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Navigation—the art of finding your way—
is important for every Scout to learn.

Much of navigating involves paying
attention to your surroundings and making
good decisions. With a compass and a map,
you'll have the tools to chart routes through
the deepest wilderness. A GPS receiver or other
technology will add even more power to your
ability to figure out where you are, where you
want to go, and the best way to get there.

Compasses hove been used
to find direction for centuries.



ADVANCEMENT: NAVIGATION

Maps and compasses hove been recognized for hundreds of years as basic
navigation tools, and with all their adventures in the outdoors, Scouts are the perfect
users for this ancient technology. (Not all technology requires computer chips!) As you
and your patrol members travel along the trail to Eagle, let these requirements point
the way. (See the back of this book for the official text of all rank requirements.)

Demonstrate how a compass works and how to orient a map.
Use a map to point out and tell the meaning of map symbols. Use a map and
compass on a hike or bike ride. Demonstrate finding directions at night and during
the day without using a compass
or electronic device.

MEm Using a map and
compass, complete an orienteering
course. Demonstrate using a GPS
unit, app, or other electronic
navigation system. Use GPS to find
your location and a destination of
your choice, and follow the route
you choose to get there.

MEASURING

To measure the distance and time you travel, you always have one simple
tool—^yourself. With practice, you can accurately measure distance and time in
the field using nothing but your brain and your body.

MEASURING DISTANCES

If you know the length of your footsteps, you can measure distances just by
walking. Here's a way to learn how far you go with each pace—each time your
right foot hits the ground.

1. With a tape measure, mark a 100-foor course on
the ground. (A distance of 100 feet on a football
field begins at the goal line and goes to 1 foot
past the 33-yard hash mark.)

2. Walk at your normal stride from one end of the
course to the other, starting with your left foot.
Count the number of times your right foot hits
the ground.

3. Divide the total number of paces into 100, and
you'll know the length in feet of one pace.
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My Pace
Your pace will vary on uneven terrain. To improve your accuracy, calculate your
pace on different kinds of terrain and record it fiere. Your pace will cfiange as
you grow, so it's a good idea to recalculate your pace wfienever you outgrow
a set of clothes.

Even terrain

Uphill terrain

Downhill terrain

For example, if you used 25 paces to go 100 feet, the length of each pace
you take is 4 feet. If it took you 20 paces, figure a length of about 5 feet
pet pace.

To measure distances, count how many times your tight foot hits the
ground as you walk. Multiply that number by the length of your pace, and
you'll know how far you have gone. You can also determine distance as you go.
For example, if you have a 5-foot pace, you could count like this each time a
foot hits the ground; "and-5-and-10-and-15-and-20 ..."

Your Body os o Ruler
Scouts have always been taught to determine distances using units of measure
they know. Parts of your own body are perfect units. Use a ruler or tape measure
to determine the following measurements. With these numbers in mind, you can
use your arms, hands, and feet to figure out the sizes of everything from the
diameter of a tree to the length of the next fish you catch.

Arm span

Arm reach

Hand span

Finger length

Foot length

Height

MEASURING HEIGHTS

A tape measure is useful for measuring your own height or the height of a
flagpole you've built in a campsite, but what about really tall objects like trees
and towers? With a few simple techniques, you can estimate their heights.



Stick Method

1. Have a friend whose height you
know stand next to a tree (or

other object) that you want to
measure. Step back and hold a
straight stick upright at arm's
length in front of you.

2. With one eye closed, sight over the stick so that the top of it appears to touch
the top of your friend's head. Place your thumbnail on the stick where it
seems to touch the hase of the tree.

3. Move the stick up to see how many times this measurement goes into the
height of the tree. Multiply that number by your friend's height, and you
will know the approximate height of the tree. For example, if your friend
is 5 feet tall and his height goes into the tree six times, the tree is about
30 feet tall.

Felling Method
To use the felling method of measurement, back away from the object you

want to measure—a flagpole, for example.

1. Hold a stick upright at arm's length.
Adjust the stick so that its tip appears
to touch the top of the flagpole while
your thumb seems to be at its base.

2. Swing the stick 90 degrees to a
horizontal position, tracing the same
arc as the flagpole would if it fell to
the ground.

3. Keep your thumb in line with the base of the pole and notice where the tip
of the stick appears to touch the ground. Have a friend stand on that spot.
Measure the distance from the point where your friend is standing to the base
of the flagpole, and you'll know the flagpole's height. (This is a good problem
to solve by using your pace as a measuring tool.)

MEASURING WIDTHS

Imagine that you need to figure out the width of a stream. There is no bridge,
and you can't wade or swim across. What would you do? You could use the stick
method or the compass method to find the stream's width.

Stick Method

1. Locate a rock or some other object on the far side of the stream (A).



2. Place a stick on this side of the

stream opposite the rock (B).

3. Walk along the shore at right
angles to line AB. Take any
number of steps (50, for
example), and place another
stick there (C).

4. Continue walking along the
shore in the same direction

for as many steps as before (in
this case, 50 more). Put a stick

there (D).

Of. cjs:
-T- 50 PACES ^ 50 PACES 1

X

5. Walk away from the stream at
right angles to line DB. When
you can sight a straight line
over stick C to the rock on the far side, stop and mark your spot (E).

6. Measure line DE to get the width of the stream.

Compass Method
If you know how to use a

compass, you can use it as a tool
for measuring widths, such as the
distance across a stream. (We'll

talk about how to use a compass
later in this chapter.)

1. While standing on one side of a
river (B), locate a rock or other

object directly opposite you
on the far shore (A).

2. Take a bearing by pointing the
direction-of-travel arrow of your
compass at the rock and turning the compass housing until the needle lies
over the orienting arrow. Read the degrees (in this case, 120 degrees).

3. Add 45 degrees (120 + 45 = 165). Set your compass at the new reading (in
this case, 165 degrees).

4. Walk along the shore, pointing the direction-of-travel arrow toward the
rock. When the compass needle again lies over the orienting arrow, stop
and mark your spot (C). Distance CB is the same as the width of the river.



MEASURING TIME

Most of us look at a clock, watch, or cellphone when we want to know the
time or how long something will take to complete. You can also estimate the
time of day by noticing where the sun is in the sky. Obviously, the day has just
started as the sun rises in the morning. The sun is directly overhead at midday,
and when it sets, night is about to begin.

To estimate shorter times, counting "one-thousand-one, one-thousand-two,
one-thousand-three ..." will give you about one second per number. Pracrice
counting by using a watch that displays seconds. Pace yourself so that when you
reach one-thousand-thirty, about 30 seconds will have passed.

TOOLS OF NAVIGATION

Many Scout hikes will lead along trails you know well. But sometimes you'll
want to take off for places you've never visited before. Wherever you go, you can
find your way with the help of the tools of navigation—maps, compasses, and
GPS receivers.

MAPS

From an airplane, you can look down and see
roads, rivers, forests, cities, and towns. A map is
like a painting of that land. Since mapmakers can't
include every detail, they choose information they
hope will be valuable to anyone using the map.

You're probably familiar with all sorts of maps,
including country maps that appear in world atlases
and road maps you can access on paper, online, or
through smartphone apps.

To navigate in the backcountry, you'll use a topographic map. While road
maps focus on manmade features such as roads, topographic maps focus on
natural features such as hills, mountains, rivers, and vegetation (although they
show manmade features as well). They also show elevation, which is useful
in finding the easiest route to your destination. The United States Geological
Survey (USGS) has created more than 80,000 different topographic maps to
cover the entire United States.

Sporting goods shops and camping stores often sell topographic maps of
nearby recreation areas. With your parent's permission, you can also download
topographic maps that show just the area you need and that highlight exactly
the features that will be useful when you are in the field.
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SCALE 1:24 000

HLOMCTOS

COHTOUR MTERVM. 20 FEET

Understanding Topographic Maps
The best way to read a topographic map is to start at the bottom. There, you

will find some important information that will help you make sense of the map.

Directions. First, look for an arrow pointing toward true north. It will
help you orient (align) the map with your surroundings. North is toward the
top of most maps. That means the bottom is south, the left side is west, and
the right side is east. You may also see a second arrow pointing in the direction
of magnetic north, a location in Canada about 1,200 miles from the North
Pole. (We'll talk about the difference between true and magnetic north later
in this chapter.)

Scale. The map will
include a scale that

compares the size of the
r  loec 0

map with the size of the
area it represents. A map
scale of l-to-24,000

(shown in the margin as
1:24,000) means 1 inch on the map represents 2,000 feet on the ground.
Maps that use this scale are sometimes called 7.5-minute maps because they
cover 7.5 minutes of latitude and 7.5 minutes of longitude.

Distances. The map will also include several bar scales that you can use
for measuring feet, meters, and miles on the map.

Date. The map's date tells when it was drawn or last updated. An older map
will not show new buildings, roads, trails, or other recent changes on the land.

Location. The map's location will be indicated on a small state map. You
may also see a graphic showing the names of adjoining topographic maps.

MAPPING MATH

How can 1 inch equal 2,000 feet? Here's the math. With a
1:24,000-scale map, 1 inch on the map equals 24,000 inches on
the ground. Divide 24,000 by 12—the number of inches in a foot—and
you end up with 2,000 feet. Now, imagine that you have a 1:500,000 state
map. Divide 500,000 by 63,360 (the number of inches in a mile), and you'll
discover how many miles each inch on that map represents.



MAP SYMBOLS

Symbols like these identify

Land Surface Feahires

X U.S. mjnero! prospeci

•5? X Quarry; grove! pit

B  Y Mine shaft

'-.J Mine dump

Tailings

-Z-Z-Z-Z-: Tailings pond

Dune orea

Sand area

Distorted surface

Gravel beach

i Glacier

I Woodland

* *, * Orchard

niiisHf Vineyord

I Mangrove

Scrub

Buildings and
Related Features

Buildings

X  School

t  House of worship

[jJ LflT-J Cemetery

Tanks

• " Wells

TV Picnic area

Q  Landmark

Airport, paved
landing strip, runway,

1  I taxiway, or apron

f A 1 y Campground;
* campsite

j  Winter recreation area
^  Ranger district office

Guard station or
work center

natural and monmode features

Elevation

A\, Horizontal control
station

Vertical control
station

X 5970 Checked spot
elevotion

X 5970 Unchecked spot
elevation

•  Index contour

Supplementary
contour

Intermediate

contour

*^5) Depression
contours

Roads, Railroads,

and Other Features

• Primary highway

' Secondary highway

:  Light-duty road

: Unimproved road

Trail

H  1 f- Railroad: single track

I  I I Railroad: multiple
track

=f=f=|=|= Overpass; underpass

-- Power transmission

line

_Tyepho^ Landmark line

on topographic maps.

Water Features

f  ft-f Dam with lock

A  s ~ Canal with lock

Exposed wreck

Rock or coral reef

*  Rock; bare or awash

Wide wash

Narrow wash

Perennial streams

;;;— Intermittent streams

O  Woter well; spring

• Rapids

■ Falls

WB Intermittent lake

•  Dry lake bed

Marsh (swamp)

Submerged marsh

ifelBiii' Wooded marsh

—)====^— Aqueduct tunnel

Channel

,j, . Sounding;
depth curve

Boundary
• Federally
administered park,
reservation, or

monument (internal)
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Decoding Map Colors
The colors used on a USGS map are meaningful. Even if you don't know

what a particular symbol means, you can make a good guess based on its color.

{[1^1 Green indicates heavy vegetation such as forests, woodlands, or orchards.

I  I White is used to show areas that are mostly clear of trees such as fields,
meadows, rocky slopes, and other open country.

Q  3 Blue means water. A patch of blue is usually a pond or a lake. A blue
band is a river, and a blue line is a stream. If the line is broken, the stream it
represents is intermittent, which means it doesn't flow all the time. Marshes
and swamps are drawn with broken blue lines and tufts of grass. The names
of all water features are in italics.

ILhh Black is used to show anything that is the work of humans. Rail
lines, bridges, boundaries, and the names of landmarks are printed in black.
Roads are shown as parallel black lines—solid lines for paved and gravel
roads, broken lines for dirt roads. A single broken line is a hiking trail. Black
squares and rectangles are buildings. Solid black indicates inhabited buildings
such as houses and schools; a black outline indicates barns, sheds, and other

uninhabited buildings.

Brown is used for contour lines, which show the shape of the land. The
area represented on a map may be full of hills, valleys, mountains, and plains;
contour lines let you identify these features.

THE TECHNOLOGY OF TOPO MAPS

Elevations on topographic maps are determined using a process
called photogrammetry, which is the art and science of determining
the position and shape of objects from photographs. Here's how
photogrammetry works. An airplane flies over the terrain taking two
images of the same spot from slightly different angles. By comparing these
images, a computer creates a three-dimensional model of the terrain —much like
your brain combines the slightly different images from your two eyes to create
three-dimensional picture of the world around you. Adding the elevation of

known control points, the computer can then calculate elevations for every spot
on the map.

How accurate is photogrammetry? According to the Notional Map Accuracy
Standards, at least 90 percent of the elevations tested in the field must be
accurate to within one-half the map's contour interval. On a map with a contour
interval of 20 feet, that means tested points would hove to be within 10 feet of
the actual elevation.



Contour Lines

A contour line represents a specific elevation above sea level. Each point on a
contour line is at the same elevation, so theoretically you could walk along that
line forever without climbing or descending.

The margin of a topographic map will indicate the contour interval, which
is the difference in elevation between contour lines. If the contour interval is

20 feet, for example, you would climb or descend 20 feet from one contour
line to the next.

You can tell whether elevations are going up or down by checking the index
lines. Every fifth contour line is darker than the other four and includes a
number that represents its elevation. Find two index lines, and you'll be able to
tell whether the slope between them goes uphill or downhill.

A quick way to tell whether elevation is increasing or decreasing is to look
for places where streams cross contour lines. The contour lines will form Vs that
point upstream.

Where contour lines are close together, a hillside is steep. Where they are far
apart, the slope of the gtound is less steep or nearly flat. Small circles represent
the tops of hills, while small circles with lines pointing inward represent the
bottoms of depressions.
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Understanding Contour Lines
Here's a good way to understond contour lines.

Moke a fist witfi one hand. Your fist has contours of length, width, and height,
just as the land does.

Holding your fist steady and looking
at it from the side, draw a level
circle around your highest knuckle.
(Washable ink will be easy to
remove.) Draw a second circle just
below that one. Start a third line a

little lower. Notice that to stay on the
level, the pen may trace around another
knuckle before the third circle is closed.

Continue to draw level circles, each one
the same distance beneath the last. The

lines will wander in and out of the valleys
between your fingers, over the broad slope
on the back of your hand, and across the
steep cliffs above your thumb.

After all the lines are drawn, spread your hand
flat. Now, like a map, your hand has only width
and length. But by looking at the contour lines you hove
drawn, you can imagine height, too, and see the shape of your fist. Small
circles show the tops of your knuckles. Lines close together indicate steep areas.
Lines farther apart show the more gentle contour of the back of your hand.

Understanding Rood Mops
Once you've mastered topographic maps, road maps will be easy to use.

Like topographic maps, printed road maps usually include a legend, a small
box that explains what words and symbols on the map mean. For example,
road maps commonly use different type sizes to show the relative population
of cities; state capitals might be marked with a star, while county seats might
be marked with a dot with a circle around it.

Nambc

frsST'San-

Potvenii ̂
Monteruma

ilnmflrflICTtP]

C^illos
Madrid

f Golden

^Sianle Vifluiuct/l

SPCM7 ft.

Road maps usually have an index
of cities and other points of interest
keyed to a grid system. Across the top
and bottom edges of the map, you'll
see a series of letters; down the right
and left edges, you'll see a series of
numbers. Let's say you want to travel
to the town of Springfield, which the



index says appears at D7 on the map. Draw an imaginary line between the Ds
on the horizontal map edges and another imaginary line between the 7s on the
vertical map edges. Springfield lies within the box created at the intersection of
those lines.

Before using a road map to travel,
you should orient it, which means
making north on the map align with
north on the ground. To do that, figure
out where you are and then find where
one nearby intersection is on the map.
Hold the map so that the direction from
you to that intersection is in the same
direction on the map as it is on the
ground. (You can also do this if the map
is on a smartphone.)

COMPASSES

Until you can orient your map by making north on the map line up with north
on the ground, you can't be sure that you're heading in the right direction. A
compass is a tool for determining directions. .

ANCIENT N/WIGATION .a:,.....

Compasses appeared in China thousands of years ago. Travelers A-A"
noticed that a magnetized needle floating on a chip of wood always \
swung around to point north. Many people thought the needle moved by magic.

Today we know that Earth's rotation causes its . i
axis to act as a huge magnet. A pole of that - ̂
global magnet is in northern Canada, and one
end of every compass needle is drawn toward
it. That end of the needle is usually painted red
or stamped with the letter N, for north.

Model of an ondenl Chinese sinan,
a navigational device

HOW TO USE A COMPASS

Many Scouts use an orienteering compass like the one shown on the next
page. It allows you to precisely determine any heading.

Let's say that you want to travel east, which is 90 degrees. You would follow
these steps.
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1. Rotate the compass housing
until E ot 90 lines up with the
direction-of-travel arrow.

2. Hold the compass flat in front
of your stomach and turn your
body until the north end of the
magnetic needle (usually red)
lines up with the north end of
the orienting arrow.

3. Travel in the direction that the

ditection-of-travel arrow points.

Baseplate

Compass
housing

Magnetic needle

Orienting
lines,

Orienting
arrow

LU)iqO OOOSCl

Direction-of-travel arrow

Don't focus on the compass as you walk.
You're liable to go off course or step in
Q hole. Instead, walk toward o landmark
such OS 0 tree that lies in the direction

you want to go.

COMPASS TECHNOLOGY

Earth's magnetic field makes compasses work. Technology mokes
them useful. A simple ball compass points to north but doesn't do
anything else; imagine trying to use it to follow a heading of
37 degrees! An orienteering compass lets you set and follow



COMPASS GAME

Try the following challenge to test your skill with using a compass and making
measurements,

1. Push a stick into the ground beside your foot. Turn the housing on your compass
to ony bearing (15 degrees, for example). Orient the compass (turn it so the
magnetic needle and the orienting needle line up) and sight along the direction-
of-travel arrow to a landmark. Walk 100 feet toward it.

2. Add 1 20 degrees to your first bearing, and set your compass again (in this
example, 1 20 degrees plus 15 degrees equals 1 35 degrees). Take a second
bearing and walk 100 feet on the new heading.

3. Add 1 20 degrees to the second
compass setting (1 20 degrees
plus 1 35 degrees equals 255
degrees) and adjust the compass
housing. (Subtract 360 if your
total is more than 360.) Take a

final bearing and walk 100 feet.

If your bearings and pace
measurement have been accurate,

you should be standing near the
stick where you started.

USING MAP AND COMPASS TOGETHER

Once you understand maps and have mastered the compass, you can begin
to use the two tools together. Doing so allows you to navigate through the back-
country on backpacking trips or canoe trips without getting lost. And if you do
get lost, it allows you to figure out where you are and which way you need to go.

Before you use map and compass together, however, you need to understand
the two norths and how to orient a map.

TWO NORTHS

The maps you are most likely to use on Scouting adventures are drawn with
their tops aimed exactly at the North Pole, or true north. You could say that
maps are made to speak the language of "true north."
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WEST DECLINATION

TRUE NORTH

★

MAGNETIC \
NORTH \

Compass needles, however, do not point
to true north. Instead, they are pulled toward
magnetic north, an area about 1,200 miles away
from the North Pole that radiates a magnetic
force strong enough to attract the metal point of
a compass needle. Compasses speak "magnetic
north," a different language from that used by
maps. The magnetic north arrow on a map points toward magnetic north.

The difference between true north and magnetic north is called declination
and is measured in degrees. Arrows in the bottom margin of many maps show
the difference as degrees of declination. When you use a map and compass
together, declination can cause large errors as you take bearings and try to
follow routes. Avoid problems with declination by making adjustments to the
map or compass so that they speak the same language.

20° E

15° W

5° W

20° W

10° W

EAST DECLINATION

TRUE NORTH

★

/MAGNETIC
NORTH

MAGNETIC NORTH IS > TRUE NORTH

WEST DECLINATION

TRUE NORTH

★

MAGNETIC k
NORTH \

MAGNETIC NORTH IS < TRUE NORTH

Along the agonic line, which runs from Wisconsin through Alabama, there's no difference
between true and magnetic north. In Washington and A^lne, however, the difference can
exceed 20 degrees in either direction.



ADJUSTING A MAP FOR DECLINATION

The easiest way to adjust for declination is to add magnetic north—south lines
to your topographic map.

1. Determine rhe declination for the area shown on the map. It will be indicated
at rhe bottom of the map, but you can also look it up online.

2. If the declination is easterly (in other words, if you're west of the agonic line),
set your compass to that heading (12 degrees, for example). If the declination
is westerly (in other words, if you're east of the agonic line), subtract the
declination from 360 degrees and set your compass to that heading (360
degrees — 9 degrees = 351 degrees, for example).

3. Place the compass on the map so one of the lines on the bottom of the
compass housing lines up with the edge of the map.

4. Place a ruler next to the

compass' baseplate. Draw
a line along the ruler
from the top of the map
to the bottom. Unless the

declination in the area

has changed, this line
should be parallel to the
magnetic-north arrow at
the bottom of the map.
(If you'd like, you can
draw a grid of parallel
lines across the map.)

Now, whenever you need a north—south line, use the one you've just drawn.

If you don't want to draw magnetic north—south lines on your map, you
can make adjustments on your compass as you go along. Simply add a westerly
declination to each heading or subtract an easterly declination from each
heading. To remember whether to add or subtract, memorize this phrase;
"East is least, west is best."

DECLINATION WHERE YOU ARE

To find your local declination, use the online magnetic declination j
estimator provided by the Notional Geophysical Data Center. With
your parent's permission, go to www.ngdc.noaa.gov/geomag-web and let
your computer calculate the current estimated value for magnetic declination.
Declination changes over time, so this handy calculator will give you a more
accurate number than a printed topographic map.
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ORIENTING A MAP

Orienting a map means rotating it
until it is lined up with the landscape
it depicts. Here are two ways to orient
a map:

■ Look around for landmarks such

as buildings, a bridge, or perhaps
the top of a hill. On your map,
find the symbols for those features.
Turn the map until the symbols
line up with the landscape features
they represent.

■ If you have a compass, rotate the
compass housing until N (zero
degrees) touches the direction-of-
travel arrow. Place the edge of the
compass baseplate alongside any
magnetic north-south line on the
map. Turn the map and compass as
directly over the orienting arrow in

When using a compass that has been
adjusted for declination, put the edge
of the compass baseplate along any
true north-south line, including the
north-south borders of the map.

a unit until the compass needle lies
the compass housing.

USING MAPS AND COMPASSES
ON SCOUTING ADVENTURES

Orienting a map so that
it matches the terrain can

give you the guidance you
need to travel over long
distances. Stop often to
orient the map again and
double-check your position.

When you are in areas
that are new to you or when
going cross-country, a couple
of other map and compass
skills can show you the way.



FOLLOWING A ROUTE DRAWN ON A MAP

1. On the map, place the edge of your compass along your planned route. Find
the symbols on the map for your current location and for the place you
want to reach. Lay your compass on the map with the edge of the baseplate
touching those two symbols. Be sure the direcrion-of-rravel arrow is pointing
in the direction you plan to go. (If the symbols are far apart, connect them
with a ruler, pencil a straight line between them, and then place the compass
baseplate along that line.)

2. On the compass, set the bearing. Hold the baseplate firmly on the map.
Ignore the magnetic needle and turn the compass housing until the lines in
it are parallel with any magnetic north-south line drawn on your map. The
N on the compass housing should point toward the top of the map.

3. In the field, follow the compass bearing. Hold your compass in front of you
with the direction-of-travel arrow pointing straight ahead. Turn your entire
body until the magnetic needle covers the orienting arrow on the floor of the
compass housing (the north end of the needle should be toward north on the
compass housing). The direction-of-travel arrow will point toward your des
tination. If there is a trail or a road that leads in the direction you want to go,
follow that route. When going cross-country, pick a tree, rock, or something
else in line with the direction-of-travel arrow and walk to it. Take another

compass bearing and head toward the next landmark along your route.
Repeat, walking from one point to another, until you reach your destination.

Collecting Features, Catching Features, and Aiming Off
A collecting feature is a feature olong your route sucfi as a lake or rood tfiat you
can't miss; it can help you moke sure you haven't gone off course. A catching
feature is a similar feature that lies beyond your destination; if you get there, you
know you've gone too far. When your destination lies along a long feature like a
river, you can aim off a few degrees in one direction. That way, when you reach
the feature, you'll know which way to turn.

IDENTIFYING LANDMARKS

If you can locate where you are on the
map, you can Identify the mountains, lakes,
buildings, and other landmarks that you see.

1. Take a bearing on the landmark. Holding
the compass in your hand, aim the
direction-of-travel arrow at the landmark

you want to identify. Turn the compass
housing until the magnetic needle lines
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up over the orienting arrow. The north end
of the needle should be pointing at N on
the compass housing.

2. Locate your position on the map. Find the
map point that represents the place where
you are standing.

3. Identify the landmark. Place your compass
on the map with one edge of the baseplate
touching the point for your location. Move
the entire compass until the lines in the
housing are parallel with any magnetic
north-south line drawn on the map. The
N on the compass housing should be
pointed toward the top of the map. Draw a
line along the edge of the baseplate starting
at your location and going in the direction
of travel. Look at the points under that
line. One of them should represent the
landmark you want to identify.

GPS RECEIVERS

For many years, Scouts used nothing but maps and compasses to get
around. More recently, GPS receivers have become popular and affordable
ways to navigate.

A GPS receiver is an electronic tool that uses satellite signals to calculate its
location anywhere on Earth. With it you can determine your current position
and speed, the distance traveled, and the direction in which you are going.
A GPS unit also wiU estimate your elevation above sea level. By
recording where you have traveled, you can retrace your steps
and find your way home. Some GPS units can he
programmed with topographic maps showing
your route and providing constant updates of
your progress.

GPS technology is also built into
smartphones and in-car navigation systems,
so you may have access to several ways to
use the technology.

To understand how GPS receivers

work, you need to understand longitude
and latitude and how places on the planet
are described numerically.

A GPS receiver is not a substitute

for developing skill with mops and
compasses. A GPS unit with dead
batteries is no more useful for

helping you find your way than a
rock you pick up on the trail.



LONGITUDE AND LATITUDE

Lines of longitude and latitude form a grid around the
globe that can be used to specify the location of any spot
on Earth. GPS systems use this grid system to identify
your location, as well as waypoints between you and
your destination.

To begin understanding longitude and latitude, look
at a peeled orange. Notice how the segments of the orange
fit together. The lines between the segments all touch at
the top of the orange and again at the bottom.

Choose one of the orange segment lines and call it zero. From there, you can
number the other lines around the orange—1, 2, 3, 4, and so on. This will tell
you how many segment lines you are away from the zero segment line.

On a globe, mapmakers have drawn lines that are similar to the lines
separating the segments of your peeled orange. These are meridians (lines)
of longitude. They converge (come together) at the North Pole and at the
South Pole.

Just as there are 360 degrees in a circle, there are 360
degrees of longitude. The meridian of longitude marked
zero—also called the prime meridian—is the one that
passes through the Royal Observatory
at Greenwich, England. On a
map of the world, the meridians
of longitude will tell you how
far you are from the prime
meridian. New York Gity is
about 74 degrees west of the
prime meridian. Seattle is 122
degrees of longitude west of the
prime meridian.

Longitude

Prime meridian

Latitude

Latitude and longitude

Go back to the peeled orange and imagine drawing
a line around the center of it, crossing all the segments
at an equal distance from the top and the bottom. That
line is the equator of the orange. Earth's equator is an
imaginary line that is equally far from the North Pole
and the South Pole. {Equator comes from the word
equal.) The equator also serves as zero degrees latitude.
Lines drawn parallel to it are numbered to the poles. The
North Pole is 90 degrees of latitude north of the equator.
The South Pole is 90 degrees south.
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DEGREES, MINUTES, AND SECONDS
To show detailed locations, each degree of longitude and latitude is divided

into 60 minutes, and each minute of longitude and latitude is divided into
60 seconds. A position on the globe is stated latitude first, followed
by longitude. For example, the coordinates of latitude and
longitude for the summit of Baldy
Mountain, the highest point on
Philmont Scout Ranch in New

Mexico, are:

36°37'45" N, 105°12'48" W

That means that hikers standing
on top of Baldy are 36 degrees,
37 minutes, 45 seconds north

of the equator, and 105 degrees,
12 minutes, 48 seconds west of

the prime meridian.
A view of Baldy Mountain, Philmont Scout
Ranch, New Mexico, from the Baldy Town

BEING SPECIFIC AND PRECISE

check-in point

A
If you say that you live in Manhattan, you could mean one of the "Y
boroughs of New York City, but you could also mean a place in
Colorado, Florida, Illinois, Indiana, Kansas, Montana, or Nevada. Scientists
don't like that kind of imprecision. That's why they use numbers like those
described here.

45'51'27" N,
11 r 19'52" W

41'25' 19" N,
87- 58' 52" W 39* 33' 18" N,

86' 55' 39" W

27 50' 75

38" 32' 20

117' 04' 30" W

40' 43' 56" N

105" 36' 00" W 39" 11' 30" N,
96" 35' 30" W

40' 43' 42" N,
73* 59' 39" W

82'31'87" W



126 120 114 108 102 90 84 78 72 66

UTM SYSTEM

Another grid used for identifying locations is the Universal Transverse
Mercator system. It divides the globe in much the same way as longitude
and latitude, but uses meters for measurements rather than degrees,
minutes, and seconds. Many maps show the UTM grid in great detail.

UTM zones extend from the North Pole to the South Pole. Each of the 60 zones

covers 6 degrees of longitude; the zones are numbered from west to east beginning
at 180 degrees longitude (the opposite side of the globe from the prime meridian).

The map at right shows the
UTM zones for the continental

United States. As you can see,
those zones are very large. To
pinpoint your location, you need
to figure out where you are within
a particular zone. That's where
easting and northing come in.

Easring. This measurement
tells you how far east of the
UTM zone's western edge you are in meters. The north-south meridian in the
center of a UTM zone has a value of 500,000 meters, so a coordinate to the east

of that meridian will have a value of more than 500,000, while a coordinate
to the west of that meridian will have a value of less than 500,000. (Easting
measurements start from the middle of the zone because the zones vary in width
from the equator to the poles.)

Northing. This measurement tells you how far north of the equator you
are in meters.

Let's look again at Baldy Mountain at Philmont Scout Ranch. The top
of Baldy Mountain has these UTM coordinates:

Zone 13 480929E, 4053843N

■ Baldy Mountain is located in Zone 13.

■ 480929E indicates that the location of the summit is 480,929 meters in
relation to the Zone 13 meridian (slighdy west of center, in other words).
That's the easting value.

■ 4053843N means the Baldy summit is 4,053,843 meters north of the
equator. That's the northing value.
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UTM coordinates always appear in the same order: zone, then easting,
then northing.

Most GPS receivers can accept data either in longitude/latitude format
or as UTM coordinates. Simply enter longitude and latitude numbers or
a set of UTM coordinates—those for Baldy Mountain, for example—and
the GPS receiver will give you the direction of travel and the distance to
that destination.

Likewise, asking a GPS receiver to show your present location will bring
up the numbers of UTM coordinates or of longitude and latitude that can
then be located on a map to show you exactly where you are.

WAYPOINTS

A waypoint is a location recorded in a GPS receiver. Allow the GPS unit to
find its current location, then save that location as a waypoint. Waypoints are
handy when you want to mark a
great fishing hole in a lake, when
you want to remember how to
return to a good campsite, or when
you are documenting the locations
of environmental service projects
in the backcountry.

Waypoints also are extremely
useful as you set out on a journey
and as you are coming home.

Pencil your route on a topographic mop. Mark a number of waypoints—
trail intersections, stream crossings, etc. Determine the longitude and latitude
or UTM coordinates of the waypoints and enter those numbers into your
GPS receiver. Bring up the waypoints on the GPS screen as you travel. They
will guide you along your route by telling you how far and in which direction
you must go to reach each waypoint.

During a trip, stop at recognizable landmarks (a big tree, a cabin, a
bridge) and use your GPS receiver to determine your location. Program
those spots into the GPS receiver's memory. On your return journey, those
waypoints will provide guidance so you can find your way even if visibility is
poor or you can't remember where you should go.



ORIENTEERING COURSES

Some troops set up orienteering courses for patrols to practice and enjoy map
and compass skills. Many Scouts also sharpen their orienteering abilities in open
country, using their maps, compasses, and GPS receivers to reach destinations
chosen by troop leaders.

Here's how an orienteering course works. You are given a special map marked
with destinations called control points. On the course, these points are marked
with brightly colored flags or cards.

The starter yells, "Go," and you flgure out the best route to the first control
point. That could mean shooting a bearing and traveling cross-country, but it
could also mean following a road until you reach a certain landmark and then
bushwhacking to the control point. Whatever route you choose, you race to the
control point and punch a scorecard to prove you were there. Then you orient
your map, plot a course to the next control point, and head off again. The first
person or team to visit all the control points and cross the finish line wins.
(Another version, called score orienteering, assigns a point value to each control
point based on distance or difficulty. There's a time limit, so you must decide
which control points to visit in order to rack up the highest possible score before
time expires.)

Earn o Merit Badge: Orienteering
The Orienteering merit badge is a great
introduction to the sport of orienteering. It con
be applied toward the merit badges you need
to earn the Eagle Scout Award.
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Topographic Mops and
Orienteering Maps
Topographic mops and
orienteering mops look a lot
alike, but they have two very
important differences. First,
orienteering mops are already
adjusted for declination,
so you don't need to make
any adjustments. Second,
orienteering maps use

symbols from the International
Orienteering Federation. While
these are similar to those on

topographic maps, they focus
more on the clues needed in

orienteering competitions. /■T-r---'

Passable rock face

Impassable cliff

Rocky ground

Open fores! (v/bifel
slow-running fores!

Difficul! run fores!, figb!

UndergrowHi or caclus,
single iree, special
vege!oiion

Roads: paved, unpaved,
vehicle !rack

Trails: large, small, mdisHnc!

Orienteering map symbols

Orienteering can be an exciting sport for everyone in a patrol or troop.
Teams of Scouts work together to complete the course quickly and accurately,
combining their map and compass abilities with route-finding, observation,
and physical fi tness.

Orienteering is also a sport that you can pursue outside Scouting. Many
communities have orienteering clubs that are affiliated with Orienteering
USA and that run orienteering competitions for the general public.

GEOCACHING
The sport of geocaching is a great patrol adventure. Troop members and

staffs of Scout camps prepare an area by hiding items in the field and using
GPS receivers to note their exact locations. You then set off on a scavenger
hunt by following the coordinates to locate whatever has been hidden.



Geocaching Etiquette
■ Only place and look for geocaches in

public places.

■ Always follow the rules of the place where
you're geocaching.

■ Always follow the principles of outdoor ethics
to minimize damage to the environment.

■ Always leave an area better than you found
if. Follow the guideline "Cache in, trash out."

Geocaching is also an enjoyable public
activity. Websites list the GPS coordinates
of caches hidden in city parks and other
open spaces across America—simply
enter a ZIP code and coordinates for

nearby geocaches will appear. Many of
the caches are small containers with a

few trinkets and a logbook. Those who
succeed in finding a cache are invited to
take a trinket and leave one of their own.

After writing their names in the logbook,
geocachers return a cache to its hiding
place and go in search of another.

Earn o Merit Badge: Geocaching
Earn the Geocaching merit badge along your
trail to Eagle, and you will gain great insight
into this sport that combines technology with
the great outdoors.

Geocaching 1

I
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USING YOUR ORIENTEERING SKILLS
ON SCOUTING ADVENTURES

In addition to the fun you can have, knowing how to use a map and
compass will make your outdoor adventures better. An orienteering hike
might use a topographic map like the one shown here.

jjog Chapel

Let's say you want to hike from Log Chapel to the road intersection labeled
179. Study the map and figure out your route before you begin hiking. Here
are four possibilities.

1. Stay on quiet roads to Meadow Knoll Cemetery, and then turn north
toward intersection 179.

2. Avoid most of the roads by walking south of the chapel until you reach a
stream, then turn left and follow the stream hank in an easterly direction.
From the point where it spills into a second stream, you may be able to see
your destination. If not, place your compass on your map, determine the
correct hearing to reach intersection 179, then let the compass lead you
the rest of the way.

3. Another route can take you over the tops of the hills in the center of the
map. To stay on course, you may need to take compass hearings from your
starting point to the top of the first hill and then from one summit to
the next.

4. For a beeline hike, use the map and compass to figure out the bearing for
a straight line from Log Chapel to intersection 179. Follow that bearing as
carefully as you can and see how close you come to your goal.



Want to figure out how far you will hike?
Try this method. Put one end of a piece of
string on the map at your starting point—in
this case. Log Chapel. Lay out the string
so that it rests on top of your entire route.
Pinch the string where it touches your
destination (intersection 179) and pick it
up. Stretch the string on the bar scale at the

bottom of the map and measure it up to the point where you are pinching it.
That's the length of your hike.

FINDING DIRECTIONS USING THE STARS

Maps, compasses, and GPS receivers are useful, but for thousands of years
travelers managed to find their way with no navigation instruments at all. They
used the stars as their guides to explore the world.

People have long imagined that groups of stars formed the shapes of
warriors, animals, maidens, and monsters. Many of the names they gave these
constellations are still with us today. You can use a star chart—a map of the night
sky—to find the constellations.

With the stars to guide them, sailors of old crossed the seas, and explorers
made their way to distant lands. You can use the stars to find directions at
night, too.

NORTH STAR METHOD

Ursa Major is the ancient name for a constellation known as the Great Bear.
The Big Dipper forms part of the Great Bear. Four bright stars form the Big
Dipper's bowl, and three more make up the handle.

To find the North Star (also known

as Polaris), train your eyes on the pointer
stars of the Big Dippet—the two stars
farthest from the Dipper's handle.
Extend an imaginary line through
them. The North Star is on that line at

a distance of about five times the span
between the two pointers. Earth's North
Pole lies directly under the North Star.

Push a 2-foot-long stick into the ground. Hold a shorter stick in such a
way that when you sight over the tips of both sticks, you see the North Star. A
straight line scratched between the sticks is a true north-south line.
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BIG DIPPER

Look closely and you might see that the middle star in the
Big Dipper's handle is really two stars, Mizar and Alcor. Some
American Indians thought of the larger star as a horse, the smaller as a
rider. Look even more closely, through a telescope, and you will see that Alcor is
actually made of two stars, and Mizor is made of four stars!

CONSTELLATION METHOD

As you become familiar with the constellations, their locations will suggest
general directions. Scorpio, for example, fills the southern sky in the summer.
Orion rises in the southeast on winter evenings. The Northern Crown, which is
shaped like a horseshoe, opens toward the north. Cassiopeia circles the
North Star opposite the Big Dipper.

Even if you can't identify many constellations, you can determine general
directions by watching which way stars ate moving at night. Like the sun, stars
rise in the east and set in the west. The star on the right side of Orion's belt,
Mintaka, tracks almost exactly from due east to due west.

/  / CASSIOPEIA

/ S
1
»

BOOTES*: ^

/  / URSA MAJOR \
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FINDING DIRECTIONS USING
THE SUN AND MOON

The sun and moon rise over the eastern horizon and set in the west. At other

times of the day and night, use them to find directions using the watch method,
the shadow-stick method, or the equal-length shadow method.

WATCH METHOD

Hold an analog watch level. Place a shott,
straight twig upright against the edge of the
watch at the point of the hour hand. Turn the
watch until the shadow of the twig falls along
the hour hand's position—that is, until the
hour hand points toward the sun.

Notice the angle formed between the
numetal 12 and the shadow lying on the hour
hand. A line from the center of the watch that divides that angle in half will
point south. (Note: This method tequires standard time. If your watch is on
daylight saving time, use the numeral 1 instead of 12.)

SHADOW-STICK METHOD

Push a short, straight stick into the ground.
Angle it toward the sun so that the stick
makes no shadow. Then wait until it

casts a shadow at least 6 inches long.
The shadow will be pointing east from
the stick. A line at right angles across
the shadow will be north-south.

This method will work just as well on nights
when the moon is bright enough to cause shadows to form.

EQUAL-LENGTH SHADOW METHOD
In the morning, push a straight 3-foot-long stick upright into the ground.

Tie a string around the base of the stick with a bowline. Next, extend the string
to the end of the stick's shadow. Tie a peg to the string at that point and use it
to scratch a circle on the ground around the stick. Push the peg into the ground
where the tip of the stick's shadow touches the circle.
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In the afternoon, place another
peg where the tip of the shadow
again touches the circle. A straight
line drawn between the pegs is a
west-east line, with west at the

morning peg. A line drawn at right
angles across the west—east line will
be north—south.

NAVIGATING YOUR WAY FORWARD
Teaching navigation skills to others is a fine way to share the lore of

Scouting and to improve your own mastery of maps, compasses, and GPS
receivers. Earning the Orienteering and Geocaching merit badges is another
great way to improve your navigation skills.

You'll also find that the tools of navigation come in handy whenever you are
leading your patrol and troop during outdoor adventures. If you know how to
navigate, wilderness travel becomes easy. That's also true of sailing adventtues,
rafting trips, long-distance bicycling, and much more. Understanding ways to
use a GPS receiver opens the fim and satisfaction of geocaching.

Learning navigation skills can lead to some of your greatest adventures.
Being able to use a map is a life skill that will be important wherever you go.
With a compass and perhaps a GPS receiver, too, you can be ready to find
your way almost anywhere on the globe.


