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A. STUDY ON THE CORRECTION OF MAGNETIC COMPASS 

Masp,n.ki HYUG A 

Faculty of Fisheries, (Hakodate) Hokkaido University 

(1) Introduction 

The writer proposed of a method to correct the magnetic compass by the 

obser\'ations of deviations of tho compass and directive force of its needles on two 

or a single heading. 

The methods genera.lly followed necessitate keeping ship's he:\d on fonr car

dinal and inter.Jarc.inal points by compass or magnetic bearing. However, this is a 

method to corrt>ct the compaSS by as~ertaining '~he coefficients by keeping ship's 

head on any given two or a single heading. 

(2) Method 

§ 1. Formulae. 

The formulae for this purpose can be as follows: 

~ 
+Z 

In figure (above), let X, Y a!"d Z 
represent the respective axes of s!Jip's 
fore and aft direction, athwartship 
dirt:ction and vertical direction. 

magnetic field, 

The following Poisson's equation repro-

sents ship's magnetic field: 

X'=X+aX+ bY +cZ+PI 
y' = Y +dX+eY +fZ+Q( - - (1) 

where: X' and Y' repr,-,sent the respective 

compouents of ship's horizontal magnetic field. 

a, b, c, d, e and f are the constants induced by 

the effect of iron strudUN'S of ship, - viz. 

so-called Poisson's Coefficients. 

P and Q represent the constants which 

indure ship's permanent magnetism. 

Then let Nc denote Compass North, 

Nm: Magnetic North, 

H: Hori70ntal component of Ear" h's 

Z Vertical component of Earth's magnetic field, 

I Dip, 
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o : Oompass he:tding, 

/J b: Deviation for 0, 

and Hu : Horizontal component of ship's magnetic field. 

Then, 

JX=H cos (0 + /J b) 

l y = - H sin (0 + /J b) 

and Z=H tan I 

,X'=H" cosO 

ly'= -H; sin 0 

Therafora Poisson's equation (1) becomes 

Hu cos 0 =(1+1),) H cos (0 + /J b)-bH sin (0 + /J b)+cH t:m I+PL ___ (2) 

-Hu sin 0 =-(l+e)Hsin(O + /J o)+dHcos(O + /J u)+fHtanI+QI 
Let 

A =_1 (d-b) 
o A 2 , 

Bo=+(c tanI+ =), 
0 0 =_I-(ft,~n I+~) A H , 

D =_1 (~) 
o A 2 

E =_1 (~) 
o l 2 

1 =1+ a+e 
2 

Here A o' B o, 0 0 , Do and Eo I),re called the Exact Ooefficients of Deviations, tmu 

1 horizontal shielding factor. GenerJ.Jly Ao and Eo are very small. Therefore, 

if Ao and Eo are l',ssumed respectively zel'O, then band d I!,re regarded zel"O. 

Therefora, (2) becomes 
IIu 
-cos 

H 0= (1 + a) cos (0 + /J b) + 1 Bo L _____________ _ 
(!l) 

Ho • --Etln 
H 

o =-{l+e) sin (0 + /J b)+ 1 Co j 
If a c.nd e are exprassed in Do, (:1) becomes 

B 0 = H 0 cos 0 - (1 + Do) cos (0 + /J b») 
AH I 

0 0 = -~sin 0 +(l-Do) sin (0 + /J b)j 
lH 

§ 2. Oompensation on two he:l.dings. 

- - - - - - - - - - - - - - - (4) 

This can be done with a considerable aCGUr;l,cy for directive force on two 

he3.dings, the only p.ssumption being that the coefficients Ao and Eo c.re zero, 

which is generJ.lly trl1e. 

Two headings are available: 

a) When a ship is moored alongside of a wharf or pier Rnd afterward winded and 

moored on the opposite heading or anothc·r differant heading. 

b) When a ship is moored I!.longside of a wharf or pier, and before and afterw<'.rJ, 

when she is off them,-for instance onk.ring or le:wing harbor. 
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c) When a ship attained two. o.f her co.urseS r,t sea. (desirable in the harbo.r.) 

The ship must no.t, in each case, be ner,r auo.ther iron ()r s·~e31 ship o.r in the 

immediate vicinity o.f iron o.r st331 straotur.}s o.n sho.r.J. 

No.W let f) 1 and f) I deno.te two. respective ship's co.mpJ.ss headings, a Q 1 and 

a b 2 the eorrasPo.nding deviations for two. co.m p:1ss he!l.dings f) 1 and f) 2' n a raading 

sho.wn o.n the scale when the North point of the co.mp:1ss carl was ueflected by 

450 or 9(,0 by defle~tor, o.n sho.r.J in a place fr.)e f:rom local magnetic influences, and 

not greatly distant from the ship, n f) 1 PJJd nO! the rJspe::tive r3!l.dings sho.wn 

o.n the s~ale for two. comp:1ss headings f) 1 and f) 2 when the S:l,rne point was 

defle(·ted by the same angle by defle~tor on bo.aru the ship in the exaGt position 

o.f the co.mp:tss needle, and Mo 1 and H.! the respe::tive ship's horizonhl magnetic 

fields for two comp:~ss headings. 

Then the equation (3) for each comp:tss he~~ding f) 1 and f) ! becomes 1'€sp3ctively, 

HOI 1 HCOS f) 1 =(1 +a) cos ( f) 1 + a 01)+ ..( Bo 
(j) 

H~!cos f) 2=(1+a) cos(f) 2+ a 02)+..( Bof - - -- -- -- -- --

• • • 

In like manner, 

Hu 1 • 
---SIn 

H 

Hos • 
---SIn 

H 

• • • 

HOI f) HOI f) H Co.S 1-~COS 2 
l+a= - - - - - - - - - - (6) 

Co.S (f) J + a 0 1) - Co.S ( f) 2 + a b 2) 

..( and Do are given by 

a+e 1 { } ..( =1+-
2
-=2((1+a)+(1+e) 

D =_1_( 3-e )=_I_{(I+3>-<! +el} 
o .l. 2 .l. 2 

and fro.m (5) and (7), 

Eo =-t(( H~ICo.S 0 1 + H~2COS f)! )-(1 + a) {cos (0 1 + a 01) 

+CtS (f) ! + a b 2) }} - - - - - - - - (9) 

Co = ;1{( I~ Isin f) 1 + H~!sin f) 2 )-(1 + e)lsin (f) 1 + a Dl) 

+sin (f) 2 + a i 2) } !- --------(10) 
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• Hg ng • 
Then smce-=-, (9) and (10) can be wrItten 

H n 

Bo= --cos H( nl t 

2 A n 
n,! ). r 

fJ I +-n-COS fJ! -(l+a)l cos (fJ t + a , I) 

+ cos ( fJ 2 + a 12) I} --------(11) 

-1 /O( nIl . o =-L --smfJ o 2 A n 
1+ n~!sin fJ 2 )-(1+e){sin (fJ 1+ a II) 

+ sin (fJ ! + a 12) }]- - - - - - - - - (12) 

Substituting the values of A, (1+a) and (l+e) into the equations (11) and 

(12), Bo and 0 0 can be obtained. 

Now if tIle approximate coefficients are expressed by A, B, 0, D, E; and the 

devhtion a, for compass heading fJ, ~n degrees, 

a g =A + B sin fJ + 0 cos 8 + D sin 2 8 + E coS 2 8 - - - - - - - - (121) 

Then the relation between the exact coefficients and approximate coefficients is af> 

follows: 

Ao=sin A, Bo-,-;sin B, 0o-,-;sin 0 L ______ (14) 

Do' .sin D, Eo -'-;sin E, Eo =sin E-sin A sin D/ 

Now since Ao and Eo are respedively 2'ero, A and E accordingly become zero. 

Therefore (13) can be written 

a , =B sin 8 + 0 cos fJ + D sind 2 8 - - - - - - - - - - - - - - - - (15) 

From (14) it follows that 

B' .Bo X 57°.3, O· .00 X 57°.3, n' .Do X 57°.3 

So that, B sin 8 2 ' .Bo sin fJ ! X 57°.3 is the amount to be (Jorrected by fore and 

aft magnetE; for ship's compass heading fJ 2' 

o cos fJ 2 -'-;0 0 cos 8 ! X 57".3 is the amount to be corrected by athwv.rtship 

magnets for ship's compass heading fJ 2' 

D sin 2 fJ 2 •• D o sin 2 fJ 2 X 57°.3 is tllO &monnt to be corrected by iron spheres 

for ship's compass heading 8 2' 

Example: 

When tho following data in a certain ship are observed, the compensation on 

2nd heading is required. 

8 I =45°45' a , I =12°15' E 

8 2 =245" a g 2 = 7°00'W 

U, I =22.7 n'2= 9.1 

n =17.8 

Using the equations (6), (8), (11) and (12), the following values are obtained: 
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1+2.=1.043 ,( =0.927 Do= +0.125 0 0 = -0.2445. 

1+e=0.811 Bo = +0.365 

TJlell the amounts to be corracted on ship's compass heading 245° are, 

B sin O 2 ' .Bo sin O 2 x 57.°.3" . -18.°9 

C cos O 2 ' ,Co cos O 2 X 57.°3'--;+ 5.9 

Dsin20 2 ·.D 2 sin20 2 x57.03·.+ 5.5 

Then of these vdues, _18.°;j due to Bo is to be compensated by fore and aft 

magnets, +5.°9 due to Co by f.thw~U"tship magnets and +5.°5 due to Do by iron sp]wres. 

§ 3. Com pens:,tion on one he:1d;ng 

Should it not be possible to take observt,tions for dir'}Jtive for0e ou two 

head.ings, the comp:'.ss C:1n be corrected with tolerable ac<ourJ.cy from observations 

on one heading only. Center the compass accurately, place the sphf·r.3s by estimate, 

and then compens:,te the heeling, error r.}g~rdloss of the fuct that the ship may 

not be he:1ding ne:J.l' East or West. 

Ne~t, record the compass heading of the ship by compass to be corr~lcted. 

And observe and racord the magnetic heading obtainable by means of a chart, or 

an azimuth of the sun, or of a distant object of known magnetic be~.ring, or by a 

single set of r.3ciprvcal bea:rings. 

Let 0 denote ship's compass heading, 

t3 0: deviation for 0 

n : a r3ading shown Oil the scale when the North point of the eompass 

card we.s deflected by 45° or 9(t by defleJtor, on shore in a place 

fr3e from local magnetic influences, and not graatly distant from 
the ship 

no a raading shown On the s~ale for ship's comp:1ss heading 0 when the 

S:1mo point wa.s deflected by the same angle by deflector on board 
the ship in the exact position of the compe.ss needle 

And then using the equation (4), Bo and Co Bra obtained as follows: 

1 no 1 Bo =- --cos 0 -(l+Do) cos (0 + t3 0) 
A n 

Co = - 1 ~sin 0 +(l-Do) Sin (0 + t3 o)j- - - - - - - - - - - -
A n 

(16) 

In this event the qua.drJ.ntal spheres must be placed by estimate and values 

of ,( and Do f.ssumed; the value of ,(, being generally 0.70 to 0.95 average, may 

be assumed as appro)).imately 0.9 when ,( cannot be observed. In the same manner 

2.S in the compens.l.tion on two heJ.dings, B o, Co and Do can be exprdssed by B, C 

and D, and the deviation may be compens.;.ted on any compass heading r,s desired. 
Vi.z.-
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Let D sin 20· .Do sin 20 X 57.0;~ be the amount to have been compensated by 

iron spheres assuming the values of Do, and then B sin 0 L;Bo sin 0 X 57.0.~ is the 

amount to be compensated by fore and aft magnets, and C cos 0 "'--;Co cos 0 X f)7 .03 

the amount to be compensated by athwartship magnets. 
Examplf': 

] rom data for standard compass of a similar ship, assumed: And estimated 

that the deviation due to Do has been compensated by iron splleres. It is then 
found that: 

O=2r 
n =25.3 

a g=5°10'W 
ng=14.8 

Compensate on ship's compass heading 21.° 

Using (16), the following values are obtained: 

Bo= -0.35. Co= +0.04 

Therefore the amount to be compensated on comp::.ss heading are, 

B sinO· .BosinO X 57.oa· .-7."2 

C cos 0 "'--;Cocos 0 X 57.3· . +2.1 

Of these values, _7.°2 is to be ('ompensated by fore and aft magnets, and +2.°1 
by athwarLship magnets. 

In such cv.ses as described above in the compensations on two or a single head

ing, the computed values of these portions B S:n 0 +C cos 0 may differ appreciably 

from the actual values of a g; this is due to the reason that the relation between 

the Approximate and Exact Coefficients of Deviations in (H) has been required 
approximately. 

§ 4. Analysis of Coefficient B 0 

As the analysis of coefficient Bo WIi.S desf.ribed 10 the previous report by the 

writer, this subjest is herein omitted. 

(3) Conclusion 

The writer considers that this may be good enough to adopt I1.S a method to 

correct the compass on two or a single heading in taking advantage of the time 

when a ship is being moored or lying in the harbor. 

As the coeffieients Ao and Eo are supposed 2'ero and the formu]ae used in com

putations Lre obtained approximately, this cannot be called an absolutely perfect 

method. However, the writer believes that this is well adopted for the practical 

use of magnetic compass correction, and navigt\tors are e::.rnestly requested to pay 

attention to this work and to try this method at Sea. 
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