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Section 1 - Using a Compass

In this section you will learn about:

U Parts of a compass

U Tips on getting accurate compass readings

U Adjusting a compass for magnetic declination
U Orienting a compass

A compass is an instrument that is used for navigation and mapping because it measures the

geographic direction between two points. It is a fairly simple instrument that uses a magnet,

mounted on a pivot that turns in response to the
(but not position). The magnetic needle points to the magnetic North Pole, which is different

from geographic North Pole. A compass bearing, which is typically expressed as an angle

(degrees), refers to the horizontal direction to or from any point. In this publication, the term
fibearingd is used interchangeably with the term A

A compass is used for several different purposes including:

Determine direction to a destination or landmark.

Stay on a straight course to a destination or landmark, even if you lose sight of it.
Avoid obstacles in the path to the destination or landmark.

Return to your starting point.

Pinpoint locations on a map and in the field.

Identify what you are looking at in the field or on a map.

Orient a map.

Plot points on a map.

Plot route of travel on a map.

There are a variety of different types and models of compasses, such as baseplate, sighting,
prismatic, and electronic. This section focuses on using a baseplate compass because it is a
common, inexpensive, and easy to use compass that does not require batteries.

This section starts with discussing the parts of a compass and tips on getting accurate readings.
Then it describes adjusting a compass for magnetic declination. Finally it provides step by step
instructions on orienting a compass, taking bearings (direct and back bearings) and following
bearings.
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Parts of a Compass

The basic parts of a base-plate compass are described below and illustrated in Figure 1-1.
e Magnetic needle. The magnetic needle typically has a red end that points to magnetic
north, as long as the compass is being used properly and there is no local magnetic
attraction.
Housing with cardinal points and degrees. The housing includes a revolving dial that
shows the cardinal points (at least north, east, south, and west) and degrees (07 360)
(Figure 1-2). The housing is rotated to line up the compass needle with the orienting arrow
when taking a bearing.
Orienting arrow. The north-south orienting arrow (red or black outline of an arrow) is used
to align the magnetic needle when taking a bearing. It is also what is adjusted to set the
compass for magnetic declination.
Orienting lines. The north-south orienting lines parallel the orienting arrow and can be used
to line up the compass dial with grid lines on a map. When the declination is set on a
compass with an adjustment screw, the orienting lines no longer parallel the orienting arrow.
Index line. Marked on the front sight of the compass base plate, the index line is where you
read the indicated bearing.
Direction of travel arrow. The direction of travel arrow or sighting line is used for sighting
and following bearings. The arrow should be pointed in the direction of the destination or
landmark.
Base plate. The transparent plate (everything is attached to the baseplate) can be used as
a ruler to measure map distances. The direction of travel arrow is also located on the
baseplate. Some compasses will have a protractor on the baseplate that can be used to
determine bearings from a map.
Magnifying lens. Useful for reading tiny map symbols and features.
Declination adjustment screw. Some compasses have a screw that can be turned to set
compass for proper declination. Some compasses have an internal adjustment that
automatically corrects for declination.
Clinometer. Some compasses have a clinometer that can be used to estimate slope.
Sighting mirror. Some compasses have a flip up mirror that can improve accuracy when

reading bearings. Read the bearing in the di
can also be used for signaling.
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Figure 1-1. Parts of a compass. Figure 1-2. Cardinal points and degrees.
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Tips on Getting Accurate Compass Readings

A small error when using a compass can result in a significant error in measurement on the
ground. To obtain accurate readings when using a compass:

¢ Hold the compass level and steady so the needle swings freely.

¢ Hold the compass about waist high in front of the body, except when using a compass with
a sighting mirror or a sighting type compass.

o Raise and lower eyes when taking a bearing, do not move your head. Always use the same
eye when taking bearings.

o Directly face object that is being measured.

¢ Magnetic fields will give incorrect compass readings. Avoid taking readings near magnetic
fields such as steel, iron (ferrous metals), vehicles, rebar, and clipboards. Even belt buckles,
glasses, and rings can interfere with the compass reading.

e Take bearing twice.

¢ Adjust for magnetic declination as appropriate.

¢ Follow the direction of travel arrow, not the compass needle, when walking a bearing.
Always follow the line indicated by the compass rather than relying on judgment as to the
direction.

e Use back bearings to ensure you are on track when navigating.

Adjusting a Compass for Magnetic Declination

The compass needle always points toward magnetic north; however, topographic maps are
drawn in reference to true north (North Pole). The difference between magnetic north and true
north is called the angle of magnetic declination, or simply, the declination. Therefore, when
using a map and compass together, an adjustment has to be made for declination.

Magnetic declination not only changes with geographic location, but also changes slightly over
time. In the contiguous U.S., the magnetic declination generally varies between zero and twenty
degrees (Figure 1-3). Only along the zero declination line are true north and magnetic north the
same, and therefore, no adjustment has to be made for declination (this is the dark, heavy line
labeled as 0° in Figure 1-3).

East Declination <—— 0° — West Declination

o=

- v 2
LINES OF EQUAL MAGNETIC DECLINATION 2000

Figure 1-3. Declination chart of United States.

Basic Land Navigation Page5 of 54 Sacramento CERT



When someone is using their compass in a location that is east of the zero declination line (for
example Maine), the needle will point in a direction that is west of true north i this is referred to
as westerly declination. When someone is using a compass in a location that is west of the zero
declination line (for example Nevada), the needle will point in a direction that is east of true
north 1 this is referred to as easterly declination.

Magnetic Declination on Topographic Maps

Magnetic declination is printed in the lower left hand corner on USGS topographic maps in the
arrow diagram or in the information block. Since declination does slightly change over time,

topographic maps of the same area can have different declinations if the maps were published
on different dates. There are web sites that will provide declination when a zip code is entered.

Adjusting a Compass

Making an adjustment for declination is essential when using a map and compass together.
Either the map or the compass needs to be adjusted for declination. It is generally easier to
adjust the compass for declination, rather than the map. When the compass is adjusted then
geographic north is the reference point for both the compass and the map.

The process for adjusting declination on a compass depends upon the type of compass;
therefore, refer to the owner6és manual for specif
declination screw that can be turned which rotates the orienting arrow. Others require the

rotation of the center of the case so the orienting arrow is offset by declination. Some

compasses are automatically adjusted. It is important to be accurate when setting declination

because 1 degree off can result in 920 feet off course in 10 miles.

Orienting a Compass

There are two different ways to orient a compass i to magnetic north or geographic north. The

purpose of orienting a compass is so you know your location in relation to north. Orienting a

compass to north is also called fiboxing the needl
seeking end of the magnetic needle over the orienting arrow.

Orient to Magnetic North

One method for orienting the compass to magnetic north is described in Table 1-1 and
illustrated in Figure 1-4.
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Table 1-1. Steps to orient a compass.
Steps Direcions

1 Set 360 or 0 on the compass dial in line with the index line.

Hold the base plate and turn your body until the north seeking end of the
2 magnetic needle lines up with the orienting arrow. The direction you are
facing is magnetic north.

Figure 1-4. Orient a co‘m'pass.

Orient to Geographic North

If you are going to use your compass with a map, then orient the compass to geographic north.
Adjust the compass for magnetic declination and then follow the steps in Table 1-1.
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Section 27 Overview of Maps

In this section you will learn about:

a Key points when working with maps
a General types of maps

a Incident specific maps

a Map legend and symbols

1] Map sources

A map is a navigational aid that represents

surface. Conventional symbols are used to identify objects and features on a map.
Maps are critical communication tools for incident planning and operations, and are
used for a variety of purposes, for example:

To assist with navigation.

To determine the location of a specific point or area (e.g., water sources,
threatened resources).

To calculate distance.

To determine size of an area.

To determine terrain and vegetative over. To determine routes of travel.

To determine names of streets, rivers, mountains, and other features.

To visualize a specific area.

To o o To o o Do

This section starts with some key points about maps. Then it discusses types of maps
and incident specific maps. Additional information is provided on map legends and
symbols. Finally, it describes different places to obtain maps.

Key Points When Working With Maps

When working with maps there are some key points to remember, especially when
using the map in conjunction with a compass and GPS receiver.

Datum

Most maps are made based on a datum (horizontal and vertical), which is the origin or
reference point from which all points on a map are measured. Several different datums
have been used to develop maps; however, commonly used datum includes: North
American Datum of 1927 (NAD27), North American Datum of 1983 (NAD83), and the
World Geodetic System of 1984 (WGS84).

The datum is important for Geographic Information Systems (GIS) and GPS
applications to ensure consistency of map data. When using a GPS receiver the datum
must be set to match the horizontal datum on the map. If the datum does not match
there will be errors when plotting data on a map.
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Geographic North

Maps are usually based on the geographic North Pole (geographic north or true north).
This is important to remember because a compass is based on magnetic north, which is
different than geographic north. Magnetic north changes over time, while geographic
north does not change over time. When using a compass and map together an
adjustment has to be made to the compass to account for this difference. The difference
is referred to as the magnetic declination, which is discussed in Section 1, Using a
Compass.

Maps Are Not Perfect

For a map to be considered reliable and accurate, a point or symbol marked on a map

must be in proper relation to known landmarks or positions located on the ground. In

1947, the AUnited States Nati on dlishedvssthe Accur ac
standards of accuracy for published maps and are currently in effect. The standards

require a stringent percent of accuracy within centimeters of both location and elevation

points tested. However, even with these standards, maps are not absolutely accurate

because:

A Maps represent a curved and uneven surface that is drawn on a flat piece of paper,
which results in a distorted picture.

A There is a margin of error (human error and inadequate survey procedures) in surveys
that were used to create maps. Also, there are factual matters (errors such as names,
symbols of features, and the classifications of roads or woodlands); sometimes the
information is wrong and names and features change.

A On incidents, if a map has been photocopied, it most likely is not to scale. It is important
to watch out for this and learn how to make adjustments.

Maps Can Be Outdated

Maps are outdated from the day they are made, including USGS topographic maps (for
example, new roads may not be on a map). When working on an incident try to obtain
the most up-to-date map. USGS topographic maps have the revision date in the margin.
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General Types of Maps
This section discusses general types of maps: planimetric, topographic, and orthophoto.

Planimetric Maps
Planimetric maps show the positions of features without showing their relationship to the
hills and valleys of the land. Examples of features on planimetric maps include rivers,

lakes, roads, and boundaries. Planimetric maps include:

A Common road maps i road atlas and city maps (Figure 2-1).
A Specific area maps i preplan maps, floor plan maps, storm drain maps, sewer and water
system maps.
A Schematic maps i agency maps and aviation maps.
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Figure 2-1. City map.
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Topographic Maps

Topographic maps are different from planimetric maps because they show both the
horizontal and vertical (relief) positions of features. The datum used for most currently
available USGS 7.5 minute series topographical maps is the NAD27. A new datum,
NADS8S3, is now being used and others are being developed. Most of the topographic
maps used on incidents are produced by the USGS or USDA Forest Service. These
maps are often used as the base map to develop incident specific maps, such as the
Situation Unit map and Incident Action Plan map.

Two types of topographic maps include:

A Contour maps

Contour maps are the most common way to show the shape and elevation of the land
(Figure 2-2). A contour is an imaginary line, where all points on the line are at the same
elevation (above or below a specific reference elevation, usually sea level). Contour
lines reveal the location of slopes, depressions, ridges, cliffs, and other topographical
features.

S
%
N

Figure 2-2'. To'pogra'phi_c map showing contours.
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A Shaded-relief maps

Shaded-relief maps use a shadow effect color to simulate the terrain (Figure 2-3).

Different color shades are used to accentuate the shape of the physical features. The
darker the shading the steeper the slope.

LAk

Basic Land Navigation Pagel2of 54 Sacramento CERT



Orthophoto Maps

An orthophoto map is an aerial color-enhanced
photograph of the land depicting terrain and
other features (Figure 2-4).

Some orthophoto maps are overlain with contour
lines and other features commonly associated
with topographic maps. These maps are
corrected for scale and are the same size as
USGS topographic quadrangle maps.

Incident Specific Maps

There are several different types of maps used on an incident and they each have their
own specific purpose.

Situation Unit Map

The Situation Unit map is the most current map of the incident because it is
continuously updated (Figure 2-5).

It is the master map and other incident maps are often derived from this map. The
Situation Unit map is a large topographic map that is computer generated or hand
drawn.
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Incident Action Plan (IAP) Map

The Incident Action Plan map is the primary map that operations personnel use to accomplish
the incident mission. It represents a snapshot in time and is published daily in the IAP. Itis a
small, black and white topographic map (typically 8%" x 11" or 11" x 17") that is hand-drawn or
computer generated (Figures 1-6a and 1-6b). It contains the same information that is on the

Situation Unit map.
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Figure 2-6a. Incident Action Plan map (hand-drawn).

Figure 2-6b. Incident Action Plan map (computer generated).
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