

















THE EQUATOR IS A
GREAT CIRCLE.

THE GREENWICH
MERIDIAN IS A
GREAT CIRCLE.

Figure 2-J.

aavn464

Figure 2-4. Angular and linear distances.

and are used as central points for one set of
reference circles known as parallels of latitude.
The only great circle of this set of circles is the
Equator (fig. 2-2).
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A PARALLEL iS NOT
A GREAT CIRCLE.

ANY CIRCLE THAT
CUTS THE EARTH
IN HALF IS A
GREAT CIRCLE.

aavn3il3

Great and small circles.

2-8. Equator

The Equator is a great circle located halfway
between the North and South Poles and serves
as a reference line for all parallels of latitude
(fig. 2-2). Since the poles are 180° apart, every
point on the Equator is 90° from each pole.
The plane of the Equator is at right angles to
the earth’s axis and divides the earth into the
Northern and Southern Hemispheres.

2-9. Parallels

Any small circle whose plane is parallel with
the plane of the Equator is a parallel of lati-
tude (fig. 2-2). Every point on a given parallel

is equidistant from the Equator, the poles, and
any other parallel. The Equator and all paral-
lels are concentric around the polar axis. An in-
finite number of parallels may be drawn; how-
ever, only a few are shown on the globe. A
parallel on the earth’s surface is designated by
its angular measurement north or south ¢f the
Equator; e.g., point A (fig. 2-2) is a parallel
29°45’ north of the Equator.
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Figure 2-6. The horizon as a compass rose.
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meridian. In figure 2-7, the direction from A is
measured from point A. If the meridians are
drawn as parallel lines, the direction of a
straight line may be measured at any point
along the line. In measuring the direction from
C to A (A from C), measurement is made with
reference to the mean meridian (DE) of points
A and C because the meridians in figure 2-7
are not parallel; i.e., they converge toward the
north as do the meridians on most aerial navi-
gation charts.

Note. Three systems are in use for designating
north as a direction on the compass rose. Although
0° is used throughout this manual, other reference
books may use 000° or 360°.

2-14. Course

The direction which an aircraft is to fly to
reach a given destination is the course to that
destination. Therefore, the course from A to C
(fig. 2-7) is 270°.

|
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Figure 2-7. Measurement of direction.
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PARALLEL WITH COURSE

MERIDIAN

Figure 5-4. Measuring course.

Moving plotter to a meridian.

Figure 5-5.

plotter in the usual manner. Courses near 0°

and 180° can be read with sufficient accuracy
by reading the scale against a parallel and
adding or subtracting 90°. Estimating direction
will determine whether 90° is to be added or

AGO 8148A
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Figure 5-6. Drawing a course line from a known point.

subtracted from the scale reading (fig. 5-7).
(The new Mark II plotter has a special scale
for measuring courses near north and south

(see note in @ above and fig. 5-8).)
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1. FROM A TO.B, READ INNER SPECIAL SCALE (10°)
2.FROM B TO A, READ OUTER SPECIAL SCALE (190°).
NOTE. REVERSING PLOTTER POSITION FROM LEFT TO RIGHT

SIDE OF THE COURSE LINE DOES NOT AFFECT READING. aavn434

Figure 5-8. Courses near 0° or 180° measured with special circular scale:
5-5
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Figure 7-5. Drift and drift correction.

7-5. Applied Problems of Drift and Drift
Corrections

a. Problem. Heading 160°, track 170°. Is
drift right or left? Is drift correction to be
made to right or left?

Solution. Since heading is less than track,
drift is right; drift correction is left.

b. Problem. Heading 3850°, drift 4° left.
What is the track? What is the drift correction?

Solution. Since drift is left, heading must
be greater than track. Track equals 346° (850°
—4°),

Drift correction 4° right.

7-4

¢. Problem. Track 005°, drift 10° right.

What is the heading? What drift correction is
required?

Solution. Since drift is right, heading is
less than track.

Heading equals 355° (005°—10° or 365°
10°).

Drift correction equals 10° left.

7-6. Groundspeed (GS)

Groundspeed is the result of wind velocity
and the forward motion of the aircraft through
the air. In calm air, the speed of the aircraft
over the ground (GS) is equal to its true air-
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between the extremes of the groundspeeds de-
termined by headwinds and tailwinds. Those
groundspeeds that are less than the true air-
speed are the result of hindering winds; those
greater than the true airspeed are the result of
helping winds. Wind directions that are ap-
proximately 90° to the longitudinal axis of the
aircraft (abeam winds) have a minimum effect
on groundspeed. Winds may be classified as
headwinds (hindering winds), tailwinds (help-
ing winds), and crosswinds (quartering head-
winds or tailwinds).

7-7. Average Groundspeed

Average groundspeed is calculated by divid-
ing the total distance flown by the total time
(in hours) required for the flight. Airspeed
factors to be considered in computing average
groundspeed include—

a. Climbing airspeed is usually less than
cruising airspeed.

b. Descending airspeed may be greater than
cruising airspeed.

7-6

¢. Flying a constant true airspeed on the
same outbound and return course with a con-
stant wind velocity does not produce an aver-
age groundspeed equal to the average TAS.
For example, figure 76 illustrates an aircraft
flying a constant TAS (100 kt) for 1 hour
against a 30-knot headwind and returning to the
starting point.

(1) The aircraft will traverse 70 nauti-
cal miles in 1 hour on the outbound
course ((A), fig. 7-6); groundspeed
is 70 knots (100 kt TAS — 30 kt
W/V).

(2) On the return course ((B), fig. 7-6),
the aircraft will have a groundspeed
of 130 knots (100 TAS + 300 W/V)
and will traverse the 70 nautical miles
distance in 32 minutes (0.53 hours).

(3) The total distance (140 nautical miles)
divided by the total flying time (1.53
hours) equals an average groundspeed
of 91 knots.
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Figure 8-85. Plotting the assumed wind.

the TRUE INDEX, and read the
actual windspeed (38 knots) as the
length of the vector (C) along the
centerline.

8-31.

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

Wind Triangle Variations

AGO B143A
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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 @ 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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A. CARRIER WAVE - continuous and unmodulated.

B. INTERRUPTED CARRIER WAVE - for transmitting code.

cw Cw

NO 1 INO} ] NO
TONE ' DASH “TONE DOT ' TONE
. TONE APPEARS CONTINUOUS

C. CONTINUOUS WAVE MODULATED WITH TONE SIGNAL - modulation is interrupted to create code.

R ARA
AVARY

D. AUDIO WAVE-continuous audible tone signal. When superimposed on carrier wave, the positive 180°
increases the carrier wave amplitude and the negative 180° decreases the carrier wave amplitude

(E below).
\

CWT/M /\/\/\/\n n/\/\/\/\/”]/vf
VULV YTV Y Y

E. CARRIER WAVE (A above) with audio wave (D above) superimposed by amplitude modulation (AM).

F. CARRIER WAVE (A above) with audio wave {D above) superimposed by frequency moduiation (FM).

aavn516
Figure 9-8. Radio waves.
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further slight adjustments with the
crank to obtain the maximum deflec-
tion on the TUNE TO MAX meter.

(6) Adjust volume to desirable level.

d. Beat Frequency Oscillator (BFO).

(1) Function. Certain types of radio sta-
tions transmit an interrupted but un-
modulated radio carrier wave which
is inaudible unless the BFO switch
is turned on. The beat frequency oscil-
lator converts the inaudible keyed (in-
terrupted) carrier wave into an audi-
ble, intelligible sound. (On some ADF
receivers the BFO switeh is labeled
CW.) Stations transmitting a carrier
wave signal are common in Europe
and other oversea regions. The over-
seas navigation publications indicate

(2)

™ 1-225

these stations with the classification
“A-1 emission.”

Tuning. While tuning with the BFO
switch, a econtinuous monotone is
heard until the station frequency is
approximately tuned. At this point,
the monotone fades to a null. A peak
tone exists on each side of the null,
but the strongest signal is received
from the peak on the lower frequency
side of the null (as indicated in the
dial window). After the set is tuned,
the BFO switch is turned off for nor-
mal operation in the COMP position.
For operation of the set in the LOOP
position (sec. IIT), the BFO switch
is left on so that the signal can be
heard.

Section Il. AUTOMATIC DIRECTION FINDER FLIGHT PROCEDURES

11—4. Orientation

a. ADF Indicator (Radio Compass). The
radio compass indicator (fig. 11--1®) usually
is used with the ADF receiver to determine di-
rection to the transmittting station. The com-
pass card (indicator face) can be rotated man-
ually with the VAR knob on the indicator head
to facilitate postition fixing on airways (par.
11-7a(4) ). Normally, however, the card is set
with 0° at the index (the small mark at the top
center of the indicator head which represents
the nose of the aircraft).

b. Relative Bearing. Standard ADF flight
procedures are based upon setting 0° on the
compass card under the index representing the
nose of the aircraft. Therefore, the bearing
read directly from the ADF indicator is meas-
ured from 0°. For this reason, the bearing is
called the relative bearing, and is the bearing
to the station as measured clockwise from the
nose of the aircraft. Although measured clock-
wise, the relative bearing may be read from the
ADF indicator as degrees left or right of the
nose; i.e., a relative bearing of 270° clockwise
is equivalent to a bearing of 90° left of the nose.

(1) In figure 11-2 the relative bearing to

AGO 8143A

(2)

the station is 060° regardless of the
aircraft heading; i.e., the station is
60° right of the actual aircraft head-
ing. To determine the magnetic di-
rection to the station, add 60° to the
magnetic heading; i.e., at point A,
figure 11-2, the magnetic heading is
030°, the station is 60° right; the
magnetic direction to the station is
090°. The magnetic directions at
points B and C in figure 11-
2 are 160° and 350°, respectively.
Once the direction to the station is
known, the aviator can orient his air-
craft with respect to this station.

Figure 11-3 depicts a station 330°
right of the aircraft heading (060°).
In this situation it is more practical
to interpret the indication as 30° left
of the nose, although the relative bear-
ing is 330° right of the nose. Since
the magnetic heading of the aircraft
is 060°, the magnetic direction to the
station is computed as 030° by sub-
tracting 30° (left of the nsoe) from
the magnetic heading of 060°.

11-3
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PART THREE

INSTRUMENT APPROACHES AND ASSOCIATED NAVIGATION SYSTEMS

CHAPTER 13

INTRODUCTION TO INSTRUMENT APPROACH PROCEDURES

Section .

13-1. Purpose

Instrument approaches are designed to as-
gist the aviator in landing during low ceiling
and low visibility conditions by—

a. Allowing movement from en route
courses and altitudes to a position and alti-
tude at which the final descent on a final ap-
proach course can be started.

b. Providing for safe descent on the final
approach course with accurate directional
guidance.

¢. Guiding the aircraft down on the approach
path to a minimum altitude from which a safe
landing can be made if the aviator has visual
reference to the runway.

13-2. Instrument Approach Procedure
Employing a Procedure Turn

A typical instrument approach procedure
consists of four phases: transition, outbound
leg, procedure turn, and final approach. These
are illustrated in figure 13-1.

a. Transition. The aircraft arrives over sta-
tion A via an airway from the west at a 5,000-
foot altitude. Since station A is not properly
located to serve as an instrument approach aid
to the runway, the aircraft is cleared to station
B to execute the instrument approach. The
flight from station A to station B is called the
transition (initial approach) (par. 13-4). Dur-
ing this transition phase, the aircraft is cleared
to descend to 3,000 feet.

b. Outbound Leg. The outbound leg from sta-
tion B to point C is the second phase of the

AGO 8143A
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approach. This leg normally requires about 1
minute, but it can be extended as long as the
aviator remains within the distance limitations
published for the approach. Descent from 3,000
feet down to 1,800 feet is begun during this
outbound leg.

¢. Procedure Turn. The turn from point C
to point D is called a procedure turn. Several
types of procedure turns are discussed in sec-
tion III.

d. Final Approach. The final approach phase
is accomplished from point D through point E
to point F. The final approach consists of two
parts: (1) from the completion of procedure
turn (point D) to the station (point E), and
(2) from the station (point E) to the runway
(point F). It is divided into these two parts
because descent is limited to a certain mini-
mum altitude (1,300 feet in fig. 13-1) until
passing the station. After passing the station,
further descent to a lower altitude normally is
authorized. In figure 13-1 the approach mini-
mum is 400 feet above the airport and, since
the airport elevation is 200 feet, the aircraft
can descend to 600 feet as indicated on the
altimeter.

Note. The altitudes used in figure 13-1 are examples
only. Actual altitudes authorized on instrument ap-
proaches are published in navigation publications; they
vary considerably for each installation.

13-3. Straight-In Approaches

Figure 13-2 illustrates an aircraft approach-
ing from the east inbound to a station. This
station is ideally located as an approach aid to
the runway. Because of the station location and

13-1
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UNDERSHOOT

(A)TAILWIND (B) HEADWIND aavn375

Figure 18-9. I'mproper procedure turn patterns caused
by wind effects.

b. After Making a 45° Procedure Turn
(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-

WIND

<>

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 paralle! 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
@ 4/’/130°
/

OUTBOUND LEG

aavn565

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

13-8
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CHAPTER 15

INSTRUMENT LANDING SYSTEM

Section I.

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
systems 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.

AGO 8143A
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(3) Surveillance and precision radar sys-
tems (ch. 16).

(4) Distance measuring equipment
(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.

(5) 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).

(¢) 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.

15-1
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FRAMING PULSE SPACING (MICROSECONDS)

-
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-
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Fz'gure 16-10. Mode and pulse spacing.

troller. (For certain tactical modes of opera-
tion, codes are preset in the transponder by
technicians prior to flight.) The coded reply
set in the transponder determines the spacing
(in microseconds) of the pulses transmitted
from the transponder to the ground component.

d. Reception and Decoding. The reply trans-
mitted from the transponder is automatically
decoded by the ground receiver. The micro-
second spacing between pulses is presented on
the radar scope as spacing between light slashes
(arc segments) which represent the radar
beacon target on the scope (par. 16-20).

16-19. Modes and Codes

a. Modes. The mode is the microsecond spac-
ing between two radar pulses transmitted by

AGO 8143A

the ground component. Spacings used to estab-
lish modes are illustrated in figure 16-10. Pre-
sent equipment of the secondary radar system
provides for operation on six distinet modes,
allocated as follows:

(1) Mode 1—Military tactical use.
(2) Mode 2-—Military tactical use.

(3) Mode 3 and mode A (usually written
as mode A/3)—these two modes are
identical. The civil designation is A
and the military designation is 3.
These are the common military/civil
modes for air traffic control use in
the United States.

(4) Mode B-—Civil air traffic use; but not
used in the United States.

16-15
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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 V1. 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 samne 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 position, radar
echoes from all targets are dis-
played on the indicator as bright
spots or areas. Contour circuit
(par. 16-30h) 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.)

16-24

e. Turn RF GAIN to the maximum clockwise
position. For weather analysis, the gain con-
trol should not be changed from this position.

/. 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.

g. Rotate ANT TILT contro! 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 cmall inerements. 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-
vond 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-
gired course heading (figs. 17-17 &® and 17—
17 3®).

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 (1)), execute the track-
ing procedure as follows:

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

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 (3)).

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 aircraft is appropriately
equipped.

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

¢. 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 (@). 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 fransition 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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(1) Barometric altitude control.

(a)
(b)

(2)

Set the VERTICAL select switch
to BAR.

Turn the VERTICAL engage switch
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.

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

(2) Radar altitude control.

(a)

(b)

Set the VERTICAL select switch to
RAD.

Switch the VERTICAL engage

switeh 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) (c) 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.

(3) Glideslope altitude (APP) control.

(a)

(b)

Set the VERTICAL select switch to
APP.

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.

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—

184

(¢) 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) Mzke 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.

(3) Localizer select. Automatic tracking of
an ILS localizer is accomplished as
follows:

Caution: Do not engage the lateral
LOC mode on a Lack 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) Ncavigation select. 1f the aircralt
equipment includes a Doppler naviga-
tional coupler, the LATERAL control,
when in the NAYV position, 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
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Bone marker

Calibrated airspeed
Cardinal points _____
Cathode ray tube (CRT)

Charts:

ADF approach

Beat frequency oscillator

Bracketing. (See also Trial drift correction.)

Blip -

Paragraph

11-3d

16-1, 16-2, 16-3c¢
15-5a

10-7e(1), 11-6¢

_______________________________________________ 6-—4a

Aeronautical :

Photomaps
Sectional
Symbols

Tactic

al

Air navigation. (See Navigation.)

Expected approach
Final approach

L AGO 8143A

2-12,2-13
16-3b, ¢

14-10

3-12,4-12
3-10, 44, 5-3b

__________________________________________________ 44

-------------------------------------------------- 412
World aeronautical (WAC)

3-11, 4-3, 44, 5-3b

Approach __ 13-5, 13-9b, 14-1,
14-2, 15-7¢(8), 15-9b
Characteristies _________________ 34
b Conformality __._____________ — e 3-7d
Distortion ________________ 33
Final approach _____ ______ 14-2
Graticule ______________________ S 3-5,3-7
Grid system ___________ ____ e 2.5
Lambert S 37
Mercator ______ _ 3-8
Polar stereographic ______ e 3-9
Projections. (See Projection.)
Reading:
Appearance of terrain ___________ . __ 47
N— Checkpoints __________ ________ 4-5,4-12d
In-flight technique ___ O ) 49
Pilotage .___________ S - 4-1,4-8,4-12
Symbols _________ ____ e __ 4-4
Scales __._______ _ . __ . - 32,5-3
Standard parallels ____________________ I 3-7b
VOR approach N JE 14-2
Chasing the needle ________________________ ___ ___ ______ ___ ________ 10-7¢(2), 11-5
Checkpoints. (See also Intersections.) __.____ ________________________ 4-5,4-12d
Circles:
Ares _ 2-6b
Central angle ______________________ _ 2-6¢
Diameter ___________________________________ _ 2-2
Great ______ 2-5, 2-6, 2-10, 8-Te
Radiws . __ 2-6¢,d
Reference:
Equator ________ 2-8,2-9
Latitude _____________ __ 2-10, 2-11
Longitude ___________ _______ o __ 2-10, 2-11
Meridians - ____________ o _____ 2-10, 2-11
Parallels ___________________ e 2-7,2-9
Poles _____ 2-7,2-10
Small _________ ____  __________ - 2-5, 2-6, 2-9, 2-10
Clearance:

14-4,14-7
14-8,15-7d, 15-8b
15-10b

14-9d, (21, app. IIT)
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11-3
16-1,16-2
15-7

10-8, 11-10

6-4
2-4
16-2

14-8

3-7,4-8
3-7,4-3,5-1

4-3

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

13-4,13-6,14-1,
15-18,15-15
3-6

34

3-1

14-1
33,34

2-2

34

3-5

3-6

14-3,14-7

14-8, 15-11, 15-14,
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Course indicator, ID-883. (See Integrated flight system.)
Course selector (VOR) _______ o

Crab angle _
Crosswind _._

Cultural chart symbols ___________ .
Current, electrical _ . _____

Cycle

Dead reckoning:
Computers. (See MB—4A dead reckoning computer.)

Instruments

Navigation
Declination _
Degrees (angular)

Density altitude ___._______________
Deviation, compass . ________ . __
Deviation card, compass ______.______________________ . ____

Deviation indicator (VOR)

DF (direction finding) steers:

Radar __

VHF/UHF

DF vectors _

Direction finder, radio. (See ADF and Loop.)

Direction measurement. (See Measurement: Direction.)

Directional indications _______.__ . .
Discrete display . o

Distance conversion computation (MB-4A)

Distance measuring equipment (DME) __________. ________ __________
Distance measurement. (See Measurement: Distance.)

Distortion . _
Dividers ____

Doppler system (APN-129(V)1) _____ . ..
Double-the-angle track interception __________________________________

Downwind __
Drift _______

Drift corrections. (See also Wind: Drift correction.):

Application

Computation, MB-4A __  ____ __

Course .

During tracking:

ADF

Integrated flight system _____________ ____ __ ________________ -

RMI

VOR _____ B

Heading

Holding:

Inbound

Turning _____  __________________ I [
In procedure turn:

After turning __________ o _______

Outbound ______ o ___

Track __
Duplexer

Earth:
Direction
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10-4b, 14-5a——d
7-3

7-2f, -6

4-4b

9-3

9-2b

6-1b

4-12,6-1a

6-2b

2-6b, 5-3¢, 5—-4¢
8-16

6—2¢

6-2¢(2)

10—4c¢

16-4b(5), 16-11¢(2),
16-12b(1),
16-12¢(1) (c)
11-14—11-16
11-14—11-16

15-3g, 15-4b(3)
16-20b(1)

84

15-2b(7)

3-3

5-2b

19-1

10-105, 11-8¢
T-1, T-4g

7-2

7-3 175
8-16, 8-17
7-3——175

11-6a——e
17-Tc, d
12-3a(4)
10-7d, e

6-2d, 7-2d, T-3,
74, 7-5

13-20
13-15, 13-20
13-20a, b

13-11b

13-11a

7-2¢, 7-4,7-4,11-5
16-3a

2-12,2-13
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10-3,14-4- —14-7
7-3

7-2,7-4

4-3

9-2

9-1

6-1

4-8,6-1

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

6-2

6-2

104

16-2, 16-6,
16-7

11-23
11-23

15-4
16-18
8-2
15-1

31

51

19-1
10-18,11-19
7-1,7-3

7-1

7-3——7-4
8-17
7-3—7-4

11-5——11-10
17-15

12-3

10-8, 10-11
6-3, 7-2, 7-8,
74

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

13-8
13-7

7-2,7-3,11-5
16-1

24
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Glideslope (ILS):
Receiver _____ . __________________ - -
Signal pattern ____________________
Tracking __ o
Transmitter _____ . _______
Tuning o
Graticule ____ -
Great circle
Greenwich meridian ______________________ -
Grid system (charts) _________
Ground clutter ____ _ __ ____
Ground controlled approach (GCA). (See also Radar: Air Traffic
control procedures: Approach control (GCA).):
ASR (Airport surveillance radar) ______________________________
Communications ____.________ .. .
Final approach ________________________ L __.
PAR (precision approachradar) ___._____________________________
PPI (plan position indicator) _________.__________ ______________
Ground weather vadar __________________ .

Compass .o
Drift and groundspeed _______________________ _________________
Magnetic _______ e
Track and groundspeed _____. __ _____ . ____________________.__
True _ .
Heading and airspeed computations (MB4A) ________________________
Heading and groundspeed computations (MB—4A) ____________________
Heading indicator _.________________ o ____
Headwind ________ _________ .
High frequency propogation ____________________ ____________________
High intensity lighting (ILS) __ ____ . _____ o __
Holding:
ADF __
Airspeeds __._________________ e
Clearances and reports _______ _________________________________
Course ___ L
Descent in pattern ______________ _______________________________
Drift correction ___..___________________________________________
7

Configuration ._________ .
Departure __________________ o ___
Entry procedures _______________ _______________ . __
Nonstandard _________________________________
Standaxd __.______________ ___
Stacking
Timing

Loop ..
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16-Tc

15-4b

15-Tc

154a

15-4¢
3-5,3-17
2-5,2-6,2-17
2-10

2-5
16-17b(3)

16-13¢
16-13¢(3), d(3)
16-12¢(2)(a)
16-13d

16-3b
16-24——16-26

16-10

6-2d

T-2d

6-2d

T-2e

6-2d

8-26, 8-29b
8-27

6-2
7-2f,7-6
9-12
15-2b, 15-9

14-12

13-16

13-21

145

14-6

13-20
13-13——13-22

13-14
13-19
13-18
13-14
13-14
13-22
13-15

13-117, 14-ba——4d

14-5,14-6

11-5

11-3b, 14-14a
11-5

(app. IV)
11-11

12-2b, 12-6b(2)
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15-11
154
15-11
15-4
15-6
33,34
22,26
24

2-2
16-13

16-9

16-9, 16-10
16-7

16-10

16-7

16-22

16-5

6-3

7-2

6-3

7-2

6-3
814,816
815

6-1
7-2,7-4
9-6
15-1,15-15

14-8

13-10

13-14

144

14-7

13-13
13-10——13-18

13-10

13-13

13-10

13-10

13-10

13-18

13-10
14-4—14-7
14-4,14-7

11-5
11-2,14-12
11-5
AlIV-1
11-21

12-2, 12-7
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Doppler system (APN-129(V)1) ______ _________ ______ _________
Drift angle-groundspeed indiecator _______ . ____ ___ _________
Heading indicator _____ ____
Integrated flight system (ASN-33)
Magnetic compass ____ ____ . ________
Radio compass (ADF indicator) - _____________ ______________
Radio magnetic indicator (RMI) ___________ ___ ___ ____ _______
Integrated flight system (ASN-33):
Approach horizon (ID-882)
Course indicator (ID-883)
Flight operation:
Back course approaches (VOR and ILS)
Before takeoff procedures - ______________ _________________
ILS approach, front course
Orientation ___.________ .
Procedure turn
Transition ___________
VOR intersections
VOR tracking __ . ___ _
VOR track interception
Intended track. (See Course.)
Intercardinal points. (See Cardinal points.)
Interception, track:
ADF
Double-the-angle _________ _ ____ .
Integrated flight system
Localizer (ILS)

RMI . o
VOR ___

Lambert conformal projection
Latitude ___________ __
Leading the needlte . _____________ . ____________ ___ _________
Light systems (1LS) ___ o ____
Line-of-sight transmission
Lines:
Agonic
Isogonic _ __ ____ .
L/MF propogation
Localizer, ILS:
Back course
Blue side ____________
Flight checks
Frequeneies - ___ ________ o
Fronteourse .. ____.___ o ___
Identification and voice
Location and signal
Needle deflection ___ ____ ______ ____ ______________ o __
Receiver
Signal:
Failure . _____ .
Patterns. (See Signal patterns.)
Tracking
Tuning ______
Yellow side
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19-1
19-2

6-2
17-1a
6-2b

11-2e, 11-4a

12-1

17-1b, 17-2
17-1b,17-3

17-10
174
17-9
17-5
17-9
17-9
17-8
17-7
17-6

11-8

10-105, 11-8¢

17-6
15-3g
11-12a
10-10
12-5
11-8a

10-10, 14-5
10-9,12-4

6-2b

3-7
2-11
10-10¢
15-2b
9-13

6-2b
6-2b

9-8,9-11

15-3a, 15-10

15-3a
15-3d
15-3b

15-3a,15-8

15-3e
15-3a

15-Te(5), 15-1f

15-3¢
15-3f
15-3¢

15-3¢
15-3a
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19-1

19-1

6-1

17-1

6-2
11-2,11-3
12-1

17-1
17-1,17-5

17-24

17-9
17-15
17-10
17-15
17-15
17-15
17-15
17-10

11-16
10-17,11-19
17-10

15-4

11-23
10-17

12-3

11-16
10-14,14-4
10-11,12-3
6-2

3-3
2-4
10-18
15-1
9-6

6-2
6-2
9-5,9-6

15-2, 15-15
15-2

154

15-2
15-2,15-13
15-4

15-2

15-13

15-2

154
15-4
15-2
15-2
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Air Traffic Control Radar Beacon System (ATCRBS): -
APX-44 Transponder:
Codes ____ . 16-18¢, 16-19 16-14, 16-15
Deseription _____ .. ___ . 16-21 16-19
Emergency identification _______________________________ 16-20e 16-18
Identification friend or foe (IF¥) __________._____________ 16-17d 16-18
Interrogation ______ . __________ e 16-18a 16-14
Mark ten (Mark X) _____________ 16-17d 16-14
Modes _ o 16-18a, ¢, 16-19 16-14, 16-15
Operation _______________ . 16-22 16-21
Radar beacon _________ ______ . __ 16-17 16-13
Reception _______.______ 16-18d 16-15
Reply (code and mode) _ . __________________________ 16-18¢ 16-15
Scope display:
Diserete ________ . ______ . 16-205(1) 16-18
Ground clutter _________________ ___________________ 16-17b(3) 16-13 i
Raw video ______ _____ _ _____ o __ 16-20a 16-17
Readout _______ 16.205(2) 16-18
Seleet . ___ 16-20b 16-18
Selective identification feature (SIF) ______ ______________ 16-17d 16-14 4
Target identification __________ _________________________ 16-18d, 1620 16-15,16-16
Transponder. (See also APX-44 transponder above.) 16-18b 16-15
BUHD 16-1,16-2 16-1
GCA o 16-12¢ (2) (a), 16-13 16-7
Mile 16-1 16-1
Primary ___ 16-1,16-17a 16-1, 16-13
Principles:
Antenna ______ .. . _____ ______ .. 16-3¢, 16.18a 16-2,16-14
Azimuth computation __._______________________ ____ _______ 16-2 16-1
Distance computation _._.__________________________________ 16-1 16-1
Duplexer (T-R box) _ . _ o _______ 16-3a 16-2 -
Moving target indicator (MTI) _____________________________ 16-3¢ 16-2
Plan position indieator (PPY) ________________ ______________ 16-3b 16-2
Primary radar ___ ___ . ____________ o .__ 16-1 16-1
Secondary radar _____.____ . ___ ______ ______________________ Sec. IV, ch. 16 AIV-1
Transmitter-receiver . ___ _ _____________________ _________._ 16-3 16-1
Secondary surveillance. (See also Air Traffic Control Radar
Beacon System.) __.___ 16-17 16-13
Steers _ . __ 16-11¢(2) 16-6
Sweep _______ L 16-2, 16-3b 16-1, 16-2
Traffic pattern _____. ____ S T 16-12¢(1) (a), 16-6, 16-7
16-12¢(2)
Transmitter receiver ___ __ . _____ . o ___ 16-1,16-3 16-1
Transition __ . _________ o _ 16-12¢(1) 16-6
Transponder ___ __ __ ___ 16.18b6 16-14
Vectors _ . __ 16-4b(5),16-11¢(2), 16-2, 16-17,
16-12b(1), 16-6
16-12¢(1)(¢)
Weather:
Airborne (APN-158) _ __  ___ . ___ 16-27——16-34 16-22——16-27
Ground ______ . ___ 16-24—16-26 16-22
Radial . __ ____ 10-6a 10-6
Radiated test signal (VOT) ______________ o 10-13 10-20
Radio:
Aids to navigation:
ADF _ 11-1 11-1
ILS 15-1 15-1
Radar __ __ 164 16-2
VOR _ 10-1 10-1 \
Index 14 J
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