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of the rapid changes this value must be taken to be the LMT for
the Greenwich meridian and must be corrected for longitude. The
longitude correction to apply is given by:

daily change x longitude
360

The longitude correction may also be obtained from Table II
which is directly under Table I referred to above. After correction
of the LMT the longitude in time must be applied to get the UT
as for the sun.

Procedure . s

1. Bxtract the LMT tabulated for the date in question inter-
polating for latitude using Table 1. - )

2. Extract the LMT for the following day if in west longitude
or the preceding day if in east longitude and find the daily
change. |

3. Find the longitude correction from the formula above or
from Table II. .

4. Apply the longitude correction to the LMT in 1 normally
adding if in west longitude and subtracting in east longltl_lde. (This
applies only if the times are getting later each day as 1s usually
the case, but if not the rules must bp reversed.) The result should
always lie between the values foundin1and 2.

5. Apply longitude in time +ve for west longitude and —ve for
east longitude to give the UT.

Example 1 _ iy
Find the UT of moonrise on 9th January to an observer in position

20° 30'S 100° 00'E

LMT moonrise 9th long 0 11h 17m (interpolating for latitude
LMT moonrise 8th long 0 10h 28m  between 20 and 30)
difference 49m

5 : 100
longitude correction #2520 14m

LMT moonrise 9th long 0 11h 17m

longitude correction 14m
LMT moonrise 9thlong 100 E 11h 03m
longitude in time 06h 40m

UT 04h 23m 9th
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Example 2

Find the UT of moonset on 28th June to an observer in position
33°N 170°W

LMT moonset 28th long 0 18h 25m
LMT moonset 29th long 0 19h 21m
difference 56m
longitude correction 3170 26m
LMT moonset 26th long 0 18h 25m
longitude correction 26m
LMT moonset 26th long 170 W 18h 51m
longitude in time 11h 20m
UT 30h 11m 28th

= 06h 1lm 29th

For the purpose of the amplitude problem there is no reason
why the UT cannot be read from the chronometer at the moment
when the body is seen to be rising or setting.

Procedure
1. Obtain LMT and UT of rising (or setting) from the almanac.
2. Take the declination for the time of the UT from the almanac.
3. Observe the compass bearing at the time of rising or setting.
4. Obtain the true amplitude by calculator from the formula
(or from amplitude tables).

5. Convert the amplitude to a bearing and compare with the
observed compass bearing.

Example 1
On Ist November in DR position 36° 10'N 28° 20'W at 06h 22m
LMT the sun rose bearing 102° C. Find the true amplitude and the

error of the compass. If the variation was 3°W find the deviation
for the ship’s head.

LMT sunrise 1st 06h 22m declination 07h 14° 19.9'S
Longitude in time 0lh 53m dcorr +0.2
UT 08h 15m declination 14° 20.1'S

sine amplitude =sin 14° 20.1"sec 36° 10
amplitude =179
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true amplitude =E 17.9°S
true bearing =107.9°
compass brg =102°

compass error = 5.9°E
variation = 3.0°W
deviation = 89°E
Example 2

On 8th January at ship in position 30° 45'S 166° 15'W, the sun
set bearing 240° by compass. If the variation was 6°E find the
compass error and the deviation for the ship’s head.

LMT sunset lat 30 S 8th 19h 06m

diff =12m Table I corr +01m

LMT sunset lat 30 45'S 19h 07m

longitude in time 11h 05m

UT 06h 12m 9th Jan. declination 22° 09.3'S
d corr N
declination 22° 09.2'S

sin amplitude =sine declination sec latitude
sin amplitude =sin 22° 09.2"sec 30° 45
=26 01.5'

true amplitude =W 26° S
true bearing =244°
compass brg =240°

compass error = 4°E
variation = 6°E
deviation = 2°W

EXERCISE 2.3.3

1. On 30th September in DR position 20° 52'N 153° 10'W, the
sun rose bearing 089° C. Find the error of the compass.
2. On 19th September the observed bearing by compass of
sunrise was 085. DR position 39° 53' N 51° 00’ E. Find the error of
the compass and the deviation for the ship’s head if the variation
was 5° E.
3. On 27th June at the ship in DR position 40° 20'S 00° 00',
the sun set bearing 301° C. Find the error of the compass and the
deviation if the variation was 6° W.

MODULE 2.3 195

4. On 18th December at a ship in DR position 38° 30'N

32° 15'W the sun rose bearing 126°C. Find the error of the
compass.

5. On 5th January the sun set bearing 235° by gyro compass to

an observer in DR position 49° 10'S 98° 45’ W. Find the error of
the gyro.

6. On 28th June the sun rose bearin . ‘
' Ju g 060° b ro to an
observer in position 42° 30'N 142° 30'W. Find thz eg})rlor of the
gyro.
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Altitude and Azimuth. Correction of Altitudes

itions (see Figure 2.4.1) . ’
Dejlz:’?ibl?: H(orizon.g This is the circle which bounds the observer’s

view of the earth’s surface in a clear atmosph,ere. The r?nge of the
visible horizon will depend upon the obser\(er s height of eye. -
Sensible Horizon. This is a plane whlch passes thli)oug e
observer’s eye and is at right angles to the Veytlcal of the o servlfrt.h
Rational Horizon. This is the plane which passes thl"oug _ ?
centre of the earth and is at righ‘Eb lanﬁgles' to the observer’s vertica
allel to the sensible horizon. '
an%et:;;sfm:l?h%arpoint on the celestial sphere directly above the

Ob]SV?;;?rr.. The point on the celestial sphere diametrically opposed

to the zenith. _ .
° Vertical circle. A great circle passing through the zenith and

the nadir, hence cutting the rational horizon in a right angle.

Zenith

|
l 9
I Observer's eye

Visible Horizon

Fic. 2.4.1
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The coordinates used to define a position on the celestial sphere
with reference to an observer on the earth are altitude and
azimuth. These can be measured by the observer, the altitude with
a sextant and the azimuth with a compass.

The true altitude is defined as the angle at the centre of the
earth between the plane of the rational horizon and a line
joining the centre of the earth to the body. Alternatively it can
be defined as the arc of a vertical circle between the body and
the rational horizon. The zenith distance of the body is the arc of
the vertical circle between the body and the zenith and will be
equal to (90°— true altitude).

The azimuth is defined as the arc of the horizon between the
vertical circle through the elevated pole and the vertical circle
passing through the body. Thus the terms azimuth and bearing are
stating the same thing in different ways (see Module 2.3).

The true altitude (or zenith distance) and the azimuth define
the position of the body unambiguously with reference to the ob.-
server. This is referred to as the Horizon system of coordinates.

Conversion between the horizon system and the equinoctial system
The essential element of the methods of sight reduction to find
the observer’s position on the earth, which will be discussed in
Module 2.7, is a conversion between the horizon system co-
ordinates of altitude and azimuth and the equinoctial system of
declination and hour angle (LHA). This may be done by the
solution of a spherical triangle formed by the intersection of the
three great circles:

(i) the observer’s meridian
(i) the meridian through the body
(iii) the vertical circle through the body.

In Figure 2.4.2 this triangle is shown as triangle PZX, P being
the pole, Z the zenith of an observer in latitude 50°N and X, a
body with northerly declination.

The sides of the triangle will be the observer’s co-lat
(90°—latitude), the co-dec of the body (90°— declination) and the
zenith distance of the body.

The main object of celestial navigation is to find the observer’s
position. The side PZ would enable the latitude to be known and
the angle P (LHA) would enable the longitude to be found from
the GHA. However three parts of the triangle must be known for
a solution and without knowing the observer’s position only one
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P_- hour angle

azimuth
[ bolringlz

Fic. 24.2

part is actually known, that is the side PX or (90°— declination).
However the side ZX can be measured or more correctly it can be
found from the true altitude. But a third part of the triangle is still
required. The azimuth can be measured with a compass but alas
not with sufficient accuracy to be used for this purpose. The way
in which this problem is dealt with is the subject of Module 2.7.
The rest of this module is concerned with the way in which the true
altitude and zenith distance are obtained from the sextant obser-
vation of a bodies altitude above the visible horizon.

Observed altitude

If an observer measures the altitude of a heavenly body he will
measure the angle at his eye between a line from the eye to the
body observed, and a line from the eye to the visible horizon
directly beneath the body. This is referred to as the observed
altitude and will be obtained from the sextant altitude with any
error of the sextant allowed for (index error).

Dip

This is defined as the angle at the observer’s eye between the plane
of the sensible horizon and a line joining the observer’s eye to the
visible horizon, or alternatively the depression of the visible
horizon below the sensible horizon.
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observed
altitude

\E apparent altitude

F1c. 2423

The dip is subtracted from the observed alti i
. - tude to give
altitude above the sensible horizon. The observed iltituflile1

corrected for dip is called the apparent alti T
i Figure 2.4.3, pparent altitude. This is illustrated

It should be apparent from Figure 2.4.3 that:
apparent altitude = observed altitude — dip

Dip is always negative and must be applied to altitud
bodlfes. Values of dip are tabulated agginst height ofe Se}?ef aiﬂ
nautical tables and also in the Nautical Almanac. The table in the
Nautical Almanac is usually the most convenient to use.

It should be noted that the value of the dip is affected by the
amount .of refraction of the observer’s line of sight to his horizon
Uncertainty in the amount of refraction makes the dip correction

the least accurate of all the corrections i i
to altitude. D
based upon the formula: ) s

dip=1.77+/h (where h is the observer’s height of eye in metres)

Refraction

A ray of light entering a medium of i i
ray ¢ : greater density than that in
which it has been travelling will be bent or refracted towards the
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apparent
direction

true
direction

r = angle of refraction

Fic. 2.4.4

normal. The normal is the perpendicular to the interface between
the two mediums at the point of entry of the light.

Light entering the earth’s atmosphere from the celestial body is
entering a progressively more dense medium as it approaches the
earth’s surface. The light is therefore being continually refracted
as it travels through the atmosphere. This causes the light to be
coming apparently from a higher altitude than is really the case.
This is shown in Figure 2.4.4. The correction for refraction is
therefore negative. The refraction is greatest at low altitudes and
decreases to zero when the light is entering the atmosphere at 90°,
that is from the zenith. Uncertainty in the amount of refraction
makes it inadvisable to take low altitude observations unless un-
avoidable.

Values for the refraction are tabulated against altitude in
nautical tables. The correction is applied to the altitude of all
bodies.

Semi Diameter

In the case of the sun and moon it is easier and more accurate to
observe the altitude of the upper or lower edge or limb of the body
than to observe the estimated centre of the body. A correction
for the radius of the visible disc must therefore be applied to
obtain the altitude of the centre of the body. This correction is
called the semi diameter. The value will be the angle at the
observer’s eye subtended by the radius of the body. From Figure
2.4.5 it can be seen that the correction will be positive if the lower
limb is observed and negative if the upper limb is observed.
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upper li

semj-
di o lower himb

“_Apparent Altitude of centre

Fic. 2.4.5

Semi diameter varies as the distance of the body from the earth
and therefore will change due to the elliptical orbits of the earth
.around thp sun and the moon around the earth. Values are given
in the dﬁuly pages of the Nautical Almanac at the foot of the
appropriate columns. One value is given for the sun for the three
days on the page, but three values are given for the moon. The
values are in minutes of arc. .

There is no semi diameter correction for stars or planets.

Parallax

This is defined as the angle at the centre of the body subtended
by a line from the centre of the earth and a line to the observer’s
eye. The parallax is maximum when the body is on the sensible
horizon anq then is called the Horizontal Parallax.

The application of the parallax corrects the altitude from that
which is observed at the observer’s position to that which would
be observed at the centre of the earth, that is the true altitude

In Figure 2.4.6 '

angle CSO %s the angle of parallax,
angle AOS is the apparent altitude uncorrected for parallax,

angle ACH is the altitude after correction for parallax, that is
the true altitude. ’
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true aitit

Fic. 2.4.6

Thus angle ACH =angle SAK

and angle SAK =angle CSO + angle AOS (exterior angle of a
triangle is equal to the two interior and opposite angles).

Thus true altitude = apparent altitude + parallax.

The parallax correction is always positive to the apparent
altitude and its value will vary with the altitude, being maximum
when the body is in the horizon and zero when the body is in the
zenith.

Values for the sun are tabulated against altitude in nautical
tables. Parallax must be applied to altitudes of the sun and moon,
although the moon’s parallax requires a further correction (see
correction of the moon’s altitude). There is no parallax correction
necessary for stars due to their great distance. Planets parallax
may sometimes be negligible but sometimes be considerable, some-
times greater than the sun. A planet’s minimum parallax value will
occur at conjunction (superior conjunction for an inferior planet).
The maximum value will occur at opposition for a superior planet
and inferior conjunction for an inferior planet. The parallax cor-
rection for a planet is conveniently ignored when correcting
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altitudgs by individual corrections, but it is allowed for in total
correction tables which will be introduced at the end of this
module.

Correction of the Moon’s Altitude

Due to the prox1_rnity of the moon to the earth there are two
additional corrections to the moon’s altitude which are negligible
for other bodies and are therefore ignored.

Reductio_n to the moon’s horizontal parallax for latitude
The horizontal parallax for the moon is given in the daily pages
for ea}cl{ hgurly entry in the column headed H.P.
. This is in fact the moon’s equatorial horizontal parallax, that
is the angle at the moon’s centre subtended by the earth’s
equatorial radius. The oblate shape of the earth however means
that the lesser polar radius will subtend a smaller angle. Thus
the parallax must be reduced for latitude. This is shown in
Figure 2.4.7.

The value of the ‘Reduction to the Moon’s Equatorial Hori-
zontal Parallax for Latitude’ is tabulated in nautical tables against
latitude. The parallax in altitude can then be found by:

Parallax in altitude = horizontal parallax x cos altitude.
The parallax in altitude is then added to the apparent altitude

as for the sun.

S.H.

equatorial horizontal
parallax

/]
equatorial 7
radius M

-
_
o,
/ polar horizontal
i ap:ilt?sr parallax [reduced]

Fic. 2.4.7
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RATIONAL (ﬂﬁ ALTO

S

FiG. 2.4.8

Augmentation of the moon’s semi diameter

The only variable which determines the semi diameter of any given
body is its distance from the observer. A body will be closest to
the observer when it is at his zenith, that is with altitude 90°. The
distance and therefore the semi diameter decreases as the altitude
decreases as illustrated in Figure 2.4.8. In the case of the sun the
earth’s radius is extremely small compared to the distance of the
sun and therefore has a negligible effect. This is not so in the case
of the moon. The values for semi diameter of the moon which are
given in the almanac are for when the body is on the rational
horizon, that is with altitude 0°. The Augmentation of the Moon’s
Semi-diameter is a positive correction to these values. The augmen-
tation is tabulated in nautical tables against altitude.

To summarize the corrections required for the sun, the moon, the
planets and stars

Sun

sextant index error +ve or —ve
dip —ve
refraction —ve

+ve for lower limb,
—ve for upper limb

semi diameter

parallax +ve

Moon

sextant index error +ve or —ve

dip —ve

refraction —ve

semi-diameter after augmentation +ve for lower limb,

—ve for upper limb
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parallax after reduction of the h.p. +ve
for latitude

Stars and Planets

sextant index error +ve or —ve
dip _ —ve
refraction —ve

Example 1

'If the sextant %ltitude of the sun’s lower limb was 45° 20’, sextant
index error 1.2" on the arc, height of eye 15.4 metres and date 5th
January, find the true altitude.

sext. alt. 45° 20.0'

ie. —1.2

obs. alt. 45° 18.8’

dip —6.9°  from table in almanac

app. alt. 45° 11.9

refr. —0.9' from table in Norie’s Tables
. 45° 11.0¢

semi diam. +16.3'  from almanac for 5th Jan.

45° 27.3
parallax +0.1'  from table in Norie’s Tables
true alt. 45° 27.4
Example 2

The sextant altitude of the moon’s lower limb was 36° 58.2. Index
error 0.8 off the arc. ht. of eye 5.4 metres. Date 8th January at
1200. DR position 32° 50'N 34° 00’ W. Find the true altitude.

sextant altitude 36° 58.2' semi-diameter 14.9
index error +0.8' augmentation 0.1'
observed altitude 36° 59.0' semi diameter 15.0'
dip —4.1

36° 54.9' equ. h.p. 54.8'
refraction —1.3" red for lat. 0.1

36° 53.6° h.p. 54.7
semi diameter +15.0'

37° 08.6' parallax in alt. 54.7 cos alt.
parallax in alt. +43.7' =43.7

true altitude 37° 52.3
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6. Saturn 12° 17.0' 2.0’ off the arc  14.0m
I]::ifr?c;n gﬁ, 3true altitude of the star Rigel if the sextant altitude is 7. Ven‘us 53°20.2° 0.6 on the arc 7.7m
29° 17.2', the index error 1.8 off the arc, and the height of eye 8. Jupiter 23° 14.0 2.2 offthearc  11.0m
14 metres. 9. Mars 51° 56.0' 0.4 onthearc 17.0m
sextant alt. 29° 17.2/ 10. Venus 14° 38.2 2.8 on the arc 9.9m
index error _ +1.8
observed alt. 29° 19.0/, EXERCISE 2.4.3
29° 12-4: Find the true altitude in the following cases using individual
refr. o =lad corrections.
true altitude 29° 10.7'
Body Sext. alt. LE. Ht. eye (m) Date (UT) Latitude
EXERCISE 2.4.1 1. MoonLL 63°12.8' 1.6 offthearc 7.3 2200 18th Dec.  44° 56.3' N
2. Moon LL  34° 14.8" 2.2 onthearc 13.0 0800 30th Sept. 34°23.0'S
Find the true altitude in the following cases using individpal 3. Moon UL 58°16.2 1.0’ on the arc 10.4 1900 19th Sept. 50° 00'N
corrections. Answers given are worked using Burton’s nautical 4 Moon UL 77°51.6 1.2 offthearc 14.8 1500 27th June  56° 30'N
tables. 5.MoonLL 21°38.8 3.4 onthearc 11.5 0200 9th Jan.  23°00'S
Body Sext. alt. LE. Ht. eye Date 6. Moon LL  38°21.8' 2.4 offthearc 9.0 1600 28th June 34° 30'N
& ’ > the arc 8 3m 4th Jan. 7. Moon UL 51°17.0' 1.6' on the arc 16.0 1200 19th Sept. 40° 00' N
1. Sun LL 527 Pl 2, B 8. Moon LL  43° 18.4' nil 13.7 0300 2nd Nov.  2°00'S
| 2. SunLL 33° 10.% 1.0/ off the arc  12.0m 27th June
3. Sun UL 71° 53.5 1.8 offthearc  11.0m 20th Sept. Total Correction Tables
o / : In practice correction of altitude is simplified by the use of total
4, S UL 27 487 ml/ 7. 21t Sep corIr)ection tables, which combine indiviclijual corzections. Nautical
5.SunLL 62° 343  2.2'off the arc 9.0m 18th Dec. tables contain their own versions of total correction tables but the
6. Sun UL  55° 55.8 1.0" on the arc 7.4m 28th June most commonly used, and described here, are the convenient

tables included in the Nautical Almanac. These are in three tables,
one for the sun, one for the moon, and one for the stars and
planets. Each table is compiled with the apparent altitude as the
argument so that the dip correction must be first applied to the
observed altitude. A dip table is included.

EXERCISE 2.4.2

Find the true altitude in the following cases using individual

ot The dip table is tabulated against height of eye and is based
Body Sext. alt.  LE. Ht. eye upon the formula:
1. Altair 47° 29.6 1.0 onthearc 11.2m

1.764/ht of eye in metres

. Canopus 32° 24.2° 0.8 on the arc 7.3m

2

3. Arcturus 21° 13.6/ 0.4 offthearc  11.6m The table is arranged as a critical entry table which means that
4' one value of the correction is given for an interval of the
5

i AT AR o e s age o R argument. This means that no interpolation is required and it

. Dubhe 37° 10.4' 1.8’ on the arc 8.4m
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should be remembered that if the height of eye is a tabulated valye
the upper of the two figures should be extractled. Thus a height of
13.0 metres gives a dip correction of —6.3" (see extracts from

Nautical Almanac).

n’s total correction table
%lle sun’s correction table found on the first page of the almanac,
corrects for mean refraction, semi diameter and parallax.'The
argument is the apparent altitude, that is the observed altitude
corrected for dip. Two separate tables are used, one for the
months April to September and one for the months (_)ctober to
March. This allows for annual variations in the sem1—d1amete¥ to
be allowed for. Each table contains corrections for the lowgr llmb
in bold type and corrections for the upper'l_lmb observations in
feint type. The tables are arranged as critical entry tablecs as
described for the dip table. For example an argument of,' 51° 08
for the apparent altitude will give a correction of +15.5 foro the,
lower limb in the October to March table, while a value of 50° 46
will give a correction of +15.4.

Example _ ] /
The sextant altitude of the sun’s lower limb was 48° 56.3'. Index
error 1.2 on the arc. Height of eye 7.2 metres. Date 16th June.

Find the true altitude.

sextant altitude 48° 56.3
index error =12
observed altitude 48° 55.1’/
dip —4.7/
apparent altitude 48° 50.4
total correction +15.1
true altitude 49° 05.5

tars and planets
?‘he corregtion table for stars and planets found on the ﬁ{st page
of the almanac, corrects for the refraction only. Again it 18
arranged as a critical entry table with the argument apparent
altitude, that is observed altitude corrected for the dip.
Additional corrections for planets are given for some dates apd
for some apparent altitudes. These correct for parallax when its
value cannot be considered negligible.
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Example
The sextant altitude of the star Procyon was 57° 18.9". Index error
1.0" off the arc. Height of eye 6.5 metres. Find the true altitude.

sextant altitude 57° 18.9
index error +1.0
observed altitude 57° 19.9'

dip —4.5
apparent altitude 57° 15.4
total correction —0.6'
true altitude 57° 14.8

Example
The sextant altitude of the Venus on 1st December was 38° 06.5'.

Index error 0.5 off the arc. Height of eye 5.0 metres. Find the true
altitude.

sextant altitude 38° 06.5'
index error +0.5'
observed altitude 38° 07.0'
dip 3.9
apparent altitude 38° 03.1
total correction 1.2

38° 01.9

additional correction +0.3’
true altitude 38° 02.2

Moon’s total correction table
The moon’s total correction table is found on the last pages of
the almanac and is in two parts. The main correction in the
upper part of the table corrects for refraction, semi diameter and
parallax, using mean values. It is tabulated against apparent
altitude and some interpolation is required to obtain the accuracy
to within one decimal place.

The second correction allows for variations in the semi diameter
and parallax, both of which depend upon the horizontal parallax.

The arguments are therefore apparent altitude and horizontal
parallax. Two values are given one for lower limb and one for
upper limb observations. They are arranged in columns the
correction being taken from the same column as that from which
the main correction was taken, and against the H.P.
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All corrections for the moon are additive to the apparent

altitude but those for the upper limb observations have had 3( EXERCISE 2.4.5

added to them to maintain them positive. This 30" must therefore . . .

be subtracted from the final result. Flntcilo r‘ilsle true altitude in the following cases using total cor-

rec ;

Example Body Sext.alt.  LE. Ht. eye

The sextant altitude of the moon’s lower limb was 16° 58.2". Index 1. Altair 47° 29.6 1.0 onthearc 11.2m

error 10.8’ off the arc. Height of eye 5.4 metres. GMT 1400 on o 7 , '

27th June. Find the true altitude. g =h eI e 32° 24.2° 0.8 on the arc 7.3m

3. Arcturus 21° 13.6' 0.4 offthearc 11.6m
from the almanac H.P. 54.5' 4. Polaris 47° 158 1.4 onthearc 15.3m
5. Dubhe 9 ! /

sextant altitude 16° 58.2 6. Saturn i;o 10.4, 1'8, LI e b\eD
index error _ 40.8 : 7.0 2.0’ offthearc  14.0m
observed altitude 16° 59.0' 7. Venus 53° 20.2" 0.6’ on the arc 7.7m
dip _ —4.1 8. Jupiter 23° 14.0° 2.2 offthearc  11.0m
apparent altitude 16° 54.9 9. Mars 51° 56.0' 0.4 onthearc 17.0m
main correction +62.7 10. V 14° / , g
second correction +1.1° s 38.2° 2.8 onthearc 9.9m
true altitude 17° 58.7

EXERCISE 2.4.6

Exercises 4, 5 and 6 are the same as exercises 1, 2 and 3 but to
be worked with total correction tables. Answers given have been
found using the correction tables in the almanac. Small variations
may be found between solutions using individual corrections and

Find the true altitude in the following cases using total cor-
rections.

total corrections. Body Sext. alt.  LE. Ht. eye (m) Date (UT)
1. Moon LL 63° 12.8' 1.6' offthearc 7.3 2200 18th Dec.
2. Moon LL 34° 14.8" 2.2’ onthearc 13.0 0800 30th Sept.
EXERCISE 2.4.4 3. Moon UL 58° 16.2" 1.0'onthearc 10.4 1900 19th Sept.

4 s / /

\ f;i(I:lt(ilo ;}sle true altitude in the following cases using total cor- 5] xzzz E]]: Zo ;lgg/ ;i/ Zg:ﬂ: ::z 1?2 (l)jgg ;ZlthiLme
. 6. Moon LL 38° 21.8" 2.4 offthearc 9.0 1600 28th June
Body Sext. alt. LE. Ht.eye Date 7. Moon UL 51° 17.0' 1.6’ onthearc 16.0 1200 19th Sept.
8. Moon LL 43° 18.4 nil 13.7 0300 2nd Nov.

Sun LL  52° 31.2" 2.2’ on the arc 8.3m 4th Jan.

SunLL 33° 10.8 1.0/ off thearc  12.0m 27th June
Sun UL 71° 53.5 1.8’ offthearc 11.0m 20th Sept.
Sun UL 27° 46.7 nil 7. 7Tm 30th Sept.
SunLL 62° 34.3 2.2 off the arc 9.0m 18th Dec.
Sun UL 55° 55.8 1.0" on the arc 7.4m 28th June

o Lh s B0
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through which the position line passes and the direction in which
it runs at that position, so that it can be drawn on a navigator’s
chart and used as a position line. The direction of the position line
will be perpendicular to the bearing of the body at the time of
the observation which can be found as described in Module 2.3.
The position through which it passes near to the DR position
requires some calculation and there are various methods of ob-
taining this. The calculations will be dealt with in Module 2.7.
Here we will concern ourselves only with the manipulation of the
position lines.

MODULE 2.5

Position Lines and Position Circles

One timed observation of the altitude of a heavenly body will give
a position circle. There will be many positions from which the
same altitude would be observed at any one time. If all these
positions were joined they would form a circle on the earth’s
surface and this circle could be drawn around the geographical
position of the body as shown in Figure 2.5.1. The radius of the
circle as measured as an arc along the earth’s surface is the zenith
distance (90°— true altitude). To obtain a position we will need at
least two observations of two different bodies so that the two
position circles intersect to define the observer’s position.

It is not practical to simply draw the circle or circles on a
chart. The scale of the chart would have to be far too small, and
such large circles would be distorted by the projection of the
chart.

If one position circle is considered then although we do not
know at which point on the circle the ship lies, we can say fairly
confidently that it will be reasonably close to the DR position.
Furthermore the area over which the ship is likely to be should be
small compared to the radius of the circle (as long as the body
observed is not too close to the zenith), and over this small area
the curve of the position circle can be represented by a straight line
without too much error. The problem becomes to find a position

The Intercept Method (Marcq St. Hilaire Method)

It may be said that the intercept method is the only method which
the navigator needs to know as any observation may be worked
by this method. The only case when it would not be used is the
case when the body is bearing due north or due south when the
calculations can be made much shorter and easier. This case will
be dealt with in Module 2.6.

A position is assumed, probably the DR position but not
necessarily so as long as it is reasonably close to the true position.
Calculations are then made to find the zenith distance that would
have been observed from that position. The bearing of the body is
also calculated. If the ship was actually in the assumed position
the position line could be drawn through it in a direction at right
angles to the bearing. However by taking the real or true zenith
distance from the observation, it will be seen whether the ship lies
closer to or further away from the geographical position than the
assumed position. If the true zenith distance is greater than
the calculated zenith distance then the ship must be further from
the geographical position than was assumed. If the true zenith
distance is less than the calculated zenith distance then the ship
must lie towards the geographical position from the assumed
position. The difference between the true and calculated zenith
distances is called the intercept and it is named either away or
towards depending on the foregoing considerations.

The true position should be close enough to the assumed
position that the true bearing may be taken to be the same as the
calculated bearing. The calculated and the true position lines
should therefore be parallel.

In practice only the true position line need be drawn. This is
done by plotting the assumed position and drawing the intercept
either towards or away from the body in the direction or

position line position circle

Fic. 2.5.1
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Fig. 2.5.2

Fic. 2.54

To find the position by plotting the position lines of two
simultaneous sights

Procedure
1. On a plotting sheet or graph paper plot a convenient point
to represent the assumed position.
2. From this point draw the intercepts in the direction (if named
towards), or in the opposite direction (if named away) of the
respective bearings.
3. Mark off along these lines the lengths of the intercepts.
4. Through the intercept terminal positions draw the position
lines at right angles to the intercepts, and mark with a small circle
where the two position lines cross.

5. Measure the d’lat and the departure between the assumed
position and the plotted observed position.
6. Convert departure to d’long and apply d’lat and d’long to
the assumed position to obtain the observed position.

FiG. 2.5.3

reciprocal of the bearing, marking oﬁ.“ the intercept alopg .thls line,
and drawing the true position at right angles at this intercept
terminal position. (ITP). Figure 2.5.2 shows a DR or assumed
position with the GP. The distance between them will be the
calculated zenith distance (CZX). The intercept is away (TZX
greater than CZX). Similarly Figure 2.5.3 shows the intercept
towards (TZX less than CZX). . :

It is necessary to plot only the intercept aqd true position line
so that the plot for one observation may look like Figure _2.5 4.

If two such position lines are plotted to scale on a plotting sheet,
the intersection of the two position lines can be taken to be the
observed position and the latitude and longitude obtained by
measuring its d’lat and d’long from the assumed position. It is
sensible to use the same assumed position when calculating the
two (or more) position lines.

Example 1

Two simultaneous observations, when worked using an assumed
position of 52° 15' N 40° 30' W gave the following results:

Observation 1; intercept 5.5 away, bearing 175°T.
Observation 2; intercept 4.2 towards, bearing 250° T.

Find the ship’s observed position.
By measurement from Figure 2.5.5
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|
dlat. 49’
— D.R.
=
scale n.m.
Fig. 2.5.5
d’lat =4.9N
dep =63W
d’long =6.3 sec 52° 15
=103W
assumed position 52° 15.0'N 40° 30.0'W
d’lat 49N  d’long 10.3YW
observed position 52° 19.9'N 40° 40.3'W

In practice it is usual to observe if possible at least three bodies.

More if available can be used as checks. This is the practice when
taking star sights at morning and evening twilight. However it is
rarely possible during daylight when 