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PREFACE

This book, prepared at the Naval Observatory and Naval Academy, is designed
to become the service compass manual and to replace Diehl’s Practical Problems
and the Compensation of the Compass, which will not be republished.

It was originally compiled by Lieutenant Commander Harris Laning, Head of
the Department of Navigation at the Naval Academy, as a text-book for mid-
shipmen.

Later, however, a revision of Diehl having been undertaken by the Naval Obser-
vatory, it was decided to use this book and to add two chapters to it, one on the
gyro-compass and the other a description of the instruments supplied to the service
in connection with compass work. These two chapters, as well as Chapter VI,
and a revision of Chapter X, were prepared at the Naval Observatory by Lieu-
tenant Commander C. T. Owens, in charge of the Compass Office. Acknowledg-
ments are due to Commanders D. W. Blamer and Geprge C. Day, and to Lieutenant
Commander C. R. Miller, for notes on compass material and compass work which
were used in connection with chapters prepared at the Naval Observatory.

It was further enlarged (1916) by the addition of the chapters on “ Compass
Corrections by the Azimuth Method,” by Commander J. B. Patton, U. S. Navy,
and on the “ Principles of the Gyroscopic Compass,” by Captain L. M. Nulton,
U. S. Navy. .

This book is a compilation from various sources, which brings together the best
practical material on the subject and puts in one volume what would otherwise have
to be taken from several books and many pamphlets. The complex mathematical
theory of the deviation of the compass and the derivation of formule have been
entirely omitted, but a sufficient explanation of causes and effects is given to enable
the student to understand any ordinary problem that may arise. :

For a more complete course on the subject of the Deviation of the Compass, the
following books are recommended:

British Admiralty Manual of Deviations.
Navigation and Compass Deviations, Muir.
Deviation of the Compass in Iron Ships, Creak.
Victor BLUE,
Chief of Bureau of Navigation.

Navy DepartMeENT, WAsHINGTON, D. C., April 1, 1916.

4

-/

3703+

v
L]


http://www.homesteadingsurvival.com



http://www.dawnapproaches.com
http://www.homesteadingsurvival.com

CONTENTS

PAGE
CHAPTER I
Yefinition of error—Methods of determining the error.—How to apply the error....... 9-10
CHAPTER IL
Jescription of fundamental causes of deviation: a qualitative analysis of the forces
acting on the compass needle. .. .ooviviieiiiereiiiiiiiiiaii i 17-24
CHAPTER IIL
Arts. 43-48, a review of causes and effect, qualitative in character, leading into......... 25727
Arts. 49-65,which now take definite form in a quantitative sense...........c.oooiiiiinn 27-63
CHAPTER 1V.
Description, in a qualitative sense, of the principles of correction.........coooienenens 37-45
CHAPTER V.
Detailed and definite instructions for COrrection. ... ooovuueueruriarrrnnereennneeenes 46-50
CHAPTER VL
A standard method of compensation. ..ceeoeuiaiercerieiuneannerreeereneee s cea00a4d 51-50
CHAPTER VIL
Compass correction by the azimuth method, and a new manner of computing the Flinders
L CEATEHNGIT 5 onodbabanng e 00808546000 395660 6003099004 00CRAPCEPPIINE0gE ©aa o0 57-66
CHAPTER VIIL
A special method of COMPENSAtION A SEA. ¢ v v v evvonentensensesnnnseecentaasnnnscess 67-72
CHAPTER IX.
A special method of compensation before leaving a navy yard........cooveeiininnn... 73-87
CHAPTER X.
Notes on service work: duties, records, reports, efc.. ... 8897
CHAPTER XI.
Description of Service iMStIUMENts. oo .vuuutnuniviaeseinrienn it ees 08-111
CHAPTER XII.
The necessity for a gyro-compass and points of superiority over the magnetic com-
pass.—The SpErry ZYrO-COMPASS. .cuveurs aunaececnrannnanensretonnestesses 112-118
CHAPTER XIII.
Some notes on the principles of the gyroscopic compass, particularly the Sperry gyro-
SCOPIC COMPASS « oo v vaia o s s isioaeis aiss it ansissasersocsonssonnsonsns et L110-143

TABLE L. 4
Products of arcs multiplied by the sines of 15° rhumbs..........cooveeennnn et 8 144-146


http://www.dawnapproaches.com




(EIRAIPINDIR JE

THE COMPASS ERROR.
By COMMANDER G. W. LOGAN, U. S. N.

(Taken from the American Practical Navigator (Bowditch).)

CAUSES OF THE ERROR.

1. When two magnets are near enough to-
gether to exert a mutual influence, their prop-
erties are such as to cause those poles which
possess similar magnetism to repel, and those
which possess magnetism of opposite sorts to
attract one another.

The earth is an immense natural magnet,
having in each hemisphere a pole lying in the
neighborhood of the geographical pole, though
not exactly coincident therewith ; consequently,
when a magnet, such as that of a compass, is
allowed to revolve freely in a horizontal plane,
it will so place itself as to be parallel to the lines
of magnetic force in that plane created by the
earth’s magnetic poles, the end which we name
north pointing to the north, and the south end
in the opposite direction. The north end of
the needle—north-seeking, as it is sometimes
designated for clearness—will be that end
which has opposite polarity to the earth’s north
magnetic pole, this latter possessing the same
sort of magnetism as the so-called south pole
* of the compass.

2. By reason of the fact that the magnetic
pole differs in position from the geographical
pole, the compass needle will not indicate true

directions, but each compass point will differ’

from the corresponding true point by an
amount dependent upon the angle between the
geographical and the magnetic pole at the posi-
tion of the observer. The amount of this dif-
ference, expressed in angular measure, is the
variation of the compass (sometimes also the
declination, though this term is seldom em-
ployed by navigators).

The variation not only changes as one travels
from point to point on the earth, being differ-

1 the mineral substances

ent in different localities, but, as it has been
found that the earth’s magnetic poles are in
constant motion, it undergoes certain changes
from year to year. In taking account of the
error it produces, the navigator must therefore
be sure that the variation used is correct not
only for the place, but also for the time under
consideration. The variation is subject to a
small diurnal fluctuation, but this is not a
material consideration with the mariner.

3. Besides the error thus produced in the
indications of the compass, a further one, due
to local attraction, may arise from extraneous
influences due to natural magnetic attraction in
the vicinity of the vessel. Instances of this are
quite common when a ship is in port, as she
may be in close proximity to vessels, docks,
machinery, or other masses of iron or steel.
It is also encountered at sea in localities where
in the earth itself
possess magnetic qualities—as, for example, at
certain places in Lake Superior and at others
off the coast of Australia. When due to the
last-named cause, it may be a source of great
danger to the mariner, but, fortunately, the
number of localities subject to local attraction
is limited. The amount of this error can sel-
dom, if ever, be determined ; if known, it might
properly be included with the variation and
treated as a part thereof.

4, In addition to the variation, the compass
ordinarily has a still further error in its indi-
cations, which arises from the effect exerted
upon it by masses of magnetic metal within the
ship itself. This is known as the deviation of
the compass. For reasons that will be ex-
plained later, it differs in amount for each
heading of the ship, and, further, the character

9
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of the deviations undergoes modification as a
vessel proceeds from one geographical locality
to another.

APPLYING THE COMPASS ERROR.

5, From what has been explained, it may
be seen that there are three methods by which
bearings or courses may be expressed: (a)
true, when they refer to the angular distance
from the earth’s geographical meridian; (b)
magnetic, when they refer to the angular dis-
tance from the earth’s magnetic meridian, and
must be corrected for variation to be converted
into true ; and (c¢) by compass, when they refer
to the angular distance from the north indi-
cated by the compass on a given heading of the
ship, and must be corrected for the deviation
on that heading for conversion to magnetic,
and for both deviation and variation for con-
version to true bearings or courses. The proc-
ess of applying the errors under all circum-
stances is one of which the navigator must
make himself a thorough master; the various
problems of conversion are constantly arising ;
no course can be set nor bearing plotted with-
out involving the application of this problem,
and a mistake in its solution may produce
serious consequences. The student is therefore
urged to give it his most careful attention.

6. When the effect of a compass error,
whether arising from variation or from devia-
tion, is to draw the north end of the compass
needle to the right, or eastward, the error is
named cast, or is marked + ; when its effect is
to draw the north end of the needle to the left
or westward, it is named west, or marked —.

Figs. 1 and 2 represent, respectively, ex-
amples of easterly and westerly errors. In
both cases consider that the circles represent
the observer’s horizon, N and S being the cor-
rect north and south points in each case. If N’
and S’ represent the corresponding points indi-
cated by a compass whose needle is deflected
by a compass error, then, in the first case, the
aorth end of the needle being drawn to the
right or east, the error will be easterly or posi-
tive, and in the second case, the north end of
the necedle being drawn to the left or west, the
compass error will be westerly or negative.

Considering Fig. 1, if we assume the easterly

error to amount to 10°, it will be seen that if a
direction of 350° is indicated by the compass,
the correct direction should be north, or 10°
farther to the right. If the compass indicates
north, the correct bearing is 10°; that is, still
10° to the right. If we follow around the
whole card, the same relation will be found in
every case, the corrected bearing being always
10° to the right of the compass bearing. Con-
versely, if we regard Fig. 2, assuming the same
amount of westerly error, a compass bearing of

Z

N

[y]

S
Fic. 2.

10° is the equivalent of a correct bearing of
north, which is 10° to the left; and this rule is
general throughout the circle, the corrected
direction being always to the left of that shown
by the compass.

7. Having once satisfied himself that the
general rule holds, the navigator may save the
necessity of reasoning out in each case the
direction in which the error must be applied,
and need only charge his mind with some single
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formula which will cover all cases. Such a one
is the following:

When the CORRECT direction is to the RIGHT,
the error is EAST.

The words correct—right—east, in such a
case, would be the key to all of his solutions.
If he had a compass course to change to a cor-
rected one with easterly deviation, he would
know that to obtain the result the error must
be applied to the right; if it were desired to
change a correct course to the one indicated by
compass, the error being westerly, the converse
presents itself—the correct must be to the left
—the uncorrected will therefore be to the
right; if a correct bearing is to be compared
with a compass bearing to find the compass
error, when the correct is to the right the error
is east, or the reverse.

8. It must be remembered that the word east
is equivalent to right in dealing with the com-
pass error, and west to left, even though they
involve an apparent departure from the usual
rules. If a vessel steers 45° by compass with
10° easterly error, her corrected course is 55° ;
and if she steers 135°, the corrected course is
145°. A caution may be necessary tc avoid
confusion ; the navigator should always regard
himself as facing the point under consideration
when he applies an error; 10° westerly error
on South (180°) will bring a corrected direc-
tion to 170°; but if we applied 10° to the left
of South while looking at the compass card in
the usual way—north end up—190° would be
the point arrived at, and a mistake of 20° would
be the result.

9. In the foregoing explanation reference
has been made to “correct” directions and
“ compass errors ” without specifying “ mag-
netic " and “ true ” or “ variation ”’ and “ devia-
tion.” This has been done in order to make
the statements apply to all cases and to enable
the student to grasp the subject in its general
bearing without confusion of details.

Actually, as has already been pointed out,
directions given may be true, magnetic, or by
compass. By applying variation to a magnetic
bearing we correct it and make it true, by ap-
plying deviation to a compass bearing we cor-
rect it to magnetic, and by applying to it the
combined deviation and variation we correct

it to true. Whichever of these operations is
undertaken, and whichever of the errors is
considered, the process of correction remains
the same ; the correct direction is always to the
right, when the error is east, by the amount of
that error.

Careful study of the following examples will
aid in making the subject clear:

Ezxamples.

A bearing taken by a compass free from
deviation is 76° ; variation, 5° W.; required the
true bearing. Ams, 7Sk

A bearing taken by a similar compass is NW.
by W. 3 W.; variation,  pt. W.; required the
true bearing. Ans. NW.by W. 3 W.

A vessel steers 153° by compass; deviation
on that heading, 3° W. ; variation in the locality,
12° E.; required the true course.

Ans. 162°.

A vessel steers S. by W. 3 W.; deviation, 3
pt. W.; variation, 1 pt. E.; required the true
course. Ans. SSW. 1 W.

It is desired to steer the magnetic course
322° ; deviation, 4° E.; required the course by
comipass. Ans. 318°.

The true course between two points is found
to be W. & N.; variation 1} pt. E.; no devia-
tion ; required the compass course. W. £ S.

True course to be made, 55°; deviation, 7°
E.; variation, 14° W.; required the course by
compass. Ans. 62°.

A vessel passing a range whose direction is
known to be 200°, magnetic, observes the bear-
ing by compass to be 178°; required the devia-
tion. : AT 22 3

The sun’s observed bearing by compass is
91°; it is found by calculation to be 84° (true) ;
variation, 8° W.; required the deviation.

Ans. 1° E.

FINDING THE COMPASS ERROR.

10. The variation of the compass for any
given locality is found from the charts. A
nautical chart always contains information
from which the navigator is enabled to ascer-
tain the variation for any place within the
region embraced and for any year. Beside the
information thus to be acquired from local
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charts, special charts are published showing
the variation at all points on the earth’s surface.

11. The deviation of the compass, varying
as it does for every ship, for every heading, and
for every geographical locality, must be deter-
mined by the navigator, for which purpose
various methods are available.

Whatever method is used, the ship must be
swung in azimuth and an observation made on
each of the headings upon which the deviation
is required to be known. If a new iron or
steel ship is being swung for the first time, ob-
servations should be made on each of the thirty-
two points or for each 15°. At later swings,
especially after correctors have been applied,
or in the case of wooden ships, sixteen points
will suffice—or, indeed, only eight, or with a
compass reading to 360° on each 30°. In case
it is not practicable to make observations on
the exact 15° points, they should be made as
near thereto as practicable and plotted on the
Napier diagram (to be explained hereafter),
whence the deviations on exact 15° points may
be found.

12. In swinging ship for deviations the vessel
should be on an even keel and all movable
masses of iron in the vicinity of the compass
secured as for sea. The vessel, upon being
placed on any heading, should be steadied there
for three to four minutes before the observa-
tion is made in order that the compass card may
come to rest aad the magnetic conditions as-
sume a settled state. To assure the greatest
accuracy the ship should first be swung to star-
board, then to port, and the mean of the two
deviations on each course taken. Ships may be
swung under their own steam, or with the as-
sistance of a tug, or at anchor, where the action
of the tide tends to turn them in azimuth
(though in this case it is difficult to get them
steadied for the requisite time on each head-
ing), by means of springs and hawsers.

13. The deviation of all compasses on the
ship may be obtained from the same swing, it
being required to make observations with the
standard only. To accomplish this it is neces-
sary to record the ship’s head by all compasses
at the time of steadying on each even point of

the standard ; applying the deviation, as ascer-
tained, to the heading by standard, gives the
magnetic heads, with which the direction of the
ship’s head by each other compass may be com-
pared, and the deviation thus obtained. Then
a complete table of deviations may be con-
structed as explained in Art. 22.

14. There are four methods for ascertaining
the deviations from swinging ; namely, by re-
ciprocal bearings, by bearings of the sun, by
ranges, and by a distant object.

15. Reciprocal Bearings.—One observer is
stationed on shore with a spare compass placed
in a position free from disturbing magnetic in-
fluences; a second observer is at the standard
compass on board ship. At the instant when
ready for observation a signal is made, and
each notes the bearing of the other. The bear-
ing by the shore compass, reversed, is the mag-
netic bearing of the shore station from the
ship, and the difference between this and the
bearing by the ship’s standard compass repre-
sents the deviation of the latter.

In determining the deviations of compasses
placed on the fore-and-aft amidship line, when
the distribution of magnetic metal to starboard
and port is symmetrical, the shore compass
may be replaced by a dumb compass, or
pelorus, or by a theodolite in which, for con-
venience, the zero of the horizontal graduated
circle may be termed north ; the reading of the
shore instrument will, of course, not represent
magnetic directions, but by assuming that they
do we obtain a series of fictitious deviations.
the mean value of which is the error commor
to all. Upon deducting this error from eack
of the fictitious deviations, we obtain the cor-
rect values.

If ship and shore observers are provided witl
watches which have been compared with one
another, the times may be noted at each obser-
vation, and thus afford a means of locating
errors due to misunderstanding of signals.

16. Bearings of the Sun.—In this methoc
it is required that on each heading a bearing
of the sun be observed by compass and the time
noted at the same moment by a chronometer o
watch. By a method that is explained ir
Chapter XIV, American Practical Navigator
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the true bearing of the sun may be ascertained
from the known data, and this, compared with
the compass bearing, gives the total compass
error; deducting from the compass error the
variation, there remains the deviation. The
variation used may be that given by the chart,
or, in the case of a compass affected only by
symmetrically placed iron or steel, may be con-
sidered equal to the mean of all the total errors.
Other celestial bodies may be observed for this
purpose in the same manner as the sun.

This method is important as being the only
one available for determining the compass
error at sea.

17. Ranges.—In many localities there are
to be found natural or artificial range marks
which are clearly distinguishable, and which
when in line lie on a known magnetic bearing.
By steaming about on different headings and
noting the compass bearing of the ranges each
time of crossing the line that they mark, a
series of deviations may be obtained, the devia-
tion of each heading being equal to the differ-
ence between the compass and the magnetic
bearing.

18. Distant Object.—A conspicuous object
is selected which must be at a considerable
distance from the ship and upon which there
should be some clearly defined point for taking
bearings. The direction of this object by com-
pass is observed on successive headings. Its
true or magnetic bearing is then found and
compared with the compass bearings, whence
the deviation is obtained.

The true or the magnetic bearing may be
taken from the chart. The magnetic bearing
may also be found by setting up a compass
ashore, free from foreign magnetic disturb-
ance, in range with the object and the ship, and
observing the bearing of the object; or the
magnetic bearing may be assumed to be the
mean of the compass bearings.

In choosing an object for use in this method
care must be taken that it is at such a distance
that its bearing from the ship does not prac-
tically differ as the vessel swings in azimuth.
If the ship is swung at anchor, the distance
should be not less than 6 miles. If swung
under way, the object must be so far that the

2

parallax (the tangent of which may be con-
sidered equal to half the diameter of swing-
ing divided by the distance) shall not exceed
about 30'.

19. In all of the methods described it will
be found convenient to arrange the results in
tabular form. In one column record the ship’s
head by standard compass, and abreast it in
successive columns the observations from
which the deviation is determined on that
heading, and finally write the deviation itself.
When the result of the swing has been worked
up another table is constructed showing simply
the headings and the corresponding deviations.
This is known as the Deviation Table of the
compass. If compensation is to be attempted,
this table is the basis of the operation; if not,
the deviation tables of the standard and steer-
ing compass should be posted in such place as
to be accessible to all persons concerned with
the navigation of the ship.

20. Let it be assumed that a deviation table
has been found and that the values are as
shown in Form No. 12 (a) on following page.

We have from the table the amount of devia-
tion on each compass heading; therefore,
knowing the ship’s head by compass, it is easy
to pick out the corresponding deviation and
thus to obtain the magnetic heading. But if
we are given the magnetic direction in which
it is desired to steer, and have to find the corre-
sponding compass course, the problem is not
so simple, for we are not given deviations on
magnetic heads, and where errors are large it
may not be assumed that they are the same as
on the corresponding compass headings. For
example, with the deviation table given above,
suppose it is required to determine the compass
heading corresponding to 285° magnetic.

The deviation corresponding to 285°, per
compass is +12° 00’. If we apply this to 285°
magnetic, we have 273° as the compass course.
But consulting the table, it may be seen that the
deviation corresponding to 273° is +16° oo,
and therefore if we steer that course the mag-
netic direction will be 289° and not 285° as
desired.

A way of arriving at the correct result is to
make a series of trials until a course is arrived
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DEVIATION TABLE

For shap’s mse.|
21
* Lompass ... el e S
Dgts e o) DO
Letitads Kerisfiom useé .....................
Lomngitude. ......... s o S NN
< 8 et g Ship’s head e2
!;3‘/.2:";21-1 Deviation | £l moass Deviation
o g 0 150° o 0o
3* + 2 00 193° 4+ 9 00 T
p*  + O 30 210° 16 30 =
o
45 — 3 00 225° +21 00 =
Eor® - & 00 240° | 422 45 2
75*  —14 00 235° | +21 15 :
w® @ —19 30 270° +17 30 2
Jos* | —23 00 Bs® | 412 00 :
120° @ —25 00 300 4+ 7 00
135 | —24 30 315 | + 2 00 |3
Z
350" =zl 100 330° — 1 30 |%
165° | —13 00 st l— 2 00 |*

Details of compensation,

Vesssriavineas P R L R R R RN X 2 ] seres

U. S. Navy, Navigator.

* Insert designation—as, ** Standard,’”” * Steering,” etc,
41

at which fulfils the conditions.
example given: :

Thus, in the

Fiusr Trian

Mag. course required, oo oeviresesssoirnreses 285°
T'ry deviation on 285° p. P g Nl LR o L )]

Tria) COMPARS COUTRE. vvvvvrrversrsonssseses 273°
DIV, 00 FV8Y Dr G/ viiooribie e sen i s =16

e v —

Mg, course made good. .....ocoviiorienrine. 280°

Since this assumption carries the course 4°
100 far to the right, assume next a deviation on

2 course 4° farther to the left than the trial
compass course found zbove.

Sscoxp Tarar.

Trial cOmPesSS COBISE . .ccoveicenccnnnnns 250°
Pem. on 88" ... LeloleEalitt Yot . . cickeis <+ 17° 43
Mag course made 9004d. .cocooeooo.o ... 3B6° 4T

This assumption still carries the course too
far to the right by 1° 43"

TeExe Trian

Trial COMPSS COMLSE .vevenrennomroncnnans 7°
Dev. 08 267° - cceeeevennancnnnnneeonences —18° 15
Mag. course made good........ccovuen... 285° 1T

This is as close to the required course as the
ship may be steered.

21. A much more expeditious method for
the solution of the above problem is afforded
by the Napier diagram,; and as that diagram
also facilitates a number of other operations
connected with compass work, it should be
clearly understood by the navigator. This
device admits of a graphic representation of
the table of deviations of the compass by means
of a curve, besides furnishing a ready means
of converting compass into magnetic courses
and the reverse. One of its chief merits is that
if the deviation has been determined on a cer-
tain number of headings, it enables one to ob-
tain the most probable value of the deviation on
any other course that the ship may head. The
last-named feature renders it useful in making
a table of deviations of compasses other than
the standard, when their errors are found as de-
scribed in Art. 13. :

22. The Napier diagram (Fig. 3) represents
the margin of a compass card cut at the north
point and straightened into a vertical line; for
convenience, it is usually divided into two sec-
tions, representing respectively the eastern and
western semicircles. The vertical line is of a
convenient length and divided into three hun-
dred and sixty equal parts corresponding to
each degree, beginning at the top with north
and continuing around to the right, with each
fifth degreec appropriately marked.

The wvertical line is intersected at each
fifteenth degree by two lines inclined to it at
an angle of 60°, that line which is inclined up-
ward to the right being drawn plain and the
other dotted.
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To plot a curve on a Napier's diagram, if
the deviation has been observed with the ship’s
head on the 15° courses (as is usually the case
with the standard compass), measure off on the
vertical scale the number of degrees corre-
sponding to the deviation and lay it down—to
the right if easterly, and to the left if westerly
—on the dotted line passing through the point
representing the ship’s head; or, if the observa-
tion was not made on an even 15° point, then
lay the deviation down on a line drawn parallel
to the dotted ones through that division of the
vertical line which represents the compass
heading; if the deviation has been observed
with the ship on given magnetic courses (as
when deviations by steering compass are ob-
tained by noting a ship’s head during a swing
on even 15° points of the standard), proceed
in the same way, excepting that the deviation
must be laid down on a plain line or a line
parallel thereto. Mark each point thus ob-
tained with a dot or small circle, and draw a
free curve passing, as nearly as possible,
through all the points.

To obtain a complete curve, a sufficient num-
ber of observations should be taken while the
ship swings through an entire circle. Gen-
erally, observations on every alternate 15° mark
are enough to establish a good curve, but in
cases where the maximum deviation reaches
40° it is preferable to observe on every 15°
mark.

The curve shown in the full line on Fig. 3
corresponds to the table of deviations given in
Art. 20.

From a given compass course to find the
corresponding magnetic course. Through the
point of the vertical line representing the given
compass course, draw a line parallel to the
dotted lines until the curve is intersected, and
from the point of intersection draw another
line parallel to the plain lines; the point on the
scale where this last line cuts the vertical line
is the magnetic course sought. The correct-
ness of this solution will be apparent when we
consider that the 60° triangles are equilateral,
and therefore the distance measured along the
vertical side will equal the distance measured
along the inclined sides—that is, the deviation ;
and the direction will be correct, for the con-
struction is such that magnetic directions wiil
be to the right of compass directions when the
deviation is easterly and to the left if westerly.

From a given magnetic course to find the
corresponding compass course. The process is
the same, excepting that the first line drawn
should follow, or be parallel to, the plain lines,
and the second, or return line, should be parallel
to the dotted ; and a proof similar to that pre-
viously employed will show the correctness of
the result. As an example, the problem given
in Art. 20 may be solved by the diagram, and
the result will be found to accord with the solu-
tion previously given.

The rules for the use of a ““ Napier’s Curve ”
are given in the following easily remembered
jingle:

If you wish to steer the course allotted,
Depart by plain, return by dotted;

From compass course, magnetic to gain,
Depart by dotted, return by plain.



CHAPTER IL

THE PRINCIPLES OF THE DEVIATION OF THE COMPASS.

By COMMANDER L. M. NULTON, U. S. N.

23. Introductory.—These notes are not a
complete treatise on the deviation of the com-
pass, but are an attempt to explain, by simple
laws of magnets, how deviation is produced by
the iron of a ship, and, by the same laws, how
the deviation may be corrected. It is an expla-
nation of principles involved, based upon the
physical laws of the attraction and repulsion
of magnets.

24. Natural Magnets or Lodestones.—The
name magnet, or lodestone, was given by the
ancients to certain hard, black stones which
possessed the property of attracting to them
small pieces of iron or steel.

25. Artificial Magnets.—If a piece of iron,
or better still a piece of hard steel, be rubbed
with a lodestone, it will be found to have also
acquired the properties characteristic of the
magnet ; it will attract light bits of iron, and,
if hung up by a thread, it will point north and
south.

26. First Laws of Magnets.—If two mag-
nets be suspended as above and brought near
each other, it will be found that the north-
seeking end of either magnet will repel the
north-seeking end of the other magnet; simi-
larly, if the south-seeking end of one magnet
be brought near the south-seeking end of the
other magnet, they will repel each other; if,
however, the north-seeking end of one magnet
be brought near the south-seeking end of the
other magnet, these ends will attract each
other. The ends of the magnets are called its
poles. This brings to notice the fact that the
character of the magnetism of one pole of a
magnet is different from that of the other pole,
and the important law of magnets, that like
poles repel each other, and unlike poles attract
each other.

27. Polarity Represented by Colors.—It is
convenient to represent the character of the
end of a magnet, 1. e., its polarity, by colors.
In these notes, the character of the magnetism
of the north-seeking end of a suspended magnet
is represented by red, and the other end by blue.

28. Permanent and Temporary Magnets
—Hard and Soft Iron.—With reference to its
power to retain magnetism, iron is of two
kinds, hard and soft. Hard iron when once
magnetized remains so permanently. Such a
magnet is said to be a permanent magnet. Soft
iron is iron which possesses the characteristic
of losing its magnetism upon the magnetizing
source being removed or discontinued. Soft
iron has another magnetic characteristic to
which reference will be made later.

29. Induced Magnetism.—If one pole of a
magnet be brought near a mass of iron which
is not already magnetic, it will induce, in this
mass, magnetism, the character of which is of
the opposite kind from the pole which is pre-
sented to the mass. For example, if the red
end of a magnet be presented to a non-mag-
netic mass of iron, it will induce magnetism in
it, and the mass will itself become a magnet,
with blue magnetism opposite the red pole pre-
sented to it, and red magnetism on the opposite
side of the mass. This presents another im-
portant law of magnetism, which is as follows:
Induced magnetism is of the opposite polarity
to the kind inducing it. See Figs. 4 and 4a.

30. Earth a Magnet.—The earth is a large
magnet the poles of which nearly coincide with
the geographical poles. There is also similarly
a magnetic equator, the belt of change from
one magnetism to the other, or a belt of no
magnetism. This belt exists in all magnets and
is at right angles to the poles. The poles of the
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earth attract, or repel, suspended magnets.
The magnetism of the earth has also the power
to induce magnetism. The direction of the line
of action of the earth’s magnetism is in the
plane of the great circle passing through the
magnet poles, i. e., in the magnetic meridian.

31. Color of North Pole of Earth.—In
accordance with the law of attraction existing
between unlike poles, if we color the north-
seeking end of the magnetic needle red, the
north pole of the earth possesses blue mag-
netism.

32. Compass Needle a Magnet.—The com-
pass needle is a small permanent magnet, or a
collection of needles acting as one small perma-
nent magnet.

33. Dip, and Horizontal and Vertical
Components of the Earth’s Force.—At the
north magnetic pole of the earth, the north-
seeking end of the needle will point directly
downward and the needle will be vertical. At
the magnetic equator the needle will rest hori-
zontally. At points of the earth’s surface be-
tween the magnetic pole and equator, the
needle points at some angle to the horizontal.
The angle between the horizontal and the direc-
tion in which the needle points is called the dip.

This is shown in Fig. 5, where the mag-
netism of the earth is represented by the large
magnet, the position of the small needle being
shown at different positions corresponding to
different points on the earth’s surface.

For a position such as b in Fig. 5, we have
an analysis of the force of the earth as shown
in Fig. 6.

The earth’s total force, and its horizontal,
or its vertical, component, are each capable of
inducing magnetism.

34. Deviation Defined.—Under the influ-
ence of the earth’s magnetism acting alone, the
needle of the compass is drawn to point directly
to the magnetic poles of the earth, and lies in
the plane of the magnetic meridian. Under
the influence of other forces opposing the
action of the force of the earth alone, such as
the action of the iron of a ship, or an artificial
magnet of either hard or soft iron, the compass
needle is caused to deviate from the vertical
plane of the magnetic meridian and to lie in
some other plane inclined to the magnetic

meridian. The angle between this plane and
the plane of the magnetic meridian is called the
deviation of the compass. 1f the north point
of the compass is drawn to the right of the
magnetic meridian (facing the north magnetic
pole of the earth) the deviation is called
easterly and is considered positive; if the north
pole of the needle is drawn to the left of a
magnetic norsh, the deviation is named west-
erly and is considered as being negative. From
the above definitions it will be seen that (hav-
ing a compass heading and knowing the devia-
tion for that heading) easterly deviation must
be applied to the right hand, and westerly
deviation to the left hand, of the compass head-
ing in order to obtain the reading of the correct
magnetic heading. See Fig. 7.

35. Different Parts of Deviation.—For all
practical purposes, the total deviation of the
compass is composed of three parts: the semi-
circular, quadrantal, and constant deviations.

36. Semicircular Deviation.—The semicir-
cular deviation is so called because it is easterly -
in one semicircle, as the ship’s head swings in
azimuth, and westerly in the other semicircle.
The points of change from easterly to westerly
deviation, or points of no deviation, are oppo-
site each other, and in iron- and steel-built
ships generally occur on those headings upon
which the ship rested in building.

Semicircular deviation is fairly regular,
reaching a maximum on points about go°
from the direction of the head of the ship in
building. A ship built head North, for ex-
ample, with reference to its semicircular devia-
tion, would have approximately 0° deviation
on North, increasing to a maximum on East
or West and decreasing to 0° on South. If
the head is North in building, the deviation
will, as a general rule, be westerly for all
courses between North, East, and South, and
easterly for all courses between North, West,
and South.

Remembering the following, one is in a posi-
tion to investigate the forces producing devia-
tion:

(1) Permanent magnets always act with
the same force.

(2) Soft iron, or temporary, magnets vary
in the force exerted.
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(3) Like poles repel, and unlike poles attract
each other.

(4) Induced magnetism is of the opposite
kind to the inducing magnetism.

(5) The hard iron in the ship becomes per-
manently magnetized while building.

(6) The soft iron in the ship has temporary
magnetism induced by the earth’s magnetism.

(7) We may investigate separately the effect
of each kind upon the needle.

37. Forces Producing Semicircular Devi-

ation—Permanent Magnetism of Ship.—Let.

the heavy lines in Fig. 8 represent a ship head-
ing North while building, so that it has as-
sumed the character of a permanent magnet,
the poles of the ship being of the same kind of
magnetism as the poles of the needle, as indi-
cated by the coloring. As the action of the
poles of the magnet and of the ship obeys the
same laws that like poles repel and unlike poles
attract, the north or red end of the needle need
only be considered, the action of the forces on
the south poles being entirely in harmony with
that of the north pole. In Fig. 8 heavy lines,
the north pole of the ship repels that of the
needle ; but, acting through the center of, and
in line with the axis of the needle, it has no
deflecting power, and consequently produces
no deviation ; but it does oppose the attracting
force of the earth, thus weakening the directive
force of the needle. In Fig. 8, suppose the ship
to have swung to a NE. heading. The north
pole of the ship repels the north end of the
needle and now, not acting in the line of the
axis of the needle, has a deflecting power,
causing a deviation which increases until the
repulsion due to the ship’s pole and the attrac-
tion due to the earth’s force bring the north
end of the compass needle to rest in a line co-
inciding with the resultant of these two forces.
This is indicated in the dotted position of the
needle. The deviation produced in this case is
#° W. on the course NE.

From the foregoing, it is seen that as the
ship swings in azimuth from North through
East to South, the deviation increases from 0°,
reaches a maximum near East, and finally be-
comes 0° on South ; the opposite effect obtain-
ing in the other semicircle. This portion of the
semicircular deviation is produced by the

action of the hard iron in the ship, this iron
having acquired a permanent magnetic char-
acter while the ship was building. The re-
maining portion of the semicircular deviation
is produced by vertical soft iron as follows:

38. Portion of Semicircular Due to Ver-
tical Soft Iron.—In Fig. 10, let the direction
of the total force of the earth be in the line T,
6 being the angle of dip. Resolve this into its
components, the vertical one Z, and the hori-
zontal one H. Let AB be a soft iron bar. The
effect of the action of the vertical component
of the earth’s force will be to induce magnetism
in this bar of opposite polarity to the inducing
force, as shown by the color and ends of the
bar. The effect of such a bar on the compass
needle is to produce a deviation which is o°
when the bar is in the line of the axis of the
needle, and a maximum when at right angles,
or nearly so, to the axis of the needle; the
deviation produced being westerly or easterly
in the eastern semicircle, depending upon
whether the arrangement is that of Fig. 11
or that of Fig. 12. Study the figures, and note
the effect of 4B as it moves around the circle.

39. Changes with Change in Latitude.—
From the foregoing, it is seen that vertical soft
iron acts exactly in a like manner to the per-
manent magnet of Figs. 8 and g, and produces
a semicircular deviation. As this portion of
the semicircular deviation is produced by in-
duction due to the vertical force of the earth,
and as the value of this vertical force depends
upon the angle of dip, and as the dip changes
with a change in latitude, it follows that this
portion of the force causing semicircular dev--
ation will change with a change of latitude.

Summarizing, we may say:

Semicircular deviation is produced by the
horizontal component of the settled, permanent
magnetism of the ship, and by the earth’s in-
duction in vertical soft iron of the ship. The
first portion of the force causing semicircular
deviation is practically constant, the second
portion changes with a change in latitude.

40. Quadrantal Deviation.— Quadrantal
deviation is a deviation which is easterly in one
quadrant and westerly in the next quadrant.
It is regular in character and is almost in-
variably easterly in the NE. and SW. quad-


http://www.homesteadingsurvival.com

PRINCIPLES OF THE DEVIATION OF THE COMPASS.

2]

Tagretrc magnetic
b Nort h.

F1c. 8.

Fic. 10. Fic. 13.

T —total force of the earth’s magnetism.
H = the horizontal component of 7.

Z = the vertical component of 7.

6 —angle of dip.

16 (ef, 50T, IFIGIIo)



22 A PRACTICAL MANUAL OF THE COMPASS.

rants, and westerly in SE. and NW. quadrants.
It arises from induction in horizontal soft iron,
as will be seen by the study of the following:
Resuming the demonstration of Fig. 10, let T,
Fig. 13, be the direction of the lines of action
of the earth’s magnetism and, as before, Z its
vertical component and H its horizontal com-
ponent. Let CD be a bar of soft iron, lying in
the magnetic meridian, subject to the inductive
action of the horizontal component H. Then
CD, while lying parallel to H, i. ¢., in the mag-
netic meridian, will assume induced magnet-
ism, as shown by its colored ends. Now refer
to Fig. 14. Let NOS be the magnetic meridian
or the line of action of the horizontal com-
ponent of the earth’s force, 7. e., the H of Fig.
13, and let CD be the bar of Fig. 13. If this
bar be swung around through 180° either way,
in the horizontal plane, that is, from the first
to the third position, the magnetism of the ends
C and D will be found to have changed places ;
that is, the red of the D end will be found to
have changed to blue magnetism of opposite
polarity. See position 3. There is evidently
one position between 1 and 3, the point of just
changing from one kind of magnetism to the
other, at which the magnetism of the bar is
neither red nor blue, that is, zero. This posi-
tion is half way between the 1st and 3d posi-
tions, or at 2d and 4th; in other words, a bar
held at right angles to the magnetic meridian,
or to the line of action of a magnetic force, is
not magnetized. For positions intermediate
between that parallel to the meridian and that
at right angles to it, the amount of magnetism
induced in the bar is proportional to the cosine
of the angle made by the bar with the meridian.
Remembering now that unlike poles attract
each other, that like poles repel each other, and
that the nearest poles together are the most
powerful in effect, we are in a position to un-
derstand the action of CD when it is swung
around a compass.

Referring to Fig. 15, the bar at 1, in the
magnetic meridian, is most strongly magnet-
ized, but will produce no deviation because it
acts through the axis of the needle and in this
position has no leverage to pull or push the
needle aside and cause deviation. On the con-
trary, the sketch shows that the magnetism of

the bar will attract the needle to keep it in the
meridian, and will thus assist the earth’s force.
In such a condition the directive force of the
needle is said to be increased.

At 2 the bar will not be magnetized so
strongly, but will now act upon the pole of the
needle with some leverage ; the blue of the C
end will attract the pole of the needle, draw-
ing it to the right, and an easterly deviation
will be produced.

At 3 the bar is at right angles to the magnetic
meridian and is not magnetized ; hence, while
the leverage on the needle is greatest, there is
no deviation because the bar possesses no mag-
netic force to act with this leverage. Hence,
in passing from 1 to 3 (North to East) the

_horizontal soft iron bar, under the induction of

the earth’s magnetism, has produced an
easterly deviation attaining a maximum and
returning to o°.

Passing from 3, the ends of the bar begin to
take up their new character, and at 4 the red
magnetism of the C end will attract the blue
pole of the needle, pulling it towards it, thus
throwing the north point of the needle to the
west, producing westerly deviation, At g,
the bar will not produce deviation because of
its magnetic force acting through the axis of
the needle and thus having no leverage. It
will be seen that in this position the directive
force of the needle is increased. So, from 3 to
5, there has been produced a westerly deviation
starting at 0°, attaining a maximum and re-

turning to o°.

The same method of analysis shows an
easterly deviation from § to 7, and a westerly
deviation from 7 to 1. It may be easily seen
that the maximum deviation occurs near 2, 4, 6
and 8. See now the definition of quadrantal
deviation. See Fig. 15a and note to Figs. 14
and 15. '

41. Why Quadrantal Does not Change
with a Change in Latitude.—The force which
produces quadrantal deviation is directly de-
pendent upon the value of the earth’s hori-
zontal force and directly proportional to it.
The force which acts on the needle to keep it
in the magnetic meridian is the earth’s hori-
zontal force. Hence, as a change occurs in the

value of H, the force tending to cause quad-
/
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If CD were to extend through the needle as
shown in the sketch Fig. 15a, instead of being
ahead of the needle or abaft it as at 1, or at
5 in Fig. 15, the effect on the ncedle will be
opposite from that produced in Fig. 13, i. e., the
quadrantal deviation will be westerly from N to
E, easterly from E to S, westerly from S to IV
and easterly from 77 to N. This is easily seen by
a study of Fig. 15a.
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rantal deviation and the force tending to keep
the compass true vary in exactly the same pro-
portion. This brings us to the important fact
that the quadrantal deviation does not change
in value with H, and consequently does not
change with a.change in latitude. For a par-
ticular heading, of a particular ship, the quad-
rantal deviation is the same in all parts of the
world.
This may also be proved as follows:
H =horizontal component of earth’s mag-
netism.
¢{=magnetic azimuth of a bar of soft iron.
(See line OX, Fig. 14.)
f=coefficient of induction for this bar.
We then have the following:
Force directing needle.
Also the force inducing magnetism in
iron lying in the magnetic meridian.
H cos ¢ = component of H acting to mag-
netize iron lying at an angle ¢°
with the magnetic meridian.

H=

f (H cos {) =magnetism induced, i. e., defiect-

_ ing force.
: . Deflecting force fH cos¢ _
o A e R A R e

This shows that the ratio is independent of
the value of H, and depends upon f and cos ¢.
For the iron of a particular ship f is a con-
stant, and for a particular heading ¢ is constant.

42. Constant Deviation.—The constant de-
viation, as its name implies, is constant for all
headings. For all compasses symmetrically
situated with reference to the center line of a
ship, the constant deviation is imaginary rather
than real and arises from instrumental errors,
incorrect readings, misplaced lubber’s line, etc.
It is always small, and in most cases, for com-
passes situated as above, it is nearly zero.
Cases where there is a real value of the con-
stant deviation may be found where compasses
are not situated in the central fore-and-aft line
but to one side of this line, such as a steering
compass on each side of a hand-wheel aft.


http://www.homesteadingsurvival.com

CHAPTER III.

THE THEORY OF DEVIATION.
Ry COMMANDER G. W. LOGAN, U. S. N.

(Taken from the American Practical Navigator (Bowditch).)

43. Features of the Earth’s Magnetism.—
It has already been stated that the earth is an
immense natural magnet, with a pole in each
hemisphere which is not coincident with the
geographical pole; it has also a magnetic
equator which lies close to, but not coincident
with, the geographical equator.

A magnetic needle freely suspended at a
point on the earth’s surface, and undisturbed
by any other than the earth’s magnetic in-
fluence, will lie in the plane of the magnetic
meridian and at an angle with the horizon de-
pending upon the geographical position.

The magnetic elements of the earth which
must be considered are shown in Fig. 16. The
earth's tofal force is represented in direction
and intensity by the line 4B. Since compass
needles are mechanically arranged to move
only in a horizontal plane, it becomes neces-
sary, when investigating the effect of the
earth’s magnetism upon them, to resolve the
total force into two components, which in the
figure are represented by AC and AD. These
are known, respectively, as the horizontal and
vertical components of the earth’s total force,
and are usually designated as H and Z. The
angle CAB, which the line of direction makes
with the plane of the horizon, is called the mag-
netic inclination or dip, and is denoted by 4.

It is clear that the horizontal component will
reduce to zero at the magnetic poles, where the
needle points directly downward, and that it
will reach a maximum at the magnetic equator,
where the free needle hangs in a horizontal
direction. The reverse is true of the vertical
component and of the angle of dip.

Values representing these different terms
may be found from special charts.

44, Induction—Hard and Soft Iron.—
When a piece of unmagnetized iron or steel is
brought within the influence of a magnet, cer-
tain magnetic properties are immediately im-
parted to the former, which itself becomes
magnetic and continues to remain so as long
as it is within the sphere of influence of the
permanent magnet. The magnetism that it
acquires under these circumstances is said to
be imduced, and the properties of induction are

Vertical Forre-2

Fic. 16.

such that that end or region which is nearest
the pole of the influencing magnet will take up
a polarity opposite thereto. If the magnet is
withdrawn, the induced magnetism is soon dis-
sipated. If the magnet is brought into prox-
imity again, but with its opposite pole nearer,
magnetism will again be induced, but this time
its polarity will be reversed. A further prop-
erty is, that if a piece of iron or steel, while
temporarily possessed of magnetic qualities
through induction, be subjected to blows, twist-

25



26

A PRACTICAL MANUAL OF THE COMPASS.

ing, or mechanical violence of any sort, the
magnetism is thus made to acquire a perma-
nent nature.

The softer the metal, from a physical point
of view, the more quickly and thoroughly will
induced magnetism be dissipated when the
source of influence is withdrawn; hard metal,
on the contrary, is slow to lose the effect of
magnetism imparted to it in any way. Hence,
in regarding the different features which affect
deviation, it is usual to denominate as hard
iron that which possesses retained magnetism
of a stable nature, and as soft iron that which
rapidly acquires and parts with its magnetic
qualities under the varying influences to which
it is subjected.

45. Magnetic Properties Acquired by an
Iron or Steel Vessel in Building.—The in-
ductive action of the earth’s magnetism affects
all iron or steel within its influence, and the
amount and permanency of the magnetism so
induced depend upon the position of the metal
with reference to the earth’s total force, upon
its character, and upon the degree of hammer-
ing, bending, and twisting that it undergoes.

An iron bar held in the line of the earth’s
total force instantly becomes magnetic ; if held
at an angle thereto, it would acquire magnetic
properties dependent for their amount upon its
inclination to the line of total force ; when held
at right angles to the line, there would be no
effect, as each extremity would be equally near
the poles of the earth and all influence would
be neutralized. If, while such a bar is in a
magnetic state through inductive action, it
should be hammered or twisted, a certain mag-
netism of a permanent character is impressed
upon it, which is never entirely lost unless the
bar is subjected to causes equal and opposite
to those that produced the first effect.

A sheet of iron is affected by induction in a
similar way, the magnetism induced by the
earth diffusing itself over the entire plate and
separating itself into regions of opposite po-
larity divided by a neutral area at right angles
to the earth’s line of total force. If the plate
is hammered or bent, this magnetism takes up
a permanent character.

If the magnetic mass has a third dimension,
and assumes the form ot a ship, a similar con-

dition prevails. The whole takes up a mag-
netic character ; there is a magnetic axis in the
direction of the line of total force, with poles
at its extremities and a zone of no magnetism
perpendicular to it. The distribution of mag-
netism will depend upon the horizontal and
vertical components of the earth’s force in the
locality and upon the direction of tlie keel in
building ; its permanency will depend upon the
amount of mechanical violence to which the
metal has been subjected by the riveting and
other incidents of comstruction, and upon the
nature of the metal employed.

46. Causes that Produce Deviation.—
“There are three influences that operate to pro-
duce deviation; namely, (a) subpermanent
magnetism, (b) transient magnetism induced
in vertical soft tron, and (c) transient mag-
netism induced in horizontal soft iron. Their
effect will be explained.

Subpermanent magnetism is the name given
to that magnetic force which originates in the
ship while building, through the process ex-
plained in the preceding article ; after the vessel
is launched and has an opportunity to swing in
azimuth, the magnetism thus induced will
suffer material diminution until, after the
lapse of a certain time, it will settle down to a
condition that continues practically unchanged;
the magnetism that remains is denominated
subpermanent. The vessel will then approxi-
mate to a permanent magnet, in which the
north polarity will lie in that region which was
north in building, and the south polarity (that
which exerts an attracting influence on the
north pole of the compass needle), in the
region which was south in building.

Transient magnetism mduced in vertical soft
iron is that developed in the soft iron of a
vessel through the inductive action of the
vertical component only of the earth’s total
force, and is transient in nature. Its value or
force in any given mass varies with and de-
pends upon the value of the vertical component
at the place, and is proportional to the sine of
the dip, being a maximum at the magnetic pcle
and zero at the magnetic equator,

Transient magnetism induced in horizontal
soft iron is that developed in the soft iron of a
vessel through the inductive action of the hori-
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zontal component only of the earth’s total
force, and is transient in nature. Its value or

force in any given mass varies with and de-

pends upon the value of the horizontal com-
ponent at the place, and is proportional to the
cosine of the dip, being a maximum at the mag-
netic equator and reducing to zero at the mag-
netic pole.

The needle of a compass in any position on
board ship will therefore be acted upon by the
earth’s total force, together with the three
forces just described. The poles of these
forces do not usually lie in the horizontal plane
of the compass needle, but as this needle is con-
strained to act in a horizontal plane, its move-
ments will be affected solely by the horizontal
components of these forces and its direction
will be determined by the resultant of those
components.

The earth’s force operates to retain the com-
pass needle in the plane of the magnetic merid-
ian, but the resultant of the three remaining
forces, when without this plane, deflects the
needle, and the amount of such deflection con-
stitutes the deviation.

47. Classes of Deviation.—Investigation
has developed the fact that the deviation pro-
duced as described is made up of three parts,
which are known respectively as semicircular,
quadrantal, and constant deviation, the latter
being the least important. A clear understand-
ing of the nature of each of these classes is
essential for a comprehension of the methods
of compensation.

48. Semicircular deviation is that due to
the combined influence, exerted in a horizontal
plane, of the subpermanent magnetism of a
ship and of the magnetism induced in soft iron
by the vertical component of the earth’s force.
If we regard the effect of these two forces as
concentrated in a single resultant pole exert-
ing an attracting influence upon the north end
of the compass needle, it may be seen that there

will be some heading of the ship whereon that’

pole will lie due north of the needle and there-
fore produce no deviation ; now consider that,
from this position, the ship’s head swings in
azimuth to the right;'throughout all of the
semicircle first described an easterly deviation
will be produced, and, after completing 180°,

the pole will be in a position diametrically op-
posite to that from which it started, and will
again exert no influence that tends to produce
deviation. Continuing the swing, throughout
the next semicircle the direction of the devia-
tion produced will be always to the westward,
until the circle is completed and the ship re-
turns to her original neutral position. From
the fact that this disturbing cause acts in the
two semicircles with equal and opposite effect,
it is given the name of semicircular deviation.

In Fig. 3, Chapter I, a curve 1s depicted
which shows the deviations of a semicircular
nature separated from those due to other dis-
turbing causes, and from this the reason for
the name will be apparent.

49, Returning to the two distinct sources
from which the semicircular deviation arises,
it may be seen that the force due to subperma-
nent magnetism remains constant, regardless
of the geographical position of the vessel; but
since the horizontal force of the earth, which
tends to hold the needle in the magnetic merid-
ian, varies with the magnetic latitude, the de-
viation due to subpermanent magnetism varies
1
i
This may be readily understood if it is con-
sidered that the stronger the tendency to cling
to the direction of the magnetic meridian, the
less will be the deflection due to a given dis-
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