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2-10. Meridians

A great circle passing through both poles is
called a meridian of longitude (fig. 2-2). As
with parallels, there may be an infinite number
of meridians even though few are shown on the
globe. The meridian passing through the ob-
servatory at Greenwich, England, has arbi-
trarily been selected as the reference or prime
meridian. All other meridians are designated
by their angular distance east or west of the
prime meridian; e.g., point A (fig. 2-2) ison a
meridian 105°22’ west of the Greenwich meri-
dian.

2-11. Latitude and Longitude

a. Latitude. The latitude of a point on the
surface of the earth is its angular measure-
ment north or south of the Equator measured
on the plane of the meridian passing through
the point. Latitude ranges from 0° at the Equa-
tor to 90° north or south at the poles.

Section IIl.

2-12. General

In air navigation, directions are indicated
both by use of cardinal points (north, east,
south, west) or intercardinal points (north-
east, southeast, southwest, etc.) of the com-
pass and by numbers (degrees) (fig. 2-5).

2-13. Measuring Direction

The compass rose (fig. 2-5) divides the hori-
zon (fig. 2-6) into 360 parts or degrees. Start-
ing with north as 0° and continuing clockwise
through east, south, and west, directions are
expressed in degrees measured from north
(0°) to, but not including, 860°. East is 090°,
and west is 270°, Figure 2-7 shows point B in
a direction of 045° (north-east) and point C in
a direction of 270° (west) of aircraft A. Air-
craft A is headed in a direction of 120°. A line
by itself does not indicate a single direction;
arrows or labels along the line are used to in-
dicate the intended direction. Note that the di-
rection of C from A (270°) is not the same as
the direction of C to A (090°), even though
drawn as one line. The direction of a line is
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b. Longitude. The longitude of a point is its
angular measurement east or west of the prime
(Greenwich) meridian, measured on the plane
of the Equator or of a parallel. Longitude
ranges from 0° at the prime meridian to 180°
at the meridian diametrically opposite the
prime meridian (half-way around the world
at the international date line).

c. Parallels of Latitude and Meridians of
Longitude. Naming the parallel and meridian
which passes through a point is essentially the
same as giving its coordinates. Each is named
according to its angular measurement from
the Equator or prime meridian. A meridian of
longitude is a line, but longitude is an angle;
a parallel of latitude is a line, but latitude is
an angle. In giving the coordinates of a point,
latitude is given first, followed by the longitude;
for example, point A (fig. 2-2) is positioned
at latitude 29°45’N, longitude 105°22'W.

MEASURING DIRECTION ON THE EARTH

Figure 2-5.

Compass rose.

measured from its point of origin and labeled
by the angle the line forms with an intersecting
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monly used in air navigation are the Lambert
conical, the Mercator cylindrical, and the polar
stereographic, all three of which are conformal
projections (par. 3-7d). (Stereography is the
art of representing forms of the solid bodies
on a plane surface).

¢. Purpose of Charts. Charts are used in
navigation principally for two purposes: (1)
chart reading and (2) plotting and measuring.
Chart reading is the location of one’s position
by identification of landmarks (par. 4-1).
Plotting refers to establishment of points and
lines on a chart. Measuring means measure-
ment of direction and distance on a chart (par.
5-1).

3-7. Lambert Conformal Projection

a. Appearance of the Graticule. The Lam-
bert conformal projection (Lambert chart)
is a conic projection using the cone for a
developable surface. All meridians are straight
lines meeting at the apex of the cone. All
parallels are concentric circles, the center of
which is also the apex of the cone. Meridians
and parallels intersect at right angles and the
angle formed by any two lines is correctly
represented (fig. 3-3).

LIMITS OF PROJECTION

b. Standard Parallels. The cone intersects
the sphere at two parallels (fig. 3-4). The
parallels are known as standard parallels for
the area to be represented. In general, for equal
distribution of scale error, the standard paral-
lels are chosen at one-sixth and five-sixths of
the total length of that portion of the meridian
to be represented.

¢. Accuracy. Along the two standard paral-
lels, areas are represented in true scale. Be-
tween the standard parallels, the scale will be
too small; beyond them, too large. For practical
purposes, the scale can be considered constant
for a large scale chart of a small area (fig.
3-5). Accuracy is greatest for charts of pre-
dominantly east-west dimensions.

d. Conformality, The Lambert projection is
conformal because the scale is practically uni-
form in all directions about any point, and the
angles formed by parallels and meridians are
shown correctly. Because of the scale uni-
formity, areas retain true shape (fig. 3-6).

e. Great Circle wvs. Straight Line. Any
straight line on a Lambert chart is nearly a
great circle (fig. 3-7). In the distance of 2,572
statute miles between San Francisco and New
York, a great circle and a straight line connect-

LIMITS OF PROJECTION

LIMITS OF PROJECTION

Figure 3—4. Standard parallels on Lambert conformal chart.
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poses, the scale is constant within the limits of
a navigational chart.

d. Angles. All angles are correctly shown
since meridians appear as radii of circles
representing parallels, and meridians and paral-
lels intersect at 90° angles on the chart.

e. Straight Lines vs. Rhumb Lines vs. Great
Circles. Meridians, which are great circles,

Section l.

3-10. United States Sectional Charts

a. General. United States sectional charts
are Lambert conformal charts published by
U.S. Coast and Geodetic Survey. The scale is
1:500,000 (1 inch equals approximately 6.9
nautical miles or about 8 statute miles). The
purpose of the charts is to provide coverage for
the United States and the Hawaiian Islands at
a scale appropriate for flights of short dura-
tion. They are intended primarily for pilotage
(visual flight) but are suitable for all forms of
navigation. The large scale of the sectional
chart permits information to be included in
great detail.

b. Topographical. Topographical features
such as bodies of water, rivers, and streams are
shown in their respective positions; elevation
of terrain is indicated by contour lines and
color variations; high peaks are shown with the
highest elevation in italics.

c. Cultural. Cultural features, such as rail-
roads and major roads and, in sparsely settled
areas, even dirt roads or paths, may be shown.
Cities and towns, mines, lookout towers, and
many other good landmarks are indicated by
symbols.

d. Aeronautical. Aeronautical features such
as airports, airways, radio ranges, etc., are
shown in these charts. In a rectangle near each
airport, information relative to the airport is
listed and includes such data as lighting, type
and length of longest runway, frequencies avail-
able for contacting the tower, etc.

e. Other Information. Most sectional charts
cover an area containing 2° of latitude and 6°
of longitude, with a marginal overlap on the

AGO B8143A
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appear as straight lines; hence, any great circle
passing through the center of the chart appears
as a straight line. Other great circles appear as
slightly curved; however, the closer they are
to center, the straighter they appear. Within
the limits of a navigational chart, a great circle
is shown as a straight line and rhumb lines
appear as curved lines.

AERONAUTICAL CHARTS

adjoining chart. These charts are designated
by name and series (e.g., Des Moines—sec-
tional). Clarification of chart symbols and other
pertinent information is printed on the reverse
side of the chart. Some charts are scheduled for
revision every 6 months; others are scheduled
for revision annually. Date of the chart and
scheduled time for next edition is located in the
lower right hand margin of the chart face.

3-11. World Aeronautical Chart

The world aeronautical chart (WAC) is pub-
lished by the U.S. Coast and Geodetic Survey.
Scale is 1:1,000,000 (1 inch equals approxi-
mately 14 nautical or 16 statute miles). From
0° to 80° latitude, WAC charts are based on the
Lambert conformal projection; from 80° to the
poles, they are based on the modified polar
stereographic projection. Their purpose is to
provide a standard series of aeronautical charts
covering the world at a size and scale con-
venient for navigation over land surfaces. The
smaller scale of the WAC chart does not permit
as much detail as the sectional chart. All types
of topographical and cultural features, includ-
ing railroads and major roads, are shown. All
important navigational aids and air facilities
are included on the overprint. Scheduled re-
visions supersede previously printed charts.
Time for the next scheduled edition is shown
below the date in the lower right-hand corner
of the margin.

3-12. Photomaps

Photomaps prepared by the Army Map Serv-
ice, Corps of Engineers, are used for air navi-
gation over small areas. These maps may be

3-7
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constructed by using a single photomap or Meridians and parallels are indicated on the
mosaic of several photomaps. They may be margin of the map. Positions are located by
printed on the reverse side of tactical maps. reference to a system of horizontal and vertical
The scale varies from 1:5,000 to 1:60,000. grid lines.
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go repeated revision, the chart used by the
aviator should be the latest revision. Current
aeronautical charts are listed in current navi-
gation publications.

4-3. Chart Content

Although charts do not picture all details,
those particular features useful to the aviator
are emphasized, including those features which
have the most distinctive appearance from the
air. For emphasis, many features are shown

Landmarks (with appropriate note), ...

seee & Factory :
(Numerals indlcate elevation above  Stack B75
sea level of top)
OilTanks.--o ...... sessessescss seesas e o o o
Oil Fields sscevecetersoncsassssananas A A
DamS.cesecosss Ceeressessesssssasanee ]
Rapids and Falls...ce... Cereesaes S Iy '
. | Tr—
. Highest on chart (devold of tint).| ¢ 1115
ElevationS Highest in a general areasssc+:| 07085
(In feet) Bpot ceerssnanss ssessseissan . 950
Mines and Quartiessseeeescses ceveraes ?
Mountain Passesccsvceeeessansas seere )
Lookout Stations «eecsees sesrtesne vesae ® 75(site)
(Elevation is base of tower) 1025 (Elev)
Ranger Stations ¢+«++« cesessecasene see &
Coast Guard Stations «...vveevvenienes *ca79
Pipe LineS...cvvuveevirereinntocannss PIPE LINE
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RY
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Metropolitan Areasessecseeess NEW YORK q:?
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Citiegrsrereenes sevsssressisseess s ARLINGTON <
Small Citiessseeooesocss vesessssssssssesFreehold O
Large TOWNS.veeeeeoserrsantsooanssasnes Corville O
Towns & Viuages ............. Sesasesessnae Arcolag
Figure 4-2.
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out of proportion to their true size, though cen-
tered in their correct positions. For example,
the line representing a road on a WAC chart
may appear to be a quarter of a mile wide ac-

cording to the scale of the chart. Radio sta-
tions are prominently shown even though they
are inconspicuous from the air. Many lines, such
as meridians, parallels, isogonics, airways, and
contours take up space on the chart even though
they are invisible on the ground.

International essessoocccses I —

State 8& Provincial ssescess s — — ——f

Bomndaries {

Abandoned OF csesessscssens L+ ——t —
Under Construction
Single Track seeecessse oo en o f——t——t
. Multiple Tracksseeos oo aossse offpmit #
Railroads P
Sidings 8 Spurs secsssoceess Spt—at>
. . e
Overpag8«sssscesssocs csnse et
UndetPQSS,.......--......--—*—I_..__
Rai]_mad.-.o--.--o....-.-....—‘.‘—L‘L_—f——-
Bridges E
Highwayeseoescsoossossssosses =
Railroad ssesesssscossscsssans —— ——
Tunnels -
Highway «sssossasss Veasesenns )

Dual Lane and Super Highways <+« ¢ « commmmmsnmse—
Primaty Roads sseeceetiininssisses s mmmmee
Secondary Roads:«csveeeerecannannns
Trailseceooveccccoes 8008080080080 8m e =
U. S. Road Markerseeeseestssseessanarases
National, State of «eesecsecaatisarananscns @
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MISCELLANEOUS

Isogonic line - _ o o e e —— -_— ©
{Volues for 1960)

Prominent transmission line— — . — T T T—
orT-line Crossing —— . — — . _ T——T CAUTION
1305
Obstruction, less than 500 feet above ground— — - — o — — — o — A
‘ [7830]
Obstruction, 500 feet or higher above ground — — — - = — — — e = A uc

{Numerols indicate elevation above sea level of top)
{UC: Under construction, position ond elevation unverified.}

Abandoned
1 a

Abandoned airport_ _ o airport

Reserved Airspaces are numbered,and are indicated on the
chart as follows:

Prohibited Area — — — _ e

(P-78) (C6P9)
v
Restricted, Warning or Danger Area _ _ _ _ _ _ _ m
(R-2526) (W-46) (C5D27) A
Caution Ared— — — — - — %
(C-54) S

1/2-27-63

Figure 4—-6. Aeronautical symbols—miscellaneous.

and dust reduce visibility and often restrict
observation of the terrain to the area directly
beneath the aircraft. Clouds below the aircraft
may block the ground view completely.

¢. Seasonal Changes. Snow on the ground
may conceal a landmark. The shape and size of
lakes, rivers, and ponds often change with the
seasons, especially in low, flat country.

d. Low Level Flight. When flying at low
levels, only small areas of the terrain can be
seen. Because of the oblique angle of sight,
apparent object depth is increased and relief
detail is pronounced. The ground appears to
move rapidly, and only brief glimpses of check-
points are possible. An aircraft flying at 100
feet above the terrain with a groundspeed of
70 knots has the same apparent speed over the
ground as an aireraft flying at 2,000 feet with a
groundspeed of 1,400 knots.

e. High Altitude Flight. From high altitudes
the ground appears to move slowly, and the
aviator has difficulty determining the exact
time of checkpoint passage. When visibility is
good, a large area can be seen, distances appear

4-6

to contract, and the terrain looks flat with little
detail,

4-8. Night Pilotage

a. General. During hours of darkness, an un-
lighted landmark may be difficult or even im-
possible to see, and lights can be very confusing
because they appear to be closer than they
really are. Stars near the horizon may be con-
fused with lighted landmarks; however, locat-
ing the North Star (Polaris) will assist in or-
ientation. Polaris is always due north and its
altitude above the horizon is approximately
equal to the latitude. Objects can be seen more
easily at night by looking at them from the
side or rods of the eye. Staring directly at ob-
jects during night flight impairs night vision
and can cause vertigo and disorientation.

b. Unlighted Landmarks. In moonlight, and
occasionally on moonless nights, some of the
more prominent landmarks such as coastlines,
lakes, and rivers are visible from the air. Re-
flected moonlight causes a stream or lake to
stand out brightly for a moment; however,
this view may be too brief to permit recogni-
tion. By close observation, roads and railroads
may be seen after the eyes have become accus-
tomed to darkness.

¢. Lighted Landmarks. Cities and large
towns are usually well-lighted and are more
visible at night than in the daytime. They can
often be identified by their distinctive shapes
and frequently can be seen at great distances,
often appearing closer than they actually are.
Smaller towns that are darkened early in the
evening are hard to see and difficult to recog-
nize. Busy highways are discernible because of
automobile headlights, especially in the early
hours of darkness.

4-9. Chart Reading in Flight

a. Preparation on the Ground. Proper ground
preparation for navigation will save much time
and map searching in flight. The course line
should be drawn so that a quick glance at the
chart will give an indication of the aircraft’s
location with respect to the desired course. If
both departure and destination are on the same
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chart, the course line is drawn along a straight
edge between them. If they do not appear on the
same chart, the aeronautical planning chart
may be used to determine the principal points
over which the flight will proceed. The course

line is then drawn on each of the charts being
used. The total distance should be measured.
If the course line is marked off in increments
(for example) of 20 miles, the trouble of un-

folding the chart and measuring distance in
flight is avoided.

Note. Since aircraft cockpit lights are red, a red
pencil mark on maps is invisible at night.

b. Orienting the Chart. When in flight, orient
the chart so that north on the chart is toward
true or magnetic north., The course line on the
chart will then parallel the intended course of
the aircraft, and all surface objects will be
directionally oriented with the chart.

Section Il. LOW-LEVEL NAVIGATION

4-10. Definition

Low-level navigation is the technique of di-
recting an aircraft along a desired course
at low altitudes and determining position along
this course at any time. Low-level altitudes gen-
erally are considered to be below 500 feet.

4-11. General

a. Navigation at low levels differs consider-
ably from that at higher altitudes. Low-level
navigation requires comprehensive flight plan-
ning, accurate dead reckoning and/or pilotage,
and extensive use of available checkpoints. The
aviator and observer must work very rapidly
in order to make and interpret in-flight obser-
vations with accuracy.

b. Reduced visibility, turbulence, and incon-
sistency of winds close to the terrain compound
the problem of low-level navigation. In addi-
tion, the fundamentals of navigation, such as
writing, measuring, computing, and plotting,
are more difficult since the aviator must devote
most of his attention to flying the aircraft.

¢. The aviator-observer team must function
in harmony and prearrange the exact duties to
be performed by each. Normally, the aviator
concentrates on flying the aircraft while the
observer performs navigational duties. How-
ever, when operating at extremely low levels,
as in nap-of-the-earth flight, the aviator must
concentrate on clearing obstacles while main-
taining the proper heading and airspeed; maxi-
mum viewing outside the cockpit is a necessity.
The observer, in addition to navigating, should
monitor the engine, transmission, and other in-

4-8

struments. He must remain oriented at all
times and announce to the aviator the head-
ings to be flown and time to the next check-
point. When time permits, he describes the next
checkpoint so that the aviator may assist in
identifying the checkpoint. The aviator-obser-
ver team should be sufficiently familiar with
the route to avoid study of the navigational
chart for long periods of time during flight.

4-12. Pilotage and Dead Reckoning

a. Maps and Charts. There are no published
charts designed specifically for the type of low-
level navigation defined above. As the flight
level lowers and visual distances lessen, sur-
face features become more prominent. The ter-
rain perspective changes from that of a plane
surface to that of a silhouette, and the interpre-
tation of relief becomes more important. In
most cases aeronautical charts are too small in
scale for this purpose, lacking detailed features
of terrain. Tactical maps (available in scales
of 1:25,000, 1:50,000, and 1:100,000) are the
most satisfactory maps available for low-level
navigation. These are large-scale maps, how-
ever, and even the slowest aircraft traverse the
distance represented on an entire map sheet in
a relatively short time. Therefore, the scale
selected for a given operation will dedpend upon
the distance to be traveled during the mission,
the degree of detail required, and the speed of
the aircraft. Whenever possible, scaled aerial
photos should be used when adequate maps and
charts are not available for a specific area, or
at any other time for supplementary reference.
In some instances, a combination of scales may
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be required. For example, a map of 1:100,000
scale or an aeronautical chart may be adequate
for the flight from the departure airfield to an
intermediate checkpoint; but beyond that point
to the landing zone, as in an airmobile opera-
tion, more precise navigation may require us-
ing a map of 1:50,000 or 1:25,000 scale. To ob-
tain greater detail, recent aerial photos of the
target area or landing zone should be studied
to detect terrain changes since the time of
mapping. A strip map prepared during preflight
planning will enhance in-flight pilotage.

b. Routes. During the conduct of tactical op-
erations, low-level flight routes are selected
which afford cover and concealment from visual
and electronic detection to exploit surprise to
the fullest.

(1) Route selection. Flight planning
should take advantage of directional
characteristics of natural or cultural
features which will simplify naviga-
tion. Rather than planning long
straight legs, slight deviations in the
route may offer a better selection of
navigation checkpoints. Roads, rail-
roads, power transmission lines,
canals, stream beds, and natural cor-
ridors are excellent for navigation;
however, in steep, narrow valleys,
enemy cables or other obstacles may be
encountered. Turning points should be
close to terrain features which can be
identified at maximum range. Air
control points (ACP), which are
points of positive control and coordi-
nation between air and ground ele-
ments, are excellent choices for turn-
ing points. In operations employing
formations of appreciable size, turns
must be started prior to reaching
checkpoints to insure departure on de-
sired course after completion of the
turn. The radius of the turn will vary
with the type aircraft and size of for-
mation involved. To insure adequate
en route positioning, turns should be
plotted in the flight planning. When
formations are employed, turns may
extend ETE’s to the next checkpoint.
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(2) Route detours. Deviations from a se-
lected route may be necessary to avoid
air-defended areas, cities and towns,
or short sections of a route overly
exposed to enemy observation. Route
deviation can be effected by using an
off-course checkpoint as a link between
the usable portions of the route. If a
checkpoint is not available, a geo-
metrical pattern should be flown to
insure return to the original course
at the proper point (fig. 4-8).

c. Altitude. When selecting a flight altitude,
particular attention must be given to terrain
elevation, both along the intended flightpath
and adjacent to it. The highest terrain feature,
as well as abrupt or irregular changes in ter-
rain elevation along the route, must be noted to
insure clearance, particularly in the event of
unforeseen weather. The selected altitude should
also provide concealment from visual and elec-
tronic detection.

d. Checkpoints. Checkpoints should be se-
lected not more than 5 minutes apart along the
route. A 2-minute interval is recommended;
however, this will vary with the specific mis-
sion, the speed of the aircraft, and the num-
ber of available checkpoints. Due to the per-
spective presented at low levels, checkpoints are
divided into two general categories, which may
overlap according to the terrain flown.

(1) Distant. Distant checkpoints keep the
aviator oriented and offer a general
course to follow. Both natural and
manmade terrain features which stand
out above the horizon and have dis-
tinctive profiles can be readily identi-
fied at long distances and will remain
in view a relatively long period of
time. Examples are—

Prominent mountains and hill-
tops.

Passes and cuts through high ter-
rain.

Lakes.

Water and communication towers.

Gap in the tree line in forested
areas.
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Figure 4—8. Geometrical pattern to return to original course.

Powerline and pipeline rights-of-
way.

(2) Near. Some checkpoints must be se-

lected on or very near the intended
flightpath in order to obtain time/
distance factors along a given course.
These checkpoints are essential in ob-
taining accurate data on groundspeed
and exact location at a given time.
Such points include—

Railroad and highway bridges.

Junctions, crossings, and promi-
nent curves and turns in rail-
roads and highways.

Stream junctions and other prom-
inent configurations.

Lakes and ponds.

Churches and schools.

Various patterns formed by the
combination of timbered and
adjacent cleared lands.

Roads, railroads, and streams usually
can be detected in vegetation when ap-
proached at a shallow angle; however,
approaches from the perpendicular
may make them difficult to see due to
the masking effect of vegetation.

4-13. Flight Plan Graph

Adherence to preplanned routes, and ac-
curacy in estimated times of arrival for rendez-
vous, turning points, and initial points are of
paramount importance to successful low-level
navigation. Since one of the principal diffi-
culties of low-level navigation is the physical
manipulation of the ordinary navigational tools,
a flight plan graph (FPG) will reduce the de-
mand upon time and effort without sacrificing
accuracy and reliability.

a. Description. The flight plan graph (fig. 4-
9) is a device for monitoring flight progress
of a mission. It precludes the necessity for
carrying an excessive number of maps, or draw-
ing unnecessary lines and notes on necessary
maps. It is prepared during the mission plan-
ning phase and requires little attention during
the flight. Basically, the flight plan graph con-
gists of a line representing the flight plan time
from departure to destination or turning point,
and roughly parallels the true course of the
flight. Predicted times to various points along
the true course, together with departure and
destination times, are plotted on this time scale.
Thus, the flight plan graph represents a visual
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4-15. Weather

During a tactical situation in which the
security and success of the mission demand low-
level flight, weather considerations increase in
importance. For additional information con-

cerning weather and its effects, see TM 1-300. -

a. Visibility. Visibility is the primary
weather factor in low-level navigation. During
periods of restricted visibility, distant check-
points essential to orientation and course selec-
tion become vague or obliterated, often limit-
ing observation to the ground directly beneath
the aircraft. During periods of reduced visi-
bility, the aviator must rely heavily on dead
reckoning.

b. Winds. In the conduct of low-level flight,
the same attention must be given to the effects
of wind as in navigation at higher altitudes.
Winds at low levels, as well as those at higher
levels, are subject to unexpected changes.
Should in-flight observations indicate changed
wind conditions, corrections should be calcu-
lated as quickly as possible.

(1) One advantage of low-level flight is
the visual indication of surface wind
from smoke, dust, etc. Because the air-
craft is operating close to the surface,
it usually will be in the same wind
conditions. This allows direct reading
of the wind direction rather than by
computation as at higher altitudes.

(2) The combination of wind and certain
types of terrain may produce turbu-
lence intense enough to be a hazard to
light aireraft. In rugged terrain, aver-
age or spot wind measurements fre-
quently are nonrepresentative and
should be used with caution. Under
certain wind conditions, routes
through such areas as deep valleys,
gorges, and mountain passes may
have to be avoided because of severe
turbulence.

¢. Temperature. Temperature (as well as
humidity or dewpoint) and its influence on
density altitude and icing conditions must al-
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ways be considered in low-level navigation. The
margin of safety and room for maneuvering to
overcome the hazards of high density altitude or
icing conditions decrease as the flight level
lowers. Density altitude is more important
when flying at low altitudes, particularly in
areas where turbulence and downdrafts may
be encountered. Low-level flights on hot days
may also increase pilot fatigue due to increased
cockpit temperatures. Areas with predicted or
suspected icing conditions should be avoided.

4-16. Low-level Navigation at Night

a. The feasibility of attempting low-level
flight at night depends on the geographical area,
available natural light, and the weather. The
most important factor of low-level navigation
at night is the increased danger of collision
with terrain or manmade objects. A chart
should be maintained listing the heights of all
known and suspected obstructions. In areas
where low-level navigation at night may be
necessary, as in a combat zone, there would be
a serious lack of obstruction lights. Many cul-
tural features do not appear the same at night
as during the day; however, rivers, lakes, coast
lines, and most manmade objects with distine-
tive outlines are good checkpoints at night.

b. When flying in mountainous terrain, the
aviator must realize that the actual horizon is
near the base of the mountains. The summit
of peaks used as a horizon would place the air-
craft in an attitude of constant climb. To pre-
vent vertigo, distraction of attention, and loss
of night vision, cockpit lights should be used
only when necessary. When possible, a copilot
or observer should make any in-flight com-
putation necessary and assist in monitoring
flight and engine instruments. Aviators should
be proficient in daytime low-level operations
before attempting extensive low-level naviga-
tion at night. If a reasonable degree of safety
is afforded, low-level flight can be conducted
at night using the same navigational proced-
ures as in daylight operations.

¢. For additional information concerning
navigation at night, see FM 1-100.
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CHAPTER 5

PLOTTING AND MEASURING

5-1. General

Plotting is the establishment of points and
lines on a chart with reference to meridians
and parallels. Measuring, as used in this chap-
ter, refers to the measurement of distance and
direction on a chart. The chart serves as a
record of the flight and provides information
necessary for the successful completion of the
flight. Chart work is a fundamental navigation
skill and must be accurate.

5-2. Plotting Tools

a. Pencil and Eraser. Use a sharp, soft lead
pencil and a soft eraser. The pencil makes a
fine black line which is easy to see and makes
chart work more precise; the eraser will not
damage the chart.

b. Dividers. Use dividers to step off dis-
tances on a chart. The dividers should have
their points separated to the desired distance
as determined from the proper chart scale
(latitude or graphic). The distance scale is
thereby transferred to the working area of the
chart and lines of desired length can be prop-
erly marked off. By reversing the process, un-
known distances on the chart can be spanned
with the dividers and compared with the chart
scale. Manipulate the dividers with one hand,
leaving the other free to move the plotter,
pencil, or chart as necessary. While measure-
ment is being made, the chart must be flat and
smooth between the dividers. A wrinkle may
cause an error of several miles.

c. Plotters. A plotter is an instrument de-
signed primarily to aid in drawing and meas-
uring lines. The Mark II Weems plotter (par.
5-3) is the type commonly used by the Army
aviator,

AGO 8143A

5-3. Description of th« *ark Il Weems
Plotter

a. General. The Mark II Weems plotter (fig.
5-1) is made of transparent plastic and has
lines and scales printed in black. The rectangu-
lar part of the plotter has a straightedge for
drawing lines, and scales for measuring dis-
tances. The semicircular part of the plotter has
two circular scales for measuring direction.

b. Rectangular Part. Midway between the
edges of the rectangular part of the plotter is
an inch scale. Along each edge is a scale for
measuring statute miles on a WAC chart (scale
1:1,000,000). Between this scale and the inch
scale is another scale for measuring statute
miles on a sectional chart (scale 1:500,000).
The rectangular part of the plotter has several
lines parallel with the straightedge for assist-
ance in alining the straightedge parallel to a
plotted course line.

Note. Some plotters are scaled for measuring nau-
tical miles.

¢. Circular Scales. The circular scales are
calibrated in degrees. The outer scale, reading
from 0° to 180° (right to left), is for direc-
tion in the first and second chart quadrants
(north through east to south, fig. 5-2). Since
these directions are to the right on the chart,
the outer scale has an arrow pointing to the
right. The inner scale, reading from 180° to
360° (right to left), is for directions in the
third and fourth quadrants (fig. 5-3). The cen-
ter of curvature of both scales is marked by a
small hole.

5-4. Technique for Using the Mark Il Weems
Plotter

a. Measuring a Course. To measure a course
(fig. 5-4), place the center hole on a meridian

5-1
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Figure 5-2. Measuring course in the first and second
quadrants.

approximately midway along the plotted course
line, and place the straightedge parallel with
the course line. If the chart meridians do not
intersect the course line, extend the line and
move the straightedge of the plotter parallel to
the course line until the center hole lies over a
meridian. (fig. 5-5). Figure 5-4 shows the
method of reading direction. Observe the small
arrows on the circular scale to determine cor-
rect direction. Read the scale on which the small
black arrow points in the direction of the
course, and always read “up” the scale from
the smaller values toward the larger values.

Note. Another type Weems plotter is designated
Mark II N. It is similar in construction to the Mark
II, with the following exceptions: The outer scales are
for measuring nautical miles (nm) on a WAC chart;
the adjacent inner scales are for measuring statute

5-2
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Figure 5-3. Measuring course in the third and fourth
quadrants.

miles on a sectional chart; the scale midway between
the edges is for measuring statute miles on a sec-
tional chart; and inside the circular scale is a small
arc which is an aid when measuring courses that are
nearly north or south.

b.Drawing Course Line From a Known Point.
To draw a given course line from a known
point, place the point-end of a pencil at the
known point. While the plotter is being pushed
and pivoted against the pencil, the straight-
edge will remain on the known point while the
center hole and the scale reading are being
alined with a meridian. The pencil will be in
place for drawing the course line when the
plotter has been properly alined with a meri-
dian (fig. 5-6).

¢. Measuring and Drawing Courses Near 0°
or 180°. In drawing a course line that is nearly
north or south, it may be difficult to use the
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(¢) Add the 12°E to the MH (156°) to
obtain the TH (168°). Place this
figure below the TH.

6-3. Heading Indicatqr (Directional Gyro)

The heading indicator assists in making
turns to predetermined headings and aids in
maintaining a desired heading. It is not a di-
rection seeking instrument and must be ad-
justed to agree with the magnetic heading of
the aircraft. Because of instrument precession
(failure to remain rigid in space) (TM 1-215),
it is necessary to reset the heading indicator
about every 15 minutes. Precession should not
exceed 3° in 15 minutes.

6—4. Airspeed Indicator

a. Indicated Airspeed. Because of variations
in air density and instrument system errors,
the airspeed indicator does not necessarily in-

dicate the true airspeed of the aircraft (true
airspeed (TAS) is the speed of the aircraft
through the air). The reading on the airspeed
indicator is called indicated airspeed (IAS).
Since airspeed calibration cards are not used
in the Army aircraft, indicated airspeed and
calibrated airspeed (CAS) are synonomous to
the aviator. To find true airspeed, corrections
must be made to the indicated airspeed for
temperature and pressure altitude.

b. Changing Indicated Airspeed to True
Airspeed. A “rule of thumb” for calculating
true airspeed is too add 2 percent of the indi-
cated airspeed for each 1,000 feet of altitude.
This rule of thumb may be used where infor-
mation necessary for use of other systems
is not available. Temperature and altitude cor-
rections are calculated by use of the airspeed
computation window of the dead reckoning com-
puter (par. 8-15).
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Figure 7-2. Wind effect on an aircraft.

pointed) and the track (actual path of the air-
craft over the earth).

Note. Track must not be confused with course, which
is the plotted course or intended track.

¢. Example of Drift. As shown in figure 7-3,
an aircraft departs point X on a heading of 0°
and flies for 1 hour in a wind of 270°/20 knots.
The aircraft is headed toward point M directly
north of X. Its heading is represented by line
XM. Under no-wind conditions, the aircraft
would be at point M at the end of 1 hour. How-
ever, in this example there is a wind of 20 knots
and the aircraft moves with it. At the end of 1
hour, the aircraft is at point N, 20 nautical
miles downwind from M. The line XM is the
path of the aircraft through the air; the line
MN shows the motion of the body of air; and
the line XN is the actual path of the aircraft
over the earth.

d. Drift and Groundspeed Change With
Heading Change. A given wind causes a differ-
ent drift on each aircraft heading and affects

7-2

the distance traveled over the ground in a given
time. With a given wind, the groundspeed (GS)
varies with each different aircraft heading.

e. Effects of a Given Wind on Track and
Groundspeed With Different Aircraft Head-
ing. Figure 7—4 illustrates how a wind of 270°/
20 knots affects the groundspeed and track of
an airplane flying on headings of 0°, 090°, 180°,
and 270°. On each different heading the air-
plane flies from point X for 1 hour at a constant
true airspeed. The length of each dashed line
represents the distance the aircraff travels
through the body of air. This is the same dis-
tance it would have traveled over the ground in
1 hour had there been no wind. Each solid line
represents the track of the aircraft. The length
of each solid line represents groundspeed.
Differences between the length and direction of
the solid and dashed lines represent the wind
effect on track and groundspeed.

f. Headwind, Tailwind, and Crosswind
Effect. As shown in figure 7-4, the wind of
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CHAPTER 8

THE DEAD RECKONING (DR) COMPUTER

Section 1.

8-1. Construction and Purpose

A dead reckoning computer is a combination
of two devices, one a specially designed instru-
ment for solving wind triangles and the other
a circular slide rule for solving mathematical
problems.

Section Il.

8-3. The Slide Rule

a. Scales. The slide rule of the MB-4A com-
puter consists of two circular scales. The outer
scale is stationary and is called the MILES
scale. The inner scale rotates and is called the
MINUTES scale.

b. Scale Values. The numbers on any com-
puter scales, as on most slide rules, represent
multiples of 10 of the values shown. For ex-
ample, the number 24 on either scale (outer
or inner) may represent 0.24, 2.4, 24, 240, or
2,400. On the inner scale, minutes may be con-
verted to hours by reference to the adjacent
hour scale. For example, 4 hours is found in
figure 8-1 adjacent to 24, in this case meaning
240 minutes. Relative values should be kept in
mind when reading the computer. For ex-
ample, the numbers 21 and 22 on either scale
are separated by five spaces, each space repre-
senting two units. The second division past 21
would be read as 21.4, 2,140, etc. Spacing of
these divisions should be studied, as the break-
down of dividing lines may be into units of 1,
2, 5, or 10.

¢. Indexes. Three of the indexes on the outer
stationary scale are used for converting statute
miles, nautical miles, and kilometers. These in-
dexes are appropriately labeled “Naut” at 66,
“Stat” at 76, and “Km” at 122. On the inner

AGO 8143A

GENERAL

8-2. The MB—4A DR Computer

Many different types of dead reckoning
navigation computers exist, but the construc-
tion and design features of the major types
are very similar. For illustrative purposes, the
standard Army DR computer, type MB—4A, is
used throughout this chapter.

THE SLIDE RULE FACE

rotating scale are two rate indexes. The large
black arrow at 60 (called the SPEED index)
is the hour index, and the small arrow at 36 is
the second (“Sec”’) index (8,600 seconds equal
1 hour). The “Stat” index on the inner scale is
used in mileage conversion. Each scale has a
“10”’ index used as a reference mark for multi-
plication and division. The application of these
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Figurc 8-1. Slide rule face.
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8-2

scales in solving computer problems is illus-
trated in the specific problems that follow.

8-4. Distance Conversion

a. Problem. How many statute miles equal
90 nautical miles? How many kilometers equal
90 nautical miles?

b. Solution. Using the DR computer, refer
to figure 8-2 and solve as follows:

(1) Set 90 on inner scale to “Naut” index.

(2) Read 104 under “Stat” index (104
statute miles).

(3) Read 166 under “Km” index (166
kilometers).

Note. When several distance conversion problems are
to be solved between statute and nautical miles, set
the “Stat” index on the inner scale under the “Naut”
index of the outer scale and read any ratio around
the entire slide rule; i.e., 13 statute miles is 11.3 nau-

tical miles, 13 nautical miles is 15 statute miles, ete.
(fig. 8-3).

8-5. Simple Proportion

The slide rule face of the DR computer is so
constructed that any relationship between two
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Figure 8~4. Numerical relationship between
the two scales.
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numbers, one on the stationary scale and one
on the movable scale, will hold true for all
other numbers on the two scales. For example,
if the two 10 indexes are placed opposite each
other (fig. 8-4), all other numbers around the
entire circle will be identical. If 20 on the inner
scale is placed opposite the 10 index on the
outer scale, all numbers on the inner scale will
be double those on the outer scale. If 12 on the
outer scale is placed opposite 16 on the inner
scale, all numbers will be in a 3 to 4 (34) re-
lationship. This scale design enables the avia-
tor to find the fourth term of any mathematical
proportion when three of the values are known.

8—6. Time-Distance

Time-distance problems are worked on the
inner (MINUTES) scale and the outer
(MILES) scale.

a. Problem. If 50 minutes are required to
travel 120 nautical miles, how many minutes
are required to travel 86 nautical miles at the
same rate? N

b. Solution. Using the DR computer, refer
to figure 8-5 and solve as follows:
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Figure 8-5. Time and distance.
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(1) Set 50 (inner scale) under 120 (outer
scale).

(2) Under 86 (outer scale), read 36 (in-
ner scale) minutes required.

8-7. Determining Groundspeed
Groundspeed equals distance divided by time.
a. Problem. What is the groundspeed if it

takes 35 minutes to fly 80 nautical miles?

b. Solution. Using the DR computer, refer to
figure 8-6 and solve as follows:
(1) Set 35 (inner scale) opposite 80
(outer scale).
(2) Over 60 index read groundspeed (137
knots).

8-8. Determining Time Required

Time equals distance divided by groundspeed.

a. Problem. How much time is required to
fly 333 nautical miles at a groundspeed of 174
knots?

b. Solution. Using the DR computer, refer to
figure 8-7 and solve as follows:

(1) Set rate or 60 index on 174 (outer
scale).
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Figure 8~6. Determining groundspeed.
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(2) Under 333 (outer scale) read 115
minutes (inner scale) 1 4 55 (hours
scale).

8-9. Determining Distance

Distance equals groundspeed multiplied by
time,

a. Problem. How far does an aircraft travel
in 2 hours, 15 minutes at a groundspeed of 138
knots?

b. Solution. Using the DR computer, refer to
figure 8-8 and solve as follows:
(1) Set 60 index at 138 (outer scale).
(2) Over 135 (inner scale) or 2 hours, 15
minutes (hours scale), read 310 nau-
tical miles (outer scale).

8-10. Use of the 36 Index

The number 36 on the inner scale is used in
solving rate-time-distance problems in in-
strument flight when time must be calculated in
seconds and minutes instead of minutes and
hours. For example, determine the time re-
quired to fly from the outer marker to the
middle marker or from the middle marker (ch.
15) to the point of touchdown during an in-
strument approach.

a. Formula. Problems where seconds must
be used as a unit of time may be solved by the
formula

GS Distance
36 ~ Seconds

in which GS is the groundspeed; 36 represents
the number of seconds in 1 hour (8,600) ; dis-
tance is the number of miles or decimal parts of
miles to be flown; and seconds is the time re-
quired to fly that distance.

b. Problems involving less than 60 seconds.

(1) Problem. What is the time required

from the middle marker to the point

of touchdown if the groundspeed is

100 knots and the distance between

these points is 0.5 nautical miles?

(2) Solution. Set 36 (inner scale) under

the groundspeed of 100 knots (10 on

the outer scale). Under 50 (0.5 nau-

tical miles) on the outer scale, read

18 seconds on the inmer scale (fig.
8-9).
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¢. Problems involving more than 60 seconds.

(1) Problem. What is the time required to
fly from the outer marker to the
middle marker if the groundspeed is
95 knots and the distance between the
two points is 5 nautical miles?

(2) Solution. Set 36 (inner scale) under
the groundspeed of 95 knots (95 on
the outer scale). Under 50 (5 nautical
miles) on the outer scale, read 19
(190 seconds), or 3 minutes, 10 sec-
onds on the inner scale (fig. 8-10).

Note. When using the minutes scale as a second
scale, the hour scale becomes a minute scale.

8-11. Determining Gallons or Pounds Used
in a Given Time

Place the 60 index under rate (gph) and
read gallons used over the given time. To con-
vert gallons to pounds or pounds to gallons,
the following conversion factors are used in
simple proportion (par. 8-5):

a. Gasoline. 6.0:1,

b. JP—4 Fuel. 6.5:1.

8-12. Determining Rate of Fuel
Consumption

Rate of fuel consumption equals gallons of
fuel consumed divided by time.

a. Problem. What is the rate of fuel con-
sumption if 30 gallons of fuel are consumed
in 111 minutes (1 hour and 51 minutes)?

b. Solution. Using the DR computer, refer to
figure 8-11 and solve as follows:

(1) Set 111 (inner scale) under 30 on
outer scale (in this case, outer scale
is used to represent gallons).

(2) Opposite the 60 index, read 16.2 gal-
lons per hour (gph).

8-13. Fuel Consumption

Use same scales as used with the time-dis-
tance problems discussed in paragraph 8-6 and
solve the following fuel consumption problem:

a. Problem. Forty gallons of fuel have been
consumed in 135 minutes (2 hours and 15
minutes) flying time. How much longer can the
aircraft continue flying if 25 gallons of avail-

8-5
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from standard temperature to indicated (or
calibrated) altitude.

a. Problem. The: pressure altitude is 9,000
feet, indicated altitude is 9,100 feet, and the
free air temperature is —15° C. What is the
corrected altitude?

b. Solution. Using the DR computer, refer to
figure 8-15 and solve as follows:

(1) Set 9,000 against —15° C. in the alti-
tude computation window.

(2) Above 9,100 feet (calibrated) indi-
cated altitude (inner scale), read cor-
rected altitude 8,700 on the outer scale
(corrected altitude).

8-18. Off-Course Correction (Rule of 60)

An aircraft headed 1° off course will be
approximately 1 mile off course for each 60
miles flown. This is the rule of 60. Inversely,
for each mile an aircraft is off course after
each 60 miles of flight, 1° of correction will be
required to parallel the intended course. Ap-
plied to other distances (multiples of 60), such

8-8

as 1.5 miles off course in 90 miles, 2 miles off
course in 120 miles, or 2.5 miles off course in
150 miles, a correction of 1° will be required to
parallel the intended course. To converge at
destination, an extra correction must be made
based on the same rule of 60.

a. Formulas. The degrees correction re-
quired to converge at destination is determined
by adding the results of the following formu-
las: Correction to parallel course.

miles off course degrees correction
miles flown 60

Additional correction to converge.

miles off course __ degrees correction
miles to fly - 60

b. Problem. An aircraft is 10 nautical miles
to the left of course when 150 nautical miles
from departure point A. How many degrees cor-
rection are required to parallel course? If 80
nautical miles remain to destination B, how
many additional degrees are required to con-
verge? In what direction is the correction ap-
plied?
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intercept the desired course is there-
force 15.6° (4.3 + 11.3).

Note. The drift correction window, together with the
D,—D, data and the latitude scale on the face of the
MB—4A computer, is also used in pressure pattern
flying. Since the Army does not use this navigation
technique, it is not explained herein.

8-20. Radius of Action (Fixed Base)

Radius of action to the same base refers to
the maximum distance an aircraft can be flown
on a given course and still be able to return to
the starting point within a given time. The
amount of available fuel (not including reserve
fuel) is usually the factor determining time.

a. Problem. The groundspeed on the out-
bound leg of the flight is 160 knots; on the
return leg, 130 knots. Available fuel permits
4.5 hours (270 minutes) total time for the
flight. How many minutes will be available for
the outbound leg of the flight? How many
minutes will be required for the return leg of
the flight? What is the radius of action?

b. Solution. The sum of the groundspeed out
(GS,) and the groundspeed on the return leg

8-10
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(GS,) is to the total time in minutes (T), as
the groundspeed on the return leg (GS,) is to
the time in minutes on the outbound leg (t,).
Minutes on the outbound leg of the flight can be
calculated by the formula GS, 4+ GS.  GS..
T ot
The formula for calculating time required for
the return leg of the flight is GS; + GS. = GS,,
T t,

in which t, is the time required for the return
leg of the flight. These formulas can be cal-
culated on the DR computer as ratio and pro-
portion problems and appear on the DR com-
puter as they appear in mathematical form.
To solve radius of action fixed base problems
with the DR computer, use the problem given
in a above, referring to figures 8-20 and 8-21,
and proceed as follows:

(1) Find the sum of the groundspeeds

(160 + 130 == 290).

Section IIl.

8-21. Plotting Disc and Correction Scales

The grid side of the DR computer (fig. 8-22)
enables the aviator to solve wind problems. It
consists of a transparent, rotatable plotting
disc mounted in a frame on the reverse side of
the circular slide rule. A compass rose is lo-
cated around the plotting disc. The correction
scale on the top frame of the circular grid is
graduated in degrees right and left of the true
index (labeled TRUE INDEX). This scale is
used for calculating drift or drift correction
and is labeled drift right and drift left. A
small reference circle, or grommet, is located at
the center of the plotting disc.

8-22. Sliding Grid

A reversible sliding grid (fig. 8-22) inserted
between the circular slide rule and the plotting
disc is used for wind computations. The slide
has converging lines spaced 2° apart between
the concentric arcs marked 0 to 150 and 1°
apart above the 150 arc. The concentric arcs
are used for calculations of speed and are
spaced 2 units (usually knots or miles per
hour) apart. Direction of the centerline coin-
cides with the index. The common center of the

AGO 8143A
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(2) Set the total time (T = 4.5 hours or
270 minutes) wunder the sum of the
groundspeeds (290) (fig. 8-20).

(3) Under 130. (GS.), read the time on
the outbound leg, 2 hours 4 1 minute
or 121 minutes (fig. 8-20).

(4) Without changing the setting of the
computer, under 160 (GS,), read the
time required for the return leg, 2
hours -} 29 minutes or 149 minutes
(fig. 8-20).

(5) These two amounts of time should be
equivalent to the total amount of time
of the flight.

(6) Place the 60 index under 160 (GS;)
and over 121 minutes (time on the
outbound leg), read the radius action,
322 nautical mlies (fig. 8-21).

GRID SIDE OF THE DR COMPUTER

o .'...m“""."s.,._',: -
.00 % wn Pol 3 DI
20.000 CAENE] ” [ 93 "
30000 ” » ”» [ BL ” ol
40000 £ kD ” ” » & 4
30000 9| % o 5 M M b4 4
T otange wr —m_.w-_-u.:"‘-(;:mnu-—-—m TRuE
CORRECTION 2= INDEX
ZRUE IND] COMPASS
25 20 Wﬁﬁ“ R ROSE
S ® A 280’ N o J o &)
) g o
L %
L 2 @ PLOTTING
‘ S5ian DISC
.\1 i it el
GROMMET ||| Eiiien =3t
(REFERENCE) £3 \ : LA
CIRCLE) e -
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SLIDING
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Figure 8-22. Grid side.
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Figure 8-23. Reverse side of sliding grid.

concentric arcs and the point at which all con-
verging lines meet is located at the lower end
of the slide. On one side of the sliding grid the
speed arcs are numbered from 0 to 270; on the
reverse side, from 70 to 800. The low range of
speeds on the sliding grid is especially helpful
in solving navigational problems for aircraft
having slow-speed flight characteristics.

Note. Some computers are equipped with speed scales
ranging from 80 to 350 on one side of the sliding grid.
These computers were designed for high performance
aircraft, but have been issued in limited quantities for
Army use. Computation of airspeed or groundspeed on
these computers is discussed in paragraph 8-29.

a. Rectangular Grid. The rectangular grid
on the reverse side of the sliding grid (fig. 8-
28) is designed so that the left half can be
used for calculations on the 70 to 800 side of
the sliding grid and the right half can be used
with the 0 to 270 side of the sliding grid. On
the left half, each small division has a value
of 10 units; each large division has a value of
50 units. On the right half, the small squares
have a value of 3 units; the large squares, a
value of 15 units. This grid is used for solving
problems, such as off-course correction, air
plot, and radius of action, and for correcting
reported wind (par. 9-30).

b. Correction Factors. The F correction fac-
tors on the front side of the sliding grid are
used for calculating TAS caused by compressi-
bility of air at high airspeeds and altitudes.
Army aircraft do not require the application of
these correction factors to their TAS.

Section IV. WIND TRIANGLES

8-23. Wind Triangle Construction

a. Problems involving wind can be solved by
constructing a wind triangle. In its simple
form, this triangle is made up of three vectors

8-12

(six vector quantities) whose elements are
always the same. The vectors (fig. 8-24) are—

(1) A wind vector, consisting of the wind
direction and speed.
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8-24. Wind Triangle Solution

Figure 8-25 illustrates the construction of a
wind triangle to solve for heading and ground-
speed when the course, wind velocity (W/V),
and TAS are known. Similar triangles are
used to solve for heading and TAS or for wind
velocity.

a. Plot the wind vector first (AB).

b. Plot the course for an indefinite distance
from the point of origin (AD).

¢. Swing an arc from the end of the wind
vector (B) (using the TAS as the arc radius)
to intersect the course line (C). Draw the air
vector (BC).

d. Measure the heading by determining the
angle formed between the vertical referenced
line and the air vector.

e. Measure groundspeed along the ground
vector (AC).

Section V. WIND PROBLEMS

8-25. General

In solving wind problems on the computer,
part of a triangle is plotted on the transparent
surface of the circular disc. Lines printed on
the slide are used for the other two sides of the
triangle. The center of the concentric speed
circles (fig. 8-26) is one vertex of the triangle.
There are many methods applicable for com-
puting any one problem, but the following
method for each type of problem is standard
for use by the Army aviator. This section in-
cludes problems where the centerline is used as
ground vector and the wind wvector is plotted
above the grommet.

Note: Directions used in solving wind problems must
be compatible; i.e., all in references to true north or
all in references to magnetic north.

8-26. Heading and Groundspeed
Computation

a. Problem. The wind is from 160°/30 knots,
the true airspeed 120 knots, course 090°. What
is the heading and groundspeed?

b. Solution. Using the DR computer, refer
to figures 8-27 and 8-28 and solve the problem
as follows:

(1) Set 160° (direction from which the
wind is blowing) to the TRUE IN-
DEX (fig. 8-27).

(2) Plot the wind vector above the grom-
met 30 units (windspeed) and place
a wind dot within a circle at this
point.

8-14

(3) Set 090° (course) at the TRUE IN-
DEX (fig. 8-28).

(4) Adjust sliding grid so that the true
airspeed (120 knots) is at the wind
dot.

(5) Note that the wind dot is at the 14°
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Figure 8-26. Wind triangle on DR computer.
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Figure 8-29. Plotting the wind vector to solve for
heading and true airspeed.

knots, track 140°, groundspeed 90 knots. What
is the wind velocity?

b. Solution. Using the DR computer, refer
to figures 8-31 and 8-32 and solve as follows:
(1) Set track (140°) at TRUE INDEX
and grommet over the groundspeed

(90 knots).

(2) Since the heading is 10° less than the
track, find where the 10° converging
line to the left of centerline crosses
the 100-knots (true airspeed) line
and place a dot within a circle at this
point (fig. 8-31).

(3) Turn circular grid until the dot is di-
rectly above the grommet (fig. 8-32).

(4) Under the TRUE INDEX, read direc-
tion from which the wind is blowing
(076°). The distance in units be-
tween the dot and the grommet indi-
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Figure 8-30.

cates the speed of the wind (20
knots).

8-29. The 80 to 350 Type Sliding Grid

a. General. To use the 80 to 350 type sliding .
grid while solving problems in which airspeeds
and/or groundspeeds are less than 80, plot the
problem for 2 hours by doubling the known
values for windspeed, airspeed, and ground-
speed. Magnitudes indicated in figure 8-33 are
for periods of 14 hour, 1 hour, and 2 hours.
Although the vector magnitudes change, the
angular relationship between the vectors is
constant. The following example will further
clarify this method.

b. Example Using 80 To 850 Sliding Grid.
Find the heading and groundspeed where the
course is 030°, true airspeed 70 knots, wind
velocity 010°/20 knots. If this problem were
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TRUE AIRSPEED
B = e P
e /2 HOUR ——}
1 HOUR ‘ -
2 HOURS
aavn515
Figure 8-33. One-half, one, and two-hour plot.
' dolo] (2) Draw the wind vector down from the
grommet (at 0) to the 30-knot point
(A, fig. 8-34).
'5““ IND| (3) Reason the additional wind compo-

nent; i.e., since the aircraft is 6 miles
north of the desired position after 30
minutes flying time, the wind compo-
nent is 12 knots (the aircraft would
blow off course twice as far in 1
hour), and since the aircraft is drift-
ing to the north, the wind is from the
south.

(4) Rotate the compass rose until S ap-

pears under the TRUE INDEX (fig.
8-35).

(5) From the end of the first wind vector

((2) above), plot the additional wind
component vertically downward 12
knots to scale (B, fig. 8-35).

(6) Connect the end of this second wind

(7)

vector with the point of origin of the
first wind vector (the center of the
dise) (C, fig. 8-35).

Rotate the compass rose until the cor-
rected wind vector (C) lies along the
centerline downward from the cen-
ter of the disc (fig. 8-36). Read the
actual wind direction (140°) under
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the TRUE INDEX, and read the
actual windspeed (38 knots) as the
length of the vector (C) along the
centerline.

8-31. Wind Triangle Variations

a. Many other wind problems can be solved
using the grid face of the MB—4A computer,
“including track and groundspeed, wind and
groundspeed from double or multiple drift,
wind from groundspeed and drift, and correc-
tion for reported wind. Wind triangles may
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Figure 8-36. Plotting the actual wind.

also be plotted on the computer, using the cen-
terline as the air vector, by plotting the wind
vector below the grommet.

b. Since the mastery of the wind triangle
problems discussed in this section is adequate
for flight planning with Army aircraft, a com-
plete discussion of the variations mentioned
in a above is not essential or within the scope
of this manual. A complete discussion of the
potential of the DR computer is presented in

AFM-51-12 (see app. I).
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PART TWO

RADIO NAVIGATION

CHAPTER 9

RADIO PRINCIPLES

9-1. General

Radio communication and radio navigation
usually are necessary during instrument flight.
The aviator should be familiar with radio
principles and the capabilities and employment
of Army aircraft radio equipment.

9--2. Wave Transmission

Accdrding to the wave theory of radiation,
sound, light, and electrical energy are trans-
mitted by waves.

a. Wave. Energy traveling through a sub-
stance or space by vibrations or impulse moves
in waves, For example, when a stone is dropped
into a pond, the energy of motion from the
stone causes ripples on the water surface. The
ripples (waves of energy) travel outward from
the place where the stone struck the water, but
the water itself does not move outward. The
rise and fall above and below the normal un-
disturbed water level can be graphed as a
curved line.

b. Cycle. A cycle is an alternation of a wave
from a specific amplitude through a complete
series of movement back to the same amplitude
(e below) ; i.e.,, one complete wave vibration.
A cycle (fig. 9-1) is represented by the portion
of the wave from A to E, from B to F, from C
to G, or between any other two points encom-
passing exactly one complete amplitude varia-
tion. For example, a cork floating on calm water
is subjected to cyclic wave movement when a
stone is dropped into the water. One wave cycle
occurs as the cork (1) rises from the calm
water level (normal position) up to the wave

AGO 8143A

crest, (2) drops back to normal, (3) falls into
the wave trough, and (4) rises back to normal.
A cycle is also completed when the cork moves
from the crest of the wave down to the normal
position, falls into the wave crest, rises back
to normal, and continues rising to the top of the
wave crest. Thus a cycle is any complete se-
quence of amplitude variation in a repetitive
series of wave movements.

¢. Frequency. The frequency of a wave is
measured by the number of cycles completed
in 1 second. If two cycles are completed in 1
second, the wave frequency is two cycles per
second. Since the number of cycles per second

$
g
S —— o)

o
©
e

| —
T

Figure 9-1. Wave representation (alternating
current).

9-1
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Figure 9-2. Radiotelephone transmitter schematic.

(eps) runs into high figures, radio frequencies
are commonly expressed as kilocycles (1,000
cycles) or megacycles (1,000,000 cycles). The
“per second” time period is dropped but under-
stood.

d. Wavelength. The linear distance of a cycle
is known as the wavelength. In figure 9-1 the
wavelength from A to E can be expressed in
meters, feet, miles, or any other suitable linear
measurement.

e. Amplitude. The amplitude of a wave is its
magnitude measured from a specific reference
level. In figure 9-1 the peak wave amplitude is
represented by the lines BH, ID, or FJ; other
amplitudes are shown as lines LM and NP. All
representations were measured in linear dis-
tance above (4-) or below (-) reference line
AOQ.

9-3. D¢ and Ac Current

An electrical current flows by the movement
of electrons through a conductor. Direct cur-
rent (dc) flows in only one direction. An alter-
nating current (ac) flows in one direction for a
time and then flows in the opposite direction

9-2

for the same length of time, with a continuous
movement. An alternating current (fig. 9-1)
can be represented as a continuous flow of elec-
trons with half of each cycle being negative
and the other half being positive.

9-4. Radio Waves

An electrical current builds up a magnetic
field around the conductor through which it
flows. When alternating current flows through
a wire, the magnetic field around the wire al-
ternately builds up and collapses. An alternat-
ing current of high frequency is used to gen-
erate radio waves which are emitted during the
build-up and collapse of the magnetic field
around a conductor (the antenna). Radio fre-
quencies extend from 10 kilocycles to above
300,000 megacycles.

9-5. Principles of the Transmitter

a. Generating and Transmitting a Radio Sig-
nal. Fundamentally, a radio signal is trans-
mitted by generating an alternating electric
current of the desired frequency and connect-
ing it to an antenna suitable for radiating that
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them to earth and permits signals to be re-
ceived at distant points. The effect on reception
distance is determined by the height and den-
gity of the ionosphere and by the angle at
which the radiated wave strikes the ionosphere.
The ionosphere varies in height and density
with the seasons, time of day, and latitude.

9—9. Skip Distance

The distance between the transmitting an-
tenna and the point where the sky wave first
returns to the ground is called the skip dis-
tance (AB, fig. 9-5). By extension, this term
also includes the distance between each sur-
face reflection point in multihop transmission
(BC, fig. 9-5). The distance between the point
where the ground wave can no longer be re-
ceived and the point where the sky wave is
returned is called the skip zone. Since solar
radiation changes the position and density of
the ionosphere, a great change in skip distance
occurs at dawn and dusk, causing the fading
of signals to be more prevalent than usual.

9-10. Effect of All Matter on Radiation

All matter within the universe has a varying
degree of conductivity or resistance to radio
waves. The earth itself acts as the greatest
resistor to radio waves. The part of the radi-
ated energy that travels near the ground in-
duces a voltage in the ground that subtracts
energy from the wave. Therefore, the ground
wave is attenuated (decreased in strength) as
its distance from the antenna increases. The
molecules of air, water, and dust in the atmos-
phere and matter at the earth’s surface — such
as trees, buildings, and mineral deposits — also
absorb radiation energy in varying amounts.

9-11. Effect of Static Upon Low and Medium
Frequency Reception

Static disturbance is either manmade or nat-
ural interference. Manmade interference is
caused, for example, by an ordinary electric
razor. Each small spark, whether originating
at a spark plug, contact point, or brushes of an
electric motor, is a source of radiation. All fre-
quencies from 0 to approximately 50 mc are
transmitted from each spark and, consequently,
add their energy to any radio reception within

9-6

this frequency range. Natural static may be
divided into two types. Interference which
originates from natural sources away from the
aircraft is called atmospheric static. Interfer-
ence resulting from aero-logical conditions and
caused by electrostatic discharges from the air-
craft is called precipitaion or canopy static.

9-12. General Nature of High Frequency
Propagation (3,000 Kc to 30 Mc)

The attenuation of the ground wave at fre-
quencies above approximately 3,000 ke is so
great as to render the ground wave of little use
for communication except at very short dis-
tances. The sky wave must be used, and since
it reflects back and forth from sky to ground,
communication can be maintained over long
distance (12,000 miles, for example). Fre-
quencies between LF and VHF produce the
greatest radio transmission range between
points on the earth because they are refracted
by layers of the ionosphere and follow the
curvature of the earth. The range of low fre-
quencies (LF) is reduced by attenuation and
atmospheric absorption, and VHF or higher
frequencies penetrate the ionosphere and escape
to outer space.

9-13. General Nature of Very High
Frequency (VHF) and Ultra High
Frequency (UHF) Propagation (30 to
3,000 Mc) :

Practically no ground wave propagation oc-
curs at frequencies above approximately 30
me. Ordinarily there is little refraction from
the ionosphere, so that communication is possi-
ble only if the transmitting and receiving an-
tennas are raised far enough above the earth’s
surface to allow the use of a direct wave. This
type of radiation is known as “line-of-sight”
transmission. Thus, VHF /UHF communication
is dependent upon the position of the receiver
in relation to the transmitter. When using air-
borne VHF/UHF equipment, it is of utmost
importance for the aviator to be aware of the
factors limiting his communication range.

9—-14. Range of VHF and UHF Transmission
The range of VHF and UHF transmission
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course selector on 130° and, since this
is the radial from the station, the to-
from indicator will read FROM (X,
fig. 10-13).

(4) At the time the aircraft is exactly over
the intersection (Y, fig. 10-13), the
deviation indicator will center since
the aircraft’s position will then be on
the 130° radial from station B. Hav-
ing fixed his position over the inter-
section, the aviator then resets the
course selector to 090°, retunes and
identifies station A, and checks for
the centering of the needle to remain
on course outbound from station A
(Z, fig. 10-13).

b. In performing the procedure discussed in
a above, it is important that the aviator be able
to interpret the direction of needle deflection.
In the situation described in figure 10-13, the
needle is deflected to the left while the aircraft
is at point X. Prior to arrival at the inter-
section, the needle will be deflected to the same
side on which the station is located if the course
selector has been set on the published radial
which causes the to-from indicator to read
FROM.

c. It may be convenient or necessary to fix
an intersection by setting the course selector
for a TO reading, as illustrated in figure 10—
14. In flying from station A to station B, the
aviator will turn inbound to station B when the
aircraft arrives over the Gamma intersection.

(1) The aviator departs station A tracking
outbound, with the course selector set
on 010°, the needle centered (on
course), and the to-from indicator
reading FROM (W, fig. 10-14).

(2) Prior to reaching the Gamma inter-
section, the aviator tunes and identi-
fies station B (X, fig. 10-14). The
publis}ied radial for station B is 250°,
but the aviator knows that 250° is the
direction outbound from B. Since he
desires to go inbound, he sets the
course selector to 070°, the reciprocal
of 250°. The resultant reading on the
to-from indicator is TO because a

10-14

course of 070° will take the aircraft
to station B. Station B is to the avi-
ator’s right from point X to Gamma
intersection, but the needle deflects to
the left. Since the course selector is
set on the reciprocal of the published
radial to produce the TO reading in
the to-from indicator, the needle de-
flects to the side opposite the station
(compare with the deflection de-
scribed in b above).

(3) The needle centers when the aircraft
arrives over Gamma intersection (Y,
fig. 10-14), and remains centered in-
bound to station B (Z, fig. 10-14).

10-10. Track Interception

It is occasionally necessary to intercept a
desired track some distance from the position -
of the aircraft. Several procedures can be ap-
plied, as explained below.

a. From a Known Position—45° or 90° In-
terception. At A in figure 10-15 the aircraft is
flying a heading of 350° while crossing the
200° radial. The flight has been cleared to
intercept Viector airway 13 (V-13), which is
the 180° radial from the station. Since the
present position (radial) with respect to the
radial to be intercepted is known, proceed as
follows:

(1) Determine the direction of turn—
right or left.

(2) Select a reading which will intercept
the desired track at an angle of 45°.
In this case, since the desired track
inbound to the station is 0°, a head-
ing of 045° would intercept the track
at a 45° angle.

Note. The standard interception angle is
45°; however, others may be used. If ATC
requests the aviator to “expedite,” a 90°
interception angle should be used.

(3) Turn to the selected heading and set
the course selector on the desired in-
bound track—0°.

(4) Turn to the inbound heading of 0°
when the needle centers (B, fig. 10-
15); ie., when the aircraft has
reached the track.
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track at the desired interception
angle. In this case, a heading of 300°
will intercept the inbound track of 0°
at the desired 60° angle.

(4) Turn the aircraft to the selected head-
ing and reset the course selector for
the inbound track of 0°.

(5) At the time the needle centers (B, fig.
10-16), the aircraft has reached the
track and the aviator turns inbound
to the station.

Note. When using this technique, the
leg flown to intercept (from point A to point
B) is equal in length to the leg remaining
to the station from point B to the station).
Consequently, the time required to fly the
interception leg is the approximate time re-
maining to fly to the station, from the time
that interception occurs.

¢. Leading the Néedle. If the aviator waits
until the needle is fully centered to turn to the
track heading, he runs the risk of overshooting
the track; if he turns to the track heading too
soon, he will roll short of the track. For use
during initial track interception or reintercep-
tion, he must perfect the technique of leading
the needle. The movement rate of the deviation
needle and the size (degree) of the interception
angle are good indicators of how much the avi-
ator should lead the needle just prior to the
actual track interception.

d. Interception of a Given Track From an
Unknown Position. An aviator may be directed
to intercept a specific track, and at a time when
he is uncertain of the track location. He may
not know if it is to his right, left, front, or rear.
One simple method of quickly orienting the air-
craft with respect to a desired track is as fol-
lows:

(1) From the present heading of the air-
craft, turn the shortest way to a head-
ing which is parallel to the desired
track. (The station has previously
been tuned and identified.)

(2) While turning ((1) above), set the
course selector to the desired track.

(3) After rolling out of the turn ((1)

10-18

above), observe the deflection of the
needle. The track lies to the same side
as the needle deflection. The to-from
indicator will now indicate if the sta-
tion is ahead or behind the aircraft.

(4) Turn toward the track (needle), to a
heading which will intercept the track
at an appropriate angle.

10-11. Estimating Time and Distance to a
Station

a. In most situations an aviator will be fly-
ing in regions where two omni stations, or one
omni station and some other type of station,
are within reception distance. The aviator can,
if necessary, fix his position and estimate the
time and distance to either station by determin-
ing the bearing to each (par. 10-6).

b. In some isolated cases, it may be necessary
to estimate the time or distance to a station by
using the signal from a single station. One
technique of doing this is pointed out in the
note to paragraph 10-105(5).

¢. A different method is illustrated in figure
10-17. The aircraft is inbound to the station
on the 200° radial. To estimate the time and
distance to this station, proceed as follows (fig.
10-17) :

(1) Turn the aircraft through 80° (left
in fig. 10-17).

(2) Move the course selector 10° (from
020° at point.A to 030° at point B)
to a known radial ahead of the air-
craft.

(3) Wait for the needle to recenter and
take a time check (e.g., 1412:50).

(4) Move the course selector-an additional
10° (from 30° at point B to 40° at
point C).

(5) Wait for the needle to recenter and
take a second time check (e.g., 1414:
55, or 2 minutes and 5 seconds elapsed
during the 10° bearing change).

(6) Turn inbound to the station (D) and
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If the needle is within 6° of center, or
if a course selector movement of 6° or
less from the published radial will
cause the needle to center, the equip-
ment is within tolerance. Equipment
that does not meet these tolerance
limits should not be used for instru-
ment flight.

10-16. Dual VOR Receivers

If an aircraft is equipped with dual receivers,
one receiver may be checked against the other.
If receivers are within 4° of each other, both
may be considered reliable. To perform this
check—

a. Tune and identify one omni station with
both omni receivers.

b. Using dual course indicators (ID-453 or
equivalent), rotate the course selectors of each
until the needles are centered.

¢. Check to determine that the to-from indi-
cators on each instrument are in agreement.

d. Check the course arrow readings. These
readings must be within 4° of each other. If
receivers do not meet these limits, one or both
are unreliable. Each will have to be checked
independently to determine if one is within al-
lowable tolerance.

10-17. Unpublished Receiver Check

An aviator in a location where no receiver
checks are published may establish a checkpoint
from a nearby omni station. To accomplish an
unpublished receiver check—

a. Select a VOR radial that lies along the
centerline of an established VOR airway.

b. Select a prominent ground point along the
selected radial preferably more than 20 miles
from the VOR ground facility, and maneuver
the aircraft directly over the checkpoint at a
reasonably low altitude.

¢. Note the VOR bearing indicated by the
receiver when over the ground point (the maxi-
mum permissible variation between the pub-
lished radial and the indicatd bearing is 6°).

10-22

10-18. Needle Sensitivity

At the same time that the omni receiver is
checked for accuracy, the indicator can be
checked for needle sensitivity. The face of the
indicator (ID-453) (fig. 10-19) is graduated
in 2° intervals. Moving from center to either
gide, the edge of the small circle is 2° and each
dot (alined horizontally) represents 2°. When
the needle is fully deflected to one side, the air-
craft is off the selected course by at least 10°.
Consequently, if the receiver is checked for a
centered needle with the course selector set on
a given radial—for example 140° (A, fig. 10-
19) —a full swing of the needle can be checked
by setting the course selector on 130° (B, fig.
10-19) and then on 150° (C, fig. 10-19). If the
needle swings full scale to each side as the
course selector is displaced == 10° from a pub-
lished check radial, the needle reaction is cor-
rect. Full scale needle swing can vary between
approximately 8° and 12° when the receiver is
within the reliable accuracy tolerances dis-
cussed in paragraph 10-15a¢ through e above.

Note. The sensitivity tolerance of the needle is dif-
ferent if the receiver is used in conjunction with the
ILS (ch. 15).

Warning: Pertinent information for omni
receiver checks should be verified from cur-
rent navigational publications and regula-
tions. This information is subject to change.

LEFT RIGHT
. . . - . & o .
10° 8° 6° 4° 20 | 20 4° 6° 8° 10°

CENTERED
NEEDLE

aavn535
Figure 10-19. Needle sensitivity check.
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Figure 11-8. Owvercorrection (ADF).

11-7. Position Fixing (Fixes)

a. Position Fizing at Airway Reporting
Points. If an aircraft has flown a known track
from a station, the track can be represented
by a course line or airway on a navigation
chart. At any point along this course the avia-
tor can take a radio bearing to a second
station with the ADF receiver and plot this
bearing as a second line on the chart. The
intersection of these two chart lines fixes the
approximate location of the aircraft. This meth-
od of position fixing can be used in flight train-
ing without drawing any lines on the chart; for
example—

(1) In figure 11-9 an aircraft is tracking
inbound to station A on a track of
090°. The aircraft has been maintain-
ing the track in a no-wind condition.
Ahead of the aircraft is a reporting
point (the triangle) at which the avia-
tor must fix his position and report
to air traffic control. A check of the
navigation chart shows the direction
to station B is 120° from the report-
ing point. Since the direction to sta-
tion A is 090°, there will be a 30°

AGO 8143A

difference between the heading to sta-
tion A (090°) and the radio bearing
to station B over the reporting point
(120°) ; i.e., at the time the aircraft
arrives over the mandatory reporting
point, station B will be 30° to the
right of the nose of the aircraft. If the
aviator tunes station B on the ADF
receiver, he will be over the reporting
point when the ADF indicator shows
a relative bearing of 30°. Prior to ar-
riving over the reporting point, the
relative bearing on the indicator will
be less than 30°.

(2) In a similar situation (fig. 11-10),

the aircraft is holding a heading of
080° to track inbound on 090° (ap-
plied drift correction of 10° left).
When the aircraft reaches the report-
ing point, the relative bearing on the
ADF indicator will be 040° (the dif-
ference between the heading and the
bearing to station B).

(3) Figure 11-11 illustrates three other

gituations involving the principles
discussed in (1) and (2) above, but
with changes in the position of the
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REPORTING
POINT

0900
A —=)

300 STATION A

STATI ON B aavn545

Figure 11-9. Pogition fixing under no-wind condition (ADF).

station with respect to the aircraft.
At the reporting point (point B),
figure 11-11Q) depicts the instrument
readings when the station is 45° left
of the nose; figure 11-11®) depicts the
station 40° left of the tail; and figure
11-11( depicts the station 60° right
of the tail.

(4) The position of the aircraft over a

reporting point may also be fixed by
rotating the compass card with the

VAR knob so that the aircraft head-
ing is at the index (nose position).
As illustrated in figure 11-12, the air-
craft will be over the intersection
(point B) when the ADF needle in-
dicates the published bearing (120°)
to station C. This method eliminates
the need for computing the angle be-
tween the heading and the station
(relative bearing) ((1), (2), and (3)
above). '

REPORTING

POINT

STATION A

STATION B

eavn48l

Figure 11-10. Position fixing with drift correction (ADF).
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Figure 11-16. Resolving ambiguity (loop).
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¢. DF station replies, “Army 75088, Cairns
tower, transmit for steer, over.”

d. Aviator replies, “Army 088, Roger.”
(Aviator then depresses the microphone but-
ton for about 10 seconds.)

11-24

e. DF station replies, “Army 088, steer 180°
to Cairns, over.”

f. Aviator acknowledges, “Army 088, Roger,
out.”

g. Subsequent corrections to the DF steer
can be provided as necessary.
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Figure 12-3. Tracking inbound (RMI).
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Figure 18-1. Instrument approach procedure employing a procedure turn.

the direction from which the aircraft is arriv-  in if traffic conditions will allow it and if the
ing, the approach can be completed straight controller clears the aircraft for a straight-in
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ALPHA é
INTERSECTION :

RUNWAY

- BRAVO
(BVO) VOR

DELTA
INTERSECTION
|
18
CHARLIE
(CHA) VOR 8avN5T2

Figure 13-3. Typical transition information as published on navigation charts.

duplicated on existing area and en route charts.
Figure 13-3 shows an area with several transi-
tions published from VOR stations and inter-
sections to a radio beacon approach facility
(ECO) for the nearby airport. In each case,
the information published for the transition
consists of—

a. Course, with the magnetic direction

printed and indicated with an arrow.

b. Distance, shown to the nearest tenth of a
mile.

¢. Minimum authorized altitude, which is
usually based upon a standard obstruction
clearance of 1,000 feet above obstacles within
4.34 nautical miles of the transition course.
The letter F' is printed following the minimum
authorized altitude (at Alpha intersection on
figure 13-3) to indicate a final transition—
meaning that, because of the close alinement
of the transition course with the final approach
course to the airport, the aviator can expect to
be cleared straight in.

13-4

13—6. Execution

A trangition from an outer fix to the approach
fix is executed in accordance with the clearance
delivered by the air traffic controller. This
clearance may authorize either of the follow-
ing transitions:

a. Transition to the approach fix or facility
without authority to execute an approach. In
this event, the controller is unable to give the
actual approach clearance (because of traffic).
The clearance for a transition in this situation
will include a specific altitude assignment and
holding instructions.

b. Transition to the approach fix with clear-
ance to execute the approach; e.g., “Army
12345 is cleared to the Cairns VOR, and is
cleared for a VOR approach.” In this situation
the recommended procedure is to descend to
the published minimum altitude authorized for
the transition, unless the procedure turn alti-
tude is higher (par. 13-10).
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10 NM =—2

(FROM APPROACH FIX) 1,800 FT.

MINIMUM ALTITUDE

\

APPROACH FIX

@ NORMAL TURN LIMIT.

MAXIMUM DISTANCE

8.0NM (FROM

2,000 FT. APPROACH FIX)

MINIMUM ALTITUDE

APPROACH FIX

TURN LIMIT LESS THAN NORMAL.

Figure 18-8. Procedure turn limits and minitmum altitudes.

at which the aviator can fully control the air-
craft. A descent rate of 500 feet per minute is
recommended for the last 1,000 feet of altitude
change. If the aircraft has not arrived at the
minimum procedure turn altitude at the time
the turn starts, the descent is continued dur-
ing the turn until the minimum altitude is
reached. If the initial approach altitude is
unusually high, the aircraft may not reach
minimum procedure turn altitude during the
turn and must continue to lose altitude during
the descent on final approach.

13-11. Turning Rate

The procedure turn is made at the standard
rate of 3° per second; however, the bank angle
should not exceed 30°. In aircraft equipped
with an integrated flight system which uses a
steering pointer (ch. 17), the turn is executed
with a centered steering pointer (approxi-
mately a 25° bank angle).

a. Flying Outbound to the Procedure Turn.

AGO 8143A

(1) If the aircraft encounters unusually
strong headwinds while flying out-
bound to execute a 45° procedure turn,
the groundspeed may be less than 1
mile per minute, especially with slower
helicopters (TAS 75 knots or less).
If such headwinds are expected, the
outbound leg should be lengthened,
providing for approximately 1 minute
of inbound flight after the procedure
turn is completed (par. 13-15).

(2) The outbound leg of the teardrop turn
is subject to the same adjustment
for wind as in (1) above. In execut-
ing the teardrop turn, the aviator
should fly outbound long enough for
the 180° turn to be completed as the
aircraft intercepts the final approach
inbound.

(3) In either case, the aviator should com-
plete the procedure turn with enough
inbound time for alinement of the
aircraft on the final approach course.

13-7
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Figure 18-9. Improper procedure turn patterns caused
by wind effects.

b. After Making a 45°
(Standard or Nonstandard).

(1) In executing the 45° turn, the aviator
should fly for 40 seconds after turn-
ing 45°. This timing is calculated so
that the subsequent turn to the in-
bound course will be completed when
the final approach course is inter-
cepted. However, the 40 seconds flying
time must be adjusted if adverse
headwinds or tailwinds are encoun-
tered. Figure 13-9 illustrates the re-

Procedure Turn

WIND

<F

sults when suitable adjustments are
not made.

(2) Adjustment to the 40 seconds flying
time is based upon the known or esti-
mated drift correction required. to fly
the track outbound. An allowance of
1 second for each degree of drift cor-
rection used on the outbound leg
should be applied to the 40 seconds
flown on the leg of the procedure turn.
Figure 13-10 shows the aircraft hold-
ing a 10° drift correction flying out-
bound for the procedure turn. After
turning left 45°, the aircraft will
be headed into the wind and will fly
for 50 seconds.

13-12. Missed Approaches

Note. Format, symbols, and abbreviations in figure
13-11 parallel those used in current navigation pub-
lications.

If the instrument approach and landing can-
not be completed successfully, the aviator exe-
cutes a missed approach procedure. This pro-
cedure is published on the approach chart and
normally is supplemented by further instruc-
tions and clearances from the controller.

a. Typical Procedure. The procedure norm-
ally directs the aircraft to proceed on a speci-
fied course to or from a designated facility,

STATION
@ (‘/’_’ﬁm
/

OUTBOUND LEG

aavn565

Figure 18-10. Adjusting procedure turn for wind effects.

13-8
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(A) PLAN VIEW

1900/
1400’

0750

\ NORTH

10 NM

K28

0

150

(B) PROFILE VIEW

- I
71

PULL UP TO 2000 (1850) FEET ON XYZ VOR R-255 WITHIN 20 NM OF THE VOR,OR AS DIRECTED.

Figure 13-11.

and to climb to a specified minimum altitude.
Figure 13-11 shows plan and profile views of
an instrument approach procedure, with the
missed approach procedure printed beneath the
profile view. The aircraft is making the final
approach on the 255° radial from the station
and is unable to complete the landing. The
aviator pulls the aircraft up on the same
course, climbing to 2,000 feet indicated on the
altimeter (1,850 feet above the airport). The
procedure is based upon the use of the 255°
radial of XYZ VOR; the minimum altitude

AGO 8143A
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Missed approach patiern.

guarantees 1,000 feet obstacle clearance within
4.34 miles on each side of the course within 20
miles of the VOR.

b. Report. The aviator must report a missed
approach to the controller as soon as practi-
cal after he has started the procedure. The
report states the time the missed approach be-
gan and includes a request for further clear-
ance. The aviator may request clearance to
execute another approach (if feasible), or he
may request clearance to an alternate airport
if conditions warrant it.

13-9
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Section 1IV. HOLDING

Warning: The information and procedures pertaining to holding in this section are subject to
change by the FAA, Aviators are cautioned to consult current operational publications for changes

to procedures discussed in this chapter.

13-13. Definition and Purpose

Because of heavy traffic conditions en route
or at busy air terminals, air traffic controllers
often instruct aviators to hold. Holding is the
procedure used to delay an aircraft at a definite
position and assigned altitude. In some in-
stances the aviator is directed to climb or
descend to a newly assigned altitude in the
holding pattern.

13-14. Holding Pattern Configuration

The standard holding pattern consists of
right turns (fig. 13-12); the nonstandard hold-
ing pattern of left turns.

13-15. Timing

a. The initial outbound leg of a holding pat-
tern at or below 14,000 feet mean sea level is
flown for 1 minute. Above 14,000 feet mean
sea level, the leg is flown for 114 minutes.

b. Subsequent outbound legs are adjusted
(depending on the wind) so that the inbound
leg is 1 minute at and below 14,000 feet mean
sea level and 114 minutes above 14,000 feet
mean sea level. For example:

(1) A helicopter flying a true airspeed of
75 knots experiences a 30-knot head-
wind on the outbound leg and a 30-
knot tailwind on the inbound leg. The
following tabular data shows the com-
parative times flown on the outbound
and inbound legs to compensate for
this wind (no allowance is made for
drift during the inbound turn) :

Outbound Inbound
time time
1 minute 26 seconds
1 minute and
20 seconds 34.5 seconds
1 minute and )
40 seconds 43 seconds
2 minutes 51.5 seconds
3 minutes 1 minute and 17 seconds

13-10

(2) In this example, therefore, the avia-
tor must fly approximately 2 minutes
and 20 seconds on the outbound leg to
achieve the desired 1-minute flying
time on the inbound leg.

¢. Outbound timing begins over or abeam
the holding fix, whichever occurs later. The
position abeam the station can be determined
by reference to a certain radial (VOR) or bear-
ing (ADF) (par. 13-18). If the abeam posi-
tion cannot be determined, the outbound tim-
ing is started when the turn to the outbound
leg is completed.

13-16. Airspeeds

Maximum indicated airspeed (IAS) allowed
for holding is 175 knots for all propeller-driven
aircraft. Different speeds are allowed for civil
and military turbojet aircraft, depending on
holding altitude and aircraft category, as listed
in current navigation publications. Aircraft
operating en route at normal cruise airspeeds
higher than the maximum authorized for hold-
ing are required to reduce airspeed within 3
minutes before reaching a holding fix. Turbo-
prop aircraft may operate at normal climb in-
dicated airspeed while climbing in a holding
pattern, and turbojet aircraft may operate
at 310 knots IAS or less while climbing in the
holding pattern.

13-17. Turns

Turns made during entry and while holding
are to be made at (1) 3° per second, (2) in
a 30° bank angle, or (3) with the steering
pointer of an integrated flight system (ch. 17).

13-18. Entry

The manuvering required for entry into a
holding pattern is determined by the direction
from which the aircraft approaches the holding
fix (the aircraft heading). The area around the
holding fix is divided into three sectors to aid in

AGO B143A













™ 1-225

(A) TIMING STARTS OVER FIX.

 £j

/$___/\’

{B) TIMING STARTS ABEAM FIX.
aavn576

Figure 18-16, Holding pattern entry, sector III.

Figure 18-17.

Nonstandard holding pattern entry.

b. If the same amount of drift correction is
flown for both inbound and outbound legs (but
applied in opposite directions), the outbound
leg will parallel the inbound leg; however, the
turns will still be wide and tight, respectively.
Since the aviator has little control over the air-
craft’s track while turning, he must adjust
the track of the outbound leg to avoid turning
short of or overshooting the inbound leg.

13-14

¢. For holding pattern drift correction—

(1) Determine the correction necessary to
maintain the track inbound.

(2) While flying the outbound leg, double
the inbound correction and apply it in
the opposite direction; or if the in-
bound correction is over 10°, use an
outbound correction of 10° plus the
inbound correction.

Note. This guide must be adjusted to fit each situa-
tion. Analysis of the initial inbound turn (overshooting

or undershooting) should be used as a basis for a sub-
sequent adjustment.

d. Two examples of applied drift correction
are—

(1) On (A) of figure 13-19 the inbound
correction is 5° right; therefore, the
correction used outbound is 25° right."

(2) In (B) of figure 13-19 the inbound
correction is 15° left; therefore, the
correction used outbound is 25° right.

13—-21. Holding Clearances and Reports

a. When delivering an ATC clearance for
holding with a previously assigned altitude, the

AGO 8148A
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Figure 13-19. Adjusting holding pattern for wind effects.
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controller is required to give the following in-
formation, in the order shown:
(1) Direction to hold from holding point.
(2) Radial, course, magnetic bearing, or
airway number which constitutes the
holding course.
(3) Time to expect further -clearance
(EFC time) or time to expect ap-
proach clearance (EAC time).

b. If the clearance is for nonstandard hold-
ing (left turns), the controller must state “Left
turns” after giving the information in a(2)
above.

Note. When a new altitude assignment is made as
part of the holding clearance, the controller will specify
the altitude.

¢. Typical clearances are—

(1) “Hold south of the Ajax VOR on the
190° radial; expect further clearance
at 30” ((A), fig. 13-20).

(2) “Hold northeast of Red CIliff intersec-
tion on V-21, left turns, expect ap-
proach clearance at 50” ((B), fig.
13-20).

d. Aviators are required to report when ar-

13-18

riving over and when departing the holding
fix. The arrival report normally will include
identification, position, time, and altitude. The
report when departing the holding fix normally
includes identification and time of departure.

13-22. Stacking

Stacking is a procedure used when two or
more aircraft are holding, one above the other,
on the same fix. As the lower aircraft leaves
the stack to complete its approach, the aircraft
above it is cleared to the next lower holding
altitude. This clearance is given after the avia-
tor of the approaching aircraft has reported
that he is vacating his altitude and is leaving
the radio facility inbound. The second aircraft
is cleared for an approach when the first air-
craft is sighted by the tower and when the
tower considers that a normal, safe landing will
be accomplished. The length of time an aircraft
is required to hold in a stack depends upon
the time required by the aircraft in the lower
positions to land. Since the delay may be of
considerable duration, the aviator should fly at
an airspeed and power setting which will pro-
vide fuel economy but still permit adequate
aircraft control.

AGO B8143A
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@ > MAYTAG VOR APPROACH

@—-» PULL UP: tum LEFT to 1800(1574) feet outbound on MTG VOR, R 310 within 20 NM, or as directed.

ST-IN RWY 32 CIRCLING
@ |, AUTHORIZED DAY NIGHT DAY NIGHT
MINIMUMS
“400-1 “500-1 *500-1 *5600-1

_»‘Descent below 800 (574) feet not authorized if aircraft not equipped with dual VOR receivers and

Vega intersection not established.

Ground speed-knots 60 80 | 100 120 | 140 | 160 | 180 |Ceiling/Altitude Conv.
W—— QFE | 400 | 500
VOR to Pull up 84 ' 8:25 | 6:20{5:03 | 4:12| 3:36| 3:10| 2:48 { QNH | 626 | 726

aavn581

Figure 14-1, Typical VOR approach chart.
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e
1146

KNG

aavn582

Figure 14-2. Typical VOR station location,

d. Begins descent to 4,000 feet.

e. Reports station passage and leaving 5,000
feet.

Note. Actions a through d above are performed al-
most simultaneously. The report is not made until the
aircraft leaves the 5,000-foot altitude.

14-5. VOR Holding

a. Initial passage of Maytag VOR occurs
when the to-from indicator reverses readings
(TO to FROM). The aviator then turns out-

144

bound to enter the teardrop pattern used for
intercepting the holding course inbound (320°,
fig. 14-3). The aviator may fly any radial
within 30° of the holding radial when entering
the teardrop turn. Use of the course selector
and deviation needle to track outbound on the
teardrop turn is optional, but this procedure
will aid the aviator in orienting himself with
respect to the VOR station and to the holding
radial. He may either set the course selector on
the desired outbound radial or fly a heading
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14-6

MTG

Figure 14—4. Flying a holding pattern (VOR).
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holding course during the outbound
portion of the holding pattern.

(4) Point D. Needle centers as aircraft
turns inbound and intercepts the hold-
ing course.

e. Another method of accurately determin-
ing position abeam the station is by using
RMI indications (ch. 12).

f. When holding at a fix where methods de-
scribed in subparagraphs d and e above can-
not be used, the aviator should begin timing
the outbound leg immediately after rolling out
of the 180° standard rate turn.

14-6. Descent While Holding

a. The aviator is holding at 4,000 feet over
Maytag VOR. The approach chart ((7), fig.
14-1) shows the minimum procedure turn alti-
tude for the VOR approach to the field as 1,500
feet. As lower air traffic departs the holding
pattern, the controller clears the aviator to
descend to a lower holding altitude. In this
situation, the clearance is received to 3,000 feet.
The aviator continues the established holding
pattern and establishes a 500-foot-per-minute
rate of descent. When the aviator reports leav-
ing 4,000 feet, the controller can assign this
holding altitude to another aireraft. (The 500-
foot-per-minute rate of descent is used for
1,000-foot descents in the holding pattern.)

b. If the aircraft had been at a higher alti-
tude (e.g., 9,000 feet) and were cleared to a low
altitude (e.g., 3,000 feet), the aviator could
have established the maximum rate of descent
at which he could still fully control the air-
craft. He could have used this steep rate to
within 1,000 feet above the newly assigned
holding altitude; he would then have to reduce
the rate to 500-feet-per-minute for the last
1,000 feet of the descent.

14-7. Final Approach

a. The aviator has been advised of his ex-
pected approach clearance time (1425 hours,
par. 14-4). As air traffic conditions change,
the controller revises the expected approach
clearance time and advises the aviator accord-
ingly. When the aviator is cleared for the ap-
proach, he may immediately begin the descent
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from the 8,000-foot holding altitude to the
1,500-foot procedure turn altitude, regardless
of his position in the holding pattern. The
final turn inbound from the holding pattern
serves as the procedure turn, so the aviator
may use the maximum distance allowed (10
miles, fig. 14-1) for losing altitude prior to
and during the turn. After intercepting the
final approach course inbound, the aviator may
descend from the authorized procedure turn
altitude to the minimum altitude authorized
over the station (1,000 feet; (8), fig. 14-1).

b. Upon passing over the VOR station in-
bound, the aviator notes the time and reports
to the controller. The altitude flown between
the station and the runway is controlled by
published approach chart minimums. The ap-
proach chart (fig. 14-1) authorizes descent
only to 800 feet indicated altitude after sta-
tion passage, unless the aircraft is equipped
with dual VOR receivers and Vega intersection
is fixed ((13), fig. 14-1). Descent restrictions
of this type, using supplementary final ap-
proach fixes, are common where the facility-to-
field distance exceeds 6 miles.

(1) Lower approach altitudes are author-
ized for aircraft with dual VOR’s be-
cause the aviator can establish supple-
mentary fixes without tuning the re-
ceiver away from the primary naviga-
tion aid. An aviator using dual VOR’s
can fix Vega intersection (195° radial
from KKO VOR, fig. 14-1) and
descend below the 800 foot minimum
during the approach. The authorized
ceiling and visibility minimums (12,
fig. 14-1) are shown as absolute alti-
tudes (height above the field eleva-
tion). Therefore, the published 400
foot authorized minimum for dual
VOR equipped aircraft is added to the
field elevation (226 feet) to determine
the minimum indicated altitude of 626
feet.

(2) Supplementary fixes which can be es-
tablished without dual VOR receivers
are sometimes authorized. However,
this procedure requires tuning away
from the primary navigation aid and
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may be inconvenient at this stage of
the approach.

¢. Visual contact with the ground usually is
established at some point along the final ap-
proach path. The ceiling data in the current
weather report for the field indicates the abso-
lute altitude at which the aviator should be
able to see the ground. If visual contact has not
been established upon reaching the VOR sta-
tion, the aviator may fly past the station at the
minimum authorized altitude for the distance
specified on the approach chart. If the aviator
following the Maytag VOR approach proced-
ure (fig. 14-1) is flying an average ground-
speed of 80 knots, he may continue for 6 min-
utes and 20 seconds, without establishing visual
contact, before executing the missed approach
procedure.

14-8. Landing

Clearance to land on a specified runway is
issued when the aviator is on final approach.
If the aviator is cleared to land on runway
32 (fig. 14-1), he will land straight in. Clear-
ance to land on other runways will require cir-
cling to land. Landing minimums are usually
higher for circling-type landings. However,
for aircraft with a single VOR receiver, the
approach chart for Maytag VOR (fig. 14-1)

restricts the approach minimum to 800 feet
mean sea level regardless of the landing run-
way.

14-9. Missed Approach

If, for any reason, the landing is not accom-
plished, the aviator executes the missed ap-
proach procedure. To accomplish the procedure
as specified in figure 14-1, the aviator—

a. Adjusts power and attitude, as neces-
sary, to begin an immediate climb.

b. Turns left to intercept the 310° radial of
Maytag VOR.

c. Sets the course selector to 810°. (This
results in a FROM indication and a left needle
deflection on the course indicator.)

d. Reports a missed approach to the control-
ler and requests further clearance, either for
another approach or to his alternate airport,
as appropriate. (If he requests clearance to the
alternate, flight plan data must be given to the
controller.)

e. Checks for centered needle at the 310°
radial.

f. Continues climb to missed approach alti-
tude (1,800 feet).

g. Complies with subsequent ATC instruc-
tions,.

Section lll. TYPICAL ADF (NONDIRECTIONAL BEACON) APPROACH

14-10. General

ADF approach charts are similar in appear-
ance and format to VOR approach charts. The
approach procedures are essentially the same
as those for VOR. The significant difference
between VOR and ADF approaches is the air-
craft instrumentation; i.e., the ADF procedure
is accomplished by reading bearings from the
ADF indicator or the RMI (see RMI techni-
ques, .ch, 12).

14-11. Transition

Figure 14-5 shows the ADF transition pro-
cedure and instrument readings during the
transition. The aircraft is making a transition
from RPT VOR to HUP radio beacon to execute

14-8

an ADF approach. The aviator has been cleared
to hold at HUP and await an approach clear--
ance,

14-12. Holding

a. Figure 14-6 shows the ADF holding pat-
tern: entry procedure and instrument readings
in the entry pattern. The aviator arrives at
HUP and accomplishes the normal entry into
a standard holding pattern by turning out-
bound on the nonholding side.

b. Figure 14-7 shows the ADF holding pat-
tern procedure and instrument readings in
the holding pattern.

(1) Point A. After passing HUP inbound
from the entry pattern, the aviator ob-
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Figure 14—6. ADF holding pattern entry.
(4) Point D. The aircraft is inbound to checks the inbound drift correction
the station with a relative bearing and flight time accurately for adjust-

of 0° on a heading of 0°. The aviator ing subsequent outbound legs.
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(A) PROFILE VIEW

(B) PLAN VIEW

(C) INSTRUMENT READINGS

ﬁzo 19 1517 16}

A

aavn568
Figure 14-8. ADF descent in the holding pattern. ‘ ‘

14-14. Final Approach procedure and instrument readings during the
approach. After completing the procedure turn,
the aviator intercepts the final approach course
inbound and begins descent to the minimum
altitude authorized over the nondirectional
a. Figure 14-9 shows the ADF final approach  radio beacon (1,700 feet).

Note. Symbols, abbreviations, and format in figure
14-9 parallel those used in current navigation pub-
lications.
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INSTRUMENT LANDING SYSTEM

Section .

15-1. Introduction

The instrument landing system (ILS) is a
complex array of radio and light navigation
aids. It is the most efficient system in wide-
spread use for safe landing under extremely
low ceiling and visibility conditions. Its effec-
tiveness as an approach aid is matched by radar
(ch. 16), but the preferred system at most
major air terminals is the instrument landing
system supplemented by radar. More advanced
gystems have been undergoing tests for several
years, but several factors have prevented plac-
ing these systems operational status.

15-2. Ground Components

a. Required Components. For a complete ILS
to be commissioned operational at an airport,
the following ground components must be in-
stalled and operating within specified toler-
ances as determined by flight checks:

(1) Local transmitter (par. 15-3).

(2) Glideslope transmitter (par. 15-4).

(3) Outer marker beacon (par. 15-5b).
(4) Middle marker beacon (par. 15-5¢).
(5) Approach lights (par. 15-6).

Note. Airports use several types of transmitting
equipment, but the design differences are relatively
minor.

b. Supplementary Components. The ILS is
frequently supplemented by installing one or
more of the following approach aids:

(1) Compass locators (par. 15-5d).

(2) Transmissometers. This device “looks”
electronically down the instrument
runway in the landing direction and
either determines the runway visi-
bility by reference to ordinary run-
way lights or computes the runway
visual range (RVR) (par. 15-9) by
reference to high-intensity runway
lights.
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(3) Surveillance and precision radar sys-

tems (ch. 16).

(4) Distance measuring equipment

(5)

(DME). This aid, although normally
installed at VOR, TACAN, and VOR-
TAC sites, is occasionally installed at
the site of the ILS localizer. With
proper airborne receiving equipment,
the aviator can read the distance to or
from the transmitter at all times.

Visual approach slope indicator
(VASI). This aid provides by visual
reference the same information that
the glideslope unit of the ILS pro-
vides electronically. It provides a vis-
ual light path within the approach
zone which the aviator can use for
descent guidance during an approach
to a landing. The basic principle of
the VASI is that of color differentia-
tion between red and white. The light
units are arranged so that the aviator
during approach will see the following
colors:

(a) Above glideslope—all white lights.

(b) On glideslope—red above white

lights (combination).

(c¢) Below glideslope—all red lights.

Note. The element of course guidance
during the VASI-guided approach ‘is ob-
tained by reference to the runway lights.

(6) Condenser-discharge sequenced flash-

ing light system. This system consists
of a series of brilliant blue-white
bursts of light flashing in sequence
along the approach path in the ap-
proach light system (par. 15-6). This
creates the illusion of one high-inten-
sity light moving rapidly down the
approach path toward the runway
touchdown point.
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(7) High-intensity runway lights. Special
lights of high brilliancy used to out-
line the sides of the active runway.

(8) In-runway lighting aids.

(a) Touchdown zone lighting — two
rows of transverse light bars placed
symmetrically about the runway
centerline in the runway touchdown
zone.

(b) Runway centerline lighting — bidi-
rectional lights recessed almost ex-
actly in the center of the runway
along most of its extent.

Section Il.

15-3. Localizer

a. Location and Signal Pattern (fig. 15-1).
The localizer transmitter is located near the
end of the primary instrument runway oppo-
site the approach end. It produces two signal
patterns which overlap along the runway cen-
terline and extend in both directions from the
transmitter. One side of the signal pattern is
referred to as the blue sector, the other as the
yellow sector. The “beam” produced by the
overlap of the sectors is usually from 4° to 5°
wide. The portion of the beam extending from
the transmitter to the right (fig. 15-1) is called
the front course. The sectors are arranged so
that, when flying inbound toward the runway
on the front course, the blue sector is to the
right of the aircraft and the yellow sector to
the left. While flying inbound on the back course
(extending from the transmitter to the left,
(fig. 15-1), the blue sector is to the left of the
aircraft and the yellow sector is to the right.
Both the front course and the back course may
be approved for instrument approaches; how-
ever, only the front course will be equipped
with a glideslope and associated marker bea-
cons and lighting aids. (Some major airports
are equipped with two complete ILS installa-
tions (par. 15-2a), thus providing a front
course for each end of the runway.)

b. Transmission Frequencies.

(1) Localizer transmitters are assigned
1 of 20 VHF channels, from 108.1 mc
to 111.9 mc, as indicated below.

(c

) Taxiway turnoff lights — flush lights
defining the curved path of aircraft
travel from the runway centerline
to a point on the taxiway.

(9) Runway and identifier lights (REIL).

These flashing light pairs provide
rapid positive identification of the ap-
proach end of a particular runway.

Note. Consult current navigation publica-

tions to determine the exact supplementary
ILS components available for specific air-
fields and airports.

OPERATION AND FLIGHT USE

Loecalizer fr y Corresponding glid fr
108.1 me 334.7T me
108.3 me 331.4 me
108.5 me 329.9 me
103.7 me 330.56 me
108.9 me 329.3 me
109.1 me 3314 me
109.3 me 332.0 me
109.56 me 332.6 me
109.7 me 333.2 me
109.9 me 333.8 me
110.1 me 334.4 me
110.3 me 335.0 me
110.5 me 329.6 me
110.7 me 330.2 me
110.9 me 330.8 me
111.1 me 331.7 me
111.3 me 332.3 me
111.5 me 332.9 me
111.7 me 333.5 me
111.9 me 331.1 me

(2) Only frequencies ending with an odd

digit are assigned as localizer frequen-
cies, Those within the same fre-
quency band ending with even digits
are assigned to VOR stations. The
use of this frequency band provides
the typical reception advantages of
VHF, but also imposes the usual line-
of-sight limitation (ch. 9). Since lo-
calizers and VOR stations have over-
lapping frequency bands, the same
VHF navigation receiver is used with
both types of stations.

¢. Tuning. To tune a localizer transmitter
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with the ARN-30A receiver, the selector switch
(OMNI - VAR LOC) on the control panel (fig.
15-2) is placed in the VAR LOC position. This
changes the functioning of the receiver to make
it operate by signals from a localizer. In this
function the course selector and the to-from in-
dicator are disconnected from the circuit. Also
the needle sensitivity of the deviation indicator
changes from a total of 20° for VOR use to a
total of 4° to 5° for localizer use. Failure to
place the selector switch in the correct position
will give unreliable results on the course indi-
cator. The ARN-30D and ARN-30E receiver
control panels (fig. 15-2) provide digital tun-
ing of the station and eliminate the OMNI-VAR
LOC selector switch. On these models the
change in function to localizer is automatic
when a localizer frequency is selected. :
d. Flight Checks. Flight checks of the locali-
zer will insure that it has a usable distance of
at least 25 miles in a sector extending 30° on
each side of the course line, from 1,000 feet
above the highest terrain on the localizer course
to 6,250 feet above site elevation. When recep-
tion at greater altitudes and distances is
needed, appropriate flight checks must be made
and the facility approved for use as required.

e. Identification and Voice. Localizer trans-
mitters identify themselves continuously in code
with the three-letter identifier assigned to the
airport; however, the basic identification is pre-
ceded by the letter I; e.g., IOZR identifies the
Cairns AAF localizer. The localizer channel
usually is capable of simultaneous voice trans-
missions and is frequently used for transmit-
ting air traffic control instructions.

f. Sitgnal Failure. If there is a malfunction
in the receiver or if, for some other reason, the
localizer signal is not received reliably, the OFF
flag will appear in the ID-453 course indicator
at the bottom of the vertical needle. Automatic
ground monitors are situated to provide a con-
tinuous check on ground equipment. If a failure
or malfunction is detected, either the standby
equipment is turned on or the broadcast of the
signal is terminated. Alarm systems immediate-
ly indicate functional trouble to controllers at
the airport.

9. Localizer Tracking. The ID-453 course
indicator has blue and yellow markings on its
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face. The colors are arranged so that when the
aircraft is proceeding inbound on the front
course or outbound on the back course, the
needle indications are directional. For example,
if the aircraft flies into the blue sector (fig.
15-3), the needle is deflected to the blue (left),
indicating that a left turn is required to return
to the localizer track. However, if the aircraft
is flying inbound on the back course or out-
bound on the front course, the needle is no
longer directional although the color indica-
tions are correct. For example, if the aircraft
flies into the yellow sector (fig. 15-3), the
needle will indicate yellow (right), but the air-
craft must turn left (away from the needle)
to return to the localizer track. The amount of
correction required depends on the distance
between the aircraft and the transmitter. Cor-
rections of 20° or more to return to the localizer
may be necessary if the aircraft is following
a track 25 miles away from the airport. How-
ever, during the latter part of final approach,
corrections larger than 2 °to 5° are seldom re-
quired to remain on the localizer track.

15—4. Glideslope

a. Transmitter Location. The glideslope
transmitter is located near the touchdown end
of the runway, but is placed to one side so it
will not cause a final approach hazard. Figure
15-4 shows a typical installation. These trans-
mitters are located to produce a glideslope on
the front course of the localizer. At some major
airports there may be two complete ILS instal-
lations offering a front course approach with
glideslope to each end of the primary instru-
ment runway.

b. Signal Pattern.

(1) The normal elevation of the glideslope
is 214°, but this may be raised to 3°
to provide adequate obstacle clear-
ance. The absolute elevation of the
214° glideslope above the base line at
various distances is as follows:

Yymile ____________ 65.5”
Yo mile ____________ 131’
1mile ______ _____ 262’
2miles ____________ 525
41% miles ___________ 1,180

(2) The thickness of the glideslope may
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Marker beacon signal pattern (vertical
crogg section).

Figure 15-7.

approach fix and is located on the localizer
course, usually at a distance of 4 to 7 miles from
the end of the runway. The ideal distance is

FAN SHAPED

i

approximately 4.5 miles (fig. 15-9). The outer
marker transmits a signal of continuous dashes
modulated at an audio frequency of 400 cps
(low pitched). On final approach the aircraft
will intercept the glideslope near the outer
marker (fig. 15-9).

¢. Middle Marker. The middle marker is lo-
cated to provide a fix at approximately the same
location at which the aircraft will reach ap-
proach minimum. Under typical conditions, the
ideal location of the middle marker would be
at a point where the glideslope elevation is 200
feet above the field elevation. Usually if the
aviator has not established visual contact with
the ground or approach lights by the time the
aircraft reaches the middle marker, a missed
approach will be executed. The middle marker
transmits a signal of alternating dots and
dashes on an audio frequency of 1,300 cps
(medium pitched).

/
_
_

BONE SHAPED
aavn594

Figure 15-8. Marker beacon signal patterns (horizontal cross section).

15-8
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APT. ELEV. 700 FEET BAKER, USA
RADIO FREQUENCIES oS 3326 BAKER MUN.
. ILS/NDB(ADF) 33
LOC 109.5 | BAK =
% BAKER
BAK
1126
LMM
AK
254
IiLs
( (3300 1095 1BAK
2
)
(2]
/
LM, oM
GS 850’ (150') GS 1958’ (1258')
SOUTH
10NM
2000’
MM 4.0
700’ 0.5 45
PULL UP:TO 3000 (2300) FEET ON NORTWEST COURSE ILS OR 330° FROM BA LOM WITHIN 15NM.
FAA MINIMA STRAIGHT IN RWY 33 CIRCLING
LANDING ILS wbhHglidesiope] LOC+OM NDB
FROTOGEK | AR RVR 24 400-% 400-1 500-1
GROUND SPEED-KNOTS 60 80 100 120. 140 160 CEILING /ALTITUDE CONV.
GS DESCEND 2031’ 267 356 445 534 623 712 QFE | 200 | 300 | 400
LOM TO PULL UP 4:30 3:23 2:42 2:15 1:56 1:41 QNH | 900 | 1000 | 1100
aavn596
Figure 15-12. Typical approach chart (data incomplete),
15-12

AGO 8143A







™ 1-225

(7) Checks the position of the glideslope

needle. It should be above center (“fly
up” position), indicating that the
actual glideslope is above the pro-
cedure turn altitude. Notes that the
profile view on the approach chart
(fig. 15-12) indicates that the glide-
slope will be intercepted just prior to
passing the LOM inbound. Rechecks
to verify that the glideslope OFF flag
is out of sight. Begins descent on
glidepath.

b. Upon reaching the LOM inbound, the
aviator observes the marker beacon signal,
ADF reversal, checks for centered glideslope
needle at 1,958 feet indicated altitude, and
reports —

(1) Aviator: ‘“Baker approach control,

Army 64264 outer marker inbound at
38, over.”

(2) Approach control: “Roger Army 264,

cleared to land runway 33. Wind:
north-northwest 8 knots, altimeter
29.97, over.”

(3) Aviator: “Army 264, Roger, out.”

¢. During this final phase of the approach,
the aviator —

(1) Sets up the proper rate of descent on

the glideslope after lowering the land-
ing gear and setting flaps for final
approach. In this case, assume that
the final approach groundspeed is 80
knots. The approach chart (fig. 15~
12) indicates the rate of descent as
356 feet per minute. This rate can be
achieved by proper coordination of
aircraft controls and power.

(2) Checks the glideslope pointer. Makes

glideslope corrections by following
the needle (i.e., “fly up” and “fly
down”). Corrections are made by
varying the rate of descent through
the coordinated use of aircraft con-
trols and power.

(3) Checks the deviations of the localizer

15-14

needle. Only minor corrections should
be necessary to keep the needle in the
centered position.

(4)

Observes the altimeter. The approach
chart (fig. 15-12) shows the approach
minimums to be 200 feet and 14 mile.
The field elevation is 700 feet. The
lowest indicated altitude to which the
aircraft may descend on the glide-
path is 900 feet,

(a) When making an ILS approach

with a glideslope receiver, the avia-
tor initiates a missed approach
when the minimum authorized alti-
tude is reached and visual contact
with the runway is still not estab-
lished.

(b) When making an ILS approach

(5)

(6)

(7)
(8)

without a glideslope receiver, the
aviator must time his progress on
the final approach course by using
the aircraft clock (e.g., according
to the approach chart (fig. 15-12),
the time to fly from the LOM at a
groundspeed of 80 knots is 3:283 (3
min. and 23 sec.)).
Checks for visual contact with ap-
proach lights. At the time definite vis-
ual contact is established, the ap-
proach can be completed without fur-
ther reference to localizer and glide-
slope instruments.

Observes LMM passage. The marker
beacon signal will be medium-pitched
alternating dots and dashes. If the
ADF receiver has been retuned to the
locator at the middle marker (254 kc),
the ADF needle will reverse as the air-
craft passes the LMM.

Note. If the aircraft has been equipped
with dual ADF receivers, one receiver would
have been tuned to each of the compass lo-
cators.

If visual contact is established, com-
pletes the approach.

If visual contact is not established, or
if for other reasons the approach can-
not be completed, executes the missed
approach procedure as published on-
the approach plate (fig. 15-12). In
this event the aviator would report,
“Baker approach control, Army 64264
missed approach at 41 . ... ” This

AGO 8143A




report would be followed by a request
for another approach or a clearance
to the alternate airfield. If requesting
clearance to the alternate airfield, the
aviator would give the necessary flight
plan data.

15-9. Runway Visual Range (RVR)

a. A number of airports are equipped with
transmissometers and related equipment for
determining the distance that can be seen down
the runway from the approach end. If the de-
termination is based on ‘high-intensity runway
lights, this distance is known as the runway
visual range (RVR). RVR values have proven
to be accurate and reliable; consequently ap-
proach minimums, in some cases, are based on
RVR. '

b. Figure 15-12 shows published approach
minimums for a straight-in ILS of 200 feet
and 1% mile, RVR 24, This means that an RVR
value of 2,400 feet is authorized as a minimum
for beginning the approach in lieu of the 200-
foot ceiling and 14 mile visibility. To apply the
2,400 feet as a minimum in a particular case,
the aviator must be sure that all required
ground equipment and airborne receivers are
operating. This includes VHF navigation (lo-
calizer) receiver, glideslope receiver, marker
beacon receiver, ADF receiver, and adequate
two-way voice communications. Army aviators
must also insure that appropriate Army and
Federal regulations authorize the application
of RVR minimums for their particular situa-
tions. Assuming that all required equipment is
operating and that the aviator is authorized to
use RVR minimums, he could start the ap-
proach regardless of the reported ceiling and
visibility if the reported RVR was at least
2,400 feet. However, after starting the ap-
proach the aviator must establish visual con-
tact with the approach lights or be clear of
clouds before descending below 200 feet. Where
the aviator can approach to within 200 feet of
the lights, he usually will have little difficulty
in establishing visual contact if the reported
RVR is equal to or better than the published
RVR minimum.

Note. Refer to current navigational publications and
regulations for additional information on RVR. As im-
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proved equipment becomes operational, changes in pro-
cedures and regulations will occur.

15-10. Use of the Back Course

a. The localizer transmitter produces a front
and a back course; the front course is usually
equipped with all required components for a
complete ILS (par. 15-2a). The back course is
frequently used as an additional approach
course, but it provides azimuth guidance only.
Altitude on the final approach is controlled with
reference to the altimenter, as in VOR and
ADF approaches (ch. 14). An approach fix
must be established at some suitable location
on the back course. Such a fix is necessary to
establish minimums for the procedure turn and
the descent on final approach. Figure 15-3 illus-
trates a back course with a fix established by a
radial from a nearby VOR station. Since the
localizer and the VOR are both received on the
same receiver, the procedure of tuning first
one facility and then another may become a
problem. Use of dual VHF navigation receivers
solves this problem ; in some instances, the back
course approach procedure is restricted to air-
craft equipped with these dual receivers. Nota-
tions on the approach chart indicate such re-
strictions.

b. A back course approach can be useful in
situations similar to the one which follows (fig.
15-13) : Army 12126 is approaching Zulu VOR
on V-22 from the west. Current weather re-
ports indicate that the ceiling and visibility at
the airport are 900 feet and 2 miles. The wind
is southeast at 15 knots. A back course ap-
proach is authorized and published for the air-
port; it shows back course approach minimums
at 400 feet and 1 mile. Since the aircraft is ap-
proaching the RIX intersection from the west,
it is in an ideal position for a back course ap-
proach. Since the wind is southeast, the active
runway will be number 15. The current ceiling
and visibility is well above authorized back
course minimums. All things considered, there
would be no advantage in executing a front
course approach. Therefore, the aviator re-
quests and receives clearance for a back course
approach. He executes the approach as follows:

(1) Maintains a previously determined
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) Figure 15-138. Typical back course approach (ILSY.
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(2)

(3)

(4)

(5)

(6)

(7

AGO 8148A

heading which will keep the aircraft
on V-22,

Tunes the VHF navigation receiver to
the localizer (110.3 mc) and identifies
the station (IZUL). Checks the dis-
appearance of the OFF flag.

Checks the indication of the localizer
needle. Since the aircraft is west of
RIX in the yellow sector, the needle
will be deflected to the yellow side
(right deflection).

For backup information, tunes the
ADF receiver to the compass locator
at the middle marker.

Note. The outer compass locator may be
used if the signal is reliable. The middle lo-
cator is closer and may give a better signal.
Determines arrival at RIX by observ-
ing the centered localizer needle and
cross-checking the ADF for a relative
bearing of 060°.

Turns outbound on the localizer course
to execute the procedure turn. Com-

pletes the procedure turn as pub-
lished.

Tracks inbound to RIX, descending to
appropriate minimums.

Note. While tracking inbound on the back
course, make tracking corrections away from
the needle; e.g., if the needle deflects to the
yellow (right), a left turn is necessary to

(8)

(9)

(10)

(11)
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correct. Cross-check course indicator deflec-
tions with the relative bearing changes on
the ADF.

Prior to reaching RIX, tunes the VHF
navigation receiver to the VOR in
order to establish the 270° radial at
the intersection.

Note. To allow sufficient time for estab-
lishing a tracking heading inbound, the pro-
cedure turn can be executed at a distance
up to 10 miles. The outbound leg can be
extended at the discretion of the aviator if
the published limitations are not violated.
Fixes the RIX intersection, reports,
and begins the descent on final ap-
proach.

Retunes the VHF navigation receiver
to the localizer. Checks for a centered
localizer needle. Cross-checks with the
ADF indications and makes minor
corrections as necessary. Continues de-
scent to approach minimums.

When visual contact is established
with the ground, completes the ap-
proach visually.

Caution: In cross-tuning the ARN-
30A VHF navigation receiver from
the VOR to the localizer, the aviator
must place the selector switch
(OMNI - VAR LOC) in the correct
position.

15-17















(1) A departing aircraft is observed on
the radar scope within 1 mile of the
takeoff runway.

(2) A single aircraft target is observed on
the scope at a definite radio fix over
which that aircraft has just reported.

(8) An aricraft is required to execute one
or more turns of at least 30°. The
target which responds to the con-
troller’s turning instructions is
thereby identified.

(4) A coded transmission is received from
a radar beacon transponder in the
controlled aircraft (sec. IV).

b. If radar identification is lost, the radar
controller, immediately advises the aviator. He
then issues instructions and clearances to the
aviator to permit resumption of conventional
control.

16—10. Transfer of Radar Control (Handoff)

a. If aircraft under radar control are being
transferred from one controller to the radar
controller of an adjacent sector, the handoff
must be accomplished without loss of identifi-
cation. Several methods for transferring con-
trol are discussed below.

(1) One controller provides another, in an
adjacent sector, with the observed
distance and azimuth of the aircraft
from a definite fix or transfer point.
The receiving controller advises the
other controller when he has positive
identification. Control of the aircraft
is held by the original controller until
the other one has established positive
identification and control. (For this
type of transfer, the radar coverage
areas of the adjacent sectors must
overlap.)

(2) Another handoff method is by the use
of the radar beacon transponder, as
explained in section IV.

(38) If radar control is being transferred
to a nonradar sector, the aviator can
be given appropriate communications
instructions and clearance which per-
mits the nonradar controller to
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assume control through a positive
position report of the aircraft at a
predesignated fix.

(4) Handoff from a nonradar controller to
a radar controller is completed when
positive radar identification has been
established.

b. Radar handoff from en route control to
approach (arrival) control is accomplished at
an outer fix. Since the area of surveillance
coverage at a terminal may vary from 25 to 50
miles, the outer fix established as the release
point can be a considerable distance from the
destination radio facility. Normally each radar
controller uses from two to four outer fixes for
traffic release to his control. These outer fixes
are established conveniently along arrival
routes to assure efficient use of transition routes
and altitudes for feeding the traffic to the
various final approach courses established- for
the airport.

16—11. En Route Control Procedures

a. Separation. Within 40 miles of the radar
gite, aircraft positive radar control are pro-
vided a minimum of 3 miles horizontal separa-
tion. This separation is between all identified
targets. Aircraft normally are kept a minmum
of 1.5 miles away from the boundary of the
radar sector. Horizontal separation is provided
between aircraft flying at the same altitudes.
The radar controller has under his jurisdiction
a number of different altitudes and flight levels.
Separation can also be effected by assignment of
different altitudes or flight levels,

(1) Radar as compared to nonradar
separation allows for greater density
of air traffic and, consequently, more
efficiency in using available airspace.

(2) If the controlled aircraft are more
than 40 miles from the radar site, the
required separation is 5 miles because
target resolution is not as precise. At
this distance, two targets which are
close together (e.g., 3 miles) can
appear as one on the radar scope.

b. Routing. Established airways are used by
radar controllers for en route traffic. However,
if required minimums of separation and
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obstacle clearances are met, controllers have the
option of alleviating traffic conflicts by using
radar vectors which depart from established
routes. Aviators may request deviation from
established routes to avoid hazardous weather
conditions (par. 16-25d). When the controller
vectors the aircraft off the assigned route, the
aviator is expected to return to the previously
assigned route immediately if communications
fail. He will continue on this route in accord-
ance with standard procedures, as given in
current navigation publications.

¢. Altitude. In some cases, en route radar
provides the controller with target altitude
data; in other cases, the controller must rely
on the aviator’s reported altitude. In either
case, altitude assignments are made in a
manner similar to those of nonradar traffic
control.

(1) In certain cases, the radar controller
may assign an altitude below the mini-
mum en route altitude (MEA) for the
airway. However, an altitude assign-
ment below the minimum obstruction
clearance altitude (MOCA) will not
be made.

(2) If the controller assigns an altitude
below the MEA, he will realize that
the aircraft may be unable to navigate
because of the possibility of passing
below the minimum reception altitude
of the radio facility. Therefore, the
radar controller navigates the con-
trolled aircraft past all obstacles by
offering the aviator radar vectoring
service.

16—-12. Departure and Arrival Control
Procedures

a. Handoffs. Handoffs of departing and
arriving aircraft are carried out as described in
paragraph 16-10 above.

b. Departures. Radar departure routes are
established as standard instrument departures
(SID’s) wherever practicable. Channelized
altitudes are placed under the jurisdiction of
radar departure control. The use of standard
departure routes and altitudes reduces the
amount of coordination between departure/
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arrival control and tower (local VFR control)
facilities.

(1) Departure routes normally are based
on the use of available radio facilities
and thus do not require radar service
for navigation. However, for an op-
erational advantage, the controller
may provide vectoring service for
navigation; for example, to achieve
adequate separation, noise abatement,
avoidance of hazardous weather, or
for other reasons. If an aviator is
given a radar departure which de-
viates from established SID’s or
routes, he will be advised by the con-
troller of the route or SID to which
the aircraft is being vectored.

(2) Radar separation for departures is
maintained as required by traffic con-
ditions and within the saturation
limits of the radar facility. Handoff
to en route radar, or transition.to non-
radar separation, is accomplished as
traffic conditions permit. In all cases,
the transition to nonradar separation
is completed well within the limits of
radar coverage.

c. Arrivals.

(1) Transition to nonradar facilities, such
as ILS, ADF, and VOR, can be ac-
complished with radar control of
arriving aircraft. Radar transitions
may be established to “feed” the traf.
fic to the final approach fixes as re-
quired.

(a) A radar transition is similar to a
conventional nonradar transition
described in chapter 13. The non-
radar transition is wusually a
straight course from an outer fix
to an approach fix with bearing,
distance, and minimum altitude
published. However, a radar transi-
tion may employ several ‘‘legs” with
different courses and different
minimum altitudes on the legs. This
multilegged transition is also re-
ferred to as the radar traffic
pattern. In some cases it may re-
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(b)

(¢) Standard

semble a conventional VFR traffic
pattern with downwind and base
legs.

The radar transition area and re-
quired obstacle clearance is dif-
ferent than that required for non-
radar transitions. In general, radar
transitions allow greater airspace
utilization because (1) known
obstacles can be plotted on the
overlay map of the radar scope and
(2) identified aircraft targets can
easily be provided with adequate
obstacle clearance.

radar transitions are
established but usually not pub-
lished unless they happen to coin-
cide with conventional nonradar
trangitions. The radar controller
can vary radar traffic patterns to
resolve conflicting traffic conditions,
provided he complies with the
minimum separation and obstacle
clearance standards required by the
Air Traffic Control Procedures
manual. If a radar transition to a
nonradar final approach is being
used, the controller can use radar
vectoring for navigation when nec-
essary. If the radar transition coin-
cides with a conventional transition
the radar may be employed solely
for separation of traffic and the
aviator navigates using conven-
tional radio facilities. Since the de-
mands on the controller are less if
radar vectoring for navigation is
not necessary, an operational ad-
vantage is usually achieved by
establishing radar transitions to
coincide with nonradar transitions.

(2) If the final approach of the aircraft
is to be controlled by radar (GCA)
the transition to the final approach
course is the preliminary part of the
GCA. The transition—or traffic pat-
tern—leading up to the final ap-
proach course can assume any con-
figuration which takes into account
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the location of landing and navigation
facilities, arrival routes, and the air-
port.

(a) The GCA final approach may be one
of two types, as described in para-
graph 16-13 below. The type of
GCA approach has little effect on
the traffic pattern leading to final,
except perhaps at the point where
the final approach course is inter-
cepted.

(b) Patterns are established from outer
fixes to intercept the final approach
course. Typical patterns are illus-
trated in figure 16-5. While the air-
craft is in the radar traffic pattern,
prior to the time it is turned on final
approach, the radar controller
issues appropriate advisories to
assure effective completion of the
radar approach. These are discussed
in paragraph 16-13 below.

16—13. Radar Approaches

a. General. The two types of radar final ap-
proaches are airport surveillance radar (ASR)
precision approach radar (PAR). The type em-
ployed is dependent on the equipment available,
landing, runway, weather, and traffic condi-
tions. ASR equipment provides the controller
with positive data on range and azimuth of the
aircraft target. With the additional equipment
of PAR available, however, the final approach
can be more precisely controlled. The basic
difference to the controller between ASR and
PAR is that he is able to determine the exact
aircraft elevation in relation to the glidepath
with PAR and, secondarily, the range and
azimuth can be determined with greater
accuracy. In general, where PAR is employed
approach minimums are lower.

b. Prior to Final Approach (ASR and PAR).
Prior to the start of the radar final approach,
the controller issues the following advisory
information to the aviator:

(1) Altimeter setting and current weather
(if appropriate).

(2) Cockpit check. (This is given on the
downwind leg or its equivalent.)
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Figure 16-11. Radar beacon code pulses for mode A/S.

(5) Mode C—Automatic altitude data
(proposed).

(6) Mode D—Individual airframe identity
(proposed).

b. Codes. An airborne transponder set for
the proper mode is triggered when that mode
pulse combination is received from the ground
component. The triggering causes the trans-
ponder to transmit a series of return pulses.
The spacing between the reply pulses can be
varied and is called the code. Each reply con-
sists of two framing pulses; and combinations
of pulses within these frames (called informa-
tion pulses) create a code.

(1) Code capability in mode A/3.
Framing pulses—20.3 microsec-
onds apart.
Information pulses (6)—2.9 mi-
croseconds apart.
Possible codes—64 (see below).
A reply from a transponder may con-
sist” of the framing pulses alone, or
of the framing pulses plus any combi-
nation of the information pulses. Each
information pulse is assigned a nu-
merical value (fig. 16-11). The nu-
merical values of the information
pulses are added to the framing pulses
to produce 64 possible codes. These
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codes may be set by the aviator on
the transponder control panel.

(2) Code capability in other modes. The
principle of operation described for
mode A/3 above is the same for all
other modes. The number of possible
codes, however, differs.

Mode Codes How set
1 32 By aviator
2 4,096 On transponder

Mode 2 cannot be changed in flight
by the aviator. Civil mode C, when
installed, is connected to an altitude
measuring instrument for automatic
code readout.

16-20. Basic Scope Display and Target
Identification

Ground surveillance radars, equipped with
radar beacon decoders, can display a normal
(primary) radar echo from any detected target
within the surveillance area. By operation of
the beacon decoder, the controller can also dis-
play coded replies from aircraft equipped with
transponders which are operating on the proper
mode and code. In addition, the controller can
set the decoder equipment to display only those
aircraft equipped with transponders or, in some
cases, only those transponder-equipped aircraft

which reply to specified codes. The two basic
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controller cannot easily determine the code of a
given code train.

b. Select. The select position offers a dis-
crete display to the controller. In this position
the radar display (fig. 16-14) consists of either
one or two slashes, eliminating the clutter asso-
ciated with the raw video display. Also, in this
position the controller can set the equipment
to display all beacon replies as one slash, or
to display only replies of the same code when
set on the decoder equipment as double slashes.

(1) Discrete displays. The real advantage
of discrete displays is that certain
codes are restricted to use within one
route structure. For example, the
controller responsible for separating
traffic operating in the high altitude
route structure can set his scope to
display only those aircraft replying
on a code reserved for that particular
route structure, he thereby eliminates
the clutter which would be present on
his scope if the display included all
aircraft within the range of the radar.
This same technique can be used by
the controller handling traffic in the
lower route structure.

Note. Since code usage is subject to
change, consult current navigational pub-
lications for standard code assignments.

(2) Readouts. In the select position, the
controller cannot determine the spec-
ific reply code directly from the scope
display as he can in the raw video posi-
tion, which displays the complete code
train. A readout indicator at the top
of the control panel must be used to
determine the specific reply code of
a scope display. A light gun is used
to activate the readout tube. When a
readout is desired, the controller
places the light gun directly over the
target and depresses the trigger just
prior to the time the radar sweep
passes over the target. The code num-
ber of the transponder is displayed on
the readout tube as soon as the sweep
passes the target.

16-18

¢. Other Target Identification Methods.
Another method for rapid target identification
is the identification (ident) display. This dis-
play appears on the scope (fig. 16—15) when an
identification-position (I/P) switch is engaged
on the aircraft transponder. The method used
to create an identification reply, and the type
display seen on the scope by the controller, is
dependent on the type transponder used and
the decoder setting employed (i.e., RAW
VIDEO or SELECT). When the identification
switch is activated on the ATCRBS trans-
ponders, an extra pulse (the caboose pulse) is
transmitted 4.35 microseconds after the last
framing pulse. On the selective identification
feature (SIF) transponder, a second complete
code train is transmitted 4.35 microseconds
after the first.

(1) When the controller’s scope is set to
RAW VIDEO, the identification dis-
play has an extra slash .3 of a mile
behind the code train (away from the
center of the scope) (fig. 16-15). The
SIF reply appears as two identical
code trains, with the second one .3
of a mile behind the first.

(2) When the controller’s scope is oper-
ated in SELECT, the identification
feature changes the two slashes
( )) ) toafilled in bar or stretched
pulse ( ) (fig. 16-15). However,
this identification display only ap-
pears when the decoder and trans-
ponder are both operated on the same
mode and code, and when the I/P
switch of the transponder and the ID
switch of the decoder are engaged
simultaneously.

d. Use of STBY Position. Another method
of positive identification used by the controller
is to have the aviator place the transponder
control to STBY. This turns off the transpon-
der transmitter, and the subsequent disappear-
ance of the beacon reply slash(es) provides
identification. When the aviator is then told
to “squawk normal,” the reappearance of the
beacon reply further verifies the identification.

e. Emergency Identification. Both the ATC-
RBS and military SIF transponders are capable
of transmitting an emergency signal. How-
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Figure 16-17. APX-4} transponder control panel.

operational modes (coded interrogation pat-
terns) can be operated independently or simul-
taneously. The transponder is usually mounted
at a remote part of the aircraft, with the con-
trol panel (fig. 16-17) in a radio rack or
mounted on the instrument panel.

a. Master Control. This is a five-position
control, with positions marked OFF-STBY-
LOW-NORM-EMER. At STBY, power is ap-
plied to the tube filaments only, and the set
is in a warmup (standby) condition. At LOW,
complete transmitter power is applied but the
receiver is at low sensitivity. At NORM, com-
plete power is applied and the receiver is at
maximum sensitivity. At EMER, complete
transmitter power is applied and a special reply
code is transmitted to ground-based inter-
rogations.

b. Audio Switch. This is a two-position tog-
gle switch labeled ON and OFF. In the ON
position, transmitted reply pulses may be moni-
tored through the headset. In most APX-44
installations, this feature is inoperative.

c. Identification Position Switch. This is a
three-position switch labeled I/P-OFF-MIC and
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is spring-loaded to OFF from the I/P position.
In the I/P position, special identification reply
pulses (codes) are transmitted. When set to
MIC, the identification pulses are transmitted
when the microphone switch is depressed.

d. Functional Control. The function control
is a three-position rotary control with positions
marked NORMAL-MOD-CIVIL. At NORMAL,
the set responds to the basic Mark X TFF sys-
tem interrogations (modes) (par. 16-17d);
only standard replies to mode are transmitted,
and all preset code combinations are disabled.
At MOD, the set responds to the basic IFF
system interrogations, supplemented by selec-
tive identification feature (par. 16-17d). At
CIVIL, the set responds to civil ground radar
interrogations.

Note. At either the MOD or CIVIL position, any
preset code for any mode is included in the reply
pulse.

e. Mode 1 and Mode 3 Code Controls. These
two rotary controls are marked mode 1 and
mode 3. A knurled knob control is used to select
the first code digit, with a wing-type control
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for selecting the second digit. The selected code
appears in a vertical opening on each selector.

Caution: Use of excessive force on the wing-
type code selector, at its extreme clockwise
and counterclockwise position, can cause
damage to the switching mechanism.

f. Mode 2 and Mode 3 Switches. Modes 2 and
3 have two-position ON-OFF switches. For de-
tailed instructions for setting mode 2 code com-
binations on the transponder, see TM 11-5895—
217-12. The mode 3 switch turns the mode 8
reply circuit on or off.

16-22. APX—44 Transponder Operation

a. Starting Procedures.

(1) Check preliminary settings — all
switches OFF, function control to
NORMAL, code control to 00.

(2) Place master power ON—check that
circuit breakers are set.

(3) Place the master control in the STBY
position. The pilot light should light;
if it does not light, press the test but-
ton. If the pilot light still fails to light,
either the bulb is burned out or
power is not reaching the set.

(4) Allow the transponder 3 to 5 minutes
to warm up.

b. In-Flight Operation. In the following pro-
cedure the function switch is in the MOD or
CIVIL position. The NORMAL position is not
used for air traffic control. When ready for use,
set up the equipment as instructed by the con-
troller. For example, if the Atlanta center
transmits, “Army 12345, squawk mode 3 code
10,” select code 10 in the mode 3 window and
place the mode 8 toggle switch to ON. Place the
master control switch to NORM unless other-
wise instructed.

Note. When the aircraft is located very near the
radar -antenna site, the transponder may reply to
spurious interrogation signals. This causes the beacon
slashes to be displayed completely around the scope,
which is referred to as “ring-around.” When this con-
dition is observed by the controller, he advises the
aviator to set the transponder to LOW. This reduces
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the transponder receiver sensitivity, thereby eliminat-
ing the “ring-around” condition.

¢. Position Identification. When requested to
“Ident” (identify) by the controller, activate
the I/P by momentarily depressing the spring-
loaded I/P switch to the I/P position. It is not
necessary to hold this switch on. Do not place
the switch to MIC position unless desiring to
“Ident” each time the microphone switch is de-
pressed. The use of the MOD and CIVIL posi-
tions of the function control differs only for the
identification feature of the transponder. The
CIVIL position should be used with ARTCC'’s
and the MOD position with joint military-FAA
installations, such as RAPCON.,

d. Emergency. In an emergency, depress the
red barrier button and place the switch in
EMER position. Set code 77 in mode 3 window.
This sets up the emergency code, and the
ground radar units interrogating this code are
alerted by an alarm signal. The combined use
of the standard emergency call word “Mayday”’
on 243.0 megacycles is recommended.

16-23. Miscellaneous Instructions

a. Operate transponders in STBY while taxi-
ing for takeoff and after landing.

b. When filing flight plans, indicate that the
aircraft is equipped with a coded transponder
by adding a slant and a letter T to the radio
call (e.g., R-12345/T) on the flight plan. When
making position reports, ete., the slant T is not
stated.

¢. Check current navigation publications for
the standard code for various route structures
and for special use; e.g., mode 38 code 06 for
VFR traffic below FL-240 (flight level 24,000
feet) and mode 3 code 00 and 50 for Air De-
fense Command aircraft only.

d. Know phraseology used both by civil and
by military air traffic controllers when refer-
ring to the operation of the transponder; i.e.—

Squawk alpha/three code (number). Oper-
ate radar beacon transponder on desig-
nated mode and code (transponder has not
been operating on mode A/8).
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Section V. GROUND WEATHER RADAR

16-24. General

In addition to the application of radar to
traffic control, there are other applications of
radar which contribute to efficient aviation op-
erations. The U.S. Weather Bureau, the USAF,
and the USN operate radar storm detection
sites. Some ARTC centers have access to radar
sets designed for weather observation. As a re-
sult of these efforts, a large part of the con-
tinental United States and some oversea areas
provide radar weather service.

16—-25. Metro Service

Direct communication service between avia-
tors and forecasters is provided at many loca-
tions by the USAF. At locations where the
service is available, the aviator can call METRO
on a frequency of 344.6 megacycles. The fore-
caster will reply to the call and can furnish
the aviator an inflight weather advisory by a
qualified weather forecaster who has access to
weather radar coverage of the flight area.
While operating on an IFR flight plan, the avi-
ator must obtain permission from the control-
ler to leave the control frequency long enough
to obtain a weather advisory. Subsequent vec-

toring, which may be necessary to avoid haz-
ardous storm areas, can be coordinated be-
tween forecaster, aviator, and controller, For
METRO service listings, consult current navi-
gation publications.

16-26. FAA Weather Radar Advisories

In some cases, FAA facilities obtain weather
information from weather radar sets of the
individual facility. This information is subse-
quently relayed to the control center or flight
service station for broadcast to aviators as a
weather advisory. In other cases, the traffic
controller’s facility may have a weather radar
set, or the controller may issue a weather ad-
visory to the aviator based on weather data
obtained from the air traffic control radar set.
Traffic control radar sets, however, deempha-
size weather phenomena since the image of
storm areas and precipitation tends to obscure
aircraft targets; consequently, the sets are de-
signed to ‘“filter out” echoes from storms and
precipitation. The resulting display on these
sets thus does not portray, in great detail, the
existing - weather phenomena. Therefore the
aviator should obtain weather data from a
weather radar source if possible.

Section VI. AIRBORNE WEATHER RADAR (APN-158)

16-27. General

Some Army aircraft are equipped with air-
borne radar set APN-158 for detecting weather
phenomena in flight. This radar set operates
on the same principles as other primary radars
discussed in section I. It is relatively simple to
use and reliable, presenting scope display from
which aviators can detect and avoid such haz-
ardous weather conditions as severe turbulence,
tornadoes, and hail. The APN-158 is also capa-
ble of ground mapping when the antenna is di-
rected toward the terrain below the aircraft.

16—-28. Airborne Weather Radar Control
Panel

(fig. 16-18)

16~22

a. Master Control Switch Settings (A, fig.
16-18).

OFF —Equipment is inoperative.

STBY —Filament voltage is applied in
STANDBY position, but set does
not transmit radar energy. Sys-
tem holds in warm-up condition
after a 4-minute time delay.

OPR —Equipment is operative after 4-
minute time delay. In NORMAL
OPERATION nposition, radar
echoes from all targets are dis-
played on the indicator as bright
spots or areas. Contour circuit
(par. 16-30%) is operative.

CTR —In the CONTOUR OPERATION
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Figure 16-19. Daylight display scope.

4 minutes prevents the application of full power
until the tube filaments are heated. With the
master control switch in the OPR position, the
set will begin transmitting after the 4-minute
delay. The set should never be operated when
a reflecting surface such as another aircraft
or a building is near the radar transmitter
since the intense energy returns may damage
the set. The intense radiation may also cause

- small metal particles of certain length (a multi-
ple of the radar transmitter wavelength) to
heat and ignite. This can be very hazardous,
especially near refueling operations. To pre-
vent inadvertent damage to the set or to ground
facilities, a STBY position is provided which
allows the set to warm up without transmit-
ting.

b. Set RANGE switch to the desired setting
Initial use of the 60- or 150-mile range per-
mits inspection of the greatest weather area.

¢. Set RF GAIN at lowest gain (fully coun-
terclockwise).

d. Turn BACKGROUND control fully coun-
terclockwise, then turn BACKGROUND con-
trol clockwise until sweep line is barely visible.
(The sweep line is the line from bottom center
to the edge of the indicator face.)
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¢. Turn RF GAIN to the maximum clockwise
position. For weather analysis, the gain con-
trol should not be changed from this position.

f. Reset BACKGROUND control for desir-
able background level. A marked contrast be-
tween echoes and the scope background is
desirable. Excess background will produce ex-
cessive brightness on the scope face.

¢. Rotate ANT TILT control to obtain de-
sired scope presentation. Although ground tar-
get returns on the scope (ground -clutter)
usually appear as curved replies (arcs), the con-
gested ground clutter is virtually impossible to
distinguish from weather targets on the scope.
To eliminate ground clutter in the weather tar-
get area, the aviator must tilt the antenna up-
ward in emall increments. This will cause the
ground clutter to disappear while the weather
target remains on the scope. At the 150-mile
range setting, the aviator usually must adjust
the tilt so that about two-thirds of the scope
presentation near the aircraft is ground clut-
ter, with the outer limits of the scope showing
only precipitation areas beyond and above the
horizon. This low tilt setting is necessary be-
cause storms near the 150-mile range are be-
yond the earth’s horizon. The curvature of the
earth between the aircraft and the storms is
depicted on two-thirds of the scope nearest the
aircraft as ground clutter; the last one-third
of the scope then shows precipitation echoes of
storms whose tops tower above the horizon.

Note: Adjust antenna tilt position in small incre-
ments; (%°-1°) allow sufficient time between adjust-
ments for scope presentation to develop. Scan the storm
areas both above and below the rainfall areas.

h. Turn master control switch to CTR (CON-
TOUR) position. If the weather target ((A),
fig. 16-20) contains heavy precipitation areas,
they will appear as black holes or cores ((B),
fig. 16-20) in the target area. This contour
circuit feature of the radar equipment makes
it possible to distinguish areas of severe turb-
ulence without the complex adjustment of gain
control and background settings necessary
with most radar equipment. See paragraph
16-32d for contour analysis.
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b. With the heading knob, set the heading
marker to the heading which will intercept the
course at the desired angle (fig. 17-17 D).

Note. Interception of 45° and 90° are standard (par.
11-8a).

¢. Follow the turning command of the steer-
ing pointer to the new heading (fig. 17-17 ).

d. Maintain the interception heading and ob-
serve the closure rate between the miniature
airplane and the course bar. Just prior to inter-
ception, reset the heading marker to the de-
sired course heading (figs. 17-17 (®» and 17-
17 ®).

e. Follow the commands of the steering
pointer to roll out on. course and on heading

(fig. 17-17 @).
17-7. VOR Tracking

Figure 17-17 @ shows the aircraft on track
using a 0° drift correction. The course bar is
centered and the heading marker and course
arrow are both on the same setting under the
lubber line. When a crosswind produces a sig-
nificant deviation of the aircraft from the
course bar (fig. 17-18 (D), execute the track-
ing procedure as follows:

a. Offset the heading marker 20° toward the
direction of the course bar deflection (17-
18 D).

b. Follow the command of the steering
pointer to the new heading for reintercepting
the course.

¢. Observe the rate of closure between the
miniature aircraft and the course bar. Just
prior to interception, reset the heading marker
to a heading which provides a 10° drift cor-
rection into the wind (fig. 17-18 (@)).

d. Follow the command of the steering
pointer to the new heading. On the new head-
ing the course bar should be approximately
centered under the miniature aircraft. The
heading marker is under the lubber line, the
steering pointer is centered, the course arrow is
offset 10° from the lubber line, and the 10° crab
angle is pictured between the course bar and
the minature aircraft (fig. 17-18 (®).

Note. Make subsequent tracking corrections (if
necessary) using the standard bracketing procedure

(ch. 10). Use the heading marker and steering pointer
for turning to and maintaining new headings.

AGO 8143A
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17-8. VOR Intersections Using the ID-883

a. Establish the drift correction and heading
necessary to maintain the present aircraft
track inbound to or outbound from the station.

Note. Supplementary radio receivers may be used to
maintain this track if the aireraft is appropriately
equipped.

b. Retune the VOR receiver to the off-track
facility used to establish the intersection.

c. Set the course arrow to the radial (or its
reciprocal) passing through the intersection.
This will cause the course bar to assume the
same position in relation to the miniature air-
plane as the actual radial is in relation to the
aircraft (point X, fig. 17-19).

d. When the course bar centers (point Y,
fig. 17-19), the aircraft is over the intersection.

17-9. Transition, Procedure Turn, and ILS
Approach

‘In figure 17-20, the aircraft arriving at a
VOR station must transition to the LOM, fly
outbound for a procedure turn, and complete
the final apprach on the front course of an ILS.
The aircraft is equipped with a marker beacon
receiver, dual VOR’s, and ADF receiver, the
RMI (ID-250, ch. 12), and the integrated
flight system (ID-882 and ID-883). One VOR
receiver is tuned to the ILS localizer and dis-
played on the ID-883. The second VOR receiver
is tuned to the local omni station and displayed
on the ID-250 (No. 2 arrow). The ADF re-
ceiver is tuned to the LOM and displayed on the
ID-250 (No. 1 arrow).

a. Point A (fig. 17-20 (D). The aircraft ap-
proaches the VOR station with the localizer
tuned and the course bar indicating the localizer
track. The number 2 arrow of the RMI indicates
the 200° track to the VOR station and the num-
ber 1 arrow indicates the direction to the com-
pass locator at the outer marker (LOM). The
glideslope receiver may be tuned, but the GS
flag indicates an unreliable signal. Upon station
passage, the aviator begins the transition to
the LOM.

Note. The course arrow must be set for the inbound
front course (090°). The to-from arrow does not ap-
pear when the system is tuned to a localizer signal.
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in the center labeled AUTO PILOT is the
master switch; it should be turned OFF. The
VERTICAL and LATERAL engage switches
should be OFF. The VERTICAL and LAT-
ERAL select switches can be in any position.

¢. Apply basic aircraft electrical power.

d. Check the servo effort indicators on the
flight ccntroller. After applying power, the
indieatcrs shculd be centered as they appear in
fig. 18-1. If they fail to center, the system is
malfunctioning. Stop the procedure and report
the malfunction.

e. The gyroscope used as a data source for
the system requires about 214 to 314 minutes
for erection after power is applied. During this
pericd, cttempt to engage the AUTO PILOT
(master) switch. It should not engage during
the 214- 314-minute period required for gyro
erection.

f. After gyro erection, engage the AUTO
PILOT switch.

g. Operate the pilot release switch located

on the centrol stick (or wheel) and see that
the AUTO PILOT switch disengages.

k. Reengage the AUTO PILOT switch and
rotate the roll control (TURN knob) to the
right. Note that the control stick (or wheel)
moves to the right. Rotate the roll control to
the left and note that the control stick or wheel
moves to the left. Recenter the roll control.

i. Rotate the ROLL TRIM control to the right
and left and note that the control stick (or
wheel) moves right and left in response. Re-
center the ROLL TRIM control.

7. In addition to turning, the TURN knob
can be depressed (tilted) forward or aft. This
movement corresponds to fore and aft stick
(or wheel) movement. When used as a pitch
contrel, the TURN knob is called a beep switch.
Push the pitch control (beep switch) forward
and note that the control stick (or wheel) moves
forward. Pull the pitch control aft and note that
the control stick (or wheel) moves aft. Retrim
the control stick or wheel to netural, using the
pitch control.

18-3. Inflight Operation Procedure

Caution: Do not engage the equipment unless

AGO 8143A
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all three servo effort indicators (RUD, AIL,
and EL) are centered (fig. 18-1).

a. Engagement. Perform the starting proce-
dure for engagement of the automatic flight
control system as described in paragraph 18-2a
through f. If the AUTO PILOT engage switch
(fig. 18-2) is engaged during a climb or glide,
the aircraft will continue to climb or glide at
the prevailing piteh attitude. If the system is
engaged while the aircraft is executing a banked
maneuver, the aircraft will roll out level and
maintain the heading established at the time
of engagement. The automatic flight control
system will aline itself with the existing pitch
attitude at the time of engagement, but will
level the aircraft from a turning bank and
maintain the existing heading. The system may
be engared in any pitch attitude of the aircraft
up to =30° and in rcll attitudes up to =60°.

b. Command Operation.

(1) Pitch attitude. To set the rate of air-
craft climb and descent, use the pitch
control (beep switch) on the flight con-
troller (fig. 18-1). Pushing the pitch
control forward will produce a fixed
nosedown pitch rate; pulling the pitch
control aft will produce a fixed noseup
pitch rate. When the pitch control is
released, the system will maintain the
aircraft in the established pitch atti-
tude.

(2) Turns. To establish a coordinated turn,
ro*ate the rcll control (TURN knob)
of the flight controller (fig. 18-1) out
of detent to the right for a right turn
or to the left for a2 left turn, Return to
a level attitude by rotating the TURN
knob back into its detent position.

(3) Roll trim. To trim the aircraft roll
attitude without a heading change, ad-
just the ROLL TRIM control (fig. 18—
1) to the right or left in proportion to
the amount of roll trim needed.

c. Vertical Navigational Coupler Operation.
To operate the vertical coupler functions, the
AUTO PILOT switch must be turned to ON
(fig. 18-2). Also, the applicable navigation aid
must be operating properly.

18-3
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(1) Barometric altitude control.
(a) Set the VERTICAL select switch

to BAR.

(b) Turn the VERTICAL engage switch

(

(2)

to ON. The aircraft will now be
automatically stabilized to a con-
stant indicated altitude based on the
existing altimeter setting at the time
of engagement.

) Mecke altitude changes by disengag-
ing the VERTICAL engage switch,
executing the change in altitude
with the pitch control (fig. 18-1),
and reengaging the VERTICAL en-
gage switch (fig. 18-2) upon reach-
ing the desired altitude.

Rodar altitude control.

(a) Set the VERTICAL select switch to

(b) Switch the VERTICAL engage

(3)

RAD.

switch to ON. The aircraft will now
be stabilized to a constant abso-
lute altitude based on the radar al-
timeter. Altitude changes are made
as described in (1) (¢) above.

Caution: Over a period of time,
if the barometric altitude of the air-
craft changes more than 400 feet
(plus or minus), disengage the
VERTICAL engage switch, correct
altitude, and then reengage.

Glideslope altitude (APP) control.

(a) Set the VERTICAL select switch to

APP.

{b) On final approach when the aircraft

ILS glidepath is intercepted (cen-
tered needle), turn the VERTICAL
engage switch to ON. The aircraft
will now automatically descend on
the glidepath.

(a) Set the LATERAL select switch on

HDG.

(b) Set the heading marker to the de-

sired heading (par. 17-3c¢).

(¢) Turn the LATERAL engage switch

to ON. The aircraft will now auto-
matically perform coordinated turns
to maintain the selected heading.

(d) Make changes in aircraft heading

by rotating the heading marker.

(2) VOR select. Automatic tracking on a

VOR course is accomplished by—

(¢) Setting the LATERAL select switch

to VOR.

(b) Engaging the LATERAL control

switch when the aircraft is within
a half-scale (5° on the VOR course
indicator) of the desired course and
on an intercept heading within 20°
cf the desired course. From this
position the system will auto-
matically intercept and maintain the
selected VOR course.

(8) Localizer select. Automatic tracking of

an ILS localizer is accomplished as
follows:

Caution: Do not engage the lateral
LOC mode on a back course ILS or
when outbound on a front course ILS.

(a) Set the LATERAL select switch to

LOC.

(b) Fly the aircraft to intercept the ILS

localizer beam at a 45° angle. When
the aircraft localizer indicator
needle first begins to move away
from the stcps, turn the LATERAL
engage switch to ON. The aircraft
will now automatically perform co-
ordinated turns to fly the localizer
beam.

(4) Navigation select. If the aircraft
equipment includes a Doppler naviga-
tional coupler, the LATERAL control,
when in the NAV pssition, will auto-
matically maintain a selected Doppler
track. The select switch is placed in
NAV and the LATERAL engage
switch is turned ON at the time the

d. Lateral Navigational Coupler Operation.
In (1) thrcugh (4) below, assume that the air-
craft is under cruise conditions with the AUTO
PILOT engage switch ON, and that the associ-
ated navigation receivers have been tuned.

(1) Heading select. Heading is maintained
automatically by the following pro-
cedure—
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Altitudes:
Final approach course

Holding pattern __

Low-level navigation _____
Minimum authorized

Missed approach

Procedure turn

Selection

Transition

Altitude computations (MB—4A) __

Ambiguity (loop)
Angles ———

Antenna:
Homing (ARA-31) _.____ -

Loop __
Radar

Sensing __

Approach:
ADF _________ -

Back course __ -

Charts —

Clearance

Final. (See Final approach.)
Fix

Front course

Horizon (ID-882) . ______________
ILS -

Instrument ___

Lights __

Missed i

Radar —_

Straight in —

VOR —

APX-44 Transponder. (See Air Traffic Control Radar Beacon System

(ATCRBS).)
ARA-31 homing antenna

Attenuation ___________________________

Aural null __________________

Automatic direction finder. (See ADF.)
Automatic flight control system (ASW-12(V)):
Components ____________________

Inflight operation procedures _

Operation with malfunction __
Preflight checks _____

Stopping procedures _ _

Use under adverse conditions ______

Autopilot. (See Automatic flight control system.)
Average groundspeed ________________

Azimuth. (See Measurement: Direction.)

Back course ______________ e

Beacons, marker e

Bearing:
Magnetic _____ _

Radio

Relative

Index 2

Paragraph

13-8b

13-13, 14-6a
4-7d, 4-10
13-5, 14-7a
18-12a
18-10, 14-6a
4-7d, 4-10,
(2e, app. III)
14-11

8-17

11-10
2-6¢,d

(app. IV)
11-2,11-9
16-1, 16-3¢
11-2

14-10—14-14
15-10
13-5,13-95, 141,

14-2, 15-7e(8), 15-9b
18-3,13-6, 13-12b,

14-11

18- 3a, 13-4, 15-10a

15-8

17-1b,17-2
16-7¢(8), 16-8
131

15-2b, 15-6
13-12, 15-8¢(8)
16-12¢(2), 16-13
1838
14-1—14-9

(app. IV)
9-10
11-1

-7

16-3a, 15-10
15-5a

11-1,11-4,11-7a(4)

111
11-1, 1145, 11-5,
12-4b, 14-12b(2)

Page

13-3
13-10,14-7
4-6,4-8
13-5,14-7
13-8
13-6,14-7
4-6,4-8,

AlIvV-
11-1,11-21
16-1,16-2
11-1

14-8

15-15
13-8,13-6, 14-1,
16-13, 16-15
18-8, 184, 13-9,
14-8

18-3,15-15
15-13

17-1

15-13

13-1
15-2,15-9
13-8,15-14
16-7

131
14-1—14-8

AIV-1
9-6
11-1

181
18-3
186
18-2
186
185

7-6

15-2, 15-15
16-7

11-1, 11-3, 11-12
111

111, 11-8, 11-5,
12-3,14-9
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Holding pattern

Missed approach ______

Shorthand _

Straight-in ____
Transition

Codes

Communications, voice. (See Clearance and Radio: Communications.)

Compass:
Corrections

Deviation ____

Direetion __________________

Failure ___ —

Gyro. (See Heading indicator.)

Heading. (See Heading.)

Locators (ILS) ______.______________

Magnetiec _______ __________________
- Radio

Rose __ . __ ..

Variation. (See Variation.)

Computer, dead reckoning. (See MB—4A dead reckoning computer.)

Contours __

Coordinates

Course:
Back

Holding

Magnetic

Measuring ________________________
Omni (VOR)
Plotting ____ _—
Course indicator, ID-453:
Components ______________________
Course selector:
Description _.__________________
Selecting a course ____._________
Using the course reciprocal ____
Deviation indicator (needle) :
Centered

Deflected

Description
Sensitivity ___________________

Glideslope indicator

To-from indicator (sense indicator):
Change abeam the station ______
FROM indication

TO indication

Warning flags:
Glideslope
Localizer

Index 4

Paragraph

13-13, 13-19,
13-21,144,14-6a
13-12b, 14-9d,
15-8¢(8)

(app. I1)

13-3

13-6, 15-Ta——d
16-18¢, 16-19

6-2d
6-2¢
6-2¢
12-6,17-3g

11-3b, 15-6d
6—2a

11-4a
2-12,2-13

4-13,5-4, 7-2b
104a

10-4b
10-4b, 14-5b,d
10-4b

10-4¢, 10-9aq, ¢,
15-7f

10-4c¢, 10-9b,
15-7e(5),15-7f,
15-8a(1),
15-10b(8),(7)
10-4¢, 15-3g
10-18

15-4b, d, 15-T¢,
15-8a(7), 15-8¢

10-8¢

10-4b, 10-6b,
10-8a, ¢, 14-9
10-4b, 10-6b,
10-8a, 10-9¢

10-4d, 1544
1044, 15-3f

Page

13-10, 13-13,
13-14, 14-3,14-7
13-9, 14-8,
15-14

All-1

13-1

134, 15-11
16-14, 16-15

6-3
6-2
6-2
12-6,17-8

11-2,15-8

11-3
2-4

4-3
2-2

15-2

15-2

14-4

6-3
2-4,2-5,5-2
10-6,10-8
4-10, 5-2,7-1

10-3
10-3

10-4,10-6
10-3

10-4, 10-13, 10-14,

15-11
10-4, 10-14,
15-13,15-17

104, 154
10-22

15-4, 15-11,
15-14

10-11

10-3, 10-8,
10-11, 14-8
10-3, 10-8,
10-11,10-14

10-4,15-4
104, 154
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Paragraph
Distance - _____.________.__ —— - - 2-5—2-11,2-16
Inclination ________________ o _ 24
Measurement. (See Measurement: Direction and Distance.)
Position designation ____________________________ _______________ 2-5
Revolution ___________________ ___________ — - _ 2-3
Rotation _________ 2-2
Shape _______ o _____ —— [, 2-1
Echo. (See also Blip.) ________ _____ e 16-3b
Emergency signals ____ 11-15, 16-16, 16-20¢
Equator ______ 2-8,2-9
Equipment, Air traffic control radar. (See Radar.)
Estimated time of arrival (ETA) ___________________________________ 4-13a
Estimated time en route (ETE) _________________ __ _____ (21, app. III)
Estimating distanee ___.________________________ _____ 46
Expected approach clearance (EAC) ________________________________ 14-4, 147
FAA weather advisories ____________________ o __ 16-26
Fan marker. (See Marker.)
Final approach:
ADF (nondirectional beacon) __________________________________ 14-14
Chart _______ . 14-2
Clearance ___ . 14-8, 15-8b, 15-10b
Integrated flight system ________________ . 19-91, g, 17-10
Landing ______________ 14-8
Missed approach procedure ____________________________________ 13-12
Procedure turn ________ _ _ ____ ___ __ _ o ____ 13-2¢, 13-7T——13-12
Purpose _____ 13-1
Radar __ . _ . 16-13
Straight-in ________._ . ____ o _____ 18-3
Transition . ___ 13-2a, 13-3a,
13-4——13-6
Using. a procedure turn ________________________________________ 13-2d,13-3b
VOR __ 14-7
Final transition ._______________________ __ o ___ 13-3a
Fixes. (See also Position fixing.):
ADF 11-Ta
Approach ________________________ - — 15-5b
Outer ____ e 13-3a, 13-4,
16-12¢(1)
RMI ___ 12-4a(3)
VOR __ 10-8,10-9
Flight clearance. (See Clearance, flight.)
Flight director system. (See Integrated flight system.)
Flight log .. _________ (2m, app. III)
Flight plan graph ___________ o _____ 4-13
Flight planning - _______ . 4-11, 412, (app. II1)
FM homing ____. ______ . (app. IV)
Frequency:
ADF 11-3
Classifications _______________________ . 9-7,9-8, 9-11,
9-12,9-183, 9-14
ILS 15-3b
VOR Omnd) ______________ o _____ 10-3
Front course _____ ________________________ I P - 15-3a, 15-8
Fuel consumption (MB—4A) __ _________________ ___________________ 8-12,8-13, 8-14,
(27, app. ITI)
Fuel consumption (planning) . .______________ ______________________ (24, app. III)
GCA. (See Ground controlled approach.)
Geographic north pole . ______ _______________________ . 2-2, 2-7, 2-10, 6-2b

Index 6

Page
29 2426
2-2

2-2
2-1
2-1
2-1
16-2

11-23,16-12, 16-16

2-3

410
AIII-3
4-5

14-3, 14-7

16-22

14-12

14-1

14-8, 15-14, 15-16
17-23,17-24

14-8

13-8

13-1, 13-5——13-8

13-1

16-7

13-1
13-1,13-3,
13-3——13+4
13-1, 18-3
147

13-3

11-11
15-7
13-3, 16-6

12-3
10-11

AIII-4
4-10

4-8, ATII-1
AIV-1

11-2
9-5,9-6

15-2

10-2

15-2, 15-13
8-5,8-6
AIII-3
AIII-3

2-1,2-2,24,6-2
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Paragraph
Longitude _____ 2-10,2-11
Loop (ADF)
Ambiguity ________ 11-10
Antenna _________________ 11-1
Homing 11-11
Null 11-1
Operation 11-9
Orientation - 11-10
Station passage . — 11-115(8)
Time and distance ____ 11-18
Tracking —— 11-12
Track interception _____________ 11-12a
Low frequency. (See L/MF propogation.)
Low-Level navigation:
Altitude _____________ 4-7d,4-10
Flight plan graph ______________ e e 4-13
Night ____________________ _ 4-16
Pilotage and dead reckoning 4-12
Radio navigation _____ ——— 4-14
Routes ___ —— SV 4-12b
Weather _ ___ . 4-15
Loxodromic curve ________ e 2-16
Map, Video _ - 16-5b, 16--6,
16-18¢(1)
Maps. (See Charts.)
Magnetic:
Bearing . _____._________________ e 11-1, 114, 11-Ta(4)
Compass _ - 6-2a
Course —— 6-2d
Deviation 6-2¢
Direction - 6-2d, 11-4b(1)
Heading _____ J _ T-2e
Indicator, radio. (See Radio magnetic indicator.)
North pole ______ Ot 6-2b
Variation o 6-2b
Marker:
Beacon ________ - 15-5a
Bone — e 15-5a
Compass locator ___________._______________ - 11-3b, 16~-5d
Fan —_ - 16-5a
Frequencies ___________________ 15-ba———e
Homing beacon ____________ — 11-8b, 14-14a
Middle . __.______________ o 16-5¢, 15-8¢(6)
Nondirectional beacon (NDB) - — 11-8b,14-14a
Outer _______ ______ o ______ 15-6b
Mark IT Weems plotter ___________ — 5-2——5-4
Mark IT N Weems plotter __ - b4a,c
MB-4A Dead reckoning computer (grid side):
Correcting the reported wind - 8-30
Description — 8-21,8-29
Heading and airspeed computations ____ - 8-27
Heading and groundspeed computations _____ 8-26, 8-29b
Sliding grid __ 8-22
Wind triangle ____________ _ 8-28, 8-31
Wind velocity computations . ________ - 8-28
MB-4A dead reckoning computer (slide rule face):
Airspeed computation __ 8-15
Altitude computations N 8-17

Index 10

Page

11-21

11-1
11-21

11-1
11-21
11-21
11-23
11-23
11-28
11-23

4-6,4-8
4-10
4-12

4-11

412

16-8,16-9

11-1, 11-3,11-12
6-1

6-3

6-2

6-3,11-3

7-2

6-2
6-2

16-7

16-7
11-2,15-8
15-7
16-7——156-8
11-2,14-12
15-8, 15-14
11-2,14-8
16-7
5-1—5-2
5-2,5-8

8-17
8-11,8-16
8-15
8-14,8-16
8-11
8-12,8-19
8-15

8-6
8-7
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Paragraph
Minimum obstruction clearance altitude (MOCA) _____________ - 16-11¢(1)
Missed approach:
Altitudes _____ e e 18-12a
Clearance - . 18-12b, 14-9d,
15-8¢(8)
ILS - —- —— —— 13-12, 15-8¢(8)
Procedure __ 13-12, 14-14e,
15-8¢(8)
Radar (GCA) - e — 16-18¢(8) (¢)
Modes - —— 16-18a, c; 16-19
Modulation:
Amplitude ______ U 9-5b
Frequency _ —— — 9-5b
Monitor system:
TS o 15-3f
Radar _ 16-14
VOR e 10-5¢
Moving target indicator (MTI) ________ . 16-3¢
Nautical mile ___ e 2-16, 5-3b
Navigation:
Aids. (See Radio: Aids to navigation.)
ANr 2-1
Charts. (See Charts.)
Dead reckoning — e 4-12,6-1a
Instruments. (See Instruments, navigation.)
Low level. (See Low-level navigation.)
Navigational computer, ASN-33. (See Integrated flight system.)
Needle (VOR). (See VOR: Course indicator.)
Night navigation __.___.___._________ 4-8,4-16
Night pilotage _____ e 4-8,4-16
Nondirectional beacon ___________________ — _ — 11-3b, 14-14a
Nonstandard 45° turn _______ o 13-8b
North pole:
Geographic¢ o 2-2,2-7, 2-10, 6-2b
Magnetic - e 6-2b
NOTAMS (2d, app. I1T)
Nul __ — . 111
Obstruction clearance __._ . e 13-5¢, 13-9a, 16-11c
Off-course correction (drift) (MB—4A) _____ . o _._ 8-18,8-19
Offset _.._ __ e e - 16-13¢(1)
Omni. (See VOR.)
Omnidirectional radio range. (See VOR.)
Orbit e 2-3
Orientation:
ADF 114, 11-Tb
FM homing __ . ____________________ _— (app. IV)
Integrated flight system _______________ __ ___ _ _ __ ____ _ ______ 17-6
Loop 11-10
RMI e 12-2
VOR ___ e 10-6
Outer fix e 13-3a
Outer marker . _____ e 15-5b
Overlay . . 16-5b, 16--6,
16-18¢(1)
Parallels ________ 2-11
Photomaps ________________ e U 3-12,4-12a
Phraseology, radio _____________ ——— R 11-16
Pilotage _. . e 4-1,4-7,4-12
Plan position indicator (PPI) _________ - e 16-3b

Index 12

Page
16-6

13-8

13-9, 14-8,
156-14

13-8, 15-14
13-8,14-13,
16-14

16-9

16-14, 16-15

94
94

164
16-12
10-6
16-2
2-6, 5-1

2-1

4-8,6-1

4-6,4-12
4-6,4-12
11-2,14-12
13-6

2-1,2-2,24,6-2
62

ATIT-2

11-1

13-4, 13-6,16-6
8-8,8-9

16-9

2-1

11-3,11-13
ATV-1
17-10
11-21

12-1

10-6

13-8

16-7
16-3,16-9

24

3-7,4-8
11-28
4-1,4-5,4-8
16-2
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T™M 1-225

Air

Primary

Traffic Control Radar Beacon System (ATCRBS):

APX-44 Transponder:

Codes ___ o
Deseription ___ .
Emergency identification _______________________________
Identification friend or foe (IFF)
Interrogation _________________ e
Mark ten (Mark X)
Modes _ __ e
Operation _________
Radar beacon
Reception _________________________
Reply (code and mode)
Scope display:
Diserete __ __ . _ .
Ground clutter
Raw video
Readout
Seleet __ e
Selective identification feature (SIF)
Target identification _____._____._________________________
Transponder. (See¢ also APX-44 transponder above.)

Principles:

Duplexer (T-R box)

Transmitter-receiver

Antenna _____ _
Azimuth computation

Distance computation

Moving target indicator (MTI)
Plan position indicator (PPI)

Primary radar ___ . __
Secondary radar

Secondary surveillanee. (See also Air Traffic Control Radar

Beacon System.)
Steers
Sweep
Traffic pattern

Transmitter receiver
Transition
Transponder

Vectors

Weather:

Radial

Radiated test signal (VOT)

Radio:

Ground

Airborne (APN-158)

Aids to navigation:

ADF

index 14

Paragraph

16-18¢, 16-19
16-21

16-20¢
16-17d
16-18a
16-17d
16-18a, ¢, 16-19
16-22

16-17

16-18d
16-18¢

16-205(1)
16-17b(3)
16-20a
16.205(2)
16-20b
16-17d
16-18d, 16-20
16-18b
16-1,16-2

16-12¢ (2)(a), 16-13

16-1
16-1,16-17a

16-3¢,16.18a
16-2

16-1

16-3a

16-3¢

16-3b

16-1

Sec. IV, ch. 16
16-3

16-17
16-11¢(2)
16-2, 16-3b
16-12¢(1) (a),
16-12¢(2)
16-1,16-3
16-12¢(1)
16.18b

16-4b(5),16-11¢(2),

16-125(1),
16-12¢(1) (¢)

16-27——16-34
16-24——16-26
10-6a
10-13

11-1
15-1
16-4
10-1

Page

16-14, 16-15
16-19
16-18
16-18
16-14
16-14
16-14, 16-15
16-21
16-13
16-15
16-156

16-18
16-13
16-17
16-18
16-18
16-14
16-15, 16-16
16-15

16-1

16-7

16-1

16-1, 16-13

16-2,16-14
16-1

16-1

16-2

16-2

16-2

16-1
AV
16-1

16-13
16-6
16-1,16-2
16-6, 16-7

16-1

16-6

16-14
16-2, 16-1,
16-6

16-22——16-27
16-22

10-6

10-20

11-1
16-1
16-2
10-1
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