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Air navigation aids, in the very high frequency (VHF) band, are found in the band of 108.1-117.9 me.

(a) 108.1 —111.9 megacycles (mc). —ILS localizer with simultaneous radiotelephone channel trans-
mits on odd-tenth decimal frequencies (108.1 —108.3, etc.).

(b) 108.2—-111.8 mc. — VOR stations transmit on even-tenth decimal frequencies (108.2, 108.4, etc.).
Terminal VOR stations.

(¢) 112.0—117.9 mc. Airway track guidance frequencies.

(d) Frequencies from 118.0—135.9 are generally used for voice communications. Figure 6-1
graphically displays these and other frequency bands.

Frequencies Used for Navigation and Voice Communications

The pilot will find that all Instrument Landing System (ILS) localizers transmit in the frequency
band of 108 me to 112.0 mec., i.e.—108.1 mc., 109.3 mc., 110.5 mc., etc. When the localizer frequency is
selected (tuned), the glide slope is also automatically selected on most newer sets.

VOR’s transmit in the band 108 to 117.9 mc.; however, in that portion where the ILS operates be-
tween 108 to 112 mc., VOR’s will transmit only on even-tenths (108.2, 108.6, 109.8, etc) In the VHF
band, all tenths between whole numbers are used for frequencies.

The ARTCC communicates generally in the frequency range of 118.0 to 135.9 mc. Since frequencies
are established for each one-tenth of a whole number, and sometimes in hundredths, it is obvious
there are at least 179 different frequency possibilities within this band. With the high density of air
traffic and the speed of modern planes, instrument flying should not be undertaken without a radio
that has a respectable frequency coverage. A radio with at least 90 different frequency selections is
usually considered desirable.

The radio compass frequency band is frem 100 to 1750 kilocycles.
The facilities that can be received within this band are L/MF
range stations, commercial broadcast stations and nondirectional

The frequencies of each of these facilities are listed on navigation
charts. Additionally, all current commercial broadcasting sta- : beacons
tions are contained in the Jeppesen ‘

The VOR frequency band is from 108 to 117.9 mec. ILS is received

on the VOR receiver on odd tenths from J-AID

to 111.8.

Terminal VOR navigation stations transmit on even tenth fre 108.1

quencies from to 111.8. ’

The VHF frequency band from 118.0 to 135.9 is used for 108.2
communications.

VHF voice communications on frequencies from 118.0 to 135.9 ;

are used by towers, ground control facilities, ATC and Flight voice

The common VHF emergency frequency is 121.5 mc; all other Servi

VHF voice communication frequencies are in the Sf(rz.;)iltfris

to___ . frequency band.
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118.0

The VHF emergency frequency is mc. 135.9

121.5

Common Frequencies Used in the United States

The following frequencies are those considered by the FAA to be the most generally available and
are listed in preferential order:

121.5 m¢ —Emergency (World Wide)

*122.1 me G— Guarded by Flight Service Stations
*122.5 mc G—Guarded by most FAA.towers

122.8 m¢ —UNICOM (airports without towers) —Indicated on Charts and Airman’s Guide by “U”

122.9 me¢ — Aeronautical Multicom Stations for Private Aircraft

122.7 mc —Some FAA towers

122.6 mc —Some FAA towers

121.7 me¢ ~Tower Ground Control

121.9 m¢ —Tower Ground Control

123.0 mc —UNICOM (dirports with towers) pointed out by most charting services and Zirman’s

Guide Publications.

1224 mc — A few FAA towers

126.7 m¢ —Flight Service Stations

1359 mc —Flight Service Stations and when seeking advisories at fields without towers

The pilot must remember when planning a flight, that it is his responsibility to ascertain the fre-
quencies required for a particular route and make certain his radio will handle them.

When making a call to a facility, the pilot should give his complete identification, tell the person
wntacted what he wants and indicate the frequency on which he will receive, if other than normal.

Information on the frequencies required to contact a specific facility, or tower, is included in the

-communications listing on Jeppesen Avigation Charts and is listed in the Airman’s Guide.

If a pilot is departing or arriving and is unfamiliar with an airport, it is to his advantage to inform
the control tower of this fact and he will be accorded special handling while at the facility. (Experienced
pilots usually follow this procedure.) When asking for assistance, be sure to give the complete identifi-
cation and location.

Communications Check

Radio operators have a number system that is used to determine the strength and readability of
radio transmissions. The numbers run from 1 to 5. The carrier signal strength is represented by a range
of 1 to 5 and the modulation is represented by a range from 1 to 5. On a communications check,if the
following is received: “I read you 5 by 5”, it would mean the carrier is excellent in strength and the
modulation readability is excellent. A reading of 3 by 3 would mean that both carrier signal and modula-
tion were becoming marginal. A reading of 1 by 5 would be extremely weak but with excellent read-
ability. On the other hand, a reading of 5§ by 1 would be loud (strong carrier signal) but extremely
poor modulation. Remember in these checks, the carrier signal number is given first and the modulation

*When a frequency is followed by a “G”, this means the facility can receive only on this frequency and will transmit on some
other frequency —122.5 G (Receive Only). If there is a “T” after this frequency, this means the facility transmits only and
cannot receive on the frequency. When there is no designation, the frequency is a two-way frequency. (A legend explanation is
contained at the top of the Communications Listing on all Jeppesen Enroute Avigation Charts.)
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is second. These numbers, used properly, can tell the pilot very simply how he is being received or could
be used to indicate how he is receiving someone else. '

In general aviation, the words used to describe excellent radio reception are, “loud .and clear”. If
the modulation is poor, the words “loud but garbled” would be used. If the carrier signal is poor, the
words “weak but clear” would be utilized.

N

Radio operators have a number system that is used to determine
the strength and readability of radio

The number system has a range from 1 to _ P transmissions
1n the number system, carrier is given ‘ 5
first.
If both sfrength and readability of a transmission are excellent, 3 ; o
and one asks, “how do you read”, the reply would be “5 by i streng
If one receives a transmission that is very weak but clear and is T 5
asked, “how do you read”, the reply wouldbe *_________ by 5”.
For a transmission that is strong but unreadable, the number 1
code would be * ”,
Many pilots prefer to use “loud and clear”, “weak but clear”, or if 5
a transmission is loud but unreadable; *loud but ”, 1
garbled
PROCEDURES ,
Procedure Words and Phrases
Word or Phrase Meaning
ACKNOWLEDGE “Let me know that you have received and understood this
message”.
AFFIRMATIVE “YES”
CORRECTION “An error has been made in this transmission, the correct
version is...”.
GO AHEAD “Proceed with your message”.
HOW DO YOU HEAR ME Self-explanatory
I SAY AGAIN Self-explanatory
NEGATIVE “That is. not correct”.
ouTr . “This conversation is ended and no response is expected”.
OVER “My transmission is ended and I expect a response from you”.
READ BACK “Repeat all of this message back to me”.
ROGER “T have received all of your last transmission”. (To acknowledge
receipt shall not be used for other purposes.)
SAY AGAIN Self-explanatory
SPEAK SLOWER Self-explanatory
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STAND BY

THAT IS CORRECT
VERIFY
WORDS TWICE

“If used by itself means I must pause for a few seconds! If the

pause is longer than a few seconds, or if ‘stand by’ is used to pre-

vent another station from transmitting, it must be followed by

the ending ‘out’”.

Self-explanatory

“Check with Originator™,

(a) As a Request: “Communication is difficult, please say every
phrase twice.”

(b) As Information: “Since communicatic. is difficult, every
phrase in this message will be spoken twice.”

Write and say the word to be used to determine if a transmission

. has been received and understood.

Write and say the word to be used to make a “yes” reply. acknowledge

If a pilot had been contacted by an agency and was ready for

the agency to proceed with their message, he would acknowledge affiirmative

the call and add '

Write and say the phrase to be used to find out how one’s own

transmitter is working. go ahead

Write and say the phrase to be used if a pilot was going to repeat } how do you

a transmission. hear me

Write and say the word for “no”. I say again

Write and say the word used to terminate a conversation. .
negative

Write and say the word to be used to indicate that a reply to a ;

transmission is expected. ou

Write and say the words requesting a message to be repeated. over

Write and say the phrase used if a reply to a transmission will be .

delayed. say again
stand by

Examples: 500
1,300
4,500
9,000

Verhal Statement of Figures
Figures indicating hundreds and thousands in round numbers, as for ceiling heights, flight altitudes
and upper wind levels up to 9,000', shall be spoken in accordance with the following examples:

Five Hundred

One Thousand Three Hundred
Four Thousand Five Hundred
Niner Thousand
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Numbers above 9,000 shall be spoken by separating the digits preceding the word thousand.

Examples: 10,000 One Zero Thousand
13,000 One Three Thousand
18,500 One Eight Thousand Five Hundred
27,000 Two Seven Thousand
All other numbers shall be transmitted by pronouncing each digit.
Examples: 10 One Zero
75 Seven Five
583 Five Eight Three
1,850 One Eight Five Zero
18,143 One Eight One Four Three
26,075 Two Six Zero Seven Five

The digit “9” shall be spoken “niner”. When a number contains a decimal point, the decimal is
spoken as “point”.
Examples: 122.1 One Two Two Point One
126.7 One Two Six Point Seven

Write and say the proper form for 500 feet.

Write and say the proper form for 1,600 feet.

Five Hundred
Write and say the proper form for 9,000 feet. One Thousand

Six Hundred
Write and say the proper form for 10,000 feet. Niner Thousand
Write and say the proper form for 14,000 feet. One Zero

' Thousand

Write and say the proper form for 15,500 feet. One Four

Thousand
Write and say the proper form for 10. One Five Thousand

Fine Hundred

Write and say the proper form for 583. One Zero

Five Eight Three

Statement of Time
The 24-hour clock system is used in radiotelephone transmissions. The hour is indicated by the
first two figures and the minutes by the last two figures.
Examples: 0010 Zero Zero One Zero
0935 Zero Niner Three Five
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Time may be stated in minutes only (two figures) in radiotelephone communications when no
misunderstanding is likely to occur.

Current time at a station shall be stated in the nearest quarter minute, in order that pilots may
use this information for time checks. Fractions of a quarter minute less than eight seconds shall be
stated as the preceding quarter minute; fractions of a quarter minute of eight seconds or more shall
be stated as the succeeding quarter minute.

Examples:  9:29:05 AM Time, Zero Niner Two Niner
9:29:10 AM Time, Zero Niner Two Niner and One Quarter
9:29:28 AM Time, Zero Niner Two Niner and One-Half

Use of Greenwich Mean Time

The Federal Aviation Agency utilizes Greenwich Mean Time (GMT or “ZULU”) for all operational
purposes. Pilots are encouraged to use GMT for aeronautical operational purposes; however, FAA
facilities will accept local time if the pilot so desires.

To Convert From: To Greenwich Mean Time
Eastern Standard Time Add 5 Hours
Eastern Daylight Time Add 4 Hours
Central Standard Time Add 6 Hours
Central Daylight Time Add 5 Hours
Mountain Standard Time : Add 7 Hours
Mountain Daylight Time Add 6 Hours
—
Pacific Standard Time Add 8 Hours
Pacific Daylight Time Add 7 Hours

Aviation uses the 24-hour clock, 1:00 AM is 0100, 6:00 AM is

Twelve-thirty in the afternoon, using the 24-hour clock, is 1230,

1:30 is 0600

6:00 PM on the 24-hour clock is 1330

Time may be stated in minutes only if no confusion will exist. For
example; If a pilot gave a position report at 1040 and thé ETA at
the next reporting point was 1110, he could state ETA as One
Zero. If he reported at 1120 and the ETA was 1205, he could state
ETA as

1800

Current station time given to a pilot is given to the nearest
quarter minute. 1032:15 would be given to the pilot as One Zero
Three Two and One-Quarter. 1032:40 would be given as One Zero
Three Two and

Zero Five

To convert Eastern Standard Time to Greenwich Mean Time add
5 hours. 1300 EST is GMT.

Three Quarters

1000 EST is GMT. 1800
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7 To convert Central Standard Time to Greenwich Mean Time, add

6 hours. To convert Mountain Standard Time to Greenwich Mean 1500

Time, add hours. '

0600 CST is GMT. ‘ 7
1200

Loss of Communication Procedures

It is obviously impossible to provide regulations applicable to every type of communications problem
which might arise. For this reason, pilots are given authority to take action appropriate to the emergency
at hand, even though that action might be in violation of regulation. However, a pilot who takes action
which deviates from regulation must be prepared to explain his action to authorities. In all emergency
situations, pilots are expected to exercise good judgement in whatever action that may be taken.

In order that pilot action may be anticipated by Air Traffic Control authorities, definite procedures
applicable to many different types of emergencies have been clearly defined. Pilots who are Operatlng
under IFR clearances shall conform with the following procedures when possible.

Any pilot experiencing radio communications failure should listen on any operational radio receiver,
since controllers have the capability of transmitting on many navigation facilities in addition to com-
mand radio transmitters.

Two-way Radio Communication Failure in VFR Conditions (Instrument Clearance)

If radio communication failure is experienced in VFR conditions, the pilot is expected to remain
in VFR conditions, land as soon as practicable and advice ATC of his action. This regulation is not
to be construed to mean that the pilot must land as soon as possible, but is to mean that the pilot still
retains his decision-making prerogative and is to use his judgment in the matter. To conduct an ex-
tended flight with no communication capability would be a violation of this rule, however, this rule
is not intended to compel the pilot to land at an unauthorized or unsuitable airport, or an airport slightly
short of destination.

Pilots are given authority to take any action deemed necessary
in an situation.

In all emergency situations, pilots are expected to use good
emergency

Authorities have prescribed definite procedures to be followed in
the event of communications failure in order that ATC may be Jjudgment
able to anticipate pilot actioh in an

Pilots experiencing radio communications failure should listen

on any operational receiver because controllers have the capa- emergency
bility of on many navigational radio facilities.

In the event radio failure is experienced in VFR conditions, the _y
pilot is expected to remain in conditions. transmutiing
Extended IFR flight in VFR conditions (is) (is not) VFR

a violation of regulation.
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If a pilot under an IFR clearance loses radio communication
:apability in VFR conditions, he should land as soon as it is

practicable

Two-way Radio Communication Failure in IFR Conditions
When operating in IFR conditions or when it is impossible to descend and land in VFR conditions,
the pilot will comply with the following procedures.

Enroute Procedures

When cleared to. the destination airport or destmation fix, proceed in compliance with the last
ATC clearance received to the navigational aid to be used for the approach. If cleared to a fix short
of the destination fix, do not hold but proceed to the destination fix via the route specified in the ATC
clearance. If no route is specified beyond the clearance limit, proceed to the destination approach fix
via the flight planned route. » ,

If given a clearance limit short of the destination with holding instructions and an expected further
clearance time, hold until the specified time, then proceed to the destination approach fix ix. accordance
with the above paragraph. If given holding instructions for a fix short of the destination approach fix
with an expected approach clearance time, depart the holding fix so as to be over the destination approach
fix as nearly as possible to the time specified, proceeding in accordance with the above paragraph.

If given holding instructions at a fix short of the destination on a different route than requested,
ATC will specify a proposed routing which should be followed in lieu of the flight planned route.

If cleared via vector to a fix, radial or airway, proceed via the most direct route possible to the fix,
radial or airway and then in accordance with the procedures outlined above. If a flight is taken off
the specified route via a vector, the flight should proceed back to the specified route via the most direct
route possible and then in accordance with the procedures outlined above.

When a pilot operating IFR has received clearance to the
destination airport or fix, he should proceed via the last ATC
received.

If cleared to a fix short of the destination, the pilot (should)
(should not) _ hold, but should proceed
to the destination via the route specified in the ATC clearance.

clearance

If no route to the destination has been specified, the pilot should
proceed to thé destination approach fix via the
‘ route.

should not

If a pilot is given a clearance limit short of the destination with
holding instructions and an expected further clearance time, he
should hold until the specified time, then proceed to the
approach fix in accordance with approved
lost communication procedures.

flight planned

o
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If a pilot in the holding pattern is given an expected approach
clearance time, he should depart the holding fix so as to be over

the approach fix as pearly as possible to the expected destination
time.
If a pilot is cleared to a fix, radial or airway via a vector, he should
proceed to the fix, radial or airway by the most direct route approach
possible and then proceed in accordance with approved lost : clearance
procedures.

a pilot is taken off the specified route via vector, he should
proceed back to the specified by the : L
most direct route and then proceed in accordance with approved communication
lost communication procedures.

route

Altitude Procedures
.In the event of radio communication failure, the flight should be continued at the highest of the
following altitudes:

(a) The altitude/flight level assigned in the last ATC clearance.

(b) The minimum enroute altitude (MEA).

(¢c) The lowest cardinal altitude/flight level at or above the MEA of the highest planned route
structure. (Cardinal altitudes are thousand foot levels: i.e., 22,000, 23,000, etc) If a climb
is mandatory because of this rule, the climb shall be started 10 minutes after passing the first
compulsory reporting point over which radio failure prevented communication with ATC.

Approach Procedures

A descent from the enroute altitude/flight level at the destination approach fix shall be commenced
at the latest of the following times:

(a) The expected approach clearance time, if received.

(b) The estimated time of arrival indicated on the flight plan, or as amended with ATC.

(¢) The actual time of arrival over the facility.

Holding

If it becomes necessary to hold over the approach fix at the destination, the holding and descent
to the initial altitude for the approach should be accomplished on the side of the final approach course
on which the procedure turn is prescribed.

Should a pilot lose radio communication, he should proceed at the
highest of the following altitudes:
(a) the last assigned altitude/flight level

(b) the minimum altitude
(¢) the lowest cardinal altitude/flight level at or above the
highest route structure.
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If a pilot has been assigned to a lower route structure than -
planned, he shall maintain the assigned altitude/flight level or

MEA, which ever is higher, until e’zzzﬁifz
minutes after passing the first compulgory reporting point over p
which radio failure prevented communication with ATC.
Descent from al’itude to the approach fix shall be started at the
latest of the following times:

(a) the expected approach clearance time

(b) the actual time of arrival over the facility 10

(c) the estimated time of arrival as indicated on the

, or as amended with
Holding over the approach fix is accomplished on the same side flight plan
as the procedure ATC
turn
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AIRPORT TRAFFIC CONTROL

Information and instructions issued by an airport control tower are to assist the pilot in avoiding
collisions and other dangerous situations. It is important to remember that instructions issued by a
tower are permissive in nature and do not relieve the pilot of the responsibility of avoiding hazardous
situations.

It must be borne in mind that the pilot has the authority to ask for a change in clearance in any
case where he believes another course of action would provide a greater margin of safety or when it is
impossible to comply with instructions received.

When utilizing airports equipped with operating control towers, pilcts must obtain clearance to
taxi onto a runway, to takeoff and to land. The receipt of a clearance to taxi to a runway constitutes
authorization to cross runways that might intercept the taxi route unless specific instructions to the
contrary are received. Clearance to a runway does not constitute authorization to taxi onto the runway.

Takeoff Restrictions

Air carrier or commercial aircraft carrying passengers or operating for compensation or hire shall
not be cleared for takeoff under the following conditions: (1) when the runway visual range (RVR) for
the departure runway is less than 2,00C feet, or (2) if the RVR is not available, when the visibility for
the departure runwayj is less than one quarter mile, or (3) if neither RVR or runway visibility are avail-
able, when the field visibility is less than one quarter mile. When the aircraft is not cerrying passengers
or cargo for hire, the above restrictions d¢ not apply.

Information issued by a control tower is provided to assist

Control tower instructions are permissive in nature. Pilots are

responsible for avoiding accidents on the pilots
The pilot always has the prerogative of requesting a change in ground
(airport)
When operating at a controlled airport, pilots must have a clear-
ance before landing, taking off or taxiing ont~ the active clearance
Clearance to a runway (does) (does not)
constitute clearance to taxi onto the active runway. runway
In order for an air carrier aircraft carrying passengers to be d ;
cleared for takeoff, the RVRmustbe. ____ feet or more. oes no
When the RVR is not available, an air carrier zircraft carrying
passengers, may be cleared for takeoff when the runway visi- : 2,000
bility is .aile or more.
one quarter
Departure

Prior to departure, pilots are required to be familiar with established departure procedures and
shall comply with such procedures upon departure unliess specifically cleared otherwise by the controlling
authority.
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Standard Instrument Departures (SID’s)

SID’s are utilized at high density airports for frequently used departure routes to simplify clearance
delivery and expediate traffic. They provide the pilot with detailed departure routes in graphic and
narrative or just narrative presentation. SID’s will be used in cases considered appropriate by ATC
when air carrier aircraft on IFR flight plans are concerned. In the case of civil aircraft other than air
carrier, SID’s will only be used in connection with an IFR flight plan and when so requested by the pilot.

Radar Departures

Departing aircraft, under most conditions will utilize radio navigation facilities. However, when
deviation from established routes is necessary to provide for separation or to avoid weather, radar
guidance will be provided until the aircraft is established on course and is receiving the appropriate
navigation facility. If the pilot of an aircraft under radar control experiences two-way radio failure, the
flicht should be continued as cleared by ATC prior to the failure.

Pilots are required to be familiar with established departure

Standard Instrument Departures aid in clearance delivery and

expediting procedures

SID’s are used at high density airports for frequently used :

departure raffic

An air carrier pilot may expect a SID clearance when he is ;

operating on an flight plan. routes .

. hJ

The pilot signifies that he is familiar with the pertinent SID IFR

when it is requested on the

Radar departures are used when deviation from established

routes is necessary for traffic separation or for avoidance of flight plan

adverse

When a radar departure is utilized, guidance will be provided

until the aircraft is receiving the appropriate navigational weather

If a pilot experiences radio failure while under radar control, he facility

should continue the flight as cleared by (radio)
ATC

ENROUTE
Reporting Procedures

Pilots who are operating under an IFR clearance are required to maintain a continuous listening
watch on communication channels appropriate to the route being flown. They are also required to furnish
position reports at various reporting points along the route of flight as specified by ATC.

Compulsory reporting points are shown on airway charts as a solid triangle (A). All of these points
st be reported except when a non-compulsory indicator “NR »” is shown adjacent to the airway. This
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symbol is used on Coast and Geodetic Survey charts and indicates that a report is not required at the
next charted compulsory reportmg point if the flight is proceeding in the direction of the arrow. On
Jeppesen Cliarts, the symbol /’A™\_indicates that a position report is not required at the fix if the flight
is continuing on through the fix. In the case of both symbols explained above, the fix must be reported
if so requested by ATC.

“On rejjuest” reporting points are designated by an open triangle (A) on airway charts and are not
compulsory unless so designated by ATC. The pilot may be requested to report reaching an “on request”
point or any other fix along his route of flight.

All position reports should be made as soon as possible after passing the reporting point. However,
regardless of when the report is made, the time reported to ATC will be the actual time over the

reporting point.

Each IFR position report shall include the following information.
REQUIRED PORTION OF REPORT EXAMPLE
Identification (state if Jet) .........cooeuiiieiiiie i “Skyways one one four
POSItION. ..o over Qakhill
11+ 5 L= PPN at one eight
Altitude (also required for VFR on-top flight plans

when operating at flight level 240 or above)..............c.c..ceiiinn, niner thousand
Type of flight plan (not required if report is given to ARTCC

or Approach Control)............cooiiiiiiiiiii insirument flight plan
Name and estimated time of arrival (ETA) over next reporting point........... Jasper one seven four five
Name of next succeeding reporting point............cocoiiiiiiiiiiin . Mavlden”.

Pilots operating on an instrument clearance must maintain a
continucus listening watch on the appropriate enroute

Compulsory reporting points are designated by a solid frequency

The symbol “NR »” on Coast and Geodetic Survey charts, indi-
cates that a position report is not required for the next charted triangle
compulsor y reporting point in the direction of the

The symbol on Jeppesen chairts indicating that a position report
is not recuired if the flight is continuing through the fix is arrow
shown on charts as * .

Open triangles are used to designate =~

reporting points. <A
ATC i

TC may request a pilot to report at any fix along the route of on request
Che time given ATC in the voice report will be the actual time Tight
over the flig
The first portion of a position report concerns the identification of
the flight. In this part of the report, the pilot must so state if fix

he isin a airplane.
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The fourth item in sequence given in a position report after
identification, position and time is the altitude. This is required
on VFR on-top flight plans only when operating at or above flight
level

Jet

The next item in a position report is the type of flight plan under
which the flight is being conducted. This portion of the report
is not required if the report is being given directly to an
or approach control.

240

ARTCC

Other compulsory voice reports to the controlling agency are as indicated below:

1. At any time it is apparent that a previously reported ETA will be in error by more than

three minutes.

2. At any time the average true airspeed (TAS) at cruising altitude varies by ten knots from

the TAS given in the flight plan.

3. When leaving a previously assigned altitude/flight level for a newly assigned altitude/flight

level.

4. The time and altitude/flight level upon entering a holding pattern or reaching a point to

which cleared.
When initiating a missed approach.
When leaving a previously assigned fix.

® N oo

When leaving the approach fix inbound on final approach.

When encountering unforecast weather conditions. Pilots are encouraged to report at
the time they encounter unforecast weather. However, regulations make the report manda-
tory no later than the end of the next position report given after the weather is encountered.

An amended report must be given ATC when it is apparent that
an ETA will be in error by more than

ATC must be notified when the actual true airspeed varies from
the planned true airspeed by knots
or more.

three minutes

ATC must be advised when a flight is leaving an altitude/flight

.conditions that have not been-__

level, when leaving a previously assigned fix or, when leaving a ten
fix inbound on final
A report is mandatory when a flight has entered a holding
pattern, reached a clearance limit or initiated a missed approach
A report must be given ATC when a pilot encounters weather
approach
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The report concerning unforecast weather conditions must be
forwarded to ATC no later than the end of the next position report forecast
after encountering the unforecast

weather

Airway Systems

There are two air navigation route systems established in the United States. Both systems utilize
the VHF omni range (VOR) as the primary system of navigation, but each covers a different altitude
range.

Each Federal Airway within the continental United States includes the air-space extending upward
from 700 feet (in some cases 1,200 feet) above the surface of the earth to but not including 18,000 feet
MSL. This airway system is designed for short and medium haul aircraft.

‘Each jet route extends “rom 18,000 feet MSL to and including flight level 450. This system is designed
for long haul aircraft.

The two airway structures in the United States utilize the VHF
as the primary navigational aid.

Federal airways within the continental United States extend

.upward from ____ feet (in some cases 1,200 feet) above omni range
the surface to but not including feet MSL.
Jet routes extend from feet MSL to and including ' 700
flight level | 18,000
The jet route system is gear=d to haul aircraft. igbOOO
long

Climbing and Descending

To facilitate traffic control, pilots on instrument flight plans are requested to adhere to special
aircraft climbing and descending procedures. Unless cleared otherwise by ATC, aircraft should climb
as rapidly as practicable to 1,000 feet below the newly assigned altitude then transition to a 500 foot
per minute rate of climb until reaching the assigned altitude. Likewise, when descending, the descent
should be made as rapidly as practicable to 1,000 feet above the newly assigned altitude then a transition
-made up to a 500 foot per minute rate of descent until reaching the assigned altitude.

When an aircraft is cleared for a descent, the pilot should descend

as rapidly as practicableto ________ feet above the assigned
altitude then transitiontoa_______ foot per minute rate of
descent.

Traffic will move in a more expeditious manner if, when pilots are

cleared for an ascent, they climb as rapidly as practicable to 1,000 1,000
feet below the assigned altitude and then transition to a 500 foot . 500
per minute rate of
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Holding | 4
The holding pattern is a device employed by ATC to aid in the orderly management of air traffic.
The terminology and general features of the holding pattern are illustrated in Figure 7-1.

Ouibound —e————pp-

Fix End

Holding Fix/

Outbound End

«¢———— Inbound

Holding Course

<=1 or 1V2 Min.—

Fig. 7-1—-The Holding Paftern

Standard and Nonstandard Holding Patterns

The standard holding pattern consists of right turns and inbound legs that are flown for one minute
or less when holding at or below 14,000 feet. When the holding aircraft is above 14,000 feet the inbound
legs should be flown for one and one-half minutes or less as shown in Figure 7-1. Upon entry into the
holding pattern, the first outbound leg should be flown for one minute or one and one-half minutes as
the altitude dictates. However, subsequent outbound legs should be adjusted as necessary to obtain
the proper inbound leg time. '

The nonstandard holding pattern consists of left turns plus any further changes requested by ATC.

Holding Procedures

An aircraft is considered to be in the holding pattern upon arrival over the holding fix. Thus, pilots
are expected to reduce speed to the appropriate maximum holding airspeed or less within three minutes
prior to the estimated arrival over the holding fix.

The maximum indicated airspeed for propeller driven aircraft in the holding pattern is 175 knots.

The maximum indicated airspeed for civil turbojet aircraft in the holding pattern up to and including
6,000 feet is 200 knots. The maximum indicated airspeed in the airspace above 6,000 feet up to and
including 14,000 feet is 210 knots and when above 14,000 feet is 230 knots.

Pilots will execute all turns while in the holding pattern at a 30° angle of bank (25° if a flight director
system is used) or at 3° per second rate of turn, which ever requires the least angle of bank.

If the operating limitations of a particular aircraft preclude compliance with the holding regulations,
the pilot is expected to advise ATC in order that adequate separation may be effected.

When holding, a turn toward the outbound leg should be initiated upon receipt of the first positive
indication of arrival over the holding fix. For example, when holding at a VOR station, the turn should
be commenced upon the first complete reversal of the TO-FROM indicator.

' The timing of the outbound leg is begun when the aircraft is abeam the holding fix outbound. If
the abeam position cannot be accurately determined, the timing should begin when the fix end turn
is completed. Wind effect should be compensated for so as to keep the aircraft on the approximate
no-wind track.
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A standard holding pattern shall be used unless otherwise advised. ATC will issue a clearance spec-
ifying left turns when a nonstandard pattern is to be utilized.

The holding pattern is used by ATC as an aid in the orderly and
safe management of air

The direction of a turn in a nonstandard holding pattern is

traffic
When in a standard holding pattern at 9,000 feet, the inbound leg left
should be lownfor ___ minute(s) or less. €
After the initial outbound leg of a holding pattern, the outbound
legs are adjusted so as to achieve the proper leg one
time.
~In a standard holding pattern, all turns should be made to the .
inbound
When holding at 16,0060 feet, the inbound leg should be flown for ot
minutes or less. g
ilip;)}?earrivz-.l over the holciing fix, an airctaft is considered to be one and one-half
An aircraft is expected to be at or less than the maximum holding holdi
pattern airspeed within minutes prior to the 0 t ng
estimated arrival over the holding fix. pattern
The maximum indicated holding airspeed for propeller driven three

aircraftis ____ knots.

When holding in the airspace from above 6,000 feet up to and
including 14,000 feet, civil turbojets must have an indicated 175
airspeed no greater than ____ knots.

When in the holding pattern, a turn toward the outbound leg

should be started at the first indication of arrival over the holding 216

While in the holding pattern, the pilot should adjust his heading

so as to compensate for any existing fix

Unless otherwise specified in the holding clearance, a ind

holding pattern shall be utilized. win
standard

Holding Clearance
Clearance to hold will always include the following instructions:
1. The general area in which to hold in relation to the holding fix. (General areas are specified
by using the eight cardinal points of the compass such as north, northeast, east, southeast,

"

=
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south, etc. This information is provided to prevent the possibility of holding on the wrong
side of the fix). )

The DME leg length when appropriate.

The specific radial, course, airway or magnetic bearing on which to hold.

The time to expect further clearance or approach clearance. (This information is given
to provide for general flight planning and to insure against a misunderstanding between

"controller and pilot in the event of communication failure).
Example of a holding clearance:

Global four five, hold northeast of Henderson VOR on the zero seven four radial. Expect
approach clearance at one seven four five.

When a pilot receives clearance to depart a holding fix, he should shorten the leg length of the
holding pattern as necessary so as to depart the fix at the time specified by ATC.

-Holding clearance from ATC will include the direction from the
fix; DME leg length when appropriate; specific radial, course,
airway or magnetic bearing; and the time to expect

It is a good practice to be sure that the expected further clearance

time is clearly understood, since it will prove useful in the event i l;erther ce
of a failure. aran
A pilot should always depart a holding fix at the time specified cati
by ATC. This procedure is followed even though it might be neces- ?:":im l)‘n leation
sary to the holding pattern. adto

shorten

Holding Course

Fig. 7-2 —Holding Pattern Entry

'Y
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Holding Pattern Entry

Recommended procedures for holding pattern entry are illustrated in Figure 7-2. Notice in this
Figure, that entry procedures are governed by an imaginary line drawn through the holding fix at a
70° angle to the inbound holding course. Note also that, for the purpose of this discussion, the area
around the holding fix has been divided into four sectors—A, B, C and D.

Aircraft entering the pattern from sector “C” or “D” will execute a right turn over the holding
fix and continue in the holding pattern. Aircraft entering from sector “A” will parallel the holding
course outbound, then execute a left turn so as to return to the fix or intercept the holding course in-
bound. This procedure is illustrated in Figure 7-2. Aircraft entering from sector “B” will continue
through the holding fix on a track of 30° or less to -he holding course, then execute a right turn teardrop
maneuver to intercept the inbound course as shown in Figure 7-2.

Procedures utilized for entry into the no:istandard holding pattern are oriented to the 70° line
on the holding side of the airway just as in the standard entry procedures.

The holding pattern entry procedures are gov :rned by an imagi-
nary line drawn through the holding course at an angle of
degrees.

The recommended procedure for aircraft entering the holding
pattern from sectors “C” or “D” (see Figure 7-2) is to execute a 70
turn and continue in the holding pattern.

It is recommended that aircraft entering from sector “B” continue
through the holding fix at an angle to the holding course of 30° or

less, then turn right to intercept the right

Aircraft entering from sector “A” should parallel the holding
course outbound then turn left to return to the
or intercept the holding

holding course
(inbound course)

If the holding course is 270° as illustrated in Figure 7-2, an air-

" craft entering the pattern on a course of 030° would make an fix
initial (right) (left) turn. course
Using Figure 7-2 again, what would be the initial direction of
turn for an aircraft entering the pattern on a course of 180°? right

left

DME Holding

Distance Measuring Equipment (DME) holding involves the same procedures as standard holding
except that distance, as read on the DME indicator, is utilized in lieu of time values. VORTAC (or
DME in conjunction with VOR) gives the pilot the added advantage of being able to establish a holding
fix at a given distance on any specified radial. In the following illustrated DME holding pattern, the
fix is 10 miles from t! e navigational aid, the inbound course is toward the navigation aid and the legs
are 7 miles in length.
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NAV AID -
- Holding Course

fig. 7-3 — DME Holding

When DME holding is used, the controlling factor is distance

instead of
DME allows a holding fix to be established at a given distance .
on any given' ___ . time A
If a pilot were actually utilizing the DME holding pattern illus-
trated in Figure 7-3, the turn to the outbound course would be radial
initiated at miles.
In the situation described in the above frame, the turn to the
inbound course would be started at a distance of ten
miles.
seventeen

Enroute Radar Procedures v

Air Route Traffic Control Centers (ARTCC) and many high density air terminals utilize Federal
Aviation Agency (FAA) operated radar units to provide for safe, efficient handling of air traffic. Any
pilot desiring radar service should contact the appropriate FAA control tower or an ARTCC for initial
instructions.

Radar assistance may be provided, at the discretion of the controller, to aircraft on VFR flight plans
when such aircraft can be radar identified, are within radar range and can communicate with the radar
facility. Pilots are reminded that radar controllers are not always aware of the weather conditions
into which they direct aircraft. Therefore, caution should be excercised if the pilot is not fully equipped
and qualified for instrument flight.

As IFR air traffic has increased, radar coverage has been greatly expanded. Instrument pilots must
be prepared to operate in accordance with radar procedures when on an instrument flight plan.

Radar separation standards vary with the distance from the radar antenna site. When aircraft
are within forty miles of the radar antenna site, a minimum of three miles horizontal separation is
maintained unless standard non-radar separation exists. When controlled aircraft are more than forty
miles from the radar antenna site, a minimum of five miles separation is maintained unless standard
non-radar separation exists.

FOPS-789



D'RECTED STUDY PROGRAM PAGE: 7 -11

USFAA EXAMINATION GUIDE DATE: 1 June 1966

REF: 2000 - 1

Radar Traffic Information

Ralzr traffic information 1s a service provided by radar air traffic control facilities for the purpose
of advising pilots of any potentially hazardous situation. This service is provided to aid the pilot, but
is not designed to supplant his responsibility to see and avoid other aircraft.

Traftic advisories are routinely pro-~led io IFK 'raffic unless a pilot advises that he does not desire
the service, or the controller .‘iscontinuc: wie cerviee due to traffic volume, radio frequency congestinn
or other limiting factors.

Vectors to avoid traffic may be provided upon the pilot’s request to the extent possible as determined
by the radar operator. Pilots are reminded that the decision to provide or not to provide traffic informa-
‘tion is completely at the diccretion of the controller.

Advisory information includes the following information concerning the traffic in question.

CCMPONENT EXAMPLE
Azimuth (oriented to 12 hour clock) traffic four o’clock
Distancc five miles
Direction of traffic movement south-bound

A pilot who desires radar service can contact the appropriate
FAA or ARTCG.

for iniiial instructions.

Radar service may be extended to VFR flights at the discretion

of the __ control tower

Pilots who are not equipped or qualified for instrument flight
should be wary when being directed by radar, since controllers are
not always aware of the conditions into
which they direct flights.

controller

When on an instrument clearance, a pilot should be prepared to

. . weather
operate in accordance with procedures.

Unless siandard noa-radar separation exists, a radar controlled
aircraft within 40 miles of the radar antenna site will have a
minimum horizontal separation from other aircraft of

miles.

radar

When standard non-radar separation does not exist between
aircraft .ver forty mile~ from the radar antenna site, an aircraft ; three
separation minimumof . _______ miles is maintained.

Radar Traffic advisory service is designed to provide the pilot with
information pertaining to possible situations.

.o five

Even though radar traffic information is available, the pilot is
still resporsible for seeing and other aircraft.

hazardous

The decision as w0 * vhether radar advisory service will be provided

or not is at the ¢iscretion of the avoiding

Radar advisory information will include the azimuth, the distance

and the direction of movement of the controller
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The Air Traffi: Control Radar Beacon System

The Air Traffic Control Radar Beacon System (ATCRBS) was designed for use by the FAA to provide
for radar target reinforcement and rapid aircraft identification. This system is comprised of a ground
based interrogator, an airborne transponder and a ground based decoder for deciphering the coded
replies from the transponder.

The grourd interrogator transmits short bursts of radio energy which activates the transponder in
the target aircraft. If the transponder is set to the proper channel, it will receive the signal and transmit
a reply. The reply is decoded and displayed on an air traffic control radar scope enabling positive
identification of the target aircraft.

The ATCRBS interrogator is capable of interrogating on six different signals referred to as modes.
Only mode “A” however, is used by civil aircraft in the United States. The airborne transponder will
accept, from the interrogator, only the mode selected in the cockpit. Upon accepting an interrogation,
the transponder will transmit a code appropriate to the selection made by the pilot upon the request of
the radar controller. Remember that an interrogator transmits on modes and a transponder transmits
on codes.

The code numbering system begins with 00 and extends through 77. However, there is a total of
only 64 codes in the system because no 8’s or 9’s are included.

Code utilization is based on a concept designed to minimize code changes required of the pllot and to
enable the controller to quickly identify aircraft under his control. Pilots of aircraft equipped with a
transponder will be instructed to reply on a specified code which is determined by factors such as altitude/
flight level, type of flight plan, altitude transition and position in relation to a terminal area. Code 77
is used in any emergency situation.

The Air Traffic Control Radar Beacon System provides target
reinforcement and rapid aircraft

The components of this system are the ground based interrogator,

the decoder and the airborne identification
The decoder is used to decipher the replies from
transponder
the transponder.
The transponder, if set to the proper channel as directed by ATC,
will receive the signal from the interrogator and transmit a coded coded
The reply is displayed on the controller’s radar scope, providing .
for positive aircraft repty
The ground l:jsggs interrogator is capable of transmitting on identification
Civil aircraft in the United States useonlymode ", six
The airborne transponder transmits on : A
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There areatotalof _____ codes, however, no or d

are included in the code numbering system. codes

The code on which the pilot is requested to reply is determined by 64

such factors as altitude/flight level, type of flight plan, altitude 8’s

transition and position in relation to a area. 9’s

terminal
ARRIVAL

Inbound IFR flights are normally issued clearance for a specific instrument approach by Air Traffic
Control. This procedure is designed to minimize radio transmissions and expedite traffic. If a pilot does
not desire to execute the specified approach, he may request any other appropriate approach. However,
he must be prepared for a delay until traffic conditions permit compliance with his request. The omission
of a specific approach in the initial approach clearance indicates to the pilot that he is free to utilize
any approved approach. 4 , '

Any pilot not familiar with a specified approach should advise ATC. In this situation, the clearance
will include detailed instructions concerning the execution of the approach.

Traffic sometimes becomes congested in the vicinity of high traffic density terminal areas. Often
it is necessary for subsequent arriving aircraft to hold at successively higher altitudes over the terminal
fix (or any local fix designated by ATC) while awaiting clearance for an approach. Under these conditions,
ATC will provide advance notice to each pilot in the approach sequence as to the time when he can depart
the holding fix for an approach to the airport.

To minimize radio transmissions and expedite traffic, ATC will
usually issue clearance for a specific to
inbound terminal traffic.

The pilot is authorized to request any appropriate approach at the
destination, however, he must be prepared for a approach
because of possible crowded traffic conditions.

ATC will issue detailed approach instructions if the pilot advises

that he is unfamiliar with the specified delay

When in a holding pattern in the vicinity of a terminal area, ATC
will provide advance notice as to when aircraft may depart the approach
for an approach.

holding
fix
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An air traffic clearance is an authorization issued by Air Traffic Control (ATC) for an aircraft to
proceed under specified conditions within controlled airspace. Clearances provide for separation between
aircraft which are operating under Instrument Flight Rules. However, all pilots are responsible for
their own separation when flying in VFR conditions regardless of the type of clearance under which
they are operating. Since ATC may not have knowledge of VFR flights, positive separation cannot
be assured in VER weather conditions.

The filing of an instrument flight plan indicates that the pilot is qualified and the aircraft is equipped
for instrument flight as prescribed by regulation. The receipt of a clearance does not consititue authority
for the pilot to violate any Federal Aviation Regulation.

Aircraft Separation

ATC provides aircraft separation laterally by assigning different courses, vertically by assigning
different altitudes and longitudinally by providing for a minimum time separation between aircraft
on identical courses.

Standard separation will be- maintained for all aircraft on IFR clearances except when a “VFR on-
top” clearance has been requested by the pilot and authorized by ATC or when a pilot has requested
and received clearance to conduct any portion of an IFR flight under Visual Fight Rules.

An air traffic clearance is an authorization issued by

(ATC).

An air traffic clearance authorizes a pilot to fly an airplane under . Air Traffic
specified conditions within controlled o Control
IFR clearances provide separation between only those planes oper- .
ating under : flight plans. airspace
Since ATC may not be aware of VFR air traffic, all pilots are respon- .
sible for separation in : weather conditions. instrument
When a pilot files an IFR flight plan, he is indicating that he is o
instrument rated and that his aircraft is equipped for VFR

flight. -
A clearance in no way authorizes a pilot to violate any Federal .

Aviation instrument
Separation is maintained between IFR traffic by the assignment of .
different altitudes, courses, and Regulation
Standard IFR separation will be maintained between all IFR oper-
ations except when a “VFR on-top” clearance is in effect or when .
any portjon of an IFR flight is being conducted under times

Rules.
Visual Flight

VFR On-Top Clearance
The “VFR on-top” clearance authorizes the pilot to conduct a flight at an altitude (or flight level)
of his own choosing as long as he remains in VFR weather conditions. However, with this type of clear-
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ance, the pilot assumes full responsibility for aircraft separation. A “VFR on-top” flight must be con-
ducted in accordance with VFR cruising altitude rules.

A “VFR on-top” clearance is never issued except on the request of the pilot. Even though this type
of fligh* plan is associated with VFR weather conditions, it is considered to be an IFR operation. With
this type of flight plan, the pilot must request and receive clearance to fly at a specific altitude prior to
entering IFR weather conditions.

“VFR on-top” flights are not allowed in Positive Controlled Airspace.

Clearancc Terminology

The prefix “ATC clears” always preceeds a clearance issued by an Air Route Traffic Control Center
(ARTCCO). Information or advisory messages originating in an ARTCC are prefixed with “ATC requests”
or “ATC advises.” This terminology is utilized even though the clearance is relayed through a control
tower or other communication station.

Traffic control agencies may use the phrase “via flight planned route” in lieu of lengthy portions of
the clearance. This is done only when the clearance is identical to the one filed by the pilot. It should
be remembered that the terminology “via flight planned route” does not include authorization for
flight at the altitudes requested by the pilot on the flight plan. A specific altitude assignment will be
included in each clearance as issued by ATC.

The term “cruise” preceeding an altitude/flight level assignment in a clearance, authorizes the pilot
to fly the clearance route, descend at his own discretion and make an approach without further clearance
from Air Traffic Control. This type of clearance is usually utilized for short flights and in areas of low
air traffic density. ' »

The term “maintain” preceeding an altitude/flight level indicates that the aircraft must remain at
the specified altitude/flight level until an amended clearance is received or until leaving controlled
airspace. :

Being granted a VFR on-top clearance allows the pilot a choice of
flight

A pilot is responsible for his own separation when operating on a \ altitudes
- clearance. , i (levels)

A VFR on-top clearance is not issued except upon the

: of the pilot. VFR on-top
A VFR on-top flight is considered to be an type
operation. request
VFR on-top flights are prohibited in Positive Controlled IFR
A clearance issued by ATC is always preceeded by the phrase .
« » » Airspace
“ATC requests” or “ATC advises” always preceeds information ATC cle
data or advisory clears
When a clearance is delivered to a pilot by ATC, the phrase “via £
flight planned route” is often substituted for portions-of messages

the
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The phrase “via flight planned route” is only used when the route
clearance is identical to the flight plan as submitted by the clearance

The phrase “via flight planned route” (does) (does not)

authorize the pilot to proceed at the flight planned altitude. pilot
The term “cruise” is used in some situations in low density traffic
areas. When a pilot is cleared to “cruise” at a given altitude/flight d :
level, he may descend and make an approach at destination with- 0es no
out further clearance from
The term “maintain”, when used in connection with an altitude/
flight level, indicates that the pilot must remain at the given ATC
altitude until an _ clearance is received, or.
until leaving : airspace.
amended
controlled

Clearance Limits

A clearance limit is the fix to which an aircraft is cleared by ATC. When a clearance limit has been
specified in the air traffic clearance, it is the responsibility of ATC to issue an appropriate further
clearance prior to the time the aircraft reaches the limit. The pilot may receive clearance to continue
on his route of flight or may receive holding instructions. However, if the pilot receives no further
clearance by the time the clearance limit is reached, he should request a clearance and enter a standard
holding pattern over the limit fix at the last assigned altitude.

Clearance Amendments and Cancellations

A traffic controller may amend a clearance at any time such action becomes necessary to maintain
the safe flow of traffic.

A pilot may request an amended clearance at any time he feels a different action would be safer or
more practicable. Also, a pilot may cancel an IFR flight plan at any time simply by notifying ATC,
however, the aircraft must be in VFR weather conditions at the time of cancellation. If, at any time,
it becomes necessary to file a flight plan in flight, the pilot may do so by supplying ATC with pertinent
information incident to the type of clearance desired.

A fix to which an aircraft is cleared is referred to as a

It is the résponsibility of ATC to provide further clearance to an

aircraft after a has ?lea; ance
once been established. mmi

If a pilot reaches a ¢learance limit without having received fur- ;

ther clearance, he must request a and enter ciearance
a limit
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The standard holding pattern should be entered at the last clearance
assigned standard
holding
pattern
If holding becomes necessary, the pattern must be over the fix litude
designated as the aititu
Traffic controllers may alter a clearance at any time such action - clearance
would contribute to the safe flow of air : limit
At any time a pilot deems an alternate procedure or method safer -
or more practicable, he may request an amended ~ traffic
A pilot may cancel an IFR flight plan any time at which his air- I
craft is operatingin __ weather conditions. ctearance
A pilot may file a flight plan in flight simply by supplying the VFR
required data to . e
ATC

Complying With The Air Traffic Clearance

After an ATC clearance has been applied for and obtained, no deviation from the clearance is allowed
unless an amended clearance is authorized or an emergency situation arises.

When the pilot requests and is granted clearance to conduct any portion of an IFR flight under
Visual Flight Rules, he is in no way relieved of the responsibility of adhering to the planned route or
other provisions of the clearance.

ATC should be notified at once should it become impossible for a pilot to comply with a clearance. In
the event that a pilot must deviate from a clearance in an emergency situation, ATC must be notified
of the deviation as soon as possible. If a pilot, in an emergency, is given priority over other traffic he

‘must submit a detailed report of the emergency to the nearest FAA regional office within 48 hours
after the emergency.

It is the pilot’s responsibility to immediately advise ATC of any malfunctioning navigational radio
receiver which might render the pilot incapable of complying with an ATC clearance.

Clearance Delivery
At high density airports, clearances will be obtained on a radio frequency especially reserved for
clearance delivery. The appropriate frequency may be found on approach charts or enroute charts.

No deviation from an ATC clearance is permissible unless an
amended clearance is authorized or in case of an

In some cases, it may be more expeditious to conduct a climb or a

descent under Visual Flight Rules even though the flight is an ‘

IFR operation. If a pilot is cleared to conduct a portion of an IFR emergency
flight under Visual Flight Rules, he is not excised from adhering

to the planned
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ATC must be notified at once if it becomes impossible for a pilot to

comply with a route

In an emergency situation in which it is impossible to comply

with a clearance, must be notified of the deviation clearance

as soon as the situation permits.

If, in an emergency, ATC gives an aircraft priority over other

traffic, the pilot concerned must make a report to the nearest FAA ATC

regional office within _____ hours.

The pilot must advise ATC of any navigational radio receiver loss

i : . . . 48

which would interfere with compliance with a

At many high density airports, a tower frequency is reserved for clearance
clearance
delivery
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This section is devoted to the general areas of preflight considerations which are not discussed €lse-
where in this course.

Instruction in the use of the flight computer was not deemed necessary in this course because of
the experience and efficiency level expected of applicants for the Airline Transport Pilot Certificate.
However, familiarity with all phases of computer operation is an absolute necessity. The pilot must
be knowledgeable in the following areas: Time-speed-distance; fuel consumption; pressure, density
and true altitude; indicated, calibrated and true airspeed; Mach number; true heading and course;
magnetic heading and course; off course corrections, and wind computations.

Air Compressibility and Friction

With the advent of high speed airplanes, air compressibility and friction became definite factors
when computing true airspeed from indicated or calibrated airspeed.

At high speeds, air is compressed in front of an aircraft causing a greater ram air pressure to be
exerted on the pitot system. As a result, the airspeed indication is given an erroneous magnification.
When calibrated airspeed is corrected for the effects of compressibility, equivalant airspeed is the result.

High airspeeds also produce a heating of the airplane skin due to friction. This of course, causes the
outside air temperature (OAT) gauge to indicate an erroneously high temperature.

Most modern computers incorporate methods for correcting true airspeed values for errors induced
by temperature and friction, however, one or two extra steps are usually necessary for these computa-
tions. The Jeppesen CR Computer automatically corrects for these errors, thus avoiding any extra
calculations.

The airline transport pilot must be familiar with all phases of

computer
When dealing with the high speed aircraft, compressibility and 4
skin become significant factors. operation
At high speeds, the airspeed indicator will register an erro- ‘
neously high reading because of increased pressure on the ‘ friction
system.
Calibrated airspeed corrected for compressibility effect equals .
airspeed. puot
Heat is generated on the skin of high speed aircraft due to .
equivalent
Skin friction produces an erroneously (high) (low) e
indication on the outside air temperature gauge. friction
Erroneously high instrument indications are produced by friction high
and
compressibility

Fuel Considerations
One of the more important factors incident to flight planning is the calculation of the fuel required
for a specific operation. Regulations state that for an IFR flight, the airplane must carry enough fuel
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to fly to the destination, on to the farthest alternate, and then for an additional 45 minutes at normal
cruise fuel consumption. When calculating the estimated fuel consumption, consideration shall be given
to forecast wind and weather conditions and any other condition which might extend the flight.

In some instances it may be necessary to calculate estimated fuel requirements in terms of specific
fuel consumption (SFC). SFC is the amount of engine fuel consumption in pounds per hour per brake
horse power (BHP), or per pound of thrust. Fuel flow per engine may be determined by the following
equation:

fuel flow = BHP x SFC

Assume that a four engine aircraft which is operating at 1800 BHP has a SFC of .295. When these
values are inserted in the above equaticn, the result would be as follows:
fuel flow lbs./hr. = 1800 x .295 lbs./BHP/hr. = 531 1bs./hr.

Since a four engine aircraft has been used in this example, the fuel flow must be multiplied by four
to arrive at the total pounds per hour required in this particular configuration.

By regulation, an aircraft on an IFR clearance must carry
sufficient fuel to fly to the destination, on to the alternate and
for additional minutes.

Estimated fuel consumption must be calculated with consider- e
ation being given to forecast wind and other conditions which ! 45
might the flight. :

The amount of fuel consumption in pounds per hour per BHP '
(or pound of thrust) is referred to as specific _ extend

Fuel flow is equal to Brake Horse Power multiplied by

fuel consumption. fuel consumption

The SFC is .315 lbs./BHP/hr. on either engine of a twin engine
transport aircraft. If the engines are operated at 2200 BHP,

what would the fuel flow be in pounds per hour per engine? spectfic
Referring to the data in the above frame, what would be the T

fuel flow in gallons per hour? (Assume 1 gallon = 6 pounds.) % 693 lbs./hr.
Referring again to the data in frame 12, what would be the fuel 115.5 gal./hr.

flow in pounds per hour for both engines?

1386 1bs./hr.

P

PHYSIOLOGICAL FACTORS INCIDENT TO FLIGHT
Hypoxia

The altitudes at which high flying jet transports operate today make it imperative that crews
have an operating knowledge of the affects of decreased atmospheric pressure and oxygen content on
body systems.
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Hypoxia, or the lack of sufficient oxygen in the body, is one of the most dangerous physiological

conditions associated with high altitude flying because of its treacherous and insidious nature. In
fact, hypoxia can cause death with little or no warning of its presence.

Hypoxia can be caused at the ground level by such things as carbon monoxide or cyanide poison-

ing and shock. However, this discussion will be concerned with hypoxia caused by deficient oxygen
in the lung due to low atmospheric pressure.

With an increase in altitude, there will of course, be a decrease in air pressure exerted on the

body. Pressure decrease is always accompanied by a corresponding decrease in oxygen available to
the blood stream which carries the oxygen throughout the body.

The affects of hypoxia vary greatly with the individual, however, those who will likely be affected

first are persons who:

1. are in poor physical condition

2. have over-indulged in alcohol

3. have taken certain types of medicine
4. are smokers

Pilots of high performance aircraft must be knowledgeable con-
cerning the effect of decreased atmospheric
on body systems.

The condition in which there exists a lack of sufficient oxygen in

the body is referred to as pressure
Hypoxia is very dangerous because it can cause death with little hypoxia
or no
An increase in altitude results in decreased .
pressure on the body. warning
Decreased atmospheric pressure causes a corresponding decrease y heri
in available to the body. atmospheric
Individuals vary greatly in their response to oxygen
Hypoxia will have the greatest adverse affect on those who have
over-indulged in alcohol, taken certain types of medicine, or who hypoxia
are smokers or are in poor physical

condition

The average pilot will react to oxygen deficiency as follows:

1. Night adaption of the eyes is adversly affected at altitudes as low as 5,000 feet.
2. Mental and physical sluggishness sets in after four to six hours at 8,000 to 10,000 feet.
3. The pilot exhibits fatigue, poor judgement and drowsiness when at 10,000 to 15,000 feet

for over two hours.

4. At 15,000 to 18,000 feet, the pilot has an erroneous sense of well-being. He exhibits poor
reasoning and a faulty memory. Unconsciousness may occur at this altitude. )

5. At over 18,000 feet, the piIot will lose muscle control, judgement and memory. He may experi-
ence emotional outbursts such as uncontrolled fits of laughing or crying.
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6. The average person will lose consciousness in four to five minutes at 26,000 feet and in

30 seconds at 40,000 feet.

Much of the danger incident to hypoxia stems from the fact that the power of accurate judgement

is one of the first functions to be lost. This, coupled with the false sense of well-being, often makes it
difficult for the pilot to correct the situation by himself.

The following are early symptoms of oxygen deficiency and should be remembered by the pilot as

an aid in recognizing the first stages of hypoxia:

1. sleepiness, headache and impaired vision
2. blue lips and blue fingernails
3. increased pulse and respiration rate

Prevention of Hypoxia

Modern methods and systems made available to the pilot are his safeguard against hypoxia. How-

ever, the pilot must be aware of his own limitations and the limitations of the equipment being used.
" It is an excellent practice to inspect oxygen equipment regularly both prior to and during flight.

The lack of oxygen will have an adverse affect on a pilot’s night
vision at altitudes as low as feet.

Without supplemental oxygen, the average pilot will exhibit
mental and physical sluggishness after four to six hours in the
altitude range of 8,000 to feet.

5,000

At 15,000 to 18,000 feet without supplemental oxygen, the
average pilot has an erroneous sense of well-being and self-
confidence. He exhibits poor reasoning, poor judgement and a
faulty

10,000

One of the first functions to be lost when a pilot is affected by
hypoxia, is accurate :

memory

Loss of accurate judgement accompanied by an erroneous sense
of self-confidence, often make recovery from a dangerous situ-
ation very '

Jjudgement

It is well for a pilot to be familiar with the early symptoms of
hypoxia. Some of the first symptoms which most persons exhibit
are sleepiness, headache and impaired

difficult

It is a good practice for pilots of high performance aircraft to go
through a low pressure chamber exercise in order that they may
observe reactions to mild hypoxia. Symptoms which would
probably be observed are blue fingernails and lips, and also an
increased and

rate.

vision

As a precaution in order to prevent hypoxia, pilots should regu-
larly inspect equipment.

respiration
pulse

oxygen
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The Eye and Flight

Vision is probably the most important sense in situations where flying is involved. A pilot with
good vision is fortunate indeed. However, just as important as good vision, is an understanding of the
capabilities and limitations of one’s own eyes.

The retina at the rear portion of the eye can be likened to the photo-film of the camera. The retina
contains nerve-endings, referred to as cones and rods which, when stimulated by light, transmit impulses
to the brain. The cones are densely packed behind the pupil of the eye and become sparce as they spread
out toward the periphery. It is the center of the eye which makes possible visual acuity and color dis-
crimination. However, this section of the eye is only useful in the daylight.

The rods are dense at the periphery of the eye and decrease in number toward the center. Rods
are not capable of sharp, acute vision and color differentiation, but do provide for sight when there is
little illumination. The rods come into operation when the illumination decreases to that of moonlight.
Thus, it is the rods which provide a pilot with night vision.

The facts stated above lead to three important points which are of concern to pilots. The first of
these points concerns the scan. The center of the eye which provides perception of detail, is only about
5° in diameter and requires time to focus on an object. Thus, most details are perceived not by using a
long sweeping glance, but by using short, regular spaced movements.

The second important fact concerns the so called “blind spot” in the focal center of the eye at night.
Since the rods, which are used for night vision, are concentrated in the periphery of the eye, one must
look to one side of an object to see it. Off center vision is to some extent natural, however, night vision
can be greatly improved if the construction and operation of the eyes are remembered.

Thirdly, good night vision requires dark adaption. This means that the average person requires
about 30 minutes of darkness to attain the maximum night vision. It has been established that the rods
are affected very little by red light, thus it is possible to dark-adapt while reading under a darkly tinted
red light or while using red tinted goggles. Remember however, that only a few seconds in bright light
can void any night adaption that a pilot might have.

Probably the most important sense in a flying situation is

The nerve endings in the retina of the eye are referred to as cones

and vision
Both the cones and rods transmit impulsestothe | rods
The nerve-endings which are concentrated at the periphery of & brai
the eye are ramn
The cones are the most densely packed at the , d
of the eye. rods
The nerve-endings which provide visual acuity and color dis-
crimination, are the center
The rods are used when there is (much) (little)
illumination. cones
The scan is most efficient when short, regular spaced litt]
ittle

are used.
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Since the rods, which are used for night vision, are concentrated
at the periphery of the eye, there is a movements

: in the focal center of the eye at night.
To observe an object very closely at night, the pilot must look blind spot
“past” the object, or to one of the object. ina spo
Excellent night vision requires dark side
Maximum night vision requires about dapti
minutes of dark adaption. adaaption
Night vision is affected very little by light. 30
Night vision may be completely voided by being in a d
light for only a few seconds. re

bright
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Weight and Balance

The weight of a loaded airplane and the distribution of the load within the airplane is of vital
importance to the air transport pilot. The improper loading of an airplane will contribute to slower
cruising speeds, poor landing characteristics and a possible dangerous situation at low landing or
takeoff speeds. However, a properly loaded airplane will provide for more efficient and more economical
operation.

In some situations the pilot may not be directly responsible for the actual loading of the airplane,
however, he is always responsible for the safety of the flight. Because of the pilot’s responsibility to
authorities and to his crew and passengers, he must be acquainted with the principles of weight and
balance.

Familiarity with the following terms is necessary in order to understand the basic principles
of weight and balance.

Maximum gross weight—The maximum weight authorized by the flight manual for an aircraft
and its contents.

Empty weight—Weight of the aircraft, including only fixed furnishings, items of equipment and
residual fuel and oil.

Zero fuel weight—The maximum weight authorized for an airplane with no disposable- fuel
and oil.

Operating weight—The empty weight of the airplane in addition to oil, crew, crew baggage, pas-
senger equipment and emergency equipment.

Datum line— An imaginary reference line from which all calculations or measurements are taken
for weight and balance purposes

Of vital importance to the ATR pilot is the weight and
of the airplane.

A properly loaded airplane contributes to an efficient and

operation. balance
Proper loading of an airplane is the final responsibility of the .
economical
The weight authorized by the flight manual as maximum for the
airplane and contents is called pilot
The weight of equipment, residual fuel and oil and the basic .
maximum

airplane together are referred to as

weight. gross weight
The empty weight of the airplane in addition to the weight of

the oil, crew, crew baggage, passenger equipment and emer- empty
gency equipment is called the weight.

An imaginary reference line used for weight and balance calcu- .
- lations is called a operating

The maximum weight authorized for an airplane with no dispos- :
able fuel or oil is known as the - datum line
weight.
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.zero fuel

from the datum line.

anced. The point of balance in an aircraft.

gravity range of an airplane.

Moment—The tendency, or the measurement of the tendency, to produce rotation about a point
or axis. Moment.can be determined by multiplying the weight of a mass by its horizontal distance

Moment arm—The horizontal distance from the center of gravity of an object to the datum line.
Center of gravity—That point in an aircraft around which all weight is evenly distributed or bal-

Empty weight center of gravity—The center of gravity of an airplane in an empty weight condition.
Operating center of gravity range—The distance between the fore and aft center of gravity limits.
Mean aerodynamic chord (MAC)—The mean chord of an airfoil. When used in connection with
weight and balance, MAC is utilized as a reference to establish the center of gravity and center of

The point of balance, around which all moment is evenly distri-
buted in an aircraft, is called the

The center of gravity of an airplane at its empty weight is called center of
_weight center of gravity
The result of multiplying the weight of a mass times its hori- empty
zontal distance from a datum line is the gravity
The tendency to produce rotation about a point or axis is referred
moment
to as
The horizontal distance from the datum line to the CG of an object ;
is called the moment mormen.
The moment arm is the horizontal distance from the center of
gravity of an object to the . arm
A datum line is an reference line datum li
used in weight and balance calculations. um ine
Zero fuel weight is the maximum weight of an airplane and con-
tents with the exception of disposable imaginary
and oil.
Maximum gross weight is the maximum gross weight of the air-
plane and contents authorized in the fuel
manual.
When used in weight and balance considerations, the longitudinal .
. .y flight
range used for CG travel is along the mean aerodynamic (operating)
(MAO). perating.
The distance between fore and aft CG limits is known as the CG chord
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range
(travel)

The Center of Gravity (CG)

Every object of every conceivable size, shape or form has a center of gravity (CG). The CG is merely
the point about which all moments are equal in all directions. An object possesses only one CG and its
position does not change unless the physical properties of the object change.

The CG of an airplane is very important to the pilot since the CG must remain within established
limits to insure the aerodynamic stability of the airplane.

The CG of an object is a point about which all moments are
in all directions.

.Every object of every conceivable size, shape or form has a equal
The location of the CG does not change unless the 4 center of
properties of the object are changed. 5 gravity
The aerodynamic stability of an airplane requires that the

physical
remain within established limits.
center of
gravity
oin.
oo oo
- 2. _ ~ 10 in
FULCRUM
20 inches 10 inches
X 10 pounds X 20 pounds
200 inch pounds = 200 inch pounds

Fig. 10-1 —Weights and Moment Arms

Center of Gravity and Balance

In order to understand the basic principles of balance as they apply to air transportation, consider
the bar and the arrangement of weights illustrated in Figure 10-1. Assume that the bar in the figure
is weightless.

Notice in Figure 10-1 that the bar is balanced on a fulecrum which is not equidistant from both
ends of the bar. Notice also that a 10 pound weight is suspended on the left side of the bar and a 20
pound weight is suspended on the right side of the bar. The bar, in this case, is balanced because the
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10 pound weight is acting through a moment arm (lever) which is twice as long as the moment arm which
is associated with the 20 pound weight.

The rotating or twisting force exerted by the two weights in Figure 10-1 can be referred to as
“moment”. Moment, in this particular situation, is expressed in inch-pounds because moment is equal
to the weight of an object multiplied by the length of its moment arm. Thus, the moment of the 10 pound
weight in Figure 10-1 is equal to 10 pounds x 20 inches = 200 inch-pounds. The moment of the 20 pound
weight is equal to 20 pounds x 10 inches = 200 inch-pounds. Since the moment on either side of the
fulerum is 200 inch-pounds, the weights are balanced and the point on the bar directly over the fulcrum
must be the CG.

In Figure 10-1, the two weights are balanced on the

When two unequal weights are balanced (as in Figure 10-1), the

heavier weight has a shorter moment (lever) fulcrum
Conversely, the lighter weight has a longer
arm. arm
In fact, since the 10 pound weight is half as heavy as the 20
pound weight, it must have a moment arm moment
as long. (lever)
The length of a moment arm in inches multiplied by a weight in i
pounds gives an answer in ' wice
The 10 pound weight multiplied by its moment arm of 20 inches nch ds
gives a total “moment” of inch-pounds. nch-poun
The heavier weight (Figure 10-1) of 20 pounds has a moment of
200 inch-pounds, when multiplied by the moment arm of 200
inches.
In this situation, the weight of the object balanced, multiplied
by the length of its moment arm in inches is called the 10
and is expressed in inch-pounds.
In the Figure 10-1, the point on the fulcrum where both weights
are balanced is called the moment
of the bar.
center of
gravity

Airplane Weight and Balance

Airplane weight and balance works on the same physical principles as outlined above. However,
because the CG of an airplane changes with each loading situation, it cannot be used as a reference
point. In order that a constant reference point may always be available for use in computations, a
“datum line” is established. A datum line is an arbitrarily chosen point about which all moments
are computed. Moments are referred to as positive (+) when they result in‘a clockwise rotation around

FOPS- 789




DIRECTED STUDY PROGRAM | =" »-*

USFAA EXAMINATION GUIDE DATE: 1 June, 1966
REF: 2000 - 1

Datum
Line

Negative Values I Positive Values

S LRl T 1T

v—/ - =

Fig. 10-2 —Datum Line Position

the datum lirie and negative (—) when they result in a counterclockwise rotation. Thus as seen in Figure
10-2, moments to the right of the datum line are positive (+) and moments to the left are negative (-).
For the purpose of standardization in all weight and balance computations, the nose of the airplane
is always considered to point to the left.

“To standardize the compution of positive and negative moments,
the nose of the airplane is always considered to point to the

A datum line is an imaginary (arbitrary) line or point about

which all are computed. left

Moments are considered to be positive when they tend to move t
about the datum point. moments

When moments tend to rotate about the datum in a counter- lockwise:

clockwise direction, the moment is said to be clockwise

A fixed datum line rather than the CG is used for a constant

reference point in weight and balance computations because negative

the CG

When two weights are balanced on a fulcrum, or anout a CG, the A

heavier weight has a (longer) (shorter) ? ange)s

moment arm. moves

Moments tend to rotate about an imaginary point or line called

the line. shorter

datum

In many modern transport airplanes, the datum line is located at or ahead of the nose in order to
avoid computation with negative values. As is seen in Figure 10-3, all of the moments are positive when
the datum line is located at or to the left of the nose. Remember it does not matter where the datum line
is located. However, once the datum line is established, it must be the basis from which all measurements
are calculated.
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Fig. 10-3 —Datum Line Position

The datum line is arbitrarily located and may be positioned as
shown in Figure 10-2, or it may be at the
as in Figure 10-3.

Since all measurements are calculated from a common point,

the line should remain fixed for all nose
airplane weight and balance calculations. :

When the datum line is at (or left of) the nose as in Figure 10-3, d
all moments are of (positive) (negative) value. atum

positive

Determining Center of Gravity ‘

It is a simple matter to determine the CG of a bar by the use of an arbitrarily chosen datum line.
Suppose, for example, that a weightless bar is 60 inches long with a 5 pound weight on the left side and
a 15 pound weight on the right as illustrated in Figure 10-4. It makes no difference where the datum

line is placed. However, for purposes of this example, it is positioned at a point 20 inches from the left
end of the bar.

[
Negative (—) Values | Positive (+) Values

|
e _;_~ 80in._ =
N _ih~_~_—*fo_|n _______ -

20 in

!

|

|

|

Datum
cG

Fig. 10-4 — Positive and Negative Moment
In Figure 10-4, the moment on the negative side of the bar is equal to:
20 inches x 5 pounds = —100 inch-pounds.
The moment on the positive side is equal to:
40 inches x 15 pounds = +600 inch-pounds.
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on the bar as shown in steps 1 and 2 below.

To find the CG, simply divide the algebraic sum of the moments by the total weight suspended

datum line.

with the position of the datum line.

Step 1
MOMENT ARM (inches) WEIGHT (pounds) MOMENT (inch-pounds)
20 X 5 -100
40 x 15 +600
. 20 (pounds) +500 (inch-pounds)
Step 2 +500 (inch-pounds) _ +95 inches
.20 pounds

The answer (25 inches) must be applied to the datum line to arrive at the CG. Since the algebraic
sum of the moments is a positive value, the CG will be 25 inches to the right of the datum line. Had
the algebraic sum of the moments been a negative value, the CG would be 25 inches to the left of the

This same system of weight and balance applies regardless of the number of weights involved
or the position of the datum line. Remember that the algebraic signs must be observed in accordance

With the datum line as a reference point in Figure 10-4, the
moment of the 5 pound weight is the product of 5 pounds x
inches, which equals

inch-pounds.

With the same reference, the moment of the 15 pound weight 20

equals inch-pounds. 100

The moment of the 5 pound weight acts counterclockwise and 600

has a ‘ value.

The moment of the 15 pound weight acts .

and has a positive value. negative
" Once the total moments about a point are known, the CG can be

found by dividing the algebraic sum of the moments by the total clockwise

In the situation shown in Figure 10-4, the total moment is (=) 100

inch-pounds algebraically added to (+) 600 inch-pounds which weight

equals inch-pounds.

Since the total weight is 5 + 15 pounds or 20 pounds the distance

to the CG is '

. +500
500 inch-pounds _ inches
20 pounds ’
The location of the CG, since the total moments are positive, is
25 inches to the right of the line. 25
datum
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negative algebraic signs are necessary.

'Figure 10-5 is an example of a problem which illustrates the datum line positioned so that no

MOMENT ARM WEIGHT
10 inches X 5 pounds
15 inches x 10 pounds
40 inches x 15 pounds

I

Fig. 10-5 — Positive Moment

MOMENT
+ 50 inch-pounds
+150 inch-pounds
+600 inch-pounds

30 pounds

+800 inch-pounds

Step 2. Divide the total moment by the total weight.

800 inch-pounds _ .
30 pounds 26.6 inches

To determine the CG for the bar in Figure 10-5, complete the following steps:
Step 1. Determine the total weight and moment.

Step 3. Establish the center of gravity 26.6 inches to the right of the datum line.

In Figure 10-5, the datum line is to the left of all of the moment
arms. Therefore, all moments will be (positive) (negative)

The moment of the 15 pound weight in Figure 10-5, calculated

from the datum line, is the product of 15 pounds x 40 inches = (+) positive
inch-pounds.
The moment of the 5 pound weight is the product of 5 pounds x 600
inches = 50 inch-pounds.
The moment of the 10 pound weight is equal to (+) 10
inch-pounds.
The total moment for all three weights in Figure 10-5 is (+) (-)
inch-pounds. The total weight is 150
pounds.
To find the distance of the CG location, divide as follows:
. +800
inch-pounds _ inch 30
30 pounds - ches
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The center of gravity is located 26.6 inches to the right of the 800
line because all moments are (positive)
: 26.6
(negative)
inum
th __________ 50in. .
;_ ________ 40in. )
. L P
}_ 10in 4
datum
| positive
| e
| ’ @ A
.In this illustration the total moments are positive and equal to
: inch-pounds.
In' the previous example the total weight is
1,600
pounds.
The location of the CG equals inches €0
from the datum line.
26.6

Empty Weight Center of Gravity Location

The empty weight CG location is determined by weighing and ascertaining the moment incident
to each landing gear. Suppose for example, that the datum line on a particular airplane is located
at the nose as illustrated in Figure 10-6. Upon determining the weight at each landing gear and finding
the distance of each from the datum line, the problem can then be treated as those explained previously.

Fig. 10-6 —Empty CG Location
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Translated into actual figures, the problem would look like this:
Step 1. Determine the total weight and moment for the empty airplane.

MOMENT ARM WEIGHT MOMENT"
Nose gear 94 inches x 8,400 pounds = +789,600 inch-pounds
Left main gear 471 inches x 20,600 pounds = +9,702,600 inch-pounds

Right main gear 471 inches x 21,000 pounds +9,891,000 inch-pounds
50,000 pounds +20,383,200 inch-pounds
Step 2. Divide the total moment by the total weight.
20,383,200 inch-pounds .
50,000 pounds = 407.66 inches

Step 3. Establish the empty weight center of gravity at 407.66 inches from the datum line.

The first step in determining the CG of an empty airplane is to
find the weight on each landing gear and then the distance of

each gear from the line.

Next, multiply the weight on each gear times its dat

(in inches) from the datum line. atum

Add these moments (inch-pounds) to find the .
distance

Divide the total moment by the total airplane

to find the location of the with reference to the total moment

datum line.

An airplane has the following empty weight data:

MOMENT
ARM  WEIGHT MOMENT

Nose gear 100 in. 8,800 lbs. = + in.-1bs. weight

Left main gear 500 in. 20,500 lbs. = + in.-1bs. cG

Right main gear 500 in. 21,000 lbs. = + in.-lbs.

Totals 50,300 Ibs. + in.-1bs.

Find the moments and total moment for this airplane.
880,000

Find the empty weight location of the CG as 10,250,000

inches from the datum line in the above example. 10,500,000
21,630,000
430.02

Mean Aerodynamic Chord (MAC)

The CG location in an airplane is often given in terms of a percent of the mean aerodynamic chord
(%MAC). A chord is the distance from the leading edge to the trailing edge of the wing. The mean
aerodynamic chord is that chord that passes through the center of gravity (center of mass) of the wing.
It may or may not be the average chord depending on the shape of the wing. The MAC is located on
the lateral axis of the airplane and thus is a definite reference for longitudinal stability (pitching
moment). The longitudinal stability of an airplane is of prime consideration when weight and balance
is concerned.

FOPS-789



DIRECTED STUDY PROGRAM

USFAA EXAMINATION GUIDE

PAGE: 10 -11

DATE: 1 June, 1966
REF: 2000 - 1

itations in reference to the MAC.

Notice the relationship between the CG of the airplane and the MAC in Figure 10-7. Since the
lateral axis originates at the CG and always crosses the MAC, it is convenient to establish CG lim-

Vertical
Axis

Airplane
CcG

Wing
CcG

Fig. 10-7 —Mean Aerodynamic Chord

The wing chord is the distance from the leading edge to the
edge of the wing.

B ey
, Sod R T

That chord which passes through the center of gravity (center

of mass) of the wing is the trailing
chord (MAC).
The mean aerodynamic chord (MAC) may or may not be the aver- : mean
age , depending on the shape of the wing. = aerodynamic
The lateral axis of the airplane passes throughthe . | & chord
The MAC is used as a reference in establishing fore and .aft CG MAC
Since the MAC passes through the lateral axis of the airplane,
the________ isanimportant reference for pitching moments limits
or longitudinal stability of the airplane.
MAC
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The length of MAC is established by the manufacturer and can be found in the airplane manual.
When the length of MAC and the CG position are known it is an easy task to determine the CG in
%MAC.

Assume for example, that the MAC of an airplane is 192 inches in length and the leading edge
of MAC (LEMAC) is 395 inches to the right of the datum line (Figure 10-8). The CG is located 48 inches

aft of LEMAC.
Datum .
Line '_ﬂ E._1

]

— >
_ 395 o -

| F___._.______1?21n;___‘__ —_—_—
l

Fig. 10-8 —Wing Cross Section at the MAC

The %#MAC is determined by dividing the length of MAC into the distance between LEMAC and
the CG location as illustrated below.
48 inches

m = 25 = 25% MAC

The CG location can also be expressed in inches from the datum line. In this case, the distance
- between LEMAC and the CG is added to the distance between the datum line and LEMAC as illustrated
below.
48 inches
+395 inches
443 inches

Thus, the CG location can be expressed as being at 25% MAC or at 443 inches from the datum line.

The “leading edge of the mean aerodynamic chord” is abbre-

viated L
The distance, LEMAC to CG _ y )

Length of MAC =% —t EMAC
The distance, LEMAC .to CG = 55.44 inches. The length of the
MAC = 168 inches. Using the formula in the previous frame, MAC
the % MAC = %.

The distance of the CG from the datum line equals (*Datum to 33
LEMAC”) + (LEMAC to CG): '

Using the formula above, if the distance from the datum line to
LEMAC = 419 inches, and the distance, LEMAC to CG = 52
inches, the distances from the datum line to CG =

inches.

no response
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The CG location can be expressed in “inches from datum line”

or in terms of % 471

MAC

Center of Gravity Limits

In order to assure the aerodynamic stability of the airplane, certain limits on the position of the
CG must be established. The limits are usually given in terms of % MAC. For example, assume that
the fore and aft CG limits of an airplane. are 18% MAC and 34% MAC respectively. In this case, the
CG position of 25% MAC that was previously computed falls within the acceptable CG limits.

If after the airplane is loaded, it is found the CG position falls outside the accepted limits, then
a change in the loading configuration must be made. It is well to remember that any weight placed
between the limits of the CG will not force the CG from a position within the limits Also note that
a weight placed directly on the CG will not change the CG position.

Aerodynamic stability of an airplane is assured by keeping the
within predetermined limits of travel.

CG limits are usually established in terms of limiting per-

centages of CG
Thus specific fore and limits of CG MAC
travel within the MAC are established.. '
A change in loading configuration must be made if the CG fallé ,
outside accepted aft
Weights placed at the CG or between the limits of CG travel
(will) (will not) ordinarily move the limits
CG outside its limits.

will not

A Typical Weight and Balance Problem
The following exercise is given as an example of a typlcal weight and balance problem. In this
particular problem the datum line is positioned at the nose of the airplane. It is assumed that the empty
weight CG position has already been established.
Given:
MAC is from 395 inches to 542 inches (147 inches)
CG limits are from 18% MAC to 34% MAC. (421 inches to 445 inches)
Empty weight CG position is 25.9% MAC (433 inches)
Empty weight moment is 22,516,000 inch-pounds
Empty weight is 52,000 pounds
Maximum gross weight is 98,000 pounds
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Personnel and Cargo to be loaded:
1. crew = 350 pounds at +82 inches
2. 50 gallons of oil = 375 pounds at +435 inches
3. 2,500 gallons of fuel = 15,000 pounds at +465 inches
4. crate = 900 pounds at +450 inches
5. crate = 1,100 pounds at +350 inches
Required:
1. Total weight
2. Total moment
3. CG location in inches and % MAC

Solution:

1. Construct a chart like the one shown below to ascertain total weight and moment.

ITEM MOMENT ARM WEIGHT MOMENT

empty airplane 433 inches x 52,000 pounds = 422,516,000 inch-pounds

crew 82 inches X 350 pounds = +28,700 inch-pounds

oil 435 inches X 375 pounds = +163,125 inch-pounds

fuel 465 inches x 15,000 pounds = +6,975,000 inch-pounds

crate 450 inches x 900 pounds = +405,000 inch-pounds

crate 350 inches x 1,100 pounds = _ +385,000 inch-pounds
' 69,725 pounds 30,472,825 inch-pounds

2. Divide the total weight into the total moment to ascertain the distance from the datum

line to CG.

30,472,825 inch-pounds
69,725 pounds
3. Having established the CG at 437 inches, it is now necessary to subtract LEMAC from this
figure and compute the % MAC as shown below.
' 437 49
-395 % MAC = —— = .286 = 28.6% MAC
Yo o 147

Since 28.6% MAC is within the allowable limits, no shifting of the load will be necessary.

= 437 inches

In calculating weight and balance problems, the product of the
“moment arm in inches” multiplied by the “weight” equals the

The algebraic sum of all of the “moments” gives the

moment
Zoia_lm_gngnt_s = Distance from datum to : ; total moment
Total weight
(Distanée of CG from Datum) — (L ‘ = cG
equals distance of - from LEMAC.
Distance of CG from LEMAC _ o EMAC
Length of MAC " . CG
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Problem Data:
MOMENT
ITEM ARM WEIGHT MOMENT
empty airplane 434 in. x 51,000 lbs. = in.-lbs.
crew 80 in. X 380 lbs. = in.-lbs.
oil 420 in. x 360 lbs. = in.-1bs. MAC
fuel 450 in. x 14,000 lbs. = in.-1bs.
cargo 480 in. X 1,100 lbs. = in.-lbs.
cargo 330 in. x 1,400 lbs. = in.-1bs.
TOTALS 68,240 1bs. in.-lbs.
Using the data in the above tabulation, the distance from the 22,134,000
datum line to CG = inches. 30,400
151,200
6,300,000
528,000
462,000
29,605,600
If the distance from the datum line to the leading edge of MAC,
called LEMAUC, is 387 inches, the distance of the CG from the 434
leading edge is inches.
If the CG range is 152 inches; which is from 18% to 34% MAC, 47
then the CG is at % of MAC.
The CG is (within) (putside) , __ allow- 0.9
able limits of travel. .
within

Index Units v
As is seen in the problem just solved, many of the values assume cumbersome proportions. In
order to alleviate this problem, a system referred to as unit index or moment index was devised. This
incorporates the use of reduction factors to reduce the size of the figures utilized in weight and balance
computation. Any reduction factor can be used so long as it is utilized throughout the entirety of one
problem.
Reduction factors such as 1,000 and 10,000 are commonly used depending on the individual prob-
lem. For example, in a previous problem the following figures were utilized.
30,472,825 inch-pounds -
' 69,725 po,ungz = 437 inches

Using a reduction factor of 1,000 the conmiputation would look like this:
304728 _ o |
69.7

Reduction factors are applied to weight and balance problems
to reduce the size of numbers. Two formulas used to apply reduc-
tion factors are:
moment
reduction factor

weight = reduced numbers

andjor reduction factor ' g :
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If a moment of 37,169,427 inch-pounds is reduced to a multiple

of 1,000, then 87,169427 _ , the new multiple. no response
1,000

If a weight of 59,936 pounds is reduced to a multiple of 1,000,

then 51_969(% = , the new multiple, 37,1694

If multiples of 1,000 or 10,000 are .used in solving weight and
balance problems, then all weights and u 599
must be reduced. 5

If all units are reduced to multiples of 1,000 then the monients

are termed as “moments/1,000 inch~pounds”. moments

no response

Out of Balance Corrections

One of the most frequently encountered problems in weight and balance concerns an out of balance
condition after the airplane has been loaded. The problem can be approached in two ways. First, weight
may be added or removed to bring the CG within allowable limits. Second, weight may be shifted within
the airplane to bring it into a balanced condition.

Added Weight Correction
As an example of the first problem, consider an airplane with a gross weight of 94,000 pounds with
the fore and aft CG limits at 421 inches and 445 inches respectively. Any weight added to the airplane
must be placed at 270 inches (station 270). After the airplane is loaded it is found that the CG is at
448 inches which is 3 inches out of tolerance with respect to the aft CG limit. Thus, the problem is
to calculate the amount of weight which must be added to station 270 to bring the CG to the nearest
limit which in this case is 445 inches.
In this type of problem, three values must be known.
1. Total weight (94,000 pounds)
2. Distance the CG is out of limits (3 inches)
3. The moment arm of the added weight. This is the distance from the location of the added
-weight to the new CG. In this case it is equal to 445 minus 270 which is 175. (In this type
of problem the moment arm is measured from the CG not the datum line.)
The formula is:

Weight which is to be adde

g — distance CG must be moved X total weight
moment arm of added weight

When the appropriate values are substituted, the equation would look like this:

Weight which is to be added = 3 inches x 9.4’000 pounds
175 inches

Thus 1,611 pounds is the minimum weight which must be added at station 270 to move the CG
to the aft limit.

= 1,611 pounds

If the CG is outside limits it is necessary to correct the out of
balance condition. This can be accomplished by adding or sub-
tracting weight or by weight
within the airplane.
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A formula to be used when it is necessary to add weight to bal-

ance the airplane is: shifting
(Distance CG must be moved) X (Total weight) _ .. ght to be
Moment arm of added weight added.
To apply the formula above:
Distance CG must be moved = 5 inches
Total weight = 87,000 pounds
Moment arm of added weight = 185 inches no response
The weight which must be added =
pounds.
Applying the formula again:
Distance CG must be moved = 7 inches
Total weight = 27,000 pounds 2,351
Moment arm of added weight = 100 inches
The weight which must be added =
pounds.
1,890

Shifting Weight Correction

To understand this type of correction, consider an airplane configurated just as the one described
in the first out of balance correction problem. Assume that any weight moved is to be taken from station
720 and placed in station 270. The total weight remains at 94,000 pounds and the CG position remains
3 inches behind the aft CG limit. Thus enough weight must be shifted from station 720 to station 270
to move the CG 3 inches forward.

The formula to correct the CG position by shifting weight is:

. . distance CG must be moved X total weight

Weight of cargo to shift = distance weight is to be shifted .
When the appropriate values are substituted, the equation would look like this:
Weight of cargo to shift = 3 mcheig(osii"gfg pounds _ 627 pounds

Thus 627 pounds must be shifted from station 720 to station 270 in order to move the CG forward
to the aft CG limit. It is well to note that it requires much less shifted weight than added weight to
balance an airplane.-

The formula to correct CG position by shifting weights: -
(Distance CG must be moved) X (total weight)

Distance weight is to be shifted - r::gg:;)ts‘hiﬁ
Using the above formula:
Distance CG must be moved = 5 inches .
Total weight = 37,000 pounds no response
Distance weight is to be shifted = 300 inches
The weight of cargo to be shifted = ' pounds.
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To determine how far a given cargo weight must be shifted
to balance the airplane, this formula is used:
(Distance CG must be moved ) x (total weight) = Distance weight

617
Weight of cargo to be shifted must be shifted

Using the above formula:

Distance CG must be moved = 4 inches

Total weight = 41,000 pounds

Weight of cargo to be shifted = 1,000 pounds

The distance weight must be shifted = inches.

no response

164
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Before a pilot initiates the takeoff roll in a transport anplane, he must be acutely aware of the
many takeoff variables that can affect the safety of his passengers and crew.

Temperature

Air temperature is a very important factor and must be considered in any air transport operation.
An increase in air temperature will produce a decrease in the density of the air and a resultant drop
in engine performance and aerodynamic lift. A decrease in air density at the ground level produces
the same effect on airplane performance as does an increase in altitude.

Since both reciprocating and jet engines are less efficient when operating in warm air, pilots should
take temperature into consideration when computing minimum runway takeoff lengths and maximum
permissible gross weights. Conversely, cooler air results in a more dense condition and will allow
operation at higher gross weights and on shorter runways.

The computation of the effects of temperature variations upon aircraft performance is referred to as

_ “temperature accountability”. Computations incident to temperature accountability will be discussed in
detail later in this section.

Humidity

Regulations do not require that the pilot take into account the effects of humidity on piston powered
airplane performance, however, the pilot should be aware of its effects. The capability of air to hold
moisture varies directly with the air temperature. As the temperature of the air increases, its capacity
to hold water increases. Conversely, as the temperature of the air decreases, its capacity to hold water
decreases. Moist air is relatively less dense than dry air because water vapor is one of the lighter com-
ponents of those elements of which the air is composed. Thus, a high relative humidity is definitely a
factor that tends to reduce aerodynamic lift and engine power output.

Two important variables affecting-the performance of an airplane

are . and
“An increase in air temperature decreases the temperature ..

of the air. humidity
Engine performance is improved when the air is' more dense and
conversely, engme performance is in density
less dense air.
An increase in air temperature (improves) (depreciates) decreased

engine performance. (lessened)
Air density decreases with altitude and thus engine performance

with altitude (other factors remain- depreciates
ing equal).
High temperatures have the same effect on engine performance
as an increase in decreases
Colder air (decreased temperature) has the effect of

engine performance (other factors altitude

being equal).
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Performance of both reciprocating and jet engines is affected .\ .
by changes in and density. improving
When computing minimum runway lengths for takeoff with
either jet or piston airplanes, air and temperature
should be considered.

The computation of effects of temperature variation on ; ;
aircraft performance is referred to as ‘‘temperature : emperaiure

9 . denSLty
As air temperature increases, the capacity of the air to hold water .
vapor accountability
Conversely, colder air is capable of holding less .

vapor. increases
Warm, moist air is relatively less : .
than dry air. water

Since decreased air density reduces engine performance, and
since high relative humidity decreases air density, high humidity dense

"is a factor to consider relative to engine

performance

Wind

It is readily apparent that less runway length will be required when taking off into a head wind
rather than with a calm or tail wind condition. The pilot should be familiar with the regulations that
apply to the adjustment of takeoff data when the wind is considered to be a significant factor. Regula-
tions stipulate that not more than 50% of any head wind and not less than 150% of any tail wind may be
figured into takeoff planning data.

Many airplane manufacturers take this wind factor into account when constructing takeoff data
charte. That is, 150% of the reported tail wind and 50% of the reported head wind are incorporated into
the chart. In instances where this has been accomplished, no additional wind correction is required when
computing takeoff performance. '

Runway Gradient

Gradient is the ratio of change in runway elevation to the actual runway length. It is usually
expressed as a percentage value. A 1.0% gradient consists of one unit of vertical change for every 100
units of horizontal distance. In ratio form, a 1.0% gradient could be expressed as the fraction 1/100.

The average gradient of a runway can be determined by dividing the difference in elevation of the
two ends of the runway by its length. This figure is then multiplied by 100 to convert the answer to a
percentage value. For example, consider an 8,000 foot runway. The elevation of one end of the runway
is 950 feet and the other is 1,070 feet. The difference, 120 feet, is divided by 8,000 feet to get .015. This
figure, multiplied by 100, gives the gradient of 1.5%. '

Any gradient (slope) of the runway will definitely affect the runway length required for takeoff.
For this reason, regulations require that operators of transport category airplanes account for any
existing runwav gradient.
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Operators of non-transport category airplanes are not required to account for gradient unless it

exceeds an average of .5%.
- Takeoff data corrections to provide for runway gradient will be discussed later in this section.

Runway Composition

Runway surface composition is another variable that affects the length of takeoff roll. Regulations

do not require that this factor be taken into consideration in takeoff planning data, however, the pilot
should be aware that a rough, uneven surface will decrease takeoff performance. Takeoff data charts
for transport category airplanes are constructed on the basis of performance on smooth, hard surface
runways.

Extreme care should be exercised when operating on runways where braking action is less efficient

because of weather conditions. There is no method of accurately determining performance on a wet
or icy runway, thus any decision the pilot makes in this regard should be carefully considered.

All pilots realize that less runway is required when taking off
into a wind.

Regulations stipulate that only 50% of the reported

may be used to compute takeoff dis- head

tances of a T-Category aircraft. e
T-Category regulations require that %
of areported tail wind be used to compute takeoff dis- head wind
tance. .
Takeoff data charts are usually constructed to take into account

% of the head wind and ___ % of the tail 150
wind, making it unnecessary for the pilot to calculate wind
percentages. :
Operators of T-Category airplanes (are required) (are not re- 50
quired) to con- o 150

sider runway gradient in takeoff distance computations.

The ratio of change in runway elevation compared to runway
length is known as runway

are required

The average gradient of a runway can be determined by divid-
ing the difference in elevation of the two ends of the runway
by its in feet.

gradient

The difference in elevation between the two ends of a particular
runway is 120 feet. The runway is 8,000 feet long. -810200—0 x 100

equals the runway gradient. The gradient in this case is

length

One end of a given 10,000 foot runway has an elevation of 4,000
feet and the other end has an elevation of 4,200 feet. Thus

200 '
10,000
is calculated to be %.

X 100 is the formula to find the runway gradient, which

15
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Takeoff data charts for T-Category airplanes have provisions

for application of runway in deter- 20
mining takeoff distances.
Although other than hard surfaced runways are not considered
in takeoff data charts, pilots should be aware that variations gradient
from hard surfaced runways will reduce takeoff ‘
Wet or icy runways can significantly increase stopping
: . performance
distances

Runway Elevation

Since air density generally decreases as altitude increases, the altitude of a runway is a definite
consideration in any air operation. At high altitude, due to reduced air density, less air is introduced
into the engine than when operating at sea level. This reduction in available air results in reduced
engine performance, reduced wing lift and consequen:. an increased takeoff distance.

Charts incorporating runway .altitude data are constructed using standard atmospheric conditions.
When the temperature varies from standard, then the density will vary and the actual takeoff perform-
ance will differ from the computed takeoff performance. For this reason airplane and engine perform-
ance is based on density altitude rather than pressure altitude. Density altitude can be defined as
pressure altitude corrected for any deviation from standard temperature.

Any deviation encountered between density altitude and pressure altitude may be compensated
for by observing the procedures outlined in the temperature accountability portion of this section.

Takeoff Limitations

Airplane manufacturers establish two critical takeoff speeds for every transport category airplane.
These are called the “critical engine failure speed” (V,) and the “takeoff safety speed” (V).

V, is the calibrated airspeed (CAS) at which the takeoff may be safely continued even though the
critical engine has failed. It might also be explained as the CAS at or below which the airplane can be
stopped within the minimum takeoff runway length, and above which the takeoff can be continued if
the critical engine fails. The critical engine is defined as the engine which would impart the greatest
adverse effect if it failed.

V: is defined as the CAS at which the climb-out can be safely executed with the critical engine
inoperative and the airplane in the takeoff configuration. This speed requirement is designed to provide
maximum obstacle clearance during takeoff and still give a safe margin above stall and minimum control
speeds.

Runway elevation is a definite consideration in determination
of runway takeoff and landing distance because air density de-
treases as increases.

This reduction in air density with altitude reduces engine per-
formance and results in takeoff
distances.

altitude
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The standard atmosphere is represented by standard density
altitudes in performance charts. Density altitude may be con-

sidered to be pressure altitude corrected for increased
deviations from standard. -
The pilot can determine pressure altitude by setting the altim-
eter to 29.92 inches of mercury, then reading the pressure temperature
on the altimeter.
Charts usually use a combination of pressure altitude and
temperature to determine density altitude because the pilot ltitude
can read pressure altitude and from athiu
the instruments in the cockpit.
However, in using runway elevation charts, standard density
altitude of runways are shown, and the pilot applies a tom ;
correction for non-standard conditions, emperature
when necessary.
The two critical takeoff speeds established for T-Category air-
craft are: (1) the “critical engine failure speed” (V,), and (2) the temperature
“takeoff speed” (V).
The “critical engine failure speed” is known symbolically as the
speed. safety
The “takeoff safety speed” is referred to as the v
speed. !
The calibrated airspeed (CAS) at which the takeoff roll may
be continued after the critical engine has failed is the Ve
speed.
The failed engine which would cause the most adverse effect
is called the engine. Vi
The V, speed may also be defined as the CAS at or below which
the airplane can be stopped within the minimum takeoff critical
length.
The CAS at which the climb-out can be safely executed with one
engine inoperative and with the airplane in the takeoff con- runway
figuration is called the : speed.
V: speed is designed to provide maximum
clearance, with a safe margin above the stall speed and V.
control speed.
obstacle
minimum

Another value determined by the manufacturer and closely related to V, and V, speeds is the

“accelerate-stop distance”. It is defined as the distance required to accelerate an a¥rplane to V, and
then bring the airplane to a stop assuming failure of the critical engine at V,.
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The “accelerate-stop distance™ data is used in the construction of critical engine failure speed charts -
such as the one illustrated in Figure 11-1. This is a typlcal chart used by reciprocating engine air car-
riers. As an example of the use of this chart, consider an airplane with a gross weight of 85,600 pounds
operating on a runway 2,000 feet above sea level. Notice that in Figure 11-1, a dashed line has been
drawn vertically on the 85,600 pound gross weight line to the 2,000 foot runway altitude line. From
this intersection the line continues horizontally left to the wind speed line which in this case has been
arbitrarily chosen as +10 kts. The V, speed, 110 kts., is read on the slanted CAS line on the left side
of the chart.

The “accelerate-stop distance” is the distance required to accel-
erate to V; speed and then to stop the airplane, assuming failure

of the engine at
speed.
Figure 11-1 is a typical chart for determination of “critical tical
engine failure speeds” which are also known as {;‘ lea
speeds. !
In using the chart, Figure 11-1, proceed vertically upward
from gross. weight to intersect an Vi
line.

Next, proceed horizontally to the left to intersect the V, lines; in
the meantime, proceed vertically upward from a wind value to roort
intersect the projected horizontal line. Where these two lines a;:go de
intersect is the attitu
failure speed, sometimes called the
speed.
In the example depicted by dashed lines on the chart, Figure 11-1, itical ..
the critical engine failure speed (V,) is %;l lcai engine
knots (CAS). !
Again using the chart, Figure 11-1, assume an airport elevation
of 2,000 feet, airplane gross weight 80,000 pounds, and a zero 110
wind; the critical engine failure speed is
knots (CAS). It is called speed.

100

Vi

Minimum Takeoff Runway Length
The minimum takeoff length can be defined as the distance required to accelerate the airplane to
Vi, then either:
(a) reduce power and bring the airplane to a safe stop on the runway utilizing approved braking
methods, or;
(b) cut the power to the critical engine, continue the ground roll to V;, takeoff and climb to 50 feet
with the critical engine windmilling, the remaining engine(s) at takeoff power, the flaps in
takeoff position and gear retracted after takeoff.
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CONDITIONS NOTE: 1. If the Critical Engine Fails at V1, the Distance to Stop is Equal
* Wing Flap Setting 17° to the Distance to Climb to 50 Ft.

* Hard Surface Runway 2. 150% of Reported Tailwind and 50% of Reported Headwind
* No Runway Slope used in Construction of This Chart.

¢ Standard Atmospheric Conditions
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Fig. 11-1 —Critical Engine Failure Speed Chart (V1)
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Critical Engine Lost
All Engines To Idle

PART A

Critical Engine Lost
Takeoff Power on Remaining Engine(s)

e — 50 Ft.

PART B

Fig. 11-2 — Minimum Takeoff Runway Length

The minimum takeoff runway length is designed to afford a margin of safety in the event of engine
failure. Part (A) in Figure 11-2 which corresponds to part (a) in the definition above, shows an airplane
being brought to a stop on the runway after losing the critical engine at the V, speed. Part (B)in Figure
11-2, which corresponds to part (b) in the definition above, shows the airplane losing the critical engine
after V,, then accelerating to V. and climbing to a 50 foot height.

Many transport airplanes are designed so that the distances described in (a) and (b) are equal.
However, if they are not equal, the longer distance shall serve as the minimum runway takeoff length.

The regulations governing the minimum takeoff runway length are not to be construed to mean
that the pilot must discontinue or continue the takeoff roll at any certain point upon losing an engine.
Taking off or aborting a takeoff is at the pllot’s discretion. However, the regulations do state that the
airplane must be capable of the operation outlined in the definition.

The minimum takeoff runway length chart (Figure 11-3) is very similar to Figure 11-1 and is inter-
preted in the same manner. Notice that the slanted lines at the left of the chart represent runway
length instead of speed as in Figure 11-1. When the same values (85,600 pounds, 2,000 foot altitude
and +10 knot wind) as were used in Figure 11-1 are used in Figure 11-3, the minimum takeoff runway
length is 4,600 feet. This figure represents the minimum distance that must be allowed for takeoff
under present regulations.

The distance required to accelerate the airplane to V, speed,
then reduce power and bring the airplane to a safe stop on the
runway utilizing approved braking methods is one portion of the
definition of the minimum
length.
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CONDITIONS: NOTE: 1. i the Critical Engine Fails at V1, the Distance to Stop is Equal

* Wing Flap Setting 17° to the Distance to Climb to 50 Ft.
* Hard Surface Runway
* No Runway Slope

¢ Standard Atmospheric Conditions

used in Construction of this Chart.

2. 150% of Reported Tailwind and 50% of Reported Headwind
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A second portion of the definition of the minimum takeoff runway
length is the distance required to accelerate to Vi, cut power on
the engine, continue to V; and then
takeoff and climb to feet with critical takeoff runway
engine windmilling, and remaining engines at
power, flaps in takeoff position and gear retracted after takeoff.
The minimum takeoff runway length is designed to afford a critical
margin of safety in case of failure 50
during takeoff. takeoff
Regulations define the minimum takeoff performance of T-
Category airplanes. The decision to continue or discontinue a engine
takeoff is made by the
In the Takeoff Distance Chart, Figure 11-3, the minimum
takeoff runway length in the example shown by dashed lines pilot
and arrows is feet.
To use the chart, Figure 11-3, proceed vertically upward from
airplane gross weight to a line which represents 4,600
Next, proceed horizontally to the left to intersect the lines
representing minimum takeoff runway length; meanwhile pro-
ceed vertically upward from the wind value to intersect the airport
projected horizontal line. This point of intersection represents altitude
the minimum :
length.
Using the chart, Figure 11-3 with 80,000 pounds gross weight
and runway altitude of 2,000 feet, and with a zero wind, the takeoff runway
minimum takeoff runway length is feet.
Under the same conditions, except with a tailwind of 10 knots,
the takeoff length would be increased by 4,000
feet.
200

Gradient Corrections

Now, assuming the minimum takeoff runway length has been established at 4,600 feet, consider

the effect of runway gradient on takeoff distance. For example, suppose that the takeoff runway has an
uphill gradient of +1.5%. Referring to Figure 11-4, notice that a vertical dashed line has been drawn
on the 4,600 foot takeoff length line. This dashed line is continued until it intersects the slanted runway
gradient lines at 1.5%. From this point, follow the horizontal dashed line to the left to 5,600 feet, which
is the minimum runway takeoff length corrected for gradient.

To use the Runway Gradient Chart, Figure 11-4, proceed ver-

tically upward from minimum takeoff runway length without
gradient to intersect a runway gradient line, then proceed

horizontally left to takeoff length with
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CONDITIONS:

¢ Flap Setting 17°

* No Obstacle at End of Runway

* Hard Surface Runway

* Standard Atmospheric Conditions
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Fig. 11-4 — Effect Of Runway Gradient On The Minimum Takeoff Runway Length
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The takeoff length with gradient in the dashed line example on adi
the chart, Figure 11-4, is feet. gradient
Again using the chart, Figure 11-4, assume the runway length
without gradient is 5,000 feet and the actual runway gradient is 5600
+2.0%. The minimum takeoff runway length with gradient is g
feet.
6,450

Temperature Accountability

Temperature accountability can be approached in two different ways. If it is desired that the airplane
gross weight remain constant, then the minimum required runway length must be amended as the
temperature varies. If it is desired that the minimum required runway length remain constant, then
it may be necessary to change the maximum gross weight with temperature variations.

For example, consider an airplane with a gross weight of 85,600 pounds. Assuming that the airplane
must carry this load, the minimum required runway length will probably have to be corrected when
the temperature varies appreciably from standard (59°F. at sea level).

Temperature accountability data will vary from airplane to airplane. However, for the purpose
of this example use 12 feet as the amount that must be added to the minimum required takeoff runway
length for each degree above standard temperature. Likewise, for every degree below standard, 6 feet
may be subtracted.

A runway temperature of 90°F. would be 31° above standard temperature. Multiplying 31 x 12,
we find that 372 feet must be added to the minimum required takeoff length.

When the takeoff runway length must remain constant, it may be necessary to adjust the gross
weight to conform with temperature variations. In the case of the hypothetica! air carrier, the maximum
gross weight must be reduced 70 pounds for each Fahrenheit degree above standard temperature. For
every Fahrenheit degree that the temperature drops below standard, 50 pounds may be added provided
the maximum allowable gross weight is not exceeded. Remember that the figures given above are for
example only, each type of airplane will require a different temperature correction.

Stall Speeds

Figure 11-5 depicts the effect. of gross weight and airplane configration on stalling speed. The
chart is read in the same manner as those previously studied in this section. The example utilized in
Figure 11-5 concerns an airplane weighing 85,600 pounds with the landing gear retracted and the flaps
at 17°. In this situation the stalling speed would be 95 knots IAS.

Since airplane performance varies with temperature, because o
of the variation of air density, the required runway length ;@
changes with changes (assuming equal

airplane gross weights).

Higher temperatures tend to increase minimum takeoff run- -
way lengths required, whereas lower temperatures tend to ' temperature
the minimum takeoff‘runway length. i

The standard temperature for a sea level runway is 59°F.. If 12
feet are added to runway length for each degree of temperature
above standard, then for a temperature of 79°F. at sea level, add
feet to runway length required. .

decrease
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Fig. 11-5—2Zero Thrust Stall Speeds

The runway length is decreased J feet for each degree of tem-
perature below standard in the above example. [f the temperature

was 41°F. the runway length required would be (increased) 240
(decreased) by
feet.
Using a constant runway length, the airplane gross weight is
§ decreased
decreased as temperature increases and conversely can be 108
as temperature
If weight is reduced 70 pounds for each degree above standard,
then at an airport at 3,000 feet (standard temperature at 3,000 increased
feet is 48°F.) with a temperature of 90°F., the weight should be decreases
reduced ' pounds.
In the chart, Figure 11-5, the example represented by the dashed
lines and arrows results in a stalling speed of . 2,940
knots (IAS). '
Using the chart, Figure 11-5, with a gross weight of 90,000
pounds, gear-up and flaps-up, the stalling speed would be 95
knots (IAS).
106
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Fig. 11-6 —Four Engine Climb

Climb Performance

Figure 11-6 contains climb performance data for a reciprocating engine transport airplane with
all four engines operating at maximum continuous power. Similar charts, constructed for two and three
engine performance are not shown, however such charts would be interpreted in the same manner.
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As an example, refer to the chart in Figure 11-6 to determine the rate of climb at an altitude of
7,000 feet if the gross weight of the airplane is 86,000 pounds. Notice, on the left side of the chart,
that a dashed line has been drawn on the 7,000 foot line to the line representing a gross weight of
86,000 pounds. From this intersection, the dashed line has been drawn vertically on the line representing
a 980 foot-per-minute rate of climb.

It should be noted that the rate of climb decreases more rapidly at the 8,000 and 15,000 foot alti-
tudes. These two points represent engine critical altitudes for the low and high supercharger speeds
respectively. The critical or full throttle altitude for a given power setting is that altitude at which
the throttle must be fully opened to maintain the given manifold pressure.

It should be noted in Figure 11-6, that the rate of climb is definitely increased at the 9,400 foot level.
This represents the point at which a shift is made from low to high blower.

Climb performance of aircraft is indicated on charts similar to
the one in Figure 11-6. By following the dashed lines and arrows
horizontally to the right beginning at an altitude of 7,000 feet
to a gross weight of 86,000 pounds, then vertically downward, the
rate of climb is found to be feet per
minute.

Using the chart, Figure 11-6, at an altitude of 12,000 feet, with
an airplane gross weight of 70,000 pounds, the rate of climb is 980
feet per minute.

The gross weight lines on the chart, Figure 11-6, bend to the
left at 15,000 feet reflecting a decrease in rate of climb. This
decrease occurs because the altitude
of the engines is being exceeded.

1,300

The blower shift altitude is shown where the lines bend left and :
then right again at approximately the critical
foot altitude.

The altitude abov¢ which an engine can no longer deliver rated

power is a altitude. 9400
‘In the chart, Figure 11-6, the critical altitude for low blower
operation occurs at 8,000 feet and the critical altitude for high critical
blower operation occurs at feet. ;
£ -
= 15,000
g*-

Ceiling Performance

Various ceilings are established according to the rate of climb of the airplane at a specific altitude.
The “absolute ceiling” is defined as the maximum altitude at which a given airplane can maintain
level flight in a standard atmosphere. The “service ceiling” is the altitude at which an airplane is
unable to attain a vertical velocity of more than 100 feet per minute in a standard atmosphere. These
ceilings will vary somewhat as turbulence is encountered.

Changes in air density and temperature will have the same effect on airplane performance at
altitude as when at sea level. The pilot can expect better performance in dense, cold air than he can
expect in warm air of less density.
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Power Contro! Charts

Power charts and curves are considered, by many pilots, to be overly dull or too academic and
thus of little value to anyone except the aeronautical engineer. However, a thorough knowledge of the
use of power charts will enable the pilot to analyze and predict reciprocating engine performance. Power
charts give the pilot the capability of calculating, among other things, critical altitudes, efficient RPM —
manifold pressure combinations, and safe engine operating limits.

Each power chart is intended for a specific engine configuration and is not mterchangeable Fuel
grade, mixture setting, supercharger speed ratios, fuel metering and many other variables affect the
engine power output to the extent that erroneous readings would result from the use of the wrong power
chart.

Most power charts are divided into two parts, as illustrated in Figure 11-7. The left portion contains
sea level data and the right portion contains altitude data. With few exceptions, the two portions cannot
be used independently of each other.

The RPM lines on the sea level chart in Figure 11-7 are referred to as “part throttle constant RPM
lines”. This is because many engines designed to operate at altitude have cylinder pressure restrictions
that prohibit full throttle application at sea level. The RPM lines on the altitude chart are called “full
throttle constant RPM lines” because less air density at altitude allows full throttle application. The
MAP lines in the altitude chart are constant manifold pressure lines and are based on full throttle
operation. )

Since manifold pressure (MAP) lines and RPM lines in the altitude chart are based on full throttle
operation, the critical altitude for any power setting may be easily determined. For example, notice
in Figure 11-7 that a vertical line has been drawn from the intersection (point X) of the lines repre-
senting 1800 RPM and 22 inches manifold pressure. The altitude line (12,000 feet) on which these two
lines intersect is the critical or full throttle altitude for this particular power setting.

Problems involving power charts usually fall into two general categories: (1) The computation of
brake horse power (BHP is the power actually delivered to the propeller) when manifold pressure,
altitude and RPM are known, and (2) the computation of manifold pressure when BHP, RPM and alti-
tude are known. Problem one will be considered first.

Problem 1. (Figure 11-7)

Given: Manifold pressure (MAP) 28 inches
RPM 2000
Altitude 4,000 ft.
Required: BHP
Solution:

1. In Figure 11-7, locate the intersection of 28 in. manifold pressure (MAP) and 2000 RPM on
the sea level calibration chart. This point has been labeled A.

2. Project point A horizontally to the BHP axis on the altitude calibration chart. This point is
labeled B. )

3. Locate the intersection of 28 inches manifold pressure and 2000 RPM on the altitude calibration
chart. This point is labeled C.

4. Connect points B and C with a straight line.

Locate the intersection of the 4,000 foot line and line BC. This point is labeled D.

6. Project point D horizontally to the BHP axis (point E). The correct answer of 520 BHP is read
at point E.

o

It should be noted that in this case, the engine is not operating at full throttle since point D lies
well below the given full throttle, constant RPM line of 2000.
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Sea Level Calibration 800 Altitude Calibration
CONSTANT MAP
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g
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Fig. 11-7 — Power Chart

The maximum altitude at which an airplane can maintain
level flight, in a standard atmosphere is ca’led “the absolute

The “service ceiling” is an altitude, in a standard atmosphege, at

which an airplane is unable to attain a vertical (climb) velocity ceiling
of more than feet per minute. ¢
A professional pilot has need for knowledge of B
: 100
charts. ,
Most power charts, as in the example of Figure 11-7, have two
parts: (1) a sea level calibration, and (2) an l() erf orr;uznce
calibration. power.
The two parts of a power chart are related, and in most cases are altitude

used

Intersections of RPM and MAP lines, based on full throttle .
setting, will, for a given power setting, indicatethe i tog\ether
altitude for that power. :

Power charts are normally used to determine either (1) manifold
pressure required, or (2) _horse power , critical
available.
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(a) To find brake horse power, use the dashed line in Figure 11-7
as an example. First find the MAP/RPM point on the sea level
calibration, which is point “ ” in the
sample problem.

brake

(b) Project point “A” horizontally to the right to the Brake Horse
Power axis on the altitude calibration chart. This is point

o« 9"

(c) Find the intersection of MAP/RPM again on the altitude
calibration chart. This is point “C”. Connect points “B” and
“C” with a

(d) Since the problem gives an altitude of 4,000 feet, find where
the vertical 4,000 foot line intersects line “B —C”, which is
point " ”‘

straight line

(e) Project point “D” horizontally left to point “E” on the BHP

axis. At this point read the BHP of “D”
which is the’ answer in the example problem.
In problem one, the engine (is) (is not) 520
operating at full throttle.
Here is another example problem: Given MAP equals 30 inches;
RPM equals 2100 RPM; altitude equals 6,000 feet. In this is not
example the resultant BHP is
600
Sea Level Calibration Altitude Calibration
800
700
600
&
3
L 500
@
14
(-]
I 400
3
[
@ 300
200
100
D -
24 26 28 30 32 34 36 38 40 SL 2 4 6 8 10 12 14 16 18 20
MAP—IN. HG. ALTITUDE — 1000 FT.

Fig. 11-8 — Power Chart
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Problem 2. (Figure 11-8)
Given: BHP 550
RPM 2200

Altitude 6,000
Required: Manifold pressure

Solution:

1. In Figure 11-8 locate the intersection of the lines representing 550 BHP and 6,000 feet altitude
(point A) on the altitude calibration chart.

2. Determine the full throttle, constant RPM line (1950 RPM) and the constant manifold pressure
line (29.5 inches MAP) at point A.

3. Transfer these values (1950 RPM and 29.5 inches MAP) to the sea level calibration chart
(point B).

4. Project intersection B horizontally until it 1ntercepts the given 2200 RPM line at point C.

5. Project point C vertically to the MAP axis and read the required MAP of 26.5 at point D.

(a) The example problem shown in Figure 11-8 is used to deter-
mine required manifold pressure (MAP), with certain known
factors: BHP 550; RPM 2200; altitude 6,000 feet. On the alti-
tude chart locate the intersection of lines representing 550
- BHP and €,000 feet altitude, whichispoint*___ "

(b) At point “A” read 1950 RPM and 29.5 inches MAP. On the
sea level calibration chart locate a point representing 1950 A
RPM and 29.5 inches MAP which is at point “

(c) Project point “B” horizontally left to intersect the 2200 RPM
line (per original problem factors) at point “C”. Project

vertically downward from point “C” to read required MAP of B
inches.
In another example, find MAP with BHP 550, RPM 2200 and
altitude 8,000 feet. The MAP required in this example is 265
inches.
25.5

Power charts are based on standard atmospheric conditions. Deviation from these conditions will
not affect the use of the power chart, however, it should be noted that power charts are calibrated in
terms of density altitude which is the same as using pressure altitude in a standard atmosphere. For
this reason it is recommended that the altimeter be indexed to standard sea level pressure (29.92 inches)
when gaining data for use in power charts.

Carburetor Air Temperature Correction
Another factor of which the pilot must be aware is the correction made when carburetor air temper-
ature (CAT) deviates from standard. Since temperature affects the density and thus the wéight of the
fuel-air mixture, BHP will definitely be affected by CAT variation.
The correction to BHP is made as follows:
1. To the BHP calculated from the power chart, add 1% of power for each 6°C. (10°F.) that CAT
is below standard temperature; or
2. Subtract 1% of power for each 6°C. above standard temperature.
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For example, on a flight at 5,000 feet pressure altitude, the BHP is computed to be 635 and the
CAT gauge reads 23°C. Since 23°C. is 18° above standard (5°C. is standard at 5,000 feet), 3% or 19 BHP
must be subtracted, giving a total of 616 BHP. If the CAT gauge had read —7°C., 1.e. 12°C. below standard,
2% of 635 BHP would be added. In this case, 13 would be added to 635 giving a total of 648 BHP.

When the problem involves the calculation of manifold pressure from the power chart, corrections
for deviation in CAT are made in the following manner.

1. To the MAP obtained from the power chart, add Y4 inch for each 6°C. above standard temper-
ature.
2. Subtract % inch for each 6°C. below standard temperature.

For example, on a certain flight at 6,000 feet pressure altitude, the MAP required is computed to
be 33 inches and the CAT gauge reads 9°C. Since 9°C. is 6° above standard (3°C. is standard at 6,000
feet) Ya inch must be added to the computed 33 inches to arrive at the actual MAP required. Thus, the
correct answer would be 33.25 inches. If the CAT gauge had read —9°C., i.e. 12° below standard, %
inch would be subtracted from 33 inches giving a required MAP of 32.50 inches.

Density altitude is used in power charts. Density altitude is a
function of pressure altitude and standard

For use in power charts, the pilot may read pressure altitude :
directly from the altimeter when it is set to temperature
inches.

For some types of calculations, outside air temperature (OAT)
is used. For power chart use, however, 29.92
air temperature (CAT) is used.

CAT has an effect on engine power because it affects the air
carburetor

One method of correcting BHP for -CAT effects is for each 6°C.
(10°F.) that CAT is below standard, add ) % density
to BHP. ,

If the CAT is above standard (add) (subtract)
one percent (1%) of power for each °C. 1
above standard temperature.

Standard Temperature in this example is 15°C; actual CAT is btract
33°C. A BHP of 600 should be corrected to Zu rac
BHP as a result of the CAT.

Another rule for use in power charts states that for each 6°C.
CAT above standard, add inch to the 582
MAP obtained from the chart.

Conversely, if CAT is below standard (add) (subtract)

Y4 inch from MAP for each 6°C. that CAT is below standard. one-fourth
If the CAT is 18°C. below standard, then the MAP of 26.5 inches
read from the power chart would be correctedto subtract
inches.
25.75
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Figure 11-9 depicts a typical power chart currently in common use. This chart is very similar to
those illustrated in previous figures except that auto rich RPM lines have been added on the altitude
calibration side of the chart. Also, a standard altitude temperature line has been drawn in the lower
portion of the .altitude calibration chart. This line makes it possible to calculate the approximate
standard temperature at any given altitude. For example, if the standard temperature at 7,000 feét is
required, enter the chart at the 7,000 foot line at the bottom of the figure. Follow this line until it inter-
sects the slanted standard temperature line. Project this intersection horizontally to the left until
reaching the temperature axis. The dashed horizontal example line is located at 1°C. which is approxi-
mately the standard temperature at 7,000 feet.

Use the power chart in Figure 11-9 to solve the following problem.

Given: RPM 2200
MAP 36 inches
Altitude 7,000 feet
CAT © o +7°C.

Required:

BHP

Solution:

Connect points B and C with a straight line.

o O W N

labeled E.

Plot the intersection of 36 inches and 2200 RPM on the sea level chart. This point is labeled A.
Project point A horizontally to the BHP axis. This point is labeled B.
Plot 36 inches and 2200 RPM on the altitude chart. This point is labeled C.

Plot the intersection of the 7,000 foot altitude line and line BC. This point is labeled D.
Project point D horizontally to the BHP axis and read the correct BHP of 995. This point is

7. Subtract 1% of BHP because of CAT deviation from standard temperature. BHP equals 985.

In the example problem, Figure 11-9, it is required that BHP
(corrected for CAT) be determined when RPM equals 2200,
MAP equals 36 inches, altitude equals 7,000 feet and CAT
equals +7°C. In the solution, first locate 2200 RPM and 36
inches MAP on the sea level calibration chart which is at point

"t ”

Next, project “A” horizontally right to the BHP axis at point

“B”. Locate 36 inches MAP and 2200 RPM on the altltude A
calibration chart which is at point
Connect points “B” and “C” with a
Find a point where the vertical 7 OOO C

’) te

foot altitude line intersects line ©

at point “D”.

Project point “D” horizontally left to a BHP of
Apply the CAT correction of 1%/6°C. to find a corrected BHP of

straight line
B-C
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Do another example. Find the corrected BHP if RPM equals
2000; MAP equals 34 inches, altitude equals 7,000 feet and

CAT equals —5°C. First locate point “A” on the sea level cali- 995
bration chart where and 985
interesect.
Next project point “A” horizontally right to the BHP axis at
point “B”, then locate point “C” on the altitude chart MAP 34 inches
where and _ RPM 2000
intersect.
Draw line “BC” and where it intersects the vertical 7,000 foot MAP 34 inches
line, locate point “ ”. RPM 2000
Project point “D” horizontally left to the BHP axis and read a
BHP of After correcting for a CAT of D
-5°C., (standard temperature at 7,000 feet is +1°C.) the cor- '
rected BHP becomes

830

838

Determination of Cruise Altitude

Desirable cruise altitudes are established to aid the pilot in determining the altitudes that are
best suited for a given operation. The maximum desirable cruise altitude is that maximum altitude
at which the optimum long range cruise airspeed can be maintained. While the airplane will climb
above its maximum desirable altitude, it will only do so while sacrificing airspeed.

Under a given power setting condition, airspeed will vary with gross weight, thus gross weight
is a function of the maximum desirable cruise altitude. Notice that in the Maximum Desirable Cruise
Altitude Chart (Figure 11-10), the gross weight is plotted against pressure altitude. The slanted BHP
lines establish the maximum desirable cruise altitude for a given gross weight. It must be remembered
that the critical altitudes referred to in this instance will only remain true under the specific conditions
given in the chart. The data given here should not be confused with critical altitude information
established under maximum continuous power conditions.

As an example in the use of the Maximum Desirable Cruise Altitude Chart, consider a transport
airplane operating at 1100 BHP and with a gross weight of 84,000 pounds. Notice on the chart, that a
dashed example line has been drawn vertically on the line representing 84,000 pounds until it intersects
the slanted line representing 1100 BHP. This intersection is projected horizontally to the pressure
altitude axis, giving an answer of 16,000 feet. Thus, 16,000 feet is the maximum desirable altitude
for the airplane under the prescribed conditions.

This chart is based on standard a‘*-.ospheric ~onditions. For precise computation, a correction must
be made when the temperature deviates from the standard temperature at a given altitude. The maxi-
mum desirable cruise altitude should be:

(1) increased by 100 feet for each degree Centigrade deviation below standard temperature.

(2) decreased by 100 feet for each degree Centigrade deviation above standard temperature.

JIn using the Maximum Desirable Cruise Altitude Chart (Figure
11-10), obtain the maximum desirable cruise altitude by
:proceeding vertically upward from the gross weight line to the
slanted Next, proceed horizontally left
to read the desirable
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Fig. 11-10—Maximum Desirable Cruise Altitude

Increase or decrease altitude determined by the chart (Figure

11-10) 100 feet for each degree temperature (°C) deviation below
or above

BHP
pressure altitude

For a gross weight of 86,000 pounds, using 1,000 BHP for

cruise, the maximum desirable cruise altitude is standard
fect. temperature
9,900
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Effective Runway Length
Takeoff and landing lengths are often spoken of in terms of effective lengths. The effective length

of a runway must be considered when an obstruction is located in a potentially hazardous position with
respect to the takeoff and approach paths associated with that runway.

The effective length of a runway is determined by an obstruction clearance line which is tangent
to or clears all obstructions along a takeoff or landing path. This line is projected from the runway at
a slope of 20 to 1 as illustrated in Figure 11-11.

The effective runway length may or may not be equal to the actual runway length depending on
the position of obstructions in the airport vicinity. If there are no obstructions in the takeoff or approach
paths, the effective and actual runway lengths will be equal. If obstructions do exist in the flight path
area, the effective length may be less than the actual runway length.

RUNWAY

4 Effective Runway Length 4 ?

Fig. 11-11 —Effective Runway Length

Landing Considerations
Regulations state that a transport airplane shall not be taken off in excess of that weight which

would allow the airplane to.be brought to a stop at the conclusion of the flight on 60% of the effective
runway at the intended destination. It is assumed that the weight of the airplane will be decreased
by the fuel and oil consumed enroute to the destination.

The actual landing distance is measured from a point 50 feet above the intersection of the
obstruction clearance line and the runway. This distance can be determined by referring to the chart
in Figure 11-12.

As. an example, in the use of the landing distance chart (Figure 11-12), consider the following

problem.
Given: Landing gross weight: 70,000 pounds
Field altitude: 1,000 feet
Wind condition: +25 knots
Required:
Landing distance from a 50 foot height.
Solution:

Notice, by referring to the dashed line, that the chart is entered at the gross weight of 70,000
pounds. The dashed line is drawn vertically until it intersects the 1,000 foot airport altitude
line. This intersection is projected horizontally to the +25 knot wind line. Interpolation
between the slanted landing distan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>