4| 89 35.2 26.8 | 346 19.5 37.1 | Regulus 207 58.0 N11 59.3
T 08| 355 32.4| 325 28.7 31.1 | 205 56.9 07.9 | 104 38.0 26.8 1218 37.0 |Rigel 281 255 S 8 12.6
H 09] 10 34.9)340 28.3 - - 322|220 583 - - 07.5|119 40.8 - - 267 | 16 24.1 - - 36.9 |Rigil Kent. 140 09.6 S60 49.0
U 10| 25 37.4| 355 27.9 33.3 | 235 59.8 07.1 | 134 435 26.7| 31 264 36.9 | Sabik 102 27.8 515 43.1
R 11| 40 39.8| 10 27.4 34.3 | 251 01.2 06.7 | 149 46.3 26.6 | 46 28.7 36.8
S 12| 55 42.3| 25 27.0 N10 35.4 | 266 02.7 N14 06.3 | 164 49.1 521 26.6 | 61 31.0 S 4 36.8 | Schedar 349 56.4 N56 30.5
D 13| 70 44.8| 40 26.6 36.5 | 281 04.2 05.8 | 179 51.9 26.6| 76 333 36.7 | Shaula 96 40.0 S37 05.9
A 14| 85 47.2| 55 26.2 37.5| 296 05.6 05.4 | 194 54.7 26.5| 91 356 36.6 | Sirius 258 459 S16 42.8
Y 15| 100 49.7| 70 25.8 - - 386|311 07.1 -- 050|209 57.4 - - 265|106 37.8 - - 366 Spica 158 45.3 S11 08.4
16| 115 52.1| 85 25.3 39.7 | 326 0B.6 04.6 | 225 00.2 26.5[ 121 40.1 36.5 | Suhail 223 02.5 543 25.2
17| 130 54.6| 100 24.9 40.7 | 341 10.0 04.2 | 240 03.0 26.4 | 136 42.4 36.4
18] 145 57.1| 115 24.5 N10 41.8 | 356 11.5 N14 03.7 | 255 05.8 S21 26.4 | 151 44.7 S 4 36.4 |Vega 80 47.8 N38B 46.7
19| 160 59.5| 130 24.1 429 11 129 03.3 | 270 08.6 26.4 | 166 47.0 36.3 |Zuben'ubi 137 20.2 S16 01.4
20| 176 02.0| 145 236 44.0| 26 14.4 02.9 | 285 11.3 26.3 | 181 49.3 36.2 SHA.  Mer. Poss.
211 191 04.5( 160 23.2 - - 45.0| 41 159 -- 025|300 14.1 - - 263|196 516 - - 36.2 5y hom
22| 206 06.9| 175 22.8 46.1| 56 17.3 02.0 | 315 16.9 26.2 | 211 53.9 36.1 | Venus 331 283 10 17
23| 221 09.4| 190 22.4 47.2| 71 18.8 01.6 | 330 19.7 26.2 | 226 56.2 36.0 | Mars 210 56.3 18 18
hom Jupiter 108 55.5 1 07
Mer. Poss. 8 21.7 v—04 d 11 v 15 d 04 v 28 d 00 v 23 d 01 |Saturn 5551 758

Figure 2005.

Left hand daily page of tNautical Almanador May 17, 1995.
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316 SIGHT REDUCTION

h. (computed) 4708.2' Next, determine the sun’s GHA and declination.
ho 47° 13.6' Again, this process is similar to the star sights reduced
a (intercept) 5.4 towards above. Notice, however, that SHA, a quantity unique to star
Z 018.9 sight reduction, is not used in sun sight reduction.
Z, 018.9 Date June 16, 1994
DR Latitude N30 00.0'
2006. Reducing A Sun Sight DR Longitude W04500.0'
Observation Time 05-15-23
The example below points out the similarities betweernWatch Error 0
reducing a sun sight and reducing a star sight. It also denZone Time 05-15-23
onstrates the additional corrections required for low altitudeZone Description +03
(<10°) sights and sights taken during non-standard tempeiGMT 08-15-23
ature and pressure conditions. Date GMT June 16, 1994
On June 16, 1994, at 05-15-23 local time, at DR posi-Tab GHA /v 299 51.3'/ n.a.
tion L 30°N A 45°W, a navigator takes a sight of the sun’s GHA Increment 350.8'
upper limb. The navigator has a height of eye of 18 feet, th&HA orv correction not applicable
temperature is 88F, and the atmospheric pressure is 982GHA 30342.1"
mb. The sextant altitude i 20.2'. There is no index error. Assumed Longitude 242.1' W
Determine the observed altitude. See Figure 2007. LHA 259°
Body Sun UL Tab Declination A N23° 20.5'/ +0.1'
Index Correction 0 d Correction 0.0
Dip Correction (18 ft) -4.1' True Declination N2320.5'
Sum -4.1' Assumed Latitude N30Q(same)
hg 3°20.2'
h, 3°16.1 Determining the sun’s GHA is less complicated than
Altitude Correction -29.4' determining a star's GHA. ThBlautical Almanac’sdaily
Additional Correction +1.4' pages list the sun’s GHA in hourly increments. In this case,
Horizontal Parallax 0 the sun’s GHA at 0800 GMT on June 16, 1994 is 299.3'.
Correction to g -28.0' Thev correction is not applicable for a sun sight; therefore,
ho 2°48.1' applying the increment correction yields the sun’s GHA. In
this case, the GHA is 3032.1".
Apply the index and dip corrections tq to obtain R, Determining the sun’s LHA is similar to determining

Because fis less than 19 use the special altitude correction a star’'s LHA. In determining the sun’s declination, how-
table for sights betweerf@nd 10 located on the rightinside ever, an additional correction not encountered in the star
front page of th&lautical Almanac sight, thed correction, must be considered. The bottom of
Enter the table with the apparent altitude, the limb ofthe sun column on the daily pages of tNautical Alma-
the sun used for the sight, and the period of the year. Intemaclists thed value. This is an interpolation factor for the
polation for the apparent altitude is not required. In thissun’s declination. The sign of thekfactor is not given; it
case, the table yields a correction of -29.4". The correction’smust be determined by noting from tdmanacif the
algebraic sign is found at the head of each group of entriesun’s declination is increasing or decreasing throughout
and at every change of sign. the day. Ifitis increasing, the factor is positive; if it is de-
The additional correction is required because of thecreasing, the factor is negative. In the above problem, the
non-standard temperature and atmospheric pressure undem’s declination is increasing throughout the day. There-
which the sight was taken. The correction for these nonfore, thed factor is +0.1.

standard conditions is found in tiaditional Corrections Having obtained the factor, enter the 15 minute in-
table located on page A4 in the front of thidautical crementand correction table. Under the column labeled “
Almanac or d corm,” find the value ford in the left hand column.

First, enter theAdditional Correctiongable with the  The corresponding number in the right hand column is the
temperature and pressure to determine the correct zone leerrection; apply it to the tabulated declination. In this
ter: in this case, zone L. Then, locate the correction in the lcase, the correction corresponding td walue of +0.1 is
column corresponding to the apparent altitude ©i8.1". 0.0
Interpolate between the table arguments ©08.0' and 3 The final step will be to determine.fand Z,. Enter the
30.0'to determine the additional correction: +1.4'. The totaBight Reduction Tablesith an LHA of 259, a declination
correction to the apparent altitude is the sum of the altitudef N23* 20.5', and an assumed latitude off80
and additional corrections: -28.0". This results in groh  Declination Increment / + ord 20.5'/+31.5
2°48.1'. Tabulated Altitude 228.8'



SIGHT REDUCTION 317
1994 JUNE 15, 16, 17 (WED., THURS., FRL)
utr | ARIES | VENUS —4.0| MARS +1.2| JUPITER —2.3|SATURN +1.0 STARS
(GMT)
& N G.H.A G.H.A. Dec G.H.A, Dec. G.H.A. Dec. G.H.A. Dec. Name S.H.A. Dec.
] . o ' L] ' e ’ o ' o ’ o ’ L] ’ ] ' e ’ L] ’
1500f 263 03.0 [ 140 48.0 K22 09.1 | 218 59.0 N16 08.6 | 49 42.0 512 03.8 | 278 39.3 S 8 31.9 | Acamar 315 29.5 S40 19.5
01| 278 05.4| 155 47.4 08.5 | 233 59.7 09.1( 64 44.6 03.8]293 417 31.9 | Achernar 335 37.6 S57 156
02| 293 07.9| 170 46.7 07.9 | 249 00.3 09.7| 79 47.2 03.7 | 308 44.1 31.9 | Acrux 173 25.1 S63 04.5
03| 308 10.4| 185 46.1 - - 07.3 | 264 01.0 -+ 10.2| 94 49,7 - - 03.7 | 323 46.6 - - 31.9 |Adhara 255 24.1 528 58.0
04] 323 12.8 | 200 45.5 06.7 | 279 0l.6 10.8 | 109 52.3 03.7 | 338 49.0 31.9 | Aldebaran 291 06.1 N1lé 29.8
05] 338 15.3| 215 448 06.0 | 294 02.2 11.3 | 124 549 03.6 | 353 51.4 319
06| 353 17.8| 230 44.2 N22 05.4 | 309 02.9 N16 11.9 | 139 57.5 S12 03.6 8 53.9 S 8 31.9 |Alioth 166 33.0 N55 59.6
w 07| 8 20.2]245 436 04.8 | 324 03.5 12.4 | 155 00.1 03.6| 23 563 31.9 | Alkaid 153 09.8 N49 20.6
E 08] 23 22.7| 260 429 04.2 | 339 04.2 13.0 | 170 02.7 035| 38 587 31.9 | Al No'ir 28 01.4 S46 58.9
D 09| 38 25.2)| 275423 -- 03.5|354 048 - - 135|185 05.3 -- 03.5| 54 01.1 - - 31.9 |Alnilom 276 01.2 S 1 12.4
N 10| 53 27.6| 290 41.7 029| 9 055 14.0 | 200 07.9 03.5| 9 03.6 31.9 | Alphard 218 10.3 S 8 38.3
E 11| 8 30.1]305 41.0 02.3| 24 06.1 14.6 | 215 10.4 03.4| 84 06.0 319
S 12| 83 32.6| 320 40.4 N22 01.6 | 39 06.8 N16 15.1 | 230 13.0 S12 03.4| 99 08.4 S B 31.9 | Alphecca 126 22.7 N26 44.1
D 13| 98 35.0] 335 39.8 01.0| 54 07.4 15.7 | 245 15.6 .03.4 | 114 10.9 31.9 |Alpheratz 357 58.3 N29 03.5
A 14] 113 37.5)350 39.2 22 00.4| &9 08.1 16.2 | 260 18.2 03.3] 129 13.3 31.9 | Altair 62 21.8 N 8 51.3
Y 15{128 399| 5385 2159.7| B4 087 - - 16.8)275 208 - 03.3| 144 157 -+ 31.9 | Ankao 353 29.8 542 19.9
16| 143 42.4| 20 379 59.1| 99 09.4 17.3 | 290 234 03.3 | 159 18.2 31.9 | Antares 112 43.4 S26 25.2
17] 158 44.9| 35 37.3 58.5 | 114 10.0 17.8 | 305 26.0 03.3 | 174 20.6 319
18| 173 47.3| 50 36.7 N21 57.8 | 129 10.7 Nlé 18.4 | 320 28.5 S12 03.2 | 189 23.0 S 8 31.9 | Arcturus 146 08.5 N19 12.7
19| 188 49.8| 65 36.0 57.2 | 144 11.3 18.9 [ 335 31.1 03.2 | 204 25.5 31.9 | Atria 107 57.4 569 01.1
20| 203 52.3| B0 35.4 56.6 | 159 12.0 19.5 | 350 33.7 03.2 | 219 27.9 31.9 | Avior 234 24.3 559 29.8
21§ 218 54.7| 95 348 - - 559|174 126 - 20.0| 5 363 -- 03.1]234 30.3 - - 31.9 |Bellatrix 278 47.6 N & 20.6
22 233 57.2] 110 3a.2 55.3 | 189 13.3 20.6 | 20 38.9 03.1 | 249 32.8 31.9 | Betelgeuse 271 17.0 N 7 24.3
BJ 248 59.7] 125 33.5 54.6 | 204 13.9 211 35415 03.1 | 264 35.2 31.9
1600] 264 02.1| 140 32.9 N21 54.0 | 219 14.6 N16 21.6 | 50 44.1 512 03.0 [ 279 37.6 S B 31.9 | Conopus 264 03.0 552 41.7
01} 279 04.6| 155 32.3 53.4 | 234 15.2 22.2| ©5 46.6 03.0 | 294 40.1 319 | Copelia 280 56.0 N45 59.5
02} 294 07.1| 170 31.7 52.7 | 249 15.9 22.7| 80 49.2 03.0 | 309 42.5 31.9 | Deneb 49 40.8 N45 15.6
03] 309 09.5| 185 31.1 - - 521|264 16.5 - - 23.2| 95 51.8 -+ 03.0 | 324 44.9 - - 31.9 |Denebola 182 48.1 N14 36.2
04| 324 12.0] 200 30.4 51.4 | 279 17.2 23.8 | 110 54.4 02.9 | 339 47.4 31.9 | Diphda 349 10.3 518 00.9
05| 339 14.4| 215 29.8 50.8 | 294 17.8 24.3 | 125 57.0 02.9 | 354 49.8 31.8
06| 354 16.9| 230 29.2 N21 50.1 | 309 18.5 N16 24.9 | 140 59.5 S12 02.9 9 52.2 S B 31.8 | Dubhe 194 09.2 N61 47.0
07| 9 19.4| 245 286 49.5 | 324 19.1 25.4 | 156 02.1 02.8| 24 54.7 31.8 | Elnath 278 31.0 N28 36.1
T 081 24 21.8) 260 28.0 48.8 | 339 19.8 259 ] 171 04.7 02.8| 39 571 31.8 | Eltanin 90 52.2 N51 29.4
H 09] 39 24.3|275 274 -+ 4B.2 | 354 20.4 - - 265|186 073 - - 02.8| 54 59.5 - - 31.8 |Enif 34 009 N 9 51.0
U 10| 54 26.8] 290 26.8 475| 9211 27.0 | 201 09.9 02.7| 70 02.0 31.8 | Fomalhaut 15 39.6 529 38.8
R 11| 69 29.2| 305 26.1 469 | 24 217 27.6 | 216 125 02.7| 85 04.4 31.8
S 12| 84 31.7| 320 25.5 N21 46.2 | 39 22.3 N16 28.1 [ 231 15.0 S12 02.7 | 100 06.8 S 8 31.8 | Gacrux 172 16.6 557 05.3
D 13| 99 34.2] 335 249 456 | 54 23.0 28.6 | 246 17.6 02.7 | 115 09.3 31.8 | Gienah 176 06.9 517 30.9
A 14] 114 36.6| 350 24.3 449 | 69 23.6 29.2 | 261 20.2 02.6 | 130 11.7 31.8 | Hadar 149 07.7 S60 21.1
Y 151129 39.1| 5237 -- 44.3| 84 243 - - 29.7| 276 22.8 - - 02.6| 145 14.1 - - 31.8 |Hamal 328 17.1 N23 26.1
16| 144 41.5| 20 23.1 43.6 | 99 24.9 30.2 | 291 25.3 02.6 | 160 16.6 31.8 |Kaus Aust. 84 02.3 534 23.1
17] 159 44.0| 35 22.5 429 | 114 25.6 30.8 | 306 27.9 02.5 | 175 19.0 31.8
18] 174 46.5] 50 21.9 N21 42.3] 129 26.2 N1b 31.3 | 321 30.5 S12 02.5| 190 21.4 S B 31.8 | Kochab 137 18.6 N74 10.9
19] 189 48.9| &5 21.3 41.6 | 144 269 31.8 | 336 33.1 02.5| 205 23.9 31.8 | Markab 13 52.4 N15 10.5
20| 204 51.4| B8O 20.6 41.0 | 159 27.5 32.4 | 351 35.7 02.5 | 220 26.3 31.8 | Menkar 314 30.2 N 4 04.1
21} 219 53.9| 95 20.0 - - 40.3|174 28.2 -+ 329 6 38.2 -+ 02.4| 235 28.7 -+ 31.8 | Menkent 148 24.1 S36 20.8
22| 234 56.3| 110 19.4 39.6 | 189 28.8 33.4| 21 40.8 02.4 | 250 31.2 31.8 | Mioplacidus 221 43.2 S69 42.1
23] 249 58.8] 125 18.8 39.0 | 204 29.5 34.0] 36434 02.4 | 265 33.6 31.8
17 00f 265 01.3| 140 18.2 N21 38.3 | 219 30.1 N16 34.5 | 51 46.0 512 02.4 | 280 36.0 S 8 31.8 | Mirfak 309 01.2 N49 50.3
01} 280 03.7] 155 17.6 37.6 | 234 30.8 35.0| &6 48.5 02.3 | 295 38.5 31.8 | Nunki 76 15.6 S26 18.1
02] 295 06.2| 170 17.0 37.0 | 249 31.4 356 81 51.1 02.3 | 310 40.9 31.8 | Peacock 53 41.1 556 44.9
03] 310 08.7| 185 16.4 - - 363 | 264 32.1 - - 36.1| 96 53.7 -+ 02.3| 325 43.4 - - 31.8 | Pollux 243 45.4 N28 02.3
04} 325 11.1{ 200 15.8 35.6 | 279 32.7 36.6 | 111 563 02.2 | 340 45.8 31.8 | Procyon 245 149 N 5 14.2
05] 340 13.6 215 15.2 35.0 | 294 33.3 37.2 | 126 58.8 02.2 | 355 48.2 318
06| 355 16.0 | 230 14.6 N21 34.3 | 309 34.0 N16 37.7 | 142 01.4 512 02.2| 10 50.7 S 8 31.8 |Rosalhogue 96 19.3 N12 33.9
07| 10 1B.5| 245 14.0 33.6 | 324 34.6 38.2 | 157 04.0 02.2| 25531 31.8 |Regulus 207 58.8 N11 59.6
08| 25 21.0| 260 13.4 32.9 | 339 35.3 38.8 | 172 06.6 02.1| 40 55.5 31.8 |Rigel 281 26.1 58 126
F 09] 40 234|275 12.8 -- 323|354 359 -+ 39.3|187 09.1 -- 02.1| 5558.0 - - 31.8 |Rigil Kent. 140 10.7 S60 48.9
R 10| 55 259|290 12.2 36| 9 366 39.8 | 202 11.7 02.1| 71 00.4 31.8 | Sabik 102 28.5 S15 43.0
I 11} 70 28.4]305 116 309 | 24 37.2 40.4 | 217 14.3 02.1] 86 02.9 318
D 12| 85 30.8]320 11.0 N21 30.2 | 39 37.9 N16 40.9 | 232 16.9 S12 02.0 | 101 05.3 S 8 31.8 | Schedar 349 56.9 N56 30.2
A 13| 100 33.3] 335 10.4 29.6 | 54 385 414 | 247 19.4 02.0 | 116 07.7 31.8 | Shaula 96 40.8 537 05.9
Y 14{ 115 35.8| 350 09.8 289 ( &9 39.2 419 | 262 22.0 02.01 131 10.2 31.8 | Sirius 258 46.6 Sl6 426
15| 130 38.2| 509.2 -- 2B.2| 84 39.8 - - 425|277 246 - - 02.0| 146 12.6 - - 31.8 | Spica 158 46.1 S11 08.1
16] 145 40.7| 20 0B.6 27.5( 99 40.5 43,0292 27.1 01.9 | 161 15.1 31.8 | Suhail 223 03.2 543 249
17] 160 43.2| 35 08.0 26.8 | 114 41.1 435 | 307 29.7 019 | 176 17.5 31.8
18] 175 45.6| 50 07.4 N21 26.2 | 129 41.7 N16 44.1 | 322 32.3 S12 01.9 | 191 19.9 S 8 31.8 | Vego B0 48.2 N38 46.8
19] 190 48.1| 65 06.8 25.5 | 144 42.4 44.6 | 337 349 01.9 | 206 22.4 31.8 | Zuben'ubi 137 20.9 Slé 01.2
20] 205 50.5| B0 06.2 24.8 | 159 43.0 45.1 | 352 37.4 01.8 | 221 24.8 31.8 SHA. Mer, Pam,
21} 220 53.0) 95056 - - 2411174 437 -- 456 7 40.0 -- 01.8)236 273 -- 318 o iiF hom
22| 235 55.5| 110 05.1 23.4 (189 44.3 46.2 | 22 426 01.8 | 251 29.7 31.8 | Venus 236 30.8 14 38
23] 250 57.9] 125 04.5 22.7 | 204 45.0 46.7 | 37 45.1 01.8 | 266 32.1 31.8 | Mars 315 125 9 23
hom Jupiter 146 419 20 34
Mer. Pass. & 228B| v-0e6 d 07 v 06 d 05 v 26 d 00 v 24 d 0.0|Saturn 15 355 521
Figure 2006. Left hand daily page of tNautical Almanador June 16, 1994.
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Correction (+ or -) +10.8' tor of 58.4. Interpolating between 58.2 and 58.5 yields a
Computed Altitude (§ 2° 39.6' value of +4.0' for the horizontal parallax correction.
Observed Altitude (}) 2°48.1 The final correction is a constant -30.0' correctiontajbr
Intercept 8.5 NM (towards) plied only to sights of the moon’s upper limb. This correction is
Z 064.7 always negative; apply it only to sights of the moon’s upper
Z, 064.7 limb, not its lower limb. The total correction tg Is the sum of

all the corrections; in this case, this total correction is +34.5
2007. Reducing A Moon Sight minutes.

To obtain the moon’s GHA, enter the daily pages in the
The moon is easy to identify and is often visible duringmoon column and extract the applicable data just as for a star
the day. However, the moon’s proximity to the earth require®r sun sight. Determining the moon’s GHA requires an addi-
applying additional corrections tg o obtain ly. This section  tional correction, the correction.
will cover moon sight reduction.

At 10-00-00 GMT, June 16, 1994, the navigator obtains &HA moon and/ 245 45.1"' and +11.3
sight of the moon’s upper limb. 4is 26° 06.7'. Height of eye  GHA Increment 0 00.0’
is 18 feet; there is no index error. Determing the moon’s v Correction +0.1'
GHA, and the moon’s declination. See Figure 2007. GHA 245 45.2'
Body Moon (UL)
Index Correction 0.0’ First, record the GHA of the moon for 10-00-00 on
Dip (18 feet) -4.1' June 16, 1994, from the daily pages of thautical Alma-
Sum -4.1 nac Record also the correction factor; in this case, it is
Sextant Altitude (§ 26° 06.7' +11.3. Thev correction factor for the moon is always posi-
Apparent Altitude (B 26° 02.6' tive. The increment correction is, in this case, zero because
Altitude Correction +60.5' the sight was recorded on the even hour. To obtainvthe
Additional Correction 0.0 correction, go to the tables of increments and corrections. In
Horizontal Parallax (58.4) +4.0' the 0 minute table in theor d correction columns, find the
Moon Upper Limb Correction -30.0' correction that corresponds towa 11.3. The table yields a
Correction to g +34.5' correction of +0.1". Adding this correction to the tabulated
Observed Altitude (}) 26° 37.1 GHA gives the final GHA as 24515.2".

Finding the moon’s declination is similar to finding the
This procedure demonstrates the extra corrections redeclination for the sun or stars. Go to the daily pages for
quired for obtaining f for a moon sight. Apply the index June 16, 1994; extract the moon’s declinationdifattor.
and dip corrections and in the same manner as for star and
sun sights. The altitude correction comes from tables locaffabulated Declinationd S 0C 13.7'/+12.1

ed on the inside back covers of thautical Almanac d Correction +0.1'
In this case, the apparent altitude wa$@8.6'. Enterthe  True Declination S 0013.8'

altitude correction table for the moon with the above appar-

ent altitude. Interpolation is not required. The correction is  The tabulated declination and thgactor come from
+60.5'. The additional correction in this case is not applicabl¢he Nautical Almanac’slaily pages. Record the declination
because the sight was taken under standard temperature artl d correction and go to the increment and correction
pressure conditions. pages to extract the proper correction for the gigéactor.

The horizontal parallax correction is unique to moonin this case, go to the correction page for O minutes. The
sights. The table for determining this HP correction is on thecorrection corresponding todfactor of +12.1 is +0.1. Itis
back inside cover of thBlautical AlmanacFirst, go to the important to extract the correction with the correct algebra-
daily page for June 16 at 10-00-00 GMT. In the column foric sign. Thed correction may be positive or negative
the moon, find the HP correction factor corresponding to 10depending on whether the moon’s declination is increasing
00-00. Its value is 58.4. Take this value to the HP correctioror decreasing in the interval covered by thiactor. In this
table on the inside back cover of thdmanac Notice that case, the moon’s declination at 10-00-00 GMT on 16 June
the HP correction columns line up vertically with the moonwas S 00 13.7'; at 11-00-00 on the same date the moon’s
altitude correction table columns. Find the HP correctiondeclination was S 0025.8'. Therefore, since the declina-
column directly under the altitude correction table headingion was increasing over this period, tlecorrection is
corresponding to the apparent altitude. Enter that columpositive. Do not determine the sign of this correction by
with the HP correction factor from the daily pages. The col-noting the trend in the factor. In other words, had the
umn has two sets of figures listed under “U” and “L” for factor for 11-00-00 been a value less than 12.1, that would
upper and lower limb, respectively. In this case, trace dowmot indicate that thel correction should be negative. Re-
the “U” column until it intersects with the HP correction fac- member that thel factor is analogous to an interpolation
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1994 JUNE 15, 16, 17 (WED., THURS., FRI)
Twilight L Moonrise
UN MOON Lat. Sunrise
GUT % Naut.  Civil 15 16 17 18
el G.H.A. Dec. G.H.A. v Dec d H.P. o nom h m h om - - -~ m nom hom
| . a ¥ FRI R A K = O o |0954|1150]1349] 1556
1500{179 55.6 N23 17.2[112 24.4 11.8 N 6 28.5 114 57.6 NT0| o= o o 1001|3149 | 1340 |15 36
01194 55.5 17.4|126 55.2 11.8 6 17.1 11.3 57.6 8| o o o 1006 [:148 |2333]1521
02|209 55.4 17.5|141 26.0 11.8 6 05.8 11.4 57.6 66| & = o |1011|:247|1326]1509
03|224 55.2 17.6|155 56.8 11.7 5 54.4 11.4 57.7 4| mw i 0133|104 |z2147 13211459
041239 55.1 17.7|170 27.5 11.8 5 43.0 11.5 57.7 62| m 0210 |10 18 | 21 46 | 1317 | 14 50
05|254 55.0 17.8|184 58.3 11.8 5 31.5 11.5 57.7 60| m 0052 | 0236|1020 |:146 1313|1443
06]269 54.8 N23 17.9/199 29.1 11.7 N 5 20.0 11.6 57.7| N 58| 0141|0256 |1023|1145|13 10| 14 37
w 07]284 54.7 18.0|213 59.8 11.8 5 08.4 11.5 57.8 56| 0211|0313 |1025|:145|1307 |14 31
E 08]299 54.6 18.1|228 306 11.7 4 56.9 11.7 57.8 54| 0048 | 0233|0327 1027 |:145]|13 04|14 26
D 09|314 54.4 18.2|243 01.3 11.8 4 452 11.6 57.8 5210133 |0251 0339|1029 |1144 1302|1421
N 10]329 54.3 183|257 32.1 11.7 4 33.6 11.7 57.8 50| 0200|0306 035010303144 1300|1417
E 11|344 542 18.5/272 02.8 11.7 4 21.9 11.7 57.9 4510246 | 0335 |04 13 | 1034 | 2144|1255 | 14 08
S 121359 54.0 N23 18.6/286 33.5 11.7 N 4 10.2 11.8 57.9| N40| 03 16 [ 0358 |04 31 | 1037 [ 1143 [1251 |14 01
D 13| 14 539 18.7|301 04.2 11.7 3 58.4 11.7 579 35| 0339 |04 16 |04 46 | 1039 [ 1143 |12 48 | 13 54
A 14| 29 538 18.8]|315 349 11.7 3 46.7 11.8 579 30| 0358 | 0431 0459|1042 (1142|1245 |13 49
Y 15| a4 536 18.9]/330 05.6 11.7 3 34.9 11.9 58.0 20|04 27 |04 56 | 05 20 | 10 45 | 11 42 | 12 40 | 13 39
16| 59 53.5 19.0(344 363 116 3 23.0 11.8 58.0| N 10|04 49 | 05 16 [ 0539 | 10 49 | 11 41 | 12 35 | 13 31
17| 74 53.4 19.1359 06.9 11.6 3 11.2 11.9 58.0 0Jlo508 |0534 | 0557|1052 |:141 12311323
18| 89 53.2 N23 19.2] 13 375 11.7 N 2 59.3 11.9 58.0] S10| 0525 [ 0551 |06 14 | 10 55 | 11 40 | 12 27 | 13 16
19104 53.1 19.3| 28 08.2 11.6 2 47.4 12.0 58.1 20| 0541 |06 09 | 0633 | 1059 |11 40 |12 23 | 13 07
201119 s3.0 19.4| 42 38.8 11.6 2 354 11.9 58.1 30| 0558 | 0628 | 0654 | 1103|1140 | 1218 |12 58
21|134 52.8 19.5| 57 09.4 11.5 2 23.5 12.0 58.1 35| 0606 | 0638 |07 06 | 1105|1139 1215|1253
22|149 s52.7 19.6] 71 39.9 116 2 11.5 12.0 58.1 40| 06 16 | 06 50 | 07 20 [ 11 07 | 11 39 | 12 12 | 12 47
23| 164 52.6 19.7| 86 10.5 11.5 1 59.5 12.0 58.2 45|06 26 |07 03 |07 37 [11 10 |1139 (1208 |12 40
1600/179 52.4 N23 19.8/100 41.0 11.5 N 1 47.5 12.1 58.2]| S50 06 38 | 07 19 | 07 58 | 11 14 | 11 38 | 12 04 | 12 32
01194 52.3 19.9/115 11.5 11.5 1 35.4 12.0 58.2 52| 0643 |07 27 (0808 1115 (1138|1202 |12 28
02]209 52.2 20.0/129 42.0 11.5 1 23.4 12.1 58.2 54| 0649 | 0735|0819 [1117 [1138 (1200 |12 24
03|224 52.0 .. 20.1J144 12,5 115 1 11.3 12.1 58.3 56| 0655|0744 [0831|1119 (1138|1158 | 1219
04{239 51.9 201|158 43.0 114 0 59.2 12.1 58.3 58| 0702 |0754 [0846 1121|1138 | 1155|1214
05| 254 51.7 20.2|173 134 114 0 47.1 12.1 583 S60|07 09 |08 06 | 09 03 | 11 24 | 11 37 |11 52 | 12 09
06(269 51.6 N23 20.3|187 43.8 11.4 N 0 35.0 12.2 58.3 ™
07|284 515 204[202 142 113 02258 121 84| 1or | sumser | . O™ e
T 08{299 51.3 20.5{216 44.5 113 N 0 10.7 12.2 584 | " Cvil Nout. | 15 16 17 18
H 09]314 51.2 20.6/231 14.8 11.3 S 0 01.5 12.2 58.4
U 10{329 51.1 20.7|245 45.1 113 0 13.7 12.1 58.4 ol nm|l n ]l v - =] -]l ] N
R 11]344 50.9 20.8|260 15.4 11.2 0 258 122 585| N72| O (= O | 2338|2325 |2312| 2254
512|359 s50.8 N23 20.9|274 456 11.3 S0 38.0 12.2 585| N70| o o O | 2335|2329 |2323 2316
D 13| 14 50.7 21.00289 159 11.1 0 50.2 12.2 585 8| o o=} =1 23 34 | 2333 |23 32|23 32
¢ 14] 29 50.5 21.1/303 46.0 11.2 1 02.4 12.2 58.5 6| o ] O |2332|2336 2340|2346
15| 44 50.4 21.1|318 16.2 11.1 1 14.6 12.2 58.6 642229 | i 2331|2338 | 2347|2357
16 59 50.3 21.2|332 46.3 11.1 1 26.8 12.3 5B.6 62| 2152 | ] 2329 | 2340 | 23 52 | 24 07
17| 74 s0.1 21.3|347 16.4 11.0 1 39.1 12.2 5B.6 602126 |23 10 | 2328 | 2342 | 2357 |24 15
18] 89 50.0 N23 21.4| 1 46.4 110 S151.3 122 586| N5B| 2105 | 2221 | m 2327 | 23 44 | 24 02 | 00 02
190104 49.9 21.5| 16 16.4 11.0 2 03.5 12.2 58.7 56| 2049 | 21 51 " 2326 | 2345 | 24 06 | 00 06
20{119 49.7 21.6| 30 46.4 10.9 2 157 12.2 58.7 5412034 | 2129 [ 2315|2326 |23 47 | 24 09 | 00 09
21{134 49.6 21.6| 45 16.3 109 2 279 12.2 58.7 522022 | 2111|2229 |2325 (2348 |24 13| 0013
22{149 495 21.7| 59 46.2 10.9 2 40.1 12.2 58.7 50| 2011 | 2056 (2201|2324 2349|2415 | 0015
23| 164 49.3 21.8| 74 16.1 108 2 52.3 12.2 58.8 4511949 |20 26 |21 16 |23 23 |23 52 | 24 22 | 00 22
1700[179 49.2 N23 21.9| 88 459 10.8 S 3 04.5 12.2 58.8| N 40| 19 31 | 20 04 | 20 45 | 23 22 | 23 54 | 24 27 | 00 27
01f194 49.1 22.0/103 15.7 10.7 3 16.7 12.2 58.8 35|19 16 | 1945 | 20 22 | 23 21 | 23 55 | 24 32 | 00 32
02]209 48.9 22.0|117 454 107 3 28.9 12.2 58.8 30]1903 1930|2004 |2320|2357 |24 36 |0036
03|224 488 .. 22.1|132 15.1 10.7 3 41.1 12.2 58.9 2011841 | 1905|1935 |23 18 |24 00 | 0000 | 0O 43
04|239 48.6 22.2|146 448 106 3533 121 589| N10|18 22 | 1845 |19 12 | 23 17 | 24 02 | 00 02 | 00 50
05| 254 48.5 22.3|161 14.4 106 4 05.4 12.2 58.9 0|18 04 | 1827 | 1853 | 23 15|24 05 | 00 05 | 00 55
06269 48.4 N23 22.3[(175 44.0 105 S 4 17.6 12.1 589| S10| 1747 |18 10 |18 36 | 23 14 | 24 07 | 00 07 | 01 01
07| 284 48.2 22.4(190 13.5 10.5 4 29.7 12.1 59.0 20|17 28 | 1752 (1820 |23 :2 (2409 (0009 | O1 08
08| 299 48.1 22.5/204 43.0 104 4 41.8 12.1 59.0 3001707 | 1734 (1803 [23 10|23 12 (0012 | 01 15
F 09]|314 48.0 22.6(219 12.4 104 4 539 12.1 59.0 35|1655 | 1723 (1755|2309 |24 13 |00 13 | 01 19
R 10{329 47.8 22.6|233 41.8 10.3 5 06.0 12.1 59.0 40|1641 | 1711 |17 45 |23 08 |24 15|00 15 | 01 24
| 11|344 47.7 22.7|248 11.1 10.3 5 18.1 12.1 59.1 45|16 24 | 16 58 | 17 35 | 23 07 | 24 17 | 00 17 | O1 29
2 12359 47.6 N23 22.8(262 404 10.2 S5 30.2 12.0 59.1| S50| 16 03 | 1642 | 17 23 | 23 05 | 24 20 | 00 20 | 01 26
# 13| 14 47.4 22.9|277 09.6 10.2 5 42.2 12.0 59.1 5211553 | 1634 |17 18 [ 23 04 | 24 21 | 00 21 | 01 39
14| 29 47.3 22.9|291 38.8 10.1 5 54.2 12.0 59.1 5411542 | 16 26 |17 12 |23 04 | 24 22 | 00 22 | 01 42
15| 44 47.2 23.0/306 07.9 10.1 & 06.2 11.9 59.2 5611530 | 16 17 | 17 06 | 23 03 | 24 23 | 00 23 | 01 46
16] 59 47.0 23.1|320 37.0 10.0 & 18.1 12.0 59.2 5811515 | 1607 | 1659 |23 02 |24 25 [ 00 25 | 01 50
17| 74 469 23.1|335 06.0 10.0 6 30.1 11.9 59.2| S60| 1458 | 1555 | 16 52 | 23 00 |24 27 | 00 27 | 01 55
18| 89 46.8 N23 23.2|349 35.0 9.9 S & 42.0 11.9 59.2|
19108 466  233| 4039 99 6539 11.8 59.3 o MOON
20119 465 33| 18328 98 7 057 118 59.3| pay | EO® of Time f Mer Mor Pom el ionis
21|134 46.3 23.4| 33 016 9.7 7 17.5 11.8 59.3 00" 12" | Pass. | Upper Llower
22| 149 46.2 23.5| 47 30.3 9.7 7 29.3 11.8 59.3 woslom s of = = o e
23| 164 46.1 23.5| 61 59.0 96 7 41.1 11.7 59.4 15/ 00 17 | 00 24 | 12 00 | 17 04 | 04 39 |06
16|00 30 | 00 37 |12 01 |17 53 | 05 28 |07 O
s.0. 158 d 0.1] S.D. 15.8 15.9 16.1 17|00 43 | 00 49 | 12 01 | 18 <3 | 06 18 |08

Figure 2007. Right hand daily page of ti@utical Almanador June 16, 1994.
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factor; it provides a correction teclination. Therefore, the because the sight was taken at standard temperature and pres-
trend in declination values, not the trenddivalues, con-  sure; the horizontal parallax correction is not applicable to a
trols the sign of thed correction. Combine the tabulated planet sight. All that remains is the correction specific to Mars
declination and thd correction factor to determine the true or Venus. The altitude correction table in tRautical Alma-
declination. In this case, the moon’s true declination is Shacalso contains this correction. Its magnitude is a function of
00° 13.8' the body sighted (Mars or Venus), the time of year, and the
Having obtained the moon’s GHA and declination, calcu-body’s apparent altitude. Entering this table with the data for
late LHA and determine the assumed latitude. EnteSight  this problem yields a correction of +0.1". Applying these cor-
Reduction Tablevith the LHA, assumed latitude, and calculat- rections to jresults in an hiof 33 14.4".
ed declination. Calculate the intercept and azimuth in the same

manner used for star and sun sights. Tabulated GHA ¥ 256°10.6'/ 1.1
GHA Increment 1120.0'
2008. Reducing A Planet Sight v correction +0.8'
GHA 267°31.4'

There are four navigational planets: Venus, Mars, Ju-
piter, and Saturn. Reducing a planet sight is similar to  The only difference between determining the sun’s GHA
reducing a sun or star sight, but there are a few importardnd a planet's GHA lies in applying thesorrection. Calculate
differences. This section will cover the procedure for deterthis correction from the or d correction section of the Incre-
mining h, the GHA and the declination for a planet sight. ments and Correction table in tNautical Aimanac

On July 27, 1995, at 09-45-20 GMT, you take a sight Find thev factor at the bottom of the planets’ GHA col-
of Mars. H;is 33 20.5'. The height of eye is 25 feet, and the umns on the daily pages of tiautical AlmanacFor Mars
index correction is +0.2". Determing,/IGHA, and declina- on July 27, 1995, thefactor is 1.1. If no algebraic sign pre-

tion. See Figure 2008. cedes thev factor, add the resulting correction to the
tabulated GHA. Subtract the resulting correction only when

Body Mars a negative sign precedes thdactor. Entering they or d

Index Correction +0.2' correction table corresponding to 45 minutes yields a cor-

Dip Correction (25 feet) -4.9' rection of 0.8'. Remember, because no sign preceded the

Sum -4.7 factor on the daily pages, add this correction to the tabulat-

hg 33°20.5' ed GHA. The final GHA is 26'B1.4".

hy 33°15.8'

Altitude Correction -1.5 Tabulated Declinationd S0r06.1'/0.6

Additional Correction Not applicable d Correction +0.5'

Horizontal Parallax Not applicable True Declination S (’106.6'

Additional Correction for Mars +0.1'

Correction to g -1.4' Read the tabulated declination directly from the daily

ho 33144 pages of théNautical AlmanacThed correction factor is

listed at the bottom of the planet column; in this case, the

The table above demonstrates the similarity betweeffactor is 0.6. Note the trend in the declination values for the
reducing planet sights and reducing sights of the sun anplanet; if they are increasing during the day, the correction
stars. Calculate and apply the index and dip corrections exactor is positive. If the planet’'s declination is decreasing
actly as for any other sight. Take the resulting apparentluring the day, the correction factor is negative. Next, enter
altitude and enter the altitude correction table for the starghev or d correction table corresponding to 45 minutes and
and planets on the inside front cover of tiNautical extractthe correction forefactor of 0.6. The correction in
Almanac this case is +0.5".

In this case, the altitude correction for°33%.8' results in From this point, reducing a planet sight is exactly the
a correction of -1.5'. The additional correction is not applicablesame as reducing a sun sight.

MERIDIAN PASSAGE

This section covers determining both latitude and lon-triangle becomes a straight north/south line. No “solution” is
gitude at the meridian passage of the sun, or Local Apparemtecessary, except to combine the sun’s zenith distance and
Noon (LAN). Determining a vessel's latitude at LAN re- its declination according to the rules discussed below.
quires calculating the sun’s zenith distance and declination  Longitude at LAN is a function of the time elapsed since the
and combining them according to the rules discussed beloveun passed the Greenwich meridian. The navigator must deter-

Latitude at LAN is a special case of the navigational tri- mine the time of LAN and calculate the GHA of the sun at that
angle where the sun is on the observer's meridian and thiame. The following examples demonstrates these processes.
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1995 JULY 27, 28, 29 (THURS., FRI., SAT.)
ut | ARIES | VENUS —3.9| MARS <4 1.3| JUPITER —2.3|SATURN =10 STARS
(GMT)
4 W G.H.A. G.H.A. Dec. G.H.A. Dec. G.H.A, Dec. G.H.A. Dec. MName S.H.A. Dec.
2700] 304 12.4( 185 23.5 N21 31.7 | 121 00.7 S 1 00.4 | 60 23.8 520 36.7 | 308 27.9 5 4 15.6 | Acamar 315 28.7 S40 19.1
01] 319 14.9| 200 22.7 31.2 | 136 01.8 01.0| 75 26.3 36.7 | 323 30.4 15.7 | Achernar 335 36.7 S57 15.2
02] 334 17.3] 215 21.9 30.7 | 151 02.9 01.7| 90 28.8 36.7 | 338 330 15.7 | Acrux 173 24.6 S63 04.8
03u 349 19.8]230 21.1 -+ 30.2 ( 166 04.0 - - 02.3 | 105 31.3 - - 36.7 | 353 35.5 - - 15.2 | Adhara 255 23.4 S28 58.0
04 4 223|245 204 29.7 | 181 05.1 02.9 | 120 33.8 36.7 8 38.1 15.2 | Aldebaran 291 05.0 N1 29.9
05| 19 24.7 260 19.6 29.2 | 196 06.2 03.6 | 135 36.4 36.7| 23 406 15.5
06 34 27.2|275 18.8 N21 28.7 | 211 07.3 S 1 04.2 | 150 38.9 520 36.7 | 3B 43.1 S 2 15.9 | Alioth 166 32.7 N55 59.3
07| 49 29.7| 290 18.0 28.2 | 226 08.4 04.8 | 165 41.4 36.7| 53 45.7 15.9 | Alkaid 153 09.6 N49 20.4
T 0B8] o4 32.1] 305 17.2 27.7 | 241 09.5 05.4 | 180 43.9 36.7| 68 4B.2 16.0 | Al Na'ir 28 00.2 546 58.7
H 09] 79 34.6|320 164 - - 27.1| 256 10.6 - - 06.1 | 195 46.4 - - 36.7| 83 50.7 - - 16.0 | Alnilam 276 00.3 S1 123
U 10| 94 37.1| 335 15.6 26.6 | 271 11.7 06.7 | 210 48.9 36.7| 98 53.3 16.2 | Alphard 218 09.6 S 8 38.4
R 11| 109 39.5( 350 14.8 26.1 | 286 12.8 07.3 | 225 51.5 36.7 | 113 55.8 16.2
S 12| 124 42.0 5 14.0 N21 25.6| 301 13.9 S 1 08.0 | 240 54.0 520 36.7 | 128 58.4 S < 16.0 | Alphecca 126 22.3 N26 44.0
D 13| 139 4a.4| 20 13.2 25.1 | 316 15.0 08.6 | 255 56.5 36.7 | 144 00.9 16.2 | Alpheratz 357 57.2 N29 04.0
A 14| 154 46.9| 35 12.4 245|331 16.1 09.2 | 270 59.0 36.7 | 159 03.4 16.2 | Altair 62 21.0 N 8 51.6
Y 15169 49.4| 50 116 -+ 24.0 [ 346 17.2 - - 09.8| 286 01.5 - - 36.7 | 174 06.0 - - 16.3 | Ankaa 353 28.8 542 19.5
16) 184 51.8| 65 10.8 235 1 18.3 10.5 | 301 04.0 36.7 | 189 08.5 16.3 | Antares 112 42.5 S26 25.3
17| 199 54.3| 80 10.0 23.0| 16 19.4 11.1 | 316 06.6 36.7 | 204 11.1 16.4
18] 214 56.8| 95 09.2 N21 22.5| 31 20.6 S 1 11.7| 331 09.1 520 36.7 | 219 13.6 S 4 16.2 | Arcturus 146 08.0 N19 12.5
19{ 229 59.2] 110 08.4 219 | 46 217 12.4 ] 346 116 36.7 | 234 1b.1 16.4 | Atria 107 56.1 S&9 01.3
20| 245 01.7| 125 07.7 214 | 6l 22.8 13.0 1141 36.7 | 249 18.7 16.3 | Avior 234 24.1 S59 29.8
211 260 04.2 (140 069 - - 209 | 76 239 - - 136| 16 16.6 -+ 36.7| 264 21.2 - - 16.5 | Bellatrix 278 46.7 N & 20.7
22| 275 06.6| 155 06.1 20.3| 91 25.0 14.2 31 19.1 36.7 | 279 23.8 16.6 | Betelgeuse 271 1l6.1 N 7 24.3
23| 290 09.1] 170 05.3 19.8 | 106 26.1 149 | 46 216 36.7 | 294 26.3 16.6
2800f 305 11.6| 185 04.5 N21 19.3 | 121 27.2 S 1 15.5| 61 24.1 520 36.7 | 309 28.8 S < 16.7 | Canopus 264 02.6 552 416
01} 320 14.0| 200 03.7 18.8 | 136 28.3 16.1| 76 26.7 36.7 | 324 31.4 16.7 | Copella 280 54.7 N45 59.4
02] 335 16.5| 215 02.9 18.2 | 151 29.4 16.8| 91 29.2 36.7 | 339 339 16.8 | Deneb 49 40.1 N45 16.0
03| 350 18.9| 230 02.1 - - 17.7 | 166 30.5 -+ 17.4 [ 106 31.7 - - 36.7 | 354 36.5 - - 16.5 | Denebola 182 47.6 N14 35.9
04] 5 21.4)245 01.3 17.1 | 181 31.6 18.0 | 121 34.2 36.7 9 39.0 16.5 | Diphda 349 09.2 518 00.4
05| 20 23.9) 260 00.6 l6.6 | 196 32.7 18.6 | 136 36.7 36.7| 24 415 16.9
06 35 26.3| 274 59.8 N21 16.1 | 211 33.8 S 119.3| 151 39.2 20 36.7| 39 44.1 S 4 169 | Dubhe 194 08.7 N6l 46.6
07| 50 28.8| 289 59.0 15.5 | 226 34.9 19.9 | 166 41.7 36.7| 54 46.6 17.0 | Elnath 278 29.9 N28 36.1
08| &5 31.3| 304 58.2 15.0 | 241 36.0 20.5 | 181 44.2 36.7 | 69 49.2 17.0 | Eltanin 90 51.9 N51 29.7
F 09] 80 33.7|319 57.4 - - 14.5| 256 37.1 -+ 212|196 46.7 - - 36.7| 84 51.7 - - 17.2 | Enif 34 00.0 N 9 51.5
R 10| 95 36.2| 334 56.6 13.9 | 271 38.2 21.8 | 211 49.2 36.7| 99 54.3 17.2 | Fomalhout 15 38.5 S29 385
I 11] 110 38.7 349 55.8 13.4 | 286 39.3 22.4 | 226 51.8 36.7 | 114 56.8 17.2
0 121125 411| 4 551 N21 12.8)301 40.4 S 1 23.0 | 241 54.3 520 36.7 | 129 59.3 S & 17.2 | Gacrux 172 16.1 S57 05.6
A 13| 140 43.6| 19 54.3 12.3 | 316 41.5 23.7 | 256 56.8 36.7 | 145 01.9 17.2 | Gienah 176 06.3 517 31.1
Y 14{ 155 46.1| 34 535 11.7 | 331 42.6 243|271 59.3 36.7 | 160 04.4 17.2 | Hadar 149 07.0 Se0 21.3
15/ 170 48.5| 49 52.7 - - 11.2 | 346 43.6 -+ 249|287 01.8 - - 36.7| 175 07.0 - - 17.2 | Hamal 328 15.9 N23 26.4
16] 185 51.0| &4 51.9 10.6 1447 25.6 | 302 04.3 36.7 | 190 09.5 17.2 | Kous Aust. 84 01.3 S34 23.1
17| 200 53.4| 79 51.1 10.1| 16 45.8 26.2 | 317 06.8 36.7 | 205 12.1 17.4
18] 215 55.9| 94 50.4 N21 09.5| 31 46.9 S 1 26.8 | 332 09.3 520 36.7 | 220 14.6 S ¢ 17.5 | Kochab 137 19.4 N74 10.8
19] 230 58.4 | 109 49.6 09.0 | 46 48.0 27.5| 347 11.8 36.7 | 235 17.1 17.5 | Markab 13 51.5 N15 11.0
20| 246 00.8] 124 48.8 08.4 | 61 49.1 28.1 2 143 36.7 | 250 19.7 17.6 | Menkar 314 29.2 N 4 04.4
21] 261 03.3|139 48.0 - - 079 | 76 50.2 - - 28.7| 17 16.8 - - 36.7| 265 22.2 - - 17.6 | Menkent 148 23.4 S36 21.0
22| 276 05.8| 154 47.2 07.3| 91 51.3 293 32 19.3 36.7 | 280 24.8 17.6 | Mioplacidus 221 43.3 Se9 42.1
23] 291 08.2] 169 46.4 06.8 | 106 52.4 300 47 21.8 36.7 | 295 27.3 17.7
2900] 306 10.7 [ 184 45.7 N21 06.2 | 121 53.5 S 1 30.6 | 62 24.3 520 36.8 | 310 29.9 S < 17.7 | Mirfak 308 59.8 N49 50.5
01) 321 13.2| 199 449 05.7 | 136 54.6 312 77 26.8 36.8 | 325 32.4 17.6 | Nunki 76 14.6 526 18.0
02| 336 15.6| 214 44.1 05.1] 151 55.7 319 92 29.3 36.8 | 340 349 17.8 | Peacock 53 39.8 556 44.8
03] 351 18.1| 229 433 + - 04.5| 166 56.8 - - 32.5| 107 31.8 - - 36.8| 355 37.5 - - 17.9 | Pollux 243 44.5 N28 02.1
04 b 20.5( 244 425 04.0 | 181 57.9 331122 343 36.8| 10 40.0 17.9 | Procyen 245 14.1 N 5 14.1
05] 21 23.0) 259 41.8 03.4 ] 196 59.0 33.8 | 137 36.8 36.8| 25 426 18.0
06| 36 255|274 41.0 N21 02.9 | 212 00.1 S 1 34.4 | 152 39.3 S20 36.8 | 40 45.1 S # 18.0 | Rasalhague 96 18.7 N12 34.0
07| 51 27.9| 289 40.2 02.3 | 227 01.2 35.0 | 167 41.8 36.8| 55 47.7 18.1 | Regulus 207 58.1 N11 59.3
S 08| &6 30.4| 304 39.4 01.7 | 242 02.3 35.6 | 182 44.4 36.8| 70 50.2 18.1 | Rigel 281 25.2 S B 124
A 09] 81 329|319 38.7 -+ 012|257 03.4 - - 363|197 469 - - 36.8| 85 52.8 - - 18.1 |Rigil Kent. 140 10.0 Se0 49.2
T 10| 96 35.3| 334 37.9 00.6 | 272 04.5 36.9 | 212 49.4 36.8 | 100 55.3 18.2 | Sabik 102 27.7 S15 43.1
U 11] 111 37.8| 349 37.1 21 00.0 | 287 05.6 37.5| 227 519 36.8 | 115 57.9 18.2
R 12| 126 40.3| 4 36.3 N20 59.4 | 302 06.7 S 1 38.2 | 242 54.4 520 36.8 | 131 00.4 S & 18.2 | Schedor 349 55.6 N56 30.6
D 13] 141 42.7| 19 356 58.9 | 317 07.8 38.8 | 257 56.9 36.8 | 146 02.9 18.2 | Shaula 96 39.8 S37 06.0
A 14| 156 452 34 34.8 58.3 | 332 08.9 39.4 | 272 59.4 36.8 | 161 05.5 18.4 | Sirius 258 459 S16 42.6
Y 15171 47.7| 49 34.0 - - 57.7 347 10.0 - - 40.1|288 01.8 - - 36.8 | 176 08.0 - - 18.2 | Spica 158 45.5 S11 08.3
16{ 186 50.1| &4 332 57.2 2 11.0 40.7 1303 04.3 36.8 | 191 106 18.5 | Suhail 223 02.7 S43 25.0
17| 201 52.6| 79 32.5 56.6 | 17 12.1 41.3 | 318 06.8 36.8 | 206 13.1 18.5
18] 216 55.0| 94 31.7 N20 56.0 | 32 13.2 S 1 42.0| 333 09.3 S20 36.8 | 221 15.7 § 2 18.6 | Vego 80 47.7 N38 47.1
19| 231 57.5] 109 30.9 55.4 | 47 14.3 42.6 | 348 11.8 36.8 | 236 18.2 18.6 | Zuben'ubi 137 20.3 Sl6 01.4
20f 247 00.0] 124 30.1 54.9 | 62 15.4 432 3143 36.8 | 251 20.8 18.6 SHA  Mer Pois
21| 262 02.4|139 294 -- 543 77 165 - 438 18 16.8 - - 368|266 23.3 - - 187 LA b e
22] 277 04.9| 154 28.6 53.7| 92 17.6 445| 33 19.3 36.8 | 2B1 25.9 18.7 | Venus 239 529 11 40
23| 292 07.4 169 27.8 53.1 | 107 18.7 451 | 48 21.8 36.8 | 296 28.4 18.8 | Mors 176 15.6 15 53
b m Jupiter 116 126 19 51
Mer, Pass. 3 386 v-08 d 05 v 11 d o v 25 d oo v 25 d oc|Saturn 4173 3 22

Figure 2008. Left hand daily page of tRautical Almanador July 27, 1995.
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SIGHT REDUCTION

2009. Latitude At Meridian Passage

central meridian (as itis in this case), add this time to the time of
tabulated meridian passage. If the longitude difference is to the

At 1056 ZT, May 16, 1995, a vessel's DR position is L east of the central meridian, subtract this time from the tabulated

40° 04.3'N andh 157 18.5' W. The ship is on course 200

meridian passage. In this case, the DR position is west of the

at a speed of ten knots. (1) Calculate the first and second esentral meridian. Therefore, add 29 minutes and 32 seconds to
timates of Local Apparent Noon. (2) The navigator actuallyl156, the tabulated time of meridian passage. The estimated
observes LAN at 12-23-30 zone time. The sextant altituddéime of LAN is 12-25-32 ZT.

at LAN is 69 16.0'. The index correction is +2.1' and the

This first estimate for LAN does not take into account the

height of eye is 45 feet. Determine the vessel's latitude. vessel's movement. To calculate tecond estimatef LAN,

first determine the DR longitude for the time of first estimate of

Date 16 May 1995 LAN (12-25-32 ZT). In this case, that longitude would be 157
DR Latitude (1156 ZT) 3955.0' N 25.2'W. Then, calculate the difference between the longitude of
DR Longitude (1156 ZT) 15723.0' W the 12-25-32 DR position and the central meridian longitude.
Central Meridian 150w This would be 7 25.2'. Again, enter the arc to time conversion

d Longitude (arc) 723'W table and calculate the time difference corresponding to this lon-
d Longitude (time) +29 min. 32 sec gitude difference. The correction fot @f arc is 28’ of time, and
Meridian Passage (LMT) 1156 the correction for 25.2' of arc is 1'41" of time. Finally, apply this
ZT (first estimate) 12-25-32 time correction to the original tabulated time of meridian pas-
DR Longitude (12-25-32) 15725.2' sage (1156 ZT). The resulting time, 12-25-41 ZT, issbeond

d Longitude (arc) 725.2' estimateof LAN.

d Longitude (time) +29 min. 41 sec Solving for latitude requires that the navigator calculate
Meridian Passage 1156 two quantities: the sun’s declination and the sun’s zenith dis-
ZT (second estimate) 12-25-41 tance. First, calculate the sun’s true declination at LAN. The
ZT (actual transit) 12-23-30 local problem states that LAN is 12-28-30. (Determining the exact
Zone Description +10 time of LAN is covered in section 2010.) Enter the time of ob-
GMT 22-23-30 served LAN and add the correct zone description to determine
Date (GMT) 16 May 1995 GMT. Determine the sun’s declination in the same manner asin
Tabulated Declinationd N 1% 09.0'/ +0.6 the sight reduction problem in section 2006. In this case, the tab-
d correction +0.2' ulated declination was N 199.1', and the d correction +0.2'.
True Declination N 1909.2' The true declination, therefore, is N°119.3'.

Index Correction +2.1' Next, calculate zenith distance. Recall from Navigational
Dip (48 ft) -6.7' Astronomy that zenith distance is simply’9@bserved altitude.
Sum -4.6' Therefore, correctdto obtain I; then correct hto obtain k.

hg (at LAN) 69 16.0' Then, subtract hfrom 90 to determine the zenith distance.
h, 69° 11.4' Name the zenith distance North or South depending on the rela-
Altitude Correction +15.6' tive position of the observer and the sun’s declination. If the
89° 60’ 89 60.0' observer is to the north of the sun’s declination, name the zenith
ho 69° 27.0' distance north. Conversely, if the observer is to the south of the
Zenith Distance N 2033.0' sun’s declination, name the zenith distance south. In this case,
True Declination N 1909.2' the DR latitude is N 3955.0" and the sun’s declination is N°19
Latitude 39422 19.3'. The observer is to the north of the sun’s declination; there-

fore, name the zenith distance north. Next, compare the names

First, determine the time of meridian passage from the dailpf the zenith distance and the declination. If their names are the

pages of thdautical Almanacin this case, the meridian pas- same (i.e., both are north or both are south), add the two values
sage for May 16, 1995, is 1156. That is, the sun crosses ttiegether to obtain the latitude. This was the case in this problem.
central meridian of the time zone at 1156 ZT and the observerBoth the sun’s declination and zenith distance were north; there-
local meridian at 1156 local time. Next, determine the vessel'fore, the observer's latitude is the sum of the two.

DR longitude for the time of meridian passage. In this case, the  If the name of the body’s zenith distance is contrary to
vessel's 1156 DR longitude is 1523.0' W. Determine the time  the name of the sun’s declination, then subtract the smaller
zone in which this DR longitude falls and record the longitudeof the two quantities from the larger, carrying for the name
of that time zone’s central meridian. In this case, the central mesf the difference the name of the larger of the two quanti-
ridian is 150 W. Enter the Conversion of Arc to Time table in ties. The result is the observer’s latitude. The following
the Nautical Almanaavith the difference between the DR lon- examples illustrate this process.

gitude and the central meridian longitude. The conversiorffor 7Zenith Distance N 25 Zenith Distance S 50

of arc is 28" of time, and the conversion for 23' of arc 83 True Declination S 15  True Declination N10°

of time. Sum these two times. If the DR position is west of theLatitude N 10 Latitude S 40
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2010. Longitude At Meridian Passage curve at two different points. The x coordinates of the
points where these lines intersect the faired curve repre-
Determining a vessel’s longitude at LAN is straightfor- sent the two different times when the sun’s altitude was
ward. In the western hemisphere, the sun’s GHA at LANequal (one time when the sun was ascending; the other
equals the vessel’s longitude. In the eastern hemispheréme when the sun was descending). Draw three such
subtract the sun’s GHA from 38Qo determine longitude. lines, and ensure the lines have sufficient vertical sepa-
The difficult part lies in determining the precise moment ofration. For each line, average the two times where it
meridian passage. intersects the faired curve. Finally, average the three re-
Determining the time of meridian passage presents aulting times to obtain a final value for the time of LAN.
problem because the sun appears to hang for a finite timérom theNautical Almanacdetermine the sun’s GHA at
at its local maximum altitude. Therefore, noting the timethat time; this is your longitude in the western hemi-
of maximum sextant altitude is not sufficient for deter- sphere. In the eastern hemisphere, subtract the sun’s
mining the precise time of LAN. Two methods are GHA from 360 to determine longitude.
available to obtain LAN with a precision sufficient for The second method of determining LAN is similar to
determining longitude: (1) the graphical method and (2)the first. Estimate the time of LAN as discussed above,
the calculation method. The graphical method is dis-Measure and record the sun’s altitude as the sun ap-
cussed first below. proaches its maximum altitude. As the sun begins to
See Figure 2010. Approximately 30 minutes before thelescend, set the sextant to correspond to the altitude re-
estimated time of LAN, measure and record sextant alticorded just before the sun’s reaching its maximum
tudes and their corresponding times. Continue taking sightaltitude. Note the time when the sun is again at that alti-
for about 30 minutes after the sun has descended from thede. Average the two times. Repeat this procedure with
maximum recorded altitude. Increase the sighting frequentwo other altitudes recorded before LAN, each time pre-
cy near the predicted meridian passage. One sight every 28etting the sextant to those altitudes and recording the
30 seconds should yield good results near meridian pagorresponding times that the sun, now on its descent,
sage; less frequent sights are required before and after. passes through those altitudes. Average these corre-
Plot the resulting data on a graph of sextant altitudesponding times. Take a final average among the three
versus time. Fair a curve through the plotted data. Nextaveraged times; the result will be the time of meridian
draw a series of horizontal lines across the curve formegassage. Determine the vessel’'s longitude by determin-
by the data points. These lines will intersect the faireding the sun’'s GHA at the exact time of LAN.

t, + t
T, = 1 B
m 2
3 t,

SUNS TB = l2 + 15
MEASURED S T
ALTITUDE ts ts 2

o = W+l
t1 tﬁ 2
LAN = Ta+Teg +Tc
1 1 1 3
]

t; t> i, TIME 14 15 tg

Figure 2010. Time of LAN.
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LATITUDE BY POLARIS

2011. Latitude By Polaris LHA ° 162° 03.5'
Ap (162 03.5") +T? 25.4'

Since Polaris is always within about df the North  A; (L = 5C°N) +0.6'

Pole, the altitude of Polaris, with a few minor corrections,A, (April) +0.9'

equals the latitude of the observer. This relationship makeSum T 26.9'

Polaris an extremely important navigational star in theConstant -100.0'

northern hemisphere. Observed Altitude 4931.6'
The corrections are necessary because Polaris orbits Fotal Correction +26.9'

a small circle around the pole. When Polaris is at the exadtatitude N 49 58.5'

same altitude as the pole, the correction is zero. At two
points in its orbit it is in a direct line with the observer and Enter the Polaris table with the calculated LHA of Aries
the pole, either nearer than or beyond the pole. At thesél62 03.5"). See Figure 2011. The first correctior, /& a
points the corrections are maximum. The following exam-function solely of the LHA of Aries. Enter the table column
ple illustrates converting a Polaris sight to latitude. indicating the proper range of LHA of Aries; in this case, en-
ter the 160-169 column. The numbers on the left hand side

At 23-18-56 GMT, on April 21, 1994, at DR=37°  of the Ay correction table represent the whole degrees of
14.0' W, L =50 23.8' N, the observed altitude of Polaris LHA ”; interpolate to determine the propeporrection.
(ho) is 49 31.6'. Find the vessel’s latitude. In this case, LHASY® was 16203.5'. The 4 correction for

To solve this problem, use the equation: LHA =162°is 1° 25.4' and the fcorrection for LHA =163
is 1° 26.1". The A correction for 16203.5'is 2 25.4'.

To calculate the Acorrection, enter the £correction ta-
ble with the DR latitude, being careful to stay in the 1669
where hyis the sextant altitude ghcorrected as in any other LHA column. There is no need to interpolate here; simply
star sight; 2 is a constant; and & A4, and A; are correc-  choose the latitude that is closest to the vessel’'s DR latitude. In
tion factors from the Polaris tables found in theutical ~ this case, L is SIN. The A, correction corresponding to an
Almanac These three correction factors are always posiLHA range of 166-16% and a latitude of 50! is + 0.6".
tive. One needs the following information to enter the  Finally, to calculate the Acorrection factor, stay in the
tables: LHA of Aries, DR latitude, and the month of the 160°-169 LHA “f~ column and enter the Acorrection ta-

Latitude = h,—1° +A0 +A1 +A2

year. Therefore: ble. Follow the column down to the month of the year; in
this case, it is April. The correction for April is + 0.9'.
Tabulated GHA? (2300 hrs.) 1982.7' Sum the corrections, remembering that all three are al-
Increment (18-56) 444.8' ways positive. Subtract®lfrom the sum to determine the
GHA ©y° 199 17.5' total correction; then apply the resulting value to the ob-

DR Longitude (-W +E) 3714.0' served altitude of Polaris. This is the vessel's latitude.
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POLARIS (POLE STAR) TABLES, 1994
FOR DETERMINING LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH

325

LHA |120° - |130° - | 140° — | 150° = | 160° — | 170° — | 180° ~ | 190° — | 200° — | 210° - | 220° — | 230° -
ARIES | 129°| 139°| 149°| 159°| 169°| 179°| 189°| 199°| 209°| 219°| 220°| 239°
a, do as a, a, a, a, a, a, a, ay a,
0 |0 5391 o18|1 0971 172|1 241|1 303|1 355(1 396(1 425|1 441 (1 443 |1 432
I 54'7 026 10°4 17-9 248 309 360 400 42-7 442 443 430
2 555| o034 12| 186 254| 314 364| 403 429| 443| 42| 428
3 563 o042 120f 193( 261| 320| 369| 406| 431| 443| 441| 426
4 571 050 127 200 26-7 32'5 373 409|433 444 440 424
5 |0 5781 058 1 1351 207|1 27:3|1 3301 377|101 4121 435|1 4441 439|1 421
6 586| 0661 142| 214| 279| 335| 31| 45| 436| 444| 438| 419
7 |0 594 o073 Iso| 221 285 341 385( 418 438| 444| 437| 416
8 |1 oo2] ofr| 157| 228| 291| 346| 389 420 439| 444| 425 413
9 oro| o89| 164| 235| 207| 350| 393| 423| 440| 444| 434| 410
1o |1 oI'8|1 097(1 172{1 2411 303|1 3551 396[1 42:5(1 441|1 443|1 432|1 407
Lat. a, a, a, a, a, a; a, a, a, a, a, a,
(] 02 02 03 03 04 04 05 06 06 06 o6 06
1o 3 3 3 4 4 5 5 6 6 6 6 6
20 3 4 ‘4 ‘4 4 5 5 6 6 6 6 6
30 .4 4 ‘4 .5 ‘5 5 s 6 6 -6 .6 .6
40 05 05 0§ 05 05 06 06 06 06 o6 a-6 06
45 5 5 .5 6 .6 ‘6 .6 6 .6 .6 .6 .6
50 6 6 6 -6 6 -6 6 6 6 -6 6 6
60 -8 -8 7 7 7 7 -6 -6 -6 -6 6 6
62 08 08 0-8 o8 07 07 07 06 06 06 06 06
64 ‘9 ‘9 -8 -8 -8 7 7 6 6 6 -6 -6
66 09 09 ‘9 -8 -8 7 -7 6 6 -6 6 -6
68 1-0 10 09 09 o8 0-8 07 07 06 06 06 06
Month a, a, a a, a, a, a, a, a, a, a, a,
' ' ' ’ ’ r r ’ ’ ' r r
Jan. 06 06 06 05 05 05 04 04 04 04 04 04
Feb. -8 8 T 7 ‘6 6 5 5 4 4 4 3
Mar. 09 09 09 -8 -8 7 6 -6 ‘5 5 4 4
Apr. 10 10 10 09 09 o8 o8 07 07 06 05 ]
May 09 10 10 10 1-0 0'9 9 ‘9 -8 -8 i 6
June -8 09 09 09 09 1-0 ‘9 ‘9 ‘9 9 8 8
July 07 07 o8 08 o-8 09 09 09 09 09 09 09
Aug. S 'S 6 6 o 7 8 8 8 9 9 ‘9
Sept. 3 4 4 5 5 ‘6 6 7 77 2 -8 -8
Oct. 03 03 03 03 03 04 04 05 0’5 06 o6 07
Nﬂ“'- -2 -2 -2 -2 2 2 2 .3 3 .4 .5 -5
Dec. 03 02 02 02 o1 o1 o1 02 02 02 03 04
Lat. AZIMUTH
0 | 3592 | 3592 | 3593 | 3593 | 3594 | 3595 | 3596 | 3597 | 3598 | o0 o1 02
20 | 3592 | 3592 | 3592 | 359'3 | 3594 | 359'S | 3596 | 3597 | 3598 | oo 01 03
40 | 3590 | 3590 | 3591 | 359I | 359-2 | 359:3 | 359'5 | 3596 | 3598 | oo o1 03
50 | 3588 | 3588 | 3589 | 3590 | 359-1 | 3592 | 3594 | 3596 | 3598 | o0 02 04
55 | 3587 | 3587 | 3587 | 3588 | 3590 | 3591 | 359'3 | 359'5 | 3597 | oo o2 04
60 | 3585 | 3585 | 3586 | 3587 | 3588 | 3590 | 3592 | 359'5 | 3597 | o0 02 o5
65 | 3582 | 3582 | 3583 | 3584 | 3586 | 358-8 | 3501 | 3594 | 3596 | 3599 | 03 06

Figure 2011. Excerpt from the Polaris Tables.






