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INSTRUCTIONS FOR THE COMPENSATION OF THE 
MAGNETIC COMPASS. 

INTRODUCTION. 

1. The place of the ma netic compass in navigation.-The mag- 
netic-compass has been t B e mainstay of navigators for centuries. 
The increased use of iron and steel rn the construction of vessels 
developed difficulties in the use of the corn ass which at h t  aP- 

vessels a properly placed magnetic compass will give satisfpction If 
the navigator uses the same care in its use as he does in h1s astro- 
nomical work. In spito of the development of the gyrocompass, tho 

etic compass still holds tho field and is likely to continuo to do 

2. The fact that the compass needle does not point to truenorth, 
and that its departure from true north varies with locnlity and also 
a t  Merent  times at  the same place no longer gives serious trouble. 
Magnetic surveys have been extended over tho major part of tho 
frequented watcrs nnd on the adjacent lands, and fixed magnetic 
observatories assist in keeping records of chan es, so that correct 
magnetic information now ap e m  on nearly a B mariners' charts. 

been made by the Coast and Geodetic. Survey. Theso have boon 
supplemented by the work of the Carnegie Institution of Washington, 
whose nonmagnetic vessel, the Carnegie, has made accurato obsorva- 
tions on all oceans. 

3. Magnetic north and variation.-Magnetic north is the direction 
taken by the needle- of a corn ass free from mechanical defects, and 

the angle between magnetic and true north measured either oast  or 
west from true north. 

The earth's magnotism is so distributed that tho variation does 
not change uniformly from place to placo. Fortunately for tho navi- 

ator this change is more uniform over the water than it is over the 
fand. In a few localities the variation along the shore and ovcr 
adjacent water areas is very different from the normal for tho region 
and changes very rapidly. In most locnlitios, however, tho variation 
can be considered constant for a limited aroa, suclr as n hnrbor or 
roadstead. In prococding from place to place change of varintion 
should always be taken into account in navigation. 

4, Deviation.-On a vessel froe from magnetic material tho corn- 
ass points to magnetic north no matter what direction tho vessel is 

Eea? . Practically all vessels have an appreciable amount of iron 
or steo in their construction and the ship's magnotism, as well as 
that of tho earth, acts upon the compass, causing it to point to ono 
side or tho other of ma netic north, depending on the heading of 
the Vessel. The amount y which the compass neodlo points cast or 

peared insuperable, but the problems have al P been solved: In  mo@ 

""$ BO or the majority of vessols, especially those of smaller typos. 

Magnetic surveys of the Unite i; States and its adjacent waters havo 

which is acted on by the eart B. 's magnotic field alone. Vanation IS 

1 
B 



2 U. S. COAST AND GEODETIC SURVEY. 

west of magnetic north is called deviation. On vessels constructed 
almost entirely of iron or steel deviations would be so large as to be 
unmanageable if R means were not provided to make them smaller. 

Not on1 does deviation change with the heading of tho vessel, 
but it is c$fferent when, for any reason, the vessel is not on even 
keel. 

6. Compensation.~ompcnslLtiofi of the compnss is the rocess of 

will be small. It is bused on the genoral principle that tho effect of 
iron and steel of the ship, acting at various distances, can be bal- 
anced by m The 
principles un erlying compass compensation will bo ox lnined in de- 
tail in Part 11. The are not mysterious nor partic arly dif3icult 

ciples involved is not essential for practical compensation, which can 
be carried through in R satisfactor,y manner by using Part I alone. 

6. Purpose of publication.-Tlus publication ~ F L S  been prepared 
especially for the use of the Coast and Geodetic Survey RS a guide 
to its oficcrs in keeping the compass adjusted sufficiently to meet 
the demands 01 hydropa hic and magnetic surveys and to ive them 

can be most eflectivcly nccomplishef 0 ther navjgators, however, 
will find i t  useful, as modern requirements in navigation are prac- 

7. References.-A few of t k e numcrous publications on the sub- 
tically as rigid RS in surveyin 

ject of the magnetic compass which have been issued durin tho 70 
years that the subject of compcnsation has bccn understoofwill bo 
mentioned as having been of special use in the preparation of this 
publication: 

counteracting the effect of the ship’s magnetism so that B eviations 

to understand but t z oy require study. A knowledge of the prin- 

some undcrstanhng of t R e underljGn principles, so that t % s result 

nets and soit iron placed close to tho compass. 

13 

Muir’s Nnvigntion and Cornpaas Deviations 1906. 
British Admiralty Manual of the Compnss (various editions). 
British Admiralty I f a n d  of Navi ation, 1922. 
hnctical Manual of tho Corn am, 8 S. Kava1 Institute, 1913. 
J. J. Thornson’s Elements ofElectricity and Magnetism, 1909. 
8. Acknowled,ament is made here of the help received from various 

members of tho Coast and Geodetic Survey. Numerous officers 
with experience in command or as navigators of survey vossols have 
made valuable sug estioris and constructive criticisms. Special 

U. S. Coast and Geodetic Survey, who pro arcd much of the discus- 
sion on the testing of compasses; Lieut. A.%. Giacomini, U. s. ’Coast 
and Geodetic Survey, assistant chief, division of charts, and D. L. HRZ- 
ard, mathematician, assistant chief, division of torrestrial magnetism. 

9. The binnacle.-Many different types of binnacles have been 
made. Tho requirements for a binnacle which permits complete 
and accurato compensation of tho com ass include: 

compass, which permit the niagncts to be brought to the desired 
position with regard to the compnss and held there. 

(2) Holders or trnys which permit the magnets to be placed in an 
athwarts‘nip direction, symmetrically with regard to R vertical 
athwartship plane through the compass, and to be held a t  the de- 
sired distance from the compass. 

mention is mado of 5l t e contributions of Commander J. T. Watkins, 

(I) Holders or trays for fore-an c f  -aft magnets, directly below 
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FIG. 1.-BINNACLE, U. S. NAVY TYPE-FRONT VIEW. 
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FIG. '.?.-BINNACLE, U. S. NAVY TYPE-SIDE VIEW WITH FLINDERS BAR REMOVED. 
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COMPENSATION OF THE MAGXETlC COMPASS. 3 

(3) Hollow iron s heres mounted on each sido of the binnacle so 

(4) A vertical holder directly under tho compass pivot, which will 
permit the vertical heeling magnet to be placed at any desired dis- 
tance below the corn ass. 

(U) It is very dcsirabla that there should bo graduations on the 
first thrcu named holders so that tho effect of ohango of position can 
be readily ohtained. 

that their distances F rom the compass mey be varied. 

(5 )  A holder for t K e Flinders bar. 

T 

Pro. il.--Cnnvcnlon of bcnri116n;--co1ni)nw, mnpotfc, tmo. 

The U. S. Navy ty  o binnnclo shown in Figures 1 and 2 is an ex- 

10. Compass card.-Many forms of c o m m s  cards are in use, 
most of them still showing tho influencc of t \ io duys when the point 
was the most important subdivision. With the dcpco coming into 
universal us0 as IL designated stewing point, the advantages of 
tho standard Navy cornpnss card aro so groat that it is rccommendcd 
for general use. It is sccn from Biguro 3 that i t  is graduatcd from 
0' a t  north to tho right t,hrough 3GO". 1l:vcry hcnring or couiso is 
designated by a singlo number, n.9 for cscmple, 105'. It is easy to 

cellent type of binnw P o involving all t h e  fccitures. 
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convert bearings or coursw with this card. Tho rules which apply to 
both variation and deviation, calling east plus, and west minus, are. 

11. Rule for correcting bearings.-To change from compass to 
magnetic bearing, or from magnetic to true, add or subtract deviation 
or variation according to sign. 

To change from true to magnetic bearing, or magnetic to compass, 
revcrse signs of the variation or doviation and apply according 
to the changed sign. 

A simple form of these rules which will aid in remembering them 
is: Always think of com ass-magnetic-true, or trua-ma netic- 

directly. If the reverse order, reverse signs before applying. (bee 
Figure 4.) 

compass. If the words K avo tho order of tho ulphabct, npp B y si rns 



Part 1.-COMPENSATION AND CARE OF THE COMPASS. 

s&dulc covcring chief &tails of compensation. Parugmpbs. 
1. Test m m p a  for magnetic moment and sensitivity.. ...................... 77-84 
2. Test azimuth circle ...................................................... OS98 

li'oro-and-aft and athwartshlp magnettl and spheres ....................... 3036 
&cling error compcnmtion.. ..................................... 38-39,184 
Placing Flilldem bar .................................................. 40-47 

4. Swing ship, and CoInpiito deviation .................................... 22-27,37 

S heres ................................................................ 76 
&ndelx bar.. ........................................................ 76 

12. Requisites for proper use of the magnetic compass.-Thero 
are certain fundamental things that a navigator must h o w  how 
to do in order to have a compass satisfactory for us0 in surveying 
and navigation. 

(a) He must know how to find out whether his corn ass, binnacle, 
and azimuth circle or elorus are in satisfactory cond!tion. 

(b )  He must know {ow to steer a magnetic courso and how to 
obtain the doviation of the compass on any heading. 

(c) He must know how to make tho compensation. 
(a) He must kikow how to kee the com ass compensated. 

taking cornpensitmion without knowing whether tho eomptlss is ca- 
pable of com etwtion should be clearly roc0 iized. The customary 

pass, aro discussed in prmgraphs 75 to 90. 

3. Compcmntion by stmdard mctliods: 
Prepare table of sun bcarings in order to stecr inngnotic coume. _._ -. . - -. - 15-17 

Occasional te&: 

Testing of comp,w and azimut K circle.- .li he uselessnoss of under- 

tests, with t R o o.\plmation of most of thoyikely detects of tl com- 

STEERING A MaGNETIC COURSE AND OBTAINING DEVIATION. 

13. St?er.ing a magnetio course.-In order to compensnto the 
compass it is necessary to hold the vessel on certain magnetic courses 
while tho compensation is going on. Most vessals are rovided 
with at  least two compasses so that one can bo used to steer y while 
the other is bcing compensatod. 

In order to steer a magnetic course or to obtain the (levitition the 
mtLgnotic bowing o€ somo ob cct, whether astrononlicd, 11s tho sun, 

of the astronomical object is constantly changing, but is not dXectc$ 
by a change of position of the vcsscl. In  the ltittcr caso, unless the 
shore object is diroctly ahoad os astorn, its benriiig is constantly 
chanqingwith tho position of the vessel; tho moro distant tho object 
tho less rapid tho change. 

Express the magnetic bearing of the selcctod object in degrees 
measured to tho right from north through 3 6 0 ~ .  Ex rcss the 

If the beiinng of the object is the greater, sot tho pelorus or azimuth 
circle to the i*iglit of tho lubber liiio by the amount of tho difference. 

or some land object, must be i nowvn. In tho formcr (:~iso tho boarina 

desired magnetic courso in the snmo manner. Tnko the cl! iffcrencc. 

6 
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-27 
-27 

-2J 
-25 
-24 
-21 

-20 
-20 

-28 

If the bearin of the object is the sma!ler, make the setting to the 

by the steering compass. 
14. In order to compensate the compass it is necessary to head on 

a given magnetic course. In order to iind the amount of the devia- 
tion this is not necessa It is simply necessary to know the mag- 
netic bearing of somc x jec t .  The difference between the compass 
bearing and the magnetic bowing is the deviation. 

The sun is the most used astronomical object for compass woFk. 
Its magnetic bearing a t  any time can be obtained in the folloulng 
manner. 

16. Magnetic bearing of sun at any time.-Azimuth tables ub- 

sun at intervals of 10 minutes for each full degree of latitude and 
declination of the sun. The variation at any placo can bo obtained 
from the navigational charts or from one of the various magnetic 
charts showing the lines of equal variation. From these two quanti- 
ties the magnetic bearing of the sun at  any time and place can be 
obtained. 

16. As the sun's b e a h  is constant1 changing, it is necessary 

penod of the roposed observations, from which the bearing a t  the 

azimuth tables give tho true bearin of the sun, east of north for the 

morninf adopte in this publication these tabular quantities must be sub- 
tracted from 360" in Ireparing a table for afternoon observations. 

such a table. By setting the watch to apparent time the table 
can be used cliroctly. 
17. Preparatiop of table of gun's bearing.-A table is required 

for interval 7.40 to 9 a. m., local apparent time, latitude 41O.3 N., 
declination 9O.7 N. (declination therofore same name as latitude). 

First copy from table the bearings for the desired interval for 
tho nearest full degreo below (numerciuZZy). Then by intorpolation 
find the bearings for  the beginning and cnd of the interval for the 
given latitudo and dcclination us follows: 

left. Swing t B e ship until the object is sighted on and note the course 

lished by the U. S. Hydrographic Office give the true bearing o P the 

to preparo in advance a ta % le, or prefera % ly a diagram, covering the 

moment of o 6 servation may be readily obtained. The published 

and west of north for t B e afternoon. For tho method 

The following examp I e will make clear the mothod of preparing 

89 25 
101 13 

108 50 
109 01 
111 08 
113 1D 

103 on 
la5 01 

115 as 

Time a. m. 

h.  m. 

8 0 0  

7 40 
50 

in 
20 
30 
4 0  
50 

9 00 

101 40 
in3 32 
in; 27 
107 24 
1IB 28 
111 32 
113 4 3  
115 58 

I.ntitiide ' Lntltudo, 
41"; d w d  41°.3:docli- Differonce. $kT. 
nntion, 8". i l l  nnlion, 0.7. 

............ ............ ............ ............ ............ 

............ 

............ 
115 35 

I 
e , ]  0 ,  1-1 0 ,  

Dlfforenca 
por mlnuto. 
-- 
............ 

10. 8 
11.3 
11.6 
11.8 
12.2 
12.7 
13.1 
18.8 

For t h o  7.40, latitude 41" tho difforence between tho tabular 
quantities for 9" and IOo declination is - 50' or 5'.0 for one-tenth of 
u, degree. Then the correction for O O . 7  is - 35' and the bearing for 
9 O . 7  is 99" 17'. By Lho samo method for latitude 42", declination 
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9O.7, the bearing is 99” 44’. The bearing for latitude 41O.3 is then 
99’ 17’ + (0.3 X 27’) = 99” 25’. 

ones in column 2 .  

using similar methods, the 9 a. 
Next *enter difference betwoon those 

Then. spaco 
By applying thoso correctlow we - 
beaiihg.- 
18. Curve of sun’s magnetic bearing (see figure 5).-A serios of 

oints are then plotted on cross-section papor, with tho horizontnl 
fines representing timo nnd tho vertical lines truo beurings. Drnw n 
line or smooth curm connecting thcso points. Then clrnw u parallel 

APPARENT TI ME 
FIG. 5.-Dingrnm of siin’s bcnriup. 

line or curvc so that thc \wt icd  tlistcuicc! \wt,wo.rtn thuln ropsc1it.s 
the variat.ion. ‘I’his line is drcnvn nbow t.110 other if vtlrlntiorl is 
minus, bclow if plus. ‘l’li(: 1nngnct.ic: h r i i i g  for nny minute  ctm 
then bo rcad directly. ‘l’hc: snnic rcsult c~ ln  bo obtnincd by compu- 
tation, *using tho dilfcrcrica per Iniiuitc in column 6 to obtuin tho 
correction to tho ncst  prcvious taI)ulnr bcnrinv and thcn npplying 
tho ma nctic variation. Tho graphic metho$ is worth tho tiino 

I n  obtnining tho do\riation for any desired compass coursc,. tho 
vessc! is stcored on tllat coursc nnd tho h a r i n g  o€ t ho  sun is obt ,wnd.  
I n  this caso tho computution of tlio sun’s ,caring inay be postpo11od 

re uirc f to prepnrc it. 



8 U. S. COAST A N D  GEODETIC SURVEY. 

till after the obsorvations, though a tablo prepared in advance is well 
worth while. 

19. Use of shore objects.-A distant land ob'ect may bo used 

if its distance is so great that its bearing does not change ap reciably 

peak not less than 20 miles away. The following method is especially 
a plicable to survey vessels, but is also suitable for coastwise vessels. 
'$le position of tho ship is obtained by the threo-point fix method 
much used in constwiso navigation. As nearly rn possible at the 
same time a compass bearing IS taken of a shore object and sextant 
an les uro measured betweon fixed objects on land or such ob'ects 

objects that can be identified on tho c art or well-defined tangents to 
islands or projecting points. The position is plotted on the chart 
and tho inagnetic boariiicr of the object whose compass bcarin 
observcd is obtained. #the vessel is moving fast, allowanco s ould 
bo made for timo elapsing betwccn titking of position trnd of compass 
bearing. Tho method can bo used only in a region where tho charts 
are based on accurate survcys. 

instead of the sun if its bearing can bo obtained i rom the chart and 

over tho area covered by tho ship durin com ensation. rp he same 
bearing is uscd throughout. This metho i f  can )e used with a distant 

~ 1 9  uoys on the water. The shore ob'ects may bo either well-de h 'ned t 

iwas 
h 

Jfugnclic declinulion on course jrom obrmvalions o n  shore objects. 

[Steamer, Lydorrio; dntc, June 8, 1022; observers, 11. F. I~icn, (It) R .  1'. Eyman, (L) E. F. Lewis; lati- 
tude, 43' 21'; longitudo, 124' 26'; wonther, clear; wind, Ilght; son, umooth.] 

No. pou. 

. 

IN 

GI 

02 

rpi 

G5 

- 
Time, 
.20 mer. 
p. m. 

- 

11. m. 
2 02 

2 Mi 

2 10 

2 21 

2 25 

2 30 a 
- 

Out ........ ......... 
Arwo. 
Clump ..... A I  M 243 
OUt ........ 70 07 
Amgo. 
Clump ..... 41; 27 240 
Ollt ........ 80 00 ; 
Amgo. I 
Clump.. ... 43 M) 244 
Out ........ 80 41 I 
Arago. 
Clump.. ... RP 21; I 
Out ........ ko 4 i  
Arngo. i 

out ........ 80 23 
Arapo. 
Clump ..... 34 21 1 

248 

Clump ..... RG a3 I 24G 

24R 
............................. 

hfnrk 
nnd 

'ompias 
benring. 

Ollt ..... 
101 50 

161 Do 

150 30 

157 40 

0 ,  

167 M) 

156 w 
15s 4n 

__ 
Dovin- 
tion. 

___ _ _  
....... 

O I  

+2 10 

+2 01 

+2 07 

-1-1 55 

-1-2 01 

+1 55 
+2 02 
- 

....... 
0 ,  

164 Do 

103 01 

161 37 

159 36 

169 01 

157 45 
160 60 
-- 

Triio 
lmrinr: 
)fmark. 

........ 
0 ,  
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siblo mnko n set o! SIX observations on B run o l  not over 5 milos. I1 Lhe sct can not bu wmpletdl wiKin 
thnt limit us0 n now form for snbsoqilcnt obscrvutions. Enter lntitutlo nrid Ion itutie fur middlo of sot. 
If prctidble, mcawre trim benring of mnrk'with Iirotmctor IIY soon (w posltlonjs plottud. 

20. Use of ranges for steering magnetic courses.-It is sometimes 
possiblo by the last method to identify two objects on range on one 
of the magnetic bearings uscd in compensation. It is necessary that 
either the front  or rear range should be sharp1 defined and thnt 
them should be somo distance between them. 6 raw a lino of the 
desircd hearing on tho chart through onc of the objects, lace tho 
vessel on this line by tho three-point mothod, and see i r another 
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desired ran e object can be identified. If no distinctivo objcct can 
bo identifie!$, i t  is ofton possible to soloct an objcct on cacl! s$? and 
then to keep tho sharply defined object in rungo with an lmlglnnry 
point which remains at  tho sumo rclativo distance bctwcen tho 
ob'ects. 

h e n  if a range having a dosircd maonctic bcnring can bo identified, 
i t  can not bo usod for corn cnsntion i? thcro is u strong side curront. 

toward tho range. 
21. Use of ranges for getting deviation.-The use of any rangc 

Whose magnetic 1iomin can be talien from the chart will, if well 
defined, provide on0 of t e bost mothods of obtainin deviation. Tho 
ran (3 is crossod by ths vcssel on any dcsircd hea ing by cornpus, 

course, essential that the vcsscl be on licr coursc at the instant of 
mslng the range or that any sinall difl'orcnco in courso bo noted. 

ff Only one rango is available, there will bo SONO difficulty in crossing 
thenrango when the compass course corrosponds closely to t2he mug- 
notlc boarin of the range. Further, on certain courses objects on 
the vessel w%l interfere with getting the bearing. 

In this caso tho vessel can 6 e kept on the range, but i t  will not head 

an 6: the compass bearing of tho rangc is noted in pnssing. It is, of 
5 Yl 

Observation of cornpaas ~ E V & ~ W .  

O 
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Campwatwn of compaee deviatwne. 
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22. Swinging Ship.--In order to obtain tho values of the dovia- 
tion for all hcadings, systematic. observations must be made. The 
operation is called swinging ship and a definite procedure must be 
followed. This procedure IS brought out in tho examplo which 
shows tho form uscd I),y tho Coast and Geodetic Survey for observing 
and computin deviation. This form is pro ared es ecially for tho 
sun, but may%e used for other objects wit: some $$ht modifica- 
tions. The vessel is laced on a given compass hca ing as north, 
the deviation obtainex, and is thcn swung to the right, steadying 
on successivo headin s varying by Eo, 30°, or 45’ according to con- 
ditions, the deviation 5 ein observed on each heading. As soon as a 
complete set is made wit% right rudder, another sunilar sct is ob- 
tained with left rudder. 

Tho timo required to complete the swing is lengthened tls the 
number of selected headings is increased, but greater accurac 
results for the interpolated values for the intermediate points. I% 
is desired that survcy vc:ssels, if possible, use 15’ intervals. 
23. Necessary precautions in swinging ship.-The vessel must be 

kept accurately on course during the observation of doviation. Bad 
steering not noted at the time of obtaining the deviation may in- 
troduce serious error. If the vessel is not on the desired course at  
the time of makin the observation, the actual course should be 
noted and rocordocf Caro in taking and reading bearin s is most 
essential. It is important, if the sun is used, that the time Fb e correct 
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or that the watch error be accurately known. If a pelorus is used, 
i t  should be correctl set. 

24, The vessels s Tl o d d  remain on each course several minutes 
before the observation is made. With all those precautions thero 
is usually somQ difference betweon readin s obtained on the two 
swings. The mean value is used. Intorme i iato values aro obtained 
either by a Napier di am, or else by computation as explained in 
paragra h 192-199. %e Napior diagram and its USG aro explained 
in the &erican Practical Navigator. Tho observations aro plottod 
ahd a smooth curve drawn through thorn. This was formerly of 
tho highest im ortance, as the possibility of close componsation 
wm not realize i! . If compensation is carried through nccording to 
the standard h o d  in para raph 37, a Napior diagram is unnecessary. 
’ 26. In  order to get goo f deviations, tho variation should be known 
accurately. Any great difference botwoen tho actual variation and 
that used entors directly as an error in every doviation. This Mer-  
once may be due to errors in the original magnetic survey on which 
the variation of tho chart is based, to inaccnrate application of the 
annual changc, or to local magnetic disturbance. 

26. There are numorous stations at  which tho magnetic variation 
has been determined by the Coast and Geodotic Survey, and the 
results a m  available to mariners and others interested. By soloctin 
the vicinity of such a station near a harbor or near the shores o 
traversed water lanes, ships may be swung with the certainty of 
obtaining the best results possible. 

27. Pur ose of obtaining deviation.-Deviations may be deter- 
mined bo P ore compensation or: after. In  the first case the value 
is only for stud g the magnetic changes of the shi , and such dovin- 
tions have l i t t~prac t ica l  value in navigation. 2- after com- 
pensation to determine its effgctiveness and to d o t o m e  the dovia- 
tiom for actual use in navigation me the more important. 

!The full value of the s m g s  can not bo obtt6nod without making 
the analysis. 

5 

This is discussed in paragraphs 192 to 199. 

COMPENSATION. 

28. Preliminary. precautions.-The vessel should be on even keel 
and all movable iron or steel should be secured in itscustomary 
position when at  sea. It is assumed that the binnacle is proper1 
placed with re ard to the midship line, that the compass is centered: 

Methods of meeting these requirements in tho first installation and of 
testing thoir correctness are given in paragraphs 83, 99-103. 

29. Binnacle.-Tho mothod of componsation will bo desoribed for 
a Navy standard binnacle which has trays for the magnets which can 
be readily moved u or down and secured a t  the dosirqd placo. The 

and that the K ubber line is in the fore-and-aft line of the vessel. 

ghciples  are exact P y the same for any other type of binnacle. (See 
gs. 2 and 6.) 

OPERATIONB. 

SO. (I) Set spherical correctors in middle position unless it is 
h o r n  that some other position is more near1 correct. Place heeling 
fnagnet ih its tube, north or red end up, un T ess it is known that the 
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south end must be.u , and lower to the bottom of the tube. The 

Enter t 10 athwurtship magnets in 
their trays, plncin the same number on each side, with north or 
red end to stnrboar for east deviation, and to ort for west deviation. 
Move the tray till tho ship’s heading is nort by compass. It is a 
matter of experiment to find thc proper number of magnets and the 
correct position of the tray. The binnacle is desi ncd so that i t  can 

several possiblo so f utions of tho problem. It is prc€erable to select 
that in which by using more magnets the tray is kept a t  a greater 
distance from the compass. 

For this and other headin s used in compensating the compass, thp 

the com ensation being completed by the end of this time. 
32. (37 Steer magnetic east. Enter fore-and-aft magnets on bo& 

sides of the binnacle with north or red ends forwnrd for cast devintion 
and aft for west doviation. Move the trny until tho ship hoads east 
by compass. 

If any deviation is found correct 
half of it by slightly changing the position of the tray containing the 

f magnet trays should I! e below tho middle osition. 

be placed on wide1 differing types of vessels so t f ero will alway:; be 

vessel should be held not H ess than three minutes on each course, 

31. (2) Steer magnetic north. 

I! 
% 

33. (4) Steer magnetic south. 
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Unless the deviations before compensation are unreasonably 
largq, tho compensation described above usually sufEcos. There are. 
however, two other operations which are often required. 
38. (9) Heelin magnet.-At the first opportunity when the vessel 

is rolling freely, !wad on a northerly or southerly course. If heelin 
error exists, it will be showq most stron ly on these comes. It A 
be indicated by abnormal vlbration of t % e com ass. Raise the heel- 
ing magnet until the vibration &sa pears. If this does not occur, 

should bo careful steering, as the effect of yawing may be mistaken 
for that duo to hoeling error. 

39. There is another method for compensatinAfor hoeling error 
requiring the use of an auxiliar instrument. s can be a plied 

are not usually equip ed with this instrument, and according1 the 

Flinders bar is used, this compensation shoul fol ow its placing. 
40. (10) FZinders bar.-The portion of the ship's magnetism com- 

pensated for under paragraphs 31 to 34 is composed of two arts, of 

place to place. 8onsequently, if the deviations on the cardinal 
points were ori inttlly largo and are compensated by the magnets 

with change of latitude. This difficult is overcome y the use of a 

of lutitude. 
41. The Flinders bar in its sim lest form is a contmuous bar of 

soft iron about 30 inches long. $he equivalent of such a bar may 
be so arranged that its effect upon the compass can be varied. Ths 
has been accomplished with a bundle of iron rods. 

42. The bost practice, howovor, is to have a brass tube attached to 
the binnncle, usually Iorward of the composs, with its upper end 
extending about 2 mches abovo tho horizontal plme through tho 
compass card. Short bars of varyin length, fitted insido tho tube, 

fig. 2.) By this means a soft iron bar of any desired length may be 
inserted in the tube with its top at  the to  of the tube, pieces of wood 

tho hinders bar this form will be understood. 
43. Until data are availablo for determining the lon th of tho 

the deviation on enst and west to 10' before compensation, if it is in 
excess of thut amount. This is only a rough method for reducina 
excessive deviations and does not insure constancy of deviations witg 
change of latitude. 

44. Placing Flinders bar by observation in  two places.-The de- 
termination of tho proper langth of tho Flinders bnr requires a do- 
termination of tho  uncom ensatod deviations on tho onst and wost 

places is at or near tho magnetic c uator whero the dip is zero (sco 

east and west liondings by means of magnets at  that place. At the 

try reversing the magnot in its tu B e. It is important that there 

when tho vessel is not rolling an rK may be done at the dock. qessels 

discussion of this met g od will be deferred to ara aph 184. 6 the 

which one is constant, or near1 so, without re ard to the 7 ocahty, 
and the other chan es with the c i ange of the eart B 's magnetism from 

alone, considera % le changes in the deviations are like1 to take place 

Flinders bar properly placod, since its e 6 ect also changes with change 

$ Y  

t 

are provided, together with pieces o P wood of the same size. (See 

boin inserted at  the bottom to fill the tu % e. Hereaftor in discussing 

Flinders bar, it  is advisable to insert one of suflicient lengt % to roduco 

hendinp at  two places di *rF wing widely in latitude. If one of these 

par. 130) tho problem is simple. 2 ompensato tho doviations on tho 

63647'-23-2 
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second place of observation remove any deviation on those headings 
by means of the Flinders bar without changing the Dosition 0.f the 
magnets. 

46. If the vessel does not cross the magnetic equator, it is still 
possible to lace the Flinders bar by observations at  any two places 

to believe that the subpermanent magnetism has become constant, 
at the first opportunity remove the Flindors bar (if set approximately) 
and the athwartship magnota, being careful to note the previous 
position, so that they can be accurately replaced. Head magnetic 
east or west, and determinc tho deviation. 

46. Take another exactly similar set df observations at  the second 
selected place. Obtain the values of I and Hfor the two places from 
magnetic maps or from Table 1. Tho values for any place adjacent 
to the United States can be determinod with reasonable accuracy 
from Table 1 by interpolation between the two nearest values on 
each side, the places having been selected with this end in view. 

47. A simple computation makes i t  possible to so arate the part 

bar, respectively. It should bc noted that the deviations must be 
given m t h  their proper sign in using the formula. 

Let a (expressed m degroou and tenths) be the doviation on mag- 
netic east or west, or mean of both, at station A. 
Let b be correaponding deviation a t  station 13. 
Let k=% whero E, is vdue of H for station A, from Tiblo 1 or 

from magnetic map showing I$, B, for station 13. 
Let k'=- tan where I, is I fo r  station A from Table 1 or magnetic tan Il 

f e t  x and 8 be parts of a which aro to be compensated for b y  

b and k'x are tho corresponding parts of 6. 
Obtain x from the expression x = n .  - m e n  y-a-x .  (The 

derivation of this formula is given in par. 177.) 
Example : 
Station A.-a= 14.6, 2p, =0.155. I = 74.6, Eastport, Me. 
Station 1 3 . 4  = 7.4, Ii = 0.272. = 59.3, Galveston, Tex. 

sufficiently r ar removed from each other. As soon as there is reason 

of the deviation to bo corrected by the magnets and i y the Flinders 

a2 

ma giving I ,  and I,  for station B. 

magnets and linders bar, respectivoly. 

b - k'a 

? k -  0.54 k =0.46. 
x= 8.7 y=5.9. 

kx= 4.8 k'y=2.8.  

48. Compensation of auxiliary compasses.-Compensation of the 
standard or bridge compass should be followed as soon as practicable 
b compensation of thc steering and emergency compasses. It is 
o c vious that it is only necessary to steer magnetic courses by means 
of the known deviations of the standard compass and the compensa- 
tion of tho other compasses can be made in the manner that has been 
described. 
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KEEPING THE OOMPASB OOMPENSATED. 

49. Keeping the compass compensated.-Even when a compass is 
in perfect mechanical and magnetic condition, it will not in general 
remain compensated for a long time, owing to changes in the mag- 
netic condition of the vessel or to changes in the compensating 
devices. Changes in the deviation with lapse of time are to be ex- 
pected, and failure to recognize this may load to disaster. The 
navi ator should avail himself of every opportunity to redetermine 
the fieviations and should swing ship to deteimine the deviations on 
the cardinal and intercardinal points at  least, at  regular intervals, 
so that he can improve the compensation RS soon aa it  becomes 
necessary. 

60. Causes of change of deviation.-There arc several cases where 
the compensation must bo watched with special cue.  A new vessel 
and a vessel that has been under repairs at  a dock without change of 
heading aro especially subject to changes in compass deviations when 
first put into active service. A vessel that has been on the same 
course for several days at  sea, with rough water, is likely to need 
recom onsation on change of COUIW and for some time thereafter. 

changes of deviation will come with chanw of atitudc. 
62. Tho spherical correctors once in pk~ce would not have to bo 

movod were i t  not for possiblo effect on them of compnss needles. 
The sphercs should be tested and reannealed if necessary by the 
method given in puragmph 75. 

63. The Flinders bar ma pick u )  magnetism and have to bo 

This trouble is not usual, exco t in such given in par 

electric currents on the vessel. 
64. Accidental sources of deviation.-The accidental sources of 

unusual deviution should never bo forgotton by the navigator. He 
should remember that iron or stccl in the cargo affects the compass 
just as does tho ship itself. Tho vessel's electrical circuits may send 
stray currents through iron or steel near the compass and cause entirely 
different effect from such metal not acting as an electrical conductor. 
Even a brass rail may affect the compass undor such conditions. 
Proper insulation of radio circuits is important in this connoction. 
A vessel struck b lightning is llkely to have very marked changes in 
the deviation. Junning with forced draft may overheat the stacks 
and thereby cause chan es in their magnetic condition which ma 
affect tho deviation. z a n y  shipwrecks have been traced to suc 
unexpected changes in compass deviations. Navigatoig should 
never fail to realize that, with rogard to the compnss, eternal vigilanco 
is the prico of safety. 

66. Continuow compensation.-A compensated compass is steadier 
and more reliable than one not com onsated. It should bo the 
practice of tho careful navigator to \eep the standard com ass 
closely com ensated at  all times, and care in this matter shoulx be 
a reco nize x test of the Rbihty of the navigator. Several types of 
binnac es have been devised which mako i t  specially em to main- 
t a b  compensation. The essential feature is the placipg o graduated 

P 61. P f thore is no Flinders bar, or if ono is laced approximately, 

reannealed. The test for t i is  f and t h e method of reannealiiig UI'U 

cases aa gun YPh re on naval 7G vessels, or posslbly aa the rem P t of stray 
. 

h 

9 P 
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scalcs so that the amount of movement of the various correCtors can 
be measured. 

56. Steer magnetic north or south, holding course by means of 
steering compass, and note effect of moving the athwartship magnets 
up exactly 1 inch. Then return magnet to revlous osition and 

en obtain 
effect of lowering 1 inch. O%tain value of H from Table 1, or mag- 
netic map. 

57. Repeat the same rocess with the fore-and-aft magnets on 
magnetic enst or west. $hen steer on any intercardinal point and 
note the effect of moving the spherical correctors (both a t  the same 
time) in and out 1 inch. Then prepare a, table showing the distance 
the correctors must be moved to give 1' of change. 

68. So long as the condition of the correcting ma nets remains 

for the same place. At a different place, however, the effect on the 

compass will bo the first amount multiplied by the ratio 2 t a k e n  

from Table I or magnetic maps, 11, and H ,  being the values of H at 
the two laces. 

59. d i l e  cruising, a t  any convenient time, change course to tho 
nearest cardinal point, observe dcviation, then to the nearest inter- 
cardinal point, and then to the othcr cardinal point of the uadrant, 
observing deviation at each. Then return to the ori ma course. 

The procedure with such a binnacle is as follows: 

see whether compass readin is the same as ?I efore. 

the samc the effect of the magncts on the compass wi a be the same 

The doviations can then be computed and the re uire i '  changes in 
the position of thc correctvrs made according to p1 t e tables, multi- 

plying each tabular value by after the vessel has resumed its 

If there is reason to believe that the variation is not sufficiently 
well known, the deviation should be obtained on nn intercardinal 

oint 90" from the first used and on the opposite cardinal points. 
$his will not usually be necessary, as the magnetic charts of the 
earth are now generally reliable. In  any case less time will be 
required than for full compensation, by the usual methods especially 
as com ensation is not made till proceeding on course. TLo correct- 

tion on the courses followed as opportunity offers. 
60. Compass record should be kept.-It is important in all compass 

work, but especially when this method is followed, to keop a record 
of all changes made in the positions of the compensating magnets. 

course. E' 

ness o P the compensation can be tested by determination of devia- 

S P E C M L  OASP8 IN COMPENSATION. 

61. Compensation when only one compass is available.-The meth- 
ods that have been described presuppose that a steering com ass 
is available for uso in compensating the standard compass. h i s  
may not be the case es ocially for small vessels and launches. 

paragraph 20, can be used with a single compass and when condi- 
tions permit, this is probably the most satisfactory method. 

62. The method oi se P ecting ranges from the chart, described in 
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If ranges can not be found another method can be used, if pro- 
ficient m t h  the sextant and thee-arm protractor Stop vessel and 
take and plot a three-point fix. Measure off on t i e  chart the angles, 
at the position of the vessel, between some object near one of the 
desired magnetic courses and the course itself. Set this angle 
off on a sextant and identify point on shore which lies on desired 
come.  Then steer for this pomt. After a few minutes re eat the 

An 

course desired as the change of angle due to movcment of vessel 
between taking of bearing and notin point on course will not be 

of steerin and currents or wind may displace the vessel cnou h to 
make a c a ange of the point ahead necessary in order to hol 3 the 
desired course. 
63. Compensation for small craft.-The methods that have been 

iven are applicable to any craft down to a 50-foot launch, and 
finnacles are made for lnr e launches that ure full cquipped with 
correctors. If in any case tinnacles aro not availab Iy e, corrccto1.s cnn 
be nailed in position after being placed b 

made, chiefly because the small sizo of the com ass makes close 
navi ation impossible. Several precautions shoul cp bo taken. 

e compass should be placed in the fore-and-aft line, amid- 
shi s if practicable. . 7 2) Th Anchors, gasoline drums, and other movable iron should be 
kept as far from the compass as possible and should not be moved 
around while cruising at  night or in a fog. 

(3) If  pilot-house control IS used, movable levers near the compnss 
should not be of iron or steel. 

66. It is often possible to find a place for the compass where it is 
less affected than elsewhere by the metal of the launch. If wit11 
every precaution doviations are exccssivo, compensation can be 
made by using small fore-and-af t and athwartship magnets placed . In  this case tho compensation may be by the principles 
made closely enoug at the outer end of a dock which has no machin- 
ery or other lar e masses of metal near the end. By means of tho 
chart the laun& can he swung to tho desired direction at  citlicr 
corner. The magnets can then be placed to reduce the deviations 
in the same manner as hm been doscribed for larger vessels. 
The spherical correctora and Flinders bar will, in most cases, be 
an unnocossary refinement. 

66. Compensation without known bearings or variation, using 
distant object.-There is a method by which tho com ass can be 
compensated with fair results even when it is impossi B le to deter- 
mine the correct magnotic bearing of a distant object and when the 
variation of the place is unknown. This method ro uircs a longer 
time to make the componsation than does either o P the methods 
which have been givon and is not recommended except under the 
conditions just given. 

67. Steer m netic north M marly as practicable and take a 
bearing on the7istant object. Thcn steer magnetic south as nearly 
as practicable and again take a bearing on the distant object. Corn- 

process and chan o to now oint if necessary. This met P iod will 
not be accurate u 3 ess the 

great enough to causo error. It shou P d be remembered that errors 

es am quickly taken and plotted. 
additional safeguard is by selecting the object nenr the 

the principles given. 
64. For small launches compensation o P tho compnss is not usunlly 

Pen 

This method is as follows: 
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ensate the compass for ono-half the difference between the two 
gearings. Again steer north and componsate for one-half tho re- 
maini difference. 

6 8 . 3 0  tho same on east and on west headin s, compensating on 

69. Steer on onc of the intercardinal headings ( N Z ,  SE., SW., 
or NW.,) and then one of the adjacent intercardinal headings, 
compensating by movement of spheres for one-half the difference 
between bearings as before. 

70. The adequacy of this final compensation will dopend u on 
how closcly the vessel can be placed on magnetic courses, an x it 
is thereforc probable that the first attempt to compensate will not 

I t  should, however, materially reduco the 
8oviations so that the vessel can then bo put more nearly on tho 
required course. By repeating tho operations the deviations can 
be reduccd until thc com RSS has bccn sufficiently compensated. 
This method is particular{- uscful for testin and improving the 

country when cloudy and rainy weather prevail. 
71. Compensation by usin rate of change of sun's bearing.-The fol- 

used mstead of a shorc object. 
A table of sun's bearing is prepared for 10-minuto intervals and 

for the nearest degree of latitude and declination only. Stead the 
ship as near magnetic north as possiblo and hold this course wit$ the 
steering compass. Observo u bearing of the sun. Then steady the 
ship as nearly as possible on magnetic south and tako anothcr azimuth. 
B tho usc of the rate of change from the table correct the bearing 

at  the timo the bearing was taken OIL the mn nctic south heading. 

headin south. A compass compensated for all but constant error 

on the south course was taken. Carry this mean valuo forward by 
means of tho tabular rate of chango, and at any instant bring the 
sun to bear on the mean thus obtained, by raising or lowering the 
athwartshi magnets. Repeat obscrvations on magnetic north and 
south unti the sun has the same bearing on both hoadin s. 

72. Re eat the same observations with the ship hea ing as near 

73. Repeat tho observations with the s ip heading northeast and 
southeast, moving the spheres in or out as necessary. Note that this 
adjustment is made on adjacent intercardinal points, while the pre- 
vious adjustments were made on opposite cardinal points. 

TEST OF MEUHANICAL CONDITIONS OF COMPASS AND AZ1116uTB: 
OrRCLE. 

each heading for one-half the difference 1)ctwecn 7 )earin s. 

ive satisfactory results. 

compensation of thc compass when the vcsse F is in an unsurveyed 

lowing method is practical f y that just described, though tho sun is 

ta E en whcn the ship was heading north to what I t  would have been 

Take the mean of this computod bearing an C F  that observod whon 

would a avo given this mean bearing at  the time the observation 

Cf" 
r 

a as possib P e to magnetic east or west, usin tho fore-and-aft magnets. 

74. A program of compass ins oction is iven for the use of the 
navigator which will reveal any 0 efects of t e instrument and make 
i t  possiblo to distinguish between those that; can be quicqy remedied 
and those which require that the compass be repIaced, either during 
repairs or permanently. 
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76. Spheres.l-The standard test for the spheres given in various 
publications is as follows: 

Remove all fixed magnets, including the Flinders bar. Move the 
spheres in on the arms as close as possible to the compass, and note 
heading by compass. Turn one sphere at  a time on its axis, sto ping 

Should the deflections cxcecd 30' for any position of the sphere, rean- 
neal the sphere by heating to a dark red. Covcr with nshes and 
allow to cool. Then replace. 

76. Flinders bar.-To test the Flindors bar remove all correctors, 
including the spheres, unless they haw been recently tested and are 
found to cause no deflection. Head magnetic omt by means of steer- 
in compass. Noto the deviation. Itoverso tho Flinders bar in its 
ho 9 der and note the difference hctween the new deviation and the 
former one; if this difference excceds 1' the bar should be reannealed 
in the same manner as for the sphcro. 

77. Magnetic moment.-Dismount the compass from tho binnacle 
and set it u at a suitable place on shore that is free from localmag- 
netic distur e ance. If possible this should be magnetic station of 
the Coast and Qeodetic Survey. There are such stations at  every 
port and at  many other places along the coasts. Descriptions of sta- 
tions and present values of the magnetic elements can be obtained by 
application to the Director, Coast and Geodetic Survey, Washing- 
ton, D. C. 

If 
carried in the normal position care should be taken that the instru- 
mont is not subjected to twisting or jarrin motions. If carried face 

method is probably best for the compass, but there is one thin to bo 

may adhere to the jewel wton the compass is again righted and cause 
sluggishness . 

79. A thermometer should be provided so that readings can be 
taken near the corn ass bowl at  intervals during the observations. 

80. Note reading y com ass usin the same lubber line as aboard 
ship. Deflect the needle kro~$li a%out 10' by means of a s aro 
magnet or. any suitable ime o magnetized steel. "his s h o d  a t  

previous reading passes the lubber line and also the instant when it 
returns to the same point. The interval betwoen is known as the 
time of vibration, and should agree approximately with the value 
given in Table 2, taking H and temperature into account. It is wise 
to make three soparato determinations of tho time of vibration and 
take the mean, to eliminate accidontal orrors. ??lo. tomperttture 
should be noted for each sot. Failuro of the compass to meet this 
test is robably due to a defective jewcl or to a blunted pivot. 

81. 8 is taken from a table or a magnetic map. The temperature 
in the table is that of the liquid. It is thorefore important that the 
tost be made either inside a tent or on a dull, calm day, when tem- 
perature changes are not rapid. This test should be made once a 
year or whenever the compass appears slug ish. 

closely. Draw the compass card 2' to the right by means of a magnet, 
remove the magnet, and note whether the card returns to the same 

after each turn of 90'. Note the deflections of the compass, i P any. 

78. The compass should be trunsported with the utmost cam. 

downward the same precautions should B e exercised. The latter 

guarded against. If the aint has disintegrated, particlos o f paint 

once be removed to a s a? e distance. Note the exact time when the 

82. Sensitivity.-By moans of a readinf; 6 F ass noto the heading very 
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point. This test should be 
repeated for several positions of the bowl. 

83. Centering.-The most satisfactory and the simplest way to test 
for centering is to take the compass bowl ashore and set i t  up with 
suitable arrangements. The compass should be carefully leveled, and 
the lubber line ordinaril used in conning the ship is the one on which 

84. The method of procedure follows: Note the readings on all four 
lubber lines. Now carefully lift the bowl from its bearin s, turn i t  

by M O O ,  the card is centered. The card shoul e allowed to steady 
itaelf after reversal. A repeated set of observations will serve as a 
check. 

85. Balancing.-The compass is balanced mechanically at the lace 
of manufacture. As the greatest effect that the change of dip (8 can 
have on a 73-inch compass may be counterbalanced by the shift of the 
center of su port one-fortieth inch, it is unncccssary to use a sliding 

through bad dosign, the ri hting moment in the liquid approac os tho 

ter of buo ancy and the center of gravity is too small. Such a com- 
pass is d t  for use. The attachment of weights should be considered 
only as a temporary expedient, and the compass should bo discarded 
as soon as practicable. In  a ood compass tho center of gravlty 

The point of support must be in the plane of the graduations. 
86. The effect of tho vess01's rolling is to make the compass bowl 

oscillate, owing to the failure of the gimbals to rcspond immediately 
to the motion of the vessel. This oscillation may have an important 
effect on the efficiency of the compass. If the point of support of the 
card is above the point midwa between the center of buoyancy and 
the center of avity, the tenIency is to lift the card off tho pivot. 

sure on the pivot and improve the stabilit of the curd? 

through the pivot. If not, oscillation about such an uxis will roduco 

the axis of maximum moment of inertia makes an angle other than 
0" or 90" with the horizontal axis of oscillation. If tho period of 
oscillation is the same for any two axes at right an la, the card has 

and the balance is correct. 
88. If the.compass is defective in any of these wa s, there is no 

be consulted. If the lack of balance is of any considerable degree, 
the compass should be replaced without delay because of the serious 
hazard of its continued use. 

The com ass bowl may be tested for balance with a spirit level. 

eccentricity of its supports. The compass should be fixed rn Its gim- 
bal BU ports, aa any motion will cause excessive wear on the pivot and 
may a amago the jewel. 

Repeat, drawine; compass card to left. 

observations should be z ased. 

through 180°, and replace in position. If the o osite roa c f  ings differ 

wei h t  on t E e needle, as is done with surveying compasses used on 
lan i . However, it  is sometimes necessary to attach such we1 hts, if, 

vanishing point; that is, w 5 ere the vertical distance between tho cen- 

should be not less than one-ha1 f inch below the center of buoyancy. 

B 

If it is below t F is point, the tendency is to increase sli htly the pres- 

87. The moment of inertia must be uni 9 orm for all horizontal axes 

a rotational tendency of the card in the horizontal plane w f ienever 

the same moment of inertia for all horizontal axes t i r  ough the pivot, 

ready means of correction on shipboard, and the manu P acturer should 

Serious lac R of balance may be due to a bent gimbal ring or other 
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89. Steadiness:-A kinetically balanced compass-that is, ono with 
a uniform moment of inertia-is steady. If the compass card rotates 
noticeably about its vertical axis when the compass is subjected to a 
steady oscillation on its gimbal supports, the design of tho card is 
faulty. If unsteady vertically, tho righting moment is deficiont, and 
the digtuncc between the center of buoyancy and the center of gravity 
is too s m d .  

securely. 
91. Precaution in placing liquid in bowl.-When filing a compms 

bowl with liquid a t  ordinary temperatures tho diaphragm of the ex- 
pansion chamber should not be extended much beyond tho middle of 
its ran e and should never be permitted to a proach tho limit of its 
extensi B ility, for the reason that expansion at ?l id1  temperatures may 
rupture the structure, while low temperatures, sEort of freezing, ordi- 
narily do little dama e. 

mixture. If watcr alone is used the specific gravity of the liquid may 
be raised to such an extent that the compass card will float instoad 
of maintaining a slight pressure on tho pivot. While the standud 
mixture will revent freezing at all tem eratures ordinarily encoun- 

extremely cold weather tho bow may burst. 
93. The viscosity of the liquid increases with decroased tempera- 

ture, and the compass tends to bocomo sluggish. If this happens 
during intensely cold wmther, it is advisable to apply heat to tho 
bowl in some way that will not disturb the magnetic conditions at  
the compass. 

94. Distilled water must be used in tho mixture, as any impurities 
in the water aro likely to, attack the paint. A seal placed over tho 
filling screw is an excellent precaution against tam ering. 

pensation the azimuth circle should bo tested on shore. raw a 
circle slifktly largor than the outside diameter of azimuth circle on 
a iece o drawing aper or the back of an old chart. Two diameters 

papor on a pIme tablo and carefulIy ovol. Place the azimuth circle 
on the paper with the line joining the mirror and the prism coin- 

92. It is essential t f at losses of liquid be replaced with the standard 

PI P tered, the ad g ition of water ma raise t e freezing point so that in 

B 96. Testing of azimuth circle (see fig. 7).-Bo P ore startin com- 

7 o P this circle are &awn at right an les to each other. Mount the 

C. and 0 . 8 .  Bpcclnl PublIaition No. 73, p. 4. 
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ciding with one of the penciled diameters, the height of azimuth circle 
above the paper being the samo as tho height of the circle above 
the card. 

ceed with the test by turning the lane table so that the sun's re ec- 

table. Thc ray of light from the prism should then be reflected 
directly down the penciled diameter. Now move the mirror slightly 
and see if tho ray of light follows don the enciled diameter. The 
azimuth of the sun will chan e very 1ittFe in t l e  time required to make 
tho first test. If the my o? light is reflected directly down on the 
penciled diameter and remains there as the mirror is slightly moved, 
the azimuth circlo mirror and the prism are as nearly correct as any 
field tcst will show. 

First see whether the line 

Then r- 
tion from the mirror is directed t L ouGh the prism; then clamp the 

9s. Adjust tho bubble of the circle to a central position. 

97. Next tcst the direct-vision vanes. 

shift the azimuth circ e 90' in azi- 

course. 
99. Correct placing of lubber line with re ard t o  vessel.-Juat as 

an error in the azimuth circle affects eve fearing, so will any dis- 

and-aft lino through the compass center, or, to express it in another 
way, with regard to tho vertical plane of the keel with the vessel 
u ri ht. The following method can be equally well used for lacing 

rectness if there is reason to believe such a'test is necessary. 
to locate three points in the vertical plane 

through the vessel's Eeel in the proximity of the com ass station. 

to tho keel and vessel as a whole, and that they may be used to deter- 
mine a fore-and-aft midship line through the compass station. 

101. The best manner in which to locate the three points depends 
on the type of vessel. Assume 

athwmtship batten to each mast a t  such a height that the horizontal 
plane through them will pass through the top of the binnacle. Meas- 
ure e ual distances on each side of tho respective masts on each batten, 
and rive nails to mark the oints. Stretch cords between the nails 
so as to give two fore-and-a t lines, each parallel to and equidistant 

placement of tho lubber line of the binnac '9 e with regard to the foro- 

t i %  e innacle so that the lubber line will be correct, or to teat t % e cor- 

It is assumed for an carefully molded and constructe $ vessel that 
the masts, smokcstac r c, top of stem, etc., are symmetrical with respect 

that i t  is convenient to stretc R' cords between the masts. Lash an 

100. It is necessar 

A ty ical solution will be given. 

r 2 
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from tho midship fore-and-aft lino. Placo n wooden frnme, such as 
a carpenter’s horse, athwurtship forward or aft of and near to the 
binnacle, with its top just below the cords. A nail is driven a t  the 
point midway betwoen the cords. 

102. Project the lincs of tho cords down to the deck by nicnns of 
a plumb bob, using care to see tliiit tho plunih bob is t i t  rcst in tho 
samo vertical plunu 119 the cord. This cnn bc tcstcd by projecting 
a sories of points, marked by u crtiyon, and then sccing idictlicr n 
a stretched cord passes through all of thorn. From tlio two linos 
thus estublishcd determine two points in the midship forc-and-aft 
line, one forward and one af t  of the binnacle. Drivu nails ni, tliese 
points and connoct them with a stretched cord. Then connect tho 
one on the propcr side of tho binnucle with tlio nriil on the horso by 
a stretched cord. 
103. Place the binnacle approxiniatcly in position, using cure that 

the alignment of the fore-and-aft cord on which i t  rcsts is not dis- 
turbed. Then place a stccl straiglitotlgo in such position that 
both cords and the lubbcr line o f  tho binnuclo can bo scen. Turn 
binnaclo till tho lubber lino is in tho )limo tlefinetl by the cords. 

day be c& in ordor that wind pressuro may not deflect theni. 

Theso two cords dcfino the desircd plane. 

I n  usin thread or cord to defino t / io lines it is imporlunt that tho 



Part 11.-EXPLANATION OF COMPASS DEVIATION AND 
COMPENSATION. 

INTRODUCTION. 

104. The compensat,ion of tho'compass may bo accom lished b 
my of the methods that h a w  been described without furt fi er know{ 
edcw of tho rensons for the operations. Tho best rcaults, however, 
wib bo obtained 1) tho navigator who is not satisfied to carry on 
thc operations mec t anically but whnts to  know why each operation 
is necessary. 
105. Many hooks havo been written on compensation, and the 

subject hasY been approached from several viewpoints. Inasmuch 
as this puhlicntion is primarily for tho USG of mcm with engineering 
education, it is proposed to  treat tho subject by tho method of force 
diagrams. I n  this way the complicated mathomntics that  appears 
in some publications will be avoided, and yet a clenr, understandablo 
picture \\\ill be given that will bo correct from t h o  scientific view- 
point. As the complete theor is not given in (?very case, some ap- 

fundamentnl principles. 
roximations arc unnvoidahlc, i: u t  tho presentation is bascd on correct 

property of nttrncting iron or stco P is called a magnet. The essential 

XAGNETIC FIELD AND LINES O F  FORCE. 

106. Definition of magnet.-A ieco of iron or steel which has tho 

characteristic of a magnet is that  it is surrounded by a magnotic 
field. At evcry poii:t in tho field magnetic forco of definite strength 
and dircction is exerted by the magnet. 

107. Line of force.4ince tho dircction of the force is difloront at 
different points in tho field, tho conception of line of forcu must bo 
introduced. A lino of force in a mugnotic field is a curved line, tho 
tangent to which a t  an point is tho direction of tho forco acting a t  

108. Demonstration of magnetic ffeld.-Tho form of tho field of a 
magnet may bo seen with tho aid of a bar magnet and somo sifted 
iron filings. Ln  the magnet horizontal and placo a 

lightly. Tho filings will be seen to arrango themselves as shown in 
Figure 9. This re resents in a general way tho arrangement of the 

plane aro of tho same gcnerttl form. I n  Figure 0 tho dots in tho 
immcdiato vicinity of tho poles of tho magnet rcprcsent iron iilings 
which point upward from tho glass in tho dircction of tho lines of 
force in planes nearly vertical. For a cylindrical bar ma net tho 

such a field is shown in Figure 8. 
109. Poles and magnetic axis.-Each line of force is continuous 

from ono end of tho ma et  to tho other and then passes through the 

tho oint. There is on I y ono line of forco passing through any point 
in t P io field. 

gano Of over it. Sprink 9 o tho iron filings over tho glass. 

lines of forco in a r iorizontal plane. Tho lincs of forco in any other 

ficld is symmotricnl about tho axis of the cylinder. Tho on f viow of 

magnet to form a closo CP circuit. The points or places of convorgenco 

up tho glass 

24 
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Tho line joining the 
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near the ends of the magnet uro called poles. 
poles is called the magnetic axis. 

/ 

Fro. S.-Dlngrams of flold of bar magnot. 

110. Direction of lines of force in specjal cases.-For any point, as 
A ,  Figuro 8, in tho verticd pluuo passing through the nxls of the 
magnet the horizontal pro’cction of th.  11110 of force is parnllcl tosthe 
axis.  or any point, us 11, Figuro 8,  111 tho vcrtical plimc a t  rlgllt 
angles to tho axis of the magnet a t  its middle point tho liiie of forco 
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is parallel to the axis. For any point, aa C, Figure 8, in the field of 
a magnet near its end the line of force makes a considerable angle 
with the axis of the magnet because of the curvature in the line of 
force. Now consider that Cis a oint in the field of a vertical mag- 

through that point and the axis of tho magnet, rolonwd 1 necessary. 
Nearly all of these facts can bo seen a t  a gyanco e y  inspection of 

Figure 8. Special attention is called to them, as tho three cases out- 
lined are practically all that aro needed for the study of compass 
deviation and compensation. 

111. Direction of line of force.-The earth acts like a great magnet 

.P net. The horizontal projection o F the line of force throu h C passes 

field whoso lines of force for a limted space ma 
lines. These lines mako an ang Iy e 

(hereafter cnl P ed a freely swinging magnet) will tako a direction 

portion of tho earth's surface. The pole toward t a e true north is 

every place, but for the present 
horizontal projoctions. A magnet sus- 

pended or sup orted SO as to be free to swing in tho horizontal plano 

whose angular departure from the true meridian is sli ht  for the major 

called tho north and tho other the south polo of the magnet. This 
provides a means of designating the direction of the lines of force in 
the magnetic field of any magnet. 

112. Designation of direction.-Ado ting the convention that the 
lines of force in the earth's field exten B from south to north, the lines 
of force inside of a magnet extend from its south polo to its north 
pole, while those of its external field extend from its north. to Its 
south pole. If the direction of a line of force in tho magnetic field 
is indicated by an arrow in accordance with this convention, a freely 
swinging ma net, acted u on by this field alone, wdl come to rest 

113. Position of rest of swinging magnet,-When a freely swinging 
magnet is at rest with its axis in tho direction of tho line of forco 
through its center, the forces on both sides of tho axis are in equilib- 
rium. The magnetic field of tho swinging magnet itself need not be 
considered, except to distinguish between its poles. 
114. If the field of a bar ma nct is substituted for that of the 

through its center with its north ole in tho direction of the arrow. 

tion will the magnet take 8 
116. Magnet takes direction of resultant force.-Tho principle 

that determines this direction is that each field may be represented 
a t  the center of the freely swinging magnet by a force fixed in di- 

g magnet takes tho direction of rection and amount. 
the resultant of these forces. o resultant is obtained by the rin- 
ciple of the trian lo of forces which is explained in any toxt gook 
on mechanics.' this principle may also be used to replace a forco 
by two others. A special1 useful case is the resolution of a force 

with its nort f pole in the cfirection of tho arrow. 

earth, a swinging magnet will ta t o the direction of tho line of force 

If the fields of both tho earth and e ar magnet are acting, what direc- 

The sw%Y 

__ 
into two components a t  rig E t angles to each other. 

1 Elementary Practical Mochanlce, J. M. Jemeson (Jolm Wfley & Bons). PracUcal PhhysLcs, Black 
and Davis (MacMillan Co.). 
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FIG. 9.-lRON FILING DIAGRAM-FIELD OF B A R  MAGNET. 
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FIG, 10.-lRON F IL ING DIAGRAM-SOFT IRON BAR PARALLEL 
T O  UNIFORM FIELD. 
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FIG. 11.-IRON F IL ING DIAGRAM--SOFT IRON BAR MAKING 
30" ANGLE WITH UNIFORM FIELD. 
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FIG, 12.-lRON FILING DIAGRAM-SOFT IRON BAR MAKING 
55" ANGLE WITH UNIFORM FIELD. 
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FIG, 13.-lRON F IL ING DIAGRAM-SOFT IRON BAR AT RIGHT 
ANGLES TO UNIFORM FIELD. 
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INDUOTION. 

116. Induced magnetism.-A iece of iron placed in a magnetic 

which it acquircsafiopends u on tho character of the iron, tho strength 

of force in the field: ?he induced mpgnctism is roatest when tho 

is zero whon a t  right angles to them. - 117. Magnetic properties of iron.-Tho magnetic properties of 
different kinds of iron vary greatly. At one extreme there is hard 
steel, which can be magnetized only in a strong field, but which 
1oses.its ac uired magnctism very slowly. At tho other extreme is 
soft iron, w B ich is very easily magnetized, but quickly changes its 
mapetism with chan e in tho magnotizin field and loses its mng- 

of iron it may be said in goncral that the less readily they ac uiro 

the acquired magnctism. Mecganicd work causing vibration of the 
metal ma under varying conditions oithor increase or reduce the 

118. The effect of turning hard-steel magnet in a magnetic fle1d.- 
A hard-stoel magnet has a fiold like that shown in Figuro 8. If 
such a magnet is placed on a horizontal surface with its axis making 
successive anglos with tho direction of tho earth’s ficld, the force at  

oint in tho field, fixod with regard to the axis of tho magnet, 
wi e the resultant of the forco duo to the earth’s fiold and that 
due to the magnet’s field. Those forces can both bo rcpresonted by 
straight lines of fixed length, the angle between which changes as 

et is turned. 
he effeot of turning soft-iron bar in magnetic field,-A soft- 

iron bar of the same size as the hnrd-stoel magnot has through in- 
duction a magnetic field of the samo form as that of tho stool ma 
not-that is, a t  any corresponding point the linos of force aro idontic$: 
The form of tho hcld is indopondent of tho relation of the direction 
of the axis of the bar to the inducing field. 

120. The correctness of this concoption is at  once apparent if we 
consider that the field of the stool magnot is the result of induction 
in a strong magnotic field. The form of tho ficld is the s m o  for n 
given magnet no matter what may have been tho direction of its 
axis with regard to the inducing fiold. 

121. If a soft-iron bar in a horizontal position is placed a t  succes- 
sive angles with the earth’s field, the force a t  an[ point in its field, 
fixed m t h  regard to its axis, will, as in the caso o t io steol magnet, 
be the resultant of the force of the earth’s ficld and that of the in- 
duced field of the bar. Tho important differcnce is that tho force of 
the magnetic ficld of the bar varios with direction of its axis. If 
the axis of the bar is in the direction of the earth’s fiold, this force 
has a maximum valuo in the direction opposite to the earth’s fiold. 
If the bar is revorsed in direction, the m notic ficld will havo the 

to the bar. Tho direction is still, therefore, op osite to tho earth’s 

to the earth’s fiold. For intermediate positions the forco varies 

field becomes m netized by in B uction. The amount of magnotism 

of the field, and the anale w ii ch the piece of iron makcs with tho lines 

axis of the piece o€ iron lies in the diroction of the 9 ines of force and 

petism when removoz from tho field. 0 P the intermodinto grados 

magnetism the less readily the givo i t  up and the longer thoy x old 

amount o 9 acquired magnetism. 

same form as boforo, but i t  will be rovers0 T in dircction with rogtwd 

field. The forco is zero when tho axis of tho g ar is at  right angles 
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according to a simple law which will be dovclopcd latcr (par. 156), 
and for any one position it can bo represented n t  any point in thc 
field by a fino of fixcd length. 
122. Resultant field.-l'hc resultant ficld for n soft-iron bar whosc 

axis makes nn an IC with the direction of a uniform field is shoum in 
Figure 10. Sirnikr ficlds for other angles arc shown in Figures 11 
and 13. A study of tlicsc iron-filing dingrms is instructivo. It can 
bo shown that the line of forcc of tho resultnnt field a t  any point 

Fro. 14.-Dingram illiLslrotlng construction of Iinos of form. 

re resents tho direction of tho rcsultunt of thc forcc of tho unifom 

123. Equation of the curve of line of force in the fleld of a bar 
magnet.--Assumo thnt two points A and B rc1~resent tho poles of. 
tho magnet. Draw A B  and at  C', tho rnitldle oint, erect a pwpen- 

II 7 K wvhcro R IS a constant P or nxiy ono ciirvc. At A drnw radial 
lines u t  5' intcrvnls extonding to tho perpcsdiculur through C and 

fie P d and thnt of ~1 ficld of similar form to thnt of n hnrtl-steel magnet. 

cur\-cd linc o ? form is cos A +cos diculnr. Tho cquntion of nn 
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designate their intersoction with this line by their angle with AB. 
Next placo a strai htedgc on B and on a point of intarsection and 
drnw that part of a t o lino which lies to the left of the perpendicular 
through C. Designate the end of this line by tho same number as 
at tho intersection. Thus a 20' anglo a t  A will be designated by 
the fi w e  20 placed near its intersection with the perpondicular, 

left end of the line pnssing through its intersection point. 
124. Drawin of curve (see fig. 14).-For each intersection oint 

K =  2 cos A. 8 y  subtracting successive values of cos A from 'r; we 

and t f e same npglo a t  

s%i:"pbr a single value of K. It is necessary to 

will be designated by the figure 20 at the 

get cos B. Having corresponding values of A and 
value of K, obtain b interpolation a point 

curve to left  of the erpendicular, as that to tho nght 
Also the hnlvos of t g e curve on each side of tho axis aro symmot,rical. 

to nnglo 2 Draw a smooth curve 

no. 16.-Elcmonts of carlh's mtlgmtlc Add. 

126, If, in preparing a table of comes ondidg vnluos of A and R 
for this particular curvo. As intersection pointa ftlrther from the 
axes are selected, A for any part of the curve may exceod 90'. For 
this part of the curvo cos A is then minus and it is subtracted alge- 
braically from K ,  that is, actually addod. 

K-cos A becomes equal to one, this is t t e limiting value of angle A 

EBRT"B MAGNET10 FIELD. 

126. Variation and dip.-The earth's field is different in many 
im ortant particulars from that of a bar magnet. While less regular 
an B more subject to variations than such a field, it is 60 vast that 
for R limited space thclines of forco may be considored as arallel 
straight lines. At any point the line of force makes an an ye with 

makes an angle with the true meridian, ordinarily called the varia- 

the horizontal plane known as the di and desi nated by the P etter I. 
The vertical plano through this line,. k',,, as t % e magnetic meridian, 

63647'-23---3 
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tion and designated by the letter D.  The plane at  right angles to 
the magnetic meridian is called the magnetic prime vertical. (See 
fig. 15.) 

127. Total force and its components H and V.-The force in the 
direction of the earth’s field is usual1 called the totnl force and may 

horizontal plane, it  is necessary to substitute for F its two com- 
onents, the horizontal, designated by the letter A, and the vertical, f& the letter V. Hereafter these letters will be used in referring to 

these components. 
128. H is the only part of the force due to the earth’s magnetic 

field that can affect the direction of a magnet freely swin ‘ng in the 

horizontal plane. I n  the case of the mariner’s compass this ten- 
dency is overcome by the liquid, and in the casc of the surveyor’s 
by a shifting counterweight. 

129. Magnetic elements D, I, H are obtained from maps.-The 

be designated by F. Inasmuch as t B c compass needle swings in the 

horizontal lane. V does not affect the direction of t i? e magnet 
with regar B to the true meridian but tends to draw it out of the 

%asks and connecting waters for tho route from the east to the 
west coast via tho Panama Canal. The values are iven at a sufficient 

obtained by interpolation. 
130. Xagnetic pole and magnetic equator.-’rlie magnetic map of 

the world shows two places, each in high Iatitudo, where the dip is 
90” and Hdisappears. These are the so-culled magnetic poles, though 
they are not magnetic oles in tho ordinary sense. I t  also shows a 

This is the magnetic equator and lios in t o #enoral region of the 
geogra hical ecuator-nowliero more than 12 from it. There are 
SeverJIines wiere I the compass points to true north; that is, the 
vanation is zero. These are d l e d  agonic lines. The positions of 
these lines change with time. 

131. Short period changes in D.-The values of the magnetic 
elements are constantly varying. There is a systematic change in 
the course of the day, so that in the case of D, for part of tho day 
the needle points west of its mean position and for part of the day 
east. The amount is not usually largo enough to affect naviga- 
tion, the range being from 5’ to IS’, according to the place and time 
of year, on the coast of the United States. The range tnay be as 
great as 30’ in the polar reqnions. 

132. Magnetic storms.-l’here aro occasional magnetic storms 
during which thore may be largo fluctuations,’amounting to 88 muoh 
as 30 on either sido of tho mean, but this departure 18 usually of 
short duration. It is well to avoid swinging shi to determine 

the existence of a magnetic scorn. Navigators should bear in mind 
that magnetic storms are more frequent and more lasting in hlgh 

number of points so that the values for interme I f  late points can be 

line extending around t E e earth where the di is 0’ and V disappears. 

deviation or compensating the compass when its be R avidr indicates 
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latitudes and that one of the usual offocts is to decrease the normally 
small value of H. This decrease may seriously affect the efficiency 
of the compass. 

133. Long period changes in D.-Perhaps tho most im ortant of 

values for any specified year, but after seroral yoars there may be a 
considorable change. For this rouon only up-to-date charts should 
be used. If old charts are used, bo sure to correct for change of varia- 
tion at the rate given on tho chiut. I t  should bo borne in mind, 
howovor, that the rate of chango can not be safely predicted far in 
advanco. The variation taken from the chart for getting compass 
deviations may be more important than the variation used for the 
purposo of navigation, since any error in the doviation d e c t s  all 
subsequont navigation. 

134. Local magnetic disturbances.-Thoro aro  some places whore 
the actual values of D, I ,  and LI for a region may differ more or less 
from tho map values. Such places are mid to  bo locally disturbed. 
There aro man places where thore are difforences of tho order of 
1'. Thore are Lown to be such places in Chesapeake Bay, espocially 
one place in the main channel entering the bay noar Cape Henr . 
Thero aro n number of regions in Alaskan waters where tho disturflf- 
ance is voy large and widosproad. For example, in Port Snettisham, 
Stephens 1 assago, R differonce of 105' in D was found in a distance of 
one-third milo on tho shore and 55' in the samo distance on the 
water one-quarter mile off shore. For an area of 70 square miles 
in Lynn Canal the variation was found to differ from 3' to 20' from 
the riornid values for the region ns a whole. A local magnetic pole 
with a dip of 90' has boen found on D o u g h  Island, nenr Gastineau 
Channel. New mws of this character aro found from time t o  time. 

136. Such abnormal conditions w e  usually indicatod by consider- 
able cl~ange in the deviations and by obtaining deviations of marked 
difference on tho same course in tho samo wneral vicinity. Compen- 
sation should not be attenipted under sua1 conditions. 

136. Reason for deviation.--l)oviation (d) is the amount by which 
the ship's corn nss points to one sido os the other of magnetic north. 
It is east, or p P us, if the compass points east of magnotic north and 
west, or minus, if it  points west of ina netic north. The cause of tho 
deviation is the ship's magnotic fiel!, which changes in part with 
every change of headin . The dovmtions of an uncompensated 
compass aro differont witf every heading, and at  first sight it would 
appear to be a hopeless task to reduce all thoso different vduos 
nearly to zoro, 

"E SHIP'S MAONETIC FIELD. 

the changes is the secular change. A chart may have t R e correct 

137. Source of ship's magnetism.-The ship's magnetic fiold is 
chid due to induction in the earth's fiold. Most of tho ship's 
metafis structural stool, which is intormediate in character between 
hard steol and soft iron. As hard steel 
can bo readily magnetized on1 in a strong Geld, it may remain un- 
magnetizod in a weak Gold BUCK aa that of the.earth. Magnetization 
is assisted by vibration so ,long aa the motal romrains in tho same 
position with regard to the inducing fiold, thou h vibration may also 

tion, especially if in the opposite dmection with regard to the fid . 

(See pars. 117 and 119.) 

T; cause loss of magnetism if tke metal is placo f in some othor osi- 
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138. Character of ship’s metal with regard t o  magnetization.- 
“here is then present in an vessel metal which is not m otized, but 

heading in the same direction for a continued period; metal with 
retained magnotism due to induction in the earth’s field usually 
assisted by vlbration of the metal; and metal with induced magnetism 
in the earth’s field which changes in amount with every change of 
,heading. 

139. Temporary magnetism.-The amount of induced magnotism 
of the-last class is usuall about the samo in amount for any given 

However, aa i t  changes in amount with etcry change of heading of 
the ship i t  has been given the name of temporary mngnetism. 

140. Subpermanent magnetism.-The retained mngnetism does 
not change with change of heading nor w t h  change in the earth’s 
field. Ita amount depends on the extent to whch the metal is 
magnetized and the circumstnnccs under which tho metal has been 
in vibration. It can be either increased or decreased in amount. 
To convey the idea of independence of the heading and at  the same 
time the possibility of change of amount, the term subpermanent 
magnetism is in general use. 

141, Changes in subpermanent magnetbm.-The ordinary chan es 

regard to magnetic north. The hammering incident to construcc 
tion induces a subpermanent fiold which is fairly strong. As soon 
as the vessel goes into service it rather quickly loses much of this 
subpermanent magnetism. After a certain period the conditions be- 
come stabilized and the subpermanent magnetism may remain un- 
changed for a considerable period, tdl some new cause arises to 

which may be magnetizeJif vibration is continued. wit T the vessel 

heading and changes o niy y with changes in the earth’s magnetism. 

in subpermanent magnetism follow in the same eneral sequence 7 or . most vessels. A vessel is built heading in a a xed ‘direction with 

change it. 
142. If the vessel follows in the shme course for several davs. 

the vibration due to the waves and the machine? usually chan& 
the subpermanent magnetism to such an extent t a t  the deviations 
are changed to an important de ee. Tho same thing occurs if B ves- 
sel lies under repairs at  a d o g  for some time without change of 
heading. Stray electric currents or lightning may induce magnctism 
of the subpermanent typo which remains after the causo is removed. 
In every case the increase of sub ermanent magnetism is followed by 

143. Accordingly this part of the magnetism needs special watch- 
fulness. After periods of rapid chan e there may come a period 

144. Complexity of ship’s magnetism.-While the vessel is being 
built it heads in a fixed direction while work is being dono on its 
various members. Most of these are in a fore-and-aft, athwartshi 
or vertical position, but there are others at  various anglos. Tl!; 
magnetism of the ship as a whole is thorefore very complex. 

146. If one of the members in an athwartship direction hap ens 
to be nearer the compass than a larger member in a fore-an$-aft 
direction, it may have a greater effect on the compass, since a small 
magnet near by may exert a force e ual to  or greater than a large 
distant magnet. Accordmgly (the s&pfs magnetism as it affecfs 

a falling off, with a tendency to t ecome stationary. 

of change whic ?l may catck the navigator unawares. 
of apparent ermanenco suddenly 9 ollowed by another period 



COMPENSATION O F  THE MAGNETIC. COMPASS. 33 

the ccmpaas can not be represented by considering the ship as 
an elon ated magnet, with its axis in the fore-and-aft direction. 

Will represent the ship's magnetism as it affects the ~01npa~6. Sub- 
146. B t is necessary, however, to have a simple conception that 

either case by resolving tho forces in 
these directions. By assuming a sym- 
metrical distribution of the magnetic 
material of the ship a comparatively 
simple representation of its magnetism 
can be made. This assumption is so 
nearly correct that it meets all of the 
requirements of ordinary compensation. 
The uncansidered forces due to a lack 
of "Y. metry usually cause deviations 
whic if small do not require compen- 
sation, and if large must be compensatod 
by special methods. 

147. Representation of ship's ma net- 
ism by equivalent magnets.-The s!i$s 
magnetism in so far as it affects t e 
force at the compass center may be rep- 
resented by the fields of two sets of three 
m ets each, one set for subpermanent 
a n y  one for temporary magnetism. 
(See fig. 16.) In each case there are two 
horizontltl magnets, one in a fore-and-aft 
and the other in an athwnrtshi direc- 
tion, and a vertical magnet. P n order 
to avoid confusionwith the other magnets 
discussod, these will be referred to as 
equivalent magnets, though it should be 
understood that the actual fields are 
very complex. 

the athwartship magnet a t  its middle 
A line of force of the field of the Poi:t ore and-aft magnet therefore passes 

, 

FIO. 16.-R8pro~ontntlon of shlp'a mn . 
notlsm b equlvalcnt magnot8 AB,  C j ,  
and vortLl inngnot at 0. throu h the compass center in a fore- 

and-a f t direction and a lino of the Eeld of 
the athwartship ma not in an athwartship direction. (See par. 110.) 

permanent or temporary magnetism can be represented by a line in 
a fore-and-aft direction and another in an athwartship direction. 

We thus arrive a t  t R e simple conception that the force for either sub- 



34 U. S. COAST AND GEODETIC SURVEY. 

149. Each line represents tho force duo to a magnetic field fixed 
in position with regard to the ski . It follows that the compass center 

less of the heading. 
150. Relative positions of equivalent magnets. -The athwartship 

equivalent maonet is obviously 90' from the fore-and-aft equivalont 
magnet. In tge case of temporary magnetism this means that when 
the force of ono magnetic field is maximum the othor is zero. (See 

161. The axis of the vertical equivalent magnet lios in the fore- 
and-aft axis, but usually not at  tho com aas center. There is there- 
fore a horizontal component acting in t Yl o fore-and-aft direction for 
both the subpermanent and temporary magnetism. In the case of 
the sub ennanent magnetism this can at  once be combined with tho 

temporary magnetism tho same thing can bo done for any ono place, 
but i t  must bo treated differontl in the compensation if the vessol 
is to cover a wide range of latitu i? e. 

152. Direction of force due t o  equivalent magnets.-In order to make 
a force diagram it is necessary to dcsign4tto the direction of the forces. 
If the direction of the earth's field IS from magnetic south toward 

magnetic north and enst devia- 
tion is lus, a forco toward the 

pass center is plus and one 
toward the stern minus. A 
force directed to starboard is 

FIG. Li.--Dirdion of forws with rmprct to ship. plus and ono to port minus. 
(See fig. 17.) 

163. Tho reason for designatin directions in this way can be soen 

remains in the samo position wit R regard to the equivalent field regard- 

par. 121.) 

fore-an B -aft force due to the fore-and-aft magnot. In the caso of the 

how o B the ship at the com- 

by taking the caso of the vmse B built in a northeasterly direction. 

the fore-and-aft force is K irected in a westarly duection. TfY is would 121)* 
As the induced field is o posite to the inducing field (see 

give a west or minus doviation, so that the force is minus; the 
athwartshipforce is directed to the enst and tostarboard. As this gives 
east deviation, the force is plus. By establishing the direction of tho 
forces by the direction of the induced field for vessels built in the 
other quadrants and then considering them m heading between north 
and east, i t  is found that the rule holds the same for all casea. Tho 
force duo to the vertical ma et is designated plus or minus by the 

compass, the force is generally minus. 
154. Ap arent exception t o  the rule.-The rule for desi nating direc- 

manent magnetism. In the caae of temporary magnetism the rulo 
applies directly to the force duo to the vertical equivalent magnet. 
In the c u e  of the horizontal equivalent magnets there is an apparent 
.exception to the rule. 

166. For a vessol headin northeast the fore-and-aft forco is directed 

ship force is directed to stern, and is therofore plus by the rulo; for 
a vessel heading southwest the fore-and-aft force 19 directed townrd 
the bow, and according to the rule is plus, while the athwartship force 
is directed to port, and is therefore minus by the rulo. Tho forcos, 

same rule. As the axis of t f? e vertical magnet is usually abaft the 

tions for t K e field given in paragraph 152 applies direct 9 y to subper- 

toward tho stern, and is t R erefore minus by the rule. The athwarb 
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however, are reversed with regard to tho ship, and therefore their 
signs must bo reversed. Accordingly, it  is perhaps simpler to disre- 
gard tho rule in this case and to consider that the forcos due to induc- 
tion are opposite in direction to the earth's field, and therefore if the 
direction is westward of magnetic north the force is minus and if 
eastward it is p1u-s: For opposite courses tho amount of tho force 
a t  any oint and its direction with regard to the earth's field are 
identicaf 

166. Force diagram for subpermanent magnetism.-In figure 18 the 
force acting a t  right angles to tlio direction of A is: 

CP=AB sin Zi-BCcos Z. 
If AB and BC are given the proper signs, the resultant doviation will 
have the proper sign. The point C lies on the circumference of a 
circle whose center is A and radius AC. Tlic deviation is zero at  the 
two points where ABsinZ and BCcosZ are cqual and of opposite 
sign and maximuin where thcy are of tho same sign. 

CP 
HI-AI' Let A0 = 11. Then tali d = --. 

As AP can have any value from + A  6' to - A C, evcn if AC is s m d  
compared to a, thcre will bo appreciablo differences of deviation on 
opposite headings due to subpermnnent magnetism. Pnrt of tho 
function of cornpensation is to balnnce AP us well ns CP. While 
tho mcan vnluo of tho forcc in the direction of the magnetic meridian 
is H even without compensation, the individual deviations may vary 
considerably. 

167. For small vnlues of AP deviation due to sub ermanent mtxg- 
netism can be considered to vary inversely as H .  QCP is balanced 
closelyr changes in the vnlue of 11 will not be important; otherwise 
thcy will. Thisis om of tho reasons why i t  has been stated (par. 132) 
that in high latitudes whcro LI is small reduction of its value during 
magnetic storms ma bo scrious. 

netism have been considered, except the vertical fio d of the vertical 
This is im Ortant only in the case of heeling error and will 

%y::ksed undor t E at subject. 
159. Force due t o  temporary magnetism.-The force due to the 

P 168. All of the t i: ree magnets representing sub ermanent mag- 

at tho compnss ccntcr must bo considored 
on the compnssfollows different laws, with 

from tho horizontal equivalent maqnet and is more 
As stated 

cnuses a minus force in (t fore-and-aft 
moves from place to place the forco duo to 

the vertical equivalent magnet varies with the chango in V. It is 
convenient to spoak of tho temporary m aotism of tho vortical 
equivalent magnet as duo to induction by ?or V induction. 

160. Law of change of deviation due to  V induction.-It is then 
approximately true from paragraph 159 that for a givon h o a d q  
tan a e tan I ,  where e is an induction factor which indicates 
that tho force a t  any point in the inducod field varios directly with 
tho amount of tho inducing force. 

effect of subpermanent magnetism. 

x= 
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0 

Since deviation due to subpermanent magnetism varies inversely 
as H, and that due to V induction as tan Z it is clear that the same 
method of compensation will not hold for ah latitudes. 

161. Foroe diagram for equivalent horizontal magnets.-In para- 
graphs 119 to 122 the offect of turning a soft-iron bar in the magnetic 

field is given. The fields of tho 
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tern oriry equivalent magnets 

the same laws. 
162. The analysis of the field 

of the horizontal equivalent 
magnets for any heading, aa 
northeast indicates that the re- 
sultant of a minus lore-and-aft 
force and H would give west 
deviation. Fi urm 10 to 13 

the same fact, as invariabl the 
lines of force of the resu s tant 
field tend to cross the magnct 
rather than to bend in the duec- 
tion of its len th. The explana- 

wartship equivalent magnet is 
the stron er. Knowing this 

pared. 
163. In  the force diagram, 

F' ure 19, all forces are con- 

pass center. Let AO=R and 
AB represent the fore-nnd-aft 
force with shi heading mag- 
notic north. #or an heading 
2 draw a line throu { A ,  mak- 

perpendicular from B to meet 
this line in C; then AC is the 
fore-and-aft force due to the 
fore-and-aft temporary magnet 
for heading 2. Throu h C 
let CE represent tho athwart- 
ship force due to athwartship 

in t i e horizontal plane follow 

give a visible B emonstration of 

tion is that t 1 efield of the ath- 

the force % iagram can be pre- 

si y ered as acting at the cgm- 

ing angle 2 with A 8 and drop 

draw a line parallel to A 5 and /- .--- 
P I ~ .  lS.-F'orco warn-subprmanont magnootlsm. 

equivalent magnet when the ship heads-magnetic east. 
I From E drop a 
perpendicular to meet CB prolonged in Z); CD then represents the 
athwartship force for heading 2. From D drop a perpendicular to 
A0 at P; AD is then the resultant of the fore-and-aft and athwart- 
ship forces. Angle AOD is 
the deviation, d,.due to the horizontal temporary magnets. 

- 

164. From paragraph 162 CE is longer than AD. 

Then OD is the resultant of A D  and H .  
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PD Then tan a=- 
P D - C D  cos 2-ACsin Z 

- C E c o s Z s i n Z - A B s i n Z c o s Z  
=+(CE-AB) sin 2 2  

d accordingly varies approximately as sin 22. 

0 0 

37 

B 
E'lo. lQ.-Fom diagrams-tempory magnottsm. 

is DE' (since an 
since P D =  

+(CE-AB) sin 22, 
Since, therefore, of a circle whose 

diameter is the difference between AB.and CE, it  is only necessary to 
draw a single line in the magnetic mendian superimposing CE on AB. 
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Then locate 0' and draw tho circle and for any value of 2 draw O'D, 
making an angle 2 2  with the line O'A. 

166. Deviation due t o  heeling.40 long as tho ship remains up- 
right and on even keel-that is, so lo as the lino through the com- 
pass center and the axis of the biMac I-? e remains vertical-the forces 
that have been discussed are the only ones that cause deviation. 

Departure of the vessel from 
this position may be due to 

rolling, or pitching, 

portant, as the angular do- 
parturo from the even keel is 
small. The CWQ of a perma- 
nent list will bo considered 
first. 

167. Effect of heeling on six 
eqnivalent h a g n e t s .-The 
fields of tho six magnets will 
be considered with reference 
to tho vortical athwsrtship 
plane, instead of tho horizon- 
tal plane. Of course, after 
the laws that govern tho 
forces in this plane havo been 
devolopod, i t  will be neces- 
sary to consider their hori- 
zontal components, these 
only can act on tho compass. 
The fore-and-aft line through 
the compass center which ro - 

fore-and-aft magnet movos 
parallel to itself as the shi 
rolls and remains horizontaf 
and therefore makes the same 
anqle with tho mnpotic me- 
ridian. It accordingly causes 
no change in the deviation 
due to it. Further, in the 
case of the fore-and-aft tom- 
porary magnet there is no in- 
duction, bocauso tho lines of 
force are at ri h t  angles to 

168. The athwartship mag- 
net and tho vertical magnet 
each have a horizontal com- 
ponent when the vessel lists, 

which causes change in the deviation. For the temporar 
the situation with regard to V induction is identical wit that of 
the athwartship and fore-and-aft magnets for H induction, in this 
case the vertical magnet takin the place of the fore-and-aft. 

In Figure 20 there is an atkvartijhip force PCdue  to subperma- 
nent magnetism. By analogy with paragraph 156. 

' l ist ing thoug the latter. is less im- 

resents the forco duo to t g o 

8 

tho inducing fie k d V. 
A 

E magnets 

FIG. 20.-Henllng orrto~ diagrams. 
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PO-AB sin l~+RCcos  1 ~ .  

In  Figure 20, by analogy with paragraph 165, the force due to V 
induction varies as sin 2h. 

These forces are all in an athwartship direction, and they therefore 
cause no deviation on headings east or west, but do on evory other 
course. 

In  the.cases of rolling the force causing deviation changes from 
plus to -us as tho vessel rolls, and can thorefore causo an oscillation 
of the compass that may become very inconvenient. The effoct of 
pitchin on the compass is analogous to that of rollin 

The deviation 1s therefore semicircular. 

nets to 5 e considered are the vertical and fore-and- Jt: but the mag- 

which cause deviation with forcos whic i vary by tho s?mo 5 aws as the 

H 
l 

thm and Vinduction. The latter force varies wit B chango of region, 

of course can not bo compensated and t 31 e compensation must be 

tion as describe % performs its purposo will be shown. On hoadings 

and in so far as possiblo removing the % eviation. 

PRINCIPLES OF COMPENSATION. 

160. Compensation by opposing forces.-In so far as possible the 
compensation of the compass is accom lishod by opposin tho forccs 

ship changes heading. Forbes which remain fixed in amount are 
opposod by similar fol;ceb' and those which change with heading by 
.forces chan ing in the samo manner. If the so-called fxed forces 
remain fixe 8 in one locality, but change with locality, an opposin 
force is scloctcd which acts in the same manner. The cam of R vesso 
u right in position and on even keel will be discussed before the 
e cct of heeling is taken up. 

170. Compensation by means of fixed forces.-Forces which remain 
wchanged with change of ship's heading are sub ermanent magne- 

while the former does not. Thoso clianges in sub ermanent inumo- 
tism (see pars. 141-143) which do not var accodng to a fixed yaw 

changed with any change in the forces. 
171, Referrin to paragraphs 30 to 47, the reason wly compensa- 

ma nctic north and south and on magnotic east and west the effect 
of fl induction is zero (see par. 116), and accordingly in each case 
tho total induction is due to the combined offcct of subpermanent 
magnetism and V induction. These forces being Gxed, the respective 
components can be balanced by placin the vessel on these headings 

172. Effect of compensating magnets,-With most binnacles groups 
so that their combined 
intersected at its middle 

the compass center. The force 
due to mch a magnet is represented by a 

to its asis. (See fig. 8.) 
of the force which causes doviation not only 
ut  removes the force which is added to R for 

180' and subtracted for 180'. Accordingly com e n s 8  
tion by fmed magnets is beneficial even if on1 partial, as t e de- 

174. Compeneation by magnets ~nsn5c~ent.-Compensat~on of 
both subpermanent magnetism and V induction by magnets alone 
will be satisfactory only for the vessel whlch remains in a restricted 

R (See fig. 18). 

viations are more noarly equal on opposite hea 2 mgs. 
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region. The chan e in V with change of locality necessarily changes 
the deviation. T%e best practice is therefore to balance the force 
due to the induction by means of a Flinders bar, so called from the 
name of the first mariner who su gested its use. This is a vertical 

corn onent of its force at the compass center is equal and opposite 
to t at due to the shi '8 vertical equivalent magnet. It should be 
noted that the vertica force a t  the compass center is increased by 
the resence of the Flindors bar, as its field is in the tame direction 

176. Effect of Flinders bar.-The Flinders bar is described in 
paragraphs 40-14. It is so placed as to bring the compass center 
m the most effective part of its field. The explanation of increased 
effect of a longer bar without changin the position of its up er end 

for a longer bar than for a shorter one. Without iving the laws 

176. On a north course the effect of the vertical induction in causing 
deviation is small, while it is a maximum on magnetic east or wost. 
The derivation of tho formula for separqting the doviations into two, 
parts on these headings will now be given. 

177. Derivation of formula separating subpermanent magnetism 
from V induction.-Lot 2 be the part of the total deviation on mag- 
neticeast or west due to subpermanent mapetism at the first station 
and let HI and B, be tho respective values of H at the two selected 
stations. Since x varies inversely with H,  the corresponding part 
of the doviation at the second station will be z E a 

2. Designato 
byk;  thenwe havexandkztorepresent sub ermanent magnetism. Let 

soft iron bar so placed with regar cf: to the compass that the horizontal 

as t ! at of the ship. 

is that the compaas center is relativey f nearer the pole of t Yl e bar, 

that govern the force, this principle may be accepte % . 

P ! 

(See par. 47.) 

y, I , and Z, in like manner 

varies as tan I ,  the 
tan la by y and k'y where k'=.-. Then, letting a and 2, represent 
tan I 

the res ective total doviations, a = x  + y; b = kx+ k'y. Solving 

178. The terms containin x are to be compensated by magnets and 

Exam le of separating the dewiatwn.-A vessel covering a wide 

The third station was included to show the sort of agreemont obtained. 
In the example, Hat the first station is taken as 1.00 and the others 
are referred to it. It is now the practice to use the actual values of 
H as obtained from magnetic maps. 

the B eviation due to V induction 

! a t  the first station, and two stations. Then, since 
induction can be represente 

and y=a-x.  a - i L  
1: =- 

those containing ?J by the R. linders bar. 

range of T atitude made observations at three widely separated stations. 

Station 1.- =1l0.1 
2 . 4  = 7O.3 
3 . 4  = 7O.1 

Stations 1 and 2: 
k = 0.58 
k'= .117 

Ill= 1.00 tan 11=2.56 
H = 1.71 tan Z = .30 %= 1.49 tan 4-1 -92  

x = 15O.3 96 - 4 O . 2  
kz- 7 O . 6  k ' y t  -0O.3 
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Stations 1 and 3: 
k = 0.67 ~=15 ' .2  y- - 4 O . 1  
kt= .75 kx- 7O.O k'y- - 0 O . 1  

41 

Such close agreement would not ordinarily be obtained. The 
values are givon for a comporitg vessel, the on1 example available 
which avo results for such a wide ran e of locahy. 

In  t h s  case it would be obviously fificult to set a Flindors bar 
at  station 2 or 3, but the data obtained a t  either station would 
mako it possible to place it accurhtoly elsewhere. 

A 

Fro. 21.-Effwt of sphores in componsetlon. 

179. How the spheres oompensete the effect of H indnotion.-It Will 
be demonstrated that the spheres correct the deviation duG to the 
horizontal temporary magnets by causing a force at the compass 
center which varies as sin 22. 

As the spheres are set so that the line joining them is in the mag- 
netic prime vertical when the ship heads in the magnetic meridian, 
the angle Z corresponding to ship's h%d measured from the magnotic 
meridian is the angle which the line joining the spheres makes with 
the magnetic prime vertical. 
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180. It is necessary to acce t certain principles of physics to 've 
the demonstration briefly. Tfe magnetism of a sphere is equiva Y ent 
to that of a small magnet at its center whose oles are very close 

a small magnet there is a radial force and a tangential force.a The 
line PO, where 0 is a oint midway between the oles of the,mpgnet, 

we are consi ering the angle 2 measured at tbe center from a line at 
(2 M sin 2) right angles to the axis of the magnet: The radial force is 

together. I t  can be shown that a t  any point P ( R g. 21) in the field of 

makes an an le with t E e axis of the magnet. In t R e case of the vhere  % 
Mcos z 

+ 
along OP, and the tangential force is a t  right angles to OP. 
In  this case the point P is the center of the compass, and as the 
distance from the center of the compass to the center of the s here is 
fixed, OP-r ,  is constant. I t  is unnecessary to define M, wbch re- 
mains unchanged. The forces, therefore, vary only as sin 2 and'cos 
2 as the case may be. 

We are concerned only with the components of these forces at  ri ht  
angles to the magnetic meridian. Their sum is - sin 2 cos 2 + --+ COB 

2 M  2 
13 

z sin z=gsin 22. 
181. W0 then have a force varying a8 sin 22, which if not balanced 

would cause a deviation. The expression for devintion would then 
be approximately d == - (Disregarding the N-S component 
of the induction due to the 
to PB.) Note that 
which acts on the sphere. I t  is evident 
proper distance the quadrantal 
sated. 

182. The position of the compass center with regard to the second 
sphere is diametrically o posite and i t  is the same distance froin the 
center as for the first spiere. $he direction of the field is therefore 
exactly the same. The two spheres act together, and therefore 
smaller sphores can be used than d there were only one. (Sea fig. 21 .) 

183. Compensation of heeling error.-Compensation of heeling 
error can be only approximately correct. There is no way of deter- 
mining the correct position of the vertical cornpensating magnet which 
corresponds to  the methods that have previously been described. 
Further, there is no wa of soparating the parts due to subpermanent 
magnetism and those drue to temporary magnetism. Compensation 
is made by the k e d  magnet; accordmgly, while the force at the 
compass canter due to the fixed magnot can balance the force due to 
subpermanent m netism when the vessel heels, it can not balance 
the force due to Enduction, eince it does not vary by the same law. 
Fortunately angles of list or roll are usually moderate. Lf, therefore, 
the compensation is reasonably close, there will be no appreciable 

K sin 22 

heeling error. 
184. Compensation for heeling error can be ma& by two methods: 

The firat, that described in paragraph 38, is based on.the effect due 
18- J. A. Thornson's Eloments of Elwtridty and Magnetbm. 
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to the rolling of the vessel mentioned in paragraph 168. Another 
method is by the use of the healing adjuster. Thu instrument, though 
not always available, provides a means of making compensation when 
the vessel is a t  rest, under which condition compensation is more 
satisfactory than when the vessel is rollin freely. The heeling ad- 

tion, just as is done in kee ing the land surveyor’s com ass needle 
stances of 

the weight from the point of suspension of the nee e ;  the instrument 

juster is a weighted dip needle whose weig 5l t can be shifted in posi- 

J horizontal There 19 provi cp ed a scale for showin the 8 
must be taken ashore, set 

REDUCTION OF DIRECTIVE FORCE. 

185. Reduction of directive force.-It has been stated (par. 113) 
that a freely swingin magnet comes to rest in the direction of a force 
of fixed amount and % irection. If i t  is disturbed from this position of 
rest, the restoring force may be said to vary with the force acting 
when the magnet 1s a t  rest. It is therefore important that the latter 
force, which may be called the directive force, is as large as possible. 

186. The corn ass needlo is not simply a device which oints in a 

vessel,’ and good performance under working conditions is of the hi h- 
est importance. The motion of the veseel tends to swing the nee % le 
from its correct pointing and to make themm ass card oscillate. TO 
prevent too free oscillation, a liquid is usefwhich has a damping 
effect. If there is insufficient diroctivo force, the needle will retmm 
very slowly to its pro er pointing and a now impulse may send i t  off 

may bo very Wicult, and accurate steering, so essential with hi& 
speed, becomes impossible. 

187. Referring to Figure 18, it  is seen that AP is added to A through 
180’ and subtracted for the remaining headings. The mean value 
of AP for all headings is zero, and compensation tends to make it 
zero on all headings. In  Fi ure 19 AP represents the force due to 

This is never zero and varies between AB and CE. The compensa- 
tion does not affect this, since tho magnetic field affecting the spheres 
is the same as for the compass. 

given direction, gut its purpose is to establish the course o 9 a moving 

again before it has ha a) time to settle. Under such condition steerin 

tho ship’s temporary fiold in t 5 l  o diroction opposite to the emth’s field. 
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188. Various values of directive force.-In ordinary casea the mean 
value of the directive force is about eight-tenths H .  Under such con- 
ditions the compass performance is satisfactory. 

189. There are cases where the directive forces become as low as 
0.15H. This occurs in connin towers and submarines. As this is a 

shielding. In  the interior of nn iron or steel box the lines of force 
generally follow the sides of the box arid there are cornparativoly few 
inside. Accordingly, the forces available for directing a compass in 
such-a position are small. It might be asked, Why, if shielding is 
possible, the disturbing forces can not bo ke t from the compass by 

forces so that there is no gain. 

naval problem, it wil1,simply % e stated that this condition is due to 

shielding '2 This is in part possible, but only i: y reducing the directive 

around the circle, it will be found that in genera P the mean compass 

ence, which usua f? y does not exceed a degree, can not bo compensated. 

stant deviation. The occurrence of this distri % ution o l p  material is 

UNCO-NSATED DEVIATION. 

100. If deviations are observed on various e uidistant headings 

error (difference between compass north and true north) will not be 
equal to the ma etic variation as given oii the chart. This differ- 

It i due to various causes. It may be.shown that a certain unsym- 
metrical arrangement of soft iron near the com ass can roduce con- 

not likely, and the difference is usually attributed to small errors in 
the compass or binnacle, errors in the azimuth circle or pelorus, lack of 
exact knowledge of the. variation, and accumulated errors in steerin 
or observation. If thm error exceeds a 
azimuth circle should be inspected. 
is represented by factor A in compass analysis. 

191. If soft iron is unsymmetrically placed 

This uncom 

fore-and-aft vertical plane t h o u  h the compasa, the direction of the 

the magnetic meridian, or, to express it differently, the magnetic axis 
of the ship makes a slight angle with the fore-.and-aft line. ID this 
cme there is a small quadrantal deviation whch may be shown to 
vary as cos 22. This is rarely compensated for. It is ossible to 
compensate by lacing the spheres so that a line joining t I? em makes 
an angle with t R e athwartshp line, but no provision is made for this 
on most binnacles. This uncompensated deviation is factor E men- 
tioned in next paragraph. 

induction by H when the ship E ends north may bo slightly out of 
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ANALYSIS OF COXPASS DEVIATIONS 

[Stoemor Surveyor; dnto, April 10,lQlO.l 
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N. B.-Wbon observotiom aro made on only 8 paints the dlvisora must be chongod fmm la to 4. 
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Analysis of eompss d~viatio7rs. 

COMPARISON O F  OBSICRVED AXD COMPUTED DEVIATIONS. 

(Dovintlon.-A+Usin%+CcosZ+Dsin2%+Eros2Z.) 

Z is thocompass azimuthof thoship’s honding, countlng from north nround by onst, south, and wast to 30’. 
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330 
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-3 
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-3 
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0 
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+3  
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0 
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-3 
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-3 
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0 
+2 
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0 

+1 +a 
+2 
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-12 
+12 

+O 
-5 
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-12 
-6 
+7 
-3 
+M 
+3  

-32 
+I + 10 
-12 
-8 
- 4  

-10 
+1 

x ti1 

- 

rr - 
0 
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400 
4 

30 
144 
144 
30 
25 
30 

144 
25 
40 

9 
400 
9 

1,ox 
GI 
361 
144 
04 
10 

301 
1 

rrobnblo error of singlo obsurvntion: 
For 24 polnts, 7.- fo.151 c til- f 10’. 
For 8 polnts,r- io.w&L is.-... 

N. 8.-Tho valuas of sin Z cos Z sin 2 Z, and cas 2 2 mny bo obtahod from columns (5), (O), (8), and 
(e), having rogard to chsngo of slgn h t h  chnngo of quadrant. 

192. Method of analysis of -deviations.-The method of analysis of 
T h e  

aphs 190 and 191, respectivcly. These are usual1 small. $2;; 
further effort should be made to  find the reason for tho large value 
of A .  

193. Other factors B,  0, and D have a different relation to com- 
pcnsation. 
and are not forces, but for the purposes of tho analysis .may 
considered as representatln forces. While compcnsatlon 1s accu- 

tional computation required for getting the exact. cocfficicnts to 
replace B, G‘, and D, whlch are gwen in some publlcations, is not 
considered necessary. 

194. B,  before compensation, re resents the fore-and-aft force due 
t o  subpermanent magnetism a n i  V induction combined. After 
compensation it roprescnts the difference between this forco and 
that introduced by the fore-and-aft magnet and Flinders bar, if 
used. 

deviations obtained by swinglng shi is shown in exam les. 
uncompcnsated deviations A and 2 have been describe t; in 

, Ergo, the azimuth circle should at once be tested. s f this is correct, 

rate enough for all needs o B navigation, i t  is not exact. The addi- 

They are the means of the deviations of certain headin 
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195. C, in like manner before compensntion, represents the athwart- 
ship forcc clue to subpermanent magnetism. Aftcr compensation it 
represents the differcnco between this force and that introduced by 
the athwartship magnet. 

196. L), before compensation, represents the forces dcsignatcd by 
the cx rcssion +.(Cf?-AU), or one-hnlf thc diffcrcnce botween the 
forces sue  to U induction when the vcsscl is heading east and that 
when heading north. 
197. B is npprosimntcly thc deviation on magnetic east oremag- 

netic wcst.wlth tho si n reversed, C is approximatcly the doviation 
on magnetic norLh or t int on ma netic south with tho sign reversed, 
and U IS npproximatcly one-hnlf o tho sum of devintions on northeast 
and southcnst. 

198. It is dcsirabh to work out thc probable error as given in the 
form. 

199. Principles of analysis of the deviation.-If devia!ions are 
obtuincd without any compensating magncts in place tit intervals, 
tho history of chanacs in the ship’s magnctism. can be followcd. 
Changes in B nnd Cering out variations in the shlp’s subpermanent 
magnetism, both in actual and relntive amounts. Changes in V 
should ordinarily not be large. Determinations of D nre of value in 
detecting subpermanent magnetism in tho spheres, which can bo 
removed ns described in parawaph 75. 

200. AEtcr compcnst~ting, &e nnnlysis is of value in indicating tho 
rcliitivc effcctivcncss of tho.diffcrcnt pikrts of the compensation. I n  
attempting to kcc tlic dcvintions within a smnll aniount is is essen- 

than i t  should be. After analysis has been mado the prc )arntion of 

methods. 
201. Tho navigator can demonstrate.his enicicncy by keeping his 

compass deviations to the smnllcst possiblo value as a foundation for 
his work in navigation. His compass work should, thcrcforo, bo a 
matter of porinuiiciit ~ c c o d .  Tests of compasses, azimuth circles, 
and positions of coinpcnsnting magncts should be carefully recorded. 
Unusual occurrenccs, such ns stray currents, effect of 11 htning, etc., 

Tho keeping of such cnroful records will prove an incentive to  the 
maintenance of a proper standard of proficiency. 

(See par. 165,) 

Y 5 

If large, lack of care in malting observations is indicated. 

tial to know whet 7 ier any part of the compensation is less effective 

deviation table is easy, whether by computntion or b y graphic 

should bo entered in tho compass record as well 11s in t 7 io ship’s log. 
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No. 

1 
2 
3 
4 
5 
0 
7 
8 
9 
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11 
12 
13 
14 
16 
10 
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I8 
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ul 
21 
22 
23 
24 
25 
2G 
27 
28 

28 
30 
31 
32 
33 
34 
35 

37 
38 
39 

41 
42 
43 
44 
45 
4c 
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4€ 
49 
€4 

ao 

4a 

61 
61 
62 
64 
6! 

6( 
6; 
61 
6( 
o( 
01 
6: 
G: 
0. 
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TABLE l .-Magmtic dip and horizontal intt&ty for 19.28. 

'laces for whkh values 
aro given. 

Latltude. 

N. 
45 
44 
43 
42 
41 
41 
39 
37 
35 
34 
32 
30 
27 
24 
28 
28 
28 
28 
20 

22 
18 
14 
10 
18 
18 
24 
18 
18 

7 
11 
14 
17 
19 
26 
33 

35 
37 
38 

40 
41 
43 
46 
40 
47 
48 
48 
47 
49 

a4 

a9 

60 
64 
65 
67 
MI 

60 
61 
63 
M 
65 
60 
67 
68 
69 

,ongitudo. 

TV. 
67 
G9 
70 
71 
70 
74 
75 
70 
75 
78 
81 
81 
80 
82 
8a 
89 
95 
97 
97 

85 
R3 
80 
80 
77 
75 
75 
08 
0.5 

80 so 
91 
100 
105 
112 
118 
119 
121 
122 
123 
124 
124 
124 
125 
124 
124 
124 
125 
133 
122 
123 

128 
134 
134 
135 
137 

125 
128 
128 
131 
131 
132 
133 
134 
136 

-. __ 

Nearest port or geographicalfontnro. 

................ 
........... .... 

Caribbean Sca and @~l/o /  Jfezlco. 

Capo Ban Antonlo, Cubn ..._. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bwnn Islnnd ........................................... 
I{oncndor Ilnnk.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __._. . 
Colon Pnnnnia ....__..___........... ._._...... 
Nnvassa island. ___. __. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8nn Bnlvador, Bnhama, Islnnds.. . . . . . . . . . . . . . . . . . . . . . . 
Mnyn ez P R ........................................ 
St.  Tf%m&, Vir& Islanda.. . . . . . . . . . . . . . . . . . . . ... ... .. 

Paclfc  Ocean. 

Puorms Point Pannmn ._.... .. . ._. . . . . . . . . . . .. . . . . . . . . . 
6an Joan dol $ur, Costn Illcn.. . . . . . . . . . . . . . . . . . . . . . .. .. 
Snn Jose de  Ouatomnln.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Kingdton Jnmnicn ..._. . . . . . . . . . . . . . . .......... 

._.............. 

(Outalde roulc) Cape F&&y (47)  io  Croas Sound (66). 

I Nootka Island I3. C. ._. . . . . . . . . . . . . . . . . ... ... . .. . .. ... . 
Port h w i s  +een CIiarlotte ~ s l a n d ~ ,  D. c.. . .._. . .. . . . . 
Ouadra Isln'n . hlnskn,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I a t k a ,  Almkn.: .. . . . . . .'. . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . 
Cross Bound, hlnskn ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Inside 7msagc)  Brllinghnm (60 to Cross Sound (66) 

and Skagway 284). 

Capo Lazo n. C . . .  ..................................... 
Egg Islnnd, Quoen Charlotto Gound, 1%. C.. ...... ...... . 
Bwnnwn I3ny 1). C __..._._.. ..__._ ._._...__............ 
Prince Riiport 11. C..  . . . . . . . . . . . . . . . . . ._.. . . . ... . . . ... . 
Kotchlkan, hlkka.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Wrnogoll hlnukn.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clevolnnd pnssnae, A I W ~ . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Junoau hlnskn ......................................... 
Bkngw&, Alaska.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0 

74.0 
74. I 
73.0 
73.1 
72.2 
72.4 

a. 4 
00.7 
04. G 
02.8 
00.0 
60. 1 
00.4 
Bo. 3 
69.3 
67.7 
55.3 

'ri. o 
07. n 

63.6 
48.6 
43.0 
30.0 
60.0 
60.4 
67.2 
61.0 
til. 5 

33.0 
37.0 
40.0 
42.5 
44.8 
61.0 
68.6 
69.3 
69.9 
01.5 
02.0 

63. G 
64.4 
05.8 
07. 8 
88.0 
09. 0 
70.2 
70.0 
70.0 
71.4 

02.7 

71.2 
72.0 
73.3 
74.6 
74.7 

71.8 

73.1 
73.1 
73.9 
74.4 
74.9 
76.4 
76. E 

72. a 

- - 
II 

- 
0.166 
.168 

.1G9 

.176 

.175 

.1a8 

.201 

.211 

.221 

.247 

.2G3 . n8 

.261 

.207 

.212 .ne .m 

. iri3 

t 237 

.a1 

.303 

.308 

.317 

.294 

.a2 

.270 . !at1 .m 

.3m 

.320 

.320 

.327 

.3u 

.m 

.270 

.m 

.201 

.a52 

.%8 

.244 

.238 

.233 

.m 

.213 

.m 

.1w 

.194 .1w 

.180 

.1a6 

.187 

.170 . lo5 

.166 

.162 

.1a3 

.181 

.109 

.107 

.101 
-1EJ.l 
.161 
.147 .la 



s 

No. 

. 

Nonrest port or googrnphlcal featuro. 

06 
08 
07 
08 
GQ 

70 
71 
72 
73 
74 
75 

70 
77 

i 

COMPENSATION OF TI-IE N A O N E T I C  COMPASS. 

TABLE 1.-Nagnetic dip and horizontal intensity for 19234ontinuod. 

Ynkutnt, hlnskn .... . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ._ 
Cordovn, hlnskn ..___ .. ... . . . . . . . . . . . . . ... . . . . . .__. ..._ 
Ancllorngo hlnskn ____.. . ._. . . . . . .. . . . . . . . . . . . . . _. . ._. ._ 
Katmol A'lnskn _.______.. ....... _.  _.._ .. . . _.._......__. 
Unimnkt P w ,  hlaskn ..._. . .. . . .. _._. ._. . . . _._. . .. .. .__. 

74.0 
75.2 
74.2 
70. I) 
Gti.8 

01 
01 
58 
54 

l4ti 
151 
150 
105 

Kuskokwim, A1 ash.. .  . . . . . . . . ._. . __. . __. . . . . .......... 
Nome Alnskn.. ....__....._. ...__._.. .____. ........... . 
East dn o Blborin _...__.__.._. .__ ._. .__. ._._........... 
Point d& ~ i m k n .  .... .. . . . . . . . . . . . . . . . . . . ........... 
Point Dnrrdw Alnskn _......__. .__ __. . . . ._. .. _..... . ... 
Domnrcation Polnt, hlnskn ... . . . . . . . . . . . . . . . . . . . . . . . . ._ 

Aleutian Idan&. 
KIskn Islnnd. . . . . . . . _. . ._. . . . __. . . . . . . . . . . . . . . . . . . . . . . . 
httu Island .._... .. . ._. ._. ._. ._.__. _.__.__. . ... .__. ._. . . 

1 Unimak Paas lo Arclie. 

70.8 
74.3 
75.7 
77.4 
81.0 
81.7 

03.6 
63.8 

GO 
04 
66 
(2 
72 
70 

0.151 
.147 
.154 
.177 .m 

.177 
,151 
.142 
.125 
.090 
.OM 

.221 

.210 - 

103 
loo 
170 
1G7 
150 
140 

TABLE 2.--l'~rwd of oscillation for nlagrretic moment ta t  of compase. 

pi-inch Nnvy stnndnrd compnss, stnndnrd mlxturo. Tomporn tw ,  Fabnholt; H axpmssod in C. 0. E. 
uuits.] 

8 .  
80 dogrmq.. . . . . . 
40 dogrocu.. . . . . . 
60 dogreou.. . . . . . 
GO dogroos.. . . . . . 
70 dogm.. . . . . . 
80 degeus.. . . . . . 
00 dogrccs.. . . . . . 

87 
34 
31 
28 
Z7 
25 
23 

0 


