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On the ground, at least a driver can stop and ask directions. Since pilots have no lines to follow or signs to read 
in the air, they must depend on other methods to help them reach their destination, such as ground-based, 
satellite-based, and approach navigational aids (NAVAIDs). Your understanding of the uses and functions of 
NAVAIDs will provide you with guidelines to issue realistic clearances. 
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Radio beacons are subject to disturbances that may result in erroneous bearing information.  
 

• Such disturbances result from factors such as lightning, precipitation, and static. 
• At night, radio beacons are vulnerable to interference from distant stations. 

 
The NDB receiver in the aircraft converts a nondirectional signal to directional information in relative bearing 
from the aircraft. 
 

• Needle points to the station and is tuned on the aircraft receiver indicator. 

References:  

• AIM, Chap. 1 
• FAA-H-8083-15, Chap.7 
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Characteristics 
 

• The VOR is the primary navigation facility for civil aviation in the National Airspace System (NAS). 
• As a VHF facility, it eliminates atmospheric static interference and other limitations associated with 

low-frequency facilities. 
• The VOR ground station transmits azimuth information to the aircraft, providing 360 magnetic 

courses.  
 These courses are called radials and are oriented from the station. 
 Using the airborne VOR receiver, a pilot can select any of these 360 courses to navigate to or from 

the VOR station.  
• VORs are subject to line-of-sight restrictions.  
 Signals do not penetrate mountains.  

 
Note: TACANs and VORTACs will be covered later in this lesson. 
 
References:  

• FAA-H-8083-15, Chap. 7  
• FAA-H-8083-25, Chap. 14 
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VORs may be equipped for voice transmission on the VOR frequency.  
 

• VORs without voice capability are indicated by the letter “W” (without voice) in the Airport/Facility 
Directory (A/FD). 

• VOR class is listed prior to the type NAVAID in the A/FD. 
 
Example: Will Rogers VORTAC is listed as (H) VORTACW. 
 
Class and voice capability are also annotated on the charts. 
 
Reference: AIM, Chap. 1 
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Tactical Air Navigation (TACAN) is a military navigational system, which provides suitably equipped  
aircraft continuous indications of bearing and distance to the TACAN station. 
 

• Bearing and distance information is transmitted in the Ultra-High Frequency (UHF) band. 
 The bearing and distance frequencies are paired and assigned a channel number. 
 Example: Channel 101 

• TACANs have the same classification and range as VORs. 
• For reasons peculiar to military or naval operations (e.g., unusual site conditions, the pitching and 

rolling of a naval vessel, etc.) the civil VOR/DME system of air navigation is considered unsuitable 
for military or naval use. 
 The TACAN is more accurate than a VOR and is physically much smaller. 
 The TACAN is, therefore, used by the military forces. 

• Like VORs, TACANs generate directional information and transmit it by ground equipment to the 
aircraft, providing 360 usable magnetic courses, called radials, measured outbound from the station. 

• TACANs are subject to line-of-sight restrictions. 
 Signals do not penetrate solid objects. 

 
References:  

• JO 7110.65, Chap. 4, Pilot/Controller Glossary 
• AIM, Chap. 1 
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The ILS is designed to provide: 
 

• An approach path with both course and altitude guidance. 
• An exact alignment and descent of an aircraft on final approach to a specific runway. 

 
The ground equipment consists of two highly directional transmitting systems and, along the approach, three 
(or fewer) marker beacons. 
 

• The directional transmitters are known as the localizer and glide slope transmitters. 
 
A more detailed diagram is provided in Appendix B. 
 
References: 

• FAA-H-8083-15, Chap. 7 
•  AIM, Chap. 1 
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The localizer provides the pilot with course guidance to the runway centerline. 
 

• The localizer transmitter operates in the VHF band. 
• The approach course of the localizer is called the front course and is used with other functional parts 

(e.g., glide slope, marker beacons, etc.). 
• The localizer signal is transmitted from the far end of the runway. 
• The course line along the extended centerline of a runway, in the opposite direction to the front course, 

is called the Back Course (BC). 
• Identification is in Morse Code and consists of a three-letter identifier preceded by the letter I (..) 

transmitted on the localizer frequency.  
 
Example: I-DIA 
 
Reference: AIM, Chap. 1 
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The glide path descent angle is normally adjusted to 3 degrees above horizontal so that it intersects the Middle 
Marker (MM) at about 200 feet and the Outer Marker (OM) at about 1,400 feet above the runway elevation. 
 

• The glide slope is normally usable to the distance of 10NM. However, at some locations, the glide 
slope has been certified for an extended service volume, which exceeds 10NM. 

 
Reference: AIM, Chap. 1 
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The purpose of marker beacons is to identify particular locations on the approach to an instrument runway. 
 

• Marker beacons have a rated power output of 3 watts or less and an antenna array designed to produce 
an elliptical pattern with dimensions:  
 At 1,000 feet above the antenna 
 Approximately 2,400 feet in width and 4,200 feet in length  

• Ordinarily, there are two marker beacons associated with an ILS, the Outer Marker (OM) and Middle 
Marker (MM). 

 
NOTE: In some locations, DME will be used in lieu of Marker Beacons. DME is transmitted from the localizer 
antenna. 
 
Reference: AIM, Chap. 1 
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GPS is a United States satellite-based radio navigational, positioning, and time transfer system operated by the 
Department of Defense (DoD). 
 
GPS has a constellation of satellites that are designed so that a minimum of five are always observable by a 
user anywhere on Earth. 
 

• Each GPS satellite transmits a position and time signal. 
• The user’s receiver measures the time delay for the signal to reach the receiver, which is the direct 

measure of the apparent range to the satellite. 
• Measurements collected simultaneously from the satellites are processed to determine the three 

dimensions of position (latitude, longitude, altitude), velocity, and time.  
 Three satellites are required for two-dimensional accuracy. 
 Four satellites will add altitude information.  

 
Reference: AIM, Chap. 1 
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A waypoint is a predetermined geographical position used for route/instrument approach definition, progress 
reports, published VFR routes, or visual reporting points that are defined relative to a VORTAC station or in 
terms of latitude/longitude coordinates. 
 
A series of waypoints make up an RNAV route. 
 
References: 

• FAA-H-8083-15, Chap. 7  
• JO 7110.65, Pilot/Controller Glossary 
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The advantages of RNAV are: 
 

• User-preferred routes 
• Instrument Approach Procedures (IAP) where no ground-based navigational aids exist 
• Accuracy 
• Time and fuel savings 
• Reduced dependence on radar vectoring, reducing required ATC radio transmissions 
• More efficient use of airspace 

 
Reference: FAA-H-8083-15, Chap. 7 
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VOR airways are established in Class E airspace in the form of a corridor, the centerline of which is defined 
by radio navigational aids. 

• VOR airways are defined by radials of VORs. 
 
NOTE: Navigational charts will be taught in a later lesson. 
 
The VOR airway system consists of airways designated generally from 1,200 feet AGL up to, but not 
including, 18,000 feet MSL. 

• VOR airways and jet routes are generally aligned in an overlying manner to facilitate transition 
between Class A and Class E airspace. 

 
VOR airways are identified on charts by the letter “V” followed by the route’s identifying number. 

• Odd-numbered airways are generally oriented north-south, while even-numbered airways are generally 
oriented east-west. 

• The phraseology for VOR airways is to state the letter “V” phonetically (Victor) followed by the 
number in group form. 

 
References: 

• AIM, Chap. 5 
• JO 7110.65, Chap. 6; Pilot/Controller Glossary 
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The jet route system consists of routes established from 18,000 feet MSL to FL450, inclusive. These routes are 
depicted on En Route High Altitude Charts. In the conterminous United States, jet routes are defined in terms 
of radials of VORs. 
 
Jet routes are identified on charts by the letter “J” followed by the route’s identifying number. 
 

• Odd-numbered routes generally go in a north-south direction, while even-numbered routes generally 
go east-west. 

• The phraseology for jet routes is to state the letter “J” followed by the number in group form. 
 

Example: J12 is spoken “J TWELVE.” 
 
Reference: JO 7110.65, Pilot/Controller Glossary 
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