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DISCLAIMER

The views and conclusions expressed in this
.- document are those of the author. They are
b not intended and should not be thought to
[ represent official ideas, attitudes, or

‘W policies of any agency of the United States
- . Government. The author has not had special
access to official information or ideas and
has employed only open-~source material
available to any writer on this subject.

This document is the property of the United
States Goverament. It is available for
distribution to the genera! public. A loan
copy of the document may b2 obtained from the
Air University Interlibrary Loan Service
(AUL/LDEX, Maxwell AFB, Alabama, 36112) or the
Defense Technical Information Center. Request
must include the author's name and complete
title of the study.

This document may be reproduced for use in
other research reports or educational pursuits
contingent upon the following stipulations:

-- Reproduction rights do not extend to
any copyrighted material that may be contained
in the research report.

—- All reproduced copies must contain the
following credit line: "Reprinted by
permission of the Air Command and Stafi
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PREFACE :._:‘-_'f

This workbook is designed to provide SAC pilots with a
review of selected instrument flight subject areas for use prior ’
to attendance at the Instrument Refresher Course (IRC). It was -
developed because there is no single source document for this ',;3“
type of review and course Instructors were spending a large ) o

; amount of class time reviewing basics instead of teaching new 4
E techniques. The text is organized by subject and includes lesson o
i objectives,. a basic review of the subject, and a series of _
guestions or problems related to the subject. The subiects were ‘.'"f
selected by the author based on weak areas noted while teaching \“‘9‘
the Instrument Refresher Course. Also included is a listing of RN
references and related sources for further review if desired. Q’”fs

E The workbook is designed to be used in a manner that is z1¥} 
most useful to the pilot. For example, if pilots feel they ‘f:*ﬂ
alreadv have a good working knowledge of a subject, thay may - -_.'."
wish to skip the review material and accomplish the Herclises. e
I+ a pilot has trouble with a problem, the review material is )
available for reference.

The book will do no good 1f it is npot used! Filots
attending the Instrument Refresher Course must take the time to
accomplish the exercises and evaluate their knowledge in these
areas. Doing so will save time during the class portion as the
instructor will not have to discuss basic material.

i This guide was compiled using the references listed in the
' biblioaraphy and 1is not intended to conflict with the flight
manual or any other directive. If a conflict should arise, the
flight manual or directive will be followed. The workbook is

written to be published as a precourse workbook after review by
the sponsor.
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Chapter One

CrRU-26A/F DEAD RECEONING COMFUTER

ORJECTIVES

At the completion of this lesson the pilot wills
1. Given present position and ground speed, be able to use the
CFU=-26A/F computer to determine the appropriate heading,
distance, and estimated time enroute (ETE) to a desired TACAN
fix.
2. Be able to set up the CFU-26A/F computer to solve ratio type
problems i1nvolving fuel flow, qround spzed, and time.

-

Z. PBe able to use the CFU-26A/F computer to determine climb and

descent gradients.

4. Be able to use the CFU-26A/F computer to determine Visual

Descent Foints (VDF) fcr nonprecision approaches.
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Slide Rule Side of CPU-26A/P
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REVIEW MATERIAL

Introduction

The CFU-26A/F computer is a very handy. vet seldom used,
piece of flying equipment. All pilots used it extensively during
Undergraduate Filot Training (UFT). Many still remember how to
uee 1t, but some do not use it as often or as effectively as
thev could. This chapter reviews somg of the basic uses of this
handy device. It begins with a description of the computer,
then discusses using the computer to solve TACAN fix to fiy
problems for heading, distance., and ETE. Solving problems
involwving fuel computations. ground speed, distance, and ETE
releticnships, and fipally, determining visual descent points

are described. The chapter concludes with a summary and a

salection ot exercises to allow pilots to assess their knowledge

of the use of the computer.

Description

Familiaritv with the computer is necessary if the pilot is
to use it effectivelv. Therefore. this chapter begins with a
description of each side of the tocl. The slide rule face of
the computer consists of a basic circular slide rule adapted
specifically to flight problems. Referring to Figure 1-1, it

can be seen that this side consists of seversl scales, fixed arnd
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moveable. which can be positioned to solve many types of

problems. The two outside scales (one fixed and one moveable)
both have r=ference marks called the ten iIndex. The fixed or
outside scale is marked 1n miles. The moveable inside scale is

marked 1n minutes and hours and has a rate or speed index at the
60 minute point. This side of the computer is used to solve
fuel., rate. and descent and climb gradient problems.

The other side of the computer, shown in Figure 1-2, is
called the wind face and consists of a frame, a&a rotating
transparent plate with a compass rose, and a slide. The slide
has a low speed side marked from O to 275 and a high speed side
marked from 60 to 840. The side used depends on the approximate
speeds encountered 1n the problem to be solved. The frame
consists of a reference mark labeled true Index and drift
correction scales to the right and left of the reference mark.
The transparent disc can be rotated to any desired direction
under the reference mark and has a compass rose around the outer
edge. The center of the disc has a small black hole called the
grommet. This side of the computer 1s used to solve the heading

and distance portion of TACAN fix to fix problems.

TACAN Fix To Fix Froblems

As previously noted, TACAN fix to fix problems begin on the
wind face of the computer. As with all navigation aid problems,

the first step 1s to tune and identify the desired navigational
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Figure 1-3. TACAN

Fix To Fix Example
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reach the desired fix., as shall be shown in the next section. In
addition. if the procedure is repeated at regular intervals the
aircratt’s progress to the desired fix can be tracked and the

heading and ETE can be updated as required.

Solving Ratio Type Froblems

The slide rule face is used to solve ratio type problems
involving +fuel, distance, and ground speeds. Time and miles
scales are constructed such that any relationship established
between two qguantities will be true for all the numbers around

the scale. This property canm be used to relate known guantities

and to solve for unknowns. For example, problems involving
time, rate, and distance are easily solved using the slide rule
face.

Time., rate. and distance are related by the expression, the
distance is equal to the rate multiplied by the time spent at
that rate. Froblems involving these guantities can be quickly
solved by setting the rate index of the computer (the triangle
under the 69 on the inner scale) opposite the rate (the airspeed
or groundspeed) on the outer scale. Then, any time located on
the inner scale will be adjacent to the distamce covered in that
time on the outer scale.

For example, assume an aircraft is maintaining a
groundspeed of 250 knots and is 373 nautical miles from the next

turn point. Hcw long will it take to reach the turn point? I€

s Tl AN

Lo MM@MmM»xuMLML%mnynun. N



Figure 1-5. Time/Distance Problem Example
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the rate index is set opposite the 250 on the outer scale as
shown 1n Figure 1-5, the time required to travel 275 nautical
miles will be found on the inner scale opposite the 375 on the
outer scale. In this problem, the answer of 20 minutes can be
read on the inner scale opposite the 37% on the outer scale.
Similarlv, the time to travel any distance at this speed can be
determined from the inner scale opposite the distance on the
outer scale. If the distance to be traveled in a given time is
desired, it can be found on the outer scale opposite thz time on
the inner scale.

The same procedure can be used to determine ground speed if
the distance traveled in a specified time is known. Simply set
the known distance on the outer scale opposite the time required

to travel this distance on the inner scale and read the ground

speed opposite the rate index.

If it is desired to work in minutes and seconds instead of
hours and minutes, use the smaller rate indey which takes the
place of the 36 on the inner scale (see Figure 1—-46) instead of

the larger rate index and apply the same procedures.
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Figure 1-6. Seconds Index of CPU-26 A/F

This 18 very useful in determining the time to cover

relatively small distances such as the time required to travel

from the Final Approach Fix (FAF) to the Visual Descent Foint
(VDF) and/or Missed Approach Point (MAFP) for a nonprecision

approach.

Froblems involving fuel consumption can be solved in a

mannetr similar to that discussed above. The rate index is now

set opposite the fuel flow instead of the groundspeed. The
outer scale now represents fuel instead of distance and a fuel
verses time relationship is established. For example, if 12,500
pounds of fuel has been consumed in 42 minutes, how long will

the remaining 24,300 pounds of fuel last and how much fuel will

be used in the next 20 minutes of flight? To determine this

13
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information refer to Figure 1-7. Set up the computer to place g
the 12,800 pounds of fuel used on the outer scale adjacent to ?E
the 42 minutes required to use it on the inner scale and read ;i
the fuel flow of 17,800 pounds per hour opposite the rate index. ig
~ With this relationship established, note that the remaining E?
24,500 pounds of fuel (on the outer scale) will 1last one hour 2
and fifty six minutes (found on the inner scale). Similarly, to 22;
determine the fuel to be used in the next 20 minutes, locate ;ﬂ
twenty minutes on the inner scale and note the fuel consumed :ﬁ
(59250 pounds) on the outer scale opposite the twenty minutes. ﬁf
o

2

Climb And Descent Gradient Froblems ﬂ;

Climb and descent gradients can also be determined using %f
the computer. Since this type nof problem involves working with ?;
simple proportions, the computer is used as a circular slide L?
rule. For example., if a desired altitude change is set on the gﬁ

o
outer scale opposite the number of miles to accomplish the :%
change on the inner scale, the altitude change per distance will ;i
be found on the outer scale opposite the ten index. If the !f
altitude change is expressed in feet and the distance is :&é
expressed in nautical miles, the answer (gradient) will be in ?f
feet per nautical mile. !;

For example, suppose an aircraft is at 2100 feet MSL at the ;é
FAF on the TACAN approach shown in Figure 1-8. The figure shows :?
that the VDF 1s 4.2 nautical miles from the FAF and the minimum .

3
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cesTent e¢lvitude g (020 feet MSL. What iz the minimum descent

S LS TR o e chi ol g

graagient reas.ired tco assure the al~craflt reaches 10Z0  feet MSL

pric- tn the VDFR?

MISSED APPROACH Ror2 - Jeev 634 | )
To 2600 out R 245 to 16 DME o1
Arc, arc S to TAWAS 5,15 [ | 16,000 T
TAWAS 1 7°
s 16 DME .B.Af | (‘,2) ®TACAN
TACAN DME 65 L0 | M4
15 1 PME eef2500 | TDZE 624 P
DME | e 3 d
ol e { | 59
l 12190 | | % U
| L Bl L e
T fe—s0mm—s]
CATEGORY [ D E :
1020/40 1020/50 1020/60 =)
S8, 396 (400-%) 396 (400-1) 396 (400-1%) .
. 1140-1% 1200-2 1220-2
RS 506 (600-1%) 566 (600-2) 586 (600-2)
1040/60
SLEl A 1040/50 416 (500D 416 (5001%) SFL Rwy 6 oxtn to thid
HIRL Rwy 6-24

Figure i-B. Descent Gradient Example

To solve this problem, place the altitude change, 1080 feet

(2100 - 10Z0) on the outer scale adjacent to the distance to

make the change, 4.2 NM (6.3 - 2.3) on the inner scale. The

reguired minimum gradient (258 feet per NM) will then be found

or. the outer scale opposite the ten indeu. Thus the aircraft

descend at

@ must least 258 feet per nautical mile to be at the

minimum descent altitude of 1020 feet MSL at the VDF. Descent

gradients to reach a final appproach fix altitude prior to the

16
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FAF. and minimum climb gradients required during an instrument

departure. are calculated in the same manner.

Establishing Visual Descent Fointe

Many nonprecision approaches do not have a published Visual
Descent Foint (VDF) . Thus the pilot must do without or use
another method to determine where to begin the descent from the

minimum descent altitude (MDA). Some pilots simply wait until

the runway "looks right", but narrow runways, night operations,
slopinag terrain. and a lack of terrain contrast can make this

practice difficult and often dangerous. The CFU-26A/F computer

can be used to assist the pilot in determining the location of a

VDF.

Since the VDF is simply a point from which a descent may be
initiated from the MDA to allow the aircraft to follow a narmal
rate of descent to the runway threshold, the pilot must decide

upon a suitable rate of descent. As most pilots are used to a =

degree glide slope, a Z00 feet per nautical mile rate of descent

provides a familiar environment and the visual cues and power

settings during the descent will approximate those encountered

on & typical precision approach. It ghould be stated that
although Z00 feet per nautical mile was chosen for this erxample.,

any rate of descent could be used. Once this desired rate of

descent 1s chosen. the computer can be used to detersine where

the descent from the MDA shculd begin.
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=e{erring to Figure (-9, the pilot w1l note that thse
preovlem 15 to locate where to begin a predetermined rate descent
to lese the altitude from the MDA to the runwey threshold. On=
“ay to do this i1is to set the ten index o©f the i1nner scale
adjacent to the rate ot descent 1in {feet per nautical mile on the
outer scale. I+ the aititude to be lost (MDA minus runway 2
elevation) 1s found on the outer scale. the distance from the
runway uvhreshold to begin the descent will be found ad;acert to
the altitude on the inner scale. I+ DME 15 to be wsed to locate
the VDF, the pilot must add or subtract the distance of the
TACAN from the runway threshold to determine the DME of the VDF.
If the pilot wishes to locate the VDF based on a time from the
FAF, simply determine the distance from the FAF to the VDF and
calculate a time based on the ground speed as discussed

previously.
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Climt 1 00 it TAX 1.336 R-176
to ONLEY 10 DME fix and hold. N.m 000
TACAN ARTIS B
i
DME
| | .ﬂ |
! QIC'..... '
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”""-m...m»"/ i 210 {
CATEGORY C n E
536 1360/ 40 1360/ 50 1360/60
498 mﬁr) S
1460-1 1460-
CIRCLING we{/im ?e 2oz
1360/24
SAR % | 48 (300-w) o (0-14)
When control tower closed ACTIV, wy , \
MIRL Rwy 4.22, MALSR Rwy 18-34 gnd toxiwoy lighh m' Sn,;,

Figure 1-9. Visual Descent Point Example

To illustrate this procedure, refer to Figure 1-9, and

assume the pilot wishes to descend at a rate of 300 feet per
nautical mile. Where should the “DF be located?

The first step is to determine the amount of altitude to be
lost. In this case, subtracting the runway elevation (862 feet
MSL)Y from the MDA (1360 +eet}MSL) resuits in 4?8 feet to lose.
Setting the ten index of the inner scale of the computer,
adjacent to Z00 feet'pér’nautical mile on the outer scale of the
computer, the pilot will note that 1.67 or approximately 1.7
nautical miles will be required (on the inner scale) to lose 498
feet (on the outer scale) at this rate of descent. Noting that
the runway threshold iz at S DME. the pilot adds 1.7 nautical

miles to the S5 DME and finds the VDPF would be at 6.7 DME.
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Shold the ni1lot desire # bactup procedure. the time <{rzm
thz FAF to the VDF Zould e calculated. Noting that the FAF is
at & DME, the distance from the FAF to the VDOF 1is Z.2 nautical
miles 9 - 6.7 = 2.7, At  a around speed of 180 knots for
ctample. = time ot 99 seconds would be obtained by use of the
procedures previouslv discussead. Thus 14 the pilot started a
stop watch at the FAF. 46 cseconds later the aircratt should bSe

very close to the VDF.

Summar v

This chapter has reviewed some of the baesic uses of the
CrU-26A/F Computer. It began with a brief description of the
computer. Frocedures to solve four  the reguired heading and
around distances during & TACAN fi: to fix problem were then
discussed. Froceduree to solve ratio tvpe praoblems for fuel.
time, and distance were then i1llustrated and the section
concluded with a review of procedures used to solve for climb
and descent aradients and Visual Descent Foints. The problems
illustrated could be solved bv other means, however ., the

computer offers 2 si1mple anag direct method to do so.
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REVIEW FROEL-EMS

1-1. An aircraft is currently on the 176 degree radial at 74
DME of the TRASH TACAN. The pilot wishes to proceed direct to
the TRASH 085 degree radial at &5 DME.

a. What should be the initial no wind headirg?

b. What 1s the ground distance from the present position

to the desired fix?

C. With a around speed of Z00 knots, what is the ETE to

the desired Fi1x7

1-2. An aircraftt has 85,000 pounds of fuel. With a fuel flow
of £0,000 pounds per hour, how much fuel will the aircraft have

remaining 90 minutes from now?

1-Z. An aircraft is in a holding pattern waiting for snow
removal equipment to clear the runway. The pilot has 20,000
pounds of fuel remaining and & fuel flow of 18,000 pounds per
hour. How long can the aircraft hold and still depart with the
23,000 pounds of fuel required to reach an alternate?

1-4, Referring to Figure 1-10, and assuming the aircraft
crosses the FAF at 1300 feet MSL. what is the minimum descent

gradient 1t must maintain to be at 480 feet MEL at the VDP?

21
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Figure 1-10. Descent Gradient Froblem
=S Reterring to Figure 1-11 below, determine a suitable VDF
based on a TRACAN DME. Assuming a ground speed of 180 knots,
determine the approximate time from the FAF to the VDF and to

the MAF.

MISSED APPROACH

R-355 Climb 1o 5000 vio R-175 to
15 DME LEGOR 15 DME ond hold.
28004+,
| *¥50
| ., 5 DME VORTAC
ll oo *l 1 DIME
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SPAR 19 783-% 100 (100- #) GS 3.0°

Whaen control tower closed, ACTIVATE MALSR Rwy 1 120.9.

Fig

ure 1-11.

Visual Descent Foint Froblem
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BASIC NAVIGATION K
5
OBJECTIVES
g At the completion of this lesson the pilot will be able to: }
- i. Use the FLU-1/C Navigation Flotter to plot courses, &
determine ground distances, and plot TACAN range and bearing a
information on an aeronautical chart. 3
b 2. Describe significant features of, and the information to be f
g\ found on a typical aeronautical chart. 5
-
. . Flot a complete flight plan, including TACAN range and
k> )
'? bearing information, course, and ground distances, on an ;
;! applicable aeronautical chart. 5"
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REVIEW MATERLIAL

Int: 2duvction

chapter 13 a revinw of some of the basic navigational
nrocedures learned 1in former +4light training programs. It
begins with a discusesion of the FLU-L1/C Navigation Flotter and
how 1t can be used to determine mileage, courses, and TACAN
intormation from an aeronautical chart. Subsequent sections
discuss typical aeronautical charts and the information these
charts contain. Flotting an example flight plan on an
aeronautical chart 15 then discussed, emphasizing course, TACAN

informatiron., and ground dis-ance computations.

Description

The aeronautical plotter shown in Figure 2-1, is a

navigational instrument designed specifically to assist pilots
to draw and measure cCcourses, plot positions, and plot
navigational aid information on an aeronautical chart. It
consists of a rectangular shaped bottom hal+ designed to be used
as a straight edge and to measwe ground distances on a chart.
The top bhalt of the plotter 18 used to measure the direction of

couwrses laid out on a chart.
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Figure Z-1. The Aeronautical Flotter

The top part is calibrated in degrees with two complete
scales, one of which is numbered from O to 180 degrees and one
which 1s numbered from 180 to 3460 degrees. The outside scale is
numbered so as to increase from O to 180 degrees in a
counterclockwise direction and is used to measure courses from
north through east to south. The second outermost scale has
numbers increasing from 180 to 360 degrees also increasing in
the counterclochkwise direction and is used to measure courses
from south through west to north. Two inner partial scales (see
1. Figure 2-1) are used to measure courses near 180 and 360
degrees. At the center of the semicircular top portion is a
small hole called the grommet, used as a center point For all

course measurements.
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Determ:niﬁ; a Lource and Distaiice

Using :he pPletter 4 determine the cowrse and  distance

between YWO points on a chart ig Very eagy, The firgt step ig

to locare and mark the end points of the desired cCaurse, Newt

mark the desired Course on

the chart using a straight edge. Now,

lay the straight edge of the plotter along the Course line and

center the arommet on 4 meridian near the center of the

Course (see Figure =2)P The tryue COUrse may now he read as the

intersection of the meridian upan which the Qrommet i1¢ centered

and the scale on the plotter, Which scale to be used

= can be

determined p ale, Simply use

the scale assocrated with the arrow pointing 1n the direction
the aircraft 1s to travel ag shown

In Figure Z-72, It is also 1

good i1dea tg note a raugh heading from the chart and compare

this with the course determined tfram the plotcar, This will

Prevent using the Wrong scale on the plotter angd attempting to

fly a reciprocal heading,

The course thus determined 15 a true

Course since 1t jg measuwred againg

t a meridian which rung from

pola to pole. Since the heading systems of most aircraft

Indicate magnetic bearing, the true course must be tonverted tg

A magnetic course. To dao this, find the line of magnetic

variation nearest the center of the course plotted. This lipe

1s generally blye and  will pe labeled With a number and a

direction, 1¥f the directiaon 1s east, s1mply subtract the number

26
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of degrees on the magnetic variation line from the true course
previously determined. I+ the variation 1is west, add the
variation to the true course. This procedure will result in a
course to be flown with reference to a magnetic heading system.
Once the course is known, the pilot must determine the ground

distance between two points.

Figure 2-2. Measuring a Course.

The bottom portion of the plotter has five mileage scales

as shown i1n Figure 2-2. Although these scales are not as

precise as some other methods of measuring distance, they are
gquick and sufficiently accurate for navigational use. To use

’

tnecse, note the scale of the chart being used and measuwe the
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distance2 “etwser the end points of the course line wWsing tne

appropriace woal=za, The resul tant dJistarmce s i navtical miles.

Aeronautical Charts

The aeronautizal chart i one ot the pillots most basic, yet
vital tools. 1t 1s simply a pictorial representation of the
surfacre of the earth. However . modern charts contain  many
additional symbols and notes representing navigational aids and
other data necessary for sate flight. This section discusses
the scales, symbology, and aeronautical i1ntormation available on
the charts commonly used by SAC pilots.

The scale of a chart (see Figure 2-3) 1s simply the ratio
between any given unit of length on a chart and the distance
that length represents on the surtace of the earth. For
example, a Tactical Filotage Chart (TFL) used during a low level
navigation training mission will have a scale of 1:3500,000
meaning { unit on the chart represents 300,000 units on the
earth’™s surtace. This means that 1 inch on the chart represents
500,000 1nches on the earth’s surface or approximately 7
nautical miles. Fi1lots can also measure a latitude line, since
1 degree of latitude is always equal to 60 nautical miles,

recardless of the scale.
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EDITION 10

Figure 2-3. Sample Chart Scale

As mentioned previously, a chart legend also explains many
of the symbols used on that chart. Figure 2-4 is a sample chart
legend from an Operational Navigation Chart (ONC). Note that
the basic contour lines are at 1000 foot intervals (see 1,
Figure Z-4). This means that points of equal elevation have been
joined to form lines of constant elevation and that these lines
have been repeated for every 1000 feet of change of elevation.
If the contour lines are close together, the terrain elevation
1s changing more rapidly than if the lines ara far apart.
Sometimes intermediate contour lines are illustrated at S00 and
1500 feet 1ntervals. These will be different type lines
(possibly dashed) to preven: confusion.

Another very impartant terrain feature shown or an
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aeronautical chart 1s the spol elevation as shown 1n 2., Figure
2=, This 1s the height of a particular point of terrain above
saome established datum plane. usually sea level. Spot

elevations are shown on both TFCs and ONCs and if preceeded by a

black dot., indicate the peak elevation plus or minus 100 feet. A
small 3 before the elevation would indicate an approximate
elevation. If neither an % or a period preceeds the elevation,
the accuracy 1s doubtful. so watch out!'! Note also. critical

peatks (those higher than all others in the area)., are shown as a
period and heavy black numbers. This information could be very
useful during an emergency or unscheduled climb as it can be
used to determine safe terrain clearance for that immediate
area.

Cultural information used on a chart will also be euplained
in the legend. Towns,., roads, railroads. lakes, rivers . mines,
and dams are a few of the cultural features often depicted. Once
again, referring to Figure 2Z-4 i1llustrates how these features
may be shown. For example., towns are usually shown as a rough
outline of the shape of the town or simply as a small circle if
the town is wverv small. Roads may be shown as single black
lines and railrcads are often depicted as cross—hatched lines.
Ma,or power lines are usually shown as dotted lines. Since
these svmbols may vary slightly, a pilot should review the chart
legend during mission planning to become familiar with the
svmbols on the chatrt to be used.

An aeronautical chart also depicts selected aeronautical
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Pfor mation such 45 ARrQaromes. obeor uc il ons, navigation o1ds.
Al speclral usze airspaca. The sampae legena tn Figure -4 may
be used to discuss this 1nformation.

45 pgeniclea on the =sample legend 1n Fiocwre D2-4, major
A edrumes  wWith o a  minimum or Joon fEet or hard surfate runway
are shown with a runway pattern and s oo foob di ameter circle.
This circle 15 zentered on the actuwal po-i1btion ot the aerodrome.
A star depiroted near the circle represents the position of a
rotating beacorn. Note that not all asr odromes have a runway
depircied. In =uch cases the lenglnh of bthe longest runwey to the
near=st hundred feet follows the nane of the field.

Vertical obstructions are also gepicted on the chart and
discussed i1n the chavrt legend. For edample., Figure Z-4 depicts
single towers as a si1ngle spike mark with two elevations. These
elevations are the height of the top ot the obstruction above
mnean sea level (tap  number) and above the ground (number in
parenthesis) . Note that multiple towers are represented 1in  a
similar manner except that two spirbes are shown. Note also the
series ot disclaimers! Onviously a chart can only be accurate
up to the prainting date. so the cartographers have devised a
metnod to plot new or recently di1scovered obstructions. They do
Fho by publishiing a CHart Update Manual (CHUMD) whaich  adds  all
L known  obstruction information up to the date of the CHUM. Re
swe to update anv chart orior to use. Discovering an unplotted
tower at low level could ruin a whole dav!

Ms can be seen from the sampie legend. aeronautical charts




use the same symbols to depict navigational aids such as TACANs
1 and VORs as do i1nstrument approach plates (IAF). The chart will )]

depict the symbol! 1n the correct location along with the name of

the facility. In addition, some 0Operational Navigation and -#-
{U - Tactical Filotage Charts list the freguency of selected TACAN i
:_; stati1ons. For +the other stations and for charts that do not :FH
:; list this data. the pilot must refer to the appropriate enroute h?
j‘ supplement.

The last 1nformation to b. discussed concerning the chart

legend 15 the depiction of special use airspace. Most Alert, ﬁi

X Danger. Military Operations Area,. Frohibited, Restricted, or P

Warning areas are shown as blue—-shaded areas. Thne first letter 4
of the designation will indicate the type of area depicted. For

erample, an area labeled A-Z03 would be an Alert area, such as a ¥

- local +lving area. and not necessarily restricted to other

ﬂ traffic. Most areas are shown, but not &ll areas are used
continuously. Filots should check the Notice to Airmen S
i (NOTAMS) , a local flight service station, or the appropriate i
: controlling agency prior to mission planning to fly through a 4
18
‘il depicted area. Additional information on each area such as £
" -
- altitudes, boundaries, and hours of operation. may be found in -
& the Flight Information Fublications (FLIP). 3
!
{ 3
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Flotting Flight Flans

Althcugh most SAC pilots have a mavigator on board to plan
the mission and navigate the aircraft. the position of the
aircraft and the accuracy of the flight plan remain the
responsibility of the pilot. Manv missions begin with a well
defined plan and an accurate chart of the proposed route;
however . due to unforeseen circumstances, such as mission
changes or hazardous weather, missions often must be replanned
inflight. Replotting a flight plan inflight can often reduce the
confusion and assist the pilot to monitor the proagress of the
new mission and 1ntelligently communicate the new route of
flight to ARTCC.

Flotting a flight planm is really just wusing the skills
reviewed earlier 1n this chapter. It consists af transferring
TACAN range and bearing information onto an aeronautical chart,
croes checking headings., and calculating estimated times of
arrival to back up the navigator.

Suppose, for example, an aircraft 1s near Fort Wayne,
Indiana. heading west for a low level training route when
notified that the route is clased. The crew elects to fly an
abbreviated navigation leq back to their home station (Wurtsmith
AFE. MI) to complete the mission with transition work in the
local area. The navigator reguests the pilot fly the aircraft

from 1ts present position direct to the South Bend VORTAC, then

to the Traverse City 202 degree radial at &0 DME, then to tne
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Tiraverss: City 550 degree radial at 770 DME, then to the Lansing

Ll g

LHT deqgree radial at 0 DME, direct to Wurtsmith. Since the
navigataor is  busy replanning the navigation leg, the pilot is
asked to cross—-check headings, distances, and determine a new
ETA to  Wwrtasmith., The navigator will request airspeeds to
maintain an average ground speed of 170 knots.

Raeferring to Figure 2-5, the pilot»mcculd proceed as
follows. Since the First point is the South EBend VORTAC, the
nilot should simply circle this point on the chart and move on
to the second point. Since the next point is qiven as a TACAN
magnetic radial and DME and the information on an aeronautical
chart is oriented to true north. magnetic variations must be
apnlied. Since the pilot must add a west variation (and
subtract an  east variation) from the true course to determine
the magnetic course, the pilot must simply reverse the process
o determine a true position from a magnetic one. Thus, the
Traverse City 207 degree radial combined with 4'degrees of west
variation results in a true position along the 198 degree radial
on & chart. All the pilot must do is lay out the 198 degree
radial on the chart and use the appropriate Scéle on the plotter
to locate the 60 DME fix along that line. Flotting this point
armd  connecting ;tv vwith the Sduth Bena VORTAC results in the
intended course. The heading can be determined with a plotter
(applying magnetic variation) and the distance can be measured
with dividers or with the appropriate scale of the plotter. In

the example used, a true heading of 006 degrees with a magnetic

36
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vari1ation of 4 degrees west results in a no wind heading of 010
degrees. The distance between the two points is approximately
119 nautical miles. Enowing this distance, the pilot camn use a
CPU-26A/F computer to calculate an ETE of 19 minutes based on
the navigator’s planned %70 knots ground speed.

The rest of the flight plan can be plotted in a similar
manner and the results would look like Figure 2-3. The pilot
can  thus back up the navigator®s headings, monitor the position
and progress of the aircraft, and determine an approximate ETA

based on the sum of the times of the individual legs.

Summary

This chapter has reviewed some of a pilot®s most basic
navigational skills. The use of the FLU 1/C navigation plotter
was first described. highlighting course, distance, and TACAN
fix plotting. The aeronautical chart and the information it
contains was then discussed. The chapter concluded with a
practical application of the first two sections as plotting a
flight plan was 1l1lustrated. Although this information is very
basic, an occasional review 1s important. After all, safe
flight coften depends on precise navigation and the proper use of

an aeronautical chart.
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REVIEW EXERCISES

2= o Using the «chart provided 1in Figure 2-46, determine the
magnetic heading from the Corpus Christi 296 radial at 25 DME to
the Center Foint VORTAC.

Py |
. -~

. Where would a pilot find information concerning the Alert

areas depicted on Figure 2-46 between Corpus Christi and Laredo,

Teras?

-r

2. Using the chart provided in Figure 2-4, plot the following

flight plan:

a. Depart Randolph AFE, Texas, using radar vectors direct
to the San Antonio VORTAC, then direct to the Laredo 290 degree
radial at IO DME, then direct to the Corpus Christi 260 degree
radial at 20 DME.

b. Determine the maanetic headings for each leg of the

above flight plan.

C. Determine the ground distances for each leg of the

above flight plan.

d. At an average ground speed of 350 knots, determine the

ETE from Randolph AFE to the Corpus Christi radials.
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Chapter Three

SIXTY TO ONE RULE
OBJECTIVES
At the completion of this lesson the pilot will:

1. Understand the theory and limitations of the sixty to one
rule.
2. Be able to apply the sixty to one rule to determine initial
pitch changes for climbs and descents.
o Understand technigues to monitor the progress of climbs and
descents to insure desired performance is being achieved.
4. Be able to apply the sixty to one rule to determine a

heading to establish a desired offset for teardrop holding

pattern entry and approach planning.

L1




. REVIEW MATERIAL b~

Introduction 2

5& This chapter discusses the sinuty to one rule of instrument i
3

flving. It begins with a discussion of the theory and

b derivation of the sixty to one rule. Subsequent sections

discuss applying the sixty to one rule to climb and descent
problems and using the rule to determine offset headings for

teardrop holding pattern entry and approach planning. The

chapter concludes with a summary and a selection of review

K ererclses.
Theory

- The siuty to one rule is a very useful concept for
instrument flying. Simply stated the rule says that for any
L aircratt., at any ailrspeed, a 1 degree pitch change will result
in a climb cr descent of 100 feet per nautical mile. Similarly,
. the rule can be applied in the horizontal plane and states that
. a 1 degree heading change will result in a 1 mile offset over a
. 60 mile course. or 100 feet of offset per nautical mile. Fretty
simple, but a tool that can simplify descent and climb problems,
W asslst in approach planning, and help utilize the basic concept
;j of 1nstrument flying.

~f: For erample. the "Control and PFerformance" concept of

2 L2
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3
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;’ .

Instrument flying requires that the pilot (1) establish an
attitude or power setting on a control instrument, (2) trim to
relieve control pressures, () cross check the performance
instruments to assure the desired performance is being attained
and ftinally, (4; adjust the attitude or power setting as
necessary. The sixty to one rule can assist with steps (1) and
(4) by providing an estimate for pitch changes, thus allowing
the pilot to change the aircraftt attitude a predetermined

amount.

60 NM

c=2(m)r

Figure 3-1. Theory of the Sixty to One Rule

Figure Z-1 illustrates the basic idea of the sixty to one

rule. The aircratt 15 assumed to be at the center of a &0 mile

radius circle and the pilot makes a 1 degree pitch change,

L3
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To mare the computations easier. consider a nautical n1le

Fo ke 6000 feet (as opposed to 6080 feet) and approximate bLh

factor Z (77) to be 6 (instead of 6.2873). In addition. Lhe
vertical distance labled d 1in the JFigure is assumed to

approcimate the arc of the circumference between the two

horizontal lines. Going through the math,

d= 1/7%460 of the circumference of the circle

tor each degree of pitch change

Circumference = 2(Mr = () (M (60) = Z4HO NM

d = (1/260) (360) = 1 NM per degree of pitch

change per &0 NM

This means that d 15 equal to 6000 feet in 60 NM or 100
feet per nmautical mile in a no wind situation. Compensating for
winds will be discussed later in this chapter. For now, sinply
remaember that a pitch change of 1 degree will result in a climb
or descent of 100 feet per nautical mile reqgardless of airspeed

or type of aircraft.
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Applving the Rule to Climbs and Descents

TRy

To use this information., the pilot needs one more piece of

22y

information: a means of checking the performance of the aircraft A

after the pitch change. Air Force Manual S1-27 indicates the g
aircraft mach meter reading multiplied by 10 gives a rough idea ;%
of airspeed in nautical miles per minute. For example. at 0.7 jﬁ
mach. the aircraftt 1s traveling approximately 7 nautical miles :3
per minute. I+ the pilot multiplies the pitch change in feet Ef
per nautical mile, bv the speed in nautical miles per minute, :;
= the vertical velocity in feet per minute is obtained. Thus. a ﬂ
E performance 1nstrument (the VWI) can be used to determine if the 5&
2 initial pitch change was correct. Note, however. this WVVI ?;
reading will change with the airspeed (or mach in this case) so i
that a constant agradient climb or decent will result in a
constantly changing VVI reading. The pilot could easily check ;f
the descent periodically by repeating the calculations. :i
For example, assume a pilot wishes to maintain a descent EJ
gradient of Z350 feet per nautical mile so makes a pitch change ?2
of approximately 4 degrees. If the aircrat+t was traveling at @;
; 0.6 mach. what should the VYertical Velocity Indicator (VWI) read ii
1 1ntti1ally? ;?
:; The aircraft 1is travelirng approximately 6 nautical miles f
J: per minute. Siit nautical miles per minute multiplied by 400 ;

(3830 rounced up) feet per nautical mile should result in an

initial VWI reading of 2400 feet per minute.
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Supcose the VWI had read oniy 1800 feet per minute. This
indicates that only a 7 degree pitch change was made and the
desired gradient of 90 feet per nautical mile will not be
attained. (18C¢0 teet per minute divided by 6 nautical miles per
minute equals 300 feet per nautical mile)

Another gocod technique is to monitor the altitude loss (or
gain) per mile by monitoring the altimeter and thne DME readout
when preceeding to or from a TACAN. This method will quickly
indicate 1§ the desired gradient is being maintained. I+ not,
1t 1% probably because the flight level winds are effecting the

flight path. FRemember, all calculations up to now have been for

a "mo wind" cundition.
Figure 3I-2 shows a 7 degree descent gradient with no wind.

As expected, the aircraft loses Z00 feet each mile and though
the VVI constantly changes as the airspeed changes. the desired
gradient is maintained.

Figure Z-2 however, 18 the same descent excep* for the
acgdition of 60 knots of tailwind. Although the aircratt is
st1l1]l descending 300 feet per mile through the air., the air mass
is moving to the right so the aircraft covers more ground and
the actual descent gradient relative to the ground is less. Over
the vyears pilots have developed a rule of thumb of simply
changing their attitude 1| degree for every 60O knots of wind.
Thus, with a &0 knot tailwind, increase the attitude change by 1

degree.
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.o !s1ng the Rule to Calculate Offsets

l‘._ -

AR The siuty to one rule can alsce be utilized 1n  the
FHA' hori1zontal plane. A good example of its use 1s for a teardrop

holdimg pattern entry.

R 090 -—

Figure Z-4. Holding Fattern Entry Example

Figure 3—-4 depicts a holding pattern a pilot intends to
enter fi-om the west. using a teardrop entry procedure. Atter

crassing the holding fix, the pilot could legally fly any

o heading (course. wWith course guidance) up to 45 degrees from the
holding radial on the holding side. Using the sixty to one rule,

- the pilot could determine a heading that will offset the
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ailrcratt the praoper distamnce from the inmbound course to allow a

roll out on course at the completion of the turn 1nbound.
Assuming a true airspeed of 240 knots. the pnilot knows the
aircratt will travel about 4 NM per minute and the turn radius
will be about 2 NM. (Mach would be 0.4 and turn radius is
approximately mach times 10 minus ) Therefore, the aircraft
will travel about &6 NM opoutbound in 1 and 1/2 minutes. The pilot
wants to be a turn diameter (4 NM) from the inbound course at

the end of the outbound legq. Going through the numbers results

in the followina relationship:

D

it}
il

260 CIRCUMFERENCE

a = (I6MTD

CIRCUMFERENCE

a = (I6MmTD

(2) () (L)

Where a 15 the angle of offset. 70 is the turn diameter of
the aircraft 1n miles., and £ is the length of the outbound leg

1N miles. Since (2)C g ) is approximately 6. the abtove

erpression can be simplified to:

"-" 1.« "_ Tt ". K




2 = (TD) (60)

(L)

In this example:

a = {(4) (60) = 40 deqgrees
(&)
To simplify the whole procedure ., multiply the aircraft

turn diameter (TD) by 460 and divide the answer by the imnbound
leg length. The answer will be the offset heading in degrees.
In this case, the pilot should turn 40 degrees to the left upon
station passage, time outbound for 1 and 1/2 minutes, (apply
drift) and make a 0 degree bank turn inbound. This should put

the aircratt very close to., 1if not on. the inbound course.

Summary

This concludes the chapter about the sixty to one rule. It

began with a discussion of the theory and derivation of the

rule, Application of the rule to climb and descent gradient
problems was then discussed. Finmally, wusing the rule to
calculate headings to establish offsets for teardrop holding
pattern entries and mission planning was described. The sixty

to one rule is a very useful tool and should be a part of every

50
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professional flier’s bag of tricks. When properly used, it can

greatly i1mprove a pilot’s instrument flying %y providing target

pitch attitude changes for various instrument maneuvers.




REVIEW EXERCISES

F=1l o A pilot is returning to home station after a training
mission and is currently 200 NM from the base at +Flight level
50, The pilot has planned for a 3 degree enroute descent, and
wishes to be at Z0C00 MS5L (pattern altitude) 12 NM from the
field;

a. Where will the pilot begin the descent?

b. What descent gradient should the pilot hold?

c. What will be the initial pitch change? (no wind)

d. If the pilot was traveling at 0.6 mach, what will

be the initial VVI reading?

=g The pilot in Problem Z-1 is descending through Flight
Level 250 and is informed by ARTCC of traffic at 12 o’clock.
Center reguests the aircraft be at or below FL 200 in 10 NM.

a. What pitch attitude (reterence level flight) will
the pilot reguire? (no wind)

b. I+ the aircraft was experiencing a 60 knot tail
wind, what pitch adjustment could the pilot make to compensate

for the wind.

52

pa

o
s R g

PRI, P 1257 S N A ozt WG



Y
.

et
i o]

A B2
a 2 . v’
L ( Y SRS

Ty T

L T R

i e g e e

D il i v vt et il - G i S e B ML A e e R Gl ) ‘Ir"r-_l':r i G- ati Sl e i _‘.N'j_q’\’.bf‘;’
=3 An aircraft is 80 miles from home station at the

completion of a training mission when Center advises the pilot
that RAFCON has lost all power and cannot accept any aircraft at

this time. Center clears the aircraft to proceed direct to the

YUCCA VOR at FL 200 to hold as published (see Figure Z-5). The
pirlot decides to use a teardrop entry. The aircraftt 1is
traveling at 0.4 mach and the pilot plans on traveling outbound
for 1 and 1/2 minutes.

Winds are light and variable. What

outbound heading could the pilot use to enter holding?

g 080

YUCCA

-

Figure 3-5. Holding Fattern Entry Exercise
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-4, A prlot 15 flying the TACAN approach shown in Figure I-6.

a. What minimum pitch change should the pilot make at

the FAF?

e b. Assuming a True Airspeed of 180 knots, what VVI

3 - should the pilot expect?

L c. I+ the mimimum pitch change is made. where will

the aircraftt be when reaching the MDA?

K. MISSED APFROACH N
A R 355 Climb 10 5000 via R-775 fo | ey 689 | vasr el
® 15 DME LEGOR 15 DME and hold.
3 28004
e |...V75°
| ", 5 DME VORTAC
‘.. o | ..'o |
1 | -
e | 2000
|
CATEGORY C D
1140-1%
519 e (5(1’)1‘-])6) 1140-1%2 457 (500-1%)
1140-1 1240-2 1280-2
CIRCUNG [ 451 ™ "(500-1) 551 (600-2) S (600-2)
S-PAR 19 783-% 100 (100-12) GS 3.0*
When control tower closed, ACTIVATE MALSR Rwy 1 120.9.

Figure Z-6. Descent Gradient Exercise
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Chapter Four

ARTCC PROCEDURES

ODRJECTIVES

At the completion of this lesson the pilot will:
1. EBEBe able to describe the information flow process that occurs
during the submission, processing, and issuance of a typical
Instrument Flight Rule (IFR) flight clearance.
2. Be familiar with the information available to a typical Air
Route Traffic Control Center (ARTCC) controller to control air
traffic.
A, Understand the services available, limitations. and task
priorities of a typical ARTCC controller.
4, Be familiar with the pilot procedures anticipated by an

ARTCC controller in the event of loss of communications between

the controller and an aircraft.

55




......

REVIEW MATERIAL

Introduction

Current directives specify all Air Force pilots will
utilize Instrument Flight Rule (IFR) procedures to the ma:imum
extent possible. This necessilitates close coordination between
pi1lots and Air Route Traffic Controllers on an almost daily
basis. Al though most pilots are very comfortable working and
communicating with ARTCC, some do not understand the procedures,
services. and limitations involved. This chapter begins with a
discussion of the information flow necessary to process and
deliver an IFR clearance to an aircraft both prior to takeoff
and while airborne. The information available to an air traffic
controller is then described and some of the services available,
limitations to these services, and controller task priorities
are then discussed. Anticipated pilot procedures in the event
of lost communications between a controller and an aircraft are
then 1llustrated. The chapter concludes with a summary and a
selection of review questions to allow pilots to assess their

knowledge of ARTCC operations and services.

Frocessing an IFR Clearance

Since most USAF pilots file and fly using IFR flight plans,
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a through understanding of how a reguested route of flight and
other pertinent information is submitted, processed, and
approved can allow a pilot to better utilize the system. This
section describes the information flow in the clearance process.

Frocessing an IFR flight plan normally begins at Base
Operations and wusually consists of pilot submission of a D D
Form 173 and a crew/passenger listing. Often, a SAC Form 207 is
also submitted if the flight plan is too long to fit on &« D D
Form 173. The dispatcher enters some of the information
contained on this paperwork directly into the ARTCC computer
system. Items such as the aircraft tail number, hours of Yuel
on board, alternate airfield, flight time to the alternate,
pilot’s name, ground distance to destination, and the aircraft
unit of assignment, are not transmitted to ARTCC. I+ the
aircraft is departing a civilian airfield, a flight service
station will submit the flight plan information subject to the
same limitations.

When the flight plan is submitted, the ARTCC computer will
check each point and reject the flight plan if it finds improper
identifiers or NAVAID fix information. For example, fixes
differing +from those published for Air Refueling tracks or Low
Level entry and exit points will be rejected. Thus, even if a
selected NAVAID is known to be out of service, the published
tfixes must still be filed or the flight plan will not be
accepted by the computer. Once verified and entered into the

ARTLC system., the flight plan will remain in the computer for up
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to two houwrs after the proposed departure time wunless extended
by changing the proposed departure time.
The next step 1n the process occurs approximately 20

minutes prior to scheduled departure. At this time. the

clearance 1% automatically printed out in the base clearance

delivery or departure control facility at bases possessing the
required equipment. At most locations, it is also printed out
in the tower. If departing from a civilian facility, the pilot
may have to receive the clearance from clearance delivery, a
local flight service station (FS85) by radio or telephone; or, 1f
practicable, take off under VFR conditions and request the
clearance from FS5S5 or ARTCC after airborne. Once the aircraft
1s airborne, the tower notifies Base Operations of the actual
talkeoff time. iIf the aircraft 1is landing at other than the
departure base, Base Operations personnel send a flight i
notification message to the destination either directly or
through FSS., dependirg on the communications system in use. If
the aircraft is returning to the departure base, Base Operations
personnel simply note the takeoff time and the expected arrival
time in their log.

In some cases, a pilot will take off with a wvalid +Flight
plan and due to mission changes or hazardous weather. be forced
to change the route of +Flight while airborne. This is not
difficult and can be done in several ways. The two most common
methods of changing a flight plan while airborne are through

ARTCC or through FSS.

58




.
:{ =
: 2
E I+ a pilot can transmit the reguested flight plan change i;:
f directly to ARTCC the information flow and processing are :;‘

somewhat simplified. In this case, an ARTCC controller will ii”

1nput the reguested route directly into the ARTCC computer

system. Once this 1i1s done., and the computer has verified and

accepted the routing, the controller will amend the pilot’s

clearance and the process is almost complete. Remember, the

pilot must also update any other changes such as the ETE or

amount of fuel on board with the SAC command Fost and the FS55

which services the departure base. In some cases, however, an i?
ARTCC controller may be too busy or unable to accept a flight i;;
plan change and tne pilot must utilize a different procedure. }Ei

I+ ARTCC cannot accept a flight plan change, the pilot ::?
should work througn a F5S. In this case., a pilot must transmit ;;:
the requested route chanmge to a flight service station. The FS5 Eié
operator then inputs the reguested route into the ARTCC computer %Y
system. Note however, receipt of the requested changes and even ?f
1nput 1nto the computer system does not change the pilot’s i%
original clearance. Once the reqguested route has been accepted 55{
by the computer and the clearance modified, the pilot could be i&;
notified by one of two methods. One method is through ARTCC :1{
directlv. The other is through the F88 which input the ;i}
requested changes. Either method will suffice, however, many t??
pilots prefer to receive their clearance directly from ARTCC; . iﬁ:
thus eliminating the FS85 operator and a possible source of ;;j
confusion 1n the information flow process. This completes the S{'
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discussion of the information flow with the exception of closing
the flight plan.

Once an aircraft has terminated a flight, the flight plan
must be closed. Current directives require that a pilot
verbally verify the closure of the flight plan with tower or

Base Operaticns personnel. At military fields. this is a back

gy
.

b ety
-
e

up procedure since Rase Operations personnel normally close a

.-?!']"-I

- B

flight plan upon landing notification from tower. At a civilian

i

field. & pilot must close the loop through FSS% either by radio

prior to landing. or by radio cor telephone after landing.

e A e
Rl

@

ARTCC Facilities

R

Under normal conditions ARTCC controllers can use their

tfacilities and experience to provide many extra services to a

pilot. Many of these are a direct result of the modern
equipment in use today. This section discusses the equipment
used, the information avallable to a controller, and +the

services this information allows.

" Modern ARTCC facilities utilize one of several types of
.'fi radar scope displays. The basic radar presentation shown in !
é;- Fimwre 4-1 is provided by a scope known as the ARTS I11. It
ctonsists of primary targets, or radar energy reflected from an A
aircratt, secondary targets. which consist of radar energy
transmitted bv the aircraft transponder. some ground returns,

heavy precipitation, and alphanumeric data. The additional 1
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intormation provides a controller with the location of £3
3 obstructions., local airports, and certain aircraft :

%’ 1dentitication features for secondary targets. ;;
:g A typical secondary radar target consists of a rectangul ar ;2
;. shaped mark at the aircraft position, a computer generated
. identitication line. an altitude readout (if the aircraft has an ;?
3 operating mode C transponder and the center 1s equiped to ;‘
i display the altitude), and the assigned transponder mode 3= ;

setting. In addition, many radars will display a flashing "Low 3
5 Alti1tude" warning 1f the computer determines the aircraft ?
';' altitude, as reported by the mode C. places the aircraft in ;:

unsate provimity to the ground. Some radars will +flash the 3
| aitrcraft 1dentification line to indicate a possible conflict in Z“
,i air traffic. The "Ident"” mode of a transponder may show up 1in ;é
; several ways. such as an enlarged target or a flashing taerget, if
'\ -

;: depending on the equipment in use. ;?

f} Heavy precipitation will show on a radar scope as a dark ;?
f area. This dark area can be greatly reduced by using a feature ;
? called Circular Folarization. Controllers using this feature ?
; inay not observe all the precipitation in the area of radar ;,

- coverage. It 1s 1i1important that pilots uwnderstand this in

limitation and be alert for unreported hazardous weather. In féf
most ARTCC facilities circular polarization is selectable and a o ;

i controller may be willing to disable this feature to provide ;

;T additional weather information to a pilot 1f requested. ?

i -

k' A basi1c radar presentation will also normally depict the éf
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posi1tion of high obstructiaons, local airfields, and airways or

jet routes running through the area of coverage. In some areas,

A ¢

s

£ At

this additional 1nformation allows tne controller to provide

TR

vectoring service. The controller 1s provided with minimum
vectoring altitudes based on the known obstructions. These |
altitudes will vary with the section of controlled airspace the

aircraft 1s in but will assure safe terrain and obstruction

clearance.

A second type aof radar presentation, known as NAS Stage A, '
15 shown 1n Figure 4-2. This radar presentation is a digitized f
display of radar 1nformation and not raw radar data. The

presentation contains basically the same information as the ARTS 4

I1II with certain modifications and additions.

Aircratt  symbology 1s slightly different on the NAS Stage =

A. For example, & primary return 1s shown as a plus sign, a
dot. or an X while a secondary return is depicted as a slash

with 1dentification data. This identification line contains the

aircratt call sign, assigned altitude and mode C altitude
readout 1f the aircraft 1s so equiped, and a computer
1dentification number. The scaope will display two additional ¢

slashes beside the aircraft position to depict a transponder

"Ident". An emergency mnde I code setting of 7700 or a radio

failure setting of 7600 will show as additional notation to
alert the controller, as shown in Figure 4-2, items 20 and 27, |

In some facilities, a cade of 7700 or selecting emergency on the

transpander will also activate an alarm.
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Target Symbols

@
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12 *Computer ID 8191, Handoft Is i0 Sector 33

10-33 would meen handot! sccepted}

. 1 Uncorrelsted primaery rsder target + o {*Nr's 10, 11, 12 constituts » “full dsts
-, 2*Correletad prinvery fadiar target X bock®)
5 &) UrsaC IR B T / 13 Ammred sititude 17,000, sircraft i
. 4 Correlated beacon tarpet \ clunbing  node C resdout wea 14,300
s S Identing beacon target - when last beacon interrogetion was

. {*Cort eiated maens the sssociution

received

.. of rejar date with the compuier pro- 14 Leader line connecling target symbol
wctad track of sn entified accreti) and dsts block
N 15 Track velocity snd direction vector
Position Symbois iine (Projscted sheed of target)
16 Amigned sititude 7000, eircreft is
f k (No ft tracki o
=R 6 Froe track (No flight plen trackingl A ol iat Cre s
N . 7 Fis teack (tight plen trackingl QO last rep0cTed sltitude wea 1007
f . B Comst {Beacon target lom} w sbove FL230
-.. 9 Present Position Hold 4 11 Trenmponder code shows in fult data biock
’ onty whan different then mssigned cods
A 1B Asrcraft 11 JOO" sbove smignea
.- shude
: Deta Block Information 19 Reporied sititude (N0 mode C resdout)
seme 13 malgned. An “N°° would ind-
10 *Asecestt lgentification cete O reported attude)
11 “Asgrad Altitude FL/BO, mode C eltitude 20 Yesnaponder mt on emersgency code 7 700
same or within 1200° of esgnd sititude (EMRG flashes 10 eftract sttention|
e . NAS Stsge /1

sutomstion (RCP)mode. which I normasily 20 hours per dsy (Note ) !
«hown in tha ARTS ill Rcdar Scope ligurs Csrisin ARTCC's oulaids the contiguous US s8i3c opersie In “broadband” mode |

n

Trenaponder code 1200 {VF R} with no
mode C

Code 1200 (VF R} with mode C and last
sttitude resdoul

Teanmponder mt on Radio Fadurs code
7600, (ROOF flashes)

Comgputer |0 8228, CSY tndicates arget is
in Comt stetus

Az ghed eltitude F L2790, traneponder
code {These two hemg constitute e
“timited dets block’’)

Other symbols

26 Novigationsl Ad

Pl
30

Airway Of (ot route

Outline of weether returns besed on
primary rtse (See Chapter 4. ARTCC
Ruadar Weather Dmpivy. H's represent
sreas of high dentity precipiistion
which might be thunderstorms Rediel
imnet indicate lower density precips:
wtion}

Obstruction

Airports Mejor (7] . Small {7

Conlrolises View Pisa Displey This figure Hlusiratss the controtiei’s rsdar scope {PYD) when opersiing in ths tu
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- Figure 4-2. NAS STAGE A Radar Depiction
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Areas of precipitation are also i1llustrated differently on
the NAS Stage A radar. Since the display i1is a digital
representation of the actual data. precipitation would not be
visible. Therefore, the computer presents areas of

preciplitation as a series of lines with the letter "H" depicted

at the locations of the heaviest density precipitation. Thus,
the controller®s ability to observe hazardous weather is often
limited.

An additional feature avallable with the digitized radar is
the pro,ected flight path of an aircraft. Upon request, the
computer 1s capable of depicting an aircraft®s route of flight
through the controller’s area of responsibility and will also
generate a projected flight path based on present course. Thus,
a controller can gquickly determine 1f an aircraft is on course,
observe the next filed point, and decide if the aircraft will

remain 0on course based on present heading.

Controller Friorities

ARTCC controllers can assist a pilot in many ways. For
example, pi1lots often utilizc controllers to process inflight
changes to flight plans, assist 1n the avoidance of hazardous
weather, assist 1n accomplishing cell and inflight refueling
rende:zvous., and obtain weather information for 1landing. This
section 15 a brief description of the guidance provided to the

controller to determine which services to provide first or
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whether to provide these services at all.

The pilot must understand that all controllers are directed
to give first priority to maintaining aircraft separation and
issuing safety advisories. Current controller regulations,

however, caution that because of the many variables and

situations 1nvolved. 1t is impossible to publish a standard set

of duty priorities that will apply 1n every situation.
Concequently. controllers are instructed to evaluate each
j?f' s1tuation 1ndividually and exercise their best judgement.

Eﬂ- Additional services may be provided contingent upon such factors

as workload and frequency congestion.

In general. services involving aircraft control and safety

receive the highest priority. For example. terrain and aircraft
:(%g avolidance advisories, Sigmets, and Airmets are broadcast before

less time sensitive requests. Duties such as relaying FIREFS,

assi1sting aircraft navigation through hazardous weather, and
notifing pirlots of reported bird concentrations are not as

critical, but will be handled as expediously as possible. Dther

services, such as relaying altimeter settings, providing landing

weather, and accepting +flight plan changes are of a lower

G
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:ff.. priority and will be accomplished as time permits.

.ﬁf: Controllers are also instructed as to priority for
“‘ operational aircraftt. As might be expected, airrcraft 1in
L distress bave priority over all other aircraft. After that.
:', controllers handle alrcraft on a first come. first serve basis
-

:}; with a few e:ceptions. For example, civilian ambulance flights
‘ "4-_’\
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and military air evacuation flights generally receive the next

highest priority, closely followed by Search and Rescue (5AR)
aircraft. Controllers are i1nstructed that unexpected weather or
heavy traffic flows may preclude these priorities, and that
the1r decisions as to which services to provide need not be
explained to pilots. Therefore. a pilot must be prepared to work

with the controller to assure a safe environment in which to

fly.

Lost Communications Frocedures

This section examines lost communications procedures from

the controller’s point of view. It is intended to expand upon

the procedures published 1n the Flight Information Handbook

(FIH) and current Air Force publications. It is based on FAA
regulations used by controllers and conversations with
experienced air traffic controllers. Remember, as with other

flight procedures, 1f confronted with a situation not discussed
1n current regulations, controllers expect the pilot to use good
judgement and will base their actions on anticipated pilot
actions.

If communications are 1lost with an  aircraft on an IFR
flight plan. the controller s actions will be based on certain
anticipated pi1lot actions. For example. the controller expects

the pi1lot to follow the flight plan and verify radio failure by

changing the mode 3 transponder setting to 7700 for 15 minutes
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and then to 7600 for the remainder of the hour, repeating this
procedure each hour until the flight 1i1s terminated. The
caontroller also expects the pilot to land when practicable. This
1s not to be confused with as soon as paossible and should not

encourage pilots to land at an unsuitable airfield or short of

the destination.

The controller will always attempt to contact the aircraft
using alternate methods. For example. VHF equipped aircraft can
expect controllers to attempt contact on VHF frequencies.
including 121.3 MHz. UHF Guard frequency (Z4Z%2.0) may also be
utilized., as well as flight service freqgquencies. In additiaon,
nilots should monitor VOR frequencies along the route of flight
since some NAVAIDS are equiped for voice transmission. Filots
receiving ARTCC instructions. but unable to reply, may be
directed to place their transponder in "standby" or "ident”" as a
means of acknowledging transmissions. If centact cannot be made
or maintained, the controller will clear airspace accordingly.
A controller’s actions will be slightly different 1if the
aircraft is in the traffic pattern when communications are lost.

Once an aircraft 1s in the traffic pattern, the pilot
should always have a plan for laost communications situations.
I+ IFR conditions exist, the controller will i1ssue lost
caommunications instructions for all radar approaches. If these
instructions are not suitable, the pilot should reguest

different instructions. If an aircraft is being vectored to a

FAF for a published approach when communications are lost. the

(it B s i o o i B A 2




pi1lot 15 cleared to use the aircraft navigation equipment to
find the FAF for any published approach to the active runway.
The controller will monitor the aircratt position and clear
other traffic as necessarvy. The controller will also notify the
tower. and the pilot should monitor the tower for light signals,
weather conditions permitting. Most bases publish local
procedures which supplement the general gulidance so & pilot

should always be familiar with any local directives if possible.

Summary

This chapter has reviewed some of the procedures and

services provided by & typical ARTCC facility. It began with a
discussion of the 1nformation flow involved with filing.
processing, and delivering an IFR clearance. The information
avairlable to a controller was then described. Controller
priorities and lost communlications procedures were then
drscussed. All Alr Force pilots can expect to work closely with

ARTCC 1n most of their daily flight operations. Thus, a strong
understanding of the controller’s limitations and guidance is

vital 1f the pilot is to obtain the maximum benefits and operate

the aircratt safely.
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REVIEW EXERCISES
4-1. When flying out of a Military airfield is it necessary to

request Ground Control or Clearance Delivery to place the
"clearance on request"”?

4-22. At a military airfield, what office 1is responsible for
transmitting a flight notification message if one is required?
4-7. Is 1t possible for an ARTCC controller to observe
harardous weather on a radar scope?

4-4, What happens in an ARTCC facility when a pilot selects
“emergency"” or sets code 7700 in the mode T of the aircraft
transponder™

4-5. Upon what will the actions of a controller be based when
confronted with a 1lost communication situation not covered by

regulations?
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ANSWERS TO REVIEW EXERCISES

1-1. a. OI7 MH

b. 100 NM

c. 20 minutes
1-2. Arrcraft will burn 30,000 pounds of fuel in 20 minutes and
will thus have 535,000 pounds of fuel remaining.

15 The pi1lot can burn 55.000 pounds of fuel and depart with
I5,000 pounds of fuel. At 18,000 pounds per hour, the pilot can
hold for approximately three hours.

1-4. The aircraft must lose 1020 feet in 3.7 Nautical Miles.
This requires a descent of 276 feet per nautical mile.

1-5. The answer depends on the rate of descent the pilot choses
to use to descend from the MDA at the VDF to the runway.
Assuming a T degree descent, the pilot will descend 457 feet
(1140 - 683) in appproximately 1.5 NM. Therefore. the VDF must
be 1.5 NM from the end of the runwav. The TACAN 1s 0.4 NM from
the end of the runway (1 - 0.6) so the VDF should be at 1.9 DME.
(1.5 + 0.4). The distance from the FAF to the VDF is 3.1 NM (5
DME - 1.9 DME). At 180 knots ground speed, this will require &2
seconds. The distance from the FAF to the MAF 1is 4 NM. At 180
knots ground speed this will require 80 seconds.

2-1. Z27 TH - 8 Variation = 319 MH

2=, Most alert areas and their hours of operation are listed
in FLIF. A pilot could also obtain the current status of the

area from the controlling agency (ARTCC).

2= a. See figure S-1.

b. See figure 5-1.

Ee See fiqure S-1.

d. 45 minutes
S=1 . a. The pilot wishes to lose 32,000 fezt at I00 feet per
nautical mile. This descent will require 107 nautical miles.

Since the pi1lot wishes to be level at 2000 MSL at 1% DME. the
descent should begin at 122 DME.
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I
ﬁf b. 00 feet per nautical mile.
e c. T degrees from level flight
d. 1800 FFM.
ﬁﬂ -z, a. The pilot wants to lose S000 feet in the next 10
o nautical miles. This descent would require a 5 degree pitch 1
o rhange.
4 b. The pilot would make an additional 1 degree pitch 1
i change (for a total of & degrees) and monitor the progress of
the descent. .
i
L B A heading to establish an offset distance of one turn
- diameter from the 1nbound course could be established by
v multiplying the aircraft turn diameter by 60 and dividing the
answer by the length of the inbound leg in mnautical miles. In
this case. (4) (60)/(6)=40 deqgrees. The pilot could turn to Q40
degrees plus or minus drift, although any heeding between 035
g and 08O would be legal IAW AFM S1-37. -
d I-4. a. The pilot wishes to lose 860 feet (2000 - 114Q) in 4
f- nautical miles. This rate of descent requires a descent of 215
‘f; feet per nautical mile. Therefore, the pilot should make at
ke — least a 2.5 degree pitch change.
;ﬁp b. 750 FFM. (3 NM/Min) (250 Ft/NMD
#{ . At this rate of descent., the aircraft will be at the
U MAF  when reaching the MDA and possibly past the pilot’s
i preferred VDF.
'53 4-1. Not normally. Most military facilities have the equipment
fﬂ to automatically print out a pilot’s clearance thirty minutes }
'f;' prior to expected departure time.
() Bl=28 Base Operations personncl. 1
o 4-73. Yes. The degree to which hazardous weather will show q
:ﬂf depends on the type of radar equipment installed and whether or
iy not circular polarization is in use.
;, 4-4, The answer depends on the equipment in use and varies from
- a flashing ID line to an enlarged return. At some facilities,

e an alarm may also be activated.

”:: 4~ . Anticipated pilot actions and the pilot’s last clearance.
)
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