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Introduction

Objectives

CHAPTER 1

Introduction to Navigation

In this chapter, you will be introduced to the world of navigation. As a
Quartermaster, you will be engaged in many aspects of navigation. As
you will learn, navigation is known as both an art and a science. Don’t
be put off by the science end though, a basic knowledge of mathematics
will suffice your needs. There is no feeling that compares to knowing
that you are part of a team that safely navigates a ship and her crew
across vast expanses of ocean.

You will be a highly visible member of the ship’s crew, after all, your
work station is on the bridge. The bridge is where the captain spends
most of his or her time under way. The bridge is where the orders are
given for the ship to carry out her mission. QMs traditionally maintain
the highest standards of grooming, pride, and professionalism. You
will become the trusted assistant of the navigator, bridge watch officers,
and the captain.

The material in this chapter will enable the student to:

* Describe a dead reckoned track.

* Describe the Terrestrial Coordinate System.

e Measure distance on a Mercator projection chart.

e Interpret chart symbology.

¢ Plot and extract positions on a chart.

» Plot direction on a chart.

* Determine chart accuracy.

e Find charts using DMA Hydrographic catalog.

e Describe the Chart Correction System and correct charts from Notice
to Mariners.

e Order, label, and stow charts.
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Origins and Primary Areas of Navigation

Background

Primary Areas
of Navigation

Piloting

From the beginning of recorded time, man has traveled on the water.
He left port without the ability to steer a course. He was at the mercy
of the sea, with his direction being determined by the wind and currents.
Eventually, he faced the problem of how to get to where he wanted to
go. As a result of this problem-solving process, navigation was born.

The early days of navigation were dubious at best. During this period in
time, navigation was considered an art. This soon changed with the
addition of science.

Modern day navigation has aspects of both, it is considered an art and a
science. On one hand, navigation is a precise science comprised of
complicated mathematics, precision instruments, and state of the art
machinery. On the other hand, it is the skill in the use of these tools
and the interpretation of information that is an art. Many operations
conducted in the area of navigation require the use of precise
instruments and mathematical tables and sound judgment based on
experience.

The seasoned navigator uses all available information and a certain
measure of judgment to say “Our position is here on a chart.”

Navigation is divided into four primary areas: piloting, dead reckoning,
celestial navigation, and radionavigation. These areas are listed in the
sequence in which they probably evolved as knowledge and abilities
progressed. We will now briefly look at each area.

Piloting may be defined as the movement of a vessel with continuous
reference to landmarks, aids to navigation, depth sounding, and
radionavigation.

Example: Our early navigator probably departed port and set his or her
course towards a distant landmark. This may have been any number of
things, an offshore island or a lone jagged rock outcropping. The
navigator steered on this landmark and tracked his progress by
landmarks passing down the port and starboard sides of his ship.

Piloting as a technique has not changed. The difference between our
early navigator and the present navigator is the use of technology.
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Origins and Primary Areas of Navigation, continued

Dead Reckoning Dead reckoning (DR) can be defined as projecting an intended course

Celestial
Navigation

and speed from a known point. As our early navigators ventured further
from land, they needed a method to estimate position. With no visible
landmarks to use as a reference, early navigators estimated course and
speed on the chart. Dead reckoning does not consider the effects of
wind or current.

Figure 1-1 illustrates a sample DR plot. From the 0800 fix the ship’s
course and speed is plotted. A DR plot is maintained on board naval
vessels under way at all times. It is the best estimate of where the ship
should be at any given time. The DR plot also gives the navigator a
visual sign of whether the ship is steering towards danger or not. The
DR plot will be covered in greater detail in chapter 8.
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Figure 1-1.—Example of a DR track.

Celestial navigation may be defined as the practice of observing celestial
bodies (the Sun, Moon, stars, and planets) to determine the ship’s
position.

The early navigators recognized the need to overcome the shortcomings
of dead reckoning. They soon developed techniques to observe the
heavenly bodies to determine their position. Although the instruments
used first were crude, they have steadily improved. An experienced QM
may now obtain a celestial fix within one-tenth of a mile of the ship’s
position.
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Origins and Primary Areas of Navigation, continued

Celestial
Navigation

Radionavigation

How is this accomplished? Measurements are taken of the height above
the horizon of a celestial body. The measurement or sight, as it is
commonly referred to, is then reduced by a mathematical procedure.

The results are then plotted on the chart to determine position (fig. 1-2).
Celestial navigation will be covered in greater detail in chapters 6 and 9.

Radionavigation may be defined as the determination of position by the
use of radio waves. There are several types of systems in use today.
From the now seldom used Radio Direction Finder (RDF) to the latest
satellite navigation system, what they all have in common is that they
use radio waves. This area of navigation is now sometimes referred to
as electronic navigation. This subject matter will be covered in greater
detail in chapter 8.
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Figure 1-2.—Sextant angle and sample 3 star fix.
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Problems Associated with Navigation

Information

Determining
Position

Measuring
Direction

As you have learned, navigation is an art and a science. Our early
navigators experienced the same problems that face the modem
navigators. There are three major problems of navigation that must
always be addressed. These problems are:

* How to determine position

* How to determine the direction to get from point A to point B

* How to determine the distance between points, the time it will
take, and the speed as the navigator proceeds

Of the three problems facing the navigator, the most basic and also the
most important is determining position. The ship’s position must be
known to safely and accurately direct the movements of the ship.

The term position refers to a known point on Earth. QMs refer to a
position as a fix. It may also be qualified by an adjective such as
estimated and dead reckoned.

Direction is the orientation of a line drawn or imagined joining two
positions without any regard to the distance between them. Direction on
charts is measured in angular units using a polar coordinate system (a
coordinate system based on the North Pole and South Pole). The
reference used is normally true north.

Figure 1-3
shows a line
drawn between
two positions.
The direction
may be
determined
from the e
compass rose. i} - '&’ - t’sﬂm\w
Direction is
measured from
000° T through
360° T.

a INNER RING = MAGNETIC DIRECTIONS

OUTER RING = TRUE
DIRECTIONS

\ PARALLEL RULER
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Figure 1-3.—Compass rose.
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Problems Associated with Navigation, continued

Direction

Measuring
Distance

Time

Speed

The
Relationship
Between Time,
Speed, and
Distance

Knowing the direction between two positions makes it possible for the
navigator to lay a course from where he is to where he wants to go and
then to proceed to that point. Direction will be presented in greater
detail later in this chapter.

The distance between two points is the physical separation without
regard to direction. Nautical distance is measured as the international
nautical mile (nmi) of 6, 076.1 feet. The nmi is longer than the statute
mile (mi) used on land, 5, 280 feet; 1.15/1 is a simple ratio often used
to convert nmi to mi.

Time in navigation is always based on the 24-hour clock. You are
already familiar with this type of timekeeping as it is what we use in the
military.

Speed is defined as the rate of movement. In navigation speed is
referred to as nautical miles per hours or knots (kn).

We can now put this all together. We have defined the major problems
associated with navigation. The solutions to these problems are
contained in later text. We know that the navigator must determine
position, direction, and distance to travel. But how does speed and time
figure in this picture?

That brings us to the time, speed, and distance triangle. If you know the
distance you need to travel and at what speed you will proceed, you can
use simple mathematics to determine how long it should take to travel
that distance. This is a triangle, because if you know any two values
(time, speed, or distance) you can solve for the unknown value. That
brings us to the next subject. Where does this information go? How
does one actually go from one known position to another known
position safely? The answer is the nautical chart! The remainder of this
chapter will explore the nautical chart and how the QM uses it.
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Earth and the Terrestrial Coordinate System

Background Before we begin to examine the nautical chart, we must first understand
some facts about Earth itself.

Facts about Earth

It is not a perfect sphere.

The diameter at the Equator equals approximately 6,888 nautical miles.

The polar diameter is approximately 6,865 nautical miles, or 23 miles
less than the diameter at the Equator.

Technically it is classified as an oblate spheroid (a sphere flattened at
the poles.)

26NVJ036

Figure 1-4.—Earth.

For the purposes of navigation, we assume that we are working with a
perfect sphere. The differences between the two diameters are small
enough to be considered insignificant.

Nautical charts do NOT take Earth’s oblateness into account.
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Reference Lines on Earth

Information

Great Circles

Small Circles

To locate a position on Earth’s surface, you must first have some point
to start from. If you imagine Earth in motion, you will notice that it
spins on its axis. The axis is the imaginary line drawn between the
North Pole and South Pole that forms the first point of reference. The
second point of reference is the Equator, which divides Earth into two
parts, the Northern Hemisphere and the Southern Hemisphere.

We now have our starting points. For practical application in locating a
position, two points of reference were not adequate so we had to create
great and small circles around Earth.

A great circle is formed by a
plane passing through the
center of Earth. Figure 1-5
illustrates our imaginary line
that connects the North Pole
and South Pole. The great
circle passes directly through
the center of Earth, but more
importantly, around Earth‘s

surface. The Equator is also . .
a great circle. Figure 1-5.—Examples of great circles.

A small circle is formed by
planes that do not pass
through the center of Earth.
Figure 1-6 illustrates several
small circles. How will these
circles allow us to find our
position? The answer is that
certain great circles and small
circles have special meaning
for navigation purposes.

They are called parallels of
latitude and meridians of

2=,
&

longitude. Figure 1-6.—Examples of small circles.
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Reference Lines on Earth, continued

Parallels of Parallels are the small circles
Latitude around and on Earth’s surface.
For navigation, parallels of
latitude have been established. C
They are all parallel to the L
plane of the Equator. Figure ({ {
1-7 illustrates parallels of kr
\

latitude. Since they are all
parallel to the Equator, latitude

can be measured towards the iy
North Pole and South Pole.

Figure 1-7.—Examples of parallels of
latitude.

How Latitude is Latitude is

Measured measured in
degrees (°),
minutes ('), and
seconds (") north or
south of the
Equator.
Measurements of
latitude cannot
exceed 90° in either
direction. This is
due to the fact that
the Equator is
always
perpendicular (at a
right angle) from
the great circle that 26NVJ040
forms the plane Figure 1-8.—Measurement of latitude.
through the North
Pole and South Pole.

Figure 1-8 illustrates this clearly. Do not confuse angular expressions of
minutes and seconds with units of time because they are unrelated.
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Reference Lines on Earth, continued

Meridians of
Longitude

Meridians of longitude are the great circles. They all pass through the
center of Earth. The prime meridian or 0° of longitude is the starting
point for all longitude measurements. Longitude is measured in same
manner as latitude except that it is measured east or west throughout
180°. The prime meridian is also known as the Greenwich meridian. It
is so named because is passes directly through Greenwich, England.

Latitude and longitude comprise the terrestrial or geographic coordinate
system. Figure 1-9 illustrates how a position is located on a chart. We
will discuss the mechanics of plotting a position on a nautical chart later
in this chapter. Before we can do that we have to learn more about the

charts we use.

41
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Figure 1-9.—Locating a position on a nautical chart.
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The Nautical Chart

Background

Chart
Projections

Mercator
Projections

Gnomonic
Projections

A nautical chart is like a road map for the world’s oceans and inland
waterways. The nautical chart is designed especially for navigation. A
chart is a printed reproduction of Earth’s surface showing a plan view of
the water and land areas. It contains parallels and meridians to use
when plotting a position, locating aids to navigation, and much more.

The task of putting the round Earth on flat paper is a complex one. This
text will not go into great detail on chart projections. More information
on this subject may be found in Dutton's Navigation and Piloting. We
will discuss the two projections most widely used in today’s Navy and
by mariners in general.

Mercator projection charts are the most commonly used navigational
charts. Therefore, it is important that you understand the characteristics
of these charts. The first thing to understand is that no navigational
chart is perfect.

Example: Cut a hollow rubber ball in half and try to flatten it out, you
cannot do so without tearing or stretching the rubber. In fact, no
section of the hemisphere will lie flat without some amount of
distortion. No system of projection has yet been devised that preserves
the exact true proportions of the original sphere.

Mercator projections almost always display meridians and parallels.
Meridians run from the top to the bottom of the chart, parallels run from
the left to the right. Due to distortion in high latitudes, this projection
rarely exceeds 70° north or south.

Advantages: The Mercator projection shows a rhumb line as a straight
line. A rhumb line is nothing more than a compass course or direction
plotted by the navigator to show that he will follow from his point of
departure to his destination.

The gnomonic projection’s chief advantage is that it plots a great circle
as a straight line. This is most useful when planning long ocean

passages. It is always best to take the shortest route from point A to
point B. This projection will be covered in greater detail in chapter 12.
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Nautical Chart Interpretation

Introduction

Figure 1-10 represents a portion of an average chart. This chart contains
a lot of information. When you are in doubt of a specific symbol on a
chart refer to U.S. Coast Guard Chart 1 in booklet form.

Chart 1 lists all standard symbology contained on a chart and is published
in easy to use booklet format. A copy of chart 1 will be available in
every charthouse, if you can’t find one, a copy may be found in Dutton’s
Navigation and Piloting. But a copy of Chart 1 must be ordered!

Now let’s take a closer look at the chart. If you have a copy of a chart
and chart 1, get them to use as references while covering this material.
Use figure 1-10 on the facing pages to identify the many items that may
appear on a chart.

Note: Figure 1-10 does not contain all symbols and features that may

appear on a nautical chart! However, many items that you will work
with on a day-to-day basis are called out for your attention.
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Nautical Chart Interpretation, continued
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Figure 1-10.—Sample of a nautical chart with features called out.
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Nautical Chart Interpretation, continued
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Figure 1-10.—Sample of a nautical chart with features called out (continued).
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Chart Scale

Information

Understanding
Chart Scales

The scale of a chart refers to a measurement of area, not distance. A
chart covering a relatively large area is called a small-scale chart and a
chart covering a relatively small area is called a large-scale chart. Scales
may vary from 1: 1,200 for plans to 1: 14,000,000 for world charts.
Normally, the major types of charts fall within the following scales:

Chart Type From To Remarks
Harbor and 1:1,000 1:50,000 Used in harbors, anchorage areas,
Approach and the smaller waterways.

Charts used for approaching more
confined waters are called
approach charts.

coast 1:50,000 1:150,000 Used for inshore navigation, for
entering bays and harbors of
considerable width, and for
navigating large inland waterways.

General and 1:150,000 1:6,000,000 | Used for coastal navigation
Sailing outside outlying reefs and shoals
when the vessel is generally within
sight of land or aids to navigation
and its course can be directed by
piloting techniques.

The size of the area portrayed by a chart varies extensively according to
the scale of the chart. The larger the scale, the smaller the area
represented. It follows then that large-scale charts show areas in greater
detail. Many features that appear on a large-scale chart do not, in fact,
show up at all on a small-scale chart of the same area.

The scale to which a chart is drawn usually appears under its title in one
of two ways: 1:25,000 or 1/25,000. These figures mean that an actual
feature is 25,000 times larger than its representation on the chart.
Expressed another way, an inch, foot, yard, or any unit on the chart
means 25,000 inches, feet, or yards on Earth’s surface.

The larger the figure indicating the proportion of the scale, the

smaller the scale of the chart. A chart with a scale of 1:25,000 is on a
much larger scale, for instance, than one whose scale is 1:4,500,000.
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Chart Accuracy

Information

Chart
Production

Caution

Chart accuracy is hard to determine exactly. Several things need to be
taken into consideration. The first and most important factor to consider
is that a chart can be only as accurate as the survey on which it is based.
To judge the accuracy and completeness of the survey, take note of its
source and date. Usually, early survey dates indicate that the chart may
have several irregularities. A chart must be tested before it may be used
with a high degree of confidence. In heavily trafficked waters, a chart is
normally quite accurate due to more thorough survey.

Tip: Another clue with which to determine accuracy is the abundance
or absence of soundings. Infrequent soundings are an excellent indicator
that the survey was not of great detail.

Compromise is sometimes necessary in chart production, as scale,
clutter, and other factors may preclude the presentation of all
information collected for a given area. The National Ocean Service
publishes about 1,000 charts covering in excess of 86,000 miles of
shorelines. DMAHTC publishes an even greater amount.

Charts are an aid to navigation and must be used with a certain amount
of caution as they are not a complete guarantee of safety. Every QM
team is responsible to report any changes or errors they may encounter
on the charts they use. In the back of each Notice to Mariners is a form
that may be filled out listing any discrepancies on charts. A radio
message may also be sent to DMAHTC Attn: NTM.
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Latitude and Longitude

Information

The latitude and longitude scales presented on the chart are broken down
into whole degrees (fig. 1-11). Each degree is usually broken down into
minutes on small-scale charts (remember, small scale = large area.) The
large-scale chart breaks down even further into minutes (') and seconds
("). It is important that you understand these scales.

Remember that each degree (°) of latitude or longitude equals 60 minutes
(60", and that each minute (1') equals 60 seconds (60"). Seconds of
latitude and longitude may also be expressed as a decimal fraction.

Figure 1-11.—Latitude and longitude scales.
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How to Measure Distance

Background
Information

How to Measure

Distance

On Earth’s surface, 1° of latitude may be considered 60 nautical miles in
length; whereas, the length of 1° of longitude varies with latitude.
Therefore, the latitude scale must be used for measuring distance.
Although this scale is expanded on a Mercator chart, the expansion is
exactly equal to the expansion of distance at the same latitude.

Therefore, in measuring distance on a Mercator chart, one must be
careful to use the latitude and longitude scale in the area one is
measuring. NEVER use the longitude scale.

Use the table and figure 1-12 to learn how to measure distance on a
nautical chart.

Step Action

Place one point of the dividers at the beginning of the area

L.
to be measured.

2. Open the dividers to the desired distance to be measured.

3 Move the dividers over to the closest latitude scale; do not
' open or close the dividers!

4 Place one point of the dividers on a whole degree of
) latitude.

5. Place the other point on the latitude scale.

6 Determine the distance between the two points. (In figure

1-12, the measurement indicates 10 nmi.)

f;.....::'.:..v:--... m""‘#""‘%%ﬁ‘i"_-ﬁ;ﬂ;
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Figure 1-12.—How to measure distance on a chart.
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How to Determine or Plot Direction on a Chart

Background
Information

Remember, meridians on a Mercator chart appear as straight lines,
parallel to and equidistant from one another. You know they represent
imaginary curved lines, not parallel to one another at all, but converging
at the poles. Appearance of meridians on a Mercator projection as
parallel straight lines is one of the most valuable features of this type of
projection, making it possible to plot a course as a straight line (a rhumb
line). On a Mercator projection, a rhumb line cuts every meridian at the
same angle. In other words, it is a line of the same bearing throughout.
Although it does not represent the shortest distance between the points it
connects, this fact is not important unless very large distances are
involved. Use the table and figure 1-13 to determine or plot direction.

Step Action

Identify the two points that you want to determine the direction to or

L from. Example: Pt A and Pt B.

’ Lay one edge of the parallel rulers so that it passes through each
’ point.

Firmly press down on one side of the parallel rulers and begin to
move the ruler to the compass rose.

Position the ruler so either edge passes through the center crosshair
of the compass rose.

Use a pencil to mark the outside ring of the compass rose.

Read the bearing on the outside ring of the compass rose.

208
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Figure 1-13.—Plotting a position on a chart.
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How to Plot a Position

How to Plot a Now that we understand the latitude and longitude scales, we can learn
Position how to plot a position. We can quickly and accurately plot any known
position. Figure 1-14 will help illustrate this process. For example, a

ship’s position
as follows:

at 1800 (Lat. 36° 11'N, Long. 70° 17.5'W) can be plotted

Step

Action

L.

Find the latitude, 36° 11'N, on the latitude scale.

2.

Place the point of the compass on 36° and measure up
11'; now mark the scale with the compass lead.

Without opening or closing the compass, move the point
of the compass over to the proper meridian. In this case it
is 70°. Now mark the meridian with the latitude
measurement.

Next we will find our longitude 70° and measure 17.5'.

Care must be taken to measure towards the west or left,

towards the next higher longitude. Now we will use our
lead to mark off 17.5'.

Now move the compass point up to the 36° parallel and
mark off 17.5'. Continue to move up the 70th meridian to
the point where you marked off the latitude (36°11'N) and
mark off your longitude. You will now mark off the
longitude once again, this time making a small arc.

Now place the point of the compass on the 36° parallel at
the point where the 70° 17.5" W is marked. Now mark a
small arc that will cross the longitude mark. That’s it, the
point where the two arcs intersect is the position.

How to Extract Latitude and Longitude from a Known Position

U

v

Figure 1-14.—How to plot a position.
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How to Extract Latitude and Longitude from a Known Position

You have now learned how to plot a position. Now let’s extract the
latitude and longitude from a known position. Let’s find the position of
the fix labeled 1520 in figure 1-15 . This is easily accomplished by
following these steps:

1. Place the point of the compass directly beneath the position to be
extracted on the closest parallel. Now open the compass and swing an
arc that passes through the position.

2. Move your compass over to the latitude and read the latitude from
the scale. Now repeat the procedure using the closest meridian as a
reference.

You have now learned how to plot and extract positions on the chart.
Hopefully, the previous discussion on the terrestrial coordinate system is
now clear. If not, now is a good time to review the material once again.
Let’s continue to take a closer look at our chart, where it comes from,
how it is kept up to date.

T F— F—T T _F1

T T T T T T T T T T LT T T T T OO T LTI LTI T

37

IITIIT INNESe INANESEESENGENE
TITT T ) m—
X! Y.

A L
W
126 '\ /25
S 1
X Iy
\—
AN
1"

\\
W
o
v
VY
)
v
I

26NVJ047

Figure 1-15.—That’s it, the point where the two arcs intersect is the position.
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Defense Mapping Agency

Background
Information

DMA Pub 1-N

Charts used in the Navy may be prepared by the Defense Mapping
Agency Hydrographic/Topographic Center (DMAHTC), the National
Ocean Service (NOS), the British Admiralty, or by other hydrographic
agencies. Whatever the source, all charts used by the Navy are issued
by DMAHTC. In this last portion of the chapter you will learn how
determine chart coverage and select charts for any area in the world.
How charts are numbered and the portfolio designations. The system
used to correct charts and techniques used to make corrections. We will
also discuss the chart ordering system.

The Defense Mapping Agency (DMA) Catalog of Maps, Charts, and
Related Products is a four-part catalog published by the Defense
Mapping Agency Office of Distribution Services (DMAODS). It
provides a comprehensive reference of all DMA maps, charts, and
related products available. It is organized as follows:

PART I-AEROSPACE PRODUCTS
PART 2-HYDROGRAPHIC PRODUCTS

Volume I[-United States and Canada (Region 1)

Volume II-Central and South America and Antarctica (Region 2)
Volume III-Western Europe, Iceland, Greenland, and the Arctic
(Region 3)

Volume IV-Scandinavia, Baltic, and USSR (Region 4)
Volume V-Western Africa and the Mediterranean (Region 5)
Volume VI-Indian Ocean (Region 6)

Volume VII-Australia, Indonesia, and New Zealand (Region 7)
Volume VIII-Oceania (Region 8)

Volume IX-East Asia (Region 9)

Volume X-Miscellaneous Charts and Publications

Volume XI-(SECRET) Classified Charts and Publications (U)
Semiannual Bulletin Digest for Hydrographic Products

Monthly Bulletin for Hydrographic Products

(CONFIDENTIAL) Quarterly Bulletin for Classified Hydrographic
Products (U)

PART 3-TOPOGRAPHIC PRODUCTS

PART 4-TARGET MATERIAL PRODUCTS
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Defense Mapping Agency, Continued

Catalog

Hydrographic
Bulletins

As you have seen from the organization of the DMA catalog, part 2
deals with hydrographic products. This is the only part that you will
normally use as a Quartermaster. Each of the 11 volumes in part 2
contains graphic indexes and numerical listings of charts and other
products.

The listings also include chart edition numbers and dates. Navigational
and oceanographic publications are contained in volumes X and XI. The
title and date of each publication are shown. The price is noted for each
chart and publication available for sale to the public. The ordering
procedures are contained in volumes X and XI.

The Semiannual Bulletin Digest for Hydrographic Products is published
in June and December. It provides a complete listing of all available
unclassified charts and publications. The Monthly Bulletin for
Hydrographic Products is issued the other 10 months between issues of
the Semiannual Bulletin Digest. New and revised charts and
publications issued are reported on a month-to-month basis in the
Monthly Bulletin. The old edition for a chart must not be disposed of
until the latest edition arrives on board.

All information reported in the Monthly Bulletin is cumulative. This
means that only the latest Semiannual Bulletin Digest and Monthly
Bulletin need to be held for you to have current information on all
available hydrographic products. Information appearing for the first
time is marked with an asterisk. The Quarterly Bulletin for Classified
Hydrographic Products is published in January, July, and October, with
volume XI being reissued in April. The Quarterly Bulletin provides a
complete summary of all available classified charts and publications.
The bulletins should be filed and used to correct your catalog volumes.
They will also allow you to check and confirm that you hold the latest
editions of charts and publications in your inventory and that you are not
missing any charts from your required allowance. The charts listed as
canceled are to be disposed of.

1-24



DMA Stock Numbering System

Background
Information

A five-digit alphanumeric series designator prefix has been assigned to
each standard nautical chart number (fig. 1-16). The purpose of this
prefix is to speed up requisition processing and to improve inventory
management by the DMA. It is listed in the lower left-hand comer of
many charts, along with the chart edition number and date.

As 1illustrated in figure 1-16 the first two digits of the prefix reflect the
geographical subregion in the same manner as the first two digits of the
basic chart number. The third position is the portfolio assignment, A or
B. X is used if the chart is not included in a portfolio. The fourth and
fifth positions are alphabetical designators for the type of chart.

5
=
Z
e
o
<
=
EH
Z &
o o
E N

DMA 8TOCK NO. 18AC0O 18022
1T —1—

Geographical Subregion
Portfolio
(X indicates not in portfolio)
Chart clessification:

CO = Coastal

HA = Harbor and Approach
OA = Operating Area
GN = General
WO = World (Included in
2 or more regions)
Chart number 28NVIO4S

Figure 1-16.—DMA stock numbering.
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The Nautical Chart Numbering System

Background
Information

DMA assigns a number to every nautical chart used by the U.S. Navy,
regardless of the organization producing the chart. Charts produced by
the NOS, and charts of foreign governments are also assigned numbers
by DMA so that they may be filed in sequence with the DMAHTC-
produced charts. DMA charts have numbers consisting of one to

five digits. The number of digits generally indicates the scale range,
and the number itself indicates the geographical area covered by the
chart. The chart numbering system is as follows:

Number of Digits Scale Description

1(1-9) None Symbol and flag charts.

2 (10-99) 1:9,000,000 These charts depict a major
and smaller | portion of an ocean basin or a

large area, with the first digit
identifying the ocean basin.

3 (100-999) Between These are general charts whose
1:2,000,000 numbers are based on the nine
and ocean basins.
1:9,000,000

4 (5000-9999) Various This category includes great circle

tracking charts, electronic
navigation system plotting charts,
and special-purpose non-
navigational charts and diagrams.
Four-digit charts with a letter
prefix (EOIOI-E8614) are bottom
contour charts.
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The Nautical Chart Numbering System, continued

Note

Number of Digits

Scale

Description

5 (11000-99999)

Larger than
1:2,000,000

In this category are all standard
nautical charts at a scale larger
than 1:2,000,000. At scales such
as this, the charts cover portions
of the coastline rather than
significant portions of ocean
basins.

6
(800000-809999)

This category consists of combat
charts and combat training charts.
A random numbering system is
used to prevent the identification
of the geographical area covered
by a classified combat chart
without referring to the catalog.
One reason for this is to allow you
to order classified combat charts
with an unclassified requisition.

The five-digit category contains all the large-scale and medium-scale
charts of the world. These are the primary nautical charts. The
five-digit charts are based on the nine regions of the world, as shown in
figure 1-15. The first of the five digits indicates the region in which the
chart is depicted. The first and second digits together indicate the
geographic subregion within the region, and the last three digits identify
the geographic order of the chart within the subregion.
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Chart Correction System

Background
Information

The Chart/Publication Correction Record Card System is used to
conserve nautical charts and publications and to reduce the amount of
chart correction work aboard ship. The Notice to Mariners, Local
Notice to Mariners, Summary of Corrections, NAVTEX and SafetyNet
are considered component parts of the system.

The Chart/Publication Correction Record Card, shown in figure 1-17, is
designed for use in recording all Notice to Mariners corrections affecting
charts and publications held on board. Initially, the cards are furnished
to Navy ships. Additional cards may be ordered from DMAODS. With
this record, only the charts and publications of the operating area need
be corrected (ready charts).

Charts and publications not immediately required for use may be
updated as areas of operations change or as directed by the commanding
officer. A record must be maintained for Notice to Mariners corrections
to all charts and publications carried aboard, with actual corrections
being made on all charts and publications before they are used for
navigational purposes. Never use an uncorrected chart for navigation
purposes.

CHARY/PUS. CORRECTION RECORD Omanc-ssee/s (1174}
CHARTIPUS. NO. TONO. -
90000 AHA oh 84 | U 21784
TTLE
Port Maury Harbor Approach —
APPLICABLE NOTICE TO MARINERS
ECTION POS. | CORAECTION .| CORRECTION [ CORAECTION
nu S TRek mace . [|"™/7| vaci | wape N1 pace MAGE N1 pace MADE
YAl “no. [GATE miarll,” Y| ~o. [TTaTe[mmial]/ YR| NO. MDavE[INmaLl /YR | MO. ["oATE [iNiTiaL
ey Py [aTH
i il o i
: w [P
—— e el —n 'L*_A
— e g ——— =
CHART/PUS. NO.
26NVI0%

Figure 1-17.—Example of a completed Chart/Publication Correction
Record Card.
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Notice to Mariners

Background
Information

The chart and publication correction system is based on the periodical,
Notice to Mariners, published weekly by the DMAHTC and the Local
Notice to Mariners also published by the U.S Coast Guard weekly to
inform mariners of corrections to nautical charts and publications. This
periodical announces new nautical charts and publications, new editions,
cancellations, and changes to nautical charts and publications. It also
summarizes events of the week as they affect shipping, advises mariners
of special warnings or items of general maritime interest, and includes
selected accounts of unusual phenomena observed at sea. Distribution of
the Notice to Mariners is made weekly to all U.S. Navy and Coast Guard
ships and to most ships of the merchant marine.

The classified Chart and Publication Correction System is based on the
Classified Notice to Mariners, published on an as-needed basis by the
DMAHTC to inform mariners of corrections to classified nautical charts

and publications.

The Notice to Mariners provides information specifically intended for
updating the latest editions of nautical charts and publications issued by
the Defense Mapping Agency, the National Ocean Service, and the U.S.
Coast Guard. When the Notice to Mariners is received, it should be
examined for information of immediate value. The list of new charts and
new editions of charts and publications should also be checked to assure
that the latest editions are on board.

In section I of the Notice to Mariners, chart corrections are listed by
chart number, beginning with the lowest and progressing in sequence
through each chart affected. The chart corrections are followed by
publication corrections, which are also listed in numerical sequence.
Since each correction pertains to a single chart or publication, the action
specified applies to that particular chart or publication only. If the same
correction also applies to other charts and publications, it is listed
separately for each one.

Figure 1-18 illustrates the Notice to Mariners format for presenting
corrective information affecting charts. A correction preceded by a star
indicates that it is based on original U.S. source information. If no
marking precedes the correction, the information was derived from some
other source. The letter T preceding the correction indicates the
information is temporary in nature, and the letter P indicates it is
preliminary. Courses and bearings are given in degrees clockwise from

000° true.
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Notice to Mariners, cContinued

Chert Chart Edition  Last Notice Curvent Notice
sumber edition dats to Mariners to Mariners
89600 19€Ed. 11/3/79 LAST NM 52/79 N)12/82
Add Depth 36 feet “Rep (1979)° 28° 10.1'N 82° 30.1'W
Corvective Objoct(a) of Position
action corrective action
90000 (INT 000) 1Ed. 11/3/79 LAST NM 52/79 MN)7/94
Add Depth 11 meters "Rep (1979)" 28° 10.1'N 82* 30.1'W
26NVJ050

Figure 1-18.—Notice to Mariners format.

Automated The ANTMS is used by the DMAHTC to process navigational data and

Notice to to produce the Notice to Mariners, the Summary of Corrections, the List

g/larlners of Lights, and Sailing Directions. Your ship can query the ANTMS by
ystem

message to obtain the latest navigation information while you are at sea.
(ANTMS)

For example, this could be of great importance if you have not received
the most recent issues of Notice to Mariners and want to check for the
latest corrections to charts you will be using to enter your next port.
Instructions explaining how to gain access to the ANTMS may be
obtained by writing to the DMAHTC, Attention: NVS, and requesting a
copy of the Automated Notice to Mariners Communications Users
Manual.

Local Notice to  The Local Notice to Mariners is published weekly by the U.S. Coast

Mariners Guard. It contains information of a local nature. As the U. S. Coast
Guard is responsible for maintaining all U.S. Aids to Navigation, they
report any changes that may have been made. This may include
information such as the movement of buoys and markers, and changes in
depth of the water due to dredging. It will also contain information on
bridge closings, harbor restrictions, and general information concerning
harbors and local coastal areas.
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Global Maritime Distress and Safety System

Background
Information

NAVTEX

Whenever a ship is under way, it is necessary to receive information
concerning any hazards in the area that the ship may be operating.
Broadcast warnings fulfill this requirement. In recent years a system has
been established that notifies mariners by radio messages. All messages
are broken down into two categories. The first category is called
Hydros. Hydrolants cover warnings in the Atlantic Ocean, Hydropacs
cover the Pacific Ocean. The second category is called Navareas, which
covers specific areas. Navareas contain information that advises
mariners of operating area warnings. An example would be a navigation
aid adrift. Refer to section III of the NTM for more information.

Broadcast warning message boards must be updated from the weekly
NTM.

To meet changing requirements and to provide better service using the
latest technology, DMAHTC has worked with the Navy to provide
up-to-date warning information. Thus the NAVTEX part of
NAVINFONET (fig. 1-19) system has evolved and is currently going into
place on all fleet units.

NAVINFONET

e
|
= ﬂ
!

MCROCOMPUTER SHIPS AT SEA
m MCROCOMPUTER
OR

SHORE BASED USERS
INCLUDING
SHIPS IN PORT

SATELUITE

20NVJ051

Figure 1-19.—Components of GMDSS (from Pub 117).

NAXTEX will completely replace the Hydros and Navareas warnings
sometime in the future. Refer to the NAVTEX receiver instruction
manual for complete information.
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Summary of Corrections

Background
Information

Volumes
Published

The Summary of Corrections (fig. 1-20) is a six-volume cumulative
summary of corrections to charts and publications previously published
in the Notice to Mariners. The summary is used when you are
correcting any chart that has not been previously corrected. For
example, a chart lists twelve corrections. The summary contains all
corrections through 6/93. Of the twelve corrections, ten are contained in
the summary, the other two must be obtained from the applicable NTM.
This saves time because instead of pulling twelve NTM, you only pull
two.

DMAHTC publishes each of the five unclassified volumes semiannually
and the classified volume annually. They are organized as follows:

Volume I-East Coast of North and South America

Volume II-Eastern Atlantic and Arctic Oceans including the
Mediterrean Sea

Volume III-West Coast of North and South America including
Antarctica

Volume IV-Western Pacific and Indian Ocean

Volume V-World and Ocean Basin Charts, U.S. Coast Guard
Pilots, Sailing Directions, Fleet Guides, and other Publications
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Chart Card Maintenance

Background
Information

Before we can learn how to correct the charts we want to use, we need
to learn the chart card system. The chart card system evolved from a
need to have a standard method of recording NTM corrections. It
wouldn’t be practical to correct each and every chart listed in the weekly
NTM. The chart card systems allows the Quartermaster to record on a
card the NTM year and number for each chart in the ship’s allowance as
changes are made to these charts. Then the chart may be corrected as it
is needed.

[lustrated in figure 1-21 are the steps to be followed to maintain the
card system. These steps are generic, individual units may need to
modify them to suit their needs. The following is a brief description of
the steps:

Step Action
1. The weekly Notice to Mariners is received on board.
2. The ready charts and any charts currently in use are checked

against the NTM to see if any need correction.

Example: Write the NTM number (4/93) on the card, and put
the card(s) aside in a pile for later chart correction listed in step

5.

3. Charge all affected cards. To charge cards means to enter on
the card the NTM number and year. See figure 1-18. This
must be done for publications also and in the same manner.

4. Update the broadcast message boards as needed from section
III of the NTM.

5. Correct ready charts and any affected charts that may be in use
as identified in step 2.

6. Correct any publications as listed in section II.

7. Pull (remove) all canceled charts and cards and destroy.

Make cards for new charts.
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Chart Card Maintenance, Continued

Receive Charge ready chart cards Charge remaining
NTM and chart cards
card for any charts in use. )

L

P T N e et T el s

90000 (INT 000) Sth Ed. 11/5/84 LAST NM 3/92 (N)7/94
Add Depth 11 meters "Rep (1994)° 28° 10.1'N 82° 30.1"\

CHART/PUB. CORRECTION RECORD OMANMC-8660/9 (11-78)
WWWWn ?ﬁﬂ;

90000 AHA 5th 5/84 U (

TITLE

Port Maury Harbor Approach

APPLICABLE NOTICE TO MARINE

PUB. | CORRECTION " PUB. | CORRECTION FUE.L
N/M PAGE MADE N/ PAGE MADE M PAGE

YRl 'NO. | DATE [INITIAL YR.| NO. [TDATE INITIAL YR.| No.
Q:I 194 492
. 492

2 4/92

z 4/92
Charge Pub Cards. r——— P U I

e

Remove cards for cancelled charts,
make new cards for new charts.

Update Correct Correct Correct
Message Boards. Charts in use. Ready Charts. Publications.

26NVJOS3

Kk

Figure 1-21.—Charging the card deck.

Note: When a new edition is listed in the NTM, the card must be annotated as
follows: NTM 6/93 N.E. This indicates that a new edition is ready for
issue. DO NOT DISCARD the old edition until the new one arrives.
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Chart Correction Techniques

Background
Information

Correction
Techniques

After a little practice on obsolete charts, corrections to printed
information on nautical charts can be made neatly and quickly. These
corrections become a permanent part of the chart and may involve the
safety of the ship. Corrections must be made in ink so they will not be
accidentally erased when you are cleaning the chart after use. The only
instruments necessary to correct charts are several high-quality ball-point
pens or central feed technical fountain pens, a variety of stick or
pencil-type erasers, and typographical correction fluid.

Example: The NTM states that you are to add a buoy at 25°10'33"N
70°21'12"W. Locate the coordinates on the chart, determine if you need
to erase part of the chart to insert the buoy. If necessary erase or use
typing correction fluid (white out). NOTE: Any information that is
removed from a chart must be redrawn after the correction is made.
This calls for the person effecting the correction to use some degree of

Jjudgment.

Use the chart correction template (fig. 1-22, available from DMAHTC)
to draw the buoy on the chart. Write in any information about the buoy.
Chart correction may be completed in many ways. It is wise to
purchase additional templates from local sources that carry drafting
supplies. As a rule, corrections must always be neat and legible. Never
use red ink to make corrections to a chart. The Navy uses red lighting
at night. Red ink will disappear under red lights, making the correction
invisible and putting the ship at risk. DO NOT USE RED INK!
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Chart Correction Techniques, Continued

DEFENSE MAPPING AGENCY
HYDROGRAPHIC/TOPOGRAPHIC CENTER

(

9998 CHART CORRECTION TEMPLATE

...........................................................................................
......................................................................
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TO ERASE A CHART TO USE TEMPLATE 8:_
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DMA STOCK NO.
USE WITH FINE POINT BALL PEN WOXZP9998

REPORT CHART DISCREPANCIES TO DMAHTC

Correction
Techniques

Chartlet
Correction

26NVJ0S54

Figure 1-22.—Chart correction template.

Time Saver: When correcting charts that have accumulated numerous
corrections, it is more practical to make the latest correction first and
work backwards since later corrections may cancel or alter earlier
corrections. Remember to use the Summary of Corrections.

Chartlet corrections (pasters) appearing in the back of section I of the
Notice to Mariners are to be affixed to the chart in the proper area.
They must be glued in place. Any outstanding temporary changes must
be transferred to the chartlet. Temporary changes in Aids to Navigation
are not plotted by the DMA. It may be necessary to pen in lengthy
notes on a chart. It is desirable to photocopy the note from the NTM
and paste it on the chart whenever possible.
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Chart Ordering System

Background
Information

DMA Branch
Offices

Chart
Allowances

Automatic
Initial
Distribution
(AID)

When a ship is first commissioned, it is outfitted by DMAODS with its
initial allowance of charts and publications. During normal operations,
some charts will wear out and requirements for additional copies of
high-use charts will be established. New and revised charts and
publications are received by your ship through the Automatic Initial
Distribution (AID) System, which will be discussed later in this chapter.

The DMAODS issues all DMA maps, charts, and publications. A major
unit of the DMAODS is its DMA Distribution Control Point (DDCP) in
Washington, DC. Submit all requisitions to DDCP. Improper
planning on your part does not constitute a crisis for local offices of
DMA. When you use a chart, always order a new chart in a timely
manner.

The DMA offices and branch offices stock limited quantities of products
to meet immediate operational needs. You may obtain products from
them if time does not permit you to submit a requisition to the DDCP.
When you visit a DMA office or branch office, be sure that you carry a
completed requisition form with you. This form must be signed by the
commanding officer.

The basic load of maps, charts, and publications your ship is required to
hold is prescribed in allowance instructions issued by your fleet
commander or type commander. In some cases a ship may have a
permanent allowance that is supplemented by another allowance that will
cover the area to which the ship deploys. In such cases your
deployment allowance is normally requested by your type commander
from DMAODS about 3 months before your deployment. You should
become familiar with the allowance instructions that pertain to your

ship.

AID refers to the automatic issue of predetermined quantities of new or
revised products. AID is the means by which your ship’s allowances of
charts and publications is kept current with no requisitioning action
required on your part. Annually the DMAODS forwards to each U.S.
Navy ship on AID a computer listing, called an AID Requirements for
Customer Report (R-05), to allow the command to confirm its allowance
holdings. Upon receipt, an annual inventory must be conducted.
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Ordering, Labelling, and Stowing Charts

Ordering Charts The ordering of charts is now primarily accomplished with the help of a

Labelling and
Stowing Charts

personal computer (PC). With the growth of computer technology,
DMAHTC has written the GETAMAP program to aid in the ordering of
charts. Complete step by step ordering procedures are contained in
DMAHTC publication 1-N.

All charts have labelling requirements. To properly label each chart you
must first fold it correctly. Start with the chart laying flat with the
printed side facing up. Now fold the left side to the right side, turn the
chart 90° and fold in half again. Refer to figure 1-23. Note that the
labelling includes a five-digit chart number, latest edition number and
date, and the latest NTM that the chart is corrected through.

Charts are stowed in numerical order by regions. Care must be taken
not to bend or damage charts when placing them in to the chart drawers.
Several copies of the same chart should be placed inside of one copy.

EXAMPLE OF
PROPERLY LABLED FOLDED CHART

\— LEFT FOLDED EDGE

AREA CHART COVERS

INITIALS OF PERSON

LABELING CHART
CORRECTED

THRU NTM
dan Biags lo ban Francisce (B
| 07

!
o190 | vy CHART # —————————p 18022
EDITION AND DATE ———»= 28 m/m.., 1990

Figure 1-23.—Properly folded chart.
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Introduction

Objectives

CHAPTER 2

Compasses

The compass is the best known and most widely used of all navigational
instruments. It would be almost impossible to obtain precise
information on headings and directions without the compass.

There are two types of compasses in use. The gyrocompass is the
compass that is used the most aboard ship. The magnetic compass is
used as a backup because it requires no electricity to operate. This
chapter will explain the operation and use of each type of compass and
its related equipment.

The material in this chapter will enable the student to:

* Describe the components of the magnetic and gyroscopic compasses.

* Identify and correct for compass errors.

* Explain the procedure used to determine magnetic compass error.

* Record entries in the Magnetic Compass Record Book.

* Describe the process of swinging ship, conducting compass
sensibility tests, and filling out the compass deviation card.

* Determine gyrocompass error.

Topic Page
The Magnetic Compass 2.2
Earth’s Magnetic Field and Magnetism 2-3
Compass components, types and operation 2.7
Magnetic Compass Error 2-9
The Shipboard Degaussing System 2-12
Magnetic Compass Record Book 2-18
Magnetic Compass Adjustment 2-19
The Gyrocompass 2-20
Tools Used to Determine and Plot Direction 2-22
Gyrocompass Error 2-23
Determine Gyro Error 2-32
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The Magnetic Compass

Introduction

Magnetism

Definition

Types of
Magnetism

Before we proceed to determine the proper compass heading to steer,
we must first learn about the workings of the magnetic compass.

To enable you to understand the principles, we will explore the
properties of magnetism.

Magnetism is a phenomenon of nature known only by its effects. It
appears as a physical force between two objects of metal, at least one of
which has been previously magnetized and has become a magnet.

A magnet is a metallic element that has the property for attracting iron
and producing a magnetic field around itself. For the purpose of
illustration, this magnetic field is usually pictured as lines of force.

26NVJ001

Figure 2-1.—Magnetic lines of force.

There are two types of magnetism: permanent and induced. A metal
bar having permanent magnetism will retain its properties when it is
removed from a magnetic field.

A metal bar having induced magnetism, however, will lose its properties
when it is removed from the same field

2-2



Earth’s Magnetic Field

Introduction Earth has magnetic properties and can be thought of as having a
powerful magnet near its center (see fig. 2-2). The lines of force radiate
and may be detected on the surface.
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Figure 2-2.—Earth's magnetic field.

This internal magnet is not aligned with Earth’s axis. This results in the
magnetic poles being in different locations than Earth’s poles. At
Earth’s surface, lines of force become magnetic meridians having
horizontal and vertical components. These components will be
discussed in the next topic, Variation.

Law of There are certain characteristics of magnetism that are important to

Magnetism remember. Every magnet has two poles: a north pole (blue) and a south
pole (red). Each pole has opposite characteristics and they each follow
the Law of Magnetism:

"OPPOSITES ATTRACT; LIKES REPEL"

A north pole attracts a south pole but it repels another north pole. This
law is of importance to you because it will help you understand the

relationship between the magnetic compass and the magnetic properties
of Earth.
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Variation

Information As stated in the topic on magnetism, Earth has magnetic properties and
can be thought of as having a powerful magnetic bar near its center.
The lines of force appear as illustrated in figure 2-3.

% 100 130 48 160 10 e 1 13 10 M N N N ¢ N 8 N =
T,

B 100 130 140 108 100 100 148 130 100 0 00 & M 0 N & W ®

26NV J008

Figure 2-3.—Chart No. 42 showing lines of variation.

Facts * Earth’s magnetic properties are not uniformly distributed.
* Earth’s magnetic poles are not at the same position as the geographic
poles.

*  Magnetic lines of force are called magnetic meridians.

The variation for any area on
Earth is always equal to the
difference between the value of
true north and magnetic north.

Example:

True north 000°
Mag. north  358°

26NV.J008
Figure 2-4.—Variation equals the

angular difference between true north

Variation = 2° East and magnetic north.



How to Determine Local Variation

Background While standing the QMOW, you will routinely be tasked with
determining variation. This is a simple procedure using simple

mathematics and the chart’s compass rose. Use the following steps to
find your local variation.

Step Action

Locate the compass rose nearest to the area in which the ship is operating.

Locate the variation and annual increase/decrease from the center.

Locate the year from the center of the compass rose.

Subtract the year indicated from the current year.

Multiply the number of years times the annual change.

AN IR Bl ol MO

Add the sum (or subtract if decreasing) from step No. 5 to the variation in the
center of the compass rose.

7. Round the total off to the closest 12°.

STEP 1

STEP 3

VAR 9° W (1985) -,

ANNUAL INCREASE &'

decom T

e

STEP 4
PRESENT YEAR — 1991 !

.
.

COMPASS ROSE YEAR — 1985 -~

RA S 8 YEARS
DIFFERENCE
i STEP 5
STEP 7 STEP ¢ X8 = 4
9‘w ‘I
10° W LOCAL VARIATION + 48 -e-oeee- D SIRRRT -
: 948w
------ e

26NVJ007
Figure 2-5.—Steps followed to determine variation.
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Standard and Steering Compasses

Compasses
are
REQUIRED

Steering
Compass

Standard
Compass

Note

Cautions

The Chief of Naval Operations requires that each self-propelled ship and
service craft of the United States Navy be equipped with one or more
magnetic compasses suitable for navigation.

Except for modern nuclear-powered submarines, all ships and craft,
regardless of size or classification, must have a magnetic steering
compass at the primary steering station.

Many ships carry more than one magnetic compass. The primary
magnetic compass is called the steering compass. It is normally located
on the centerline in the ship’s pilothouse (except aboard aircraft

carriers), where it can best be seen by the helmsman. The readings from
the steering compass are labeled "'per steering compass'' (PSTGC).

If a ship has two magnetic compasses, the second compass is called the
standard compass. The ship’s standard compass is normally located on
the ship’s centerline at the secondary conning station. The readings from
the standard compass are expressed as ''per standard compass' (PSC).

The readings from the ship’s gyrocompass are ''per gyrocompass''
(PGC). Courses and bearings by these compasses must be carefully
differentiated by the abbreviations.

A magnetic compass cannot be expected to give reliable service unless it
is properly installed and protected from disturbing magnetic influences.
Certain precautions must be observed in the vicinity of the magnetic
compass.

* If possible, a compass should not be placed near iron or steel
equipment that will be moved frequently. Thus, a location near a

gun, boat davit, or boat crane is not desirable.

* The immediate vicinity should be kept free of sources of magnetism,
particularly those of a changing nature.

*  When possible, no source of magnetism should be permitted within a
radius of several feet of the magnetic compass.
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Magnetic Compass Operation and Components

Operation

Components

The operation of a magnetic compass is very simple and can be stated as
follows: "A small bar magnet freely suspended in the magnetic field of
Earth will always align itself parallel to the lines of force of that field and
thus will establish a direction.”

Use the following table, figure 2-6, and figure 2-7 to learn the parts of a

magnetic compass.

Part Function

Card The card is an aluminum disk graduated in degrees
from 0 to 359. It has a jeweled bearing that rides on a
hard, sharp pivot point.

Bowl The card is supported by the bowl. A lubbers line is
marked on the bowl and is used as visible index. The
bowl is filled with Varsol to dampen overswings by the
card. An expansion bellows in the lower bowl serves
to allow expansion of the liquid with temperature
changes.

Magnets Several bar magnets are used to correct and align the
compass.

Gimbals The bowl has two pivots that rest in a metal ring,
which also has two pivots resting in the binnacle. This
arrangement (gimbals) permits the compass to remain
level despite the motion of the ship.

Binnacle The binnacle serves

QUADRANTAL SPHERES
AL SOFT

as a housing for the
compass. It is
made of a non-

CORRECTORSH

magnetic material. COMPASS BOWL o
{VERTICAL SOFT

It als.o serves as a ForE M0 peT | -

housing for the : ADMARTSHP

compasses

correctors:

magnets, flinders
bar, and quadrantal
spheres. A lighting
system is normally
installed.

26NVJ0023

Figure 2-6.—Compass binnacle
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Magnetic Compass Operation and Components, Continued

Components The following illustrations should help you visualize the working parts
of a basic magnetic compass.

LUBBER'S LINE

EXPANSION
BELLOWS

Figure 2-7.—Parts of a magnetic compass.
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Magnetic Compass Error

Introduction

Deviation

Permanent
Magnetism

Induced

Magnetism

Compass Error

Next

Before we use a magnetic compass aboard a ship, we must first correct
for the magnetic influences that make the compass deviate from true or
geographic north.

The first influence is variation, which we have already covered. The
second is deviation.

Deviation may be defined as the amount that the compass is deflected
from the magnetic meridian because of the effects of the ship’s iron.
This is where permanent and induced magnetism come in to play.

Also known as hard-iron magnetism, permanent magnetism is created in
the ship’s structure during the building process. The ship’s structure
gains its own unique magnetic field based on the angle that the keel was
laid.

Also known as soft-iron magnetism, induced magnetism varies according
to the intensity of the component of Earth’s field in which it was
induced.

The amount of deviation varies as the ship changes course. The ship’s
magnetic effects may be corrected by the proper placement of various
correctors.

The process of correcting for deviation error is called swinging ship.
The navigator and QM gang will swing the ship through 360 degrees,
stopping each 15 degrees and comparing the compass heading against a
properly functioning gyrocompass. The results are recorded on the
magnetic compass deviation table.

Example: While swinging ship and steady on course 015° by gyro, the
magnetic compass reads 016°. It should read 015°; the 1° difference is
the amount of deviation. In this case, it is labeled westerly deviation
1.0° W.

The next topic deals with the magnetic compass deviation table. From
there we will look at degaussing, and then you will learn how to
perform compass calculations to correct for variation and deviation.

2-9



Magnetic Compass Deviation Tables

Purpose The purpose of the magnetic compass deviation tables, commonly
refered to as "deviation tables," is to provide a means of knowing the
deviation of the magnetic compass for any heading. This information is
crucial to safe navigation if the gyrocompass fails.

Table The figure on the right is an
Composition example of a deviation table. The |, juenc courass mamte
top portion of the table contains the | ™™™
name of the ship, location of the uss CLEVELAND __ wo.__LPD7

Kag OB Ooe. 2“7

compass (pilothouse), binnacle type, | ... e K% [ onen

and compass type. cowpass] 122 "waxe LIONEL ___ semwumo. 13613
Tecccons — K par
. . READ INSTRUCTIONS ON BACK BEFORE STARTING ADJUSTMENT
The middle section of the table e
DEVIATIONS SHIPS DEVIATIONS
. . . FeAD HEAD
contains the ship’s heading and G BG o | DG ON || MASNETE [ e T oo on
deviation data. 0 |1sw 00 180 |00 |OSE
15 0.5W 0.5E 195 0.5E 1.5SE
30 0.0 1.0E 210 1.SE 2.0E
Example: You want to steer course 45 00 | ose | 25 | 26 | 25
090° magnetic. By inspecting the 60 00 [ oo [[ 240 | 30E | 308
table for ship’s heading 090°, you’ll 75 | OSW ] oSW] 255 | 25 | 2%
9% 1.0W 1.5W 270 1.5E 1.0E

notice that the deviation is equal to 08 ow 20w T 255 1 00 | o0
1.00 West with DG OFF (DG is an 120 31.0W 1.5W 300 0.5W 1.0W

abbreviation for degaussing) and 135 [ 25w [ osw] 315 | 20w ]| 15w
1.5° West with DG ON. To make 150 [ 20W | OSWf 330 | 25W | LOW
good 090°, you would have to x::m "ow-sif ECH LN
actually steer course 091°. B e (180 Kom oo mima
B _2--4" maaneTs  RED ::E ar_15 " o@'ﬁss
The bottom portion of the table c0 _worers reo O " oiptes

o ATHWART- o
0_2--5" gxn&snlz O swr 0 ° O crockwse

O sieweo 0 crm cuwse

contains information on magnet and
flinders bgr placgme;nt that corrects | ——amm—s T —
for excessive deviations. waGreT  Rote o Oner 12—
®ur 23°24' North @ 130 39 East

aw —————— 0o ——/ ——

“SIANED (Aduoter or Navigaor) “T'APPROVED (Cowenanding)
R. E. FURGUSON [J. B. RIDGE CAPT USN

Figure 2-8.—Magnetic compass
deviation table.

2-10



How to Determine Deviation

Information

As you learned in the last topic, the deviation tables contain information
on the deviation for headings. The deviation table must be updated
annually and posted on or near the magnetic compass. Follow the steps
in the step action table to determine the deviation and magnetic course
to steer.

Example: Refer to figure 2-8. Your ship is on course 090° T, the gyro
fails and the OOD now wishes to make good course 117° (magnetic
course) by magnetic compass. Find the proper deviation from the
magnetic compass deviation table and recommend the correct magnetic
course to steer to make 117° good. In this example we will assume that
degaussing is turned OFF.

DETERMINING YOUR DEVIATION

Step Action Example/Result
L. Determine if degaussing is ON or | OFF
OFF
If Then

OFF Use left column
ON Use right column

2. In the deviation table, locate the | The nearest course is 120
course nearest your desired
course.

3, Read the deviation. Deviation equals 3.0 W

4. Apply the deviation correction to | RULE: Westerly deviation
the ordered course. means that the compass reads

less than it should. You must
add W deviation to the magnetic
course.

Easterly deviation is opposite,
you must subtract the deviation
from the magnetic course to get
your course to steer or “compass
course.”

Magnetic Course  117°
Deviation + 3° W
Compass Course ~ 120°

Because of the compass
deviation you must steer
compass course 120° to make
magnetic course 117° good.
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The Shipboard Degaussing System

Purpose

Components

When a ship is close to a magnetic mine or magnetic torpedo, the
magnetic field of the ship actuates the firing mechanism and causes the
mine or torpedo to explode. Degaussing is an electrical installation
designed to protect ships against magnetic mines and torpedoes. The
purpose of degaussing is to counteract the ship’s magnetic field and
establish a condition such that the magnetic field near the ship is, as
nearly as possible, just the same as if the ship were not there.

Shipboard degaussing installation consists of permanently installed
degaussing coils, a control unit to control the coil current, and compass
compensating equipment to prevent disturbances to the magnetic
compasses by the magnetic field of the degaussing coils. Figure 2-9
illustrates the types of coils that are found on a typical degaussing
installation.

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

Figure 2-9.—Typical degaussing coil layout.
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The Shipboard Degaussing System, Continued

Degaussing Coils

Degaussing and
the Magnetic
Compass

The degaussing coil is actually a large diameter electrical wire. As you
might have guessed, when it is energized it produces an electromagnetic

field.

The following table gives a description of each coil and its effect on the
ship’s magnetic field.

Coil

Description

A

The A, or athwartship, coil is made up of loops in
vertical fore-and-aft planes. The function of the A
coil is to produce a magnetic field that will counteract
the ship’s athwartship permanent and induced
magnetism.

The F, or forecastle, coil encircles the up to the
forward 1/3 of the ship. It is usually located just
below the forecastle or uppermost deck. The function
of the F coil is to produce a magnetic field that will
counteract the ship’s longitudinal permanent and
induced magnetism.

The L, or longitudinal coil is made up of loops in
vertical planes parallel to the ship’s frames. The
function of the L coil is to produce a magnetic field
that will counteract the ship’s longitudinal permanent
and induced magnetism.

The Q, or quarterdeck, coil encirles the after 1/3 of a
ship. It serves the same purpose as the F coil.

The M, or main, coil encircles the ship in a horizontal
plane, usually just below the waterline. The function
of the M coil is to produce a magnetic field that will
counteract the ship’s vertical permanent and induced
magnetism.

The deviation to the magnetic compass resulting from these currents is
neutralized as much as possible by a procedure called compensation.
The remaining deviations caused by the degaussing coils are observed
and plotted on the left side of the deviation table.
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Compass Error Calculations

Background

Reference

Comment

In navigational work, you have to develop the ability to quickly and
accurately convert directions between true, magnetic, and compass
(headings, courses, and bearings).

A heading or course is the same as an angle. It is the angle that the
centerline of the ship or boat, or a line marked on a chart makes with
some other reference line.

Three lines of reference have been established: the direction of true
north, or the true meridian; the direction of magnetic meridian; and the
direction of the north point of the compass. Ship’s heading is the same.
How you describe it depends on the reference point used.

There are three ways to
name a course or
heading:

* True heading
* Magnetic heading
* Compass heading

Whether you are determining courses the helmsman is to steer, obtaining
bearings to be plotted on a chart, laying track lines on the chart, or
recording courses in the Magnetic Compass Record Book, knowing how
to apply variation and deviation comes into play. The big question is
"how do we convert one to the other?" Practice is needed to perform
this task. However, keep in mind that you first need to reason each
step, until later when the process becomes habit.
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Memory-Aids

Information

Meanings

There are several sets of "memory-aids" available to assist you in
performing compass calculations. The following simple phrases are
designed to assist you in remembering how to convert from one heading
expression to another and how to name errors.

Memory Aid Set 1 Memory Aid Set 2
Can = Compass Timely = True
Dead = Deviation Vessels = Variation
Men = Magnetic Make = Magnetic
Vote = Variation Distance = Deviation
Twice = True Count = Compass
At = Add At = Add
Elections = Easterly D and V War = Westerly D and V
If the Compass is Best the Error is West. If the Compass is Least the Error is East.

The first set of aids were designed to help you remember the
arrangement of the first letters of each word in the phrase. These are
arranged representing the three ways of naming a direction (compass,
magnetic, true) with the respective differences (deviation and variation)
properly placed between them: (CDMVT) compass, deviation,
magnetic, variation, true. The first letters in the words at elections stand
for add east (subtract west), when converting the direction from compass
to true. When converting in the opposite direction, the letters are
reversed (TVMDC) and the memory aid "timely vessels make distance
count at war" informs us to add west (subtract east) error when
converting from true to compass.

The second set of memory aids deal with comparison of two compass
headings to determine whether to call the difference east or west. If the
comparison is between magnetic and compass, and compass is a greater
number (best), the difference is west. The same comparison can be
made between true and magnetic. In this case, magnetic is considered
the same as compass.

Correcting: converting from compass course to a true course
Uncorrecting: converting from a true course to a compass course
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How to Perform Compass Calculations

Preforming
Calculations

Closing

The following table will allow you to visualize the steps necessary to
perform compass calculations. The table is followed by several
example exercises that should be completed before you move on to
additional material.

Step Action

Write down the first letters from the

L phrase "Can Dead Men Vote Twice."

Ordered course is 180°T; you want to
find the compass course to steer. You

2. . .
already know what T is, so write it
down.

Let’s say that the corrected variation

3. from the center of the compass rose is

11°E.

When uncorrecting, remember that
you add westerly errors and subtract
4. easterly errors. The variation is
easterly, so subtract it from the true
heading to find the magnetic heading.

Next, from the deviation table, figure
2-8, find the value closest to 169°,

5. . . o
interpolating as necessary; write it
down.

6 Remember, when uncorrecting you

add westerly errors. 15 + 169 = 184.

Now you can see that to head 180° true, you must steer 184° by this
particular magnetic compass. In this example, we were uncorrecting
(changing from true to compass). We could have used the same method
to change from compass to true; but we must remember that when
correcting, we add easterly and subtract westerly errors. With an
understanding of these rules, we can now go on to applying the lessons
learned to a functional part of a Quartermaster’s job—recording entries
in the Magnetic Compass Record Book. But first, complete the training
examples on the next page.
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Exercises

Instructions Now that you have been shown how to perform calculations using the
magnetic compass and its error, you need to practice these skills. The
following problems give you one or more values; you are to fill in the
blanks with the correct answer. Take your time and refer back to
previous material to complete each exercise.

Exercise 1  Find the missing values.

C D M v T
022 4E 026 oW

C D M \% T
090 1.5SW 3E

C D M \% T
210 1.5E 220
C D M \% T
328 325 332

Exercise 2 Using the memory-aids "Compass Best, Error West" and "Compass Least,

Error East," fill in the missing values.

Compass Course Actual Compass Reading Error
180 182 2W
225 229
196 193
True Course Actual Gyro Reading Error
339 337
196 194.5
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Practical Application

Compass
Comparison

Example

Whenever a ship is under way, it is necessary to compare the ship’s
compasses to make sure that they are operating properly. This is
accomplished by using the compass calculations and checking the
compasses against the true course.

The following table represents an excerpt from the Magnetic Compass
Record Book.

Date

Time

Latitude

Longitude

Gyro Compasses

True
Heading

---- Gyro

Gyro
Reading

Gyro
Reading

Error

10Mar94

1000

36°24 W

74°12 W

120

121

1012

36 04 W

074 14 W

270

271

1025

3605 W

074 18 W

297

In this example the date, time, latitude, and longitude of the observation
are noted. The master gyro is reading 120; the error determined by the
morning azimuth is 1.0 E. Remember, if the compass is least the error

is east; you would add the error to obtain the true heading. Knowing
our true heading, we can now apply our variation and compare the
magnetic compasses.

Variation

Magnetic
Heading

Magnetic Compasses

DG
ON/OFF

REMARKS

Standard

Steering

Compass

Reading | P¢'

Compass
Reading

Dev

14 W

135

136 W

134

IE

OFF

14 W

285

289 4w

283

2E

OFF

Energized
degaussing at 1022

14.5W

313

311

ON

As you can see, this is the practical application of your newly acquired
compass calculation skills. Practice by filling in the blanks for the 1025
entry. When under way, the compasses must be compared every

one-half hour and at each course change.

Note: There is an exception; if a ship is in a formation and changing
course frequently, or the ship is alongside another ship, each course
change does not need to be recorded. Use the following statement in the
Remarks column: "Steering various courses while alongside (in
formation)." A comparison must still be made every one-half hour!
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Magnetic Compass Adjustment

Background

Basics

Closing

ANSWERS

The magnetic compass must be adjusted at least once a year. The process
of adjustment is called "swinging ship." This is required as a safety
precaution; also as the ship steams, its magnetic properties will change.

The process of swinging ship is too detailed and complicated to be
completely taught within this training manual. As the magnetic compass
is considered a piece of equipment, it is covered by the Planned
Maintenance System (PMS). Training on compass adjustment is normally
done by OJT.

The following table lists the basic steps to be followed to adjust a
magnetic compass. It cannot be used solely as a guide for compass
adjustment.

Rule: When performing actual adjustment, you must use the PMS card
and publication 226.

Step Action

1. Meet with the navigator to schedule PMS.

Twenty-four hours prior, inform QM gang of intentions.

Four hours prior review MRC; gather all tools.

Man all stations and begin swinging ship.

Fill out a new magnetic compass deviation table.

2
3
4. Four hours prior, calculate the true courses to steer.
5
6
7

Have the new table signed by the commanding officer.

The process of swinging ship is often tedious and very time consuming.
In most cases a minimum of 4 hours should be set aside for this task. It
is not advisable to attempt to adjust a compass in moderate to heavy
weather. Doing so will often render the results inaccurate.

EX 1; 020; 088.5, 09 SE;3.0W,7.0E.

091.5;
EX 2;4.0 W,3.0E, 2.0
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The Gyrocompass

Introduction

Operation

Components

Accuracy

The gyrocompass was developed as the answer to the need for an
instrument that would indicate TRUE NORTH rather than MAGNETIC
NORTH. The gyrocompass is now the main source for determining
direction.

The basis for the gyrocompass is the
gyroscope. A rapidly spinning body
having three axes of angular freedom
constitutes a gyroscope. This may be
illustrated by the heavy wheel rotating at
high speed in supporting rings or ‘ s 33 SPIN AXS
gimbals. '

VERTICAL AXIS

The gyrocompass must be lit off a
minimum of 4 hours prior to use. This
allows the gyro to warm up and settle.
It is desirable to lite off the
gyrocompass 24 hours prior to the

i 26NVJ012
scheduled underway time.

Figure 2-11.—Gyroscope.

The gyrocompass is powered by electricity and consists of two main
components. They are the master gyro and repeaters. The master
gyrocompass consists of a control cabinet, power supply, speed unit,
alarm unit, and transmission units. It is normally located within the
ship’s hull where it is least affected by pitch, roll, yaw, and battle
damage. The IC electricians are responsible for its upkeep.

A properly functioning gyrocompass will often have a mechanical error
of 2° or less. The gyrocompass must be checked for error at least once
daily while the ship is under way.
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Repeaters

Purpose

Locations

Accuracy

Repeaters are designed to receive the signal transmitted from the master
gyro. This allows the ship’s control stations to receive real-time gyro
data. The chief advantage of repeaters is that they may be set up nearly
vertical for use by the helmsman. Repeaters may also be placed flat for
taking bearings of navaids or ships with alidades and bearing circles.

Figure 2-12 illustrates a
standard repeater. The
card is laid out with
relative bearings on the
outside circle and true
bearings on the inside
circle. In upcoming topics
you will learn how to use
related tools to measure
angles (bearings) using

repeaters.
CARD LIGHT
CABLE TO ADJUSTMENT
MASTER GYRO
26NVJO14

Figure 2-12.—Standard gyro repeater.

Repeaters are normally found at all the ship’s control stations, these
areas include but are not limited to the following spaces:

* The pilothouse and bridgewings
» Aftersteering
e Secondary conn

Additional repeaters are normally placed in the following spaces:
* Commanding officer’s stateroom

« CIC
¢ Navigator’s stateroom

The QMOW must check the repeaters occasionally against the master
gyro to determine errors.
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Tools Used to Measure Direction

Introduction The QM uses several pieces of navigational equipment to determine
direction. Remember that direction may be labeled in many ways, such
as course, azimuth angle, bearing... . The following table contains
information about tools and their uses.

Tool Most often used...

to obtain the bearings of other ships to
determine relative motion

Bearing Circle also to find the bearing of
any object. —

to obtain an azimuth of the Sun for checking
gyrocompass error

Azimuth Circle also as a bearing circle.

to obtain bearings of aids to navigation to

determine the ship’s position

Tel ic Ali . .
elescopic Alidade also to obtain data for ]amphtudes for

checking gyrocompass error.

to determine and plot bearings and courses on
charts

Parallel Motion
Protractor (PMP)

! Obtaining an amplitude is a method of checking the error of the gyrocompass. An
amplitude is normally taken of the Sun rising or falling, but it may be used for any celestial
body.
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Gyrocompass Error

Introduction

Errors

Next

The gyrocompass is normally the main reference for direction for the
surface navigator. When properly used, serviced, and maintained, the
modern gyrocompass is extremely accurate. However, as is the case
with all electronic instruments, it is subject to error and damage.

One power failure or other casualty can render the entire system useless.
All naval ships are equipped with gyro failure alarms. The alarms sound
when a loss of power is experienced. It is during this time that the
magnetic compass comes into play. As you learned earlier, the magnetic
compass does not require electricity to operate. It’s always ready for
use by the navigator.

Most normally functioning gyrocompasses will not have an error of
more than 2.0° . More often than not, the error is between 0.0° and
0.5°.

Rule: When at sea, the Quartermaster must determine the gyrocompass
error at least once a day. However, the prudent navigator will take
advantage of every opportunity to check the accuracy of a gyro.

There are many methods of checking the accuracy of a gyrocompass.
The following methods are commonly used on U.S. Navy ships:

* Terrestrial range

e Trial and error (Franklin technique)
¢ Azimuth of the Sun

e Amplitude of the Sun

The first two methods are used only when a ship is near land. They use
aids to navigation and geographic locations shown on a chart for
reference. The last two methods are used when the ship is at sea, and
they use the Sun as a reference.

Before we learn these methods, we have to learn how to use the bearing
circle, alidade, and PMP. They play a large part in the first two
methods. The last two methods use celestial navigation methods to
determine error and will be discussed in length in the Celestial
Navigation chapter.
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Bearing Circle and Azimuth Circle

MIRROR

NEAR SIGHT VANE
NEAR SIGHT VANE

Aina 26NV 000 e 26NVJ017
Figure 2-13.—Parts of a bearing circle. Figure 2-14.—Parts of an azimuth
circle.
Components Figure 2-13 is a diagram of a bearing circle and figure 2-14 is a diagram

of an azimuth circle. The table below lists the major parts and functions
of each of these circles.

Part Bearing Azimuth Function
Circle Circle
Ring Yes Yes Fits upon a 7 Y2 inch gyro repeater.
Sight Vanes Allow the observer to take bearings of objects by

aligning the two vanes to the object. The near vane
contains a peep sight while the far vane contains a
Yes Yes vertical wire. The far vane is mounted on top of a
housing that contains a reflective mirror inside
enabling the observer to read the bearing from the
reflected portion of the compass card.

Reflector Vanes Allow the observer to observe azimuths of celestial
bodies (stars and planets) at various altitudes by
Yes Yes picking up their reflection in the black mirror.
When the body is observed, its reflection appears
behind the vertical wire in the far vane.

Levels Indicate if the ring is level with the horizon.
Yes Yes NOTE: Bearings read when the ring is not level
are inaccurate.

Concave Mirror Reflects the Sun’s rays onto the prism housing on
NO Yes the other side of the ring when the observer is
taking an azimuth of the Sun.

Prism Housing Directs the beam of light from the concave mirror
NO Yes downward in a narrow beam onto the compass card
enabling the observer to read the azimuth to the
Sun.
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How to Use a Bearing Circle

Follow the steps in the table to obtain a bearing properly.

Step Action
Place the ring on top of the repeater, then gently
1. twist the handles to lock in place.
Orient the bearing circle with the peep sight
7 nearest to you and the far vane closest to the
' object to be sighted.
Look through the peep sight and view the object
3. inside the far vane.
Rotate the bearing circle left or right to align the
4 vertical wire in the far vane with the center of
’ the object.
Keep the bearing circle level by observing the
5. spirit level.
When the object is in line with the peep sight
6 and wire, observe the bearing reflected from the
' mirror in the housing from the compass card.
Determine which compass mark is aligned with
7 the crosshair seen in the mirror, and read the
’ bearing.
Note Information concerning how to use the azimuth circle will be presented

in the Celestial Navigation chapter.
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Parallel Motion Protractor (PMP)

Introduction

The PMP is a valuable tool for plotting direction quickly and accurately.
When in restricted waters and plotting fixes every 3 minutes, you will
greatly appreciate this instrument. The PMP is usually anchored to the
top of the chart table.

The PMP is designed to keep the moveable compass rose oriented to the
longitude and latitude of any chart. An arm is attached to the moveable
compass rose which can be rotated to whatever bearing you require and
then moved to the object on the chart that the bearing was taken to, so
an LOP can be drawn.

Part Description of function
Anchor plate Allows the PMP to be attached to the chart table.
Friction control knob Allows adjustment of movement of the arms at the

two linkage points.

Bearing scale A 360° circle marked in 1° increments. When
locked it will maintain its orientation when moved
around the chart table.

Index marks Used to align the ruler on the desired bearing. The
four marks spaced every 90° are inscribed on a
plate that is directly linked to the handle and the

ruler.
Protractor lock switch Locks the bearing scale when aligning the PMP.
Scale lock switch Locks the PMP ruler on a desired bearing.

BCALE LOCK
SWITCH

20NV J020

Figure 2-15.—Parts of a PMP.
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How to Set Up the PMP

Note

The PMP is normally set up to automatically compensate for
gyrocompass error. The error may be "dialed in"; this allows the LOPs
and course lines to be plotted without correction.

Follow these steps to set up the PMP. See figures 2-16 and 2-17 on the
next page to see what the scale looks like with 0° gyro error and also
with gyro error dialed in.

Step Action
1. Tape the chart you are using onto the chart table by
its comers.
2. Take the PMP out of its storage box.
3. Place the mounting plate inside the anchor plate

and tighten the anchor screw to secure the PMP to
the chart table.

4. Attach the ruler to the PMP by placing the ruler on
the table and sliding it into the attachment arm.
5. Unlock both the protractor and the scale locks.

Twist the handle to align the ruler with the latitude
line on the chart.

7. Rotate the bearing scale to the appropriate position.

IF gyro error is...| THEN align the scale . . .
Zero To the 0° index mark

Westerly To the index mark on the scale to
the left of zero, equal to the
amount of gyro error
Easterly To the index mark on the scale to
the right of zero, equal to the
amount of gyro error

8. Lock the bearing scale using the protractor lock
switch.
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How to Set Up the PMP, cContinued

How to Align
with 0° Error

Aligning the
PMP with Gyro
Error

Figure 2-16 illustrates how the PMP looks when it is aligned with no

gyro error. The ruler is aligned on any parallel (latitude line) and the

scale lock is released, the moveable compass rose is aligned as shown
and the scale lock is tightened. The PMP is now aligned to true north
and is ready to plot LOPs or courses.

[ 2

Figure 2-16.—PMP dialed in with 0° gyro error.

Figure 2-17 illustrates how the PMP looks when aligned with 30° W or
2° E gyro error. The ruler is aligned on any parallel (latitude line) and
the scale lock is released, the moveable compass rose is aligned as
shown, and the scale lock is tightened.

GYRO ERROR: 2E

g
2

™ o o

Figure 2-17.—PMP dialed in with gyro error.
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How to Plot With a PMP

With the PMP properly aligned, its easy to use the tool to plot bearings
or lay out course lines. Use the following steps and figure 2-18 to plot

with a PMP.
Step Action
l. Locate the index mark closest to the ruler.
) Rotate the handle, which moves the index mark and ruler,

so the index mark points to the bearing you want to plot.

Maintain the index mark in that position by either locking
3. the scale lock switch or holding the bearing scale and
index mark plate tightly with your thumb and forefinger.

4 Move the ruler to the charted object that you took a
' bearing to.
5 Draw the line of position on the chart.

26NVJ023

Figure 2-18.—How to plot with a PMP.
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Telescopic Alidade

Parts and The following are the parts and functions of the telescopic alidade
Functions shown in figure 2-19.
Part Description of Function
Ring Fits upon a 7%2 inch gyro repeater.
Light filter knob Enables the observer to switch to an internal

light filter, which protects your eye from the
brightness of the Sun.

Polarizing Enables the observer to adjust the light filter
adjustment knob from light to dark, depending on the
brightness of the Sun.

Level Indicates if the ring is level with the

horizon. Bearings read when the circle is
not level are NOT ACCURATE!

Focus knob Enables the observer to adjust the internal
telescope lens so the view is focused.

EYEPIECE

FRONT LENS./} Hoe) “\Focus

s KNOB
LEVEL ' >

ATTACHMENT
SCREW

26NVJ019

Figure 2-19.—Telescopic alidade.
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How to Use the Telescopic Alidade

View Through
the Alidade

The optical system simultaneously projects the image of the compass
card, together with a 