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VII. AREA OF OPERATION: NAVIGATION 
A. TASK: PILOTAGE AND DEAD RECKONING (ASEL and ASES) REFERENCES: AC 61-23/FAA-H-
8083-25. 
Objective. To determine that the applicant: 
1. Exhibits knowledge of the elements related to pilotage and deadreckoning. 
2. Follows the preplanned course by reference to landmarks. 
3. Identifies landmarks by relating surface features to chart symbols. 
4. Navigates by means of precomputed headings, groundspeeds, andelapsed time. 
5. Corrects for and records the differences between preflightgroundspeed and heading calculations and those 
determined enroute. 
6. Verifies the airplane's position within three (3) nautical miles of theflight-planned route. 
7. Arrives at the en route checkpoints within five (5) minutes of theinitial or revised ETA and provides a 
destination estimate. 
8. Maintains the appropriate altitude, ±200 feet (60 meters) andheadings, ±15°. 
 

Minimum Safe Altitudes  
• Anywhere An altitude that allows you to handle an emergency landing without doing damage to anything 

on the ground  
• Congested Areas City ,Town, Settlement, Large assembly of people  
• 1,000 ft above the highest obstacle that is within 2,000 ft of you  
• Other than congested areas  
• 500 ft above the surface  
• Sparsely populated areas or open water  
• 500 ft from any person, vessel, vehicle or structure  
Minimum Safe AltitudesFAR91.119:  
• Anywhere: except for conducting a normal takeoff or landing, the pilot must maintain 

enough altitude to allow for an emergency landing in the event of an engine failure, without 
creating an undue hazard to people or property on the surface. 

• Over congested areas; an altitude of 1,000 ft above the highest obstacle within a horizon-
tal radius of 2,000 ft of the aircraft. 

• Over other than congested areas; an altitude of 500 ft above the surface, except over 
open water or sparsely populated areas. In those cases, the aircraft may not be operated 
closer than 500 feet to any person, vessel, vehicle, or structure. 

VFR altitudes based on ground track. 
360-179 0dd thousands plus 500 ft 
180-359 even thousands plus 500 ft 

Navigation 
 
This chapter provides an introduction to crosscountryflying under visual flight rules (VFR). 
Itcontains practical information for planning andexecuting cross-country flights for the beginning 
pilot.Air navigation is the process of piloting an airplanefrom one geographic position to another 
while monitoringone’s position as the flight progresses. It introducesthe need for planning, which 
includes plotting thecourse on an aeronautical chart, selecting checkpoints,measuring distances, 
obtaining pertinent weather information,and computing flight time, headings, and fuelrequirements. 
The methods used in this chapter includepilotage—navigating by reference to visible landmarks, 
dead reckoning—computations of direction and distancefrom a known position, and radio 
navigation—byuse of radio aids. 

AERONAUTICAL CHARTS 
An aeronautical chart is the road map for a pilot flyingunder VFR. The chart provides information 
whichallows pilots to track their position and provides availableinformation which enhances safety. 
The threeaeronautical charts used by VFR pilots are: 
• Sectional Charts 
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• VFR Terminal Area Charts 
• World Aeronautical Charts 
A free catalog listing aeronautical charts and relatedpublications including prices and instructions 
forordering is available at the National AeronauticalCharting Office (NACO) Web site: 
www.naco.faa.gov. 
SECTIONAL CHARTS 
Sectional charts are the most common charts usedby pilots today. The charts have a scale of 
1:500,000(1 inch = 6.86 nautical miles or approximately 8statute miles) which allows for more 
detailed informationto be included on the chart.The charts provide an abundance of information, 
including airport data, navigational aids, airspace,and topography. Figure 14-1 on the next page is 
anexcerpt from the legend of a sectional chart. Byreferring to the chart legend, a pilot can 
interpretmost of the information on the chart. A pilot shouldalso check the chart for other legend 
information,which includes air traffic control frequencies andinformation on airspace. These charts 
are revisedsemiannually except for some areas outside theconterminous United States where 
they are revisedannually. 
VISUAL FLIGHT RULETERMINAL AREA CHARTS 
Visual flight rule (VFR) terminal area charts are helpfulwhen flying in or near Class B airspace. 
Theyhave a scale of 1:250,000 (1 inch = 3.43 nauticalmiles or approximately 4 statute miles). 
These chartsprovide a more detailed display of topographicalinformation and are revised 
semiannually, except forseveral Alaskan and Caribbean charts. 
WORLD AERONAUTICAL CHARTS 
World aeronautical charts are designed to provide astandard series of aeronautical charts, 
covering landareas of the world, at a size and scale convenient fornavigation by moderate speed 
aircraft. They are producedat a scale of 1:1,000,000 (1 inch = 13.7 nauticalmiles or approximately 
16 statute miles). These chartsare similar to sectional charts and the symbols are thesame except 
there is less detail due to the smaller scale.  These charts are revised annually except 
severalAlaskan charts and the Mexican/Caribbean chartswhich are revised every 2 years. 

LATITUDE AND LONGITUDE 
(MERIDIANS AND PARALLELS) 
The Equator is an imaginary circle equidistant from thepoles of the Earth. Circles parallel to the 
Equator (linesrunning east and west) are parallels of latitude. Theyare used to measure degrees 
of latitude north or southof the Equator. The angular distance from the Equatorto the pole is one-
fourth of a circle or 90°. The 48 conterminousstates of the United States are locatedetween 25° 
and 49° N. latitude. The arrows in figure14-2 labeled “LATITUDE” point to lines of 
latitude.Meridians of longitude are drawn from the North Poleto the South Pole and are at right 
angles to the Equator.The “Prime Meridian” which passes throughGreenwich, England, is used as 
the zero line fromwhich measurements are made in degrees east and westto 180°. The 48 
conterminous states of the UnitedStates are between 67° and 125° W. Longitude. Thearrows in 
figure 14-2 labeled “LONGITUDE” point tolines of longitude.Any specific geographical point can 
thus be located byreference to its longitude and latitude. Washington, DCfor example, is 
approximately 39° N. latitude, 77° W.longitude. Chicago is approximately 42° N. latitude,88°W. 
longitude. 
TIME ZONES 
The meridians are also useful for designating timezones. A day is defined as the time required for 
theEarth to make one complete rotation of 360°. Since theday is divided into 24 hours, the Earth 
revolves at therate of 15° an hour. Noon is the time when the Sun isdirectly above a meridian; to 
the west of that meridianis morning, to the east is afternoon.The standard practice is to establish 
a time zone foreach 15° of longitude. This makes a difference ofexactly 1 hour between each 
zone. In the United States,there are four time zones. The time zones are Eastern(75°), Central 
(90°), Mountain (105°), and Pacific(120°). The dividing lines are somewhat irregular because 
communities near the boundaries often find itmore convenient to use time designations of 
neighboringcommunities or trade centers.Figure 14-3 shows the time zones in the United States. 
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When the Sun is directly above the 90th meridian, it isnoon Central Standard Time. At the same 
time, it willbe 1 p.m. Eastern Standard Time, 11 a.m. MountainStandard Time, and 10 a.m. Pacific 
Standard Time.When “daylight saving” time is in effect, generallybetween the last Sunday in April 
and the last Sunday inOctober, the Sun is directly above the 75th meridian atnoon, Central Daylight 
Time.These time zone differences must be taken into accountduring long flights eastward—
especially if the flightmust be completed before dark. Remember, an hour islost when flying 
eastward from one time zone toanother, or perhaps even when flying from the westernedge to the 
eastern edge of the same time zone.Determine the time of sunset at the destination by consulting 
the flight service stations (AFSS/FSS) orNational Weather Service (NWS) and take this into 
account when planning an eastbound flight.In most aviation operations, time is expressed in terms 
of the 24-hour clock. Air traffic control instructions,weather reports and broadcasts, and estimated 
times ofarrival are all based on this system. For example: 9 a.m.is expressed as 0900, 1 p.m. is 
1300, and 10 p.m. is2200. Because a pilot may cross several time zones during a flight, a standard 
time system has been adopted. It is called Universal Coordinated Time (UTC) and is often referred 
to as Zulu time. UTC is the time at the 0° lineof longitude which passes through Greenwich, 
England. All of the time zones around the world arebased on this reference. To convert to this time, 
a pilotshould do the following: 
Eastern Standard Time..........Add 5 hours 
Central Standard Time..........Add 6 hours 
Mountain Standard Time...... Add 7 hours 
Pacific Standard Time.......... Add 8 hours 
For daylight saving time, 1 hour should be subtracted from the calculated times. 
MEASUREMENT OF DIRECTION 
By using the meridians, direction from one point toanother can be measured in degrees, in a 
clockwisedirection from true north. To indicate a course to be followedin flight, draw a line on the 
chart from the pointof departure to the destination and measure the anglewhich this line forms with 
a meridian. Direction isexpressed in degrees, as shown by the compass rose infigure 14-4. 
Because meridians converge toward the poles, coursemeasurement should be taken at a meridian 
near themidpoint of the course rather than at the point of departure.The course measured on the 
chart is known as thetrue course. This is the direction measured by referenceto a meridian or true 
north. It is the direction ofintended flight as measured in degrees clockwise fromtrue north.  As 
shown in figure 14-5, the direction from A to Bwould be a true course of 065°, whereas the return 
trip(called the reciprocal) would be a true course of 245°.The true heading is the direction in which 
the nose ofthe airplane points during a flight when measured indegrees clockwise from true north. 
Usually, it is necessaryto head the airplane in a direction slightly differentfrom the true course to 
offset the effect of wind.Consequently, numerical value of the true heading maynot correspond with 
that of the true course. This will bediscussed more fully in subsequent sections in thischapter. For 
the purpose of this discussion, assume ano-wind condition exists under which heading and 
course would coincide. Thus, for a true course of 065°,the true heading would be 065°. To use the 
compassaccurately, however, corrections must be made formagnetic variation and compass 
deviation. 
VARIATION 
Variation is the angle between true north and magneticnorth. It is expressed as east variation or 
west variationdepending upon whether magnetic north (MN) is to theeast or west of true north (TN). 
The north magnetic pole is located close to 71° N. latitude,96° W. longitude and is about 1,300 
miles fromthe geographic or true north pole, as indicated in figure14-6. If the Earth were uniformly 
magnetized, the compassneedle would point toward the magnetic pole, inwhich case the variation 
between true north (as shownby the geographical meridians) and magnetic north (asshown by the 
magnetic meridians) could be measuredat any intersection of the meridians.Actually, the Earth is 
not uniformly magnetized. In theUnited States, the needle usually points in the generaldirection of 
the magnetic pole, but it may vary in certaingeographical localities by many degrees. 
Consequently,the exact amount of variation at thousands of selectedlocations in the United States 
has been carefully determined.The amount and the direction of variation, whichchange slightly from 
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time to time, are shown on mostaeronautical charts as broken magenta lines, called isogoniclines, 
which connect points of equal magneticvariation. (The line connecting points at which there isno 
variation between true north and magnetic north isthe agonic line.) An isogonic chart is shown in 
figure14-6. Minor bends and turns in the isogonic and agoniclines are caused by unusual 
geological conditionsaffecting magnetic forces in these areas.On the west coast of the United 
States, the compassneedle points to the east of true north; on the east coast,the compass needle 
points to the west of true north.Zero degree variation exists on the agonic line, wheremagnetic 
north and true north coincide. This line runsroughly west of the Great Lakes, south 
throughWisconsin, Illinois, western Tennessee, and along theborder of Mississippi and Alabama. 
[Compare figures14-7 and 14-8.]Because courses are measured in reference to geographical 
meridians which point toward true north, and thesecourses are maintained by reference to the 
compasswhich points along a magnetic meridian in the generaldirection of magnetic north, the true 
direction must beconverted into magnetic direction for the purpose offlight. This conversion is made 
by adding or subtractingthe variation which is indicated by the nearest isogonicline on the chart. 
The true heading, when corrected forvariation, is known as magnetic heading.If the variation is 
shown as “9°E,” this means that magneticnorth is 9° east of true north. If a true heading of360° is to 
be flown, 9° must be subtracted from 360°,which results in a magnetic heading of 351°. To flyeast, 
a magnetic heading of 081° (090° – 9°) would beflown. To fly south, the magnetic heading would be 
171° (180° – 9°). To fly west, it would be 261° (270° –9°). To fly a true heading of 060°, a magnetic 
headingof 051° (060° – 9°) would be flown.Remember, to convert true course or heading to 
magneticcourse or heading, note the variation shown bythe nearest isogonic line. If variation is 
west, add; ifeast, subtract. One method for remembering whether toadd or subtract variation is the 
phrase “east is least(subtract) and west is best (add).” 
DEVIATION 
Determining the magnetic heading is an intermediatestep necessary to obtain the correct compass 
headingfor the flight. To determine compass heading, a correctionfor deviation must be made. 
Because of magneticinfluences within the airplane such as electrical circuits,radio, lights, tools, 
engine, and magnetized metalparts, the compass needle is frequently deflected fromits normal 
reading. This deflection is deviation. Thedeviation is different for each airplane, and it also may 
vary for different headings in the same airplane. Forinstance, if magnetism in the engine attracts 
the northend of the compass, there would be no effect when theplane is on a heading of magnetic 
north. On easterly orwesterly headings, however, the compass indicationswould be in error, as 
shown in figure 14-9. Magneticattraction can come from many other parts of the airplane;the 
assumption of attraction in the engine ismerely used for the purpose of illustration.Some 
adjustment of the compass, referred to as compensation,can be made to reduce this error, but the 
remaining correction must be applied by the pilot.Proper compensation of the compass is best 
performedby a competent technician. Since the magnetic forceswithin the airplane change, 
because of landing shocks,vibration, mechanical work, or changes in equipment,the pilot should 
occasionally have the deviation of thecompass checked. The procedure used to check thedeviation 
(called “swinging the compass”) is brieflyoutlined.The airplane is placed on a magnetic compass 
rose, theengine started, and electrical devices normally used(such as radio) are turned on. 
Tailwheel-type airplanesshould be jacked up into flying position. The airplane isaligned with 
magnetic north indicated on the compassrose and the reading shown on the compass is recorded 
on a deviation card. The airplane is then aligned at 30°intervals and each reading is recorded. If the 
airplane isto be flown at night, the lights are turned on and anysignificant changes in the readings 
are noted. If so,additional entries are made for use at night.The accuracy of the compass can also 
be checked bycomparing the compass reading with the known runwayheadings. 
A deviation card, similar to figure 14-10, is mountednear the compass, showing the addition or 
subtractionrequired to correct for deviation on various headings,usually at intervals of 30°. For 
intermediate readings,the pilot should be able to interpolate mentally withsufficient accuracy. For 
example, if the pilot needed thecorrection for 195° and noted the correction for 180° tobe 0° and for 
210° to be +2°, it could be assumed thatthe correction for 195° would be +1°. The 
magneticheading, when corrected for deviation, is known ascompass heading.The following 
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method is used by many pilots to determinecompass heading: After the true course (TC) is 
measured, and wind correction applied resulting in a trueheading (TH), the sequence TH ± 
variation (V) = MH ±deviation (D) = compass heading (CH) is followed toarrive at compass 
heading. 

EFFECT OF WIND 
The preceding discussion explained how to measure atrue course on the aeronautical chart and 
how to makecorrections for variation and deviation, but oneimportant factor has not been 
considered—wind. Asdiscussed in the study of the atmosphere, wind is amass of air moving over 
the surface of the Earth in adefinite direction. When the wind is blowing from thenorth at 25 knots, 
it simply means that air is movingsouthward over the Earth’s surface at the rate of 25nautical 
miles (NM) in 1 hour.Under these conditions, any inert object free from contactwith the Earth will 
be carried 25 NM southward in1 hour. This effect becomes apparent when such thingsas clouds, 
dust, and toy balloons are observed beingblown along by the wind. Obviously, an airplane flying 
within the moving mass of air will be similarlyaffected. Even though the airplane does not float 
freelywith the wind, it moves through the air at the same timethe air is moving over the ground, 
thus is affected bywind. Consequently, at the end of 1 hour of flight, theairplane will be in a 
position which results from a combinationof these two motions: 
• the movement of the air mass in reference to theground, and 
• the forward movement of the airplane through theair mass. 
Actually, these two motions are independent. So far asthe airplane’s flight through the air is 
concerned, itmakes no difference whether the mass of air throughwhich the airplane is flying is 
moving or is stationary.A pilot flying in a 70-knot gale would be totallyunaware of any wind (except 
for possible turbulence)unless the ground were observed. In reference to theground, however, the 
airplane would appear to flyfaster with a tailwind or slower with a headwind, or todrift right or left 
with a crosswind.As shown in figure 14-12, an airplane flying eastwardat an airspeed of 120 knots 
in still air, will have agroundspeed exactly the same—120 knots. If the massof air is moving 
eastward at 20 knots, the airspeed ofthe airplane will not be affected, but the progress of 
theairplane over the ground will be 120 plus 20, or agroundspeed of 140 knots. On the other 
hand, if themass of air is moving westward at 20 knots, the airspeedof the airplane still remains 
the same, butgroundspeed becomes 120 minus 20 or 100 knots.Assuming no correction is made 
for wind effect, if theairplane is heading eastward at 120 knots, and the airmass moving 
southward at 20 knots, the airplane atthe end of 1 hour will be almost 120 miles east of its 
point of departure because of its progress through theair. It will be 20 miles south because of the 
motion ofthe air. Under these circumstances, the airspeedremains 120 knots, but the 
groundspeed is determinedby combining the movement of the airplane with thatof the air mass. 
Groundspeed can be measured as thedistance from the point of departure to the position of 
the airplane at the end of 1 hour. The groundspeed canbe computed by the time required to fly 
between twopoints a known distance apart. It also can be determinedbefore flight by constructing 
a wind triangle,which will be explained later in this chapter. [Figure14-13]The direction in which 
the plane is pointing as it flies isheading. Its actual path over the ground, which is acombination of 
the motion of the airplane and themotion of the air, is track. The angle between the heading 
and the track is drift angle. If the airplane’s headingcoincides with the true course and the wind is 
blowingfrom the left, the track will not coincide with the truecourse. The wind will drift the airplane 
to the right, sothe track will fall to the right of the desired course ortrue course. [Figure 14-14] 
By determining the amount of drift, the pilot cancounteract the effect of the wind and make the 
trackof the airplane coincide with the desired course. If themass of air is moving across the 
course from the left,the airplane will drift to the right, and a correctionmust be made by heading 
the airplane sufficiently tothe left to offset this drift. To state in another way, ifthe wind is from the 
left, the correction will be madeby pointing the airplane to the left a certain number ofdegrees, 
therefore correcting for wind drift. This iswind correction angle and is expressed in terms of 
degrees right or left of the true course. [Figure 14-15]To summarize: 
• COURSE—is the intended path of an airplane 
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over the ground; or the direction of a line drawnon a chart representing the intended airplane path, 
expressed as the angle measured from a specificreference datum clockwise from 0° through 360° 
to the line. 
• HEADING—is the direction in which the noseof the airplane points during flight. 
• TRACK—is the actual path made over theground in flight. (If proper correction has been 
made for the wind, track and course will be identical.) 
• DRIFT ANGLE—is the angle between headingand track. 
• WIND CORRECTION ANGLE—is correctionapplied to the course to establish a heading so that 
track will coincide with course. 
• AIRSPEED—is the rate of the airplane’sprogress through the air. 
• GROUNDSPEED—is the rate of the airplane’sin-flight progress over the ground. 
BASIC CALCULATIONS 
Before a cross-country flight, a pilot should make commoncalculations for time, speed, and 
distance, and theamount of fuel required. 
CONVERTING MINUTES TO EQUIVALENTHOURS 
It frequently is necessary to convert minutes into equivalenthours when solving speed, time, and 
distanceproblems. To convert minutes to hours, divide by 60(60 minutes = 1 hour). Thus, 30 
minutes 30/60 = 0.5hour. To convert hours to minutes, multiply by 60.Thus, 0.75 hour equals 0.75 x 
60 = 45 minutes.Time T = D/GS 
To find the time (T) in flight, divide the distance (D)by the groundspeed (GS). The time to fly 210 
nauticalmiles at a groundspeed of 140 knots is 210 divided by140, or 1.5 hours. (The 0.5 hour 
multiplied by 60 minutesequals 30 minutes.) Answer: 1:30. 
Distance D = GS X T 
To find the distance flown in a given time, multiplygroundspeed by time. The distance flown in 1 
hour 45minutes at a groundspeed of 120 knots is 120 x 1.75, or210 nautical miles. 
Groundspeed GS = D/T 
To find the groundspeed, divide the distance flown bythe time required. If an airplane flies 270 
nautical milesin 3 hours, the groundspeed is 270 divided by 3 = 90knots. 
CONVERTING KNOTS TO MILES PER HOUR 
Another conversion is that of changing knots to milesper hour. The aviation industry is using knots 
morefrequently than miles per hour, but it might be well todiscuss the conversion for those who do 
use miles perhour when working with speed problems. TheNational Weather Service reports both 
surface windsand winds aloft in knots. However, airspeed indicatorsin some airplanes are 
calibrated in miles per hour(although many are now calibrated in both miles perhour and knots). 
Pilots, therefore, should learn toconvert windspeeds in knots to miles per hour.A knot is 1 nautical 
mile per hour. Because there are6,076.1 feet in a nautical mile and 5,280 feet in a statutemile, the 
conversion factor is 1.15. To convert knots tomiles per hour, multiply knots by 1.15. For example: a 
windspeed of 20 knots is equivalent to 23 miles perhour.Most flight computers or electronic 
calculators have ameans of making this conversion. Another quickmethod of conversion is to use 
the scales of nauticalmiles and statute miles at the bottom of aeronauticalcharts. 
FUEL CONSUMPTION 
Airplane fuel consumption is computed in gallons perhour. Consequently, to determine the fuel 
required for agiven flight, the time required for the flight must beknown. Time in flight multiplied by 
rate of consumptiongives the quantity of fuel required. For example, aflight of 400 NM at a 
groundspeed of 100 knotsrequires 4 hours. If the plane consumes 5 gallons anhour, the total 
consumption will be 4 x 5, or 20 gallons.The rate of fuel consumption depends on many factors: 
condition of the engine, propeller pitch, propellerr.p.m., richness of the mixture, and particularly the 
percentageof horsepower used for flight at cruising speed.The pilot should know the approximate 
consumptionrate from cruise performance charts, or from experience.In addition to the amount of 
fuel required for theflight, there should be sufficient fuel for reserve. 
FLIGHT COMPUTERS 
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Up to this point, only mathematical formulas have beenused to determine such items as time, 
distance, speed,and fuel consumption. In reality, most pilots will use amechanical or electronic flight 
computer. These devicescan compute numerous problems associated with flightplanning and 
navigation. The mechanical or electroniccomputer will have an instruction book and most likely 
sample problems so the pilot can become familiar withits functions and operation. [Figure 14-16] 
PLOTTER 
Another aid in flight planning is a plotter, which is aprotractor and ruler. The pilot can use this when 
determining true course and measuring distance.Most plotters have a ruler which measures in both 
nautical and statute miles and has a scale for a sectionalchart on one side and a world aeronautical 
charton the other. [Figure 14-16] 

PILOTAGE 
Pilotage is navigation by reference to landmarks orcheckpoints. It is a method of navigation that 
can beused on any course that has adequate checkpoints, butit is more commonly used in 
conjunction with deadreckoning and VFR radio navigation.The checkpoints selected should be 
prominent featurescommon to the area of the flight. Choose checkpointsthat can be readily 
identified by other features such asroads, rivers, railroad tracks, lakes, and power lines. If 
possible, select features that will make useful boundariesor brackets on each side of the course, 
such ashighways, rivers, railroads, and mountains. A pilot cankeep from drifting too far off course 
by referring to andnot crossing the selected brackets. Never place completereliance on any single 
checkpoint. Choose amplecheckpoints. If one is missed, look for the next onewhile maintaining the 
heading. When determiningposition from checkpoints, remember that the scale of asectional chart 
is 1 inch = 8 statute miles or 6.86 nauticalmiles. For example, if a checkpoint selected 
wasapproximately one-half inch from the course line onthe chart, it is 4 statue miles or 3.43 nautical 
miles fromthe course on the ground. In the more congested areas,some of the smaller features are 
not included on thechart. If confused, hold the heading. If a turn is madeaway from the heading, it 
will be easy to become lost.Roads shown on the chart are primarily the well-traveledroads or those 
most apparent when viewed fromthe air. New roads and structures are constantly beingbuilt, and 
may not be shown on the chart until the nextchart is issued. Some structures, such as antennas 
maybe difficult to see. Sometimes TV antennas are groupedtogether in an area near a town. They 
are supported byalmost invisible guy wires. Never approach an area ofantennas less than 500 feet 
above the tallest one. Mostof the taller structures are marked with strobe lights tomake them more 
visible to a pilot. However, someweather conditions or background lighting may makethem difficult 
to see. Aeronautical charts display thebest information available at the time of printing, but apilot 
should be cautious for new structures or changesthat have occurred since the chart was printed. 

DEAD RECKONING 
Dead reckoning is navigation solely by means ofcomputations based on time, airspeed, distance, 
anddirection. The products derived from these variables,when adjusted by windspeed and velocity, 
are headingand groundspeed. The predicted heading willguide the airplane along the intended path 
and thegroundspeed will establish the time to arrive at eachcheckpoint and the destination. Except 
for flightsover water, dead reckoning is usually used withpilotage for cross-country flying. The 
heading andgroundspeed as calculated is constantly monitoredand corrected by pilotage as 
observed from checkpoints. 
THE WIND TRIANGLE OR VECTOR ANALYSIS 
If there is no wind, the airplane’s ground track will bethe same as the heading and the groundspeed 
will bethe same as the true airspeed. This condition rarelyexists. A wind triangle, the pilot’s version 
of vectoranalysis, is the basis of dead reckoning.The wind triangle is a graphic explanation of the 
effect of wind upon flight. Groundspeed, heading, andtime for any flight can be determined by using 
thewind triangle. It can be applied to the simplest kind ofcross-country flight as well as the most 
complicatedinstrument flight. The experienced pilot becomes sofamiliar with the fundamental 
principles that estimatescan be made which are adequate for visualflight without actually drawing 
the diagrams. Thebeginning student, however, needs to develop skill inconstructing these diagrams 
as an aid to the completeunderstanding of wind effect. Either consciously orunconsciously, every 
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good pilot thinks of the flight interms of wind triangle.If a flight is to be made on a course to the 
east, with awind blowing from northeast, the airplane must beheaded somewhat to the north of east 
to counteractdrift. This can be represented by a diagram as shown infigure 14-17. Each line 
represents direction and speed.The long dotted line shows the direction the plane isheading, and 
its length represents the airspeed for 1hour. The short dotted line at the right shows the 
winddirection, and its length represents the wind velocityfor 1 hour. The solid line shows the 
direction of thetrack, or the path of the airplane as measured over theEarth, and its length 
represents the distance traveled in1 hour, or the groundspeed.In actual practice, the triangle 
illustrated in figure 14-17is not drawn; instead, construct a similar triangle asshown by the black 
lines in figure 14-18, which isexplained in the following example.Suppose a flight is to be flown from 
E to P. Draw a lineon the aeronautical chart connecting these two points;measure its direction with 
a protractor, or plotter, in referenceto a meridian. This is the true course, which inthis example is 
assumed to be 090° (east). From theNational Weather Service, it is learned that the wind at 
the altitude of the intended flight is 40 knots from thenortheast (045°). Since the National Weather 
Servicereports the windspeed in knots, if the true airspeed ofthe airplane is 120 knots, there is no 
need to convertspeeds from knots to miles per hour or vice versa.Now on a plain sheet of paper 
draw a vertical line representingnorth and south. (The various steps are shownin figure 14-19.) 
Place the protractor with the base resting on the verticalline and the curved edge facing east. At the 
centerpoint of the base, make a dot labeled “E” (point ofdeparture), and at the curved edge, make a 
dot at 90°(indicating the direction of the true course) and anotherat 45° (indicating wind direction). 
With the ruler, draw the true course line from E,extending it somewhat beyond the dot by 90°, and 
labeling it “TC 090°.”Next, align the ruler with E and the dot at 45°, and drawthe wind arrow from E, 
not toward 045°, but downwindin the direction the wind is blowing, making it 40 unitslong, to 
correspond with the wind velocity of 40 knots.Identify this line as the wind line by placing the letter 
“W” at the end to show the wind direction. Finally,measure 120 units on the ruler to represent the 
airspeed,making a dot on the ruler at this point. The units usedmay be of any convenient scale or 
value (such as 1/4 inch= 10 knots), but once selected, the same scale must beused for each of the 
linear movements involved. Thenplace the ruler so that the end is on the arrowhead (W)and the 
120-knot dot intercepts the true course line.Draw the line and label it “AS 120.” The point “P”placed 
at the intersection represents the position of theairplane at the end of 1 hour. The diagram is now 
complete.The distance flown in 1 hour (groundspeed) is measuredas the numbers of units on the 
true course line (88nautical miles per hour or 88 knots).The true heading necessary to offset drift is 
indicatedby the direction of the airspeed line, which can bedetermined in one of two ways: 
• By placing the straight side of the protractoralong the north-south line, with its center point at 
the intersection of the airspeed line and northsouthline, read the true heading directly indegrees 
(076°). [Figure 14-20] 
• By placing the straight side of the protractoralong the true course line, with its center at P, read 
the angle between the true course and the airspeedline. This is the wind correction angle (WCA) 
which must be applied to the true course to obtainthe true heading. If the wind blows from the right 
of true course, the angle will be added; if from theleft, it will be subtracted. In the example given, 
the WCA is 14° and the wind is from the left;therefore, subtract 14° from true course of 090°, 
making the true heading 076°. [Figure 14-21]After obtaining the true heading, apply the correction 
for magnetic variation to obtain magnetic heading, andthe correction for compass deviation to 
obtain a compassheading. The compass heading can be used to flyto the destination by dead 
reckoning.To determine the time and fuel required for the flight,first find the distance to destination 
by measuring thelength of the course line drawn on the aeronauticalchart (using the appropriate 
scale at the bottom of thechart). If the distance measures 220 NM, divide by thegroundspeed of 88 
knots, which gives 2.5 hours or(2:30), as the time required. If fuel consumption is 8gallons an hour, 
8 x 2.5 or about 20 gallons will beused. Briefly summarized, the steps in obtaining flightinformation 
are as follows: 
• TRUE COURSE—Direction of the line connectingtwo desired points, drawn on the chart 
and measured clockwise in degrees from truenorth on the mid-meridian. 
• WIND CORRECTION ANGLE—Determinedfrom the wind triangle. (Added to TC if the wind is 
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from the right; subtract if wind is from the left.) 
• TRUE HEADING—The direction measured indegrees clockwise from true north, in which the 
nose of the plane should point to make good thedesired course. 
• VARIATION—Obtained from the isogonic lineon the chart. (Added to TH if west; subtract if 
east.) 
• MAGNETIC HEADING—An intermediatestep in the conversion. (Obtained by applyingvariation to 
true heading.) 
• DEVIATION—Obtained from the deviationcard on the airplane. (Added to MH or subtracted from, 
as indicated.) 
• COMPASS HEADING—The reading on thecompass (found by applying deviation to MH) which 
will be followed to make good the desiredcourse. 
• TOTAL DISTANCE—Obtained by measuring the length of the TC line on the chart (using the 
scale at the bottom of the chart). 
• GROUNDSPEED—Obtained by measuring thelength of the TC line on the wind triangle (using 
the scale employed for drawing the diagram). 
• ESTIMATED TIME EN ROUTE (ETE)— 
Total distance divided by groundspeed. 
• FUEL RATE—Predetermined gallons per hour used at cruising speed. 
NOTE: Additional fuel for adequate reserve should be added as a safety measure. 
 

FLIGHT PLANNING 
Title 14 of the Code of Federal Regulations (14 CFR)part 91 states, in part, that before beginning a 
flight, thepilot in command of an aircraft shall become familiarwith all available information 
concerning that flight.For flights not in the vicinity of an airport, this mustinclude information on 
available current weatherreports and forecasts, fuel requirements, alternativesavailable if the 
planned flight cannot be completed, and any known traffic delays of which the pilot incommand has 
been advised by air traffic control (ATC). 
ASSEMBLING NECESSARY MATERIAL 
The pilot should collect the necessary material wellbefore the flight. An appropriate current 
sectional chartand charts for areas adjoining the flight route should beamong this material if the 
route of flight is near the borderof a chart.Additional equipment should include a flight computer 
or electronic calculator, plotter, and any other itemappropriate to the particular flight—for example, 
if anight flight is to be undertaken, carry a flashlight; if aflight is over desert country, carry a supply 
of waterand other necessities. 
WEATHER CHECK 
It may be wise to check the weather before continuingwith other aspects of flight planning to see, 
first of all,if the flight is feasible and, if it is, which route is best.Chapter 11 on weather discusses 
obtaining a weatherbriefing. 
USE OF THE AIRPORT/FACILITY DIRECTORY 
Study available information about each airport atwhich a landing is intended. This should include a 
study of the Notices to Airmen (NOTAMs) and theAirport/Facility Directory. [Figure 14-22] This 
includes location, elevation, runway and lightingfacilities, available services, availability of 
aeronauticaladvisory station frequency (UNICOM), typesof fuel available (use to decide on refueling 
stops),AFSS/FSS located on the airport, control tower andground control frequencies, traffic 
information,remarks, and other pertinent information. TheNOTAMs, issued every 28 days, should 
be checkedfor additional information on hazardous conditionsor changes that have been made 
since issuance of theAirport/Facility Directory.The sectional chart bulletin subsection should be 
checked for major changes that have occurred since thelast publication date of each sectional chart 
being used.Remember, the chart may be up to 6 months old. Theeffective date of the chart 
appears at the top of the frontof the chart. The Airport/Facility Directory will generally have the 
latest information pertaining to such matters and shouldbe used in preference to the information on 
the back ofthe chart, if there are differences. 
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AIRPLANE FLIGHT MANUAL OR PILOT’SOPERATING HANDBOOK 
The Airplane Flight Manual or Pilot’s OperatingHandbook (AFM/POH) should be checked to 
determinethe proper loading of the airplane (weight and balancedata). The weight of the usable fuel 
and drainable oilaboard must be known. Also, check the weight of thepassengers, the weight of all 
baggage to be carried, andthe empty weight of the airplane to be sure that the totalweight does not 
exceed the maximum allowable. Thedistribution of the load must be known to tell if theresulting 
center of gravity is within limits. Be sure touse the latest weight and balance information in the 
FAA-approved Airplane Flight Manual or other permanentairplane records, as appropriate, to obtain 
emptyweight and empty weight center-of-gravity information.Determine the takeoff and landing 
distances from theappropriate charts, based on the calculated load, elevationof the airport, and 
temperature; then comparethese distances with the amount of runway available. Remember, the 
heavier the load and the higher theelevation, temperature, or humidity, the longer thetakeoff roll 
and landing roll and the lower the rate ofclimb.Check the fuel consumption charts to determine the 
rate of fuel consumption at the estimated flight altitudeand power settings. Calculate the rate of fuel 
consumption,and then compare it with the estimated time forthe flight so that refueling points along 
the route can beincluded in the plan. 

CHARTING THE COURSE 
Once the weather has been checked and some preliminaryplanning done, it is time to chart the 
course anddetermine the data needed to accomplish the flight. Thefollowing sections will provide a 
logical sequence tofollow in charting the course, filling out a flight log,and filing a flight plan. In the 
following example, a tripis planned based on the following data and the sectionalchart excerpt in 
figure 14-23. Route of flight: Chickasha Airport direct to Guthrie 
Airport 
True Airspeed (TAS)...............................115 knots 
Winds Aloft.....................................360° at 10 knots 
Usable fuel...........................................38 gallons 
Fuel Rate....................................................8 GPH 
Deviation.............................................................+2° 
STEPS IN CHARTING THE COURSE 
The following is a suggested sequence for arriving atthe pertinent information for the trip. As 
information isdetermined, it may be noted as illustrated in the exampleof a flight log in figure 14-24. 
Where calculationsare required, the pilot may use a mathematical formulaor a manual or electronic 
flight computer. If unfamiliarwith how to use a manual or electronic computer competently,it would 
be advantageous to read the operationmanual and work several practice problems at thispoint. 
First draw a line from Chickasha Airport (point A)directly to Guthrie Airport (point F). The course line 
should begin at the center of the airport of departureand end at the center of the destination airport. 
If theroute is direct, the course line will consist of a singlestraight line. If the route is not direct, it will 
consist oftwo or more straight line segments—for example, aVOR station which is off the direct 
route, but whichwill make navigating easier, may be chosen (radio navigationis discussed later in 
this chapter).Appropriate checkpoints should be selected along theroute and noted in some way. 
These should be easy-tolocatepoints such as large towns, large lakes and rivers,or combinations of 
recognizable points such as townswith an airport, towns with a network of highways, andrailroads 
entering and departing. Normally, chooseonly towns indicated by splashes of yellow on thechart. 
Do not choose towns represented by a small circle— 
these may turn out to be only a half-dozen houses.(In isolated areas, however, towns represented 
by asmall circle can be prominent checkpoints.) For thistrip, four checkpoints have been selected. 
Checkpoint 1consists of a tower located east of the course and can befurther identified by the 
highway and railroad track,which almost parallels the course at this point.Checkpoint 2 is the 
obstruction just to the west of thecourse and can be further identified by Will RogersAirport which is 
directly to the east. Checkpoint 3 isWiley Post Airport, which the airplane should flydirectly over. 
Checkpoint 4 is a private non-surfacedairport to the west of the course and can be further identified 
by the railroad track and highway to the east ofthe course. 
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The course and areas on either side of the planned routeshould be checked to determine if there is 
any type ofairspace with which the pilot should be concerned orwhich has special operational 
requirements. For thistrip, it should be noted that the course will pass througha segment of the 
Class C airspace surrounding WillRogers Airport where the floor of the airspace is 2,500 
feet mean sea level (MSL) and the ceiling is 5,300 feetMSL (point B). Also, there is Class D 
airspace from thesurface to 3,800 feet MSL surrounding Wiley PostAirport (point C) during the time 
the control tower is inoperation.Study the terrain and obstructions along the route.This is necessary 
to determine the highest and lowestelevations as well as the highest obstruction to beencountered 
so that an appropriate altitude which willconform to part 91 regulations can be selected. If the 
flight is to be flown at an altitude more than 3,000 feetabove the terrain, conformance to the 
cruising altitudeappropriate to the direction of flight is required.Check the route for particularly 
rugged terrain so itcan be avoided. Areas where a takeoff or landing willbe made should be 
carefully checked for tall obstructions.TV transmitting towers may extend to altitudesover 1,500 feet 
above the surrounding terrain. It isessential that pilots be aware of their presence andlocation. For 
this trip, it should be noted that thetallest obstruction is part of a series of antennas with a 
height of 2,749 feet MSL (point D). The highest elevationshould be located in the northeast 
quadrant andis 2,900 feet MSL (point E).Since the wind is no factor and it is desirable and within 
the airplane’s capability to fly above the Class C and Dairspace to be encountered, an altitude of 
5,500 feetMSL will be chosen. This altitude also gives adequateclearance of all obstructions as well 
as conforms to thepart 91 requirement to fly at an altitude of odd thousandplus 500 feet when on a 
magnetic course between0 and 179°.Next, the pilot should measure the total distance of the 
course as well as the distance between checkpoints. Thetotal distance is 53 NM and the distance 
between checkpointsis as noted on the flight log in figure 14-24.After determining the distance, the 
true course shouldbe measured. If using a plotter, follow the directions onthe plotter. The true 
course is 031°. Once the true headingis established, the pilot can determine the compassheading. 
This is done by following the formula givenearlier in this chapter. The formula is:TC ± WCA = TH ± 
VAR = MH ± DEV = CHThe wind correction angle can be determined by usinga manual or 
electronic flight computer. Using a wind of360° at 10 knots, it is determined the WCA is 3° left. 
This is subtracted from the TC making the TH 28°.Next, the pilot should locate the isogonic line 
closest tothe route of the flight to determine variation. Point G infigure 14-23 shows the variation to 
be 6° 30�E(rounded to 7°E), which means it should be subtractedfrom the TH, giving an MH of 
21°. Next, add 2° to theMH for the deviation correction. This gives the pilotthe compass heading 
which is 23°.Next, the groundspeed should be determined. This canbe done using a manual or 
electronic calculator. It isdetermined the GS is 106 knots. Based on this information,the total trip 
time, as well as time betweencheckpoints, and the fuel burned can be determined.These 
calculations can be done mathematically or byusing a manual or electronic calculator.For this trip, 
the GS is 106 knots and the total time is35 minutes (30 minutes plus 5 minutes for climb) with 
a fuel burn of 4.7 gallons. Refer to the flight log in figure14-24 for the time between checkpoints. 
As the trip progresses, the pilot can note headings andtime and make adjustments in heading, 
groundspeed,and time. 

FILING A VFR FLIGHT PLAN 
Filing a flight plan is not required by regulations;however, it is a good operating practice, since the 
information contained in the flight plan can be used insearch and rescue in the event of an 
emergency.Flight plans can be filed in the air by radio, but it is bestto file a flight plan either in 
person at the FSS or byphone just before departing. After takeoff, contact theFSS by radio and give 
them the takeoff time so theflight plan can be activated.When a VFR flight plan is filed, it will be 
held by theFSS until 1 hour after the proposed departure time andthen canceled unless: the actual 
departure time isreceived; or a revised proposed departure time isreceived; or at the time of filing, 
the FSS is informedthat the proposed departure time will be met, but actualtime cannot be given 
because of inadequate communication.The FSS specialist who accepts the flight planwill not inform 
the pilot of this procedure, however.Figure 14-25 shows the flight plan form a pilot fileswith the 
Flight Service Station. When filing a flightplan by telephone or radio, give the information in 



12 

theorder of the numbered spaces. This enables the FSSspecialist to copy the information more 
efficiently.Most of the spaces are either self-explanatory or nonapplicableto the VFR flight plan 
(such as item 13).However, some spaces may need explanation.Item 3 asks for the airplane type 
and special equipment.An example would be C-150/X, which meansthe airplane has no 
transponder. A listing of specialequipment codes is listed in the AeronauticalInformation Manual 
(AIM).Item 6 asks for the proposed departure time inUniversal Coordinated Time (indicated by the 
“Z”).Item 7 asks for the cruising altitude. Normally,“VFR” can be entered in this block, since the pilot 
will choose a cruising altitude to conform to FAAregulations.Item 8 asks for the route of flight. If the 
flight is tobe direct, enter the word “direct;” if not, enter theactual route to be followed such as via 
certain townsor navigation aids.Item 10 asks for the estimated time en route. In thesample flight 
plan, 5 minutes was added to the totaltime to allow for the climb.Item 12 asks for the fuel on board 
in hours and minutes.This is determined by dividing the total usablefuel aboard in gallons by the 
estimated rate of fuelconsumption in gallons.Remember, there is every advantage in filing a flight 
plan; but do not forget to close the flight plan on arrival.  Do this by telephone with the nearest FSS, 
if possible,to avoid radio congestion. 
 
 
 
B. TASK: NAVIGATION SYSTEMS AND RADAR SERVICES AFH, AC 61-23/PHAK; 
NavigationEquipment Operation Manuals, AIM. 
 
1. Exhibits knowledge of the elements related to navigation systems and radar services. 
Terminal VFR Radar Services 4-1-17:  
Basic radar service for VFR aircraft provides traffic advisories and limited vectoring on a work-
load permitting basis. 
VFR Radar Services: traffic information is given with respect to ground track. 
• To use VHF/DH facilities for assistance in locating an aircrafts position, the aircraft must 

have a VHF transmitter and receiver. (DF Steer) 1-1-17 
 
2. Demonstrates the ability to use an airborne electronic navigationsystem. 
The main Radio Navigation systems used today are:  
• VOR (VHF Omni-directional Range)  
• NDB (Non-directional Radio Beacon)  
• GPS (Global Positioning System)  
3. Locates the airplane's position using the navigation system. 
4. Intercepts and tracks a given course, radial or bearing, asappropriate. 
5. Recognizes and describes the indication of station passage, ifappropriate. 
6. Recognizes signal loss and takes appropriate action. 
7. Uses proper communication procedures when utilizing radarservices. 
8. Maintains the appropriate altitude, ±200 feet (60 meters) andheadings ±15°. 
 

RADIO NAVIGATION 
Advances in navigational radio receivers installedin airplanes, the development of aeronautical 
charts which show the exact location of groundtransmitting stations and their frequencies, along 
with refined cockpit instrumentation make it possiblefor pilots to navigate with precision toalmost 
any point desired. Although precision innavigation is obtainable through the proper use of 
this equipment, beginning pilots should use thisequipment to supplement navigation by visual 
reference to the ground (pilotage). This methodprovides the pilot with an effective safeguard 
against disorientation in the event of radio malfunction.  

 
There are four radio navigation systems available foruse for VFR navigation. These are: 
VHF Omnidirectional Range (VOR) 
Nondirectional Radiobeacon (NDB) 
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Long Range Navigation (LORAN-C) 
Global Positioning System (GPS) 
VERY HIGH FREQUENCY (VHF) OMNIDIRECTIONAL RANGE (VOR) 
The VOR system is present in three slightly differentnavigation aids (NAVAIDs): VOR, VOR/DME, 
and VORTAC. By itself it is known as a VOR, and itprovides magnetic bearing information to and 
fromthe station. When DME is also installed with aVOR, the NAVAID is referred to as a VOR/DME. 
When military tactical air navigation (TACAN)equipment is installed with a VOR, the NAVAID is 
known as a VORTAC. DME is always an integralpart of a VORTAC. Regardless of the type of 
NAVAID utilized (VOR, VOR/DME or VORTAC),the VOR indicator behaves the same. Unless 
otherwisenoted, in this section, VOR, VOR/DME andVORTAC NAVAIDs will all be referred to 
hereafteras VORs.The word “omni” means all, and an omni directional range is a VHF radio 
transmitting ground station that projects straight line courses (radials) from the station in all 

directions. From a top view, it can be 
visualized as being similar to the spokes 
from the hub of a wheel. The distance VOR 
radials are projected depends upon the 
power output of the transmitter. 
The course or radials projected from the 
station arereferenced to magnetic north. 
Therefore, a radial isdefined as a line of 
magnetic bearing extending outwardfrom 
the VOR station. Radials are identified 
bynumbers beginning with 001, which is 1° 
east ofmagnetic north, and progress in 
sequence through allthe degrees of a circle 
until reaching 360.  
To aid in orientation, a compass rose 
reference to magnetic north is super 
imposed on aeronautical charts at the 
station location. 
VOR ground stations transmit within a VHF 
frequencyband of 108.0 – 117.95 MHz.  
Because the equipment isVHF, the signals 
transmitted are subject to line-of-sight 
restrictions. Therefore, its range varies in 
direct proportion to the altitude of the 
receiving equipment.  
 
Generally,the reception range of the signals 
at an altitude of 1,000feet above ground 
level (AGL) is about 40 to 45 miles. 
This distance increases with altitude. VORs 

and VORTACs are classed according to operational use. There are three classes: 
T (Terminal) 
L (Low altitude) 
H (High altitude) 
The normal useful range for the various classes isshown in the following table: 
VOR/VORTAC NAVAIDS 
Normal Usable Altitudes and Radius Distances 
 
 
The useful range of certain facilities may be less than 50 miles. For further information concerning 
these restrictions, refer to the Comm/NAVAID Remarks inthe Airport/Facility Directory.The 
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accuracy of course alignment of VOR radials is considered to be excellent. It is generally within 
plus or minus 1°. However, certain parts of the VOR receiver equipment deteriorate, and this 
affects its accuracy. This is particularly true at great distancesfrom the VOR station. The best 
assurance of maintaining an accurate VOR receiver is periodic checks and calibrations. VOR 
accuracy checks are not a regulatory requirement for VFR flight. However, to assure accuracy of 
the equipment, these checks should be accomplished quite frequently along with a complete 
calibration each year. The following means are provided for pilots to check VOR accuracy: 
• FAA VOR test facility (VOT); 
• certified airborne checkpoints; 
• certified ground checkpoints located on airport surfaces. 
If dual VOR is installed in the airplane and tuned to the same VOR ground facility, the maximum 
permissible variation between the two indicated bearings is 4°.A list of these checkpoints is 
published in theAirport/Facility Directory.Basically, these checks consist of verifying that theVOR 
radials the airplane equipment receives arealigned with the radials the station transmits. There are 
not specific tolerances in VOR checks required forVFR flight. But as a guide to assure acceptable 
accuracy,the required IFR tolerances can be used which are±4° for ground checks and ±6° for 
airborne checks.These checks can be performed by the pilot.The VOR transmitting station can be 
positively identifiedby its Morse code identification or by a recordedvoice identification which states 
the name of the stationfollowed by the word “VOR.” Many Flight ServiceStations transmit voice 
messages on the same frequencythat the VOR operates. Voice transmissions should not 
be relied upon to identify stations, because many FSSsremotely transmit over several omniranges, 
which havedifferent names than the transmitting FSS. If the VOR isout of service for maintenance, 
the coded identificationis removed and not transmitted. This serves to alert pilotsthat this station 
should not be used for navigation. VORreceivers are designed with an alarm flag to indicate 
when signal strength is inadequate to operate the navigationalequipment. This happens if the 
airplane is too farfrom the VOR or the airplane is too low and therefore, isout of the line-of-sight of 
the transmitting signals. 
USING THE VOR 
In review, for VOR radio navigation, there are twocomponents required: the ground transmitter and 
theairplane receiving equipment. The ground transmitteris located at a specific position on the 
ground and transmitson an assigned frequency. The airplane equipmentincludes a receiver with a 
tuning device and a VOR oromninavigation instrument. The navigation instrumentconsists of (1) an 
omnibearing selector (OBS) sometimesreferred to as the course selector, (2) a coursedeviation 
indicator needle (Left-Right Needle), and (3)a TO-FROM indicator.The course selector is an 
azimuth dial that can be rotated to select a desired radial or to determine theradial over which the 
airplane is flying. In addition, themagnetic course “TO” or “FROM” the station can bedetermined. 
When the course selector is rotated, it moves the coursedeviation indicator (CDI) or needle to 
indicate the positionof the radial relative to the airplane. If the courseselector is rotated until the 
deviation needle is centered,the radial (magnetic course “FROM” the station) or itsreciprocal 
(magnetic course “TO” the station) can bedetermined. The course deviation needle will also 
move to the right or left if the airplane is flown or driftingaway from the radial which is set in the 
courseselector.By centering the needle, the course selector will indicateeither the course “FROM” 
the station or the course“TO” the station. If the flag displays a “TO,” the courseshown on the course 
selector must be flown to the station.[Figure 14-27] If “FROM” is displayed and thecourse shown is 
followed, the airplane will be flownaway from the station. 
TRACKING WITH VOR 
The following describes a step-by-step procedure touse when tracking to and from a VOR station. 
Figure14-28 illustrates the discussion:First, tune the VOR receiver to the frequency of theselected 
VOR station. For example: 115.0 to receiveBravo VOR. Next, check the identifiers to verify that 
the desired VOR is being received. As soon as the VORis properly tuned, the course deviation 
needle willdeflect either left or right; then rotate the azimuth dialto the course selector until the 
course deviation  
needlecenters and the TO-FROM indicates “TO.” If the needlecenters with a “FROM” indication, the 
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azimuthshould be rotated 180° because, in this case, it isdesired to fly “TO” the station. Now, turn 
the airplaneto the heading indicated on the VOR azimuth dial orcourse selector. In this example 
350°.If a heading of 350° is maintained with a wind from theright as shown, the airplane will drift to 
the left of theintended track. As the airplane drifts off course, the 
VOR course deviation needle will gradually move tothe right of center or indicate the direction of 
thedesired radial or track.To return to the desired radial, the airplane headingmust be altered to the 
right. As the airplane returns tothe desired track, the deviation needle will slowlyreturn to center. 
When centered, the airplane will be onthe desired radial and a left turn must be made toward, 
but not to the original heading of 350° because a winddrift correction must be established. The 
amount of correctiondepends upon the strength of the wind. If thewind velocity is unknown, a trial 
and error method canbe used to find the correct heading. Assume, for thisexample, a 10° 
correction or a heading of 360° is maintained.While maintaining a heading of 360°, assume that the 
course deviation begins to move to the left. This meansthat the wind correction of 10° is too great 
and the airplaneis flying to the right of course. Aslight turn to theleft should be made to permit the 
airplane to return tothe desired radial.When the deviation needle centers, a small wind drift 
correction of 5° or a heading correction of 355° shouldbe flown. If this correction is adequate, the 
airplanewill remain on the radial. If not, small variation inheading should be made to keep the 
needle centered,and consequently keep the airplane on the radial.As the VOR station is passed, 
the course deviation needlewill fluctuate, then settle down, and the “TO” indication will change to 
“FROM.” If the airplane passes toone side of the station, the needle will deflect in the direction of 
the station as the indicator changes to“FROM.”Generally, the same techniques apply when 
trackingoutbound as those used for tracking inbound. If theintent is to fly over the station and track 
outbound onthe reciprocal of the inbound radial, the course selectorshould not be changed. 
Corrections are made in thesame manner to keep the needle centered. The only difference 
is that the omni will indicate “FROM.”If tracking outbound on a course other than the reciprocal 
of the inbound radial, this new course or radial mustbe set in the course selector and a turn made 
to interceptthis course. After this course is reached, trackingprocedures are the same as previously 
discussed. 
 
TIPS ON USING THE VOR 
• Positively identify the station by its code or voiceidentification. 
• Keep in mind that VOR signals are “line-ofsight.”A weak signal or no signal at all will be 
received if the airplane is too low or too far fromthe station. 
• When navigating to a station, determine theinbound radial and use this radial. If the airplane 
drifts, do not reset the course selector, but correctfor drift and fly a heading that will compensate 
for wind drift. 
• If minor needle fluctuations occur, avoid changingheadings immediately. Wait momentarily to 
see if the needle recenters; if it doesn’t, thencorrect. 
• When flying “TO” a station, always fly theselected course with a “TO” indication. When flying 
“FROM” a station, always fly the selectedcourse with a “FROM” indication. If this is not 
done, the action of the course deviation needle willbe reversed. To further explain this reverse 
action,if the airplane is flown toward a station with a“FROM” indication or away from a station with a 
“TO” indication, the course deviation needle willindicate in an opposite direction to that which it 
should. For example, if the airplane drifts to theright of a radial being flown, the needle will move 
to the right or point away from the radial. If theairplane drifts to the left of the radial being flown, 
the needle will move left or in the opposite directionof the radial. 
DISTANCE MEASURING EQUIPMENT 
Distance measuring equipment (DME) is an ultra highfrequency (UHF) navigational aid present with 
VOR/DMEs and VORTACs. It measures, in nauticalmiles (NM), the slant range distance of an 
airplanefrom a VOR/DME or VORTAC (both hereafterreferred to as a VORTAC). Although DME 
equipmentis very popular, not all airplanes are DME equipped.To utilize DME, the pilot should 
select, tune, and identifya VORTAC, as previously described. The DMEreceiver, utilizing what is 
called a “paired frequency”concept, automatically selects and tunes the UHF DME 
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frequency associated with the VHF VORTAC frequencyselected by the pilot. This process is 
entirelytransparent to the pilot. After a brief pause, the DMEdisplay will show the slant range 
distance to or fromthe VORTAC. Slant range distance is the direct distancebetween the airplane 
and the VORTAC, and istherefore affected by airplane altitude. (Station passagedirectly over a 
VORTAC from an altitude of 6,076 feetabove ground level (AGL) would show approximately 
1.0 NM on the DME.) DME is a very useful adjunct toVOR navigation. AVOR radial alone merely 
gives lineof position information. With DME, a pilot may preciselylocate the airplane on that line 
(radial).Most DME receivers also provide groundspeedand time-to-station modes of operation. The 
groundspeed is displayed in knots (NM per hour). Thetime-to-station mode displays the minutes 
remaining to VORTAC station passage, predicatedupon the present groundspeed. Groundspeed 
andtime-to-station information is only accurate whentracking directly to or from a VORTAC. DME 
receivers typically need a minute or two of stabilizedflight directly to or from a VORTAC before 
displayingaccurate groundspeed or time-to-stationinformation. 
Some DME installations have a hold feature that permitsa DME signal to be retained from one 
VORTACwhile the course indicator displays course deviationinformation from an ILS or another 
VORTAC. 
VOR/DME RNAV 
Area navigation (RNAV) permits electronic courseguidance on any direct route between points 
establishedby the pilot. While RNAV is a generic term thatapplies to a variety of navigational aids, 
such asLORAN-C, GPS, and others, this section will dealwith VOR/DME-based RNAV. VOR/DME 
RNAV isnot a separate ground-based NAVAID, but a method ofnavigation using VOR/DME and 
VORTAC signalsspecially processed by the airplane’s RNAV computer.In its simplest form, VOR/
DME RNAV allows the pilotto electronically move VORTACs around to more convenientlocations. 
Once electronically relocated, they arereferred to as waypoints. These waypoints are described 
as a combination of a selected radial and distance withinthe service volume of the VORTAC to be 
used. Thesewaypoints allow a straight course to be flown betweenalmost any origin and 
destination, without regard to theorientation of VORTACs or the existence of airways. 
While the capabilities and methods of operation ofVOR/DME RNAV units differ, there are basic 
principalsof operation that are common to all. Pilots areurged to study the manufacturer’s operating 
guide andreceive instruction prior to the use of VOR/DMERNAV or any unfamiliar navigational 
system.Operational information and limitations should also besought from placards and the 
supplement section of theAirplane Flight Manual and/or Pilot’s OperatingHandbook (AFM/POH). 
VOR/DME-based RNAV units operate in at least threemodes: VOR, En Route, and Approach. 
Afourth mode,VOR Parallel, may also be found on some models. Theunits need both VOR and 
DME signals to operate inany RNAV mode. If the NAVAID selected is a VORwithout DME, RNAV 
mode will not function.In the VOR (or non-RNAV) mode, the unit simplyfunctions as a VOR receiver 
with DME capability.[Figure 14-30] The unit’s display on the VOR indicatoris conventional in all 
respects. For operation on establishedairways or any other ordinary VOR navigation,the VOR 
mode is used.To utilize the unit’s RNAV capability, the pilot selectsand establishes a waypoint or a 
series of waypoints todefine a course. To operate in any RNAV mode, the unitneeds both radial 
and distance signals; therefore, aVORTAC (or VOR/DME) needs to be selected as aNAVAID. To 
establish a waypoint, a point somewherewithin the service range of a VORTAC is defined onthe 
basis of radial and distance. Once the waypoint isentered into the unit and the RNAV En Route 
mode isselected, the CDI will display course guidance to thewaypoint, not the original VORTAC. 
DME will alsodisplay distance to the waypoint. Many units have thecapability to store several 
waypoints, allowing them tobe programmed prior to flight, if desired, and called upin flight. 
RNAV waypoints are entered into the unit in magneticbearings (radials) of degrees and tenths (i.e., 
275.5°)and distances in nautical miles and tenths (i.e., 25.2NM). When plotting RNAV waypoints on 
an aeronauticalchart, pilots will find it difficult to measure to thatlevel of accuracy, and in practical 
application, it israrely necessary. A number of flight planning publicationspublish airport coordinates 
and waypoints withthis precision and the unit will accept those figures.There is a subtle, but 
important difference in CDI operationand display in the RNAV modes.In the RNAV modes, course 
deviation is displayed interms of linear deviation. In the RNAV En Route mode,maximum deflection 
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of the CDI typically represents 5NM on either side of the selected course, withoutregard to distance 
from the waypoint. In the RNAVApproach mode, maximum deflection of the CDI typicallyrepresents 
1 1/4 NM on either side of the selectedcourse. There is no increase in CDI sensitivity as theairplane 
approaches a waypoint in RNAV mode.The RNAV Approach mode is used for 
instrumentapproaches. Its narrow scale width (one-quarter of theEn Route mode) permits very 
precise tracking to orfrom the selected waypoint. In visual flight rules (VFR)cross-country 
navigation, tracking a course in theApproach mode is not desirable because it requires agreat deal 
of attention and soon becomes tedious.A fourth, lesser-used mode on some units is theVOR 
Parallel mode. This permits the CDI to displaylinear (not angular) deviation as the airplane tracks 
to and from VORTACs. It derives its name from permittingthe pilot to offset (or parallel) a selected 
course or airway at a fixed distance of the pilot’schoosing, if desired. The VOR Parallel mode has 
thesame effect as placing a waypoint directly over anexisting VORTAC. Some pilots select the 
VORParallel mode when utilizing the navigation (NAV)tracking function of their autopilot for 
smoothercourse following near the VORTAC.Confusion is possible when navigating an airplane 
with VOR/DME-based RNAV, and it is essentialthat the pilot become familiar with the equipment 
installed. It is not unknown for pilots to operateinadvertently in one of the RNAV modes when the 
operation was not intended by overlooking switchpositions or annunciators. The reverse has also 
occurred with a pilot neglecting to place the unitinto one of the RNAV modes by overlooking switch 
positions or annunciators. As always, the prudentpilot is not only familiar with the equipment used, 
but never places complete reliance in just onemethod of navigation when others are available for 
cross-check. 
AUTOMATIC DIRECTION FINDER 
Many general aviation-type airplanes are equippedwith automatic direction finder (ADF) radio 
receivingequipment. To navigate using the ADF, the pilot tunesthe receiving equipment to a ground 
station known as aNONDIRECTIONAL RADIOBEACON (NDB). TheNDB stations normally operate 
in a low or medium frequencyband of 200 to 415 kHz. The frequencies arereadily available on 
aeronautical charts or in theAirport/Facility Directory.All radiobeacons except compass locators 
transmit acontinuous three-letter identification in code exceptduring voice transmissions. A 
compass locator, whichis associated with an Instrument Landing System,transmits a two-letter 
identification.Standard broadcast stations can also be used in conjunctionwith ADF. Positive 
identification of all radio stationsis extremely important and this is particularly true whenusing 
standard broadcast stations for navigation.Nondirectional radiobeacons have one advantage 
over the VOR. This advantage is that low or mediumfrequencies are not affected by line-of-sight. 
Thesignals follow the curvature of the Earth; therefore,if the airplane is within the range of the 
station, thesignals can be received regardless of altitude.The following table gives the class of NDB 
stations,their power, and usable range: 
NONDIRECTIONAL RADIOBEACON (NDB) 
(Usable Radius Distances for All Altitudes) 
Class Power(Watts) Distance 
(Miles) 
Compass Locator Under 25 15 
MH Under 50 25 
H 50 – 1999 *50 
HH 2000 or more 75 
*Service range of individual facilities may be less than50 miles. 
One of the disadvantages that should be considered whenusing low frequency for navigation is that 
low-frequencysignals are very susceptible to electrical disturbances,such as lightning. These 
disturbances create excessivestatic, needle deviations, and signal fades. There may be 
interference from distant stations. Pilots should know theconditions under which these disturbances 
can occur sothey can be more alert to possible interference whenusing the ADF. 
Basically, the ADF airplane equipment consists of atuner, which is used to set the desired station 
frequency,and the navigational display.The navigational display consists of a dial upon which 
the azimuth is printed, and a needle which rotatesaround the dial and points to the station to which 
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thereceiver is tuned.Some of the ADF dials can be rotated so as to align theazimuth with the 
airplane heading; others are fixedwith 0° representing the nose of the airplane, and 180°
representing the tail. Only the fixed azimuth dial willbe discussed in this handbook. [Figure 14-31] 
Figure 14-32 illustrates the following terms that are usedwith the ADF and should be understood by 
the pilot. 
Relative Bearing—is the value to which the indicator(needle) points on the azimuth dial. When 
using a fixed dial, this number is relative to thenose of the airplane and is the angle measured 
clockwise from the nose of the airplane to a linedrawn from the airplane to the station. 
Magnetic Bearing—“TO” the station is the angleformed by a line drawn from the airplane to the 
stationand a line drawn from the airplane to magneticnorth. The magnetic bearing to the station can 
bedetermined by adding the relative bearing to themagnetic heading of the airplane. For example, if 
the relative bearing is 060° and the magnetic headingis 130°, the magnetic bearing to the station is 
060° plus 130° or 190°. This means that in still aira magnetic heading of approximately 190° would 
be flown to the station. If the total is greater than360°, subtract 360° from the total to obtain the 
magnetic bearing to the station. For example, if therelative bearing is 270° and magnetic heading is 
300°, 360° is subtracted from the total, or 570° –360° = 210°, which is the magnetic bearing to the 
station.To determine the magnetic bearing “FROM” thestation, 180° is added to or subtracted from 
themagnetic bearing to the station. This is the reciprocalbearing and is used when plotting position 
fixes.Keep in mind that the needle of fixed azimuth points tothe station in relation to the nose of the 
airplane. If theneedle is deflected 30° to the left or a relative bearingof 330°, this means that the 
station is located 30° left. Ifthe airplane is turned left 30°, the needle will move tothe right 30° and 
indicate a relative bearing of 0° or theairplane will be pointing toward the station. If the 
pilotcontinues flight toward the station keeping the needleon 0°, the procedure is called homing to 
the station. If acrosswind exists, the ADF needle will continue to driftaway from zero. To keep the 
needle on zero, theairplane must be turned slightly resulting in a curvedflightpath to the station. 
Homing to the station is acommon procedure, but results in drifting downwind,thus lengthening the 
distance to the station.Tracking to the station requires correcting for winddrift and results in 
maintaining flight along a straighttrack or bearing to the station. When the wind drift correction 
is established, the ADF needle will indicate theamount of correction to the right or left. For instance, 
ifthe magnetic bearing to the station is 340°, a correctionfor a left crosswind would result in a 
magnetic headingof 330°, and the ADF needle would indicate 10° to theright or a relative bearing of 
010°. [Figure 14-33]When tracking away from the station, wind correctionsare made similar to 
tracking to the station, but the ADFneedle points toward the tail of the airplane or the 180°position 
on the azimuth dial. Attempting to keep theADF needle on the 180° position during winds results 
in the airplane flying a curved flight leading further andfurther from the desired track. To correct for 
wind whentracking outbound, correction should be made in thedirection opposite of that in which 
the needleis pointing.Although the ADF is not as popular as the VOR forradio navigation, with 
proper precautions andintelligent use, the ADF can be a valuable aidto navigation. 
LORAN-C NAVIGATION 
Long Range Navigation, version C (LORAN-C) isanother form of RNAV, but one that operates from 
chains of transmitters broadcasting signals in the lowfrequency (LF) spectrum. World Aeronautical 
Chart(WAC), Sectional Charts, and VFR Terminal AreaCharts do not show the presence of 
LORAN-Ctransmitters. Selection of a transmitter chain is eithermade automatically by the unit, or 
manually by thepilot using guidance information provided by themanufacturer. LORAN-C is a highly 
accurate, supplementalform of navigation typically installed as anadjunct to VOR and ADF 
equipment. Databases ofairports, NAVAIDs, and air traffic control facilities arefrequently features of 
LORAN-C receivers.LORAN-C is an outgrowth of the original LORAN-Adeveloped for navigation 
during World War II. TheLORAN-C system is used extensively in maritimeapplications. It 
experienced a dramatic growth inpopularity with pilots with the advent of the small,panel-mounted 
LORAN-C receivers available atrelatively low cost. These units are frequently verysophisticated 
and capable, with a wide variety ofnavigational functions.With high levels of LORAN-C 
sophistication andcapability, a certain complexity in operation is anunfortunate necessity. Pilots are 
urged to read theoperating handbooks and to consult the supplementssection of the AFM/POH 
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prior to utilizing LORAN-Cfor navigation. Many units offer so many features thatthe manufacturers 
often publish two different sets of instructions: (1) a brief operating guide and (2)in-depth operating 
manual.While coverage is not global, LORAN-C signals aresuitable for navigation in all of the 
conterminousUnited States, and parts of Canada and Alaska. Severalforeign countries also operate 
their own LORAN-Csystems. In the United States, the U.S. Coast Guardoperates the LORAN-C 
system. LORAN-C systemstatus is available from: USCG Navigation Center,Alexandria, VA (703) 
313-5900. 
LORAN-C absolute accuracy is excellent—positionerrors are typically less than .25 NM. 
Repeatableaccuracy, or the ability to return to a waypointpreviously visited, is even better. While 
LORAN-C is aform of RNAV, it differs significantly fromVOR/DME-based RNAV. It operates in a 90 
– 110 kHzfrequency range and is based upon measurement of thedifference in arrival times of 
pulses of radio frequency(RF) energy emitted by a chain of transmittershundreds of miles apart. 
Within any given chain of transmitters, there is amaster station, and from three to five secondary 
stations. LORAN-C units must be able to receive atleast a master and two secondary stations to 
providenavigational information. Unlike VOR/DME-basedRNAV, where the pilot must select the 
appropriateVOR/DME or VORTAC frequency, there is not afrequency selection in LORAN-C. The 
most advancedunits automatically select the optimum chain fornavigation. Other units rely upon the 
pilot to select theappropriate chain with a manual entry.After the LORAN-C receiver has been 
turned on, theunit must be initialized before it can be used fornavigation. While this can be 
accomplished in flight, itis preferable to perform this task, which can takeseveral minutes, on the 
ground. The methods forinitialization are as varied as the number of differentmodels of receivers. 
Some require pilot input duringthe process, such as verification or acknowledgment ofthe 
information displayed.Most units contain databases of navigationalinformation. Frequently, such 
databases contain notonly airport and NAVAID locations, but also extensiveairport, airspace, and 
ATC information. While the unitwill operate with an expired database, the informationshould be 
current or verified to be correct prior to use.The pilot can update some databases, while others 
require removal from the airplane and the services ofan avionics technician.VFR navigation with 
LORAN-C can be as simple astelling the unit where the pilot wishes to go. The courseguidance 
provided will be a great circle (shortestdistance) route to the destination. Older units may need 
a destination entered in terms of latitude and longitude,but recent designs only need the identifier of 
the airportor NAVAID. The unit will also permit database storageand retrieval of pilot defined 
waypoints. LORAN-Csignals follow the curvature of the Earth andare generally usable hundreds of 
miles fromtheir transmitters. 
The LORAN-C signal is subject to degradation from avariety of atmospheric disturbances. It is also 
susceptible to interference from static electricitybuildup on the airframe and electrically “noisy” 
airframe equipment. Flight in precipitation or even dustclouds can cause occasional interference 
withnavigational guidance from LORAN-C signals. Tominimize these effects, static wicks and 
bonding strapsshould be installed and properly maintained.LORAN-C navigation information is 
presented to thepilot in a variety of ways. All units have self-containeddisplays, and some elaborate 
units feature built-inmoving map displays. Some installations can also drivean external moving map 
display, a conventional VORindicator, or a horizontal situation indicator (HSI).Course deviation 
information is presented as a lineardeviation from course—there is no increase in tracking 
sensitivity as the airplane approaches the waypoint ordestination. Pilots must carefully observe 
placards,selector switch positions, and annunciator indicationswhen utilizing LORAN-C because 
airplaneinstallations can vary widely. The pilot’s familiaritywith unit operation through AFM/POH 
supplementsand operating guides cannot be overemphasized.LORAN-C Notices To Airmen 
(NOTAMs) should bereviewed prior to relying on LORAN-C for navigation.LORAN-C NOTAMs will 
be issued to announceoutages for specific chains and transmitters. Pilots mayobtain LORAN-C 
NOTAMs from FSS briefers onlyupon request.The prudent pilot will never rely solely on one means 
of navigation when others are available for backup andcross-check. Pilots should never become so 
dependentupon the extensive capabilities of LORAN-C that othermethods of navigation are 
neglected. 
GLOBAL POSITIONING SYSTEM 
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The global positioning system (GPS) is a satellitebasedradio navigation system. Its RNAV guidance 
isworldwide in scope. There are no symbols for GPS onaeronautical charts as it is a space-based 
system withglobal coverage. Development of the system isunderway so that GPS will be capable of 
providing theprimary means of electronic navigation. Portable andyoke mounted units are proving 
to be very popular inaddition to those permanently installed in the airplane.Extensive navigation 
databases are common features inairplane GPS receivers.The GPS is a satellite radio navigation 
and timedissemination system developed and operated by theU.S. Department of Defense (DOD). 
Civilian interfaceand GPS system status is available from the U.S.Coast Guard. 
It is not necessary to understand the technical aspectsof GPS operation to use it in VFR/instrument 
flightrules (IFR) navigation. It does differ significantly fromconventional, ground-based electronic 
navigation, andawareness of those differences is important. Awarenessof equipment approvals and 
limitations is critical to thesafety of flight. The GPS system is composed of threemajor elements: 
1. The space segment is composed of a constellationof 26 satellites orbiting approximately 
10,900 NM above the Earth. The operationalsatellites are often referred to as the GPS 
constellation. The satellites are notgeosynchronous but instead orbit the Earth inperiods of 
approximately 12 hours. Eachsatellite is equipped with highly stable atomicclocks and transmits a 
unique code andnavigation message. Transmitting in the UHFrange means that the signals are 
virtuallyunaffected by weather although they aresubject to line-of-sight limitations. The 
satellites must be above the horizon (as seenby the receiver’s antenna) to be usablefor navigation. 
2. The control segment consists of a mastercontrol station at Falcon AFB, ColoradoSprings, CO, 
five monitor stations, and threeground antennas. The monitor stations andground antennas are 
distributed around theEarth to allow continual monitoring andcommunications with the satellites. 
Updatesand corrections to the navigational messagebroadcast by each satellite are uplinked 
to the satellites as they pass over theground antennas. 
3. The user segment consists of all componentsassociated with the GPS receiver, ranging 
from portable, hand-held receivers to receiverspermanently installed in the airplane. The 
receiver matches the satellite’s coded signal byshifting its own identical code in a matching 
process to precisely measure the time ofarrival. Knowing the speed the signal traveled 
(approximately 186,000 miles per second) andthe exact broadcast time, the distance traveled 
by the signal can be inferred from itsarrival time.To solve for its location, the GPS receiver utilizes 
thesignals of at least four of the best-positioned satellitesto yield a three-dimensional fix (latitude, 
longitude,and altitude). A two-dimensional fix (latitude andlongitude only) can be determined with 
as few as threesatellites. GPS receivers have extensive databases.Databases are provided initially 
by the receivermanufacturer and updated by the manufacturer or adesignated data agency. 
A wide variety of GPS receivers with extensivenavigation capabilities are available. Panel mounted 
units permanently installed in the airplane may be usedfor VFR and may also have certain IFR 
approvals.Portable hand-held and yoke mounted GPS receiversare also popular, although these 
are limited to VFR use.Not all GPS receivers on the market are suited for airnavigation. Marine, 
recreational, and surveying units,for example, are not suitable for airplane use. As with 
LORAN-C receivers, GPS unit features and operatingprocedures vary widely. The pilot must be 
familiar withthe manufacturer’s operating guide. Placards,switch positions, and annunciators should 
becarefully observed.Initialization of the unit will require several minutesand should be 
accomplished prior to flight. If the unithas not been operated for several months or if it has 
been moved to a significantly different location (byseveral hundred miles) while off, this may require 
several additional minutes. During initialization, theunit will make internal integrity checks, acquire 
satellite signals, and display the database revision date.While the unit will operate with an expired 
database,the database should be current, or verified to becorrect, prior to relying on it for 
navigation.VFR navigation with GPS can be as simple as selectinga destination (an airport, VOR, 
NDB, intersection, orpilot defined waypoint) and placing the unit in thenavigation mode. Course 
guidance provided will be agreat circle route (shortest distance) direct to thedestination. Many units 
provide advisory informationabout special use airspace and minimum safe altitudes, 
along with extensive airport data, and ATC services andfrequencies. Users having prior experience 
withLORAN-C receivers will note many similarities in thewealth of navigation information available, 
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althoughthe technical principles of operation are quite different.All GPS receivers have integral 
(built into the unit)navigation displays and some feature integral movingmap displays. Some panel-
mounted units will drive aVOR indicator, HSI, or even an external moving mapdisplay. GPS course 
deviation is linear—there is not anincrease in tracking sensitivity as the airplaneapproaches a 
waypoint. Pilots must carefully observeplacards, selector switch positions, and 
annunciatorindications when utilizing GPS as installations andapprovals can vary widely. 
The integral GPS navigation display (like mostLORAN-C units) uses several additional navigational 
terms beyond those used in NDB and VOR navigation.Some of these terms, whose abbreviations 
vary amongmanufacturers, are shown below. The pilot shouldconsult the manufacturer’s operating 
guide forspecific definitions.NOTAMs should be reviewed prior to relying on GPS 
for navigation. GPS NOTAMs will be issued toannounce outages for specific GPS satellites by 
pseudorandom noise code (PRN) and satellite vehiclenumber (SVN). Pilots may obtain GPS 
NOTAMs fromFSS briefers only upon request.When using any sophisticated and highly 
capablenavigation system, such as LORAN-C or GPS, there isa strong temptation to rely almost 
exclusively on thatunit, to the detriment of using other techniques ofposition keeping. The prudent 
pilot will never rely onone means of navigation when others are available forcross-check and 
backup. 
 
 
 
GPS (Global Positioning System)  
• Since most small training aircraft do not have GPS, the subject will not be covered here  
 
VOR (VHF Omni-directional Range)  
• The course or radials projected from the site are referenced to Magnetic North  
• VOR Ground stations transmit within the VHF frequency band of 108.0 – 117.95  
• They are subject to line-of-sight restrictions  
• Accuracy of course alignment of VOR radials is considered to be within +/- 1 degree 
•  The only positive way to identify a VOR is by it's Morse Code ID or by the voice transmission that some have.  
• There are 3 classes of VOR's or VORTAC's  

1) H (High Altitude)  
2) L (Low Altitude)  
3) T (Terminal) 

 
VOR Navigation  (Very High Frequency Omnidirectional Range)  
• Reception is strictly line of sight 
• Basic VOR’s provide course guidance; VOR/DME and VORTAC also provide distance in-

formation to aircraft equipped with distance measuring equipment (DME)  
• VOR stations transmit radio beams, or Radials, outward in every direction. Compass 

Rose.  
• Victor Airways are class E starting at 1200 ft AGL, 8 miles wide.  

3 classes of VOR according to their normal reception and altitude range. 
1. Terminal VOR = is normally located on an airport  
2. Low Altitude 
3. High Altitude  

Note: Standard Service Volumes do not apply to published IFR routes or procedures  
 

Radio & GPS Navigation  
Identifying A station 
• VOR’s Morse code identifier or voice identification 
• If the station is down for maintenance, it may transmit a T-E-S-T signal or no identi-

fier.  
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VOR Indications 
• TO and FROM  (OBS and CDI)  
• Each dot on the scale representing a course deviation of two degrees.  

 
• Reverse SensingA VOR airborne system does not perceive your aircraft’s head-

ing: it only senses your direction from the station and gives the same instrument 
indications regardless of which way the nose of the aircraft is pointing.  

• For correct sensing, you must set the VOR indicator so it generally agrees with your 
intended course.  

Off Indications 
• The area over the station is which the TO-FROM indicator changes is called the 

Cone of Confusion, or no signal area.  
• When the aircraft is abeam the station on the selected course.  
Tracking 
• You maintain the selected course by keeping the CDI centered 
Intercepting a Course  
• Flying a radial inbound or outbound  
Cross checking your Position 
• By using more than one VOR  
Checking VOR Accuracy 
• The FAA requires VOR equipment to meet certain criteria if the system is being 

used for IFR navigation.  
• VOR Checkpoints 
• VOR Test Facilities (VOTs)  

ADF Navigation  (automatic direction finder)  
NDB (Non-directional Radio Beacon) ADF (Automatic Direction Finders), which are the instrument in the airplane that 
tune into NDB's for navigation use  
Relative Bearing – the value to which the indicator on the ADF points on the dial Magnetic Bearing – Magnetic Heading plus 
the Relative Bearing (MH + RB = MB)  
• NDB stations transmit within the low or medium frequency band of 200 – 415 kHz  
• They are not subject to line-of-sight restrictions like the VOR's, they follow the curvature of the earth 
• A disadvantage of them is they are susceptible to electrical disturbances, such as lightning.  
• Unlike a VOR that has a flag to let you know if you have lost communication with the ground station. ADF's don't have a 

warning flag when the signal is lost. So you should continuously monitor the station ID while using that NDB. 
•  NDB's are classified according to their intended use  
• When one is used in conjunction with a Instrument Landing System marker it is called a compass locator 
 
• NDB (non-directional radio beacons)  

Limitations: 
• Night Effect: causes fluctuations  
• Thunderstorm effect: causes the needle to point to lighting flashes 
• Precipitation Static: causes the needle to wander 
• Terrain effect: mountains reflect the radio waves and cause erroneous bearing indi-

cations 
• Shoreline effect: degrade the accuracy of the ADF  

GPS Navigation  (Global Positioning System)  
24 satellites make up the GPS system, the minimum of 5 is always observable anywhere on 
earth, and a minimum of 4 is required to yield a three dimensional position.  
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C. TASK: DIVERSION  
1. Exhibits knowledge of the elements related to diversion. 
2. Selects an appropriate alternate airport and route. 
3. Makes an accurate estimate of heading, groundspeed, arrival time,and fuel consumption to the alternate airport. 
4. Maintains the appropriate altitude, ±200 feet (60 meters) andheading, ±15°. 

FLIGHT DIVERSION 
There will probably come a time when a pilot will notbe able to make it to the planned destination. 
This canbe the result of unpredicted weather conditions, asystem malfunction, or poor preflight 
planning. In anycase, the pilot will need to be able to safely andefficiently divert to an alternate 
destination. Before anycross-country flight, check the charts for airports orsuitable landing areas 
along or near the route of flight.Also, check for navigational aids that can be usedduring a 
diversion.Computing course, time, speed, and distanceinformation in flight requires the same 
computationsused during preflight planning. However, because ofthe limited cockpit space, and 
because attention mustbe divided between flying the airplane, makingcalculations, and scanning 
for other airplanes, takeadvantage of all possible shortcuts and rule-of-thumbcomputations. 
When in flight, it is rarely practical to actually plot acourse on a sectional chart and mark 
checkpoints anddistances. Furthermore, because an alternate airport isusually not very far from 
your original course, actualplotting is seldom necessary.A course to an alternate can be measured 
accuratelywith a protractor or plotter, but can also be measuredwith reasonable accuracy using a 
straightedge and thecompass rose depicted around VOR stations. Thisapproximation can be made 
on the basis of a radialfrom a nearby VOR or an airway that closely parallelsthe course to your 
alternate. However, remember thatthe magnetic heading associated with a VOR radial or 
printed airway is outbound from the station. To find thecourse TO the station, it may be necessary 
to determinethe reciprocal of that heading. It is typically easier tonavigate to an alternate airport 
that has a VOR or NDBfacility on the field.After selecting the most appropriate 
alternate,approximate the magnetic course to the alternate usinga compass rose or airway on the 
sectional chart. If timepermits, try to start the diversion over a prominentground feature. However, 
in an emergency, divert promptly toward your alternate. To complete allplotting, measuring, and 
computations involved beforediverting to the alternate may only aggravate anactual emergency. 
Once established on course, note the time, and then usethe winds aloft nearest to your diversion 
point tocalculate a heading and groundspeed. Once agroundspeed has been calculated, determine 
a newarrival time and fuel consumption. Give priority toflying the airplane while dividing attention 
betweennavigation and planning. When determining an altitudeto use while diverting, consider 
cloud heights, winds,terrain, and radio reception. 
 
D. TASK: LOST PROCEDURES 
1. Exhibits knowledge of the elements related to lost procedures. 
2. Selects an appropriate course of action. 
3. Maintains an appropriate heading and climbs, if necessary. 
4. Identifies prominent landmarks. 
5. Uses navigation systems/facilities and/or contacts an ATC facility for 
assistance, as appropriate. 
 

LOST PROCEDURES 
Getting lost in an airplane is a potentially dangeroussituation especially when low on fuel. If a pilot 
becomes lost, there are some good common senseprocedures to follow. If a town or city cannot be 
seen,the first thing to do is climb, being mindful of trafficand weather conditions. An increase in 
altitudeincreases radio and navigation reception range, andalso increases radar coverage. If flying 
near a town orcity, it might be possible to read the name of the townon a water tower. 
If the airplane has a navigational radio, such as a VORor ADF receiver, it can be possible to 
determineposition by plotting an azimuth from two or morenavigational facilities. If GPS is installed, 
or a pilot hasa portable aviation GPS on board, it can be used todetermine the position and the 
location of thenearest airport.Communicate with any available facility usingfrequencies shown on 
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the sectional chart. If contact ismade with a controller, radar vectors may be offered.Other facilities 
may offer direction finding (DF)assistance. To use this procedure, the controller willrequest the pilot 
to hold down the transmit button for afew seconds and then release it. The controller may ask 
the pilot to change directions a few times and repeat thetransmit procedure. This gives the 
controller enoughinformation to plot the airplane position and then givevectors to a suitable landing 
site. If the situationbecomes threatening, transmit the situation on theemergency frequency 121.5 
MHz and set thetransponder to 7700. Most facilities, and even airliners,monitor the emergency 
frequency. 
 
 
 
 
Lost Procedures If you get lost  Five C’s 

1) Remain calm  
2) Continue on your present heading and check your calculations. If they are correct, then you should be reasonably within the 
area you are supposed to be.  

3) Look for recognizable landmarks.  
4) Check the heading indicator with the compass  
5) Look for water towers or airports where you can read the name of the town from  
6) Use Radio Navigation (Dual VOR)  
7) Locate your position on the GPS  
8) Contact the nearest Air Traffic Control facility or Flight Service Station for assistance  
9) Make a landing at any airport you see to find out where you are, and check your fuel  
 
Landing at an unfamiliar airport  
1) Fly directly over the airport, remaining above the traffic pattern and look for the segmented circle and wind sock to 
determine the runway in use  

2) Fly outside the traffic pattern before descending to traffic pattern altitude 
3) Enter the traffic pattern using a standard 45° entry on downwind  

 
Lost Procedures 
• 5 C’s;  Climb; Communicate; Confess; Comply; Conserve  
• DF “steer”  
 


