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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- 

The increased use of iron and steel 111 the construction of vessels 
developed difficulties in the use of the com ass which at first ap- 
peared insuperable, but the problems have a1 P been solved. In most 
vessels a properly placed magnetic compass will give satisfaction if 
the navigator uses the same care in its use as he does in his astro- 
nomical work. In  spite of the development of the gyrocompass, the 
m netic compass still holds the field and is likely to continue to do 

2. The fact that the compass needle doos not point to truenorth, 
and that its departure from true north varies with locality and also 
a t  different times at  the same place no longer gives serious trouble. 
Magnetic surveys have been extended over the major part of the 
frequented waters and on the adjacent lands, and fixed magnetic 
observatories assist in keeping records of chan es, so that correct 

Magnetic surveys of the United States and its adjacent waters have 
been made b These have been 
supplemented9by the work of the Carnogie Institution of Washington, 
whose nonmagnetic vessel, the Carnegie, has made accurate observa- 
tions on all oceans. 
3. Magnetic north and variation.-Magnetic north is the direction 

taken by the needle of a com ass free from mecharlical defects, and 
which is acted on by the eart 5 ’s magnetic field alone. Variation is 
the angle between magnetic and true north measured oither east or 
west from true north. 

The earth’s magnetism is so distributed that the variation does 
not change uniformly from place to place. Fortunately for the navi- 
ator this change is more uniform over the water than it is over the 

fand. In a few localities tho variation along the shore and over 
adjacent water areas is very different from the normal for the region 
and changes very rapidly. In  most localities, howevcr, the varintion 
can be considered constant for a limited arca, such as a harhoreor 
roadstead. In proceeding from place to place cliangc of varintioii 
should always be taken mto account in navigation. 

4. Deviation.-On a vessel freo from magnetic materinl the com- 
ass points to magnetic north no matter what direction the vessel is 

Readin? . Practically all vessels have an approcinble amount of iron 
or stee in their construction and the ship’s magnetism, as well as 
that of tho earth, acts upon the compass, causing it to point to ono 
side or the other of mametic north, deponding on the hcading of 
the vessel. Tho amount%y whlch the compass needle points cast or 

netic compass has been t 1 e mainstay of navigators for centuries. 

so Y or the majority of vessels, especially those of smaller types. 

magnetic information now appears on nearly a 9 1 marinem’ charts. 

the Coast and Geodetic Survey. 

1 



2 U. 8. COAST AND QEODETZC 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 a meam were not provided to make them smaller. 

Not onl does deviation change with the heading of the veasel, 
but it is &eront when, for any reason, the vessel is not on even 
keel. 

6. Compensation.-Compensation of the compass is the rowas of 
counteracting the effect of the ship's magnetism so that s eviations 
will be small. It is based on the general principle that the effect of 
iron and steel of the ship acting at various distances, can be bal- 
anced by m ets and soft iron placed close to the compass. The 
principles un Y erlying compass compensation will be ex lamed in de- 
tail in Part 11. m e  are not mysterious nor particlgarly difficult 
to understand, but t E ey require study. A knowledge of the prin- 
ciples involved is not essential for practical compensation, which can 
be carried through in a satisfactory manner by using Part I alone. 

6. Purpose of publication.-Ths publication has been prepared 
eapeciall for the use of the Coast and Geodetic Survey as a guide 
to ita o fi cers in keeping the compass adjusted sufEiciently to meet 
the demands of hydrogra hic and magnetic surveys and to ve them 
some understandmg of t 1 'e under1 principles, so that %IS result 
can be most effectively accomplkm. Other navigators, however, 
wiU find it useful, as modern requirements in navigation are prac- 
tically as rigid as in surveyin 

7, Beference6.-A few of t e numerous publications on the sub- 
ject of the magnetic compass which have been issued durin the 70 
years that the subject of compensation has been understoo f wiU be 
mentioned as having been of special use in the preparation of this 
publication: 

f 

Muir's Navigation and Compaee Deviations 1906. 
Britiah Admiralty Manual of the Compaea (varioue editions). 
British Admiralty Manual of Navi tion, l9B. 
Practical Manual of the Com 
J. J. Thomeon's Elementa of?&t.ricity and M8gneti6m, labs. 
8. Acknowledgment is made here of the help received from various 

members of the Coast and Geodetic Survey. Numerous officers 
with experience in command or as navigators of survey vessels have 
made valuable su estions trnd constructive criticisms. Special 

U. S. Coast and Geodetic Survey, who pre ared much of the discus- 
sion on the testing of compasses; Lieut. A. E . Giacomh, U. s. Coast 
and Geodetic Survey, assistant chief, division af char&, snd D. L. H a -  
ard, mathematician, assistant chief, division of teFestna1 magnetism. 

B. The binnacle.-Many different types of. bmnacles have been 
made. The requirements for a binnacle whch p e m ~ t e  complete 
and accurate compensation of the com ass include: 

(1) Holders or trays for fore-an8aft mclgneb, directly below 
compass, which permit the magnets to be brought to the desired 
position with regard to the compaas and held there. 
(2) Holders or trays which permit the.Ipagneb to be placed in an 

athwartahip direction, etrically wlth regard to a vertical 
athwartship plane throJ?Ee campaas, and to be held at  the de- 
aired distance from the compass. 

8%. Naval Inetitute, 1913 

mention is made of 5 t e contributions of Commander J. T. Watkine, 
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FIG, l.-BINNACLE, U. s. NAVY TYPE-FRONT VIEW. 
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FIG. 2.-BINNACLE, U. S. NAVY TYPE-SIDE VIEW WITH FLINDERS BAR REMOVED. 
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FIG, 30.-7A-INCH COMPASS CARD-U. S. NAVY STANDARD TYPE. 
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FIG. 3 b - 4 . l N C H  C O M P A S S  CARD-U. S. N A V Y  S T A N D A R D  T Y P E  F O R  B O A T S .  



COMPENSATION OF THE MAGNETIO COMPASS. 8 

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

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

(5 )  A holder for t i e  Flinders bar. 
(6) It is very desirable that there should be graduations on the 

first three named holders so that the effect of change of position can 
be readily obtained. 

thpt their distances ! rom the compass may be varied. 

T 

no.  I.-Convorsion of bearlngs-compnss, mngnetio, true. 

The U. S. Navy ty e ,  binnacle shown in Figures 1 and 2 is an ex- 

10. Compass card.-Many forms of com ass cards are in ?e, 

was the most important.subdlvision. With the degree coming into 
universal use aa a designated steering point, the advantages of 
the standard Nav compass card ar? so great that i t  is recommended 
for general use. f t  is seen from F w r e  3 that it is graduated from 
0' a t  north to the right through 360'. Every beanng or course is 
designated by a single number, as for example, 105'. It is easy to 

d e n t  type of binnac P e Involving all these features. 

most of thorn still showing the influence of t P le days when the pomt 
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convert bearings or coursea with this card. The rules which apply ts 
both variation and deviation, calling east plus, and west minus, are 

11. Itnle 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, 
reverse signs of the variation or deviation and apply accordmg 
to the changed sign. 

A simple form of these rules which will aid in remembering them 
is: Always think of corn ass-magnetic-true, or true-m 
compass. If the words ave $he order of the alphabet, 
directly. IT the reverse order, reverse signs before 
Figure 4.) 

E 



Part I.-COMPENSATION AND CARE OF THE COMPASS. 
Schedule covering chief delaib o j  cornpensation. 

Paragraphs. 

2. Test azimuth circle ...................................................... 95-98 
3. Compensation by standard methods: 

1. Test compass for magnetic moment and aenaitivity.. ...................... 77-84 

Prepare table of sun bearinga in order to steer magnotic courso. .......... 15-17 
Fore-and-aft and o t h w n h p  magnets and spheres. ...................... 30-36 

Placing Flindera bar .................................................. 40-47 
Heeling error componaation.. ..................................... 38-39,184 

4. Swing ahp, and compute doviation .................................... 2>27,37 
Occaaional tests: 

S heres ................................................................ 76 FE ndera bar .......................................................... 76 

12. Requisites for proper use of the magnetic compass.-There 
are certain fundamental things that a navlgator must know hpw 
to do in order to have a compass satisfactory for use in surveymg 
and navigation. 
(a) Be must know how to find out whether his coni ass, binnacle, 

and azimuth circle or elorus are in satisfacto-ry con CE tion. 
( b )  He must know K ow to steer a magnetio course and how to 

obtain the deviation of the compass on any heading. 
(c) He must know how to make the compensation. 
(d) He must know how to kee the com ass compensated. 
Testing of compass and azimut R circle.- + he uselossness of under- 

taking compensation without knowin whether the compass is c& 
pable of com ensation should be clear k y reco p o d .  Thecustomary 
tests, with tge explanation of most of the ikely defects of a com- 
pass, are discussed in paragraphs 75 to 90. 

BTEERINC) A MAGNETXU COURSE OBTAINING DEVIATION. 

13. Steering a magnetio course.--In order to cornpensato the 
compass it is necessary to hold the vessel on certain magnetic courses 
while the compensation is going on. Most vessels are rovided 
with at least two compasses so that one can be used to steer B y while 
the other is being compensated. 

In  order to steer a magnetio course or to obtain the deviation tho 
magnetic bearing of some ob'ect, whether astronomical, as the sun, 
or some land objact, must be known. In  the former case the bearin 
of the astronomcal object is constantly changing, but is not affocte 
by a change of position of the vessel. In tho latter case, unlcss tho 
shore object is directly ahead or astorn, its bearing is constantly 
changing with the position of tho vessel; the more distant the object 
the less rapid tho change. 

Express the magnetic bearing of the selected object in degrees 
measured to tho right from north through 360'. Ex ress the 

If the beanng of the object is the greater, set tho pelorus or azimuth 
circle to the right of tho lubber line by the amount of the difference. 

% 

desired magnetic course in the same manner. Take the cp ifference. 

6 



6 U. S. COAST AND GEODETIC SURVEY. 

h.  m. 
7 4 0  

60 
8 00 

10 
20 
30 
40 
M) 

Q 00 

If the bearin of the object is the smaller, make the setting to the 

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

a given magnetic course. In order to find the amount of the devie 
tion this is not necessa It is simply necessary to know the mag- 
netic bearing of some o T ject. The difference between the compass 
bearing and the magnetic bearing is the deviation. 

The sun is the most used astronomical object for compass work. 
Its magnetic bearing at  any time can be obtained in the following 
manner. 

16. Magnetic bearing of sun at any time.-Azimuth tablea ub- 
lished by the U. S. Hydrographic Office give the true bearing o P the 
sun at intervals of 10 minutes for each full degree of latitude and 
declination of the sun. The variation at any place can be obtained 
from the navigational charts or from one of the various magnetio 
charts showing the lines of equal variation. &om these two quanti- 
ties the magnetic bearing of the sun at any time and place can be 
obtained. 

c h a n e g ,  it is neceesary 

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

azimuth tables give the true bea of the sun, eaat of north for the 

momhf adopte in this publication these tabular quantities must be sub- 
tractod from 360' in reparing a table for aftelnoon observations. 
The following examp P e will make clear the method of preparing 
such a table. By setting the watch to apparent time the table 
can be used directly. 

17. Preparation of table of sun's bearing.-A table is required 
for interval 7.40 to 9 a. m., local ap arent time, latitude 41O.3 N., 

First copy from table the bearings for the desired interval for 
the nearest full degree below (nuwcially).  Then by interpolation 
find the bearings for the beginning and end of the interval for the 
given latitude and declination as follows: 

left. Swing t B e ship until the object is sightod on and note the courae 

16. As the sun's bearin is constant1 

Y the 
to prepare in advance a ta % le, or prefera J: ly a hagram, coveri 

moment of o % servation may be readily obtained. The publiahed 

and west of north for 7 t e afternoon. For the method 

declination 9 O . 7  N. (declination there s ore same name aa latitude). 

0 ,  . ,  
9 0 6 2  9025 
101 40 ............ 
103 32 ............ 
105 27 ............ 
107 24 ............ 
108 28 ............ 
111 32 ............ 
113 43 ............ 
116 68 116 36 

Latltude Iatltude 
Time a. m. 41'. d e d  41e.3:declb Dlderenoe. 

natlon, 00. nation, 9.7. &? I I i 1-1- , 
-27 
-27 
-28 
-26 
-26 
-25 
-24 
-24 
-23 

0 ,  

8926 
101 13 
103 OB 
10s 01 
108 69 
108 01 
111 08 
113 19 
116 a6 

Dlfferenoe 
per mlnute 

, 
.......... 

10.8 
11.3 
11.6 
11.8 
12.2 
12.7 

13.6 
la. 1 

For t h o  7.40, latitude 41' the difference between the tabular 
quantities for 9' and 10' declination is - 60' or 5'.0 for one-hnth of 
a degree. Then the correction for OO.7 is - 35' and the bearing for 
9 O . 7  is 99' 17'. By the same method for latitude 42O, declination 
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9O.7 ,  the bearing is 99' 44'. The bearing for latitude 41O.3 is then 

Using similar methods, the 9 a. m. bearing is found to be 115' 35'. 
Next enter difference between these bearings and the corres onding 

By applying theso corrections we then arrive a t  column 5, the desired 
bearing. 

18. Curvo of sun's magnetic bearing (see figure 5).-A series of 
oints are then plotted on cross-section paper, with the horizontal Eries representing time and the vertical lines true bearings. Draw a 

line or smooth curve connecting theso points. Then draw a parallel 

99' 17'+ (0.3 X27') = 9 9 O  25'. 

ones in column 2. Then space evenly the intermediate d' 2 erencw. 

mf IO 

E 
P 
LLl ClJ too 

3 

90 m o  50 a:oo IO 20 30 40 50 9:oo 
APPARENT TIME 

ho. 5.-Dlagmm or sun's boorings. 

line or curve so that the vertical distance between them represents 
the variation. This line is drawn above the other if variation is 
minus, below if plus. The magnetic bearing for any minute can 
then be read directly. The same result can be obtained b compu- 
tation, using the differcnce,per minute in column 6 to o g tain the 
correction to tho noxt prevlous tabular boarin and then applying 

etic variation. Tho graphic method: is worth the time 

I n  obtaining tho deviation for any desired compass course, the 
vessel is stoored on that course and tho bearing of the sun is obtained. 
In  this case the computation of the sun's bearing may be postponed 

re the uire "Y to prepare it. 
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till after the observations, though a table prepared in advance is wen 
worth while. 

19. Use of shore objects.-A distant land ob’ect may be used 

if its distance is so great that its bearinE 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. 
&e position of the ship is obtained by the three-point fix method 
much used in coastwise navigation. As nearly as possible at the 
same time a compass bearing IS taken of a shore object and sextant 
an les are measured between k e d  objects on land or such ob’ects 

objects that can be identified on the c art or well-defined tangents to 
islands or projecting points. The position is plotted on the chart 
and the magnetic bearin of the object whose compass bearin 

be made for time elapsing between taking of position and of compass 
bearing. The method can be used only in a region where the charts 
are based on accurate surveys. 

Magnetic declination on coursefrom o b s m a t h  on shore objem. 

instead of the sun if its bearing can be obtained 1 rom the chart and 

over the area covered by the ship durin com ensation. &l a same 
bearing is used throughout. This motho % E  can e used with a distant 

as uoys on the water. The shore ob’ects may be either well-de k ned B 
fW” observed is obtained. I B the vessel is moving fast, allowance s odd  

h 

00 
Meen.. 

[Steamer, Zydolria’ date, June 8,lBn; observers, Il. F. Luce, (R R. P. Eyman, (L) E. F. Lewis; lad- 
tude, 43.21’; longitude, 124’ 20’; weather, clear; A d ,  light; sea, smooth.] 

........... 

No. pos. 

-- 

80 

e1 

62 

64 

0.5 

Dut.. 

101 60 

101 00 

. ,  

150 ao 

167 40 

157 00 

155 60 
1% 48 

Tlme 
1-20 mir. 
p. m. 

...................... 
+2 10 104 00 

+2 01. 183 01 

. ,  0 ,  

+2 07 lei a7 

+ I  66 160 86 

+2 01 I69 01 

+1 55 157 46 
+2 02 loo 60 

h .  m. 
2 0 2  

2 o G  

2 10 

2 21 

2 25 

2 3 0  

Anglgl. 

. ,  
Out ........ 76 40 
Arago. 
Clump ..... 51 02 
Out ........ 79 07 
Arago. 
Clump ..... 40 27 
out ........ m 00 
Amgo. 
Clump ..... 43 OB 
Out ........ 80 41 
Arago. 
Clump ..... 38 2G 
out ........ 80 47 
Arago. 
Clump ..... 30 03 
Out ........ 80 23 
Arago. 
Clump ..... 34 21 ................... 

Shlp’s 
hoed. 

........ 
243 

240 

244 

248 

240 

248 
......... 

True 
bonrlng 
ofmark. 

......... 
0 ,  

185 31 

xu ai 

183 31 

181 26 

im 16 

179 05 
182 23 

Enter slm of devlntlon. nlus I f  msterlv. minus I f  westerlv. Enter E. or W. after decllnatlon. If fl 
slble makga set of 811 ob$drvaClons on a -hn  of not over 6 hies.- If the set mn not be completed wlfw 
that limlt use a new form for subsequant observatlons. Entor lntltude and Ion itude for mlddle of 4. 
If prectl&ble, measure true bearlng of mark with protractor as soon as posltionfs plottod. 

20. Use of ranges for steering magnetic courses.-It is sometimd 
possible by the last method to identify two objects on range on one 
of the magnetic bearings used in compensation. It is necessary that 
either the front or rear range should be sharp1 defined and that 
there should be some distance between them. 5 raw a line of the 
desired bearing on the chart through one of the objects, lace the 
vessel on this line by the three-point method, and see i P another 
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desired ran e object can be identified. If no distinctive object can 
be identifie%;, i t  is often possible to select an object on each side and 
then to keep the sharply defined ob'ect in range with an imiginary 
point which remains a t  the same re i ative distance between the side 
ob'ects. 

etic bearing can be identified, 
it  can not be used for corn ensation "$ i there is a strong side current. 
In this case the vessel can \ e kept on the range, but it will not head 
toward the range. 

21. Use of ranges for getting deviation.-The use of any ran e 

defined, provide one of t a e best methods of obtainin deviation. The 
ran e is crossed by the vessel on any desired hea%mg by compass 

Course, essential that the vessel be on her course at  the instant of 
assing the range or that any small difference in course be noted. Ff only one range is available, there will be some dif6culty in crossing 

the range when the compass course corresponds closely to the mag- 
netic boarin of the range. Further, on certain courses objects OR 
the vessel wi 5 1 interfere with getting the bearing. 

h e n  if a range having a desired m 

Whose magnetic bearin can be taken from the chart will, if w 5l 

an f the compass bearing of the range is noted in passing. It IS, 04 

Observation of cornpiam dnriationS. 
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[Steamer, Surucym; standard oom 08s No. 61413; date, Aprll 18, 1819; obJerver, 
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Latitude N. 37' 02'. 
Longitude, W. 70.10'. 

Rudder right. 
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weathe; falr. 

sea, s i n a l .  
Tomperature, 60. II: 
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M m  - 
~ e c k  wwsei to~mlapparent tlme. 

Chronometer comparlsou. 

Chronometer.. 

0 . M . T  
E.. 

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

Heck reads.. 

97603 0 - 6 3  
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I standard Error of Deviation. 
fromtableu. compass. 

[Bteemar, Sutucyor: dab, Aprll19 1919: nun’s declination 11.01’ N.: ship's 
rudder, right]. 
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-7 18 

6 52 
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+o 63 
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-1 16 

-2 04 
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e , I  

.. 
90 

lob 
120 
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1M) 

180 
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240 
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285 

316 
a30 

ia 

226 

no 
a00 

au 

u , %  
44 a0 
48 10 
62 10 
66 10 

07 10 
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1b 00 

? am 
2740 

a4M) 

41 20 
4430 

3 0 0 2 0  

19 m 

a i  00 
a8 00 

61 00 - 

e , I .  , I  

Means ....._..__._.. I 257 651 252 001 -6 btl ........._.. 
(or chml ) .  ...... 6 4b W i I  

22. Swinging Ship.-In order to obtain the values of the devier 

The time required to complete the swing is lengthened as the 
number of selected headings is increased, but greater accurac 

is desired that survey vasols, if possible, use 15’ intervals. 
23. Necessary precautions in swinging ship.-The vessel must be 

kept accurately on course during the observation of deviation. 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 recorded! Care in taking and reading bearin s is most 
essential. It is important, if the sun is used, that the time B e correct 

results for the interpolated values for the mtermediate points. & 



Special Publication No. 96. 

“8 “i -r*” 

9 -- 
ib ----a a 

FIG. 6.-BINNACLE DETAILS. 



COMPENSATION OF THE MAGNETIC COMPASS. 11 

pr that the watch error be accurately known. If a pelorus is used, 
It should be correct1 set. 

24. The vessels s i o d d  remain on each course several minutes 
before the observation is made. With all these precautions thero 
1s .uually some difference between readin s obtained on the two 

either by a Napier di am, or else by computation as explained in 
PWagra h 192-199. %e Napier diagram and its use arc explained 

the L e r i c a n  Practical Navigator. The observations are plotted 
a d  a smooth curve drawn through them. This was formerly of 
the highest im ortanco, as the possibility of close compensation 
h a  not realize B . If compensation is carried throug!i according to 
the standard fixed in par raph 37, a Napier diagram 1s unnecessary. 

26. In  order to get goo F deviations, the variation should be known 
accurately. Any great difference between the actual variation and 
that used enters directly as an error in every deviation. This differ- 
ence may be due to errors in the original magnetic survoy on which 
the variation of the chart is based, to inaccurate application of the 
annual change, or to local magnetic disturbunco. 

26. There are numerous stations at  which the magnotic variation 
has been determined by the Coast and Geodetic Survey, and the 
results are available to mariners and others interested. H y  seloctin 
the vicinity of such a station near a harbor or near tho shores o 
trQversed water lanes, ships may be swung with the certainty of 
Obtaining the best ,results possible. 

27. Pur o m  of obtaining deviation.-Ueviations may be deter- 
mined be 4 ore compensation or after. In the first case the value 

only for stud ing the magnetic changes of the shi and such devia- 
tlms havo littL practical value in navigation. &hngs after com- 
Pensation to determino its effectiveness and to dotcrminc the devin- 
tlons 'for actual use in navigation arc the mom important. 

Tho full value of the swings can not be obtained without making 
the analysis. 

8?mnlngs. The mean value is used. Interme 5 iate vdues are obtained 

ci 

This is discussed in paragraphs 192 to 199. 

COXPEN SATION. 

28. Preliminary precautions.-The vessel should be on even keel 
'Qd. all movable iron or steel should be secured in itscustomary 
Po8ition when at sea. 
Placed with re ard to the midship line, that the compass is centereJ 
and that the fubber line is in tho fore-and-aft line of tho vessel. 
Methods of meeting these requirements in tho first installation and of 

their correctness are given in paragraphs 83, 99-103. 
29. Binnacle.-The method of cornponsation will be described for 

a Navy standard binnacle which has trays for the magnets which can 
be.readily moved u or down and secured at  the desired place. The 
mciples are exact P y the same for any other type of binnacle. (See 

hD. 2 and 6.) 

It is assumed that the binnaclo is proper1 

OPERATlONB. 

30. (1) Set spherical correctors in middle position unless i t  is 
that some other position is moro near1 correct Placer heeling 

a w e t  in itg tube, north or red end up, un 9 ess i t  is known that the 
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south end must be u , and lower to the bottom of the tube. The 

31. (2) B teer magnetic north. Enter t e athwarbhip magnets in 
their trays, placin the same number on each side, with north or 
red end to starboar % for east deviation, and to ort for west deviation. 
Move the tray till the ship’s heading is nor t i  by compass. It is 8 
matter of experiment to find the proper number of magnets and the 
correct position of the tray. The binnacle is desi ed so that it can 
be placed on widel dif€enn types of vessels so t ere will a lwap be 

that in which by using more magnets the tray is kept at a greater 
distance from the compass. 

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

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

sides of the binnacle with north or red ends forward for east deviation 
and aft for west deviation. Move the tray until the ship heads east 
by compass. 

33. (4) Steer magnetic south. If’any deviation is found correct 
half of it by slightly changing the position of the tray containing the 
athwartshi magnets. 

34. (5)  8teer magnetic west. If any deviation is found, correct 
half of it by moving the tray containin the fore-and-aft magneb. 
36. (6) Steer ma netic northwest. S o v e  spherical correctors 

away from or townri the corn ass keeping them a t  equal distances 
from the center, until the ship t ea& northwest b compass. 

correct half of it by slightly moving the s heres. 

northwest or southeast, or west on headings northoast or southwest, 
thcir effect is too great, and smaller spheres must bo substituted. 
However, large spheres set near the outer extremities of the brackets 
are better than small spheres close to the corn ass. There is no 

of the binnacle is not pleasi 

not have been exaot d u m  compensation and that the halving of the 
deviation on opposite hea%in s may not have been done accurately, 

ably, 12 equidistant headin s and observing the deviation on each. 

the deviations aftor com ensation is important for every vessel, but 

depend on deazreckoning for the position of important sounding 
lines or which ma be called on to obtain values of the variation in 8 

ations should be sufficiently small for navigation. If not, the process 
above described should be repeated until the deviations are reasonably 
small. If the compass has been properly laced if effective compenc 
sation has been made, and if the azimutg circle is free from i n d a  
error, it is possible to keep the maximum deviation down to about 
lo, and the skilled navigator will set this as his aim. 

I! 
magnet tra s should t e below the middle osition. 

several possible so r utions o B the problem. It is preferable to select 

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

36. (7) Steer magnetic northeast. If any dl eviation is found, 

If with spheres in the extreme position a eviation is east on heading 

objection to the use of one sphere only, except t K a t  the appearan@ 

37. (8)  Owing to the proba 5 ility that the headings of the ship may 

it is good ractice to follow t % e above compensation with a complete 
swing of t f e ship, both right and left rudder, steadying on 8 or, prefer- 

This subject is discussed in B ull in paragraphs 22-27. Observation of 

is especially im ortant P or a surveying vessel which will have to 

new region. If t i e compensation has been carefully done, the d e w  

in that condition. 
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Unless the deviations before compensation are unreasonably 
large, the compensation described above usually sUaces. There are, 
however, two other operations which are often required. . 38. (9) Heelin magnet.-At the first opportunity when the vessel 
la rolling freely, i e a d  on a northerly or souther1 course 

mg magnet until the vibration &sa pears. I! this does not occur, 
reversing the magnet in its tu f e. It is important that there 

should be careful steering, aa the effect of yawing may be mistaken 
for that due to heelmg error. 

59. There is another method for compensatin for heeling error 
requiring the use of an auxiliar instrument. #us can be a plied 
When the vessel is not rolling a s i m a y  be done at the dock. f-1~ 
y e  not usually equip ed wth this instrument, and according1 the 8 the 
hnde r s  bar is used, this compensation shoul fol ow its plaohg. 

40. (10) FZindeTs but..-The portion of the &p's magnetism com- 
Pensated for under paragraphs 31 to 34 is composed of two arts, of 

Q d  the other ch 
Place to place. Yonsequently, if the deviations on the cardind 
Pomts were ori ally large and are compensated by the magnets 
alone, considera le changes in the deviations are like1 to take place 
W h  change of latitude. This dif6cult is overcome y the use of a 
Plhders bar properly placed, since its e ect also changes with change 
Of latitude. 

41. The Flinders bar in its sim lest form iS a continuous bar of 
Soft iron about 30 inches long. '&e equivalent of such a bar may 
be SO arranged that its effoct upon the compess can be vaned. Ths 
has been accomplished with a bundle of iron rods. 

42. The best practice, however is to have a brass tube attached to 
the binnacle, usually forward 01 the compass, with its upper end 
extending about 2 mches above the horizontal plane through the 

length, fitted inside the tube, card. Short bars of v 
are provided, together with pieces o wood of the same size. (See 
fig. 2.) By this means a soft iron bar of any desired length may be 
mserted in the tubo with its top at the to of the tube, pieces. of wood 

the hinders bar this form will be understodd. 
th of the 

the deviation on east and west to 10' before compensation, if it is in 

excessive deviations and does not insure constancy of deviations w1 3 
44. Placing Flinders bar by observation in two placee.--The de- 

ternination of the proper length of the Flinders bar requires a de- 
termination of the uncqm ensated deviations on the east and west 
headinp at two places di A! ering widely in latitude. If one of these 
Places is a t  or near the magnetic e uator where the dip is zero (see 
par. 130) the problem is simple. (?ompensate the deviations on the 
east and west headings by means of magnets at that place. At the 

emor emsts, i t  will be shown most stron ly on t g ese courses. * If heeY It wi 
be mdicated by abnormal vibration of & e com ass. Raise the heel- 

1 YPh 184. 
&?cussion of this met i od wi l l  be deferrod to ar 

W b h  one is constant, or near1 so, without re ard to the. P ocahty, 
es with the c 1 ange of the eart I 's magnet- from 

i?l v 

T 
bein inserted at  the bottom to fill the tu % e 

Fhders  bar, it  is advisable to insert one of sufficient lengt T to reduce 

Hereafter m dmussing 

45. Until data are available for determining the le 

of that amount. This is only a rough method for redu 

of latitude. 
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second place of observation remove any deviation on those headings 
by means of the Flinders bar without changing the Dosition of the 
magnets. 

45. If the vessel does not cross tho magnetic equator, it is stiU 
possible to lace the Flinders bar by obsermtions a t  any two places 

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

46. Take another exactly similar set of observations a t  the second 
selected place. Obtain the values of I and H for tho two places from 
magnetic maps or from Table 1. The values for any place adjacent 
to the United States can bo determined 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 it possible to se arate the part 
of the deviation to bc corrected by tho magnets and !y tho Flindem 
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 degrees and tenths) bo tho doviation on mag- 
netic east or west, or mean of both, at station A. 

Let 6 be corresponding doviation a t  station B. 

from magnetic map showing H ,  H2 for station B. 

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

Let k=- Hl where E, is value of H for station A, from Tablo 1 or 
8 2  

where I, is Z for station A from Table 1 or magnetic tan I, Let k'=- tan Il 

f e t  x and be parts of a which are to be compensated for by 

kx and k'x are tbe corresponding parts of b. 
Obtain x from the expression x==. "hen y=a-s. (The 

derivation. of this formula is given in par. 177.) 
Example : 0 

Station A.--a= 14.6, H ,  =0.155. I =74.6, Eastport, Me. 
Station B.--b = 7.4, I$ = 0.272. d =  59.3, Galveston, Tex. 

ma giving I ,  and I2 for station B. 

magnets and hinders bar, respectivoly. 

b - k'a 

k =  0.54 k =0.46. 
. x= 8.7 y=5.9. 
h= 4.6 k'y=2.8.  

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

49. Keeping the compass compensated.-Evan when a compass is 
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 lead to disaster. The 
navi ator should-avail himself of every opportunity to redctermine 
the feviations and should swing ship to determino the deviations on 
the cardinal and intercardinal points at  least, at regular intervals, 
80 that he can improve tho compensation as soon as it  becomes 
necessary. 

60. Canees of ahange of deviation.-There are several cases where 
the compensation must be watched with special care. A new vessel 
and a vessel that has been under repairs a t  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 
Wuse for several days a t  sea, with rou h water, is likely to need 

61. ?f there is no Flinders bar, or if one is laccd approximately, 

62. The spherical correctors once in p P ace would not havo to be 
moved were it  not for possible effect on them of compass needles. 
The spheres should be tested and reannealed if necessary by the 
method given in paragraph 75. 

65. The Flinders bar ma pick u magnetism and have to be 

This trouble is not usual, exce t in such fWen in par 

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

unusual deviation should never be forgotten by the navigator. He 
ehould remember that i r o ~  or steel in the cargo affects the compass 
Jut as does the ship itself. The vessel's electrical circuits may send 
stray curl-ents 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 under such conditions. 
Proper insulation of radio circuits is important in this connection. 
A Vessel struck b lightning is lilrely to have very marked changes 1 ~ .  
the deviation. Junning with forced draft may overheat the stacks 
a d  thereby cause chan es in their magnetic condition which ma 
affect the deviation. $any shipwrecks have been traced to suc 
unexpected changes in compass deviations. Navigators should 
?ever fail to realize that, with regard to the compass, eternal vigilance 

the price of safety. 
66. Continuone oompeneation.-A compensated compass is steadier 

Qd more reliable than one not com ensated. I t  should be the 
Practice of the careful navigator to Keep the standard com am 
closely corn ensated at fill times, and care in this mattar shod{ be 
&.reco$I..8 test of the ability of the navigator. Several types of 
b+nac es have been devised which make it specially eas to main- 

recorn ensntion on change of course and 5 or some time thereafter. 

changes of deviation will come with chan e of P atitudo. 

r?an.nealed. The test for t E is and t R e method of reannealing are 

Cues as gun YPh re on 76 naval vessels, or possibly as the resu P t of stray 
. 

K 

compensation. The essential feature is the placing o 9 graduated 
Qmi 0-88--4 



16 U. S. COAST AND GEODETIC SURVEY. 

scales 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 

osition and Pus h en obtain 
up exactly 1 inch. 
see whether compass readin is the same as efore 
effect of lowering 1 inch. O%tain value of H from Table 1, or mag- 
netic map. 

67. Repeat the same rocess with the fore-and-aft magnets on 
magnetic east or west. h e n  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. 

ets remains 

The procedure with such a binnacle is as follows: 

Then return magnet to 

68. So long as the condition of the correcting m 
the same the effect of the ma ets on the compass wi YT be the same 
for the same place. At a di f? erent place, however, the effect on the 

compass will be the first amount multiplied by the ratio taken 

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

59. d i l e  cruising, at any convenient time, change course to the 
nearest cardinal point, observe deviation! then to the nearest inter- 
cardinal point,. and then to the other cardinal point of the uadrant, 
observing devlation a t  each. Then return to the ori 3 course. 
The deviations can then be computed and the re uireghanges ID 

plying each tabular value by a, after the vessel has resumed its 

If there is reason to believe that the variation is not sufEciently 
well known, the deviation should be obtained on an intercardind 

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 mado till proceeding on course. The correct- 

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

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

rr; 

the position of the correctors made according to \ t e tables, multi- 

course. E' 

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

SPECJAL OASES IN COMPENSATION. 

61. Compeneation when only one compass ie available.-The meth- 
ods that have been described presuppose that a steering com as9 
is available for use in compensating the standard compass. !his 
may not be tho case es e c i d y  for small vessels and launches. 

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

62. The method of sc 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 three-arm protractor Stop vessel and 
take and plot a three-point fix. Measure off on the 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 
Pl'ocess and chan e to new oint if necessary. This met E od will 
not be accurate u 9 ess the an es are quickly taken and plotted. hn 

@eat enough to cause error. It sho 3 d be remembered that errors 

Correctors. If in any case Q innacles are not avadab f e, correctors can 

64. For small launches compensation o 9 the compass is not usually 

navi ation hpossible. Several precautions shod a be taken. 

additional safeguard is intro by selecting the ob~ect near the 
course desired as the change of angle due to movement of vessel 
between taking of bearing and notin point on course will not be 

Of steerin and currents or wind may displace the vessel enou h to 
sake a c%ange of the point ahead necessary in order to holf the 

63. Compensation for small craft.-The methdds that have been 
fVen are applicable to any craft down to a 50-fOOt launch, and 

equipped with 

be nailed in position after being placed b the principles given. 

made, chiefly hecause the small size of the com ass makes close 

(I? The compess should be placed in the fore-md-aft line, amid- 
8hi s if practicable. b) 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 a t  night or in a fo 

(3) If pilobhouse control is used, movafie levers near the compass 
not be of iron or steel. 

66. It is often possible to find a place for the compass where it is 
'-8 affechd than elsewhere by the metal of the launch. If w t h  

precaution deviations are excessive, compensation can be 
made by using small fore-and-aft and athwartship magnets placed . In this case the compensation may be 
made closely enoug P at the outer end of a dock which has no machin- 
QY or other lar e masees of metal near the end. By means of the 
chart the lame '6 can be swung to the desired direction a t  either 
Corner. The magnets can then be placed to reduce the deviations 

the same manner aa has been described for larger vessels. 
f i e  spherical correctors and Flinders bar will, in most cases, be 
an unnecessary refinement. 

88. Campemtion without known bearings or variation, using 
objeot.-There is a method by whlch the corn ass can be 

W.mpensated with fair results even when i t  is impossi le to deter- 
a n e  the correct magnetic bearing of a distant object and when the 
ral'iation of the place ie unknown. This method re uires a longer 

which have been given and is not recommended except under the 
conditions just given. This method is as follows: 

67. Steer m etic north as nearly aa practicable and take a 
baring on the istant object. Then steer m etic south as nearly 

Practicable and again take a bearing on the lstant object. Com- 

desired course. 

lnnacles are made for lar e launches that areafull 

the principles 

t%e to make the compensation than does either o 9 the methods 

T "di" 
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ensate the compass for one-half the difference between the two 
gearings. Again steer north and compensate for one-half the re- 
mainin difference. 

68. 60 the same on east and on west headin s, compensating OD 

69. Steer on ono of the intercardinal headings ( N 8 ,  SE., SW., 
or NW.,) and then one of the adjacent intercardinal headings, 
compensating by 'movement of spheres for one-half the difference 
between hearings as before. 

70. The adequacy of this final compensation will depend u on 
how closely the vessel can be placed on magnetic courses, a n 1  it 
is therefore probable that tho first attempt to compensato will not 

I t  should, howevcr, matcrially reduce tho 
Seviations so that the vcssrl can then be put more nearly on the 
required course. By repeating tho operations the deviations can 
be rcduccd until the corn ass has becn sufficiently compensated, 

compensation of thc compass when thc vcssekis in an unsurveyed 
country when cloudy and rainy woathcr prevail. 

71. Compensation by usin rate of change of sun's bearing.-The fok 

used instead of a shore object. 
A table of sun's bearing is prcpnred for lo-minute intervals and 

for the nearest degree of latitude and declination only. Stead the 
ship as near magnetic north as possible and hold this course wit[ the 
steering compass. Observe a bearing of tho sun. Then steady the 
ship as neurly as possiblc on magnetic south and take another azimuth. 
By the USC of the rate of change from the table correct the bearing 
taken when the ship was heading north to what i t  would have been 
a t  the time the bearing was taken on the ma etic south heading 

headin south. A compass compensated for all but constant error 

on the south course was tnkcn. Carry this mean value forward by 
moans of the tubular rate of change, 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 

72. Re eat the same observations with the ship heading as near 

73. Repeat the 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. 

each heading for one-half tho differcnco between % earin s. 

ivo satisfactory results. 

This method is particular r y useful for testin and improving tho 

lowing method is practical P y that just described, though the sun 1fi 

Take the mean of this computed bearing an CY that observed when 

would 5 avo given this mcan hearing at  the time the observation 

south unti P the stin has thc same bearing on both headings. 

as possib f e to magnetic east or west, usin the fore-and-aft magnets, a 

TEST OF XEC"ICAL CONDITIONS OF COMPASS AND A Z I X U N  
OIRULE. 

74. A program of compass ins oction is iven for the use of the 

it possible to distinguish between those that can be quickly remedied 
and those which require that tho compass bo replaced, either during 
repairs or permanently. 

navigator which will reveal any B efects of t B ie instrument and make 
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711. Spheres.-The standard test for the spheres given in various 
Publications is as follows: 

Remove all k e d  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 exceed 30' for any position of the sphere, rean- 
Qeal the sphere by heating to a dark red. Cover with ashes and 
 OW to cool. Then replace. 

76. Flinders bar,-To test the Flindera bar remove all correctors, 
hchl ing  the spheres, unless they have been recently tested and are 
h n d  to cause no deflection. Head magnetic east b? means of steer- 

compass. Note the deviation. Reverse the Flinders.br\r in its 
%der and note the difference between the new deviation and the 
!OQer one; if this difference exceeds 1' the bar should be reannealed 

the same manner as for the sphere. 
77. Magnetic moment.-Dismount the compass from the binnacle 

and set it u at a suitable place on shore that is free from localmag- 
netic disturEance. If possible this should be a magnetic station of 
the Coast and Geodetic Survey. There are such stations at  every 
P?rt and at many other places along the coasts. Descriptions of sta- 
tlons and present values of the magnetic elements can be obtained by 
application to the Director, Coast and Geodetic Survey, Wmhmg- 

If 
c&ed in the normal position care should be taken that the instru- 

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

ton, D. C. 
78. The compass should be transported with the utmost care. 

Previous reading passes the lubber line and also the instant when it 
r?ttlms to the same point. The interval between is known aa the 
t%e of vibration, and should agree approlfimately with the. value 
Wen  in Table 2, talung EZ and temperature m e  account. It 18 Wise 
to make three separate determinations of the tune of vibration and 
take the mean to eliminate accidental errors. The temperature 
Should be n o d  for each set. Failure of the compass to meet this 
kt Is robably due to a defective jewel or to a blunted pivot. 

81. 8 is taken from a table or a magnetic map. The temperature 
io the table is that of the Iquid. It is therefore important that the 
k t  be made either inside a tent or on a dull, calm day, when tem- 
Paratwe changes are not rapid. This test should be made once a 
Year or whenever the compass appears el 

82. Seneitivity.-By means of tr reading g ass note the heading very 
Chely. Draw the compass card 2' to the nght by means of a magnet, 
r-ve the magnet, and note whether the card returns to the same 

Th' 
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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 it 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 it 
through 180°, and replace in position. If the o osite rea %: ings differ 
by 180°, the card is centered. The card shoulcfge allowed to steady 
itself after reversal. A repeated set of observations will serve as 
check. 

86. Balancing.-The compass is balanced mechanically a t  the la@ 
of manufacture. As the greatest effect that the change of dip (8 can 
have on a 7+inch compass may be counterbalanced by the shift of the 
center of su port one-fortieth inch, it is unnecessary to use a sliding 

lanf However, i t  is sometimes necessary to attach such &i hts, if, 

ter of buo ancy and the center of gravity is too small. Such a com- 

only as a temporary expedient, and the compass should be discarded 
as soon as practicable. ood compass the center of gravity 

The point of support must be in the plane of the graduations. 
86. The effect of the vessel's rolling is to make the compass b o d  

oscillate, owing to the failure of the gimbals to respond 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 ten i ency is to lift the card off the pivot. 

sure on the pivot and improve the stabilit of the c a r f  

through the pivot. If not, oscillation about such an axis will roduce 

the axis of maxmum moment of inertia makes an angle other than 
0' or 90" with the horizontal axis of oscillation. If the period of 
oscillation is the same for any two axes a t  right an les, the card h a  

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. Tho compass shoul be fixed in its gim- 
bal su ports, as any motion will cause excessive wear on the pivot and 

Repeat, drawing compass card to left. 

observations should be i ased. 

we' h t  on t R e needle, as is done with surveying compasses used on 

through bad design, the ri hting moment in the liquid approac 5 es the 
vanishing point; that is, w 5l ere the vertical distance between the cen- 

pass is un i? t for use. The attachment of weights should be considered 

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

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

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

a rotational tendency of the card in the horizontal plane w E enever 

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

ready means of correction on shipboard, and the man J acturor should 

Serious lac R of balance may be due to a bent imbal ring or other 

may a amage the jewel. 

5 
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89. Steadiness.-A kinetically balanced compass-that is, one 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 
fault,y. If unsteady vertically, the righting moment is deficient, and 
the distance between the center of buoyancy and the center of gravity 
1s too small. 

90. Bemovsl of bubble.-The standard fillin mixture consists of 
45 per cent pure alcohol und 55 per cent disti P led water by volume. 
The alcohol in the mixture evaporates under ordinary conditions; tlie 
effect of such eva oration is to produce an annoyin air bubble in the 

ansion chamber. Place 
e bubble will then m o w  

compressing tho cx- 
pansion chamber very slightly with the fingers and gradual1 loosen- 
ing tlie filling screw, tlic air, with a small amount of liquiJ can be 
forced to escupo around the threads of the screws. The screw is then 
set up tight and tlie bowl placed horizontal. If the bubblo is too 
large to be expelled in this way, removo the filling screw and pour in 
enough of the standard mixture to fill the space. Placo the bowl 
horizontal. If the bubble has been removed, set up the screw 
securely. 

91. Precaution in placing liquid in bowl.-When filling a compnss 
bowl with liquid a t  ordinary temperatures tho diaphragm of tho ex- 
pansion chamber should not be extended much beyond tlio middlc of 

the limit of its 

compass bowl. $0 remove the air bubble take o ff the false bottom 
of the compass bowl in order to get a t  
the bowl on its side with the filling 
to a position immediately bclow 

its ran e and should never bo permitted to a 

rupture the structure, while low 
narily do little dam . 

92. I t  is essential T t iat losses of liquid be replaccd with tho standard 
mixture. If water alone is used the specific gravity of tho liquid may 
be raised to such an-extent that tho compass curd will flout instcud 
of. maintaining a slight pressure 011 t l iu  pivot. Whilo the standard 
mixture will prcvont freezing a t  all tem eratures ordinarily encou!i- 
tered, the addition of water ma raise t i e  P froezing point so thnt in 
extremely cold weather the bow P may burst. 

93, The viscosity of the liquid increases with decreased tcmpera- 
ture, and the compass tends to bccomc sluggish. If this happens 
during intensely cold weather, i t  is advisable to apply heat to tlio 
bowl in some way that will not disturb the magnetic conditions at  
the compuss. 
94. Distilled water must be used in the mixture, as any impurities 

in the water are likely to nttack tho paint. A seal placed over tho 
filling screw is an excellent precaution against tam ering. 

circle should be tested on shoro. Draw a 
the outside diameter of azimuth circle on 

or the back of an old chart. Two diamcters 
a t  right an les to each other. Mount tho 

paper on a plane table Rnd carefully eve1.- Place the azimuth circle 
on the papor with tho line joining the mirror and the prism coin- 

oxtensi % ility, for the reason that 

96. Testing of azimuth circle (see fig. 7).-Be H ore starting com- 

P 
~~ ~ 

C. sod 0 .9.  Spcclal i’ubllcatlon No. 73, p. 4 .  

W o 3  0--5 
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ciding with one of the penciled diameters, the height of azimuth circle 
abovc tho paper being the same as the height of the circle above 
the card. 

Then ro- 
ceed with the test by turning the lane table so that the sun’s reBf;ec- 

tablc. Tho ray of light from the prism should then be reflected 
directly down the penciled diameter. Now move the mirror slightly 
and see if the ray of light follows alon the enciled diameter. The 

the first test. If the my 07 light is reflected directly down on the 
penciled diameter and remains there as the mirror is slightly moved, 
tho azimuth circlo mirror and the prism are as nearly correct as any 
field test will show. 

First see whether the line 
betwccn thcm coincides with the penciled diameter at  right angles 
to that joining the mirror and the prism. By means of the tangent 
screws turn the planc tahlo till the sup’s reflection is ain directed 
through thc prism; then rapidly shift the azimuth circ e 90’ in axi- 
muth on the enciled circla. The direct-vision vanes should then 

0 cs to that joinin the mirror and the rism. {e a t  ri ht an,) 

of adjustment exce t for minor imperfections that can be remedied 

if necessnr . Small errors in the direct-vision vanes can be corrected: 
&dacccmcnt of the prism caused by its being chi ped or 

corrected, except by an instrument maker. Compensation should not 
be attem ted under any conditions with an azlmuth circle that is 

99. Correct placing of lubber line with re ard t o  vessel.Tust 89 
an error in the azimuth circle affects eve fearing, so will any dis- 

and-aft line through the compass center, or, to express it in another 
way, with regard to the 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 vesscl’s %eel in the proximity of the corn ass station. 

the masts, smokestacg, top of stem, etc., are symmetrical with respect 
to the 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. A ty ical solution will be given. Assume 

athwartship batten to each mast at such a height that the horizontal 
plane through them will ass through the top of the binnacle. Mew- 

so as to give two fore-and-a t lines, each parallel to and equidistant 

96. Adjust the bubble of the circle to a central position. 

tion from the mirror is directed t L ough the prism; then clamp the 

azimuth of thc sun will chnnue very litt Y E  e in t e time required to make 

97. Next test the direct-vision vanes. 

oint accurntc r y on tho sun, and tho line between them should then 

98. I f as a result of this test 5 t e azimuth circle is P ound to be out 

aboard ship, i t  shou P d be completely repaired, replacing it temporaril 

but being anL t own out of adjustment by accident can not be satis P actorily 

out of a a justment, as any error enters directly into every bearing or 

placement of the lubber line of the binnac P e with regard to the fore- 

t%e finnacle so that the lubber line will be correct, or to test tt e cor- 

It is assumed for an carefully molded and constructe B vessel that 

that i t  is convenient to stretc R cords between the masts. Lash an 

ure e ual distances on eac R side of tho respective masts on each batten, 
and 2 rive nails to mark tho oints. Stretch cords between the nails 

course. 

100. It is necessar 

P 
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from the midship fore-and-aft line. Place a wooden frame, such as 
ascarpenter's horse, athwartship forward or aft of and near to the 
buac le ,  with its top just below the cords. A nail is driven at the 
point midway betweon the cords. 

102. Project the lines of the cords down to tho deck by means of 
a plumb bob, using caro to sea that the plumb bob is at  rest in the 
same vertical plane as the cord. This can bo tcstod by projecting 
a series of points, marked by a crayon, and then soeing whether a 
a stretched cord passes through all of them. From the two lines 
thus established dotermine two points in the midship fore-and-aft 
line, one forward and one aft of the binnacle. Drive nails tit these 
Points and connect them with a stretched cord. Then connect the 
one on the pro er side of the binnacle with the nail on tho horse by 

stretched cor$. Theso two cords define tho desired plane. 
108. Place the binnacle approximately in position, using care that 

the alignment of the foro-and-aft cord on which it rests is not dis- 
turbed. Then place a stcel strai litedge in such position that 

bulnacle till the lubber line is in the lane defined by the cords. 
In  using thread or cord to define t e lines it is im ortant that the 

day be calm in order that wind preseure may not d ect than. 

both cords and the lubber line of t R e binnacle can bo seen. Turn 

fd E 



Part 11.-EXPLANATION OF COMPASS DEVIATION AND 
COMPENSATION. 

INTRODUCTION. 

104. The compensation of tho compass may be accom lishcd b 
any of the methods that have been described without furt i: er know{ 
edue of tho reasons for the operations. Tho best rcsults, however, 
win be obtained b the navigator who is not satisfied to carry on 
tho operations mec !i anically but wants to know why each operation 
is necessary. 
106. Many books have been written on compensation, and the 

subject has been approached from several viewpoints. Inasmuch 
ns this publication is .primarily for tho uso of men with en neering 
education, i t  is proposcd to treiit the subject by tho motho C Y  of force 
diagrams. In  this wny the complicated mathematics that appears 
in some publications will be avoided, and yet a clear, understandable 
picture will be given that will be correct from the scientific view- 
point. As tho complete the0 is not given in every caso, some ap- 

roximations are unavoidable, x ut the presentation is based on correct 
Fundamental principles. 

property of attracting iron or stee P is called a magnet. The essential 

field. At cvery point in tho field magnetic force of de z nite strength 

MAGNETIC FIELD AND LINE8 O F  FORCE. 

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

characteristic of a magnet is that i t  is surrounded b a magnetic 

and direction is exerted by the magnet. 
107. Line of force.4ince tho direction of the forco is diffqrent at  

different points in the field, the conception of lino of forco must bo 
introduced. A line of forco in a magnetic field is a curved line, tho 
tangent to which ai, any point is tho direction of tho force acting &t 
tho oint. There is only one line of force passing tt.*ough any point 

108. Demonstration of magnetic field.-Tho form of tho field of a 
magnet may be seen with tho aid of a bur magnet and some sifted 
iron filings. La the magnet horizontal and plnco a 

lightly. The filings will he s e m  to arrange themselves as shown in 
Figure 9. This re resents in a general way tho arrangcmont of tho 

plane 8ro of the same general form. In  Figure 9 tho dots in the 
immediate vicinity of tho poles of the magnet represent iron filings 
which point upward from the glass in tho direction of the lines of 
forco in planes near1 vertical. For a cylindrical bar ma 

such a ficld is shown in Figure 8. 
10% Poles and magnetic axis.-Each line of force is continuous 

from one end of tho ma net to the othcr and then pusses through tho 

in t f io field. 

lpano Of over it. Sprink i o the iron filings over tho glass. 

lines of forco in a K orizontal plane. The lines of forco in any other 

ret tho field is symmctrical a is out the axis of the cylinder. Tho cnc view of 

magnet to form a close I f  circuit. The points or places of convergence 

tip tho glass 

24 
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Ww the ends of the magnet are called poles. The line joining the 
Polea is called the magnetic axis. 

no. 8.4hgmmn of M d  of bar magnet. 

110. Direotion of lines of foroe in epeoial oesee.--E’or any point, 88 
A, Figure 8 in the vertical plane passing through the 8x1s of the 
magnet the horizontal pro’ection of the line of force is parallel to, the 
&Xis. For any point, na A, Figure 8, in the vertical plane 8t nght 
angles to the axis of the magnet at its middle point the line of force 
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is parallel to the axis. For any point, as 0, 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 considcr that Cis a oint in tho field of a vertical mag- 
net. Tho horizontal rojection o F the 
through that point an f; the axis of the magnet, 

be considered as arallel straight lines. These lines make an ang ? e 
with the plane of t R o horizon at nearly every place, but for the present 

portion of the earth’s surface. The polo toward t 5 e true north is 

Nearly all of these facts can bo seen a t  a 
Figure 8. Special attention is called to 
lined aro practically all that are needed for the study of compass 
deviation and compensation. 

111. Direction of line of force.-The earth acts like a great magnet 
and has a magnetic ficld whose lines of force for a llmited space ma 

we will consider only their horizontal projections. A magnet SUS- 
pended or sup orted so as to be free to swing in the horizontal plane 

whoso angular departure rom tho true meridian is sli h t  for the major 

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

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

113. Position of rest of swinging magnet.-When a freely swinging 
magnet is at  rest with its axis in tho diroction of the line of force 
through its center, tho forces on both sides of tho axis are in equilib- 
rium. The magnetic field of the swinging magnet itself noed not be 
considered, except to distinguish between its poles. 

114. If the field of a bar ma net is substituted for that of the 

through its center with its north 010 in tho direction of the arrow. 
If the fields of both the earth and ! ar magnet aro acting, what direc- 
tion will tho magnet take ? 

116. Magnet takes direction of resultant force.-The principle 
that detcrmines this direction is that each field may be .represented 
a t  the center of the freely swinging magnet by a force fixed in di- 
roction and amount. The swin ing magnet takes the direction of 
the resultant of theso forces. Tfo resultant is obtained by the rin- 

on mechanics.’ h i s  principle may also bo used to replace a forco 
by two others. A special1 uscful caso is tho resolution of a force 

(hereafter cal f ed a free? swinging magnet) will take a direction 

with its nort T pole in tho Srection of the arrow. 

earth, a swinging magnet will ta 5 o the direction of the line of force 

ciple of the trian le of forces which is explained in any text g ook 

into two components a t  rig ry it angles to each other. 

* Elemcntnry Prnctiml Mcchanlcs, J.  M. Jamcson (John Wlley & 80x18). Practlcal Physics, Black 
and Davis (MacMillan (3.). 
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FIG. 9.--IRON FILING DIAGRAM-FIELD OF BAR MAGNET. 
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FIG. 10,-IRON FILING DIAGRAM SOFT IRON B A R  PARALLEL 
TO UNIFORM FIELD. 



Special Publlcrtlon No. 96. 

FIG. 11,-IRON FILING DIAGRAM-SOFT IRON BAR MAKING 
30" ANGLE W I T H  UNIFORM FIELD. 
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FIG. 12.-lRON FILING DIAGRAM-SOFT IRON BAR MAKING 
55" ANGLE WITH UNIFORM FIELD. 



Speclal Publication No. 96. 

FIG. 13.-lRON FILING DIAGRAM-SOFT IRON BAR A T  RIGHT 
ANGLES TO UNIFORM FIELD. 
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INDUCTION. 

116. Induced magnetism,-A ieco of iron placed in a magnetia 

which it acquires 3 epends u on the chnracter of the iron, the strength 
of the field, and tho an le wkch the piece of iron makes with the lines 
of force in the field. %he induced magnetism is greatest when the 
p x i  of the piece of iron lies in the direction of the lines of force and 
18 zero when at  right anglos to them. 

117. Magnetic properties of iron.-The 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 mhich 
loses its ac uired magnetism very slowly. A t  the other extreme is 
soft iron, w ll ich is very easily magnetized, but quickly changes its 
magnetism with chan e in the magnetizin field and losos its mag- 

of iron i t  may be said in general that the less readily they ac uire 

the acquired magnetism. Mec anical work causing vibration of the 
metal ma under varying conditions either increase or reduce the 
moun t  09 acquired magnetism. 

118. The effect of turning hard-steel magnet in a magnetic fle1d.- 
A hard-steel magnet has a field like that shown in Figure 8. If 
such a magnet is placed on a horizontal surface with its axis making 
SUccessive angles with tho direction of the earth’s field, the force a t  

oint in the field, fixed with regard to the axis of the magnet, ai E e the resultant of the force due to the earth’s field and’that 
due to the magnet’s field. These forces can both be represented by 
straight lines of fixed length, the angle between which changes aa 
the m et is turned. 

119.%e effeat of turning soft-iron bar in magnetic fle1d.-A soft- 
iron bar of the same size as the hard-steel magnet has through in- 
duction a magnetic field of the same form as that of the steel m 
net-that is, a t  an corresponding point the lines of force are idontisy 
The form of the Zeld is independent of tho da t ion  of the direction 
of the axis of ths bar to the inducing field. 

120. The correctness of this conception is at once apparent if we 
consider that the field of the stoel magnot is the result of induction 
19. a strong magnetic field. The form of the field is the same for a 
@yen magnet no matter what may have been tho direction of its 
axis with regard to the inducing field. 

121. If a soft-iron bar in a horizontal position is placed at  succes- 
sive angles with the earth’s field, the force a t  an oint in its field, 

be the resultant of the force of the earth’s fiold and that of the in- 
duced field of the bar. The important difference is that the force of 
the magnetic field of the bar varies with direction of its axis. If 
the axis of the bar is in the direction of the earth’s field, this force 

a maximum value in the direction opposite to the earth’s fiold. 
If the bar is reversed in direction, tho m etic field will have tho 

to the bar. The direction is still, thorefore, op osite to the earth’s 

t0 the earth’s field. For intormediate positions the force vanes 

field becomes m iietized by in cp uction. The amount of magnetism 

netism when remove % from the fiold. 0 B the intermediate grades 

magnetism the less readily the give it up and the longer they 1 old 

h e d  m t h  regard to its axis, will, aa in the case o P R  t e steol magnet, 

Same form aa before, but i t  will be roverse “;ff in direction with regard 

field. The force is zero when the axis of the ! tu is a t  right angles 
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according to a simple law which will be developed later (par. 156), 
and for any ono position i t  can be represented a t  any point in the 
field by a line of fked le 

axis makes an an le with the direction of a uniform field is shown in 

and 13. A study of these iron-filing diagrams is instructive. It can 
be shown that the line of forco of the resultant field a t  any point 

. 
122. Resultant fle1d.-T Yth e resultant field for a soft-iron bar whose 

Figure 10. Simi f: ar fields for other angles are shown in Figures 11 

Fm. l4.--Dlag1nm illustrating construction of lines of I-. 

re resents the direction of the resultant of the force of the uniform 

123. Equation of the curve of line of force in the fleld of a bar 
magnet.-Assume that two points A and B represent the poles of 
the magnet. Draw AB and a t  0, the middle oint, erect a perpea- 

B =  K where K is a curve. At A draw radial 
lines at  5' intervals through C and 

fie P d and that of a field of similar form to that of a hard-steel magnet. 

line o P force is cos A+cos dicular. The equation of 
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designate their intersection with this line by their .angle with AB. 
Next place a strai htedge on B and on a point of intersection and 
draw that part of 5 t e line which lies to the left of the perpendicular 
through C. Designate the end of this line by the same number as 
at the intersection. Thus a 20' angle at A will be designated by 
the fi e 20 placed near its intersection with the perpendicular, 
and t r s a m e  angle at  B will be designated by the %re 20 at the 
left end of the line passing through ita intersection point. 

124. Drawin of curve (see fig. 14).-For each intersection oint 
R= 2 cos A. 8, subtracting successive values of cos A from !k we 
get cos B. Having corresponding values of A and B for a single 
value of K, obtain b interpolation a oint on line throu h A cor- 
respondin to angle Draw a smoot curve through all e oints 
obtained for a single value of K. It is necessary to draw o y the 
Curve to left of the erpendicular, as that to the nght is symmetrical. 

% %) 
b o  the halves of t B e curve on each side of the axis are symmetncal. 

H 

V 

Ro. 16.-Elemsntd dearth% magnetla &Id. 

12U. If, in preparing a table of corres nding values of A and B 

for this particular curve. As intersection points farther from the 
are selected, A for any part of the curve may exceed 90'. For 

t b .  part of the curve cos A IS then minus and it is subtracted alge- 
brmcally from K, that is, actually added. 

EARTH'S MACIWIETW =ID. 

IN, Variation and dip.-The earth's field is different in many 
b &ant particulars from that of a bar magnet. While lea regular 
mrmore subject to variations than such a field, it is so vast that 
for a Limited space the linea of force may be considered as d e l  
etraight lines. At any point the line of force makes an With 
the horizontal plane known as the di and desi ated by the ettar I. 

Q&es an angle with the true mendian, odmarily called the varia- 

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

%e vertical plane through this line,. l! n o m  8s t%e magnetic meridian, 
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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 forco in the 
direction of the earth's field is usual1 called the total force and mag 

horizontal planel it is nccessary to substitute for F its two com- 
onents, the horizontal, designated by the letter H ,  and the vertical, 

gy the letter V. Hereafter these letters will be used in referring to  
these components. 

be designated by li: Inasmuch as t K e compds needle swings in the 

mapet ic  

Laaka and connecting waters for the route from the enst to the 
west coast via the Panama Canal. The values are iven at a sufficient 

obtained by interpolation. 
130. Magnetic pole and magnetic equator.-The magnetic map of 

the world shows two places, each in high latitude, where the dip i0 
90° and H disappears. Theso are tho so-called magnetic poles, though 
they are not magnetic des  in tho  ordinary sonse. I t  also shows B 

This is the magnetic equator and lies in t e Fenera1 region of the 
geogra hical e uator-nowhere moro than 12 from it. There are 
severa P .  lmes w x ere the compass points t? true north; that is, the 
variation is zero. These are called 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 the dag 
the needle points west of its mean position and for part of the dag 
east. Tho amount is not usually large enough to affect navigrt- 
tion, the ran e being from 5' to 15', according to the place and time 

great as 30' in the polar re ions. 
132. Magnetic etorms.-%'here are occasional magnetic storm 

durin which there may be large fluctuations, amounting to as much 

short duration. It is well to avoid swinging shi to determine 

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

number of points 80 that the values for interme f late points can be 

line extending around t P ie earth where the di is 0' and Vdisappears. K 

of year, on t a e coast of tho  United States. The range may be ti6 

as 30 F on either side of the mean, but this departure IB usually of 

deviation or compensating the compass when ita be fl avior indicate6 
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latitudes and that one of the usual effects is to decrease the normally 
small value of E. This decrease may seriously affect the &ciency 
Of the compass. 

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

Values for any specified year, but after several years there may be a 
considerable change. For this reason only up-to-date charta should be used. If old charts are wed, be sure to correct for change of varia- 
tlon at the rate given on the chart. It should be borne in mind, 
however, that the rate of change can not be safely predicted f a r  in 
advance. The variation taken from the chart for getting compass 
deviations may be more important than the variation used for the 
Purpose of navigation, since any error in the deviation aflecta dl 
absequent navigation. 

134. Local magnetic disturbances.-There are some places where 
fhe actual values of D, I and B for a region may differ more or less 
from the map vdueb. duch places are said to be locally disturbed. 
There are man places where there are dBerences of the order of 
1’. There are how to be such places in Chesapeake Ba , ebpecially 
on0 place in the main channel entering the bay near dpe H e y  
There are a number of regions in Alaskan waters where the distur 

large and widespread. For example, in Port Snettiaham 
Stephens ante is veF assage, a difference of 106’ in D was found in a distance of 
one-third mile on the shore and 5 5 O  in the same distance on the 
Ppater one-quarter mile off shore. For an area of 70 square miles 
Lynn Canal the variation was found to difler from 3’ to 20’ from 

the normal values for the region as 8 whole. A local magnetic pole 
h t h  a dip of 90’ has been found on Douglas Island, near Gastineau 
(?hannel. New areas of this character are found from time to time. 

136. Such abnormal conditions are u s u d y  indicated by consider- 
able change in the deviations and by obtaining deviations of marked 
Uerence on the same course in the same eneral vicinity. Compen- 

136. Beason for deviation.-Deviation (d) is the amount by whioh 
the ship’s com ass points to one side or the other of magnetic north. 
It is east, or p us, if the compass points east of ma etic north and 
b a t ,  or minus, if it  points west of ma netic north. he cause of the 
deviation is the ship’s magnetic fie$, which changes in part with 
every change of headin The deviations of an uncompensated 
Compass are different wig every heading, and a t  first sight it would 
appear to be a hopeless twk to reduce all these different values 
l l e ~ l y  to zero. 

“E SHIP’S XANIETIO FIELD. 

the changes 18 the secular change. A chart may have t 1 e correct 

Wion should not be attempted under suc % conditions. 

!i! P 

137. Source of ship’s magnetiam.-’J!he ship’s magnetic field is 
chiefl due to induction in the earth’s field. Most of the ship’s 
me td i s  structural steel, which is intermediate in character between 
hard steel and soft iron. As hard steel 
C a n  be r e d l y  magnetized onl in a strong field, it ma remain un- 

apisted by vibration 80 long as the metal remains in the same 
Position with regard to the inducing field, thou h vibration may also 

h, eapecidy if in the opposite direction with regard to the fiel . 

(See pars. 117 and 119.) 

Plagnetized in a weak field suc i as that of the earth. dagnetixation 

?use loss of magnetism if the metal is place d in some other oai- B 
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138. Character of ship’s metal with regard to magnetization,- 
There is then present in an vessel metal which is not m nctized, but 

heading in thc samo direction for a continued poriod; metal with 
retained magnetism due to induction in the earth’s field usually 
assisted by vibration of the metal; and metal with induced magnetism 
in tho earth’s field which changcs in amount with every change of 
heading. 

139. Temporary magnetism.-The amount of induced magnetism 
of the last class IS usual1 about the samo in amount for any given 

Howevcr, as it changes in amount with evcry change of heading of 
the ship it has been given tho name of tcmporclry magnetism. 

140. Subpermanent magnetism.-The retained magnetism does 
not change with change of heading nor with change in tho earth’s 
field. I ts  amount depends on the extent to which tho metal is 
magnetized and the circumstances undor which the metal has beon 
in vibration. It can he either increased or decreased in amount. 
To convey the idea of independence of the heading and at  tho same 
time the possibility of change of amount, the term subpermanent 
magnetism is in general use. 

141. Changes in subpermanent magnetism.-The ordinary chan @ 

regard to magnetic north. The hammerin incident to construo- 

as the vessel goes into servico i t  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, till some new cause arises to 
chan eit .  

148. If the vessel follows in the same course for several day% 
the vibration due to tho waves and the machine? usually changes 
the subpermanent magnetism to such an extent t a t  the doviatiom 
are changed to an important de ee. The same thing occurs if a ves- 
sel lies under repairs at  a d o g  for some time without change of 
heading. Stray electric currents or lightning may induco magnetism 
of the subpermanent type which remains after tho cause is removed. 
In every case the increase of sub ermanent magnetism is followed by 

143. Accordingly this part of the magnetism noods special watch- 
fulness. e them may come a period 
of apparent ermanence suddenly?ollowed by another period 

144. Complexity of ship’s magnetism.-While the vessel is being 
built i t  heads in a fixed diroction whilo work is being done on its 
various members. Most of these are in a fore-and-aft, athwartshi , 
or vertical position, but there are others a t  various angles. de 
magnetism of the ship as a whole is therefore very complex. 

145. If one of the members in an athwartship direction hap eM 
to be nearer tho compass than a larger member in a fore-an8-8it 
direction, i t  may havo a greater effect on the compass, since a s m d  
magnet near by may exert a force ual to or greater than a large 
distant magnet. Accordingly the 7 s ip’s magnetism as it affecta 

which may be magnotizc B if vibration is continucd wit ”a tho vessel 

heading and changes on P y with changes in the earth’s magnetism. 

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

tion induces a subpermanent field which is 9 airly strong. As soon 

a falling off, with a tendency to g ecomo stationary. 

of change whic % may cat& the navigator unawares. 

After periods of rapid cha 
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the compass can not be represented by considering the .ship. as 
an elon ated magnet, with its axis in the fore-and-aft dpctlon. 

146. B t is necessary, however, to have a simple conceptlon that 
Will represent the ship's magnetism as it  affects the compass. Sub- 

material of the ship a comparatively 
ample representation of its magnetism 
Can be made. This assumption is so 
nearly correct that i t  meets all of the 
roquirernonts of ordinary compensation. 
The unconsiderod forces due to a lack 
of symmetry usually cause deviations 
Which if small do not require compen- 
sation, and if large must be compensated 
by special methods. 

147. Representation of ship's ma net- 
bm by equivalent magnets.-The s f i t s  
4agnetism in so far as it affocts t o 
force a t  the compnss center may bo rep- 
resented by the fields of two setb of three 
a3 nets each, one set for subpermanent 
an? one for temporary magnetism. 
(See fig. 16.) In  each case there are two 
horizontal magnets, one in a fore-and-aft 
and the other in an athwartshi direc- 

to avoid confusionwith the other magnets 
discussed, these will be referrcd to as 
equivalent magnets, though it should be 
understood that the actual fields are 
Very complex. 

ken, and a vertical magnet. P n order 

the nthwartship magnet a t  its middle piit . A line of force of the field of the 
ore and-aft magnet thcreforo uassos ho. 10.--Reprcsoolatlon of shlp'a ma 

notlrm b equlvaloat mngnots A B ,  Ci$ 
and v e r t k l  magnet at 0. throu h the comvpass center in ti fore- 

and-aft direction and a line of the field of 
tho athwartship ma net in an athwartslip direction. (See par. 110.) 

Pewanent or temporary magnetism can be represented by a line in 
8 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- 
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149. Each line represents tho force due to a magnetic field fixed 
in position with regard to the shi . It follows that the compass center 

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

equivalent ma net is obviously 90° from the fore-and-aft equivalent 

the force of one magnetic field is maximum the other is zero. (See 
par. 121.) 

161. Tho axis of the vertical equivalent magnet lies in the fore- 
and-aft axis, but usually not at  tho com ass center. There is there- 
fore a horizontal component acting in t R e fore-and-aft direction for 
both tho subpermanent and temporary magnetism. In tho case of 
the sub ermanent magnetism this can a t  once he combined with the 

temporary magnetism the same thing can be done for any ono place 
but it must be treated differently in the compensntion if the vessei 
is to cover a wide range of latitude. 

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

magnetic north and east devia- 
tion is lus, a force toward the 

pnss center is plus and one 
toward tho stern minus. p 
force directed to starboard 19 

(See fig. 17.) 
163. The reason for designatin directions in this way can be soen 

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

magnet. In t E e case of temporary magnetism this means that when 

fore-an s -aft force due to tho fore-and-aft magnet. In the case of the 

bow o P the ship a t  the com- 

by taking the case of the vesse k built in a northeastcrIy direction, 

FIO. 17.--Direcllon of forcca with respect to shlp. Plus and One to port 

As the induced field is o posite to tho inducing field (see 
the fore-and-aft force is a irected in a westerly direction. 
give a west or minus deviation, so that tho force is minus; the 
athwartshipforce is directed to the east and tostarboard. As thisgives 
east deviation, the forco is plus. By establishing the direction of the 
forces by the direction of the induced field for vessels built in the 
other quadrants and then considering them as heading betweon north 
and east, i t  is found that the rule holds the same for all cases. The 
force due to the vertical ma net is designated plus or minus by the 

cornpms, the force is generally minus. 

manent magnetism. In  the case of temporary magnetism the rule 
applies directly to the force due to the vertical equivalent magnet0 
In  the caso of the horizontal equivalent magnets there is an apparent 
exception to the rule. 

166. For a vessel headin northeast the fore-and-aft force is directed 
toward the stern, and is t R erefore minus by the rule. The athwart- 
ship force is directed to stern, and is therefore plus by the rule; for 
a vessel hcading southwest the fore-and-aft force is dlrected toward 
the bow, and according to the rule is plus, while the athwartship for@ 
is directed to port, and is therefore minus hy the rule. Tho force% 

same rule. AS the axis of t R e vertical magnet is usually abaft the 

$ating direc- tions for t K e field given in paragraph 152 applies direct y to subper- 
164. Ap arent exception t o  the rule.-The rule for desi 
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however, are reversed with regard to the ship, and therefore their 
signs must be reversed. Accordingly, it  is perha s sim ler to disrs 

tlon are opposite in direction to the earth’s field, and therefore if the 
dmection is westward of magnetic north the force is minus and if 
eastward it is plus. For opposite courses the amount of the force 
at any oint and its direction with regard to the earth’s field are 
lden ticar 

168. Force diagram for subpermanent magnetism.-In figure 18 the 
force acting at  right angles to the direction of H is: 

CP=ABsin Z+BCcos Z. 
If AB and BC are given the proper signs, the resultant deviation will 
have the proper sign. The point C lies on the circumference of a 
circle whose center is A and radius AC. The deviation is zero at  the 
two points wliere ABsinZ and BCcosZ are equal and of opposite 
sign and maximum where they are of the same sign. 

gard the rule in this case and to consider that the f i  orces ue to induc- 

CP Let A O = H .  Then tan d = j l T p e  

AP can have nny value from i AC to - AC, even if AC is small 
compared to H ,  there will bo appreciable differences of deviation on 
opposite headings due to subpermanent magnetism. Part of the 
function of compensation is to balance A P  as well 8s CP. While 
the mean value of the force in the direction of the magnetic meridian 
18 H even without compensation, the individual deviations may vary 
considerably. 

167. For small values of A P  deviation due to sub ermanent mag- 
netism can be considered to vary inversely as H. If) CP is bnlanced 
closely, changes in the value of W will not be importnnt; otherwise 
they will. This is one of the reasons why i t  has been stated (par. 132) 
that in high latitudes where H is small reduction of its value during 
hlagnetic storms ma bo serious. 

168. All of the t ree magnets representing sub ermanent mag- 
Qetism have been considered, except the vertical fie d of the vertical 

This is im ortant only in the case of heeling error and will 

169. Force due to temporary magnetism.-The force duo to the 

P t 
rey:Jkx3ed under t 1 a t  subject. 

a t  the compass center must be considered 
on tho compass follows different laws, with 

from the horizontal equivalent magnet and is more 
effect of subpermanent magnetism. As stated 

19 paragraph 153, it usually causes a minus force in a fore-and-aft 
d~rection. As the vessel moves from place to place the force due to 
the vertical equivalent magnet varies with the change in V. It is 
convenient to speak of the temporary m netism of the vertical 

180. Law of change of deviation due t o  V induction.-It is then 
approximately true from paragraph 159 that for a given heading 
tan d = c = e  tan 2, where e is an induction factor which indicates 
that the force at any point in the induced field varies directly with 
the amount of the inducing force. 

equivalent magnct as due to induction by F or V induction. 

H 



I4 

162. The analysis of the field 
of the horizontal equivalent 

northeast indicates that the re- 
sultant o/ a minus fore-and-aft 
force and H would give west 
deviation. Figures 10 to 13 
give a visible demonstration of 
tho same fact, as invariabl the 
lines of forco of the resu 'i tant 
field tcnd to cross tho magnet 
rather than to bend in the direc- 
tion of itslen th. Thoexplann- 

I 

d 

magnets for any heading, ss - 

1 

tion is that t Y ie field of the ath- 
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P D  Then tan d = m  
P D =  CD cos 2- ACsin 2 

==CEcos2s in  2-ABsin Z c o s Z  
=+(CE-AB)  sin 2 2  

d accordingly varies appromately as sin 22. 

0 

37 

Fig. 19. Force diagrams. temporary magnetism 

166 Takin a point 0' midway between A and E' then O'B= 
case angle BDB' is a right @E'= +((?,!$-AB). Since in eve 

angle, D must lie on a semicircle w T ose diameter is DE' (since an 
arc subtends half its le). Than DO' =BO'. Further, since P D  = 
+(CE-AB) sin 22, 

Since, therefore, of a circle whose 
diameter is tho difforcnce betwoen AB and CE, i t  is only necessary to 
draw a singlo line in the magnetic meridian superimposing CE on AB. 
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Then locate 0' and draw the circle and for any value of 2 draw O ' n ,  
making an angle 2 2  with the line O'A. 
166. Deviation due t o  heeling.40 long as the ship remains up- 

right and on even keel-that is, so long as the line through the com- 
pass center and thc axis of the binnacle remains vertical-the forces 
that have h c n  discussed are the only ones that cause deviation. 

Departure of the vessel from 
this position may he due to 
listing, rolling, or pitching, 
though the latter is less im- 
portant, as tho angular de- 
parture from the even keel is 
small. The case of a perma- 
nent list will bo considered 
first. 

167. Effect of heeling on six 
equivalent mag n e t  s .-The 
fields of the six magnets will 
he considcred with reference 
to the vertical athwrutship 
plane, instead of tho horizon- 
tal plane. Of courso, after 
thc laws that govern the 
forces in this plane havo been 
developed, i t  will he neccs- 
snry to consider their hori- 
zontal components, as these 
only can act on tho compass. 
The fore-and-aft line through 
the compass con ter which re - 
fore-and-aft magnet moves 
parallel to itself as tho shi 
rolls and remnins horizontn! 
and therefore makos the same 
angle with tho mngnctic me- 
ridian. It accordingly causes 
no change in tho deviation 
due to it. Further, in the 
case of the fore-and-aft tem- 
porary m a p e t  thero is no in- 
duction, bccauso the lines of 
force are at rirht angles to 

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

which causes chango in tho deviation. For the temporar 
the situation with rcgard to V induction is identical wit that of 
the athwartship and fore-and-aft magnets for H induction, in this 
case the vertical mngnet takin the placo of the fore-and-aft. 

In  Figuro 20 there is an at wartship force PCdue  to subperma- 
nent magnetism. By analogy with paragraph 156. 

I 

resents the force duo to t 1 e 

6 

the inducing fie t. t i  V. 
A 

3: magnets 

E 

B 
Ym. 2o.-Heollng mor disgrems. 
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PC- AB sin h i -  BC cos h. 

89 

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

These forces are all in an athwartahip direction, and they therefore 
Cause no deviation on headings east or west, but do on every other 
Wurse. 
In the casm of rolling the force causing deviation changes from 

Plus to minus as the vessel rolls, and can therefor0 cause an oscillation 
Of the cornpaas that may become very inconvenient. The effect of 
Pltchi on the corn ass is analogous to that of rollin 

The deviation is therefore semicircular. 

net8 &e conaideJ  are the vertical and fore-and- 2 t. but the mag- 

Which cause deviation with forces whic g vary by the same 4 aws as the 

7 

tlsm and V induction. The latter force varies wit B change of region, 

tism (see pars. 141-143) which do not var accor cp ing to a fixed 9 aw 
Of course can not be compensated and t g e compensation must be 

tion as describe 9 performs its purpose will be shown. On headings 

and in so far as possible removing the % eviation. 

PBmOIPLES Or UO-NSATION. 

169. Compensation by opposing hrces.--In so far as possible the 
compensation of the compass is a m m  lished by opposin the forces 

ship changes heading. Forces which remain fixed in amount are 
opposed by similar forces and those which change with heading by 
forces chan ing in the same manner. If the so-called k e d  forces 
remain h e 5  in one locality, but change with locality, an opposin 
force is selected which acts in the same manner. The case of a v w e  
U right in position and on even keel will be discussed before the 
&ct of heeling is taken up. 

170. Compensation by means of flxed forces.-Forces which remain 
unchanged with change of ship's heading are sub ermanont m a p &  

While the former does not. Thoso changes in sub ermanent ma ne- 

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

m etic north and south and on magnetic east and west the effect 
ofyinduct ion is zero (see par. 116), and accordingly in each case 
the total induction is due to the combined effect of subpermanent 
magnetism and V induction. These forces being fixed, the respective 
components can be balanced by placin the vessel on these headings 

172. Effect of compensating magnets.-With most binnacles groups 
of magnets are placed below the compass, so that their combined 
effect is that of a single magnet whose axis in intersected at its middle 
point by the vertical line through the compass center. The force 
at the compass center due to such a magnet is represented by a 
horizontal lme arallel to its axis. (See fig. 8.) 

173. The ba ancin of the force which causes deviation not only 
&minates deviation ut removes the force which is added to EI for 
180° and subtracted for 180'. (See fig. 18). Accordingly com 
tion by fixed magnets is beneficial even if on1 partial, as t e de- 

174. Compensation by magnets insaf8cient.-Compensation of 
both subpermanent magnetism and Vinduction by magnet8 alone 
Ppill be satisfactory only for the vessel which remains in a restricted 

ra- p %  
Piations are more nearly equal on opposite hea 2 me. 
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region. The chan e in Vwith change of locality necessarily changes 
tho deviation. Tfe  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 
soft iron bar so placed with regarcfto the compass that the horizontal 
com onent of its force at the compass center is equal and opposite 

noted that the vertica force at the compass center is increased by 
the resence of the Flinders bar, as its field is in the same direction 

176. Effect of Flinders bar.-The Flinders bar is described in 
paragraphs 40-44. I t  is so placed as to bring the compass benter 
in the most effective part of its field. The explanation of increased 
effect of a longer bar without changin tho 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 west. 
The derivation of the formula for separating the deviations into two 
parts on these headings will now bo given. 

177. Derivation of formula separating subpermanent magnetism 
from V induction.-Let z be the part of the total deviation on mag- 
neticeast or west due to subpermanent magnetism at the first station 

stations. Since x varies inversely with H, the corresponding part 
E of the deviation a t  the second stntion wi l l  be H;x. Designate ~ 

by k; then we havex and kx to represent sub ermanont magnetism. Let 

P to t R at due to the shi '6 vertical equivalent magnet. It should be 

as t R at of the ship. 

is that the compass center is relstlve P y nearer tho pole of t R e bar, 

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

(See par. 47.) 

and lot  H, and H ,  be the respective values of A at the two selecte d 

the B eviation due to V induction 

3 

f 

y, I , and I, in like mnnner 

varies as tan I ,  the 
at  the first station, and two stations. Then, since 

induction can be represente 
tan " Then, letting a and b represent by y and k'y where kf= 

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

178. The terms containinox are to be compensnted by magnets and 
those containing y by the P'linders bar. 

Exam le of separating the devia!wn.-A vessel covering a wide 

The third station was included to show the sort of agroement obtained. 
In  the example, H at the first station is taken as 1.00 and the others 
are referred to it. I t  is now the practice to uso the actual values of 
H as obtained from magnetic mnps. 

Gi-q 

and y=a-x. a-8a 2 =- k-k' 

range of 'f atitude made observations at three widely separated stations. 

Station 1 . 4  = 11O.1 R,= 1.00 tan 1,=2.56 
2 . 4  = 7O.3 R,= 1.71 tan I ,= .30 
3 . 4  = 7O.1 R,= 1.49 tan 1,=1.92 

Stations 1 and 2: 
k = 0.58 ~ = 1 5 O . 3  y- - 4 O . 2  
k'= .117 kx= 7 O . 6  k f y = - 0 0 . 3  
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Stations 1 and 3: 

k = 0.67 X =  15O.2 y =  - 4 O . 1  
k’= .75 kz= 7 O . O  k‘y= - 0 O . 1  

Such dose agreement would not ordinarily bo obtained. The 
Values are given for a composite vessel, the on1 example available 
Which gave results for such a wide ran e of locarsty. 

In this case it would be obviously fificult to  set a Flinders bar 
at station 2 or 3, but the d o h  obtained at either station would 
make it possible to  place it trccurrrtely elscwhcrc. 

A 

Fla. Il.-Efftxt of spheres la cornpensatla. 

179. How the spheres compensate the effect of H indnotion.-It Will 
be demonstrated that the spheres correct the doviation due 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 ia in the mag- 
netic prime vertical when the ship heads in the magnetic meridian, 
the angle 2 corresponding to ship’s head measured from the magnetic 
heridiun is the angle which the line joining the spheres makes with 
the magnetic prime vertical. 
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P 
together. It can bo shown that a t  any point P ( P ig. 21) in the field of 

makes an an le with t R e axis of the magnet. In t R e case of tho sphere 
we are consi % ering tho angle 2 measured a t  the center from a line at 

180. It is necessary to acce t certain principlcs of physics to 
the demonstration briefly. Tfe magnetism of a sphere is equiva ent 
to that of a small magnet at its center whose oles aro very close 

a small magnet there is a radial force and a tangential form2 The 
line PO, where 0 is a oint midway between the olcs of the magnet, 

(2 M sin Z> right angles to tho axis of the magnet. The radial force is 
T s  

along OP, and the tangential force is M y s  a t  right angles to OP. 
In this case the point P is tho center of the compass, and as the 

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 forcos a t  right 
angles to the magnetic meridian. cos 

distance from the center of tho compass to tho center of the s 
fixed, O P = r ,  is constant. I t  is unnecessary to define M, w 

2 M .  M Their sum is rs sin Zcos Z + 
3M 2 sin z=w sin 22. 

181. Wethcn have a force varying as sin 22, which if not balanced 
would cause a deviation. The expression for deviation would then 

(Disregarding tho N-S component be approximately d= 
of the induction due to tho sphere, which is small compared to Rand 
to PB.) Note that IZ- AP and not N represents the inducing field 
which acts on the sphere. It is evident that by placing s heres a t  8 

sated. 
182. Tho position of tho compass ccnter with rcgard to the second 

sphere is diamotrically o posite, and it is the same distanco from tho 

exactly the same. Tho two splicres act together, and therefore 
smaller spheres can bo used than if tliere were otily one. (Seo fig. 21.) 

183. Compensation of heeling error.-Compensation of heeling 
error can be oqly approximately correct. There is no way of deter- 
mining tho correct position of tho  vertical compensating magnet which 
corresponds to the metllods that have previously been described. 
Further, there is no way of separiiting the parts due to subpermanent 
magnetism and those due to temporary magnetism. Compensation 
is made by the fixed magnet; accordmgly, whilo the form a t  the 
compass center due to the fixed magnet can bnlanco tho force due to 
subpermanent ma netism when tho vessel heels, i t  can not balance 
the force due to  finduction, since i t  does not vary by the same law. 
Fortunately anples of list or roll are usually moderate. If, therefore, 
- the _. compensation is reasonably close, them will be no appreciable 

Ksin  22  
R - A P  

proper distance the quadrantal deviation on tho ship can B o compen- 

center as for the first sp fi ere. T h o  direction of tho ficld is therefore 

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

The first, that described in paragraph 38, is based on the effect duo 
/ 

¶gee J. A. Thomson’s Element# of Electricity and Magnetbm. 
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t0 the rolhg of the vessel mentioned in parqyaph 168. Another 
method is by the use of the heeling adjuster. This instrument, though 
not always available, provides a means of making compensation when 
the vessel is at rest, under which condition compensation is more 

REDUCTION OF DIREUTIVE FORUE. 

185. Reduction of directive foroe.-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 
p a t ,  the restor& forco may be said to vary with the force acting 
When the magnet is 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 com ass needlo is not simply a device which omts rn a 

basel, and good performance under working conditions is of the hi h- 
at importance. The motion of the vessel tends to swing the nee 9 le 
from its correct pointing and to make the compass card oscillate. To 
Prevent too free oscillation, a liquid is used which has a damping 
effect. If there is insufficient directive force, the needle will return 
Veq slowly to its ro er pointing and a new impulse may send it off 
again before i t  hasfa: time to settle. Under such condition steerin 

speed, becomes impossible. 
187. Referring to Figure 18, i t  is seen that A P  k added to H through 

180' and subtracted for the remaining headings. The mean value 
Of Bp for all headings is zero, and compensation tends to make it 
Zero on all headings. In  F' ure 19 Bp represents the force due to 

%a is never zero and varies between AB and CE. The compensa- 
!ion does not affect this, since the magnetic field affecting the spheres 
le the same as for the compass. 

&hen direction, gut its purpose is to establish the course o P a moving 

may be very difficult, and acourata ahr ing ,  so essential with hig h 

the ship's temporary field in i t e direction opposite to the earth's field. 
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188. Various values of directive force.-In ordinary cases the mean 
value of the directive force is about eightrtenths R. Under such con- 
ditions the compass performance is satisfactory. 

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

shielding. In  the interior of an iron or steel box the lines of force 
generally follow the sides of the box and there are comparatively 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 be ke t from the compass by 
shielding? This is in part possible, but only -6 y reducing tho directive 
forces so that there is no gain. 

naval problem, i t  will simply B e stated that this condition is due to  

UNCOXF'ENSATED DEVIATION. 

190. If deviations are observed on various e uidistant headings 

error (difference between compass north and true north) will not be 
equal to the m netic variation as given on the chart. This differ- 

It is duo to various causes. It may be shown that a certain unsym- 
metrical arrangement of soft iron near the comgaas. can produce c o y  
stant deviation. The occurrence of this distri ution o material 18 
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 stoorin 
or observation. If this error exceeds a degree, the com ass an 
azimuth circle should be inspected. This uncom ensated x oviation 
is represented by factor A in compass analysis. rSee ar. 192.) 

fore-and-aft vertical plane throu h the compass, the direction of the 

the magnetic meridian, or, to express it Merently, the magnetic axis 
of the ship makes a slight angle with the fore-and-aft line. In  this 
case there is a small quadrantal deviation which may bo 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 R em makes 

on most binnacles. This uncompensated deviation is factor E men- 
tioned in next paragraph. 

around the circlo, i t  will be found that in genera P the mean compass 

ence, which usua ? ly does not exceed a degree, can not be cornpensatod. 

! 
191. If soft iron is unsymmetrically placod with re f erence to  the 

induction by H when the ship % oads north may be slightly out of 

an angle with t R e athwartship line, but no provision is made for this 
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Andy& of compass deviations. 

COMPARISON O F  OBSERVED AND COMPUTED DEVIATIONS. 

(Devlatlon-A+BsinZ+CcosZ+Dsin2Z+Ecos2Z.) 

Z Is t h e  compass azimuth of theshlp’s headlng, counting from north around by east, south, and west to 360.. 
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-39 
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0 

+IO 
+18 +a 
+32 
+36 
+37 
+3e + 32 +a 
+18 + 10 

0 
-10 
-18 

-32 
-24 
-37 
-3e 
-32 
-2e - 18 
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-m 

- 87 
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0 
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+2e 
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0 
-16 
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+m 

-m 

+m 

- 

+4 1 Deviation. 
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Obs’d 
-- 

, 
-93 
-67 
-G9 
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+27 
+I1 
+25 
+43 
+M 
+71 
+77 
+74 
+85 
+55 + 53 
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-70 
-75 

-106 
-124 
-108 
-117 

c-0 

V 

0 
+1 

+2 
-6 

-12 
+12 
+6 
-6 
-0 

-12 
-5 
+7 
-3 
+m 
+3 

-32 
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+19 
-12 

--R 
-4 

-19 
+1 

+m 

ur 

0 
1 

400 
4 
38 

144 
144 
30 
25 
38 

144 
25 
49 
9 

400 
9 

381 
144 
64 

301 
1 

% 
ie 

Probable error of single obsowatlon: 
F0~24~0ints,r- f0.155 ZV?-ilO’. 
For 8 points, r- *o.wo +- z VL i . . . . . . 

N. 8.-The values of sin 2 ~(PI  Z ,  sin 2 Z, and co9 2 Z may be obtained from columns (a), (e), (E), and 
(91, having regard to change of slgn with change of quadrant. 

192. Method of analysis of deviations.-Tho method of analysis of 
deviations obtained by swinging shi is shown in exam les. The 
uncompensated deviations A and 2 have been describe x in 

aphs 190 and 191, respectively. These are usual1 small. rpA”% 
further effort should bo made to find the reason for the large value 
of A.  
193. Other factors B,  C, and D have a different relation to corn- 

pensation. 

considered as representatin forces. While compensation is accy 

tional computation required for getting the exact coefficients to 
replace B,  C, and D, which are gven in some publications, is not 
considered necessary. 

104. B ,  before compensation, re resents the fore-and-aft force due 
to subpermanent magnetism a n i  V induction combined. After 
compensation i t  represents the difference between this force and 
that introduced by the fore-and-aft magnet and Flindem bar, lf 
used. 

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

and are not forces, but for the purposes of the analysis may E 
rate enough for all needs o B navigation, i t  is not exact. The addl- 

They are the means of the deviations of certain headin 
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196. C, in like manner before compensation, represents the sthwart- 
ship force due to subpermanent magnetism. After compensation it 
represents the difference between this force and that introduced by 
the athwartship magnet. 

196. D, before compensation, represents the forces designated by 
the ex ression $(CE-AB), or onc-half the difference between the 
forces t; ue to I1 induction when the vessel is heading cast and that 
when heading north. 

197. B is a proximately tho deviation on magnetic east or mag- 
netic west wi% the si n reversed, C i s  approximately the deviation 

and D is approximately one-half 01 the sum of dcviations on northeast 
and southeast. 

198. It is desirable to work out the pjobable error t~ given in the 
form. 

199. Principles of analysis of the deviation.--If dovitltions are 
obtained without any compensating magnets in place a t  intervals, 
the history of chan es in the ship's magnetism can be followed. 
Changee in B and C % ring out variations in the ship's subpermanent 
magnetism, both in actual and relativeamounts. Changes in D 
should ordinarily pot be large. Determinations of D are of value in 
detectin subpermanent magnetism in the spheres, which can be 
remove as described in par oraph 75. 

200. After compensating, t e analysis is of value in indicating the 
relative effectiveness of the different p!rts of the compensptjon. I n  
a.ttempting to kee tho deviations withm a small amount is 1s ossen- 
tlal to know whet Yl er any part of the compensation is less effective 
than it should be. After analysis has been made the pre aration of 

Ue tho& . 
201. The navigator can demonstrate his efficiency by keeping his 

compass deviations to the smallest possible value as a foundation for 
hs work in navigation. His compass work should, therefore, be a 
Qatter of permnnent record. Tests of compasses, azimuth circles, 
and positions of compensating magnets should be carefully recorded. 
unusual occurrences, such as stray currents, effect of li htning, etc., 

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

(See par. lG5.) 

on magnetic north or B t, at on ma netic south with the sign reversed, 

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

"K d 

a deviation table is easy, whether by computation or i y graphic 

should be entered in the compass record as well as in t 5.l e ship's log. 
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U . S . COAST AND GEODETIC SURVEY . 
TABLE 1 .- Mugnetic d i p  and horizontal intensity /or  1938 

leea for whlch values 
are glven . 

Latltude . 

N . 
Is 
U 
43 
42 
41 
41 
38 

36 
34 
32 
a0 
27 
24 
28 
29 
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26 

a7 

!a 
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14 
10 
18 
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18 
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7 
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a4 
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a7 ae 
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40 
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43 
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46 
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4a 
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6a 
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M 
66 
67 
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58 

angltude . 
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67 
88 
70 
71 
70 
74 
76 
76 
75 
78 
81 
81 
80 

a3 
88 
96 
97 
87 

82 

e1 
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123 
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124 
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1% 
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lZa 
121 
1Za 
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la7 

128 
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1M 

East rt Me ........................................... 
RW&d Me .......................................... 
Porthd,'Me ........................................... 
Boston Mass ........................................... 
Nantuiket Mass ....................................... 
New York'N . Y ....................................... 
cape M~Y,'N . J .......................................... 
CapeHenry Va ...................... ....... 
Ca Hatte& N C .................. ....... 
WKington d . 6 ....................................... 
Bavannah 6s .......................................... 
Et  Au h e  Fla ...................................... 
P& E c h  $la ....................................... 
Key West Ifla ................... 
Tam a ...................... 
Portkds,  La .................... 
Port A r m  Ter ...................................... 
Brownsville, %ex ....................................... 

Oorlbbcon Sea and OUlJoJ M e z h  . 
Cape Ban Antonlo Cuba ................................ 
Ewan Island ........... ........................... 
Roncador Bank ........ ........................... 
Colon Panama ......... 
Klngsion J W D ~ C ~  ...... ........................... 
Nav- island ......... ........................... 
8an Balvador Bahama Islands ........................ 
~ a y a  ez P.'R ........................................ 
Et . T&& Virgin Inlands ............................. 

Podpc Ouon . 
P u m a  Polnt Panama ................................. 
Ban Juan del Bur Coata Rlca ........................... 
Ban Jose de Om& ................................. 
Acapulco Mexlw ........................................ 
Manzanldo, Mexlco ..................................... 
Magdalena Mexlco ...................................... 
Ban DleRo 'Calif ........................................ 
LosAngel&i C d f  ...................................... 
Et  LulsObbpo ctrlll ................................... 
EahlCnlZ C d f  ....................................... an h n c ~ b  Calif .................................... 
Polnt Arena kdf  ...................................... 
Polnt Del 60 C d f  .................................... 
Eureka &f . r ......................................... 
c a p e ~ f a n ~ o  Oreg ...................................... 
Newport 0;eg .................... 
Astorla breg ...................... 
Orays harbor Wash .............. 
Cape Flattery) Wash .............. 
Port To-id, Wash ............. 
Beattle Wash .......................................... 
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Oalveston, Tex ................... ................ 

(Out&& r&) Qap F W y  (47) Lo Sound (66) . 
Nootkalsland I) . C .................................... 
port UWIS, 
Quadra IslanQd, Alaska ................................. 
61th Alaska ........................................... 

Awn charlotte ~slands, n . c .............. 

Cross'Eound, A h k a  .................................... 
crw Sound (66) 

CapeLaco B.C ........................................ 
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EW~DSOD nay n . c ..................................... 
PrlncaRuperf B C .................................... 
KetcNkan, A&& ...................................... 
Wran ell Alaska ....................................... 
clev&nd Pnssage, A1 ash .............................. 
Junmii Alnska ......................................... 
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.165 

.170 

.170 

.103 

.204 

.211 

.225 

.230 

. 251 

. 267 

.2n0 . 253 

.202 . no . 270 

n .152 

.182 

.270 

.291 

.305 

.313 

. 8 2  

.280 

.258 

.274 

.272 

.316 

.317 

.316 

.317 

.314 

.202 

.283 

.258 

.255 

.247 

.243 

.230 

.234 

. 228 

.219 . 2ox 

.202 

.190 

.102 

. I f @  

.193 

.184 

. 18.5 

.168 

.154 

.152 

. 104 

. IN 

.170 

.100 . 105 

.1n0 

.156 

.162 . 14M 

.143 



- - 
No. 

- 

86 
68 
8T 
88 
88 

70 
71 
72 

74 
76 

78 

78 
77 - 

Narest port or geogmphlcalfanue. 

COMPENSATION O F  THE MAQNETIC COMTASS. 

TABLE 1 .-Mugnelic d i p  and korizo7tlul inte?csily Jor 1938-Coiitin11ed. 

Yakutat Ala& ........................................ 
Cordova'hlsska ........................................ 
Anchor&, Alaska ...................................... 
Kntmal Alaska ........................................ 
Unlmekt PasS, hlaska.... ............................... 

PI- for whlch value4 
am gtvon. 

74.7 
74.0 
73.0 
70.8 
(18.8 

Latltudo. 

N. 

Kuskokwim, Alaska .................................... 
Norno Aleska .......................................... 
Eaat da e, Elberla ...................................... 
Point &pope, A L ~ S ~ .  ................................... 
Polnt Barrow Alaska. ................................. 
Demarcation bolnt, Alaska' ............................ 

AlnJfon hlandr. 

KIska Island. .......................................... 
Attu Island ............................................. 

59 
81 
81 
68 
M 

70. (1 
74.1 
75.3 
77. o 
RO. 8 
81.4 

62.11 
83.4 

69 
e4 
68 
68 

70 
7a 

\ .loo .lso .m .w) .am ----- Tr 

8. 8 .  a. 8. 8.  
80 degreaq.. ..... 87 29 24 m 18 

6Odogrees ....... 81 24 19 ie 14 
Bodogreos 29 22 18 

40 don-. ...... 84 28 21 18 16 

..... 14 70 dOPW.. n 2o 16 
....... 

l6 12 

....... l8 17 14 12 11 

....... 11 18 12 BOdegroes 26 
Oodegnw 23 

N 
62 
53 

.350 

8. 
16 
14 
13 
12 
11 
11 
10 

,ongitudo. 

w. 

140 
140 
1.51 
1E8 
165 

188 
168 
170 
187 
156 
140 

E 
177 
173 

49 

cas unit 
0. Ihl 

, 1 4 7  
,153 . 176 
.a2 

,177 
.1m . 130 
,125 
,088 . w 4  

.220 
,218 

TABLE Z.-Period of oscillation for magnetic moment test of compam. 
r)-lnch Navy standard compasc, atandard mlrture. TempcmtUra9, Fahrenheit; H expressed in C. 0.8. 

units.] 


