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FOREWORD

Indian Merchant Marine and the other allied fields offer
to our national talent ample opportunities to satisfy the
ambitions for self-advancement and self-fulfilment without
having to subordinate personality or the desire for dedication to
the national service. Today our maritime technical personnel
are hailed everywhere in the world as the best, and form the
backbone of our national shipping. We achieved this success
because of the ready availability of trained technical personnel
for efficient manning and operation of the shipping industry f or
which one cannot but thank the silent service effectively being
rendered by the LBS Nautical & Engg College, the T S.
Rajendra (which has replaced the TS. Dufferin), the Directorate
of Marine Engineering Training and the ratings training
establishments to produce the most competent and disciplined
jIoating personnel we have today - navigating and engineering
officers and men - who are a pride ofthe nation.

Capt. H. Subramaniam, the author of this book, has to
his credit a brilliant 'Dufferin ' career and subsequent service
with the Scindia Steam Navigation Company. This book presents
to the students, the deep knowledge of the subject gained by his
long personal experience whilst at sea and whilst teaching in the
Nautical College. It is the first text book in his 'Nutshell Series '
for nautical students and is intended to prepare students for any
grade ofMO T examination from Mate (Home Trade) to First
Mate (Foreign Going). Its special and distinctive f eature is the
facility it affords to the students f or study while at sea, so that

,



PREFACE TO THE TIDRD EDITION

The overwhelming response, in India and abroad, to the
'Nutshell Series' of books, especially this first one - Practical
Navigation - has encouraged me to keep thinking of various ways
by ,vhich improvements could be made with each subsequent
edition.

.'
In this edition, sufficient theory has been added to make

the student understand the subject of Practical Navigation better
than was possible .....ith the previous editions.

Working with the help of Nautical Tables has been
retained but the use of a simple, scientific, electronic calculator
has been illustrated and encouraged throughout.

Since the subject of 'Spherical Trigonometry' has been
covered by 'Nutshell Series' book number eight, the descriptions
of steps in the chapters on Great Circle and Composite Circle
Sailing have been suitably reduced. .

I
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Bombay
Ist December 1995 H. Subramaniam.



they can utilise their leisure time on board more gainfully
towards self advancement and save on the examination leave
time.

The excellent treatment and layout of the subject gives
scope for firm grounding in the science of navigation, which is
so very necessary for the navigator as he has in his care. safe
conduct of a modem sophisticated vessel costing erares of
Rupees of capital investment and carrying valuable cargoes
worth many more erares. besides the reputation of the owners
and safety of several lives on board. He has to operate on the
high seas amidst all nature of currents and swell, shallow or
deep water. narrow or wide sea lanes, straight or sharp courses.
thin or thick traffic. different conditions of weather and
Visibility. etc. Therefore. the needfor human expertise. skill and
care remain paramount. Navigation ofmodern ships is a science
calling for theoretical and practical knowledge of the highest
order to enable the navigator to meet all eventualities and

•

emergencies at sea. The responsibility carries with it the need
for instantaneous, instinctive and correct reactions to meet the
situations as they arrive. That is where the student's
responsibility while under training. comes in and Capt.
Subramaniam's 'Practical Navigation' offer a useful aid to this
end. It is a pioneering project that is most commendable and in
line with the noble calling of teaching that he is pursuing at
great monetary sacrifice. I would like to offer him
congratulations from the shipping industry and my own self. for
this most worthy effort.

Welcoming this first book ofthe series planned by him. I
wish this and subsequent publications brilliant success as
envisaged above.

........._L
-

(J C. Anand).
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[ABBREv7A T!ON)'/

RECOMMENDED TERMS

AND ABBREVIATIONS

TER~IS:

(a) Dead reckoning (or DR) position is that obtained by allowing
for courses and distances only.

(b) Estimated position (or EP) is that obtained by allowing for
courses and distances and also for estimated leeway and

•

current, if any.

the time of the observation is also an integral degree.

(d) Sextant altitude is that read off a sextant.

(e) Observed altitude is the sextant altitude corrected for index
error, if any.

ABBREVIATIONS
,

Latitude
Co-latitude

lat
Co-lat

I

Course
Gvro

•

Co
G
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[ABBREVIATIONS}

Mean latitude m'lat Magnetic (M)
Diff oflat d'lat Compass C
Longitude long True T
Diffoflong d'long Deviation Dev
Meridian mer Variation Var
Meridian passage mer pass Compass error CE
Meridional parts MP Bearing brg
Difference of MP DMP Distance dist
DR position DR Nautical miles M
Estimated position EP Knots Kn
Geogr. position GP Altitude alt
Sextant altitude Sext alt Departure dep.

Observed altitude Obs alt Days d
Apparent altitude App alt Hours h
True altitude T alt Minutes m
Tabulated altitude tab alt Seconds s
Calculated ZD CZD Zenith distance ZD
Int terminal point ITP True ZD TZD
Chronometer chron Intercept Int
LocaI mean time LMT Zone time ZT
Greenwich mean time GMT Hour angle HA
Greenwich hour angle GHA Declination .:: dec
LocaI hour angle LHA Polar distance '" PD. . .,

Sidereal hour angle SHA Rational horizon RH
First Point of Aries Y Star *:
Parallax in alt Pix in alt Lower limb LL
Horizontal parallax HP Upper limb UL
Azimuth Az Semi-diameter SD
Position line PL Index error IE
Amplitude Amp Refraction refr
Traverse tables IT Height of eye HE
Nautical almanac NA Correction Corm
Northern hemisphere NH Metres m
Southern hemisphere SH Kilometres km

2



[1- TERRESTRIAL REFERENCES}

1

TE ST L

GEOGRAPlllC POLES

REFERENCES

The two points where the axis of rotation cuts the surface of the
earth are called the geographic poles - the upper one is called the
North pole and the lower, the South Pole .

EQUATOR

The equator is a great circle which is equidistant from., and

" ' " . . h " I N' h 'fI . ," '," - ' ,; •.: !'~~ •. • (""... .4/-:". ··..., t o two - .:"""· " ' ~ "'-l i": - " "' ~" - ... t J'" 1 () T"f, f 'm "r/"'· -r;' lerC-r .w\ . _. " . • • •• 1 -" •. , 1 .~ . .... . "",,) ~ ...... ,,1 ;". _ .. , ,"- l l ..) i." . .....
, .

and the Southern Hemisphere.

PARALLELS OF LATITUDE

Parallels of latitude are small circles parallel to the equator.

MERIDIANS OF LONGITUDE
•

Meridians are great circles that pass through the geographic
•

poles . Meridians cross the equator and all parallels of latitude at
right angles .

3
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[1- TERRESTRIAL REFERENCES}

[Figure showing axis, poles, equator, parallels of lat, meridians.]

AXIS OF ROTATION --->
NORTIIPOLE

MERIDIAN

PARALLEL
OF LATITUDE - ;...",; -----r'----f---lt---'r--'-;-- -

.:".... ,

I
/

EQUATOR ~....--~--+---+-----+--

•

/

SOUTIlPOLE
. ..

• •
•

LATITUDE

Latitude of a place is the arc of a meridian, or the angle at the
centre of the earth, measured between the equator and the parallel
of latitude passing through that place. Latitude is expressed in
degrees and minutes North or South of the equator. The latitude
of a place can have any value between 0° and 90° N or S. The
latitude of the North Pole is 900N and that of the South Pole,
900S .

4



[1- TERRESTRIAL REFERENCESj

[Figure showing latitude]

PARALLEL OF

EQUATOR

c

PRIME MERIDIAN

The meridian which passes through Greenwich is called the Prime
Meridian and has the value of 0° of longitude.

LONGITUDE

Longitude of a place is the arc of the equator, or the angle at the
geographic pole, contained between the Prime Meridian and the
meridian passing through that place. Longitude is expressed in
degrees and minutes East or West of Greenwich. Longitude of a
place can have any value between 0° and 180°. Longitude 1800E

and 1800W refer to the same meridian.

-.)
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[1- TERRESTRiAL REFERENCES}

[Plan view showing 0° - 180° longitude E & W]

NORm ..;;,P,.;;;O,,;;;;L;;;;,E --t

WESTERN
90

0W

HEMISPHERE HEWSPHERE

o
o

POSITION OF OBSERVER

The position of any place or person is indicated by Latitude and
Longitude. For example:- 18° 58.2'N 172° 52.TE.

D'LAT

Difference of latitude or d'iat between two places is the arc of a
meridian, .or the angle at the centre of the earth, contained

•

between the parallels of latitude passing through those two places .

6



[1- TERRESTRiAL REFERENCES}

[Figure showing d'lat & dlong]

NP

/
/

LATITUDE P

LATITUDE
Q

.,

MERIDIAN P

~ MERIDIAN Q

SP
D'LONG

Difference of longitude or d'long between two places is the arc of
the equator. or the angle at the geographic pole, contained
between the meridians passing through those two places.

M'LAT

•

Mean latitude or m'lat between two places is that parallel of
latitude which lies midway between the parallels of latitude of
those two places. •

•

7



[2-CELESTIAL REFERENCES}

2

CELESTIAL

REFERENCES

THE CELESTIAL SPHERE
"' ..

For the purposes of astronomical navigation, the earth is
assumed to be surrounded by a concentric sphere, of infinite
radius, called the Celestial Sphere. All astronomical bodies such
as the Sun., Moon, stars and planets are assumed to lie on the
surface of the celestial sphere. Since all calculations are based on
angular measurements, the radius of the celestial sphere is
irrelevant. The earth is assumed to be stationary while the
celestial bodies are assumed to move on the surface of the
celestial sphere.

If the earth were to be transparent, and a source of light
were to be installed at its centre, the projections of the various
reference points/lines on the earth would have equivalent
points/lines on the surface of the celestial sphere. For example:

I

EARTH
Geographic poles
Equator
Meridians
Parallels of lat
Position of observer

CELESTIAL SPHERE
Celestial poles
Equinoctial
Celestial meridians
Declination circles
Zenith of observer

8



[2-CELESTIAL REFERENCE!)}

CELESTIAL POLES

The two points where the axis of rotation of the earth cuts the
surface of the celestia l sphere are called the celestial poles.

EQUINOCTIAL

The equinoctial is a great circle which is equidistant from, and
therefore 90° away from, the celestial poles. The equinoctial is
also referred to as the celestial equator.

DECLINATION CIRCLES

Declination circles are small circles, on the celestial sphere,
parallel to the equinoctial.

CELESTIAL MERIDIANS

Celestial meridians are great circles that pass through the celestial
poles. Celestial meridians cross the equinoctial and all declination
circles at right angles .

DECLINATION

Declination of a celestial body is the arc of a celestial meridian, or
the angle at the centre of the celestial sphere, measured between
the equinoctial and the declination circle passing through that
body. Declination is expressed in degrees and minutes North or
South of the equinoctial. The declination of a celestial body must
have a value between 0° and 90° N or S.

GHA

Greenwich Hour Angle or GHA of a celestial body is the arc of
the equinoctial. or the angle at the celestial pole, measured

9
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f2-CELESTIAL REFERENCES}

westerly from the celestial meridian of Greenwich to the celestial
meridian passing through that body. GHA is expressed in degrees
and minutes from 0° to 360°. GHA of a celestial body would
increase steadily from 0° to 360°. GHA would be 0° when the
body is on the Greenwich Meridian., increase steadily until it is
360° (i .e. 0°) when it would again be on the Greenwich meridian.

POSITION OF A CELESTIAL BODY

At any instant, the position of a celestial body is indicated by its
declination and GHA at that instant.

LHA

Local Hour Angle or LHA of a celestial body is the arc of the
equinoctial, or the angle at the celestial pole, measured westerly
from the observer's celestial meridian to the celestial meridian
passing through that body. Like GHA, LHA of a celestial body
would increase steadily from 0° to 360°. LHA would be 0° when
the body is on the observer's meridian and steadily increase until it
is 360° (i.e. 0°) when it would again be on the observer's
meridian. At any instant, for any celestial body:

LHA = GHA ± Longitude of Observer
• •
•• .. . <-' -

The actual calculations involving GHA, LHA and longitude are
explained later on in this book.

THE SUN'S ORBIT

As mentioned earlier, it is assumed that the earth is stationary and
that all celestial bodies move along the surface of the celestial
sphere. The Sun's orbit is inclined to the equinoctial by about 23°
26.5'. Maximum Northerly declination (about 23° 26.5'N) occurs
around June 22nd and the maximum Southerly declination (about

10



f2-CELESTIAL REFERENCES}

[Figure showing Aries, Libra, etc. J

AXIS OF

Jun22

Declination
23

026.5
IN

+

Mar 21

Ecliptic

~
Libra ."",...- " •

oJ ,.' • / "'tep 2f ..

;/

AriesDec 22

Equinoctial

23
026

.5 'S
Declination

ROTATION

23° 26 .5'S), around December 22nd. There are two specific
reference points, on the Sun's orbit, called the First point of Aries
and the First Point of Libra. They are also referred to as the
equinoctial points. .

11



[2-CELESTIAL REFERENCES;

GEOGRAPHICAL POSITION

The line joining a celestial body and the centre of the earth would
cut the earth's surface at a point called the geographical position
or GP of that body at that instant. GP is expressed in latitude and
longitude. The value of declination is the latitude of the GP and
the value of GI-IA, converted to longitude, would be the longitude
of the GP. (GHA is expressed in degrees and minutes west of
Greenwich from 0° to 360° whereas longitude is expressed from
0° to 180° E or W of Greenwich).

RELATIONSIDP BETWEEN ARC AND TIME

When the earth rotates on its axis once, one day has elapsed. This
means that:

ARC TIME
360° 24 hours

15° I hour
1° 4 minutes
I' 4 seconds

A table for converting arc to time and vice versa is given in the
Nautical Almanac.

GHA and LI-IA, though usually expressed in degrees and minutes
of arc, may also be expressed in hours, minutes and seconds of
time. The symbols for degrees and minutes of arc are ° and I

whereas the symbols for time are h, m and s.

GMT

When the sun is on the Greenwich meridian, GHA == 0° but the
time is said to be 1200 hours GMT. So GMT is ahead of GHA by
12 hours. GMT is the number of hours, minutes and seconds
since the sun crossed the inferior meridian of Greenvvich. (The

13
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f2-CELESTIAL REFERENCES}

inferior meridian is one which is 1800 away i.e. on the opposite
side of the earth/celestial sphere).

LMT

When the sun is on the observer's meridian, LHA = 00 but the
time is said to be 1200 hours LMT. So LMT is ahead ofLHA bv

•

12 hours. LMT is the number of hours, minutes and seconds since
the sun crossed the inferior meridian of the observer. (The inferior
meridian is one which is 1800 away i.e. on the opposite side of the
earthlcelestial sphere).

•

RELATIONSHIP BETWEEN GMT & LMT

It is obvious from the foregoing that the difference of time
between GMT and LMT is only longitude expressed in units of

•

tune.

Longitude in time = GMT + LMT

The actual calculations involving GMT, LMT and longitude are
explained later on in this book.

", -

•
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f3-FIGURE DRAWING!

•

•

FIGURE DRAWING FOR

ASTRO CALCULATIONS

Imagine a globe, representing the earth, as shown in the
following figure A . NP &. SPare the north and south geographic
poles respectively. WQE is the equator and II is the parallel of
latitude of the observer Z. The N-S diametric line is the meridian
of the observer.

If the globe is now tilted slightly towards us, the points P,
,

Z and Q would move downwards and both, the equator and the
parallel of latitude, would appear as curves. as shown in figure B.
The south geographic pole would have disappeared from view.
We have to bear in mind that P, Z and Q are on the surface of the
globe and not on a flat surface.-

If the globe is gradually tilted more and more, until Z is
in transit with the centre of the globe, the globe would appear as
shown in figure C. Since all the points, P, Z and Q have
apparently moved only because of the tilting of the globe, each
has shifted out of its original position by the same amount i.e., NP
= ZQ (see figure C). But ZQ = latitude. So NP = ZQ = latitude.
This can be: proved mathematically as follows:

15
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f3 -FIGURE DRAWING]

NP

zI I-----t=-----\ I

Qwr-------1~-~ E FIGURE A

SP
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•
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[3-FIG URE DRAWING}
•

x..

G

z

p
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I
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f3 -FIGURE DRA WING}

In figure C, NZ = PQ (each = 90°)

But NZ = NP + PZ and PQ = PZ + ZQ

•

So NP + PZ = PZ + ZQ

Subtracting PZ from both sides,

NP = ZQ (and each = latitude).

In figure C, we notice that Z (on the surface of the globe)
is equictistant from all parts of the circle NESW. Z is hence the
pole of the great circle NESW. If the globe now represents the
celestial sphere, and Z, the observer's zenith., NESW is called the
Rational Horizon of the observer.

Figure C can now be explained as under:

NESW -
P -
Z -
PZS -
NP -
NP ­
WZE ­
NZS -

rational horizon or RH
celestial pole
zenith of observer
part of observer's merictian
part of observer's inferior meridian

lat of observer = ZQ
prime vertical circle
principal vertical circle.

•

NOTE: Any great circle on the celestial sphere, passing through
the Zenith of the observer, is called a vertical circle. The N-S
vertical circle is called the principal vertical circle and the E-W
one, the prime vertical circle.

II, the parallel of latitude of the observer, was necessary
for the explanation of the figure but may now be omitted.

18



[J-FIGURE DRA WINGj

In case the observer is in the southern hemisphere. the
globe would be tilted with the north end going away from us, as
shown in figures G, Hand 1.

The position of a celestial body can be inserted in the
figure knowing its decl ination and LHA.

The declination c ircle of the body can be drawn knowing
that it would be a circle, around the pole, with a radius equal to
its polar distance (PD).

If the observer's lat was N, we would be considering the north
pole. If dec was N, PD = 90 - dec. If dec was S, PD = 90 + dec.

If the observer's lat was S, we would be considering the south
pole. If dec was S, PD = 90 - dec . If dec was N, PD = 90 + dec .

1'iOTE: The Polar Distance of the equinoctial is 90°.
(

Having drawn the declination circle, the position of the
body can be inserted knowing its LHA at that time. When rising,
the celestial body would be on the rational horizon east of Z.
When setting, it would be on the RH west of Z . When at
maximum altitude, the body would be on the meridian (PZQS in
figure C) .

Various possibilities of latitude and declination are shown
i.11 figu res D, E, F, G, H and I, wherein the suffix R indicates the
point of rising, M indicates the point of meridian passage and
suffix S, the point of setting.

19
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[4-PRELIM CALCULATIONS}

4

•

PRELIMINARY
•

CALCULATIONS

4.1 To obtain d'lat between two given latitudes:

If the latitudes are of the SAME name, SUBTRACT, as
illustrated below.

•

If the latitudes are of DIFFERENT names, ADD, as
illustrated below.

/

(a) (b) (c) (d)
,

From 21° 18'N 36° 44'S 43° 27'N . 32° 09'S
•

To 45° 10'N 10° 27'S 12° 30'S 30001'N

. D'lat 23° 52'N 26° 17'N 55° 57'S 62° 10'N
.,

The name of the d'lat is obtained by comparing the departure
and arrival positions -

Ifgoing from N lat to more N Iat: - d'lat N. .
OR from Slat to less S lat:- d'lat N.

OR from Slat to N lat:- d'lat N.

• If going from S lat to more S lat:- d'lat S.
OR from N lat to less N lat:- d'lat S ,

OR from N lat to Slat: - d'lat S.

20
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[4-PREUM CALCULATIONS]

•

4.2 To obtain the m'Iat between two places:

If the latitudes are of the SAME name, add, divide by two
and retain the name. If the latitudes are of DIFFERENT
names, subtract, divide by two and retain the name of the
larger one, as illustrated below :-

•

•

•

LatA
LatB
M'lat

(a)
10° 26'N
30° 50'N
20° 38'N

(b)
46° 52'S
30° IO'S
38° 31'S

(c)
20° 19'N
40° 29'S
10° 05'S

(d)
37° 48'S
53° 36'N
07° 54'N

.'

4.3 To obtain d'long between two longitudes:

If the longitudes are of the SAME name, SUBTRACT, as
illustrated below.
If the longitudes are of DIFFERENT names, ADD, as
illustrated below.

From
To
D'long

(a)
75° IO'E
69° 08'E
06° 02W

(b)
124° llW
136° 14W
12° 03W

•

(c) (d)
13° 06'E 175° 30'E
05° 33W 170° 20W
18° 39W 345° 50W·

i.e. 14° IO'E

The name of the d'Iong is ' obtained by comparing the
departure and arrival positions -

• •

If going from E long to more E long:- d'long E.
OR from W long to less W long:- d'iong E.

OR from W long to E long:- d'iong E.

• •

If going from W long to more W long:- d'long W.
OR from E long to less E long:- d'long W.

OR from E long to W long:- d'long W.

21
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[4-PRELIM CALCULATJONSJ

*Where it is necessary to add, and the d'long so obtained is
greater than 180°, first put down the value of d'long as it is
and name it as above. Then subtract it from 360° and

•

CHANGE TIIE NAME. Th.is is because d'iong can never be
greater than 180°.

" ' .

4.4 Connection between GHA, LHA and long:
•

•

Where any two of the above are known., the third can be
found by the slogan :-

Longitude EAST, GHA LEAST
Longitude WEST, GHA BEST.

i.e., GHA +'Wlong = LHA and GHA - E long = LHA.
~

•

•

..

Example A: Given GHA & long, to find LHA:

(a)
049° 11.6'
36° 10.OE

085° 21.6'

GHA
Long
LHA

(b) (c) (d)
097° 14.8' 343° 18 .7' 012° 13.7'

20° 40.0W 36° 20.0E 48° 56.0W
076° 34.8' 379° 38.7* 323° 17.7@

i.e. 019° 38 .7'
* Since LHA cannot be greater than 360°, subtract 360° and
the balance is the answer.

'.

@ Where direct subtraction is not possible, add 360° to GHA
and then subtract.

•

•

Example B: Given LHA & long, to find GHA:

(a)
076° 18.2'

30° 11.0E
046° 07.2'

LHA
Long
GHA

(b) (c) (d)
227°17.9' 341°33.8' 013°17.6'
50° 49.0W 63° 10.0W 48° 04 .0E

278° 06 .9' 404° 43.8* 325° 13 .6@
i.e. 044° 43.8'

. * Since GHA cannot be greater than 360°. subtract 360° and
the balance is the answer.

22
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•

@ Where direct subtraction is not possible, add 3600 to LHA
and then subtract.
•

Example C: Given GHA & LHA, to find long:

Subtract the smaller one from the larger one and name the
longitude according to the slogan longitude East GHA least,
longitude west GHA best. In NO case must GHA and LHA
be added.

GHA
LHA
Long

(a)
0870 11A'
1100 19.7'
23°08 .3E

(b) .~ (c)
320047.2' 0 120 18.3'
2900 17.3' 341052.5 '

30029.9W 3290 34.2E
i.e. 300 25 .8W

(d)
3270 18 .3'
040032.8'

2860 45.5W
073 0 14.5E

Where the longitude obtained by direct subtraction is greater
than 1800

, put it d0\\11 as it is and name it. Then subtract it
from 3600 and CHAt'J"GE THE NAME. This is because
longitude can never be greater than 1800

.

4.5 Connection between G MT, L MT & LIT:

•

When any two of the above are known, the third can be found
by applying the slogan -

Long East GMT least, Long west GMT best. .
i.e., GMT + E long = LMT and GMT - W long = LMT

Example A: Given GMT & long, to find LMT:

(a) (b) (c) (d)
d h m s d h m s d h m s d h m s

GMT 1804 1006 05234004 302004 19 1204 18 12
LIT E 06 1836 E 050056 W 080542 W061236
L~iT IS 10 22 -f2 06 O~ 41 00 30 II 5837 II 22 05 36

23
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Example B: Given LMT & long, to find GMT:

(a)
d h m s

LMT 21 1622 10
LIT E 10 12 16
GMT 21 060954

(b)
d h m s
1406 1219
E 0809 12
13 22 03 07

(c)
d h m s
3005 0950
W 0504 16
30101406

(d)
d h m s
19164410
W 07 36 04
200020 14

Example C: Given GMT & LMT, to find long:

Subtract the smaller one from the larger one and name it as per
slogan. In NO case should GMT and LMT be added.

(a) (b) (c) (d)
d h m s d h m s d h m s d h m s

GMT 18 16 1030 2804 1026 060827 12 19205716
LMT 18100750 27 182740 06 II IS 06 20080408
LIT 060240 094246 024754 II 0652
long 90040W 145°41.5W 41 058.5'£ 166043'£

4.6 SHA of stars:

Find the GHA and dec of SIRIUS at 18h 24m lOs on Jan 2Pth 92.

Referring to page of 20th Jan in Almanac:

GHA 'Y 20d I8h
Incr 24m lOs

GHA 'Y for GMT

SHA * SIRIUS

GHA * SIRIUS for GMT

Dec * SIRIUS for 20d

-000-
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5

PLANE AND

PARALLEL SAILING

THE PLANE SAILING TRIANGLE:

Small portions of the earth maybe considered to be a flat
or plane surface without appreciable error. Where the distance
between two places is less than 600 miles or so, plane
trigonometry can be used to :-

(a) compute the course the distance between two positions
(b) calculate the position arrived given the starting position,

course and distance steamed.

To facilitate easy calculation, ready solutions of right
angled triangles are available in the form of Traverse Tables . The
use of Traverse Tables is illustrated in Chapter 6 of this book.

In order to obtain a plane sailing triangle, the course is
first converted from three figure notation into quadrantal notation
(NE, SE, SW and NW). The actual distance between two places
is split up into its N-S component and its E-W component. as
illustrated below. In each case, the plane sailing triangle will be
similar to one of the four triangles shown below, depending on the
quadrantal course - NE. SE, SW or NW.

25
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•

•

•

The N-S component is the ·d'lat between the two "places
and the E-W component, the departure (dep) . All the three sides ­
dist, d'lat and dep .- are expressed in M (nautical miles). One M =

1852 m or 1.852 Ian. Also one Ian = 0.54 M .

• ~-- DEP - ----l.- DEP - ---I

Co

•
• NE

Co " .

•

Co

SESW

DEP--.- ~-- DEP--

THE PARALLEL SAILING FORMULA:

-

•

To convert the dep into d'long, or vice versa, the parallel
sailing formula is used:
~,

Dep = Cos m'lat
. D'long

26
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• .

Note: Technically speaking, the right side of the above formula
should read mid lat instead of mean lat. The application of a very
small correction to mean lat would convert it into mid lat. This is .
because the earth is an oblate spheroid and not a perfect sphere.
In practical navigation, .for the sake of convenience, mean lat is
used instead of mid lat as the resultant error is insignificant.

5.1 To find the position arrived, given the starting position,
course and distance:

Worked example

Given the starting position to be 20° 11'N 72° 52W, course
032°(T) and distance 238 M, find the position arrived.

d'iat =: dist .Cos co =: 238.Cos 32°
Log 238 2.37658
Log Cos 32° -1+0.92842
Log d'iat 2.30500
d'iat =: 201 .84' =: 3° 21 .8'N

lat left
d'lat
lat arr'd
m'lat

20° 11.0'N
3° 21.8'N

23° 32.8'N
21 ° 52'

Dep =: dist . Sin Co =: 238 . Sin 32°
•

DEP ~ Log 238 2.37658
Log Sin 32° -1+0.72421

t
Log dep 2.10079,--,

NE dep =: 126.12'E

~
•

~
d'long =: dep . Sec m'lat~-

=: 126.12.Sec 21°52'Q <S~
CO ,,

/
Log 126.1 2 2.10079,

Log Sec 21 °52' 0.03243
Log d'long 2. 13 322

27
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d'long =
long left
long arr'd

135.9'E = 02° 15.9'E
72° 52.0W
70° 36.1 W

Pos arrived: 23° 32.8'N 70° 36.1 W Answer.

5.2 To find the course and distance between two positions: .

Worked example

Find Co & Dist from 20° IO'N 179° 40W to 13° 40'N 178° IO'E. •

sw

From: lat 20° 10'N long 179° 40W
To : lat 13° 40'N long 178° 10'E

d'lat 6° 30'S d'long 357° 50'E ·

i.e., 2° lOW

d'lat =390'S, d'long = 130'W, and

..--DEP ---.

dep = d'long . Cos m'lat
= 130. Cos 16° 55'

Tan Co = deg = 124.38
. d'lat 390

Course S 17° 41 W Answer (i).

Log 130 2. 11394
Log Cos 16° 55' -1+0.98079
Log dep 2.09473
dep 124.38 'E

Log 124.38
Log 390
Log Tan Co

2 .09473
2.59106

-1 +0 .50367

dist = d'lat . Sec Co = 390 . Sec 17° 41'

Log 390 2.59106
Log Sec 17° 41' 0.02102
Logdist 2 .61208 Distance = 409 .34 M Answer (ii).
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5.3 To find the set and dri ft of current:

Set and drift of current is the course and distance FROM
the DR position TO the fix. Drift is expressed in miles. Where
required, the' rate of current can be obtained in. knots by dividing
the drift by the number of hours during which the drift occurred.
The working is similar to that explained earlier in 5.2. Hence no
worked example is shown here separately.

•

.- .

•

2 ')

•



[5-PLAJ.iE & PARAl.l.EL SAlLING}

EXERCISE 1

(Plane & parallel sailing)

In the following cases, find the position arrived:

STARTING POSITION
Latitude Longitude Course Distance

I 10° 20'N 060° 20'E 155° 300 M
2 10° 12'S 120° llW 260° 458 M
3 00° 10'S 179° 40W 340° 510M
4 60 0 11.2'N 120° 18.6'E 2500 312.4 M
- 30° 14'S 168° 12W 046°12' 426.8 M)

In the following cases, find the course and distance: -

FROM TO
•

Latitude Longitude Latitude Longitude
6 20° 30.0'N 179° 36.0'E 16° 18.0'N 178° 32.0W
7 03° 12.0'N 004° 11.3'E 02° 30.4'S 002° 10.0W
8 56° 12.5'S 046° 12.5W 50° 11 .3'S 044° 14.8W
9 36° 11.7'N 075° 12.6'E 40° 18.6'N 0800 11 .5'E
10 60° 11 .6'N 076° 44.3W 55° 10.3'N 080° 16.8W

In the following cases, find the set and drift of current:

DR FIX
Latitude Longitude Latitude Longitude

I 1 46° 44.3'N 076° 36.3'E 47° 00.6'N 076° 10A'E
12 30° 16.8'S 057° 49.3'E 31° OO .7'S 058° 20.4'E
13 00° 11.6'N 179° 50.2W 00° 40.3'S 178° 40.I'E
14 · 60° 20 .6'S 176° 18A'W 60° 01.7'S 175° 54.9W
15 50° 16.3'N 000° !2.3'E 49° 50AN 000° 20.! W
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..

6

THE USE OF

TRAVERSE TABLES

Traverse Tables are ready solutions of right angled
triangles to facilitate navigational calculations. In this chapter, the
illustrations are limited to the solution of problems in plane and
parallel sailing.

•

6. 1 T o find the p osition arrived given the starting position,
course and distance:

Worked example 1

Starting position 20° 11'N 72° 52rW, Co 032° (T) dist 238
M. To find the position arrived.

(1 ) Convert the three figure notation into a quadrantal one - 032°
becomes N32°E.

(2) If the quadrantal Co is less
than 45°, enter IT from
the top and use the column
headings from the top of the
page, as shown in capital
letters. in the following
diagram '-

3 1

If the quadrantal Co is more
than 45°, enter IT from
below and use the column
headings from bottom of the
page, as shown in cap ital
letters, in the . following
diagram:-
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ID 1.0NG DEP

I DIST D'LAT DEP

I,

I

•

DIST DEP D'LAT

D'LONG DEP

•

(3) From IT, for Co = 32° and dist = 238 M, extract values of
d'lat and dep. Since Co is N32°E, d'lat must be N and dep
must be E. Values are d'lat = 20I.8'N and dep = 126.I'E.

(4) Apply d'lat to the departure latitude and obtain the latitude
arrived.

(5) Obtain the m'lat (to the nearest decimal of a degree) between
the departure and arrival latitudes. In this case, m'lat = 21.9°.

•

(6) Enter IT again, using m'lat in place of course.

Ifm'lat is less than 45°, enter IT from the top of the page and
use the columns shown in italics in the foregoing figure.

If m'lat is more than 45°, enter IT from bottom of the page
and use the columns shown in italics in the foregoing figure .

(7) Locate 126. I in the dep column and obtain d'long from its
column, interpolating as necessary. D'long will always have
the same name as dep.

~?.' -
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In this case, interpolation is as follows:

m'lat 21°, dep 126 .1 , d'long = 135.1'
m'lat 22°, dep 126.1, d'long = 136.0'
m'lat 1° changes d'long by 0.9'
so 0 .1 ° changes d'long by 0. 1'

For m'lat 21.9° dep 126.1, d'long = 135.9'
i.e., d'long = 2° 15 .9'E

(8) Apply d'long to the longitude left and obtain the longitude
arrived.

Method of showing written wo rk:

Left lat
d'lat

Arrd lat

20° 11.0'N long 72° 52 .0W
3° 21.8'N d'long 2° 15 .9'E

23° 32 .8'N long 70° 36.1 W

Co N32E 238 M
dep = 126.1'E
m'lat = 2 I .9°N

W orked example 2

From position 36" 18'S 178° 46W, a course of 294° (T) was
steamed for 177 M. Find the position arrived.

294° = N66°W. Since Co > 45°, enter IT from below.

Left lat
d'lat

Arrd lat

36° 18.0'S long 178° 46.0W Co N66W 177 M
1° 12.0'N d'long . 3° 19.1W dep = 16 1.7W

35° 06.0'S long 182° 05.l W m'lat = 35.7°S
i.e., 177° 54.9'E

•

Note: Since the long'. arrived exceeds 180°, subtract it from 360°
and change its name, as explained in Chapter 4.
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Worked example 3

From a position 00° ION 178° 57'E, a course of 156° 18' (T) and
a distance of 321.3 M were made good. Find the position arrived.

Co 156° 18' = S23° 42'E = S23 .7°E

From IT: Co S23°E dist 321.3' d'iat 295.8'S dep 125.5'E
Co S24°E dist 321.3' d'iat 293 .5'S dep l30.7'E

Interpolating between Co 23° & Co 24° for 23 .7°, d'iat = 294.2'S .
Interpolating between Co 23° & Co 24° for 23.7°, dep = 129.l'E.

Method of showing written work:

Left lat 00° 10.0N
d'iat 04° 54.2'S

Arrd lat 04° 44.2'S

long 178° 57.0'E S23.rE 321.3 M
d'iong 002° 09.2'E dep = 129.I'E
long 181 ° 06.2'E m'lat = 2.3°S
i.e., 178° 53 .8W •

6.2 To find the course & distance between two given positions

(1) Write dO\\TI the two given positions and obtain the d'lat and
d'iong between them. Name them FROM the position left TO
the position arrived.

(2) Calculate the m'lat to the nearest decimal of a degree.

(3) Enter IT using the m'lat & d'iong and obtain the dep.

If the m'lat is less than 45°,
enter IT from the top and
use the COIWTUl headings
from the top of the page as
shown here in italics:-

34

If the m'lat is more than 45°,
enter IT from below and use
the COIWTUl headings from
bottom of the page as shown
here in italics:-
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D'LONG DEP

DIST D'LAT DEP

DIST DEP D'LAT

D'LONG DEP

(4) Compare the d'lat and dep as follows :

(a) If d'lat & dep are equal, course = 45°. So if they are nearly
equal, course must be near about 45° , If they differ by a large
amount, course will be far away from 45° (closer to 0 or 90°)

(b) If d'lat is more than dep, Co
must be less than 4:5 ° (as
illustrated below) so enter
IT from above using capital
letter headings:

DEP

If dep is more than d'lat, Co
must be more tnan 45° (as
illustrated below) so enter TT
from below using capital letter
headings :

DEP

~o Co

35
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(5) Bearing in mind the foregoing points, enter IT using the
capital letter columns shown in the figure and locate the page
having the values of d'lat and dep closest to the required
values. Interpolate for the Co and dist as shown in the
following worked exarnple:-

Worked example

Find the course & distance from 20° ION 179° 40W to 13°
40'N 178° 10'E.

•

From lat
To lat

d'lat

ION
40N
30'S

long
long
d'long
•

i.e.,

179° 40W
178° 10'E
357° 50'E

2° lOW

d'lat = 390'S d'long = BOW

From IT, m'lat 16.9° and d'long BOW, dep = 124.4'W

Bearing in mind the points mentioned in 6.2 (4): .

Step number L-
To obtain Co from IT:
Co d'lat dep
?? 390.0 124.4

.

Step number 2:-
To get dist from IT:
Co d'lat dist
17 .7° 390.0 ??

18° 390.0 126.7 18° 390.0 410.1
17° 390.0 119.2 17° 390.0 407.8
60' changes 7.5 60' changes 2.3

18' ~~~ 2.3 18' ~~~ 0.7
17.7° 390.0 124.4 17 .7° 390.0 409.4

Course = S 17° 42' W

36

Distance = 409.4M
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6.3 To calculate the set and drift of current:

Set and drift of current is the course and distance FROM the DR
position TO the Fix. The working is similar to that explained in
6.2 but the interpolation may be simpler, because of the small
distance involved, as illust rated below.-

Worked example
•

At 0800 hours the DR position of a ship being 10° 12.5'S 47°
42W, a fix was obtained and found to be 10° 04.3'S 47° 56.6W.
Find the set and drift of current.

DR lat
Fix lat

O'lat

12.5'S
04.3'S
08.2'N

long 47°
long 47°
d'long

42.0W
56.6W
14.6W

m'lat 10.loS

m'lat
10.1 °

d'long
14.6

dep
??
• •

NOTE: By using 146 instead of 14.6 to enter Tf', interpolation is
much faster . The decimal point in the dep so obtained can be
inserted later.

m'lat d'long dep
100 146 . 143 .8
11 o 146 143 .3

• 10.1 0 146 143.8
10.1 ° 14.6 14.4

So d'lat = 8.2'N and dep = 14.4W

•
Step number 1:-

To obtain Co from IT:
Co dep dlat
.,., I ·t-l 8.2

37

Step number 2:­
To get dist from IT:
Co dep dist
60.3° 14 .4 'n
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NOTE: By using 144 & 82 instead of 14.4 & 8.2 to enter IT,
interpolation is much faster. The decimal points can be inserted
after interpolation.

Step number 1:- Step number 2:-
To obtain Co from IT: To get dist from IT:
Co dep d'iat Co dep dist
60° 144 83 60° 144 166
61° 144 80 61° 144 165
60' changes 3 60' changes I

20' ~~~ I 20' ~~~ 0.3
60.3° 144 82 60.3° ]44 ]65 .7
60.3° ]4.4 8.2 60.3° ]4.4 -16.6

Course (set) = N600 20' W Dist (drift) = 16.6M

Note: The above interpolation has been written elaborately in
order to explain the method to the student. The actual
interpolation can be done mentally very quickly and the answer
written down.

-000-
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EXERCISE 2

(Use of Traverse Tables)

Using ONLY Traverse Tables, find the position arrived:

STARTING POSITION
Latitude Longitude

1 10° 20'N 060° 20'E
2 10° 12'S 120° 11W
3 00° 10'S 179° 40W
4 60° lI.2'N 120° 18.6'E
5 30° 14'S 168° 12W

Course
155°
260°
340°
250°
046°12'

Distance
300M
458M
510 M
312.4 M
426.8 M

Using ONLY Traverse Tables, find the course and distance:

FROM
Latitude Longitude

6 20° 30.0'N 179 0 36.0'E
7 03° 12.0'N 004° lI.3'E
8 56° 12.5'S 046° 12.5W
9 36° I I. 7N 075" 12.6'E
10 60° lI.6'N 076° 44.3W

TO
Latitude
16° IS.ON
02° 30.4'S
50° 11.3'S
40° 18.6'N
55° 10.3'N

•

Longitude
178° 32.0W
002° 10.0W
044° 14.8W
080° 11.5'E
080° 16.8W

.

Using ONLY Traverse Tables, find the set & drift of current:

DR FIX
Latitude Longitude Latitude Longitude

11 46° 44 .3'N 076° 36.3'E 4r 00 .6'N 076° 1O.4'E
12 30° 16.8'S 057° 49.3 'E 31° OO.7'S 058° 20A'E
13 00° lI.6'N 179° 50.2W 00° 40.3 'S 178° 40.1 'E
14 60° 20.6'S 176° 18.4W 60° OI. 7'S 175° 54.9W
15 50° 16 .3'N 000° 12.3'E 49° 50.4'N 000° 20.1W
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7

THE

MERCATOR
- .

CHART

•

The three dimensional, curved surface of the earth has to
be represented on a two dimensional flat surface of a chart for the
sake of convenience in navigation. Mercator solved this problem
by using the cylindrical projection. Imagine that the earth is a
transparent globe with parallels of latitude and meridians of
longitude drawn on it. Imagine that a cylinder, having the same
radius as that of the globe, is placed enclosing the globe, tangential
to the equator. Imagine that a source of light is placed at the centre
of the globe and the projections of the parallels of latitude and
meridians of longitude on the inside of the cylinder get marked

•

permanently. If the cylinder is now cut along its length, opened out
and placed on a flat table, it would represent a Mercator Chart
wherein the following characteristics will be apparent:-

40
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On the Mercator Chart

Latitude D~----

~ Cylinder ~

NP
I ~ Latitude A---

~ bat A
I ,

,La ~ Latitude BI•

/

~ Equator

/ , )
< Latitude C/ ,

SP

(a) The equator appears as a straight line.

(b) All meridians appear as straight lines parallel to, and
equidistant from, each other and cross the equator at right
angles.

(c) Parallels of latitude would appear as straight lines parallel to
each other but the distance between consecutive parallels
would increase as latitude increases .

(d) Polar regions do not appear.

41
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(e) One minute of d'long is the same size in all parts of the chart
(as mentioned in (b) above).

(f) One minute of d'lat increases in size steadily as we go away
from the equator (as mentioned in (c) above) .

Distances

On a Mercator chart the distance, in any direction,
measured in minutes of latitude is the distance in Nautical Miles.

Note: Since the size of one minute of latitude on a Mercator chart
increases as latitude increases, the dividers should be used against
the latitude in which the distance lies . For example, if place A is in
latitude 24°N, and place B is in latitude 26°N, one leg of the
dividers should be placed on A, the other on B and that represents
the distance AB on that chart. To read off the value of the
distance, the dividers should be placed N-S along the latitude
markings on the chart such that the centre of the dividers lies on
latitude 25°N and then the d'lat contained between the legs read off
in minutes . Suppose the d'lat so obtained is 180', the distance AB
is 180 Nautical Miles .

Dep and d 'long

On a Mercator chart, the E-W distance between two
places, measured along the latitude scale (in minutes of latitude), is
the departure between them in Nautical Miles but, if measured
along the longitude scale (in minutes of longitude), it is the d'long
between them.

D'iat and DMP

On a Mercator chart, the N-S distance between two
places, measured along the latitude scale, is the d'lat between them
(in minutes or Nautical Miles) but, if measured along the longitude
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scale (in minutes of LONGITUDE), it is called the DMP
(difference ofmeridionaJ parts) between them.

MERIDIONAL PARTS

Meridional Parts for any latitude is the arc of the
meridian, or the angle at the centre of the earth, contained between
the equator and that parallel of latitude, expressed in minutes of
LONGITUDE. In other words, the N-S distance from the equator
to any parallel of latitude, expressed in minutes of LONGITUDE,
is called the Meridional Parts (MP) for that latitude. MP for each
latitude is given in Nautical Tables .

DMP

Difference of Meridional Parts or DMP between any two
parallels of latitude is the arc of the meridian, or the angle at the
centre of the earth, contained between those two parallels of
latitude. expressed in minutes of LONGITUDE. In other words,
the N-S distance between the two parallels of latitude, expressed in
minutes of LONGITUDE, is called the DMP between them.

DMP between position A and position B is the difference
between the MP for latitude A and that for latitude B, both of
which are extracted from Nautical Tables. The rule, whether to
add or subtract, is similar to that for obtaining d'lat between two
places - same names subtract, different names add.

RHUMB LINE

A rhumb line is one that cuts all meridians at the same
angle. It would appear as a straight line on a Mercator chart but,
on the surface of the earth, a rhumb line would be curved. This is
because. on a Mercator Chart. meridians appear parallel to each
other whereas. on the surface of the earth. thev are not.•
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8

MERCATOR

SAILING

Where the distance exceeds 600 M, it is recommended that
the ca lculation be done by Mercator Sailing in order to get more
accurate results than by plane and parallel sai ling methods.

Mercator Sailing Formula:

)D'LONG - ---0><£

D'long = Tan Co
DMP

For the sake of convenience,
the above formula can be
superiTnposed on the plane
sailing triangle, as shown here.

Worked example 1

Find the rhumb line course and
distance from starting position
P 02°12'S 160018W to final
position Q 10° I9'N 140040W.

I
-J,

<£ DEP ) • • •
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From Tables
lat P 02° 12'S long P 160° 18W MPofP l3l.lS
lat Q 10° 19'N long Q 140° 40W MPofQ 618.2N
d'lat 12° 31'N d'long 19° 38'E DMP 749.3

•

751'N
•

1178'Ei.e., i.e.,

Note: To get DMP, apply same rule as for d'lat - same names
subtract, different names add.

Tan Co = d'long = 1178
DMP 749.3

Course = N57° 32'E Answer (i).

Log 1178 . 3.07115
Log 749.3 2.87466
Log Tan Co 0.19649

To get distance, use the plane sailing formula:

dist = d'lat . Sec Co
= 751 . Sec 57° 32'

distance = 1399.0 M Answer (ii).

Log d'lat
Log Sec Co
Log rust

2.87564
0.27018
3.14582

W orked E :;: :1m D1e 2
•

)D'LONG - --7

~DEP-

(

d'lat = 725.16' = 12° 05 .2' N

3.14860
-1+0.71184

2.86044

Find by Mercator's Principle,
the position arrived if a ship
sailed a course of 30 1° (T) for
1408 M from position 00°
04'S 178° 20W.

301° = N59°W ~
~ o

d'lat = dist. Cos Co ~ I-
Cl •

I

1408 . Cos 59°
I--

Log 1408
Log Cos 59°
Log d'lat

•
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lat left
d'iat
lat arr'd

00° 04.0'S
12° 05.2'N
12° 01.2'N

MP for lat left
MP for lat arr'd
DMP

4.0 S
721.7 N
725 .7

d'iong = Tan Co
DMP

d'long = 752.7 . Tan 59°

d'iong = l207.8'W

or d'long = DMP. Tan Co

Log 725 .7 2.86076
Log Tan 59° 0.22 123
Log d'long 3.08199

long left
d'long
long arr'd
•
i.e.,

178° 20.0'W
20° 07.8'W

198° 27.8'W
161° 32.2'E

Pas arrived:- lat 12° 01.2'N long 161° 32.2'E Answer.
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EXERCISE 3

(Mercator Sailing)

Find, by Mercator Sailing, the course and distance.-

FROM
Latitude Longitude

TO
Latitude Longitude

1

2

3

4

-)

40° 18'N

70° 20'N

32° 29'S

074° 15W

079° OOW

100° 20W

0 10° nw

064° OO'E

38° OO'S

49° 50'S

053° 45W

179° OO'E

140° 10'E

009° 45'E

005° 15'E

Find, by Mercator's Principle, the position arrived:-

Starting position
Latitude Longitude Course Distance

6

7

8

9

06° 10'S

38° 18'S

085° 53W

176° 47W

005 0 II 'W

140° 20W

1897 M

4450M

3256 M

2222 M

10 18°58'N on° 52'E

47
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9

co CTI ONOF

ALTIT UDES - THEORY

In the following figure,

C is the centre of the earth & also that of the celestial sphere.
B is a celestial body on the celestial sphere.
o is the position of the observer on the earth's surface.
E is the eye of the observer.
OE is the height of the observer's eye above the sea surface. It

includes his OMI height and that of the bridge deck above the
sea.

VV is the visible horizon of the observer.
ES is the sensible horizon.
Z is the observer's zenith.
RH is the rational horizon of observer. It is a great circle, of the

celestial sphere, of which Z is the pole.
BEV is the observed altitude of the body above the visible

horizon.
SEV is the angle of 'dip'. It depends on the height of the observer's

eye above the sea surface.
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BES is the apparent altitude of the body. It is obvious from the
figure that BES = BEV - SEV i.e., App alt = Obs alt - dip .

EBC is the angle of parallax, or parallactic angle, which is the
angle subtended at.:he body by the radius of the earth. OE is
negligible compared to CB, CE & EB and is hence
diregarded for this purpose. Stars and planets are so far
away that the radius of the earth does not subtend a finite
angle at that distance. Hence there is no parallax for stars
and planets. Parallax is significant for the Sun and the
Moon. It will be noticed from the figure that the value of
parallax is maximum when the body is on .the rational
horizon and nil when it at the zenith of the observer. Hence

;

•
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the correction for parallax is tabulated against apparent
altitude.

EHC is the horizontal parallax or the parallax when the body is on
the observer's rational horizon.

BCH is the true altitude of the body i.e., the altitude. at the centre
of the earth, of the body above the rational horizon. From
the figure it is obvious that:

BCH = BFS (because ES is parallel to CH).

•

But BFS = BES + EBC
(exterior angle = sum of interior opposite angles).

Hence BCH = BES + EBC,

Correction for refraction:

or True alt = App alt + Parallax.

While passing through the atmosphere, the rays of light
coming from a celestial body get refracted. Since the density of the
air gets less and less as height above the earth's surface increases,
refraction causes the body to appear at a higher altitude than the
real altitude. Hence the correction for refraction is always
negative, as shown in the following figure wherein the body at B
appears to be at B1.

The correction for refraction is maximum when the
altitude is nil and gradually decreases in value until it is nil when
the body is overhead. This is because, when the altitude is nil or
low, the angle of incidence is very high whereby the rays pass
obliquely through the atmosphere. When the altitude is 90°, the
angle of incidence is nil whereby the rays are normal to the layers
of atmosphere. Hence the correction for refraction is tabulated
against apparent altitude.
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Correction for Semi-diameter:

It is not possible to obtain the altitude of the centre of the Sun or
Moon directly ....ith a sextant because they appear as large discs.
Hence we observe the altitude of either the lower limb (LL) or the
upper limb (UL) and then apply a correction. When the LL is
observed, the centre of the disc would be higher than the altitude
observed and hence semi-diameter has to be added. Similarly, .
when observing the UL, the semi-diameter correction is
subtractive.
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10

CORRECTION OF

ALTITUDES - PRACTICAL

10.1 Correction of altitudes of all celestial bodies except the
MOON:-

This is illustrated by a worked example with comments
where necessary.

On 16th March 1992, the sextant altitude of the Sun's lower limb
was 56° 11.4'. If the index error of the sextant was 2.8' off the arc
and the height of eye was 12m, find the true altitude.

,,
I. ,
I

Sext alt
IE
Obs alt
Dip (HE 12m)
App alt
Tot. corm
T alt

56° 11 .4'
l±) 2.8' [Off = (+), On ~ (-)]
56° 14.2'
1:) 06.1' [Always (-)]
56° 08.1'
l±) 15.6' [LL (+), UL (-)]
56° 23 .7'
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NOTES

I: Corrections for altitude may be taken from Nautical Tables or
from the Nautical Almanac.

2: Dip is tabulated against height of eye and is always subtracted
from Obs alt to get App alt.

3: App alt is obtained in the above manner for all celestial bodies.

4: Total correction (Tot. corm) is tabulated against App alt.

5: FOR THE SUN, total correction is given in two columns - one
for October to March and the other for April to September.
Different columns are also given for upper limb (UL) and for
lower limb (LL). Total correction should be applied according
to the sign given therein. However, it will be observed that total
correction is always (+) when the LL is used for observation
and (-) when the UL is used.

6: UL or LL is only applicable for the Sun and the Moon because
they appear as large discs to the observer. He cannot judge the
location of the centre of the visible disc. Hence he has to
observe the altitude of the UL or LL and then apply suitable
correction to obtain the altitude of the centre of the Sun or
Moon. Stars and planets are so far away that they only appear
as pin points to the observer. Hence LL or UL is not applicable
for stars and planets.

7: For STARS & PLANETS, total correction is given in a
separate table from the Sun and is always to be subtracted.

8: In the case of Venus and Mars, one more correction called
'Additional correction' is to be applied. This is given in the
Nautical Almanac tabulated against altitude.
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10.2 Correction of altitudes of the MOON:-

The apparent altitude is obtained as explained in 10.1.
Total correction for the Moon is given in the inside part of the
back cover of the Nautical Almanac. The method of use of those
tables is clearly illustrated therein and two solved examples will
illustrate this fully:

Given: Sext alt of Moon's LL
42° 24.6', IE 2.4' on the are,
HE 12m, HP 54.6' Find the
true altitude.

Given: Sext alt of Moon's UL
56° 27.1', IE 3.8' off the arc,.
HE 15m, HP 56.0'. Find the
true altitude. •

• •."

Sext alt
IE
Obs alt
Dip (HE 12m)
App alt
Main corr
HP corm (54.6)
T altitude

NOTES

•

42° 24 .6'
f:.} 2.4'
42° 22.2'
1:.) 6.1'
42° 16.1'
(+) 52.2'
.L±) 01.9'
43° 10.2'

Sext alt
IE
Obs alt
Dip (HE 15m)
App alt
Main corr
HP corm (56.0)

T altitude

56°27.1'
(±) 3.8'
56° 30.9' .
f:.} 6 .8'
56° 24.1'
(+) 41.9'
ill 03.2'
57° 09.2'
f:} 30.0'
56° 39.2'

1: HP stands for Horizontal Parallax of the Moon. It is obtained
from that day's page of the Almanac, alongside the declination.

•

2 : Both main and HP corrections are always positive.

3: For UL, 3D' has to be subtracted from the total to get true
'altitude.
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10.3 Back angle observations:

Sometimes, the horizon under the celestial body may not
be clearly visible owing to the presence of land, haze, mist, rain,
etc. In such cases, it may be possible to observe the altitude of the
body in the opposite direction i.e., if the azimuth (bearing of the
celestial body) is 080°, the altitude is taken while facing 260°.
Since the observer would then have his back to the celestial body,
such a measurement is called a 'Back angle' observation.

Back angle observations will always be greater than 90°.
However, the sextant cannot measure angles greater than 120°.
Hence back angle observations will be between 90° and 120°.,

W orked example 1 - Back angle - stars & planets:

Given: On 20th Dec 1992, Sext alt of Venus was 118° 52.3' . IE
3.6' off the arc, HE 20m. Required: The true altitude.

Sext alt
IE
Obs alt
Dip (HE 20m)
App alt .

Tot. corm

Adell corm
T alt

118° 52.3 '
i±t .) ",-q: [As usual]
1 1 8~ 55 .9'
8 07.9' [As usual]
118° 48.0'
61 ° 12.0' [Subtract from 180°]

8 00.5' [As usual]
61° 11.5'

•

(+) 00.1' [Mars & Venus only]
61° 11.6'

•

W orked example 2 - Back angle Sun:

Total correction cannot be used here. The individual corrections ­
Dip, Refraction, Semi- diameter and Parallax have to be applied
separately. Slogan for easy remembrance: Don't Rob Spare Parts.
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Given: Sext alt of Sun's LL was 119° 11.6'. IE 2.8' on the arc, HE
12m, date 30th Nov 1992. Required: True altitude.

•
I

I

Sext alt
IE
Obs alt
Dip (HE 12m)
App alt

Refraction

Serni-diam*

Parallax
True alt

NOTES

119° 11.6'
!:) 2.8' [As usual, on arc (-»)
119° 08 .8'
!:) 06.1' [As usual, always (-)]
119° 02.7'
60° 57.3' [Subtract from 180°)

1:) 00.5' [As usual, always (-)]
61° 56.8'

1:) 16.2' [Opposite, LL (-)]*
61°40.6'

!±.) 00 .1' [As usual, always (+)]
61°40.7'

1: The correction for refraction can be obtained from the Nautical
Almanac or from Nautical Tables. Since stars and planets do
not have any serni-diameter or parallax, the total correction
tabulated in the Nautical Almanac consists entirely of
refraction. So to get the refraction correction for the Sun., as in
this case, look up the total correction for stars. This is tabulated
against apparent altitude in the Nautical Almanac.

2: The value of the serni-diameter of the Sun is given at the foot of
that day's page in the Nautical Almanac. In back angle
observations, correction for SD is applied opposite - Normally
LL +, UL -, but in this case, LL -, UL +.

3: The correction for parallax is given in Nautical Tables .

-000-
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11

DAY'S WORK

Day's Work is a summary of the ship's passage from
1200 hours on one day to 1200 hours the next day (ship's time) .
The working is illustrated by worked examples with explanatory
notes where required.

W orked example 1

At noon on 14th Sept. , a ship in position 40° 12'N 76°
;t6 ' \V set course of 2500(C) - Dev 4°W, Var 6°W - at an engine
speed of 16 knots. At i 600, course was altered to 287°(C) - Dey
2°E, Var 6°W - and the speed was decreased to 14 knots . At 2200,
course was again altered to 3400(C) - Dey 5°E, Var 5°W - and
speed of 14 knots was maintained till 0600 next morning, when
course was altered to nr(C) - Dey 2°W, Var 5°W - and speed
increased to 15 knots. This course and speed was maintained till
noon on 15th Sept. Find the EP on 15th noon, the course and the
distance made good, if a current was setting 027°(T) at 2 knots
throughout.

Note: This is called the narrative or linear fomi of question. All
courses should be tabulated and corrected first, as follows:
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•

1200 1600 2200 0600
to to to to

•
1600 2200 0600 1200 Current

• Compass Co 2500(C) 28r(C) . 3400(C) 277°(C)
Deviation 4°W 2°E 5°E 2°W
Magnetic Co 246°(M) 289°(M) 345°(M) 275°(M)
Variation 6°W 6°W 5°W 5°W
True Co 240°(T) 283°(T) 340°(T) 2700 m 027°(T)

S600W N77°W N200W W N27°E
Distance 64M 84M 112M 90M 48M

Note: Set of current is taken as a course and the drift for the whole
24 hour period is taken as distance. All the true courses are
converted into their quadrantal figures so that IT can be entered.
Quadrantal figures also give the names of d'lat and d'long.

•
The distance run on each course is entered in the lowest

line just beneath the corresponding course in quadrantal figures .
The last two rows in the foregoing table should be used to enter
IT and the information tabulated as follows :

•
Course Dist d'lat dep

•

-.m M N S E W.
' .

S600W 64 32.0 55.4
.~ ....

N770W 84 18.9 81.8
N200W 112 105.2 38.3
W 90 90.0

N27°E 48 42 .8 21.8 •

Total 166.9 32.0 21.8 265.5
32.0 21.8

Resultant 134.9 243.7

Note: After obtaining total d'lat and total dep in each direction, the
smaller figure of d'lat is transferred under the larger figure of d'lat
and the 'Resultant d'lat' is obtained by subtraction. 'Resultant dep'

,
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is also obtained similarly. Entering IT with resultant d'lat and
resultant dep, the course and distance made good. noon to noon, is
obtained (as explained in Chapter 6.2).

From IT:-
d'lat dep Co Co dist
134.9 243 .3 61° 61° 278.2
134.9 253 .8 62° 62° 287.2

10.5 ~ 60' 60' ~ 9.0

• 0.4 ~ 2' 2: ~ 0.3
134.9 243 .7 61 ° 02' 278.2

Co MG = N61 ° 02W and dist = 278.5 M Answer (i).

The EP next noon is obtained by IT as explained in Chapter 6.1 .

•

•

NIN pos 14th lat 40° 12.0'N long 76° 46 .0'W m'lat
Resultant d'lat 02° 14.9'N d'long 5° 24.6'W dep
NIN EP 15th lat 42° 26.9'N long 82° IO.6'W d'long

Answer (ii).

•
41.3°

243.7'W
324.6'W

•

On 16th Jan a ship in position 00° IO'N 68° 09'E set
course as follows>

Time Co(C) Dev Var L'wav Wind Log
• •

1200 126° 2°E 4°E 3° SW a
alc 1800 149° 3°E 4°E 2° NE 89
alc 2300 210° lOW 5°E 3° SE 168

•

ale 0700 240° 2°W SOE Nil W 290
alc 1290 270° Nil 4°E 3° N 368

A current set the vessel 183°(T) at 1.5 knots throughout.
Find the EP next noon and the course and distance made good.
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NOTES

1: This is called the tabular form or Log extract form of
presentation. It further differs from example 1 in that leeway is
included. Since course actually steered is given, it is necessary
to apply leeway and obtain the effective course (course made
good with wind only) for each leg of run.

2: If the wind is coming from the starboard side of the ship, the
ship would be blown off-eourse to port. So the effective course
will be less than the true course steered (when expressed in the
three figure notation), and vice versa - that is, if the wind is
coming from the port side of the ship, the ship would be blown
off-course to starboard. So the effective course will be" more
than the true course steered (in the three figure notation).

3: The distance steamed on each course is obtained by the
difference of log readings taken at the beginning and at the end
of each course.

4: The alteration of course to 270° shown against 1200 hours on
17th Jan would be effective from 1200 onwards and is hence
not to be included in the working from 1200 on l oth .Jan to
1200 on 17th Jan. The log reading at that time is, however,
necessary to compute the distance run from 0700 to 1200 on
the 17th.

Compass Co
Deviation '
Magnetic Co
Variation
True Co
Leeway
Effective Co

r istancc

1200 1800 2300 0700
to to to to

1800 2300 0700 1200
126°(C) 149°(C) 2100(C) 2400(C)

2°E 3°E lOW 2°W
128°(M) IS2°(M) 209°(M) 238°(M)

4°E 4°E SOE 5°E
132°(T) 156°(T) 214°(T) 243°(T)

3° 2° 3° Nil- -
129° (T) 158°(T) 217°(T) 243°(T)
S51 0E S22°E S37°W S63°W
89M 79M 122M IBM

..,"

Current

(,0
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The rest of the working is similar to that of example I:

Effective Dist d'lat dep
com M N S E W

S51°E 89 56.0 69.2
S22°E 79 73.2 29.6
S3JOW 122 97.4 73.4
S63°W 78 35.4 69.5
S03°W 36 36.0 01.9
Total 298 .0 98. 8 144.8

00.0 98.8
Resultant 298.0 46.0

From IT, Co MG = S08° 4TW, dist MG = 301.5 M Answer (1).

NIN pos 16th lat 00° 1O.0'N long 68° 09 .0'E
Resultant d'lat 04° 58 .0'S d'long 0° 46.0W
NIN EP 17th lat 04° 48.0'S long 67° 23 .0'E

Answer (ii).

m'lat
dep
d'long

02.3°S
46.0W
46.0W

Note: Since m'lat is only 2.3°, IT shows dep = d'long = 46'.

Worked example 3

On 6th March a ship in position 46° 36'S 175° 340£
steamed the following courses :-

Time Co(C) Dev L'way Wind Speed
1200 150° 5°E 3° SWxW 8 Kn
1600 140° 4°E 5° SW 8
2000 120° 3°E Nil SW 7.5 ,

• •

2400 120° 3°E Nil SW 6.5
0400 100° I°E Nil S 8
0800 095° Nil Nil S 8
1200 095° Nil Nil S 8

61



··_ ._0 . .. _.. .'_ .
•

(ll-DAY'S WORK]

Var 100E throughout. Find the DR position at noon on 7th March
and, if the observed position then was 48° 14.3'S 178° 06.5'E, find
the set and drift of current.

Note 1: The DR next noon should be worked out as shown in
examples 1 and 2. Since Co and dist MG are not asked, they need
not be calculated. It is implied that the alteration of course, in each
case, is at the hour mentioned alongside. For example: 1400(C)

was set at 1600 hours. 1200(C)
\\'115 set at 2000 hours, and so on.

Note 2: There is no alteration of course at 2400 hours but the
speed has altered. So from 2000 to 2400, the distance will be 30M
and from 2400 to 0400 it will be 26M. Hence from 2000 to 0400,
the distance will be 56 M on a course of 1200(C).

1200 1600 2000 0400 0800
to to to to to

1600 2000 0400 0800 1200
Compass Co 1500(C) 1400(C) 1200(C) 1000(C) 095°(C)
Deviation 5°E 4°E 3°E I°E Nil
Magnetic Co 155°(M) 144°(M) 123°(M) 101°(M) 095°(M)
Variation 100E 100E 100E 100E 100E

•

True Co 165°(f) 154°(f) 133°(T) 111°(T) 105°(f)
Leeway 3° 5° Nil Nil Nil-
Effective Co 162° (f) 149°(f) 133°(T) 111°(T) 105°(1)

SI8°E S31 °E S47°E S69°E "875°E
Distance 32M 32M 56M 32M 32M

Effective Dist d'lat . dep
,

•

CoCTI M N S £ W
S18°£ 32 30.4 09.9
S31°£ 32 27.4 16.5
S47°E 56 38.2 41.0

•

S69°E 32 11.5 29.9
S75°E 32 08.3 30.9

, ,

Total and resultant 115.8 128,2
•
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NIN pas 06th 1at 46° 36 .0'S
Resultant d'lat 01° 55 .8'S
NIN DR 07th lat · 48° 31.8'S

long 175° 34.0'E m'lat
d'long 03° 10.O'E dep
long 178° 44.0'E d'long

47.5°
128.2'E
190.0'E

DRNIN07th1at 48°31.8'S long 178°44.0'E Using T.T:­
FixNIN 07th1at 48° 14.3'S long 178°06.5'E m'lat 48.4°S

d'lat 17.5'N d'long 37.5'W dep 24.9' W

Set = N55° OO'W and drift = 30.5M.

Worked example 4

At noon on 14th Dec a light house in lat 05° 56'N 80°
36'E bore OOOO(C), error 4°W, distance 10 M. Course was then set
to 2200(C), Dev I°E, Var 2°W, log O. At 2000, engines broke
down and the log, showing 82, was hauled in. At 2200, engines
were repaired and course was reset to 2000(C) Dev nil, Var 2°W,
log O. Ship maintained this course till noon next day when log
showed 140. A current was estimated to set 3500(T) at 2 knots
throughout. Find the EP at noon on 15th Dec.

NOT ES
1: There are two differences in this question from those illustrated

earlier. Firstly, the noon position on starting is not given
. directly and secondly, an engine stoppage is given.
2: Since the current was constant, even during engine stoppage. it

is allowed as a course and distance for the whole day as usual.

First obtain the noon position on 14th Dec as follows:

Bearing of Lt Ho from ship: 000° (C)
Compass Error. ..... ..... .... . 4° W
Bearing ofLt Ho from ship: 356° (T)

. Bearing of ship from Lt Ho: 176° (T)
i.e. , Course S04°E & distance 10 M.
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3: Sometimes the bearing of the ship from the light house is
given. In that case do not reverse the bearing, but use the
given bearing as the course, as illustrated below:

Pos ofLt Ho
S04°E - 10 M
Noon pos 14th

lat 05° 56.0'N
d'iat 10.O'S
lat 05° 46.0'N

long 80° 36.0'E m'lat 5.9°N
d'long O.TE dep O. 7'E
long 80° 36.7'E

Compass Co
Deviation
Magnetic Co
Variation
True Co

Distance

1200
to

2000
220 0 (C)

l°E
221°(M)

2°W
219°(1')
S39°W
82M

2000
to

2200

2200
to

1200 Current
2000(C)

Nil
200°(M)

2°W
198°(T) 3500 (T)
S18~W NlOoW

140M 48M

The working of the rest of the problem is similar to those
illustrated earlier. The student may work it out on his own.

Answer: EP 15th noon lat 03° 16.5'N long 78° 53 .0'E.
. . ".,

Worked example 5

At noon on 20th July, Parga Point (32° 48'N 17° 16'W)
bore 080° (C) 10 M off while steaming 219° (C), Dev 3° E Var
18° W. Ship maintained this course at a steady speed of 15 knots
till noon next day. Clocks were retarded 12 minutes at 0200 hours.
Find the DR at 1200 hours on 21st July. If the fix then was 27°
12'N 20° 05 'W, find the set and drift of current.

Note: This question is different from the previous ones only in one
aspect - alteration of clocks. The steaming time from 1200 on 20th
July to 1200 on 21st July becomes 24h 12m because clocks were
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reta rded 12 minutes If clocks were advanced, the steaming time
would be reduced accordingly.

Distance at 15 knots , for 24h 12m steaming, is 363M. The rest of
the working is similar to that of example 3.

Answer :- DR 27° 12.2' (\; 20" 17,4 'W - Set 091 ° (T), drift 11 M.

Worked example 6

A ship steams the following courses by Gyro compass, error nil :-

13 th Jan
alc
alc

l-Ith alc

1200 - Co 236° (G) speed 15.0 knots
1700 - Co 284° (G) speed 16.0 knots
2000 - Co 262° (G) speed 15 .0 knots
0400 - Co 198° (G) speed 14.5 knots
and continued thus till noon, 14th Jan.

At 1800 on 13th Jan, a light house in 48° 28.5"N 67° 05'E bore 4
points on the starboard bow and at 1845 it was abeam. Find the
l -tth noon DR, the course and distance made good noon to noon.

Note: This is very simple if approached systematically. First the
course and distance made good noon to noon can be got as usua l.
Since the courses are true, with no leeway, working is simplified.

Course Dist dlar dep
. (T) M N S E W

1200 - 1700 S56°W 75 41.9 62.2
1700 - 2000 N76°W 48 11.6 46.6
2000 - 0400 S82°W 120 16.8 118.8
0400 - 1200 S I8°W 11 6 • I 10.3 35.8

Total 11.6 169.0 263.4
11.6 Nil

Resul tant 157.4 263 .4

\
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From Traverse Tables:-
d'Iat dep Co Co dist
157.4 262 .0 59° 59° 305 .6
157.4 272 .6 60° 60° 314 .8

10.6~ 60' 60 ' ~ 9.2
1.4~ 8' 8' ~ 1.2

157.4 263.4 ~ 59° 08' ~ 306.8

Answer (i): Course MG = 559° 08'W Dist MG = 306.8 M.

To calculate the pos of the ship at 1845 hrs:-

Co between 1800 and 1845
Starboard beam
1845 beam bearing of Lt from ship
1845 bearing of ship from Light

•

= 284°(1}
= +90°
- 374°(1} = OI4°(T)
- 194°(T) = S14°W

Pas ofLt Ho
Sl4°W - 12M
1845 position

NOTES

LtHo

18455--~
1800

lat 48° 28.5 'N
d'lat 11 .6'5
lat 48° 16:9'N

By the principle of doubling the
angle on the bow, distance
steamed from 1800 to 1845 is
the distance off abeam at 1845 .
Distance for 45 minutes at 16
knots = 12 M = distance 'off at
1845 on a bearing of 514oW
from the light house.

long 67° 05 .0'E m'lat 48.4°N
d'long 4.3'W dep 2.9'W
long 67° OO.7'E

1: From 1845 to the next ale at 2000 Co = 284°(T) & dist = 20M.
2: D'Iat and dep for the run on each leg after 2000 can be copied

from the earlier table made for the noon to noon Co and dist.
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Course Dist d'iat dep
(T) M N S E W

1845 - 2000 N76°W 20 04.8 19.4

2000 - 0400 S82°W 120 16.8 118 .8
0400 - 1200 SI8°W 116 110 .3 35.8

Total 04.8 127 . I 174. 0
04.8 Nil

Resultant 122 .3 174.0

1845 pas of ship
Resu ltant d'lat
N/N DR 14th lat

48° 16.9'N long 067° 00 .3 'E m'lat 47 .25°N
02° 02 .3'S d'iong 04° 16.3W dep 174.0W
46° 14.6'N long 062° 44.4'E d'long 256.3'E

Answer (ii)

Note: Owing to the large number of worked examples included
here on Day's Work, no separate exercise is given in this chapter.
Students desiring to practice Day's Work can work out the same
lot without copying the working shown here and compare the
answers.

-<:>00-
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12

CHRONOMETER

TIME

12A: THE AMBIGUITY OF CHRONOMETER TIME

Most chronometers are g raduated like ordinary clocks i.e. ,
from 0 to 12 hours only. So if chronometer shows 4h, it could be
04h or 16h, creating a twelve hour ambiguity. So whenever
chronometer time is given in a navigation problem, it should be
checked before conunencing the calculation.

If GMT is given. no 12h amb iguity exists as GMT is
expressed in the 24 hour notation - 4:: means 0-';'::' :\ OT 16[1.

Remember: GMT hours - accept. Chron hours - suspect.

On modem ships, GMT for celestial observations is taken
from the navigation satell ite receiver instead of the chronometer. In
such cases, the date and exact GMT in the 24-hour notation would
be known directly without any ambiguity.

The reason why the ambigu ity in chronometer time is still
retained in the examination system is that the student is constantl y
reminded that he should check the input data before plunging Jll l il

calculations. GMT is also cal led LTC-u niversJ. i Time Coordiu.ur
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The date given in a problem usually refers to the date on
the ship NOT the GMT date or chronometer date. Hence this has
to be checked as the G MT date may possibly be one day less or
more than the date kept on the ship. This is ill ustrated below:-

On 24th June at 0500 1ST in Bornbav. GMT would be-
05h 30m less i. e., 23d 23h 30m. Yet, one hour later, at 0600 1ST
on 24th, GMT would be 24d OOh 30m.

In E long, GMT may be same date as ship or one day behind.
In W long, GMT may be same date as ship or one day ahead.

The procedure for solving the ambiguity is as foll ows:

( I ) Write down the two possibilities of chronometer time .
(2) Apply LIT (longitude in time) to each and obtain both the

possibil ities of LMT hours .
(3) An indication whether it is A.M or P.M on the ship would be

given/known, Ins ert the date on the ship alongs ide appropriate
r " T . . . b I j ' th d f G~1T;\f ...,, "t . ~ . ~ ..,. , .... ... ~ ' . '-( - ...._ .1 1 ~'lU, ,"'_" .' . , r , .: U.C ~:\\ :1 L S, insert e ate 0 l .-

Example: On 13rn Sept, P~ l at Sh,P in DR 27° 16'N 75° CO'W,
the chron showed 03h 18 m 12s, error 02m 05s fas t. Find GMT.

h m s h m s
Chron 03 18 12 or 15 18 12
Error 0 {-) 02 05 ( -) 02 05
GMT (1 -+ )'" 03 16 07 15 16 07

LIT (\V) (- ) 05 00 00 ~ (-) 0.5 00 00
LMT (13)'" 7 ' 16 07 10 16 07--

G MT: 14d 03h 16m 07s

o Application of error is descri bed in 12B . '" Inserted last.

tJ. If di rec t subt ract ion not possible. 2"+ h to be added.
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In problems in practical navigation, AM or PM at ship, or
the approximate ship's time, MUST be given. However, as a point
of interest, it is possible to resolve the 12 hour ambiguity by other
means which have fondly been called navigational gymnastics>

P.M
1905
1930

•

(a) For azimuth, long by chron and inter cept - SUN:-
The correct LMT must be after sunrise and before sunset, both
of which are obtained from that day's page in the nautical
almanac.

(b) For ex-meridian alt - SUN:- The correct LMT must be very
near 1200 hrs (between 1030 and 1330 or so) .

(c) For azimuth - STARS AND PLANE T S :-
The correct LMT must be at night ie. after sunset and before
sunrise (both obtained from that day's page of the nautical
almanac) as they are not vis ible during daytime.

(d) For sextant observat ions - STARS & PLANETS:-
From that day's page of the naut ical almanac, extract the civil
and nautical twilight timings and tabulate them thus :-
The correct LMT will be A. M
between Civil and Nautica l twi- CIVIL 0540
light of either A.M or P .M NAUT 0510
only.
If, in one chance in a million, A .M and P.M are both
possible, the question would involve "superior navigational
gymnastics."

(e) For ex-meridian alt - STAR:­
Calculate the approx. LMT mer pass star as follows :-

LMT mer pass y : 03h 17.6m (From the corresponding
SHA * in time (-) 09h 16.3m page of the Almanac).

LMT mer pass * I gh 0 1.3m
The correct LMT must be very close to the time calculated

•

above. The time so calculated will give only an approximate
idea of the LMT meridian passage of the star and cannot be
used for any other purpose other than to sort out ambiguity of
chronometer time.
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(f) For ex-mer alt - PLANETS A ND MOON :-
The app rox LMT of mer pass is given in that day's page of the
Nautical Almanac and the correct LMT must be near that.

(g) F or azimuth, long by chron and intercept - M OON:­
Correct LMT must be between approx. LMT of moonrise and
moonset, both of which are gi ven in that day's page of the
Nautica l Almanac.

(h) For ex-mer alt - MO ON:-
Approx. LMT mer pass moon is given in that day's page of the
N autica l Almanac. Correct LMT must be close to this .

12 B: PROBLEMS INVO L VING DAIL Y RATE OF CHRON

The difference between chronometer time and GMT. at
any instant, is called the ch ro n error. Chron error is said to be-
FAST if the chron time is ahead of GMT. Fast error is , therefore,
to be subtracted from chron time to obtain GMT. Chron error is
said to be SLOW if the chron time is behind GMT. S low error is .
therefore. to be added to ehron time to obtain GMT.

chronometer is ahead or' u ,\fT or behind it. T nev do N OT indica te-
the speed of the chronometer. The words GAINING or LOS I}[G
a re used to indicate the speed of the chronometer.

A ch ronometer is said to be GAINING in the follow ing cases:
(1) If the chron is correct on GMT one day and is fas t next day .
(2) If it is fast one day and more fast the next day.
(3) lf it is slow one day and less slow next day.
(4) Ifit is slow one day and fas t next day.

A chronometer is said to be LOSING in the following cases:
(1) If the chron is correct on Gf'vIT one day and is slow next day.
(2) If it is slow one day and more s low the next day.
(3) If it is fast one day and less fast next day.
(4) If it is fast one day and slow next day.
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The daily rate of the chronometer is the number of
seconds gained or lost bv it in one dav. It is usuallv taken as an- . . .
average over a number of days to overcome observational errors
and thereby obtain an accurate result. A good, reliab le
chronometer may not keep perfect time but will have a constant
daily rate by which GMT can be computed at any required instant.

Over a period of time, the change of chron error (caused
by daily rate) is called the accumulated rate. Accumulated rate is
obtained by multiplying the daily rate by the interval between the
time of the last time signal and the required date and time as
illustrated in the following worked examples.

If the daily rate is gaining, the accumulated rate wou ld be
called fast and if the daily rate is losing, accumu lated rate would
be called slow. Accumulated rate, applied to the old chron error,
would give the chron error at the requ ired instant. '

•
W orked Example 1

At 1200 GMT on 23rd June 1992, a chronometer was 6m
20s fast. Find the chron error at 0700 GMT on 4th August if the
daily rate was 3s losing.

•

23rd June 1200 GMT to 30th June 1200 GMT:
•

30th June 1200 GMT to 31st Julv 1200 GMT:
•

31st July 1200 GMT to 04th Aug 0700 GMT:
23rd June 1200 GMT to04th Aug 0700 GMT:

Interval:

07d
31d
03d
41d
41.8d'"

OOh
OOh

•

19h
19h

•

Accumulated rate = dailv rate x interval = 3 x 41.8 = 125s D.-
•

'" Squaring off to one decimal of a day wou ld suffice .

D. Souarinz off to nearest second would suffice.. -
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Accumulated rate = 02m 05s (Slow)
Old chronomete r error = 06m 20s (Fast)
Error at GMT Aug 04d 07h OOm = 04m 15s (Fast)

The interval can be calculated in an easier way by using page 5 of
the Nautical Almanac as fol1ows:-

04th Aug ' 0700 GMT - 217th day of 1992 0700 GMT- -
23rd lun 1200 GMT - 175th day of 1992 1200 GMT- -

Interval - 4 1days 19hours-
•

- 4 1. 8 days .- •

In problems in practical navigation, it is essential to first
obtain the correct G MT date and hou rs of the astronomicaJ
observation (as shown earlier in this chapter) so that the correct
in terval is obtained in days and hours . It would be considered ail

•

error in principle if this was not done first. This is illustrated in
\,·c r' ..' -l examole i\, " - \ .... ;j, '"" • 'U.U do i- .:.. .

Wor ked example 2

On 29th Nov, Ai\-! at ship in DR 26° 2TN 130° 27'W, an
astronomical observation was made when the chron showed 05h
46m 20s. If at 0600 G~IT on Oct 14th the chron was OO m lOs
fast, and its daily rate was 4s losing, find the correct G~IT of the
observation.

•

•

Chron
Error
Approx 'GMT
LIT (W)
LMT

d h m s
05 46 20

Not vet calculated-
05 46 20

(-) 08 41 43
21 04 32

OR
d h m s

17 46 20

29 17 46 20
(-) 08 4 1 43
29 09 04 32

Correct G:\'IT d & h : 29d 17h
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29th Nov 1746 GMT - 334th dav of 1992 1746 GMT-
•

l-lth Oct 0600 GMT - 288th dav of 1992 0600 GMT- -
Interval - 46 days Ilh 46m- -

- 46 .5 davs.- -

Accumulated rate == daily rate x interval == 4 x 46 .5 == 186s SLOW
•

Accum ulated rate - 03m 06s (Slow)
Old chronometer error - GOm l Os (Fast)
Error at GMT Nov 29d 17h 46m == 02m 56s (S low)

Chron time of observation
Chron error (Slow)
Correct GMT of observation

29 17 46 20
(-"-) 02 56

29 17 49 16

EX ERC ISE 4
(Accumulated rate of chronome ter )

I On 8th March 1992, AM at ship in DR 50° 12 'N 176° 18"E, the
chron showed 06h 0 Im l Os. If at 1200 GMT on 20th Feb chran
error was 3m 12s fast and its daily rate was 5s gaining, find the
correct GMT of the observation.

2 At about 1820atshipinDR200 18 '5 120° II'Won 18th April
1992. find the correct G MT when chron showed 02h 21 m 06s.
Chron error on 30th March at 06 00 G\lT was OOm 40s slow

and its daily ra te was 2s gain ing .
,

Jan Jan 4th 1992, PM at ship in DR 16e OI'N 84° OO' E, an
astronomical observation was made when chron showed 0 Ih
15m l Os . If chron error a t 1800 GlvlT on 20th Dec 1991 was
10m l 6s slow. and its daily rate was 6s gaining. fi nd the correct
Gi\ IT. (Note: Page 5 of the 1992 almanac cannot be used here)
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13

THEORYOF

ASTRONOMICAL

POSITION LINES

An astronomical pos iuon lin e is rea lly a part of a large
circ le drawn on the . .rface of the: ea rth. with its centre at the
Geographical Position tG P) or the body and having a radius equal
to the Zenith Distance. (GP and ZO have been desc ri bed in
Chapters 2 & 3). All observers on the circumference of this circle
will observe that the bodv has the same ZD at the same time., -• I

Since this circle has a large radius, any small part of the
circumference of this posi tion circle may be considered to be a
straight line and called a pos ition line (PL) or line of position
(LO P). The azimuth (true bea ring) of the celest ial body. from the
observer, represents the direction of the radius . S ince the
circumference of a circle and its radius meet at right angles, we
say that the celestial P L (or LOP) is at right angles to the az imu th.

•

The azimuth of the body is eas ilv calculated with the helo-. .
of ABC tables using the DR position. The direction of the celestial
PL (or LO P) is obta ined by add ing and subtracting 90 8 to the
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azimuth - e.g. , if azimuth was calcu lated to be 0.+0 0
• the direct ion

of the PL (or LOP) would be 1300
- 31 00.

GP

One astronomical observation can only give one PL (or
LOP) and a position through which to draw it. Another PL (or
LOP) is necessary to intersect the first PL (or LOP) in order to
obtain a 'Fix'. There are five common methods of obtaining the
position through which to draw the astronomical PL (or LOP) - ( I)
Latitude by meridian altitude, (2) Longitude by chronometer, (3)
Intercept, (4) Ex-meridian and (5) Alt itude of Polari s. Each of
these is briefly described here>

•
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(I ) Latitude by mer id ian altitude: Here the altitude of a celestial
bodv is taken when the bodv is on the observer's meridian . Its- -
azimuth at that time would be either 000° or 180°.

The PL (or LO P) will, in both cases, be 090° B 270°.
(i.e ., 000° + 90° = 090° ( ) 270° and 180° + 90° = 090° ( ) 270°).

•,
•
•
•
•
I,
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Since the PL (or LOP) runs E - W , it will coincide with a parallel
of lati tude. The actual value of that latitude is obtained by a simple
calculation . Such an observation will give a definite value of the
ship's latitude, irrespective of any error in the ship's DR position.
The actual calculations are shown and explained in the worked
examples under the appropria te heading in subsequent chapters.

(2) L ongit ude by chronometer: Using the Haversine formula, we
calculate the Observed Longitude (longitude where the position
circle cuts the DR latitude). The azimuth is calculated bv use of-
ABC tables and the direction of the PL (or LO P) is obtained bv

•

adding and subtracting 90° to it. This PL (or LOP) is drawn

through the DR latitude and Observed longitude. The DR
longitude is of no consequence in this calculation. Actual
calculation by this method is shown under the appropriate heading
in subsequent chapters .

•

I
I
\
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(3) Intercept or Marcq 51. Hilaire method: The angular
distance, between the DR position and the GP of the body, called
the Calculated Zenith Distance (CZD), is calculated by use of the
Haversine formula . CZD is then compared with the TZD (True
Zenith Distance) which is obtained with the help of a sextant. The
di fference between them is called the intercept. Intercept is
expressed in minutes of arc, taken to be Nautical Miles . The
azimuth is ca lculated by using the DR position and ABC tables.
The direction of the PL (or LOP) is obtained by adding and

subtracting 900 to the azimuth.

The position circle always has the GP as its centre and ZD
as its radius. The CZD is the radius of the position circle which
passes through the DR position. The TZD is the radius of the
position circle that passes through the actual position of the ship.
Since we know the DR position of the ship, we imagine ourselves
standing on the DR and going by the shortest distance to the true
position circle. If T Z D < C Z D, we note that we will be going
towards the GP (i:e., with azimuth as course and intercept as
distance). If TZD > CZD, we will be going away from the GP
(i.e., with a course equal to azimuth + 180 0 and with the intercept
as distance. This is illustrated in the following figures .

The solution of the intercept method of work should state
the DR latitude, DR longitude, True Azimuth, the value of the
intercept in minutes of are, whether intercept is towards or away
and fina lly the direction of the PL (or LOP). A rough figure (not
necessarily to scale) should a lso be drawn as shown in the
following examples 1 and 2.

The Intercept Terminal Point (ITP) is that point on the PL
(or LOP) which is closest to the DR position. Calculation of the
actual latitude and longitude of the ITP is not normally necessary
and is done only if specifi cally asked to so .
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Intercept TOWARDS {TZD < CZD)
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Example 1

DR position:

latitude : 360 18 'N

longitude: 72 0 56'W
Intercept 3.8' A WAY
Az 042 0 (T)
PL 312 0

- 1320

Oil '0 1
oS ! l'>o,.'V
0::: : '>
Q I ,.. /

•
DR lat

DR position:

latitude: 160 37'S

lon gitude: 14 20 II 'E-
Intercept 4.5' TOW

Az 13 00 (T)
PL 220 0 - 04 00

I,
Example 2 DR lat I- ------r.,-,,-./:...,...-

~ ~ "~~- ~o " l'"
0 , ~ . '-~

:::; ' <t- ~('
;::::; , qs,- .

Both methods - Long by chron and Intercept - give equally
accurate results and take the same time for working. In the
examination, the choice of method is often left to the student but
he should be thoroughly familiar with both these methods . The
intercept method is much simpler and fas ter if seve ral
simultaneous observations are to be calculated and plotted to
obtain a ' Fix' .

The next fi gure illustrates the sirni laritv of result of- .
working by Long by chron and by Intercept. Using DR position
'D', Obs long 'B ' and PL were obtained and plotted on a chart . If
the same astronomical observation was worked by the intercept
method. an intercept of DP would be obtained by calcu la tion and,
rn the case il lu strated, it would be ' Away '
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•,
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D
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0

B
--- - ---: ~----------tt----- DR lat

As the celestial body is so far away, a few miles difference. -
in the position of the observer would not appreciably affect the
azimuth. So whether the azimuth was worked using the DR long or
the Obs long, the answer would be the same and hence the
direction of the PL (or LOP) of both, Long by chron and Intercept
methods, would be the same. When the PL's (or LOP 's) of both
the methods are plotted on a chart, it will be observed that they
coincide as shown in the foregoing figure. Actual working by the
intercept method is shown under the appropriate heading in
subsequent chapters .

81



~ . -- - - - .-

( 13 - ASTRO PL - 7Hl,-'ORYj

(4) Ex-meridian method: Sometimes, it may not be possible to
obtain the meridian a ltitude of a celestial body (especially the sun)
owinz to clouds. hazy horizon. rain or other causes . In such cases,- . -
it may be possible, under certain conditions (given below), to
observe the body .near the meridian' and, bv use of Nautical

• • •

Tables, calculate the latitude where the PL (or LOP) cuts the DR
longitude (Observed latitude or Obs lat). The obs lat is not
necessarily the latitude of the ship. The direction of the PL (or
LOP) is obtained in the usual manner - calculating azimuth by

ABC Tables and applying + 90° to it.

The circwnstances under which a sight may be worked by
the ex-meridian method is governed by the values and names of the
latitude and the declination. The value of the ex-meridian limit
(EML ) is obtained from Nautica l Tables. In the case of Burton's
Tables. EML is obtained by entering Ex-meridian Table IV In the
case of Nories Tables, we have to consult Ex-meridian Tables I &
rv to obtain EML. Ex-meridian Table I is in two parts - one for lat
& dec having same name and the other for lat & dec having
opposite names.

The EML SO obtained will be in minutes of time. If the
EML is found to be 16 minutes , it means that an ex-rneridian sight
may be taken upto 16 minutes on either side of the time of
meridian passage, as illustrated below.-

- . .. .]

•,

Ship's time of meridian passage
EML (from nautical tables)

Ex-mer sights may be taken between ship 's time:-

1206

± 16
1150 and 1222

A rough thwnb rule is available to obtain the approximate
value of EML without Nautical Tables :- calculate the L-D (Lat
and Dec same names subtract and opposite names add), square off
to the nearest whole number of degrees and just call that value the
EML in minutes of time .
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Examp le: DR lat 20° 16'N dec 20030'S . Approximate EML = ?
L-D = 4 1 whole degrees. Approximate EML = 41 minutes of time

For examination purposes, when a body is said to be
,Near the meridian', it is expected to be worked by the ex-meridian
method. The solution to an ex-meridian problem should state the
Obs lat, the DR long and the direction of the PL (LOP), Actual
working of an ex-meridian problem is shown under the appropriate
heading in subsequent chapters.

(5) Polaris> is a star of very high declination (around 89° 09') and
hence its azimuth is very nearly North at all times, resulting in a
PL very nearly E-W . By applying special corrections (given in the
Nautical Almanac) to the true altitude, the Obs lat (latitude where
the PL cuts the DR longitude) is obtained. The true azimuth also is
obtained from the same page of the Nautical Almanac . The

direction of the PL is obtained as usual , by applying 90° to the
• 1 1- . , . c - D 1 . . 1 1 ifv thazim u t; "':r~ , .~ I· · ; · - ~ ·- . " '1 " :., - ' ~ l f ' ... - r- u»- -' s S r. :" l ' ··' Sp por- 1 . ~ ~" .1. '-'-,. . l ~ _ .../ "-.J ~ l. ~ 1. _ \,.. . _ ~,_' . ~._ , 1 . 1 ....-

Obs lat, the DR long and th , direction of the PL, sim ilar to the
solution of an ex-meridian sight.

Note: The Obs lat obtained bv an observation of Polaris is Dot-
necessarily the latitude of the vessel as the PL is nearly E-W not
necessarily exactly E-W .

Polaris cannot be seen from the Southern Hemisphere or
from very low latitudes in the Northern Hemisphere. In the former
case it wi ll be below the horizon and in the latter case, it will be
above but too close to the horizon for observation by a sextant.

The actual working of an altitude of Polaris is shown
under the appropriate heading later on in this book.

83

I
\
\

I
• •
'.



•

•

•

•

."

•

•

•

14

WORKED EXAMPLES

, .

AND EXERCISES·- SUN
•

14.1 Latitude by mer idian altitude - Sun :-

On 23rd Sept 1992, in DR 23 ° 40'N 161'J5 6'E, the
sextant meridian altitude of the Sun's lower limb was 66° 10.6 '. If
IE was 2.3' on the arc and HE was 10.Sm, find the latitude and the
PL.

--- P- ..,

Sext Alt
IE (on)
Obs alt
Dip (l0.5m)
App alt
Tot corm LL
T alt
MZD
Dec .
Latitude

66° 10.6 '
8 02.3'
66° 08.3'

8 05.7'
66° 02 .6'
(+) 15.5'

66° 18.1'S
23° 41.9' N

00° 06.2' S
23° 35.7' N

•

From Almanac
LMT mer pass 23d Ilh S2m ODs
LIT (E) (-) 10 47 44
GMT mer pass 23d Olh 04m l6s

Dec 00° 06.1 ' S
d (1.0) f±.) 00.1'
Dec 00° 06.2' S
~ (Named same as azimuth)

" .
~ (Named opposite to T alt)
~ (See note I below).

•

PL :- E - W
•



•
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Notes
•

(1 ) MZD and dec are of same name so add and retain name. If of
opposite names, subtract the smaller one from the larger one
and retain the name of the larger one.

(2) Corrections to sext alt are explained in Chapters 9 and 10.

(3) In the above example, DR lat is 23° 40 'N while dec is
practically nil. Hence the sun's Az at mer pass must be S and .
so the true altitude is named S and MZD is named N. This
naming system is a quick and sure method of finding out
whether MZD and dec are to be added or to be subtracted to
obtain the latitude without the necessity of drawing a figure to
reason this out.

(4) Whether MZD and dec are to added or subtracted can, in many
cases, be decided bv knowinz that the answer must be verv. - .
close to the DR lat. However, if either MZD or dec is very
small, both addition and subtraction would give results
reasonably close to DR lat, as in the foregoing worked
example, and the unwary student would be puzzled as to what
to do. A mistake of this sort is considered a ' P rinciple Error '
in the examination, resulting in heavy loss of marks. The
student is therefore advised to get used to the naming system
shown here.

•

• •

(5) In some cases, DR lat is not given at all but then an indication
of the Az at mer pass would be given . By using the above
naming system, the answer is obtained easily and quickly.

(6) Whether .d correction is to be added or subtracted is known
by inspecting the dec for the required hour and the next hour in
the almanac . If dec is increas ing, d correction is additive and

•

vice versa .

••
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EXERCISE - 5
(Latitude by meridian altitude SUN)

•

(1 ) On 21st Jan 1992, in DR 24° 36'S 110° 20'W, the sextant
altitude of the Sun's LL on the meridian was 85° 05 .5 '. If IE
was 1.6 ' off the arc and HE was 10m.. find the latitude and
state the direction of the PL (LOP).

(2) On 1st Sept 1992, DR equator 50° 27'E, the sextant meridian
altitude of the Sun's UL was 82° 10.4' . If IE was 2.4' on the
arc and HE was 17m, required the latitude and the PL (LOP) .

(3) On l st May 1992, in DR longitude 1 7 ~0 58 'E, the observed
altitude of the Sun's LL on the meridian was 64° 35.9 ' South
of the observer. IfHE was 15m, find the latitude and the PL.

(4) On 14th Sept 1992, in DR longitude 116° 27'W, the sextant
meridian altitude of the Sun's UL North of the observer was
70° 29 .8' . If IE was 3.2 ' off the arc and HE was 12m, find the
latitude and state the direction of the PL (LOP).

(5) On 1st Dec 1992, in DR 06° 35 'N 64° 18'W, owing to a hazy
horizon to the South, a back angle observation of the Sun's LL
on the meridian was made and the sextant altitude was found
to be 11 80 11.8'. If HE was 14m, and IE was 2.4 ' on the are,
required the latitude and the direction of the PL .

(Note: Back angle altitude has been explained in Chapter 10).

-000-

•
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14.2 Azimuth - Sun:-

h m s
13 08 10
(+) 02 12

13 13 10 22
(-) 03 09 12
13 10 01 10

On 13th Sept 1992, in DR 23° 21 'S 47° 18 'W, the
observed azimuth of the Sun was 046° (C) when the chron showed
ol h 08m lOs. If chron error was 02m 12s slow and Var (variation)
was 3°W, find the Dev (deviation) of the compass .

d h m s d
01 08 10 or
(+) 02 12
01 10 22

f-) 03 09 12
22 01 10

Chron
Error
GMT
LIT(W)
LMT

GMT 13d 13h 10m 22s

GHA 0 16° 03.4' dec 03 ° 34.5 'N

lncr 002° 35.5 ' d (1.0) (-) 002'
GHA 0 18° 38. 9 ' dec o ~o ~ J. ~'Xj j • . j 1

Long(W) (-) o·n ° 18 .0' lat 23" 2 1.0'5
LI-L\ 331 ° 20.9 '

F rom Nautical Tables TAz 049.8° (T)
•

A 0. 79 N C lv. 046 .0° (C)

B 0 . 13 N Error 3 .8° E
C 0.92 N Var 3.0° W

Dev 6.8° E
~ .
l't otes

(1 ) The actual procedure of entering ABC Tables is not explained
here as this is done in the Nautical Tables themselves .

(2) Whilst using None's Tables: 'A ' is normally named opposite
to lat (i.e., when LHA is between 270° & 090°) and same as
lat in unusual cases (i.e., when LHA is between 090° & 270°).
'B' is named the same as declination . For naming 'C : If A &
B are of same name, add and retain name; if of contrary
names, subtract and retain name of larger one. The Az is
named as fo llows : The prefix N or S is the name of .C

87



•

•

[14 - S Ulv'}

whereas the suffix E or W is depends on the value of LHA. If
LHA is between 0° and 180°, the body lies to the West and if

it is betv....een 180°·and 360°, the body lies to the East.

(3) When the latitude is 00° 00:0 ' , it may be named N or S.
(4) The calculation of deviation is a matter of elemental)' chart­

work and is not explained here. However, many students get
stumped as to whether variation is to be added or subtracted to
compass error to obtain deviation. A simple solutiorr - .

TAz

Var

MAz

C Az

Dcv

049.8° (T)
3.0° W

052.8° (M)
046 .0° (C)

6.8 ° E
•

C al culation of Azimuth by scientific calculator:
•

A = Tan lat
Tan P

B = T an dec
Sin P

•

Tan Az =_~I __
C . Cos la:

r
I .,
i

If LHA < 180°, P = LH.A.. If LHA > 180°, P = (360 - LHA).

Naming of A, B and Azimuth is as stated before. When P > 90°,
the minus sign obtained for the value of A is to be ignored as it is
taken care of by changing name of A (see foregoing note 2).

A= Tan lat

Tan P
= Tan 23° 21.0 '

Tan 28° 39 .1'

= 0.790103 1 N

B= Tan dec = Tan 03° 34.3 '

SinP Sin28°39.1'
C

= 0. I30 1780 N

--------------
= 0.9202811 N

Tan Az = I = 1.1 835568

C (Cos 23 ° 21 ')

88
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EXERCISE 6
(Azimuth - SUN)

{J.I - SUN/

•

,

(1) On 29th Nov 1992, AM at ship in DR 26° 2T N 130° 2TW,
the azimuth of the Sun was 1300(C) when chron showed OSh
49m 20s. If chron error was 0 Im 31s fast and variation was

3°E, find the deviation for the ship's head.

•

(2) On 22nd Sept 1992, PM at ship in DR 18° 20'N 85° 40'E, the

azimuth of the Sun was 265°(C) when chron showed 10h 03m

20s . If chron error was 06m 18s slow and variation was 2°E,
calculate the deviation of the compass .

(J) On Jan 19th 1992, in DR 40° 16'5 175° 31 ' E, the azimuth of

the Sun was 26 7°(C) at 1618 ship's time. If the ships time

difference W:lS l l h 30m from GMT and variation was 2 3"E,
find the deviation for the ship 's head.

,

•

(4) On 30th April 1992, in DR 00° 00 .0' 60° 12'W, the Sun bore

0800(C) when chron showed lOh 57m 43s. If chron error was

03m 09s slow and variation was lOW, find the deviation of the
•

compass . '

•
(5) On 31st Aug 1992, in DR 10° II'S 000° 00' , the azimuth of

the Sun was 282°(C) when chron showed OSh 10m 255: If

chron error was OOm OS s fas t and variation was 3°E, find the
deviation for the ship' s head.

14,3 Am p litude - SUN:-

On 5th March 1992, in DR 32° 12'N 178° 16'E, the

rising SW1 bore 1000(C) . If variation was 3"E, find the deviation of
the compass .
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From Almanac d h m s dec 06° 08 .0' S
LMT Sunrise 05 06 22 d (1.0) (-) 00 .5 '

LIT (E) 1.:) 11 53 04 dec 06° 07 .5'S

GMT Sunrise 04 18 28 56 lat 32° 12.0 'N
•

From Nautical Tables, True amplitude - E7.2°S-

True azimuth - 097.2° (T)-

Compass azimuth - 100.0° Ce}-
:.

Compass error . - 2 .8° W-

Variation - 3.0° E-
Deviation - 5.8° W-

Notes .
(I) LMT of sunrise or sunset from the aIrnanac needs only be

interpolated and taken in whole minutes of time.
(2) When entering Nautical Tables for true amplitude, great care

must be taken during interpolation to ensure accurate results .
(3) The prefix of true amplitude is E if the body is rising and W if

the body is setting. Its suffix is the same as that of declination.
(4) Amp E200N means : Sun's bearing is 20° to N ofE - 0700(T) .

Similarly, True amplitude ElOoS - T rue bea ring of 100°

WI5°N == True bearing of 285°

W9.5°S == True bearing of 260 .5 °
(5) Sometimes the time of observation of the amplitude is given in

the problem. Then given time should be used for calculation. It
is, however, necessary to remove any ambiguity of chron time
as explained in Chapter 12.

(6) If the latitude is 00° 00 ' , the value of the amplitude is equal to

the value of the declination. Naming of the amplitude is done
as usual. For example: If lat is 00° 00 ' and dec is 05° II'S,

the rising amplitude == E5 .2°S i.e., 095.2°(T) and the setting
amplitude == W5 .2°S i.e., 264 .8°(T) . .

(7) Amplitude can also be worked out by the formula>

Sin amp == (Sin dec . Sec lat).

qn. ~
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EX ERCISE 7
(Amplitude - SUN)

•

(1) On 2nd Sept 1992, in DR 40° 28'N 64° 20'E, the rising Sun

bore 0900(C). If variation was 5°W , find the deviat ion of the
compass .

(2) On 1st May 1992, in DR 30° 06 'N 179° 45 'w, the setting Sun

bore 285°(C) . If variation was 2°W, find the deviation for the
ship's head.

(3) Jan 20th 1992, in DR 54° 20' S 46° 27'W, the Sun set bearing

234°(C). If variation was 3°W, find the deviation of the
compass .

(4) Nov 30th 1992 , the Sun rose bea ring 11 00(C) in DR 49° IS'N

11 0° IrE at OOh 10m OOs ehron time. If chron error was 05m

lOs slow and variation "vas 100E, find the deviation of the
compass .

(5) Sept 23rd 1992 , the Sun rose bea ring 094°(C) in DR 00° 00'

120° 27'W when chron showed Olh 54m. If chron error was

03m 12s fast and variation was 2.rw, find the deviation for
the ship's head .

14.4 L ongitude by chronometer - S UN;-

•

On 29th Nov 1992 in DR 26 ° 27'N 1300 2T W, the

sextant altitude of the Sun's lI1 East of the meridian was 28°
11.0' w hen chron (erro r 01 m 31s fast) showed 05h 4901 20s. If
HE was 10m and IE was 2.3' off the arc, calculate the direction of
the PL and a pos ition through which it passes.

•
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d h m s d h m s
Chron 05 49 20 or 17 49 20
Error 1.:) 01 31 J-) 01 31
GMT 05 47 49 29 17 47 49
LIT(W) 1.:) 08 41 48 {-) 08 41 48
LMT 21 06 01 29 09 06 01

GMT 29d ITh 47m 49s

Solution by Nautical T ables:

Hav LHA == Sec L . Sec D [Hav ZD - Hav (L - D)]

GHA 077° 52.1' Sext alt 28° 11.0'

mer 011° 57.3' IE (off) J±) 02. 3 '

GR -\ 089° 49.4 ' Obs 2It 28° 13 .3'

dec 2 1; 36.1'S Dip ( l Orn) ( - ) 0:5 .6'
d (0.4) (+) 00.3 ' App alt 28° 07.7'

dec 21 ° 36.4'S Tot Corm UL (-) 17. 8 '

lat 26° 27.0 'N T alt 27° 49.9'
(L - D) 48° 03.4' TZD 62° 10.1'

•

--"p. ' .

Nat Hav ZD 0.26656
Nat Hav(L - D) 0. 16580
NatHavdiff 0.10076
(See note 1 below to obtain LHA) ~

Log Hav d.iff
Log Sec L
Log Sec D
Log Hav LH...c\

9.00329
0.04802
0.03 164
9.08295

LHA
GHA
Obs long
DR lat

31 9° 16.8'
089° 49 .4 '
130° 32.6 'W
26° 27.0 'N

A 0.58 S
B 0.61 S

C Ll9 S
Az 136 . 7 °(n~ Az S 43 .3° E

I

PL 046.7° - 226.7° through DR lat and Obs long. Answer.
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Notes
(1 ) Before meridian passage, LHA \\; 11 be between 180° and 360°

- obtain LHA from the bottom of the Haversine Table. After
meridian passage, LHA will be between 000° and 180° ­
obtain LHA from the top of the Haversine Table.

(2) Correct ion of altitudes has been explained in Chapters 9 & 10.
(3) To obtain (L - D), same names subtract, opposite names add.
(4) The answer must clearly state the direction of the PL and that

it is to be drawn through DR lat and Obs long.

Solution by scientific calculator:

Cos p = Sin T alt + Sin lat. Sin dec

Cos lat . Cos dec

Note :- If Lat and dec are same name (-), contrary names (-r-). .
Hence in the formula, (-) has been put above the (-r-) .

,

T alt = 27° 49.9 ' lat = 26° 27.0 ' N dec = 2 1° J I) -t 'S

Cos P = Sin 27° 49 .9'(+)Sin 26° 27.0 ' . Sin 21° 36 .4 ' = 0.757907

Cos 26° 27.0' . Cos 21° 36 .4'

P =40° 43 .2 ' . Before mer pass so LHA = 360° - P = 31 9° 16.8'
, GI-L~ = 0 89°49 . ~ '

Obs long = 1300 32.6 'W
•

A = Tan lat
Tan P

B = Tan dec
Sin P •

Tan Az = _ --0..1__
C . Cos lat

If LHA < 180°, P = LHA. If LHA > 180°, P = (360 - LHA).

Naming of A, B and Azimuth is as stated before. When P > 90°,
the minus sign obtained for the value of A is to be ign ored as it is
taken care of by changing name of A (see note 2, Chap . 1 ~ .2) .
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A = Tan lat = Tan 26° 270' = 0.5779801 5
Tan P Tan 40° 43 .2'

B = Tan dec = Tan 21° 36.4' - 0.60711995

Sin P Sin 40° 43.2'
C - 1.1851000 5

Tan Az = I = 0. 9424646
C (Cos 26° 27')

Az = 5 43.3° E .

i.e., 136.7° (T)

PL 046.7° - 226.7° through the DR lat and the Obs long. Answer.

EXERCISE 8
(Longitude by chron - SUN)

(I) On 31st Aug 1992, PM at ship in DR 10° 11'5 000° 00', the

Sextant altitude of the Sun's LL was 39° 15' when the chron
(error 01m 30s fast) showed 03h 11m 20s. If IE was 2.5' on
the arc and HE was 17m, find the direction of the PL and a
position through which to draw it.

(2) On 30th April 1992, in DR 00° 20 'N 60° 12'W, the sextant
altitude of the 5 uri's UL East of the meridian was 44° 13.4'
when chron (error 03m 09s slow) showed OOh 51m 43s . If IE
was 3.1' off the arc and HE was 20m. find the direction of the
PL and the longitude where it crosses the DR lat.

(3) On 19th Jan 1992, at about 1530 at ship in DR 40° 16'S 175°
31 'E, the sextant altitude of the Sun's LL was 43 ° 27.4' when
the chron (error 02m 12s fast) showed 03h 50m 12s . If HE
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was 22m and IE was 1.5' on the are, required the direction of
the PL and a position through which it passes.

(4) On 22nd Sept 1992, PM at ship in DR 48° 20'N 85° 40'E,

the Sextant altitude of the Sun's UL was 20° 14.8' when the
chron (error 06m 18s slow) showed 10h 03m 20s. If IE was
2.2' on the arc and HE was 25 Ill, find the direction of the PL
and a position through which it passes.

(5) On 5th March 1992, AM at ship in DR 38° l1'S 151° 10'E,

the sextant altitude of the Sun's LL was 35° 59.1' when the
chron showed 10h 54m 54s. The chron was 01m 20s slow at
1.2h GMT on 25th Feb 1992 and gaining 4s daily. If IE was
1.3' off the arc and HE was 30m, find the direction of the PL
and a position through which it passes.

1 ~ - T • '" T'N-+ .:J rn rer cep t .. .:J U :-

n n 1 ~ - - . - . ... - , . nc ... - \'~ ' •I .... 'J~ ' '\.: , I ; ..... ..1l" . " .,_ l . _ _ _ . .. ,.J ."_ • L: . ....

sextant altitude of the Sun's UL East of the meridian was 28° 11',
when the chron (error 01m 31s fast) showed 05h 49m 20s. If HE
was 10m and IE was 2.3' off the arc, calculate the direction of the
PL and a position through which it passes.

d h m s d h m s
Chron 05 49 20 or 17 49 20
Error (-) 01 3 I .<-) 01 3I
GMT 05 47 49 29 17 47 49
LIT(W) (-) 08 41 48 (-) 08 41 48
L~IT 21 06 01 29 09 06 01

GMT 29d 17h 47m 49s
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Solution by Nautical Tables:

Hay CZD = (Hay LHA . Cos L . Cos D) + Hay (L - D)

GHA

Incr

GHA

Long W

LHA.

dec
d (0.4)

dec

lat
(L - D)

Notes

077° 52.1'

011 ° 57.3 '

089° 49.4'

130° 27 .0 '

31 9° 22.4'

21 036.1'S

(+) 00.3'

21° 36.4 'S

26° 27.0'N
48° 03.4'

I

0.0
c::o......

DR lat

Sextalt 28° 11.0'

IE (off) (+) 02.3 '

Obs alt 28° 13 .3 '

Dip (lOrn) 1:) 05.6 '
•

App alt 28° 07.7'

Tot Corm UL1:) 17 .8 '
T alt 27° 49.9'

TZD 62° 10.1 '

Log Hav LHA 9.08104
Log CosL 9.95198
Log Cos D 9.96836
Log Hav sum 9.00 138
Nat Hav Surn 0 .10032
]\at Hav(L - D)0 16580
Nat Hav CZ D 0.266 12

CZD 62° 06.7'

TZD 62°1 0 .1 '

Int (AWAY) 03.4'

DR lat 26° 27.0'N

DR long 130° 27.0'W

A 0.58S Az S 43.3° E
B 0.61S i.e. 136 .7°(T)
C 1.1 9S PL 046 .7- 226 .7

•

(l) A rough sketch (not necessarily to sca le) should be drawn to
show that the student knows whe re the PL is to be drawn .

(2) Calculation of the latitude and longitude of the ITP (intercept
terminal point) is not necessary in such a problem.

"
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Solution by scientific calculato r

Cos CZD = Cos p . Cos Jat . Cos dec ± Sin lat . Sin dec

Note:- If Lat and dec are same name (+), contrary names (-).
Hence in the formula, the (+) has been put above the (-)
The signs are QIllJosite to that for long by chron formula.

If LHA lies between 0° and 180°, P = LHA
IfLHA is between 180° & 360°, P = 360 - LHA

P = 40° 37.6' Jat = 26° 27 .0'N dec = 21 ° 36.4'S

Cos CZD = Cos 40° 37.6' . Cos 26° 27.0' . Cos 21° 36.4 '
(-) Sin 26° 27.0 ' . Sin 21 0 36.4 '

= 0.46775 75 CZD = 62° 06.7'
TZD = 6:2 0 Io.I.

J' ., . ( <, ; : :. .,:) .z: • ; '
.u. L. ",,",\ '(.,. .:\. ... .J . -r

A = Tan lat- ._-
Tan P

A=

B =Co Tan dec
Sin P

Tan Jat = Tan 26° 27 .0'
Tan P Tan 40° 37.6 '

Tan A:z = _--"--1__
C . Cos lat

= 0.5798880 S

B = Tan dec = Tan 2 1° 36.4' = 0.6082719S
Sin P Sin 40° 37.6'

C = 1.1881599 S

Tan Az = 1 = 0.94003 74
C (Cos 26° 27')

Az = S 43.2° E
i.e., 136. 80 (T)

DR lat 26° 27.0'N DR long 130° 27.0 'W Intercept 3.4 ' AWAY,
Azimuth 1368°(T) PL 046 .8° - 226.8° Answer.
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EXER CI SE 9
(Intercept - SUN)

(1) On 5th March 1992, AM at ship in DR 38° II 'S 15 1° 10'E,
the sextant altitude of the Sun's LL was 35° 59. I' when the
chron showed 10h 54m 54s. The chron was Olm 20s slow at
12h GMT on 25th Feb 1992 and gaining 4s daily. If IE was
1.3 ' off the arc and HE was 30m, find the direction of the PL

•

and a position through which it passes .

(2) On 22nd Sept 1992, PM at ship in DR 48° 20'N 85° 40'E, the
Sextant altitude of the Sun's UL was 20° 14.8' when the
chron (error 06m 18s slow) showed 10h 03m 20s. If IE was
2.2' on the arc and HE was 25rn, find the direction of the PL
and a position through which it passes.

(3) On 19th Jan 1992, at about 1530 at ship in DR 40° 16'S 175°
31 'E, the sextant altitude of the Sun's LL \vas 43° 27.4' when
the chron (error 02m 12s fast) showed 03h 50m 12s. If HE
was 22m and IE was 1.5' on the arc, required the direction of
the PL and a position through which it passes.

(4) On 30th April 1992, in DR 00°.20'N 60° 12'W, the sextant
altitude of the Sun 's UL East of the meridian was 44° 13 .4 '
when chron (error 03 m 09s slow) showed OOh 57m 43s. If IE
was 3. 1' off the arc and HE was 20m, find the intercept and
the direction of the PL.

•

(5) On 31st Aug 1992, PM at ship in DR 10° lI'S 000° 00' , the
sextant altitude of the Sun ' s LL was 39° 15' when the chron
(error 01m 30s fast) showed 03 h 11m 20s. If IE was 2 .5' on
the arc and HE was 17m, find the direction of the PL and a
position through which to draw it.
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14.6 Ex-meridian - SUN:-

On 4th March 1992, DR 27° 18'N 168° 11'W, the sextant

altitude of the Sun's LL near the meridian was 56° 19.8' when the
chron showed lIh 13m 24s . If chron error was 0 lrn 20s slow, HE
was 12m and IE was 2 .8' on the are, find the direction of the PL
and a position through which it passes. Note: Near the meridian
means that working is to be by the ex-meridian method .

d h m s d h m s
Chron 11 13 24 or 23 13 24
Error (+) 01 20 (+) 01 20
GMT 11 14 44 04 23 14 44
LIT(W) (-) 11 12 44 (-) 11 12 44
LMT 00 02 00 04 12 02 00

Grvrr 04d 23h 14m 44s

So lution by Na utical Tab les:

GHA
Incr

GHA
Long W

LHA

dec
d (1. 0)

dec

gl
- '~ I
o j

162° 06.4'

003 ° 4 1.0'

165° 47.4'

168° 11. 0 '

357° 36 .4 '

06° 03.2 '5
f -) 00 .2 '

06° 03 .0'5

Sext alt 56° 19.8"

IE (on) (-) 02.8 '

Obs alt 56° 17.0 '
Dip (l2m) i:.) 06 . 1.

App alt 56° 10.9 '

Tot Corm LL f+) 15 .6'
T alt 56° 26.5'5

TZD 3",, 0 ~~ -'N
" -'.Y .).

Reduction (-) 0~ . 9· *

A 12.405 tvfZD 33° 28.6'N

B 02 .53 S dec 06° 03.0 '5

C 14.93S Obs lat 27° 25.6·N,

Az S4.3°E DR long 168° 11.0·W

i.e., 175 .7°(T) P L 0 85 .7°-265.7°
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.. Working steps to obtain Reduction from Nautical Tables:-

From Table I - value F (Burton's) or value A (Nories) = 3.20
From Table II, First Correction - 4.9'
From Table ill, Second Correction = (-) 0.0'
Reduction to the TZD observed - 4.9 '

Notes:
(1) In this problem, no hint of ship's time is given but it is noticed

the possibilities of LMT are DOh or 12h. Since mer pass of
Sun must be close to 12h only, DOh is impossible.

(2) By entering ex-meridian table I with lat and dec, we get A
(Norie's Tables) or F (Burton's Tables) . There are separate
tables for lat & dec having same name and contrary names.

(3) By entering ex-meridian table II with LHA and A (or F), we
get the First Correction which is in minutes of arc.

(4) By entering ex-meridian Table ill with first correction and true
all, we get the Second Correction.

(5) Second Correction is always subtracted from First Correction
to get the Reduction (or R) in minutes of arc.

(6) The value ofR is to be subtracted from TZD to get ?>.1ZD.
(7) Some books say ' Add reduction to true altitude to get rncr.dia....1.

alt. Then subtract 90° to get MZD'. Though this is
mathematically correct, this method cannot be practically
reasoned and explained to the student. Reduction should
reduce something, not increase. Also, the student can easily
remember that, except for Polaris, sextant altitude should be
converted into TZD in all problems in Practical Navigation.

(8) Ex-meridian table IV is not actually used in working' the
problem. It is used only to ascertain the ex-meridian limits
(EML) as explained in Chapter 13 (4).

(9) Whether MZD and dec are to be added or subtracted, to obtain
Obs lat, is decided by naming the true alt and MZD as
explained earlier in this Chapter under' Lat by mer alt - Sun'.

(10) MZD can also be obtained by the Haversine formula:-
Hav MZD = Hav TZD - (Hav LHA . Cos L . Cos D) .
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Solution by scientific caJculator:-

Cos MZD == Cos TZD + [(1 - Cos P) . Cos DR Jat . Cos dec]

•

Note: TZD 33° 33 .5', P 2° 23.6', DR (at 27° 18'N, dec 06° 03'5

= Cos 33°33.5' + [(1- Cos 2°23 .6') . Cos 27°18' . Cos 06°03']

= 0.8340942. Hence MZD, by scientific calculator, = 33° 28 .T

MZD - 33° 28.7' N A = Tan lat = 12.3490340 5-
dec - 06° 03.0' S Tan P-

Obs lat - 27° 25.7' N B = Tan dec = 02.5380303 5-

DR long == 168°11'W Sin P
C == 14.88706405

Tan Az == 1 - 0.075592
C . Cos lat

-000-

'.
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Exercise 10

(Ex-meridian altitude - SUN) • •

(1) On 1st Sept 1992, in DR 23° 18'N 165° 02'E, the sextant
altitude of the Sun's UL near the meridian was 75° 01.7' when
chron (error 03m 21s slow) showed OOh 45m 51s. If IE was
3.2' off the arc and HE was 20m, find the direction of the PL
and a position through which it passes .

(2) On 2nd May 1992, in DR 15° 36'S 080° 11 'W, the sextant
altitude of the Sun 's LL near the meridian was 58° 25.6 ' when
chron (error 02m 18s fast) showed 05h 40m 06s. If IE was
1.6' on the arc and HE was 15m, find the direction of the PL
and the lat where it cuts the DR long.

(3) On 6th March 1992, in EP 52° 12 'N 170° 40'E, the sextant
altitude of the Sun's UL near the meridian was 31° 59.8' when
chron (error 01m 50s fas t) showed 01h 29m 20s. If IE was
2.3' on the arc and HE was 40m, find the direction of the PL
and a position through which to draw it.

(4) On 21st Jan 1992, in DR 00° 00' 97° 48'W, the sextant
altitude of the Sun's LL near the meridian was 69° 28.7' when
chron (error 12m 05s slow) showed 06h 13m 27s. If IE was
2.0' off the arc and HE was 12m, find the direction of the PL
and a position through which it passes .

•

(5) On 23rd Sept 1992, in EP 48° 20'S 158° 46'E, the sextant
altitude of the Sun 's LL near the meridian was 41 ° 36.7' at
01 h II m 16s cmon time. If chron error was II m 04s fast, IE
was 3.4' on the arc and HE was 17m. find the direction of the
PL and the lat where it cuts the DR long.
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w o D EXAMPLES

EX ERCISES - STARS

15.1 Latitude by meridian altitude - STAR: -

On l st Dec 1992, At\-f at ship in DR 45" 20 ' S 75°00 'E,

the sextant meridian altitude of the star PR OCYON v.....as 39°
28.8'. If IE was 1.5 ' off the arc and HE was 25m, find the latitude
and the PL.

Sext AIt 39° 2 8.~ ,
IE (off) (+) 01.5 .

O bs aIt 39° 3 0 . ~' '
Dip (25m) ( -) 08 .3 '-
App ait 39° 21.5 '

Tot corm (-) 0 1.2 '

T alt 39° 20 .3 ' N ~ (Named same as azimuth)

MZD 50° 39. 7' S ~ (Named opposite to T alt)

Dec 05° 14.6' N ~ (Contrary names subtract)

Latitude 45 " 25 .1' S PL :- E - W
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Sometimes, the question also says .State the GMT of
meridian passage ' . In such a case, proceed as follows: -

GHA * + E (or - W) long = ilIA *

Note GHA. * = GHA y + SHA *. At mer pass *, LHA* = 360°
SHA * is obtained from that day's page in the almanac.

Hence at mer pass *, GHA y + SHA * +- E (or - W) long = 360°

GHA y + 245° 15.5 ' + 75 ° 00' = 360° or GHA y = 039°44.5'
From almanac, for GMT December Old 21h GHA y = 025°57.9'

54m 57s -(- Increment -(- 013°46.6'

Note: In referring to the almanac, it has been assumed that the
date of GMT would be the same as that of ship i.e., 1st
D b "L ' . , " 1 1 t, d fecem er. I1GWeVer, I: may oe PZ-SSlD lC mat t. .e ate 0

GMT may be one day earlier or later than that assumed. It is• •

therefore necessary to check up by applying LIT to the
assumed GMT, as shown below, and alterations made, if
necessary, to the GMT date and time.

G MT mer pass: Dec Old 21h 54m 57s
LIT (E) [±)'-----=o=5__''o~0__"0=0

LMT 02 02 54 57 But reqd date is 1st Dec
(-) 23 56 04 (one sidereal day)*

Correct LMT 01 02 58 53
LIT (E) (-) 05 00 00

Correct GMT Nov 30 21 58 53 Answer.

* The time interval between any two successive meridian passages
of y is one sidereal day which is equal to 23h 56m 04s. Hence
one sidereal day may be added or subtracted as appropriate to
ensure that the meridian passage is correct for ship 's date.
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EXERCISE - 11
(Latitude by meridian altitude - STARS)

(1) On 4th March 1992, in DR 45° 10'N 120° 30 'W, the sextant
meridian altitude of the star A.t~TARES was 18° 26.2' . If IE
was 3.2 ' off the arc and HE was 10m, find the latitude and
state the direction of the PL (LOP) .

(2) On 12th Sept 1992, DR 43° 05'S 72° 20 'E, the sextant
meridian altitude of the star ALDEBARAt'l was 30° 40.2' . If
IE was nil and HE was 18m, required the latitude and PL
(LOP) and state the GrvIT of meridian passage.

(3) On 22nd Sept 1992 , in DR longitude 90° 06'E. the observed
altitude of the star RlGEL on the meridian was 73° 24.2 '
North of the observer. If HE was l.5m, find the latitude and
the PL. State the L\IT of meridian passage .

(4) On 20th Jan 1992 , in DR 57° 31 'N 164° 20 'W, the sextant
meridian altitude of the star DIPHDA was 14° 33 .7'. If IE
was 0.6' on the arc and HE was 14.5m, find the latitude and
the direction of the PL State the GMT of meridian passage.

(5) On 1st May 1992, in DR 30° 18'N 135° 02'W, a back angle
sextant meridian alti tude of the star REGUL US was IOso
16.5' . If HE was 14m, and IE was 2.4' on the are, required:
::,<; G~,fT of mer pass, the latitude and the direction of the PL.

15.2 Azimuth - STAR :-

On 2 1st Sept 1992, PM at ship in DR 43° IS'S· 140°
11 '\Y. the star CA..l"i OP US bore 150° (C ) at 07h 28m 52s chron
time (error 02m 125 slow). If Var was 3°E, find dev of compass.
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d h m s d h m s
Chron 07 28 52 or 19 28 -7) -

Error (+) 02 12 f±) 02 12
GMT 22 07 31 04 19 31 04
LIT(\\!) f -) 09 20 44 ( -) 09 '20 44
LMT 2 1 22 10 20 10 10 20

GMT 22d 07h 31m 04s

GHAy 1060 23 .7' From Nautical Tables•

Lncr 007°47.3' A 0.5 8 S
GHAy 114° 11.0' B 1.55 S
Long(W) (-) 140° 11.0' C 2.13 S Alternative
LH.:\ y 334000.0' T Az 147.2° (T) TAz 147.2° (T)

•

SHA * 264° 03 .1' CAz 150.0c (C) Var 3.00 E

U -I.A. * "r8° O~ l ' Error 2.8° W M Az 144.2 0 M_:J :J .

dec -7° 4 1 7'S Var ~ 0° E C ..Az 150.00 (C)) - .- j .

fat 43° 18.0 'S Dev 5.8° W Dev 5.8 0 \V

Note: Working is vel)' similar to that of azimuth - Sun except that
GHA y and SHA* have been used (see Chapters 2 & 4.6).
When looking up GHA y and its increment care must be
taken to consult the y columns and not those of the Sun.

Calculation of Azimuth by scientific calculator:

A = Tan Jat
Tan P

B = Tan dec
Sin P

Tan .Az = _--.2..-1_ _
C . Cos Jat

If LHA < 180°, P = LHA. If LHA > 180°, P = (360 - LHA.).
Naming of A, B and Azimuth is as stated under Az Sun (Chapter
14.2). When P > 90°, the minus sign obtained fo r the value of A
is to be ignored as it is taken care of by changing name of A (see
note 2 under Chapter 14.2).
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Tan P
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= T an 43° 18 0' = 0.587666 1 S

T an 121 ° 56.9'

B = Tan dec = Tan 52° 41. 2 ' = 1.546275 2 S

Sin P Sin 12 1° 56.9 '

C = 2.1339413 S

Tan Az = 1 = 0.6439049

C (Cos 43° 18')

Az = S 32 .8° E

i.e., 147,2° (T)

EXERCISE 12
(Azimuth - STARS)

(1) On 6th March 1992, Nvf at ship in DR 24° 12'5 83° 46'E,

the azimuth of the star ALT AIR was OnO(C) at 10h 38m 40s
ehron time . If chron error was 03 m 245 fast and variation was
:3 oW, fin d the devi ation for the shi p 's head .

(2) On 30th Nov 1992, PM at ship in DR 48° 57'N 173° 18'W,

the azimuth of the star VEGA was 296"(C) at 07h 27m 125
chron time. If ehron error was 12m 10s slow and variation

was 3°W, calculate the deviation of the compass .

(3) On lst May 1992, A M at ship in DR 62° 11' 5 179° 58'E, the

azimuth of the star SPICA was 312°(C) at 0 lh 03m 165 chron

time (error 03m 08s fast) . If varia tion was 100E , find the
deviation for the ship's head.

(4) On 13th Sept 1992 , in DR 30° 46 'N 90° 36'W, the star

RASALHAGUE bore 275"(C) at 04h 36m GMT. If variation

was 5°W, find the deviation of the compass .
(Caution Date g iven is ship 's da te not GMT date)
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(5) On 21st Jan 1992, at 0320 ship's time, in DR 64° 12'N 1120

18'E, the star DENEB bore 034.5°(C) . If variation was 4°E,
and ship's time was 7h ahead of GMT, find the deviation.

15,3 Longitude by chronometer - STAR:-

On 23rd Aug 1992 PM at ship in DR 34° 31'S 03° 30 'W,

the sextant altitude of the star SPICA was 45° 27.2' when ehron
(error 02m 19s slow) showed 06h 15m OOs . Ifill was 11m and IE
was 2.1 ' on the arc, calculate the direction of the PL and a position
through which it passes.

d h m s d h m s
Chron 06 15 00 or 18 15 00
Error (+ ) 02 19 (+ ) 02 19
GMT 06 17 19 23 18 17 19
LIT(W) (-) 00 40 00 (-) 00 40 00
LMT 05 37 19 71 17 37 IQ--

GMT 23d I gh 17m 19s

••

Solution by Nautical Tables:

Hav LHA = See L . Sec D [Hav ZD - Hav (L - D)]

GHAy 242° 16.6 ' Sex'! a lt 45 ° 27 .2 '
lner 004° 20.5 ' IE (on) (-) 02 .1'

GHAy 246° 37. 1' Obs alt 45° 25.1 '

SHA * 15 8° 47 .8' Dip (lIm) (-) 05 .8'

GHA * 045 ° 24.9' App alt 45° 19.3'
dec 11°07.4 ' 5 Tot Corm (-) 01.0'
lar 34° 3 1.0' 5 T alt 45 °18 .3 '
(L - D) r o 7 ~ 6' TZD 44° 4 1. T_ J _ J.

108



[/5 - STARS}

Nat Hav ZD 0.1445 7
Nat Hav(L-D) 0 .041 1O
Nat Hav diff 0.10347
(See note 1 below to obtain LHA) ---)0

Log Hav iliff
Log Sec L
Log Sec D
LogHavLHA

9.01479
0.08409
0. 00824
9.1071 2

LHA* 04 1° 55.4' A 0.76 N

GHA* 045° 24.9 ' B 0 .29 S
Obs long 003° 29.5 'W C 0.47 N

DR lat 34° 31.0'S A2 291.2° (n*-Az N 68.8° W

PL 021.2° - 201.2° through DR Iat and Obs long . Answer.

Notes

(1 ) When converting Log Hav LHA into calculated LHA * a
small doubt arises whether LHA should be a small number or
a large one i.e. , 041 ° or 319° in this problem. This doubt is

removed by applying DR long to GHA * and getting

approximate LHA *. The calculated LIM. wil l be very close
to the approximate LHA.

(2) Working is similar to long by chron Sun except that GHA Y

and SHA * are to be used.
(3) For entering ABC Tables, use the calculated LHA.
(4) The answer must clearly state the direction of the PL and that

it is to be drawn through DR lat and Obs long.

Solution by scientific calculator:

Cos P = S in T alt =1= Sin tat . Sin dec

Cos lat . Cos dec

Notc: - If La t and dec are same name (-), contrary names (+).
Hence in the form ula, (-) has been put above the (+) .
Entire numerato r is Sin and entire denominator is Cos
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dec = 11 ° 07.4'5

Cos p = Sin 45° 18.3 'C:.)Sin 34° 31.0 ' . Sin 11 ° 07.4 ' = 0.744039

Cos 34° 31.0' . Cos 11 ° 07.4 '

P = -l1 ° 55.4' (See foregoing note no:1) LHA = P = 041 °55.4 '
GHA. = 045 °24 .9'

Obs long = 003 °29.5'W

A = Tan lat
Tan P

B = Tan dec
Sin P

Tan A.z. =_~1__
C . Cos lat

If LHA < 180°, P = LHA. If LHA. > 180°, P = (360 - LHA).
Naming of A, B and Azimuth is as stated before. When P > 90°,
the minus sign obtained for the value of A is to be ignored as it is
taken care of by changing name of A (see note 2, Chap. 14.2).

A= Tan lat

Tan P

= Tan 34° 31 0'
Tan 41 ° 55.4'

= 0.765 8369 N

•

B= Tan dec = Tan 11° 07.4'
Sin P- Sin 4 1° 55 .4'

C

= 0.2942743 S
. ------------

= 0.47 15626 N

Tan Az = 1 = 2.573 6755
C (Cos 34° 3 1')

I I (j

Az =N 68.8° W
i.e., 291 .2° (T)
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EXERCISE 13
(Longitude by ch ron - STAR)

(1) On 29th Nov 1992, fu\-! at ship in DR 25° 30'S 107° 20'W,

the sextant altitude of the star RIGEL was 35° 10.3' when the
chron (error 02m 50s fast) showed l lh 32m l Os. If IE was
2.S' on the arc and HE was 12m, find the direction of the PL
and a position through which to draw it.

(2) On 22nd Sept 1992 , PM at ship in DR 60° 10 'N 92° 27'E, the

sextant altitude of the star ARCTURUS was 25° 0 I ' when
chron (error 05m Ols slow) showed OOh 46m 31s . If IE was
0.2 ' on the arc and HE was 17m, find the direction of the PL
and the longitude where it crosses the DR lat.

(3) On 19th Jan 1992, a t about 1900 at ship in DR 00° 02 '1\ 1700

SOT the sextant al titude of the star BETELGE USE was 43°
I ll' when the chron (erro r a i m ISs fast) showed 07h 35m
02s. If HE was ISm and IE was 1.3' off the are, required the
di rection of the PL and a position through which it passes .

(4) On 30th Apri l 1992, PM at ship in DR 34° I S'S 40° 20'W,

the observed altitude of the star SIRl US was 5r 50.7' at OSh
S l rn 3Ss chron time . The chron erro r was OOm l Os slow at 12
G MT on 22nd April and its daily rate was 3s gaining. If HE
was 2 1rn, find the direction of the PL and a position through
which it passes

(5) On 31 st Aug 1992 , A.:vl at ship in DR 40° 30 'N 64° 56T the

sextant alti tude of the star DIPHDA was 21 ° 23.4' when the
chron (error ni l) showed OO h 20m 26s If IE was 0 .9' off the
arc and HE was 9m, find the d irection of the PL and a pos ition
through which it passes

III
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15.4 Intercept - STAR:-

On 23rd Aug 1992 in DR 34° 31 'S 003 ° 30'W, at about

1800 hours at ship , the sextant altitude of the star SPICA was 45°
27.2' , when the chron (error 02m 19s slow) showed 06h 15m OOs.
If HE was lim and IE was 2.1' on the are , calculate the direction
of the PL and a position through which it passes .

d h m s d h m s
Chron 06 15 00 or 18 IS 00
Error ( -t-) 02 19 {±) 02 19
GMT 06 17 19 23 18 17 19
LIT(W) {-) 00 14 00 (-) 00 14 00
LMT 06 03 19 23 18 03 19

G~H 23d 18h 17m 19s

Solution by Nautical T ables :

Hay CZD == (Hay LHA . Cos L . Cos D) + Hay (L - D)

GHAy 242° 16.6 ' SeA1 aIt 45° 27.2 '
Incr 004° 20 .5 ' IE (on) ( -) 02 .1 '

GHAy 246° 37.1' Obs alt 45° 25 .1'

LongW 003° 30.0'W Dip (l im) ( -) 05 .8"

LHAy ' 243° 07.1' App aIt 45" 19.3"

SHA * 15 8° 478' Tot Corm {-) 01.0'-
LHA * 041 ° 54. 9 ' T alt 45° 18.3 '

TZD 44° 41.1'-
Log Hay LHA. 9.10698

dec 1I 0 07.4 'S Log Cos L 9.91591
lat 34° 3 1.0'5 Log Cos D 9. 99176

(L - D) 23° 23.6. Log Hav swn 9.0 1465
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Oil
Co-

Nat Hav Sum 0.10343
Nat Hav(L - D)0.04110
Nat Hav CZD 0.14453
CZD 44° 4 1.3'

TZD 44° 4 1. 7'
Int (AWAY) 00.4'
DR lat 34° 31.0 ' S
DR long 03° 30.0'W
A 0.76N
B 0.29S Az N 68 .8° W

C 0.47N i.e. 29 1.2° (1)

PL 021.2° - 201.2° (1)
Notes
( I) A rough sketch (not necessarily to scale) should be drawn to

show that the student knows where the PL is to be drawn .
(2) Calculation of the latitude and longitude of the ITP (intercept

terminal point) is not necessary in such a problem.

Solution by scientific calculator

Cos CZD = Cos p . Cos lat. Cos dec ±Sin lat. Sin dec

Note:- If Lat and dec are same name (+), contrary names (-).
Hence in the formula, the (+) has been put above the (-).
The silffiS are QPjJosite to that for long by cmon formula.

IfLHA < 18 0°, P = LHA. & if > 180°, P = (360 - LHA).

P = 41°54 .9 ' la t = 34° 31.0 '8 dec = 11° 07.4 '8

Cos CZD = Cos 4 1° 54.9 '. Cos 34° 31.0 ' . Cos 11 ° 07.4'
•

(+) Sin 34° 3 1.0 ' . Sin 11° 07.4 '

= 0.7109397 CZD =44°41.3'

TZD = 44° 4 I7'
Inc (AWAY) = o.·r
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A = Tan lat
Tan P

A =

B = Tan dec
Sin P

Tan lat = Tan 34° 310' -
Tan P Tan 41° 54.9'

Tan Az = _--,-I__
C . Cos lat

0 .7660610 N

B= Tan dec = Tan 11° 07.4'
SinP Sin41 °54 .9 '

C

= 0.2943219 S

-- --
= 0.471739IN-

Tan Az > I =2.57271 25
C (Cos 34° 3 1')

Az=N68.8°W
i.e ., 291.2° (T)

DR lat 34° 31.0 '5 DR long 003 ° 30.0 ·W intercept 0.4' AWAY

.Azimuth 291.2°(T) PL 0212° - 201.2° (T) Answer.

EXERCISE 14
(Intercept - STARS)

(1) On 30th April 1992, PM at ship in DR 34° 18'S 40° 20 'W,
the observed altitude of the star SIRIUS was 57° 50.7' at 08h
52m 05s ehron time. The ehron error was Olm 40s fast at 06
GMT on 16th April and its daily rate was 4s losing. If HE was
2 IIn, find the direction of the PL and a position through which
•

It passes .

(2) On 19th Jan 1992, at about 1900 at ship in DR 00° 02 'N 170°
50'E, the sextant altitude of the star BETELGEUSE was 43°

•,

11.1' when the ehron (error Ol m 18s fast) showed 07h 35m
02s. If HE was 18m and IE was 13' off the are, required the
direction of the PL and a position through which it passes.
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(3) On 29th Nov 1992, AM at ship in DR 25° 30 'S 107° 20 'W,

the sextant altitude of the star RIGEL was 35" 10.3' when the
chron (error 02m 50s fast) showed 11h 32m lOs . If IE was
2 .8' on the arc and HE was 12m, find the direction of the PL

and a position through which to draw it.

(4) On 31st Aug 1992, AM at ship in DR 40° 30 'N 64° 56'E, the

sextant altitude of the star DIPHDA was 21 ° 23.4' when the

chron (error Olm 06s fast) showed OOh 21m 32s. If IE was
0.9 ' off the arc and HE was 9m, find the direction of the PL

and a position through which it passes.

(5) On nnd Sept 1992, PM at ship in DR 60° 10'N 92° 27'E, the

sextant altitude of the star ARCTURUS was 25 ° 01' when
chron (error 05m 0 Is slow) showed OOh 46m 31s. If IE was
0. 2 ' on the arc and HE was 17m, find the direction of the PL

and the longitude where it c rosses the DR lat.

1 _ - £ . j . c-1' ·' R ·
~.~ x-men c u n - ~, .""\. .-

On 2nd Ma rch 1992 , P ~,; f at ship in DR 16° 12 'N 92°
10 'E, the sextant altitude of the star CAPELLA near the meridian

was 60° 29 .4 ' at OOh 30m 12s chron time (error 02m 06s slow). If

HE was 48m and IE was 2.0' off the are, find the direction of the

PL and a ps sition through which it passes . Note: Near the
meridian means that working is to be by the ex-meridian method.

d h m s d h m s
C hron 00 30 12 or 12 30 12
Error (+) 0 2 06 (+) 02 06
GMT 00 32 18 02 12 32 18
L1T( E) (+) 06 0 8 40 (+) 06 08 40
LI\IT 06 4 0 58 02 18 40 58

GMT 02d I1h 32m I8s
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Solution by Nautical Tables:

GHAr 340° 31.7' Sext alt 60° 29.4'

Incr 008° 05.8 ' IE (off) (+) 02 .0 '

GHA r 348° 3 7.5 ' Obs alt 60° 3 1.4 '

Long E 092° 10.0' Dip (48 m) (-) 12.2 '

LHA r 080° 47.5 ' App alt 60° 19.2'

SHA* 280° 57.9' Tot Corm ( -) 00 .6'

LHA* 001 ° 45.4' T alt 60° 18.6' N

dec 45° 59 .6'N TZ D 29° 41.4' S
Reduction C:) 2 . I

A 09.56S MZD 29° 39.3' S

B 33 .77N dec 45° 59.6 ' N

C24.21N Obs lat 16° 20 T N

A.z N2.5 °W DR long 92° 10.0 ' E

i.e., 357.5° (n PL 087.5°- 267 .5 °

* Working steps to obtain Reduction from Nautical Tables :-

From Table I - value F (Burton' s) or value A (Norie' s) = 2 .63
From Table II, First Correction - 2.1'
From Table III, Second Correction = (-) 0.0'
Reduction to the TZD observed - 2 .1 '

Notes

(1) Working is similar to Ex-meridian altitude Sun (Chapter 1.f .6)
except that GHA y and SHA * have to be used.

(2) Ex-meridian star can also be worked by the Haversine formula
as mentioned in Chapter 14 .6 (note: 10).
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Solution by scientific caJculator:-

Cos MZD = Cos TZD + [(1 - Cos P) . Cos DR Iat . Cos dec]

Note: TZD 29° 4 1.4 ', P 1° 45.4', lat 16° 12 'N, dec 45° 59.6'N

= 0.8690315 . Hence MZD, by scientific calculator, = 29° 39 .2'

MZD - 29° 39.2 ' S A = Tan lat - 09.5593685 S- -
dec - 45° 59.6 ' N Tan P-

Obs lat - 16° 20.4' N B = Tan dec - 33.7724840 N- -

DR long - 92° 10.0 ' E Sin P- ----------------
C - 24.2131155 N-

Tan Az = 1
C . Cos lat

- 0 .043038 A.z = N02Y W = 357 .5 ° (T )
PL = 087.5° - 267.5'0

E xercise 15
(Ex-meridian alti tude - STARS)

(1 ) On 12th Sept 1992, AM at ship in DR 00° 30 'S 160° 20'W,
the sextant altitude of the star ALDEBARA.1"\l' near the
meridian was 73° 09 .5' at 03h 59m 29s chron time (error 05m
03s fast) . If IE was 1.2' on the arc and HE was 9m, find the
direction of the PL and a position through which it passes .

(2) On 2nd May 1992, PM at ship in DR 44° II 'S 102 0 40 ' E, the
sextant altitude of the star POLL UX near the meridian was
17° 14.6' at 10h 52m 08s chron time (error 02m 125 slow) . If
IE was 3.6 ' off the arc and HE was 12m, find the direction of
the PL and the latitude where it cuts the DR longitude.- •

[ [ 7
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(3) On 20th Jan 1992, during morning twilight in DR 44° OTN
64° 47'E. the sextant altitude of the star ARCTURUS near the

meridian was 64° 58.8' at Olh 04m 54s by chron (error 10m
':;8s slow) . IE 3.1' off the arc; HE 18m. Find the direction of
the PL and a position through which to dray,' it .

•

(4) On 5th March 1992, at about 1835 hours at ship in DR 66°

40'N 86° 50'W, the sextant altitude of the star

BETELGEUSE near the meridian was 30° 35.2' when chron
(error 18m 04s fast) showed OOh 40m 30s, If IE was 0.7' off
the arc and HE was 14m, find the direction of the PL and a
position through which it passes .

(5) On 21st Sept 1992, AM at ship in DR 20° 50'S 62° 30'E, the
observed altitude of the star CAPELLA near the meridian was

23° 07.1' at Olh 15m 06s chron time. Ifchron error was OOm
. 04s slow and HE was 10m, find the direction of the PL and the
lat where it cuts the DR long.

15.6 Observation of Polar is :-

On 1st Sept 1992, AM at ship in DR 18° OO 'N 178° 11 'E,

the sextant altitude of the Pole star was 18° 47.4' at 05h 21m 08s
by chronometer (error 01m 18s slow). HE = 12.5m. IE = 1.6 ' on
the arc . Find the direction of the PL and a position through which

to draw it. If the azimuth was 001 ° (C) , and var was 1.3° E, find
the deviation .

d h m s d h m s
Chron 05 21 08 or 17 21 08

•

Error (+) 01 18 f±.) 01 18
GMT 05 22 26 Aug 31 17 22 26
LIT(E) f+) 11 -7 44 (+) 1152 44':L

LMT 17 15 10 Sep 01 05 15 10

GMT 31d 17h 22m 265 • •

118
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Sext a lt 180 47.4' GHAy 7J c o 07.3 '- )

IE (on) (-) 0 1. 6 ' [ncr 0050 37.4'

Obs alt 18° 45.8' GHAy 240° 44.7'
Dip (12 .5m) (J 06.2 ' Long E 178° 11.0 '

App alt 18° 39.6' LHAy 058° 55 .7'
TotCorrn {-) 02.8 '

T alt 18° 36 .8 ' True A2. 359.7° (T)
aD 00° 16.5 ' Comp A2. 001.0° (C)

al 00° 00 .6 ' Comp Err 1.3° (W)
az 00° 00 .3 ' Variation 1.3° (E)

Sum 18° 54.2 ' Deviation 2.6° (W)
(-) 1°

O bs lat 17° 54.2 'N

DR long 178° 11.0'E

PL 089.7°- 269.7°

NOTES

(1) Values of ao, at and az are obtained from the Pole Star Tables
given in the Nautical Almanac .

(2) The latitude obtained. by an observation of Polaris will be the
correct latitude ONLY if the PL is exactly E - W. If not, the
latitude obtained will be the latitude where the PL cuts the DR
longitude, as in the foregoing worked example.

(3) Sometimes, the DR lat is not given in the question. For the
purpose of obtaining at correction, the true altitude may be
used, in place of DR latitude, to enter the tab le.

(4) The latitude obtained. by an observation of Polaris must
necessarilv be N because the Pole Star is not visible from the-
Southern Hemisphere.

-00 0-
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Exercise 16
(Altitude and Azimuth - POLARIS)

(I) On the morning of l st Dec 1992, in DR 47 0 16"N 143 0 26'E,

the sextant altitude of the Polestar was 46° ::'0.7' at 08h 51m
15s chron time (error 05m l l s slow) . IflE was 2.1' off the arc
and HE was 17m, find the direction of the PL and a position
through which it passes.

(2) In the evening of 22nd Sept 1992, a ship in DR long 160°

12'W, found the sextant altitude of Polaris to be 36° 18.6' at
05h 23m 17s chron time (error 02m 09s fast). If IE was 2 .8'
on the arc and HE was 10m, find the direction of the PL and
the latitude where it cuts the DR longitude.

(3 ) At about 0:; 30 ships time on 1st M ay 1992. in D R longitude

1500E, the observed altitude of Polaris was 50° 46.8' bearing
005 ° (C) at 05h 30m 30s by chron (error nil). l-IE I ~i1 1 var

I°E. Find the deviation of the compass, the direction of the PL
and a position through which to draw it.

(4) On 6th March 1992, at 0200 ship's time in DR 20° 37'N 00°
00 ' , the Pole star bore 356° (C). If va riation was 3.7°W, find
the deviation of the compass.

( ::. ) On 13th Sept 1992. "P.! at ship in DR 37° 25 '1'1 72° .+6T . the

Pole star bore 350° (C) at 03h 59m 03s by chron (error 10m

03s slow). If va riation was 100E, find the deviation for the
ship 's head.

-000-
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WORKED EXAMPLES

AND

EXERCISES - PLANETS

16.1 Latitude by mer id ian altitude - PLANET: -
•

35 ° 14.2'
(-) 00 .5'

On 15th June 1992, in DR 45° 00 '5 91 ° 10 ' E, the sextant

meridian a ltitude of JUPITER was 35 ° 14.2' . IfIE was 0 .5' on the
arc and HE was 9m, find the lati tude and the PL.

d h m s
Approx LMT mer pass 15 17 02 00
LIT (E) (-) 06 04 40

Sext Alt
IE (on)

Obs alt
Dip (9m)

App alt

Tot corm

T alt
('vfZD

Dec

Lat itude

35 ° 13.1' ApproxGMTmerpass 15 10 57 20

( -) 05.3' declination 09° 48 .0' N

35° 08 4' d(-O.l) 00°001'

( -) 0 1.4' declination 09° 47.9 'N
35 ° 07 0 ' N ~ (Named same as azimuth)

54° 53.0 ' S ~ (Named opposite to T a lt)

0 9° 47.9 ' N ~ (Contrary names subt rac t)
4 .5 ° OS [ . S PL :- E - W

[2 [
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Notes

(I ) The LMT of mer pass of the planet. taken directly from the
almanac without any corrections is approximate only. It may
be out bv about three or four minutes . However. since the- .

change of declination per hour (value of d) for planets is very
small, no appreciable error creeps in by taking the LMT
directly as tabulated in the almanac.-

(2) Sometimes the chronometer time of the meridian altitude may
be given. Then that time should be used after taking the usual
precaution of obtaining the correct date and hours of GMT as
explained in Chapter 12.

(3) In correcting the altitude of Venus and Mars, an additional
correction (given in the almanac) has to be applied.

Sometimes. the question may also say ' State the correct
GMT of merid ian passage' . In such a case. proceed as foll ows>

At mer pass. GH.:\ + E (or - W) long = LHA = 360°

GHA + 9 1° 10' = 360° or GHA = 268°50.0'

From almanac. for GMT 1992 June 15d 10h, GHA = 254°13.4'
Approx. 58m +- Increment +- 01 4°36.6 '
v correction (+2 .2) for 58m -7 000°02 .1 '
58m 18s +- Increment +- 014°34.5"

Precise Gi\IT of mer pass = Jun 15d 10h 58m 18s Answer .

Notes :

( 1) While extracting GH.:\ of a planet from the almanac, v
correction has to be applied. The value of v correction is
applied to GH-\ just the same way d correction is applied to

declination V correction is always pos iti ve except fo r Venus
where it could sometimes be plus and sometimes minus - this
:s indicated in the almanac .
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(2) In referring to the a lmanac, it has been assumed that the date of
GMT would be the same as that of ship i.e., 15th June.

However, it may be possible that the date of GMT may be one
day earlier or later than that assumed. It is therefore necessary
to check up by applying LIT to the assumed GMT, as shown
below, and alterat ions made, if necessary, to the GMT date
and time.

•

17 02 58

10h 58m 18s
06 04 40

15

Jun 15d
(+)

G MT mer pass:
LIT (E)
LMT mer pass: Jun

If the LMT so calculated fell on 14th or 16th June in this
case, the entire computation of GMT would have to be repeated
for the new date of G tvIT.

EX ERCISE - 17
(1. . cirude by rnerid .an alrizude - P L.-\ ;'{ET S)

( I) On 5th May 1992, in DR 50° 10 'S 64° 15 'W , the observed

meridian altitude of SATURN was 56° 00.3 '. If HE was lam,
find the latitude and the direction of the PL. Also find, to the

nea rest second, the GMT of meridian passage.

(2) On ! 7th Jan 1992, in DR lonzitude 36° 40 ' E. the sextant-
meridian altitude of JUP ITER was 37° 43.5" bearing N . If IE

was OT on the arc and HE was 12m, required the latitude and
PL.

(3) On 14th Oct 1992 , in DR longitude 110° 20 'W, the sextant

altitude of MARS on the meridian was 6 1° 14.5' South of the
observer. If HE \....as 17m and IE was 3.6' off the arc, find the
latitude and the PL.

1 7 ~_.J
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(4) On 30th Nov 1992, in DR 56° OTN 120° 04 'E, the sextant
meridian altitude of SATURN was 16° 24.0' . If IE was 0.6 '
on the arc and HE was 12m, find the latitude and the direction
of the PL.

(5) On 3rd May 1992, in DR 35° OTN 65° 30'W, the sextant

meridian altitude of JUPITER was 66° 05.2 ' at Oh 07m 265
(error 06m 025 fast) . If HE was 10m, and IE was 0.7' off the
are, required the latitude and the direction of the PL.

16.2 Azimuth - PLANET:-

On 1st Dec 1992, PM at ship in DR 36° 27'N 144° 44'E,
VENUS bore 235° (C) at 09h 18m 08s cbron time (error 10m 04s

fast) . If Var was 2.5 °E, find the deviation for the ship ' s head.

d h m s d h m 5
Chron 09 18 08 or 21 18 08 .

Error ( -) 10 04 B 10 04

GMT 01 09 08 04 21 08 04
LIT(E) (+) 09 38 56 ill 09 38 56
LMT 01 18 47 00 06 4700

GMT Old 09h 08m O4s

GHA 272° 02 .3 ' F r om Nautical Tables

Incr 002° 01.0 ' A 0.45 S
v (-0.7) ( -) 00 .1 ' B 0.52 S

GHA 274° O~ 7' C 0.97 S Alternativej.-

L ong(E) (-) 144° 44 .0' T Az 232 .1 ° (T) T Az 23 2.1 ° (T)
LHA 058° 47 .2 ' C Az 235 .0° (C) Var 2.5 ° E
dec 24° 03 .5 'S Error 2.9° W M Az 229.6° M
d (-0.4) 00° 00. I ' Var ? - 0 E CAz 235 .0° (C)_ .J

dec 24° 03.:fS Dev 5.4° W Dev 5.4° W
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Note: Working is very similar to that of azimuth - Sun except that
v correction has to be applied to GHA just like the d
correction for declination. V correction is always plus
except in the case of Venus when it may sometimes be
minus - this is indicated in the almanac.

Calculation of Azimuth by scientific calculator:

A = Tan lat
\ Tan P

B = Tan dec
Sin P

Tan Az =_~I _ _
C . Cos lat

If LHA < 180°, P = LHA. If LHA > 180°, P = (360 - LHA) .
Naming of A, B and Azimuth is as stated under Az Sun (Chapter
14.2) . When P > 90°, the minus sign obtained for the value of A
is to be ignored as it is taken care of by changing name of A (see
note 2 under Chapter 14.2).

A = Tan lat

Tan P

= Tan 36° 270'
Tan 58° 47.2'

= 0.4475539 S

B = Tan dec = Tan 24° 03.4' = 0.5 219732 5
SinP Sin 58°47.2 '

C = 0.969527 1 S

Tan Az = 1 = 1.2822749

C (Cos 36" 27')
Az = 552.1 ° W
i.e., 232 .1 ° (T)

EXERCISE 18
(Azimuth - PLANETS)

(I) On 23rd Sept 1992, at about 0019 at ship in DR 36° 08 '5 78°

50'W, SATURN bore 28 6°(C) . If ship's time difference was
5h from GMT and if variation was 3°W, find the deviation.

11 ­. "'\- -
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(2) On 1st May 1992, AM at ship in DR 40° 26 'N 60° 40'E,
Mars bore 096°(C) at 11h 51m 14s by chron (error 04m 06s

slow). Variation was 3 .7°W. Calculate the deviation of the
compass.

(3) On 18th Jan 1992, in DR 00° 00 ' 62° 40'E, VENUS bore

1200(C) at 0310 ship's time (4h from GMT). If variation was
2°W, find the compass error and the deviation .

16,3 Longitude by chronometer - PLANET:-

On 31st Aug 1992 in DR 60° 06'N 66° 18'W, the sextant
altitude of MARS was 41 ° 32.4 ' at 08h 15m 025 GMT. If HE
was 10m and IE was 2.1' on the arc, calculate the direction of the
PL and a position through which it passes.

Note: GMT is given so there
is no ambiguity in the hours
but the date of GMT is to be
verified.

GMT 31 08 15 02
LIT(W) (-) 04 25 12
LMT 31 03 49 50
G M T 31 08 15 02

Solution by Nautical Tables:

Hay LHA = Sec L . Sec D [Hay ZD - Hay (L - D)]

GHA 01 7° 22.6' Sext alt 41 °32.4 '

lncr 003° 45.5' IE (on) (-) 02 .1 '

Y(+0.8) (+) 00 .2' Obs alt 41 °30.3'

GHA 021° 08.3 ' Dip (lOrn) i::} 05 .6'

dec 22° 56.9'N App a1t 4 1° 24.7'

d(+O.l) 00° 00.0 ' Tot Corm (-) 01.1'

dec 22° 56.9'N Add! corm . ,(+) 00.1'

lat 60° 06 .0 'N T alt 41 ° 23 .7'
(L - D) 37° 09.1 ' TZ D 48° 36.3 '
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Nat Hav ZD
Nat Hav(l - D)
Nat Hav diff

0.16938
0.10148
0.06790

log Hav diff
Log Sec L
Log Sec D
Log Hav LHA

8.83187
0.30235
003581
9.17003

A 1.73 S
B 0.60 N
C 1.13S

A:z 11 9.4° (T) ·~ A:z S 60.6° E

31 4° 45 .7' ~(see note 1, Chapter 15.3)
021°08 .3'
066° 22.6 ·W

60° 06.0' N

LHA
GHA
Obs long
DR lat

PL 029.4° - 209.4° through DR lat and Obs long. Answer.

Solution by scientific calculator:

Cos p = Sin T alt Sin lat . Sin dec
Cos lat . Cos dec

, Jott.: :- If Lar and dec are same name (-), contrary names (-;- ).
I" , ..., .•.• in the ro rmuia " 'J has e" Co,·,.., nur above r" ,> !-"-J'._ .... d .... . .. ~ '-' J. 1 1 """t .:-~ \. l . -' ~ ..... '"' ' ' r ........ u. u .... L.o .. "" \ ' .

[:: :: ; . ~ numerator is Sin and entire denominator is Cos.

T alt = 4 1° 23.7' lat = 60° 06.0 'N dec = 22° 56.9'N

Cos p = Sin -li o 23.T{ -)Sin 60° 06 0' . Sin 22° 56.9' = 0.704 1772
Cos 60° 06 .0' . Cos 22° 56.9'

p :.; 45° ' ,12' (see note I, Chapter 15.3) l HA - 3 14° 45 .S'
GI-t -\. - 02 1° 08.3'

Obs long = 066° 22.5 '\V

To calculate azim uth by scientific calculator :

A :: Tan lat-
Tall P

B = Tan dec
Sin P

Tan Az = I---'-- -

C . Cos lat
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If LHA < 180°, P = LI-IA. If LHA > 180°, P = (360 - LHA) .

Naming of A, B and Azimuth is as stated before. When P > 90°,
the minus sign obtained for the va lue of A is to be ignored as it is
taken care of by changing name of A (see note 2, Chap. 14.2).

A=

B=

Tan lat = Tan 60° 06 .0 '

Tan P Tan 45 ° 14.2'

Tan dec = Tan 22 ° 56 .9 '

Sin P Sin 45° 14.2 '

C

= 1.7247456 S

= 0 .5 963354 N
- ----

= 1.1284102 S

Tan Az = 1 = 1. 777782 1

C (Cos 60° 06 ' )
Az = S 60.6° E

i.e. , 119.4°(T)

EXERCISE 19
(Longitude by cbron - PLANET S)

(1) On 17th Jan 1992, AM at ship in DR 31 ° 41 'N 100° 10 'E the

sextant altitude of VENUS was 19° 48.6 ' when the chron
(error 02m 06s fast) showed 11h 4 1m 44s . If IE was 2.1' on
the arc and HE was 12m, find the direction of the PL and a
position through which to draw it.

(2) On 1st Dec 1992, PM at ship in DR 29° 56' S 106° 14 'E, the

sextant altitude ofSATUR.N was 46° 2 1.8' when chron (error
05m 01s slow) showed 12h 18m 33s. !fIE was 1.3' off the arc
and HE was 14m, find the direction of the PL and the
longitude where it crosses the DR lat.

(3) On 22nd Sept 1992, PM ship in DR 40° 2 I 'S 140° 12 'W, the

sextant altitude of SATURN was 54° 58 .6' when the chron
(error 11m 3 Is fast) showed 04h 22m 31s . If HE was 20m and

12 3
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IE was J.2' on the arc, required the direction of the PL and a
position through which it passes .

(4) On the morning of 30th Nov 1992, in DR 39° 50 'N 100° 12'E,
the observed altitude of rvlARS was 48° 41.2 ' at l lh 42m 52s
chron time. The chron error was 01 m l Os slow. If HE was
22m, find the direction of the PL and a position through which
•

It passes.

(5 ) On 1st May 1992, PM at ship in DR 19° 54'S 179° 58'W. the
sextant altitude of JUPITER was 52° 38.5 ' when the chron
(error Olm l Os fast) showed 06h 2 1m 52s. If IE was 0.2 ' off
the arc and HE was 17m, find the direction of the PL and a
position through which it passes.

16.4 Intercept - PLANE T:-

On :> !st Aug 1992 in DR 60° OI5 'N 66° 18·W . the sextant

altitude of i\l-\RS was 4 I°32.-+", when Gi\ !T was 08h 15m 02s. If
HE was 10m and IE was 2. I . on the arc. calculate the direction of
the PL and a position through which it passes .

Note: Since GMT is given, there is no ambiguity the the heurs .
However. the correct date of GMT has to be ascertained.

GMT
LIT(\V)
LMT

d h m s
31 08 15 02
(-) 04 ;- 12-)

31 03 49 50

G MT 31d 08h 15m 02s

Solu tio n by Nautical Tables:

Hav CZD = (Hav U{A . Cos L . Cos D) + Hav (L - D)
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GHA
Iner
v (+0 .8)

GHA
LongW

LHA
dec
d (+0 . I)

dec

lat
(L - D)

0 170 22 .6 '

0030 45 .5 '

(+) 00 .2 '

021 0 08 .3 '
066 0 18.0'

31 40 50.3'

22 0 56 .9'N
(+) 00.0'

22 0 56.9 'N

600 06 .0'N
370 09. 1'

Sext aIt 4 10 32.4'

IE (on) {-) 02.1'

Obs aIt 41° 30.3'

Dip (10m) 1:) 05 .6'

App aIt 41 0 24 .7'

Tot Corm (-) 01.1 '

Addl corm 000 00 .0'
T alt 41 0 23.6'

TZD 48 0 364'
Log Hav Ll-M 9.16863
Log Cos L 9.69765
Log Cos D 9.96421

DR lat

Nat Hav sum 8.83049
Na t Hav Sum 0.06768
N at Hav(L - D)O.10149
Nat Hav CZD 0.16917
CZD 48° 344'
TZD 48 0 36.4'
Int (AWAY) 02.0'

DR lat 600 06.0'N

DR long 660 18 .0 'W

ec
C
o-

A 1. 73S

B 0.60N
C 1.I3 S

Az S 60 .6° E
i.e. I 19.4°(T)
PL 029 .4 - 209 .4°

Notes
(I ) A rough sketch (not necessarily to scale) should be drawn to

show that the student knows where the PL is to be drawn.
(2) Calculation of the latitude and longitude of the ITP (intercept

- terminal point) is not necessary in such a problem.

Solution by scientific calculator

Cos CZD = Cos P . Cos lat . Cos dec + Sin lat . S in dec

130
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Notc: - If Lat and dec are same name (+), contrary names (-)
Hence in the formula, the (+) has been put above the (-) .
The signs are QQPosite to that for long by chron formula.

If LHA lies between 0° and 180°, P = LHA

IfLHA is between 180° & 360°, P = 360 - LHA

P = 45° 09.7' lat = 60° 06 .0 'N dec = 22° 56.9'N

Cos CZD = Cos 45° 09.7'. Cos 60° 06.0 ' . Cos 22° 56.9 '

(+) Sin 60° 06 .0' . Sin 22° 56.9'
= 0.6616740

CZD = 48° 34.4'

TZD = 48° 36.4'
Int (AWAY) = 2 .0 '

•

Calculation of azimuth by scientific calculator:-

J

A = T an !at B = Tan dec
Sill P

Tan Az = _--=-1_ _
C . C:::; lat

A = Tan lat
TanP

= T an 60° 06 .0 '

Tan 45° 09.7'

- 1.7292670 S

B = Tan dec = Tan 22° 56.9 ' = 0.5971111 N

SinP Sin 45° 09.7'
C = 1.132 1559 S

Tan Az = 1 = 1. 77 19003

C (Cos 60° 06 ' )

Az = S 60 .6" E

i.e., 11 9.4° m

DR lat 60° 06.0'N DR long 66° 18.0 'W
Intercept 2.0 ' AWAY

Azimuth 119 .4°(T)

PL 029.·P c 209.4° Answer.
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EXERCISE 20
(Intercept - PLANETS)

(1) On the morning of 30th Nov 1992, in DR 39° 50'N 100° 12'E,
the observed altitude of MARS was 48° 41.2' at 11h 42m 52s
chron time. The chron error was 01m lOs slow. If HE was
22m, find the direction of the PL and a position through which
•

It passes .

(2) On 22nd Sept 1992, PM ship in DR 40° 21'S 140° 12'W, the
sextant altitude of SATURN was 54° 58.6' w'hen the chron
(error 11m 31s fast) showed 04h 22m 31s . If HE was 20m and
IE was 3.2' on the arc, required the direction of the PL and a
position through which it passes .

(3) On 17th Jan 1992, AM at ship in DR 31° 41 'N 100° 10'E the
sextant altitude of VENUS was 19° 48 .6 ' when the chron
(error 02m 06s fas t) showed 11h 41m 44s . li IE was 2.1 ' on
the arc and HE was 12m, find the direction of the PL and a
position through which to draw it.

(4) On 1st May 1992, PM at ship in DR 19° 54'S 179° 58 'W, the
sextant altitude of H..JP ITER was 52° 38.5 ' when the chron
(error 01m lOs fast) showed 06h 21m 52s. If If was 0.2' off
the arc and HE \....as 17m, find the direction of the PL and a
position through which it passes.

(5) On 1st Dec 1992, PM at ship in DR 29° 56'S 106° 14'E, the
sextant altitude of SATURN was 46° 21.8' when chron (error
05m 01s slow) showed 12h 18m 33s. If IE was 1.3' off the arc
and HE was 14m, find the direction of the PL and the
longitude where it crosses the DR lat.
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16.5 Ex-meridian - PLANET:-

On 30th Nov 1992, AM at ship in DR 34° 57'S 11 9°

50 'E, the sextant altitude of MARS near the meridian was 13°
23.1' at 08h oam 39s chron time (error 05m 0 Is slow). If HE was
17m and IE was 0.4' on the are, find the direction of the P L and a
position through which it passes . Note: Near the meridian means
that working is to be by the ex-meridian method .

d h m s d h m s
Chron 08 00 39 or 20 00 39
Error .c±l 05 01 1±) 05 0 I
GMT 08 05 40 29 20 05 40
LIT(E) (+) 07 59 20 (+) 07 59 20
LMT* 16 05 00 30 04 05 00

GMT 29d 20h 05m 40s

Solution by Nautical T ables:

GHA 248° 43S Sex' :l I t 31°23 . 1'• L C-1 '"

mer 001° 25 .0' IE (on) ( -) 00.4'

v(+2 .5) 000° 01.1 ' Obs alt 31°22.7'

GHA 250° 0 8.7' Dip (17m) ( -) 07.3 '

long (E) 119° 50.0' App alt 31° 15.4'

LHA 009° 58 .7' Tot Corm (-) 01.6 .

dec 7 ~0 OS.O'N Addl corm (+) 00.2'-~

d (0 0) 00° 00 .0 ' T alt 31 ° 1·+'0 ' N

dec 7 ~ 0 05.0'N TZD 58° 46 .0' S-~

Reduction # (-) 46.2 .

A 03 .97N rvfZD 57° 59.8' S

B 02.46N dec 23 ° 05 .0' N

C 06.43N Obs lat 34° 54.8' S

Az N IO.7°W DR long 119° 50.0 ' E

i.c.. 349 .3° (T ) PL 079 .3°- 259 .3°
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* Approx LMT mer pass given in that day's page of the almanac
is 03h 24m. So LMT of sight must be 04b not 16h.

# Working steps to obtain Reduction from Nautical Tables:-

From Table I - value F (Burton's) or value A (None's) = 1.75
From Table Il, First Correction = 46.4'
From Table Ill, Second Correction = (-) 00 .2'
Reduction to the TZD observed - 46.2'

Notes
(1) Working is similar to Ex-meridian Sun (Chapter 14.6) except

that v correction has to be applied to GHA and an additional
correction is sometimes necessary for Mars & Venus .

(2) Ex-meridian star can also be worked by the Haversine formula
as mentioned in Chapter 14.6 (note: 10).

Solution by scientific calculator:-

Cos MZD = Cos TZD + [(1 - Cos P) . Cos DR lat . Cos dec]

Note: TZD 58° 46.0' , P 9° 58.7' , 1at 34° 57'S, dec 23° 05.0 'N

= Cos 58°46.0' + [(1- Cos 9°58.7').Cos 34°57'.Cos 23°05 .0']

= 0.5299304. Hence MZD, by scientific calculator, = 58° 00 .0'

MZD - 58 ° 00.0 ' S A = Tan lat - 03 .9675669 N- -

dec - 23° 050' N Tan P-

Obs lat - 34° 55 .0 ' S B =Tandec - 02 .45961 92 N- -
DR long = 119° 50 .0' E Sin P ---

C - 06.4271862 N-

-

Tan Az = 1 .

C . Cos lat

- 0 .1897461 Az = N10 .7°W = 349.3° (f)
PL = 079.3° - 259Jo

134
•



[16 - PLANETS/

Exercise 21
(Ex-meridian altitude - PLANETS)

(1) On 3rd May 1992, PM at ship in DR 40° 11'N 65° 30'W, the
sextant altitude of JUPITER near the meridian was 60° 45.4'
at OOh 13m 50s chron time (error 04m las slow). If IE was
0.3' on the arc and HE was 14m, find the direction of the PL
and a position through which it passes.

(2) On 30th Nov 1992, PM at ship in DR 56° 04 'N 120° 04'E, the
sextant altitude of SATURN near the meridian was 16° 05.6'
at 09h 01m 49s chron time (error 02m 05s fast) . If IE was nil
and HE was 17m, find the direction of the PL and the latitude
where it cuts the DR longitude.

(3) On l-I th Ocr. 1':)92 . during morning twilight in DR 63° 55 'N
110'° 20 ' W, n .. observed al titude of :YL.-L:z5 near me meridian
was 4' D o ',,: ; at {j , .., i 0 . - lui - 0' 'Ii - :" " "0 (error C.' l m Ou"'- <:O i, '\.,.., ;7 \,., ., .-1 U. • L ~ .. _, c .1 _ ~ L. i.ll lJ 1". . v J -J & '" J '

•

HE l am. Find the direction of the PL and a position through
which to draw it.

(4) On 17th Jan 1992, AM at ship in DR 45° 02'S 36° 42'E, the
sextant altitude of JUPITER near the meridian was 37° 06 .8'
when chron (error a 1m 06s slow) showed a lh 26m 14s. If IE
was 0, 6' off the arc aad HE was 12m, find the direction of the
PL and a position through which it passes.

(5) On 4th May 1992, Ai\-! at ship in DR 52° 13'S 64° 15'W, the
observed altitude of SATURN near the meridian was 53°
07.8' at 10h 59m 5 1s chron time. If chron error was 01m 51s
fast and HE was 20m, find the direction of the PL and the lat
where it cuts the DR long.
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17

WORKED EXAMPLES

AND EXERCISES - MOON
•

17.1 Amplitude - MOON:

On 2nd Sept 1992 , in DR 400 02 'S 173c 18 ' E, the Moon

set bearing 2430 (C) If variation was 2°W, find the deviation of
the compass for the ship' shead.

Notes
(1) The LMT of Moonrise/Moonset given in the almar..ac is

approximate only and requires correction for the longitude of
the observer.

(2) First write down the approximate LMT of Moonrise/Moonset
for the date in question. Compare it with the approximate
LMT of the EARLIER occurrence of the same phenomenon if
longitude is EAST, and the NEXT occurrence if the longitude
is WEST, to get the dai ly difference.

(3) Obtain 'long itude correction' by the formula, given below, in
which longitude is in degrees and decimal of a degree and
daily difference is in minutes of time.

•

Longitude correction = longitude x daily difference
360

13 6
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(4) Obtain the long . corm. and apply it to the approx LMT of
MoonIMoonset for the date in question (if long. is E subtract
and if W, add) . The result obtained is the LMT of the
occurrence on the day in question . By applying LIT to it, we
get the GMT The long . corm and the LMT may each be
rounded off to the nearest whole min ute.

(5) The rest of the working is similar to that of amplitude Sun,
explained in Chapter 14. 3 .

Approx Lrvrr Moonset Sept 02d 24h 19m*
Long E, Earlier Moonset 0 I d 23h 14m
Dailv difference 01h 05m = 65m

•

* Owing to the fact that the interval between successive
occurrences of the same phenomenon of the Moon (mer pass

to mer pass, M oo nrise to Moonrise and Moonset to Moonset)
is more than 24hours, it may sometimes happen that. on a
given day, one of the phenomena does not occur In the
worked examp le here, there is no Moonset on 2nd Sept. The
nearest one tabulated in the almanac i.e , Sept 02d 24h 19m
rea llv means 3d OOh 19m.

•

Long corm = long x dd = 173 .3 x 65 = 31m

360 360

Approx L~rr Moonset
Long East Corm
Correct Lrvrr Moons et
LiT (E)
Correct G i\1T M oonset

02d 24h
{ - )

02d 23h
(-) I lh

02d 12h

19m
31 m
48 m
33m
15m

If. fo r any reason, the exact GMT is required, put

LHA = 3600 and work back the GMT, to the nearest second.

from the a lmanac as exp la ined under mer alt star - Chapter 15. I
an d mer a lt plane t - Cha pter 16 . 1.



dec 21 ° 18 .5'5
d(+61 ) . 01.5'
dec 21 ° 20 0'5
lat 40° 02 .0'5

(17 -MOON)

From Tables or bv the fo rmula :
•

Sin Amp = Sin dec . Sec lat
Tamp = W 28.4°5
T A1. - 24 1.6° (T)
Var - . 2.0° W
M A1. - 243 .6° (M)
C A1. - 243 .0° (C)
Dev - 0.6° E

EXERCISE 22
(Amplitude - MOO!'i)

(1) On 2nd May 1992, in DR 20c 12'S 164° 40L the Moon set
bearing 2900(C) . If variation was 2°W, find the deviation of
the compass for the ship's head.

(2) On 31 st Aug 1992, in DR 00°0 I 'N 174°56 'W, the Moon rose
bearing 102°(C). If variation was 1.7°E, find the deviation.

(3) On 4th March 1992, in DR 42° 20 'N 64° 18'E, the ris ing
Moon bore 089°(C). If variation was 100E, find the deviation
of the compass.

(4) On 2nd Sept 1992, the Moon set bearing 260C (C) in DR 35°
06'S 74° 12L If variation was 12°\\"E, find the deviation .
Note: Approx LMT Moonset 02d 24h 04m (3d OOh 04m) and
Old 23h 06m. So at Greenwich, there is no Moonset on 2nd. .
However, the application of Vi long. corm. to Moonset of 3rd
will give the required LMT as 2nd.

(5) On 21 st Jan 1992, the Moon rose bearing 0800 (C) in DR 30°
10'S ..10° 20' E. If variation was 5.3°\\ '. find the deviation
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17.2 Lat by mer alt - MOO N:-

On 25th Feb 1992, in DR 10° 05'N 103°16'E, the

sextant meridian altitude of the Moon 's UL was 56° 14.9 '. If IE
was 1.6' on the arc & HE was 12m, find the latitude and the PL.

Dec

Latitude

U'L corm
T alt

l'v1ZD

Sex! Alt 56° 14.9'
IE (on) (-) 01.6'

Obsalt 56°13 .3'
Dip(I2m) !:.} 06 .1 '

App alt 56° 07.2'
Main corm (+) 42.1'
HP (55 .8) (+) 03.1'

56" 52.4'

U 30 0'
- -" 7 1 1 ' ~)0 __ . -+ ~

~~ o 37 6 ·-....;.j .J . ,

23° 24.8" 5
10° 12,g-N

d h m
Approx LMT mer pass 25 05 52
Long E, Earlier.. .. 24 05 00

Daily difference . 52
Long corm = 103.3(52)/360 = - IS

Approx LMT mer pass 25 05 52
Correct LMT mer pass 25 05 37
LIT (E) (-) 06 53

Correct Gl'vIT mer pass 24 22 44

declination 23° 21. 6' 5

d (+4.3) (:- ) 03.2 '

declination 2';° 2J S'S

PL :- E - W

N otes
( 1) Method of obtaining Gi\fT of mer pass is similar to that of

amplitude Moon - Chapter 17. I
(2) Correction of altitude of Moon is exp lained in Chapterl O.2.

EXERCISE - 23
(L atitude by meridian altitude - MOON)

(I) On 1st Dec 1992. in DR 40° 12'S 164° 48'E, the observed

meridian altitude oftbe Moon 's LL was 56° 403' . If HE was
14m, find the latitude and the direction of the PL.
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(2) On 2 1st Ju ly 1992, in DR 37° 22'N 96° 36 'W, the sextant

meridian altitude of the Moon's UL was 62° 01 .1' . If IE was
0.4' off the arc & HE was 17m, required the latitude and PL.

(3) On 26th Feb 1992, in DR 50° 10'S 64° 12'E, the observed
altitude of the Moon's LL on the meridian was 63 ° 58 .0 ' . If
HE was 20m, find the latitude and the PL.

(4) On 2nd Sept 1992, in DR longitude 175 ° 16T the sextant

meridian altitude of the Moon 's UL was 23° 27 .8 ' South of
the observer. IfIE was 0.2' off the arc and HE was 14m, find
the latitude and the direction of the PL.

(5) On 29th Nov 1992, in DR longitude 140° 12 'W, the sextant

meridian altitude of the Moon's UL was 62° 15.6 ' North of
the observer. If HE was 10m, and IE was 0.6' on the arc ,
required the latitude and the direction of the PL.

17.3 Azimuth - M O ON:-

On March 6th 1992, AM at ship in DR 30° 30'N

140° I l 'W the Moon bore 105 ° (C) at 07h 35m 02s chron time
(error 04m 06s fast). If variation was 2°E, find the deviation.

d h m s d h m s
Chron 07 35 02 19 ~ - 02or J )

Error { -) 04 06 (-) 04 06
GMT 07 30 56 06 19 30 56
LIT(W) (-) 09 20 44 {-) 09 20 44
LMT 22 10 12 06 10 10 12

G MT 06d 19h 30m 56s
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GHA. 0800 46.2'

Incr 0070 22 .9 '
v(14.1) (+) 07.2'

GHA 088 0 16 .3'

Long(W) (-) 140° 110 '

LHA 308° 05.3'

Azimuth = S 87.8° E or 102 .2° (T)

1/7 - .HOONI

dec 090 19.T N
d (l 2. 1){+) 06.2'

dec 09° 25 .9'N

lat 30° 30.0'N

A 0 .462S

B 0 .211 N

C 0 .251S

Alternative 1 Alternati ve 2

T Az 102.2° (n TAz 102 .2° (T)

CAz 105 .0° (C) Var . 2 .0° E

Error 2 .8° W MAz 100.2° (M)
Var 2.0° E CAz 105.0° (C)

Dev 4 .8° W Dev 4 .8° W

C alcula tion of Azimuth by scienti fic calculator:

A = Tan la c
Tan P

B = T an dec

Sin P
Tan .Au = _--,-1_ _

C . Cos lac

If LHA < 180°, P = LHA. If LHA > 180°, P = (3 60 - LHA).
Naming of A, B and Azimuth is as stated before. When P > 90°,
the minus sign obtained for the value of A is to be ignored as it is

taken ca re of by changing name of A (see Chapter 14.2).

A = Tan lac

Tan P

= Tan 30° 30 .0'

T an 5 1° 54.7'

= 0.461 6766 S

B = Tan dec = Tan 09° 25 .9 '

Sin P S in 51° 54.7'

C

= 0.2 1105 97 N

-----------------
= 0 .2506 169 S

Tan Az = 1 = 4.630941 1

c (Cos 3W ]()')

I I I

Az = S 77.80 E
i.c .. 102 .2° (T )
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EXERCI SE 24
(Azimuth - MOON)

(I) On 19th Jan 1992, PM at ship in DR 40° 58'N 175° 20'W the
Moon bore 100° (C) at 07h 40m 59s chron time (error Olm
oIs slow). If variation was 6°W, find the deviation.

(2) On 31st Aug 1992, PM at ship in DR 36° 03'N 146° 50'E the
Moon bore 230° (C) at 08h 14m 56s chron time (error 02m
06s fast) . If variation was 3°W, find the deviation.

(3) On 30th Noy 1992, at 1950 hours at ship in DR 20° 29'S
017° 46 'E the Moon bore 280° (C) . If ship's time difference
was (GMT -T- l h) and variation was 3..5 °E, find the deviation .

17.4 Longitude by chronometer - MOON:-

On 25th Feb 1992, AM at ship in DR 20° 04'5 90°
04'W, the sextant altitude of the Moon's UL was 52° 26.8' at
02h 56m 17s chron time (error 04m Ols fast) . If HE was 19m and
IE was 0.6' off the are , calculate the direction of the PL and a
position through which it passes .

d h m s d h m s
Chron 02 56 17 or 14 56 17
Error (-) 04 01 (-) 04 01
GMT 02 52 16 25 14 52 16
LIT(W) C-) 06 00 16 c-) 06 00 16
LMT 20 52 00 ) . 08 52 00-)

G MT 25d 14h 52m 16s
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Solution by NauticaJ Tables:

Hay LHA = Sec L . Sec D [Hay ZD - Hay (L - D) ]

GHA 117°43.5' Sext alt 52° 26.8'

Incr 0 12° 28 .3 ' IE (off) (+) 00.6'

y(+9 .7) (+) 08 .5 ' Obs alt 52° 27.4'

GHA 130° 20.3' Dip (19m) (-) 07.7'

App al t 52° 19.7'
Main corm (+) 45 .2'

dec 24° 16.3'S HP (55.4) (+) 02.9 '

d(+2 .3) 00° 020' 53° 07. 8 '

dec 24° 18.3'S UL corm !-) 30.0'

lat 20° 04 .0'5 T alt 52° 37 .8 '

(L - D) 04° 14.3 ' TZD sr 22.2'

Nat Hay ZD
Nat Havtl. - D)
Nat Hay diff

0 . 10264
0 .00137
0.10127

Log Hav diff
Log Sec L
Log Sec D
Log Hav LHA

9.00548
0.02720
0 .04032
9.07300

A 0.43 N
B 0.705

C 0.27 5
Az 255 .9° (T) ~ Az S 75 .9° \V

040° 14.1 " +-(see note 1, Chapter 15.3)

1' 0° 70 ""~ - . ~

090° 06 .2 'W

20 0 04 .0'S

T ':'0.... .. . .
GHA
Obs long

DR lat

PL 165.9° - 345 .9° through DR lat and Obs long. Answer

Solution bv scientific caJculator:•

Cos P = Sin T alt Sin (at . Sin dec
Cos lat . Cos dec
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Note:- If Lat and dec are same name (-), contrary names (+) .
Hence in the formula, (-) has been put above the (+) .
Entire numerator is Sin and entire denominator is Cos .

T alt = 52° 37.8' lat = 20° 04 .0 'S dec = 24° 18.3'S

Cos P = Sin 52° 37.8'(-)Sin 20° 04 '. Sin 24° 18 .3' = 0.7634079

Cos 20° 04' . Cos 24° 18.3 '

P =40° 14 .1 ' (see note 1, Chapter 15 .3) LHA - 040° 14.1'
GHA - 130° 20.3'

Obs long 090°06 .2 'w

To calculate azimuth by scientific calculator:

A = Tan lat B = Tan dec Tan Az. = I
-~--

Tan P SinPC.Cos lat
If LHA < 180°, P = LHA. If U -IA. > 180°, P= (360 - LHA).

Naming of A, B and Azimuth is as stated before. When P > 90°,
the minus sign obtained for the value of A is to be ignored as it is
taken care of by changing name of A (see note 2, Chap . 14.2).

A=

B =

Tan lat = Tan 20° 04 .0 '

Tan P Tan 40° 14.1'

Tan dec = Tan 24° 18.3'
Sin P Sin 40° 14.1'

C

= 0 .4317253 N

= 0.6991879 S

---------------
= 0.2674626 S

Tan Az > I = 3 .9804792

C (Cos 20° 04 ' )
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EXERCISE 25
(Longitude by chronometer - MOON)

(I) On 1st Sept 1992, PM at ship in DR 20° 58'N 120° 19'W

the sextant altitude of the Moon's LL was 33 ° 06 .6' at 02h
35m 55s chron time (error 10m 42s slow). If IE was OT off
the arc and HE was 30m, find the direction of the PL and a
position through which to draw it.

(2) On 22nd Sept 1992, At\1 at ship in DR 10° 02'S 76° 50'E,

the sextant altitude of the Moon' s LL was 44° 31.7' at OOh
17m 21s chron time (error 07m 28s slow). If IE was 0.6' on
the arc and HE was 14m, find the direction of the PL and the
longitude where it cuts the DR lat.

(3) On 6th March 1992 , :\''r[ at ship in DR 00° 00 ' 60° 50·W. the

sextant altitude of the Moon' s UL was 44° 28. 9 ' at 02 h 4-1m
48s chron time (error 11m 16s fast). If HE was 15m and IE
was 0.4 ' off the arc, find the direction of the PL and a
position through which it passes .

(4) On 25th Feb 1992, A..'r[ at ship in DR 35° 03'S 87° 11 T the

obse rved altitude of the Moon 's UL was 46° 29.5' at 03h
16m 26s chron tine (error 05m 06s fast). If HE was 13m.
find the di rection of the PL and a position through which it
passes .

(5) On 30th Nov 1992, PM at ship in DR 27° 45'S 140° 20 '\\/.

the observed altitude of the Moon' s UL was 40° 18. 8' at 11h
10m 08s chron time (error OOm 02s slow). If HE was 10m.
find the direction of the PL and the longitude where it cuts the
DR lat.
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17.5 Intercept - MOON:-

On 25th Feb 1992, AM at ship in DR 20° 04'S 90°

04 ·W. the sextant al titude of the Moon's UL was 52° 26.8" at
•

02h 56m 17s chron time (error 04m 01s fast) . If HE was 19m and
IE was 0.6' off the arc, calcu late the direction of the PL and a
position through which it passes.

d h m s d h m s
Chron 02 56 17 or 14 56 17

Error i:l 04 01 (-) 04 01

GMT 02 52 16 ;- 14 52 16• -)

LIT(W) (-) 06 00 16 {-) 06 00 16

LMT 20 52 00 ;- 08 52 00-)

GJ\.IT 25d 14h 52m 16s

Solution by Nautical Tables:

Hav CZD = (Hav LHA . Cos L . Cos D) + Hav (L - D)

GHA 117° 4'" -, Sext alt 52° 26.8'-'.)

Incr 012° 28 .3 ' IE (off) (+) 00 .6'

v (+9 .7) (+) 08.5 ' Obs alt -7° 27 .4')-

G HA 130° ')0 ..,. Dip (1 9m) (-) 07.7'- .-'
LongW 090° 04 .0' App alt -') 0 19.7')-

LHA. 040° 16.3' Main corm (+) 45.2 '

dec 24° 16.3"5 HP (55.4) {+) 02 .9'

d (+2 .3) {+) 02.0' 53° 07.8 '

dec 24° 18.3'S UL corm {-) 30.0'

lat 20° 04 .0'5 T alt 52° 37.8'

(L - D) 04° 14.3" TZD 37° 22 .2 '
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Notes

OD '
co--

A 0.43 IN
B 0.699 5
C 0.268 S

DR lat

[17 -MOON}

Log Hav LHA 9.07374
Log Cos L 9.97280
Log Cos D 9.95969
Log Hav sum 9.00623
Nat Hav Sum 0.10 145
Nat Hav(L - D) 000 137
Nat Hav CZD 0.10282
CZD 37° 24.3"
TZD 37°22.2'
Int (Towards) 2.1'
Az = S75.9°W = 255 .9°
DR lat 20° 04 .0'5 .
DR long 90° 04.0 'W
PL = 165 .9 - 345 .9° (T)

( I) A rough sketch (not necessarily to scale) should be drawn to
show that the student knows where the PL is to be drawn .

(2) Calculation of the latitude and longitude of the ITP (intercept
terminal point) is not necessary in such a problem.

Solution bv scientifi c calculator•

Cos CZD = Cos P . Cos lat . Cos dec ± Sin lat. Sin dec
Note:- If Lat and dec are same name (+), contrary names (-) .

Hence in the formula, the (+) has been put above the (-) .
The signs are QQposite to that for long by cmon formula.

If LHA lies between 0° and 180°, P = LHA
If LHA is between 180° & 360°, P = 360 - LHA.
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P =40°16.3' lat = 20° 04 .0'S dec = 24° 18 .3 'S

•

37° 24 .2'
37° 22 .2'
- 2.0'

Cos 40° 16.3' . Cos 20° 04 .0' . Cos 24° 18.3'
(+) Sin 20° 04 .0' . Sin 24° 18 .3'

- 0.7943730 CZD =
TZD =
Int (Tow)

Cos CZD -

Calculation of azimuth by scientific calculator:-

A = Tan lat
Tan P

B = Tan dec
Sin P

TanAz=_~I__
C . Cos lat

A= Tan lat = Tan 20° 04 .0' -
Tan P Tan 40° 16 .3 '

04311654 N

B= Tan dec = Tan 24° 18.3' -
Sin P Sin 40° 16 .3'

C -

0.6986596 S

0.2674942 S

Tan Az = 1 = 3.9800090
C (Cos 20° 04 ')

Az = S 75 .9° W
i.e., 255 .9° (T)

EXERCISE 26
(Inter cept - MOON)

(1) On 6th March 1992, M f at ship in DR 00° 00' 60° 50'W, me
sextant altitude of the Moon's UL was 44° 28.9' at 02h 44in
48s chron time (error 11m 16s fast). If HE was 15m and IE
was 04 ' off the arc, find the direc tion of the PL and a
position through which it passes .
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(2) On 30th Nov 1992, PM at ship in DR 27° 45 'S 140° 20 'W,
the observed altitude of the Moon's UL was 40° 18.8' at 11 h
10m 08s chron time (error OOm 02s slow). If HE was 10m,
find the intercept and the direction of the PL.

(3) On 1st Sept 1992, PM at ship in DR 20° 58'N 120° 19'W
the sextant altitude of the Moon's LL was 33° 06.6 ' at 02h
35m 55s chron time (error 10m 42s slow). If IE was 0.3 ' off
the arc and HE was 30m, find the intercept and the PL.

(4) On 22nd Sept 1992, AJ.\1 at ship in DR 10° 02 'S 76° 50'E,
the sextant altitude of the Moon 's LL was 44° 3 1.7' at OOh
17m 21s chron time (error 07m 28s slow). If IE was 0.6' on
the arc and HE was 14m, find the intercept and PL.

(5) On 25th Feb 1992 , At"'! at ship in DR 35° 03'S 8r I I'E, the
observed altitude of the Moon's UL was 46° 29 .5' at 03h
16m 26s chron time (error 05m 06s fast) . If HE was 18m,
find the direction of the PL and the intercept.

17.6 - Ex-meridian altitude - MOON:-

d h m s
21 1S 24
(+) 05 01
21 23 25

(+) 06 26 40
03 50 05

or

On 29th Nov 1992, in DR 36° 08'S 96° 40'E, the
sextant altitude of the Moon's UI.. near the meridian was 68°
53 .7' at 09h 18m 24s chron time (error 05m Ols slow). If IE was
01' off the arc and HE was 14m, find the direction of the PL and
a position through which it passes .

. . d h m s
Chron 09 18 24
Error (+) 05 0 1
GMT 29 09 23 25
LIT(E) (+) 06 26 40
LMT 29 15 50 05

,
•

GMT 29d 09h 23m 25s
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Solution by Nautical Tables:

A.2 N4.00E = 004.00(T)
PL 094 .0°- 274.00(T)

GHA
lncr
\'(13 .7)
GHA.
Long E
LHA
dec
d (-9 .2)
dec

A 28 .155N
B 10.4035
C l7 .752N

256° 09.9'
005° 35 .2'
000° 05.4'
261° 50S
096° 40.0'
358° 30.5'
IS° 12 .8'S
(-) 03 .6'

15° 09.2'S

Sext alt
IE (off)

Obs alt
Dip (14m)
App alt
Main Corm
HP (54 .7)

UL corm
T alt
TZD
Reduction
MZD
dec
Obs lar
DR long

68° 53.7'
(+) 00 .2'
68° 53 .9'
H 06 .6'
68° 47 .3 '
00° 31.2'
00° 03 .3'
69° 21.8'
(-) 30.0'
68° 51.8'N
21° 08 .2' S
(-) 02.6'*
21 ° 05 .6'S
15° 09.2'S
36° 14.8 '5
96° 40.0'E

* Working steps to obtain Reduction from Nautical Tables :-

From Table I - value F (Burton 's) or value A (None' s) = 4.3
From Table II, First Correction = 2.6'
From Table III, Second Correction = (-) 0.0'
Reduction to the TZD observed - 2.6 '

Notes:

(l) In this problem, no hint of ship's time is given but approx
LMT of mer pass Moon from the almanac is 1608. So correct
LMT must be very near that time.

(2) The working is similar to that of Ex-meridian altitude Sun.
(3) MZD can also be obtained bv the Haversine formula:-

•

Hay 1v1ZD - Hay TZD - (Hav LI-IA. . Cos L . Cos D) .
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S olut ion by scientific calculator:-•

Cos MZD = Cos TZD + [(I - Cos P) . Cos DR lat. Cos dec]

TZD 21 ° 08 .2' P 1° 29 .5' DR lat 36° OS'S dec 15" 09.2'S

= Cos 21 °08 .2 '+[(1- Cos 1°29.5') . Cos 36°08' . Cos 15°09.2'

= 9329871. Hence rv1ZD bv scientific calculator = 21 ° 05.7'
•

MZD - 21° 05.7' S A = Tan lat - 28 .155720 N- -

dec - 15° 09.2' S Tan P-
Obs lat - 36° 14.9 ' S B = Tan dec = 10.403512 S-

DR long = 96° 40.0 ' E Sin P
C - 17.752209 N-

Tan A.z = I - 0.0698495

C . Cos (at

15 1

Az. = N04.00E = 004 .0" (T)

PL = 094 .0° - 274.0° (T)
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Exercise 27
(Ex-meridian altitude - MOON)

•

(I) On 2nd Sept 1992, in DR 39° 5TN 179° 56'E, the sextant
altitude of the Moon 's UL near the meridian was 29° 14 .2 '
when chron (error 02m 23s fast) showed 04h 03m 49s. If IE
was 0.3' off the arc and HE was 18m, find the direction of
the PL and a position through which it passes.

(2) On 26th Feb 1992, in DR 45° 04'S 000° 20'W, the sextant
altitude of the Moon's LL near the meridian was 68° 58 .1'
when chron (error 02m 30s slow) showed 06h 59m OOs. IfIE
was 0.1' on the arc and HE was 14m... find the direction of the
PL and the lat where it cuts the DR long .

(3) On 6th March 1992, in EP 45° 40'N 60° 12'W, the sextant
altitude of the Moon's UL near the meridian was 52° 19.4'
when chron (error 14m 12s slow) showed 04h 47m 16s. If IE
was 0.4 ' off the arc and HE was 15m, find the direction of
the PL and a position through which to draw it.

(4) On 1st Dec 1992, in DR 46° 12 'S 90° 20 'E, the sextant
altitude of the Moon' s UL near the meridian was 49° 46.8 '
when chron (error 05m 09s fast) showed 11h 03m 58s. If IE
was 0.6' on the arc and HE was 10m., find the direction of the
PL and a position through which it passes.

(5) On 23rd Sept 1992, in EP 58° 02 'N 178° 50 'W, the sextant
altitude of the Moon's UL near the meridian was 40° 38.5' at
09h 52m l Os chron time . If chron error was 11m 04s fast, IE
was 0.7' on the arc and HE was 17m... find the direction of the
PL and the lat ..vhere it cuts the DR long.
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18

GRAPHICAL

COMBINATION

OF SIGHTS

Graphical combination of sights means the construction
of a small part of a Mercator Chart to scale, plotting therein the
results of two or more astronomical sights and thence obtaining
the position of the vessel.

The Mercator Chart has been described in Chapter 7.
However, a few important points are emphasised here.

On a Mercator Chart:-

(I ) Al l meridians are parallel.
(2) A nautical mile is equal to one minute of d' lat.
(3) All distances, whether North-South, East-West or oblique.

are in expressed in nautical miles.
(4) All North-South distances, in nautical miles, are equal to

minutes of d'lat.
(5) The East-West distance between the meridians of two places,

measured along the latitude scale, is called departu re and is
expressed in nautical miles .
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and vice versa, by
• •

explained earlier in

I J8 - PLOTTING OF SIGH7SJ

(6) The East-West distance between the meridians of two places,
measured along the lon?itude scale := dlong between them.

The convers ion of dep into dlong.
formula and by T raverse Tables, has been
this book.

•

Planing can be done on plain paper - graph paper is not
essential. The scale should be clearly mentioned. The most

•

convenient scales to use are I ern : IM or I inch : 1 M . Where
practicable, scales involving fract ions should be avoided so as to
minimise the chances of error especially when in a hurry.

When transferring a PL from one. position to another, it is
suggested that, in order to maintain accuracy, runs in excess of
about 10M should be ca lcu lated. If large distances are planed to
scale, the scale would have to be small wi th resu ltant loss of
accuracy .

It is also poss ible to combine two sights by trigonometry
but that procedu re would be ted ious and the chances of clerical
error are great. It is therefore not recommended.

When one of two PL 's runs exactly E - W, it is possible
to calculate the longitude of the fix without plotting as shown in
worked examples A4, Bl and B2 of this chapter.

A - SI~1ULTANEOUS OBSERVATIONS

:\ 1 - Two lon gitudes by chronometer:-

In DR 200 36'N 1460 11 'W, star SPICA bore 0460 (T )
giving an Obs long of 1460 13.4 'W. At the same time, star
DENEB bore 1300 (T) gi ving an Obs long of 1460 19.3'W Find
the position of the ship .

D'Iong between the Obs longs > 5.9' For rnlat 20.6°, dcp > 5,)'
(quick Interpolation method by TT is explained in Chapte r 63)
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~
-
~

•
M-

0

<c
~-
eo

Z
c
0--0 '"• ,.D

M 0...
~ I
- I0

Dep 2.5' E

DR lat 20 0 36' N
,
<r.

6'0

1,,, ,•,'

, Dep 5.5' (D'long 5.9')
,

I 0 2 4
I

L I

I SCALEI

-
M

•
0\......

o
\,Q
"<T......
OIl ,
c :
o ·_ I
", I

,.D 0

o ", ~
I ,

i ~,.....,

~t
_~~ ' '-- -C: '-..-~_

DR lat
d'lat

Fix lat

20° 36.0'N long
0° 030'N d'long

20° 39.0'N long

146° 19 .3W
0° 02 .TE

146° 16 .6W

Using m 'Iat 20 .6~

and dep of02SE
dlong is 02.7T

A 2 - Two intercepts:-

In DR 36° 18'S 93° 2TE, find the position of the ship
using the following observations :-

Intercept 3.2 M Towards Az 120° (T)
Intercep t 1.8 M Away from Az 020° (T) .

I .:; 5
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0 1 2 3

I I I I
0 SCALE

<;:)

&
~

DRlat3 6°18'S

•

•
•f--------';> Dep 2.1' E

I
!

DR lat
d'lat

Fix lat

I8 .0'S
02.TS
20 .TS

long
d'long
long

27 .0'E
02.6'E
29 .6'E

Using mlat 36.3°
and dep of 02. I'E
d'Iong is 02.6'E.
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A. 3 - One long by chron & one intercept:-

In DR 48 ° 24'N 179° 59 'E. find the position of the ship
from the follo wing two observations >

(i) Obs long 179° 55.4·W Az 030° (ii) Int 0.5' Tow Az 335 °.

D'Iong between DR & Obs long = 5.6'. M'Iat 48 .4°, dep = 3.7'.

-
-

1 2
I I

DR lat 48 0 24' N

o

De;> U ' E

-
tlll

.>../'. '.- \

~ \
04, \

o
,,~

~ .,
\

I( Dep 3.7' (D'long 5.6')

DR lat 48° 24 .0'1'i long 179° 59.0'E Using rn 'Iat 48 -F
d'lat 0° o1.3 'N d'long 0° 02.3'E and dep of 0 1.5'E

Fix lat 48° 2S .3'N long 179° 58.7'W d'l . 07 ~ 'Eong IS _ . J .

A 4 - One mer alt and one long by chron: -

In DR 49° I I"S 147" 44 'E. an Obs long of I·po SOTE
and Azimuth of 3000 (T) were obtained. A meridian altitude then
gave latitude to be 40° 14.5' 5 . Find tho: ship 's pos ition .
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SCALE

~
-C'l

•

0
0
Vl

~ 0
~ r-, "<t"

~ -
00ry c

~ 0-
'",D

0

Dep 2.0' W

DR lat 49 0 11.0' S

Obs lat 49 0 14.5' S

Fix lat 49° 14.5'S Obs long
d'iong
Fix long

147° 50.2'E
0° 03.IW

147° 4 7.1'E

Using rri' Iat 49. 2°
and dep of 02.0W
d'long is 03 .1'W

Alternative method without plotting:-

When one PL is exactly E - W, the latitude of the fix is
known. The d 'lat, from the DR to the fix, multiplied by C
correction is the d'iong from the DR to the fix.
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In this case, d'iat from DR to fix = 3.5 '5. From ABC Tables, for
lat 49.2° and Az 300°, C = 0.88. D''Iong = 3.5 x 0.88 = 3.1'.
Since PL is 030 - 210°, going S along the PL (d'lat S) also means
going W (d'iong W). Hence d' iong in this case is W.

Long of fix = DR ± d'iong = 147° 50.2'E - 3.1'W = 147°47.1'E.

A 5 - One ex-meridian and one intercept:-

In DR 60° 4 1'N 52° 27 'W, an intercept of 2.1'
Away from Az 225° was obtained. At the same time, an ex-mer
alt gave an Obs lat of 60° 36.2'N and an Az of 357° (T). Find
the position of the ship . (Note: This is similar to the combination
of an observation of Polaris and an intercept.)

~
•

1

I,

2

SC \ r to

Io
I

D~at O.4~~

PL 267 - 087 0
' '-.....,

r-----~) Dep 7.4'E --- - -;.
I

/
o

r<>" ~
~ ~

o
l"l
on
OQ

8 1- Ip,: .
0 '

DR !at 6Q 0 4 1. 0~

Obs !.at 6{) 0~3:6;.:.2,:,:'N~i ~~~~::::::::::::::~~----

Obs lat
d'lat

Fix lat

60° 36.2'N
0° 00.4'N

60° 36.6 'N

DR long
d'iong
Fix long

052° 27.0'W Using m'Iat 60.6"
0° 15 .I'E anddepof 07.fE

052°11. 9W d'Iong is 15 1T
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A 6 - Polaris and one long by chron:-

DR 40° OI'N 110° 30T l\LDEBARAN - Obs
long 110° 34.2 'E, Az 120° . Using the same DR, Polaris - Obs lat
39° 58 .1 'N, bearing OOr(T ). Find the ship 's position.

M' lat 400°. dlong 4.2' E, dep (using T.T. ) == 12 'E.

012

I I ! I
,
I

SCALE :
,

DR lat 40 °Ol.O'N '

•,,
PL 272 - 092°

N
•

V
M

°o......
, ......
i oo

1.9,

I en
I .D, 0
I
I

Obs lat 39° 58.1 'N i

- - - , Dep 3.2'£ (d'long 4,2 'E) :.:.J-

I D'lat O.05'S

L:.:
o

•o
M

o
o

00
§-

Obs lat
d'lat

Fix lat

39° 58.I O'N
0° 00.05'S

'"' 9° "8 0 " N-' - ) [

DR long 11 0° 30.0'E
d' long 0° 02 O'E
Fix long II 0032 .0'E

Using mlat 40.0°
and dep of 01.5'E
d'long is 02.0T

Note : In the foregoing example, it was stated that the same DR

was used for wo rking both sights - hence plotting as Sh C1\\l1
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Plotting would have been simp le r if (i) the Obs lat by Polaris/Ex­
mer alt was used for calculating the long by chron as shO\\TI in
example A 7 or (ii) the Obs long obtained was used to calculate
the Obs lat by Polaris/Ex-mer alt as shown in example A 8.

A 7 - P olaris and one long by chron:-

Using DR 60° OO'N 90° 30'E, star Polaris gave an
Obs Ia t o f 59° 58.4 ' N bearing 002°(T). With this Obs lat. star
BETELGE USE gave an Obs long of 90° 38 'E and an A:z. of 045",
Find the position of the ship .

M'Iat 60 .0°, d 'long 8.0'E, dep (using T.T.) = 4 .0'E.

,
ID 'lat 0.2'S
I and

i D ep 0.2'E

· ----.... -.,.....- -- --
I ,
! ~
• •
•

t.IJ-00
M

10
. c. I
, C',,
I ell

3 I c
0, -
CIl

.J:;

! O

Obs lat 59
0

58.4'N

SCALE

1 2

i PL 272 - 092 0,

------'>'0 Dep 4.0'E (d'long 8.0'E) --...,.,

u.::-(;
M

0

C ,

C' •

ell
C

, a,

0
•
•- ,

~
0

Obs lat
d'lat

Fix lat

59° 58.4'N
0° 00 .2'S

59° 58.2'N

Obs long 090038 .0'E
d'long 0° OO.4'E
Fix long 090038 .4'E

Using m 'la t 600°
and dep of 00 .2'E
dIong is 00 .4T
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A 8 - Polaris and one long by chron:-

While a ship was In DR position 64° 28'N 160°
20 'W, an observation of the star RIGEL gave an Observed
longitude of 160° 24'W on a bearing of 210° (T) . Very soon
thereafter, using this Observed longitude. an ex-meridian
observation of the star VEGA gave an Observed latitude of 64°
33.2'N with an Azimuth of 350° (T). Find the position of the ship
by graphical combination of these two observations.

Obs la164 ° 33.2'N
0,

-pL '2.60 - 0,J.,
ID1at 1.2'S

,J.,
~,

Dep 7.0'W ••• • -0
•

'V
N

0
0

.P.f. 30
0

\0-
00c::

0 1 2 3 ~ 1<0 0 0-I I I I til

SCALE
..D
0

DR lat 64 ° 28,O'N

Obs lat
d' lat

Fix lat

64° 33 .2'N
0° 01.2'5

64° 32 .0'N

Obs long 160° 24.0W
d'long 0° 16.3W
Fix long 160° 40.3W

~

Using m'Iat 64.5 °
and dep of07 .0W
dlonz is 16.3' W

~
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A 9 - Three intercepts: -

A ship in DR 20° II 'S 140° 36 'E obtained the
following intercepts :- (a) 3.20 M Away from Azimuth 042° (T)
(b) 5.6M Towards Az IOOO(D & (c) 8.2M Towards Az 1700 (D.
Find the position of the ship .

0

DR lat 20 I1 'S
/

~~ 0 lot 5.6' 11
,~ ~ ow A.z 10() 0

,.,,'Y d" ~
~ / ~ CIJ

~ t--'
<;...,0 I -,.....

I
•

0
~I

A( I

\ ~I 0 I 2 0v> I \ .
I - I I I 0< -1 • -, ,

0 lZl 0
/J I SCALE• 0 ,• -<> 0 \ 00• 0• •r-- o-

I " -\
_..
C'J, - -J-0 .Q.,

tI.J-'D
M I0 I0
"<T I,- ,,
OIl ·
C
0 I- •

•

\ D
~ I ' ;I,

4.2'E0 ,
\I, 0

, -pl.. 260 - 030
I

DR lat

d'bt
Fix lat

20° 11.0'5
0° 07 .8'5

20° 18.8'S

DR long
d'long
Fix long

140° 36.0'E
0° 04SE

140° .lOSE

Using rn'Iat 20.3 °
and dep of 04.2'E
d 'long is 04.5T
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Note: This is the usual method of obtaini nz 3 sta r fix at sea TIle-
t ri ang le formed by the intersection of the three posit ion lines is
called the ' Cocked hat' . When sights are taken properly, the
cocked hat would be very small. Common causes of a large
cocked hat are:
(a) Error in observation of altitude or time bv the observer.

•

(b) Too much inte rva l between sights, during which the ship's run

is ignored.
(c) Small angle of cut between pos ition lines . For good ang le of

cut, using three stars. they should be around -f5 c
- 60° apart .

When the cocked is small , the position of the ship
is taken to be at the centre The position of the ship cannot be
obtained directly from the pl ot if the cocked hat is large.

Three intercepts
longitudes bv chronometer.- .

are easier to plot than three
•

A 10 - Three longitudes by chronometer:

From the following observations in DR 15° 02 'N

75 ° 39 'W, find the position of the vessel >
(a) Obs long 075 ° 42.TW -.:...z 331 ° (T)
(b) Obs long 075° 38 .1 ' W -.A..7. 115° (T)
(c) Obs long 075° 32.8'W -.A..7. 227° (T) .

Obs long 075° 42.TW Obs long 075° :3 8. 1'W
Obs long 0 75 0 381 'W Obs long 075 0 ,, -, 8 'W- "- .

dlong 04 .6 'E dlong 053 'E
dep 04.4 'E dep 0 - r : ~ (rn '{at 15 0°)) . • 1::

From the plotted figure on the next page:-
,

DR lat 15° 02 .0'N Obs long 075 ° 38 .J'W

d'iat 0° 03 S N d'long 0° 0 I.9'E
Fi:x lat 15° 05 5'N Fix long ()75°3 6 .2 '\\'

I h-f

Usinz rnlat 15 .1°-
and dep of0 1.8 'E

dlonz is OI .9' E.-'
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By the scale drawing on the previous page, the fix lies 3M East of
the 1150 Obs long. Using m'lat of45.8° and dep of3'E, d'iong is
found = 4.3 'E. Fix long = 117° 35 .6'E + 4.3 'E = 117° 39.9'E.

Run 1150 to 1200 at 15 knots = 2.5 miles on course of S58°W.

1150 Fix lat
Run d'iat
1200 EP lat

45° 51 .2'N Fix long
0° 01.3'S d'iong

45° 49.9'N EP long

117° 39.9'E m'lat of 45.8°
0° 03 ,OW dep of02.1 W

117° 36.9'E d'iong = 3.0'

Alternative method without plotting:-

When one PL is exactly E - W, the latitude of the fix is
known. The d'lat, from the DR lat to the fix, multiplied by C
correction is the d'iong from the DR to the fix.
In this case, d'lat from DR to fix = I.7'N. From ABC Tables, for
lat 46.3° and Az 150°, C = 2.50. D'long = 1.7 x 2.50 = 4.3' .
Since PL is 060 - 240°, going N along the PL (d'lat N) also
means going E (d'long E). Hence d'long in this case is E.

Long of fix = DR ± d'long = 11 T" 35.6'E + 4.3'E = '117° 39.9'E.

B 2:- In DR 18° 41'S 179° 56'E an intercept of 8.4' towards Az
083°(1) was obtained by steUar observation. The vessel then
steered 12 1° (1) fo r 70M by log when a meridian altitude gave an
Obs lat of 19° 14.9 'S . Ifa set of 224°(1) and a drift of 10M was
experienced during the interval, find the position of the vessel at
the second observation.

Note: To the DR position, allow the run to the ITP (intercept
terminal point) - if intercept is towards, allow Az as course and if
intercept is away, allow Az + 180° as course. Then allow for the
courses and distances steamed and also for the set and drift of
current like day's work. The position so obtained would be the
position to transfer the PL (arrival EP) .
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Course Dist d'lat dep
(T) M N S E W.

083° = N83°E 08.4 01.0 08 .3
121 ° = S59°E 70.0 36.1 60.0
224° = S44°W 10.0 07.2 06.9
Total 01.0 43.3 68.3 06.9

01.0 06 .9
Resultant 42 .3 61.4

DR lat
d'iat

EP lat

18° 41.0'S
0° 42.3'S

19°23.3'S

DR long
d'long
EP long

179° 56.0'E Using m'lat 19.0°
Ie 04 .9'E and dep of 61.4'E

178° 59.1 W d 'long is 64.9 'E.

PL E-W
Dep I

l.OW

Obs 1at 19
0

14.9'S

~
,,

--0 •
c<i 0\
.r. Vi 0 1 2 3
c<i 0 I I I II 00

c<i e--- SCALEr-- eo
".) e

0p.. -
Q.,
tI.l
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Using dep 1.0·W (by plotting) & mlat of 19.3° dlong =: I. I 'W
Long of fix =: EP ± dlong =: 178° 59 .IW + I .l"W = 179° 00. 2W .

Alternative method without plotting:-

When one PL is exactly E - W, the latitude of the fix is
known. The d'Iat, from the DR lat to the fix, multiplied by C
correction is the dlong from the DR to the fi x.
ill this case, d'lat from EP to fix =: 8.4'N. From ABC Tables, for
lat 18 .7° and Az 083°, C = 0.13 . D'Iong =: 8.4 x 0.13 = lL ' .
Since PL is 173 - 353°, going N along the PL (d'Iat N) also
means going W (dlong W). Hence d'Iong in this case is W .

Long of fix =: EP ± dlong =: 178° 59 .1'W + l.l W = 179° 00.2W.

B 3: - At 0600 in DR 0 1° 20'N 179° 58'W, a stella r observation
gave an Obs long of 179° 54'E bea ring 062°(T). The vessel then
steamed 13 10(T) at 14 knots . At 1600, using lat 00° IlKS, the
Sun gave an Obs long of 178° 12.T W bearing 323°(T). Find the
position of the vessel at 1600.

Co S49°E and distance 140M, d'iat = 91.8'5 and dep = 105.7'E

01 ° 20.0 'N
01°31.8'5
00° 11.8'S

Obs long 179° 54.0'E rn'lat of 00.6°
d'iong 1° 45 .TE dep =: 105.TE
EP long 178° 20.3W dlcng 105 .7E
Obslong 178° 12.7W
d'Iong 07.6' E

Since EP lat is only 0.2°, dep =: dlong =: 07.6'E .

0600 DR lat
Run d'lat
1600 EP lat

From the plot on the next page:-

1600 EP lat
d'lat

1600 Fix lat

00° 11.8'S
00° 04 .0'S
00° I '\ .8 'S

EP long
d'long
Fix long

178° 20.3'W m'tat of 00 .2°
0° 02. 1'E dep of 02 . I·E

178° 18 2'W dlong is 02 .1 E
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tI.l-0
b"1-

•-e-... ~
~~ ~

ell ,- ~"
-- I'-- ~M ? ry •

• C"I
0 ,

~y -("l
~ 0

0 ?o 00
00 I'-
I'- -....
ee tlOc::
§ Dep 2.l'E

0 1 2 3 0
) -- I I I I ~

e, .0
~ SCALE 0
0 0
0 0
\0 \D- -

10'---- Dep 7.6' (d'long 7.6') - ----?I

o
1600 EP lat 00 11.8'S

B 4:- In DR 56° 11'N 72° 23 'E, an intercept of 6.3' away from
Az 1300 (n was obtained by an astronomical observation. Ship
then steamed 243°m for 43 miles when another astronomical
observation gave an intercept of 2.2' towards Az 210om. The
DR used for the second observation was obtained directly by
allowing the run to the first DR. Find the position of the ship at
the second observation.

Co 243° = S63°W, distance 43M, d'iat = 19.5'S & dep = 38.3'W

First DR lat 56° 11.0'N DR long 072° 23.0'E rn'Iat of 56.0°
Run d'iat 00° 19.5'S d'iong 1° 08.5W dep of 38 .3'W
2nd DR lat 55° 51.5'N DR long 071° 14.5'E d'long = 68.5W

From the plot on the next page:

2nd DR lat 55° 51.5'N
Run d'iat 00° 01.3'N
Fix lat 55° 'i2 .8'N

DR long
d'iong

Fix long

071° 14.5'E rn'lat of 55 .9°
0° 12.5W dep of 07.0'W

071 ° 02.0 'E d'iong = 12 .5W
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o-r--
bO
§-
~

o

o
DR lat 55 51.5'N

2

I
SCALE

~---- Dep 7.0'W

1 3

~_I_----L--.--JI
o

I

Dist N d'lat 5 E dep W .
004.2 2.0 3.7
122. 0 122.0

2.0 122.0 3.7
0.0 3 .7
2.0 I 18 .3

Total

Resultant

B 5:- In DR 33° 18'5 000° 12.6'W, a stellar observation gave an
intercept of 4.2' towards Az 241 0(T). After steaming 090°(T) for
122M, another astronomical observation gave an Obs long of
002° 18.5'E bearing 1400(T) . The EP used for working the
second observation was obtained through the first ITP. Find the
position of the ship at the second observation.

Intercept is towards so course =azimuth = 241 ° =561 oW.

Course m__--'=~'__--'-'-=_'=--"'--__=_=
241° = 561°W
090° = N900E

17 I



(18 - PL07TIlv'G OF SIGHTS)

DR lat
Res d'iat
EP lat

33° 18.0'S
0° 02 .0'S

33° 20 .0'S

DR long 000° 12.6W Using m'Iat 33.3°
d'long 02° 21.5'E & dep of 118.3'E
EP long 02° 08.9'E dIong is 141.5'E.
Obslong 02° 18 .5 'E Using rn'Iat 33 .3°
d'Iong 09.6'E dep = 8.0'E.

'''""""' - ---- Dep 8.0' (d'long 9.6') -------.c,.;. /
, EP lat 33 0 20.0'S J

tI'.l-so
1-

•
"<t" 0
......

'\:)C-:J'\:)
~

CI3 I- •- ,
~ Cl '\:)'

\ ,.y
~

~ ~ ~'\> ~
0 -- VI

0\ •
• 00

00 -a
i-7 Dep 2.5'E 0

0 C'l
C'l a
8 a

0 1 2 3 eoeo I I I ~c:: 0
0 -- SCALE ."

t:l.< .0
~ 0

EP lat
d'iat

Fix lat

33° 20 .0'S EP long
0° 04 .6'S d'long

33° 24.6'S Fix long

002 0 08 .9'E Using m'Iat 33.4°
0° 030'E and dep of02.5'E

002° 11.9'E d'Iong is 03 .0'E.

B 6:- In DR 68° 12.5 'N 44° 18 'W an astronomical observation
gave an Obs long of 44° 10.6'W whilst bearing 28 1°(T). After
steaming for 112 M on a course of 327°(T), an observation of
Polaris gave Obs lat 69° 53.3'N bearing 358°(T), using EP long
worked from the earlier Obs long. Find the position of the ship at
the second observation.
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DR lat
d'iat

EP lat
•

Course = 327° = N33°W, distance = 112 M.
68° 12.5'N Obs long 044° 10.6W Using m'Iat 69.0°

1° 33.9'N d'iong 2° 50.2W and dep of 61.0W
'-'9° 46.4'N EP long 047° 00.8W d'iong is 170.2'W

Obs tat 69 0 53.3'N

o 0
PL 268 - 088Dep 1.4'E

=~~:::=)~---~==~

3

I
1 2

'------_1__1_-'
o
I

,

o--o
o-0\-

~
00

•
00
o

o
r-
C!
ell
c::
C-

SCALE

EP lat 69
0

46.4'N

•,
I
I

Obs lat 69° 53.3'N
d'lat 0° 00. O'N

Fix lat 69° 53.3'N

EP long
d'iong
Fix long

047° 00.8W Using m'Iat 69.9°
0° 04.I 'E and dep of 01.4'E

•

046° 56 .7W d'long is 04.I 'E
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B 7:- In DR 36° 48'S 110° 37'E, an Ex-meridian sight gave an
Obs Lat of 37° OO'S and a PL of 100° - 280°(f). After steaming
OOO°(f) for 87 M and 270°(T) for 101 M, an intercept of 7.2 M
Away from Az 086°(f) was obtained working from the earlier
Obs lat. Find the position of the ship at the second observation.

Course Dist d'lat dep
IT) M N S E W •

N 87.0 87.0
W 101.0 101.0

•

Total & resultant 87.0 101.0

Obs lat 37° OO .O'S DR long
d'lat 01027.0'N d'long

EP lat 35° 33.0'S EP long

110° 37.0'E Using m'Iat 36.3°
002° 05.4W and dep of 10IW
108° 31.6'E d'long is 125.4'W

Dep 7. 3'W <E-'--------j

PL 280 0
_ 100 0

EP lat 35 0 33'S

-M

-eo
s-

o
00
o

4

I
o 1 2 3
'__,--I __I !

SCALE

o

Intercept 7.2' Away from Az 086
o
\0
VI
M

I
o
\0
r--

EP lat 35° 33.0'S EP long
d'lat 00° 01.3'N d'long

Fix lat 35°31.7'8 Fix long

108° 31.6'E Using rn'Iat 35.5°
000° 09.0W and dep of07.3W
108° 22.6'E d'iong is 09.0'W.

-000-

174



[19-ERRORS IN SIGHT.S}

19

CORRECTION OF

SIMP LE ERRORS

IN SIGHTS

While taking sights and calculating the results thereof,
there are a few errors that may sometimes creep in. If detected
early, there is no difficulty. If detected at a late stage in the
calculation, reworking the entire calculation using the correct
inputs is one poss ible way of setting matters right but this may
prove tedious and time consuming. In many cases, it may be
easier to assess the value of the consequent error in the result and
apply this value as a correction to the incorrect result.

The errors in inputs may be divided into two classes -
1. Those that affect true altitude and
2. Those that affect hour angle.

1. Errors that affect the true altitude:

These generally consist of error in reading the sextant,
wrong value or sign of index error, incorrect height of eye. wrong
value of total correction, clerical error (incorrect totalling). etc
wherebv the true altitude obtained is in error.

•
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[19-ERRORS IN SIGHTS}

After studying Chapter 13, it is apparent that:

If the true altitude has to be increased, by say 2.3', the
Zenith Distance has to be DECREASED by the same amount,
i.e.. is 2.3'. The position line already obtained has to be shifted
TOWARDS the azimuth by the same amount, i.e., 2.3'.

If the true altitude has to be decreased, by say 3.l', the
Zenith Distance has to be INCREASED by the same amount, i.e.,-
3.1' . The position line already obtained has to be shifted AWAY
from the azimuth by the same amount.

The shifting of the PL, as stated above, can be done by
direct calculation or by simple plotting depending on the
circumstances, as illustrated in the following worked examples.

Worked example 1 - Intercept

Using DR 44° 36 'N 89° 23 'E, a celestial observation
gave an intercept of 1.7' Towards Az l300m. It was subseq­
uently discovered that IE of 2.4 ' ON the arc had been applied as
OFF the arc. Find the new intercept.

If the error had NOT been applied at all, the true altitude
must be decreased by 2.4'. Since it was applied the other way ­
added instead of subtracted - the true altitude has to be decreased,
and hence the Zenith Distance increased, by 4.8 '. Increasing ZD
by 4.8 ' means going away from the GP of the body. An intercept
correction of 4.8' AWAY has to be applied to the intercept
already obtained.

•
• ••

Intercept already obtained:
Correction to be applied:
Correct Intercept from DR:.
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W or ked example 2 - Long by ehron.

Using DR 43° 32'N an Obs long of 69° 52 .8'E and an
Az of 043.8° (T) was obtained. It was found later on that the HE
used for the calculation was taken as 40 m instead of 14 m. Find
where the PL should be drawn.

Dip for 40 m = 11.1' and for 14 m = 6.6' . Difference = 4.5'. The
true altitude has to be increased, and hence the ZD has to be
decreased, by 4.5'. The PL has to be shifted Towards Az by 4.5'.

Hence it can be stated that an intercept of 4.5'
Towards Az 043 .8°(T) has to be applied from position 43° 32'N
69° 52.8 'E and PL 133.8° - 313 .8°(T) has to be drawn from the
ITP. This is sufficient for actual use at sea.

If, for any reason, it is desired to know the actual
value of the correct Obs long, it can be obtained by a simple plot
drawn to scale or by a simple calculation.

--o
~

U

I
I
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By measurement, departure on the foregoing plot to scale = 6.1 'E .

By calculation, in ~ ABC, AC = dep = 4.2 x Sec 46 .2° = 6.1 'E.
(For calculation purposes, a rough sketch would be sufficient).

D'Iong = Dep x Secant lat = 6 .1 x Sec 43° 32' = 08.4 'E.
Correct Obs long = 69° 52.8'E + 0° 08.4'E = 70° 01.2'E

Worked example 3 - Ex-meridian

An ex-meridian alt of the Sun gave Obs lat 43° 12'N
DR long 63° 29'W Az I77.4°(T). It was then found that the UL
(correction -18.2 ') had been used in the calculation instead of LL
(correction +14.1 ') . State where the PL should be drawn.

•

Altitude correction applied already = - 18.2'
Altitude correction that should have been awlied = + 14 .1 '
Correction to apply to incorrect T.alt obtained = + 32.3'

The ZD obtained should be decreased by 32)' so an intercept
of 32.3' Towards Az 177.4°(T) has to be applied.

NOT TO SCALE

A Incorrect
s at

§-

C B
Correct Obs lat
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If it is desired to know the correct Obs lat, a simple
calculation is necessary. The intercept of 32.3 M is too great a
distance for accurate results by plotting to scale.

D'lat AC = AB x Sec 2.6° = 32 .3 x Sec 2.6° = 32 .3'S
Correct Obs lat = 43° 12' - 00° 32.3 ' = 42° 39.7'N

2. Errors that affect hour angle:

These generally consist of error in reading the chrono­
meter, wrong value or sign of chronometer error, incorrect date of
GMT, incorrect reading of GHA/increment from Almanac, etc.
incorrect totalling (clerical error) whereby the GHA obtained is in
error. If the working is long by chron, the correct GHA can be
applied to the LHA and the correct Obs long obtained easily. If
the working is' an intercept, a little thought is necessary as
illustrated by the following worked examples.

Worked example 4 - Long by chron

Using lat 20° 46 ' S, an observation of the Sun gave an
Obs long of 119° 17.8'VI and an Az of 201 0(T) . It was later
found that chron error of 2m 24s slow had not been applied. Find
where the PL should be drawn.

Since slow error is additive, the GMT has to be
increased by 2m 24s. From the Almanac, increment for the GHA
of the Sun for 2m 24s = 36.0 '. This means that the GHA has to
be increased by 36 .0 '.

Since long is W, GHA - LHA = Obs long.
Increase of GHA, in this case, would increase Obs long by 36.0'.

Correct Obs long = 11 9° 17.8'W + 000° 36.0 'W = 11 9° 53.8 'W.

17 l)
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Worked example 5 - Intercept

Using DR 36° 29'N 116° 24'E, an intercept of 3.1'
Towards from Az 302°(T) was obtained. It was then discovered
that the increment used for 58m 12s was taken from the almanac
for the Sun instead of Aries. Find where the PL should be
correctly drawn.

Increment that should have been used (Aries) = 14° 35.4'
Increment that was used from almanac (Sun) = 14° 33.0'
Difference ... .. .... .... ........... .. .. .... .. .. ...... .. .... .. = 00° 02.4 '

•• •

The increment used should be increased by 2.4' of arc.

Since long is E, LHA - GHA = Obs long.
Increase of GHA, in this case, would decrease Obs long by 02.4'.

The position line already obtained has to be shifted W by a d'Jong
of 2.4'. Using Jat 36.5°, dep = 1.9'W. This means that the ITP
already obtained has to be shifted 270°(T) by a distance of 1.9 M.
This is sufficient for actual use at sea.

eo
s-

o
\0--

D

" .,

1 2
I !

SCALE

,

o 3
I ~~_ _ I

B

Dep 1.9'W

b/)
s::
o-

eo
.... ..~ c:l
g 1::..9
t:: 0 ttl

8 ~5
J Dep 1.9'W

-,

F D'long 2A'W
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If, for any reason, it is desired to know the correct intercept:
In this case, AB = AC x Cos 32° = 1.9 x Cos ~2° = 1.6' Towards

Intercept already obtained = 3.2 Towards
Correction to aM = 1.6 Towards
Correct intercept in this case = 4.8 Towards.

If, for any reason, it is desired to know the correct Obs longitude:
. In this case, DF = correct dep West from DR position = DE + EF
= (Incorrect Intercept x Sec 32°) + 1.9 = (3 .8 + 1.9) = 5.7' W.
Correct d'long from the DR position = 5.7 x Sec lat = 7. I' ·W.
Correct Obs longitude = 1160 14.0' - 000° 07.1' = 116° 06.9'E.

-000-

•
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Exercise 28
(Simple errors in sights)

I Using DR 32° 16'N 108° 57'W, a celestial observation gave
an intercept of 0.8' Away from Az 320°(T) . It was subseq­
uently discovered that IE of 3.2' OFF the arc had not been
applied. Find the correct intercept. If the sight had been
worked as a long by chron, state the correct Obs long.

2 Using DR 62° 19'5 an Obs long of 149° 34.7'E and an Az of
208.7° (T) was obtained. It was found later on that the HE
used for the calculation was taken as 46 m instead of 26 m.
Find the correct Obs long.

3 An ex-meridian alt of the Sun gave Obs lat 52° 42.3'S DR
long 127° 56'E Az 355.7°(T). It was then found that the LL
(correction + 13.4') had been used in the calculation instead of
UL (correction -18.4'). Find the correct Obs lat.

4 Using DR lat 53° 17'N, an observation of the Sun gave an
Obs long of 79° 23 .9'E and an Az of 125°(f). It was later
found that chron error of Om 22s Fast had been applied as
Slow (added instead of subtracted) . Find the correct Obs long.
Also find what intercept to apply to the DR lat and the
incorrect Obs long of 79° 23.9'E.

5 Using DR 46° 55'S 133° 48'W, an intercept of 2.5' Away
from Az 139°(T) was obtained. It was then discovered that the
increment used for 44m 28s was taken from the almanac for
the Sun instead of Aries . Find where the PL should be
correctly drawn.

-DOO-
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20

COMPUTATION OF

ALTITUDES
•

20.1 Meridian Altitudes

The average student is so used to working from the
sextant meridian altitude to the latitude that he tends to get dis­
oriented in this type of problem. This difficulty is overcome by
writing the steps from the sextant altitude down to the latitude in
the usual manner and working from bottom upv....ards, as follows»

Worked example 1

On 23rd Sept 1992, in DR 23° 40'N 161°56'E,
compute the sextant meridian altitude of the Sun's LL if IE was

2.3' on the arc and HE was 10.5m.

Sext Alt
IE (on)
Obs aIt
Dip (lO.5m)
App aIt
Tot corm LL
T aIt
MZD
Dec

Latitude

66°

B
66°
( -)

65°
{±}
66°
23°
00°
23°

06.3'
02 .3 '
04 .0'

05.7'
58 .3 '
15.5 '

13 .8' S
46.2' N
06.2' S
40.0' N .

LMTmerpass
LIT (E)
GMT mer pass
Dec
d(l.O)
Dec

PL :- E - W

From Almanac
23d I lh 52m OOs
(-) 10 47 44
23d 01h 04m 16s

00° 06.1' S

ill 00.r
00° 06.2' S
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Note 1: First work out the declination as usual, as shown above
on the right hand side.

2: Insert the values of DR lat & dec in the bottom colunms.
3: Insert name of True alt by comparing the values of DR

lat and dec (name of true alt = azimuth at mer pass).
4: Insert the name ofMZD (opposite to that of true alt) .
5: Compute the value of MZD bearing in mind the original

thumb rule when working a normal lat by mer alt - if
MZD and dec are of same name, add and retain the
name; if of contrary names, subtract the smaller one
from the larger one & retain the name of the larger one.

6: Insert the values and signs of the various corrections
working from bottom upwards .

7: After obtaining the value of sext all, work downwards
once, as usual, to ensure that there are no mistakes.

W orked example 2

On 25th Feb 1992, in DR 10° 13'N 103°l6'E, compute
the sextant meridian altitude of the Moon's UL if IE was 1.6' on
the arc and HE was 12m.

GMT mer pass 24d 22h 44m
dec including d corm 23°24.8 '5

PL :- E - W

Sext Alt
IE (on)
Obs alt
Dip (l2m)
App alt
Main corm

HP (55.8)

UL corm
T alt
MZD
Dec
Latitude

56° 14.7'
f:.) 01.6 '
56° 13.1 '
f:.) 06.1 '

56° 07.0 ' .:--- Approx app alt
(+) 42. 1' Approx main corm
56° 49.1'
(+)03 .1'
56° 52.2'
!:.) 30.0'
56° 22.2'5
33° 37.8 'N
23° 24.8'S
JOo I3.0 'N

184
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Note 1: Work out the GMT of meridian passage to the nearest
minute as explained in Chapter 17.2.

2: Then obtain the dec, applying d correction as usual.
3: Write down the steps and insert the signs of corrections.
4: Work upwards as described in worked example 1.
5: While working upwards, after applying HP correction,

we get 56° 49.1'. Enter the alt corm table with this
value and obtain the approx value of main correction

(41.6' in this case) and thence the approx app alt (56°
07.5' in this case). Enter the corm table again with this

app alt (56° 07 .5 '), obtain the main correction (42 .1' in

this case) and then continue the calculation upwards.
6 : After obtaining the value of sext alt, work downwards

once, as usual , to ensure that there are no mistakes .

20.2 Polaris

On lst Sept 92 , A1\tl at ship in DR 17° 54'N 178° II'E,

compute the sextant altitude of the Pole star at 05h 21 m 08s by
chronometer (error Olm 18s slow). HE 12 .5m, IE 1.6' on the arc .

GMT Aug 3Id 17h22m 26s (obtained as usual) .

Sext alt 18° 47.2' GHA y 235° 07.3"

IE (on) (-) 01.6' Incr 005° 37.4'

Obs alt 18° 45 .6' GHA y 240° 44.1'

Dip (l2.5m) (-) 06.2' Long E 178° 110'

App alt 18° 39..+' LHA y 058° 55.7'
Tot Corm (-) 02.8'

T alt 18° 36.6'

ao 00° 16.5'

at 00° 00.6'

az 000 00.3'

Sum 18° 54.0'

(_) -=..1_0
- -

Obs Iat 17" 54.0'N
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20.3 Others - (easily solved by the intercept method)

On 23rd Aug 92 PM in DR 34°3 I'S 003 c3 0'W, compute
the sextant altitude of SPICA when the chron (error 02m 19s
slow) showed 06h 15m OOs . HE = II m and IE = 2.1 ' on the arc .

GMT 23d 18h 17m 19s, obtained as usual.

Calculation of CZD by Nautical Tables:

Hav CZD = (Hav LHA . Cos L . Cos D) + Hav (L - D)

Nat Hav Sum 0.10343
Nat Hav(L - D)0.0411O
Nat Hav CZD 0.14453
CZD 44°41.3"

GHA r
lncr

GHAr
LongW

LHA r
SHA*

U-LI\ *
dec
lat
(L - D)

242° 16.6 '
004° 20.5'

246° 37.1'
003° 30.0'

243° 07.1 '

158° 47 .8 '

04 1° 54.9'
n- 07.4 'S
34° 31.0 'S

23° 23.6 '

LogHav LHA
Log Cos L

Log Cos D

Log Hav sum

9. 10698
9.91591

9.99176
9.01465

Calculation of CZD by scientific calculator .

Cos CZD = Cos P . Cos lat. Cos dec ± Sin lat . Sin dec
= Cos 41° 54.9 ' . Cos 34° 31.0' . Cos 11° 07.4'

(+) Sin 34° 31.0 ' . Sin 11 ° 07.4' = 0.7109397
CZD = 44° 41.3'

Sext alt 45° 27.6'
IE (on) i:) 02.1 '

Obs alt 45° 25 .5 '
Dip (lIm) i:) 05 .8'
App alt 45° 19.7'
TotCorrn f:) 01.0'
T alt 45° 18.7'
CZD 44° 41.3 '
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EXERCISE 29
(Altitude computation)

(1) On 21st Jan 1992, in DR 24° 38'S 110° 20'W, compute the
•

sext mer alt of the Sun's LL. IE 1.6' off the arc. HE 10m.

(2) On 4th March 1992, DR 45° 14'N 120° 30'W, find the sext
mer alt of ANTARES if IE = 3.2' off the arc and HE = 10m.

(3) On 5th May 92, in DR 50° 16'S 64° 15'W, find the sextant
meridian altitude of SATURN if HE was 10m & IE was nil.

(4) On 21st July 1992, in DR 37° 25'N 96° 36'W, find the sext
mer alt of the Moon's UL. IE = 0.4' off the arc. HE = 17m.

(5) On 1st Dec 1992, AM in DR 47° 15'N 143° 26'E, find the
sextant altitude of Polaris at 08h 51m 15s chron time (error
05m l ls slow). IE was 2.1' off the arc and HE was 17m.

(6) On 22nd Sept 92, PM in DR lat 36° 28'N long 160° 12'W,
compute the sextant altitude of Polaris at 05h 23m 17s chron
time (error 02m 09s fast) . IE = 2 .8' on the are, HE = 10m.

(7) On 30th April 1992, PM at ship in DR 34° 18'S 40° 2Q'W,
find the sextant altitude of the star SIRIUS at 08h 52m 33s
chron time (error Olm lOs fast), if HE = 21m and IE = nil.

(8) On 5th March 1992, AM at ship in DR 38° l1'S 151° 10'E,
find the sext alt of the Sun's LL at 10h 54m 20s chron time
(error 01m 20s slow). IE = 1.3' off the arc and HE = 30m.

(9) On 6th March 1992, AM in DR 00° 00' 60° 50'W, find the
sextant altitude of the Moon's UL at 02h 44m 48s chrcn
time (error 11m 16s fast). HE = 15m, IE = 0.4' off the arc.

(10) On 30th Nov 1992, PM at ship in DR 27° 45'S 140° 20'W,
the compute the observed altitude of the Moon's UL at Ilh
10m 08s chron time (error OOm 02s slow). HE was 10m.
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21

STAR IDENTIFICATION

In cloudy weather, it may sometimes happen that a star
sight is taken but the navigator is not able to identify the star with
reference to the constellations because other stars are not visible
for reference. In such a case, it is possible to identify the star by
calculation. Thereafter, the position line can be obtained by the
intercept, long by chron or ex-mer alt methods, as usual.

Using the DR position, the altitude and the time, the
approximate values of declination and SHA can be calculated and
the star identified by consulting pages of the Nautical Almanac.

• •

The daily pages of the almanac, normally used in calculations,
lists the 57 stars of navigational importance in their alphabetical
order. This is not convenient to use, in this case, as it would be a
very tedious task to look for the calculated approximate values of
SHA and declination when the listing is in alphabetical order.

On page 268 and onwards in the almanac, the stars are
listed in ascending values of SHA. The left hand page gives the
SHA and declination from January to June and the Latin
reference names of the stars constellation-wise while the right
hand page gives the SHA and declination from July to December
and their English names. This is demonstrated by the following
worked example:-
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W or ked example:

On 23rd Aug 1992 PM at ship in DR 34° 33'S 003°
30 'W, in cloudy weather, the sextant altitude of an unknown star
was found to be 45° 27.2 ' bearing 291°(T), when the chron (error
02m 19s slow) showed 06h 15m OOs. If HE was 11m and IE was
2.1' on the are, identify the star.

N

X~---_Jo z
",

GMT 23d 18h 17m 19s
(obtained as usual)

Sext alt 45° 27.2'
IE (on) {-) 02 .1 ' ."J

Obs alt 45° 25 .1 ' p

Dip (11m) (-) 05 .8' . GHAr 242° 16.6'
•

App alt 45° 19.3 ' Incr 004° 20.5'

TotCorrn (-) 01.0' GHAr 246037 .1 '
T alt 45° 18.3' LongW 003° 30.0

TZD 44° 4 1. 7' LHAr 243° 07.1'

In spherical triangle PZX, shown in the figure above, Z :=
111°, ZX := 44° 4 1.7, PZ:= colat > 55° 27' . Required to find PX.

Calculation of dec by Nautical Tables:

Hav one side = Hav opp angle. Sin adj side. Sin adj side +
Hav (diffbetween adj sides)

Hav PX = Hav Z . Sin PZ . Sin ZX + Hav (PZ - ZX)
= Hav 111 °. Sin 55° 27'. Sin44°41.7'+Hav 10°45 .3 '

Log Hav 111° 00.0 '
Log Sin 55° 27 .0'
Log Sin 44° 4 1.7'
Log Hav Sum

9.83199
9.9 1573
9.84716
9.59488

Nat Hav Sum 0.39344
NatHav 10° 45.3 0.00878
Nat Hav PX 0.40222
PX = Polar dist = 78 0 43.4'

Note: Since PX < 90°, the star is in the same hemisphere as the
observer. Hence dec := (90° - PX) . Dec = 11 ° 16.6'S (app rox) .
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Calculation of dec by scientific calculator:

Cos one side = Cos opp angle. Sin adj side. sin adj side +
Cos adj side . Cos adj side

Cos PX = Cos Z . Sin PZ . Sin ZX + Cos PZ . Cos ZX
Cos PX = Cos Z . Cos lat . Cos T alt + Sin lat . Sin T alt
= Cos 111°. Cos 34°33 '. Cos 45°18.3'+Sin 34°33 '. Sin 45°18.3 '

= 0.1955492 . PX = 78° 43.4'. Dec = 11° 16.6' S (approximate).

Calculation of LHA (long by chron fromula):

By Nautical T ables:

Hav LHA = Sec L . Sec D [Hav ZD - Hav (L - D)] ... ~ .
.

, ~....
Nat Hav ZD 0.14457 Log Hav cliff 9.01653
Nat Hav(L - D) 0.04069 Log Sec L 0.08427
NatHavdiff 0.10388 Log SeeD 0.00847

LHA * '7°01.9' .. Log Hav LHA. 9.1 0927
• •

Azimuth is 291 0(T) so it is after mer pass . LHA has to be < 180

Calculation of LHA by scientific cal culator:

Cos P = Sin T alt =F Sin lat . Sin dec
Cos lat . Cos dec

Note:- If Lat and dec are same name (-), contrary names (+).
Hence in the formula, (-) has been put above the (+).
Entire numerator is Sin and entire denominator is Cos.

­•

T alt = 45° 18.3' lat = 34° 33.0 'S dec = 11° 16.6 'S

Cos P = Sin 45° 18 .3 'C:)Sin 34° 33 .0' . Sin 11° 16.6 ' = 0.742774

Cos 34° 33 .0 ' . Cos 11° 16.6'

P = 42° 01.9' . Azimuth = 291 0(T) so LHA. has to be < 180°.

Hence in this case, P = LHA* = 042° 01.9 ' .
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To find SHA * from LHA *
LHA * =LHA 'Y + SHA 'If or

SHA * = 042° 01.9 ' - 243° 07.1 '

SHA * = LHA * -LHA 'Y

= 402°01.9'-243°07.1'

SHA * := 158° 54.8 ' (approximate in this case).

By inspection of the Nautical Almanac, page 268
onwards in ascending values of SHA, it is seen that the star is
SPICA (a Virginis), serial no: 33, stellar magnitude 1.2. Since the
DR position was used to calculate the declination and the SHA,
the computed values would differ by a small amount from those
seen in the almanac. The sight can now be worked by the intercept
or by the long by chron method to obtain the position line on
which the ship lies .

If by chance the SHA. and dec computed as above do not
reasonably match those of any star, there is a possibility that it
was a planet and not a star - it may not have been possible to
distinguish this owing to a sudden sighting in between clouds. The
approximate SHA and dec of each of the four planets used for
navigation are listed in the daily pages of the almanac.

-000-
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Exercise 30
(Star identification)

(I) On nnd Sept 1992, PM at ship in DR 60° 10'N 92° 21'E,
the sextant altitude of an unidentified star bearing 266°(T)

was found to be 25° 01' at OOh 46m 31s by chron (error 05m
Ols slow). If IE was 0.2 ' on the arc and HE was 17m.
identify the star.

(2) On 31st Aug 1992, AM at ship in DR 40° 30 'N 64° 56 'E , the

sextant altitude of a star bearing 2200(T) was 21° 23.4' when
the chron (error Olm 06s fast) showed OOh 21m 32s. If IE
was 0.9 ' off the arc and HE was 9m. identify the star.

•

(3) On 29th Nov 1992, AM at ship in DR 25° 30 'S 107° 20·W.

the sextant altitude of an unidentified star bearing 278° (T)
was 35° 10.3' when the chron (error 02m 50s fast) showed
Ilh 32m lOs. If IE was 2.8 ' on the arc and HE was 12m,
identify the star.

•

(4) On 19th Jan 1992, at about 1900 at ship in DR 00° 02 'N

170° 50'E, the sextant altitude of an unidentified star bearing

0800(T) was observed to be 43° 11 .1' when the chron (error
01 m 18s fast) showed 07h 35m 02s . If HE was 18m and IE
was 1.3' off the arc, identify the star.

(5) On 30th April 1992, PM at ship in DR 34° 18 ' S 40° 20'W,

the sextant altitude of an unknown star bearing 295°(T) was

57° 48 .6 ' at 08h 52m 05s chron time (error OOm 42s) . If IE
was 2.1 ' off the arc and HE was 21 m. identify the star.. -
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22

GREAT

CIRCLE

SAILING

A great circle track is the shortest distance, measured
along the earth's surface, between the two places. A great circle
track cuts successive meridians at different angles because the
meridians are not parallel to one another. The course, therefore,
should change slightly whilst crossing each meridian. Practically
at sea, the departure and arrival positions are plotted on a
Gnomonic chart and joined by a straight line. The vertex and
suitable points are read off the chart and the navigator does
Mercator sailing from point to point thereby following the Great
Circle track effectively and conveniently.

Before attempting to study this chapter, it is expected that
the student would have a good understanding of spherical trigo­
nometry as contained in Nutshell Series Book no: 8 - 'Spherical
Trigonometry'. As far as possible, a navigational approach to the
solution of each problem, rather than a purely mathematical one,
has been maintained here. Values and names of A, B, C and
Azimuth may be obtained from Nautical Tables or by using

- - -
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formulae with the help of a scientific calculator as illustrated in
earlier chapters .

By ABC Tables if is possible to directly calculate the
initial and final courses. By the Hav formula. it is necessary to
first calculate the GC distance and then only, the courses.

Worked example 1
.

Find the initial & final courses and the distance by a great
circle track from A: 24°00'N 74°15W to B: 46°00'N 53° 45W.

A

Notes:

p

B

D

From A
To B
difference
A to B

•

latitude longitude
24°00'N 074°15W
46°00'N 053°45W
22°00'N 020030'E

d'iat d'long

(1) In a spherical triangle, the value of an angle must be less than
180° (see Nutshell Series Book 8 - Spherical Trigonometry ­
and also under d'long in Chapter 4.3 ofthis book).

(2) Since B lies to the East of A, all great circle courses from A to
B must be Easterly (i.e., North Easterly or South Easterly)
and not Westerly.

(3) The Initial and final courses can be calculated by the Haver­
sine formula or by ABC tables.

(4) Although d'lat is N and d'long is E, the courses may be either,
NE'ly or SE'ly. This is described later under 'Vertex' .
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Calculation of distance

Hav one side = Hav opp angle . Sin adj side. Sin adj side +
Hav(diffbet adj sides) .

So Hav AB - Hav P . Sin PA . Sin PB + Hav (PA - PB)

It is simpler to imagine that A is the observer and B is a
celestial body:- lat of B = dec of body; d' long = angle P, Just
substituting Z for A and X for B, the intercept formula can be
applied as follows:-

Distance by Nautical Tables

Hav ZX = Hav P . Cos L . Cos D + Hav (L - D) or
Hav AB = Hav P . Cos lat A . Cos lat B + Hav (lat A - lat B)
Hav AB = Hav 20°30' . Cos 24°00' . Cos 46°00' + Hav 22°00'

AB = 27°30.1' = 1650.1'

Great Circle distance AB = 1650.1 Miles Answer (i).

Distance by Scientific calculator

Cos ZD = Cos P . Cos lat ' Cos dec ± Sin lat. Sin dec

Note:- If Lat and dec are same name (+), contrary names (-).
Hence in the formu la, the (+) has been put above the (-).

IfLHA lies between 0° and 180°, P = LHA
IfLHA is between 180° & 360°, P = 360 - LHA

•

P = 20° 30.0' lat A = 24° OO.O'N lat B = dec = 46° OO.O 'N
•

Cos ZD = Cos 20030'.Cos 24°0' .Cos 46°0 '+ Sin 24°0' .Sin 46°0'

Cos ZD = 0.8869959 ZD = 27° 30.1' = 1650.1'

Great Circle distance AB = 1650.1 Miles Answer (i).

Calculation of Initial course

This can be done by the Hav formula using Nautical
Tables. since all the three sides are now known. or by ABC tables
using Naut ical Tables or a scientific calculator. Calculation
through ABC tables by a scientific calculator is fastest ,
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Initial Course by Hav formula:
• •

Hay one angle = Cosec adj side . Cosec adj side .
[Hav opp side - Hav diffbet adj sides)

Hay A = Cosec 66° . Cosec 27° 30.1' [Hav 44° - Hav 38° 29.9']
A = 31 ° 47.5' Initial course = N31 ° 47.5"E Answer (ii).

I nitial course by ABC Tables:
•

P =20° 30' (LHA 339° 30') lat A = 24°N lat B = dec = 46°N

A = Tan lat = Tan 24° 00.0' = 1.1908182 S
Tan P Tan 20° 30.0'

B = Tan dec = Tan 46° 00.0'
Sin P Sin 20° 30.0'

C

TanAz= I = 0.6 198085
C (Cos 24° 00')

= 2.9569060 N

= 1.7660878 N

Az = N 31.791° E
i.e., 031°47 .5' (T)

Initial course = N3 1° 47.5"E Answer (ii).

Note: By ABC Tables it is possible to directly calculate the
initial and final courses. By the Hav formula. it is necessary to
first calculate the GC distance and then only. the courses. ..

Calculation of final course

The angle of the spherical triangle, calculated by any
means, would be inside the triangle: angle PBA in this case. This
is the angle between True North and the ship's stem (refer to the
figure at the beginning of this example). So the final course PBC
would, in this case, be PBA ± 180° as the ship 's heading is Be.

Final Course by H av form ula :

Hav one angle = Cosec adj side. Cosec adj side .
.. ' [Hav opp side - Hav diff bet adj sides)

Hav PBA = Cosec 44°.Cosec 27° 30.1 '[Hav 66° - Hav 16° 29.9 ']
PBA = 136° 08 .8' . Final course = 043° 51.2 '(T) Answer (iii).
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Final course by ABC Tables:

P = 20° 30' (LHA 339° 30') lat B = 46°N lat A = dec = 24°N

A = Tan lat = Tan 46° 00.0 ' = 2.769651 6 S
Tan P Tan 20° 30.0'

B = Tan dec = Tan 24° 00.0'
Sin P Sin 20° 30.0'

C

Tan A:z. = 1 = 0.9607785
C (Cos 46° 00')

= 1.2713287 N

= 1.4983229 S

A:z. = S 43.854° W
i.e., 223°51.2' (T)

Final course = 043° 51.2'(T) Answer (iii),

Worked example 2

Find the great circle distance, initial course and final
course from A 06°00'N 79°00W to B 38°00'S 179°00'E.

o I' "I.
":")' :":.,,J
..._ I ~

CO l .~,
.-. ...:::;

Equator--~--

/

From A
To B
difference_.-.-
A to b

latitude longitude
06°00'N 079°00W
38°00'S 179°00'E
44°00'S 102°00W

d'lat d'lons
~

p

Notes:

(1) Since the higher latitude is in the Southern Hemisphere, P
represents the South Pole.

(2) Since B lies to the West of A, the great circle courses from A
to B must be Westerly (i.e North Westerly or South Westerly)
and not Easterlv.-
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(3) Although d'iat is S and d'iong is W, the courses may be either
SW'ly or NW'ly as described later under 'Vertex' .

Calculation of distance

Hav one side = Hav 0PP angle . Sin adj side . Sin adj side +
Hav(diffbet adj sides) .

So Hav AB = Hav P . Sin PA . Sin PB + Hav (pA - PB)

As explained in worked example 1, imagine that A is the
observer and B is a celestial body:- lat of B = dee of body; d'Iong
= angle P. Just substituting Z for A and X for B, the intercept
formula can be applied as follows:-

Distance by Nautical Tables

Hav ZX = Hav P . Cos L . Cos D + Hav (L - D) .or

Hav AB = Hav P . Cos lat A . Cos lat B + Hav (lat A - lat B)
Hav AB = Hav 102°00' . Cos 06°00' . Cos 38°00' + Hav 44°00 '

AB = 103° 08.3' = 6188 .3'

Great. Circle distance AB = 6188.3 Miles Answer (i).

Distance by Scientific calculator

Cos ZD = Cos P . Cos lat . Cos dee ± Sin lat. Sin dec

Note:- If Lat and dee are same name (+), contrary names (-).
Hence in the formula, the (+) has been put above the (-).

If LHA lies between 0° and 180°, P = LHA
IfLHA is between 180° & 360°, P = 360 - LHA

P = 102° (P = LHA); lat A = 06° O.O'N; lat B = dec = 38° O.O'S

Cos ZD = Cos 102° . Cos 06° . Cos 38° - Sin 06° . Sin 38°

Cos ZD = - 0.2272932 ZD = 103° 08.3' = 6188.3'
Great Circle distanceAB = 6188.3 Miles Answer (i).

Initial course by Hav formula

Hav one angle = Cosec adj side . Cosec adj side .
[Hav opp side - Hav diff bet adj sides)
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Initial course by ABC Tables:

P = 102° (LHA =P) lat A = 06°N lat B =dec =38°S

A = Tan lat = Tan 06° 00.0' = 0.0223405 N
Tan P Tan 102° 0.0'

B = Tan dec =Tan 38° 00.0' = 0.7987400 S
Sin P Sin 102° 0.0'

C = 0.7763994 S

• •

Tan Az = 1 = 1.2950915
•

C (Cos 06° 00')

Az = S 52.327° W

i.e., 232°19.6' m

• •

.

Initial course = 232° 19.6'W Answer (ii).

Final C ourse by Hav fo rmula:

Hav one angle = Cosec adj side. Cosec adj side .
[Hay opp side - Hay diff bet adj sides)

Hay B = Cosec 52°.Cosec 103° 08 .3' [Hay 96° - Hay 51 ° 08.3']
Internal L B = S87°21.3 'E. Vertically opposite L = N87°21.3 'W

Final course = N87° 21.3'W = 272° 38.7'm Answer (iii).

. Final course by ABC Tables:

P = 102° (LHA = P); lat B = 38° O.O'S; lat A = dec = 06° O.O'N

A = Tan lat = Tan 38° 00.0 ' = 0.1660673 S
Tan P Tan 102° 0.0'

B = Tan dec = Tan 06° 00.0'

Sin P Sin 102° 0.0'
C

Tan Az = 1 = 21.650037
C (Cos 38° 00')

= 0.1074523 N

= 0.0586150 S

Az = S 87.355° E
i.e., S 87°21.3'E

Final course = N 87°21.3 'W = 272° 38.7'(T) Answer (iii).
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VERTEX

The vertex of a great circle is that point where the great
circle reaches its maximum latitude.

Each great circle has two vertices, one in each
hemisphere and they are 180° apart.

The d'long between the point where a great circle crosses
the equator and the vertex of that great circle is 90°.

After crossing the equator the latitude keeps on increasing
and the course constantly changes, cutting each meridian at a
different angle.

As the great circle track goes further and further away
from the equator, it will be observed that the N-S component of
the course gets less and less whereas the E-W component
increases. This continues until the vertex is reached.

At the vertex, the N-S component is zero while the E-W
component is maximum. The course of the vessel at the vertex is
therefore either exactly East or exactly West (i .e., 090° or 270°).
Nowhere else can the great circle course be exactly E or W .

After crossing the vertex, the N-S component gradually
increases and the E-W component decreases until the great circle
crosses the equator again, at the same angle as it did before.

The knowledge of the position of the vertex is useful to
the navigator for two reasons>

(i) If the latitude of the vertex is too high the navigator
may want to modify the course as he would like to avoid the ice,
fog, extreme cold and bad weather which are associated with very
high latitudes.
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(ii) The knowledge of the position of the vertex helps in
quickly calculating the position of any intermediate position on
the great circle track.

Practically at sea, the starting position and the destination
are marked on a Gnomonic chart and joined by a straight line.
This straight line represents a great circle track on that chart. The
position of the vertex is read off directly from the Gnomonic chart
as mentioned in the first page of this chapter. Intermediate points
on the track are also read off from the chart and rhumb line
courses and distances between them calculated. Such a method is,

very quickand practical but is not as accurate as the calculations
shown here.

Before proceeding to calculate the position of the vertex,
it is essential to know whether the vertex lies to the East of the
starting point A, or to the West of it. This is easily known by very
elementary reasoning as described below-

If both A and B are in the same hemisphere, the vertex to
consider also lies in the same hemisphere.

If A and B are in different hemispheres, the vertex to
consider is the one in the same hemisphere as the higher of the
two latitudes .

If the initial and final courses are in different quadrants,
the vertex lies between A and B (i.e. if initial course is NE and the
final course is SE; if initial course is NW and the final course is
SW; etc.).

If the initial & final courses are in the same quadrant, the
vertex lies outside AB (i.e. on AB produced or on BA produced).

Bearing the above facts in mind, let us examine the
following illustrations where the initial and final courses are given
and we have to reason out whether the vertex lies to the East of A
or to the West of A.
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A.Where we consider the North Pole & hence the Northern
Vertexr-

This happens either when both A & B are in the Northern
Hemisphere OR when they are in different hemispheres but the
higher of the two latitudes is in the Northern Hemisphere.

1.
Initial Co N700E Final Course S800E
Therefore -V lies between A & B i.e. to

the East of A but West ofB.

2.
Initial Co N65°W Final Course S85°W
Therefore V lies between A & B i.e. to
the West of A but East ofB.

A

p

v
p

3.
lnitial Co N45°E Final Course N700E
Therefore V lies on AB produced i.e. to
the East of A and B.

4.
Initial Co N500W Final Course N800W
Therefore V lies on AB produced i.e. to
the West of A and B.

5.
Initial Co S600E Final Course S500E
Therefore V lies on BA produced i.e. to
the West of A and B.

v
p

v

B

B

:A

6.
Initial Co S700W Final Course S400W
Therefore V lies on BA produced i.e. to
the East of A and B.
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B.Where we consider the South Pole & hence the Southern

Vertex:-

This happens either when both A & B are in the Southern
Hemisphere OR when they are in different hemispheres but the
higher of the two latitudes is in the Southern Hemisphere.

p

49
B

vA~__~_+,:;-
1.
Initial Co S700E Final Course N800E
Therefore V lies between A & B i.e. to
the East of A but West ofB.

v

A

p

v
B

~\
2.
Initial Co S600W Final Course N75°W
Therefore V lies between A & B i.e. to
the West of A but East ofB .

3 .
Initial Co S500E Final Course 565°E
Therefore V lies on AB produced i.e. to
the East of A and B.

p

v

p

B A
"'~/

p
V

v4.
Initial Co N700E Final Course N600E
Therefore V lies on BA produced i.e. to
the West of A and B.

5.
Initial Co S400W Final Course S700W
Therefore V lies on AB produced i.e. to
the West of A and B.

6.
Initial Co N8 00W Final Course N500W
Therefore V lies on BA produced i.e. to
the East of A and B.
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;,/ /
l /

B

90 - A ./

VA

-:

?
•

PV

-:•
90 - P

p

A
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In spherical triangle PVA, L. V is a right angle because
PV is the meridian of V and the course at point V is exactly E or
W (East in this case).

Formula for latitude ofY Formula for d'long of Y

Sin mid part = Cos opp . Cos opp

Sin PV = Cos (90-A) . Cos (90-PA)

COS la t V = Sin A . Cos lat A
also

Cos lat V = Sin B . Cos lat B

Sin mid part = Tan adj . Tan adj

Sin (90-PA) = tan (90-A) . tan (90-P)

Tan P = Cot A. Sec PA
also

Tan P = Cot B . Sec PB

Note: L. P = d'long which can sometimes be > 90° . So the sign of
Tan P is very important. If Tan P is (+), L. P is less than 90°. If
Tan P is (-), L. P will, in navigation, be between 90° and 180°. So
it is important to leave Sec PA or Sec PB as it is in the above

. formulae and not convert it to Cosec lat A or Cosec lat B. This is
clearly illustrated in worked example 5.

. Latitude of V

Cos la t Y = Sin A . Cos la t A
= Sin 31° 47.5' . Cos 24°

lat Y = 61 ° 13.8'N

Longitude of V

Tan P == Cot A . Sec PA
= Cot 3 1° 47.5 '. Sec 66°

d'long from A = 75° 51.0'E
long of A = 74° 15.0'W
long of V = 0 10 36.0 'E

INTERL"IEDIATE POINTS ON THE GC TRACK

Having found the latitude and longitude of the vertex, the
calculation of any intermediate points on the great circle track is
very simple. If the latitude of a point on the track is chosen, its
longitude can be calculated and vice versa.

W orked example 4

In worked example 3, find where the GC track crosses:
(a) the meridian of65°W and (b) the 36°N parallel of latitude.
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VM

M

p

90- P

PV

90-PM

90-M

• • •

(a) PV = 28° 46 .2', P = d'long V to M = 66° 36.0', PM =?

Sin mid = Tan adj .Tan adj Q!: Sin (90-P) = Tan PV.Tan (90-PM)

Cos P = Tan PV. Cot PM or Tan PM = Tan PV . Sec P

Tan PM = Tan 28° 46.2' . Sec 66° 36.0'. PM = 54° 07.3'

Lat where GC crosses 65°W = 35° 52.TN Answer (a).
•

(b) In the foregoing Napier's diagram, substitute N for M. .

PV = 28° 46.2', PN = colat N = 54°, P = d'long V to N = ?
•

Sin mid = Tan adj .Tan adj or Sin (90-P) = Tan PY.Tan (90~PN)

Cos P = Tan PV . Cot PN = Tan 28° 46.2' . Cot 54°
•

P = 66° 29.3' = d'iong W from meridian of Vertex (i.e. 0 I ° 36'E)

Longitude where GC crosses 36N is 64° 53.3'W Answer (b).

Worked example 5

Find the position of the vertex of the great circle track in
worked example 2 (from A: 06°N 079°W to B: 38°S 179°E).
Also find where the track crosses (a) 85°W and (b) 02°N.
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Already calculated earlier:

Initial Course S52° 19.6'W

Final Course N87° 21.3 'W

In ~ PAY, A = 52° 19.6'

lat A = 06° OO 'N V = 90°,

Using the same Napiers diagram &
formulae as in worked example 3:

Longitude of V
•

Cos lat V = Sin A . Cos lat A
= Sin 52° 19.6' . Cos 06°
= 0.7871721

lat V = 38° 04.7'S answer

Tan P = Cot A . Sec PA
= Cot 52° 19.6' . Sec 96°
= - 7.386932

d'Iong from A = 97° 42 .6'W*
long of A = 79° OO.O 'W
long of V = 176° 42.6'W

* Since the sign of Tan P is negative, L. P > 90° . This is why Sec
PA was retained instead of converting it to Cosec lat.

INTERMEDIATE POINTS ON THE GC TRACK

Using the Napiers diagram and formulae in worked example 4:

(a)PV =51°54.3', P =d'longVtoM =91 °42.6', PM=?

Tan PM = Tan 51° 55 .3 ' . Sec 91° 42 .6' . PM = 91° 20.3'
•

Lat where GC crosses 85°W = 0 I ° 20.3'N Answer (a).

(b) In the same Napier's diagram, substituting N for M:

PV=51°55 .3', PN = calat N = 92°, P =d'longVtaN =?

Cos P = Tan PV . Cot PN = Tan 51 ° 55.3' . Cot 92°

P = 92° 33.3 ' = d 'lang E from of Vertex (i.e. 176° 42 .6'W)

Longitude where GC crosses Ol°N is 84° 09.3'W Answer (b).
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Exercise 31
(Great Circle Sailing)

In the following cases, find the initial course, final course,
distance and the position of the vertex along the great circle track:

Latitude

FROM

Longitude Latitude

TO

Longitude

1 30° 20.0'S 142° 45 .0W 50° 40.0'S 170° 30.0'E

2 69° 30.0'N 060° 50.0'E 44° 40.0'N 120° 20.0'E

3 10° OO .O'S 150° OO.OW 40° OO.O'N 160° OO.O'E

4 49° 50.0'N 005° 15.0W 32° 29 .0'N 064° OO .O'W

5 39° OO .O'S 020° OO.OW 40° OO .O'S 142° OO.O'E

6 -19° OO.O'N 067° OO.OW 36° OO.O'N 006° OO.OW
••

7 Find the latitude in which the great circle track in question 1
crosses the meridian of 180°.

8 Find the longitude in which the great circle track in question 3
crosses the equator.

9 Find the longitude in which the great circle track in question
4 crosses the parallel of 40° N.

10 Find the latitude in which the great circle track in question 6
crosses the meridian of 40° W.
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23

COMPOSITE

CIRCLE

SAILING

In some cases, the great circle track from one place to
another may pass through very high latitude which the navigator
would like to avoid because of frontal depressions, severe cold,
fog, ice bergs, etc associated with very high latitudes. In such
cases, the navigator decides on the maximum latitude of the
passage and does a modified form of great circle sailing called
Composite Circle Sailing.

From starting position A, a great circle track is drawn
such that its vertex V IS the ceiling latitude. Similarly, a great
circle track is drawn backwards from destination B such that its
vertex W is also the ceiling latitude (i .e., latitude V = latitude W).

The navigator then sails along the great circle track AV
and, on reaching V (ceiling latitude), be sails along the parallel of
latitude. On reaching W, he sails along the great circle track WB.
The great circle tracks AV and WE are arcs of two separate great
circles. The leg VW is the arc of a parallel of latitude and is hence
not a great circle track. AVWB is hence called a composite track.
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The derivation of the formulae, by Napier's Rules, for
calculating the various aspects - longitude of each of the vertices
V and W (of the two great circle tracks), the distance along each
great circle tracks, initial and final courses, etc - are very simple
but some students may prefer to memorise them and apply them
directly.

p

A
v

\
\
\
•
~

w

...

B
Worked example 1

Find the initial course, final course and the distance along
the composite track from A: 51 ° 20'N 010° OO 'E to B: 52° OO'N
55° OO'E, having a ceiling latitude of 53°N.

Using the Napier's diagram and formulae used in chapter
22, under the heading 'vertex', the calculation is very simple.

•

In spherical D. PAV, V = 90°

PA = 38° 40', PV = 37° 00 ' ,
Sin A = Cos lat V . Sec lat A
Sin A = Cos 53° . Sec 51° 20 '
Initial course = N74° 24.9'E

Cos AV = Sin lat As-Sin lat V
AV = 12° 08.0' = 728.0 Miles

In spherical D. PBW, W = 90°

PB = 38° 00', PW = 37° 00',
Sin B = Cos lat W . Sec lat B
Sin B = Cos 53° . Sec 52° 00'
Final course = S77° 49.5'E

Cos WB = Sin lat Be-Sin latW
WB = 9° 21.4' = 561.4 Miles
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Cos P = Tan lat As-Tan lat V
d'long A to V = 19° 39.5'E
long of A = 10° OO .O'E
long of V = 29° 39.5'E

Cos P = Tan lat B-:-Tan lat W
d'long B to W = 15° 18.7'W
long ofB = 55° OO .O'E
long ofW = 39° 41.3'E

d'long VW = 10° 01.8' = 601.8'

Dist VW = Dep = d'long . Cos lat = 601.8. Cos 53° = 362.2 M

Total dist = AV + VW + WB = 728 + 362.2 + 561.4 = 1651.6M

Worked example 2

In worked example 1, calculate the longitude where the
composite track first crosses 52°N.

Using the Napier's diagrams and formulae in chapter 22:
Cos P = Tan lat M -:- Tan lat V = Tan 52° -:- Tan 53° = 0.964505

d'long from V = 15° 18.7'W
Long of V = 29° 39.5'E
Long ofM = 14° 20.8'E Answer

W orked example 3

In worked example 1, find the latitude where the com­
posite track crosses 45°E.

Using the Napier's diagrams and formulae in chapter 22:
d'long W to N = 05° 19'E Tan lat N = Cos P . Tan lat W
Tan lat N = Cos 05° 19' . Tan 53° Answer lat N = 52° 52.9'N

-000-
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Exercise 32
(Composite Circle Sailing)

In the following cases, find the initial course, final course,
distance along the composite circle track:

FROM

Latitude Longitude

TO

Latitude Longitude

Max

Lat

I 45° 54.0'S 170° 45 .0'E

2 39° OO.O'S 020° OO.O'E

49° 06 .0'S 075° 50.0W 55°S

40° OO.O'S 142° OO .OW 500S

3 37° 48.0'N 122° 40.0W 35° 40.0'N 141° OO.O'E 45°N

4 In example 1 above, calculate the longitude in which the track
crosses the latitude of500S for the first time (i.e from N to S)

-.
5 In example 3 above, calculate the latitude in which the track

crosses the meridian of 180°.

-000-
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ALTITUDE

ABOVE AND

BELOW POLE

The meridian 180° away from the observer's longitude is
called the observer's inferior meridian . The passage of a celestial
bodv across the observer's inferior meridian is called the lower

•

meridian passage or meridian passage below the pole. The normal
meridian passage is then referred to as the upper meridian passage
or meridian passage above the pole. The time interval between the
upper and lower meridian passages of the Sun is 12 hours and
that of a star, is l lh 58m 02s (half a sidereal day): During upper
meridian passage, LHA = 0° or 360° and during lower meridian
passage, LHA = 180°.

Under certain conditions (of latitude and declination), a
celestial bodv may remain above the rational horizon - does not

• •

set - and is then theoretically visible at all times, even during
lower meridian passage. Under such conditions, the body is said
to be circumpolar. In reality, it is possible that during one or both
of these meridian passages, a circumpolar star or planet may not
be practically visible due to the presence of strong sunlight.

•

To understand the calculations involving altitudes above
and below the pole, it is necessary to first understand the figure
drawn on the plane of the observer's rational horizon. This is
described in detail in Chapter 3.
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K

E

E

•

· M

T
S

N

p

w

w

E

E

DEC < LAT

DEC> LAT
S

N

p

p

z

w

w

J

L

The angle P, measured westerly from XR (the position of
the body when it is rising) and Xs (the position of the body when
it is setting), expressed in hours and minutes and seconds, is the
duration of time that the body would be above the observer's
rational horizon. We notice from figures F and I in Chapter 3
that, as declination increases, the body remains above the rational
horizon for a longer period, and vice versa.

If the latitude and declination are sufficiently high, the
body would remain above the rational horizon as shown below:

NORm LAT sotrra LAT
N N

s S
In addition to the description given for the figures in

Chapter 3, the foregoing figures J, K, L and M require the
following further explanation .
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At upper mer pass

ZX - zenith distance
PX - polar distance

In figures J & M

NX - true altitude
In figures K & L

SX - true altitude

[].j-AL 71TUDE BELOW POLE!

At lower mer pass

zy - zenith distance
PY - polar distance

. In figures J & L

NY - true altitude
In figures K & M

SY - true altitude

It will be seen that for a body to be circumpolar:
(i) Lat and dec must be of same name (i.e., both N or both S) .
(ii) NP z PY or lat z polar dist or lat > 90 - dec

or latitude + declination > 90°

Deductions based on figures J, K, Land M

(i) NX - NY = XY also SX - SY = XY
If dec is constant, PX = PY or XY' = 2 . PX
(ii) In N lat, NP = PY + NY and in Slat, SP = PY + SY

Lat = polar dist + lower mer alt

Worked example 1

The true altitude of a star at upper meridian passage and
lower meridian passage were 63° 54' and 16° 50' respectively, to
an observer in the northern hemisphere. At both transits, the star
bore North. Find his latitude and the declination of the star.

Refer to figure J of this chapter.
Mer alt above pole = NX = 63° 54'N
Mer alt below pole = NY = 16° 50 'N

2 ( Polar distance) = XY = 47° 04 '

Polar distance = PX = 23° 32'
Declination = 90° - PX = 66° 28'N

Mer alt below pole = NY = 16° 50'
Polar distance = py = 23° 32'

Latitude = NP - 40° 22'N
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Worked example 2

In North latitude, the meridian altitudes of a star were
observed as follows:

Upper mer alt = 82° 36' bearing South
Lower mer alt = 15° 48' bearing North

Find latitude and declination.

Refer to figure L of this chapter.
Upper mer alt = SX = 82° 36'
NX = 180° - SX = 97° 24'
Lower mer alt = NY = 15° 48'
2 (polar dist) = XY = 81° 36'
Polar distance = PX = 40° 48'
Declination = 90-PX = 49° 12'N

Lower mer alt =1'.ry = 15° 48'
Polar distance = py = 40° 48'
Latitude = NP = 56° 36'N

Worked example 3

In the southern hemisphere, the meridian altitude ofa star

above and below the pole were 63° 12' and 17° 46' respectively,
both times bearing South. Find the latitude and the declination.

Refer to figure K of this Chapter.

Upper mer alt = SX = 63° 12'
Lower mer alt = SY = 17° 46'
2 (polar dist) = XY = 45° 26'
Polar distance = PX = 22° 43'
Declination = 90 - PX = 67° 17'
Lower mer alt = SY = 17° 46'
Polar distance = PY = 22° 43'
Latitude = SP = 40° 29'S
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Worked example 4

In South latitude, the sextant meridian altitudes of a star
were observed as follows:

Upper mer alt = 79° 27.5' bearing N
Lower mer alt = 14° 08.5 ' bearing S
If HE was 11m and IE was 2.3' off the are, find the

declination and the latitude.

Refer to figure M of this chapter.
Upper . Lower

Sext AIt 79° 27.5 ' 14° 08.5'
IE (off) ill 02.3' ill 02 .3'
Obs alt 79° 29.8' 14° 10.8'
Dip (11m) 1:) 05 .8' H 05.8'
App alt 79° 24.0 ' 14° 05 .0'
Tot corm {:) 00 .2 ' {-) 03.8 '
T alt 79° 23.8" 14° 0 l.2'

Upper mer alt = NX = 79° 28 .8'
SX = 180 - NX = 100° 36.2'
Lowermeralt = SY = 14° 01.2'
2 (polar dist) = XY - 86° 35.0'
Polar distance = PY = 43° 17.5'
Dec = 90 - PY - 46° 42 .5'S
Lower mer alt = SY = 14° 01.2 '
Polardistance =PY =43° 17.5 '
Latitude = SP =57° 18.7'S

Worked example 5

Given latitude as 32° II 'N and declination as 69° 36'N,
compute the meridian altitudes above and below the pole.

Draw figure NESW and insert WQE, NZS and P. Since
dec> lat, the body will bear N during upper mer pass. The figure
is hence the same as figure J of this Chapter.
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Lat = NP = 32° 11'
Polar dist = PY = 20° 24 '
Lower mer alt = NY= 11° 47'

Worked example 6

[24-ALTITUDE BELOW POLE}

NY = 2 (PY) = 40° 4.'
Lower mer alt = NY = 11° 47'
Upper mer alt = NX = 52° 35' ,

If latitude was 64° 27'S and declination was 39° 47'S,
compute the upper and lower meridian altitudes.

Draw figure NESW and insert WQE, NZS and P. Since
dec < lat, the body will bear N during upper mer pass. Hence
refer to figure M.

Lat = SP = 64° 27' XY = 2 (polar dist) = 100° 26'
•

Polar dist = PY = 50° 13' Lower mer alt = SY = 14° 14'
Lower mer alt= SY= 14° 14' SX = 114°40'

NX = (I 80 - SX) = 65° 20'

Worked example 7

In North latitude, the lower meridian altitude of a star of •.
declination 37° 50'N and 10° 41' by sextant. IfIE was 2.1' off ",'
the arc, and HE was 10m, find the latitude and compute the .
sextant altitude for the upper meridian passage.

,

' - '

. " .

Sext AIt
IE (oft)
Obs alt
Dip (10m)
App alt
Tot conn
T alt

10° 41.0'

ill 02.1'
10° 43.1'
i:.} 05 .6'
10° 37.5'
.H 05 .0'
10° 32.5'

Dec = 37° 50'N
PY = 52° 10' , ,

Draw figure NESW and insert WQE, NZS and P. Since
dec < lat, the body will bear S during upper mer pass . Hence refer
to figure L.
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• •

XY == 2 (polar dist) == 104° 20.0'
NY == 10° 32.5'

NX == 114° 52.5'
SX == 180 - NX == 65° 07.5'S == Upper mer alt

Sext Alt 65° 11.5 '
IE (off) (+) 02 .1 '

Obs alt 65° 13 .6'
Dip (10m) (-) 05 .6'

App alt 65° 08 .0'
Tot corm (-) 00.5'

T alt 65° 07.5'

Sext alt at upper mer pass == 65° 11.5 '

W orked example 8

On 16th June 1992, in DR long 156° 08'E in high North
latitude, the sextant meridian altitude of the Sun 's LL below pole
was 10° 14.8' . HE 11m, IE 1.6' on the arc. Find the latitude.

Figure L is applicable. From Almanac
Sext Alt 10° 14.8' LMT upper mer pass 16d 12h aim OOs
IE (on) (-) 0 1.6 ' Difference . 12 .

Obsalt 10° 13 .2 ' LMTlowermerpass 16 00 01 00
Dip (lIm) (-) 05.8 ' LIT (E) L:) 10 24 32

App alt 10° 07.4 ' GMT lower mer pass 15d 13h 36m 28s

Tot com LL (±) 10.8' Declination 23° 20.0' N

Talt 10° 18.2 ' dcorrection(O.I) (±) 00.1 '
Polar dist 66° 39 .9' Declination 23° 20 .1 ' N

Latitude 76° 58 .I 'N
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. '.

Worked example 9

·.
•

.

On 25th Feb 1992, in South latitude, DR long 120° 42 'E,
the sextant meridian altitude of the Moon's UL below pole was
05° 07.2'. If HE was 13m and IE was 0.2' on the arc, find the
latitude and the direction of the PL.

Appr LMT lower mer pass 25d 18h 18m
Long E, Earlier .. .. 24 17 26
Daily difference . 52
Long corm = 120.7(52)/360 = - 17
Appr LMT lower mer pass 25d 18h 18m
Corr LMT lower mer pass 25 18 ·0 I
LIT (E) 1:) 08 03 ..

Corr GMT lower mer pass 25 09 58 '
declination 24° 02.6'5
d (+3 .0) (+) 00.5'

,
declination 24° 03 .1'S
PL :- E - W

Se:\.1 AIt 05° 07.2'
IE (on) 1:) 00.2'

Obs alt 05° 07.0'
Dip (13m) 1:.) 06.3 '
App alt 05° 00 .7'
Main corm (+) 58.2'
HP (55.5) ill 02 .0'

06° 00.9'
1:) 30.0'
05° 30.9'
65° 56 .9'
71° 27.8'N

ULcorrn
T alt
Polar dist
Latitude

Worked example 10 •.,

If the upper meridian altitude of a star was three times its
lower meridian altitude, find the declination and the latitude in
terms of the lower meridian altitude.

Refer to figure J or K
Let lower mer alt = x. Then upper mer ait = 3x
2 (polar dist) = alt above pole - alt below pole = 3x - x = 2x

:. Polar dist = x and declination = (90 - x) answer (i).

Latitude = alt below pole + polar dist = x + x = 2x answer (ii).

Both lat and dec are of same name - both N or both S.

-000-
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,
••

25

STARS SUITABLE

FOR OBSERVATION

•

The idea here is to find out, at the time of civil twilight on
a given day in the ship's DR position, what stars would be

, " . '. '

available for observation by a sextant. The SHA of an imaginary
star which would be on the observer's meridian at that time is
computed. Then a ± value of hour angle (say 45° or 60° or some
such value) is decided by the observer and the applied to the SHA
of the imaginary star. The limits of SHA are now available for
consulting the almanac.

As explained in the first page of Chapter 21, the almanac
(pages 268 onwards) lists the stars in ascending order of SHA,
along with their English names, Latin names and stellar
magnitudes. Extracting the names of the suitable stars, whose
SHA falls within the chosen limits, is a simple procedure as
illustrated in the following worked examples.

Stars having a stellar magnitude of 1.0 or lower are
referred to as first magnitude and those between 1.0 and 2.0 are
called second magnitude stars.

Worked example 1

On the evening of 1st December 1992, in DR 44° 27'N
93° 50'E, what stars of the first or second magnitude, or planets,
will be within 45° of hour angle from the observer's meridian?
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•

GHAr
•

!ncr

GHA r

LongE

LHA. r

2200 30.8'
90 26.5 '

229057.3'

093 0 50.0'

323047.3'

LMT civil twilight Old 16h 53m OOs
LIT (E) 1:) 06 15 20

GMT 01 10 37 40

LHA r + SHA * = LHA *
At mer pass *, LHA * = 3600

: . SHA * = 3600
- LHA r = 3600

- 323 0 47 .3 ' = 0360 12.7'

An imaginary star of SHA 0360 12.7' would be on the
observer's meridian at the above time. So the required stars are
those whose SHA is 351 0 12.7'to081° 12.7'(0360 12.7'±45°).

• •

Consulting the pages at the back of the almanac, as
explained in Chapter 21, first and second magnitude stars, within
these limits of SHA, may be extracted.

On the daily pages of the almanac, the approximate SHA
of each planet, for that day, is given. By inspection of these,
planets having SHA within the desired limits can be extracted.

From the almanac (page 268 onwards), the stars are:
Fomalhaut - magnitude 1.3, Deneb - magnitude 1.3, Altair ­
magnitude 0.9 and Vega - magnitude 0.1 . Planets Venus and

.. ..
Saturn also fall within the desired limits of SHA. ..

Worked example 2

On l st May 92, PM in DR 48 0 20'N 270 40'W which 1st
or 2nd magnitude stars are suitable for ex-meridian observation?

GHA r 175 0 02.2' LMT civil twilight Old 19h 49m OOs
Iocr 90 56.6' LIT (W) {±} 01 50 40

GHA r 184058 .8' GMT 01 21 39 40

Long W 027040.0' LHA r + SHA * = LHA *
LHA r 1570 18 .8' At mer pass *, LHA * = 3600

:. SHA * = 3600
- LHA r = 3600

- 1570 18.8' = 202041.2'
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SHA of an imaginary star on the observer's meridian at
that time is 202° 41.2' . From the almanac (page 268 onwards),
the following stars have a near value of SHA:

Name of Star Regulus Dubhe Miaplacidus
Magnitude 1.3 1.0 1.8

,

SHA* 208° 00.2 ' 194° 10.5 ' 22 1°43.3

LHAy 157° 18.8' 157° 18.8 ' 157° 18.8 '

LHA* 005 ° 19.0 ' 351°29.3' 019° 02 . I '

LP 005° 19.0 008° 30.7' 019° 02 . I '
time from mer pass 21 minutes ., 34 minutes 76 minutes

, .

Declination 12° 00.2 'N 61° 47.7'N 69° 4 1.6'S
DR latitude 48° 20.0 'N 48° 20.0'N 48° 20.0'N
Ex-mer limit 36 minutes 31 minutes not possible

Star Regulus: It is only 21 minutes after mer pass with an Ex-mer
limit of 36 minutes. Hence it is suitable.

Star Dubhe: It is 34 minutes before mer pass with an Ex-mer
limit of 3 I minutes. Hence it is suitable if the sight is taken five or
six minutes later.

Planet Venus: By similar calculation as above, Ex-mer limit is
about 38 minutes . Venus is suitable for lat bv mer alt and also-
Ex-meridian observation.

-
-000-

., , ~



, .
.- , .

• •

. .,

[25-SUITABLE STARS}

Exercise 33-.
•

(Stars suitable for observation)

•

•

•
•

1 On 6th March 1992 in DR 20° 12'N 75° 30"E, find which first
magnitude stars will be within 30° of hour angle from the
observer's meridian at the end of PM civil twilight.

2 On 13th Sept 1992, in DR 34° 40'S 126° 39'W, find which 1st
and 2nd magnitude stars will be within 45° of hour angle from
the observer's meridian at the end of PM civil twilight. . , .

3 On 17th Jan 1992, in DR 46° ITN 174° 30'E, find the planets
and 1st magnitude stars that will be within 40° of hour angle
from the observer's meridian at the beginning of AM civil
twilight.

•

4 On 30th Nov 1992, in DR 33° 10'N 100° 30'W, find whether
any 1st or 2nd magnitude stars will be suitable for an Ex-mer
observation at the beginning of morning civil twilight.

• •

5 On 23rd Sept 1992, in DR 36° 48'S 144° OO'E, during PM
civil twilight, find what 1st or 2nd magnitude stars will be
within 30° of hour angle from the observer's meridian. State
also which of these are suitable for an Ex-mer observation.

-000-

224



[ANSWE/?:Jj

.. ..
•• •,. ..

ANSWERS
Exercises 1 & 2 - Plane sailing & traverse tables (pages 30 & 39)

I 05° 48 .I 'N 062° 28.0'E
2 11° 31.5'S 127° 50.3 'W
3 07° 49.2'N 177° 25.2 'E
4 58° 24.3 'N 110° 43.4 'E
5 25° 18 .6 'S 162° 23.TW
6 S22° 52'E - 273.5M
7 S48° 04'W - 512.6M
8 Nll o 03'E - 368.IM

9 N43 ° 32'E - 340.5M
10 S20° 38 'W - 322.0M
11 N47° 20'W - 024.IM
12 S31° 22 'E - 051.4M
13 ·S59° 5TW - 103.6M
14 N310 45'E - 022.3M
15 S38° 43'W - 033.2M

Exercise 3 - Mercator sailing (page 47)

•

1 N37° 08 'E - 1655.7M .. 6 2l028.3'N 117° 32.0'W

2 S65° 19'W- 6321.7M 7 59° 55.0 'N 141 ° 54.l'E
... N67° 27 'W - 4333.9M 8 68° 38.8'S 074° 48.8'E,j

4 S27° 57'E - 1188.6M 9 64° 53 .5'N 086° 02.3'W
5 S68° 28'W - 2836.1M 1008° 36.9'N 048° 22.0 'W

Exercise 4 - Accumulated rate of chronometer (page 74) ..

•

1 GMT 07d 17h 56m 37s
2 GMT 19d 02h 21m 06s

Exercise 5 - Mer alt Sun (page 86)

3 GrvIT 04d 13h 23m 57s

. GMT d h m s MZD Obs lat PL
1 Jan 21 19 32 20 04°42.4' 24° 38.4'S E-W
2 Sept 01 08 38 12 08° 15.3 ' . 00° 07.1 'S E-W
3 April 30 23 57 08 25° 15.4' 40° 20.TN E-W
4 Sept 14 19 40 48 19° 49.3' 16°44.3'S E-W
5 Dec 01 16 06 12 28° 19.4' 06° 24.8'N E-\V ,

•
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Exercise 6 - AzimuthSun (page 89)
GMT h m s . ;.. LHA TAz Err Dev

••

1 29 17 47 49 319° 22.4' 136.7° 6.7°E 3.7°E
2 22 10 09 38 . 059° 55.2' 259.8° 5.2°W 7.2°W
3 19 04 48 00 064° 54.0 ' 269.3° 2.3°E Nil
4 30 11 00 52 285° 43.6' 074.5° 5.5°W 4.5°W
5 31 17 10 20 077° 33.1 ' 280.7° 1.3°W 4.3°W

Exercise 7 - Amplitude Sun (page 91)
GMT h m s TAz Err Dev
1 02 01 09 40 079.6° 10.4°W 5.4°W
2 02 06 36 00 287.9° 2.9°E 4.9°E
3 20 23 26 48 .' 234.0° Nil 3.00E

4 30 00 15 10 124.4° 14.4°E 4.4°E
5 23 13 50 48 090.3° 3.7°W 1.00W

Exercise 8 - Long by chron Sun (page 94)
•

1 GMT 31d 15 0950 TZD 50° 40.0' GHA 047° 25 .2 ' Cal LHA
047°21.0' Obs long 000004.2W Az 289.8° PL 019.8 - 199.8°.

2 GMT 30d 13 0052 TZD 46° 08.2' GHA 015° 55.7' Cal LHA
315°41.9' Obs long 060013 .8W Az 069.4° PL 159.4 - 339.4°.

3 GMT 19d 0348 00 TZD 46° 27 .2' GHA 234° 23.2 ' Cal LHA
049°40.0 ' Obs long 175°16.8 'E Az 279.9 PL 009.9 - 189.9°.

4 GMT 22d 100938 TZD 70° 14.6' GHA 334° 15.2 ' Cal LHA
059°37.1' Obs long 085° 21.9 'E Az 246.4 PL 156.4 - 336.4°.

5 GMT 04d 225540 TZD 53° 54.3 ' GHA 161 ° 01.3 ' Cal LHA
312°05.4' Obslong 151 °04.1 'EAz 066.0 PL 156.0-336.0°.

Exercise 9 - Intercept Sun (page 98)
1 GMT 04d 22h 55m 40s LHA 312°]1.3 ' TZD 53°54 .3' CZD

53° 50.0 ' Int 04.3' Away Az 065 .9° PL 155.9° - 335.9° (T).
2 GMT 22d 10h 09m 385 LHA 059°55.2' TZD 70°]4 .6' CZD

70° 25.6' Int 11.0' T owards Az 246.7° PL 156.7° - 336.7 (T) .

226



(ANSWERS;

3 GMT 19d 03h 48m OOs LHA. 049~~4;2jJ4D -46°27.2' CZD
46°37.9' Int 10.7' Towards Az 279/7~ PL 009.7° - 189.7° (T) .

4 GMT 30d 13h OOm 52s LHA. 315°43.7' TlD 46°08 .2' CZD
46'- 06.5 Int 01.7' Away Az 069 .4° PL 159.4° - 339.4° (T).

5 GMT 31d 15h 09m 50s LHA 047°25.2' TZD 50°40.0' CZD
50°43 .8' Int 03 .8" Towards A.z 289.8° PL 019.8° - 199.8° (T) .

Exercise 10 - Ex-mer alt Sun (page 102)
I GMT Old OOh 49m 12s LHA 357°19.5',TZD 15°19.1" MZD

15°06.1' Obs lat 23 °2l .5'N Az. 169.9° PL 079.9 - 259.9° (T).
2 GMT 02d 17h 37m 48s LHA 005°02.5' TZD 31°27.4' MZD

31°03 .6' Obs lat 15°27.2'S.A..z 350.7° PL 080.7° - 260.7° (T).
3 GMT 06d Olh 27m 30s LHA 009°42.6' TZD 58°31.2' MZD

57°55 .9' Obs lat 52°18.4'N A.z 191.4° PL 101.4 - 281.4° (T) .
4 GMT 21d 18h 25m 32s LHA 355°46.4' TZD 20°19 .6' MZD,

19°54.0' Obs lat 00002 .6 'S .A..z 168.5° PL 078 .5 - 258.5° (T).

·5 GMT 23d Olh OOm 12s LHA 355°43 .0' TZD 48°19 .1' MZD
48°10.5' Obs lat 48°16.6'S .A..z 005 .7° PL 095.7° - 275.7° (T).

Exercise 11 - Mer alt Star (page 105)
GMT MZD Obs lat PL

1 71° 39.1 ' 45° 14.1N E-W
2 Sept 12 00 21 08 59° 28.9 ' 42° 59.1'S E-W
" Sept 21 23 09 31 16° 42.9' 24° 55.3'S E-Wj

4 Jan 21 03 41 26 75° 37.3 . 57° 35.4 'N E-W
- Mav 02 04 26 45 18° 07 .8 . 30° 08.0'N E-W)

•

Exercise 12 - Azimuth Star (page 107)
GMT h m s LHA. TA.z Err Dev
1 05 22 35 16 289° 04.0' 073.7° 4.3°W l.3°W
2 01 07 39 22 092° 47.2' 299.5° 3.5°E 6,SOE
3 30 13 00 08 032° 30.9' 320.6° 8.6°E 1.4°W
4 14 04 36 00 068° 09.5 ' 270.1° 4.9°W c.i-s
5 20 20 20 00 226° 29.3 ' 034.4° O.l°W 4.l oW

I
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Exercise 13 - Long by chron Star (page III)

1 GMT 29d 11 2920 TZD 55000 .0' GHA* 162022.7" Cal LHA
055001.3' Obs long'107~12i.4'W Az 278.1° PL 008.1 - 188.1°

2 GMT 22d12 51 32TZD"65°08.6' GHA* 340°41.2 Cal LHA
073019.7' Obs long 092°38.5 'E Az 265 .3° PL 355.3 - 175.3°

• • •. -
3 GMT 19d 07 33 44.TZD 46056.1' GHA* 142°42.1' Cal LHA

313030.7' Obs long 170048 .6'E Az 079 .9° PL 169.9 - 349.9°

4 GMT 30d 205123 TZD 32°18 .0' GHA* 070°41.3 ' Cal LHA
030°17.0' Obs long 040024.3 'W Az 295.2° PL 025 .2 - 205 .2°

5 GMT 31d 00 20 26 TZD 68043.5 ' GHA* 333°43.8' Cal LHA
038°46.3 ' Obs long 065°02.5 'E Az 219.6° PL 129.6° - 309.6°

Exercise 14 - Intercept Star (page 114)

1 GMT 30d 20h 51m 23s LHA* 030°21.3' TZD 32°18 .0' CZD
, r,

32°21 .2' Int 03 .2' Towards Az 295.2° PL 025.2° - 205.2° (T) .
• •

2 GMT 19d 07h 33m 44s LHA* 313°32.1 ' TZD 46° 56.1' CZD
46054.7' Int 01.4' Away Az 079.9° PL 169.9° - 349.9° (T) .

3 GMT 29d I1h 29m 20s LHA* 055 002 .7' TZD 55°00.0' CZD
55001.2' Int 01.2' Towards Az 278.1° PL 008.1 o - 188.1 ° (T) .

4 GMT 31d OOh 20m 26s LHA* 038039.8 ' TZD 68 043 .5 ' CZD
68°39.4' Int 04.1' Away Az 219.6° PL 129.6° - 309.6° en.

5 GMT 22d 12h 51m 32s LHA* 073°08 .2' TZD 65008.6 ' CZD
65002.9' Int 05.7' Away Az 265.3° PL 175.3° - 355.30 (T).

Exercise 15 - Ex-mer alt Star (page 117)

1 GMT 12d 15h 54m 26s LHA* 001 017.8 ' TZD 16°57.3 ' MZD
16°54.4' Obs 1at 00024.6 'S Az 355.7° PL 085.7° - 265.70 en.

2 GMT 02d 10h 54m 20s LHA* 010°38.5' TZD 72°51.0 ' MZD
72011.8' Obs lat 44°09.1'S Az 350.2° PL 080.20 - 260.20 en.

3 GMT 20d 02h 15m 52s LHA* 003°39.2' TZD 25°06.1 ' MZD
24054.9' Obs lat 44°08.0'N Az 188.2° PL 098.2° - 278.20 (T)

4 GMT 06d OOh 22m 26s LHA* 354°04 .5' TZD 59°32.5' MZD
59°24.1' Obs 1at 66°48.4'N Az 173 .20 PL 083 .2° - 263 .20 en

5 GMT 21d 01h 15m lOs LHA* 002°25. 1' TZD 67°00.8' MZD
66°58.6 ' Obs 1at 20059.2'S Az 358.2° PL 088.2° - 268.20 en.
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• .. ~. .. • .-'0 .Exercise 16 - Polaris (page 120)
" . ,.,. ~ ... ~~~ " .
,,' 1"" \ " 1

LHA Ob
'J- '..c,. ' . Az: " . ' PL

s 'Y sat- ._ " , .
, - , I : r ' ,'"

26 167°31.1' 47°14:9N 359Jo089.1-269Jo. .... ~ " ,' ., ,
08 282°23 ,8 ' 36°27.9N 000.9° 090.9-270,9°

, . . "

30 271°32.0 ' 51°05 .5N 000.9°090.9-270~9°... _. . . "
, '

T Az 'Error Dev
000.9° 4.1°W 5.1°W

194°03.6' 359.7° '3 .7°E 7AoE
307°56.5 ' 001.0° 11.00E 1.00E

GMTd h m
1 Nov 30 20 56
2 Sept 23 05 21
3 Apr 30 1730

3
4 Mar 06 02 00 00
5 Sept 13 1609 06

Exercise 17 - Mer alt Planet (page 123) . ,

• •

Obs lat PLGMT d h m s MZD ..,
"

1 May 05 10 45 45 34° 06.0' , 50° 16.6 'S E-W

2 Jan 17 00 53 20 52° 24.2' 45° 01.1'S E-W
• .- ...

3 Oct 14 13 02 20 28° 4'9 7' . 51° 58 .6 'N E-W, ! . r •
"

4 Nov 30 08 25 44 73° 56.0' 56° 11.3 'N E-W

5 Mav 04 00 01 24 24° 00 .1 ' 35° OO .O'N E-W-
Exercise 18 - Azimuth Planet (page 125)
GMT h m s LHA TAz Err Dev
1 23 05 19 00 048° 12A' 279 .8° 6.2°W 3.2°W
2 30 23 55 20 281° 35.8 ' 099.7° 3.7°E 7.4°E
3 17 23 10 00 266° 27.2' 118.7° 1.3°W 0.7°E

Exercise 19 - Long by ehron Planet (page 128)
1 GMT 16d 23 39 38 TZD 70°22.2' GHA 211°30.5' Cal LHA

311 °52A' Obs long 100021.9'E Az 132.5° PL 042 .5 - 222.5°
2 GMT Old 1223 34 TZD 43°44A' GHA 300°08 .5' Cal LHA

046°16.3' Obs long 106°07.8'E Az 275 .3° PL 005 .3° - 185.3°
3 GMT 23d 04 II 00 TZD 35°13.2' GHA 108°17.0 ' Cal LHA

328°10.2' Obs long 140006.8'W Az 060Ao PL 150.4 - 330.4°
4 GMT 29d 234402 TZD 41°27.9' GHA 304°53.3' Cal LHA

045°09.3' Obs long 100016.0'E Az 260.0° PL 170.0° - 350.0°
5 GMT 02d 062042 TZD 37°29.3' GHA. 158°37.5' Cal LHA

338°27 .1' Obs long 179°49.6'E Az 144.0° PL 054.0° - 234 .0°

229



[ANSWERS]

• ,

Exercise 20 - Intercept Planet (page 132)

,- .- .'
f . , • -

• •

1 GMT 29d 23h 44m 02s LHA 045°05 .3' TZD 41°27.9 ' CZD
' . • • 1• .. • oA .

41~24.8 ' Int 03 .1' Away Az 260.0° PL 170.0° - 350.0° (T).-. " . ~

2 GMT 23d 04h 11m 005 LHA 328°05 .0 ' TZD 35°13.2 ' CZD. . . .'
' "

35°17.4' Int 04 .2 ' Towards Az 060.4° PL 150.4° - 330.4° (T).

3 GMT 16d 23h 39m 385 LHA 311 °40.5' TZD 70°22.2 ' CZD
70°29.6' Int 07.4 ' Towards Az 132.5° PL 042.5° - 222.5° (T) .

4 GMT 02d 06h 20m 425 LHA 338°3 9.5 ' TZD 37°29.3 ' CZD
.

37°22.4' Int 06 .9' Away Az 144.0° PL 054 .0° - 234 .0° (T) .- .-
5 GMT Old 12h 23m 345 LHA 046°22.5 ' TZD 43°44.4 ' CZD

43°49.7' Int 05 .5' T owards Az 275 .3° PL 005.3° - 185.3° (T) .
"

••

Exercise 21 - Ex-mer alt Planet (page 135). ,
•

": . • J • !

I GMT 04d OOh 18m 005 LHA 004°09.7' TZD 29°22 .0' MZD
29°08.1' Obs lat 40008.0'N Az 188 .3° PL 098 .3° - 278 .3° (T)

2 GMT 30d 08h 59m 445 LHA 008°1 2.3 ' TZD 74°05.0 ' MZD
73°45 .5 ' Obs lat 56°00.9'N Az 188 .1° PL 098.1° - 278.1° (T)

3 GMT 14d 13h 16m 205 LHA 004°11.7' TZD 40°56 .8' MZD

40°51.1 ' Obs lat 64°00.0 'N Az 185.9° PL 095.9° - 275 .9° (T)

4 GMT 17d 01h 27m 205 LHA 008°23.3 ' TZD 53°00.0 ' MZD
52°27.6' Obs lat 45°04.3 '5 Az 349.6° PL 079 .6° - 259.6° (n

5 GMT 04d 10h 58m 005 LHA 002°07.4' TZD 36°00.8' MZD
35°58.4 ' Obs lat 52°09.6 '5 Az 356.5° PL 086 .5° - 266.5° (T) .

E xercise 22 - Amplitude Moon (page 138)

GMT h m TAmp Err Dev

1 02 06 02 288 .7° 1.3°W 1.7°E

2 31 20 48 105 .7° 3.7°E 2.00E

3 05 02 07 089 .0° 9.00E 1.00W

4 02 18 54 242.8° 17 .2°W 5.2°W

5 21 17 30 079.7° 0 .3°W 5.00E
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Exe rc ise 23 - Mer alt Moon (page 139)

- ~,." ~

GMT
1 Dec

Julv
•

Feb

·t Sept

5 Nov

d h m

01 06 15
21 11 05
26 02 18
02 04 35
30 01 46

MZD
32° 42 .2'

. 27° 554'
2 ,, 0 ~ 1 7 '... ~ .-

65 ° 44 .0'
27° 40 .5 '

c: ':. 4- '.~' r ' .-;-
, 'O'b'l "I '- . -. -~ at · ·

40° 09.3'5
37° 25 .2'N
50° 07.6'5
45° 16.2'N
40° 11.2'5

. . ; ,,-.I

PL ' ~ " " ~

E-W
E-W
E-W
E-W
E-W

•
• • •

, • H ,

Exercise 24 - Azimuth Moon (page 142)
GMT h m s LH.A T Az
I 20 07 42 00 291° 46.0' 09 U":

••1... ~ ••'

2 31 08 12 50 050° 01.7' 233.4°
3 30 1& 50 00 046° 33.0' 276.5°..., ,"..

Err
8.9°W
3.4°E
3.5°W

..
Dev
2.9°W
6.4°E
7.00W

• •
, ,..'.:- ~ .

p.,' . ... .'. l ' .• .. ... .J ~

Exercise 25 - Long by chron - Moon (page 145)
I GMT 02d 02 46 37 TZD 55 °41.0' GHA. 158°44 .6' Cal UIA.

03 8°16.3' Obs long 120028.3'W Az 224.8° PL 134.8 - 314.8°
2 GMT 22d 00 24 49 TZD 44°37.6' GHA. 248°08 .5' Cal LHA.

324°5 1.0' Obs long 076°42.5'E Az 051.1 ° PL 141.1 u - 321.1 °
3 GMT 06d 14 33 32 TZD 45 °14.0' GHA. 016°07.9' Cal LHA.

315°23.4' Obs long 060044.5'W Az 078 .1 ° PL 168 .1 - 348.1 °
4 GMT 25d 03 11 20 TZD 43 °15 .7' GHA. 321 °11.7' Cal LHA.

,

048°26.2' Obs long 087°14SE Az 271.7° PL 001.7° - 18 1.7°
5 GMT 30d 23 10 10 TZD 49°21 .2' GHA. 091°58 .8 ' Cal LHA.

3 11 °35.1' Obs long 140c23.8'W Az 076 .9° PL 166.9 - 349.9°

Exe rcise 26 - Intercept - Moon (page 148)
I GMT 06d 14h 33m 32s LH.A. 315°17.9' TZD 45°14 .0' CZD

,

45 °1 9.4' Int 05.4' Towards Az 078.1° PL 168 .1 ° - 348 .1 ° (1') .

2 GMT 30d 23h 10m 10sLHA. 311 °38.8' TZD 49°i1.2' CZD
49°17.9' Int 03.3' Away Az 076.9° PL 166.9° - 349.9° (1') .

3 GMT 02d 02h 46m 37s LHA 038°25 .6' 1'ZD 55 °41.0' CZD
55 °47.1' Int 06 .1' Towards Az 224.8° PL 13 4.8° - 314 .8° (1') .
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4 GMT 22d OOh 24m 495 LHA 324°58.5' TZD 44°37 .6 ' CZO
44°31.9 ' Int 05.7' Away Az 051.1° PL 141.1° - 321.1 ° (T).

5 GMT 25d 03h 11m 20s LHA 048°22 .7' TZD 43°15 .7' CZD
43°12.8' Int 02.9 ' Away Az 27 1. 7° PL 00 1.7° - 181.7° (T).

Exercise 27 - Ex-mer alt - Moon (page 152)
1 GMT 02d 04h 01m 26s LHA 356°42.3 ' TZD 60°20.2 ' MZD

60°15.5 ' Obs lat 39°50.4'N Az 176.4° PL 086.4° - 266.4° (T)
2 GMT 26d 07h 01m 30s LHA 003 °56.6 ' TZD 20°34.3 ' MZD

20°19.3 ' Obs lat 44°58.4 'S /\7. 349 .8° PL 079.8° - 259.8° (T)
3 GMT 06d 17h 01m 28s LHA 351 °49.2 ' TZD 37°28.8 ' MZD. .

36°48.8' Obs lat 45°44.4'N Az 166.6° PL 076 .6° - 256.6° (T)
4 GMT Old 10h 58m 49s LHA 354°30.4 ' TZD 40°00.0' MZD. .

39°43.1' Obs lat 46°17.6'5 Az 008.5° PL 098.5° - 278 .5° (T)

5 GMT 23d 21h 40m 30s LHA 003 °07.7' TZD 49°01.1 ' MZD
48°57.5' Obs lat 57°56.9'N Az 184.1 ° PL 094 .1 - 274 .1° (T).

Exer cise 28 - Simple errors in sights (page 182)

1 Answer (i) Int 2.4' Towards. Answer (ii) Obs long 109° 1.4 'W
2 Observed long 149° 17.2'E 3 Observedlat52°47.4 'S

4 Answer (i) Obs long 79° 34.9 'E. Answer (ii) Int 5.4' Towards

5 Answer (i) In!3.3 ' Away. Answer (ii) Obs long 133° 55 .4 'W

Exercise 29 - Computation of altitudes (page 187)
1: 85°05 .9' 2: 18°26.3 ' 3: 56°00.9' 4: 62°01.3 ' 5: 46° 50.8'
6: 36°18 .7' 7: 57°47.5' 8: 36°03.4' 9: 44°23.5' 10: 40° 22.1'

Exercise 30 - Star identification (page 192)

GMT d . h m s Approx dec SHA * Name of *
1 Sept 22 12 51 32 19° 27 .6'N 146° 46.2' Arcturus
2 Aug 31 00 20 26 17° 53.2 'S 349° 31.0' Diphda
3 Nov 29 11 29 20 08° 16.9'S 281°27.0' Rigel
4 Jan 19 07 33 44 07° 18 .7'N 271 °16.2' Betelgeuse

5 April 30 20 51 23 16° 50.7'S 258° 50.4 ' Sirius •
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051 °44'.I 'E
;- r-

111°55.6'E
006°29.8W
061°09.7'E

Exercise 31 - Great Circle Sailing (page ~P8) . ' .
Initial Co Final Co Dist ~. ·LatpfV Long «v

1 S45°50.6'W S77°40.7'W 2403. 1"5'(044.5'S r54°43 . 8~E
• •. ' -r I .

2 S81°28.2'E S29°08.5 'E 2297.4 69°44.2'N. . ,

3 N39°14.3 'W N54°24.5'W 4084.8 5'[028:1 'N
4 N89°02.8 'W S49°52.0'W 2769.5 49°50.4 'N

. . . ..

5 S13°52.8'E NI4°05.1'E 5958.2 19°15.4'S
s-

6 N58°49 .6'E N89°34 .9 'E 3347.5 '36°00.1 'N 005°17.2W
. . '

7 48°54.5 'S 8: 158°04.4 'W 9: 51 °25'.O'W 10: 3005 0.9'N
; ,....

• ••

Exercise 32 - Composite Circle Sailing Ipage 212)
Initial Co Final Co Long of V Long ofW

1 S55°30SE N61°10.1'E · :J145°31.0'W 111°53.9 'W
Distance = 1725.4 + 1157.0 + 1360.3 = 4242.7 Miles. ,. ,

2 S40002 .7'W N40044.7'W · 42°07.6 'W 080058.6'W

Distance = 2603.5 + 1165.5 + 2524.7 = 6293.7 Miles
3 N63°29.TW S60030.1'W 161°48.0'W 174°51.9'W

Distance = 1794.8 + 554.3 + 2067.2 = 4416.3 Miles
4 LongM178°57.3'W 5 LatN44°53.1'N

Exercise 33 - Stars suitable for observation (page 224)
1 GMT 06d 13h 27m OOs SHA 278° 13.2' ± 30° Stars: Sirius,

Canopus, Betelgeuse, Capella, Rigel.
2 GMT 14d 02h 41m 36s SHA 092° 55.1 ' ±45° Stars: Deneb,

Altair, Vega, Kaus Australis, Atria, Shaula, Antares.
3 GMT 16d 19h 27m OOs SHA 138° 15.4 ' ± 40° Stars: Rigel­

Kent, Arcturus, Hadar. Planet: Venus
4 GMT 30d 12h 59rn OOs SHA 196° 06 .0' . Star Dubhe is within

8 minutes from mer pass. Ex-mer limit is approx. 29 minutes.
5 GMT 23d 08h 47m OOs SHA 081 ° 47.8 ' ± 30° Stars: Altair,

Vega, Kaus Australis, Shaula, Atria. Note: Vega is within 4
rnins of mer pass. Ex-mer limit is large - Ex-mer alt possible.

-000-
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Sin Amp = Sin dec
• •

Cos lat

Amplitude

Azimuth . ,, .
, . .

'"

A = Tan lat
TanP

B = Tan dec
Sin P

Tan Az = 1 .
C . Cos lat

•

• •
•

Rules for naming ~ B, C'and Az are as given in nautical tables.
. ..

• •
• •

.. .. , .

IfLHA between 000° and 180°, P = LHA
IfLHA between 1800 and 360°, P = 360 - LHA

- .. J' . •. .
~ _.. ". ... . .

Longitude by chronometer

Cos P = Sin T alt =F Sin lat. Sin dec
Cos lat . Cos dec

•

If Lat and dec are same name (-), contrary names (+).
Hence in the formula, (-) has been put above the (+).
Entire numerator is Sin while entire denominator is Cos.

Intercept •

Cos CZD =Cos p . Cos lat . Cos dec ± Sin lat. Sin dec

If Lat and dec are same name (+), contrary names (-).
Hence in the formula, the (+) has been put above the (-).
The signs are QlWosite to that for long by chron formula.

Ex-meridian altitude

Cos MZD = Cos TZD + [(1 - Cos P) . Cos DR lat. Cos declo
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