CHAPTER 20

SIGHT REDUCTION

BASIC PROCEDURES
2000. Computer Sight Reduction or on the Navigator of the Navy Web site at

The purely mathematical process of sight reduction ishttp://www.navigator.navy.mil/navigator/surface.html.
an ideal candidate for computerization, and a number of
different hand-held calculators and computer program@001. Tabular Sight Reduction
have been developed to relieve the tedium of working out
sights by tabular or mathematical methods. The civilian ~ The remainder of this chapter concentrates on sight re-
navigator can choose from a wide variety of hand-heldduction using theNautical Almanacand Pub. No. 229,
calculators and computer programs which require only th&ight Reduction Tables for Marine Navigatidrhe method
entry of the DR position, altitude and azimuth of the body,explained here is only one of many methods of reducing a
and GMT. Itis not even necessary to know the name of thaight. TheNautical Almanacontains directions for solving
body because the computer can figure out what it must bsights using its own concise sight reduction tables or calcu-
based on the entered data. Calculators and computelators, along with examples for the current year
provide more accurate solutions than tabular and Reducing a celestial sight to obtain a line of position
mathematical methods because they can be based on actualng the tables consists of six steps:
values rather than theoretical assumptions and do not have
inherent rounding errors. 1. Correct the sextant altitude (hs) to obtain observed
U.S. Naval navigators have access to a program called altitude (ho).
STELLA (System To Estimate Latitude and Longitude As- 2. Determine the body’s GHA and declination (dec.).
tronomically; do not confuse with a commercial astronomy 3. Select an assumed position (AP) and find its local
program with the same name). STELLA was developed by hour angle (LHA).
the Astronomical Applications Department of the U.S. Na- 4. Compute altitude and azimuth for the AP.
val Observatory based on a Navy requirement. The Compare the computed and observed altitudes.
algorithms used in STELLA provide an accuracy of one 6. Plot the line of position.
arc-second on the Earth’s surface, a distance of about 30
meters. While this accuracy is far better than can be ob- The introduction to each volume &ub. 229contains
tained using a sextant, it does support possible naval neeitformation: (1) discussing use of the publication for a va-
for automated navigation systems based on celestial obiety of special celestial navigation techniques; (2)
jects. These algorithms take into account the oblateness discussing interpolation, explaining the double second dif-
the Earth, movement of the vessel during sight-taking, anderence interpolation required in some sight reductions, and
other factors not fully addressed by traditional methods. providing tables to facilitate the interpolation process; and
STELLA can perform almanac functions, position up- (3) discussing the publication’s use in solving problems of
dating/DR estimations, celestial body rise/set/transigreat circle sailings. Prior to usirRub. 229 carefully read
calculations, compass error calculations, sight planninghis introductory material.
and sight reduction. On-line help and user’s guide are in-  Celestial navigation involves determining a circular
cluded, and it is a component of the Block Ill NAVSSI. line of position based on an observer's distance from a ce-
Because STELLA logs all entered data for future referencelestial body’s geographic position (GP). Should the
it is authorized to replace the Navy Navigation Workbook.observer determine both a body’s GP and his distance from
STELLA is now an allowance list requirement for Naval the GP, he would have enough information to plot a line of

o

ships, and is available from: position; he would be somewhere on a circle whose center
was the GP and whose radius equaled his distance from that
Superintendent GP. That circle, from all points on which a body’s measured
U.S. Naval Observatory altitude would be equal, is@rcle of equal altitude. There
Code: AA/STELLA is a direct proportionality between a body’s altitude as mea-
3450 Massachusetts Ave. NW sured by an observer and the distance of its GP from that
Washington, DC, 20392-5420 observer; the lower the altitude, the farther away the GP.
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296 SIGHT REDUCTION

Therefore, when an observer measures a body’s altitude #902. Selection of the Assumed Paosition (AP)
obtains an indirect measure of the distance between himself
and the body’s GP. Sight reduction is the process of con- Use the following arguments when enterifgb. 229
verting that indirect measurement into a line of position. to compute altitude (h and azimuth:

Sight reduction reduces the problem of scale to man-
ageable size. Depending on a body’s altitude, its GP could 1. Latitude (L)
be thousands of miles from the observer's position. The 2. Declination (d or Dec.)
size of a chart required to plot this large distance would be 3. Local hour angle (LHA)
impractical. To eliminate this problem, the navigator does . .
not plot this line of position directly. Indeed, he does not ~ Latitude and LHA are functions of the assumed
plot the GP at all. Rather, he choosesaasumed position position. Select an AP.Iong|tude resulting in a whole degree
(AP) near, but usually not coincident with, his DR position. ©f LHA and an AP latitude equal to that whole degree of
The navigator chooses the AP’s latitude and longitude t(!)autude clqsgst to th_e DR pos!tlon. Selecting the AP N th|s
correspond to the entering arguments of LHA and latitud anner eliminates interpolation for LHA and latitude in
used inPub. 229 From Pub. 229 the navigator computes ub. 229
what the body’s altitude would have been had it been me
sured from the AP. This yields tleomputed altitude (hc).
He then compares this computed value with dhserved
altitude (h,) obtained at his actual position. The difference
between the computed and observed altitudes is directl%e

proportional to the distancg_between the circles of equal al- The altitude intercept is the difference in the length of
titude for the assumed position and the actual posioml. e i of the circles of equal altitude passing through the
229also gives the direction from the GP to the AP. Having ap and the observer’s actual position. The position having
selected the assumed position, calculated the distance bge greater altitude is on the circle of smaller radius and is
tween the circles of equal altitude for that AP and his actuag|pser to the observed body’s GP. In Figure 2004, the AP is
pOSition, and determined the direction from the a.SSUmeghown on the inner circle. Therefor%,ig greater thanch
position to the body’s GP, the navigator has enough infor-  Express the altitude intercept in nautical miles and

%003. Comparison of Computed and Observed
Altitudes

The difference between the computed altitudg émd
observed altitude ghis thealtitude intercept (a).

mation to plot a line of position (LOP). label it T or A to indicate whether the line of position is
To plot an LOP, plot the assumed position on either aoward or away from the GP, as measured from the AP.
chart or a plotting sheet. From tiSght Reduction Tables A useful aid in remembering the relation betwegn h

determine: 1) the altitude of the body for a sight taken at thdl., and the altitude intercept i¢d, M, T, for Hy More

AP and 2) the direction from the AP to the GP. Then, deterToward. Another is C-G-A:Computed Greater Away,
mine the difference between the body’s calculated altitudéemembered a8oasiGuardAcademy. In other words, ifh

at this AP and the body’s measured altitude. This differencés greater than & the line of position intersects a point
represents the difference in radii between the equal altitud@easured from the AP towards the GP a distance equal to
circle passing through the AP and the equal altitude circidh® altitude intercept. Draw the LOP through this
passing through the actual position. Plot this differencantersection point perpendicular to the axis between the AP
from the AP either towards or away from the GP along the2nd GP.

axis between the AP and the GP. Finally, draw the circle of ) ) »

equal altitude representing the circle with the body’s GP af004- Plotting the Line of Position

the center and with a radius equal to the distance between

the GP and the navigator’s actual position. ! . ;
g P the AP first; then plot the azimuth line from the AP toward

One final consideration simplifies the plotting of the equal or away from the GP. Then, measure the altitude intercept
altitude circle. Recall that the GP is usually thousands of m"eﬁlong this line. At the point on the azimuth line equal to the

away from the navigator's position. The equal altitude Circle’syiercept distance, draw a line perpendicular to the azimuth
radius, therefore, can be extremely large. Since this radius is $8e_This perpendicular represents that section of the circle
large, the navigator can approximate the section close to his pgs equal altitude passing through the navigator's actual
sition with a straight line drawn perpendicular to the lineposition. This is the line of position.

connecting the AP and the GP. This straight line approximation A navigator often takes sights of more than one
is good only for sights at relatively low altitudes. The higher thecelestial body when determining a celestial fix. After
altitude, the shorter the distance between the GP and the actygbtting the lines of position from these several sights,
position, and the smaller the circle of equal altitude. The shortesidvance the resulting LOP’s along the track to the time of
this distance, the greater the inaccuracy introduced by thihe last sight and label the resulting fix with the time of this
approximation. last sight.

Plot the line of position as shown in Figure 2004. Plot
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Figure 2004. The basis for the line of position from a celestial observation.
2005. Sight Reduction Procedures an accurate fix.

Just as it is important to understand the theory of sight SECTION ONE consists of two parts: (1) Correcting
reduction, it is also important to develop a practicalsextant altitude to obtain apparent altitude; and (2)
procedure to reduce celestial sights consistently anforrecting the apparent altitude to obtain the observed
accurately. Sight reduction involves several consecutiv@ltitude.
steps, the accuracy of each completely dependent on the Body: Enter the name of the body whose altitude you
accuracy of the steps that went befo&ight reduction have measured. If using the Sun or the Moon, indicate
tables have, for the most part, reduced the mathematicsvhich limb was measured.
involved to simple addition and subtraction. However, Index Correction: This is determined by the charac-
careless errors will render even the most skillfully teristics of the individual sextant used. Chapter 16 discusses
measured sights inaccurate. The navigator using tabular dietermining its magnitude and algebraic sign.
mathematical techniques must work methodically to reduce  Dip: The dip correction is a function of the height of
careless errors. eye of the observer. It is always negative; its magnitude is

Naval navigators will most likely use OPNAV 3530, U.S. determined from the Dip Table on the inside front cover of
Navy Navigation Workbook, which contains pre-formattedthe Nautical Almanac
pages with “strip forms” to guide the navigator through sight ~ Sum: Enter the algebraic sum of the dip correction and
reduction. A variety of commercially-produced forms are alsathe index correction.
available. Pick a form and learn its method thoroughly. With ~ Sextant Altitude: Enter the altitude of the body
familiarity will come increasing understanding, speed andmeasured by the sextant.
accuracy. Apparent Altitude: Apply the correction determined

Figure 2005 represents a functional and complete workshegbove to the measured altitude and enter the result as the
designed to ensure a methodical approach to any sight reductiepparent altitude.
problem. The recommended procedure discussed below is not  Altitude Correction: Every observation requires an alti-
the only one available; however, the navigator who uses it can liade correction. This correction is a function of the apparent
assured that he has considered every correction required to obtaititude of the body. Th&lmanaccontains tables for determin-
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SECTION ONE: OBSERVED ALTITUDE

Body
Index Correction

Dip (height of eye)

Sum

Sextant Altitude (b

Apparent Altitude (k)

Altitude Correction

Mars or Venus Additional Correction

Additional Correction

Horizontal Parallax Correction

Moon Upper Limb Correction

Correction to Apparent Altitude gh

Observed Altitude ()

SECTION TWO: GMT TIME AND DATE

Date

DR Latitude

DR Longitude

Observation Time

Watch Error

Zone Time

Zone Description

Greenwich Mean Time

Date GMT

SECTION THREE: LOCAL HOUR ANGLE AND DECLINATION

Tabulated GHA an# Correction Factor

GHA Increment

Sidereal Hour Angle (SHA) or Correction

GHA

+ or - 360 if needed

Assumed Longitude (-W, +E)

Local Hour Angle (LHA)

Tabulated Declination ardiCorrection Factor

d Correction

True Declination

Assumed Latitude

SECTION FOUR: ALTITUDE INTERCEPT AND AZIMUTH

Declination Increment andl Interpolation Factor

Computed Altitude (Tabulated)

Double Second Difference Correction

Total Correction

Computed Altitude (§
Observed Altitude ()

Altitude Intercept

Azimuth Angle

True Azimuth

Figure 2005. Complete sight reduction form.
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ing these corrections. For the Sun, planets, and stars, these taldese time to determine Greenwich Mean Time.
are located on the inside front cover and facing page. For the Date: Carefully evaluate the time correction applied above
Moon, these tables are located on the back inside cover and pegd determine if the correction has changed the date. Enter the
ceding page. GMT date.
Mars or Venus Additional Correction: As the name
implies, this correction is applied to sights of Mars and Ve- SECTION THREE determines two of the three argu-
nus. The correction is a function of the planet measured, thgvents required to ent&ub. 229 Local Hour Angle (LHA)
time of year, and the apparent altitude. The inside front covand Declination. This section employs the principle that a ce-
er of theAlmanaclists these corrections. lestial body’s LHA is the algebraic sum of its Greenwich
Additional Correction: Enter this additional correction Hour Angle (GHA) and the observer's longitude. Therefore,
from Table A-4 located at the front of tidautical Aimanac  the basic method employed in this section is: (1) Determine
when obtaining a sight under non-standard atmospheric tenthe body’s GHA; (2) Determine an assumed longitude; (3)
perature and pressure conditions. This correction is Algebraically combine the two quantities, remembering to
function of atmospheric pressure, temperature, and apparegibtract a western assumed longitude from GHA and to add
altitude. an eastern longitude to GHA; and (4) Extract the declination
Horizontal Parallax Correction: This correctionis unique of the body from the appropriattlmanactable, correcting
to reducing Moon sights. Obtain the H.P. correction value frormhe tabular value if required.
the daily pages of th&lmanac Enter the H.P correction table at
the back of thé\lmanacwith this value. The H.P correction is a Tabulated GHA and (2)v Correction Factor:
function of the limb of the Moon used (upper or lower), the ap-  For the Sun, the Moon, or a planet, extract the value for
parent altitude, and the H.P. correction factor. The H.Pihe whole hour of GHA corresponding to the sight. For

correction is always added to the apparent altitude. ~ example, if the sight was obtained at 13-50-45 GMT, extract
Moon Upper Limb Correction: Enter -30" for this  the GHA value for 1300. For a star sight reduction, extract the
correction if the sight was of the upper limb of the Moon. value of the GHA of Aries (GHA® ), again using the value

Correction to Apparent Altitude: Sum the altitude corresponding to the whole hour of the time of the sight.
correction, the Mars or Venus additional correction, the  For a planet or Moon sight reduction, enter the
additional correction, the horizontal parallax correction, and th@orrection value. This quantity is not applicable to a Sun or
Moon’s upper limb correction. Be careful to determine and carmgtar sight. Ther correction for a planet sight is found at the
the algebraic sign of the corrections and their sum correcthyyottom of the column for each particular planet. The
Enter this sum as the correction to the apparent altitude. correction factor for the Moon is located directly beside the

Observed Altitude: Apply the Correction to Apparent tabulated hourly GHA values. Thecorrection factor for
Altitude algebraically to the apparent altitude. The result is thghe Moon is always positive. If a planevsorrection factor
observed altitude. is listed without sign, it is positive. If listed with a negative

_ _ ~sign, the planet'ss correction factor is negative. This
SECTION TWO determines the Greenwich Mean Time correction factor is not the magnitude of theorrection; it

(GMT; referred to in théA\lImanae as Universal time or UT) and s used later to enter the Increments and Correction table to

GMT date of the sight. determine the magnitude of the correction.
Date: Enter the local time zone date of the sight. GHA Increment: The GHA increment serves as an
DR Latitude: Enter the dead reckoning latitude of the interpolation factor, correcting for the time that the sight
vessel. differed from the whole hour. For example, in the sight at
DR Longitude: Enter the dead reckoning longitude of the 13-50-45 discussed above, this increment correction
vessel. accounts for the 50 minutes and 45 seconds after the whole
Observation Time: Enter the local time of the sight as hour at which the sight was taken. Obtain this correction
recorded on the ship’s chronometer or other timepiece. value from the Increments and Corrections tables in the
Watch Error: Enter a correction for any known watch Almanac The entering arguments for these tables are the
error. minutes and seconds after the hour at which the sight was
Zone Time: Correct the observation time with watch taken and the body sighted. Extract the proper correction
error to determine zone time. from the applicable table and enter the correction.

Zone Description: Enter the zone description of the time Sidereal Hour Angle or v Correction: If reducing a
zone indicated by the DR longitude. If the longitude is west of thestar sight, enter the star’s Sidereal Hour Angle (SHA). The
Greenwich Meridian, the zone description is positive.SHA is found in the star column of the daily pages of the
Conversely, if the longitude is east of the Greenwich MeridianAlmanac The SHA combined with the GHA of Aries
the zone description is negative. The zone description represemtsults in the star’'s GHA. The SHA entry is applicable only
the correction necessary to convert local time to Greenwicko a star. If reducing a planet or Moon sight, obtain the
Mean Time. correction from the Increments and Corrections Table. The

Greenwich Mean Time: Add to the zone description the correction is a function of only the correction factor; its
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magnitude is the same for both the Moon and the planetsthat whole value of latitude closest to the vessel's DR
GHA: A star's GHA equals the sum of the Tabulated latitude. If the assumed latitude and declination are both
GHA of Aries, the GHA Increment, and the star’'s SHA. north or both south, label the assumed latitude “Same.” If
The Sun’s GHA equals the sum of the Tabulated GHA andne is north and the other is south, label the assumed
the GHA Increment. The GHA of the Moon or a planet latitude “Contrary.”
equals the sum of the Tabulated GHA, the GHA Increment,
and thev correction. SECTION FOUR uses the arguments of assumed
+ or — 360 (if needed): Since the LHA will be latitude, LHA, and declination determined in Section Three to
determined from subtracting or adding the assumednterPub. 229to determine azimuth and computed altitude.
longitude to the GHA, adjust the GHA by 36 neededto  Then, Section Four compares computed and observed altitudes
facilitate the addition or subtraction. to calculate the altitude intercept. From this the LOP is plotted.
Assumed Longitude:If the vessel is west of the prime Declination Increment and d Interpolation Factor:
meridian, the assumed longitude will be subtracted from thélote that two of the three arguments used to eptdy. 229
GHA to determine LHA. If the vessel is east of the prime LHA and latitude, are whole degree values. Section Three does
meridian, the assumed longitude will be added to the GHAnot determine the third argument, declination, as a whole
to determine the LHA. Select the assumed longitude talegree. Therefore, the navigator must interpolateub. 229
meet the following two criteria: (1) When added or for declination, given whole degrees of LHA and latitude. The
subtracted (as applicable) to the GHA determined above, first steps of Section Four involve this interpolation for
whole degree of LHA will result; and (2) It is the longitude declination. Since declination values are tabulated every whole
closest to that DR longitude that meets criterion (1). degreeirPub. 229the declination increment is the minutes and
Local Hour Angle (LHA): Combine the body’s GHA tenths of the true declination. For example, if the true declination
with the assumed longitude as discussed above tt§ 13 15.6', then the declination increment is 15.6".
determine the body’s LHA. Pub. 22%lso lists a Interpolation Factor. This is the mag-
Tabulated Declination and d Correction factor: (1) nitude of the difference between the two successive tabulated
Obtain the tabulated declination for the Sun, the Moon, the&values for declination that frame the true declination. Therefore,
stars, or the planets from the daily pages of Amanac  for the hypothetical declination listed above, the tabuleltied
The declination values for the stars are given for the entiréerpolation factor listed in the table would be the difference
three day period covered by the daily page ofAfrmanac ~ between declination values given for Bd 14. If the declina-
The values for the Sun, Moon, and planets are listed ifion increases between these two valukss positive. If the
hourly increments. For these bodies, enter the declinatiofleclination decreases between these two valigsgegative.
value for the whole hour of the sight. For example, if the =~ Computed Altitude (Tabulated): Enter Pub. 229
sight is at 12-58-40, enter the tabulated declination for 1200xith the following arguments: (1) LHA from Section
(2) There is nal correction factor for a star sight. There are Three; (2) assumed latitude from Section Three; (3) the
d correction factors for Sun, Moon, and planet sights.whole degree value of the true declination. For example, if
Similar to the v correction factor discussed above, dhe the true declination were 235.6', then entdPub. 229with
correction factor does not equal the magnitude of dhe 13° as the value for declination. Record the tabulated
correction; it provides the argument to enter the Incrementsomputed altitude.
and Corrections tables in thmanac The sign of thed Double Second Difference Correction: Use this
correction factor, which determines the sign of tde correction when linear interpolation of declination for
correction, is determined by the trend of declination valuesgomputed altitude is not sufficiently accurate due to the non-
not the trend ofl values. Thed correction factor is simply linear change in the computed altitude as a function of
an interpolation factor; therefore, to determine its sign, lookdeclination. The need for double second difference interpo-
at the declination values for the hours that frame the time ofation is indicated by the interpolation factor appearing in
the sight. For example, suppose the sight was taken onitalic type followed by a small dot. When this procedure must
certain date at 12-30-00. Compare the declination value fdpe employed, refer to detailed instructions in the introduction
1200 and 1300 and determine if the declination hago Pub. 229

increased or decreased. If it has increaseddtberrection Total Correction: The total correction is the sum of
factor is positive. If it has decreased, itheorrection factor the double second difference (if required) and the interpo-
is negative. lation corrections. Calculate the interpolation correction by

d correction: Enter the Increments and Corrections dividing the declination increment by 60" and multiply the
table with thed correction factor discussed above. Extractresulting quotient by thd interpolation factor.
the proper correction, being careful to retain the proper  Computed Altitude (hy): Apply the total correction,

sign. being careful to carry the correct sign, to the tabulated
True Declination: Combine the tabulated declination computed altitude. This yields the computed altitude.
and thed correction to obtain the true declination. Observed Altitude (hy): Enter the observed altitude

Assumed Latitude: Choose as the assumed latitudefrom Section One.
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Altitude Intercept: Compare hand h,. Subtract the a) Ifin northern latitudes:
smaller from the larger. The resulting difference is the LHA >180° then zZ = 7
magnitude of the altitude intercept. If is greater than h o _ _
then label the altitude intercept “Toward.” I Iis greater LHA <1807, then 7, = 360° Z
than hy, then label the altitude intercept “Away.”

Azimuth Angle: Obtain the azimuth angle (Z) from b) If in southern latitudes:
Pub. 229 using the same arguments which determined tab-
ulated computed altitude. Visual interpolation is LHA >180° then Z, = 180° - Z
sufficiently accurate. LHA <180° then Z, = 180°+Z

True Azimuth: Calculate the true azimuth g¥from
the azimuth angle (Z) as follows:

SIGHT REDUCTION

The section above discussed the basic theory of sightith the correction corresponding to each interval listed
reduction and presented a method to be followed whebetween the interval’'s endpoints. In this case, 48 feet lies
reducing sights. This section puts that method into practicbetween the tabulated 46.9 to 48.4 feet interval, the
in reducing sights of a star, the Sun, the Moon, and planet&orresponding correction for this interval is -6.7'. Add the IC

and the dip correction, being careful to carry the correct sign.
2006. Reducing Star Sights to a Fix The sum of the corrections here is -4.6'. Apply this correction
to the sextant altitude to obtain the apparent altituge (h
On May 16, 1995, at the times indicated, the navigator ~ Next, apply the altitude correction. Find the altitude

takes and records the following sights: correction table on the inside front cover of tNautical
Almanacnext to the dip table. The altitude correction varies
Star Sextant Altitude Zone Time as a function of both the type of body sighted (Sun, star, or
planet) and the body’s apparent altitude. For the problem
Kochab 47 19.1' 20-07-43 above, enter the star altitude correction table. Again, the
Spica 32 34.8 20-11-26 correction is given within an altitude interval; im this case

was 32 30.2'. This value lies between the tabulated
Height of eye is 48 feet and index correction (IC) is endpoints 32 00.0' and 33 45.0'. The correction
+2.1'. The DR latitude for both sights is 38l. The DR  corresponding to this interval is -1.5'. Applying this
longitude for the Spica sight is 15710'W. The DR correction to fyields an observed altitude of°328.7".
longitude for the Kochab sight is 1518.0'W. Determine Having calculated the observed altitude, determine the
the intercept and azimuth for both sights. See Figure 2008me and date of the sight in Greenwich Mean Time:
First, convert the sextant altitudes to observed

altitudes. Reduce the Spica sight first: Date 16 May 1995
DR Latitude 39N
Body Spica DR Longitude 15710'W
Index Correction +2.1' Observation Time 20-11-26
Dip (height 48 ft) -6.7' Watch Error 0
Sum -4.6' Zone Time 20-11-26
Sextant Altitude (§ 32°34.8 Zone Description +10
Apparent Altitude (b 32° 30.2' GMT 06-11-26
Altitude Correction -1.5' GMT Date 17 May 1995
Additional Correction 0
Horizontal Parallax 0 Record the observation time and then apply any watch
Correction to i -1.5' error to determine zone time. Then, use the DR longitude at
Observed Altitude (}) 320 28.7 the time of the sight to determine time zone description. In

this case, the DR longitude indicates a zone description of
Determine the sum of the index correction and the dip+10 hours. Add the zone description to the zone time to
correction. Go to the inside front cover of tiidautical  obtain GMT. It is important to carry the correct date when
Almanacto the table entitled “DIP.” This table lists dip applying this correction. In this case, the +10 correction
corrections as a function of height of eye measured in eithemade it 06-11-26 GMT on Mag7, when the date in the
feet or meters. In the above problem, the observer’s height dbcal time zone was Mais6.
eye is 48 feet. The heights of eye are tabulated in intervals, After calculating both the observed altitude and the GMT
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time, enter the daily pages of thdautical Almanacto  position's LHA (329) and assumed latitude (39
calculate the star's Greenwich Hour Angle (GHA) andcontrary name); and (2) the body’s declination (308.4").

declination. Find the page in theSight Reduction Table
corresponding to an LHA of 32%nd an assumed latitude
Tab GHA Y 324 28.4' of N 39°, with latitude contrary to declination. Enter this
GHA Increment 252.00 table with the body’s whole degree of declination. In this
SHA 158 45.3' case, the body’s whole degree of declination i$. Ihis
GHA 486> 05.7' declination corresponds to a tabulated altitude GfB329'".
+/- 360 not required This value is for a declination of 21the true declination is
11°08.4'. Therefore, interpolate to determine the correction
Assumed Longitude 1805.7 to add to the tabulated altitude to obtain the computed
LHA 329° altitude.
Tabulated Ded S1r 08.4/n.a. The difference between the tabulated altitudes fér 11
d Correction — and 12 is given inPub. 229as the value d; in this case, d =
True Declination S 1108.4' -53.0. Express as a ratio the declination increment (in this
Assumed Latitude N 3%contrary case, 8.4") and the total interval between the tabulated dec-

lination values (in this case, 60') to obtain the percentage of
First, record the GHA of Aries from the May 17, 1995 the distance between the tabulated declination values repre-
daily page: 32428.4". sented by the declination increment. Next, multiply that
percentage by the increment between the two values for
Next, determine the incremental addition for thecomputed altitude. In this case:
minutes and seconds after 0600 from the Increments and
Corrections table in the back of tiNautical AlmanacThe 8.4, (-53.0= 7.4
increment for 11 minutes and 26 seconds’ i52. 60

Subtract 7.4' from the tabulated altitude to obtain the
Then, calculate the GHA of the star. Remember: final computed altitude: = 32 08.5'.

GHA (star) = GHA®Y” + SHA (star) Decinc/+or-d  8.4'/-53.0
h. (tabulated) 3215.9'
Correction (+or-) -7.4'

The Nautical Aimanadists the SHA of selected stars on  h. (computed) 3208.5'

each daily page. The SHA of Spicaon May 17, 1995° ¥533".

Pub. 22% entering arguments are whole degrees of It will be valuable here to review exactly whag h
LHA and assumed latitude. Remember that LHA = GHA -and h, represent. Recall the methodology of the
west longitude or GHA + east longitude. Since in thisaltitude-intercept method. The navigator first measures
example the vessel is in west longitude, subtract itand corrects an altitude for a celestial body. This
assumed longitude from the GHA of the body to obtain thecorrected altitude, §) corresponds to a circle of equal
LHA. Assume a longitude meeting the criteria listed in altitude passing through the navigator’s actual position
Article 2005. whose center is the geographic position (GP) of the

From those criteria, the assumed longitude must end ibody. The navigator then determines an assumed
05.7 minutes so that, when subtracted from the calculategosition (AP) near, but not coincident with, his actual
GHA, a whole degree of LHA will result. Since the DR position; he then calculates an altitude for an observer
longitude was 157 10.0, then the assumed longitude at that assumed position (AP).The circle of equal
ending in 05.7' closest to the DR longitude is 1%56.7".  altitude passing through this assumed position is
Subtracting this assumed longitude from the calculatedoncentric with the circle of equal altitude passing
GHA of the star yields an LHA of 329 through the navigator’s actual position. The difference

The next value of concern is the star’s true declinationbetween the body’s altitude at the assumed positigh (h
This value is found on the May 17th daily page next to theand the body’s observed altitudefhis equal to the
star's SHA. Spica’s declination is S1@8.4". Thereisnod differences in radii length of the two corresponding
correction for a star sight, so the star’s true declinatiorcircles of equal altitude. In the above problem,
equals its tabulated declination. The assumed latitude iherefore, the navigator knows that the equal altitude
determined from the whole degree of latitude closest to theircle passing through his actual position is:

DR latitude at the time of the sight. In this case, the assumedway from the equal altitude circle passing through his
latitude is N 39. It is marked “contrary” because the DR assumed position. Sinceyhis greater than § the
latitude is north while the star’s declination is south. navigator knows that the radius of the equal altitude

The following information is known: (1) the assumed circle passing through his actual position is less than
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s GHA 463 43.0'
ho - 32028'7 +/- 36C° not applicable
—h -_32°08.3 Assumed Longitude 15613.0'
¢ 20.2NM LHA 307°

the radius of the equal altitude circle passing through
the assumed position. The only remaining question is: in
what direction from the assumed position is the body’s
actual GP.Pub. 229also provides this final piece of
information. This is the value for Z tabulated with theg h
and d values discussed above. In this case, éhtbr229

as before, with LHA, assumed latitude, and declination.
Visual interpolation is sufficient. Extract the value Z =
143.3. The relation between Z and,Zthe true azimuth,

is as follows:

Tab Dec d
d Correction

N74°10.6'/ n.a.
not applicable

True Declination N72410.6'
Assumed Latitude 3N (same)
Decinc/+or-d 10.6'/-24.8
he 47° 12.6'
Total Correction -4.2'

h. (computed) 4708.4'

hy 47° 13.6'

a (intercept) 5.2 towards
Z 018.9

Z, 018.9

In northern latitudes:

LHA >180°, then z

=7

LHA <180°, then Z, = 360° — Z

In southern latitudes:

LHA >180°, then 7, = 180° -Z
LHA <180° then Z = 180° + Z

In this case, LHA > 180Dand the vessel is in northern lati-
tude. Therefore, L= Z = 143.3T. The navigator now has

enough information to plot a line of position.

The values for the reduction of the Kochab sight follow:

Body Kochab
Index Correction +2.1'
Dip Correction -6.7'
Sum -4.6'

hg 47°19.1'
hy 47° 14.5'
Altitude Correction -9

Additional Correction
Horizontal Parallax

not applicable
not applicable

Correction to g -9’

hy 47° 13.6'
Date 16 May 1995
DR latitude 39N

DR longitude 15708.0' W
Observation Time 20-07-43
Watch Error 0

Zone Time 20-07-43
Zone Description +10

GMT 06-07-43
GMT Date 17 May 1995
Tab GHA “f° 324 28.4'
GHA Increment 156.1

SHA 137 18.5'

2007. Reducing a Sun Sight

The example below points out the similarities between
reducing a Sun sight and reducing a star sight. It also dem-
onstrates the additional corrections required for low altitude
(<10°) sights and sights taken during non-standard temper-
ature and pressure conditions.

On June 16, 1994, at 05-15-23 local time, at DR posi-
tion L 30°N A 45°W, a navigator takes a sight of the Sun’s
upper limb. The navigator has a height of eye of 18 feet, the
temperature is 88F, and the atmospheric pressure is 982
mb. The sextant altitude i 20.2'. There is no index error.
Determine the observed altitude. See Figure 2007.

Apply the index and dip corrections tq to obtain R,
Because fis less than 19 use the special altitude correction
table for sights betweerf @nd 10 located on the right inside
front page of th&lautical Almanac

Enter the table with the apparent altitude, the limb of
the Sun used for the sight, and the period of the year. Inter-
polation for the apparent altitude is not required. In this
case, the table yields a correction of -29.4'. The correction’s
algebraic sign is found at the head of each group of entries
and at every change of sign.

The additional correction is required because of the
non-standard temperature and atmospheric pressure under
which the sight was taken. The correction for these non-
standard conditions is found in ti#elditional Corrections
table located on page A4 in the front of tlidautical
Almanac

First, enter theAdditional Correctionstable with the
temperature and pressure to determine the correct zone
letter: in this case, zone L. Then, locate the correction in the
L column corresponding to the apparent altitude©18.1".
Interpolate between the table arguments ©03.0' and 3
30.0' to determine the additional correction: +1.4". The total
correction to the apparent altitude is the sum of the altitude
and additional corrections: -28.0". This results in groh
2°48.1".

Next, determine the Sun's GHA and declination.
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1995 MAY 16, 17, 18 (TUES., WED., THURS.)
ur | ARIES | VENUS —3.9| MARS +0.7| JUPITER —2,5{SATURN +1.3 STARS
[GMT)
a4 i G.H.A. G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. Name S.H.A. Dac.
o '’ -] r a r a ’ -] r -] r o r Q r a r L] ’ o ¥’
1600] 233 14.4| 205 516 N 9 30.5 | 84 34.3 N14 31.2 | 342 02.6 S21 28.7 | 239 13.9 S 4 40.8 | Acamar 315 29.1 540 19.4
01| 248 16.9| 220 51.2 31.6| 99 358 30.8 | 357 05.3 28.7 | 254 16.2 40.7 [ Achernar 335 37.4 557 15.5
02] 263 19.4| 235 50.8 327|114 37.3 303 12 08.1 28.7 | 269 185 40.6 | Acrux 173 24.0 S63 04.7
03] 278 21.8) 250 504 -+ 338|129 38.8 - 299| 27 10.9 -+ 286|284 20.7 + - 40.6 |Adhara 255 23.5 528 58.3
04) 293 24.3| 265 50.0 34.9 | 144 40.3 295 42 137 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 25.3 40.4
06) 323 29.2| 295 49.2 N 9 37.1| 174 43.2 N14 28.7 | 72 19.2 521 28.5 | 329 27.6 5 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] 8 366|340 48.0 - - 403|219 47.7 - - 275|117 275 - - 284 14 344 - - 40.2 | Alnilom 276 005 S 1 12.5
E 10] 23 39.1| 355 47.6 41.4 | 234 49.2 27.1| 132 30.3 284 29 387 40.1 | Alphard 218 09.5 S 8 38.6
s 11} 38 41.5{ 10 47.1 42.5 | 249 50.6 26.6 | 147 331 28.3| 44 390 40.0
D 12| 53 44.0| 25 46.7 N 9 43.6 | 264 52.1 N14 262 | 162 35.8 521 28.3 | 59 41.3 S 4 40.0 |Alphecca 126 22.2 N26 43.8
A 13| 68 4b.5| 40 46.3 44.7 | 279 53.6 25.8 | 177 38.6 283 | 74 438 39.9 |Alpheratz 357 57.8 N29 03.8
Y 14| 83 489 55 45.9 45.8 | 294 55.1 25.4 | 192 41.4 28.2| 89 45.8 39.8 | Altair 62 21.3 N 8 51.4
15 98 s51.4] 70 455 - - 46.9| 309 56.6 - - 25.0 | 207 44.2 - - 282|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 | 222 469 28.2 | 119 50.4 39.7 | Antares 112 42.6 526 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 52.5 521 28.1 | 149 55.0 S 4 39.6 | Arcturus 146 07.8 N19 12.4
19] 159 01.3] 130 439 512 10 025 23.3 | 267 55.3 28.1| 164 57.3 39.5 | Atria 107 56.1 S69 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 | Aviar 234 23.8 559 30.1
21| 189 06.2]| 160 431 - - 53.4] 40 054 - 225|298 00.8 - - 28.0| 195 01.8 - - 39.4 |Bellatrix 278 46.9 N 6 20.6
22| 204 08.7] 175 42.7 54.5| 55 06.9 22.1 ) 313 03.6 28.0 | 210.04.1 39.3 | Betelgeuse 271 16.3 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
1700] 234 13.6| 205 41.9 N 9 S6.6 | 85 09.8 N14 21.3 | 343 09.1 S21 27.9 | 240 08.7 S 4 39.1 | Canopus 264 02.6 552 41.9
01] 249 16.0] 220 41.5 57.7] 100 113 20.9 | 358 11.9 27.8 | 255 11.0 39.1 | Capella 280 55.0 N45 59.5
02| 264 18.5] 235 41.1 58.8 | 115 12.8 205 | 13 147 27.8 | 270 13.2 39.0 | Deneb 49 40.6 N45 15.7
03| 279 21.00 250 40.7 959.9{130 143 -- 20.0| 28 17.4 -- 27.8| 285 155 - - 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| 209 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 Nol 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 31.3 276| 0269 38.6 | Eltanin 90 52.0 N51 29.3
D 09| o9 358|340 382 -+ 064|220 231 -- 175118 341 - - 27.6| 1529.2 - - 385 |Enif 34 005 N 9 51.2
N 10| 24 38.2| 355 37.8 07.4 | 235 24.6 17.1 ]| 133 36.9 27.5| 30 315 38.5 |Fomalhaut 15 39.1 S29 386
E 11| 39 40.7| 10 37.4 08.5 | 250 26.0 16.7 | 148 39.7 27.5| 45 338 38.4
5 12| 54 43.1] 25 37.0 N10 09.6 | 265 27.5 N4 16.3 | 163 42.4 521 27.5| 60 36.1 S 4 38.3 | Gacrux 172 15.6 557 05.5
D 13| 69 45.6| 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| 84 481 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 s0.5] 70 357 -- 12.8{310 319 -- 150|208 50.8 - - 27.4| 105 429 - - 38.1 |Homal 328 16.4 N23 26.3
16| 114 s3.0| 85 35.3 13.9 | 325 33.4 14.6 | 223 53.5 27.3 | 120 45.2 38.1 |Kous Aust. 84 01.5 534 23.0
17| 129 55.5] 100 34.9 15.0 | 340 34.9 14.2 | 238 56.3 27.3| 135 475 38.0
18| 144 57.9| 115 34.5 N10 16.1 | 355 36.3 N14 13.8 | 253 59.1 S21 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| 160 333 -+ 19.3| 40 40.7 + - 1250299 07.4 - - 27.1| 195 56.7 - + 37.7 | Menkent 148 23.3 S$36 21.0
22| 205 07.8| 175 32.8 20.4 | 55 42.2 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 15.8 521 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 46.6 109 | 359 18.5 27.0 | 256 05.8 37.5 | Nunki 76 149 526 18.0
02| 265 17.6{ 235 31.2 24.7 | 115 48.1 105] 14 21.3 27.0| 271 08.1 37.4 | Peacock 53 40.4 S56 44.7
03] 280 20.1{ 250 30.8 - - 25.8| 130 49.5 - - 10.0| 29 24.1 - - 26.9( 286 10.4 - - 37.3 |Pallux 243 44,6 N28 02.2
04 295 22.6{ 265 30.4 26.8 | 145 51.0 09.6| 44 26.9 26.9 | 301 12.7 37.3 | Procyon 245 141 N 5 14.0
05] 310 25.0] 280 29.9 27.9| 160 525 09.2| 59 29.6 26.9 | 316 15.0 37.2
06| 325 27.5| 295 29.5 N10 29.0 | 175 53.9 N14 08.8 | 74 32.4 521 26.8| 331 17.2 § 4 37.1 |Rasalhague 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 38.0 268 1218 37.0 | Rigel 281 25.5 S 8 126
H 09| 10 349|240 28.3 - 322220 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 | 46 287 36.8
S 12| 55 42.3] 25 27.0 N10 35.4 | 266 02.7 N14 06.3 | 164 49.1 S21 26.6 | 61 31.0 S 4 36.8 | Schedar 349 56.4 N56 30.5
D 13| 70 44.8| 40 266 36.5 | 281 04.2 05.8 (179 519 266 76 33.3 36.7 | Shaula 96 40.0 537 05.9
A 14] 85 47.2| 55 26.2 37.5 | 296 056 05.4 | 194 54.7 265 91 356 3b.6 | Sirius 258 45.9 Sl6 42.8
Y 15| 100 49.7] 70 258 -+ 38.6|311 07.1 - - 05.0| 209 57.4 -+ 26.5| 106 37.8 -+ 36.6 | Spica 158 45.3 511 08.4
16 115 52.1| 85 25.3 39.7 | 326 08.6 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 05.8 521 26.4 | 151 44.7 S 4 36.4 |Vega B0 47.8 N38 4e.7
19| 160 59.5| 130 24.1 429 11 129 03.3 | 270 08.6 26.4 | 166 47.0 36.3 | Zuben'vbi 137 20.2 S1é 01.4
20] 176 02.0| 145 23.6 44.0] 26 144 02.9 | 285 11.3 26.3 | 181 49.3 36.2 SHA.  Mer. Poss.
21| 191 045|160 232 -+ 45.0] 41 159 -+ 025|300 141 - - 263|196 51.6 -+ 36.2 s 4 hom
22| 206 069|175 22.8 461 56 17.3 02.0 | 315 169 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 6.3 18 18
hom Jupiter 108 555 107
Aer.Pass. 8 21.7| v-04 d 121 v 1.5 d 04 v 28 d 00 v 23 d 0.1]Satun 5551 758

Figure 2006. Left hand daily page of the Nautical Almanac for May 17, 1995.
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Body Sun UL increment and correction table. Under the column labeled
Index Correction 0 “vordcorm,” find the value ford in the left hand column.
Dip Correction (18 ft) 4.1 The corresponding number in the right hand columnis the
Sum -4.1' correction; apply it to the tabulated declination. In this
hg 3°20.2' case, the correction corresponding alue of +0.1 is
ha 3°16.1' 0.0".
Altitude Correction -29.4'
Additional Correction +1.4' Correction (+ or -) +10.8'
Horizontal Parallax 0 Computed Altitude (8 2° 39.6'
Correction to -28.0° Observed Altitude (}) 2°48.1
ho 2°48.1' Intercept 8.5 NM (towards)

Z 064.7
Date June 16, 1994 Z, 064.7
DR Latitude N30 00.0'
DR Longitude W045 00.0' The final step will be to determing.land Z,. EnterPub.
Observation Time 05-15-23 229with an LHA of 259, a declination of N2320.5', and an
Watch Error 0 assumed latitude of 3M.
Zone Time 05-15-23 Declination Increment / + ord 20.5'/+31.5
Zone Description +03 Tabulated Altitude 228.8'
GMT 08-15-23
Date GMT June 16, 1994 2008. Reducing a Moon Sight
Tab GHA /v 299 51.3'/ n.a.
GHA Increment 350.8' The Moon is easy to identify and is often visible during
SHA orv correction not applicable the day. However, the Moon’s proximity to the Earth requires
GHA 30342.1° applying additional corrections tq ko obtain fy. This article
Assumed Longitude 4442.1' W will cover Moon sight reduction.
LHA 259° At 10-00-00 GMT, June 16, 1994, the navigator obtains a
Tab Declination g N23°20.5'/+0.1" sight of the Moon’s upper limb. Hs 26° 06.7". Height of eye
d Correction 0.0

is 18 feet; there is no index error. Determing the Moon'’s
GHA, and the Moon’s declination. See Figure 2008.
This example demonstrates the extra corrections

. . L . required for obtaining hifor a Moon sight. Apply the index
Again, this process is similar to the star sights reduce%nd dip corrections in the same manner as for star and Sun

a_b OVe. NOt".:e' h_owever, thafc SHA, a_quantlty unique to StaEights. The altitude correction comes from tables located on
sight reduction, is not used in Sun sight reduction. the inside back covers of tiautical Almanac

Determining the Sun’s GHA is less complicated than |, this case, the apparent altitude was@8.6'. Enter the
determining a star's GHA. The Nautical Almanac’s daily aiiityde correction table for the Moon with the above
pages list the Sun’s GHA in hourly increments. In th_|s Cas€gnnarent altitude. Interpolation is not required. The
the Sun’s GHA at 0800 GMT on June 16, 1994 is 299 . ection is +60.5'. The additional correction in this case is

51.3. Thev correction is not applicable for a Sun sight; o applicable because the sight was taken under standard
therefore, applying the increment correction yields thetemperature and pressure conditions.
Sun’s GHA. In this case, the GHA is 30&.1". The horizontal parallax correction is unique to Moon
Determining the Sun’s LHA is similar to determining sjghts. The table for determining this HP correction is on the
a star's LHA. In determining the Sun’s declination, how- hack inside cover of thdlautical AimanacFirst, go to the
ever, an additional correction not encountered in the stadaily page for June 16 at 10-00-00 GMT. In the column for
sight, thed correction, must be considered. The bottom ofthe Moon, find the HP correction factor corresponding to
the Sun column on the daily pages of tNeutical Alma-  10-00-00. Its value is 58.4. Take this value to the HP
naclists thed value. This is an interp0|ati0n factor for the correction table on the inside back cover of thienanac
Sun’s declination. The sign of thiefactor is not given; it Notice that the HP correction columns line up vertically
must be determined by noting from tidmanacif the  ith the Moon altitude correction table columns. Find the
Sun’s declination is increasing or decreasing throughougip correction column directly under the altitude correction
the day. Ifitis increasing, the factor is positive; if it is de- table heading corresponding to the apparent altitude. Enter
creasing, the factor is negative. In the above problem, thghat column with the HP correction factor from the daily
Sun’s declination is increasing throughout the day Therepages_ The column has two sets of figures listed under “U”
fore, thed factor is +0.1. and “L” for upper and lower limb, respectively. In this case,
Having obtained thd factor, enter the 15 minute trace down the “U” column until it intersects with the HP

N2320.5'
N30(same)

True Declination
Assumed Latitude
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1994 JUNE 15, 16, 17 (WED., THURS., FRL)
ut | ARIES | VENUS —4.0 MARS +1.2] JUPITER —2.3|SATURN +1.0 STARS
(GMT)
d h G.H.A. G.H.A. Dec G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. Nome S.H.A. Dec.
]_500 263 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 | Acamor 315 29.5 S40 19.5
278 05.4| 155 47.4 08.5 | 233 59.7 09.1| 64 44.6 03.8 | 293 41.7 31.9 | Achernor 335 37.6 S57 15.6
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
308 10.4| 185 461 - - 07.3)264 01.0 -+ 10.2] 94 497 - - 03.7] 323 466 - - 31.9 | Adhoro 255 24.1 S28 58.0
323 12.8| 200 45.5 06.7 | 279 01.6 10.8 | 109 52.3 03.7 ]| 338 49.0 31.9 | Aldebaran 291 06.1 Nlb 29.8
338 15.3| 215 44.8 06.0 | 294 02.2 11.3 | 124 549 03.6 | 353 51.4 319
353 17.8| 230 44.2 N22 05.4 | 309 02.9 N1 11.9 | 139 57.5 512 03.6 8 53.9 S 8 31.9 |Alioth 166 33.0 N55 59.6
w 07 B8 20.2] 245 43.6 04.8 | 324 03.5 12.4 ] 155 00.1 03.6| 23 56.3 31.9 | Alkaid 153 09.8 N49 20.6
E 23 22.7| 260 429 04.2 | 339 04.2 13.0 | 170 02.7 03.5| 38 58.7 31.9 Al Na'ir 28 01.4 S46 58.9
D 38 25.2|275 423 - - 03.5|354 048 - - 135185 053 -- 03.5]| 54 01.1 - - 31.9 |Alnilam 276 01.2 S'1 12.4
N 53 27.6) 290 41.7 02.9 9 05.5 14.0 ] 200 07.9 03.5] &9 03.6 31.9 | Alphard 218 10.3 S 8 383
E 68 30.1 ) 305 41.0 02.3]| 24 06.1 146 | 215 10.4 03.4| B84 06.0 319
S 83 32.6| 320 40.4 N22 01.6 | 39 06.8 N1 15.1 | 230 13.0 S12 03.4 | 99 08.4 S 8 31.9 | Alphecca 126 22.7 N26 44.1
D 98 35.0( 335 39.8 010} 54 07.4 15.7 { 245 15.6 .03.4 {114 109 31.9 { Alpheratz 357 58.3 N29 03.5
A 113 37.5| 350 39.2 22 00.4 | 69 08.1 16.2 | 260 18.2 03.3 ) 129 13.3 31.9 | Altair 62 21.8 N 8 51.3
Y 128 399 5385 21597| 84 08.7 -+ 16.8|275 20.8 - - 03.3| 144 15.7 - - 31.9 | Ankao 353 29.8 S42 199
143 424 20 379 59.1| 99 09.4 17.3 | 290 23.4 03.3] 159 18.2 31.9 | Antares 112 43.4 S26 25.2
158 44.9| 35 373 58.5] 114 10.0 17.8 | 305 2b.0 03.3]174 20.6 319
173 47.3| 50 36.7 N21 57.8 | 129 10.7 N16 18.4 | 320 28.5 S12 03.2 | 189 23.0 S 8 31.9 |Arcturus 146 08.5 N19 12.7
188 49.8| &5 3b6.0 57.2 | 144 11.3 18.9 | 335 31.1 03.2 | 204 25.5 31.9 | Atria 107 57.4 569 01.1
203 52.3] 80 354 56.6 | 159 12.0 19.51 350 337 03.21219 279 31.9 | Avior 234 24.3 S59 298
218 54.7| 95 348 -+ 559|174 12.6 - - 20.0 5363 - - 03.1] 234 303 - - 31.9 |Bellotrix 278 47.6 N & 20.6
233 57.2| 110 34.2 55.3 189 13.3 20.6 | 20 389 03.1 | 249 32.8 31.9 |Betelgeuse 271 17.0 N 7 243
248 59.7] 125 33.5 54.6 | 204 13.9 21.1| 35 415 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 8 31.9 | Canopus 264 03.0 S52 41.7
279 04.6 155 32.3 53.4 | 234 15.2 22.2 | &5 46.6 03.0 | 294 40.1 31.9 | Capella 280 56.0 N45 59.5
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
309 09.5] 185 31.1 - - 52.1| 264 165 - - 23.2| 95 51.8 - - 03.0 | 324 449 - - 31.9 | Denebolo 182 48.1 N14 36.2
324 12.0] 200 30.4 51.4 279 17.2 23.8| 110 54.4 029 | 339 474 31.9 | Diphda 349 10.3 S18 00.9
339 14.4| 215 29.8 50.8 | 294 17.8 24.3 | 125 57.0 02.9 | 354 49.8 31.8
354 169|230 29.2 N21 50.1 | 309 18.5 N16 24.9 | 140 59.5 S12 02.9 9 52.2 S 8 31.8 | Dubhe 194 09.2 N6l 47.0
9 19.4| 245 28.6 49,51 324 19.1 25.4 | 156 02.1 02.8| 24 54.7 31.8 | Einath 278 31.0 N28 3&.1
T 24 21.8| 260 28.0 48.8 | 339 19.8 259|171 04.7 02.8| 39 57.1 31.8 | Eltanin 90 52.2 N51 29.4
H 39 243|275 274 - - 48.2| 354 20.4 - - 265|186 07.3 - - 028 54 59.5 - - 31.8 |Enif 34 009 N 9 51.0
V] 54 26.8| 290 26.8 475 9 21.1 27.0] 201 09.9 02.7| 70 02.0 31.8 | Fomalhaut 15 39.6 529 38.8
R 69 29.2| 305 26.1 469 | 24 217 27.6 | 216 12.5 02.7]| 85 04.4 318
S 84 31.7] 320 25.5 N21 46.2 | 39 22.3 N16 28.1 | 231 15.0 512 02.7 | 100 06.8 S 8 31.8B | Gacrux 172 16.6 557 05.3
D 99 34.2] 335 249 45.6 | 54 23.0 28.6 | 246 17.6 02.7 | 115 09.3 31.8 | Gienoh 176 06.9 S17 309
A 114 36.6| 350 24.3 449 | 69 23.6 29.2 | 261 20.2 02.6 | 130 11.7 31.8 | Hodar 149 07.7 Se0 21.1
Y 129 39.1| 5237 -- 443| 84 243 -+ 29.7|276 22.8 - - 02.6| 145 14.1 - - 31.8 |Homal 328 17.1 N23 26.1
144 415 20 23.1 436| 99 249 30.2 | 291 25.3 02.6 | 160 16.6 31.8 | Kaus Aust. B4 02.3 S34 231
159 44.0| 35 22.5 429|114 25.6 30.8 | 306 279 02.5] 175 19.0 318
174 46.5| 50 21.9 N21 42.3 | 129 26.2 N16 31.3 | 321 30.5 512 02.5 | 190 21.4 S 8 31.8 | Kochab 137 18.6 N74 10.9
189 48.9| 65 21.3 41.6 | 144 26.9 31.8| 336 33.1 02.5| 205 23.9 31.8 | Morkab 13 52.4 N15 10.5
204 51.4| BO 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
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 S3& 20.8
234 56.3]110 19.4 39.6 | 189 28.8 334 | 21 408 02.4 | 250 31.2 31.8 | Miaplacidus 221 43.2 Se9 42.1
249 58.81 125 18.8 39.0 | 204 29.5 34.0| 36 434 02.4 | 265 33.6 318
1700 265 01.3] 140 18.2 N21 38.3 | 219 30.1 N1b 34.5| 51 46.0 512 02.4 | 280 36.0 S 8 31.8 | Mirfak 309 01.2 N49 50.3
280 03.7] 155 176 37.6 | 234 30.8 35.0| &b 48.5 02.3] 295 38.5 31.8 | Nunki 76 15.6 S26 18.1
295 06.2| 170 17.0 37.0 | 249 314 35.6| Bl 51.1 02.3 | 310 40.9 31.8 | Peacock 53 41.1 S56 44.9
310 08.7| 185 164 -+ 363|264 321 - - 361 | 96 53.7 - - 02.3] 325 43.4 - - 31.8 |Pollux 243 45.4 N28 02.3
325 11.1| 200 15.8 35.6 | 279 32.7 36.6 | 111 56.3 02.2 | 340 45.8 31.8 | Procyon 245 149 N 5 14.2
340 13.6| 215 15.2 35.0 | 294 33.3 37.2| 126 588 02.2 | 355 48.2 318
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 |Rasalhague 96 19.3 N12 33.9
10 18.5| 245 14.0 336|324 346 38.2 | 157 04.0 02.2]| 25 53.1 31.8 | Regulus 207 58.8 N11 59.6
25 21.0| 260 13.4 329339 353 38.8| 172 06.6 02.1| 40 55.5 31.8 | Rigel 281 26.1 S 8 12.6
F 40 234|275 128 -+ 323|354 359 - - 393 187 09.1 - - 02.1| 55 58.0 - - 31.8 |Rigil Kent. 140 10.7 560 48.9
R 55 25.9| 290 12.2 316 9 36.6 39.8 | 202 11.7 02.1 71 00.4 31.8 | Sabik 102 28.5 S15 43.0
| 70 28.4| 305 11.6 309 | 24 37.2 40.4 | 217 143 02.1]| 86 02.9 318
D 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 100 33.3| 335 104 29.6| 54 385 41.4] 247 19.4 02.0 | 116 07.7 31.8 | Shoula 96 40.8 S37 05.9
Y 115 35.8| 350 09.8 28.9| 69 39.2 419 | 262 22.0 02.0 | 131 10.2 31.8 | Sirius 258 46.6 S16 42.6
130 38.2 509.2 -- 28.2| 84 39.8 -- 425|277 24.6 -+ 02.0] 146 12.6 - - 31.B |Spica 158 46.1 511 08.1
145 40.7] 20 086 275} 99 40.5 4301 292 27.1 0191 16l 15.1 31.8 | Subail 223 03.2 543 249
160 43.2| 35 08.0 26.8 ] 114 41.1 435|307 29.7 01.9] 176 17.5 318
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 80 48.2 N38 46.8
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 Slé6 01.2
205 50.5| 80 0.2 248|159 43.0 45.1 | 352 37.4 01.8 | 221 24.8 318 SHA  Mer Poss.
220 53.0| 95056 -- 241|174 43.7 - - 456 7 400 - - 01.B| 236 273 - - 318 ° ' h m
235 55.5| 110 05.1 23.4| 189 44.3 46.2 | 22 42.6 01.8 | 251 29.7 31.8 | Venus 236 30.8 14 38
250 57.9] 125 04.5 22.7 | 204 45.0 46.7 ] 37 45.1 01.8 ] 266 32.1 31.8 | Mors 315 125 9 23
h m Jupiter 146 419 20 34
Mer. Pass. 6 228| v-06 d 07 v 06 d 05 v 26 d 00 v 24 d 00]Satun 15 355 521

Figure 2007. Left hand daily page of the Nautical Almanac for June 16, 1994.
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Body Moon (UL) correction corresponding todfactor of +12.1 is +0.1. Itis
Index Correction 0.0' important to extract the correction with the correct
Dip (18 feet) 4.1 algebraic sign. Thd correction may be positive or negative
Sum 4.1 depending on whether the Moon'’s declination is increasing
Sextant Altitude (§ 26° 06.7' or decreasing in the interval covered by thiactor. In this
Apparent Altitude (g 26° 02.6' case, the Moon'’s declination at 10-00-00 GMT on 16 June
Altitude Correction +60.5' was S 00 13.7'; at 11-00-00 on the same date the Moon’s
Additional Correction 0.0’ declination was S 00 25.8'. Therefore, since the
Horizontal Parallax (58.4) +4.0' declination was increasing over this period, therrection
Moon Upper Limb Correction -30.0' is positive. Do not determine the sign of this correction by
Correction to +34.5' noting the trend in thel factor. In other words, had the
Observed Altitude (}) 26° 37.1' factor for 11-00-00 been a value less than 12.1, that would

not indicate that thed correction should be negative.

correction factor of 58.4. Interpolating between 58.2 andRemember that théfactor is analogous to an interpolation
58.5 yields a value of +4.0' for the horizontal parallaxfactor; it provides a correction teclination. Therefore, the
correction. trend in declination values, not the trend dhvalues,

The final correction is a constant -30.0" correction £0 h controls the sign of thd correction. Combine the tabulated
applied only to sights of the Moon’s upper limb. This correctiondeclination and thd correction factor to determine the true
is always negative; apply it only to sights of the Moon’s upperdeclination. In this case, the Moon'’s true declination is S
limb, not its lower limb. The total correction tq Is the sum of 00° 13.8'.
all the corrections; in this case, this total correction is +34.5 Having obtained the Moon’s GHA and declination,

minutes. _ _ . calculate LHA and determine the assumed latitude. Enter the
To obtain the Moon’s GHA, enter the daily pages in thesjght Reduction Tableith the LHA, assumed latitude, and

Moon column and extract the applicable data just as for a star @alculated declination. Calculate the intercept and azimuth in
Sun sight. Determining the Moon’s GHA requires an additionathe same manner used for star and Sun sights.

correction, ther correction.
2009. Reducing a Planet Sight

GHA Moon andv 245> 451" and +11.3

GHA Increment 000.0’

v Correction +0.1' There are four navigational planets: Venus, Mars,
GHA 245 45.2' Jupiter, and Saturn. Reducing a planet sight is similar to

reducing a Sun or star sight, but there are a few important
First, record the GHA of the Moon for 10-00-00 on differences. This Article will cover the procedure for
June 16, 1994, from the daily pages of thautical Aima-  determining |, the GHA and the declination for a planet
nac Record also the correction factor; in this case, itis gjght.
+11.3. Thev correction factor for the Moon is always posi- On July 27, 1995, at 09-45-20 GMT, you take a sight

tive. The increment correction is, in this case, zero becaus& Mars. His 3% 20.5'". The height of eye is 25 feet, and the
the sight was recorded on the even hour. To obtainvthe . ' e ’

correction, go to the tables of increments and corrections. IH‘deX corre.ct|on is +0.2". Determing,IGHA, and declina-

the 0 minute table in theor d correction columns, find the tion. See Figure 2009. o

correction that corresponds tova 11.3. The table yields a The table above demonstrates the similarity between

correction of +0.1'. Adding this correction to the tabulatedreducing planet sights and reducing sights of the Sun and

GHA gives the final GHA as 24515.2'. stars. Calculate and apply the index and dip corrections ex-
Finding the Moon’s declination is similar to finding the actly as for any other sight. Take the resulting apparent

declination for the Sun or stars. Go to the daily pages fo@ltitude and enter the altitude correction table for the stars

June 16, 1994; extract the Moon’s declination drfdctor.  and planets on the inside front cover of thautical

Almanac
In this case, the altitude correction for°33%.8' results in
Tabulated Declinationd S 0C 13.7'/+12.1 acorrection of -1.5'". The additional correction is not applicable
d Correction +0.1' because the sight was taken at standard temperature and pres-
True Declination S 0013.8' sure; the horizontal parallax correction is not applicable to a

planet sight. All that remains is the correction specific to Mars
The tabulated declination and tdgactor come from  or Venus. The altitude correction table in tRautical Alma-
theNautical Almanac’'slaily pages. Record the declination nacalso contains this correction. Its magnitude is a function of
and d correction and go to the increment and correctionthe body sighted (Mars or Venus), the time of year, and the
pages to extract the proper correction for the gigiéamctor.  body’s apparent altitude. Entering this table with the data for
In this case, go to the correction page for O minutes. Thehis problem yields a correction of +0.1'. Applying these cor-
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SIGHT REDUCTION

Twilight Moonrise
SUN MOON Lat. Sunrise
G”A:n Naut.  Civil 15 16 17 18
[ G.H.A. Dec. G.H.A. v Dec. d H.P. ol v m _— nom - - - m nom hom
sl o v e ol e s s e s . LINT2] O o o 095411501349 1556
1500{179 55.6 N23 17.2|112 24.4 118 N 6 28.5 11.4 576 N 70| © o o |01 [:149 | 13401536
01|194 555 174|126 55.2 11.8 6 17.1 11.3 57.6| 68| o o o |1006|:148 (1333 ]|1521
02| 209 55.4 17.5/141 26.0 11.8 6 058 11.4 57.6| 66| o o o |0 |47 |1326]1509
03]224 55.2 17.6{155 56.8 11.7 5 54.4 1.4 57.7| 64| m m [o133 |0 |:147 1321|1459
04]239 55.1 177170 275 11.8 5 43.0 115 57.7| 62| w m |o0210 |18 |:146|1317 |14 50
05| 254 55.0 17.8/184 58.3 118 5315115577 60| m Joos2 |0236 2020 |:146]1313 1443
06|269 54.8 N23 17.9/199 29.1 11.7 N 5 20.0 11.6 577 N58| m |o0141 0256 [ 1023|1145 |13 101437
w 07|284 54.7 18.0/213 59.8 11.8 5084 115578 56| m o211 |03 131025 |:145 1307 |14 31
E 08[299 54.6 18.1|228 30.6 11.7 4569 11.757.8| 54| 0048 | 0233|0327 | 1027 | 2145|1304 | 14 26
D 09]314 54.4 18.2/243 01.3 11.8 4452 11.6 57.8| 52| 0133 | 0251|0339 |1029 2144|1302 14 21
N 10{329 54.3 18.3(257 321 11.7 4 33.6 11.7 578 50|02 00 | 03 06 (03 50 |10 30 [ :1 44 |13 00 | 14 17
E 11]344 542 18.5(272 02.8 11.7 4 219 11.7 57.9| 45|02 46 |03 35 [04 13 |10 34 [ :1 44 |12 55 | 14 08
S 12/359 54.0 N23 18.6{286 33.5 11.7 N 4 10.2 11.8 57.9| N40| 03 16 [03 58 [04 31 [1037 | 1143|1251 |14 01
D 13| 14 539 18.7|301 04.2 11.7 3 58.4 11.7 57.9| 35|03 39 | 04 16 | 04 46 | 10 39 [ 1143 |12 48 | 13 54
A 14| 29 538 18.8[315 34.9 11.7 1467 11.8 579| 30| 0358 |04 31 [04 59 | 1042 |11 42 [ 12 45 | 13 49
Y 15| 44 536 .. 18.9(330 05.6 1.7 3 34.9 11.9 580| 20] 04 27 | 04 56 | 05 20 | 10 45 | 11 42 | 12 40 [ 13 39
16| 59 53.5 19.0{344 36.3 11.6 3 23.0 11.8 58.0| N 10| 04 49 | 05 16 | 05 39 |10 49 | 1141 [ 1235 | 13 ;1
17| 74 534 19.1]359 06.9 116 3 11.2 11.9 58.0 0]osos o534 |0557 1052 |:141f2231 1323
18| 89 53.2 N23 19.2| 13 37.5 11.7 N 2 59.3 11.9 58.0| S10] 0525 | 05 51 | 06 14 [ 1055 | 11 40 | 12 27 | 13 16
19| 104 53.1 19.3| 28 08.2 116 2474 12.0 58.1| 20| 0541 |06 09 [ 0633 [1059 [ 1140 |12 23 |13 07
20[119 53.0 194| 42388 116 2354 119 581| 30| 0558 | 0628 | 0654 | 1103|2240 |1218 1258
21|134 s2.8 195 57 09.4 11.5 2 23.512.0581| 35|0606 | 0638|0706 |12105|1139]1215]1253
22|149 s52.7 196/ 71 399 116 2115120581| 40|06 16 | 0650 [07 20 | 1207 | 2139 1212 |12 47
23| 164 52.6 19.7| 86 105 115 1 59.5 12.0 582| 45|06 26 |07 03 |07 37 [1110|1139 1208|1240
1600179 52.4 N23 19.8/100 41.0 115 N 1 47.5 12.1 58.2| S50 06 38 | 07 19 | 07 58 | 1114 [ 1138 12 04 | 12 32
01|194 52.3 199(115 11.5 115 1354 12.0 582| 52|06 43 |07 27 |08 08 1115|1138 | 1202 |12 28
02| 209" 52.2 20.0{129 42,0 11.5 1 23.4 121 582| 54| 0649 |07 35 |08 19 |1117|1138 |12 00|12 24
03|224 520 .. 201|144 125 11.5 1113 121583| 56| 0655|0748 |08 31 |1119|2138 1158|1219
04]239 51.9 20.1{158 43.0 114 059.2 12.1 583| 58| 0702 | 0754 |08 46 [11 21 | 1138|1155 |12 14
05|254 51.7 202[173 134 114 0471 121 58.3| S60| 0709 |08 06 | 09 03 |11 24 | 1137 | 1152 | 12 09
06[269 51.6 N23 203187 43.8 11.4 N 0 35.0 12.2 583 -
07|284 515 204|202 142 113 0 22.8 121 584 11 | sunser | o O Mocaset
T 08]299 513 205|216 44.5 113 N 0 10.7 12.2 58.4| ~°F Cwil MNow. | 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 51.1 207|245 45.1 11.3 0 13.7 12.1 58.4 S S I DU I Uy (R
R 11)344 509 20.8[260 154 11.2 0 258 12.2 585| N72| o = o |2338 2325|2312 2254
S 12|359 50.8 N23 20.9(274 45.6 11.3 S 0 38.0 122 s85| N70| o© (=] o |2335 2329|2323 2316
E 13| 14 507 21.0{289 159 111 0 50.2 12.2 585 68| o = o |233a|2333 23322332
¢ 14| 29 505 21.1{303 46.0 11.2 1 02.4 12.2 585| 66| O o o 2332|2336 |2340 (23 46
15| 44 50.4 .. 21.1(318 162 11.1 1 14.6 12.2 586| 64| 2229 | m m |2331 233823472357
16| 59 50.3 21.2(332 463 111 1268 123 586| 62| 2152 | w m | 2329|2340 23522407
17| 74 501 21.3(347 164 110 1391 122 586| 60|2126 |23 10| m |23z8 2342|2357 |24 15
18| 89 50.0 N23 21.4| 1464 110 S151.3 122586 NS8|2105 |22210 | m |2327 |23 4a |24 02| 0002
19104 49.9 215) 16 164 110 2 035 12.2 58.7| 56|2049 [ 2051 | m |23 26 | 23 a5 | 24 06 | 00 06
20{119 49.7 216| 30 46.4 109 2157 12.2 58.7| 54| 2034 | 2129 | 23 15 | 23 26 | 23 47 | 24 09 | 00 09
21/134 49.6 .. 21.6| 45 163 109 2279 122 58.7| 52|2022 [2111 | 2229 |23 25 [ 2348 | 24 13 | 00 13
22|149 495 21.7| 59 46.2 109 2 40.1 12.2 58.7| 50| 20 11 | 20 56 | 22 01 | 23 24 | 23 49 | 24 15 | 00 15
23| 164 29.3 218| 74 161 108 2523 122 588| 45| 1949 | 2026 |21 16 |23 23 | 2352 | 24 22 | 00 22
17 00]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{103 157 10.7 3167 12.2 58.8| 35|19 16 | 1945 | 2022 |23 21 |23 55 | 24 32 | 00 32
02| 209 48.9 22.0(117 45.4 10.7 3289 12.2 58.8| 30|19 03 | 1930 | 2004 |23 20 2357 | 24 36 | 00 36
03|224 48.8 .. 221|132 151 107 3411122589 20]|1841 |19 05|19 35|23 18 |24 00 | 00 00 | 00 43
04|239 48.6 22.2|146 44.8 106 3533 121 58.9| N10| 18 22 | 18 45 | 19 12 | 23 17 | 24 02 | 00 02 | 00 50
05{254 48.5 223[161 14.4 10.6 4 05.4 12.2 58.9 0|18 04 [1827 | 1853 |23:5]| 2405 0005|0055
06]269 48.4 N23 22.3|175 44.0 105 S 4 17.6 12.1 589 S10| 1747 |18 10 | 1836 |23 14 | 2407 |00 07 | 01 ;1
07| 284 48.2 22.4[190 135 105 4 29.7 12.1 59.0] 20|17 28 [ 1752 |18 20 | 23 32 | 24 09 | 00 09 | 01 08
08)299 481 225(204 43.0 104 4 41.8 12.1 59.0| 30| 1707 | 1734 |18 03 [2330|2412 |0012 | 01 15
F 09314 48.0 226(219 12.4 104 4539 121 590| 35| 1655 | 1723 | 1755 [ 2309|2413 [0013 | 01 19
R 10{329 47.8 22.6(233 41.8 103 5 06.0 121'59.0] 40| 1641 |27 11 |17 45 |23 08 |24 15| 0015 | 01 24
I 11344 47.7 227|248 11.1 103 5181 121 59.1| 45|16 24 | 1658 | 1735 |23 07 |24 17 | 0017 | 01 29
E 12|359 47.6 N23 22.8/262 40.4 10.2 S 5 30.2 12.0 59.1| S50| 16 03 | 16 42 | 17 23 | 23 05 | 24 20 | 00 20 | 01 36
v 1| 14 474 229277 09.6 102 5422 120 59.1| 52| 1553 | 1634 |17 18 [23 04 |24 21 |00 21 | 01 39
18] 29 473 22.9(291 388 101 5 54.2 12.0 59.1| 54| 1542 | 1626 |17 12 | 23 04 | 24 22 | 00 22 | 01 a2
15| 44 472 23.0{306 07.9 10.1 6 06.2 11.9 59.2| 56| 1530 | 1617 | 17 06 | 23 03 | 24 23 | 00 23 | 01 46
16| 59 a7.0 23.1{320 37.0 100 6181 12.0 59.2| 58| 1515 | 1607 | 16 59 | 23 02 | 24 25 | 00 25 | 01 50
17| 74 a6.9 231|335 06.0 10.0 6 30.1 11.9 59.2| S60| 14 58 | 1555 | 16 52 | 23 00 [ 23 27 | 00 27 | 01 55
18] 89 46.8 N23 23.2|349 350 9.9 S 6 42.0 11.9 59.2
19/ 104 46.6 233" 4039 99 6539 118 59.3 SUN MOON
20|119 46.5 23.3| 18 328 98 7 057 118 59.3| pg, | Fan- of Time | Mer Mer. Pass. 1 el Phase
211134 46.3 .. 234| 33 016 9.7 7 17.5 11.8 59.3 00" 12" | Pass. | Upoer Lower ['9
22|19 462 235 a7 303 97 7 293 11.8 59.3 T sl T 1
23| 164 46.1 23.5| 61 59.0 9.6 741111.7594| 15| 0017 |00 24 |12 00 |17 04 | 04 39 |06
16|00 30 [ 00 37 | 12 01 | 17 53 | 05 28 |o%. O
sD. 158 d 01| s0. 158 15.9 161 17| 0043 | 0049 |12 01 |18 3 |06 18 |08

Figure 2008. Right hand daily page of the Nautical Almanac for June 16, 1994.
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Body Mars July 27, 1995, the factor is 1.1. If no algebraic sign

Index Correction +0.2' precedes the factor, add the resulting correction to the
Dip Correction (25 feet) -4.9' tabulated GHA. Subtract the resulting correction only when
Sum 4.7 a negative sign precedes thfactor. Entering the ord

hg 33° 20.5 correction table corresponding to 45 minutes yields a

h, 33° 15.8' correction of 0.8'. Remember, because no sign preceded the
Altitude Correction -1.5 v factor on the daily pages, add this correction to the
Additional Correction Not applicable tabulated GHA. The final GHA is 2631.4".

Horizontal Parallax Not applicable

Additional Correction for Mars +0.1' Tabulated Declinationd S0r06.1'/0.6
Correction to g -1.4' d Correction +0.5'

ho 33 14.4 True Declination S (106.6'

rections to gresults in an hof 33" 14.4" Read the tabulated declination directly from the daily

' pages of theNautical Almanac The d correction factor is
Tabulated GHA ¥ 256010'6, /1.1 listed at the bottom of the planet column; in this case, the
GHA Increment 1120.0 - . L
v correction 108 factor is 0.6. Note the trend in the declination values for the
GHA 267;’31.4' planet; if they are increasing during the day, the correction
factor is positive. If the planet’s declination is decreasing

The only difference between determining the Sun’s GHAJUring the day, the correction factor is negative. Next, enter
and a planet's GHA lies in applying thesorrection. Calculate  theVv or d correction table corresponding to 45 minutes and
th|s Correction from thg or d Correction Section of the Incre- extract the CorreCtion fOI’dlfaCtOt’ Of 0.6. The CorreCtion in
ments and Correction table in tRautical Almanac this case is +0.5'.

Find thev factor at the bottom of the planets’ GHA columns From this point, reducing a planet sight is exactly the
on the daily pages of th¢autical AlimanacFor Mars on same as reducing a Sun sight.

MERIDIAN PASSAGE

This section covers determining both latitude andpassage for May 16, 1995, is 1156. That is, the Sun crosses the
longitude at the meridian passage of the Sun, or Locatentral meridian of the time zone at 1156 ZT and the observer's
Apparent Noon (LAN). Determining a vessel's latitude atlocal meridian at 1156 local time. Next, determine the vessel's
LAN requires calculating the Sun’s zenith distance andDR longitude for the time of meridian passage. In this case, the
declination and combining them according to the rulessessel's 1156 DR longitude is 1523.0' W. Determine the time
discussed below. zone in which this DR longitude falls and record the longitude

Latitude at LAN is a special case of the navigationalof that time zone’s central meridian. In this case, the central
triangle where the Sun is on the observer's meridian and theeridian is 150W. Enter the Conversion of Arc to Time table
triangle becomes a straight north/south line. No “solution” isin the Nautical Almanaawith the difference between the DR
necessary, except to combine the Sun'’s zenith distance atwhgitude and the central meridian longitude. The conversion for
its declination according to the rules discussed below. 7° of arc is 28 of time, and the conversion for 23' of arc is

Longitude at LAN is a function of the time elapsed since thelm32 of time. Sum these two times. If the DR position is west
Sun passed the Greenwich meridian. The navigator musf the central meridian (as it is in this case), add this time to the
determine the time of LAN and calculate the GHA of the Sun atime of tabulated meridian passage. If the longitude difference is
that time. The following examples demonstrates these processesthe east of the central meridian, subtract this time from the

tabulated meridian passage. In this case, the DR position is west
2010. Latitude at Meridian Passage of the central meridian. Therefore, add 29 minutes and 32
seconds to 1156, the tabulated time of meridian passage. The

At 1056 ZT, May 16, 1995, a vessel’s DR position is L estimated time of LAN is 12-25-32 ZT.
40° 04.3'N and\ 157 18.5' W. The ship is on course 200 This first estimate for LAN does not take into account the
at a speed of ten knots. (1) Calculate the first and second egessel's movement. To calculate the second estimate of LAN,
timates of Local Apparent Noon. (2) The navigator actuallyfirst determine the DR longitude for the time of first estimate of
observes LAN at 12-23-30 zone time. The sextant altitudg AN (12-25-32 ZT). In this case, that longitude would be 157
at LAN is 69 16.0". The index correction is +2.1' and the 25.2' W. Then, calculate the difference between the longitude of
height of eye is 45 feet. Determine the vessel’s latitude. the 12-25-32 DR position and the central meridian longitude.

First, determine the time of meridian passage from the dailfrhis would be 7 25.2". Again, enter the arc to time conversion
pages of theNautical Almanac In this case, the meridian table and calculate the time difference corresponding to this
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1995 JULY 27, 28, 29 (THURS., FRI., SAT.)
ur | ARIES | VENUS —3.9| MARS +1.3| JUPITER —2.3|SATURN +1.0 STARS
(GMT)
d h G.H.A. G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. G.H.A. Dec. Nome 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 S 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 | 323 304 15.7 | Achernar 335 36.7 S57 15.2
02] 334 17.3| 215 219 30.7 | 151 02.9 01.7 | 90 28.8 36.7 | 338 33.0 15.7 | Acrux 173 24.6 S63 04.8
03] 349 19.8| 230 21.1 - - 30.2 | 166 04.0 - - 02.3 | 105 31.3 - - 36.7 | 353 355 - - 15.3 | Adharo 255 23.4 528 58.0
04] 4 22.3| 245 204 29.7 | 181 05.1 02.9 | 120 33.8 36.7 8 38.1 15.Z | Aldebaran 291 05.0 N16 29.9
05| 19 24.7| 260 19.6 29.2 | 196 06.2 03.6 | 135 36.4 36.7| 23 406 15.3
06| 34 27.2| 275 18.8 N21 28.7 | 211 07.3 S 1 04.2 | 150 38.9 S20 36.7 | 38 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 08| &4 32.1| 305 17.2 27.7 | 241 09.5 05.4 | 180 43.9 36.7| 68 48.2 16.2 | Al Na'ir 28 00.2 S46 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 | Alnilom 276 003 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 8 384
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 < 16.2 | Alphecca 126 22.3 N26 44.0
D 13| 139 444 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 24.5 | 331 16.1 09.2 | 270 59.0 36.7 | 159 03.4 16.2 | Altair 62 21.0 N 8 51.6
Y 15| 169 49.4| 50 11.6 - - 24.0 | 346 17.2 - - 09.8| 286 01.5 - - 36.7| 174 06.0 - - 16.3 | Ankao 353 28.8 542 19.5
16| 184 51.8| &5 10.8 23.5 1183 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.
18| 214 s6.8| 95 09.2 N21 22.5| 31 20.6 S 1 11.7 | 331 09.1 520 36.7 | 219 13.6 S & 16.4 | Arcturus 146 08.0 N19 12.5
19] 229 59.2| 110 08.4 219 | 46 21.7 12.4 | 346 116 36.7 | 234 16.1 16.2 | Atria 107 56.1 Se9 01.3
20| 245 01.7] 125 07.7 214| 61 22.8 13.0 1 14.1 36.7 | 249 18.7 16.5 | Avior 234 24.1 559 29.8
21| 260 04.2| 140 06.9 -+ 209 | 76 23.9 - - 13.6| 16 16.6 - - 36.7| 264 21.2 - - 16.5 | Bellatrix 278 46.7 N 6 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 16.1 N 7 24.3
23| 290 09.1 170 05.3 19.8 | 106 26.1 149 | 46 21.6 36.7 | 294 26.3 16.6
2800 305 11.6| 185 04.5 N21 19.3 [ 121 27.2 S 1 155 61 24.1 520 36.7 | 309 28.8 S ¢ 16.7 | Conopus 264 02.6 S52 41.6
01} 320 14.0| 200 03.7 18.8 | 136 28.3 16.1| 76 26.7 36.7 | 324 31.4 16.7 | Copelia 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 | Denebolo 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 S18 00.4
05| 20 23.9| 260 00.6 16.6 | 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 1 19.3 | 151 39.2 S20 36.7 | 39 44.1 S & 16.9 | 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| 54 466 17.0 | Einath 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|319 574 -- 145|256 37.1 -- 21.2| 196 46.7 - - 36.7| 84 51.7 - - 17.1 | Enif 34 00.0 N 9 515
R 10| 95 36.2| 334 56.6 13.9 | 271 38.2 21.8 [ 211 49.2 36.7| 99 54.3 17.. | Fomalhaut 15 38.5 529 38.5
1 11j 110 38.7 | 349 55.8 13.4 | 286 39.3 22.4 | 226 51.8 36.7 | 114 56.8 17.2
D 12| 125 41.1]| 4 55.1 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| 19 543 12.3 | 316 41.5 23.7 | 256 56.8 36.7 | 145 01.9 17.2 | Gienah 176 06.3 S17 31.1
Y 14| 155 46.1| 34 53.5 11.7 | 331 426 243|271 59.3 36.7 | 160 04.4 17.3 | Hador 149 07.0 S60 21.3
15/ 170 48.5| 49 52.7 - - 11.2 | 346 43.6 - - 249|287 01.8 - - 36.7| 175 07.0 - - 17.3 | Hamal 328 15.9 N23 26.4
16| 185 51.0| &4 51.9 10.6 1 44,7 25.6 | 302 04.3 36.7 | 190 09.5 17.4 | Kaus 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 S20 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 14.3 36.7 | 250 19.7 17.6 | Menkar 314 29.2 N 4 04.4
21| 261 03.3]139 48.0 - - 07.9| 76 50.2 - - 28B.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 | Mioplocidus 221 43.3 S69 42.1
23] 291 08.2 | 169 46.4 06.8 | 106 52.4 30.0 [ 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 § ¢ 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 17.8 | Nunki 76 14.6 S26 18.0
02] 336 15.6 214 44.1 05.1 | 151 55.7 319 92 29.3 36.8 | 340 34.9 17.8 | Peacock 53 39.8 S56 44.8
03| 351 18.1| 229 43.3 - - 04.5| 16b 56.8 - - 325|107 31.8 - - 36.8] 355 37.5 - - 17.9 | Pollux 243 44.5 N28 02.1
04] 6 205|244 42.5 04.0 | 181 57.9 331122 34.3 36.8| 10 40.0 17.9 | Procyon 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| 25426 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| 66 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 8 12.4
A 09] 81 329|319 38.7 -+ 01.2|257 03.4 - - 363|197 46.9 - - 36.8| 85 52.8 - - 18.1 |Rigil Kent. 140 10.0 S60 49.2
T 10] 96 353|334 379 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 51.9 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 S20 36.8 | 131 00.4 S ¢ 18.2 | Schedar 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 45.2| 34 34.8 58.3 | 332 08.9 39.4 | 272 59.4 36.8 | 161 05.5 18.4 | Sirius 258 45.9 Sl6 42.6
Y 15| 171 47.7| 49 340 - - 57.7| 347 10.0 - - 401|288 01.8 - - 36.8| 176 08.0 - - 18.2 | Spica 158 45.5 S11 08.3
16| 186 50.1| 64 33.2 57.2 2 11.0 40.7 | 303 04.3 36.8 | 191 10.6 18.5 | Suhail 223 02.7 543 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 S ¢ 18.6 | Vego 80 47.7 N38 47.1
19| 231 57.5| 109 30.9 554 | 47 143 42,6 | 348 11.8 36.8| 236 18.2 18.6 [ Zuben'ubi 137 20.3 Sl6 01.4
20] 247 00.0| 124 30.1 549 | 62 154 43.2 3143 368 251 208 18.6 S.HA. Mer. Poss.
21| 262 02.4(139 294 - - 543 77 165 - - 438| 18 168 - - 36.8| 266 233 - - 187 o h om
22| 277 04.9 154 28.6 53.7| 92 17.6 445( 33 19.3 36.8 | 281 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 18.6 | Mars 176 156 15 53
hom Jupiter 116 12.6 19 51
Mer. Pass. 3 386| v-08 d 05 v 11 d 06 v 25 d 00 v 25 d oc|Satun 4173 322

Figure 2009. Left hand daily page of the Nautical Almanac for July 27, 1995.
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Date 16 May 1995 the DR latitude is N 3955.0" and the Sun’s declination is N°19
DR Latitude (1156 ZT) 3955.0' N 19.3". The observer is to the north of the Sun’s declination;
DR Longitude (1156 ZT) 15723.0' W therefore, name the zenith distance north. Next, compare the
Central Meridian 150W names of the zenith distance and the declination. If their names
d Longitude (arc) 723' W are the same (i.e., both are north or both are south), add the two
d Longitude (time) +29 min. 32 sec values together to obtain the latitude. This was the case in this
Meridian Passage (LMT) 1156 problem. Both the Sun’s declination and zenith distance were
ZT (first estimate) 12-25-32 north; therefore, the observer’s latitude is the sum of the two.
DR Longitude (12-25-32) 15725.2' If the name of the body’s zenith distance is contrary to
d Longitude (arc) 725.2' the name of the Sun’s declination, then subtract the smaller
d Longitude (time) +29 min. 41 sec of the two quantities from the larger, carrying for the name
Meridian Passage 1156 of the difference the name of the larger of the two
ZT (second estimate) 12-25-41 guantities. The result is the observer's latitude. The
ZT (actual transit) 12-23-30 local following examples illustrate this process.

Zone Description +10 Zenith Distance N 25 Zenith Distance S 50

GMT 22-23-30 True Declination S 15  True Declination N1Q°

Date (GMT) 16 May 1995 Latitude N 10 Latitude S 40
Tabulated Declinationd N 19 09.0'/ +0.6

d correction +0.2' 2011. Longitude at Meridian Passage

True Declination N 1909.2'

Index Correction +2.1' Determining a vessel's longitude at LAN is straight-
Dip (48 ft) -6.7' forward. In the western hemisphere, the Sun’s GHA at
Sum -4.6' LAN equals the vessel's longitude. In the eastern
hs (at LAN) 69 16.0 hemisphere, subtract the Sun’s GHA from 36@

ha 69°11.4' determine longitude. The difficult part lies in determining
Altitude Correction +15.6' the precise moment of meridian passage.

89" 60 89 60.0° Determining the time of meridian passage presents a
hy 69 27.0 problem because the Sun appears to hang for a finite time
Zenith Distance N 2033.0 at its local maximum altitude. Therefore, noting the time
True Declination N 1909.2 of maximum sextant altitude is not sufficient for
Latitude 39 42.2'

determining the precise time of LAN. Two methods are
available to obtain LAN with a precision sufficient for

Iongitrl:de diﬁergnc;a. The (l:o:crecti.cm fm?f?r? is 28_l of"time, I determining longitude: (1) the graphical method and (2)
ar_1d t_ ecorrecﬂo_n 0r25.2 ofarc Is141"0 twn_e. Finally, aPPYthe calculation method. The graphical method is
this time correction to the original tabulated time of merldlanOIiSCussed first below

passage (1156 ZT). The resulting time, 12-25-41 ZT, is the See Figure 2011. For about 30 minutes before the

second estimate of LAN. estimated time of LAN, measure and record several sextant
Solving for latitude requires that the navigator calculateytjtydes and their corresponding times. Continue taking
two quantities: the Sun’s declination and the Sun’s zenitlgightS for about 30 minutes after the Sun has descended
distance. First, calculate the Sun’s true declination at LAN. Thgrom the maximum recorded altitude. Increase the sighting
problem states that LAN is 12-28-30. (Determining the exackrequency near the meridian passage. One sight every 20-30
time of LAN is covered in Article 2011.) Enter the time of seconds should yield good results near meridian passage;
observed LAN and add the correct zone description tQess frequent sights are required before and after.
determine GMT. Determine the Sun’s declination in the same  p|ot the resulting data on a graph of sextant altitude
manner as in the sight reduction problem in Article 2006. In thig,ersus time and draw a fair curve through the plotted
case, the tabulated declination was N 19.1, and the d  gata. Next, draw a series of horizontal lines across the
correction +0.2". The true declination, therefore, is NIB3".  ~,rve formed by the data points. These lines will

Next, calculate zenith distance. Recall from Navigationaintersect the faired curve at two different points. The x
Astronomy that zenith distance is simply’9@bserved altitude. coordinates of the points where these lines intersect the
Therefore, correctdto obtain b, then correct jto obtain ly.  faired curve represent the two different times when the
Then, subtract fifrom 9C to determine the zenith distance. Sun’s altitude was equal (one time when the Sun was
Name the zenith distance North or South depending on thascending; the other time when the Sun was descending).
relative position of the observer and the Sun’s declination. If th®raw three such lines, and ensure the lines have
observer is to the north of the Sun’s declination, name the zenitsufficient vertical separation. For each line, average the
distance north. Conversely, if the observer is to the south of thevo times where it intersects the faired curve. Finally,
Sun’s declination, name the zenith distance south. In this casayerage the three resulting times to obtain a final value
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t, + t
T, = 1 5
/\ 2
t3 t,

SUNS TB = l2 + 15
MEASURED e
ALTITUDE ts ts 2

Ty = WH+h
t tg 2
LAN = Ta+Tg +Tc
1 1 1 1 1 L 3
| I T I I I

Figure 2011. Time of LAN.

for the time of LAN. From theNautical Almanag recorded just before the Sun’s reaching its maximum
determine the Sun’s GHA at that time; this is your altitude. Note the time when the Sun is again at that
longitude in the western hemisphere. In the eastergjtitude. Average the two times. Repeat this procedure
hemisphere, subtract the Sun's GHA from 36®  \yith two other altitudes recorded before LAN, each time

dgtermlne longitude. F.or a quicker but less exact tImepresetting the sextant to those altitudes and recording the
simply drop a perpendicular from the apex of the curve . . )

\ . corresponding times that the Sun, now on its descent,
and read the time along the time scale.

The second method of determining LAN is similar to Passes  through those  altitudes.  Average  these
the first. Estimate the time of LAN as discussed aboveCorresponding times. Take a final average among the
Measure and record the Sun’s altitude as the Sufhree averaged times; the result will be the time of
approaches its maximum altitude. As the Sun begins teneridian passage. Determine the vessel’s longitude by
descend, set the sextant to correspond to the altituddetermining the Sun’s GHA at the exact time of LAN.

LATITUDE BY POLARIS

2012. Latitude by Polaris 23.8'N,A=37 14.0' W, the observed altitude of Polarig)h
is 49 31.6". Find the vessel’s latitude.

Since Polaris is always within about df the North To solve this problem, use the equation:

Pole, the altitude of Polaris, with a few minor corrections, _

equals the latitude of the observer. This relationship makes Latitude = hy—1°+Ag+A, +A,

Polaris an extremely important navigational star in the

northern hemisphere. where fy is the sextant altitude ghcorrected as in any other

The corrections are necessary because Polaris orbits in

a small circle around the pole. When Polaris is at the exac%tar sight; 1 is a constant; and g Ay, and A are

same altitude as the pole, the correction is zero. At twgorrection factors from the Polaris tables found in the
points in its orbit it is in a direct line with the observer and Nautical Almanac These three correction factors are

the pole, either nearer than or beyond the pole. At thesglways positive. One needs the following information to
points the corrections are maximum. The fo”owing enter the tables: LHA of Al’ieS, DR Iatitude, and the month
example illustrates converting a Polaris sight to latitude. ©f the year. Therefore:

At 23-18-56 GMT, on April 21, 1994, at DR Lat. 50 Enter the Polaris table with the calculated LHA of Aries
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POLARIS (POLE STAR) TABLES, 1994
FOR DETERMINING LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH
LHA |120° - [130° - [140° - | 150° — | 160° — | 170° — | 180° — | 190° — | 200° - | 210° - | 220° — | 230° -
ARIES 129° | 139° 149° | 159° 169° | 179°| 189 199° | 209°| 219° | 229°| 239°
) a a a ao a, ao do do dy ao ao
0 (0 539 |1 Or'8|1 097|1 1721 241|1 303(1 355(1 3961 42°5(1 44'1(1 443[1 432
I 547| 026 104| 179| 248| 309| 360| 400| 427| 442| 443| 430
3 555| 034 112 186| 254| 314| 364| 403| 429| 443| 442| 428
3 56-3 04-2 12:0 19-3 26°1 320 369 406 431 43| 441 42:6
4 571 os5of 127|200 267 325 373| 409( 433| 444| 440 424
5 [0 5781 o581 135|1 207|1 27:3|1 3301 37°7|1 412 |1 4351 444|1 439|1 421
6 586| 066\ 142| 214| 279| 335| 3I®1| 4r5| 436| 444 438| 419
7 |0 594 o73| 150| 221 285| 341| 385| 418 438 444 437| 416
8 |1 o002 o8r) 157| 228| 291| 346| 389 420 439| 444| 435| 413
9 oro| o089 164 235 297 350 393 4231 440 444 434 410
10 |1 o18|1 09'7[1 172|1 24 1|1 303|1 355|1 396|1 42:5|1 44'1|1 443|1 4321 407
Lal. ay a, a, a, a, a, a, a, a, a, a, a,
o ’ ’ ! ’ ’ ’ ’ r ’ ’ ! ]
0 02 02 03 03 0'4 04 05 06 06 06 06 06
10 .3 .3 -3 .4 4 .5 .s 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 ‘5 -6 -6 -6 -6 -6
40 05 05 05 0’5 0’5 06 06 06 06 06 06 06
45 'S 5 '5 -6 ‘6 6 6 6 ‘6 ‘6 -6 6
50 6 -6 6 6 6 6 6 6 -6 6 6 6
55 7 -7 7 -7 -6 6 -6 3 -6 6 6 -6
60 -8 -8 -7 -7 -7 7 6 6 6 6 ‘6 6
62 o8 o8 o8 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 -
68 10 10 09 09 o8 o8 07 07 06 06 06 06
Month a, a, a, a, a a, a, a, a, a, a, a,
Jan. 06 06 06 05 05 o5 04 04 04 04 0'4 04
Feb. 8 -8 7 7 6 6 '5 5 4 4 4 3
Mar. 09 09 09 -8 8 7 -6 -6 ‘5 ‘5 4 4
Apr. 10 1-0 10 09 09 o8 o8 07 07 06 05 o5
May 09 10 I-0 10 10 09 ‘9 ‘9 -8 -8 7 6
June -8 09 09 09 09 1o ‘9 ‘9 9 9 -8 -8
July 07 o7 o8 o8 o8 09 09 09 09 09 09 09
Aug. e 5 6 6 7 7 8 8 8 9 9 9
Sept. 3 4 4 5 5 6 6 7 P 7 8 8
Oct. 03 03 03 03 03 04 04 05 05 06 06 07
Nov. 2 2 -2 2 -2 2 ‘2 3 ‘3 4 ‘5 ‘5
Dec. 03 0-2 02 02 ol oI o1 02 02 02 03 04
Lat. AZIMUTH
0 | 3592 | 3592 | 359'3 | 3593 | 3594 | 3595 | 3596 | 3597 | 3598 | o0 | oI 02
20 | 3592 | 3592 | 3592 | 3593 | 3594 | 3595 | 3596 | 3597 | 3598 | o0 | oI 03
40 | 35970 | 3590 | 359 [ 3591 | 3592 | 359'3 | 359'5 | 3596 | 3598 | o0 o1 03
50 | 3588 | 3588 | 3589 | 3590 | 3591 | 3592 | 3594 | 3596 | 3598 | o0 02 04
55 | 3587 | 3587 | 3587 | 3588 | 3590 [ 35971 | 3593 | 3595 | 3597 | o0 o2 04
60 | 3585 | 3585 | 3586 | 3587 | 3588 | 3590 | 3592 | 359'5 | 3597 | o0 02 05
65 | 3582 | 3582 | 3583 | 3584 | 3586 | 3588 | 3591 | 359'4 | 3596 | 3509 | 03 06

Figure 2012. Excerpt from the Polaris Tables.
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(162 03.5"). See Figure 2012. The first correctior, /& a

function solely of the LHA of Aries. Enter the table column
indicating the proper range of LHA of Aries; in this case,
enter the 168169 column. The numbers on the left hand

SIGHT REDUCTION

Tabulated GHA®Y” (2300 hrs.) 1982.7
Increment (18-56) 444.8'
GHA % 199 17.5'
DR Longitude (-W +E) 3714.0'

side of the A correction table represent the whole degrees of

LHA %~ ;interpolate to determine the propegAorrection.
In this case, LHASY® was 16203.5'. The 4 correction for

LHA =162°is 1° 25.4' and the Acorrection for LHA =163
is 1° 26.1". The A correction for 16203.5'is * 25.4'.

LHA %° 162° 03.5'
Ap (162 03.5") +F 25.4'
A4 (L =5CN) +0.6'

A, (April) +0.9'

Sum T 26.9'
Constant -100.0°
Observed Altitude 4931.6'
Total Correction +26.9'
Latitude N 49 58.5'

To calculate the A correction, enter the Acorrection

table with the DR latitude, being careful to stay in the 60
169 LHA column. There is no need to interpolate here; simply
choose the latitude that is closest to the vessel's DR latitude. In
this case, L is 5IN. The A correction corresponding to an
LHA range of 160-169 and a latitude of 50! is + 0.6".

Finally, to calculate the Acorrection factor, stay in the
160°-169° LHA ©y°column and enter the Acorrection
table. Follow the column down to the month of the year; in
this case, it is April. The correction for April is + 0.9'.

Sum the corrections, remembering that all three are
always positive. Subtractfrom the sum to determine the
total correction; then apply the resulting value to the
observed altitude of Polaris. This is the vessel’s latitude.

THE DAY’S WORK IN CELESTIAL NAVIGATION

2013. Celestial Navigation Daily Routine

The navigator need not follow the entire celestial rou-
tine if celestial navigation is not the primary navigation
method. It is appropriate to use only the steps of the celes-
tial day’s work that are necessary to provide a meaningful
check on the primary fix source and maintain competency
in celestial techniques.

The list of procedures below provides a complete daily
celestial routine to follow. This sequence works equally
well for all sight reduction methods, whether tabular, math-
ematical, computer program, or celestial navigation
calculator. See Figure 2013 for an example of a typical
day’s celestial plot.

1. Before dawn, compute the time of morning twilight
and plot the dead reckoning position for that time.

2. At morning twilight, take and reduce celestial obser-
vations for a fix. At sunrise take an amplitude of the
Sun for a compass check.

3. Mid-morning, wind the chronometer and determine
chronometer error with a radio time tick.

line.

5. Calculate an azimuth of the Sun for a compass
check, if no amplitude was taken at sunrise.

6. At LAN, obtain a Sun line and advance the morning
Sun line for the noon fix. Compute a longitude deter-
mined at LAN for an additional LOP.

7. Mid afternoon, again take and reduce a Sun sight.
This is primarily for use with an advanced noon Sun
line, or with a Moon or Venus line if the skies are over-
cast during evening twilight.

8. Calculate an azimuth of the Sun for a compass check
at about the same time as the afternoon Sun observa-
tion. The navigator may replace this azimuth with an
amplitude observation at sunset.

9. During evening twilight, reduce celestial observa-
tions for a fix.

10. Be alert at all times for the moon or brighter planets
which may be visible during daylight hours for addi-
tional LOP’s, and Polaris at twilight for a latitude line.

Chapter 7, Chapter 17, and Chapter 20 contain detailed ex-

planations of the procedures required to carry out the various

4. Mid-morning, reduce a Sun sight for a morning Sunfunctions of this routine.
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Figure 2013. Typical celestial plot at sea.
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