CHAPTER 20

SIGHT REDUCTION

BASIC PRINCIPLES

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

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

between the circles of equal altitude for the assumed posi-
This chapter concentrates on usingNlaetical Alma-  tion and the actual position. Tigght Reduction Tables
nac andPub. No. 229, Sght Reduction Tables for Marine  also give thelirection from the GP to the AP. Having se-
Navigation. lected the assumed position, calculated the distance
The introduction to each volume of tAght Reduction ~ between the circles of equal altitude for that AP and his ac-
Tables contains information: (1) discussing use of the publitual position, and determined the direction from the
cation in a variety of special celestial navigation techniqguesgssumed position to the body’s GP, the navigator has
(2) discussing interpolation, explaining the double secondnough information to plot a line of position (LOP).
difference interpolation required in some sight reductions, To plot an LOP, plot the assumed position on either a
and providing tables to facilitate the interpolation processghart or a plotting sheet. From tBght Reduction Tables,
and (3) discussing the publication’s use in solving problemdetermine: 1) the altitude of the body for a sight taken at the
of great circle sailings. Prior to using tBeght Reduction AP and 2) the direction from the AP to the GP. Then, deter-
Tables, carefully read this introductory material. mine the difference between the body’s calculated altitude
Celestial navigation involves determining a circularat this AP and the body’s measured altitude. This difference
line of position based on an observer’s distance from a ceepresents the difference in radii between the equal altitude
lestial body’s geographic position (GP). Should thecircle passing through the AP and the equal altitude circle
observer determine both a body’s GP and his distance fropassing through the actual position. Plot this difference
the GP, he would have enough information to plot a line ofrom the AP eithetowards or away from the GP along the
position; he would be somewhere on a circle whose centexis between the AP and the GP. Finally, draw the circle of
was the GP and whose radius equaled his distance from ttegiual altitude representing the circle with the body’s GP at
GP. That circle, from all points on which a body’s measurethe center and with a radius equal to the distance between
altitude would be equal, iscir cle of equal altitude. There  the GP and the navigator’s actual position.
is a direct proportionality between a body’s altitude as mea- One final consideration simplifies the plotting of the
sured by an observer and the distance of its GP from thagual altitude circle. Recall that the GP is usually thousands
observer; the lower the altitude, the farther away the GRf miles away from the navigator’s position. The equal alti-
Therefore, when an observer measures a body'’s altitude hele circle’s radius, therefore, can be extremely large. Since
obtains an indirect measure of the distance between himséfiis radius is so large, the navigator can approximate the sec-
and the body’s GP. Sight reduction is the process of corion close to his position with a straight line drawn
verting that indirect measurement into a line of position. perpendicular to the line connecting the AP and the GP. This
Sight reduction reduces the problem scale to managstraight line approximation is good only for sights of rela-
able size. Depending on a body’s altitude, its GP could bively low altitudes. The higher the altitude, the shorter the
thousands of miles from the observer’s position. The size afistance between the GP and the actual position, and the
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308 SIGHT REDUCTION

smaller the circle of equal atitude. The shorter this distance,
the greater the inaccuracy introduced by this approximation.

2001. Selection Of The Assumed Position (AP)

Use the following arguments when entering the Sght
Reduction Tables to compute atitude (h;) and azimuth:

1. Latitude (L).
2. Declination (d or Dec.).
3. Local hour angle (LHA).

Latitude and LHA are functions of the assumed posi-
tion. Select an AP longitude resulting in a whole degree of
LHA and an AP latitude equal to that whole degree of lati-
tude closest to the DR position. Selecting the AP in this
manner eliminates interpolation for LHA and latitude in the
Sght Reduction Tables.

Reducing the sight using a computer or calculator sim-
plifies this AP selection process. Simply choose any

the radii of the circles of equal altitude passing through the
AP and the observers actual position. The position having
the greater altitude is on the circle of smaller radius and is
closer to the observed body’s GP. In Figure 2003, the AP is
shown on the inner circle. Thereforg,if greater thanf

Express the altitude intercept in nautical miles and la-
bel it T or A to indicate whether the line of position is
toward or away from the GP, as measured from the AP.

A useful aid in remembering the relation betwegn h
hc, and the altitude intercept is, M, T, for H, More To-
ward Another is C-G-A: _©mputed _Geater _Avay,
remembered asdast Giard Academy. In other words, igh
is greater thandthe line of position intersects a point mea-
sured from the AP towards the GP a distance equal to the
altitude intercept. Draw the LOP through this intersection
point perpendicular to the axis between the AP and GP.

2003. Plotting The Line Of Pasition

Plot the line of position as shown in Figure 2003. Plot

convenient position such as the vessel’'s DR position as tliee AP first; then plot the azimuth line from the AP toward
assumed position. Enter the information required by the spe+ away from the GP. Then, measure the altitude intercept
cific celestial program in use. Using a calculator reduces thaong this line. At the point on the azimuth line equal to the

math and interpolation errors inherent in usingSigat Re-

intercept distance, draw a line perpendicular to the azimuth

duction tables. Enter the required calculator data carefully.line. This perpendicular represents that section of the circle

2002. Comparison Of Computed And Observed
Altitudes

The difference between the computed altituge &nhd
the observed altitude ghis thealtitude inter cept (a).

of equal altitude passing through the navigator’'s actual po-
sition. This is the line of position.

A navigator often takes sights of more than one celes-
tial body when determining a celestial fix. After plotting the
lines of position from these several sights, advance the re-
sulting LOP’s along the track to the time of the last sight

The altitude intercept is the difference in the length ofand label the resulting fix with the time of this last sight.
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Figure 2003. The basis for the line of position from a celestial observation.
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2004. Recommended Sight Reduction Procedure

Just asit isimportant to understand the theory of sight
reduction, it is aso important to develop a working proce-
dure to reduce celestial sights accurately. Sight reduction
involves several consecutive steps, the accuracy of each
completely dependent on the accuracy of the stepsthat went
before. Sight reduction tables have, for the most part, re-
duced the mathematics involved to simple addition and
subtraction. However, careless errors will render even the
most skillfully measured sights inaccurate. The navigator
must work methodically to reduce these careless errors.

Naval navigatorswill most likely use OPNAYV 3530, U.S.
Navy Navigation Workbook, which contains pre-formatted

lists these corrections.

Additional Correction: Enter this additional correction
from Table A 4 located at the front of the Almanac when ob-
taining a sight under non-standard atmospheric temperature
and pressure conditions. This correction is a function of at-
mospheric pressure, temperature, and apparent altitude.

Horizontal Parallax Correction: This correction is
unigue to reducing moon sights. Obtain the H.P. correction val-
ue from the daily pages of tAimanac. Enter the H.P correction
table at the back of témanac with this value. The H.P correc-
tion is a function of the limb of the moon used (upper or lower),
the apparent altitude, and the H.P. correction factor. The H.P.
correction is always added to the apparent altitude.

Moon Upper Limb Correction: Enter -30' for this

pages with “strip forms” to guide the navigator through sightorrection if the sight was of the upper limb of the moon.

reduction. A variety of commercially-produced forms are also

available. Pick a form and learn its metttboroughly. With
familiarity will come increasing understanding.

Correction to Apparent Altitude: Sum the altitude cor-
rection, the Mars or Venus additional correction, the additional
correction, the horizontal parallax correction, and the moon’s

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

every correction required to obtain an accurate fix.

SECTION ONE consists of two parts: (1) Correcting

the observed altitude.

SECTION TWO determines the Greenwich Mean

sextant altitude to obtain apparent altitude; and (2) CorrecFime (GMT) and GMT date of the sight.

ing the apparent altitude to obtain the observed altitude.
Body: Enter the name of the body whose altitude you

Date: Enter the local time zone date of the sight.
DR Latitude: Enter the dead reckoning latitude of the

have measured. If using the sun or the moon, indicate whiclessel.

limb was measured.

DR Longitude: Enter the dead reckoning longitude of

Index Correction: This is determined by the charac- the vessel.
teristics of the individual sextant used. Chapter 16 discusses Observation Time: Enter the local time of the sight as

determining its magnitude and algebraic sign.

Dip: The dip correction is a function of the height of

recorded on the ship’s chronometer or other timepiece.
Watch Error: Enter a correction for any known watch

eye of the observer. It is always negative; its magnitude isrror.

determined from the Dip Table on the inside front covert of

the Nautical Almanac.

Sum: Enter the algebraic sum of the dip correction and

the index correction.

Zone Time: Correct the observation time with watch
error to determine zone time.

Zone Description: Enter the zone description of the
time zone indicated by the DR longitude. If the longitude is

Sextant Altitude: Enter the altitude of the body mea- west of the Greenwich Meridian, the zone description is

sured by the sextant.

positive. Conversely, if the longitude is east of the Green-

Apparent Altitude: Apply the sum correction deter- wich Meridian, the zone description is negative. The zone
mined above to the measured altitude and enter the resultdesscription represents the correction necessary to convert

the apparent altitude.

Altitude Correction: Every observation requires an

local time to Greenwich Mean Time.
Greenwich Mean Time: Add to the zone description

altitude correction. This correction is a function of the apthe zone time to determine Greenwich Mean Time.

parent altitude of the body. Ti¢manac contains tables for

Date: Carefully evaluate the time correction applied

determining these corrections. For the sun, planets, arabove and determine if the correction has changed the date.
stars, these tables are located on the inside front cover aBdter the GMT date.
facing page. For the moon, these tables are located on the

back inside cover and preceding page.

Marsor VenusAdditional Correction: As the name im-

SECTION THREE determines two of the three argu-
ments required to enter ti8ght Reduction Tables: Local

plies, this correction is applied to sights of Mars and Venus. ThHéour Angle (LHA) and Declination. This section employs
correction is a function of the planet measured, the time of yedhe principle that a celestial body’s LHA is the algebraic sum

and the apparent altitude. The inside front cover okliimanac

of its Greenwich Hour Angle (GHA) and the observer’s lon-
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SECTION ONE: OBSERVED ALTITUDE

Broxdy

Index Correction

Dhip (hcight of eve)
Sum

Sextant Altitude (hg)
Apparent Altitade (hy)
Altitude Correction
Mars or Venus Addinonal Comrection P LR L
Additional Correction
Horizontal Parallax Cormection

Moon Upper Limb Correction phbL LU

Correction to Apparent Altitude (hg) @000 s eerrceerresere
Ohbserved Altitude (hy) LU LR A
SECTION TWO; GMT TIME AND DATE

Dioe T ——
IR Latitwde
DE Longitude
Observation Time . L
Watch Error

Greenwich Mean Time
Diate GMT

Tabulated GHA andv Comrection Factor oeeeen
GHA Increment
Sudereal Hour Angle (SHA) orv Correction

GHA

+ or - M0 if needed
Assumed Longitede (-W, +E)
Laocal Hour Angle (LHA)
Tabulated Declination andd Correction Factor
a D orrech e N R R R R R R e m AR mAA
oo s imatioa IR R R R R e ma e mAa
et T e A e A R i

Dechinwtion Increment andd Interpolation Factor

Computed Altitude (Tabulated)
Double Second Difference Correction
Tonal Cormection

Computed Altitwde (he)

Crhserved Altitude ()

Adttude Intercepd e e e e
True Azimuth

Figure 2004. Complete sight reduction form.
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gitude. Therefore, the basic method employed inthissection  addition or subtraction.
is: (1) Determine the body’s GHA; (2) Determine an as-  Assumed Longitude:If the vessel iswest of the prime
sumed longitude; (3) Algebraically combine the twomeridian, theassumed longitudewill be subtracted from the
guantities, remembering to subtract a western assumed IaBHA to determine LHA. If the vessdl is east of the prime
gitude from GHA and to add an eastern longitude to GHAmeridian, the assumed longitude will be added to the GHA
and (4) Extract the declination of the body from the approprito determine the LHA. Select the assumed longitude to
ate Almanac table, correcting the tabular value if required. meet the following two criteria: (1) When added or sub-
tracted (as applicable) to the GHA determined above, a

(1) Tabulated GHA and (2) v Correction Factor: whole degree of LHA will result; and (2) It isthe longitude

(1) For the sun, the moon, or a planet, extract the value fetosest to that DR longitude that meets criterion (1) above.
the whole hour of GHA corresponding to the sight. For exam-  Local Hour Angle (LHA): Combine the body’s GHA
ple, if the sight was obtained at 13-50-45 GMT, extract thevith the assumed longitude as discussed above to determine
GHA value for 1300. For a star sight reduction, extract the vathe body’s LHA.
ue of the GHA of Aries (GHAY? ), again using the value (1) Tabulated Declination and d Correction factor:
corresponding to the whole hour of the time of the sight. (1) Obtain the tabulated declination for the sun, the moon,

(2) For a planet or moon sight reduction, enterwthe the stars, or the planets from the daily pages oAltmanac.
correction value. This quantity is not applicable to a sun ofhe declination values for the stars are given for the entire
star sight. Th& correction for a planet sight is found at thethree day period covered by the daily page ofAlmanac.
bottom of the column for each particular planet. Vioer-  The values for the sun, moon, and planets are listed in hourly
rection factor for the moon is located directly beside théncrements. For these bodies, enter the declination value for
tabulated hourly GHA values. Thecorrection factor for the whole hour of the sight. For example, if the sight is at 12-
the moon is always positive. If a planet'sorrection factor 58-40, enter the tabulated declination for 1200. (2) There is
is listed without sign, it is positive. If listed with a negativenod correction factor for a star sight. There drrection
sign, the planet’s correction factor is negative. Thizor-  factors for sun, moon, and planet sights. Similar to the v cor-
rection factor is not the magnitude of theorrection; itis  rection factor discussed above, theorrection factor does
used later to enter the Increments and Correction table tet equal the magnitude of thdecorrection; it provides the
determine the magnitude of the correction. argument to enter the Increments and Corrections tables in

GHA Increment: The GHA increment serves as an in-the Aimanac. The sign of thel correction factor, which de-
terpolation factor, correcting for the time that the sightermines the sign of the correction, is determined by the
differed from the whole hour. For example, in the sight atrend of declination valuespt the trend ofl values. Thel
13-50-45 discussed above, this increment correction acorrection factor is simply an interpolation factor; therefore,
counts for the 50 minutes and 45 seconds after the whole determine its sign, look at the declination values for the
hour at which the sight was taken. Obtain this correctiofiours that frame the time of the sight. For example, suppose
value from the Increments and Corrections tables ikthe the sight was taken on a certain date at 12-30-00. Compare
manac. The entering arguments for these tables are thiéae declination value for 1200 and 1300 and determine if the
minutes and seconds after the hour at which the sight waleclination has increased or decreased. If it has increased,
taken and the body sighted. Extract the proper correctioted correction factor is positive. If it has decreased,dhe
from the applicable table and enter the correction here. correction factor is negative.

Sidereal Hour Angle or v Correction: If reducing a d correction: Enter the Increments and Corrections ta-
star sight, enter the star’s Sidereal Hour Angle (SHA). Théle with thed correction factor discussed above. Extract the
SHA is found in the star column of the daily pages of thgproper correction, being careful to retain the proper sign.

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

rection from the Increments and Corrections Table. Thenhat whole value of latitude closest to the vessel's DR lati-
correction is a function of only thecorrection factor; its tude. If the assumed latitude and declination are both north
magnitude is the same for both the moon and the planetsor both south, label the assumed latitsdme. If one is
GHA: A star's GHA equals the sum of the Tabulatednorth and the other is south, label the assumed latitude
GHA of Aries, the GHA Increment, and the star's SHA.contrary.
The sun’s GHA equals the sum of the Tabulated GHA and
the GHA Increment. The GHA of the moon or a planet  SECTION FOUR uses the arguments of assumed lati-
equals the sum of the Tabulated GHA, the GHA Incrementude, LHA, and declination determined in Section Three to enter
and thev correction. the Sght Reduction Tables to determine azimuth and computed
+ or — 360 (if needed):Since the LHA will be deter-  altitude. Then, Section Four compares computed and observed
mined from subtracting or adding the assumed longitudeto  altitudes to calculate the altitude intercept. The navigator then
the GHA, adjust the GHA by 360° if needed to facilitatethe  has enough information to plot the line of position.
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(1) Declination Increment and (2) d Inter polation Fac-
tor: Notethat two of thethree arguments used to enter the Sght
Reduction Tables, LHA and latitude, are whole degree vaues.
Section Three does not determine the third argument, declina-
tion, as a whole degree. Therefore, the navigator must
interpolate in the Sght Reduction Tables for declination, given
whole degrees of LHA and latitude. The first steps of Section
Four involve thisinterpolation for declination. Since declination
vaues are tabulated every whole degree in the Sght Reduction
Tables, the declinationincrement isthe minutes and tenthsof the
truedeclination. For example, if thetruededlinationis 13° 15.6,
then the declination increment is 15.6'. (2) The Sght Reduction
Tablesdsolist ad Interpolation Factor. Thisisthe magnitude of
the difference between the two successive tabulated values for
declination that framethetrue declination. Therefore, for thehy-
pothetical declination listed above, the tabulated d interpolation
factor listed in the table would be the difference between decli-
nation values given for 13° and 14°. If the declination increases
between these two values, d is positive. If the declination de-
creases between these two values, d is negative.

Computed Altitude (Tabulated): Enter the Sght Re-
duction Tables with the following arguments. (1) LHA
from Section Three; (2) assumed latitude from Section
Three; (3) the whole degree value of the true declination.
For example, if the true declination were 13° 15.6', then en-
ter the Sght Reduction Tables with 13° as the value for
declination. Record the tabulated computed altitude.

Double Second Difference Correction: Use this cor-
rection when linear interpol ation of declination for computed
atitude is not sufficiently accurate due to the non linear
change in the computed altitude as a function of declination.
The need for double second difference interpolation is indi-
cated by the d interpolation factor appearing in italic type
followed by a small dot. When this procedure must be em-
ployed, refer to detailed instructions in the Sght Reduction
Tables introduction.

Total Correction: The tota correction is the sum of
the double second difference (if required) and the interpo-
lation corrections. Calculate the interpolation correction by
dividing the declination increment by 60" and multiply the
resulting quotient by the d interpolation factor.

Computed Altitude (hy): Apply the total correction,
being careful to carry the correct sign, to the tabulated com-
puted altitude. Thisyields the computed altitude.

Observed Altitude (hy): Enter the observed altitude
from Section One.

Altitude Intercept: Compare h. and h,. Subtract the
smaller fromthelarger. The resulting differenceisthe mag-
nitude of the altitude intercept. If hy is greater than h., then
label the altitude intercept toward. If h. is greater than hy,
then label the altitude intercept away.

Azimuth Angle: Obtain the azimuth angle (Z) from
the Sght Reduction Tables, using the same arguments
which determined tabulated computed atitude. Visua in-
terpolation is sufficiently accurate.

True Azimuth: Calculate the true azimuth (Z,) from
the azimuth angle (Z) asfollows:

a) If in northern latitudes:

LHA >180° thenZ | = Z
LHA <180° thenZ = 360°—Z

b) If in southern latitudes:
LHA >180°, then Z | = 180° -Z
LHA <180° then Z, = 180°+Z

SIGHT REDUCTION

The section above discussed the basic theory of sight
reduction and proposed a method to be followed when re-
ducing sights. This section puts that method into practicein
reducing sights of a star, the sun, the moon, and planets.

2005. Reducing Star Sights To A Fix

On May 16, 1995, at the times indicated, the navigator
takes and records the following sights:

Star Sextant Altitude Zone Time
Kochab  47°19.1 20-07-43
Spica 32° 34.8 20-11-26

Height of eye is 48 feet and index correction (IC) is

+2.1’. The DR latitude for both sightsis 39° N. The DR lon-
gitude for the Spica sight is 157° 10'W. The DR longitude
for the Kochab sight is 157° 08.0'W. Determine the inter-
cept and azimuth for both sights. See Figure 2005.

First, convert the sextant altitudes to observed alti-
tudes. Reduce the Spicasight first:

Body Spica
Index Correction +2.1
Dip (height 48 ft) -6.7’
Sum -4.6'
Sextant Altitude (h) 32° 34.8
Apparent Altitude (h,) 32°30.2
Altitude Correction -1.5
Additional Correction 0
Horizontal Parallax 0
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Correction to g -1.5' SHA 158 45.3'
Observed Altitude (§) 32 28.7' GHA 486° 05.7'
+/- 360 not required

Determine the sum of the index correction and the dip
correction. Go to theinsidefront cover of theNautical Alma- ~ Assumed Longitude 1805.7"
nac to the table entitled DIP. This table lists dip corrections ~ LHA 329°
as a function of height of eye measured in either feet or ~ Tabulated Ded S1ro08.4/n.a.
meters. In the above problem, the observer's height of eye gsCorrection —
48 feet. The heights of eye are tabulated in intervals, with thE'ue Declination S 1108.4'
correction corresponding to each interval listed between tHdSsumed Latitude N 3%contrary

interval's endpoints. In this case, 48 feet lies between the tab-
ulated 46.9 to 48.4 feet interval; the corresponding correction
for this interval is -6.7'. Add the IC and the dip correction, be- . .
ing careful to carry the correct sign. The sum of the i First, r?;g;dzth,GHA of Aries from the May 17, 1995
corrections here is -4.6'. Apply this correction to the sextarﬂaI y page: T

altitude to obtain the apparent altitudg) (h
PP o Next, determine the incremental addition for the min-

Next, apply the altitude correction. Find the altltudeutes and seconds after 0600 from the Increments and

correction table on the inside front cover of Neaitical Al- Corrections table in the back of tNautical Almanac. The
manac next to the dip table. The altitude correction varies a8 crement for 11 minutes and 26 second< i§2 '

a function of both the type of body sighted (sun, star, or plan-
et) and the body’s apparent altitude. For the problem above,
enter the star altitude correction table. Again, the correction
is given within an altitude interval,lin this case was 32
30.2'. This value lies between the tabulated endpoirfts 32
00.0" and 3345.0". The correction corresponding to this in-

terval is -1.5'. Applying this correction to, lyields an ) )
observed altitude of 328.7". The Nautical Almanac lists the SHA of selected stars on

8ach daily page. The SHA of Spica on May 17, 1998:453".

The Sght Reduction Tables entering arguments are
whole degrees of LHA and assumed latitude. Remember
that LHA = GHA - west longitude or GHA + east longitude.

Then, calculate the GHA of the star. Remember:

GHA (star) = GHA (Y° ) + SHA (star)

Having calculated the observed altitude, determine th
time and date of the sight in Greenwich Mean Time:

Date 16 May 1995 . S - ;

. Since in this example the vessel is in west longitude, sub-
DR Latitude 39N . .

; . tract its assumed longitude from the GHA of the body to
DR Longitude 15710'W btain the LHA. A longitud ting th iteri
Observation Time 20-11-26 obtain the LHA. Assume a longitude meeting the criteria
listed in section 2004.

Watch Error 0 - . :

; From those criteria, the assumed longitude must end in
Zone Time 20-11-26 :
Zone Description +10 05.7 minutes so that, when subtracted from the calculated
GMT 06-11-26 GHA, a whole degree of LHA will result. Since the DR lon-
GMT Date 17 May 1995 gitude was 15710.0', then the assumed longitude ending in

05.7' closest to the DR longitude is 2%5.7'. Subtracting

R d the ob L dth | his assumed longitude from the calculated GHA of the star
ecord the observation time and then apply any watcf). ., i< on | HA of 32,

error to determine zone time. Then, use the DR longitude at
the time of the sight to determine time zone description. Ir} is value is found on the May 17th daily page next to the
this case, the DR longitude indicates a zone description g{;r’s SHA. Spica’s declination is S°108.4'. There is no d
+10 hours. Add the zone description to the zone time to oh ) e

tain GMT. It is i ant t th ¢ date wh orrection for a star sight, so the star's true declination
an - LIS Important o carry the correct date w enequals its tabulated declination. The assumed latitude is de-

apply'ng this correction. In this case, the +10_ correctioe mined from the whole degree of latitude closest to the

mad_e it 06-11-26 GMT on May JWhen the date in the lo- DR latitude at the time of the sight. In this case, the assumed

cal time zone was May 16 latitude is N 39. It is marked “contrary” because the DR

~ After calculating both the observed altitude and the GMTatitude is north while the star's declination is south.

time, enter the daily pages of tNautical Almanac to calcu- The following information is known: (1) the assumed

late the star's Greenwich Hour Angle (GHA) and declinationposition’S LHA (329) and assumed latitude 3®contrary
name); and (2) the body’s declination ($08.4").

Tab GHA (Y ) 324 28.4 Find the page in th&ght Reduction Table correspond-

GHA Increment 252.0' ing to an LHA of 329 and an assumed latitude of N°39

The next value of concern is the star’s true declination.
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with latitude contrary to declination. Enter this table with  The only remaining question is: in what direction from the

the body’s whole degree of declination. In this case, thassumed and actual position is the body’s geographic posi-

body’s whole degree of declination is®1This declination tion. The Sght Reduction Tables also provide this final

corresponds to a tabulated altitude of 38.9'. This value piece of information. This is the value for Z tabulated with

is for a declination of 1?1 the true declination is 218.4".  the h, and d values discussed above. In this case, enter the

Therefore, interpolate to determine the correction to add t6ight Reduction Tables as before, with LHA, assumed lati-

the tabulated altitude to obtain the computed altitude.  tude, and declination. Visual interpolation is sufficient.
The difference between the tabulated altitudes fér 11Extract the value Z = 1433The relation between Z and

and 12 is given in theSight Reduction Tables as the value Z,, the true azimuth, is as follows:

d; in this case, d = -53.0. Express as a ratio the declination |n northern latitudes:

increment (in this case, 8.4") and the total interval between

the tabulated declination values (in this case, 60') to obtain

the percentage of the distance between the tabulated decli-

nation values represented by the declination increment. LHA >180° then Z = Z

Next, multiply that percentage by the increment between LHA <180°, then Z, = 360° -7

the two values for computed altitude. In this case:

8.4
55 % (-53.0= 7.4
Subtract 7.4' from the tabulated altitude to obtain the fi- !N southern latitudes:
nal computed altitude: H= 32 08.5". LHA >180°, then Z, = 180° -Z

LHA <180°, then 41 =180°+Z
DeciInc/+or-d 8.4'/-53.0

he (tabullated) 3215.9 In this case, LHA > 180and the vessel is in northern lati-
Correction (+or-) -7.4' tude. Therefore, Z= Z = 143.3T. The navigator now has
h. (computed) 3208.5' enough information to plot a line of position.

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

h. represent. Recall the methodology of the altitude-inter-
cept method. The navigator first measures and corrects an

altitude for a celestial body. This corrected altitugeebr-  Body Kochab
responds to a circle of equal altitude passing through th@dex Correction +2.1'
navigator's actual position whose center is the geographip Correction 6.7
position (GP) of the body. The navigator then determines agum -4.6'
assumed position (AP) near, but not coincident with, his agy 47° 19.1'
tual position; he then calculates an altitude for an obserqulg1 47° 14.5'
at that assumed position (AP).The circle of equal altitUd?Altitude Correction .9
passing through this assumed position is concentric with th&dditional Correction not applicable
circle of equal altitude passing through the navigator’'s A% orizontal Parallax not applicable
tual position. The difference between the body’s altitude aéorrection toh 9
the assumed positionJhand the body’s observed altitude ,
(ho) is equal to the differences in radii length of the two cor-© 47136
responding circles of equal altitude. In the above problenP""'[e . 16 May 1995
therefore, the navigator knows that the equal altitude circl@R latitude 39N
passing through his actual position is: DR longitude 15708.0' W
Observation Time 20-07-43
h, = 32°28.7 Watch Error 0
ho= 32°08.5 Zone Time o 20-07-43
e =T 20.oNMm Zone Description +10
GMT 06-07-43
away from the equal altitude circle passing through his a&#MT Date 17 May 1995
sumed position. Since,his greater than hthe navigator Tab GHA Y 324 28.4°
knows that the radius of the equal altitude circle passinGHA Increment 156.1'
through his actual position is less than the radius of thBHA 137 18.5'

equal altitude circle passing through the assumed positiolsHA 463 43.0'



+/- 360°

Assumed Longitude
LHA

TabDec/d

d Correction

True Declination
Assumed Latitude
Decinc/+or-d

hC

Total Correction

SIGHT REDUCTION

not applicable
156° 43.0°

307°

N74° 10.6'/ n.a.
not applicable
N74° 10.6'
39°N (same)
10.6'/-24.8
47° 12.6'

-4.2

315
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SIGHT REDUCTION
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Figure 2005. Left hand daily page of the Nautical Almanac for May 17, 1995.
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h. (computed) 4708.2' Next, determine the sun’s GHA and declination.
ho 47° 13.6' Again, this process is similar to the star sights reduced
a (intercept) 5.4 towards above. Notice, however, that SHA, a quantity unique to star
. sight reduction, is not used in sun sight reduction.
z 018.9
Zn 018.9 Date June 16, 1994
2006. Reducing A Sun Sight BE Il:sﬂgji?ued e C‘f&g%g 0
. N Observation Time 05-15-23

The example below points out the similarities between Watch Error 0
reducing a sun sight and reducing a star sight. It also dem- Zone Time 05-15-23
onstrates the additional correctionsrequired for low atitude Zone Description +03
(<10°) sights and sights taken during non-standard temper- GMT 08-15-23
ature and pressure conditions. Date GMT June 16. 1994

On June 16, 1994, at 05-15-23 local time, & DR oS- 1o GHA /v 209 51 3' / n.a.
tion L 30°N A 45°W, a navigator takes a sight of the SUN'SGHA Increment 350.8'
upper limb. The navigator has a height of eye of 18 feet, th§HA orv correction not applicable
temperature is 88F, and the atmospheric pressure is 987GHA 30342.1"
mb. The sextant altitude i§ 20.2'. There is no index error. Assumed Longitude 2242 1' W

Determine the observed altitude. See Figure 2007. LHA 259°

Tab Declination 8 N23° 20.5'/ +0.1"

Body _ Sun UL d Correction 0.0

Index Correction o True Declination N2320.5'

Dip Correction (18 ft) 4.1 Assumed Latitude N30(same)

Sum -4.1'

hs 30 20'2| Determining the sun’'s GHA is less complicated than
ha 3°16.1 determining a star's GHA. Theautical Almanac’sdaily
Altitude Correction -29.4 pages list the sun’s GHA in hourly increments. In this case,
Additional Correction +1.4 the sun’s GHA at 0800 GMT on June 16, 1994 is°Z193".
Horizontal Parallax 0 Thev correction is not applicable for a sun sight; therefore,
Correctionto j -28.0 applying the increment correction yields the sun’s GHA. In
h 2°48.1' this case, the GHA is 3032.1".

Determining the sun’s LHA is similar to determining a
Apply the index and dip corrections tg e obtain . star's LHA. In determining the sun’s declination, however,
Because Jiis less than IQuse the special altitude correction an additional correction not encountered in the star sight, the
table for sights betweert @nd 10 located on the right inside d correction, must be considered. The bottom of the sun col-
front page of th&lautical Almanac. umn on the daily pages of tiNautical Almanac lists thed
Enter the table with the apparent altitude, the limb o¥alue. This is an interpolation factor for the sun’s declination.
the sun used for the sight, and the period of the year. InteFhe sign of thel factor is not given; it must be determined by
polation for the apparent altitude is not required. In thisioting from theAlmanac if the sun’s declination is increasing
case, the table yields a correction of -29.4'. The correction@r decreasing throughout the day. If it is increasing, the factor
algebraic sign is found at the head of each group of entriés positive; if it is decreasing, the factor is negative. In the
and at every change of sign. above problem, the sun’s declination is increasing through-
The additional correction is required because of the noreut the day. Therefore, tligfactor is +0.1.
standard temperature and atmospheric pressure under which Having obtained thd factor, enter the 15 minute incre-
the sight was taken. The correction for these non-standandent and correction table. Under the column labelet &
conditions is found in thadditional Correctionstable locat- corm,” find the value fod in the left hand column. The cor-
ed on page A4 in the front of tiNautical Almanac. responding number in the right hand column is the
First, enter thédditional Correctionstable with the tem-  correction; apply it to the tabulated declination. In this case,
perature and pressure to determine the correct zone lettertlire correction corresponding t@&alue of +0.1 is 0.0'.
this case, zone L. Then, locate the correction in the L column  The final step will be to determing hnd Z,. Enter the
corresponding to the apparent altitude ©f.8.1". Interpolate  Sght Reduction Tables with an LHA of 259, a declination
between the table arguments 6f08.0' and 330.0' to deter- of N23° 20.5', and an assumed latitude of\80
mine the additional correction: +1.4". The total correction to
the apparent altitude is the sum of the altitude and additiongleclination Increment/+or-d 20.5'/+31.5
corrections: -28.0'. This results in gndf 2° 48.1". Tabulated Altitude 228.8'



318 SIGHT REDUCTION

1994 JUNE 15, 16, 17 (WED., THURS., FRL)

VEMUS —4.0] MARS < 1.2| JUPITER —2.3{5ATURM + 1.0 STARS

G ey GoH.& [ 18 GHA [+7H G LA [ Firgs S HA [+1 1

L 4 - L L L) [ ' L ] 4 [ i - [ [ r " ) " -
Tkp 420 %22 991 | P18 59.0 Nie OR& | 49 430 512 038 ) 2TH 39.3 5 B 319 | Acoma: 3% 195 0 19s
154 474 oas | 233 59.7 AL | &4 448 aLd | 293 417 319 |hchersae 335 370 557 158
110 447 0T R | 249 00.3 w7 e anz oL7 | nom 84 319 | Ao 171 351 543 048
1ES 443 - OR3 | Zed 010 ¢ Q02| 94 49T - - 007 | X} dbk 114 | dudtoen 35 241 528 480
200 455 D67 | I7% OL& 100 | 108 323 2.7 | 338 490 13 0 | Aldeboras 291 OR1 Nle 298
Z1% A48 DbO | 794 D22 1LY | 124 549 eih | 353 A1 g

T30 443 K17 0%4 | 209 D25 M1& EL9 | 139 57.5 512 00 B85 58 209 || Aliwth bhe 33,0 NSS S9&
145 43e g | e 0% 124§ 133 0] 036 23 83 319 | Ak 153 09.8 N&Y Tl
ael 4z [4.2 339 DdT 13.0 | 170 027 3.5 38 587 IL9 | Al Haw 0 014 Sdp 58S

2785 423 -+ 035 | 354 DaE . - 125|185 053 - - 035 | 54 QL1 - - 319 |Alslom it 0LE 51 124
190 417 0.4 9 033 14.0 | 200 075 03E | &9 806 31.% | Alphard 218 102 5 &8 M)
s &30 23] 24 Deld lak | £1% 104 0x4 ] B4 0%0 LI ]

170 4004 522 0L | 39 OLB Nle 150 | ¥ 138 512 034 | 99 08.4 5 B JL9 [Ahecce 136 I17 Wb 441
135 M gLOj) 34 ova 157 | 245 15& Jok4 | 114 109 115 | Alpharaty 35T BRI W3V 00
350 AT B 004 ) o9 Ol Tl | 360 182 033 | 129 133 519 | Alsaw &2 BN B 5LY

5335 FLST| B4 087 - 1e8 | 375 208 - - 033 | 144 15T - - 319 | Ankoo ¥51 798 542 194
mn RN 59.1( 9% 0.4 1.3 ) 14 033 | 1% 182 1.9 | Aasaias 102 434 528 257
LL IR 48.5( 114 10.0 17.8 | 325 2.0 233 | 174 POk e

50 3.7 MIl 878 | 12% 10.7 W& 18.4 | 320 285 512 03.2 | 16 230 5 B 319 | Archuna §46 08,5 M19 137
#5 368 513|144 103 189|238 311 03.2 | 24 FEE 3L Awia 07 578 589 01%
80 354 S5bk | 159 120 b5 | 350 34T 032 | 219 TS 1.9 || i 2% 24.3 559 FAE
95 348 -- 559|074 124 - 26| 5 363 .- 021)20d 303 - - 319 [Ballewis  3TB AT6 M b 206
{10 33z 553|189 133 06| 30 O3ES 0N | 249 32R J19 |Bemigeme 271 1TO M T 240
125 3385 a6 f20s 135 211) 35415 03| ges 342 i3

14D 328 K21 M0 | 219 148 Nlb 216 | 50 #41 512 058 [ 279 376 5 8 319 |[Comapen 264 B30 58 407
155 313 504 |18 243 727 | ot sk 0AO| 294 401 31.% | Capella PBO 5h0 W4 595
170 3.7 52.7 | 249 159 3327 | & A 032 | 309 42.5 315 | Dupsaihs 45 400 K45 158
185 301 -+ 521 26k 185 - - RAD| %% 508 - QMO | 374 449 - 319 |Demsbolo  1ED A1 NI Doz
200 34 Hla | 2T 172 238 | 100 44 029 | 339 4T 515 | Duphada % 103 SLE 009
1% I8 50.B | 84 17.8 3| 125 500 02.9 | 384 49.8 I1E
230 9.2 NPL SO.1 | 309 185 Wi J4% | D40 25 513 Q9 %827 5 @ V1B | Dukhs 194 9.2 M&l 470
MY Mk 49.5 | 334 191 54 | 158 02.1 2.8 | 4 547 ¥1.8 | Einath T 300 NIR 3R
T 760 380 4RG3 188 Beimiear  w@B| 39 57 338 | Elremin 90 52.2 N51 204
H 175 374 -+ 4B3 | M54 204 - 268|186 073 - - 028 54 595 - - 3LB |Enif 34 009 W 9 518
u M0 268 a1k 1.1 1.0 201 ¢ gLy | 7o 0rG 318 | Famalhaur 15 3.6 529 MEE
B 364 w1 45 LT a6 125 02T| 85 04d ALA
-y 3§20 255 WIl 482 223 Wi& 28.1 | 231 15.0 582 M :' 100 Gkl S B 318 | Geoux 172 lbb 557 042
o Ja5 2 aha 230 288 |26 1Tk 115 &3 318 | Gienak 176 Oa® 517 44
A 350 2843 440 e 292|281 202 uza 130 11.7 318 | Hoder 14% 07.7 580 711
L) 5 ZL7 - - el $4.3 -« 297|278 228 ¢ - 026 | 145 141 - - 318 | Homal 328 17.0 MED Bh1

20 21 LN
35 xa 429

50 21.9 N71 423
&5 113 4L
BO 208 4.0
9% a0 - - 403
110 154 M.k

% | eel 253 026 | 160 Bii 31.B | Kewd Auwl. B4 D23 5M 331
] 30.E | 3p& 2TH 025 | 178 190 118

267 Nlb 313 | 3FL 3OS 51F O35 | 190 214 5 B JLE | Kochab 137 1846 W¥4 109
F ] J1E | B NI 025 | 205 239 318 | Morich 13 534 N1% RO
FEE 3p4 | BEL MR OL% | 220 260 1.8 | Manker 314 MLZ N4 341
a3 - NN & B3 - QR4 | 235 2B - - 3LE | mankent 148 1 536 2B
2.8 34| 71 408 024 | 250 3.2 I1E | mioplocidus 271 432 569 421

TR T I LI T

135 188 1.0 2.5 M| e 434 24| Ped 356 318

140 187 N2I 383 | 219 30.1 W1k 345 | 51 4b0 517 024 | 2BO 360 5 8 318 |midok B0y Si.7 N49 503
155 1.6 3.6 | 234 B0 Jag | ke A0S 023 | 95 38.5 318 | Munki T& 156 528 18.1
1% 17.0 370 ) 2% 314 Mok | &1 551 S 310 e0s 118 | Pamcock 53 411 558 445
185 Jhd - 363 | 2ed 321 - - Bed | % 5RT - Q3| 32% A34 - J1E |Pallux 743 454 M28 DED

g a5 M5k 2Te 327 Bbhé | 111 53 022 | b40 458 318 | Procyon M5 j4.9 B 5 142
L5 157 150 |t 32 ¥7.2 | 12n 548 02.2 | 355 463 36

0 bak MY }'l % S5 4.0 Wik 377 | 042 018 512 022 | 00 507 5 8 308 |Ropohoges %% 193 N1F 239

M5 140 X3k | XM ME HLE | 157 Qa0 22| 28 sL) 118 | Regubu 207 58.8 N1l 59
60 134 125 | 34 35.3 338 | 172 D6 G2l 40 558 3L 281 281 5 B 128
275 128 -- 323|354 359 - - 3G LET 01 - - 021 35 SA0 - - 318 |Rigil Kenl. 140 107 SkD 429
290 122 M| 9 3mb 39.8 | 202 11.7 021 71 oA 31.8 | Sabi 102 28.% 51% 45.0
305 114 el 24 a2 a0.4 | 217 143 0zl s 29 3.0
330 110 K21 302 | 39 374 Mle 909 | 23 169 512 020 ] 101 053 5 B 310 | Schador 340 Sp% WSh 30,2
335 104 e | 54 M5 414 | 24T 104 020 | 116 07.7 11.8 | Shoula Gy 408 517 059
250 078 I | &9 192 417 | 261 220 0rs | 13 102 ILB | Sirius 258 dbb Sk 426
$ 052 ¢ MR B8 39E - - 425 ZIT B4 - - 020|146 136 ¢ ¢ JLB | Spica 158 #b.1 511 08.1
0 BE& nS5| oo 4as 430 | 292 2 01% | 181 15.1 31,8 | Subad 233 013 543 P44
35 GEQ B | 118 451 a35 | M7 1 01% | 176 17.5 EVE]
50 07.8 ME1 202 | 129 407 N1k #4.0 | 530 529 517 019 | 191 199 5 & 318 |Vege BO #2.2 N3B &68
bSO 2.5 | 148 424 s2s | 337 ME 019 ) 206 224 I |Tebsen'ubi 137 309 516 0L2
BO D4 148 | 159 a0 as] | 352 374 018 | 231 B4 118 TAA e Fon
B5 050 0 41| 1T 437 - - a5k | 7 400 -- OLG| 236 IT.Y - 31A . ¢ kW
119 051 234 | 189 44,3 4b2 | 22 4246  OLB| 251 297 31 |Venu I 30 14 M
125 048 3.7 | 204 454 4b7 ) 37 451 0LE | 266 32.1 18 | mion 35 125 W1
- ARER IR | Jupiter 1db 419 20 M
Mue bou. b 228) w-os o off v oa & o8| e k& d 08] v 2e 4 02| Sowem 1% 3185 5 2}

Figure 2006. Left hand daily page of the Nautical Almanac for June 16, 1994.
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Correction (+ or -) +10.8' tor of 58.4. Interpolating between 58.2 and 58.5 yields a

Computed Altitude (§ 2° 39.6' value of +4.0' for the horizontal parallax correction.

Observed Altitude (§) 2°48.1' The final correction is a constant -30.0' correctiory taga

Intercept 8.5 NM (towards) plied only to sights of the moon’s upper limb. This correction is

% 822; always negative; apply it only to sights of the moon’s upper
n X

limb, not its lower limb. The total correction tgik the sum of

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

) o . o ) To obtain the moon’s GHA, enter the daily pages in the
Themooniseasy toidentify andisoftenvisibleduringthe  moon column and extract the applicable data just as for a star

day. However, the moon’s proximity to the earth requires apsr sun sight. Determining the moon’s GHA requires an addi-
plying additional corrections to,lto obtain |. This section  gnal correction, the correction.

will cover moon sight reduction.

At 10-00-00 GMT, June 16, 1994, the navigator obtains &HA moon ands 245 45.1'and +11.3
sight of the moon’s upper limb.¢ib 26 06.7'. Height of eye %@rggﬁgwem 9002;0
is 18 feet; there is no index error. Determigethe moon's A 245 45 D'
GHA, and the moon’s declination. See Figure 2007.
Body Moon (UL) First, record the GHA pf the moon for_lO-OO-OO on
Index Correction 0" June 16, 1994, from the daily pages of Naitical Alma-
Dip (18 feet) 4.1 nac. Record also the correction factor; in this case, it is
Sum -4.1 +11.3. Thev correction factor for the moon is always posi-
Sextant Altitude (§ 26°06.7' tive. The increment correction is, in this case, zero because
Apparent Altitude () 26° 02.6' the sight was recorded on the even hour. To obtainthe
Altitude Correction +60.5' rection, go to the tables of increments and corrections. In

Additional Correction 0.0’ . . . X
Horizontal Parallax (58.4) 40 the 0 minute table in theor d correction columns, find the

Moon Upper Limb Correction -30.0' correction that corresponds t@ & 11.3. The table yields a
Correction to +34.5' correction of +0.1". Adding this correction to the tabulated
Observed Altitude (§) 26° 37.1' GHA gives the final GHA as 24515.2'.

Finding the moon’s declination is similar to finding the

This procedure demonstrates the extra corrections réi_eclination for the sun or stars. Go to _the.daily pages for
quired for obtaining ffor a moon sight. Apply the index June 16, 1994; extract the moon’s declination dfattor.

and d_|p correctlon_s and in the same manner as for star gbulated Declinationd S 00 13.7'/ +12.1
sun sights. The altitude correction comes from tables locag -~ rrection +0.1"
ed on the inside back covers of thautical Almanac. True Declination S 0013.8'

In this case, the apparent altitude wal(®66'. Enter the

altitude correction table for the moon with the above appar- The tabulated declination and the d factor come from
ent altitude. Interpolation is not required. The correction isheNautical Almanac'slaily pages. Record the declination
+60.5". The additional correction in this case is not applicablgnd d correction and go to the increment and correction
because the sight was taken under standard temperature gagles to extract the proper correction for the given d factor.
pressure conditions. In this case, go to the correction page for 0 minutes. The

The horizontal parallax correction is unique to mooncorrection corresponding to ad factor of +12.1is+0.1. Itis
sights. The table for determining this HP correction is on themportant to extract the correction with the correct algebra-
back inside cover of thautical Almanac. First, go to the ic sign. The d correction may be positive or negative
daily page for June 16 at 10-00-00 GMT. In the column fodepending on whether the moon’s declination is increasing
the moon, find the HP correction factor corresponding to 10sr decreasing in the interval covered by the d factor. In this
00-00. Its value is 58.4. Take this value to the HP correctiocase, the moon’s declination at 10-00-00 GMT on 16 June
table on the inside back cover of thenanac. Notice that was S 00 13.7'; at 11-00-00 on the same date the moon’s
the HP correction columns line up vertically with the moondeclination was S O®5.8'. Therefore, since the declination
altitude correction table columns. Find the HP correctiowas increasing over this period, the d correction is positive.
column directly under the altitude correction table headindpo not determine the sign of this correction by noting the
corresponding to the apparent altitude. Enter that columinend in the d factor. In other words, had the d factor for 11-
with the HP correction factor from the daily pages. The col00-00 been a value less than 12.1, that would not indicate
umn has two sets of figures listed under “U” and “L” for that the d correction should be negative. Remember that the
upper and lower limb, respectively. In this case, trace dowd factor is analogous to an interpolation factor; it provides
the “U” column until it intersects with the HP correction fac-a correction ta_declinatiomherefore, the trend in declina-
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Figure 2007. Right hand daily page of the Nautical Almanac for June 16, 1994.
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tionvalues, not thetrend in d values, controlsthesignof the  sure; the horizontal parallax correction is not applicable to a
d correction. Combine the tabulated declination and thed  planet sight. All that remains is the correction specific to Mars
correction factor to determine the true declination. In this  or Venus. The altitude correction table in Neitical Alma-
case, the moon'’s true declination is S 08.8' nac also contains this correction. Its magnitude is a function of

Having obtained the moon’s GHA and declination, calcuthe body sighted (Mars or Venus), the time of year, and the
late LHA and determine the assumed latitude. EnteBighe  body’s apparent altitude. Entering this table with the data for
Reduction Tablewith the LHA, assumed latitude, and calculat-this problem yields a correction of +0.1'. Applying these cor-
ed declination. Calculate the intercept and azimuth in the samections to Rresults in an fiof 33° 14.4".
manner used for star and sun sights.

Tabulated GHA ¥ 256°10.6'/ 1.1

2008. Reducing A Planet Sight GHA Increment 1120.0¢
v correction +0.8'
GHA 267°31.4'

There are four navigational planets: Venus, Mars, Jupi-

ter, and Saturn. Reducing a planet sight is similar to ) o ,
reducing a sun or star sight, but there are a few important 1he only difference between determining the sun’s GHA

differences. This section will cover the procedure for deter@nd a planet's GHA lies in applying theorrection. Calculate
mining h,, the GHA and the declination for a planet sight. this correction from the or d correction section of the Incre-

On July 27, 1995, at 09-45-20 GMT, you take a sigh{nents and Correction table in tNautical Almanac.

of Mars. H,is 33 20.5'. The height of eye is 25 feet, and the Find thevfaf:tor atthe bottom of the planets’ GHA col-
index correction is +0.2'. Determing, IGHA, and declina- umns on the daily pages of.tNautlcaI Almanac. I.:or.Mars

. . on July 27, 1995, thefactor is 1.1. If no algebraic sign pre-
tion. See Figure 2008.

cedes thev factor, add the resulting correction to the
tabulated GHA. Subtract the resulting correction only when

:?]%de))/( Correction I\/l%rsz a negative sign precedes thactor. Entering the ord cor-

Dip Correction (25 feet) 4.9 rection table corresponding to 45 minutes yields a
Sum 4.7 correction of 0.8'. Remember, because no sign preceded the
hg 33° 20.5 v factor on the daily pages, add this correction to the tabu-
ha 33°15.8' lated GHA. The final GHA is 2631.4'".

Altitude Correction -1.5'

Additional Correction Not applicable Tabulated Declinationd S0r06.1'/0.6

Horizontal Parallax Not applicable d Correction +0.5'

Additional Correction for Mars +0.1' True Declination S 07106.6'

Correction to i -1.4

ho 33 14.4 Read the tabulated declination directly from the daily

pages of théNautical Almanac. Thed correction factor is

The table above demonstrates the similarity betweelisted at the bottom of the planet column; in this case, the
reducing planet sights and reducing sights of the sun arf@ctor is 0.6. Note the trend in the declination values for the
stars. Calculate and apply the index and dip corrections eRlanet; if they are increasing during the day, the correction
actly as for any other sight. Take the resulting apparer@ctor is positive. If the planet’s declination is decreasing
altitude and enter the altitude correction table for the sta@during the day, the correction factor is negative. Next, enter
and planets on the inside front cover of tNautical thev or d correction table corresponding to 45 minutes and
Almanac. extract the correction foragfactor of 0.6. The correction in

In this case, the altitude correction fof 3%.8' results in ~ this case is +0.5".
a correction of -1.5". The additional correction is not applicable  From this point, reducing a planet sight is exactly the
because the sight was taken at standard temperature and psesne as reducing a sun sight.

MERIDIAN PASSAGE

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

Latitude at LAN is a special case of the navigational triinine the time of LAN and calculate the GHA of the sun at that
angle where the sun is on the observer's meridian and ttiene. The following examples demonstrates these processes.
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Figure 2008. Left hand daily page of the Nautical Almanac for July 27, 1995.
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2009. Latitude At Meridian Passage time. Sum these two times. If the DR position is west of the
central meridian (as it is in this case), add this time to the
At 1056 ZT, May 16, 1995, a vessel's DR position is Ltime of tabulated meridian passage. If the longitude differ-
40° 04.3'N anch 157 18.5' W. The ship is on course 200 ence is to the east of the central meridian, subtract this time
at a speed of ten knots. (1) Calculate the first and second éfm the tabulated meridian passage. In this case, the DR po-
timates of Local Apparent Noon. (2) The navigator actuallysition is west of the central meridian. Therefore, add 29

observes LAN at 12-23-30 zone time. The sextant altitudginutes and 32 seconds to 1156, the tabulated time of me-

at LAN is 69 16.0". The index correction is +2.1" and theyigian passage. The estimated time of LAN is 12-25-32 ZT.

height of eye is 45 feet. Determine the vessel’s latitude.

This first estimate for LAN does not take into account the
vessel's movement. To calculate $heond estimate of LAN,

Date . 16 MayI1995 first determine the DR longitude for the time of first estimate
DR Latitude (1156 ZT) 3955.0' N . .
. . of LAN (12-25-32 ZT). In this case, that longitude would be
DR Longitude (1156 ZT) 15723.0' W . ;
Central Meridian 150W 157 25.2' W. Then, calculate the difference between the lon-
d Longitude (arc) 793 W gitude of the 12-25-32 DR position and the central meridian
d Longitude (time) +29 min. 32 sec longitude. This would be°725.2'. Again, enter the arc to time
Meridian Passage (LMT) 1156 conversion table and calculate the time difference corre-
ZT (first estimate) 12-25-32 sponding to this longitude difference. The correction faf7
DR Longitude (12-25-32) 15725.2' arc is 28' of time, and the correction for 25.2' of arc is 1'41" of
d Longitude (arc) 7252 time. Finally, apply this time correction to the original tabu-
d Longitude (time) +29 min. 41 sec lated time of meridian passage (1156 ZT). The resulting time,
Meridian Passage 1156 12-25-41 ZT, is theecond estimate of LAN.
ZT (second estimate) 12-25-41 Solving for latitude requires that the navigator calculate
ZT (actual transit) 12-23-30 local two quantities: the sun’s declination and the sun’s zenith dis-
Zone Description +10 tance. First, calculate the sun’s true declination at LAN. The
GMT 22-23-30 problem states that LAN is 12-28-30. (Determining the exact
Date (GMT) 16 May 1995 time of LAN is covered in section 2010.) Enter the time of ob-
Tabulated Declinationd N 19°|09-0 /+0.6 served LAN and add the correct zone description to determine
d correction +0.2 ‘ GMT. Determine the sun’s declination in the same manner as
True Declination N 19‘09-2 in the sight reduction problem in section 2006. In this case, the
Index Correction 2.1 tabulated declination was N °199.1', and the d correction
Dip (48 1) -6.7 +0.2". The true declination, therefore, is N 19.3'.
Sum -4.6' o S
h, (at LAN) 69 16.0' Next, calculate zenith distance. Recall from Navigational
S . , Astronomy that zenith distance is simply 98bserved altitude.
hy 69°11.4 o )
) _ i Therefore, correctdto obtain lj; then correct hito obtain b.
g‘gjtgge Correction 8?%(? o Then, subtract hfrom 90 to determine the zenith distance.
A Name the zenith distance North or South depending on the rela-
h 69° 27.0 . i \ o
) ] . tive position of the observer and the sun’s declination. If the
Zenith le_tam.:e N 2033.0 observer is to the north of the sun’s declination, name the zenith
Tru.e Declination N 19 09,'2 distance north. Conversely, if the observer is to the south of the
Latitude 3942.2

First, determine the time of meridian passage from th
daily pages of thélautical Almanac. In this case, the merid-
ian passage for May 16, 1995, is 1156. That is, the su
crosses the central meridian of the time zone at 1156 ZT af

the observer’s local meridian at 1156 local time. Next, deterz@Me (i.e., both are north or both are south), add the two values

sun’s declination, name the zenith distance south. In this case,
the DR latitude is N 3965.0" and the sun’s declination is N° 19
9.3". The observer is to the north of the sun’s declination; there-
fore, name the zenith distance north. Next, compare the names
%the zenith distance and the declination. If their names are the

mine the vessel's DR longitude for the time of meridiarfogether to obtain the latitude. This was the case in this problem.
passage. In this case, the vessel’'s 1156 DR longitude‘is 1550th the sun’s declination and zenith distance were north; there-
23.0' W. Determine the time zone in which this DR longi-ore, the observer's latitude is the sum of the two.

tude falls and record the longitude of that time zone’s central  If the name of the body’s zenith distance is contrary to

meridian. In this case, the central meridian is"A&0 Enter
the Conversion of Arc to Time table in tNautical Alma-

the name of the sun’s declination, then subtract the smaller
of the two quantities from the larger, carrying for the name

nac with the difference between the DR longitude and thef the difference the name of the larger of the two quanti-

central meridian longitude. The conversion férof arc is
28m of time, and the conversion for 23" of arc ®32s of

ties. The result is the observer’s latitude. The following
examples illustrate this process.
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Zenith Distance N 25 Zenith Distance S 50 draw a series of horizontal lines across the curve formed by
True Declination S1% True Declination N10° the data points. These lines will intersect the faired curve at
Latitude N 10 Latitude S 40 two different points. The x coordinates of the points where

these lines intersect the faired curve represent the two dif-
ferent times when the sun’s altitude was equal (one time
. , . . . when the sun was ascending; the other time when the sun
Determining a vessel's longitude at LAN is straightfor- . .

. , as descending). Draw three such lines, and ensure the

ward. In the western hemisphere, the sun’s GHA at LAN. - : . .
; . . ines have sufficient vertical separation. For each line, aver-
equals the vessel's longitude. In the eastern hemisphere, the two i h it int ts the faired
subtract the sun’s GHA from 36@0 determine longitude. age the two times where 1t intersects the faired curve.

The difficult part lies in determining the precise moment Oflnally, average the three resulting t|mes to obtain a final
meridian passage value for the time of LAN. From thidautical Almanac, de-

Determining the time of meridian passage presents tgrmlne the sun’s GHA at that time; this is your longitude

problem because the sun appears to hang for a finite time'gtthe western hemisphere. In the east.ern hermsphere, sub-
its local maximum altitude. Therefore, noting the time of"act the sun's GHA from 360 determine longitude.
maximum sextant altitude is not sufficient for determining  1h€ second method of determining LAN is similar to
the precise time of LAN. Two methods are available to obthe first. Estimate the time of LAN as discussed above,
tain LAN with a precision sufficient for determining Measure and record the sun’s altitude as the sun approaches
longitude: (1) the graphical method and (2) the calculatiofts maximum altitude. As the sun begins to descend, set the
method. The graphical method is discussed first below. sextantto correspond to the altitude recorded just before the

See Figure 2010. Approximately 30 minutes before théun’s reaching its maximum altitude. Note the time when
estimated time of LAN, measure and record sextant altthe sun is again at that altitude. Average the two times. Re-
tudes and their corresponding times. Continue taking sigh€at this procedure with two other altitudes recorded before
for about 30 minutes after the sun has descended from th&N, each time presetting the sextant to those altitudes and
maximum recorded altitude. Increase the sighting frequerfecording the corresponding times that the sun, now on its
cy near the predicted meridian passage. One sight every 2fescent, passes through those altitudes. Average these cor-
30 seconds should yield good results near meridian pagesponding times. Take a final average among the three
sage; less frequent sights are required before and after. averaged times; the result will be the time of meridian pas-

Plot the resulting data on a graph of sextant altitudeage. Determine the vessel's longitude by determining the
versus time. Fair a curve through the plotted data. Nexsun's GHA at the exact time of LAN.

2010. Longitude At Meridian Passage
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Figure 2010. Time of LAN.
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LATITUDE BY POLARIS

2011. Latitude By Polaris

Since Polaris is always within about 1° of the North
Pole, the altitude of Polaris, with afew minor corrections,
equals the latitude of the observer. This relationship makes
Polaris an extremely important navigational star in the
northern hemisphere.

The corrections are necessary because Polaris orbitsin
asmall circle around the pole. When Polarisis at the exact
same dtitude as the pole, the correction is zero. At two
pointsinitsorbit it isin adirect line with the observer and
the pole, either nearer than or beyond the pole. At these
points the corrections are maximum. The following exam-
pleillustrates converting a Polaris sight to latitude.

At 23-18-56 GMT, on April 21, 1994, at DR A=37°
14.00 W, L = 50° 23.8' N, the observed altitude of Polaris
(ho) is49° 31.6'. Find the vessel’s latitude.

To solve this problem, use the equation:

Latitude = h,—1° +AO +A1 +A2

where Ry is the sextant altitude fhcorrected as in any other

star sight; 1 is a constant; andgAA4, and A are correc-
tion factors from the Polaris tables found in thautical

LHA 9P 162 03.5'
Ag (162 03.5") +P 25.4'
A4 (L =5CN) +0.6'

A, (April) +0.9'

Sum r26.9
Constant -100.0°
Observed Altitude 4931.6'
Total Correction +26.9'
Latitude N 49 58.5'

Enter the Polaris table with the calculated LHA of Aries

(162 03.5"). See Figure 2011. The first correctiog, i& a
function solely of the LHA of Aries. Enter the table column
indicating the proper range of LHA of Aries; in this case, en-
ter the 166-169 column. The numbers on the left hand side
of the Ay correction table represent the whole degrees of
LHA < ;interpolate to determine the propeg @orrection.
In this case, LHAY? was 1623.5'. The A correction for
LHA =162 is 1° 25.4" and the fcorrection for LHA = 163
is 1° 26.1". The 4 correction for 16203.5'is ® 25.4",

To calculate the Acorrection, enter the Acorrection

table with the DR latitude, being careful to stay in the°160
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 BN. The A correction corre-

sponding to an LHA range of 16069 and a latitude of

Almanac. These three correction factors are always POSIE o is + 0.6

tive. One needs the following information to enter the
tables: LHA of Aries, DR latitude, and the month of the

year. Therefore:

Tabulated GHASY? (2300 hrs.) 194 32.7
Increment (18-56) 444.8'
GHA 199 17.5'
DR Longitude (-W +E) 3714.0'

Finally, to calculate the Acorrection factor, stay in the
160°-169 LHA <Y column and enter the-Acorrection ta-
ble. 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 al-
ways positive. Subtract’ from the sum to determine the
total correction; then apply the resulting value to the ob-
served altitude of Polaris. This is the vessel’s latitude.



FOR DETERMINING LATITUDE FROM SEXTAMT ALTITUDE AND FOR AZIMUTH

POLARIS (POLE STAR) TABLES, 1994
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Figure 2011. Excerpt from the Polaris Tables.



	Chapter 20
	Sight Reduction
	Basic Principles
	2000 . Introduction
	2001 . Selection Of The Assumed Position (AP)
	2002 . Comparison Of Computed And Observed Altitud...
	2003 . Plotting The Line Of Position
	2004 . Recommended Sight Reduction Procedure

	Sight Reduction
	2005 . Reducing Star Sights To A Fix
	2006 . Reducing A Sun Sight
	2007 . Reducing A Moon Sight
	2008 . Reducing A Planet Sight

	Meridian Passage
	2009 . Latitude At Meridian Passage
	2010 . Longitude At Meridian Passage

	Latitude by Polaris
	2011 . Latitude By Polaris




