CHAPTER 2

THE MARINE

MAGNETIC COMPASS

“Truth lies within allittle and certain compass,
but error isimmense.”

INTRODUCTION

his second chapter of the

Advanced Coastal Navigation
(ACN) Course explores the marine
compass and its use. The compass
isone of the simplest and most use-
ful navigation instruments to be
carried aboard a vessel. Arguably, a
competent navigator, well-found
vessel, up-to-date charts, timepiece,
and a good compass are the only
rea requirements for a safe and
efficient voyage. Columbus was
able to do this even without good
charts or timepieces!

This chapter provides a brief
history of the compass, adiscussion
of the types and parts of the modern
compass, an exposition of the prin-
ciple of operation of the compass,
and finally, adiscussion of possible
compass errors and their measure-
ment so that the mariner can com-
pensate for these errors and steer
correct courses. In particular, this
chapter reviews so-called TVMDC
computations, named for the
sequence True-Variation-Magnetic-
Deviation-Compass that is used to

—Henry St. John, Viscount Bolingbroke,
Reflections upon Exile (1716)

determine compass courses from
true courses.

Compass adjustment refers to
the process of adjusting small mag-
nets contained in the compass to
remove as much error as possible.
Many modern textbooks devote
considerable space to compass
adjustment, and the reader may
wonder why this topic is covered
only briefly here. The reason is
simple. Although compass adjust-
ment is not impossibly complex, it
is not trivial and needs to be done
right! ~ Professional  compass
adjusters are available at reasonable
cost to perform this service and,
unless the mariner is willing to
devote a substantial amount of time
and intellectual effort, thisis ajob
best left to experts. In addition to
adjusting the compass, a profes-
sional can provide good advice on
the placement of the compass, ship-
board electronics, and other gear
that may affect the compass. For
those who disagree with this assess-
ment and have the time and inclina-
tion to master the intricacies of
compass adjustment, a brief
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The Marine Magnetic Compass

description is included. Moreover,
the referencesincluded at the end of
this chapter provide a useful start-
ing point for home study.

The material in this chapter is
not difficult. But teaching experi-
ence indicates that considerable
practice is required in order to
rapidly and reliably solve the prob-
lems discussed in this chapter.

R WHAT YOU WILL
LEARN IN THIS
CHAPTER

0 The*anatomy” of a
compass

0 Compass types

0 Compass deviation and
its measurement

0 TVMDC calculations
0 Compass errors

BRIEF HISTORY

The exact origin of the compass
is lost in antiquity. Although some
accounts claim that the compass
was invented well before the birth
of Christ (Hewson, 1983), docu-
mentary evidence of its use in
Europe and China dates back only
to approximately 1100 AD (Aczel,
2001; Bowditch, 1995; Collinder,
1955; Jerchow, 1987). (Incidental-
ly, by convention the early Chinese
compasses were said to point south,
as this was considered a more noble
aspect.) The modern compass card
(as opposed to needles used on the
earliest compasses) apparently orig-
inated with Flavio Gioia of Amalfi
in southern Italy sometime around
1300 AD (Collinder, 1955),
although thisis questioned by some
(Aczel, 2001).

By the time of Columbus, the
compass was well developed and
there is evidence (from the diaries
of Columbus) that the phenomenon
of magnetic variation was at least
partially understood. By the early
1700s, charts showing the locations
of lines of equal variation (isogonic
lines) were available. Likewise,
compass deviation, an important
subject discussed bel ow, was under-
stood in qualitative terms at about
this same time, although practical
means for compensating for devia-
tion were not developed until 1801
by Captain Matthew Flinders (from
which the Flinders bar used in com-
pass adjustment takes its name).

The modern liquid-filled com-
pass, similar to those used on yachts
today, dates back to the period 1850
to 1860 when it was developed and
patented by E. S. Ritchie of Boston,
Massachusetts. (The company
founded by Ritchie is still in busi-
ness today.) Since that time, there
have been evolutionary rather than
revolutionary developments in the
magnetic (mechanical) compass.
For example, new lightweight
materials are used for compass
cards, improved magnets are avail-
able, and many other incremental
improvements have been made to
increase the accuracy, stability, and
utility of the magnetic compass.

Elmer Sperry, an American, and
Anschutz-Kampfe, a German, dur-
ing the early part of the 20th centu-
ry developed the modern gyrocom-
pass, an instrument capable of indi-
cating true rather than magnetic
north. Gyroscopes were widely
used in naval and merchant ships
since the end of World War 1.
Heretofore, gyroscopes have been
electromechanical devices, but laser
gyros are now in development that

may revolutionize this field. (Gyro-
scopes are not discussed in thistext,
as these are not presently available
at reasonable cost to the typica
boater.)

During the mid-1920s, an elec-
tronic compass—termed a fluxgate
compass—was developed for air-
craft to provide better directiona
information in turns and during
maneuvers. In recent years, this
technology has become available at
a reasonable cost to the mariner,
and for this reason is given passing
mention.

The “electronics revolution,” a
phrase used frequently in this text,
also includes directional systems.
Outputs from a fluxgate compass
can be “processed” by a wide vari-
ety of computer systems and used
for automated steering (autopilots),
and navigational computers (e.g., to
compute current set and drift, as
discussed in Chapter 7). Yet more
sophisticated developments are
likely in the near future.

For al these newer develop-
ments, the traditional magnetic
compass remains one of the most
important navigational instruments,
as evidenced by the fact that even
the most sophisticated ship or air-
craft in service today still has at
least one magnetic compass aboard.
Its relative simplicity, reliability,
and lack of dependence on electrical
power sources will probably ensure
its survival well into the future.

PARTS OF THE COMPASS

Over the years, the marine mag-
netic compass has evolved into a
functional, easy-to-read, conve-
nient, and relatively inexpensive
navigational instrument. The damp-
ing system of a modern, spherical,
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FIG. 2-1-Damping System of Modern Compass

liquid-filled marine magnetic com-
passis shown in Figure 2-1. Inthis
compass, alightweight dial or com-
pass rose is graduated in degrees
increasing in a clockwise direction
from 000 degrees to 359 degrees to
indicate the compass heading. The
increments shown on the compass
dial can be 1 degree, 2 degrees, or,
more typicaly for compasses used
on small vessels, 5 degrees. (Stud-
ies conducted just prior to World
War |l indicated that graduations
every 5 degrees were significantly
easier to read than finer graduations
and, in practical terms, nearly as
accurate) Numbers are typically
spaced every 30 degrees, and the
cardinal points (north, south, east,
and west, or abbreviated N, S, E,

and W) are also indicated on the
dia. Arrows or other marks are
sometimes used to designate the
intercardina points (e.g., NE, SE,
SW, and NW). Older compasses
were traditionally graduated in the
mariner's “point” system, men-
tioned in Chapter 1, in which the
circle was divided into 32 compass
points, each of 11.25 degrees.
These are named, in clockwise
order from north: north, north by
east, north-northeast, northeast by
north, northeast, northeast by east,
east-northeast, east by north, east,
etc. Naming these points, termed
“boxing the compass,” was an
unpleasant and confusing task used
historically in hazing rituals for
midshipmen and other would-be

PHOTO COURTESY OF RITCHIE NAVIGATION

mariners. Fortunately, mariners
have rediscovered the joy of num-
bers and the older point system is
now only of historical interest. (If
you have such a compass, mount it
in your den, not on your boat!)
Attached to the dia are the
“north-seeking” compass magnets.
The dia is supported on a jeweled
bearing, which turns on a pivot. In
turn, the pivot is mounted in a gim-
bal system, designed to keep the
dia level with the horizon if the
vessel pitches or rolls. Fastened to
the gimbal isone (or more) lubber’s
line(s). The lubber's line (also
termed lubber line [Moody, 1980])
is the index mark against which the
dia graduations are read to deter-
mine the direction of the vessel rel-
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the magnets, so as
to reduce wear on
the pivot. The ultra-
lightweight dials in
use can be damped
with fluids that are
not viscous (thick),
a combination that
provides stability
and accuracy with-
out a tendency to
“overshoot”  and
oscillate as the ves-
sel is turned to a
new heading. The
compass also con-
tains an expansion
diaphragm to alow
for the expansion
and contraction of

A
FIG. 2-2—Combination Front and Top
Reading Compass

ative to that of the card. The lub-
ber’s line (or principal lubber’'sline
if there are more than one) should
be aligned with the fore-and-aft
axis of the vessel.

The gimbals, card, and magnets
are enclosed in a bowl with a clear,
transparent, hemispherical glass (or
plastic) top, within which the card
and gimbals are free to rotate inde-
pendently of the attitude of the con-
tainer. The top (dome) may be
impregnated with inhibitors to
reduce any discoloration of the card
or fluid from ultraviolet radiation
and may also magnify the readings,
so that the apparent card size is
larger. The bowl is filled with a
nonfreezing liquid to damp (slow
down) the mation of the dial for
increased stability and to support
much of the weight of the card and

the damping fluid
with temperature or pressure
changes. A fill plug is used to
replace or “top off” the damping
fluid. (It is important that there are
no air bubbles in the compass
fluid.)

The bowl is supported by a case
or holder, generally

dentally, the wires to the compass
light should be twisted to minimize
magnetic effects.)

Many compasses come with a
hood (adjustable on some models)
to reduce glare and improve read-
ability. Removable protective cov-
ers are also recommended if the
compass is installed in a location
where it is exposed to the elements.

COMPASS DIAL DESIGN

There are two principal designs
for the compass rose or dia. These
are discussed briefly below.

0 Thefirst design is termed a top-
reading compass (also a flat
card compass by some manu-
facturers). With this design, the
mariner reads the heading or
bearing “across the card” The
lubber’s line is located behind
the card. The numbers that indi-
cate heading or bearing increase
in a clockwise direction—a cor-
rect geometric representation. A
heading of 030 degreesis to the

called a binnacle.
Somewhere near the
bowl! are found the
compensating mag-
nets, used to adjust
the compass to
compensate for the
vessel’s  magnetic
environment.

Most compasses
are lighted for night
use. A low intensity
red lamp is pre-
ferred to avoid or
minimize adverse
effects on the night

vision of the helms-
man or crew. (Inci-

A
FIG. 2-3-Fluxgate Compass
with Digital Readout
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right of a heading of 000
degrees, for example, and the
compass provides the same rep-
resentation. If the helmsman is
asked to turn to 030 degrees
from a heading of north, it is
clear that this must be a turn to
the right. It is also relatively
easy to read compass bearings
over this compass dial. The
compass dial itself is unob-
structed through 360 degrees,
although its placement aboard
the vessel usualy limits this
range. A top-reading compass is
installed forward of the steering
mechanism and beneath the
helmsman’s eye level.

0 The second design is termed a
front-reading compass (also
called a direct reading compass
by some manufacturers). This
compass dial designistypical of
most aircraft compasses and is
also used for marine compasses.
With this design, the lubber’'s
line is in front of the dial and
indicates the direction toward
which the vessel is heading.
However, the dia isgraduated in
a counterclockwise direction.
Thus, for example, the 30-degree
graduation on the front-reading
dial is located to the left of 000.
This apparent reversal in direc-
tion is made necessary because
the lubber’s line is located in
front of the dial. The mounting
of afront reading compass usu-
aly precludes its use for obtain-
ing bearings. This is not a real
detriment, since a hand-bearing
compass, discussed in Chapter 4,
is aready substitute.

Either design correctly shows
the vessel’s actual heading, but the
front-reading compass design is

dlightly more con-
fusing and requires a
bit more practice
before familiarity is
assured. An inexpe-
rienced helmsman,
asked to come to a
heading of 030
degrees from north,
could glance at the
front-reading dial
and see that this
heading isto the | eft,
and, therefore, begin
a turn in the wrong
direction before dis-
covering the error.

From the perspective
of ease of interpretation, the top-
reading compass dial is greatly to
be preferred. But, it is also impor-
tant to consider how the compass
will beviewed onceinstalled. In the
typical powerboat installation (and
in sailboats where the compass bin-
nacle is integrated with the wheel),
the compass is located on a panel
immediately in front of the helms-
man, and so a top-reading compass
is easy to see. However, in atypical
light aircraft the compass is
installed at the top of the cockpit
(whereitisleast likely to be affect-
ed by magnetic interference from
radios or other electronics), at or
above the eye level of the pilot,
necessitating a front-reading
design. Similarly, in certain sail-
boats the compass is mounted on
the outer cabin bulkhead—nearly at
eye level for the helmsman seated
several feet away—and a front-
reading compass is necessary.
Some compass designs, such as
that shown in Figure 2-2, combine
both types of compass displays in
one unit. The model shown in Fig-
ure 2-2 shows a front reading dial

FIG. 2-4-Fluxgate Compass
with Digital Readout
and Conventional Displays

graduated in 5-degree increments
and a top-reading dial that omits a
numerical display of degrees. Some
compasses also include inclinome-
ters, to measure the angle of roll of
the vessel.

Yet other compass displays, typ-
ically those used with fluxgate
compasses, feature a direct digita
readout of the heading. Figure 2-3
shows the display unit of afluxgate
compass with digital readouts. Dig-
ital readouts are generally shown to
the nearest degree, rather than 5
degrees as is common on conven-
tional compasses. Although many
prefer digital displays, these aso
have limitations or disadvantages.
(For example, it is impossible to
take a bearing on any object that is
not aligned with the vessel’'s head-
ing.) Moreover, the digital display
provides less “situational aware-
ness’ for the helmsman than does
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the top-reading compass. This dis-
advantage can be overcome if the
fluxgate compass aso incorporates
a conventional dial, asis shown in
Figure 2-4, which provides precise
heading information and situational
awareness. The display shown in
Figure 2-4 cannot be used to take
bearings, however.

Finally, some compasses—
caled telltale compasses—should
be mounted in an upside down
(overhead mount) position. The
telltale compass is usually installed
in the celling of the navigator's
berth, so that the navigator can read
the vessel’s heading when not on
duty. Overhead-mount compasses
are a favorite of “single handlers,”
and can double as a backup com-
pass. (Incidentally, the practice of
“single-handing” (voyaging for
long distances with only one person
aboard) is unsafe, a violation of the
navigation rules (a proper lookout
cannot be maintained by a sleeping
helmsman), and is strongly discour-
aged.)

Whatever display is chosen, itis
important that the numerals on the
dial be large and easy to read.
Ornate displays, such as were found
on older marine compasses, are less
readable than the simple, clean
designs of today.

BRIEF ADVICE ON
COMPASS SELECTION

The best advice on compass
selection is not to be miserly. With
compasses, as with other items of
equipment, you generally get what
you pay for. Because the compassis
such an important navigational
instrument, it is essential that it be
of high quality. Incidentaly, this
comment also applies to small ves-

sels. On average, small vessels are
significantly more “lively” than

PRACTICAL
TIP

Carry at least one spare com-
pass aboard—if only a hand-
bearing compass. This is
cheap insurance. According
to Morrison (1942), early
mariners carried plenty of
spare “needles’ (compass
needles) aboard. Ferdinand
Magellan reportedly had
thirty-five spare needles on

his ship!

larger vessels. Larger and more
expensive compasses have better
gimbals and have larger and easier
to read dials. The saying “bigger is
better” almost always applies to the
selection of acompass. Finally, itis
recommended that a vessel be
equipped with at least two com-
passes as a precaution against com-
pass failure. A handheld compass
(discussed in Chapter 4) can serve
as a backup.

COMPASS MOUNTING

Ideally, the compass should be
mounted where it can easily be
read, is protected from the ele-
ments, and is free of any magnetic
influences aboard the vessdl (see
below). The lubber’s line should be
precisely aligned with the fore-and-
aft axis of the vessel. On larger ves-
sels, these requirements are easy to

meet, but this is sometimes more of
a problem in smaller craft. Consult
a compass adjuster and read the
owner’s manual (or product litera-
ture) for advice on this important
topic.

There are severa types of com-
pass mounts, each with advantages
and disadvantages. Compass
mounts include the bracket mount
(fast and versatile installation—par-
ticularly for angled surfaces), flush
mount, deck or binnacle mount, and
bulkhead/dash mount.

PRINCIPLE OF OPERATION:
DEVIATION

The modem magnetic compass
is highly sensitive and is able to
align itself with weak magnetic
fields, such as the earth’s magnetic
field. The magnets underneath the
compass card will align with the
magnetic field and indicate direc-
tion relative to this field. But, the
magnetic field aboard aship is actu-
ally a combination (resultant) of
multiple magnetic fields—that of
the earth and those of the vessel and
its equipment.

Were the earth’s magnetic field
acting alone, the compass would
indicate direction in the magnetic
direction system—that is, the com-
pass would point in the direction of
magnetic north. (Please refer again
to Chapter 1.) Determination of the
direction with respect to true north
would involve nothing more than
adding or subtracting the local mag-
netic variation from the indicated
compass direction (more below).

However, the magnetic field
aboard a vessel is not solely due to
the earth’'s magnetic field. Ship-
board electronics, windshield wiper
motors, compressed-gas horns,
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WARNING

DO NOT PLACE
METAL OBJECTS
NEAR COMPASS

Do not use the area near
the compass as a resting
place for metal objects,
such as flashlights, cameras,
kitchen utensils,
certain plotting instruments,
and even metal sunglasses.
These can affect the
accuracy of the compass
readings and cause serious

course errors!

tachometers, electrical motors, tele-
vision sets, and other equipment
also generate magnetic fields.
Indeed, flashlights, camera light
meters, tools, and even some
kitchen utensils can aso affect the
compass. (For skeptics, a simple
experiment proves this and is high-
ly instructive. For example, note the
compass reading, then place a
flashlight near the compass and
observe how the reading changes.)
The vessdl itself—particularly steel
vessels—may have magnetic fields
oriented in a variety of ways. The
vessel's magnetic field may even
depend upon the direction the ves-
sel was facing when it was con-
structed or last laid up for the win-
ter (Kielhorn and Klimm, 1978).
These additional fields also affect
the compass, with the result that the
compass heading of the vessel may
differ from its magnetic heading.

The difference between these is
termed deviation. There are actualy
three “norths’ that the mariner need
be concerned with: true north, mag-
netic north, and compass north.
Smply put, deviation is the differ-
ence between the direction that the
compass actually points and the
direction that it would point if there
were no local magnetic fields
aboard the vessel. Although statis-
tics on the deviation of uncompen-
sated compasses aboard recreation-
al boats are not available, these
deviations could be quite large, say
10 degreesto 15 degrees, and possi-
bly even more.

It is precisely because of the
deviation caused by the vessel’s
magnetic field that correcting mag-
nets are found in all good compass-
es. A skilled compass adjuster can
move the adjusting magnets so asto
remove most of the deviation nor-
mally caused by the vessel’s mag-
netic field. (A good compass
adjuster can also serve as a consul-
tant on compass placement and can
advise the mariner how to stow
other gear to minimize deviation in
thefirst place.)

Compass Adjustment—
A Brief Digression

Asnoted above, the use of apro-
fessional compass adjuster is rec-
ommended. This material is added
for those interested in a do-it-your-
self project. The materia in this
section is adapted loosely from the
former AUXNAV speciaty course
(COMDTPUB P16798.16A) docu-
mentation:

O First, carefully read the direc-
tions that come with the vessel’s
compass and ensure that the
compass is mounted in such a

USEFUL TIP

It is important to emphasize
that deviation varies with the
vessel’s heading. When con-
verting arelative bearingto a
true or magnetic bearing,
novices often make the mis-
take of applying the devia-
tion appropriate to the rela-
tive bearing rather than the
vessel’s heading. Be careful
not to make this error!

way to minimize possible
sources of deviation.

O Second, follow the directions

given below to determine the
compass deviations on various
headings. If these deviations are
“acceptable” (ajudgement call),
then use the “For/Steer” table
(see below) directly and do not
undertake compass adjustment.
If not, then either call a profes-
sional compass adjuster or use
the following procedure. Read
the directions for compass
adjustment (contained in the
owner’'s information supplied
with the compass) again to
ensure that you are thoroughly
familiar with the procedure and
the location of the two adjusting
SCrews.

O Third, make the following work-

ing tool. Take a sturdy card-
board and a dowel (a pencil will
do). Make ahole for the dowel
in the center of the cardboard
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and draw a straight line across
the cardboard through the cen-
ter. Select a calm, sunny day
(with minimal traffic to avoid)
for this evolution, in mid-morn-
ing or afternoon when the sun
will cast a shadow on the dowel.
Take the boat out and maintain a
constant heading of north as
indicated by the compass. Place
the dowel in the hole and rotate
the board until the shadow of the
dowel falls on the line. Now
turn the boat in the opposite
direction until the shadow falls
onthe other side of theline. You
will have turned 180° (turn and
steady on the reciprocal course
promptly because the sun moves
about 1° in 4 minutes). Read the
compass on this heading. Most
probably, it will not read exactly
180°. Now, use a stainless steel
or brass screwdriver on the
athwartships (N-S adjustment)
adjusting screw; remove half of
the difference between the com-
pass reading and 180°. For
example, if the compass were to
read 170°, use the adjusting
screw to set the compass to
175°. Turn back on the original
course until the shadow falls on
the other side and take out half
of the difference between the
compass reading and 000°.

[0 Fourth, repeat the process until

you can’t remove any more
error.

[0 Fifth, do the same thing on east-
west headings. Head 090° by
compass, align the shadow with
the line, turn 180°, read the
compass, and take out half the
error with the other (E-W)
adjusting screw. When no fur-
ther improvements can be made,

make another compass deviation
card as described below.

For other perspectives, read through
appropriate sections of Brogden
(1995), Eyges (1989), Denne
(1979), and Kaufman (1978)
included in the references at the end
of this chapter.

It is seldom the case that al the
effects of this magnetic field can be
compensated for by the adjusting
magnets, and usually a small resid-
ua deviation (say 2 degrees to 4
degrees, but sometimes more)
remains after adjustment. The
mariner has two options for dealing
with residual deviation. The first is
simply to ignore any residual error
and effectively compensate for its
presence by fixing the vessel’s posi-
tion more often. As a rough rule of
thumb, an unrecognized error of 1°
means that a vessel would be
approximately 1 mile off course
(termed cross-track error) if it
traveled a distance of 60 miles.
Table 2-1 shows the cross track
error as a function of the distance
traveled and the angular error or
residual deviation. For short dis-
tances, small angular errors are
practically insignificant and can
sometimes be ignored. However,
for longer distances or in conditions
of poor visibility (which would pre-
vent detection and identification of
landmarks, fixed aids to navigation
(ATONS), or buoys), simply ignor-
ing deviation cannot be recom-
mended.

The second, and generally
preferable, option is to measure the
compass deviation, and use this
measured value to correct the
observed compass heading to a
magnetic heading in the same man-
ner as variation is used to “correct”

the magnetic heading to a true
heading. However, unlike variation,
which depends solely on the ves-
sel’s position, deviation varies with
the vessel’s heading. Therefore, itis
necessary to use the deviation
appropriate to the vessel’s compass
heading before it can be used to
convert to the correct magnetic
heading. Although, theoretically,
this deviation could be different for
each possible heading, in practice
the deviation is determined for each
15-degree or 30-degree heading
increment; then these values are
interpolated to estimate the devia-
tion on intermediate headings. This
process of determining the devia-
tion on various headings is termed
swinging ship or swinging the com-
pass and is discussed below.

SWINGING SHIP

Normally, professional compass
adjusters will swing ship as part of
their services to compensate the
compass and provide a table of
deviations to the mariner. In such
cases, the mariner will probably
wish to spot-check this table peri-
odically to verify its continuing
accuracy. However, the procedures
(discussed below) are the same
whether the entire deviation tableis
being prepared or individual values
are being spot-checked.

In brief, the procedure for
swinging ship is to steady on a
known compass course and then
take bearings on a distant object or
range. The vessel is positioned so
that the magnetic bearing to the
object to be observed isknown. The
compass bearing is read directly, or
converted from a relative bearing
obtained using a pelorus and com-
pared with the object’s known mag-
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DISTANCE ANGULAR ERROR (DEGREEYS)
TRAVELED
MILES 1.00 1.50 2.00 2.50 3.00 4.00 5.00 7.50  10.00
1.00 0.02 0.03 0.03 0.04 0.05 0.07 0.09 0.13 0.18
2.00 0.03 0.05 0.07 0.09 0.10 0.14 0.17 0.26 0.35
3.00 0.05 0.08 0.10 0.13 0.16 0.21 0.26 0.39 0.53
4.00 0.07 0.10 0.14 0.17 0.21 0.28 0.35 0.53 0.71
5.00 0.09 0.13 0.17 0.22 0.26 0.35 0.44 0.66 0.88
6.00 0.10 0.16 0.21 0.26 0.31 0.42 0.52 0.79 1.06
7.00 0.12 0.18 0.24 0.31 0.37 0.49 0.61 0.92 1.23
8.00 0.14 0.21 0.28 0.35 0.42 0.56 0.70 1.05 141
9.00 0.16 0.24 0.31 0.39 0.47 0.63 0.79 1.18 1.59
10.00 0.17 0.26 0.35 0.44 0.52 0.70 0.87 1.32 1.76
12.50 0.22 0.33 0.44 0.55 0.66 0.87 1.09 1.65 2.20
15.00 0.26 0.39 0.52 0.65 0.79 1.05 131 1.97 2.64
17.50 0.31 0.46 0.61 0.76 0.92 1.22 1.53 2.30 3.09
20.00 0.35 0.52 0.70 0.87 1.05 1.40 1.75 2.63 3.53
22.50 0.39 0.59 0.79 0.98 1.18 1.57 1.97 2.96 3.97
25.00 0.44 0.65 0.87 1.09 131 1.75 2.19 3.29 441
27.50 0.48 0.72 0.96 1.20 1.44 1.92 241 3.62 4.85
30.00 0.52 0.79 1.05 131 1.57 2.10 2.62 3.95 5.29
35.00 0.61 0.92 1.22 1.53 1.83 2.45 3.06 4.61 6.17
40.00 0.70 1.05 1.40 1.75 2.10 2.80 3.50 5.27 7.05
45.00 0.79 1.18 1.57 1.96 2.36 3.15 3.94 5.92 7.93
50.00 0.87 131 1.75 2.18 2.62 3.50 4.37 6.58 8.82
60.00 1.05 1.57 2.10 2.62 3.14 4.20 5.25 790 10.58
70.00 1.22 1.83 244 3.06 3.67 4.89 6.12 922 1234
80.00 1.40 2.09 2.79 3.49 4.19 5.59 7.00 1053 1411
90.00 1.57 2.36 3.14 3.93 4.72 6.29 7.87 11.85 1587
100.00 1.75 2.62 3.49 4.37 5.24 6.99 8.75 13.17 17.63

A

TABLE 2-1-Cross-track error as a function of distance traveled and residual deviation or other angular helm error.

netic bearing, and the deviation is
calculated. Professional compass
adjusters often use the sun for
observation, but most mariners are
unfamiliar with celestial navigation
and elect to use something ssimpler,

such as aprominent object or range.
The object(s) selected for observa-
tion should be a good distance away
(e.g., 6 miles) to minimize parallax
error in the calibration. It is impor-
tant that swinging ship is done

when conditions are nearly ided, in
cam waters and in good visibility.
The need for good visibility is obvi-
ous. The reason why calm waters
are preferred is to simplify steady-
ing the vessel on a compass heading

2-9
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The Marine Magnetic Compass

and reading the compass. Experi-
ence showsit can take several hours
to swing ship, so the exercise
should be planned with sufficient
time alowance to be completed
within the daylight hours.

The procedure for swinging ship
depends upon the compass to be
examined and the ability to take
bearings on objects not directly
aligned with the fore-and-aft axis of
the vessel. If the compass is gradu-
ated to the nearest degree, and
designed and located so that an
unobstructed view is possible
throughout all 360 degrees, then
only a compass is necessary. (This
islikely to be the case for relatively
few boats)) If, asis more common,
the compass is graduated only in 5-

degree increments or bearings are
not easily read throughout 360
degrees, then it is necessary to use a
pelorus as well (discussed below).

DIRECT OBSERVATION
USING A RANGE

The easiest method for swinging
ship, if circumstances permit, is to
use a range and read the compass
directly. A range consists of two
charted objects that can be viewed
and aligned from a distance. For
example, consider the spire in New
Bedford and the Butler Flats Light
located south and east of New Bed-
ford shown in the 1210-Tr chart and
in Figure 2-5. Both of these objects
are likely to be prominent and rela-
tively easy to identify. Approaching

from the south, these two objects
are exactly in line (one behind the
other or in range) on a bearing of
310 degrees true from the vessel to
the objects. The bearing can be read
from the chart as discussed in
Chapter 3, but take the answer as
given for the present. The variation
in this area, read from the nearest
Ccompass rose, is approximately 015
degrees west; so the magnetic bear-
ing of this range would be 310 +
015 = 325 magnetic. (See below for
a handy rule to remember whether
to add or subtract variation.)
Suppose that the vessel were
steadied on a compass course of
000 degrees (compass north) while
the vessel was somewhere south of
the line drawn on the chart. (This

Deviation (Degrees)
8 71 8
7 -7
6 - —1 6
5 — 5
E a | Ja E
3 -3
2 P ’—C_ 2
1 — -] 1
0 - - 0
1= 31
-2 — -2
3 13
-4 — -4
W 5F J5 W

-6 -6
7 E -7
Y 2l I T A | T T A T Y S NN N B L 1o 1 1-8

0 30 60 90 120 150 180 210 240 270 300 330 360

Compass Heading (Degrees)

Vessel: Auxiliary Facility 273007, All Radios

and Electronics on, Data from 09-30-89 for

Compass at Lower Helm Station.

A
FIG. 2-6-A Plot of Compass Deviations
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The Marine Magnetic Compass

would, of course, be evident from
the vessel because the Butler Flats
Light would be to the right of the
spire. At the precise instant that the
light and the spire appeared to bein
line, the magnetic bearing of the
range would be 325 degrees from
the vessel. At this same instant, sup-
pose that the compass bearing of
the range (read over the compass)
was 323 degrees (while the com-
pass heading was 000 degrees). The
deviation on this heading is the dif-
ference between the magnetic bear-
ing, 325 degrees, and the bearing
read from the compass, 323
degrees, or 2 degrees. But, is it 2
degrees east, or 2 degrees west? It
can, of course, be worked out from
first principles (refer to Chapter 1),
but it is easy to remember the sim-
ple phrase, “compass least, error
east” Thatis, if the compass bear-
ing is less than the magnetic bear-
ing (asitisinthis case, 323 degrees
is less than 325 degrees), then the
deviation is “east.” (If not, then the
error would, of course, be “west.”)
Thus, in this example, the estimated
compass deviation on a heading of
000 degrees is 002 degrees east. To
confirm this result, the process
might be repeated and the average
deviation noted.

It is convenient to use a work-
sheet, such asis shown in Table 2-2
to record the observations. This
worksheet contains directions as
well, which makes it handy to use.
The process is now repeated on a
compass heading of 015 degrees,
030 degrees, etc., until al observa-
tions are recorded.

PLOTTING THE RESULTS
The results should be plotted on
asheet of graph paper to seeif there

are any “anom-
alous’ results
that do not fit the
pattern. Overall,
the line drawn
through the mea-
sured deviations
should appear as
a smooth curve
(actualy a mix-
ture of trigono-
metric functions
for those techni-

cally inclined)

free of “bumps’ or observations
that appear discrepant. Such acurve
is drawn in Figure 2-6 and appears
generally to confirm the adequacy
of the measurements, although the
deviations on some headings, such
as 240 degrees, should be
rechecked. (In Figure 2-6 easterly
deviations are shown with a plus
sign, and westerly with a minus
sign.) Additionaly, the deviations
on some headings are relatively
large (5 or 6 degrees), so the com-
pensation is far from perfect. (A
more technical analysis, omitted
here, suggests that improved com-
pensation is possible. However, the
exampleis continued for illustrative
purposes.)

USE OF A PELORUS

As noted, most marine compass
installations do not permit direct
reading of compass bearings
through a full 360 degrees. Addi-
tionally, many compasses are grad-
uated only to 2 degrees or 5
degrees, rather than in 1-degree
increments. If either of the state-
ments is true, it is necessary to
modify the procedure given above
for swinging ship. The most conve-
nient solution is to use a pelorus,
sometimes called a dumb compass.

FIG. 2-7-Relative Bearing

A pelorus consists of a graduated
compass-like dial (I-degree incre-
ments) and sighting vanes that can
be rotated around the dia to take
bearings. Unlike the “north-seek-
ing” compass dial, however, the
position of the dial on the pelorus
does not change with the vessel’'s
heading. The pelorus is mounted
and the dial fixed so that the 000-
degree mark on the dial is pointed
so as to be parallel to the vessel's
bow, precisely aligned with the
fore-and-aft axis of the vessel.
(Consult the directions supplied
with the pelorus for mounting
instructions and pay particular
attention to the alignment proce-
dure.) The pelorus should be
mounted so that the navigator can
easily view objects throughout a
full 360 degrees.

The bearings read from the
pelorus are relative bearings (refer
to Chapter 1), rather than compass
bearings. For thisreason it is neces-
sary to calculate the compass bear-
ing from the simple equation:
Ship’'s heading + Object’s relative
bearing = Object’'s compass bear-
ing. Figure 2-7 illustrates this equa-
tion.

2-12
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The Marine Magnetic Compass

This extra step requires a slight
maodification to the worksheet given
in Table 2-2 to prepare a compass
deviation table. This modified
worksheet isshown in Table 2-3. To
clarify by example, suppose that a
compass deviation table is being
prepared using the same range as
givenin Table 2-2. While on acom-
pass heading of 015 degrees, the
navigator sights over the vanes of
the pelorus as the range is perfectly
aligned. The navigator calls “mark-
mark-mark” to allow the helmsman
to make slight heading changes to
bring the vessel back to the
assigned 015-degree heading, and
notes the relative bearing, say 307
degrees. Alternatively, the helms-
man sings out the vessel’s heading
on hearing “mark-mark-mark,” and
the navigator notes this heading.
The compass bearing to the range
is, therefore, 015 + 307 = 322
degrees (360 degrees will have to
be subtracted from this total if the
total exceeds 360). The deviation
on a compass heading of 015
degreesis, therefore, 3 degrees east
as in the earlier example (remem-
ber, compass least, error east).

SPOT CHECKS

To spot-check a previously pre-
pared deviation table, all that is nec-
essary is to take advantage of
ranges that may appear near the
vessel's course. In this case, the
helm is put over briefly to align the
vessel with the range, the compass
heading noted, and the deviation on
this heading cal culated as discussed
above. At a minimum, compass
headings should be recorded in a
log (see sidebar) for later analysis
when the vessel is anchored or
docked.

PRACTICAL TIP:
USE OF A
COMPASSIN
REPEATABLE MODE

Get in the habit of entering
compass headingsin alog on
your trips—particularly
when in good weather. If the
same trip is repeated in con-
ditions of reduced visibility,
these same compass head-
ings can be used—even if the
compass has not been
checked for deviation and
errors exist. This use of a
navigation instrument is
termed its use in repeatable
mode. If you return to the
same readings of the com-
pass (or other navigation
instrument), you compensate
for itserror. For an interest-
ing discussion of this princi-
ple, refer to Brogden (1995).

During a typical voyage there
are many opportunities for such
spot checks, and these should be
used to advantage. Throughout the
navies of the world, it is common
practice to check the compass at
least once daily and to report the
results to the captain. For the aver-
age boater, it is not necessary to
make such frequent or formal
checks, but it is appropriate to

check deviation at least afew times
during the boating season, and
whenever a major voyage is
planned. Deviation can change
whenever new electronic gear is
brought aboard (or moved), the
vessel is laid up for the winter,
or someone inadvertently leaves
a flashlight or camera near the
compass.

Lightning strikes near the vessel
can aso affect deviation, and the
compass should be checked after
electrical storms have passed
through the area.

DEVIATION ON
INTERMEDIATE HEADINGS

The deviation table consists of
entries spaced every 15 degrees or
every 30 degrees. Values for inter-
mediate headings are obtained by
interpolation. For example, if the
deviation were 3 degrees east on a
compass heading of 000 degrees
and O degrees on a heading of 015
degrees, it would be approximately
2 degrees on a heading of 005
degrees. Fancy formulas are not
warranted here; simply prorate the
deviation directly and round the
calculation to the nearest degree.

USE OF THE
DEVIATION TABLE

The deviation table is used for
two important purposes. First, it is
used to calculate the vessdl’s actual
magnetic heading when steering a
known compass heading. Second, it
is used to calculate the correct com-
pass heading to steer to make good
a desired magnetic heading.

The deviation table solves the
first objective directly. Refer to
Table 2-4, for example, based upon
the measurements discussed above.
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The Marine Magnetic Compass

COMPASSTO MAGNETIC MAGNETIC TO COMPASS
(A) (B) ©) (D)
Compass Magnetic
Heading Deviation Heading Deviation
000 2E 000 2E
015 3E 015 3E
030 5E 030 4E
045 6E 045 6E
060 5E 060 5E
075 5E 075 5E
090 3E 090 3E
105 3E 105 3E
120 2E 120 1E
135 1w 135 1w
150 2W 150 2W
165 3W 165 2W
180 4W 180 4W
195 5W 195 5W
210 6w 210 6w
225 5W 225 5W
240 4W 240 4W
255 5W 255 5W
270 4W 270 4W
285 3W 285 3w
300 2W 300 2W
315 1w 315 1w
330 1E 330 1E
345 2E 345 2E
360 2E 360 2E

A

TABLE 2-4-Sample Deviation Table [All Values in Degrees(°)]

Suppose that the vessel’s compass
heading were 045 degrees. From
the first two columns of this table
(headed by the phrase “compass to
magnetic”), the deviation corre-
sponding to a compass heading of
045 degrees is 6 degrees east. The
magnetic heading is the compass
heading plus or minus the devia-
tion. Converting from a compass

heading to a magnetic heading is
often termed “correcting,” because
this process removes (corrects for)
the deviation error. A simple rule to
remember is “correcting add east,”
meaning that in converting from a
compass heading to a magnetic
heading, easterly deviation is added
(westerly deviation is, therefore,
subtracted). Using thisrule, the cor-

rected or magnetic heading corre-
sponding to a compass heading of
045 would be 045 + 006 = 051
degrees magnetic. Similarly, acom-
pass heading of 030 degrees corre-
sponds to a magnetic heading (refer
to Table 2-4) of 035 degrees.
Frequently, however, it is neces-
sary to reverse the process. That is,
to find the appropriate compass
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The Marine Magnetic Compass

course to steer to make good a par-
ticular magnetic heading. For this
task it is necessary to reverse the
logic discussed above. For example,
suppose that the mariner wants to
make good a course of 045 magnet-
ic. What compass course should be
steered? From the above discussion,
note that on a magnetic heading of
035 degrees the deviation is 5
degrees east, whereas on a magnetic
heading of 051 degrees, the devia-
tion is 6 degrees east. A smple
interpolation (rounded to the nearest
degree) indicates that the deviation

on a 045 degree heading is approxi-
mately 6 degrees (5 + 10(6-5)/16 =
5.625, rounded to 6). Therefore, the
approximate deviation on a magnet-
ic heading of 045 degrees is 6
degrees east, as shown in Table 2-4.
When making interpolations,
remember that deviations are only
measured to the nearest degree. A
calculation isonly as accurate asthe
least accurate number, so round all
interpolated numbers to the nearest
degree.

Continuing the process leads to
the results shown in Table 2-4,

which completes the deviation
table. Use the left half of the table
when correcting from compass to
magnetic, and the right half when
“uncorrecting” from magnetic to
compass. (Unless the deviations are
quite large, the two halves of the
table are virtually identical and, in
practice, these differences are often
neglected.) Incidentaly, the data
presented in the right hand side
(RHS) of Table 2-4 are often used
to make a simple “For/Steer” cor-
rection card. Entries for this table
can be computed as follows. Sup-

NAME

BRIEF DESCRIPTION

REMARKS

Northerly Turning Error

Applies principally when vessel is on north-
erly or southerly headings and the compass
card is tilted with respect to the horizon.
Effect is for compass to lag the turn, or
momentarily show aturn in the opposite
direction when turning from north. In turns
from south, the compass leads the turn, i.e.,
shows the vessel turning more rapidly than it
actualy is. The effect is greatest in arapid,
steeply banked turn.

Of principal concern to aircraft, but
of relevance to all fast boats. Arises
from magnetic dip. Phenomenon de-
scribed for northern hemisphere only.

Acceleration Error

Also due to dip, this error is greatest on head-
ings of east or west and zero on north or
south. If the vessel is accelerated on either of
these headings, the compass will indicate an
apparent turn to the north. When decelerating,
the compass indicates a turn to the south.

A memory aid to remember the word “ANDS;”

for Acceleration — North, Deceleration — South.

Effect greatest with vessels capable
of large accelerations, e.g., speed
boats. Also seen with aircraft. Often
observed when boat butts into head
sea, or planes down a swell while on
an east or west heading.

Oscillation Error

Though listed as a separate error in some
texts, thisis actually a combination of the
above errors. Results from erratic movements
of the compass card caused by rough seas or
abrupt helm changes. Helmsman has to “av-
erage”’ out oscillations mentally for precise
steering.

Heeling Error

Of particular relevance to sailing vessels, this
error arises from change in the horizontal
component of the induced or permanent
magnetic fields at the compass due to rolling
or pitching of the ship. To alesser extent
heeling errors may be affected by the angle of
plane of a powerboat.

Adjusted for by heeling magnets on
some compasses.Adjustment is par-
tialy afunction of the magnetic
|atitude of the vessel.

NOTE: See article by Kielhorn for details on some of these errors.

A

TABLE 2-5-Additional Compass Errors Which Arise if Vessel is not Straight and Level, and at Constant Speed
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pose that the mariner wishes to fol-
low a magnetic heading of 000.
Reference to Table 2-4 shows that
on a magnetic heading of 000 the
deviation is 2° east. Therefore, the
compass heading in this case would
be 358. So, for a course of 000
magnetic, the mariner should steer
358. Under the heading “For” is
placed the magnetic course 000 and
under the heading “Steer” is placed
358. The table is completed to cre-
ate a For/Steer card that is normally
posted next to the compass.

COMPASS CALCULATIONS
Navigators need to become

familiar with the calculations nec-

essary for converting from true

8 VARIATION AND
DEVIATION

Variation is the angular

difference between true
and magnetic north—see
Chapter 1. Variation is a
function of the vessel’s loca-
tion on the earth. It can be
found on the nautical chart.
Deviation is the difference
between magnetic north and
compass north. It is particu-
lar to each vessel and is
a function of the heading of
the vessel. Although related,

these are distinct concepts.

DO NOT CONFUSE
THESE TWO TERMS.

courses to compass courses, and
vice versa. Although these calcula-
tions are quite simple, practice is
necessary to ensure familiarity. For
this reason, the following text and
examples are given.

It is often necessary to convert
from true to compass headings or
bearings. As discussed in later
chapters, courses are laid out on
nautical charts and, typically, mea-
sured with respect to true north. But
to undertake the voyage, the naviga-
tor needs to determine how to con-
vert this true course to a compass
course to steer. The overal
sequence for this conversion is to
start with the true course, add or
subtract variation to calculate a
magnetic course, and then again
add or subtract deviation to calcu-
late a compass course: True, Varia-
tion, Magnetic, Deviation, Com-
pass, or as it is sometimes said,
TVMDC. In addition to learning
the sequence of calculations, it is
useful to have a handy rule to
remember whether to add or sub-
tract variation and deviation.

Throughout history there have
been a series of “salty” mnemonics
used to help remember the TVMDC
sequence. The current politically
correct mnemonic is TeleVision
Makes Dull Children; Avoid Watch-
ing. Decoded, it reveals the
sequence of calculations TVMDC
and the reminder (AW) to add west
when converting from true to com-
pass. For example, what is the com-
pass heading to steer if the true
course is 060, variation is 015 west,
and the deviation tableisasgivenin
Table 2-4? The answer is calculat-
ed asfollows:

O First, start at the true course,
060, and convert it to the mag-

netic course. Since the variation
is west, it is added to the true
course. The magnetic course is,
therefore, 060 + 015 = 075.

00 Second, from Table 2-4, the
deviation corresponding to a
magnetic heading of 075
degrees is 5 degrees east. From
the simple rule to add west in
this sequence, it follows that a
5-degree easterly deviation
would be subtracted.

O Third, from the above steps,
the required compass course is
075 - 005 = 070 degrees.

The important points to remem-
ber are the sequence of calculations
and whether to add or subtract vari-
ation and deviation. If all elsefails,
reference to the nearest compass
rose on the nautical chart will
enable you to figure out whether to
add or subtract variation (or devia-
tion).

Sometimes it is necessary to
reverse the process, and convert
from compass to true. For example,
abearing on adistant object may be
taken from the vessel's compass,
and it is necessary to convert this
bearing to true, before plotting on a
nautical chart. The sequence of cal-
culationsis just the opposite of that
discussed above, i.e., CDMVT. As
well, the sign to apply to east or
west variation or deviation is aso
reversed. That is, east is added, and
west is subtracted. Although this is
simple enough to remember, some
prefer to use the additional memory
aid: Can Dead Men Vote Twice? At
Elections! The first letters are the
memory aid to the sequence: Com-
pass, Deviation, Magnetic, Varia
tion, True, and Add East. (Some air-
craft pilots were taught the phrase:
Can Ducks Make Vertical Turns?)
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To illustrate, suppose that the
compass heading of the vessel is
065 degrees and an abject is sighted
bearing directly ahead per the ves-
sel’s compass in an area where the
variation is 015 degrees west. What
is the true bearing? Assuming that
the deviation table is as given in
Table 2-4, the deviation on a com-
pass heading of 065 degrees is 5
degrees east and, therefore, the
magnetic heading of the vessel is
065 + 005 = 070 degrees (add east).
In turn, the true heading is the mag-
netic heading plus or minus varia
tion. If east is to be added, then
west should be subtracted for this
calculation, so the true heading is
070 — 015 = 055 true. That's al
thereistoit. Practice until you are
proficient.

PHOTO COURTESY OF KVH INDUSTRIES, INC.

A

FIG. 2-8—-Fluxgate Digital Compass.
Both the fluxgate sensor and the Lig-
uid Crystal Display (LCD) are enclosed
in one watertight unit.

ADDITIONAL POINTERS
ON THE COMPASS

It is important to remember that
compass readings are most accurate
only when the vessel is level (as
opposed to heeling), traveling at a
constant speed, and maintaining a
constant course. Otherwise, a series
of additional compass errors is

Notes indicating magnetic disturbance are
printed in magenta on U. S. charts. Where space
permits, these notes are printed in the specific area
of local magnetic disturbance.
examples of how these are shown:

LOCAL MAGNETIC DISTURBANCE
Differences from normal variation of as much
as 5° have been observed in Gastineau Channel
In the vicinity of Lat. 58° 15'.

LOCAL MAGNETIC DISTURBANCE
Differences of 12° or more from normal varia-
tion may be expected in X Channel in the vicin-

ity of Z Point.

Where limited by space, the full note is placed else-
where on the chart and the following reference note
shown (in magenta) in the area of the disturbance:

LOCAL MAGNETIC DISTURBANCE

(See Note)

Mariners should exercise particular vigilance
when operating in these areas.

LOCAL MAGNETIC DISTURBANCE

Here are some

introduced, as shown in Table 2-5.
It is not agood idea to use compass
readings obtained while the vessel
is heeling, turning, or accelerat-
ing/decelerating. The effects of
these errors are to make the com-
pass difficult to read and/or to give
erroneous indications. These errors
are largest for vessels capable of

substantial  acceleration (e.g.,
speedboats), and substantial angles
of heel or bank. (Consult the refer-
ences at the end of this chapter for
more details.) Directional gyros or
gyrocompasses are less prone to
these errors and sometimes favored
by mariners for this reason (among
others).
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LOCAL MAGNETIC
DISTURBANCES

In some areas of the world, the
measured values of magnetic varia-
tion differ from the expected (chart-
ed) values by several degrees. The
sources of these discrepancies are
termed local magnetic distur-
bances, local attractions, or mag-
netic anomalies. Magnetic distur-
bance notes identify such areas on
U. S. nautical charts where errors
are greater than or equal to 2° (3°in
Alaska). The note will indicate the
location and magnitude of the dis-
turbance. The indicated magnitude
should not be considered as the
largest possible value that may be
encountered. Large disturbances
are more frequently encountered in
the shallow water areas near land-
masses (particularly mountains)
than on the ocean. Fortunately, the
effect of a local magnetic distur-
bance typically diminishes rapidly
with distance. However, in some
locations there are multiple sources
of disturbances and the effects may
be distributed for many miles. Read
the nautical chart carefully to deter-

mineif there are areas of local mag-
netic disturbance located along
your proposed route. Exercise extra
vigilance when transiting these
areas. Do not rely entirely on the
compass; steer by reference to land-
marks and/or ATONS, if possible,
and fix your position frequently.
Obviously, you should not attempt
to calibrate a compass in an area of
known local magnetic disturbance.
(Local magnetic disturbances are
not a compass error, per se.
Nonetheless, this magnetic phe-
nomenon does affect the compass
and should be noted.)

THE FLUXGATE COMPASS

Finally, any modern discussion
of compasses would be incomplete
without, at least, a passing mention
of the fluxgate compass. The flux-
gate compass senses the earth’'s
magnetic field electronically, rather
than with magnets. (Readers wish-
ing a more complete discussion
should refer to the bibliography.)
The fluxgate compass consists of a
sensor and a display unit. (The sen-
sor and the display unit may be in

the same, or different, units.) If sep-
arate from the display unit, the sen-
sor can be located remotely, in an
area of the vessel where magnetic
disturbances are at aminimum. The
display unit is small and can be
mounted for optimum visibility.
Most modern fluxgate systems are
integrated with microprocessors,
which can perform many useful
functions. The model, pictured in
Figure 2-8, automatically compen-
sates for deviation (to within +/- 1
degree, in most cases) by simply
making a 360 degree turn with the
vessel! Other models can aso dis-
play headingsin either true or mag-
netic (variation data are stored in
the microchip) and can furnish elec-
tronic inputs to other navigation
systems such as the Global Posi-
tioning System (GPS), Loran-C, or
radar.

An electronic compass is very
convenient. However, it does not
eliminate the need for a magnetic
compass, because electronics are
dependent upon a reliable power
supply and are easily damaged in
the marine environment.

2-20



The Marine Magnetic Compass

SELECTED REFERENCES

Aczel A. D., (2001). The Riddle of the Compass, The
Invention That Changed the World, Harcourt, Inc.,
New York, NY.

Anon., (1988). The Magnetic Compass, Principles,
Selection, Navigation, E. S. Ritchie & Sons, Inc.,
Pembroke, MA.

Bowditch, N. (1995). American Practical Navigator,
An Epitome of Navigation, Pub. No. 9, Defense
Mapping Agency Hydrographic/Topographic
Center, Bethesda, MD. This publication is avail-
able electronically from the National Imagery and
Mapping Agency (NIMA) Marine Navigation
Department web site (http://www.nima.mil/).

Brogden, B., (1995). Boat Navigation for the Rest of
Us, Finding Your Way by Eye and Electronics,
International Marine, Camden, ME.

Cohan, L. S., (1988).
by Lightning,
January/February.

Compass Deviation Affected
Ocean Navigator, No. 17,

Collinder, P. A., (1955). History of Marine Navigation,
St. Martin’s Press, Inc., New York, NY.

Dahl, N., (1983). The Yacht Navigator's Handbook,
Hearst Books, New York, NY.

Defense Mapping Agency, Hydrographic/Topographic
Center, (1980). Handbook of Magnetic Compass
Adjustment, Fourth Edition, Pub. No. 226,
Washington, DC.

Denne, W., revised by Cockcroft, A. N., (1979).
Magnetic Compass Deviation and Correction, A
Manual of the Theory of the Deviations and
Mechanical Correction of Magnetic Compasses in
Ships, Brown, Son & Ferguson, Ltd., Glasgow,
Scotland.

Department of Transportation, Federal Aviation
Administration, (1987). Instrument Flying Hand-
book, AC61-27C, Washington, DC.

Eyges, L., (1989). The Practical Pilot, Coastal
Navigation by Eye, Intuition and Common Sense,
International Marine Publishing Co., Camden, ME.

Fuson, R. H. (Translator), (1987). The Log of
Christopher Columbus, International Marine
Publishing Company, Camden, ME.

Ganssle, J. G., (1989). Anatomy of a Fluxgate, Ocean
Navigator, September/October.

Hempstead, R. L., (1987). Magnetic Compasses in the
Small Boat Environment, Ocean Navigator, No. 12,
March/April, pp. 21 et seq.

Hewson, J. B., (1983). A History of the Practice of
Navigation, Second Edition, Brown, Son &
Ferguson, Ltd. Publishers, Glasgow, Scotland, UK.

Jerchow, E., (1987). From Sextant to Satellite
Navigation, 1837-1987, 150 Years, C. Plath, Ham-
burg, Germany.

Kaufman, S., (1978). Compass Adjusting for Small
Craft, Surfside Harbor Associates, Surfside, FL.

Kielhorn, W. V., (1988). A Piloting Primer, privately
printed at Naples, FL.

Kielhorn, W. V., (1957). The Northerly Turning Error,
The Rudder, Vol. 73, No. 2, pp. 40-42.

Kielhorn, W. V., and H. W. Klimm, (1978). A
Preliminary Study of the Changes of Magnetic
Structure in a New Steel Trawler, Navigation,
Journal of the Institute of Navigation, Vol. 6, No. 6,

pp. 365 et seq.

Moody, A. B., (1980). Navigation Afloat: A Manual for
the Seaman, Van Nostrand Reinhold, New York,
NY.

Morrison, S. E., (1942). Admiral of the Ocean Sea, A
Life of Christopher Columbus, Little, Brown and
Company, Boston, MA.

Queeney, T. E., (1985). Beyond the Lodestone, Ocean
Navigator, No. 3, September/October, pp. 33 et seq.

Queeney, T. E., (1987). Future Heading Systems, Are
Lasers The Next Step, Ocean Navigator, No. 12,
March/April, pp. 35 et seq.

2-21



The Marine Magnetic Compass

SELECTED REFERENCES

Rousmaniere, J.,, (1989). The Annapolis Book of
Seamanship, Simon and Schuster, New York, NY.

Saunders, A. E., (1987). Small Craft Piloting and
Coastal  Navigation, Alzarc  Enterprises,
carborough, Ontario, Canada.

Van Heyningen, M. A. K., (1987). The Evolution of the
Modern Electronic Compass, NMEA News,
January/February.

2-22



