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MAGNETIC POLES 

The points on the Earth's surface where the magnetic field is perpendicular 
to the surface are known as the magnetic poles of the Earth. There are 
two such points - the Nand S magnetic poles. 

MAGNETIC EQUATOR 

The magnetic equator is an imaginary line on the Earth's surface, joining 
all places having zero dip. The magnetic equator lies near the geographic 
ecuator. 

In all Jurtller :iiscussiqns in this book, unless stated ot/len"ise, tI,e word 'pole' 
would refer 10 the 'magnetic pole', tI,e word 'equator' would imply tire 'magnetic 
equator' and the word 'Nor 5 hemispheres' would imply the 'magnetic N or 
5 hemispheres'. 

VARIATION 

At any place, the angle between the true meridian and magnetic meridian 
is the variation at that place. In fig no. 4 at the point where the two 
meridians intersect, the variation is aO Variation is Easterly if the magnetic 
north is to the east of true north. It is westerly if the magnetic north 
is to the west of true north. 

TOTAL FORCE 

The Total Force at any place is the magnetic field strength of the Earth, 
at that place. As stated earlier, the field strength of the imaginary short 
bar magnet at the centre of the Earth, in the end on position is twice 
that in the broad side on position, at the same distance from the centre 
of the magnet. "fhe total force of the Earth's magnetic field is therefore 
maximum at the magnetic poles (about 48 AI m) and reduces as the latitude 
reduces. It is minimum at the magnetic equator (about 24 Aim). 



 
 
 
 
 
 
 
 

J'AGNETIC ELEMENTS 

To fully define the magnetic field of the Earth at any location, three elements 
are required, namely: 

1) The total force at that location, 

2) The variation there (which indicates the angle at which the total force 
acts with respect to the true meridian) and 

3) The dip at that position (which indicates the angle at which the total 
force acts with respect to the horizontal). 

These three elements are therefore referred to as the magnetic elements 
of the Earth. The magnetic elements differ from place to place. Also, 
at anyone place, they are not constant. They change mainly because 
the magnetic poles of the Earth are slowly shifting around the geographic 
poles. This slow change taking place in the magnetic elements, in the 
same direction over hundreds of years is termed the secular change in 
the magnetic elements. The annual secular change in the variation is shown 
on the compass roses on navigation charts. This change must be allowed 
for when determining the variation at that place in any particular year. 

TRANSIENT CHANGES 

In addition to the secular change, small fluctuations occur in the magnetic 
elements due to transient changes. These include: 

1) a twice daily change due to the Moon, 

2) a daily change caused by the Sun, 

3) a 27 day cycle of change due to the Sun's 27 day cycle of rotation, 

4) an yearly change due to the Earth orbiting the Sun, 

S) a 11 year cycle of change due to the 11 year cycle of Sun spot 
activity and 

6) irregular changes caused due to electrical disturbances in the Earth 
and its atmosphere. 

These transient changes are very small and their effects on the magnetic 
compass may be disregarded except in wry high latitudes. 



 
 
 

 
 
 

 

 



 
 

It is the horizontal force H which provides the directive property to the 

magnetic compass. A freely suspended magnetic needle, anywhere on the 

Earth's surface (N or 5 hemispheres) would point towards· the Earth's magnetic 

poles with the red end of the magnetic needle pointing to the north magnetic 

pole of the Earth which is blue. H is therefore referred to as the DIRECTIVE 

FORCE of the magnetic compass. The horizontal force H is maximum 

at the magnetic equator and it reduces as the latitude increases till it 

is nil at the poles, as the entire total force there is vertical. The directive 

property of a magnetic compass is therefore highest at the equator. It 

is very Ii ttle near the poles. H also governs the extent to which horizontal 

soft iron structures on the ship are magnetised by .induction due to the 

Earth's magnetic field. 

The vertical component Z acts downwards in the N. hemisphere and upwards 

in the S. hemisphere. It does not contribute to the directive property 

of the compass. It only tends to dip the compass card. But the compass 

card is so made as to not dip under the influence of Z. This is achieved 

by having the centre of gravity of the compass card and magnetic needles 

well below its point of suspension. 

Aluminium Ring 

/ \ 
...... -----' 

Silk 
Threads 

Fig. No. 8 

G 

Graduations on rice 
paper segments 

Card I 

Magnetic Needles 

The components which contribute to the weight of a dry card compass 
are the circular ring at its periphery, made of aluminium and the three 
or four pairs of magnetic needles suspended from the ring by silk threads. 

Z is maximum at the poles. It reduces as the latitude reduces, till it 
is nil at the equator where the entire total force is horizontal. Z governs 
the extent to which vertical soft iron structures are magnetised by induction 
due to the Earth's magnetic field. 



 

CHAPTER 2 

SHIP'S MAGNETISM 

On a ship built of wood, a magnetic compass would point to magnetic 
North. Knowing the variation at that particular place, the magnetic direction 
can be corrected and the true direction obtained. Present day ships are 
built of steel - a substance which can be magnetised. 

structures 

I 
of a ship is of two types. Magnetism acquired by steel 

I I 
Hard Iron Magnetism Soft Iron Magnetism 
(Permanent Magnetism) (Induced Magnetism) 

HARD IRON: is magnetic material which is difficult to magnetise, but 
once magnetised retains the magnetism. It is difficult to 
demagnetise it e.g. hull, decks, bulkheads, tank tops etc. 

SOFr maN: is magnetic material wruch is easy to magnetise, but also 
loses its magnetism easily. Such structures are magnetised 
when influenced by a magnetic field and that too only when 
their lengths are aligned in the direction of the field (see 
fig. no. 1). As _soon as the magnetic field is removed, soft 
iron loses its magnetism. e.g. beams, girders, masts, Funnel etc. 

Very correctly, no structure on board is completely Hard Iron and no 
structure is completely Soft Iron. They are always a combination of both. 
However, structures which predominantly exhibit hard iron qualities are 
referred to as Hard Iron and we refer to structures which predominantly 
exhibit soft iron qualities as Soft [ron structures. 

SHIP'S PERMANENT MAGNETISM 

This is magnetism acquired permanently by the H.!. structures of the ship, 
when she is built. 

With the ship heading in a constant direction when built, the incessant 
heating, hammering and heavy welding currents passed through the ship 
cause the molecules and domains of the hard iron structures of the ship 
to align themselves in the direction of the Earth's total force at that location, 
her magnetic poles being located in the line of the total force. Sincethis 
magnetism is acquired in hard iron, it would be permanent magnetism 
and the position of the poles so acquired is also permanent. 



 
 
 

 
 

The vessel thus attains permanent magnetism both in the horizontal and 
vertical planes. This permanent magnetism acquired by the ship remains 
with her for her entire life except for a small amount shaken out during 
the first six months or so of her service due to the vibration, pounding 
etc. A very slow and a very small reduction in the strength of the permanent 
magnetism takes place over the next twenty years or so of her life, before 
she attains an equilibrium value. 

Magnetic materials acquire a blue pole where the lines of force enter the 
material and a red pole where they leave the material. In other words, 
close to the red of the Elrth, <t blue is formed and close to the blue 
of the Earth, a red is formed on the ship. 

The horizontal position of the poles will depend on the heading of the 
vessel during building. 

The vertical position of the poles will depend on the hemisphere in which 
she is built. 

PERMANENT POLES (IN HORIZONTAL PLANE) 

-

E.rt/1. Red 
1-1&_ r'\o9 

PERMANENT POLES (IN VERTICAL PLANE) 

Fig No. 10 

In Northern Hemisphcre She acquires a Blue deck and Rt..'<i kt..'C1. 
In Southern Ilemit.phere She acqUires a Red deck and Blue keel 

(RegardlcMi of ship'S head) 



 
 
 
 
 

(Recapitulate) 

• The position of poles of the 
plane acquired by the ship 
ship's head when building. 
the ship is built in. 

permanent magnetism in the Horizontal 
when she is built depends entirely on 
It does not depend on the hemisphere 

• The position of poles of the permanent magnetism in the Vertical 
plane acquired by the ship when she is built depends entirely on 
the hemisphere she is built in and not on the ship's head when 
built. 

Northern Hemisphere 

Southern Hemisphere 

Blue deck and Red keel 

Red deck and Blue keel 

The amount of permanent magnetism acquired by the vessel in the horizontal 
and vertical planes will depend on the n:tagnetic latitude in which she 
was built. She would acquire maximum magnetism in the horizontal plane 
if built at the equator, reducing to nil if built at the poles as H is maximum 
at the equator and reduces to nil at the poles. Similarly she would acquire 
maximum magnetism in the vertical plane if built at the pole and reducing 
to nil if built at the Equator as Z is maximum at the poles and red uces 
to nil at the equator. 

The permanent magnetism of the vessel loses some of its intensity during 
the first six months of service. After that it remains stable. The positions 
of the poles however remain unchanged. 

Since the permanent poles acquired by the ship can be in any oblique 
direction, the ship's permanent magnetic field at the compass, also acts 
in some oblique direction. We divide the vessel's magnetic fi eld at the 
compass position due to her permanent magnetism into 3 components at 
mutually perpendicular directions. 

I 
F & A 
Horizontal 
Component 

(Force P) 

Permanent 

Athwartship 
Horizontal 
Component 

(Force Q) 

Field 

Vertical 
Component 

(Force R) 



 

 
 



 
 

 
 

 

 
 
 
 



 
 

 

 



 

Rods lie F & A Rods lie Alhwartship Rods are Vertical 

a b 

+c 

_-_c __ ~l 
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+d -d +e - e +f - f 
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n 
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- 9 l +h - h - k +k 

Fig. No. 15 

Field at compass is 
Horizontal Fore & Aft. 
Effective pole is level with 
the compass and exactly 
for'd or abaft the compass. 

Fjeld at compass is 
Horizontal athwartship. 
Effective pole is level with the 
compass and exactly to stbd 
or port of compass. 

Field at compass is Vertical 
Effective pole is exactly 
vertically above or below the 
compass 

• Wherever two rods are shown, each of them is a rod by itself . 

Rules for Nine Rods: 

1. When a rod is induced, it acquires a red pole at one end and a blue at 
the other. Only the pole of the rod nearer the compass is considered effective 
when considering deviations they cause. 

2. The pole of a rod near the compass is considered +ve if it IS forward, 
to starbd, or below the compass. 

3. The pole of a rod near the compass is considered -ve if it is abaft, 
to port, or above the compass. 

Using rules 2 and 3, we first decide whether, in the rod under consideration, 
the pole near the compass is +ve or -ve. The farther pole of the rod 
is positive if it is for'd, stbd or below the nearer one. It is negative 
if it is abaft, to port or above the nearer one. Thus, we can now decide 
whether the farther pole is +ve or -ve. 



 
 
 

Sign Convention for rods: 

both poles of a rod are positive, the rod is positiveo 

b. If both poles of a rod are negative, the rod is positive. 

a. If 

c. If one pole is positive and the other is negative, the rod is negative. 

+ 
ITI<±> 

+ + 

- e+ I<±> 
m©e+ 

/® /~ 
- <±> 

Fig. No. 16 

1. Nearer pole is + ve as it is ford of compass. 
Farther pole is + ve as it is ford of nearer 
one. 80th poles are +ve 
:. rod is + ve. 

2. Nearer pole is ford. +lIe, farther pole is to 
port of nearer one and therefore -ve. Since 
one is +ve and one is -ve, the rod is • ve. 

The rods are imaginary soft iron around the compass. Many of them may 
not be present. At a well sited compass, the following rods are usually 
present: 

-a (F & A girders), -c (funnel), -e (athwartship beams) and +k (pillars). 

At a compass which is not well sited, b, d and g rods may also be 
present. They may be +ve or -ve. 

Disposition of Soft Iron on the ship: 

t -a -c I n 9 1+ k 

") 7 
- e 

continuous Transverse Vertical Soft Iron 
F & A girders Funnel beams below the compass 

(pillars) 

Fig. No. 17 



 

CHAPTER 3 

INTRODUCTION TO COMPASS WORK 

The deviation of a magnetic compass is caused by the ship's magnetism. 

I 
Permanent Magnetism 

I I 
F&A Athwartship 

Deviation due to 
I 

I 
Induced Magnetism in 
Horizontal F&A, Horizontal 
Athwartship & Vertical 5.1. 

component component 
(Force P) (Force Q) 

Vertical 
component 
(Force R) I 

F&A Athwartship 
Component Component 

Vertical 
Component 

Each of the above components has to be treated separately, as the deviations 

they produce vary differently with change of ship's head, change of magnetic 

latitudes and change of the hemisphere the ship is in. Correction of each 

is also done separately. 

When the vessel is upright, the total deviation of the compass is the algebraic 

sum of all or some of 5 component deviations. These may change with 

ship's head, the latitude and hemisphere the ship is in. The maximum 

values of these 5 component deviations are the coefficients, namely Coefficients 

A, B, C, D and E. 

THE COEFFICIENTS 

, A coefficient is the maximum deviation caused by one or more of the 

ship's forces acting at the compass position') It must be clearly understood 

that coefficient is a deviation, measured in degrees and is NOT a force. 



 

THREE TYPES OF 

I 
Constant 

(Deviations of 
same sign and 
value on all 
headings) 

DEVIA nONS CAUSED BY COEFFICIENTS 

I 
Semi Circular 

(Deviations of same sign 
over one continuous half 
of the compass courses 
and of the opposite sign 
for the other continuous 
half of the compass 
courses) 

I 
Quadrantal 

(Deviations of one sign 
over continuous oppo­
site quarters of the ship's 
head and of the opposite 
sign over the other two 
continuous opposite 
quarters of the ship's 
heading) 

1. The value of each coefficient is the maximum deviation produced 

by tlk'\t coefficient. 

2. Deviations are considered +ve when easterly and -ve when westerly. 

3. Coefficients are considered +ve if they produce easterly deviations 

on a course immediately to the rigllt of N. hending. They are considered 

-ve if they produce a westerly deviation on a course immediately 

to the right of N. heading Le. name of each coefficient goes with 

the name of deviation for courses between 0000 to 045°. 

4. The coefficients are A, B, C, 0 and E. 

5. The total deviation on any course is obtained as 

S = A + B sin co + C cos co + 0 sin 2 co + E cos 2 co 

If values of the coefficients are known, using the above equation, we can 

find the total deviation on any particular heading. 



 

 

CHAPTER 4 

COEFFICIENT A 

COEFFICIENT A 

REAL A APPARENT A 

+A produces a constant easterly deviation on all headings 

·A produces a constant westerly deviation on all headings 

REAL A 

DEFINITION: Coefficient Real A is the constant deviation, both in amount 
and in name, caused by induced magnetism in unsymmetrical pairs of 
horizontal soft iron around the compass. 

It can be produced by band d rods of opposite names, but of equal 
value. The coefficient takes the name of the d rod, 

+ A is produced by -b and +d rods 

A is produced by +b and -d rods 

Coefficient +A produced by -b and +d rods 

B 6J B GJ since 'd' is h 'e, +A (E) 

b'd b • d • b. + d - b, + d 

Ely 
deviatIon 

Ely 
deVIatIOn 

deViallon 

West East 
< 

N • 
E 

S ~ • -c!5 w 

N 

II should be noted that 8 
constant Ely deviatIon IS 
produced on aU head · 
Ingl 



 

In considering the deviation that will be caused due to the induced magnetism 
in the rods, only the effect of the pole near the compass of each rod, 
is to be considered. 

It should also be noted that when a rod is aligned in the N - S direction, 
its entire length is presented for induction and therefore, they are induced 
to the maximum extent. When a rod lies in the E - W direction, it does 
not acquire any induction. For intermediate angles, the amount of induction 
aquired will also have some intermediate value. 

-A is caused by a combination of + band -d 
constant westerly deviation on all headings. 

rods. It will produce a 

A BGJ~8 since 'do is -vet -A (W) 

+b, -d +b, -d +b, -d +b, -d 

Fig. No. 19 

Effect of Coefficient A on Directive Force: 

I2E.. at the compass position is the horizontal magnetic field which acts 
towards magnetic North. It is this field which gives the compass the 
directive property of pointing North. Though magnetism induced in b 
and d rods is different on every heading, the sum of the fields caused 
by the rods at the compass position is the same on each heading and 
is . always directed exactly in the East - West line, There is therefore no 
component of this field towards North or South. Therefore it will have 
no effect on DF at the compass, on any heading. 

(Recapitulate) 

• sum of field caused by band d rods is constant, on all headings . 

field always directed towards east or west. 

no N/S component. 

DF not effected. 

Effect of change of Latitude: 

We know that the compass needle will point in the resultant direction, 
if two forces act on it. The earth's horizontal component (H) is causing 
it to point towards Magnetic North and the disturbing field F, due to 
coefficient A is acting towards East or West magnetic. Let us sav we 
are in latitude 40" N and value of H is x units. If we proceed towards 
the equator H will increase. Say it becomes 2x units. The induction in 
horizontal soft iron also increases in the same proportion as it is the same 

19 



 

Earth's horizontal field which induces magnetism in the horizontal S.l. rods 

Fig. No. 20 

The deviation therefore remains the same, because both Hand F increase 
in the same proportion. The value of coefficient A, that is the deviation 
due to A, does not therefore change with change of magnetic latitude. 

It may be worth remembering for future, that the same argument will 
hold good for all other coefficients caused due to induced magnetism In 
horizontal soft iron i.e. coefficients D & E. 

(Recapitulate) 

• 

• 

• 

• 

Deviation is caused due to F. 

Since the deviating force, F is 'dependant on H, F increases or decreases 
proportionately with H. 

Since proportion . of H & F will always be same, deviation due to 
Coefficient A is not affected by change of latitude. 

Same is the case with all other deviations caused due to induced 
magnetism in horizontal soft iron i.e. Coefficient D & E. 

Correction of Real A is generally not attempted. It is very rare that 
a coefficient A exists. Even when present, it is likely to be very small. 
If however it exists, the error is constant on all headings. It is like an 
index error and therefore can be easily applied. 

It may however be allowed for, by shifting the lubber line of the compass 
by the amount of coefficient A. This would ensure that courses steered 
will not be affected by the error. However, the error would still be 
applicable to bearings observed. 



 
 

NON MAGNETIC COEFFICIENT A (APPARENT A) 

is the value of the constant error, which remains same in name and 
in amount for all directions of the ship's head, and is caused by factors 
other than the magnetic field of the ship at the compass position. 

Causes of Apparent A: 

i) The magnetic axis of the needle system not being parallel to the 
0" - 1800 direction of the card. 

ii) The lubber line of the compass not being parallel to the ship's f"re 
and aft line. This will produce a constant error on all courses 
steered, bu t not on the bearings observed. 

iii) A constant error in observing the bearing of the object, using which 
the compass was adjusted e.g. an index error in the azimuth measuring 
device. 

iv) An error in computing the magnetic bearing of the object, using which 
the compass was adjusted e.g. application of the wrong variation to 
the true bearing. 

v) Too rapid a swing, when observing the bearings of the object · by 
which the compass is adjusted. 

vi) Hour angles worked out incorrectly leading to error in the calculated 
bearing of the sun. 

Presence of Coefficient A: 

If an appreciable coefficient A is found at a compass, the cause should 
be investigated, by checking the following 

1. Azimuth Mirror 

2. Variation used 

3. Lu bber line alignment 

4. Alignment of card graduation with magnetic axis of the compass needles 

5. Hour Angle 

If none of the above are present, coefficient A can only be due to magnetic 
causes. [t is not possible to accurately separate the two components of 
the total coefficient A, where both real and apparent A exist simultaneously. 



 
 
 
 
 
 

(Recapitulate) 

• If appreciable coefficient A present. rul e out apparent A by checking 
(I) Az. Mirror. (2) variation, (3) Lubber line, (4) Alignment of card 
graduation and needles, (5) Hour Angle. 

• If Appt. A not present by above checks . it impl ies that a Real 
A is present. 

• If both are present together. it is not possible to obti1 in their sepa rate 
values. 

If a Coefficient A exists, its value may be obtained as the mean of the 
deviations on at least four equidistant heatlings. Normally Ihis is done 
using deviations on Ihe eight cardinal and inlcrcardinal compass headings. 

Example: Cnlculate tlte mille of Coefficien t A If tile follof(Jillg dellinliolls 
were kUOW11 to exist. 

Compo Hdg. N NE 

Deviation 8°E 3°E 

E 

~W 

SE 

S' W 

18E+16W JE 
Coefficient A = 8 = =s = 0.25° E 

:. we have a + A of 0.25° 

s SW W NW 

l OW S' E 8"W 



 
 
 

CHAPTER 5 

COEFFICIENT B 

DEFINITION: Coefficient B is the maximum value of the semicircular 
deviation which varies as the sine of the compass course and is caused 
by the horizontal, fore and aft component of the magnetic field due to 
the ship at the compass position. Coefficient B is the algebraic sum of 
Permanent B and Induced B. 

A +B is caused if the horizontal F&A field at the compass position 
acts towards the bow and a -B is caused if it acts towards the stern. 
Therefore, a + B will be caused if there is a blue pole for'd of the compass 
and a red pole abaft the compass Or a blue pole alone for 'd of the compass 
or a red pole alone abaft the compass as the field at the compass in 
each case will be towards the bow. (Refer to figure no. 21). 

Conversely, a -B will be caused if there is a red pole for'd of the compass 
and a blue pole abaft the compass or a red pole alone for'd of the compass 
or a blue pole alone abaft the compass, as the field at the compass in 
each case will act towards the stern. (Refer to figure no. 21) . 

COEFFICIENT B 

Permanent B 

PB (due to Force P) 
(F & A horizontal component 
of the ship's Permanent magnetic 
field at the compass.) 

+ B 

(Due to the ship's field acting 
towards the bow) 

Easterly deviation on Easterly 
Courses 

and 
Westerly deviation on Westerly 
Courses 

I 
Induced B 

iB (due to c rod) 
(F&A horizontal magnetic field 
due to ind uced magnetism in 
vertical soft iron ford or abaft 
compass. Induction is due to Z.) 

- B 

(Due to the ship's field acting 
towards the stern) 

Westerly deviation on Easterly 
Courses 

and 
Easterly deviation on Westerly 
Courses 

The deviation is semicircular. 



 

 
 

 
 

 
 



 
 
 
Change in deviation due to change in course 
 
 

 
 

 
 



 
 
 

Effect of course on deviation due to PB: 

1. Deviation '0' due to PB is nil on course OOOU, maximum on course 
090°, nil on 180" and maximum and of the opposite name on 270". 
Therefore PB Ii varies as sin compo co. 
(sin au = 0; sin 90° = 1; sin 1800 = 0, sin 2700 = -1). 

Effect on Directive Force: 

2. With a +B, the DF (field at the compass acting towards North) is 
increased on all Northerly headings, Maximum increase occuring on 
North. DF is reduced on all Southerly headings, Maximum decrease 
oceuring on South. 

3. Change in DF - Maximum change in DF occurs on the headings 
where I) is nil (N & S headings). No change in DF occurs on headings 
where 0 is maximum (E & W headings). 

4. Equal and opposite changes in DF occurs on opposite compass headings, 
so that the Mean Directive Force for all the headings remains unaffected . 

A -PB will produce exactly the opposite effect as regards change of DF 
to those discussed above for a +PB. There will be increased DF on 
Southerly headings and decreased DF on Northerly headings. 

/ 
Stlllieill is ndvised to l'erifiJ tile abol'e stntements regnrding devintions nnd 
tile DF for a siIip . ",WI a -8 by drml'ing n figure ",itiI tile sllip on tiIe 
cardinal and intercnrdinal iIeadings, "'illl (I red pole at tiIe bo", and n 
blue pole al tiIe stern. 

Effect of change of latitude on deviation due to PB: 

We know that '0' du e to PB is maximum when heading East or West 
by compass because the deviating field then acts at right angles to the 
DF of the Earth, H . 

H 

,-__ ~I Deviating force 

Fig. No. 23 

Let us consider the ship a t two places, (1) and (2) in widely different 
latitudes. Force P causing the deviation remains constant, but as the 
latitude of the ship changes, H also changes. 



 

 
 

As can be seen from the figure if H (the D.F. of the Earth) is large 
the I) is small and if H is small the ° is large. i.e. deviation due to 
PB varies inversely as H 

Lower lat 
Higher lat 

H =1 unit 
H ::. 2 units 

Fig. No. 24 

'::-c~-?': (constant force 'P' 
causing PB) 

(constant force 'P' 
causing PB) 

0, > 0, 
1 

Deva H 

We also know that '8' due to PB varies directly as sin compass co. Combining 
both these, we may state 

0, H, sin comp co, 
-= - x 
0, H , sin comp co, 

Also at any particular place, as H is unchanged, 

Deviation due to PB = PB x sin .compass co. 
where PB is the value of coefficient PB. 

Correction: 

The basic principle followed in correcting a compass is to cure Like With 
Like. The purpose being to ensure that the correction made holds good 
for all latitudes and all courses. The logic being that both PB 0 and 
the correction provided by its corrector should vary in the same manner 
so that the deviation will remain corrected on all courses and at all latitudes. 

F & A Corrector Magnets: 

PB, which is caused by the ship's F & A, horizontal permanent magnetic 
field must therefore be corrected by using F & A permanent magnets, 
placed horizontally, such that they produce a permanent magnetic field 
at the compass, exactly equal to and opposite to that of the ship. When 
this is achieved, the field producing PB has been nullified and therefore 
PB has been eliminated. When the ship has a +PB, these magnets are 
placed with their red ends ford and if the ship has a -PB, they are 
placed with their blue ends ford. 



 

 
 
 

+ PB 

Compass 

--1----
These F & A m~gnets <lre usu<l lIy bar magnets of circular section 8" length, 
3/8" or 3/ ] 6" diamctel'. 

Slots are provided in the binnacle below the compass. They arc placed 
2 in each row sid e by sid e, at di fferen t levels. They are held in position 
by the doors of the binnacle w hen they are shut. They should not be 
nearer than twice their own length from the needle system so that they 
prod uce a uniform magnetic field around the compass. Normally the design 
of the binnacle ensures this. 

Correction of each coefficient is carried out wi th the ship heading on a 
course on which tha t coefficient produces maximum deviation. Since PB 
produces maximum deviation when heading E or W, this correction is 
carried out wi th the ship heading E or W. 

Exnmple 1. Dt!'vintion dlle to 1mI'd iron is 1(f E, . when hending 09(1) (c), 
whnt will be fhe de11l·n fioll on n cOllrse of 0300(c) . 

This de" is due to PB and since there is Easterly deviation on 09QO(c), 
it ind icates tha t the ship has a +PB 

02. _ sin comp co
2 °1 s in comp co l 

°2 sin 30 1 - -= = -
+10 s in 90 2 



 

Example 2. Deviation due to coefficient PB IS 50 W on 33()o (c), fi nd deviation 
on 1S()o (c). 

O2 _ sin comp co2 

0, - sin comp co, 

0, 0 , sin 1500 

3, = -5 = sin 3300 

sin 1500 ° = -5 x +5
0 

, sin 3300 

o, =5° E 

Example 3. Deviation due to PB = 5° W on a certain course at a place where 
H = 15 Ai m. What will be the deviation dlle to PB on the same course at 
a place where H = 30 Aim. 

0, 
= 

H,. 
0, H, 

~ 15 
= -

-5 30 

0, -5 
15 

- 2.50 = x -
30 

0, = 2.5°W 

Example 4. If deviation due to PB = 8° IN, when heading 09()o (c) at position 
(1); where H = 15 Ai m, find deviation due to same when (a) on the same 
heading at position (2) ",I,ere H = 20 Aim and (b) 1"hen heading 3150 (c) at 
position (3) where H = 25 Aim 

8° W due to PB when heading 090° (c) indicates -PB 

(a) Same heading, but different H 

0, H , 0 , 15 
- = -- =;> -=-
" , H 2 - 8 20 

15 0 ° = - 8 x -= - 6 , 20 

0=6 " W 
2 

(b) Different headings and different H 

6] H I sin camp co2 - = -x 
0 1 H 2 sin comp COl 

0, 15 sin315° 
_0 = - x 
- 8 25 sin 0900 

. 15 sin 315 0 

0 1 =-8x - x =+3.4 
o 25 sin 090 

0, = 3.4° E 

oPB 

(f) 

29 



 
 

 
 

 

 
 

 
 



 
 

 
 



 

 
 
 
 
 

Effect of Latitude on deviation due to iB 

The vertical 5.1. is induced by Z. Therefore, as Z increases, the amount 
of induction and therefore the deviating field increases, therefore the Ii 
also increases. 

Conversely as Z decreases, the 0 also decreases . 
Therefore 0 due to iB varies directly as Z. 

i.e. iB 0 a Z 

Further, if Z and therefore the induction in the vertical soft iron remains 
constant, the strength of the deviating field is constant. The deviation 
then will vary inversely as H like in the case of PB deviation. 

Therefore iB deviation 
I 

a ­
H 

: D ~ a ~ i.e a tan dip 

[
directly as Z ] 

deviation due to iB varies 
inversely as H 

o due to iB oc sin comp co 

O2 _ sin co 2 

0, - sin co, 
Z1 HI sin co 2 x - x - = 
Z, H, SIn co, 

I.e. directly as tan dip 

tan dip , 
x 

tan dip, 

When solving problems, if the sign convention of the trigonometrical ratio 
sine is adhered to and the sign of Z or dip (+ve in Northern Hemisphere 
and -ve in S. hemisphere) are also adhered to, the answer obtaJ.ned will 
be correct in value and sign. 

Wlten considering tile two components of B i.e. induced B nnd Pernrnnent B, 
we Irnve to consider them sepnrntely ns they do not mry together since deviation 

dlle to PB vnrres only directly ns sin co nnd inversely ns H, while devintion 
dlle to iB ,lnries directly ns sin co, inversely ns H nnd directly ns Z. 

Wilen correcting the compnss for PB nnd iB, they nre nlso corrected individunlly, 
PB with permnnent mngnets nnd iB with the 5.1. flinders bar. 



 
 

 
 
 
 

 



 
 
 

 
 

 

 
 

 
 
 



 
 

 
 
 

,Example 1: Devintion due to iB is 5° W on a certain course at n plnce where 
H, = 15 A/m nJld Z, = 40 A/ m. Filld del,intioll dlle to iB 0 11 tile snllle cOll rse 
~t a position, wllere H, = 30 A/ Ill & Z, = -20 A/Ill. 

6, Z2 H, 
- = - x ~ 

6, Z, H, 

6, - 20 15 
-- = -- x-
- 5 40 30 

- 20 15 ° 6, = - 5 x -- x -~ +1.25 
40 30 

= 1.25° E 

Example 2: If del'iation dlle to coefficient induced B is 5° E wilCII ileading 210u 

(c), at position (1), where angle of dip is +450
• Find ti,e deviation wlren heading 

330" (c) nt position (2), where the angle of dip is +30". 

~ tan d ip, sin camp co, 
~ x 

6, tan di p, sm compco, 

~~ tan 30° sin 330" 

tan 45° 
x 

sin 2100 +5 

tan 30° sin 330" 
6 ~+5x x ==~ 

tan 45° sin 2100 

6, ~ +2.887 

6, ~ 2.9°E 

Example 3. If the deviation dlle to V. S.J is known to be UY' W, ",hell the sllil' , 5 

head is 5 60" W at a plnce where dip is +30", find the cOllrse upon which 
a del'iation of 5" W will appear dlle to the sn/lle cause, when dip is -60". 

6, ~ - 10°, co , ~ 240°, d ip , ~ +300 

6, ~ - 5°, co.:! ~ ?, d ip, ~ -60· 

~ tan d ip, sin co, 
x 

6, tan d ip, s in COl 

-5 - tan 600 sin co2 
~ 

tan 30° 
x 

sin 2400 - 10 

1 - tan 60° sin co2 - ~ 

30° 
x 

sin 240· 2 tan 

1 tan 30" 
240° =:> sin co2 

~ - x 600 x sin 2 - tan 
co, ~ 8.3" 

New Course 008.3" or 171 .7" 



 
 

 
 
 

Practice Exercise 1. (PB and iB) (Elementary) 

1. The deviation due to V.S.! is known to be 5° E, witll the l'esse/ heading 
N 30 U W at a place where dip is -60". What will be the deviatiorl due 
to the sillne callse wherl heading 560° W, where dip is +30". 

(Ans : 2.87" W) 

2. A fore and aft magnet ill the binnacle callses 5° E when heading 060" (c), 
,/ where H = 27 Aim dip = 30". Find the maximum deviation it causes, 

where H = 24 Aim, dip = -50". 
[Hint Maximllm deviation OCCllrs, H,hen the cOllrse is 90" or 270" (c)) 

sin 90 0 0 0 ° 
Max. deviation = + 5 x - .-- = 5.8 E on 090 (c) and 5.8 W on 270 (c) 

Sm 60 

Second place Max. deviation H, 
5.8 H, 

x 27 

5.8 24 

x = 6.520 E on 0900(c) and 6.52° W on 270"(c). 

3. A flinders bar callses 5° E, when heading 060"(c), where H = 27 Aim, 
dip 30". Find the maximum deviation it causes where H = 24 Aim, 
dip = -50". 

0, _ sin co, tan dip, 
x 

0, - sin co, tan dip, 

Max. deviation sin 90° tan new dip 
x 

+ 5 sin 60· tan old dip 

o + SO x - tan 50° 
Max ° on 090 (c) = . 600 300 

SIO x tan 

= -12° i.e. 12° Won 0900 (c) and 12° Eon 2700 (c) 

Note Easterly deviation has become Westerly, as hemispheres 
have changed. 



 
 

TOTAL COEFFICIENT B 

oonE - oon W 
Total Coefficient B is obtained as 

2 
Proof: (fo be understood later, only after all the coefficients have been 
covered. However reproduced here for reference). 

Deviation ~ A + B sin co + C cos co + D sin 2eo + E cos 2eo 

Deviation on North 
'" A + B sin ()O+ C cos 0°+ D sin 2 (0°) 
= A + C 

Deviation on NE 

- A + B sin 45° + C cos 45° + D sin (2 x 45°) + E cos (2 x 45°) 

= A + B sin 45° + C cos 45° + D (2) 

Similarly Deviation on E = A + B - E (3) 

Deviation on SE ~ A + B sin 45° - C cos 45° - D (4) 

Deviation on 5 = A C + E (5) 

Deviation on SW = A B sin 45° - C cos 45° + D (6) 

Deviation on W A B - E 
~ 

Deviation on NW = A B sin 45° + C cos 45° - D ----- (8) 

From (3) and (7) 

= oE - oW = (A + B - E) - (A - B - E) = 2B 

oE - oW 
: . B = 

2 

e.g. On East heading 0 100 W 
On West heading 0 = 6° W 

(-)10 - (-6) -10+6 - 4 
= _2° Coefficient B = 2 2 2 

Coefficient B _2° = 2°W 

Knowing total B at any location, there is no means of determining the 
individual values of PB and iB, the two components of total B. If it 
is necessary to obtain their separate values, we have to know the values 
of total B at two places with different Hand Z values. It is then possible 
to obtain the values of PB and iB at both places, using simultaneous 
equations. 

37 



 
 
 
 
 
 

 
 
 
 

In practice, the cor.rection of the compass is done at one place. Therefore 
after finding total B at that place, the adjuster uses an assessed value 
for iB and adjusts the flinders bar for correcting that value. An experienced 
compass adjuster is able to guess the iB value quite accuarately by looking 
at the construction of the vessel and considering the location of the vertical 
S.I . on board and their proximity to the compass. The remaining amount 
of B is then considered as PB and corrected by horizontal, fore and aft 
permanent magnets. If the individual components of total B was correctly 
and separately corrected by flinders bar and F & A magnets, the correction 
will hold good for all places. However, if the correction of the separate 
components were not correct individually, the correction will not hold good 
for all places. Usually the compass adjusters are quite accurate. 

If the vessel is on the magnetic equator, a better correction can be done, 
as all the existing deviation will be due to PB alone. Therefore it can 
be corrected by permanent magnets. This correction will hold good for 
PB at any place on any heading. Thereafter at any other place, if any 
deviation due to B is present this will be totally due to iB and it can 
be corrected by using an appropriate amount of F / bar. 

(Recapitulate) 

• To split B into its components simultaneous equations are required 
for two places (two values of H and two values of Z) 

• In practice, correction is done at one place. Experienced adjuster uses 
estimated value for iB and corrects - generally they are quite accurate. 

• If the ship is at the magnetic equator - there is no iB, only PB 
is present - correct this with permanent magnets. 

Thereafter, at any other place, whatever B is observed IS due to iB 
alone as PB stands corrected. 

EFFECT OF COEFFICIENT B ON DIRECTIVE FORCE 

A F & A magnetic field at the compass due to the ship (combination 
of PB and iB), causes coefficient total B. If for example a vessel with 
+B is swung on all headings, one will notice an increase in D/F, when 
heading North and loss in D/F when heading South. Conversely, a -B 
will have the opposite effect. In other words, the D/F at the compass 
has a definite association with the sign of Coefficient B. 



 
 

 
 
 
 



 
 
 
 

 

Example 2: Permanent B is +4° and induced B is _2° at a position (1), where 
H = 30 Nm and Z = 40 A/m. Find the delliation due to these coefficient 
when heading 250" (c) at position (2), where H = 20 A/m and Z = -30 N 
m. 

PB 

PB, =.!iL 
PB, H, 

PB, = 30 
+4 20 

30 
PB =+4x-, 20 

PB, = +6° 

Coefficien t B = PB 2 

iB 

iB, Z, H, 
- = - x -
iB, Z, H, 

. . Z, H, 
IB =IB x --x-, 'z H , , 

-30 30 
iB =-2x--x-

, 40 20 

iB, = + 2.25° 

+ iB = +825° 2 . 

Deviation = B sin comp co = 8.25° x sin 250" 
8.25 x -0.9397 = -7.75° 

Deviation = 7.75° W 

Example 3: At a position A, on the magnetic equator, H = 30 Aim, the deviation 
on heading of 090" (c) was 4" W. At a position B, where (H = 20 A/m, 
dip +62°), tlze delliation on a heading of 090" (c) was 7" W. Find the value 
of PB and iB at Ihe second position. Furlher, slale how it should be corrected. 
(Assume Coefficien ts A. C D & E are fully corrected) 

The deviation on 090° (c) at magnetic equator indicates that PB = 4" W, 
since at the magnetic equator iB is zero, the coefficient is entirely due 
to PB. 

PB = -40 
A 

To find PB at (B) 

PBn = HA 
PB A Hn 

30 0 
PBn = - 4 x 20 = - 6 

At position B, it is given that deviation is 7" W on 0900 (c) 

Coefficient B i.e. total B = -7" 

but PB _60 

iB = _1° 



 
 
 
 

 

(C7ction: 

Y ;B of _6° indicates red pole for'd. With the ship heading East or West 
by compass, place F&A magnets, blue ends forward to correct 6°. 

2) iB of _1° In the Northern hemisphere the V.5.1 will acquire blue pole 
at top. Since we have an iB of _1°, it indicates that the blue pole 
is aft of compass. With the ship heading East or West, place Flinders 
bar for'd of the compass to remove 1° d eviation. 

Example 4. At a place where H = 40 Aim and Z = 20 Aim, t()i!!.LJL2L;+-
3° lUlls obsenled. This was fully compensated by a F&A magnet in the binnacle. 
lfinaucedB at that place was - 3°, what de1)iation due to B is to be expected 
when heading 210" (c) at a second place, where H = 15 Aim and Z = -30 
Aim. 

Total B = PB and iB. 

At 1, Total B 
induced B 
PB of ship 

+3° 
= _3° 
= +6° 

Magnet corrected +3° i.e. magnet caused _3° 

Total PB of ship and magnet, after correction, since magnet is still 
there = +6° _30 = +3° 

PB (ship + magnet) = +3° iB = _3° 

PB, H, 40 iB2 Z, H, 
= = = PB, H, 15 iB , Z, H, 

x 40 x - 30 40 
= - = -- x -

+3 15 
, 20 15 -0 

40 
8° + 12° x = + 3 x - = x = 

15 

At 2, PB (ship + magnet) = +8° iB = +12° 

PB = +8° 

iB = +12" 

B = +200 

Deviation = B sin 210° = 200 sin 2100 = _10° 

= 100 W 



 
 

 

IMPORT ANT NOTE 

1) When working problems on splitting of B, C or Heeling Error, where 
permanent and induced components are present, it is best to start 
work with the position, where the separate components are required . 

2) This rule does not hold good if one of the positions given is On 
the Magnetic Equa tor. In that case we start with the position on 
the Magnetic Equator. 

3) In problems involving correction of compass, find PB and iB and 
PC and iC of ship alone. 

4) In case the problem requires adjustment · or readjustment of the 
correctors, we have to find PB, iB, PC, iC of 5Mb and corrector 
to~ether 

Example 5: 

Place L H 24 A/m Z = 0, del'iation on East 2" W 
M H = 20 A/m Z = 36 A/III, del,iation all East I" E 
N H = 10 A/m Z -40 A/m, find rielliation 011 090" (c) 

Using the gwell data at L and M, we enn obtain tile separate val lies of PB 
and iB at M. We can then find their lIallles at 

Place L is at Magnetic Eq11ator, 

Deviation 2" W at L on 
entirely due to PB alone. 

Hence PB at L = _2° 

PB M =~ 
PB, HM 

PB M _ 24 
- 2 - 20 

24 
PB 2 = _ 2.4° 

M = - x 20 

Total B at M = +1° 

PBM = -2.4° 

as Z = o. 

090° (c) indicates, 

N. 

there 15 a -B and it is 



 

' To find PB and iB at N 

PB N H M 
PB

M 
=H

N
; 

PB N =202 
- 2.4 10 1 
PB N =-4.8" 

PB
N 

-4.8" 
iBN -7.55° 

iBN 2 N H M 
-. -=~x-- ; 

IBM 2M HN 

iB N - 40 20 
- - = - - x-
+ 3.4 60 10 
iB N =- 7.55° 

Total BN = -12.35" 

Deviation due to B at N on 0900 (c) 
= 12.35" W 

Exnlllple 6. At a position (1), wllere H = 30 A/III, dip = 55", n totnl coefficien t 
B of + 5" lPas observed with 110 correctors ill plnce. At position (2), where 
H = 25 A/Ill, dip = - 64" a total coefficient B of + 1.50 was observed. Wlm! 
correction sllOuld be made at ti,e secolld place with permanent mngnets and wlwt 
corrections SllOUld be lIIade by lIleans of F.Bar at place (2). 

In this question, we have to split B into its two components, using 
simultaneous equations. 

[Recall, since components are required at place (2), we should start our 
work from place (2)] 

H DIP B 
(1). 30 55U +So 

(2). 25 -64" +1.5° 

Let x PB at 2nd place. 
and y iB at 2l1d place. 

Then x + y +1.5 ------------------- (1) 

To find PB at position (1) 

PB H PB x H x x 25 5x 
_ _ , = - ' . PB = 2 2 = - - = - = 83x 
PBH' , H 306 ' 

2 1 I 

To find iB at position (1) 

is, = tandip , ~~ = tan 55" 
iB, (an d ip, y - tan 64 ° 



 
 
 

tan 55° 
iB, = Y x 640 = -0.7y -tan 

.83x - .7 y = + 5.00 

.83x + .83y = + 1.24 

- 1.53y = 3.76 

----- (2) 

- 3.76 
y= -- =-2.46 

1.53 
Y = - 2.46 

- - - - - (3) (multiplying equation(l) by 0.83) 

Substituting the value of y in equation (1) 

x - 2.46 = 1.5 

x = 1.5 + 2.46 = 3.96 

PB at (2) = +3.96° 

iB at (2) = -2.46° 

Head the ship E or Wand place F&A magnets Red end For'd to correct 
3.96° and place flinders bar abaft the compass to correct 2.460 

(iB is -ve = - 2.46). Since dip is -ve, ship is in the Southern hemisphere, 
the V.5.1 will have red pole at top. Since, there is -ve iB => red pole 
has to be ford of the compass. In other words there is predominance 
of V.5.1 for'd of the compass. Correction - place V.5.I aft of compass. 

Example 7. A t place P (H = 15 Aim; Z = 30 Aim), deviation on 0900 

(c) = 120 W. This is allowed to remain un-corrected. At a place Q (H 
= 22 Aim, Z = 15 Aim), deviatiol1 on 090" (c) was 4° W. The compass 
lms still not corrected. Find the de{'iatiol1 at a place R (H = 20 Aim, 
Z = -25 Aim), when heading 090" (c). 

Given the value of B at P & Q, we first obtain the individual values of PB 
and iB at one of the places, P or Q, by simultaneous equations. We cnn 
then find tlleir individual !'alues al R. 

P 
Q 
R 

H 
15 Aim 
22 Aim 
20 Aim 

Z 
+30 Aim 
+15 Aim 
-25 Aim 

B 
-12 
-4 
? 



 
 
 



 

CORRECTORS IN PLACE 

Example 8: At a place P (H = 28 A/m, dip = 30"), coefficient B lIIas obsel11ed 
to be +]' arId lIIas left uncorrected. On ti,e magnetic equator (H = 30 A/m), 
B was found to be +4' nnd was corrected by F&A magnets. Wltnt Coefficient 
B may be expected at plnce Q (H = 10 A/m, dip -60") nnd how slwuld it 
be corrected? 

Since one of the places is on the magnetic equator, we start work from 
the magnetic equator. 

Given, at Magnetic equator B is +4° ~ PB = +4° (Blue pole of ship 
is for'd) . It was corrected by F&A magnet. (i.e. red end of magnet 
was placed ford) 

To find value of PB at P. 

PBp _ H Eq • 

PB " - H , ' 
30 ° PB = + 4 x - = + 4.3 

I' 28 

PB at P +4.3° 

Total B at P = +1° 

Induced B at P = -3.3° 

(Since PB was full y corrected by the magnet at the magnetic equator, both 
PB of ship and magnet will change in the same manner, and once corrected 
like with like, it will remain corrected . In other words, at Q, coefficient 
B will be only due to iB as FB will be zero). 

iBQ tan dipQ 

iB, tan dip" 

- tan 60° 

tan 30° 

- 3.3 x - tan 60° 
iB() = - - t - 3-0""'-­an 

-3.3x-1.7321 0 

1.5774 =+9.89 

= 9.90 E 

Since ship is in Southern hemisphere, the effective top pole will be red . 
Since iB = +9.9°, it implies that there is predominance of VS.l aft of 
compass, therefore FI B should be placed for'd of compass to correct +9.9' 
with the ship heading East or West. 

Example 9 : At A (H = 36 A/m, Z = 18 A/m), a jlillders bar fOnllard of 
the compass corrects 2' , the remaining coefficient B, l'iz 5', is corrected by fore 
and aft mngnets, red end forward, leaving no deviation on any cou rse. At B 
( H = 24 Aim, Z = -30 A/m), with ti,e F & A magnet removed, coefficient 
B = +2". How should the compass I,mle been corrected at A? 



 
 

When comparing deviations at two places, it is essential that they are 
compared in the same condition. At place B, we are given the value 
of total B without the magnets. Therefore we must compare it with total 
B at place A also, without the magnets. Since the magnets were placed 
red ends for'd at place A they caused _5°, leaving no deviations. With 
the magnets removed, Coefficient B would have been +50 We can now 
solve for PB and iB at place A with only flinders bar in position . 

H 

A 36 
B 24 

z B 

18 +5° 
-30 +2° 

(with f1inders bar and no magnets) 
(with f1inders bar and no magnets) 

Since we want corrections at A, start from A. 

Let PB
A 

= x 

iB A with f1inders bar 

Then x + y = +5° 

PBo = HA = 36 
PBA H. 24 

36 
PB = x x - = l.5x 

• 24 
iB. Z. H A 
- - = - x-
iB A ZA H. 

-30 36 
iB =yx--x -

• 18 24 
iB. = - 2.5y 

(of ship and !linders bar) 

l.5x - 2.5y = + 2.0 
1.5x+l.5y=+7.5 

-4y = -5.5 
Y = 1.36 

y 

- - - - - - - (1) 

- ------ (2) 
- - - - - -- (1) x 1.5 

Since y is iB of ship and f1inders bar and as £linders bar for'd in Northern 
hemisphere causes +2°, iB of ship alone = -0.64° 
Substituting y in equation (1), x + 1.36° = 5° 

x = 3.64° (PB of ship) 

At A, F&A magnets should have been placed red end for'd to correct 
3.64° and flinders bar should have been placed ford to correct 0.640 



 
 

Example 10. At place (1), where H = 20 Aim, Z = 40 Aim, a ship's cOlnpass 
is corrected and zero deviation obtained with Flinders Bar forward of Ihe compass 
and fore and aft ""'gnets inserted in tire binnacle witll red ends forward. At 
place (2), where H = 30 AIIII, Z = 20 Aim, a coefficient B of +2.5° was observed. 
How sllou ld the correctors be readjusted at the second place? 

Also state what would be the mIlle of coefficient B at place (3), where H = 
20 Aim, Z = -25 Aim, if ti,e correctors were not readjusted. 

(Since the adjustments required are at place (2), we must start from that 
place. As we are required to adjust the correctors we should find the 
value of PB of ship and magnet together and iB of ship and flinders 
bar together. As can be seen, the value of coefficient ' B' at place (1) 
with these correctors is nil and at place (2) total B = +2.50 Both values 
are with the correctors in place. 

H Z B (with correctors) 

1 20 40 0° 
2 30 20 +2.5° 
3 20 -25 ? 

Let PB of ship and magnet a t place (2) = x 

and iB of ship and Flinders bar at place (2) = Y 

x + Y = +2.50 ------- (1) 

30 30x PB , (ship and corrector) 

PB, (ship and corrector) 

iB , (ship and corrector) 

iB2 (ship and corrector) 

H, 
H, 

PB, 

x 
- : PB , = 20 = 1.5x 

20 

Z, H, 
= -x-

Z, H, 

1.5x + 3y = 0 

40 
- x 

20 

30 

20 
iB, 3y 

l.5x + 1.5y = 3.75 
1.5y = -3.75 

(multiplying equation (1) by 1.5) 

Y = _2.50 = iB of ship and flinders bar 

Since x - 2.50 = +2.5° 

x = 5° = PB of ship and magnet. 

Since PB of ship and corrector is +5° at place (2), it means that it was 
not corrected properly at place (1). 



 
 

The F&A magnets were placed red ends ford causing -PB, but despite 
their causing -PB, the residual PB is s till +5° which means they are under 
correcting. Therefore raise the magnets closer to the card or insert more 
F&A magnets, red ends for'd , to remove a further 5° 

y = _2.5° 

Ship is in North hemisphere. The effective top pole of VS.l is blue. 
The £linders bar for'd is therefore causing +iB. Despite this, the iB of 
ship and £linders bar together is -2.5°. Therefore the flinders bar is under 
compensating. The length of the flinders bar should therefore be increased 
to cause an additional correction of 2.5° 

The second part of the question is quite 

PB , (ship and corrector) H, . x 30 
= H' = -

PB,(ship and corrector) +5 20 , 
.. PB, = + 7.5" 

iB , (ship and corrector) 
= 

Z , 
x 

H, iB , 

iB ,(ship and corrector) Z, H, -2.5 

iB, = +4.7" 

Total B (with correctors in place) at place (3) 
7.5° + 4.7° = +12.2° E 

= 

independent. 

x = +7.5° 

-25 30 
- - x 
20 20 

Exill11ple 11: A vessel's compilSs WilS adjusted off River Clyde (H = 12 A/m, dip = 7Cf!), 
tlte fore and aft magnets being placed willI tlteir red ends aft, and ti,e F/B situated 
ford of the compass. On completioll of adjustment 110 deviation was obsen'ed 011 

any heading. Subsequently wi,en off Ril )er Plate ( H = 28 A/m, dip =- 30°), the 
de1'iation all East was obsen1ed to be 5° E and on West it was 3° W. Hom 
should the correctors be readjusted to effect proper compensation of coefficient B 
at River Plate. 

It is clear that the compass was not properly corrected at Clyde, otherwise 
the deviations would have remained nil at River Plate also. 

Since adjustment is required at River Plate, we commence from here. 

oE - oW +5-(-3) +8 
Coefficient Bat R. Plate = -

2 2 2 
= +4° 

Let PB (ship and corrector) at Plate = XO 

and iB (ship and F/B) at Plate = yO 
x + y = +4° 



 
 

PB",d' (ship and magnet) Hp"" 

PBp,,,, (ship and magnet) H"yd, 

28 
PB",d, =XX 12 = 2.3x -- - - --(1) 

iB"", (ship and F / B) 

iB",,,, (ship and F / B) 

iB",." = - 4.76y 

tan dip(clytlc) 

tan dip ( plate) 

2.3x -4.76y = 0 ------(2) 

tan 70° 

- tan 30° 

2.3x + 2.3y = 9.2 (multiplying equation (I) by 2.3) 

- 7.06y = - 9.2 

y = +I.3 

x + 1.3° +4° 

2.747 
- -=-4.76 
-.577 

x = 4 - 1.3 = 2.7"(+) (PB of ship and magnet at Plate) 

The corrector magnets are blue ends ford, i.e. they are causing +8. Since 
residual PB is +ve, they are over-correcting. Therefore lower the magnets 
in the binnacle or reduce the number of magnets to reduce the correction 
provided by them by 2.7". 

Residual iB = +1.30. Ship is in Southern latitude, the effective top pole 
of Flinders bar is red. The flinders bar for'd is causing -iB. Since value 
of iB is +ve, the flinders bar is under correcting. Therefore increase 
the length of the flinders bar to remove 1.3° of deviation. 

ExmJ/p/e 12: Wi,en adjusting compass off River TYlle, H = 17 Aim, Dip 7(f1, 
coefficient B lPas f01llld to be -7". Tl1is was corrected by placing 300 111111 of 
FIB ford of compass to rel1101'e 5° deviation and F&A magnets red ends aft 350 
mm from tl1e compass. Tl1e vessel lPas SW1l11g and 110 del,iations were found 
on allY l1eading. Later, wl1en off Durban H = 14 Aim. dip = - 65°, deviation 
on East was 6° E and on West was 4° W. How wOllld YOll correctly compensate 
PB and iB at Durban? Also state tl"ollgl1 whnt distallce the magnets nre to 
be sllifted to nchiel'e tl1e abOl'e. 

Ship at Tyne had a total B = -7" 

Since F /B was placed forward (off R. Tyne in the N. hemisphere) to remove 
5° deviation, it caused +5° (as blue pole of F/B would be for 'd of compass) 

iB of Flinders bar = +5° 



 
 
 

~
e remaining _2', was assumed to be due to -PB of 2', which was corrected 

by F&A magnets blue ends for 'd. 

PB of magnet = +2' 

At Durban: 
<>F.-OW 

Coefficient B with correctors in position ~ 2 

T 
D 

At 

and 

H DIP B 

17 70' O' (with correctors) 
14 _65' +5° (with correctors) 

0, Let PB (ship and magnet) x' 

Let iB (ship and Flinders bar) y' 

x + y = +5' ----- - (1) 

PB (ship and magnelh,,,, H Durban 

PB (ship and magnet) u""",, Hr,", 

14 
:. PB (ship and magnet)T,,,, = x x i7 = 0.82x 

iB (ship and F I Bh,,,, 

iB (sh ip and F I B) ",,, ,, ,,,, 

:. iB (ship and F / B)T,", 

0.82x - 1.28y = 0 

tan diPT),ue tan 70' 
= ° tan dip Durban - tan 65 

Ian 70° 
= Y x _ tan 650 = - 1.28y 

-- -- -- (2) 
0.82x + .82l! = 4.1 (multiplying equation 

- 2.10y -4.1 

Y = +1.95' (iB of ship and fli nders bar 

Since x + y = +5' -- ---- (1) 

x = 3.05° (PB of ship and magnet at D) 

PH ship and corrector (Durban) 

iB ship and corrector (Durban) 

+3.05" 

+1.95' 

(1) 

at 

_6 _-->-( -_4--,-) = _10 = + 5' 
2 2 

by 0.82) 

D) 

We can now find the values of PB and iB of correctors alone at Durban. 

Since we are required to correct the PB and iB, we must know, the values 
of PB and iB of the ship alone. What we have obtained are their values 
with the correctors. We will therefore now find the values of the correctors 



 
 
 

alone at D and hence obtain the ships PB and iB. 

PB (magnet)Durbali HTy"", _ = PB'llagn"l 17 
PB (magnet)TYlle HDmb~" 2 14 

17 0 
:. PB (magnet)D,".' = 2 x 14 = 2.42 

PB of magnet alone = +2.42° 
(at Durban) 

iB of FB 
Durban 

tan dip - tan 65° 
Durban _ --=::.:..:..::.::..". 

iB of FB 
Tync 

tan dip - + tan 70° 
Tylll' 

iB (FB) . 
Durb<lll 

= +5 x -.78 = -3.9" 

iB of FIB alone -3.9" 
(at Durban) 

PB of ship with magnet = 
PB of magnet at Durban = 
PB of ship alone at Durban 

-.78 

+3.05° 
+2.42° 
+0.63° 

The magnet should cause -0.63 0, but it is causing +2.42° It should be 
reversed and if we reverse it at the same distance it will cause -2.42° 
Therefore we have to reverse them as well as move them away. 

Since the deviation caused by a magnet a 

dev, 
dev , 

2.42 

0.63 

d ' , 

d, 

d ' , 
d ' , 
d 3 

= 
, 

350' 

= 3503 
X 

= 350 x 

2.42 

.63 

~2.42 
.63 

d, = 548mm. 

1 

dis t ' 

The magnets should be reversed and shifted away (down) by 198 mm. 

iB of 
iB of 
iB of 

ship 
FIB 
ship 

and FIB =+1.95° 
alone = -3.900 
alone = +5.85° 

FIB should cause -5.85° and not _3.9°, it's length should be increased, 
as it is under compensating. 



 
 

·F.xample 13: During compass adjustment at a place, where H = 18 Aim, Z 
'!' 43 Aim a vessel was found to hilVe a Coefficient B of +8°. This was corrected 
Ity placi11g III! estimated lengtlz of FB ford of the compass La corred 4° lind 
t/Je residual B was corrected by fore and aft Jlwgnets. On the magnetic equator, 
where H = 28 Aim, a Coefficient B of _3° was found to be present, wlzicll was 
corrected by adjusting the permanent magnets, and no deviation was found on 
E/W courses. What deviation may be expected wizen heading 246° (c) at a 
place where H= 18 Aim, Z = - 57 Aim. 

H Z B 

(1) 18 
(2) 28 
(3) 18 

43 +8 
o -3 
-57 0 

corrected with jlillders bar causing 4° and F&A lIlagllcls 
corrected by adjusting magnet. 
on 246° (c) ? 

At magnetic equator PB of ship and magnet = _3° 
(since no iB at equator) 

PB of ship and magnet place (1) _ PB (1 ) _ 28 

PB of ship and magnet at equator - - 3 - 18 

PB 28 0 
(1) = - 3 x - = - 4.66 

18 

Total B of ship and correctors at (1) = 0.0 

PB of ship and magnet at (1) 

:. iB of ship and FIB at (1) 

= -4.66° 

+4.66° 

At magnetic equator, since Coefficient B was fully corrected by adjusting 
mangets, it means that PB of ship has been fully corrected at magnetic 
equator, because at magnetic equator only PB appears. This correction 
will hold good for all latitudes as like has been corrected with like. Therefore 
any B appearing thereafter will be entirely due to iB. 

At place (3), only is of ship and FIB will cause any deviation. 

iB, Z, H , 
- = - x -
iB, Z, H, 

. .. - 57 J8 0 
lB, of slup and /lmders bar = + 4.66 x 43 x 18 = - 6.2 

Deviation on 2460 (c) = B sin co. 

= -6.2 x sin 2460 = +5.6° = 5.60 E 



 
 

Example 14: On a ship at place A in the N. hemisphere, the deviation of 
a well cited compass was 6°W wizen heading 090"(c). This was corrected by flinders 
bar placed fonmrd of the compass correcting 4°, the remainder being corrected 
by F & A magnets. 

Later, at place B in the S. hemisphere, the deviation when h~ading 090" (c) was 
6°E with the correctors in the same position. On removing ' the magnets alone 
the deviation altered by 2.5°, and on removing the flinders bar alone it altered 
by 4°. The correctors were then replaced as before. 

III/hat alterations are necessan) to tile correctors to correctly compensate coefficient 
B at place B ? 

Effect of magnet at A 2 H. 
--=-

Effect of magnet at B 2.5 H A 

.. Effect of FIB at A 4 _ta_n_d_i-,-p_a_t _A_(,-+-".) 
Slmtiarl y , = - = 

EffectofF/BatB 4 tandipatB(-) 

Therefore, tan dip at A = tan dip at B 

(+ve, as N. Hemisphere) (-ve, as S. Hemisphere) 

At B, let PB (ship & magnet) = x 

& iB (ship & FIB) = Y 

Then x + y = + 6 ...................... .... .... (1) 

H. 2 
AtA, PB(ship&magnet)=xx- = xx

25
=0.8x 

HA . 

tan diPA 1 
iB (ship & F I B) = Y x d' = Y x -1 = -y 

tan IP. -
:. 0.8x -y =0 ...................... (2) 

0.8x + 0.8y = + 4.8 
-1.8y =-4.8 

Y = + 2.67 

x + 2.67 = +6 

x = +3.33 

..................... . (1) x 0.8 

When heading East or West (compass), since the magnets are causing +2.5°, 
reverse them and place them lower to correct 0.83° Since FIB is causing 
negetive effect, increase their length to increase the correction by 2.67'. 



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 

 
 
 
 



 

 
 
 
 

 
 
 
 



 
 
 
 

The student should now be able to draw a figure with the ship heading 
on the eight cardinal and intercardinal headings and establish that with 
a -PC also the deviation varies as the cosine of the comp co and also 
establish that the change in OF is exactly the reverse of the change with 
a +pc. 

Effect of change in latitude : We know '0' due to PC is maximum when 
heading ODD' /180' by compass as the deviating force then acts at right 
angles to the compass needle. 

We know that the force causing PC or Force (Q) is constant, but the 
value of H changes with latitude. 

Higher 

Latitude 0----I 

H I 

1 unit 0 : 
I 

x units a (constant) 

Fig. No. 35 

Lower 
Latitude 

H 
2 units 
(say) 

x units 

From the above figures it can be seen that when H is large, the 1) is 
smaIl and when H is smaIl, the 0 is large. Therefore 0 varies inversely as H 

I 
i.e. 0 due to PC a -

H 

Change of Course: We also know that 1) due to PC varies directly as 
cosine compass co. 

=;. 1) oc cosine compo co. 

~= HI x coscompco ! 

0
1 

H 2 cos com p co I 

Also at anyone place :-

Deviation due to PC = PC x cosine comp co 

Correction: The basic principle followed generally is to cure like with 
like. The purpose being to ensure that correction done holds good for 
all latitudes and all courses. The logic being that both PC and its correction 
should vary in the same manner so that we do not have to carry out 
fresh corrections frequent! y. 
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Effect of Course on deviation due to iC: 
Since iC 0 is nil on E and W courses, and maximum, but of opposite 
names on Nand S courses, it varies directly as cosine compo co. 

o due to iC oc cos. compo co. 

Effect of Latitude on deviation due to iC: 
The same ship will acquire no induced magnetism in her vertical soft 
iron at the magnetic equator, as the inducing force Z is nil, therefore 
iC will be zero. In the Southern Hemisphere, the same V.5.1. will be 
induced with red ~ole on top producing a -iC. 

Since induction in vertical soft iron is due to Z, as Z increases, the induction 
and therefore the deviating force and deviation would increase. As Z 
decreases, the deviation would decrease. Therefore, 

o due to iC oc Z. 

If the deviating force remains unchanged, the deviation would vary inversely 
1 

as H, as in the case of Pc. Therefore deviation due to iC a H 

I 
Since deviation due to iC oc Z and a-

H 
Z 

Deviation due to iC a H i.e. oc tan dip. 

0, Z , H , cos co, 
- =-x-x 
0 , Z, H, cos co, 

o 
Also t , 

tan dip, cos co, 
x 

tan dip, cos co, 

(Recapitulate +iC) 

1. Deviation due to iC, Max but of opposite names on 0000 and 180°. 
2. Deviation due to iC, NIL on 0900 and 2700. 
3. Deviation due to iC oc cos comp co. 
4. DF increased on all Westerly headings. 
5. DF reduced on all Easterly headings. 
6. DF maximum on Wand minimum on E. 
7. On N / S, there is no change in DF. 
8. Mean DF for all headings is unchanged as increase on various headings 

is balanced by a equal decrease on opposite headings. 

9. Deviation due to iC oc Z, a ­
H 

i.e oc tan dip. 



 
 

 
 
 

 
 
 



 
 

 
 

 
 

 
 
 
 
 
 
 
 



From the figure: 
 
                   Tan angle of slew from F& A centre line =   induced C / induced B 
 

 
 
 

 
 
 



 
 

 
 

 

 
 
 
 



Example 1: In northern hemisphere, ib = -3 and ic =+ 2 where should the F/B be 
placed? 
 

 
 

 
 

 
 

 
Therefore the F/B should be slewed to port from ford 
 
 

 
 
OA line should rotate 90-33.7 = 56.3 to left 
Ship’s heading should be 56.3 to left of N. Therefore vessel must head N 56.3 W or S 
56.3 E 
 
 



 

 

 
 

F/B should be slewed to starboard from fwd. 
 
 

 
 
 

 
 
 
 
 



 
 
 
 

 

        
 
 
To determine sign 
F/B to port of F & A line from ford means resultant of iB and iC acts towards 
starboard quarter 
 

 
 

 



 

 
 

                          
 

 
 
 
 
 
 



 
 
 

 

CHARTER 7 

HARD IRON DEVIATION 

Combination of 
Permanent B and Permanent C 

due 10 FORCE '0' 
HARD IRON 

SHIP'S HEAD WHEN BUILT; NATURAL ZERO DIRECTION 
NEUTRAL COURSES 

Recall force 0 is the resultant of forces P and Q or in other words, 
the resultant of the permanent magnetic field causing PB and Pc. The 
combined deviation due to PB and PC together is known as Hard iron 
deviation. 

A ship built heading North/South will acquire only PB and no PC will 
be present. Such a ship when heading North or South will have no 
deviation, because the permanent magnetic field of the ship due to H.I 
lies along the compass N/S and hence no deviation is caused. Obviously 
such a vessel will have maximum deviation, when heading 900 to the 
right or left of this direction. i.e. 090° and 2700 in this case. 

Similarly a ship built heading E/W will acquire only PC and no PB will 
be present. Such a ship will have no deviation due to H .I. when heading 
E/W and maximum deviation when heading N/S. 

A ship built on any other heading will acquire both PB and Pc. In 
the building yard, the ship lies in one direction for a long period and 
therefore acquires permanent magnetism. The position and character (colour) 
of the perrrfanent poles acquired by the H.I. will depend on the heading 
on which the ship was built. This heading is known as 'ship's hend when 
building'. The heading 1800 away from ship's head when building is known 
as the "Natural Zero direction". These two directions together are called 
the "Neutral Courses". 

Natural Zero 

Resultant of PB + 
PC 

_~_ Needle Will lie 
NIS • No devn. 

Heading 
when bUilt 

EARTH'S RED 



 
 

 
 
 
 

Whenever the ship heads on any of the Neutral Courses, force '0' (resultant 
of PB and PC) acts in the direction of the magnetic meridian and there 
will be no Hard Iron deviation. On these two headings, the total H .I. 
deviation (due to PB and PC together) is nil. 

When head ing on the neutral courses, the fields due to PB and PC together 
act exactly N or 5 (M), and there is no deviating force present. The 
}-I.1. deviation will be nil. There are two such Neutral Courses: 

1. ship head when being built. 

2. lS00 away from the above heading, (Natural Zero). 

(Recapitulate) 

• Ship built heading N or S acquires PB only - no H.I. deviation 
when heading N/S. 

• 

• 

• 

Ship built heading E or W acquIres PC only - no H.I. deviation 
when heading E/ W. 
Ship built on any other head will acquire both PC and PB (see fig 
no. 43). Together they will produce nil dev iation when on the Neutral 
Courses, as the resultant of PB and PC lies along the Magnetic meridian. 
If given that deviation due to H. Iron is nil on a particular heading, 
two possibilities arise. That head ing could either be:-
i) ship heading when built 

or 
ii) ship heading lS00 from the above heading (Natural Zero) 

It is worthwhile studying the pattern (i .e. types of deviation) that will 
be produced due to PB and PC together, if the ship is swung round 
36(11, starting from ship's head when building. Imagine ship built heading 
135° 

3150 

Neulral Course 
(Natural Zero) 

No De'llallon 

Neutral Course 
(Building Head) 



 

 
 
 
 
 
 



OTHER IMPORTANT RESULTS 
 

                    
 

 



 
 

 
 

 
 

 
 



 
 

                    
 
 
 

   
 
 

 

 



 

 
 
 
 

1x7 x .866 
sin tl = - - ---:-- -

10 
6.062 

= - 1- 0- = .606 

e = 37.3° 

Since sin e = sin (180 - tl), there are two possibilities. Therefore, this angle 
can be from either of the neutral courses. Since deviation should be 
west, the course has to be to the left of natural zero and are 

225 + 37.3 
045 - 37.3 

262.3° 
= 007.70 

Example 3: The 
H = 12 Aim. 
= 6° W. 

deviation due to hard iron on a course of 135" is nil, where 
On a course of 235° at the same place, hard iron deviation 

i) lMwt will be the Jurrd iron 0 on a course 33l1', where H = 8 Aim. 
ii) On what other course, will the same dez>iation occur? 

Deviation nil due to hard iron when heading 135° indicates that this is 
one of the neutral courses and the other is 315°. Since 6 on 235° is Westerly, 
the natural zero is 315' and not 1350 

330' 

62 = H, 
6, H2 

x 
sin L of ship hd 2 from natural zero 

sin L of ship hd , from natural zero 

6 , 12 sin 15° 
-= - x ° 
- 6 8 sin 280 

-6 x 12 sin 15° 

8 x sin 280' 
+ 2.36° 0, = 

Since 330' is to the right of N/ zero, the deviation will be East 
i) 2.36° E 
ii) The other course is 1350 

- 15" = 1200 



Examvle 4 
PB - - SO, PC = - 6°, find dwiation on N 20' E. 

6 
tan N/Co = - = 75 8 . 
e = 36.9° 

From previous theory (-B and -C) indicates, ship's head when building 
= N 36.9" W = 323.1°. And Natural Zero direction 143.1° 

Maximum deviation = ~6' + 8' = '/100 

= 10° 
Deviation on 020'. 

= Maximum deviation x sin L from N/Zero. 
= 10 x sin 236.9" 

10 x sin 236.9" N 36.9'W 020' 

10 x 0.8377 = 8.380 

Nat. Zero 143.1° 

Since Natural Zero is 143.10 and N 20' E is to its left, the deviation 
is West. 

Deviation = 8.380 W 
* This deviation could also have been obtained as PB sin co + PC 
cos co. 

Examvle 5 : The maximum deviation due to H.l. is 10' W on a /teading N 
30' E by compass. iIVIUlt deviation due to the same cause will be experienced 
on West by compass. 

Maximum deviation 10' W on 030" indicates that Neutral Courses are 030" 
± 900 ~ 120" or 300'. 

Since deviation on N 30" E is Westerly, Natural zero is 120' and not 
3000 

or 

120' 

78 

N 30" E o ~ 10' W 
71 

.,: left 

, I 

" 
~ Natural zero 

120' 



 
 

~ = H, 
0, H, 

sin L, from N. Zero 
x 

sin L, from N. Zero 

Since the place is same (H does not feature). 

S, = 
0, 

sin L, from N. Zero sin 1500 

sin L, from N. Zero = sin 2700 

0, -10 x -0.5 = +50 

Since course is west, which is to right of N/ zero, deviation is Easterly. 

Deviation = 5° E. 

Example 6: The deviation due to H.I. is zero, when tile ship is heading S 6(J' 
E by compass. When Ileading on a course of N 7(J' E by compass it is 8° E. 
Find maximum H.l . deviation. Also determine coefficients PB and Pc. If deviation 
is 1° E, due to all causes on a lteading West, find the value of induced B. 
Assume coefficients A and E are nil. 

Heading 120", deviation zero ~ Neutral Courses are 120" or 300". Since 
on 070" deviation is Easterly, Natural zero is 300". 

300" ~, 
Natural Zero m 07(/' .~ S'E 

60
11 

120" 0'" 0 
"'.,., Building head 

Let maximum deviation = x' 
x sin L, from N.Zero(which should be 90 0 from N / Co.) 

= 
8 sin L, from N. Zero 

x sin 90' 
= 

sin 130' 8 

sin 90 
10.45' x 8 x = 

sin 130 

Max 0 10.450 E when heading 030" (c) 
or 10.45° W when heading 210" (c) 

ii) PB = Maximum deviation x cosine N/ Co. 

= 10.45 x cos 1200 

= 
1 

10.45 x 2 = 5.22' 



 
 
 
 
 
 
 
 

PC 10,45 x sin 120" 
10,45 x sin 0,866 9,05° 

Sinc(J' Building head is 120", PB and PC both 
PB = +5.22° 
PC = +9,05° 

Since on West, deviation is 1° E 

" Coefficient B = _1° 
PB = +5.22° 

iB = -6,22° " 

are +ve, 

-8 

ffi 
Example 7: The lIlaximllm HI devintion of 7" W nppenred wilen hending 
305° (c), Cnlculnte ti,e values of PB nnd PC 

Since the maximum H,L deviation occured on 305°, the neutral courses 
are 035° and 2150 On both these headings the H,L deviation will be 
niL Since H ,L deviation is the combination of PB deviation and PC 
deviation, 

PB sin 035 + PC cos 035 = 

and PB sin 305 + PC cos 305 = 

0574 PB + 0.819 PC 0 
0.819 PB + 0574 PC = -7 

Multiplying (1) by 0.819 and (2) 

0,470 PB + 0,671 PC = 0 
0.470 PB + 0.329 PC = -4 ,02 

1000 PC = -4,02 

Substituting in (1) 

574 PB + 0.819 X -4,02 0 

.574 PB = +3292 

PB = +5.735° 

PB = +5,735° and PC = -4,02" 

0 
-7 

by 0.574 

(1) 
(2) 



 
 
 
 
 

A,BANDC 

On all 8 (cardinal and inter cardinal) headings. 

(i) Mean of all deviations = Coefficient A. (Discussed already) 

(ii) Mean of all errors = Variation (provided coefficient A is zero) 

(iii) Mean of all compass bearings = Magnetic Bearing. 

In case of (ii) above (All errors): Variation is a constant, and it will 
cause constant error on all headings. It will behave like coefficient A. 
If ship has no A, then mean of compass errors on all cardinal and inter 
cardinal headings will give variation, as shown below 

Error = var + Deviation 5° E 

Error var + Deviation 5° W 

on one head 

on opp. head 

2var 
Mean of errors = -2- = var iation 

Example 1: Coefficients A = _1°, B = +3°, and C = _4°. Find 0 when 
(i) heading 030" (c) 
(ii) heading 300" (c) 

(i) I) A + B sin co + C cos co. 
-1 + 3 sin 30 + -4 cos 30°. 
-1 + 3 x .5 - 4 x .866 
-1 + 1.5 - 3.464 

= -2.96 
= 2.96° W 

(ii) I) A + B sin co + C cos co. 
-1 + 3 sin 300 + C cos 300 
-1 + 3 sin 300 - 4 cos 300 
-1 + 3 x -0.8666 -4 x 0.5 
-1 -2.598 - 2 
-5.598 
_5.6° 

= 5.6° W. 



 
 
 
 
 

Example 2 : During the course of a swing, throllgl1 360', the following compass 
bearings of a planet were observed and true bearings calculated, as shown below. 
Find: 

(i) Variation 
(ii) Coefficient B and Coefficient C 

Comp.Co. N NE E SE 5 SW 

Comp.Brg. 069 064 064 065 063 063'h 
T.Brg. 075 075'h 076 0761h 077 078 

N NE E SE S SW W NW 
i) Error: 6°E 11'12E 12"E l1'/2E 14°E 14'hE 8'E 2V,E 

Variation = 
80 . 
- = 10° 
8 

E 

(ii) Deviation on East 
Error on East: 12° E 
Variation Hl" E 
Deviation 2° E 

(iii) Deviation on West Error on West: 8° E 
Variation 100E 
Deviation '}!JW 

Coefficient B 
oE-oW 2 - (- 2) 

= = = +2 
2 2 

Coefficient B = +2° 

Coefficient C 
oN-oS -4 -4 

= = = -4 
2 2 

Coefficient C = -40 

The coefficients could also have been obtained as 

Error on E - Error on W 12-8 4 0 
Coefficient B = = -- = - = + 2 

222 

Coefficient C = Error on N - Error on 5 = 6 - 14 = - 8 = _ 40 

2 2 2 

W 

071 
079 

Total 
80"E 

NW 

077 
079'h 



 
 
 

Examvle 3: During a swing through 360", tire following compass bearings were 
obtained of a distant object. Calculate the values of coefficients A, Band C 
and tire deviations due to them when heading (a) 120" (c) and (b) 340" (c). 

Compo Hdg N NE E SE S SW W NW 

Compo Brg. 129" 133' 137" 135' 132' 128' 125' 121' 

Hdg. C. Brg. M. Brg. Deviation 

N 129° 13oo 1° E 

NE 133° 13oo 3° W 

E 137° 130° ?OW 

SE 135° 130° 5° W 

5 132° BOO 2° W 

SW 128° 130° 2° E 

W 125° BOO 5° E 

NW 121° BOO 9'E 

1040 
Mean = M. Brg. = -8- = 130° 

Coefficient A = Mean of all deviations = 
- 17+17 

8 

Coefficient B 

Coefficient C = 

Ii on 1200 (c) = 
= 

= 

Ii on 3400 (c) = 
= 
= 

/)on E - /)on W 

2 

-7-5 -12 
2 - 2 = _6° = 

/) on N - /) on 5 1- (-2) 
= +3 = +1.50 

2 2 2 

A + B sin 1200 + C cos 340" 
0 - 6 sin 1200 + 1.5 cos 120° 
0 - 5.19 - 0.75 = -5.94° 
5.94° W 

A + B sin 3400 + C cos 340° 
0 - 6 sin 3400 + 1.5 cos 3400 
0 + 2.05 + 1.41 = +3.46° 
3.46° E 

o ° -=0 
8 



 
 

 
 
 

 



 
 

 
 
 

[Y''- FIB 

E w -t~f1--+-

Maximum deviation = JiB' + ie ' 

)7' + (1.55)' = 7.2° 

Place flinders bar for'd and slew 12.5° to stbd, to correct 7.20 when heading 
N 77'12' E or 5 77'120 W. 

Example 2: A vessel was swung for compass correction at a place, where H 
= 42 Aim, Z = +36 Aim, coefficient B of +2° and coefficient C of +4° were 
corrected by permanent magnets only. 

At a place where H = 35 Aim, Z = 21 Aim, with the correctors in place, 
a coefficient B of - 1° and coefficient C of + y,o was found. How should the 
correction have been done at the first place using permanent magnets and Flinders 
Bar. 

At a place (1), after correction by magnets, total B and total C were nil. 

At (1) Let PB of ship and magnet = x 
iB of ship = y 

Then x + y = 0 ----- (1) 

42 
At place (2) PB of ship and magnet = xX H , = 

H, 
x x- =1.2x 

35 

and 

1.2 
1.2 

Y = 

x + 

at (2) iB of ship 
42 21 

yx-x- =07y 35 36 . 

x + 0.7 Y 
x + 1.2 X 

0.5 Y 
+2 

y = 0 
x = PB of 

PB of 
.. PB of 

= -1 - --- (2) 
= 0 - - - multiplying equation (1) by 1.2 
= -1 

- - - - - iB ship at (1) 

ship and magnet at 
magnet alone at (1) 
ship alone = 0 

(1) = _20 
= _2° 



 
 
 

Similarly 

Let PC of ship and magnet at (1) ; x 
and iC of ship ; y 
.. x+y;O 

PC f h · d (2) HI 42 o s Ip an magnet at ; x x H ; x x 35 ; 1.2x , 

iC of ship at (2) 
HZ 4221 

;yx-' x-' ;yx-x-=07y 
H, Z, 35 36 . 

1.2 x + 0.7 Y ; +0.5 
1.2 x + 1.2 :l ; 0 

-0.5 Y = +0.5 
y = -1 ----- iC of ship at (1) 

x-I = 0 
x ; PC of ship and magnet at (1) = +1° 

PC of magnet alone at (1) = _4° 
PC of ship alone at (1) = +5° 

No PB correction necessary as ship's PB is nil. 
To correct PC, head · ship N or S and place athwartship magnets red ends 
stbd, to remove 50. 

iC 1 
tan L of slew ; - = -

iB 2 
L of slew = 26'12° 

Flinders bar to be placed abaft compass and slewed 26'12° to stbd 

Maximum deviation to be corrected = JiB' + ie' 

= J2' + (-I) ' 

Headings on which the correction can be done 
= N 63'12° W or S 63'12° E. 

= 2.24° 

Example 3: At position (1) (H= 30 Aim, Z = 40 A/m), coefficient B was calculated 
and found to be - 3° and coefficient C was found to be - 3°. The Flinders 
Bo/ was placed fO'rd to correct an estimated deviation of 2° due to V.S.J abaft 
the compass and the remaining de7.liation was corrected by fore and aft magnets. 
The de7.liation due to Coefficient 'C was entirely corrected by permanent magnets. 

At (2) (H = 20 Aim, Z = - 30 Aim), the 7.Iessel was swung again and Coefficient 
Band C found to be + 2° and - 2° respectiFely. State IWll> the correctors 
should be placed at position (2) and the amount of de7.liation tJl£y should correct. 



 

At place (1): Total B = _3° 

FIB and magnets cause +3° 
But FIB causes +2° 
. . 

.. 

Magnets cause 

PB , Magnet H, 
PB , Magnet H , 
PB, Magnet = + 1 x 

PB, Magnet = + 1.5° 

iB , F. B 

iB, F.B 

H, x Z, 
H , Z, 

30 

20 

. 30 -30 
1B F.B=+2x-x­

, 20 40 

-2.25° 

+1° 

= + 15° 

iB, . of FB -2.25° 

PB, of magnets + 1.5° 

Total B due to 
magnet and FI B 
at (2) = -0.75° 

Total B appearing 
on the ship at (2) = +2° 

Total B of ship 
alone at (2) + 2.75° 

Let PB of ship at (2) = XO 

iB of ship at (2) = yO 

x + Y = +2.75° - - - (1) 

_ PB, _ H, _ 20 
- PB, - H , - 30 

20 
PB, = x x 30 = .66x 

Total C = -3° 

Magnets cause +3° 

PC , Magnet H 
=-' 

PC , Magnet H, 

PC , Magnet +3 x 
30 

+ 4.5° 
20 

PC, Magnet = + 4.5° 

Total C appearing 
on ship at (2) _2° 

PC of magnet at (2) +4.5° 

. . Total C of 
ship alone at (2) = -6.50 

Let PC of ship at (2) XO 

and iC of ship at (2) yO 

x + y = -6.5° - -- (1) 

PC, 20 
= PC, = 30 

20 
PC , = x x 30 = .66x 



 

 

 
 



 
 
 

 
 

                        

 



 

                
 
 

 
 



 

 

         
 
 
 

              
 
 

 
 
 
 
 
 



 
 
 
 

 
 

EXERCISE I 

(Coefficients B & C) 

1. At place A (H = 8.5 AI m) coef. PB = +4° and coef. PC = +5° Find the values 
of these coefficients at place B (H = 15 AI m). 

2. At P (H = 24 AI m), the deviation due to PB was 7" E when heading 280° (C). 

Calculate the value of coef PB at P and at Q (H = 30 AI m). 

3. At A (H = 24 AI m) the deviation due to PC when heading 3200 (C) was 7" W. 

Calcualte the deviation due to the same cause when heading 2100 (C) at B 

(H= 16 Aim). 

4. At M (H = 20A/m, Z = 24A/m) coef. iB was _3° Find the value of iB at 

N (H = 24A/ m, Z = 30A/ m). 

5. At P (H = 22AI m, dip = -400) the deviation due to iB was 4° W when heading 

270° (C). Find the deviation due to the same cause at Q (H = 30A/ m , 

dip = 55°) when heading 1400 (C). 

6. The d eviation due to iC when heading 180° (C) at A (H = 28 Aim, Z = 
-16AI m) was 5° E. Calculate the value of coef. iC at B (H = 21 AI m, 

Z = 18A/m). 

7. At R (dip = 63°) the deviation due to iC was 2° E when heading 250° (C). 

Calculate the deviation due to iC at 5 (dip = _34°) when heading 1400 (C) and 

at T (dip = 47") when heading 310° (C). 

8. When heading N, the deviation was 100 E and when heading N 300 E, the 

deviation was 100 E. If A, D and E are nil, calculate coef. B. 

9. If the deviation on W is 2° Wand on 065° it was nil, find coef. C assuming A, 

D and E are nil . 

10. The flinders bar causes a maximum deflection of 3° where dip = 300. What 

deflection will it cause when heading 2100 where dip = 600? 

11. An athwartship magnet corrects for 100 when heading 0000 (C). How much 

will it correct when heading 3100 (C)? 



 
 
 

12. A fore and aft magnet placed 24 ems from the card defleCts it 3° when heading 

O4so (C). At what distance should it be placed to correct a coef. PB of 8°? 

13. The following deviations were noted on the cardinal headings: N: 12°W, 

E: 4' E, 5: 4°W, W: 6°E. Calculate the values of coefs. Band C and the total 

deviation due to them when heading 142° (C). 

14. When heading OSOo (C), the combined deviation due to Band C was 4° E and 

when heading 310° (C), it was 8° W. Find the values of coefs. Band C. 

IS. PB was +8° and iB was _4° where H = 30A/ m and Z = 40A/ m. Find the total 

deviation due to them when heading 2SSo (C), where H = 20A/ m and 

Z = -30A/ m. 

16. At A on the magnetic equator (H = lSA/ m) the deviation when heading 090° 

was 6° W. At B (H = 10A/ m, dip = 6S0) the deviation when heading 270° 

was 8" E. Assuming A and E are nil, find the values of PB and iB at position B. 

17. At P (H = 38A/m, Z = 19A/ m), total B was +4° and induced B was -40 Coef. 

B was corrected there by F & A magnets alone. What deviation ' can be 

expected at Q (H = ISA/m, Z = -30A/m), when heading 240" (C), with the 

magnets in the same position? Assume all other coefs. are nil. 

18. Total B is nil and PB is -So at L (H = 20A/m, Z = 4SA/m). What deviation 

would coe{. B cause at M (H = 30A/m, Z = -10A/ m) when heading 270" (C)7 

19. At A (H = 18.5A/ m, Z = -S7 A/ m) the deviation on E was 4° Wand on W it 

was 6° E. At B (H = 37.5A/ m, Z = +24A/ m) the deviation on E was 4° Wand 

on W it was 6° E. What is the value of PB and iB at A? 

20. At P (H = 30A/m, dip = +49"), coef. B was +7.5' and at Q (H = 2SA/ m, dip = 
_64°). Coef. B was +13° Calculate PB and iB at P. 

21. At position 1, (H = 15A/ m, Z = -29A/ m) coef. B was nil. At position 2, 

(H = 27 A/ m, Z = 0) coef. B was -8". Calculate the value of coef. B at position 3 

(H = 28A/ m, Z = -20A/ m). 

22. At A (H = 16A/m, dip = 74°) coef. B was corrected with fore and aft magnets 

red ends for'd and flinders bar for'd of compass. At B (H = 25A/ m, dip = 52") cvef. 

B was +5° with the correctors in the same pOSition. How would you adjust 

the correction at B? 



 
 

23. At P (H ; 20A/ m, Z ; -32.4A/ m) coef. B was corrected with fore and aft mag 

nets red ends aft and f1inders bar for'd of compass. AtQ (H; ?o2A/ m, Z; 20A/ m) 

coef. B was -20°. Readjust the correctors at Q. 

24. At A (H ; 3OA/ m, dip; 55°) total B was +6° and at B (H ; '25A/ m, dip; .{,40), total 

B was +2°. How would you correct coef. B at place B? 

25. AtP(H; 2OA/m, Z;40A/m),coef. Bwas-I2". AtQ(H ;30A/m,Z;10A/ m) 

coef. B was -4°. How would you correct coef. Bat Q. If the correction was not 

carried out at Q, what would be the value of coef. B at R (H ; 25A/ m, 

Z; -30A/m) . 

26. At P (H; 36A/ m, dip; 300 )coef. B was +1°. At Q (H; 40A/ m, dip; nil) 

coef. B was +5° which was corrected by F & A magnets. What would be the 

value of B at R (H ; 15A/ m, dip; -6oo)? How would you correct it? 

27. At P (H ; 18A/m, Z; 9A/m), the fIinders bar is placed for'd to correct 2° 

and the remaining coef. B of 5° is corrected by F & A magnets red ends for'd. 

At Q(H ; 12A/m, Z; -15A/m), the magnets were removed and acoef. 

B of + 2° was observed. How should the compass have been corrected at P? 

28. At A (H; 36A/m, dip; 32°), F & A magnets were placed red ends for'd 

correcting 6° and fIinders bar was placed for'd correcting 3°. With the 

correctors in position, coef. B was +1° . At B, (H ; 18A/ m, dip; 68°) coef. B 

was +5° with the correctors in the same pOSition. What would be the value 

of coef. B of the ship alone at C on the magnetic equator (H = ?o3A/ m)? 

29. At X (H ; 17.3A/m, Z; 32A/m), the entire coef. B of 4° was corrected by 

fIinders bar placed for 'd . At Y (H; 26A/ m, Z ; -8A/m), coef. B was -120 

How should coef. B be corrected at Y? 

30. In the Southern Hemisphere, iB was _50 and iC was +2°. How are they to be 

corrected by a single flinders bar? On what headings would this correction 

be made and what deviation is to be corrected on those headings? 

31. In N. latitude, iB is _2° and iC is +1.50. How would you correct them? 

32. In the S. hemisphere a fIinders bar placed aft and slewed 15° to stbd corrects 

iB and iC, the maximum combined deviation of which was 8". What are the 

values of the ship's iB and iC? 



 
 
 
 

33. At P (H = 39A/m, Z = 10A/m) coef. B was corrected with F & A magnets red 

aft and flinders bar for 'd of the compass. At Q (H = 26A/m, Z = -35A/m) 

coef. B was +6" with the correctors in position. How should the correctors 

be re-adjusted at Q? 

34. At A (H = 16A/m, dip = 74°), coef. B was corrected with F & A magnets red 

for'd and flinders bar for'd of the compass. At B, (H = 25A/ m, dip = 52") 

coef. B was +5° How would you adjust the correctors at B? 

35. At X (H = 15A/ m, Z = 22A/ m) coef. B was +2° and coef. C was +6° . Both 

coefficients were corrected by magnets alone. The ship then proceeded to Y 

(H = 30A/m, Z = 0) and with the magnets in position, coef. B was +3° and 

coef. C was -1°. How should the compass have been corrected at X? 

36. With an athwartship magnet 30 ems below the card, the deviation when 

heading 230" (C) was 3° E. When the magnet is removed the deviation 

was lOW. The vessel was then headed S and a deviation of 4° W was 

observed. If A and Eare nil, at what distance should the magnet be replaced? 

37. When heading 320° (C), the deviation was 2" W. A, iB, C, D & E are nil. The 

ship was then headed E and a F & A magnet placed 35 ems below the carc\. 

The deviation then was 5° E. How would you place the magnet to 

compensate PB? 

38. At A (H = 28A/m,Z = 12A/m) the deviation on E was 6° Eandon W it was 4° W. 

This was corrected by placing flinders bar for'd to correct an assumed iB of 2° 

and the remainder was corrected by F & A magnets. On arrival at B 

(H = 20A/m, Z = -20A/m) coef. B was found to be 4.8". How should coef. B 

have been corrected at A? 

39. The maximum hard iron deviation is 8° E when heading 040" (C). Calculate 

the deviation due to the same cause when heading 270" (C). 

40. A vessel built heading 120° (C) has a H.I. deviation of 9" E when heading 045" 

(C) where H = 16 A/ m. What is the value of the maximum deviation and on 

wha t courses will the deviation be 4° W where H = 24 A/ m? 

41 . If PB = +6° and PC = +4°, calculate her building head. What will be the 

maximum deviations and the headings on which they occur? 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

42 111e HI. deviation is nil when heading 120' (q and (f' E when heading 07U'(C) 
Calculate the value of PB and Pc. 

43. A compass had a maximum J-I.l. deviation of 80 W when heading 0700 (C). 

Calculate the values of PB and pc, the ship's head when building and the H.I 

deviation when heading 220' (q. 

44. A vessel had maximum easterly H.!. deviation when heading 315" (C) at place 

A where H ~ 20 AI m. When heading 012" (C) at the same place, the H.!. 

deviation was 6° E. 

Find 1) Her building head 

2) Signs and values of the coefficients causing the above deviations 

at A. 

3) The maximum H.1. deviation at A. 

4) Maximum H.!. deviation at B (H ~ 30 Aim) 

5) The courses on which the H.I. deviation will be 3° E at B. 

45. The deviation due to permanent magnetism is nil when heading 2950 (C) and 

lOO W when heading l7JO (C). What deviation may be expected due to the 

same cause when heading 2450 (C). 



 
 

CHAPTER 8 

COEFFICIENT D 

DEFINITION: Coefficient D is the maximum value of the quadrantal deviation 
which varies as the sine of twice the compass course and is caused by 
a horizontal field at the compass position due to induced magnetism 
in horizontal soft iron situated symmetrically about a fore and aft line 
through the " compass. 

The soft iron may be F & A or athwartship . Being horizontal they are 
induced by the horizontal force of the Earth. 

+ D - D 

Continuous athwartship 
or divided F&A S.I. 

~ 
~ 

Pig. No. 50 

Divided alhwartship 
or continuous F&A S.1. 

~ 
~ 

On most merchant ships, the transverse beams (-e rods) and F & A girders 
(-a rods) are the structures that produce coefficient '0' at the compass. 
The number of transverse beams are normally much larger than the number 
of girders. Further, the poles formed towards the end of the beams are 
closer to the compass than those of the girders. Therefore most merchant 
ships have a + 0 at the compass position. 

(Recapitulate) 

• merchant ships (Transverse beams > F/ A continuous girders) 
• Poles of beams closeT than those that of girders 
• merchant ships normally have + D. 

Coefficient 0 causes deviations of one name over continuous opposite quarters 
of the ship's heading and of the other name over the other two continuous 
opposite quarters of the ship's heading. The deviation due to 0 will 
be nil on the cardinal headings and maximum on the inter cardinal headings. 
Since sin e is nil when e is 0° or 180" and maximum when e is 90° or 
270°, it can be stated that deviation due to 0 varies as the sine of twice 
the compass course. 



 
 

Continuous Athwartship 5.1. 

~,',' <D O.f decreasecl (mo,) 

The mean OF al tho" compass position is raiuced 

Di .. idetl F&A 5 .1. 

I 
t 

I 

F,S No.51 

~ 
8 

DeY Weal (Mu) 
OF lI'IC'e"od 

The me .. n o r at the comp .. ss posilion is inne ...... >J 



 

Cpolinuou5 F&A 5. 1. 

-~" o F dIoaused (Max) 

g-;.::;::.>~ 1 @g-;:::::::> @ 

nu~ rnl!an OF at the cornpa~" positiun is reduced. 

Divided Athwart.hip S. I. 

Dev ~iI 
OF no erred 

LJ;:J 
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Study of DF due to coefficient D 

+D caused by athwartships CONTINUOUS Soft Iron. 
The OF is reduced on all headings except NORTH and SOUTH. 
Therefore Mean OF at the compass is reduced. 

+0 caused by DIVIDED Fore and Aft S.l. 
The OF is increased on all headings, except EAST and WEST. Therefore 
the Mean OF at the compass is increased. 

Identification of +0: Whether due to divided F&A or continuous 
athwartship 5.1., the OF on N & 5 is greater than OF on E & W. 

-D caused by DIVIDED athwartship Soft Iron. 
The OF is increased on all headings, except N/S. Therefore Mean 
OF at the compass position is increased . 

-0 caused by CONTINUOUS Fore and Aft Soft Iron. 
The OF is reduced on all headings, except E/W. Therefore Mean 
OF at the compass position is reduced . 

Identification of -0 : Whether due to d iv ided athwartship or continuous 
F&A S.r, the OF on East and West is greater than OF on North and 
South. 

In all cases, continuous soft iron reduces the mean DF at the 
compass, while any divided 5.1. increases it. AlSo; greater DF 
on Nand S than on E and W indicates a +D and conversely, 
greater DF on E and W than on Nand S indicates a -D. 

Effect of latitude: 

We know that all horizontal soft irons are magnetised by the ea rth's horizontal 
force. At the poles, H is zero, therefore there is no induction by H. As 
H increases from zero at the pole to maximum at the equator, the induction 
in the hori zontal S.l. also increases in the same proportion. At the equator, 
where H is maximum, the induction in the horizontal soft iron is also 
maximum. Therefore we can say that any increase in the earth's horizontal 
force H, causes a proportionate increase in the induction in the ship's 
horizontal 5.1. (the disturbing force causing coefficient 0 say F). 

Since the directive force at the compass is H itself, an increase in H causes 
an increase in the directive force at the compass and also a corresponding 
increase in the dis turbing force, F. As the directive force and the disturbing 
force increase together proportionately or decrease together proportionately, 
when H increases or decreases respectively, the deviation due to 0 remains 
unchanged. Therefore deviation due to 0 is unaffected by change of magnetic 
latitude. 



                              
 
 

 
 
 



 
 
 
 
 
 
 

In the unlikely event of the ship having a -D, the spheres would have 
to be placed, one ford and the other abaft the compass, to produce a 
+D. 

The spheres are placed on brackets attached to the binnacle, so that their 
centres are in the same plane as the plane of the needle system of the 
compass. The amount of correction provided by the spheres can be increased 
or decreased by shifting them closer or further away from the compass, 
on their brackets. 

(Recapitulate) 

• Normally a +D is present, as on merchant ships, continuous transverse 
beams are predominant and their poles are closer than those of F&A 
girders. 

• :. +D is caused by excess of transverse beams over continuous F&A 
girders (-e rod causing + D > -a rod causing -D). 

• Corrected by Soft Iron Spheres placed athwartship (divided, athwartship 
soft iron), which will cause - D. 

• Correction done on intercardinal headings, where coefficient D produces 
maximum deviation. 

Spheres are chosen for the following reasons: 

i) The magnetism in any material exists on the outer surface of the 
material and not within it. Therefore, the greater the surface area, 
the greater is the magnetism in a magnetic material. Volume for 
volume, a sphere has the largest surface area over all other geometric 
shapes. 

ii) The sphere is the most regular of all geometric shapes. Hence correction 
by them will be most uniform on all headings. 

(iii) It is important that the centres of the spheres are in level with 
the compass needles. 

(iv) If a -D is present, the spheres are to be placed F&A of the compass. 



 
 
 

 
 

 
 
 
 
 



 
 
 
 

Example 2: At a place A (H = 20 A/m, Z = 40 A/m), tlte deviation due 
to coefficient 0 was obseYl.ed to be 5° W, when Ileading 0200 (c). Find deviation 
due to the same cause al place B (H = 18 A/m, Z = 30 A/m) wlten heading 
165° (c) . 

Coefficient D is independent of latitude and hemisphere 

~ = sin 2 camp. co , 

b I sin 2 camp. co I 

b, sin 330° 

- 5 = sin 40° 

sin 330° 
b, = -5 x sin 400 + 3.9° 

Deviation = 3.9" E 

Example 3: 
E are nil. 
(i) WlTat 
(ii) What 

Coefficient B = + 100, Coefficient C = - 6°, Coefficient A and 
The deviation on 0300 (c) was 3'ho E. 

is the (IIliLle of coeffiCient D. 
lotal deviation may be expected when heading 3100 (c) . 

(i) b = B sin co + C cos co + D sin 2 co 
+3.5 = 10 sin 30 6 cos 300 + D sin 60° 
+3.5 = 5 - 5.196 + .866 D 

D = +4.26° 

(ii) b on 3Hl" (c) = B sin co + C cos co + D sin 2 co 
= 10 sm 310 - 6 cos 310' + 4.26 sin 620 
= - 7.66 - 3.8568 - 4.1953 
= - 7.66 - 3.86 - 4.2 = -15.72° 
= 15.72° W 

Example 4: Dellialion on 
E, ll.here H = 24 A/m. 
Aim. Coeffitients A, E 

0000 = 5° W, on 3150 = 4.7" W, and on 2700 = 4° 
Calculale the de-piation on 2500 (c), wilere H = 16 

and induced C negligible. Induced B is corrected. 

On 000° (c) deviation 5° W ~ Coefficient C = - 5° 
On 270° (c) deviation 4° E ~ Coefficient B = - 4° 
On 3150 (c) deviation 4.7" W ~ Does not mean that coefficient 0 is 4.7" 
as coefficient Band C are also producing deviations on that heading. 



 
 
 
 

On 3150 (c), we have 
-4.70 
-4.7" 
-4.7" = 

B sin 
-4 sin 
2.828 
+ 4.7 
+3.990 

3150 + C cos 3150 + 0 sin 6300 

3150 + (-5) cos 3150 + 0 sin 6300 
-3.535 - 0 

o 
o 

= + 2.828 - 3.535 
= 

H, 24 ° At place (2), B = - 4 x - = - 4 x - = - 6 
H, 16 

24 ° C = - 5 x 16 = -7.5 

And o = +3.99" 

Deviation on 2500 (c) at place (2) 

B sin co + C cos co + D sin 2 co 
= - 6 sin 2500 - 7.5 cos 2500 + 3.99 sin 5000 
= 5.638 + 2.565 + 2.5648 
= +10.76' 
= 10.8° E. 

Examvle 5: AI a place (H = 15 Aim, Z = 24 Aim) the following del'iations 
were obseroed. On N = 1.5° W, on NE = 0.50 E, and on East = 2° E. Assume 
no A & E. l!Vhat deviation could be expected at another place (H = 10 AI 
m, Z = +24 Aim) on a course of 105° (c). 
On 0000 (c) deviation 1.5° W => Coefficient C = -1.5° 
On 090" (c) deviation 2.00 E => Coefficient B = +2° 
On 0450 (c) deviation 0.50 E => Ooes not mean that coefficient 0 
is 0.50

, as 0 due to Band C are also present. 

To find Coefficient 0 at place (1). 

I) on NE = 0.5 = B sin 0450 + C cos 0450 + 0 sin 090° 
0.5 2 x 0.707 1.5 x 0.707 + D 
0.5 = 1.41 - 1.06 + D 
0 0.5 + 1.06 - 1.41 
0 +0.15° 

Since Z is same at both places, iB and iC (if present) will only vary 
inversely as H. i.e . total B and total C will vary inversely as H. 

Therefore if we 
HI 

use H ' we will obtain the values of total B (PB and 
2 

iB) and total C (pC and iC) at the 20d place. 



 
 
 

At place 2 

B = 
H I +2x15 

2x -= =+30 

H, 10 

15 - 9 
C = - 1 5 x - = - = -225 0 

. 10 4 . 
D +0.150 (unchanged) 

Deviation on 105" 
B sin 105 + C cos 1050 + D sin 2100 
3 x 0.9659 -2.25 x -0.2588 + 0.15 x -0.5 

= 2.898 + .5823 - .075 
+3.40 

3.40 E 

Example 6: Coefficient B = 
= 20 Aim, Z = 10 Aim). 
10 Aim, Z = - 25 Aim). 

+4", C = +4°, D = +3°, induced B = _3" (H 
Calculate tire deviation on 030" (c), where (H = 

Place (1) 

Total B +4l) 

iB _3° 

PB = +7" 

C = +4° 

Ii 030° C= B sin 30 
= + 29" sin 
= + 14.5 + 
= + 24.03 

24.03° E 

+ C cos 30 
30 + 8 cos 
6.93 + 2.6 

Place (2) 

PB, = HI . PB, = 20 
PB H' 7 10 

I , 

=PB =+14" , 

iB , H, Z, 
-=- x -
iB H Z , , , 

20 - 25 
iB =-3x-x-

, 10 10 

iB,=+15° 

PB , = + 14 0 

Total B = 29° 

20 
PC =4x- = 8° , 10 

+ D sin (2 x 30°) 
30 + 3 sin 60 



 
 
 
 
 
 

Example 7: At a place where dip is + 30", a flinders bar fonmrd of 'he compass 
is correcting a maximum deviation due to V.S.I of 4° and atltwartship spheres 
are correcting a maximum del'iation of 4". What deviation would be corrected 
by tltese correctors on a course of 315°(c), where dip is + 70". 

FB ford in Northern hemisphere => it is causing + iB and it will vary 
as tan dip. 

tan 70 2.7475 

tan 30 5774 

0, = +4 x 4.7858 

= + 19.03° 

Deviation on 315° (c) 
19.03 x sin 315° 

= 19.03 x - .7071 
= -13.46° 

it corrects for +13.46°. 

Spheres athwartships cause -D, and does not change with latitude but only 
with comp.co. 

= -4 sin 2 (315°) 
= -4 x sin 6300 

-4 x sin 270 
= +4° 

They correct for - 4°. 

Net cause of correctors 

- 13.46 
+ 4.00 
- 9.46° (W) 

Together, they are correcting a deviation of 9.46° E (as they are causing 
-9.46°). 

Example 8: During a swing through 360", the following deviations were observed 
on inter-cardinal headings: NE: 5° E, SE: 2° IN, SW: 1° E, NW: 4° W. 77le 
splwres were 'hen placed on their brackets, 40 cms apart and equidistant from 
tlJe compass. A fu rther swing of 360" was done and the following deviations 
observed on the inter cardinal headings. 
NE: 3° E, SE: 1° IN, SW: 0.5° E, NW: 2° W. HOlJ1 should the spheres be readjusted. 

Original value of Coefficient D (without spheres) 

o on NE - 0 on SE + 0 on SW - 0 NW 

4 



 
 
 

= + 5 + 2 + 1 + 4 = g = )0 E 
4 4 

Coefficient D of ship alone = +3° 

Similarly D of ship and spheres together 

+3 - (-1) + 0.5 - (-2) 6.5 
+1.6 ' = = 4 4 

Coefficient D of ship alone +30 

Coefficient D of ship and spheres = +1.6° 

D of spheres alone (-)1.40 

The spheres are under correcting, placed 40 ems apart. They are causing 
-D of 1.4°, while they should cause a -D of 3°. The effect of the corrector 
varies inversely as the cube of its distance from the compass. 

0, ~ _ 1.4 0 
; dis! d, = 40 ems 

0, ~ - )' ; dis! d, = ? 

0, d,' 3 ( )' 1.4 -= - =>d =40 x -o d' 2 3 2 , 

,(1.4 
d, = 40 x V 3 = 31 ems. 

Move spheres closer till they are 31 ems apart. 

Example 9: During a swing through 360', tile following dezTiations were observed 
on intercardinal Treadings. NE: 2.5' E, SE: l ' W, SW: 0.5' E, NW: 2' W. Spheres 
were then placed atltwartships 20cms apart. Coefficients Band C were properly 
corrected and tire dez,iation on NE was then found to be 0.5' W. How sTwuld 
tTre splleres be readjusted? Assume A is nil. 

Coefficient D (without spheres) = 

= 

oNE - 0 SE +OSW - 0 NW 

4 

2.5 - (- I) + 0.5 - (-2) 6 
- = + 1.5 

4 4 

When heading 045', the deviation would be due to B, C and D. 
Since Band C have been properly corrected any deviation on NE, thereafter, 
is only due to D. 



 
 
 
 

o of ship and spheres 
But 0 of ship alone 
.'. 0 of spheres 

= 
= 
= 

_0.5° 
+1.5° 
_2° 

The spheres are therefore over compensating. They should have caused 
a -0 of 1.5° Instead they are causing a -0 of 2°. They should therefore 
be moved out. 

d, = 20 ems. 

d, =? 

d 3 
2 

2 
= 203 x -

1.5 

d, = 20 '/ 2 = 22.01 ems. - V 15 

Move the spheres out till they are 22 cms apart. 

Example 10; A vessel was sWlmg and the following deviations were obsen'ed. 
NE 6° f, Sf 3° f, SW 4° f , NW 7" W. The spl/eres were then sect/red in 
place in II/e all/wartship liue with their centres 60 CIIIS apart. The deviation 
on Nf was tI/en obsemed to be 3.5" f. W1wt alteration should be made in 
tlte position of the spl/eres to correct for Coefficient O? Assume A & f nil. 
Also stale the residual del'ia/ions on tIle inter cardinal headings after the spIJeres 
hape been correctly positioned. 

Coefficient 0 (without spheres) 

(5 on NE - 0 on SE + (5 on S W - 0 on NW 
= 

4 

6 - 3 + 4 - (-7) 
= 

4 

14 ° =4 = +3.5 

On NE, without spheres, deviation was 6° E. 
On NE, with spheres, deviation is 3.5° E. 

spheres cause -2.5°, when placed 60 cms apart. 

On NE, spheres have caused a -D of 2.5° i.e. 2.5° W. We can say that 
this 2.5° W is solely due to spheres, because no other changes have been 
made and vessel has not changed latitude either. 



 
 
 
 

But they should cause -3.5° to correct the +3.5° (0 of ship) 

d,' _~ 
d, ' - 6, 

60 ' x 2.5 
d,3 =:. d, = 53.63cms. 

3.5 

Move the spheres closer, till they are 53.63 cms apart. They should then 
correctly compensate a +0 of 3.5°. 

By mrr:ect:Jy pos:it:Dn ing the spheres athwartships we have inhoduCBcl a 
-{) of 3 SO A -0 gives Westerly deviation on NE and SW and Easterly 
deviations on SE and NW. Therefore if these effects are applied to the 
original deviations, we obtain the residual deviations after the spheres are 
correctly positioned. 

Deviations Effect of placing Deviations after sphe res 
without spheres spheres correctly are correctly placed. 

NE 6° E 3.5° W 2.5° E 
SE 3° E 3.5° E 6.5' E 
SW 4° E 3.5° W 0.5° E 
NW 7° W 3.5° E 3.5° W 

Examplell: With no spheres in position tlte deviation on NE was 2° W. Spheres 
were then placed athwartship 60 ems. apart and tlte following de1.iations were 
obsen.ed:-
NE: 10" W, SE: 1° E, SW: 2° E, NW: 6° W. 

How should the spheres be moved to correct Coefficient D. What are the residual 
deviations after correcting Coefficient D. 

o of ship and spheres 
- 10 - 1 +2-(- 6) 

= 4 = - 0.75° 

= 0.75° W 

6 on NE 2° W (effect of B, C & 0) 

6 on NE with spheres 10° W (effect of B,C,O and 

effect of spheres on NE 8° W 

0 of spheres = 8° W _8° 

0 of ship and spheres = -0.75° 

.. 0 of ship alone +7.25° 

Spheres are causing 8° W, they should cause 7.25° W. 
correcting. They should be moved outwards. 

spheres) 

they are over 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

60 ' x 8 
d ;1 = = 62 ems. (Move outwards.) 

, 7.25 

By moving the spheres outwards. we have reduced the 0 of spheres from 
..go to _7.25° i.e. by moving the spheres, we have introduced a +0 affect 
of .75. A +D will provide Easterly deviations on NE and SW and Westerly 
deviations on SE and NW. 

Hdg. Deviation Effect of Residual 
with spheres in shifting deviation after 
original position spheres shifting spheres. 

NE 10" W 0.75° E 9.25' W 
SE l ' E 0.75' W 0.25' E 
SW 2' E 0.75' E 2.75' E 
NW 6' W 0.75' W 6.75' W 

The residual deviations are being caused by Band C However, it will 
be seen that if we calculate D, using the residual deviations on the 
intercardinal headings, we obtain the value of D as niL 



 
 
 
 

 
 
 
 
 
 

CHAPTER 9 

COEFFICIENT E 

DEFINITION: Coefficient E is the maximum value of the quadrantal deviation 
which varies as the cosine of twice the compass course and is caused 
by a horizontal field at the compass position due to induced magnetism 
in horizontal S.I. situated symmetrically about a 45° line through the compass 
position. 

+E 

-E 

Cont S.I . from Port Bow 
to 8tarbd Quarter 

Coni 8 .1. from Slarbd 
bow to port Quarter 

OR 

OR 

Fig. No. 58 

+E 

-E 

Divided S.1. from 8lbd. 
Bow 10 Port Quarter 

Divided 8 .1. from Port 
Bow 10 81arbd Quarter 

In terms of rods, coefficient E is caused by band d rods of the same 
name. 

+ +b 

I 



 
 
 

HIy( ....... f 

~-
The mean DF at the compass position is reduced. 

,", 
DF no orI'JecI 

The Mean DF at the compass!s mcrcascJ 

(WnI) H (East) 



 
 
 
 

It is suggested that the student draws similar figures for a -E caused 
by continuous 5.1. stbd. bow to port quarter or divided 5.1. port bow 
to stbd. quarter. He should verify that the deviations produced are as 
below. 

s 

w 

N 

Both the above arrangements, (continuous 5.1., port bow to stbd. quarter 
and divided 5.1., stbd. bow to port quarter produce the same pattern of 
dev iations with change of ship's head. But continuous 5.1. reduces the 
mean DF while divided 5.1. increases it. However, both arrangements 
give greater DF on NW and 5E as compared to those on NE and 5W. 
Conversely, if the DF on NE and 5W is greater than the DF on NW 
and SE, it indicates existance of a -E. 

Coefficient E causes deviations of one name over continuous opposite quarters 
of the ship's heading and of the other name over the other two continuous 
opposite quarters of the ship's heading. Deviation due to E is nil on 
the inter-cardinal headings and maximum on the cardinal headings. Therefore, 
deviation due to E varies directly as the cosine of twice the compass 
course. 

Effect of Latitude and Change of Course: 

The same arguments apply as they do for coefficient D. Since the Horizontal 
5.1. is induced by H, the amout of induction in them, i.e. the disturbing 
field, as well as the directive force, H increase and decrease together, 
the deviation due to Coefficient E is therefore independent of latitude. 
Therefore, the deviation due to E varies only directly as the cosine of 
twice the compass course. 

Coefficient E = Ii on N - Ii on E + Ii on 5 -Ii on W 
4 

Ii due to E = E x cosine 2 compo course 

and 
cos 2 compo co 2 

cos 2 compo co I 
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CORRECTION OF D & E TOGETHER 

When both D and E are present, both of them are corrected by a single 
set of spheres slewed to some intermediate angle Mil from the position 
they correct D alone. Angle of slew MO is found from the relationship. 

E 
Tan 2 M 

D 
E 

tan twice angle of slew = D 

The spheres are initially placed in the direction necessary to correct the 
D of the ship. (Athwartships to correct +D and F&A to correct -D). They 
are then slewed through the angle M. The direction of slew is obtained 
in a similar manner to that of the flinders bar. If both D and E are 
of the same signs, slew the spheres clockwise and if they are of opposite 
signs, slew them anticlockwise. 

Maximum deviation due to D and E 

The maximum deviation due to D and E together is obtained as ~D2 + E2 . 

It can be proved mathematically that maximum deviation due to D and 
E together occurs when the spheres in the slewed position lie in the NEj 
SW or NW JSE direction from the compass. 

The reason for this is that any horizontal soft iron will produce maximum 
deviation when they lie in a NEjSW or NW JSE direction. 

(Recapitulate) 

1. Maximum Deviation due to D and E together = ~D2 + E2 

and occurs when spheres lie NEjSW, NW JSE direction from compass. 

E 
2. Tan 2 M = D (Angle M is the angle from the position 

where spheres correct D alone. From 

athwartships if D is +ve, and from F&A 

line when 0 is -ve.) 

3. Maximum deviation occurs when the slewed spheres are in the 
NEjSW or NW JSE line. 



 
 
 

Procedure for Slewing: 

To correct a +D, the brackets for the spheres have to be placed athwartships. 
To correct a -D, the brackets have to be placed F&A. Similarly, to correct 
a + E, they should be placed port bow and stbd. quarter and to correct 
a -E they should be placed stbd. bow and port quarter. 

When a + or - D is present and a + or - E is present, the bracket 
for the spheres have to be at an intermediate position such that the spheres 
would correct both the D and the E that is present. 

Thumb Rule 

(i) If D and E are of the same signs, slew clockwise, from the position 
the spheres correct coefficient D. 

If D and E are of opposite signs, slew anti-clockwise from the 
position the spheres correct coefficient D. 

(ii) To determine course on which to correct the combined effect. 

All coefficients are corrected on the heading on which they produce maximum 
deviations. On those headings the correctors are also providing maximum 
correction. Therefore find one heading on which the spheres will lie either 
in the NE/SW direction or in the SE/NW direction. Then find the other 
three headings by adding or substracting 90° successively. The combined 
correction can be done on any of those four headings. 

Slewing of spheres: (D & E together) 

Example: if coefficient D was +5.5" and coefficient £ was _2°, where are tile 
spheres to be positioned, what are the headings on lPhich the combined correction 
siwuld be done and what is the maximum deviation due to 0 & E together 
which the spheres should correct? 

E 2 
tan 2M = - = - = .3636 

D 5.5 
2M = 20° 

M = 1()<J 

b~1\+ 10' 

Since D is +ve, place the spheres athwartships and slew 100 anticlockwise 
as D and E are of opposite signs, (stbd sphere for'd and port sphere 
aft). When heading North, with the spheres slewed, they are lying 100 
to the North of E and 100 to the South of W. To bring them in the 
NE - SW direction from the compass, the ship must swing 35° to port 
i.e. head N 35° W or 325°. Once we obtain one of the headings, we 



 
 
 
 
 

may obtain the other three headings when the spheres will be in the 
NE - SW or SE - NW directions from the compass by successively adding 
or substracting 90' to the heading initially found. In this example they 
will be 235', 145' and 055' in addition to 325°, the heading initially found. 
The maximum deviation due to 0 and E combined would be 

~5.52 + 2' = 5.85° which is the deviation the slewed spheres should correct 

when on one of the above headings. 

Example 1. How shollld S.l. spheres be placed on the binnacle to correct a combination 
of D = + 2' and E = _3' . State the maximum deJ>iation they should correct and 
on what headings? 

3 
1.5 Tan 2M - = 2 

2M = 56.3° 

M = 28.15° say 28' 

Angle of slew 28° 

As D is +ve, the spheres should initially be athwartship and since 0 
and E are of opposite signs, slew anticlockwise. Spheres must be slewed 
28', from athwartship, starbd. sphere for 'd and port sphere abaft the beam. 

- anticlockwise 

antidockwise 

Maximum deviation ~D ' + E' = J2' + 3' =.Jl3 = 3.60 

amount to be corrected 3.6' NW NE 

SE 

To bring spheres in NE - SW direction, she must swing 17' to Port. 

:. one of the headings is N 17' W = 343° 

The other headings on which the correction can be made are 253' , 1630 

and 073°. 



 
 
 

Example 2. There was no quadrantal deviation with the spheres placed 15° from 
the F & A line, ford sphere to starbd. and correcting for a maximum deviation 
of 6° Find values of D and E. 

15'_0...;,./\ 

E 
Tan 2 M = D 

maximum Deviation = ~D2 + E2 

Since the spheres are F&A, the ship's D is - ve. Also since they are 
slewed clockwise the ship's E is also negative. 

tan 2 x 150 = 
E 

tan 300 = D 

D = 

E = 
Maximum /) cos 300 = _5.20 
Maximum /) sine 30° = _3° 

Example 3. There was no deviation due to D and E on any course with 5.1. 
spheres in position slewed 15° from the alhw line, port sphere ford. Coefficient 
D was known to be +6°. Find value of E and the maximum deviation D 
and E together cause. 

D is +ve 

Since spheres are slewed clockwise, Coefficient E must also be +ve. 

o E 
Tan 2 M= tan30 = -

D 

E D tan 30° = 6 . tan 30 = = 3.460 

E = +3.46° 

Maximum deviation ~3.462 + 62 = 6.920 



 
 
 
 
 

Example 4: Tile two spheres on n compass are known to be correcting n maximum 
quadrantnl det,intion of '1' wiJen slewed 14° from the nthwartship litle, port sphere 
fonvard . A s11~ing for dfZlintiotls gave the following results :-

N 2.5° E S 1.00 W 
NE 0.5° E SW 2.5° E 
E 2.0° W W 0.5° W 
SE 1.0° E NW 2.00 W 

What alteration if any should be made in the position of the spheres, 
to correctly compensate for the quadrantal deviations? 

Spheres are correcting maximum deviation of 9", when slewed 14° from 
the athw line =:> spheres are causing -0 and -E. 

~ E~ 
o 

tan 28° 
E 
o 

E 

--- (1) 

From figure "9 = sin 28° , E = 9 sin 28° = 9 x .4695 = 4.225° 

E of 

0 of 

0 of 

0 of 

E of 

E of 

o = cos 28°, 0 = 9 cos 28° = 9 x .8829 = 7.9460 

9 

spheres = -4.225° 

spheres = -7.947" 

ship and spheres= +0.5 _ 1° + 2.5° - (_2)° 
= + 1° 

4 
ship and spheres = +1° 

ship and spheres = SN - SE+SS-SW 25 -(-2) -1- (-.5) 

4 4 
ship and spheres = +1° 

= 1° 

o of ship and spheres +1° E of ship and sphere +10 

o of spheres alone -7.947" E of spheres alone - 4.225° 



 
 
 
 
 
 

D of ship alone +8.947" E of ship alone 

Tan2M 
5.;225 

= 8.947 = 0.584 = 30.3° 

M = 15° 

Maximum deviation 

Maximum deviation 

= ~5.2252 + 8.947' = 10.36° 

= 10.36° 

Since the ship's D and E are +ve. 

+5.225° 

Place the spheres athwartships and slew clockwise through 15° to correct 
10.360. 

To determine headings 

-t==;~..b::---- 15' 

To bring the spheres in NW-SE line, the ship must swing 300 to stbd., 
i.e. we have to head 0300. The other headings on which the correction 
can be made are 1200, 2100 and 3000. 



 
 
 
 

Example 5: Vessel was swung witlt spheres placed at a distance of 30 cms apart 
and slewed 8° from the athw. line, starbd sphere ford. It is known that these 
spheres correct a maximum quadrantal deviation of 10" when placed 30 cms apart. 
In this condition coefficient D was found to be _2° and coefficient E = _1 '­
How would you make a correct adjustment for quadrantal deviation? 

M 8° 
2 M = 16° 

D = cos 16° 
10 

D = 10cos16° = 10x.9613 = 9.613° 

E = 10 sin 16° = 10 x .2756 = 2.756° 

Jo' ;E2 = I~ E 

~ 
o 

Since the spheres are athwartships, and slewed anticlockwise, the spheres 
would cause -D and +E. 

D of spheres = 
and E of spheres = 

-9.61" 
+2.76° 

D of ship and spheres = _2° 
D of spheres alone = -9.61° 
D of ship alone = +7.61° 

Tan 2 M 3.76 
7.61 

M = 13° 

E of ship and spheres = _1° 
E of spheres = +2.76° 
E of ship alone = -3.76° 

= 26° 20' 

- 10', say 13° 

Since D is +ve and E is -ve, place the spheres athwartship and slew 
anticlockwise through 13° i.e. starbd sphere ford from athw line. 

Max. deviation = JD2 + E' = J(7.61)' + (3.76)' 8.6° 

d2 = 31.5 ems. 

d 3 = 30' x lQ. 
.. 2 8.6 

be placed 31.5 ems. apart. 
= 3280 

SW 

N 

SE 

The spheres should 
Headings N 32° W 
Headings on which correction can be made are 328°, 238°, 148° or 058° 



 
 
 
 

1. 

EXERCISE II 

(Coefficients D & E) 

At A (H = 20 Aim, Z = -30 Aim) the deviation due 
6° E when heading 110' (C). Find the value of coef. D. 
the deviation due to the same cause when heading 
(H = 24 Aim, Z = 18 Aim). 

to D was 
Also find 

030° at B 

2. At P, in the N. hemisphere, coef. E was _2° Find the deviation 
due to E at Q in the S. hemisphere when heading 300° (C). 

3. Coef. B was +7" and coef. C was _6° The deviation on 3300 (C) 
was 10° W. Find the value to Coef. D assuming A and E are nil. 

4. During a swing through 900, the following deviations were observed: 
N(C): 5°W, NE(C): 2°E, E(C): 2°E. If coefs. A and E are nil, 
calculate the value of coef. D and the total deviation when heading 
3300 (C). 

5. The following deviations were observed: 

S(C): 4° E, SW(C): 2°E, W(C): 2°W. Coefs. A and E are nil. 
Calculate the deviation when heading 340" (C). 

6. Coef. D was +6° and Coef. E was -1.5°. What is the maximum deviation 
they will together cause and on what headings will it occur? 

7. With the spheres athwartships, 36 ems apart, correcting 6° of deviation, 
the following deviations were observed: 

Comp.hd: N NE E SE S SW W NW 

Deviation: 6°W l OW 5°E 30E 10E 3UE 0° 50W 

Calculate the values of coefs. D & E. How would you adjust the 
spheres to correct for both? 

What are the headings on which the combined correction may be 
carried out and what deviation should the spheres correct on those 
headings? 

8. The following deviations were observed on the intercardinal headings: 
NE: 5°E, SE: 2°W, SW: 10E and NW: 4°W. The spheres were then 
placed 36 ems. apart and coefs. B & C were corrected, coef. A was nil. 
Thereafter, the deviation on NE was found to be l OW. How would 
you re-adjust the spheres? 

9. The following deviations were observed on the intercardinal headings: 
NE: 16°E, SE: 6°W, SW: 50E, NW: 21"W. Spheres were then placed 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

40 ems upart and the deviation on NW wus found to be 12° W. 
How should the spheres be adjusted and what would be the deviations 
on the intcreardinal headings after the adjustment? 

10. The deviation was observed to be 3° W when heading NE. Spheres 
were then placed 38 ems apart and the following deviations were 
observed: NE 12°W, SE I °E, SW 3°E and NW SOW. How would 
you re-adjusted the spheres and what residual deviations would you 
expect on the intercardinal headings? 

11 . If D & E were fully corrected by spheres placed athwartships and 
slewed 8° clockwise causing a maximum correction of ?fl, calculate 
coefs. 0 and E of the ship. 

12. Coefs. D and E were correc tly compensated by spheres placed athwartships 
and slewed 100, stbd. sphere for'd. If coef. 0 was +5°, calculate 
the value of coef. E, the maximum correction provided by the spheres 
and the headings on which the combined correction may huve been 
done. 

13. Coefs. D and E are fully corrected by spheres placed athwartships 
35 cms apar,t and slewed 17Yz °, port sphere ford. Later, due to 
structural alterations to the ship, the value of D increased to 1.5 
times its original value and that of E reduced to 0.6 of its original 
value. How are the spheres to be adjusted? 



 
 
 
 
 
 
 

EXERCISE III 

(All coefficients) 

1. During a swing through 360°, the following compass bearings were 
obtained of a distant object. Calculate the various coefficients and 
the total deviation when heading 1200(C) and 3400(C). 
CHdg. N NE E SE 5 SW W NW 
C Brg. 1290 133° 137" 135° 132° 128° 125° 121° 

2. The following 
CHdg. N 
Error 12° E 
Calculate the 

errors were obtained during 
NE E SE 5 
7°E 8°W 18°W 12°W 

coefficients and the deviation 

a full 
SW 
l°E 

when 

swing. 
W 

8°E 
heading 

NW 
100E 

113°(C). 

3. During a swing through 360°, the following compass bearings were 
observed and true bearings calculated of a star. Calculate the value 
of variation at that place, assuming coef. A is nil. Calculate the 
errors and deviations on the eight headings. 

NNE ESE 5 SWW NW 
T. Brg: 276° 276° 276.5° 277" 277.5° 278° 278.5° 279° 
CBrg: 281" 284° 279.5° 274° 270.5° 274° 278.5° 285° 
Calculate the various coefficients: 1) using the errors and 2) using 
the deviations. Calculate the error of the compass when heading 23a' (C). 

4. At P (H = 15A/m, Z = 20A/ m), the following deviations were observed: 
CHdg. N NE E SE 5 SW W NW 
Deviation SOE 3.5°E 00 3.50W 50W 3.5°W OOW 3.50E 

At Q (H = 15A/m, Z = -20A/m), the deviations were as follows: 
C Hdg. N NE E SE 5 SW W NW 
Deviation 0° 3.5°E SOE 3.5°E 00 3.5°W 5°W 3.5°W 
How would you correct the compass at Q . 

5. At position 1, (H = 18 A/m, Z = 36 A/m) a compass was corrected 
with flinders bar for'd, F & A magnets red for'd, athwartship magnets 
red to stbd. and spheres athwartships. At position 2, the following 
deviations were observed. (H = 18A/m, Z = -24A/ m). 
CHdg. N NE E SE S SW W NW 
Deviation Nil 3.5°E 5°E 3.50E Nil 3.5°W SoW 3.50W 
What adjustments are necessary to the correctors at position 2? 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 10 

HEELING ERROR 

With the knowledge of Coefficients AI S, C, D and E and the measures 

for their correction, we can ensure that the compass does not have any 

deviation on any heading in any latitude, provided the ship is UPRIGHT. 

When the ship heels, however, certain effects can result in the compass 

being deviated. 

DEFINITION 

Heeling Error is the difference in deviation between that when the ship 

is upright and that when heeled on the same courSe. Thus if the deviation 

was 5° E when upright and 'jO E when heeled, the heeling efTor is 2° E. 

CAUSE OF HEELING ERROR 

When a ship heels, the compass being gymbaled remains horizontal. A 

magnetic field acting vertically at the compass position will cause no deviation 

when ship is upright. But when the ship heels this field acts at an 

oblique angle. The horizontal component of this oblique field will cause 

a deviation (called Heeling Error). 



 
 
 
 
 
 

 
 
 
 
 
 
 
 



 
 
 

 

 
 
 



 
 
 
 
 
 
 
 

PRINCIPAL CAUSES 

1. Permanent HIE due to force R, the vertical component of the ship's 
permanent magnetic field at the compass position. 

2. Induced HIE 
(i) k rod Heeling Error: 

caused due to induced magnetism in the vertical soft iron, above 
or below the compass, e.g. pillars, induced by Z. 

n 
I +K 

(ii) e rod Heeling Error: 
caused due to induced magnetism in horizontal athwartship soft iron, 
induced by Z. Generally, these are the soft iron which give rise 
to coefficient D. 

e 
-e 

Other causes of heeling error are also due to induced magnetism but 
usually have very insignificant effect. They are: 

(i) g rod Heeling Error : caused due to induced magnetism in F & A 
horizontal soft iron terminating below the compass, induced by H. 

n 
\ +g 7 

(ii) c rod Heeling Error: caused due to induced magnetism in vertical 
soft iron ford or abaft the compass, induced by H. 

\L---_c ---,7 
Let us now discuss each of the above in some detail. 



 
 

 
 

 
 
 
 
 
 
 
 
 
 



PERMANENT H/E 

                                       
 

 



 

 
 
 

 
 

 

1 
Since PHE ac cos compo co .• 0:: i and oc 

H 

comparing HIE at two places (1) and (2), we have 

PHE 2 ::= i 2 x coscompco1 x HI 
PHE , i l X cos camp CO l x H I 

2. INDUCED H(E 

(a) k rod HIE: There is considerable amount of vertical soft iron in 
the ship, below the compass, such as pillars etc. These soft irons 
can be considered to be a single piece of soft iron below the compass 
and will acquire blue pole on top when the ship is in the N. Hemisphere 
or red pole on top when the ship is in the S. Hemisphere, due 
to induction by Z, the Earth's vertical force. 

S HemISphere 
N Hemisphere 

0' 

If the ship is heeled, it will produce deviations in the similar manner 
as for Permanent heeling error, Le. the deflecting force will act towards 
the high side, with a blue predominating below the compass and to the 
low side with a red predominating under the compass. 

We must however recall, that unlike force R, the strength of the blue 
pole and its effect in producing heeling error is not constant, as it will 
vary with Z, the force which induces magnetism in the k rod. Thus 
k rod Heeling error will vary directly as Z. 

Further, as in the case of PHE, when the directive force H is large, the 
k rod HIE will be small and when H is small, the deviation due to 
k rod HIE will increase. In other words, k rod HIE varies inversely 
as H. 

As regards the change of 
of the angle of heel, the 

HIE with change of course, and the change 
same arguments hold good as for PHE. 

Therefore k rod HIE IX cos comp co. 
oc; 
oc Z 

I 
a H 



 
 
 
 
 

 
 

 
 
 
 

 

 



 
 
 
 

The field due to e rod induction will cause deviation as follows :-

In the Northern hemisphere, the continuous athwartship beams (-e rod) 
wi ll be induced by Z with a blue pole at the top end and a red pole 
at the bottom end causing a deviation to high side on both Port & Starbd 
heels. 

In the Southern hemisphere, the continuous athwartship beams (-e rod) 
will cause deviation to low side on both Port & Starbd heels as their 
top ends will be red and bottom ends blue due to induction by -Z. As 
the angle of heel increases, the athwartship soft irons become more vertical 
and induction in them by Z also increases. Thus e rod HI E also varies 
directly as i. Obviously, as Z increases, the amount of induction increases 
and the heeling error thus produced increases. Thus e rod heeling error 
varies directly as Z. As with k rod HI E, e rod HIE will also vary 
inversely as H and directly as cosine of the compass course. Thus 
e rod HIE varies exactly as k rod HIE with change of course, H, Z 
and i. It should also be noted that both e rod and k rod heeling errors 
occur to the same side, i.e. to the high side in the N. Hemisphere and 
to the' low side in the S. Hemisphere. Therefore in calculations we need 
not distinguish between them. They may be combined together as induced 
HIE. 

iH IE, cos com p c.o 2 ~ Z, H, 
; x x x 

iH I E, cos comp co, i, Z, H, 

cos compco, 
" 

tan dip, 
; x-,-- x 

cos comp co, 
" 

tan dip , 

High SidefLow Side: 

To sort out whether the heeling error will be to East or West, it is always 
easier to sort out by making a simple diagram which will help greatly. 

In the diagram, the ship is heeled to port. 

Label High side (H) and Low side (L) on the diagram and observe which 
side the north end will deviate. 

However, if we adhere to the sign convention for the side of the heel, 
Z, dip and of course the cosine of the ship's head, the heeling error 
calculated will be not only correct in amount but also in name. 



 
 
 
 
 
 
 
 
 
 

EXnll1ple 1. Wlren heading 310" by compass and Jreeled 10" to Port, the deviation 
dlle to HIE was 5° E. Wlrat will be tllC deviation dlle to HIE lI'hell Tleeled 
7" to starbd and sTrip Tleading 215° (c). 

Since H and Z have not changed, both PHE and iHE i.e. the total HIE will 
vary only directly as the angle of heel, i and directly as cos comp co. 

HIE, 2 cos comp co, 
= x 

HIE) i) cos compco) 

+7 cos21S Io 

+ 4.46 1i H IE, = +5 x - - x = 
-10 cos 31010 

= 4.461i E 

Example 2. On a COllrse of 200" (c), /reeled 4/1 to stnrbd, /reeling error is 3° to 
t/re low side. Find ti,e HIE all 300/1 (c), /reeled 6/1 to port. 

From the diagram it is clear that since the north end of the compass 
has deviated to the low side, the Heeling error is Westerly i.e. _3° 

HIE, ., cos comp co, 
= x 

HIE) i) coscompco) 

HIE, - 6 cos 300" 
= x 

cos 200° HIE) +4 

-6 cos 300 
- 2.39" H I E, = -3 x x = 

4 cos 200 

HIE, = 2.39° W 



 

 
 
 
 

EXnlllple 3: A vessel wlzel1 steering 046" (e) alld upriglzt lind 110 deviation 011 

the compass, but whel1 Izeded 10" to starbd, the del,ia tiol1 was 12°E. The mriatiol1 
il1 this positiol1 is 150 w. Fil1d tile compass course to steer to make good 
a course of 303°, with n heel of 7" to port. 

Since the 20.' compass co. is not known, we use the Magnetic co. as a 
first approximation. 

True co. to steer 3030 

Var iation 15" W 

Magnetic co. 318" (M) 

co, 046° (c) co, = 318" (approx.) 

i, +10" i, = -7" 

H/E, = +120 H/E,= ? 

H IE, ~ cos cO2 = X 

HIE, i, cos co ] 

HIE, -7 cos 3180 

=- x 
cos 046" 12 10 

HIE, = + 12 x 
-7 cos 3180 

10 

Approx. 9" W 

Approximate Deviation = 

Magnetic co. 

Compo co. 

Repeating again 

x 
cos 0460 

9"W 

318° (m) 

327" (c) 

HIE , - 7 cos 327 ° 
= x 

cos 046" HIE , 10 
0 

-7 cos 327 
HIE, = 12 x - x 

cos 046" 
= 

10 

deviation = 10.1" W 

Mag. Co. = 3180 (m) 

comp co to steer: 328.1° (c) 

= -8.98° 

- 10.1 0 



 

 
 
 

Example 4. 

Coefficient A = +1", Coefficient B = -7", Coefficient C ; -12", Coefficient 0 
; +6", Coefficient E ; +2° VI/lIen IIeeled J6" to Stil rbd, tile devintion on 330" 
(c) WIlS 30 W. 

(11) Find devintion all 0380 (c), wlzel1 IIeeled 10° to Port 

(b) Will tile delJintiol1 be to the higii side or low side. 

Deviation when upright on 3300 (c). 

A + B sin co + C cos co + D sin 2co + E cos 2co. 

; +1 -7 sin 3300 -12 cos 3300 +6 sin 6600 +2 cos 660' 

; 1 + 3.5 10.39 - 5.19 + 1 

; -10.080 

Deviation on 3300 when upright ; 

Deviation on 3300 when heeled ; 

Deviation due to HIE ; 

COl = 

; 

HIE,; 

H /E2 
+7.08 

= 

3300 

+160 

+7.08° 

-10 
x 

16 

HIE , 

-4.02' 

+ 7.08 x 

; 

HIE,; 

cos 038 0 

cos 3300 

-10 cos 03So 

x 
cos 3300 16 

-1O.0S0 

_30 

+7.08° 

0380 

-100 

? 

To find deviation due to coefficients on 038' (c) 

; A + B sin 0380 + C cos 0380 + D sin 0760 + E cos 0760 

; 1 -7 sin 0380 -12 cos 038° + 6 sin 0760 + 2 cos 0760 

= 1 - 4.31 - 9.456 + 5.82 + 0.484 

; -6.462° 



 
 
 
 
 

Total Deviation on 038° when heeled 
038' 

= -6.462" -4.02" 

-10.48° 

= 10.50 W 

Since deviation is Westerly, it is to Port side. 

Since vessel is heeled to Port. 

Deviation is to Low side. 

Exnmple 5: A ship wilh n list of 8° 10 stnrbd is swung tllrollgl, 9(J' nlld tlze 
fol/owil1g devintions were found. 

5 : 6° E; 
N 3(J' E. 

SE : 5° E; E: 7' E. 
Assllme no A nnd E. 

Wllnl will be tile devintion all 

Heading East, 0 of 7" E => Coefficient B = +7" 

Heading South, 0 of 6° E => Combination of Coefficient C and H IE, 
which means when heading South its value will be -6". 

Since list has remained unchanged, the deviation due to coefficient C and 
HI E would vary together directly as cos compo co. 

Since 0 on SE was 5" E, 

+5 B sin co + (C + HIE) cos co + D sin 2 co. 

+5 7 sin 135° + (C + HIE) cos 135" + D sin 270". 

+5 = 7 sin 135° 6 cos 1350 -D. 

+5 = 4.95 + 4.24 -D 

D +4.2" 

Deviation on 03(J'. 

B sin co + (C + H I E) cos co + D sin 2 co 

= +7 sin 30" + (-6) cos 30" + 4.2 sin 60° 

7 x .5 - 6 x .866 + 4.2 x .866 

3.5 - 5.2 + 3.6 1.9" E 



 
 
 
 
 

Exnmple 6. At position A (H = 24 A/Ill, Z = 40 A/m). H/E wns observed 
to be 40 E, when heeled 80 to port. This error wns correc ted by vertiCtlI 
mngllels plnced 20 CIllS belolll lile needle. A t posit ion B, (H = 20 A/m, 
Z = - 30 A/m) , fil e lJeeJin g error lIIns 5° W, whell I,eeled 5" to port 011 tile 

snl1le "ending. Wllnl nlterntion should be Illnde in tile positioll of II,e corrector mngnets? 

Since HIE of 4" E is corrected by magnets, the magnets cause -4". 

To find the effect of magnet at B. 

H IE magnet, H, i, 
= x 

H IE magnet , H, I , 

HIEmag, 
24 - 5 

_3° = -4 x - x = 20 -8 

Magnets cause _3" at position B. 

Total HIE including magnets -5" 

Ship 's H IE alone -2" 

Magnets must therefore cause +2" and not -3", as it is presently causing. 
The magnets should therefore be reversed end for end. 

dist. d = 20 ems , 
dist. d, = ? 

3 
d o' = 20 ' x 

2 

d, = 20 x ti = 22.87 ems. 

Note : The original HIE, is the combination of Permanent HIE and induced 
HIE and its value is 4° E. The magnet causes -4". The combination 
of Permanent and induced was corrected by Permanent magnets. Therefore 
the error cannot remain corrected for all latitudes, since we have not corrected 
like for like. At the 2"" position, the HIE has re-appeared (due to Permanent 
HIE, and induced HIE and the magnets). The effect by magnets alone 
is known to be _3° Ship's HI E due to Permanent HIE and induced 
HIE = _2". It has to be corrected by reversing the magnet end for end 
and lowering it by 2.9 ems. 



 
 
 

Example 7. Ti,e following o/Jsenlafions mill adJustmenls were made at a well placed 
compass. 

Place 1. (H: 30 A/Ill, Z: 24 A/m) Ship's Ilead 0000 (c), vessel upright, delliation 
was 2" E. 

A t til<' slime place and tile same heading bl/ I lICe/cd 6" to slllrbd, deviation obserl'ed 
was 3" W. The ",hole of tile heeling error was noll' retl/oped by a single ,'erlical 
magnet silualed 40 cms below tile cOIl/pass needle. 

At place 2, (H = 20 A/m, Z = -30 A/m) ship's head 295" (c), with 3" pori 
heel , a delliahon of 3" W lI'as obsenled. Wllt/t alternlion should be made 
ill Ihe posilion of tile corrector. Assume no A Gnd E Gnd iC. Coefficient B 
Gnd 0 Ilt/ve been properly corrected. 

Ship upright deviation = +2" (due to coefficient C) 

heeled 
(PHE + 

6° (S), 
possibly 

deviation = _3° 
HIE due induced 

Heeling Error = _5° 

H 

p 

(due to coefficient 
magnetism) 

L 

5 

C + HI E 

(Since on heading 000°, when heeled to stbd, high side is to port and 
it is giving Westerly deviation. Attraction is to high side, which indicates 
a blue pole is beneath the compass. Magnet must therefore have been 
kept red end up). Since the whole of HIE was fully removed by magnet, 
it implies that the magnet causes +5°. 

Now, that HIE (PHE + induced HIE if any) has been removed by the 
vertical magnet causing +5° The remaining deviation would be +2° due 
to coefficient C. 

At position I, we have magnet causmg +5° and Coefficient C causing +2". 

At place 2, a deviation of 3° W has appeared. This would be caused 
due to [Coefficient c, HIE (PHE ± induced if any) and permanent vertical 

magnet]. 

We know value of coefficient C at place 1 

effect of C at place 2 will be 



 
 
 
 
 
 

PC, = 

PC, H, 

= +1.27" 

cos CO 2 
X 

cos CO, 

Effect of HIE corrector magnet alone at place 2: 

HI E magnet, 2 H, cos co, 
= x x 

HIE magnet, i, H, cos co , 

-3 30 cos 295 
H I E magnet, = +5 x x - x 

6 20 cosO 

= -1 .58" 

Total effect of C and Vertical magnet = +1.27 -1.58 

= -0.31" 

But deviation due to C, HIE of ship ( PHE ± induced if any) and 
HIE of Magnet = _3° 

But C and Magnet = -0.31" 

HIE of ship (PHE ± induced if any) = -2.69° 

The magnet is causing -1.58°. It in fact should cause + 2.69° instead. 

Magnet therefore must be reversed. 

Ii, = 

1i2 = 

do' = 

= 

1.580 

2.690 

40' x 1.58 

2.69 

33.497 = 

dist d , 

dist d, 

33.5 cms. 

= 40 cms 

= ? 

Invert the magnet and move it up till it is 33.5 cms below the compass. 



 
 
 

Example 8: At position (1) H = 20 Aim, Z = 30 Aim, whel1 heading 0000 
(c), the HIE was obsenJed to be 2" IN, ",hell heeled 6" to starbd. Tllis was 
corrected by vertical magnets in the Ileelillg error bllcket. At posilion (2), ",here 
H = 40 Aim, Z = 0, ",l,en headillg 180' (c), Ille HIE 11'as obsen Jed to be 
4° E, when Ilee/ed 8" 10 port. This was agoil1 remol'ed by adjusting the HIE 
magnet. Wiwt IlCelil1g error is to be expecled al posiliol1 3. H = 20 Aim, 
Z = -30 Aim, ",hell heading 0000 (c) and heeled 6" to port. 

In this question, we have to split the total HIE into its components, permanent 
and induced heeling error. Since one of the places is at magnetic equator, 
we should start the work from the magnetic equator, like in coefficient 
B problems. 

At (2) magnetic equator, there is no induced HI E. 

At (2) HIE (PHE of ship + magnet) = +40. 

We can find PHE (ship and magnet) at place (1). 

PHE, 
PHE, 

i , H2 cos COl 
= -x-x 

i 2 HI cosco 2 

6 40 cos 000° 
PHE = +4 x - x - x =,-,-::~ 

, - 8 20 cos 180° 

6 40 I = +4x - x - x- +6° 
-8 20 -1 

HIE at (1) due to (PHE ship + magnet) = +6° 

Total Heeling Error at (1), (PHE + induced HI E + magnet) = 0 
(as total HIE was made nil when it was corrected by magnets) 

.. Induced HIE at (1) = _60 

Since the magnet is readjus ted at place (2) at the magnetic equator, 
and as there is no induced magnetism there, the entire PHE must 
have been corrected by the magne t. Since method adopted is like 
for like, that correction would remain in order for all latitudes and 
courses . 

HIE appearing in position (3) will be due to induced HI E only. 

To find HI E at place (3) 

iHI E, i :\ Z, H, cos 0000 
= x - x X 

iH I E, I , H , Z, cos 000° 
- 6 - 30 20 1 

iH IE , = -6 x x x x - - 6 
+6 20 30 1 

Heeling Error at place (3) = 6" W. 



 
 
 
 

Example 9: At A (H = 20 Aim, Z = 40 Aim), the HIE when heading 150" 
(c) and I,eeled 5" to port was 5° E. 

At B (H = 30 AII1l, Z = 15 AIIII), t"e HIE, w"en heading 3000 (c), heeled 
10° to port was 5° W. 

At C (H = 30 Aim, Z = -35 Aim), find deviation due to HIE w"en "eading 
045" (c), heeled 15" to starbd. 

[Since none of the places is at magnetic equator we have to split HIE into 
its components using the method of simultaneous equations. In this case 
it is important that comparison should be made for same heading and 
same list in each case) . 

To find HIE at A on 0450 (c) and heel 150 to starbd. 

H I E, 
= 

i, 
x 

cos cO2 

HIE, I , cos co, 

15 cos 45" 
.. HIE, + 5 x - x 

- 5 cos ISO" 

+ 12.25° 

Similarly, to find HIE at B on 0450 (c) and heel 15° to starbd 

HIE, i2 cos cO2 
= X 

H I E, i, cos COl 

15 cos 45" 
HIE, - 5 x - - x 

- 10 cos 300" 

= +10.60 

We can now split HIE either at A or B. 

Choosing B in this case 

Let PHE at B 
and induced HIE at B 

At B, x + Y 

30 
PHE at A = x[" - = 1.5x 

20 

= 

x 
y 

+10.6 ------- •....• (I) 



 
 
 
 
 
 

Induced HIE , Z, HI! 
: x 

Induced HIE" H, Z. 

Induced HIE at A 
40 30 

.. : y X X 
20 15 

4y 

.. 1.5x+4y: 12.25° ------------- (2) 
1.5x + 1.5y : 15.9° -------------- (1) X 1.5 

2.5y : - 3.65 

- 3.65 
: -1.46° y ---

2.5 

Y : induced HIE at B 

Substituting value of y in equation (1) 

x : PHE at B 

12.06° 

To find PHE at C 

PHE, HI! 
: 

PHE " He 

, 30 
PHEc : 12.06° x - : +12.06 

30 

To find Induced HIE at C 

Ind. H/E c Zc H. 
: x 

Ind. HIE. H e Z. 

indo H/Ec : - 1.46° 
-35 30 

x - - x 
30 15 

+3.40 

.. Total HI E : 12.06° + 3.4" : 15.460 E 

It must be pointed out that although HI E may be estimated for position 
(3), this type of problem is only theoretical. The entire HIE is corrected 
by Permanent magnets alone, so that, unlike Coefficients Band C a knowledge 
of separating the components of HIE is not necessary for its correction 
unlike that in the case of Band C where a knowledge of iB and iC 
could help in positioning of the FIB. 



 
 
 
 
 
 

EXnlllple 10 A vessel Izad its coefficients A, B, D and E fully corrected, V\II,ell 
Ilfnding 060" (c) and Ilfeled 5° to starboard, tlze deviation was obsen.ed to be 
40 E, mllell Ilendil1g 150" (c) mId heeled 10" to port tile del,intion was obsen.ed 
10 be 12" E, Find the pnille of Coefficient C nnd stnte wllnt HjE is to be 
expected whell Ilending 240" (c), heeled 2.5° 10 pori, Also slate tile totnl deviation, 

0600 (c) heeled 5° starbd, deviation = +4" (This is due to C and HI E) 

1500 (c) heeled 10" port, deviation = +120 (This is due to C and HIE) 

2400 (c) heeled 2.5" port, deviation = ? 

We know that deviation due to Coefficient C varies as cos comp, co, 
We also know that deviation due to HIE varies as cos comp, co, and 
heel. 

Let us start with the course of 060" (c) 

The deviation obtained is the sum of deviations due to Coefficient C and 
HIE 

(case 1) 8 = C cos co + HIE, 
0.5 C + HIE, 

+4 
+4 - - - (1) 

Let us obtain HIE, on 1500 (c) and 100 heel to port. 

HIE, 

HIE, 

12 COS CO2 = ~x 
i I COS CO l 

-10 cos 150" 
HIE, = HIE, x +5 x cos 600 

HIE, = +3.466 HIE, 

cos 150" 
HIE, x - 2 x cos 60" 

Deviation on ISO" (c) with 10" port heel will be 

C cos 150" + HIE, +12 

-,8666 C + 3.466 HIE, = +12 - - - (2) 

Solving (1) and (2) 

1.733C + 3,466H/E, +13.864 ---------- (1) X 3.466 

-,866C + 3,466H/E! = +12,000 ---------- (2) 

2.599C 1.864 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Heading south 
 
 

 
 

 
 

 

 
 
 
 
 
 
 



 
 
 
 
 

We can thus summarise as: 

(a) 1. Maximum induction when heading N /S. 
2. No induction when heading E/W. 
3. HIE oc Cos comp co. 

(b) If induction remains constant. 

(i) On EIW : 0 is Nil, as the pole below the compass acts In line 
with the needle when the ship heels. 

(ii) On NIS : 0 is maximum, as the pole below the compass acts at 
right angles to the needle when the vessel heels . 

. )' . 

(iii) g rod HI E is same both in value and name on opposite headings 
provided the heel is of same amount and to the same side. 

HIE due to g rod oc cos comp co. due to the amount of induction 
and again oc cos comp co. due to the position of the disturbing 
pole with respect to the needle, when the ship heels. 

Thus HIE due to g rod oc twice as cos comp co. 

N 
Le. g rod HIE oc as cos2 comp co 

and angle of heel (i) E 
oc 

S 

g rod H IE, i cos 2 cO2 W = ..2.. x 
g rod HIE, 1, C05

2 
C01 Fig. No. 76 

N 

Mathematically also, it may be seen that, since cos' is pOSItIve for all 
360·, the name of the deviation due to g rod HIE remains the same 
for all 360· of compass headings provided the heel remains to the same 
side. 

Since the OF and the disturbing force i.e. H and induction in g rod due 
to H vary in the same proportion, change of latitude does not affec t 
HIE due to g rod. 



 
 
 
 
 

 
 
 
 

                               
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 



 
 
 

 
 
 
 
 
 
 

HEADING EAST 

, 
I N 

HEADING WEST 

I N 

sl 

sl 

HeadIng E. blue pole abaft 
compan causes Wly deVIation 

HeadIng W. red pole abaft 
compass causes Wty devlatJoo 

Heading N/S, even II B pole IS 
lormed abaft the compass no 
deViation IS caused as the pole 
&cts In hne With the axis 01 the 
needle 

{If the vessel had a port heel, instead of starbd, we will have Easterly 
deviation on E and W headings}. 

C rod Hj E is maximum and of the same name on E and W courses, 
nil on Nand 5 courses. 

We therefore summarise : 

1. HjE due to c rod oc twice as sin comp CO., once because on 
E - W headings the induced pole abaft the compass acts at right 
angles to the needle producing maximum deviation, but on N . 5 
headings it acts in line with the needle, producing nil deviation. It 
agian varies as sin of compo co. since induction in the c rod when 
the vessel heels is maximum when heading E or W as its horizontal 
component lies Nj5 and nil when heading N or S as its horizontal 
component lies EjW (in the neutral position with respect to the 
Earth's horizontal force, H). 



Therefore, c rod H/E ∞ sin2 comp. co. 
  
 

                                                                                      
 

 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

CORRECTION OF HEELING ERROR 

As we already know that H I E is mainly due to two causes 

1. Permanent Magnetism (force R) 

2. Induced Magnetism (k rod and e rod) 

Sh'ictly speaking "like CIIrcs like" principle is the one that results in no 
deviation on any course and in any latitude. However in the case of 
HI E correction, this principle is not adhered to. It is not practicable 
to compensate separately for the effects of the permanent and induced 
magnetism of the ship. The reasons are ;-

That soft iron correctors would be inconveniently large and also the proximity 
of both permanent and induced correctors would cause serious interaction 
which may become unmanageable. 

Both effects are therefore corrected by vertical, permanent magnets, placed 
below the compass card. 

As the ship changes her latitude, the k rod and e rod effects will vary 
due to change in Z. The effect of permanent magnEots (used for correction) 
will remain unchanged. Hence HIE will reappear when the latitude changes. 
The correction will therefore hold good only for a particular latitude, but 
for all courses and all heels in that latitude. 

The correction is achieved practically by means of permanent magnets set 
vertically in a HIE bucket, which can be raised or lowered, in the binnacle, 
under the compass card. The amount of correction may be varied by 
increasing or decreasing the number of magnets or by raising or lowering 
the HIE bucket. 

It is preferable to use more number of magnets at a greater distance below 
the card than a single magnet placed close under the card as the former 
provides a more uniform field. Whatever the number of magnets used, 
they must be placed symmetrically in the bucket. 
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The direction in which a compass needle, at the compass position, will 
lie depends on the directive force acting towards magnetic north, at that 
position and on the disturbing force there. 

Lambda: /... , is the ratio between the mean directive force at the compass 
position, towards magnetic north, and the d irective force ashore, before 
the. spheres are placed to correct coefficient O. 

/...~ is the same ratio after coefficient D has been correctly compensated by the 
spheres. 

The spheres acting as divided soft iron increase the mean directive force. 
Thus /...1 is always greater than )'1 . At a well sited standard compass, A~ would 
be around 0.9. However it is never equal to or greater than 1.0 as the 
continuous beams and girders on the ship do cause a loss in the directive 
force. 

(Mu): ~l, is the ratio betvveen the mean vertical force at the compass position 
and the ve rtical force ashore before correc tion of heeling error. 

~ is the same ratio after heeling error has been correctly compensated 
by the vertical heeling error corrector magnets. 

(At a well corrected compass, /..." will be equal to ll~) 



 
 
 

 
 
 

 



 
 

 
 
 
 

EXERCISE IV (Heeling Error) 

1. If the PHE was 4° E when heading 215° (C) and heeled 3° (5) at A 
(H = 30 A/ m, Z = 20 A/ m) find the PHE at B (H = 24 A/ m, Z = 
-30A/ m) w hen heading 0400 (5) and heeled 50 (P). 

2. If iHE was 3" W at P (H = 22A/ m, Z = -20A/ m) when heading 
165° (C) and heeled 4° to port, what will iHE be at Q (H = 28A/ m, 
Z = 18A/ m) when heading 070° (C) and heeled 6° to stbd. 

3. If PHE was 4° Wand iHE was 4° W at L (H = 24A/ m, dip = 35°) 
when heeled 6° (5) on a course of 04Q0 (C), find the total HE at M 
(H = 18A/ m, dip = -sa') when heading 300' (C) and heeled 5° (5). 

4. The deviation due to heeling error is 5° W when heading 140° (C) 
and heeled 6° to stbd. What will be the heeling error when heading 
070° (C) and heeled 3° to port. 

5. At P (H = 24A/ m, Z = 30A/ m) the heeling error was 5° E when 
heeled 6" to port. This was corrected by magnets placed 30 ems 
below the card. Later, at Q (H = 20A/ m, Z = -24A/ m), the heeling 
error on the same heading as 5° W when heeled 3° to port. How 
would you alter the corrector magnets. 

6. On a heading 0700 (C) and heeled 3° (5), the total deviation was SoW. 
Coef. B = -4° , Coef. C = +3°. A, 0 and E are nil. What total 
deviation may be expected when heading 130' (C) and heeled 5° (P). 

7. At position 1, (H = 20A/ m, Z = 24A/ m), course 000° (C), heel 4°(P) , 
the deviation was 5° E. At position 2, (H=16A / m ,Z =-30A/ m), COurse 
1800 (C), heel 6° (5), the deviation was 6° E. Assuming all deviations 
were produced by permanent magnetism, what corrections should have 
been made at position 1 by vertical magnets and horizonta l 
magnets? 

8. With a constant heel of 6° to stbd. the following deviations were observed: 
5: 10° E, SW: 1° W, W: 14" W. What deviation may be expected when 
heading 1580 (C), with the same heel. Coefs. A and E are nil. 

9. Coefs. A and E are nil. B = +5" , C = _40
, 0 = +3° . When heading 

030° and heeled 6° (5), the deviation was 4° W. What will be the 
deviation when heading 2400 (C) and heeled 4° (P)? 

10. At P (H = 16 A/ m, Z = 30A/ m), the heeling error was 4° W when 
heading N and heeled 4° (5). This was corrected by vertical magnets. 
At Q (H = 32 A/ m, Z = nil) when heading SiC) and heeled 2°(P) 
the heeling error was 2° E. This was removed by adjusting the magnets. 
What heeling error would you expect at R (H = 16 A/ m, Z = -15 
A i m) when heading N and heeled 3° (P)? 



 
 
 
 
 
 

11. At A (H = 30A/m, Z = nil) course 000°, the deviation when upright 
was nil and when heeled 3° (P) it was 5° W. This was corrected 
by vertical magnets. At B (H = 15A/m, Z = -20A/m), the deviation 
on the same cource when upright was nil and when heeled 3" (5) 
the deviation was 10" W. How would you correct the heeling error 
at B? 

12. At P (H = 20 A/m, dip = 49°) the deviation when upright was 
5° E and when heeled 6° (5), it was 2° W. The heeling error was 
corrected by vertical magnets 36 ems. below the carei. At Q 
(H = 20 A / m, dip = -57") the deviation on the same course when 
upright was 4° W and when heeled 6° (5) it was 8° E. How would 
you adjust the vertical magnets? 

13. At P (H = 10A/m, Z = 30A/m) the heeling e~ror of 5° E was 
corrected by vertical magnets. At the magnetic equator, (H = 25A/ m) 
the heeling error on the same course and heel was l' W. The vertical 
magnets were adjusted to correct it. What heeling error may be 
expected at R (H = 16.7A/m, Z = -33.3A/m) on the same course 
and heel? 

14. At A (H = 12A/m, Z = 30A/m) the heeling error was 3" W when 
heading 320° (C) and heeled 5° (5). This was corrected by vertical 
magnets. At B (H = 18A/ m, Z = nil ) the heeling error was 1.5" W 
when heeled 3° (5) and h<:ading 170° (C). This was corrected by adjusting 
the H /E magnets. What heeling error may be expected at C 
(H = 12A/m, Z = -30A/m) when heading 030' (C) and heeled 4" (P). 

15. At P (H = 27 A/ m, Z = 36A/ m), Course 025° (C), heeled 5° (P), the 
heeling error 5° W. At Q (H = 45A/m, Z = 18A/m) course 3500 

(C), heeled 4° (5) the heeling error was 2" E. Find the heeling error 
at R (H = 30A/m, Z = -36A/m) on a course of 150° (C) and heeled 
3° (5). 

16. A vessel has no deviation on any course when upright. When heading 
3100(C) and heeled 3°(P) the deviation is 3°(W). Calculate the deviation 
and the compass course to steer to make good 1800(T) with a heel 
of 6°(5). Variation 14°(W). 

17. At A (H = 22A/m, dip = 70°) when heading north and upright, the 
deviation was 2°E and when heeled 4°(5) the deviation was 3°W. The 
heeling error was corrected by a single magnet 30 ems. below the 
card. At B ( H = 28A/ m, dip = -30°), when heading 2950 and heeled 
2°(P), the deviation was 3°W. Assuming no magnet is to be placed 
closer than 22 ems from the card, how would you correct the heeling 
error at B? A, B, D & E are nil. 



 
 

 
 

 



 

 
 
 

2mlZ w x d (when the needle is horizontal) 

MZ w x d 

Where M = Magnetic moment 

Z = Earth's Vertical Force 

w rider wt. 

d = distance between rider and pivot 

For the same instrument, M is constant, and w (rider wt.) is also constant. 

d oc Z 

for different latitudes, using same instrument, we have 

d l oc ZI 
d , oc Z, 

~ = iL 
Z, d, 

Z ,' ,., = ~ = /l (by definition) 
Z 3;!lOre d 

/l = ratio between scale reading on board ship to scale reading ashore. 

PROCEDURE [USE OF V.F.I TO CORRECT HIE) 

1. Place the instrument ashore where it is free from local disturbing 
magnetic fields, at least 1 metre above the ground, with the needle 
lying in the magnetic meridian. 

2. Place the rider weight on the high end and slide it till the needle 
is horizontal. The dipping couple acting on the needle due to Z 
has then been nullified by the rider weight acting at 'n' divisons 
from the pivot. Note the reading, say 'n'. 

If we now take the instrument to the compass pOSition on the ship, with 
the rider weight at the same position, on a wooden ship, the needle 
will still remain horizontal. However, we know that, on a steel ship, 
besides Z, force R and induced magnetism due to k rod and also if 

I heeled, the effect of induced magnetism due to transverse beams (i.e. 
e rod effect) are also present. Therefore the needle of the V.F.I, when 
placed at the compass position on the ship, in the direction of the magnetic 
meridian, will tilt, one or other end up, depending upon the nature 



 
 
 
 
 
 
 
 

of force Rand k rod effect. If the V.F.I needle is now made horizontal 
by placing the vertical heeling error corrector magnets, force Rand 
k rod effects would be eliminated. However, since HIE correction 
is carried out with the ship upright, e rod induction by Z is absent. 
When the ship heels later, induction by Z in the athwartship horizontal 
soft iron will produce some HI E. Since A" is a measure of the effect 
of horizontal soft iron on board, as modified by the spheres, the 
effect of horizontal soft iron (e rod) in producing heeling error is 
allowed for by multiplying the shore reading of the V.F.I i.e. 'n' 
by the A" to obtain 'n,' 

Since A" is used in this manner; it is also called the "Ship's Multiplyer". 

I. Reset the rider weight at n, divisions. The instrument is now ready 
for use on board. 

L Before correcting for HIE, ensure FIB and spheres are correctly 
positioned. If they are not in position, the HIE will be over corrected, 
when the S.l. correctors are placed after heeling error correction. 

J. Head the ship East - West so that any g rod present on the ship 
is in the neutral position with respect to the Earth's H and therefore 
receives no induction. If the g rod is induced, it will also produce 
a vertical field which will affect the vertical force instrument. However, 
as stated earlier, we deliberately refrain from correcting g rod 
HIE. 

However, if g rod is not present, the heading is immaterial. 

S. Unship the compass bowl. Place the V.F.I in the position normally 
occupied by the compass needle system, with the needle of the V.F.I 
lying in the magnetic meridian, red end towards North. 

If any vertical field due to the ship is present the V.F.!. needle will 
lie at an angle to the horizontal. 

7. Insert vertical magnets or adjust them if they are already present 
in the heeling error bucket beneath the compass, until the needle 
of the instrument is horizontal. When this is achieved, the ship's 
vertical field causing HI E has. been nullified, that is, HI E has been 
corrected. 

Recall that, the correction for HIE holds good for only that latitude 
in which the correction was made. 



 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 



GAUSSIN ERROR 
 
When a vessel alters course rapidly, the different parts of the ship’s structure cuts the 
Earth’s magnetic field at varying rates. This sets up an EMF and therefore an electric 
current in the ship’s hull. This current sets up a magnetic field of its own, which 
according to Lenz’s law will act in a direction opposite to that of the ship’s swing 
which caused it. There is also a short lag in the shift of the induced poles in the ship’s 
S.I. structures, because of hysteresis. Due to both these effects, while the ship swings 
to starboard the compass deviates to the west. If the ship swings to port, the compass 
will deviate to the east. The name of the deviation remains the same for all 360° of 
the ship’s swing provided the direction of swing remains the same, but the amount of 
the deviation will increase and decrease quadrantally due to the unsymmetrical shape 
of the ship. Thus, a rapid swing to starboard produces a -A and -F, while a rapid 
swing to port produces a +A and +E. This error is present only while the ship is 
swinging and ceases to exist within a couple of minutes of the ship steadying on her 
next course. Bearings observed while the ship is swinging should not, therefore, be 
relied upon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
On East 
 

 
 
 

 
 
 
 
 
 
 
 
 
 



On south 
 

 
 
On south H-P +aH – cZ ---- (3) 
 
 
 
 
 
On West 
 

 
 
 
 

 
 
 
 



 
 
 
 
 

The ratio I. (LAMBDA) is the ratio of mean DF at the compass pOSItion 
towards magnetic North to the DF of the earth, ashore. at that place. 

I. ~ 
Mean DF at compass 

H 

( a + e ) H + 2 - H 
~ 

H 

(a + e) A ~ 1 + --
2 

Since values of a and e rods ( F and A continuous and athwartship continuous 
soft iron) are generally both negative on a normal ship. 

= 1 + (negative quantity) 

I. is generally < 1 on a ship. 

We know from our previous work that Coefficient D is usually caused 
by a combination of -a and -e rods on the ship. The -a rod causes 
a -D and the -e rod causes a +D. In the usual case, the -e rod predominates 
causing a + D a t the compass. This effect i.e. Coefficient D is corrected 
by placing divided soft iron athwartship of the compass in the form of 
spheres. The athwartship spheres act as +e and -a rods. The spheres, 
athwartships increases the -a (-D) and reduces the -e (+D) effects at the 
compass till they are numerically equal so that coefficient D is fully corrected . 
(Refer to correction of Coefficient D). The rods after correction are known 
as a, and e, and are numerically equal to each other. 

Therefore after D has been corrected i.e. spheres have been placed correctly, 
if we again measure the mea n DF at the compass to obtain the ratio 
I., (LAMBDA,) 

(a + e ) H+ ' 2 ' H 
A = 

H 

a , = e , 

I., = 1 +e, 

It is important to note that a and e rods of a ship are usually -ve, and 
therefore as already s tated A, is less than I. But after the spheres, are 
correctly positioned the value is increased , and is then referred to as A,. 



 
 

                                                 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



        
 
 
 
 

CHAPTER 14 

HORIZONT AL VIBRATING NEEDLE 

To fi nd A., or A.2 

HORIZONTAL VIBRATING NEEDLE (OSCILLATING NEEDLE) 

A magnetic needle about 75 mm long and 12.5 mm broad at its centre 
is used as an oscillating needle. It is fitted with a jewel cap, and pivot 
of similar construction as described for the compass card, so that the needle 
can oscillate in the horizontal plane 

It is suspended in a circular wooden frame provided for the purpose. 
For use on board, it is placed in the same pos ition as the compass after 
removing the bowl. 

The needle is deflected about 40° and allowed to ()scillate. An oscillation 
consists of the movement of the needle from one extreme to the other 
extreme and then back again to the original extreme position. The mean 
time for 10 oscillations is determined ashore. Observations are then made 
on board on 4 or more equidistant magnetic headings, and the value of 
A determined . If this type of needle is not available, a dry card compass 
may be used instead. 

The period of oscillation of a magnetic needle in seconds 

T = 2[] J J 
MH 

Where I is the moment of inertia of the oscillating needle 
M is the magnetic moment of the needle 

• 

H the field in which the oscillation occur. 

T
2 1 I = 4[]- x - -

MH 

1 
H a T' (As4.n ' , 1 and M constant) 

The faster the needle oscillates, the stronger must be the strength 
of the fi eld . 

H on board 

J-J ashore 

T ::: ashore 

T ' on board 



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 



 

 
 
 

 
 
 
 
 
 
 
 
 
 
 



 

                   Since field is stronger, when heading south. 
                         Blue pole is aft  =>  -B 
 

 
 

 
 

 
 



 
 
 
 

 
 
 
 

Example 2: With the flinders bar correctly positioned but no spheres 
orlzorizontal magnets, the following observations were noted using an 
oscillating needle . 

Mag .Hdg . 

0000 
0900 

180" 
270" 

Comp.Hdg. 

ODS" 
092" 
176° 
267" 

Deviatioll 

50 W 
2° W 
40 E 
3" E 
ASHORE 

No . of oscillatiolls 
in a minute 

11 
9 
5 
8 
10 

Calculate ti,e value of A. and state how tile horizontal magnets and spheres 
are to placed. 

= HH NB 1 11 2 
'0 N = N ' 

x coso=- x cos 5° = 1.205 
Hs 10' s 

H B N ' 9' 
AE R coso= - x cos 2" 0.810 = N ' 

x = 
Hs 10' s 

= HG N' 5' 
x cos4° AS = _"_ x coso=- = 0.249 

Hs Ns 
1 10' 

H" N ' 8' 
x cos 3° 

0.639 
A W=- = _"_ x C050 = - = 

Hs Ns 
, 

10' 2.903 

2.903 
A = - 4- = 0.726 

a) OF on N > OF on S => +B. 

Place F & A magnets, red ends for'd . 

b) OF on E > OF on W => -C. 

Place athwartship magnets, red ends to port. 

c) Mean OF on N & S > Mean OF on E and W. 

=> + 0 Place the spheres athwartships. 



 
 

 
 

 
 
 
 



 
 

 

When the Kelvin Deflector is placed over the compass card with its blue 
end (pointer end) over the North point (red end) of the compass card 
and then turned in azimuth, the blue pole of the Deflector attracts the 
compass North which tends to follow the pointer end of the deflector. 

PROCEDURE FOR CORRECTION OF COMPASS 

1. Place the flinders bar to correct is, the spheres to correct an estimated 
Coefficient 0 and correct the heeling error. 

2. Head the ship north by the compass, to be corrected. Maintain this 
heading by steering the corresponding course by another compass. 

3. Place the Deflector over the compass with its pointer, (blue end) 
over the north point of the compass card. 

4. Open out the scissor magnets and rotate · the Deflector slowly clockwise 
by 1700. Adjust the deflector screw till the compass card is deflected 
exactly 900. (The North point of the card should be against the 
athwartship lubber line). 

In this position the compass card would have deflected by 900, and the 
pointer of the deflector would be on 080" on the compass card. This 
900 deflection is known as normal deflection. If the verge ring of the 
compass bowl is graduated from 00 to 3600 as is usually the case, the 
deflector can be rotated through 1700 using those graduations. 

These angles are chosen for the following reasons:-

i) More accurate results are obtained when the needle is deflected 90° 
i.e. perpendicular to the original direction. 

ii) Angle between compass needle and pointer is kept at 800
, so that 

its field acts almost perpendicular to the needle system of the compass, 
thus providing maximum deflecting couple. If that angle is made 
exactly 90°, the deflector field will be acting exactly southward, only 
reducing the OF at the compass and not providing any deflecting 
force. The compass card will then just fly back and point North. 

deflector 

N 

-t::::s~(compass North 
Blue Pol of 

-f'----+i deflector 

w 

W /---+----; E 5 f---+-'FH "I N Compass Norlh 

5 E 

Inillal POSit on 

(deflected 90 from 
onglnal position) 

floctor Blue Pole 
170" from Original 

posItion 



 
 
 
 
 
 
 
 
 

5. When the above is achieved, note the reading. This gives deflector 
reading when heading north. 

6. Now repeat the same process, with ship heading East, South and 
West successively, ensuring that the pointer end of the Deflector is 
placed over the north point of the compass card, turned through 1700 
and adjusted till the north point of the compass card is deflected 
exactly 90° from its original position, on each occassion. 

The larger the read ing on the graduated scale (i.e. length of the magnet), 
the larger is the OF on that heading, as a larger force had to be used 
to deflect the compass card through the same 9oo angle. 

Advantages: 

1. Requires no external visual bearings, therefore ideal in poor visibility. 

2. Not sensitive to ship's turning cil'cle, drift due to current etc. 

3. It is done more quickly than other methods. 

Disadvantages: 

]. Not as accurate as analysis or tentative methods. 

2. No table of deviations available after the correction Le. no deviation 
card to refer to. 

3. Exact value of coefficients not known. 

4. Alternate compass essential for steering. 



 

 

            
 
 
 

 

 

 
 
 
 



 

 
 

 

 
 
 

 



 
 

      
 
 

 
 

           
 

 



 
 
 

CHAPTER 16 

DEVIASCOPE DEFLECTOR 

It is a bar magnet used for correcting the compass in a manner similar 
to that when using the Kelvin Deflector. 

To correct the compass using the deviascope deflector, on each of the 
four cardinal headings we keep the magnet over the compass and turn 
it through 90° on each occasion. For the same deflecting force we note 
the corresponding deflections of the compass card. The larger the deflection 
the smaller is the directive force at the compass position on that heading 
and vice versa. 

H 

Fig. N o. 93 

:1 deflection 

p 

Flinders bar and the 
spheres must be in 
approximate positions 
before commencing. 

Example 1: WillI the flinders bar ford fl77 d spheres al/rwartship at an 
approximale positio/l, /lIe fo//oll,ing deflectio'ls luere noled using a de.,inscope 
deflector. How would YOIl place the correctors? 

Comp Co . Deflection 

0000 200 

0900 760 

180" 140 

2700 22" 

Comparing the deflections on Nand 5 headings, we find a larger deflection 
on N i.e. the directive force is lesser on N and greater on 5 i.e., we 
have a -B. 

With the ship heading N or 5, and the deflector magnet turned through 
900 insert fore and aft magnets with blue ends ford, until the compass 
deflects to the mean of 200 (on N) and 14" (on 5) i.e. until the compass 
deflection is 17". 

We compare the deflections on E and W headings. We find a larger 
deflection on W than on E i.e. smaller DF on Wand larger DF on E 
i.e. we have a -c. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With the ship heading E or Wand the deflector magnet turned through 
901l insert athwartsh ip magnets with red ends to port until the compass 
deflects to the mean value between 16° and 2~ i.e. 1'l'. 

We now compare the mean deflection Nand S w ith that on E and W. 
Mean on N&S is 17' and that on E&W is 19". The DF on N&S > the 
DF on E&W. We therefore have a +D. 

This means the spheres athwartships are under correcting. Therefore they 
have to be brought closer till the deflection reaches the mean between 
} j'il (the mean between Nand 5) and 19!1 (the mean between E and W) 
i.c. deflection should be 18° with the deflector magnet turned through 900. 
This correction is to be done with the ship heading on any of the four 
cardinal headings. 

We have thus corrected the compass for deviations due to coefficients B. 
C and D. 



 
 
 
 
 
 
 
 

EXERCISE V 

(V.F.I., I, Kelvin Deflector, Deviascope Deflector) 

1. The shore reading of the V.F.!. is 20 divisions on the red arm, when 
the instrument was balanced. If the ship's multiplier is 0.8, where 
is the weight to be placed to correct heeling error? 

2. The V.F.!. is balanced ashore with the weight placed 
on the south arm where H = 24 Aim, Z = 18 Aim. 
the weight be placed to correct the HIE where 
Z = 24 Aim, A, = 0.9. 

at 15 divisions 
Where should 

H = 15 Ai m, 

3. With the f1inders bar correctly positioned and the spheres in an 
approximate position athwartships, the following readings were obtained 
with an oscillating needle. 

Mag. Hdg. Compo Hdg. Time for 5 oscillations 

0000 356" 26 secs 
0900 0960 25 secs 
1800 1850 19 sees 
270" 264° 22 secs 
Ashore 20 secs 

Calculate the value of A. State the signs of coefs. B, C and 0 and 
state how the horizontal magnets are to be placed and the spheres 
adjusted. 

4. With flinders bar correctly positioned and spheres in an approximate 
position athwarstships, the following readings were obtained with an 
oscillating needle. 

Comp.Co. 

0060 

0860 

1740 

274° 
Ashore 

Mag.Co. 

N 
E 
S 
W 

No. of Oscillations in 2 mins. 

15 
13 
12 
11 
14 

Calculate the value of A and state how the Horizontal Magnets are 
to be placed and the spheres adjusted. 

5. With the flinders bar correctly positioned and the spheres athwartships 
in an approximate position the following observa tions were made with 
an oscillating needle: 



 
 
 
 
 
 

Mag.Hdg. Comp.Hdg. No. of Oscillations Time taken in seconds 

N 3550 7 26 

E 0860 8 24 

S 1870 6 22 

W 2640 10 39 

Ashore 9 30 

State the value of A, the signs of Coefficients B, C and 0 and how 
the corrector magnets are to be placed and the spheres adjusted. 

6. Wi th the flinders bar correctly positioned, the following readings were 
obta ined with a Kelvin deflector. 

Comp.Hd. N E S W 

Deflector reading 29 27 35 33 

How would you correct B, C and O? 

If the deflector reading for the same compass ashore was 34, find 
the approximate value of A. 

7. With the f1 inders bar correc tl y positioned, spheres athwartships, F&A 
magnets red for'd, athw. magnets red to port, the following Kelvin 
deflector readings were obtained for 90 deflection of the card. 

Camp. Hdg. 000" 0900 180" 270" 

Deflector reading 34.6 29.5 27.6 35.7 

How would you adjust the correctors? 

8. The following deflections were obtained when a Deviascope deflector 
was placed over the. compass and turned through 900 

Compo Hdg. N E 5 W 

Deflection 40° 55° 54° 43" 

How would you correct coefs. B, C and 0 if iB is nil? 



 
 
 
 
 
 
 
 
 
 
 

CHAPTER 17 

COMPASS ADJUSTMENT AND CORRECTION 

COMPASS ADJUSTMENT 

Deviation Method Directive force Method 

I 

A full correc tion Re-Adjushnent 

Ana ysis 
Method 

Shorter 
Method 

Tentative 
Method 

Kelvin 
Deflector 
Method 

Vibrating 
Needle 
Method 

Deflecting 
Needle 
Method 



 
 
 
 

COMPASS CORRECTION 

The practical compass correction may be achieved by several methods. Each 
has its own advantages. Some of- the popular methods of correction are being 
discussed here. However, before the actual correction, it has to be understood, 
in what order the correctors are to be placed. It is necessary to follow a 
definite order of placing the correctors so that the corrections done earlier 
are not disturbed by other corrections made thereafter. 

ORDER OF PLACING THE CORRECTORS AND THE UNDERLYING 
REASONS 

It is essential that the following order of placing the correctors be adhered 
to, for the reasons indicated: 

1. The soft iron correctors - The flinders bar followed by spheres. 

2. Heeling error corrector magnets. 

3. The horizontal magnets to correct PB and PC, the larger coefficient 
first. 

"f'hough the main dimension of the flinders bar is vertical, it also has 
small horizontal fore and aft and athwartship dimensions, both these produce 
a +0 effect. When the spheres are placed later, they correct this effect 
together with the 0 of the ship. 

The soft iron correctors should be in position before correcting heeling 
error as:-

a) The flinders bar when placed correctly also corrects the c rod 
HIE 

b) The spheres placed athwartships partly compensates the k rod 
and e rod HIE. If they are placed after the HIE is fully 
corrected by vertical magnets the HIE would be over corrected. 

c) The spheres have to be in position for obtaining Ie, which is 
necessary for HIE correction. 

The spheres should be in position before correction of PB and PC because:-

a) The spheres increase the mean directive force at the compass 
and therefore the calculation of coefficients PB and PC and 
their correction will be more accurate. 

b) The horizontal permanent corrector magnets will induce some 
magnetism in the soft iron spheres, causing fore and aft and 
athwartship fields at the compass. When the magnets are placed 
after the spheres, they correct these effects as well as forces 
P and Q causing PB and PC respectively. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The heeling error corrector magnets should be positioned before correction 
of PB and PC because:-

a) With the heeling error corrected-even if the ship is rolling, the 
compass will be steady enabling more accurate bearings and 
therefore more accurate calculation of the coefficients. Thus 
correction of PB and PC will be more accura te . 

b) When the vertical heeling error corn."Ctor magnets are placed, they 
induce some magnetism in the vertical soft iron Binders bar, causing 
a pole for 'd of the compass, which will produce a PB. When 
the fore and aft magnets are placed later, they correct for this 
effect in addition to force P causing PB. 

Of PB and PC the larger coefficient should be corrected first. Recall that 
force P which causes PB or force Q which causes PC also causes maximum 
change of directive force on the headings on which the PC or PB respectively 
produce maximum deviation. If for example, Coefficient B was very large, 
there is a large force P in the fore 0l1d aft direction. This will cause 
a large change in the directive force on Nand 5 headings. Calculation 
of Coefficient C by obtaining dev iation on those head!ngs will therefore 
be unreli"ble "nd correction of Coefficient C w ill not be accurate. 

If the large PB is corrected first by obtaining deviations on E and W 
headings where changes in directive force is due to force Q (which is 
small - as Coefficient C is small) a more accurate correction of PB will 
result. Later when correcting PC on N or S headings, there will be no 
(eduction in the directive force on any of those headings as the correction 
of PE earlier has nu lli fied force P. 



 
 
 
 

METHODS OF CORRECTING THE COMPASS 

There are two methods by which the compass can be corrected: 

By ascertaining the deviations, analysing the coefficients and then correcting 
them (Deviation method) or by comparison and equalisation of directive 
forces on all headings (Directive force method). 

THE DEVIATION METHOD 

There are two situations here: 

1. When a full correction of the compass IS required 

or 

2. A prev iously corrected compass is being re-adjusted. 

In the case of (1) above, two methods can be used: The ANALYSIS METHOD 
or The SHORTER METHOD. 

In the case of (2) above, a full scale correction is not necessary but a 
readjustment of the existing correctors is required (The TENTATIVE 
METHOD). In any case, a full correction is also possible using any of 
the other methods mentioned above. 

1. THE ANALYSIS METHOD: The basic principle of this method of 
correction is, observation of deviations on various headings, analysing the 
coefficients and then making corrections for these by placing soft iron 
correctors and the permanent magnets. Re-swinging the ship to check 
for any large deviations left un-corrected and finally leaving only small 
amounts of deviations that could represent coefficients A & E. 

The order of correction will be as per deta ils above so we will stick 
to the same order of correction. 

a . Induced B: It is hard to calculate the exact amount of Flinders 
bar that will be necessary, and only experience can guide the adjuster 
in this regard. Hence, as a general rule, sufficient Flinders bar is placed 
forward to correct a deviation of 3 to 4 degrees when heading E or W 
(compass). Here, it will be worthwhile to note that most merchant ships 
have a -ve iB (in the N. hemisphere) as the compass is mounted forward 
of the mast and the funnel. If the funnel or mast is mounted forward 
of the compass, the vessel will have +ve induced B (in the N hemisphere), 
the Flinders bar would then have to be placed a baft the compass. Again, 
the value of 3 to 4 degrees is based on normal distance of the funnel 
and the mast from the compass. This va lue will have to be adjusted either 
way depending upon whether the distance is lesser or greater than the 
normal . 



 

 
 
 
 

b. Coefficient D: Coefficient D is to be corrected next. Observe the 
bearing of any distant object on any four or more equidistant headings. 
The mean of these would be the magnetic bearing of that object from 
the ship. Now steady the vessel on all of the intercardinal points (NE, 
SE, SW & NW) by compass. Observe the bearing of the same distant 
object, calculate the deviations on those headings, and hence calculate the 
value of 'coefficient D. When the vessel is on the last of the intercardinal 
points, correct the coefficient D as calculated by placing the soft iron spheres 
on their mounting brackets. It may be noted that most merchant vessels 
would have +0 (For which the spheres have to be placed athwartships.) 

c. The ship is now steadied on each of the four cardinal magnetic headings 
and the value of A, is calculated as described earlier. 

d. Heeling Error: Next to be corrected is the heeling error. The instrument 
used for this is the Vertical Force Instrument (V.F.I). Before bringing the 
V.F.I on board it should have been balanced ashore and the reading of 
the rider weight position noted ashore. This reading is multiplied by 
the ship's multipJier (A,j, the rider weight is set to this value. The vessel 
is steadied - --on either ~E_or .VV (magnetic), the compass bowl is removed 
from its position, the V.F.I is mounted in its place so that the position 
occupied by the V.F.I would be as close to the position of the compass 
card. The vertical magnets are inserted in the HIE bucket which is raised 
or lowered as necessary till the V.F.I needle is horizontal. As stated 
earlier, the larger of coefficients PB or PC is to be corrected next. 

'v/ 
e. Permanent B: is corrected by permanent fore & aft magnets. Obtain 
the compass bearings of the distant object when heading E and W. By 
comparing them with its magnetic bearing . obtained earlier, ascertain the 
deviations on E and W. Calculate the value of PB (iB has already 
been corrected). When heading E or W, correct the coefficient by inserting 
F & A magnets, when heading E or W (compass) . 

f. Permanent C: is corrected by calculating deviation on N & S compass 
headings, calculating the value of Permanent C and then correcting it by 
inserting athwartships magnets when heading N or S (compass). 

At this stage all coefficients other than coefficient A, coefficient induced 
C and coefficient E have been corrected. Induced C and coefficient E 
are rare on conventional merchant ships, hence any remaining deviation 
can be assumed to be either due to improper correction of any of the 
already corrected coefficients or due to coefficient A. The vessel therefore 
should now be swung very slowly. deviations noted on at least 8 equidistant 
points (cardinal & intercardinal headings) to ensure that all coefficients have 
been correctly compensated. 

Finally record a table of deviations remaining uncorrected, note down the 



 

 
 
 
 

place (latitude & longitude), date, time, position of all permanent magnets 
(fore & aft, athwartships & heeling error) together with the directions they 
face (Red forward, Blue to stbd., Blue upwards etc.), position of the heeling 
error bucket, length of the Flinders bar used, scale position of the 5.1. 
spheres (the bracket mounting the spheres has graduated markings on its 
side) and the value of variation used to carry out the adjustment. A 
brief report as to how the correction was carried out would be a big 
help for future adjustment, should it become necessary. 

It should be noted that, when placing the spheres, the F&A and the athwartship 
magnets, we correct the value of the coefficient and not the deviation observed 
on each heading on which the corrections are made. 

2. THE SHORTER METHOD: As can be seen from the details of 
adjustment given in 
consuming method. 
'Shorter Method' of 

the analysis method, it is a rather lengthy and time 
Equally accurate results can be obtained using the 

correction. 

Here again the order of correction will remain just the same. Time will 
however be saved by reducing the several swings of the vessel. 

a. induced B: It is to 
or W for an assumed value 

be corrected by Hinders bar, when heading E 
of induced B exactly as in the analysis method. 

b. Coefficient D: Mount the spheres on athwartship brackets and leave 
them at the maximum outward position. 

"-C. Heeling Error: Same as under analysis method. If the value of the 
ship's multiplier is not known, the rider weight is to be left in the same 
position as was levelled ashore, but when correcting heeling error it is 
slightly overcompensated by inserting the vertical magnets so that the N 
end of the V.F.l needle is slightly above the horizontal in northern hemisphere. 
It should be slightly below the horizontal in the southern hemisphere. 

Of coefficients PB and PC, the larger coefficients to be corrected first. 

d . Coefficient Permanent B: Steady the vessel on E by compass, calculate 
the deviation and correct ALL the deviation on this head by fore and 
aft magnets . 

e. Coefficient Permanent C: Steady the vessel on N by compass, calculate 
the deviation and correct ALL the deviation on this head by inserting 
athwartship magnets. 

f . Coefficient D: Steady the vessel on NE by compass, calculate the 
deviation and correct ALL the deviation on this head by adjusting the 
position of the soft iron spheres (recall the spheres were placed in their 
maximum outward position earlier, now these will have to be brought 
inwards, both by the same amount.) 



 
 
 
 

g. Fine tunning coefficients S, C & D: Steady the vessel on W by 
compass. calculate the deviation, correct only the half of this value by 
adjusting the fore & aft magnets. 

Now steady the vessel on S by compass, calculate the deviation, correct 
only the half of this value by adjusting the ath wartship magne ts. 

Next steady the vessel on SW by compass, calculate the deviation, correct 
only the half of this value by adjusting the soft iron spheres. 

A final swing is then made to obtain residual dev iations on the eight 
headings and to make records to complete the adjustment. 

3. THE TENT A TIVE METHOD: The tentative me thod is used in the 
case of a vessel which is at least one yea r old in which the magnetism 
has stabilized . It is a method to only readjust an earlier well done correction. 
[n case the vessel has gone through major structural changes, has had 
a major fire. has grounded, or suffered a serious collision damage, the 
magnetic signa ture of the vessel would have altered considerably. This 
method therefore CANNOT be used in such cases. It would not give 
satisfactory results if the deviations before this adjustment have been large. 

a. Induced B: Flinders bar is left at its original length and position, 
unless reasons are there to justify changirig its length. [t is tested however 
for residual magnetism by reversing it end for end and noting any deviation 
of the compass card it may cause. This test is done on an E or W 
heading. 

b. Coefficient D: The spheres are tested by rotating them on their 
brackets and if no permanent magnetism is found in these, the spheres 
are left at their original position. 

c. Heeling Error: The heel ing error is next corrected using the V.F.I 
on E or W magnetic head. The ship's multiplier is assumed to be about 
0.9. Alternatively, the rider weight is left in the same position as was 
levelled ashore, and the heeling error slightly overcompensated by having 
the N end of V.F.I slightly above the hori zon tal when adjusting the 
HIE magnets in northern hemisphere. 

d. Permanent B: The vessel is now steadied on E or W by compass 
and the dev iation on this heading is corrected 111 full by adjusting the 
fore and aft magnets. 

e. Permanent C: The vessel is now steadied on N or S by the compass 
and the deviation on this heading is corrected in full by adjusting the 
athwartship magnets. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

f. Coefficient D: The vessel is now stead ied on NE or any other 
in te rcardinal heading by the compass and the deviation on this heading 
LS corn.-'cted in full by adjusting the position of the soft iron spheres. 

g. Finer adjustment of Perm. B: The vessel is steadied on opposite 
headings as und~r (d) above and half the deviation is removed by readjusting 
the fore and aft magnets. 

h. Finer adjustment of Perm. C: The vessel is ste<'ldied on opposite 
headings as under (e) above and half the deviation is removed by readjus ti ng 
the athwartship rnagnets. 

I . Finer adjustment of Coefficient D: The vessel is ~teaJied on one 
of the quadrantal headings and half the deviation is corrected by readjusting 
the soft iron s pheres. 

Like in the other cases, now a fina l SLOW swing is made to record the 
residual deviations and position of all correctors and other deta ils that 
may be necessary as per the final paragraph under the Analysis method. 
Though the "Shorter Method " and the "Tenta tive Method" appear similar, 
a careful study wHi indicate d ifferences between them. 



 
 
 
 
 
 
 

PRECAUTIONS TO BE OBSERVED WHEN SWINGING THE VESSEL 

If an accurate adjustment of the compass is desired, efforts should be 
made by the persons responsible, to ensure that necessary precautions are 
adhered to in FULL to achieve this. 

1. The vessel should be in a seagoing condition, that is, all derricks, 
cranes, davits etc. should be stowed and secured. Since anchors are masses 
of steel, the anchors should be housed and secured. 

2. The vessel must be upright and have her normal seagoing, or close 
to normal seagoing trim. 

3. Before bringing the compass on board, test it ashore for excessive 
friction by deflecting the compass to one side by few degrees (using a 
hand held magnet) and letting it come to rest after the removal of the 
magnet . Note the head and repeat the same procedure by swinging the 
card to the other side and noting the head again once the card settles. 
The above test is to be repeated several times and the readings should 
be consistent. If the readings are different, there is excessive friction at 
the pivot and such a compass should be sent ashore for repairs/ testing 
by the maker. 

4. The accuracy of the lubber line should be checked to ensure that 
it is parallel to the ship's fore and aft line. 

5. The azimuth mirror must be checked for accuracy by taking the bearing 
of an object with 'arrow up' and then with 'arrow down'. An accurate 
azimuth mirror will show the same bearings. 

6. Remove all metal objects howsoever small, from the vicinity of the 
compass. 

7. All persons who are required to be near the compass when the 
adjustments are being made should ensure that there are no magnetic material, 
like keys, etc. on their person. 

8. As a ship IS a large steel object, there must be no vessel within 
3 to 4 cables. 

9. Tes t the Flinders bar - note the compass head (preferably when heading 
east or west as the Flinders bar causes maximum effect on these headings) 
and hold the vessel steady by the steering compass or by the gyro compass. 
Now invert the bar, the heading by the compass must not change. Test 
by reversing a few times and there must be no change in the compass 
heading. If the readings change, there is residual magnetism in the bar 
and it must be de-magnetised as explained later. 



 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

OCCASSIONS WHEN A FULL CORRECTION IS NECESSARY 

1. When the compass is first installed. 

2. After the ship has undergone large structural alterations or repairs 
whereby her permanent magnetic characteristics have altered. 

3. When alterations have been made in any electrical apparatus or magnetic 
material in the vicinity of the compass. 

4. After the ship has been struck by lightning so as to materially alter 
her magnetic condition. 

5. After a major fire on board which could alter her magnetic characteristics. 

6. After collision or stranding. 

OCCASSIONS WHEN AN ADJUSTMENT IS NECESSARY 

1. Three to six months after the first correction, due to the likelihood 
of changes ha vi ng taken place, during that period, in her permanent 
magnetism. 

2. Once every year as a routine. 

3. After carriage and discharging of cargoes of a magnetic nature. 

4. After loading or disloading by electromagnets. 

5. When the ship re-enters service after being laid up for some period. 

Each magnetic compass is to be properly adjusted and a curve or table 
of residual deviations is to be available a t all times. 



 
 
 

CHAPTER 18 

CARRIAGE AND PERFORMANCE STANDARDS 

PROVISION OF MAGNETIC COMPASSES ON SHIPS 

Regulation 12, Chapter V of SOLAS requires all ships of 150 gross tons 
and over to be fitted with 

1) a standard magnetic compass unless exempted by the Administration 
due to the nature of ber voyages and proximity to land. If such 
exemption IS granted, she must be fitted with a steering magnetic 
compass. 

and 

2) a steering magnetic compass unless beading information provided by 
the standard compass is available at the main steering position. The 
transmitting image of the standard compass of at least 15° to each 
side of the lubber line should be clearly readable, for steering purposes, 
both in daylight and artificial light. 

A spare magnetic compass, interchangeable with the standard compass shall 
be carried unless a steering magnetic compass or a gyro compass is fitted. 

PERFORMANCE STANDARDS 

Compass Card: 

The card should be graduated in 360 single degrees, clockwise from 000" 
for North. A numerical indication should be provided every 10". The cardinal 
points should be indicated by capital letters - N, E, 5, and W. The north 
point may instead be indicated by an emblem. 

The directional error of the card composed of graduation inaccuracies, 
eccentricity of the card, and misalignment of the card with the magnetic 
needle system shall not exceed 0.5"-

The card of the steering compass should be clearly readable at a distance 
of 1.4 m in both daylight and artificial light. The use of a magnifying 
glass is permitted. 



 
 
 

Material: 

The magnets of the compass card and the corrector magnets should have 
a coercivity of at least 11.2 k A/m. The material of the soft iron correctors 
should have a low remenance and coercivity. All other material used 
in the magnetic compass and binacle should be non-magnetic. 

Performance: 

The compass should operate satisfactorily under operational and environ­
mental conditions to be experienced. 

Constructional Errors: 

With the compass rotating at a uniform speed of 1.5° per second, at a 
temperature of 20° ± 3° C, the deflection of the card should not exceed 

(~;r where H is the flux density of the horizontal field in micro Tesla. 

The error due to friction should not exceed (~r at a temperature of 

20° ± 3° C, where H is as defined above. 

After a deflection of 40", the half period of the card should be at least 
12 seconds where the horizontal magnetic field is 18 micro Tesla. 

After a deflection of 90°, the card should return finally to within I ' of 
the magnetic meridian within 60 seconds. 

Corrective Devices: 

The binnacle should be provided with devices for correcting the semkircular 
and quadrantal deviations due to the components of the ship's permanent 
and induced magnetism in horizontal and vertical soft iron, as well as 
for correction of heeling error. 

Construction: 

Primary and emergency illumination should be provided for the card together 
with facility for dimming. 

No electrical power should be necessary for operating the compass, other 
than for illumination. 

When electrical reproduction of the standard compass is made available 
at the steering position, the transmitting system should be provided with 
primary and emergency power supply. 



 
 
 

The compasses should be gimbal suspended so that the verge ring remains 
horizontal when the binnacle is tilted upto 40° in any direction. They should 
not be dislodged under any sea or weather condition. 

The material used for manufacturing the compasses should be of sufficient 
strength. The compass should be installed so that they are easily accessible 
for correction and maintenance. 

Positioning: 

The compass should, when practicable, be installed on the ship's F&A 
centerline. The main lubber mark should indicate the ship's head with 
an accuracy of at least 0.50 

The standard compass should be so positioned that the view from the 
site is as uninterrupted as possible for taking terrestrial and celestial bearings. 

The compasses should be installed as far away as possible from any magnetic 
material. The minimum distance of the standard compass from ship's 
structures of magnetic material should be to the satisfaction of the Administration. 
As a general guide line, the following are the desirable minimum distances 
from the standard compass. 

a) Uninterrupted fixed magnetic material: 1.5 m in ships of length 
upto 30 m, increasing linearly to 3 m in ships of length 84 m and 
above. 

b) Movable magnetic material such as steel door, ends of fixed magnetic 
material such as pillars, beams, bulkheads etc., and large structures 
of magnetic material with variable magnetic fields such as the funnel: 
2 m for ships upto 30 m in length, increasing linearly to 4 m in 
ships of length 120 m and over. 

On a ship exempted from carrying a standard compass, the above are 
the minimum distances from the steering compass also. When a steering 
compass is provided in addition to a standard compass, the minimum 
desirable distances for the steering compass may be reduced to 65% of 
the distances stated above, provided that no distance is less than 1 m. 
The distance of the magnetic compasses from any electrical or magnetic 
equipment should be at least equal to the safe distance specified for the 
equipment. 



 
 
 

THEORY QUESTIONS 

1. The ship's induced magnetism may be represented by soft iron rods. 
Make a table of the 5.1. rods. Indicate which rods may produce 
coefs. A, iB, iC, D & E. 

2. What is 1) a real A and 2) an apparent A? 

List the causes for an apparent A. How is cod. A dealt with when 
correcting the compass. Does deviation due to A change with magnetic 
latitude? Explain why. 

3. With the help of a figure show how a particular arrangement of soft 
iron around the compass may produce a constant deviation on all 
headings. 

4. Discuss the cause and correction of the components of coef. B. Explain 
how the deviation due to each component varies with change of course 
and change of latitude. 

5. With the help of figures explain the cause and correction of the 
components of cod. C. How does deviation due to each of them 
vary with change of course and change of latitude. 

6. How is cod. D caused? Does deviation due to D vary with change 
of course, change of latitude? Explain. How is it corrected? 

7. What is the cause of coef. E? Why is E not usually present at 
a ship's compass? Does deviation due to E vary with change of 
course, change of latitude? If both D and E are present, how are 
they corrected? 

8. How and why does deviation due to permanent mangetism vary with 
change of latitude? Why is deviation due to induced magnetism 
in horizontal 5.1. unaffected by change in latitude? 

9. Derive expressions to determine the value of each coefficient using 
deviations on the cardinal and intercardinal headings. 

10. Justify the statement, "If a compass is corrected 'like with like', the 
correction will hold good for all latitudes", Use coefs. PB, is and 
D to illustrate your answer. 

11. Discuss the' statement "A rapid swing of the ship causes an A and 
an E". 

12. a) If a ship has a -PB and +Pc, m which quadrant was she heading 
when built? 

b) If DF on N > DF on 5 what coef. is present and what is its 
sign? 



 

 
 
 
 
 

c) If DF on E > DF on W, what coef. and its sign is indica ted? 

d) If DF on N ; DF on Sand DF on E ; DF on W, does it 
indicate that DF on all headings are equal? If not what coef. 
is to be corrected? 

13. Define J... and 11. Do coefs. A, PB, iB, PC, iC and D affect the value 
of J...? Explain. 

14. What is the effect of the corrector magnets, Hinders bar and S.1. spheres 
on the value of J...? Explain with the help of diagrams. 

15. What are the three main causes of heeling error? How does the 
error due to each of them vary with change of latitude, course and 
heel? 

16. With the help of figures, show how the heeling error due to grad 
varies with change of course. If present, why is it left uncorrected? 

17. What is the cause of H IE when heading E/W? With the help of 
fi gures, show how this error will vary with change of course? What 
is the relation between correction of iB and this heeling error? 

18. A vessel built in Japan had her compass corrected there fo r heeling 
error. What changes in HIE would you expect on a voyage to New 
Zealand and what adjustment may have to be made by you, on the 
voyage? 

19. Describe the Vertical Force Instrument and how heeling error is corrected 
using it. Will this correction hold good for all latitudes? Why? 
O n what headings is this correction made? Why? 

20. With the help of figures, show how the S.1. spheres partly correct 
for k rod and e rod heeling errors. 

21. a) Why is the rule 'like corrects like' not applied when correcting 
HIE? 

b) What is the ship's multiplier? Why is the shore reading of 
the V.F.1. multiplied by this when correcting HIE? 

22. How is 1) Gaussin error and 2) Retentive error caused? List the 
differences in deviation caused by each. What precautions are necessary 
when either of them may be present? 

23. List the preparations and precautions necessary for swinging the ship 
for compass adjustments. 



 
 
 
 
 

24. Describe the Kelvin Deflector. State the principle and procedure of 
compass correction using the Kelvin Deflector. What are the advantages 
and disadvantages of such correction? 

25. State the sequence of placing the correctors and the reasons for the 
same, 

26. List the occasions: 

1) when a full correction of the compass is necessary, and 

2) when a tentative adjushnent is necessary. 

27. As per IMO's performance standards for magnetic compasses, what 
are the requirements regarding its positioning? 

28. What are the performance standards required for a compass card, its 
constructional errors and the construction of a magnetic compass? 

29. How many magnetic compasses are to be provided on ships of 150 
tons or over? 

30. Describe the analysis method of compass correction. 

31. Describe the tentative method of adjustment. 

32. What coefficients if any, together with their signs are caused, if the 
following rods are present at a magnetic compass. 

(i) -b = +d 

(iv) +£ in the S. Hemisphere 

(vi) -c In N. Hemisphere 

(iii) +b = +d 

(v) +c = +a 



 
 
 
 

FORMULAE 

1. Mag. bearing - Compo brg. = deviation, o. 

2. True brg. - Compo brg = Error. 

3. The mean of compass bearings of a distant terrestrial object on at 
least four (preferably eight) equidistant headings = The magnetic bearing 
of the object - assuming Coeff. A is nil. 

4. Mean of errors on at least four (preferably eight) equidistant headings = variation 
- assuming Cod. A is nil. 

5. Error - variation = deviation. 

Easterly deviations are +ve and westerly deviations are -ve. 

Coefficients are +ve if they produce +ve deviations on headings between 000" 
and 045" (C). 

They are -ve if they produce -ve deviations on headings between 000" and 
045" (C). 

6. Coef. A = Mean of deviation on at least four (preferably eight) equidistant 
headings. 

oon N +oon NE +0 on E +0 on SE+o on S+oon SW +0 on W +0011 NW 
i.e.Coef. A 

8 

7. Coef. B 
oon E -0 on W Error on E - Error on W 

= = 
2 2 

8. . Coef. C 
o on N - 8 on 5 Error on N - Error on 5 

= 
2 2 

9. Coef. 0 
o on NE-oon SE +8 on SW - 8 on NW 

= 
4 

Error on NE - Error on SE + Error on SW - Error on NW 
= 

4 

10. Coef. E 
o on N - 0 on E + 8 on 5 - 0 on W 

= 
4 

Error on N - Error on E + Error on 5 - Error on W 
= 

4 



 
 
 
 
 
 

11. With the ship upright, total 0 on any eomp. co. 

= A + B sin co. + C cos co. + 0 sin 2 co. + E cos 2 co. 

12. 8 due to A is unaffected by change of course, H or z. 

13. 8 due to PB Ct s in compo co. 0 due to iB Ct sin camp. co. 

Ct 
H 

Ct 
H 

0. Z 

PB, 
= 

H, iB z H, Z, tan dip, 
= x = 

PB, H, iB , H, Z, tan dip , 

PB 0, sm co2 ~ iB 0, sin co2 H, Z, 
= x x - x -

PBo , sin co , H, iB 0, sin COl H, Z, 

sin co2 tan dip, 
= x 

sin COl tan dip , 

Note: Z and dip are both +ve in N. Hemisphere and both -ve in 
S. Hemisphere. 

At one location (when Hand Z are unchanged) 

o due to Total B 0. sin compo co. 

0 due to B = B sin compo co. 

and 
B 0, Sill co 2 

= 
Bo , sin COl 

14) Ii due to PC 0. cos compo co. 0 due to iC 0. cos compo co. 
I 

0. 
0. 

H H 
0. Z 

PC, H , 
iC,- H, Z, tan dip , 

= x = 
= iC, H, Z, tan dip, 

PC , H, 
PCO, cos cO 2 H, iC o, cos CO2 H, Z, 

X 
PCo, cos co, H, = x x 

iC 0, COS COl H, Z, 

cos CO~ tan dip, 
= x 

cos cO
J 

tan dip , 



 

 
 

At one location (when Hand Z are unchanged) 

o due to Total C CI. cos compo co. 

o due to C C cos co. 

Co , cos co, 
and = Co , cos co , 

15) tan L of slew of flinde rs bar 
iC 

is 

Max 0 due to iB and iC together = )iB' + ie ' 

16) H.l. 0 CI. sin angle of ship's hd. from Natural Zero 

Bldg. 

Bldg. 

17) 

18) 

ex. H 

H.l.o, 

H.!. 0, 

sin angle, from natural zero H, 
= x 

sin angle, from natural zero H, 

tan neu tral co. 
PC 

PB 

Max H.I. 0 )PB' + PC ' 

PB Max H.I 0 x cos neutral co. 

PC Max H.1. 0 x sin neutral co. 

head is S'ly if PB is +ve and N'ly if 

head is E'ly if PC is +ve and W 'ly if 

0 due to 0 CI. sin 2 compo co. 

0 due to 0 0 sin 2 compo co. 

Do , sin 2 co , 
and ---

Do, sin 2 ~o, 

0 due to E CI. cos 2 compo co. 

0 due to E E cos 2 compo co. 

Eo, cos 2 co, 
and EO" cos 2 co, , 

PB is -yeo 

PC is -yeo 



 
 
 
 
 

E 
tan twice angle of slew of spheres = -

o 

Max Ii due to 0 and E together = JO' + E' 

19) PHE a cos compo co. iHE a cos compo co. 

At 

a H 
a , 

PI-lE , 

PHE , 
COS CO 2 H I ~ 

X X 
COS co , H, 

" 

one location, (when H and Z 

I 
a -

1-1 
a Z 

a 

iHE , cos co 2 
x 

il-lE , COS CO , 

COS CO 2 = cos co, 

are unchanged) 

Iotal HE a cos co. 

a 

HE, cos cO2 i, 
= x~ 

HE , cos co, i, 

20) ).., 
Mean OF towards mag. N onboard 

= OF towards mag. N ashore 

OF" I 2 n 2 
i. e. mean of OF = _5_ x cos Ii = - "- x cos Ii I2 n 2 

5 B s 

21) OF on N > OF on S ~ B is +ve 

OF on W > OF on E ~ C 15 +ve 

OF on N & 5 > OF on E & W ~ 0 IS +ve. 

OF on SE & NW > OF on NE & SW ~ E 15 

H, Z, 
x -- x 

H, Z, 

tan dip, 
x 

tan dip , 
x 

+ve. 

2. 

" 

2 

" 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

ANSWERS TO EXERCISES 

EXERCISE I (Coefficients B & C) 

1. PB = +2.27° 
PC = +2.83" 

2. _7.1"I ll at P 

-5.69" at Q 

3. 11 ,13 ?1 E 

4. -3.1311 

5. 4.38 11 W 

6. +7.50 (Deviation 
W'ly on 18il". 
+ve) 

7. At 5 1.54' W, 

8. +2.68° 

9. -4.29) 

10. 4.S(] 

11. 6.4 11 

12. 19.4 ems. 

due to iC 
Codf. iC 

at T 2.05' 

13. B = _1 °, C _4°, 

Ii = 2.541) E 

14. B = +7.83°, C -3.11fl 

15. 15.94' W 

16. PB = -9", iB = + l ll 

17. 22.7\J (W) 

18. 4.07" E 

19. PB = -8.6°, is = +3.6° 

20. PB = +8.8°, is = -1.3u 

21. -2.4l1 

IS 

IS 

W 



 
 
 
 
 

22. 

23. 

24 . 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Raise the magnets to increase 33. 
the correction by 11 ~/ 4° 

Increase length of flinders bar 
to Itlcrease the correction by 
6 3/4". 

Raise the magnets to increase the 34. 
correction by 12.4". Incr'2ase 
length of flinders bar to increase 
correction by 7.60. 

Place F&A magnets red ends 
for'd to correct 4.84° and flind ers 35. 
bar abaft compass to correct 2.84" 
when heading E or W. 

Place F&A magnets blue ends 
for'd to correct 2.70 and flinders 
bar for 'd of compass to correct 
1.3° when heading E or W. 

Coef. B at Q = +1.6° 36. 

+ 13.70 Place flinders bar for'd 
to correct 13.7° when heading E 37. 
or W. 

The F&A magnets placed red 38. 
ends for'd to correct +3.6° and 
flinders bar for'd to correct _0.6° 
when heading E. 

+5.97" 

Place F&A magnets red aft to 
correct 9.6° and flinders bar aft 
to correct 1.7" when heading E 
or W. 

Flinders bar to be placed slewed 
21.8° to stbd. from aft, to correct 
5.39° when heading 111.8° (C) or 
291.8° (C). 

39. 

40. 

41. 

42. 

Place flinders bar for'd and slewed 43. 
370 to port to correct 2.5° when 
heading 127° or 307° (C) . 

32. iB = -7.73°, iC = +2.07". 

When heading E or W, lower 
magnets to alter correction by 
13/4° and increase length of 
flinders bar to alter correction 
by 4~/4o 

When heading E Or W, raise 
magnets to alter deviation by 
11'1,0 (11 .690) and increase length 
of flinders bar to alter deviation 
by 6W ' (6.69°). 

Place F&A magnets red for 'd to 
correct 8°, athwartship magnets 
red stbd. to correct 40. Since 
iB is _6° and iC +2°, place 
flinders bar slewed 18"oil to port 
form for'd to correct 6.3° when 
heading 108.5° (C) Or 288.5° (C) . 

Replace magnet 34.8 ems below 
the card. 

Reverse the magnet and reduce 
the distance to 29.7 ems. 

Place flinders bar for 'd to correct 
0.70 instead of 2° and F&A 
magnets red ends for'd to correct 
5.7° instead of 7° 

5.14° W 

Max. 3 6.21" 
Courses: 260° (C) and 1600 (C) 

Bldg. Hd. 146° 19' 
Max 8 7.21° E on 0560 19' (C) 

7.21° W on 236° 19' (C) 

PB = +3.92° 
PC +6.78° 

PB = -7.520 

PC = -2.74° 
Bldg. Hd. = 3400 (C) 
8 = 6.93() E 



 
 
 
 

44. 1) Bldg. Hd. 045" (C) 
2) PB = 7.So PC = +7.8° 
3) Max. I) at A 11.02° 
4) Max. I) at B 7.35° 
5) Hdgs: 249.1 ° (C) 020.9" (C) 

45. S.7° W. 

EXERCISE II (Coefficients D & E) 
1. D = -9.33° 

I) = S.Oso W 

2. 1° E 

3. +1.50 

4. Co~f. D = +4.12" 
I) on 330" (C) = 8.9° W 

5. 4.S2° W 

6. 6.1S" on 052°, 142°, 232", 322" 

7. D = +7', E = -2.5° 
Slew spheres 9.So from athwar­
tships, anticlockwise and place 
them 33.5 cms apart to correct 
7.43", when heading 054.So, 144.So, 
234.8° or 324.So (C). 

S. Increase distance between spheres 
till they are 39.6 cms apart. 

9. Move in spheres till they are 
36.3 cms. apart. 
Residual deviations: NE 4°E, SE 
6°E, SW 7'W, NW 9'W. 

10. Move spheres out till they are 
39.9 cms apart. 
Residual deviations: NE 10.75" 
W, SE 0.25" W, SW 4.25° E, NW 
6.250W 

11. D = +6.73°, E = +1.93° 

12. E = -1.S2°, Max. corn: 5.320 
Hdgs. 055", 145°, 235° or 325°(C) 

13. Reduce angle of slew to 7.S" and 

move the spheres in till they 
are 32.3 cms. apart. 

EXERCISE III (All Coefficients) 

_6°, C = +1.5°, 
+0.25". 

1. A = nil, B = 
D = -1 .25°, E 

2. 

3. 

4. 

5. 

o on 1200 (C) SoW, 
o on 340" (C) 4.45°E 

Ans: A = 0, B = -So, C = +12", 
D = +4°, E = O. 
Deviation on 113°(C) = 14.9" W 

Variation 1° W 
Errors N 5°W, NE SoW, 
E 3°W, SE 3°E, S 7°E, SW 
4°E, W nil, NW 6°W. 

Deviations: N 4°W, NE 7'W, 
E 2°W, SE 4"E, S S"E, SW 5"E, 
W 1°E, NW SoW. 

Coefs: B = -1.5°, C = _6°, 
D = -0.25", E = +1.25° 

Error = 3.54" E. 

Place F&A magnets red for 'd to 
correct 2.5°, Athwartships mag­
nets red to stbd. to correct 2.5"' 

Flinders bar slewed 45° to port 
from for'd to correct 3.54° when 
heading 135" or 315°(C). 

Raise F&A magnets to correct 
a further 30. Increase length 
of flinders bar to correct a further 
2" - Both corrections on E or 
W hdg. Leave other correctors 
in the same position. 



 
 
 

EXERCISE IV (Heeling Error) 

1. 7.790 E 

2. 1.130 E 

3. 0.80 E 

4. 1.120 W 

5. Reverse the magnets and lower 
them till they are 34.3 ems from 
the card. 

6. 12.10 W 

7. Place vertical magnets, red end 
up to correct 3.920 and athwart­
ships magnets red to stbd. to 
correct 1.08° when heading N or 
S. 

8. 13.250 E 

9. 1.90 W 

10. 3° W 

11. Remove the magnets. 

12. Reverse the magnets and inc­
rease their distance to 40.27 cms. 

13. 1.66° W 

14. 2.64° W 

15. 0.18" W 

16. 0 = 8.60 W 
Compo Co.: 202.6° 

17. Place two magnets, 25.1 cms 
below the card, blue ends up. 

EXERCISE V 

(V.F.I., A., Kelvin Deflector, 
Deviascope Deflector) 

1. 16 divisions on the red arm. 

2. 18 divisions on the north arm. 

3. A. = 0.788 
-B: Place F&A magnets red aft 
+C: Place athw. magnet8 red to 

stbd . 
+D: Move spheres in 

4. A = 0.837 
+B: Place F&A magnets red 

for'd 
-C: Place athw. magnets red to 

port. 
+D: Move spheres in 

5. A = 0.895 

6. 

-B: Place F&A magnets red aft 
-C: Place athw. magnets red to 

port. 
-D: Move spheres out 

-B: Place F&A magnets red aft 
+C: Place athw. magnets red to 

stbd. 
+ 0: Place spheres athwartships 
A = 0.912 

7.· Shift F&A magnets up 
Shift athwartship magnets down 
Move spheres outwards 

8. Place F&A magnets red for'd 
Place athw. magnets red to stbd. 
Place spheres athwartships. 
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