Chapter 1.

NAVIGATION AIDS

Section 1. AIR NAVIGATION RADIO AIDS

& A low or medium frequency radio beacon transmits
nondirectional si whereby the pilot of an aircraft
properly equipped can determine his bearing and “home”
on the station. These facilities normally operate in the fre-
quency band of 190 to 535 kHz and transmit a continuous
carrier with either 400 or 1020 Hz modulation. All radio
beacons except the cofnpass locators transmit a continuous
three-letter identification in code except during voice trans-

b. When a radio beacon is used in conjunction with the
Instrument Landing System markers, it is called a Com-
pass Locator.

¢. Voice transmissions are made on radio beacons
uniess the letter “W™ (without voice) is included in the
class designator (HW).

d. Radio beacons sre subject to disturbances that may
result in erroneous bearing information. Such disturbances

assigned i
1t is subject to line-of-sight restriction, and the range varies
proportionally to the altitude of the receiving equipment.
The normal service ranges for the various classes of VORs
are given in PARA. 104
b. Most VORs are equipped for voice tranzmission: on
the VOR frequency. VORs without voice capebility are in-

dicated by the letter “W™ (without voice) included in the
class designator (VORW). ‘

& The only positive method of identifying a VOR is by
its Morse Code identification or by the recorded automatic
voice identification which is always indicated by use of the
word “VOR” following the range’s name. Reliance on de-

volved. Many FSSs remotely operate several omniranges
with different names. In some cases, none of the VORs
have the name of the “parent” FSS. During periods of
maintenance, the facility may radiate a T-EST code
(— ® @9® —) or the code may be removed.

d. Voice identification has been added to numerous
VORs. The transmission consists of a voice announcement,
“AIRVILLE VOR” alternating with the usual Morse Code

@. The effectiveness of the VOR depends upon proper
use and adjustment of both ground and airborne equip-
ment.

(1) Accuracy:The accuracy of course alignment of the
VOR is excellent, being generally plus or minus 1 degree.

(2 Roughness:On some VORs. minor course rough-
ness may be observed, evidenced by course needle or brief
flag alarm activity (some receivers are more susceptible to
these irregularities than others). At a few stations, usually
in mountainous terrain, the pilot may occasionally observe
a brief course needie oecillation, similar to the indication of
“approaching station.” Pilots flying over unfamiliar routes
are cautioned to be on the alert for these vagaries, and in
particular, to use the “to/from” indicator to determine
positive station passage.

(a) Certain propeller RPM settings or helicopter
rotor speeds can cause the VOR Course Deviation Indicator
to fluctuate as much as plus or minus six degrees. Slight
changes to the RPM setting will normally smooth out this
roughness. Pilots are urged to check for this modulation
phenomenon prior to reporting a VOR station or aircraft
equipment for unsstisfactory operation.

4. VOR RECEIVER CHECK

a. The FAA VOR test facility (VOT) transmits a test
signal which provides users a convenient means to deter-
mine the operational status and accuracy of a VOR receiv-
er while on the ground where a VOT is located. The air-
borne use of VOT is permitted; however, its use is strictly
limited to those areas/altitudes specifically authorised in
the Airport/Facility Directory or appropriate supplement.

b. To use the VOT servicetune in the VOT frequency
on your VOR receiver. With the Course Deviation Indicator
(CDD centered, the omni-bearing selector should read O de-
gress with the to/from indication showing “from” or the
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omni-bearing selector should read 180 degrees with the to/
ﬁmmmm"m"wmvonm»
erate an RMI (Radio Magnetic Indicator), it will indicate

180 degress on any OBS setting. Two means of identifica-
tion are used. One is a series of dots and the other is a con-
tinuous tone. Information concerning an individual test
signal can be obtained from the local FSS.

¢. Periodic VOR receiver calibration is most important.
If a receiver’s Automatic Gain Control or modulation cir-
cuit deteriorates, it is possible for it to display acceptable
sccuracy and sensitivity close into the VOR or VOT and
display out-of-tolerance readings when located at greater
distances where weaker signal areas exist. The likelihood
of this deteriorstion varies between receivers, and is gener-
ally considered a function of time. The best assurance of
having an accurate receiver is periodic calibration. Yearly
intervals are recommended at which time an authorized
repair facility should recalibrate the receiver to t~= manu-
facturer’s specifications.

d. Federal Aviation Regulations (FAR 91.25) provides
for certain VOR equipment accuracy checks prior to flight
under instrument flight rules. To comply with this require-
ment and to ensure satisfactory operation of the sirborne
system, the FAA has provided pilots with the following
means of checking VOR receiver accuracy:

(1) VOT or a radiated test signal from an appropri-
ately rated radio repair station.

(2) Certified airborne check points.

(3) Certified check points on the airport surface.

.. AndmedVORmtmdﬁ'omnn appropriately
rated radio station serves the same purpose as an
FAA VOR signal and the check is made in much the same
manner as a8 VOT with the following differences:

(1) The frequency normally approved by the FCC is
108.0 MHz.

(2) Repair stations are not permitted to radiate the
VOR test signal continuously; consequently, the owner or
operator must make arrangements with the repair station
to have the test si transmitted. This service is not pro-
vided by all radio repair stations. The aircraft owner or op-
erator must determine which repair station in his local
area provides this service. A representative of the repair
station must make an entry into the aircraft logbook or
other pemlmtmordeemfymgtotheudulwcmcy
and the date of transmission. The owner, operator or repre-
sentative of the repair station may accomplish the neces-
sary checks in the aircraft and make a iogbook entry stat-
ing the results. It is necessary to verify which test radial is
buuuummdmdwmmsbmudgetn“w"
“from” indication.

f. Airborne and ground check points consist of certified
radials that should be received at specific points on the air-
port surface or over specific landmarks while airborne in
the immediate vicinity of the airport.

(1) Should an error in excess of plus or minus 4 de-
grees be indicated through use of a ground check, or plus
or minus 6 degress using the airborne check, IFR flight
shall not be attemptad without first correcting the source
of the error.

CAUTION:No correction other than the correction

card figures supplied by the manufacturer shouid be
applied in making these VOR receiver checks.
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(2) Locations of airborne check pointa, ground check
pmnhaMVOhmpublnbedmtbeMrmﬂF&htyDn—
rectory.

(3) If a dual system VOR (units independent of each
other except for the antenna) is installed in the aircraft
one system may be checked against the other. Turn both
systems to the same VOR ground facility and note the indi-
cated bearing to that station. The maximum permissible
variations between the two indicated besrings is 4 degrees.

5. TACTICAL AIR NAVIGATION (TACAN)

[ Formpeculmtonﬂmxyormmm
(unusual siting conditions, the pitching and folhngof
naval vessel, etc) the civil VOR/DME system of air naviga-
tion was considered unsuitable for military or naval use. A
new navigationsl system, TACAN, was therefore deve
by the military and naval forces to more readily iend itself
to military and naval requirements. As a result, the FAA
has been in the process of integrating TACAN facilities
:lth the civil VOR/DD:Ehm ol"l‘m theoreti-

or technical princi of operation 'ACAN equip-
ment are quite different from those of VOR/DME facilities,
the end result, as far as the navigating pilot is concerned,
:Atgemmemmandm

b. TACAN ground equipment consists of either a fized
or mobile transmitting unit. The airborne unit in conjunc-
tion with the ground unit reduces the transmitted signal to
a visual presentation of both azimuth and distance infor-
mation. TACAN is a pulse system and operstes in the UHF
band of frequencies. Its use requires TACAN airborne
equipment and does not operate through conventional VOR
equipment.

6. VHF OMNI-DIRECTIONAL RANGE/TACTICAL AIR
NAVIGATION (VORTAC)

a. A VORTAC is a of two compo-
nents, VOR and TACAN, which three individual
services: VOR azimuth, TACAN azimuth and TACAN dis-
tance (DME) at one site. Although consisting of more than
mmmnmmmmzhnmmb

and using more than one antenna system, s
VORTACnmndendtobe:umﬁdnmmﬂuﬂ.
Both components of a VORTAC are envisioned as operat-
ing simultaneously and providing the three services at all
times.

b. Transmitted signals of VOR and TACAN sre esch
identified by three-letter code transmission and are inter-
jocked so that pilots using VOR azimuth with TACAN dis-
tance can be assured that both signals being received are
definitely from the same ground station. The frequency
channels of the VOR and the TACAN at each VORTAC fa-
cility are “paired” in accordance with a aational plan to
simplify airborne operation.

7. DISTANCE MEASURING EQUIPMENT (DME)
8. In the operation of DME, paired pulses st a specific

spacing are sent out from the aircraft (this is the interroga-
tion) and are received at the ground station. The ground
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station (transpoader) then transmits paired pulses back to
tbeamhuthe-mepuhembntonad;ﬁmnt
frequency. The time required for the round trip of this
wm-mmmmnunm:m
is translated into distance (Nautical Miles) from the air-
craft to the ground station.

b. Operating on the line-of-sight principle, DME fur-
nishes distance information with a very high degree of ac-
curacy. Reliable signals may be received at distances up to
199 NM at line-of-sight altitude with an accuracy of better
than 1/2 mile or 3 percent of the distance, whichever is
greater. Distance information received from DME equip-
ment is SLANT RANGE distance and not actual horizontal
distance.

¢. DME operates on frequencies in the UHF spectrum
between 962 MHz and 1213 MHz Aircraft equipped with
TACAN equipment will receive distance information from
a VORTAC automatically, while aircraft equipped with
VOR must have 2 separate DME airborne unit.

d. VOR/DME, VORTAC, ILS/DME. and LOC/DME
navigation facilities established by the FAA provide course
and distance information from collocated components
under a frequency pairing plan. Aircraft receiving equip-
ment which provides for automatic DME selection assures
reception of azimuth and distance information from a
common source when designated VOR/DME, VORTAC,
ILS/DME, and LOC/DME are selected.

e¢. Due to the limited number of available frequencies,
assignment of paired frequencies is required for certain
military noncollocated VOR and TACAN facilities which
serve the same ares but which may be separated by dis-
tances up to a few miles. The military is presently under-
going a program to collocate VOR and TACAN facilities or
to assign nonpaired frequencies to those that cannot be col-
located.

f. VOR/DME, VORTAC, ILS/DME, and LOC/DME fa-
cilities are identified by synchronized identifications which
are transmitted on a time share basis. The VOR or localiz-
er portion of the facility is identified by a coded tone modu-
lated at 1020 Hz or a combination of code and voice. The
TACAN or DME is identified by a coded tone modulated at
1350 Hz. The DME or TACAN coded identification is trans-
mitted one time for each three or four times that the VOR
or localizer coded identification is transmitted. When
either the VOR or the DME is inoperative, it is important
to recognize which identifier is retained for the operative
facility. A single coded identification with a repetition in-

Para—10.
w«wwywmwmmnun

from
mu-:. VORTAC and ILS/DME aavigation facilities are se-
lected. Pilots are cautioned to disregard any distance dis-
plays from automatically selected DME equipment when
VOR or ILS facilities, which do not have the DME feature
installed, are being used for position determination.

8—9. RESERVED

10. NAVAID SERVICE VOLUMES

a Moltnrnlmnonndmudlvluchprwwem
tive course guidance have a designated standard service
volume (SSV). The SSV defines the reception limits of un-
restricted NAVAIDS which are usable for random/unpub-
lished route navigation.

b. A NAVAID will be classified as restricted if it does
not conform to flight inspection signal strength and course
quality standards throughout the published SSV. However,
the NAVAID should not be considered usable at altitudes
below that which could be flown while operating under
random route IFR conditions (FAR 91.119), even though
these altitudes may lie within the designated SSV. Service
volume restrictions are first published in the Notices to
Airman (NOTAM) and then with the alphabetical listing of
the NAVAID's in the Airport/Facility Directory.

¢. Standard Service Volume limitations do not apply to
published IFR routes or procedures.

d. VOR/DME/TACAN STANDARD SERVICE VOLUMES
(SSV)

Standard service volumes (SSVs) are graphically shown
in Figures 10-1 through 10-5. The SSV of a station is indi-
cated by using the class designator as a prefix to the sta-
tion type designation.

EXAMPLE:

TVOR. LDME. and HVORTAC.

Within 25 NM, the bottom of the T service volume is de-
fined by the curve in Figure 10-4. Within 40 NM. the bot-
toms of the L and H service volumes are defined by the
curve in Figure 10-5.

DS ALTITUDE AND RANGE BOUNDARIES
T (Terminal)...................c....... From 1000 feet above ground level tAGL) up to and including 12,000 feet AGL at radial distances out to 25 NM.
See Figures 10-3 and 10-4.
L (Low Altitude).................... From 1000 feet AGL up to and including 18,000 feet AGL at radial distances out to 40 NM. See Figures 10-2
and 10-5.
H (High Altitude).................. From 1000 feet AGL up to and including 14,500 feet AGL at radial distances out to 40 NM. From 14.500 feet

AGL up to and including 60.000 feet at radial distances out to 100 NM. From 18,000 feet AGL up to and
including 45.000 feet AGL at radial distances out to 130 NM. See Figures 10-1 and 10-5.
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FIGURE 10-1. STANDARD HIGH FIGURE 10-2. STANDARD LOW
ALTITUDE SERVICE VOLUME ALTITUDE SERVICE VOLUME
{refer to FIGURE 5 for altitudes (refer to FIGURE 5 for altitudes
below 1000 feet) ' below 1000 feet)
40 nmi
18,000 ft.
" - - --..:. _~~

\ H ‘I-t.ooon.
[ ]

NOTE: All elovations shown are with respect
to the station’s site elevation (AGL).
Coverage is not avaliable in a cone of
airspace directly above the faciiity.

FIGURE 10-3. STANDARD TERMINAL

SERVICE VOLUME

(refer to FIGURE 4 for aititudes
below 1000 feet)

Cl1—S1—4
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FIGURE 104. DEFINITION OF THE LOWER EDGE OF THE STANDARD T
{TERMINAL) SERVICE VOLUME
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FIGURE 10-5. DEFINITION OF THE LOWER EDGE OF THE STANDARD H
(HIGH) AND L (LOW) SERVICE VOLUMES
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o. NONDIRECTIONAL RADIO BEACON (NDS)

NDBs are clamified according to their intended use. The
ranges of NDB service volumes are shown below. The dis-
tances (radius) are the same at all altitudes.

CLASS DISTANCE (RADIUS)
Compams Locator 1S NM
MH 25 NM
H w mo
C1—81-5
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Para—11. AIR NAVIGATION RADIO AIDS
CLASS DISTANCE (RADIUS)
HH T NM

* Service ranges of individual facilities
volumes are first published in the Notice to
Airport/Facility Directory.

11. MARKER BEACON

a. Marker beacons serve o identify a particular loca-
tion in space along an airway or on the approsch to an in-
strument runway. This is done by means of 8 75 MHz
trmmtterwhlchtnmmadnmdnpﬂwben
ceived by aircraft flying overhead. These markers are gen
erally used in conjunction with en route NAVAIDs and IIS
as point designators.

b. There are three classes of en route marker beacons:
Fan Marker (FM), Low Powered Fan Markers (LFM) and Z
Markers. They transmit the letter “R” (dot dash dot) iden-
tification, or (if additional markers are in the same area)
the letter “K." “P." "x." or "Z."

(1) Class FMs are used to provide a positive identifi-
cation of positions at definite points along the sirways. The
transmitters have a power output of approximately 100
watts. Two types of antenna array are used with class FMs.

(8) The first type used. and generally referred to as
the standard type, produces an elliptical shaped pattern,
which. at an elevation of 1,000 feet above the station, is
about 4 NM wide and 12 NM long. At 10,000 feet the pat-
tern widens to about 12 NM wide and 35 NM long.

(d) The second array produces a dumbbel! or bone-
shaped pattern, which, at the “handle”, is about three
miles wide at 1,000 feet. The boneshaped marker is pre-
ferred at approach control locations where “timed” ap-
proaches are used.

(2) The clase LFM or low powered FMs have a rated
power output of 5 watts. The antenns array produces a cir-
cular pattern which appears elongated at right angies to
the airway due to the directional characteristics of the air-
craft receiving antenna.

(3) The Station Location, or Z-Marker, was developed
to meet the need for a positive position indicator for air-
craft operating under instrument flight conditions to show
the pilot when he was passing directly over a low frequen-
cy navigational aid. The marker consists of a 5 watt trans-
mitter and a directional antenna array which is located on
the range plot between the towers or the loop antennas.

NOTE—ILS marker beacon information is included in PARA. 12
INSTRUMENT LANDING SYSTEMS (ILS).

12. INSTRUMENT LANDING SYSTEM (ILS)

a. GENERAL

(1) The LLS is designed to provide an approach path
for exact alignment and descent of an aircraft on final ap-
proach to a runway.

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

may be less than 50 nautical miles (NM). Restrictions
AmenandthmmththedphabehulhsﬂngoftheNAVAﬂ)mthe

ters are known as the localizer and glide slope transmit-
tere.

(3) The system mmay be divided functionally into three
parts:

(8) Guidance information —localizer, glide alope

(d) Range information —marker beacon, DME

(c) Visual informsation —approach lights, touch-
down and centerline lights, runway lights

(4) Compass locators located at the Omer Marker

mybesubcumted fortbeOM.

(5) Where a complete ILS system is installed on each
end of a runway; (i.e. the end of Runway 4 and
the approach end of Runway 22) the ILS systems are not in
service simultaneously.

b. LOCALIZER
(1) The localiser transmitter operstes on one of 40
ILS channels within the frequency range of 108.10 to

IIISSMHz.Sumllmwdet.hepuotmtheoumgmdanee
to the runway centerline.

(2) The approach course of the localizer is called the
ﬁmtmuendhuudwithotherhncﬁmﬂme.g
glide slope, marker bescons, etc. The localizer signal i
transmitted at the far end of the runway. It is adjusted for
a course width of (full scale fly-left to a full scale fly-right)
of 700 feet at the runway threshold.

(3) The course line along the extended centerline of &
runway, in the opposite direction to the front course is
called the back course.

CAUTION:Unless the aircraft’s ILS equipment in-
cludes reverse sensing capability, when flying in-
bound on the back course it is necessary to steer the
aircraft in the direction opposite the needle deflec-
tion when making corrections from off-course to on-
course. This “flying away from the needle” is also re-
quired when flying outbound on the front course of
the localizer. DO NOT USE BACK COURSE SIG-
NALS for approach uniess a BACK COURSE AP-
PROACH PROCEDtmEnpnandforthntp;r’-

s

nlongtheeonnehnetnd

Cl1—-S1—6
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4,500 feet above the elevation of the antenna site. Proper
off-course indications are provided throughout the follow-
ing angular areas of the operational service volume:

(@) To 10 degrees either side of the course along a
radius of 18 NM from the antenna, and

Para—12.

®) From 10 to 35 degrees either side of the course
along a radius of 10 NM.

NORMAL LIMITS OF maum
COVERAGE: TN SAME

APRLIES TO A BACK CMS!
WHEN PROVIDED.

\ 4

L]

(6) Unreliable signais may be received outside these
areas.
¢. LOCALIZER—TYPE DIRECTIONAL AID
(1) The Localizer-type Directional Aid (LDA) is of
comparsble use and accuracy to a localizer but is not part
of a complete ILS. The LDA course usually provides a more
precise approach course than the similar Simplified Direc-
tional Facility (SDF) installation, which may have a course
width of 6 or 12 degrees. The LDA is not aligned with the
runway. Straight-in minimums may be published where
alignment does not exceed 30 degrees between the course
and runway. Circling minimums only are published where
this alignment exceeds 30 degrees.
d. GLIDE SLOPE/GLIDE PATH

means that portion of the glide slope that intersects the io-
calizer.

CAUTION:False glide siope signais may exist in the
nmofthelqalnerb;ckcoumnmuchﬂnchm

present unrelisble glide siope information. Disregard
allzhde-lopemnlmdxmmuwhenmahng;b
b-ckwumnppnuhunluaﬂdesbpeu

specified on the approech and landing chart.
(2) The glide slope transmitter is located between 750
feet and 1,250 feet from the approach end of the runway
(dawnthcmmuy ando&etstwSSOfeetfmm:be

cations below that height must be supplemented by visual
reference to the runway environment. Glidepaths with no
published DH are usable to runway threshold.

(3) The glide path projection angle is normally adjust-
ed to 3 degrees above horizontal so that it intersects the
MM at about 200 feet and the OM at about 1,400 feet above
the runway elevation. The glide slope is normally usabie to
the distance of 10 NM. However, at some locations, the
glide slope has been certified for an extended service
volume which exceeds 10 NM.

(4) Pilots must be alert when approaching the glide-
path interception. False courses and reverse sensing will
occur at angles considersbly greater than the published
path.

(5) Make every effort to remain on the indicated glide
path treference: FAR 91.87(dX2)). Exercise caution: avoid
flying below the glide path to assure obstacle/terrain clear-
ance is maintained.

(6) The published glide slope threshold crossing
height (TCHIDOES NOTrepresent the height of the actual
glide path on course indication above the runway thresh-
old. It is used as a reference for planning purposes which
represents the height sbove the runway threshold that an
aircraft’s glide siope antenna should be, if that aircraft re-
mains on a trajectory formed by the four-mile-to-middie
marker glidepath segment.

™ Puwmmbetmoftbemhuchth&
tween the aircraft’s glide slope antenns and the main gear
in the landing configuration and. at the DH, plan to adjust
the descent angl: sccordingly if the published TCH indi-
cates the wheel crossing height over the runway threshold
may not be satisfactory. Tests indicate a comfortable wheel
crossing height is approximately 20 to 30 feet, depending
on the type of aircraft.
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e. DISTANCE MEASURING EQUIPMENT (DME)

(1) When installed with the ILS and specified in the

approach procedure, DME may be used:
(s) In lieu of the OM.
®) As s back course (BC) final approach fix (FAF).
(¢) To establish other fixes on the localizer course.

(2) In some cases, DME from a separate facility may
be used within Terminal Instrument Procedures (TERPS)
limitations: .

(8) To provide ARC initial approach segments.
{®) As a FAF for BC approaches.
(¢) As a substitute for the OM.

f. MARKER BEACON

(1) ILS marker beacons have a rated power output of
3 watts or less and an antenna array designed to produce a
elliptical pattern with dimensions, at 1,000 feet above the
antenna, of approximately 2,400 feet in width and 4,200
feet in length. Airborne marker beacon receivers with a se-
lective sensitivity feature should always be operated in the
“low” sensitivity position for proper reception of ILS
marker beacons. ‘

(2) Ordinarily, there are two marker beacons asaoci-
ated with an ILS, the OM and MM. Locatons with a Cate-
gory I1 and III ILS also have an inner marker (IM). When
an aircraft passes over a marker, the pilot will receive the
following indications:

MARKER CODE LIGHT
oM - BLUE
MM 0 — 0 — AMBER
™ 0000 WHITE
BC ©0 ©0O0  WHITE

(a8) The OM normally indicates a position at which
an aircraft at the appropriste altitude on the localizer
course will intercept the ILS glide path.

(®) The MM indicates a position approximately
3,500 feet from the landing threshold. This is also the posi-
tion where an aircraft on the glide path will be at an alti-
tude of approximately 200 feet above the elevation of the
touchdown zone.

(¢) The inner marker (IM) will indicate a point at
which an aircraft is at a designated decision height (DH)
on the glide path between the MM and landing threshoid.

(3) A back course marker normally indicates the ILS
back course final approach fix where approach descent is
commenced.

9. COMPASS LOCATOR

(1) Compass locator transmitters are often situated
at the MM and OM sites. The transmitters have a power of
less than 25 watts, a range of at ieast 15 miles and operate
between 190 and 535 kHz At some locations, higher pow-
ered radio beacons, up to 400 watts, are used as OM com-
pess locators. These generally carry Transcribed Weather
Broadcast (TWEB) information.

AIR NAVIGATION RADIO AIDS

cator transmits the last two letters of the localizer identifi-
cation group.
h. ILS FREQUENCY
(1) The following frequency pairs are allocated for

Localizer MH2 Glide Siope |
108.10 334.70 .]
108.15 334.55
1083 334.10 }
108.35 33395
1085 329.90 I
108.55 329.75 i
108.7 330.50 '
108.75 330.35
1089 329.30
108.95 | 329.15 i
1091 | 331.40 ¢
109.15 ! 331.25 |
1093 | 332.00 !
109.35 | 331.85
109.50 ] 33260
109.55 33245
109.70 ! 333.20 :
109.75 ; 333.05 i
109.90 I 333.80 i
109.95 333.65 |
110.1 334.40
110.15 33¢.25
1103 335.00
11035 334.85
1105 329.60
110.55 329.45
110.70 330.20
11075 330.05
110.90 330.80
11095 330.65
111.10 331.70
111.15 ‘ 331.55
111.30 : 332.30
111.35 ! 33215
111.50 | 3329
111.55 ' 33275
111.70 i 3335
111.75 i 333.35
111.90 331.1
11195 $30.95

|
L ILS MINIMUMS

{1) The lowest authorized ILS minimums, with all re-
quired ground and airborne systems components operative,

are
(8) Category I - Decision Height (DH) 200 feet and
Runway Visual Range (RVR) 2,400 feet (with touchdown
zone and centerline lighting, RVR 1800 Category A, B, C;
RVR 2000 Category D). '
(®) Category I1 - DH 100 feet and RVR 1,200 feet.
(¢) Category ITIA - RVR 700 feet.
NOTE— Special authorization and equipment are required for
Category I and IIIA.

{2) Compass locators transmit two letter identifica- }. INOPERATIVE ILS COMPONENTS . .
tion groups. The outer locator transmits the first two let- (1) Inoperative localizer: When the localizer fails, an
ters of the localizer identification group, and the middle lo- ILS approach is not authorized.
Cl—S1—8
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(2) Inoperative glide slope: When the glide slope
fails, the ILS reverts to a nonprecision localizer approach.
NOTE— Refer to the Inoperative Component Table in the U.S.
Government 1APs publications. Suppiementary Information Sec-
tion, for adjustments to minimums due to inoperative airborne or
ground system equipment.
k. ILS COURSE DISTORTION

(1) All pilots should be aware that disturbances to
ILS localizer and glide slope courses may occur when sur-
face vehicles or sircraft are operated near the localizer or
glide siope antennas. Most ILS installations are subject to
signal interference by either surface vehicles, aircraft or
both. ILS CRITICAL AREAS are established near each lo-
calizer snd glide slope antenna.

(2) ATC issues contro! instructions to avoid interfer-
ing operations within ILS ‘critical areas at controlled air-
ports during the hours the Airport Traffic Control Tower
(ATCT) is in operations as follows:

(s) Weather Conditions - Less than ceiling R00 feet
and/or visibility 2 miles.

() LOCALIZER CRITICAL AREA - Except for air-
craft that land, exit a runway. depart or miss approach. ve-
hicles and aircraft are not authorized in or over the critical
area when an arriving aircraft is between the ILS final ap-
proach fix and the airport. Additionally. when the ceiling

Para—12.

is less than 200 feet and/or the visibility is RVR 2,000 or
less, vehicle and aircraft operations in or over the area are
;:htfl authorized when an arriving aircraft is inside the ILS

() GLIDE SLOPE CRITICAL AREA - Vehicles
and aircraft are not authorized in the area when an arriv-
ing aircraft is between the ILS final approach fix and the
airport unless the aircraft has reported the airport in sight
and is circling or side stepping to land on a runway other
than the ILS runway.

(3) Aircraft holding below 3000 feet between the
outer marker and the airport may cause localizer signal
variations for aircraft conducting the ILS Approach Ac-
cordingly. such holding is not authorized when weather or
visibility conditions are less than ceiling 300 feet and/or
visibility 2 miles.

(4) Pilots are cautioned that vehicular traffic not
subject to ATC may cause momentary deviation to ILS
course or glide siope signals. Also. critical areas are not
protected at uncontrolled airports or at airports with an
operating control tower when weather or visibility condi-
tions are above those requiring protective measures. Air-
craft conducting coupled or autoland operatians should be
especially alert in monitoring automatic flight control sys-
tems.

C1—S1-9
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() Weather Conditions - At or above ceiling 800

feet and/or visibility 2 miles.

() No critical area protective action is provided
under these conditions

(W) If an aircraft advises the TOWER that an AU-
TOLAND or COUPLED approach will be conducted, an ad-
visory will be promptly issued if a vehicle or aircraft will
be in or over a critical area when the arriving aircraft is
inside the ILS MM.

EXAMPLE:
GLIDE SLOPE SIGNAL NOT PROTECTED.

13. SIMPLIFIED DIRECTIONAL FACILITY (SDF)

8. The SDF provides a final approach course similar to
that of the ILS localizer. It does not provide glide slope in-
formation. A clear understanding of the ILS localizer and
the additional factors listed below completely describe the
operational characteristics and use of the SDF.

b. The SDF transmits signals within the range of
108.10 t0 111.95 MHz.

¢. The approach techniques and procedures used in an
SDF instrument approach are essentially the same as those
employed in executing a standard localizer approach except
the SDF course may not be aligned with the runway and
the course may be wider, resulting in less precision.

d. Usable off-<course indications are limited to 35 de-
grees either side of the course centerline. Instrument indi-
cations received beyond 35 degrees should be disregarded.

e. The SDF antenna may be offset from the runway
centerline. Because of this, the angle of convergence be-
tween the final approach course and the runway bearing
should be determined by reference to the instrument ap-
proach procedure chart. This angle is generally not more
than 3 degrees. However, it should be noted that inasmuch
as the approach course originates at the antenna site, an
approach which is continued beyond the runway threshold
will lead the aircraft to the SDF offset position rather than
along the runway centerline.

f. The SDF signal is fixed at either 6 degrees or 12 de-
grees as necessary to provide maximum flyability and opti-
mum course quality.

@- Identification consists of a three-letter identifier
transmitted in Morse Code on the SDF frequency. The ap-
propriate instrument approsach chart will indicate the iden-
tifier used at a particular airport.

14. MICROWAVE LANDING SYSTEM (MLS)

a. GENERAL

(1) The MLS provides precision navigation guidance
for exact alignment and descent of aircraft on approach to
a runway. It provides azimuth, elevation, and distance.

(2) Both lateral and vertical guidance may be dis-
played on conventional course deviation indicators or incor-
porated into multipurpose cockpit displays. Range informa-
tion can be displayed by conventional DME indicators and
also incorporated into multipurpose displays.

(3) The MLS initially supplements and will eventual-
ly replace [LS as the standard landing system in the
United States for civil, military and international civil
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aviation. The transition plan assures duplicate ILS and
MLS facilities where needed to protect current users of
ILS. At international airports ILS service is protected to
the year 1995.

(4) The system may be divided into five functions:

{8) Approach azimuth.

(®) Back azimuth.

(¢) Approach elevation.

(d) Range.

(s) Data communications.

(5) The standard configuration of MLS ground equip-
ment includes: )

(8) An azimuth station to perform functions (a)
and (e) above. In addition to providing azimuth navigation
guidance, the station transmits basic data which consists of
information associsted directly with the operation of the
landing system, as well as advisory data on the perform-
ance of the ground equipment.

(®) An elevation station to perform function (c).

(¢) Precision Distance Measuring Equipment
{DME/P) to perform function (d). The DME/P provides con-
tinuous range information that is compatible with stand-
ard navigation DME but has improved accuracy and addi-
tional channel capabilities.

(6) MLS Expansion Capabilities — The standard con-
figuration can be expanded by adding one or more of the
following functions or characteristics.

(a) Back azimuth — Provides lateral guidance for
missed approach and departure navigation.

(b) Auxiliary data transmissions — Provides add:-
tiona! data, including refined airborne positioning, meteor-
ological information. runway status, and other supplemen-
tary information.

(¢} Larger proportional guidance.

() MLS identification is a four-letter designation
starting with the letter M. It is transmitted in Internation-
al Morse Code at least six times per minute by the ap-
proach azimuth (and back azimuth) ground equipment.

. APPROACH AZIMUTH GUIDANCE

(1) The azimuth station transmits MLS angle and
data on one of 200 channels within the frequency range of
5031 to 5091 MHz See Table 1 (page C1-S1-14) for MLS
angle and data channeling, and Table 2 (page C1-S1-15) for
the DME.

(2) The equipment is normally located about 1,000
feet beyond the stop end of the runway, but there is consid-
erable flexibility in selecting sites. For example, for heli-
port operations the azimuth transmitter can be collocated
with the elevation transmitter.

(3) The azimuth coverage (see Figure 1 page C1S1-
16) extends:

. {8) Laterally; at least 40 degrees on either side of
the runway.

(d) In elevation, up to an angle of 15 degrees —
and to at least 20,000 feet.

(¢) In range. to at least 20 NM.

Cl-=S1-11
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s ¢. BACK AZIMUTH GUIDANCE (See Figure 1 page Cl-
1-16).

(1) The back azimuth transmitter is essentially the
same as the approach azimuth transmitter. However, the
equipment transmits at a somewhat lower data rate be-
cause the guidance accuracy requirements are not as strin-
gent as for the landing approach. The equipment operates
on the same frequency as the approach azimuth but at a
different time in the transmission sequence.

(20 The equipment is normally located about 1,000
feet in front of the approach end of the runway. On run-
ways that have MLS service on both ends (e.g., Runway 9
and 27), the azimuth equipment can be switched in their
operation from the approach azimuth to the back azimuth
and vice versa, and thereby reduce the amount of equip-
ment required.

(3) The back azimuth provides coverage as follows:

(8) Laterally, at lesst 40 degrees on either side of
the runway centerline.
(®) In elevation, up to an angle of 15 degrees.
(e) In range, to at least 7 NM from the runway
stop end.
NWE—M-:Mmhnmlﬂyd\znmenforme
approach azimuth.
d. ELEVATION GUIDANCE (See Figure 1)

(1) The elevation station transmits signals on the
same frequency as the azimuth station. A single frequency
is time-shared between angle and data functions.

(2) The elevation transmitter is normally located
about 400 feet from the side of the runway between
runway threshold and the touchdown zone.

(3) Elevation coverage is provided in the same air-
space as the azimuth guidance signals:

(8) In elevation, to at least+ 15 degrees.
(b) Laterally, 40 degrees on either side of the
runway centerline.
(¢) In range, to at Jeast 20 NM.
¢. RANGE GUIDANCE

(1) The MLS Precision Distance Measuring Equip-
ment (DME/P) functions the same as the navigation DME
described in PARA. 7, but there are some technical differ-
ences. The beacon transponder operates in the frequency
band 962 to 1105 MHz and responds to an aircraft interro-
gator. The MLS DME/P accuracy is improved to be consist-
ent with the accuracy provided by the MLS szimuth and
elevation stations.

(22 A DME/P channel is paired with the azimuth
and elevation channel. A complete listing of the 200 paired
channels of the DME/P with the angle functions is con-
tained in FAA Standard 022 (MLS Interoperability and
Performance Requirements). For illustrative purposes the
first page is shown in Table 2.

{3) The DME/P is an integral part of the MLS and is
installed at all MLS facilities unless a waiver is obtained.
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This occurs infrequently — and only at outlying, low densi-
ty airports where marker beacons or compass locators are
already in place.

f. DATA COMMUNICATIONS

(1) The data transmission can include both basic and
suxiliary data words. All MLS facilities tranamit basic
data. In the future facilities at some airports, including
most high density airports, will also transmit auxilary
data.

(2) Coverage limits — MLS data are transmitted
throughout the azimuth (and back azimuth when provided)
coverage sectors.

dm Basic data content — Representative data in-
clude:
(a) Station identification.
®) Exact locations of azimuth, elevation and
DME/P stations (for MLS receiver processing functions).
(¢) Ground equipment performance level.
(d) DME/P channel and status.

(6) Auxiliary data content — Representative data in-

clude:

() 3-D locations of MLS equipment.

() Waypoint coordinates.

{¢) Runway conditions.

(d) Weather (eg., RVR, ceiling, altimeter setting,
wind, wake vortex, wind shear).

g- Operational flexibility. The MLS has the capability to
fulﬁllavarmyofmedsmtinmnon spproach,
landmg,mmednpmuchmddepmphmofmght
For example: Curved and segmentad approaches; seiectabl
glide path angles; accurate 3-D positioning of the aircraft
in space; and the establishment of boundaries to ensure
clearance from obstructions in the terminal area. While
many of these capabilities are availsbie to any MLS-
equipped aircraft. the more sophisticated capabilities (such
as curved and segmented approaches) are dependent upon
the particular capabilities of the airborne equipment.

h. SUMMARY .

(1) Accurscy. The MLS provides precision threedi-
mensional navigation guidance accurate enough for all ap-
proach and landing maneuvers.

(2) Coversge. Accuracy is consistent throughout the
coverage volumes shown in Figure 1.

(3) Environment. The system has low susceptibility
to interference from weather conditions and airport ground
traffic.

(4) Channels. MLS has 200 channels - enough for
any foreseeable need.

(5) Data. The MLS transmits ground-air data mes-
sages associated with the systems operation.

(6) Range information. Continuous range informa-
tion is provided with an accuracy of about 100 feet.

C1—-S1—12
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Tablel. MLS Channeling
(Azimuth, Elevation, & Data)
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Table 2. DME/P Channels, Frequencies. and Pairings
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15. INTERIM STANDARD MICROWAVE LANDING
SYSTEM (ISMLS)

& The ISMLS is designed to provide approach informa-
tion similar to the ILS for an aircraft on final approach to
s runway. The system provides both lateral and vertical
gmdnncewhxchuduphyadonamvenmudmden

b. ISMLS operates in the C-band microwave frequency
range (about 5000 MHz). ISMLS signals will not be received

by unmodified VHF/UHF ILS receivers. Aircraft with

ISMLS must be equipped with s C-band receiving antenna
in addition to other special equipment mentioned below.
mchndmmhmmdtbemdwm

b
g
il
Ha
§
E
il
H

NDB, VOR, etc. Once established on the approach course
inbound, the system can be flown the same as an ILS. No
back course is provided.
¢. The ISMLS consists of the following basic compo-

nents:

(1) C-Band (5000 MHz2-5030 MHz) localizer.

(2) C-Band (5220 MHz2-5250 MHz) glide path.

(3) VHF marker beacons (75 MHz).

(4) A VHF/UHF ILS receiver modified to recieve

signais.

(5) C-Band antenna.
(8) Converter unit.
M A Microwave/ILS Mode Control.

d. Identification consists of a three letter Morse Code
identifier preceded by the Morse Code for “M"(- -Xe.g., M—
STP). The “M" distinguishes this system from ILS which is
preceded by the Morse Code for “I”(.Xeg., ISTP).

¢. Approaches published in conjunction with the ISMLS
are identified as “MLS Rwy—(Interim).” The frequency dis-
played on the ISMLS approech chart is & VHF frequency.
ISMLS frequencies are tuned by setting the receiver to the
listed VHF frequencies. When the ISMLS mode is selected,
receivers modified to accept ISMLS signals receive a paired
C-band frequency that is processed by the receiver.

CA UTION:Pilots shouild not attempt to fly ISMLS pro-
cedures uniess the gircraft is 8o equipped.

16. MAINTENANCE OF FAA NAVAIDS

During periods of routine or emergency maintenance,
coded identification (or code and voice, where applicable) is
removed from certain FAA NAVAIDs. Removal of identifi-
cation serves as a warning to pilots that the facility is offi-
cially off the air for tune-up or repair and may be unreli-
able even though intermittent or constant signals are re-
ceived.

NOTE-During pericds of maintenance VHF ranges may radiate
a T-EST code (— ¢ 000 —).

AIR NAVIGATION RADIO AIDS

7. NAVAIDS WITH VOICE

a. Voice equipped en route radic navigational aids are
under the operational control of either an FAA FSS or an
mappro.ch control facility. Most NAVAIDs are remotely op-

b. Unless otherwise noted on the chart, all radio navi-
gation aids operate continuously except during interrup-
tions for wvoice transmissions on the same frequencies
where simultaneous transmission is not available, and
during shutdowns for maintenance. Hours of operation of
facilities not operating continuously are annotated on
charts and in the Airport/Facility Directory.

18. RESERVED

19. USER REPORTS ON NAVAID PERFORMANCE

& Users of the National Airspace System (NAS) can
rendervdublemeemtheenﬂyeomof
NAVAID malfunctions by reporting their cbservations of
undesirable NAVAID performance. Although NAVAID's
are monitored by electronic detectors, adverse effects of
electronic interference, new obstructions or changes in ter-
rain near the NAVAID can exist without detection by the
ground monitors. Some of the characteristics of malfunc-
uonordehenonmpufommeewhlchlhouldberepvrud
are: erratic course or bearing indications; intermittent, or
full, ﬂnxahrm.gubled.mgorohvwmiymm

coded identification; poor quality communications recep-
tion; or, in the case of frequency interference, an audible
hum or tone accompanying radio communications or
NAVAID identification.

b. Reporters should identify the NAVAID, location of
the aircraft, time of the observation, type of aircraft and
deacribe the condition observed; the type of receivers in use
is also useful information. Reports can be made in any of
the following ways:

(1) Immediate report by direct radio communication
to the controlling Air Route Traffic Control Center
(ARTCC), Control Tower, or FSS. This method provides the
quickest result.

(2) By telephone to the nearest FAA facility.

(3) By FAA Form 8000-7, Safety Improvement Report.
This is 2 self addressed, postage-paid card designed for this
purpose. These cards may be obtained at FAA FSSs, Gener-
al Aviation District Offices and General Aviation Fixed
Base Operations.

€. In aircraft that have more than one receiver, there
are many combinstions of possible interference between
muﬂnmmenhummm
tions or, complete or partial blanking out of the communi-
cations. Pilots should be familiar enough with the radio in-
stallation of the particular asirplanes they fly to recognize
this type of interferrence.

20. LORAN

& LORAN-A service has been terminated in the US.
coastal confluence region.

Cl—S1-16
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5. LORAN-C was developed to provide the Department
of Defense with a radio navigstion capability having longer
range and much greater accuracy than its predecessor,
LORAN-A_ It was subssquently selected as the US. Gov-
use in the US. coastal areas.

¢ Operstion

LORANC is a pulsed, hyperbolic system, operating in
mm1xommmmm;wupon

ary stations, Whiskey (W), X-ray (X), Yankee (Y), and Zulu
measurement of a time-difference (TD) is made by a receiv-
er that achieves accuracy by compering a zero crossing of a

ceiver, with predictable accuracy of 0.25 nautical miles (2
drms) or better. All accuracy is dependent on the user’s lo-
cation within the signal coverage area of the chain of sta-
tions.

g
3

Expansion of the LORAN-C system to mee
quirement for the U.S. coastal waters

e
g
'é
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quirements. The mid-continent area will be provided with
signal coverage after the planned installation of additional
transmitters; completion of the installation is expected in
1989. In addition to the transmitters, signal monitors will
be installed in the mid-continent to support nonprecision
approaches.

g- Notices to Airman (NOTAMs) are issued for LORAN-
C chain or station outages. Domestic NOTAM (D)'s are
issued under the identifier “LRN.” International NOTAMs
are issued under the KNMH series. Pilots may obtain these
NOTAMs from FSS briefers upon request.

21. OMEGA AND OMEGA/VLF NAVIGATION
SYSTEMS

a. OMEGA

(1) OMEGA is a network of eight transmitting sta-
tions located throughout the world to provide worldwide
signal coverage. These stations transmit in the Very Low
Frequency (VLF) band. Because of the low frequency, the
signals are receivable to ranges of thousands of miles. The
stations are located in Norway, Liberia, Hawaii, North
‘l,)akou (USA), La Reunion, Argentina, Australia, and
apan. )

(2) Presently each station. transmits on four besic
navigational frequencies: 10.2 kHz 11.05 kHz 11.3 kHz
and 13.6 kHz, in sequenced format. This time sequenced
format prevents interstation signal interference. With
eight stations and a silent .2eecond interval between each

STATION LOCATION FREQUENCY
Station A Norwsay 121 kHz
Station B Liberia 120 kHsz
Station C Hawaii 118 kHe
Station D North Dakota 13.1 kHs
Station E La Reunios 123 kHs
Station F Argentins 129 kHs
Station G Australia 130 kHz
Station H Japan 128 kHs

b. VLF

C1—S81-17
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and other parameters of the VLF system are subject to
change at the Navy's discretion. The VLF communications
stations are individually shut down for scheduled mainte-
nance for a few hours each week. Regular NOTAM service
regarding the VLF system or station status is not avail-
able. However, the Naval Observatory provides a taped
message concerning phase differences, phase values, and
shutdown information for both the VLF communications
network and the OMEGA system (phone 202-653-1757).
¢. Operational Use of OMEGA and OMEGA/VLF

(1) The OMEGA navigation network is capable of
providing consistent fixing information to an accuracy of
plus or minus 2 NM depending upon the level of sophistica-
tion of the receiver/processing system. OMEGA signals are
affected by propagation variables which may degrade fix
accuracy. These variables inciude daily variation of phase
velocity, polar cap absorption, and sudden solar activity.
Daily compensation for variation within the receiver/proc-
essor, or occasional excessive solar activity and its effect on
OMEGA. cannot be accurately forecast or anticipated. If an
unusual amount of solar activity disturbs the OMEGA
signal enlargement paths to any extent, the US. Coast
Guard advises the FAA and an appropriate NOTAM is
sent.

(2) At 16 minutes past each hour, WWV (Fort Col-
lins, Colorado) broadcasts a message concerning the status
of each OMEGA station, signal i ities, and other in-
formation concerning OMEGA. At 47 minutes past each
hour, WWVH (Hawaii) broadcasts similar information. The
US. Coast Guard provides a taped OMEGA status report
{703-866-3801). NOTAMS concerning OMEGA are svailable
through any FSS. OMEGA NOTAMs should be requested
by OMEGA station name.

(3) The FAA has recognized OMEGA and OMEGA/
VLF systems as an additional means of en route IFR navi-
gation in the conterminous United States and Alasks when

in accordance with FAA guidance information.
Use of OMEGA or OMEGA/VLF requires that all naviga-
tion equipment otherwise required by the Federal Aviation
Regulstions be installed and operating. When flying RNAV
routes, VOR and DME equipment is required.

(4) The FAA recognizes the use of the Naval VLF
communications system as a supplement to OMEGA, but
not the sole means of navigation.

22. VHF DIRECTION FINDER

a. The VHF Direction Finder (VHF/DF) is one of the
common systems that helps pilots without their being
aware of its operation. It is a ground based radio receiver
used by the operator of the ground station. FAA facilities
that provide VHF/DF service are identified in the Airport/
Facility Directory.

b. The equipment consists of a directional antenna
system and a VHF radio receiver.

¢. The VHF/DF receiver display indicates the magnet-
ic direction of the aircraft from the ground station each
time the aircraft transmits.

d. DF equipment is of particular value in locating lost
aircraft and in helping to identify aircraft on radar. (See
PARA. 452 - DIRECTION FINDING INSTRUMENT AP-
PROACH PROCEDURE)

AIR NAVIGATION RADIO AIDS

23. INERTIAL NAVIGATION SYSTEM (INS)

A totally self-contained navigation system, comprised
gyros, accelerometers, and a navigation computer, which
provides aircraft position and navigation information in re-
sponse to signais resulting from inertial effects on system
components, and does not require information from exter-
nal references. INS is aligned with accurate position infor-

ground based references, and many INS systems now have
sophisticated asutomatic update using dusl DME and or
VOR inputs. INS may be approved as the sole means of
navigation or may be used in combination with other sys-

tinuously dependent on information derived from ground

tional navigation aids. The sophisticated program
associated data base insures that the most appropriate aids
are automatically selected during the information update
cycle.

26. GLOBAL POSITIONING SYSTEM (GPS)

transfer system being developed by Department of Defenss.
When fully deployed, the system is intended to
highly v 3 velocity infi -
cinetim:.fonamtinmglobnlhﬁs.bumlinxhd
number i
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curacy for civil users is projected to be 100 meters horizon- 27—29. RESERVED

tally. Performance standards and certification criteria have
not yet been established.
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