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The areas  of aeronautical knowledge brought out in this Exam-O-Gram a re  those with which 50% o r  
more of applicants a r e  experiencing difficulty on the Private Filot Written Test. A - little knowledge 
is a dangerous thing. Erroneous solutions of problems o r  improper analyses of operational -- situations a r e  usually the result of the use of partial information or  misinformation, whether it be 
in flying activities o r  on written tests.  In this Exam-O-Gram a generalized question i s  posed, 
followed by a brief introductory discu:;sion. This i s  done to identify the problem areas.  ANSWERS 
ARE PURPOSELY WITHHELD TO ENCOURAGE THOROUGH STUDY. Complete explanations for 
full understanding may be found in the references given. 

AVIATION WEATHER REPORTS 

1. How can the pilot determine the trend of the ceiling from Aviation Weather (Sequence) 
Reports? 

Exampl e: 0700 0800 
5.g 3;:y j2Q OVC Q,$ 

0900 126 SC- 2gd 3:(\: k.2 3fl SCT ~ 5 $  OVC 3@ 

Keep in mind the conditions t t a t  constitute a ceiling, and the contractions used to  represent 
these conditions. Scattered clouds, thin clouds, o r  partial obscurations a r e  not considered 
a ceiling. The progressive values denoting the ceiling only, will show the trend of the 
ceiling. (Ref: Pilot 's Handbook of Aeronautical Knowledge and VFR Exam-O-Gram No. 20. ) 

TERMINAL FORECASTS 

2. How can the pilot determine the predicted weather for a given station and period in Terminal 
Forecasts? 

All expected cloud bases, with the ceiling specifically identified, a r e  given in height above 
the surface of the station. When visibilities above a certain value or  surface winds below -- 

a certain value a r e  expected, they a r e  not included. Any predicted changes during the 
forecast period a r e  shown immediately following the indicated time of the change. When 
advisable for safety and efficiency of operation, AMENDED forecasts a r e  issued and a r e  
so  designated in the heading. (Ref: Pilot's Handbook of Aeronautical Knowledge, VFR 
Exam-O-Gram No. 26. ) 
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TEMPERATURE AND HUMLDITY 

3. Do high temperature and high humidity adversely affect aircraft performance? 

The density of the a i r  in which an aircraft i s  operated has a significant effect on its 
operation and performance. The combination of atmospheric pressure, temperature, 
and humidity influences the a i r  density, and contrary to prevailing opinion, moist a i r  
is less  dense than dry air.  (Re::: Pilot's Handbook of Aeronautical Knowledge; V F R  
Exam-0-Gram No. 17.  ) 

CARBURETOR ICE 

4. What indications verify the presence and removal of carburetor ice? 

The indications, of course, will depend on the type of equipment installed in the aircraft;  
i. e. , manifold pressure gauge, constant-speed propeller, o r  fixed-pitch propeller. 
(Ref: Pilot's Handbook of Aeror~autical Knowledge. j 

ALTIMETER ERROR 

5. What effect does pressure and temperature have on altimeter indications? 

Altimeters a r e  calibrated on the basis of both a standard pressure and a standard tem- 
perature a t  sea  level with a startdard lapse rate  (reduction) a s  altitude is increased. If 
either of these factors a r e  significantly different than standard for the altitude, an 
erroneous altitude will be indicated. (Ref: Pilot's Handbook of Aeronautical Know1edge.j 

RADIO FREQUENCIES 

6. What frequencies can be used to communicate with particular radio facilities? 

Although the primary frequency on which a facility transmits can often be learned from 
the aeronautical chart, a complete and current listing of the available frequencies i s  
found in the Airman's Information Manual. Some frequencies a r e  used for both trans- 
mitting and receiving, while others, as designated, a r e  for transmitting only or receiv- 
ing only. (Ref: Pilot's Handbook of Aeronautical Knowledge; VFR Exam-0-Gram No. 50.1 

PRESSURE ALTITUDE 

7. How can the pilot in the aircraf t  determine the pressure altitude? 

Erroneously, pressure altitude i s  often thought to be the actual height above sea  level 
obtained by placing the "altimeter setting'' in the pressure dial of an altimeter. How- 
ever, in reality, it i s  an altitude which, due to existing pressure, i s  equivalent to an 
elevation measured above a startdard pressure level o r  datum plane, and is obtained by 
applying this standard pressure to the altimeter. Ref: Pilot's Handbook of Aeronautical 
Knowledge. 

PRESSURE TRUE ABSOLUTE 
ALTITUDE ALTITUDE ALTITUDE --- 

Types of altitude. 



GROUNDSPEED AND HEADING 

8. What must be considered %.hen computing groundspeed and heading? 

When solving problems involving speed and direction, the elements which relate to each 
other must be expressed ir like terms.  That is, speed factors must use the same unit 
of measurement, and direction components must be based on a common geographical 
point. Remember that in Cirinds Aloft Forecasts, wind speed is given in knots, while the 
aircraft 's airspeed i s  norn~ally given in miles per  hour; wind direction i s  measured 
from True North, while courses may be True o r  Magnetic directions. (Ref: Pilot's Hand- 
book of ~ e r o n a u t i c a l  Knowledge; V F R  Exam-0-Gram Nos. 17 and 26 . )  

AIRCRAFT INSPECTIONS 

9. How can the pilot determine when an aircraf t  i s  due for an inspection? 

The frequency and type of inspections required to be performed on an aircraf t  by 
Regulations i s  dependent on the type of operation in which the aircraf t  is engaged. Deter- 
mination of when the next inspection is due should be made by reference to the comple- 
tion record of the previous inspection entered in the aircraft 's maintenance records and 
not by the Airworthiness Certificate a s  is frequently believed. (Ref: Federal Aviation 
Regulations 91.169 through 91.173; VFR Exam-0-Gram No. 26. ) 

ACCIDENT REPORTING 

10. What a r e  t h e  requirements f o r  t h e  n o t i f i c a t i o n  and repor t ing  of  a i r c r a f t  accidents? 

Although t h e  FAA i n v e s t i g a t e s  c e r t a i n  a i r c r a f t  acc iden ts  and i n c i d e n t s ,  t h e  National 
Transportat ion Safe ty  Board Regulations govern t h e  procedures involved i n  t h e  n o t i f i c a t i o n ,  
repor t ing ,  and inves t iga t ion  of t h e s e  occurrences. All p i l o t s  a r e  required t o  be f a m i l i a r  
with and comply with t h e  p a r t  of  NTSB Regulations p e r t i n e n t  t o  s a f e t y  i n v e s t i g a t i o n .  
(Ref: National Transportat ion Safe ty  Board r e g u l a t i o n ,  P a r t  830 ; Airman's Information 
Manual, P a r t  I .  ) 
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VFR PILOT EXAM-O-GRAMu NO. 37 
Com~nonly Misunderstood 

Areas of Aeronautical Knowledge 

(Series 2) 

ERONAUTICAL CHART 
iYMBOL5 

This is the second in a se r i e s  of Exam-0- Grams dealing with a reas  of aeronautical knowledge in 
which 50% o r  more of the applicants a r e  experiencing difficulty on the Private Pilot Written Test. 

-- 

A little knowledge is a dangerous thing. Erroneous solutions of problems or  improper analyses 
of operational situations a r e  usually the result of the use of partial information or  misinformation, 
whether i t  be in flying activities o r  on written tests. In this Exam-O-Gram a generalized question 
is posed, followed by a brief introductory discussion. This is done to identify the problem areas.  
ANSWERS ARE PURPOSELY WITHHELD TO ENCOURAGE THOROUGH STUDY. Complete 
explanations for full understanding may be found in the references given. 

SPECIAL VFR WEATHER MINIMUMS IN LL CONTROL ZONE 

1. Will Regulations permit VFR cperations in a control zone when the ceiling is l ess  
than 1, 000 feet o r  visibility is l e s s  than 3 miles? 

The exact weather minimums required by Regulations for VFR operations in a control 
zone will vary, depending on tlie actions taken by the pilot. Basic VFR weather mini- 
mums apply unless the pilot obtains a special VFR clearance. (Ref: Federal Aviation 
Regulations 91.107 and VFR E.sam-0- Gram No. 26. ) 

AIRPORT ADVISORY SERVICE (Non-Radar) 

2. What airports  have Airport Advisory Service? 

This service is available (at tl-e option of the pilot) from the Flight Service Station at  
various airports  under certain prescribed conditions. Ref: Pilot 's Handbook of 
Aeronautical Knowledge, Chapter 24. 
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-. REPORTED CLOUD HEIGHTS VERSUS THEW INDICATED ALTITUDE 

3. What is the relationship be.',ween Cloud/~eil ing Reports and Altimeter Indications? 

Except in those instances where it is specifically noted otherwise, all cloud and ceiling 
heights in aviation weather reports  and forecasts a r e  given in feet above the ground. 
The altimeter, however, is normally adjusted to measure altitude above s e a  level (MSL). 
This seems  to be a confusi:lg situation to many pilots. The problem is roughly compara- 
ble to the situation where a i r  and ground speeds a r e  computed in miles per hour, but 
wind speeds a r e  given in knots. Just  remember that you must reduce the information to 
a common denominator. That is, the point of reference must be common to both measure- 
ments. (Ref: Pilot's Handbook of Aeronautical Knowledge, Chapter 11, and VFR 
Exam-0-Gram Nos. 17, 20, and 21.) 

CRUISE PERFORMANCE CHARTS 

4. How a r e  Cruise Performance Charts used? 

The manufacturer of today's light airplane provides cruise charts  o r  graphs pertaining 
to the ra te  of fuel consumption, true airspeed, range, endurance, etc. at  different 
altitudes and power setting!;. These charts  may be relatively simple or  quite sophisti- 
cated, but in  either case, i t  is important to remember that the performance data is 
based upon specific conditions of mixture, temperature, pressure, gross  weight, wind, 
etc. Any deviation from th? specific information upon which the chart computations 
were based will affect the accuracy of some o r  all of the results. For example, most 
Cruise Performance Charts a r e  based on zero wind and standard atmospheric conditions, 
yet, during actual operations, these conditions seldom prevail. It should be noted that 
wind has a very significant effect on the distance an aircraft  can fly but no effect on 
i t s  rate of fuel consumption o r  the total time i t  can remain aloft. (Ref: Pilot's Hand- 
b o o ~ ~ e r o n a u t i c a l  Knowl'zdge, c h a p t e r n ,  and VFR Exam- 0- Gram No. 33. ) 

MOUNTAIN TURBULENCE 

5. Will strong winds in mountainous ter ra in  present any special flying hazards? 

Although clouds and weathe? of any significance should be of particular concern to pilots 
when operating in mountain13us areas, hazardous conditions may be encountered in 
cloudless skies o r  when excellent VFR conditions prevail in these areas.  (Ref: Pilot 's 
Handbook of Aeronautical Knowledge, Chapter 7. For  more complete coverage of this, 
refer  to Advisory Circular 00- 17, Turbulence in Clear Air. ) 

AERONAUTICAL CHART SYMBOLS 

6. What is the meaning of the chart symbols pertaining to radio facilities which appear 
on Visual Navigation Aeron;~utical Charts? 

The symbols pertaining to radio facilities a r e  explained on the charts. Careful compari- 
son and study of these symbols and their explanatory legend should make i t  relatively 
easy to determine the exact nature of the radio aids available at  any location. CAUTION: 
Chart information may be out of date and should always be checked against the informa- 
tion in the Airman's Information Manual and teletype NOTAMS at  the Flight Service 
Stations. (Ref: Pilot's Har.dbook of Aeronautical Knowledge, Chapter 13, and VFR 
Exam- O- Gram No. 50. ) 
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AREA FORECASTS 

7. How can a pilot use Area Forec.zsts in preflight planning? 

Area Forecasts deal with weather on a regional basis and are  intended primarily as  
Enroute Forecasts. A pilot can obtain a broad picture of the weather conditions he is 
likely to encounter during the time period specified by: 

A. Studying the forecast with regard to clouds, weather, icing, freezing level(s), 
L.-L--l-- - - ,,,,, ,,..,,, and weather outlook. 

B. Carefully locating the speci:iic geographical area as  described in the forecast to 
which the items in (A) apply,, 

C. Establishing the times during which (A) will apply to (B). 
D. Correlating (A), (B), and (C!) with the planned route of flight a s  well a s  estimated 

departure, enroute, and arrival times. 

(Ref: Pilot's Handbook of Aeronautical Knowledge, 
VFR Exam-0-Gram No. 26. ) 
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Department of Transportation 

FEDERAL AVIATION ADMINISTRATION 
VFR I'ILOT EXAM-0-GRAM" NO. 38 

It i s  generally conceded by most leading a i rcraf t  engine manufacturers 
that correct  use of the mixture control in flight for adjusting the fuel/air 
rat io (F/A) i s  one of the most important i tems in the operation of a i rcraf t  
engines. This Exam-0-Gram explains some of the related factors which 
should be considered when leaning the fuel/air mixture. It is hoped that 
this brief discussion will s e r v e  a s  a stimulus for pilots to study and search 
for more  information on this subject--in a i rcraf t  power plant manuals- -  
and especially the engine manual pertinent to the a i rcraf t  they a r e  operat - 
ing. Certain General Aviation Written Examinations contain test  items 
whichare  concerned with the resul ts  of improper use of mixture control. 

The mixture control knob in an a i rcraf t  cockpit i s  usually RED--an indication that it should be used 
with "caution. " Proper leaning of the mixture provides smoother engine operation, more  power for a 
given power setting, best range and endurance; on the other hand, misuse of the mixture control can 
soon ruin an a i rcraf t  engine. 

WHAT DOES FUEL/AIR (F/A) RATIO 'MEAN? It i s  the ra t io  between the weight of the fuel and the 
weight of the a i r  that goes into the cylinders. In general, gasoline engines require approximately 15 
pounds of a i r  in order to completely burn 1 pound of gasoline. However, a theoretically perfect mixture 
ratio i s  not essential o r  desired in a l l  cases.  Certain conditions may require  the use of mixture either 

- richer o r  leaner than this average ratio. Usually. the useful mixture ratios a r e  between 1 to 11 and 
1 to 16. Fuel and a i r  proportions a r e  c2xpressed on the bas is  of weight ra ther  than volume. Fuel/air 
rat ios may be given a s  a direct ratio. :such a s  1 to 12 ,  but in more  common usage, they a r e  designated 
a s  decimal fractions such a s  0. 083. For example: 1 + 12 = 0. 083:l (0. 083 lb. of fuel to 1 Ib. of a i r ) .  

WHAT IS THE FmCTION O F  THE CAIIBURETOR? It measures  the correct  quantity of fuel to be sup-  
plied to the engine. ATOMIZING and MIXING the fuel with a i r  in the correct  proportion (F/A ratio) 
before the mixture enters the cylinders. This proportioning must be done correctly regardless  of the 
speed, load. and altitude a t  which the engine i s  operating. Gasoline cannot ignite o r  burn when in the 
liquid s ta te ,  it f i rs t  must be vaporized and mixed with the correct  amount of a i r  before it can be ignited 
and combustion takes place. When corrpared to other gasoline engines, a i rcraf t  engines operate at a 
greater altitude range and therefore arc? equipped with manual and/or automatic mixture controls. 

HOW ARE CARBURETORS NORMALLY CALIBRATED? They a r e  calibrated for sea-level operation, 
which means that the correct  mixture o "  fuel and a i r  will be obtained at s e a  level with the mixture con- 
t ro l  in the "full rich" position. As we climb to higher altitudes. the a i r  density decreases--that  i s ,  a 
cubic foot of a i r  will not weigh a s  much a s  it would at a lower altitude. Therefore, the weight of a i r  
entering the carburetor will decrease.  :~lthough the volume remains the same. The amount of fuel enter - 
ing the carburetor depends on the volurr e of a i r  and not the weight of a i r .  As the altitude increases,  the 
amount of fuel entering the carburetor will remain approximately the same  for any given throttle setting. 
Since the same  amount (weight) of fuel i s  entering the carburetor,  but a l e s se r  amount (weight) of a i r ,  
the fuel-air  mixture becomes richer a s  altitude increases.  

WHAT DOES THE MIXTURE CONTROL DO? It compen- 
sa tes  for the decreased a i r  density by metering the amount 
of fuel that passes through the main jet-ln the carburetor,  
In the less  dense a i r  a t  higher altitudes, a leaner mixture 
reduces fuel consumption and provides smoother engine 
operation. The mixture control i s  used to reduce the 
amount of fuel flow and maintain the proper F/A ra t io--  

-- this is a lso  t rue  of engines with fuel injection. 
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AT WHAT F/A RATIO DO THE HIGHEST CYLINDER TEMPERATURES OCCUR? The greatest  heat 
occurs at a fuel to a i r  ra t io  of 1 to 15, o r  . 067, and this i s  known a s  stoichiometric mixture (pro- 
nounced like stoy-key-o-metric), which i s  the chemically correct  mixture where all  the a i r  and all  
the fuel is burned. Even though an F/A ra t io  o f .  067 is considered a chemically correct  mixture for 
combustion, it produces peak temperatures and this is generally the mixture which will cause a l l  gas -  
oline engines to run the hottest (see Illustra-!ion below). 

Stoichiometric Mixture 
0 

.06 7 
EXCESS FUEL -? 

POWER 

.040 .050 

Fuel-Air Ra'ios vs Power & Temperature 

The mixture of . 067 is a theoretical point that can be  demonstrated only on a single cylinder engine 
in a laboratory. In engines with more  than one cylinder, the variations in fuel distribution between the 
cylinders r a k e s  i t  difficult to evaluate the F8/A ra t io  in each cylinder. This matter of distributing 
equal amounts of fuel and a i r  to the various zylinders is one of the greatest  problems facing the a i r -  
craft engine manufacturers - -or the designer of any gasoline engine for that matter. Because of the 
unequal Fuel/Air ratio in the various cylinders. the pilot who practices using extremely lean mixture 
settings without reference to proper instrumentation can experience a situation where a l l  cylinders on 
his engine a r e  operating a t  normal temperatlres--except for one hot cylinder. where the exhaust valve 
and seat  a r e  r e d  hot. 

WHAT IS THE "BEST POWER" MIXTURE? The .080 fuel/air rat io is known a s  the "Best Power" 
mixture and it i s  that ratio a t  which the most: power can be obtained for any given throttle setting. 
"Best Power" mixture is the fuel/air rat io where we can get a given power with the lowest manifold 
p ressure  o r  throttle setting. (See Illustratic~n above. ) 

WHAT DOES EXCESS AIR AND EXCESS FUEL MEAN IN THE ILLUSTRATION? The illustration shows 
"Excess Air" on the left s ide  of the . 067 m b t u r e ,  which means there  is more a i r  in the cylinders than 
i s  needed for normal combustion. and this excess of a i r  absorbs heat and helps to cool the engine. On 
the right side o f .  067 mixture, we have "9xcess Fuel" which means that there  is more  fuel in the cyl- 
inders than i s  needed for normal combustion, and this "Excess Fuel" also absorbs heat and provides 
additional cooling. Large supercharged engines can operate in the "Excess Air" lean mixture side of 
the .067 mixture, whereas the carburetor equipped, unsupercharged smal l  aircraft  engine should never 
be leaned to this extent. For example: If the manual mixture control of a supercharged engine i s  
moved toward the lean position, cylinder head temperatures will be greatest  when the F/A ra t io  is .067 
and a s  the mixture i s  leaned s t i l l  further.  cylinder head temperatures will re turn  to cooler normal 
values. When cylinder head temperatures climb too high while leaning carburetor equipped, unsuper- 
charged engines, the mixture must be richened in o rde r  to re turn  to cooler head temperatures.  

WHAT IS MEANT BY UNEVEN MIXTURE DISTRIBUTION? In a carburetor equipped engine, the intake 
manifolds and induction pipes a r e  used to  distribute the fuel and a i r  charge to the various cylinders. 
Those cylinders which a r e  the farthest  from the carburetor often receive a slightly leaner mixture than 
those cylinders close to the carburetor. Whf?n the mixture control is used to lean the mixture, the 
cylinders which a r e  already receiving a leaner mixture will be the f i rs t  ones to run hot o r  misfire. 

DOES FUEL INJECTION PROVIDE BETTER FUEL DISTRIBUTION? Yes, the fuel is injected into the 
intake manifold and it is mixed with a i r  just 5efore entering the cylinders. Theoretically, a l l  of the 
cylinders of a fuel injection engine a r e  recei.ring an equal amount of fuel. 
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r KOTE: Fuel i n j e c t i ~ n  engines , i r e  equipped with Fuel Flow Gauges to  indicate the F/A - 
mixture being supplied to the e ~ g i n e .  Some of these instruments also show the  percer t -  3 
age of power being used. Proper mixture control and better economy in the operation 
of a fuel injection engine can be  achieved best through the use of an Exhaust Gas Tem-  
perature Indicator, a Cylinder Head Temperature Gauge and an Oil Temperature Gauge. 
The two latter  instruments have slow response t imes but the trend of these basic heat 
references a r e  very meaningful. 

WHAT ARE THE RESULTS O F  HAVINmS THE MIXTURE TOO LEAN? When the mixture i s  too lean 
there  is too little fuel for the amount of a i r  - -in t e r m s  of weight. Rough engine operation, sudden 
"cutting out" o r  "back firing, " detonation, overheating, o r  an appreciable loss  of engine power may 
occur. Lean mixtures must be avoided when an  engine is operating near i t s  maximum output. 

AT WHAT ALTITUDE IS LEANING TFE MIXTURE NORMALLY EFFECTIVE? Leaning is normally 
effective above 5, 000 feet; however, some ai rcraf t  engines may be leaned below 5,000 feet. Always 
follow the manufacturer's recommenda.tions on leaning the fuel mixture for the particular airplane. 
By leaning the mixture a t  too low an altitude o r  leaning the mixture excessively, you could damage the 
engine a t  a high power setting. For example: Suppose that a pilot had been cruising a t  8,000 feet with 
a lean mixture and forgot to move the mixture to full r ich  before entering the traffic pattern of a low 
elevation airport .  The pilot may experience a rough engine o r  the engine might "cut out" o r  even 
worse if he were to exceed approximately 70% power in the pattern or on a go -around he would be  in 
serious trouble with detonation and engine overheating. In general, lean mixtures must be employed 
with caution when operating aircraft  engines at high power settings. 

WHY IS 5,000 FEET CONSIDERED A SAFE ALTITUDE FOR LEANING? Certain a i rcraf t  engine manu- 
a l s  state that their  engines should not be leaned below 5,000 feet. At 5,000 feet the unsupercharged 
engine is capable of developing only about 75% of i ts  rated power, and at l e s s  than 75% power it is much 
harder to  get into trouble using improper leaning techniques, since the cylinders and other engine par ts  
a r e  operating a t  lower temperatures.  

WHAT IS DETONATION? Detonation i:; the spontaneous explosion of the 
unburned charge (in the cylinders) afte:? normal ignition. If the temperature 
and pressure  of the unburned portion of the fuel-air  charge reach cri t ical  
values, combustion will begin spontaneously. The result  is a sudden and 
violent explosion of the charge (detonation) ra ther  than the relatively slow 
burning of normal combustion. 

Continued operation when detonation is 
preser t  can result  in dished piston heads, 
collapsed valve heads, broken rings, o r  
erodecl portions of valves, pistons, o r  
cylinder heads, and may terminate in 
sudder and complete engine failure. 

Since i t  is very important to avoid detonation, it is well to consider 
the principal factors which contribute to this condition. The anti- 
knock . ~ a l u e  of the  fuel (octane rating-performance no. ), cylinder head 
temperature,  incoming mixture temperature,  fuel-air ratio, and in-  
take manifold p ressure  a r e  the most important factors of greatest  
significance for the pilot. 

Usually detonation cannot be recognized from the cockpit through sound o r  engine roughness; there-  
fore,  protection from its possible occu::rence must be provided by the design of the engine and adher-  
ence to the engine operating limitations. 

WHAT IS PRE-IGNITION? P r e - i g n i t i o ~  is the uncontrolled firing of the fuel-air  charge in advance of 
normal spark  ignition. It is caused by the presence within the combustion chamber of an a r e a  which is 
incandescent ( red hot, glowing, luminolis. with intense heat) and se rves  a s  an ignitor in advance of nor- 
mal  ignition. Pre-ignition may resul t  f rom a glowing spark plug electrode, exhaust valve, or perhaps 
a carbon o r  lead particle heated to incandescence. As with detonation, such operating factors a s  high 
intake a i r  temperatures,  lean mixtures, high manifold pressures ,  and improper cooling a r e  likely to 
s e t  the stage for  p re  -ignition. P r e  -ignition may s t a r t  detonation, and paradoxically, detonation may 
s t a r t  pre-ignition because of the high temperatures involved. Moreover, pre-ignition can be fully a s  
destructive a s  detonation. 
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HOW IS ADDITIONAL FUEL PROVIDED FOR COOLING THE ENGINE ON TAKEOFF? At full power 
on takeoff with the mixture "full rich" you a r e  assured of the best combination of power and cooling. 
The enrichment of the fuel-air  mixture a t  high-power output is accomplished in actual carburetor 
design by the incorporation of auxiliary fuel-metering devices. Such devices a r e  variously known as 
economizers, high speed jets, enrichment jets, power compensators, etc. Regardless of the name 
applied, a l l  such units s e r v e  the s a m e  general  purpose--that is, when full power is used on takeoff, 
the enrichment jets o r  valves cut in and provide additional fuel. This additional fuel helps to cool the 
engine during maximum power operation. 

WHAT ARE THE RESULTS O F  USING AN EXCESSIVELY RICH MIXTURE AT HIGH ALTITUDES ? 
Whenever an unsupercharged engine is operated a t  a high altitude with an 
excessively r ich  mixture, the power will he reduced from that which is 
available a t  that altitude with proper mixtcre. Excessive fuel is not 
required for combustion chamber cooling : ~ t  high altitudes. The fouling 
of spark  plugs is one of the greatest  "bad effects" of operating with an 
excessively r ich  mixture. Spark plugs art? designed to  operate within 
certain heat ranges in o rde r  to function properly and operate without 
fouling. The excessively rich mixture will cause a below normal t em-  
perature of the spark plug center electrode, which, in turn, resul ts  in 
the formation of carbon and lead deposits. These deposits a r e  e lect r i -  
cally conductive and when they reach a sufficient depth, the electric Shell 
current will flow through the deposit ra ther  than "jumping-the-gap" in 
the spark plug to ignite the fuel a i r  charge. This is what is known a s  
a "fouled" o r  "shorted out" plug, since the current flows ac ross  the Center electrcde 

deposits on the ceramic  insulator and is gl-ounded instead of jumping 
the gap. Therefore, i t  is essential to  maintain a fuel-air  ratio which 
will provide sufficient heat in  the combustion chamber to  vaporize any Ground electrodes 

deposits which may form on the ceramic center of the spark  plug. 

e.... Radio Shielded Spark Plug 

FOLLOW THE MANUFACTURER'S RECOMMENDATIONS 
ON LEANING THE MIXTURE. 

- 4 - 

F1::i.t S!nm:.i.tras Trc1,n:cnl D?? l s ld  1. 

Operations f l r r i l r l ~  . 
P. 0. Brm ?5@*2  
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Federal Aviation Administration 

VFR PILOT EXAM-0-GRAM* NO. 4 0 

VISUAL .APPROACH SLOPE INDICATOR (VASI) 

Within the National Airspace System, there a r e  many a i rpor ts  equipped with the standard Visual 
Approach Slope Indicators,  and some are  equipped with Abbreviated Visual Approach S l o ~ e s .  The 
abbreviated systems contain fewer 1 -gh t  uni ts  which may be ins ta l led  on one s ide  of the runway 
only. I t  i s  apparent tha t  misconceptions and a lack of knowledge concerning t h i s  aid ex i s t  among 
the  general aviation public. To a s s i s t  those who a re  not familiar  with VASI, par t icular ly  those 
taking FAA writ ten t e s t s ,  t h i s  Exam-0-Gram br i e f ly  explains the  system, and answers questions 
commonly asked regarding the purpose, ava i l ab i l i t y ,  and use of the device. 

SYSTEM DESCRIPTION. The Visual Approach Slope n d i c a t o r  (VASI) is a ground device which uses  
lights to define a predeterminedvisuarglide -. path during the approach to  a runway. As soon a s  the  
VASI lights a r e  visible on final approach--day o r  night- -a pilot receives the s a m e  information by vis  - 

- ual reference that the glide slope unit of the Instrument Landing System (ILS) provides electronically. 
Once the principles and color code of  he lighting system a r e  understood, flying the VASI is a s  simple 
a s  looking out through the windshield 2nd establishing and maintaining the proper r a t e  of descent to 
stay on the glide slope. 

This facility emits a visual light path vithin the  final approach zone, a t  a fixed plane inclined from a 
minimum of 2$ " to a maximum of 4" from horizontal, which gives the pilot visual descent guidance 
during an approach to landing. The beam width is 15 degrees  on each s ide of t h ~  extended runway 
centerline, but actual runway alignment is not provided by VASI. Course guidance to a s s u r e  runway 
alignment should be obtained by refe.-ence to the runway lights, the runway itself, o r  by other 
approach aids. 

Standard installation of the system recu i res  twelve l ight-source boxes arranged in two split  b a r s  of 
light that s t raddle  the runway. A se t  of 3 light units (boxes) is placed on each s ide of the  runway 
approximately 600 feet f rom the thresllold, and a second s e t  of 3 is placed on each s ide a t  approxi- 
mately the 1. 300-foot point f r o m  the threshold. Fornerly, these l igh t  uni t  arrays were known as the  
"down,>~ind" and "upwind" 1 ight  bars, r e s ~ e c t i v e l y .  Currently, however, the downwind bar i s  called the 
"near bar" and the  up::'ind bar i s  known (3s the "far bar ."  The visual approach slope reference point i s  
located midway between the f a r  and near bars. 

0 0 0  G O O  

N E A R  3 A R  

--. ABOVE GLIDE PATH O N  GLIDE PATH BELOW GL!DE PATH 



APERTURE 
(approx. 2"wide) 

I 

rSEALED BEAM LAMP 

VASI LIGHT UNIT 

LIGHT UNITS. Each light unit consists of a metal box 4. 5 feet square 
and about 1 g o t  thick, housing three high intensity sealed beam lamps. 
Immediately in front of the lamps is a color filter assembly, the upper 
two-thirds of which is red and the lower portion is clear. Across the 
front of the box a t  the focal point of the lamps is a 2-inch aperture 
that extends across  the width of the box. The "lens" effect, thus 
achieved, c.auses the light to appear white when viewed from a high 
angle, red  when viewed from a low angle, and pink when viewed from 
the horizontal center of the aperture. The light intensity of each light 
unit is approximately 40,000 candlepower in the white light zone. 

PRINCIPLE. The basic principle of VASI is that of color differential 
between red and white. The VASI provides obstruction clearance in 
the final approach a r ea  only. It is especially effective during 
approaches over water or  featureless terrain where other sources of 
visual reference a r e  lacking or  misleading. 

me. 
HOW ARE THE VASI APPROACH LIGHTS USED? For  VFR c o n d i t i o n s ,  proceed 
inbound m a i r t a i n i n g  normal t r a f f i c  p a t t e r n  a l t i t u d e .  When t h e  near 
(downwind) t a r s  t r a n s i t i o n  f rom r e d  th rough  p i n k  t o  wh i t e ,  commence 
descent .  Wllen on  t h e  p rope r  approach pa th ,  t h e  p i l o t  i s ,  i n  e f f e c t ,  
ove rshoo t i ng  t h e  near b a r  l i g h t  beam, and unde rshoo t i ng  t h e  f a r  b a r  
l i g h t  beam. Thus, he sees t h e  nea r  b a r s  as w h i t e  and t h e  f a r  b a r s  
as r e d .  When below t h e  g l i d e p a t h ,  b o t h  b a r s  a r e  r e d ;  when h i g h ,  b o t h  
ba rs  a r e  w h i t e .  

Depa r tu re  f rom t h e  g l i d e p a t h  i s  i n d i c a t e d  t o  
t h e  p i l o t  by  a  t r a n s i t i o n  i n  c o l o r  o f  one o f  
t h e  l i g h t  ba rs .  I f  t h e  d e p a r t u r e  i s  t o  t h e  RED 8 

,/p 
// 

WHITE -'/ 

h i g h  s ide ,  t h e  f a r  ba rs  w i l l  change f r o m  r e d  SEALED FILTER '/ 

BEAM ' / 
through  p i n k  t o  wh i t e ,  l e a v i n g  a  c o m p l e t e l y  LAMPS , '1 
w h i t e  d i s p l a y .  I f  t h e  d e p a r t u r e  i s  t o  t h e  / ' 
low s ide ,  t h e  near b a r  w i l l  change f rom w h i t e  
t h rough  p i n k  t o  r e d ,  warn ing o f  a  descen t  4 I, ' & ~ ~ P L T L E  
below t h e  approach s lope- -by  a  c o m p l e t e l y  K,, / 

r e d  a r r a y  o f  l i g h t s .  1 

ABOVE GLIDE SLOPE ( PILOT SEES WHITE/WHITE ) 

NOTE: Some deterioration of system guid- 
ance may occur a s  the pilot approaches the 
runway threshold due to the spread of light NOTE.' 
sources and narrowing of individual colors. RED FILTERS COVER 

TOP 2/3 OF LAMPS / /- 
A, 

However, the VASI will bring the pilot safely A - H --- 
I ,  

through a "gate" at the threshold where he may -, 
w 

accomplish a normal flareout and landing. A::// 
Since deterioration of system guidance occurs kj - +  
close in, the VASI i s  an approach aid rather  O N  GLIDE SLOPE ( PILOT SEES REDNHITE ) 
than a landing aid. 

WHAT ARE THE USABLE DISTANCES O F  VASI? During daylight hours the VASI lights normally can 
be seen at distances of approximately 4 to 5 nautical miles. With bright sunlight or  snow conditions 
the range i s  decreased. During the hours of darkness the lights may be seen a t  greater distances. 

CAN THE LIGHl' INTENSITY O F  VASI BE ADJUSTED? Yes, the standard VASI system includes a 
light intensity control switch in the control tower. This remote control may be a two position "HIGH- 
LOW" switch or  a three position "LOW-MEDIUM-HIGH" selector. If a pilot making a night VASI -- 
approach desired to have brightness of the lights turned down, he can request the controller in the 
tower to do so. VFR - S o .  40 
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Glide path area approximately 97' in width 
a t  4 nautical miles. 

RUNWAY THRESHOLC) 

VASI REFERENCE POINT 

T Y P I C A L  V A S I  C O L O R  I N D I C A T I O N  PROFILE 

WHAT ARE SOME O F  THE FACTORS THAT AFFECT A PILOT'S COLOR INTERPRETATION? Such 
factors  a s  snow, dust. precipitation, and color of background te r ra in  affect the pilot's color in te rpre -  
tation of the VASI. Atmospheric conditions may distort  the  color the pilot is actually seeing o r  p r e -  

- clude the determination of a well-defined glide path o r  transit ion a rea .  However, the re  is no 
distortion in the  Red/Red area.  When a l l  lights a r e  solid red,  the a i rcraf t  is definitely below the 
glide slope. 

§ POlCA CITY MUNl IPNCJ FSS: WNCA C IN IPNCI  
3 P 4 3 ' 4 1 "  97"06'OO" 2HW IW7' IFR ON FLO 
RWY 17/35: H6201. HI RVN LGTS IS-50.0-72.07-1331 

HOW DOES A PILOT DETERMINE IF AN AIRPOliT IS EQUIPPED WITH RWY 17: REIL VASI RGTTFC RWY 35: POLE LINES REIL. VASI 

VASI? By referring to the Airman's In'ormation Manual FUEL: 80.  100. J t i  A REPIIRS: MAJOR A h  E 
ROY6 BCW: DUSK-DAWN UNICOM: 123 0 

(AIM) AirportlFacility Directory listing for that airport. REMARKS: RWY LG:S OPER DUSK-DAWN CERT FAR 139 CFR INDEX A NORTH 

Note in the excerpt to the right that \/AS1 equipment is /' AT ::OG' REMAINDER RWY 17/35 OF NON RWY STD 14800'1 PLASTIC GROOVING EMIRE W ~ O T H  AVO 2s' L ~ C H  EDGE 

provided for Runways 17 and 35. There is no VASI infor- SDF RWY: 17  

mation 1 isted on WAC or Sectional  char.:^, however, it REMARKS: NON FEDERAL SDF 
PIONEER VORTAC 101'3 1 NMTOARPT 

does appear o n  the Instrument Approach Procedure Charts. KI!OAIPE HUB IT!' 5 2 NM TO RWY I7 

WHEN ARE THE VASI LIGHTS IN OPl3RATION? The VASI shal l  normally be operated, day o r  night, 
when the runway it s e r v e s  i s  the  l a n d i ~ g  runway - -or - -when requested by the pilot. 

ARE THERE A h T  REGULATIONS THAT DEAL WITH VASI? Yes, FAR 91.87 s ta tes  in part: 
"(d) Minimum altitudes. When operating to an a i rpor t  with a n  operating control tower, each pilot 
of - -  . . . (3) an airplane approaching to land on a runway se rved  by a visual approach slope indi- 
cator,  shal l  maintain an altitude at  o r  above the glide slope until a lower altitude is necessary for  a 
safe  landing. " (YOTE: Regulations p2rmit normal bracketing maneuvers above o r  belclw the glide 
slope that a r e  conducted for  the purpo,se of remaining on the glide slope. ) ... 
VASI provides unquestionable obstruction clearance in the  approach a r e a  which is very comforting 
during night landings a t  s t range ai rpor ts .  It reduces  the  chance of overshooting o r  undershooting, 
and it aids in making a landing in the f i r s t  portion of the runway. VASI is also an effective noise 
abatement procedure where l a rge  airplanes and turbine-powered airplanes a r e  concerned. *****  

F ~ d ~ r i l  L ? ; i t . ~ r  ; < - ' r i s t r a t i o r  
F l l a ' f  i t a r s ' ? r2 i  ' l a t l c n a l  F1.14 Office,  E x a m l n a t i o r s  3ranch 
2 . 0 .  ?", ?iI=i 
C t  ;zh3r-a C ~ t y ,  p , i ~ n ~ ~ d  73125  

ixa - -9 -G-?- ;  .> is  i p e m  i charls--sinqle copy cn-,, ppr 
r e a , ? i t .  re-  : c r i , .  . r  tereb:  qrar'c! t o  reproduce t"li 



U.S. DEPARTMENT OF TRANSPORTATION 
Federal Aviation Administration 

VFR PILOT EXAM-0-GRAM" NO. 43 

ATIS (AUTOMATIC TERMINAL INFORMATION SERVICE) 

j I S  l L j A  ! ' , i i i ? l : 'C?AL A 1  
:04'.'A?10'1' ECHO. FCUR TPOL~SI 
A F E R E D ,  V l S l S l L l T Y  SIX, H A i  

The Federal  Aviation Administration is constantly s t r iving to  Improve i t s  se rv ice  to  the public. This 
Zxam-0-Gram descr ibes  Automatic Terminal  Information Service (ATIS) which has  improved Air 
Traffic Controller effectiveness and relieved .adio frequency congestion in many terminal  a reas .  
Because ATIS contributes to safety, FAA written t es t s  n-ay include questions on this  subject. 

WHAT IS ATIS? The continuous broadcast of recorded non-control information in selected high- 
activity terminal  a reas .  It r e l i eves  frequenc3 congestion by automating the repetit ive t ransmission of 
routine but essential  information on frequencies other than those normally used for  a i rpor t  traffic 
control. This se rv ice  is presently being provided a t  many FAA tower-control 1 ed a i rpor t s .  

WHAT KIND O F  INFORMATION IS PROVIDELI BY ATIS? Sky condition, visibility, wind, a l t imeter  
setting, instrument approach, and runway/s in use  a r e  continuously broadcast for the  designated a i r -  
port. NOTAMS, Airman Advisories,  o r  other information pertinent to  the  a i rpor t  will be included a s  
appropriate.  

HOW A R E  ATIS BROADCASTS RECEIVED? By tuning t o  the  appropriate frequency published on the  sectional 
char ts  or in the  Airpor t /Faci l i ty  Directory of the  Airman's Information Manual as depicted above. This 
i s  a continuous broadcast on the  voice fea ture  of a TVOR/VOR/VORTAC located on or near the  a i rpor t ,  or 
a d i sc re t e  U H F / V H F  frequency. ATIS broadcasts on V O R / V O R T A C  f a c i l i t i e s  may be interrupted by the FSS 
t o  reply to frequency limited a i r c r a f t  i f  necessary. 

WHEN SHOULO THE ATIS BROADCASTS BE UTILIZED? P r i o r  to  requesting taxi  c learance by 
departing a i rc ra f t  and pr ior  to  reporting to  the tower by arr iving ai rcraf t .  

IS ATIS DESIGNED PRIMARILY FOR THE IFR PILOT? No! The information broadcast is applicable 
to  a l l  departing and arr iving ai rcraf t .  VFR a s  well a s  IFR. 

DOES THE ATIS BROADCAST CONSTITUTE A CLEARANCE TO TAXI FOR TAKEOFF OR A 
CLEARANCE TO LAND? No! Since only routine information is contained in  these  broadcasts .  ATC 
clearances  to  taxi, take off, o r  land must  b e  issued separate ly  to  the  individual a i rc ra f t  by the  
appropriate controller on the appropriate frequency. 

WHAT ARE THE ADVANTAGES O F  ATIS OVER THE LONG-STANDING METHOD O F  INDIVIDUAL 
INSTRUCTIOSS ? There  a r e  t h r e e  distinct advantages: F i r s t ,  extensive utilization of ATIS by pilots 
will great ly  reduce the congestion on tower an3  ground control frequencies,  and the routine workload 
on the  controllers.  This will allow the control lers  t o  devote m o r e  t ime  to  the specific control of 
arr iving and departing a i r  craft;  second, the ATIS broadcast contains m o r e  information than the normal  
tower o r  ground control instructions for taxi. takeoff. o r  landing (i. e. . weather. NOTAMS, etc. ); and 
third ,  the  pilot can receive this information w'len cockpit duties a r e  least  press ing and listen to  a s  
many repea t s  a s  desired. (This should be a g rea t  boon to student pilots o r  pilots who operate  . 
infrequently a t  tower controlled a i rpor ts .  ) 

Rev. 4/77 
1 1 1 S T R I R ~ ~ T I 0 2 :  ZC-307 

* m a m - 0 - G r a m s  a r e  non4irec t i re  in nature and a r e  
i i i u e d  solely a s  a n  information service  to individirals 
~n 'eres ted  I!? Airman Written Examinations. 



WHAT DOES A TYPICAL ATIS BROADCAST SOUND LIJSE? Sample broadcast --". . THIS IS TULSA 
INTERNATIONAL AIRPORT INFORNWTION ECHO. FOUR THOUSAND SCATTERED, VISIBILITY 
SIX, HAZE, WIND ONE FIVE ZERO DEGREES AT ONE THREE. TEMPERATURE EIGHT ONE, 
DEWPOINT SIX FOUR. ALTIMETER TWO NINER EIGHT NINER. I L S RUNWAY ONE SEVEN LEFT 
IN USE. LANDING AND DEPARTURE RUNWAYS ONE SEVEN L E F T  AND ONE SEVEN RIGHT. 
NOTAM, RUNWAY ONE TWO, THREE ZERO CLOSED TO ALL OPERATIONS. INFORM TULSA 
APPROACHCONTROL, TOWER, OR GROUNDCONTROLONINITIALCONTACTTHATYOUHAVE 
RECEIVED INFORMATION ECHO. . " 
WHAT ARE THE SPECIFIC PROCEDURES FOR UTILIZING ATIS BROADCASTS? The  broadcast 
should be  monitored pr io r  to  requesting taxi c learance o r  p r io r  to  requesting landing clearance. 
Arriving a i rc ra f t  should monitor the  broadcast well in advance of entering the Airport Traff ic  Area. 
Each ATIS broadcast will c a r r y  a n  identifying phonetic alphabet code word (Alpha, Bravo, Charlie,  
etc. ). This  code word is important. After receiving the ATIS broadcast,  the pilot, on initial 
contact with ground control, tower, o r  approach control, should s ta te  he has the  information and 
repeat  the specific code word. Example - -  ". . TULSA GROUND CONTROL, THIS IS BEECHCRAFT 
SEVEN FOUR SIX FOUR CHARLIE. 3 N  TERMINAL RAMP, READY TO TAXI. I HAVE INFORMA- 
TION ECHO. OVER. . " 
HOW OFTEN ARE ATIS BROADCASTS CHANGED? They a r e  normally updated hourly. However, 
they will be  updated m o r e  frequently should a significant change occur  in the information. Each 
t ime  the message  is updated, the next phonetic alphabet code word will b e  used. 

WHAT HAPPENS WHEN PILOTS REQUEST CLEARANCE WITHOUT ACKNOWLEDGING RECEIPT 
O F  THE ATIS BROADCAST OR ACKNOWLEDGE BY A CODE WORD WHICH IS NOT CURRENT? 
In ei ther  c a s e  the controller will i s sue  the normal  taxi  o r  landing information. 

ATIS IS A VALUABLE SERVICE. ALL PILOTS ARE ENCOURAGED TO USE IT EXTENSIVELY. 

Flight Standards Technical Division, Operations Branch 
P. 0. Box 25082 
Oklahoma Clty, Wahoma 73125 

Exam-0-Grams available free of charge--single copy only per 
request. Perm~ssion i s  hereby granted to reproduce this material. 
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VFR PILOT EXAM-0-GRAM NO. 45 

AIRSPEEDS AND AIRSPEED INDICATOR MARKINGS (Series 2) 

Most FAA written tests contain several test items involving airspeed. Analyses show that many appli- 
cants are not knowledgeable concerning airspeeds. The use of performance charts, computation of 
navigation problems, and filing of flight plans involves the use of True Airspeed. However, in various 
configurations and flight conditions, airplanes are  also operated with reference to Calibrated Airspeed. 

OAT +20° C 

*The most accurate method of solving for TAS is by use of 
pressure altitude. However, you can use indicated altitude 
without introducing too great an error in most instances. 

**For this example the IAS and CAS are  assumed equal. Free air temperature gage 
c FMACB94S15 

WHAT ARE THE DIFFERENT AIRSPEEDS? The four principle airspeeds are defined below. 

Indicated Airspeed (IAS) is the uncorrected speed read from the airspeed dial. It is the measurement 
of the difference between impact pressure and atmospheric pressure in the pitot-static system. 

Calibrated Airspeed (CAS) is indicated airspeed corrected for instrument error and installation error 
in the pitot-static system. As the aircraft flight attitude or  configuration is changed, the airflow in the 
vicinity of the static inlets may introduce impact pressure into the static source, which results in 
erroneous airspeed indications. The pitot section is subject to error at high angles of attack, since 
the impact pressure entering the system is reduced, when R E  CTl  ,,, T A B L E  the pitot tube is not parallel to the relative wind. Note in  

FLArS 40 50 60 70 the chart to the right the difference between indicated and 
calibrated airspeed in the lower speed ranges. Perform- FLAPS UP GAS 5s 60 66 72 

ance data in aircraft flight manuals is normally based on ~ W S  M\III CIS 52 58 65 73 

calibrated airspeed. 

Equivalent Airspeed (EAS) is calibrated airspeed corrected for compressibility factor. This value is 
very significant to pilots of high speed aircraft, but relatively unimportant to pilots operating at 
speeds below 250 knots at altitudes below 10,000 feet. 

True Airspeed (TAS) is calibrated airspeed (or equivalent airspeed if applicable) corrected for a i r  
density error. TAS is the actual speed of the aircraft through the air mass. Air density error is 
caused by nonstandard pressure and temperature for which the instrument does not automatically 
compensate. The standard airspeed indicator is calibrated to read correctly only at  standard sea 
level conditions--that is, when the pressure is 29.92 inches Hg and the temperature is 15°C. 

0 0 0 0 0  
HOW IS TRUE AIRSPEED DETERMINED? To find 
TAS, it is necessary to--(a) work a computer solution, 
or - (b) have in the aircraft an airspeed indicator, 
similar to the one illustrated to the left, which 
incorporates that portion of a computer which is 
necessary for determining TAS in the cruising speed 
range. This represents the current trend in the design 
of flight instruments that reduce pilot workload. In 
either case, the prerequisites for determining TAS are  
pressure altitude'" ,AS, and outside air temperature. 
Example: For a pressure altitude of 6,500 feet, a 
CAS** of 175 mpln, and an outside air temperature 
(OAT) of +20°C., you would use the instrument to the 
left a s  follows: With the adjusting knob, set the 
pressure altitude (6, 500 feet) opposite the OAT 
(+20° C. ). The needle then shows a TAS of 202 mph 
while on the inner portion of the dial the needle is 
registering an IAS of 175 mph or 152 knots. 

so 
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NOTE: Free Air Temperature gages are  subject to heat of compression (friction) errors. The higher 
the TAS the more the increase in indication above the actual temperature of the air. 

DO SOME INSTRUMENTS AUTOMATICALLY REGISTER TRUE AIRSPEED? Yes, more advanced 
true airspeed indicators contain components which correct for pressure altitude, OAT, and compress- 
ability to automatically Provide TAS without computations on the part of the pilot. 

WHAT ADDITIONAL AIRSPEED INDICATOR MARKINGS ARE REQUIRED IN MULTI-ENGINE AIR- 
PLANES? FAR Part 2$, which deals with Airworthiness Standards for airplanes of 12,500 lbs. or 
less, was amended November 11, 1965, to require the following airspeed markings in multi-engine 

airplanes: (a) a bIue radial line to show the best rate 
of climb speed ( v ~ )  with one-engine-inoperative. 
(b) a red radial line to show Vmc -the minimum control 
speed with one-engine-inoperative. Note in the 
illustration to the left, that these markings for key 
speeds in multi-engine airplanes are in addikon to 
those normally required for other airplanes. 

WHICH MULTI-ENGINE AIRPLANES ARE REQUIRED 
TO HAVE THESE MARKINGS? Only those airplanes 
which were type certificated under Part 23 on or after 
November 11, 1965, are  required to have these mark- 
ings. However, airplanes type certificated before 
that date may also be so marked at the option of the 

b owner. 

VFR - No. 45 

P. 0. BG= 2- 
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~nm-o-cram a-le fm of charge- 
single copy only per request. 

NOTE: THE COLORED MARKINGS ON AIRSPEED INDICATORS ARE BASED ON CAS, NOT - IAS. 
- 2  - 



DEPARTMENT OF TRAXSPORTATION 
Federal Aviation Adrnini~tration 

VFR PILOT EXAM-0-GRAM* NO. 47 

SROUND EFFECT 



-- Another and perhaps more serious problem, can develop during takeoff and climb out,  especially 
when using a runway of marginal length. Deluded into believing tha t  he has climb-out capability 
simply because he was able t o  get in the a i r ,  a p i lo t  may r a i s e  the gear the instant  he i s  a i r -  
borne or  i n i t i a t e  an immediate climb. For a few f ee t ,  a l l  may go well but he may real ly  have 
only marginal climb performance even in ground e f fec t ,  and therefore, an acute need for  added 
thrust as he begins to  move out of ground e f fec t .  Moving out of ground e f fec t ,  even i f  i t  only 
s l igh t ly  increases the effectiveness of the elevators,  the nose will usually tend to pitch up. 
A t  the resultant high angle of a t tack,  the p i lo t  finds he cannot climb, or even worse, may begin 
to  sink. Desperately holding his nose-high a t t i tude  in a f u t i l e  e f for t  to gain a l t i tude ,  he 
steadily mushes or s t a l l s  back to the runway or into obstructions i f  no excess power i s  
available to  correct the s i tuat ion.  Add high gross weight and density a l t i tude  and a b i t  of 
turbulence to  t h i s  scene and an accident i s  even more l ikely.  

Airspeed indicator unrel iabi l i ty  in ground effect  i s  another though l e s s  c r i t i c a l  problem. 
Usually i t  will indicate s l igh t ly  higher as you leave and s l igh t ly  lower as you enter ground 
effect .  

Just  remember, ground effect  i s  always there; i t  may prolong the glide or permit an a i r c r a f t  to  
get airborne with insuff icient  power t o  sustain f l i g h t  outside the area of ground effect.  If 
t h i s  occurs the p i lo t  must allow the airplane t o  accelerate while s t i l l  in ground e f fec t ,  before 
attempting t o  continue the climb. Pi~nic attempts to force a climb can only make l i f t / c l  imb 
problems worse. 

VFR 47 
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VFR PILOT EXAM-0-GRAM" NO. 50 

INTERPRETING. SECTIONAL CHARTS (SERIES 2) 

122.7 ? 
114.8 112.' ,%3.b 

A ? 206 kHz 

This Exam-0-Gram discusses radio communications and how radio data appearing on back-to-back 
Sectional Aeronautical Charts can be used to assist the pilot in the expeditious and safe operation of 
his aircraft on the ground and in the air. 

Lack of knowledge often causes pilots to :xvoid the use of appropriate radio communications. This 
is especially true of those pilots who a r e  not knowledgeable in the use of aeronautical charts and 
other publications that list this data. 

Pilots a r e  encouraged to use all  of the radio communication services available, even where it is not 
mandatory, to enhance safe flight. Pilots who do not use the benefits of radio communication 
actually create a hazard to themselves a s  well a s  other aircraft. 

Radio communications will vary at different airports depending upon the type of flight and facilities 
available. Examples of airports used in this Exam-0-Gram exemplify the important aspects of 
radio communication during VFR flight using a variety of facilities. 

HOW IS RADIO COMMUNICATION F I R S T 3  

traffic in the vicinity of' the airport, by E equencing aircraft 
in terms of safety and efficient utilization of airspace. ATIS 1256 

Therefore, you a r e  required to contact the control 
tower at least 5 miles from the airport. The primary transmitting and receiving (SIMPLEX) f re -  
quency is printed on the chart a s  shown, for example 118.3 MHz at Will Rogers Airport. If you can 
receive, but cannot transmit on a primary tower frequency, there a r e  other transmitting frequen- 
cies available. Most towers have one of three addition3 frequencies r122.4, 122.5, o r  122. 7 MHz) 
available to receive pilots with limited tl-ansmitting capability. These frequencies are listed on the 
bottom margin of the chart a s  shown in t ~ e  illustration, and followed by a letter R (R means tower 
receive only. ) They can also be found in the Airman's 

- 

* Exam-0-Grams are non-directive in nature and are 
bf0 r  mation Manual. issued solely a s  an information service to ind~viduala 

~nterested In Airman Wrltten Examinations. 
DISRUBUTIOY ZC307 Rev. 1/77 



-. IS IT MANDATORY THAT YOU C0MM:UNICATE WITH APPROACH CONTROL PRIOR TO LANDING? 
No. Under a VFR flight it is not manc.atory, but Radar Advisory Services a r e  available to pilots 
on VFR flights a t  many of the  busy airports. Although not mandatory, the service should be used 
because controllers can advise you of possible conflicting traffic and also give heading information 
that will direct you to the airport .  If used, Approach Control should be contacted 15 or  20 miles 
out after receiving ATIS. If advisory services a r e  available the appropriate radio communication 
frequencies can be found in the Airman's Information Manual, Par t  3, Airport/Facility Directory 
under Radar Services. 

WHAT FREQUENCY WOULD YOU EXI'ECT TO USE AFTER LANDING AND CLEARING THE 
RUNWAY? Normally the Control Tower will direct you to contact or monitor Ground Control on 
one of the freauencies assigned to Airport Ground Control. In the event the tower does not direct. 
YOU to change frequencies, -remain o n t h e  tower frequency. Ground Control frequencies a r e  normally 
121.6, 121. 7, 121.8, and 121. 9 MHz, one of which is assigned to each airport  having this service. 
Ground Control provides information for  surface traffic except on the active runway, and the appro- 
priate frequencies can be found in the AirmanTs Information Manual, ~ i r p o r t / F a c i l i t y  Directory. 

IN WHAT SEQUENCE WOULD YOU CONTACT THE FACILITIES I F  YOU DEPART AN AIRPORT 
SERVED BY ATIS, GROUND CONTROL, AND A CONTROL TOWER? You would use the following 
order:  

1. ATIS. 
2. Ground Control. 
3. Control Tower. 

WHY ARE SOME AIRPORT SYMBOLS AND AIRPORT INFORMATION PRINTED ON THE CHART IN 
A BLUE COLOR WHILE OTHERS ARE COLORED MAGENTA (PURPLISH RED)? 

A i r p o r t s  w i t h i n  t h e  U n i t e d  S t a t e s  hav ing  A i r p o r t  T r a f f i c  Areas (Con t ro l  Towers) a r e  shown i n  blue, 
a l l  o t h e r s  i n  magenta. I f  a Con t ro l  Tower i s  l o c a t e d  a t  t h e  a i r p o r t ,  t h i s  f a c t  can be noted i n  
t h e  a i r p o r t  i n f o r m a t i o n  d a t a  by  a  CT w i t h  a  f requency l i s t e d .  The f requency 123.6 MHz has been 
des ignated f o r  use a t  a i r p o r t s  w i t h  A i r p o r t  Adv i so ry  Se rv i ce .  P i l o t  r eques ts  f o r  AAS on o t h e r  
s t a t i o n  f r equenc ies  w i l l  be  answered, b u t  t h e  FSS w i l l  t hen  s imu l taneous l y  t r a n s m i t  on t h e  
requested f requency and a l s o  123.6 Mtlz. T h i s  w i l l  keep o t h e r  t r a f f i c  aware o f  t h e  r e q u e s t e r ' s  
p o s i t i o n .  

WHAT FREQUENCY I S  USED WHEN OPERATING A\ AIRCRAFT AT AIRPORTS SERVED 
ONLY BY AN AERONAUTICAL ADVISORY STATIOV (UNICOM)? The a f r p o r t  
i n f o r m a t i o n ,  as shown i n  t h e  i l l u s t r a t i , n ,  i n d i c a t e s  t h a t  o n l y  UNICOM 
i s  a v a i l a b l e  f o r  communication a t  t h i s  3 i r p o r t  on t h e  f requency o f  
122.8 MHz. The f requency assigned t o  A2 ronau t i ca l  Adv i so ry  S t a t i o n s  
depends upon t h e  t y p e  o f  f a c i l i t i e s  a v a i l a b l e  a t  an a i r p o r t .  See t h e  
Airman's I n f o r m a t i o n  Manual, P a r t  1, and Exam-0-Gram No. 35 f o r  f u l l  
d e t a i l s  on t h e  use o f  UNICOM. P i l o t s  a r e  encouraged t o  use t h i s  
s e r v i c e  when o p e r a t i n g  a t  a i r p o r t s  servsd o n l y  by  UNICOM. 

WHAT FREQUENCY WOULD YOU USE: WHEN OPERATING AT AN 
AIRPORT THAT HAS NO FACILITIES FOR RADIO COMMUNICATIONS? 
As shown in the illustration, there is no facility for radio communication 
a t  this airport. At a i rpor ts  that have no communications facilities, you 
should transmit on 122.9 MHz, which :.s the frequency assigned to Aero- 
nzutical Multicom Service. DO NOT ElXPECT A REPLY. About 15 miles 
from the airport, tune to 122. 9 MHz and listen for other traffic transmission, a t  5 miles transmit 
your position, altitude, and intentions. Follow-up an announcement of your position on downwind, 
base, and final approach. When departing this  airport, tune to 122.9 MHz and listen before you taxi. 
Then broadcast your position on the ail-port and intention. Follow this up with an announcement 
before you taxi oilto the runway for takeoff. 

Flight Standards hationa! Field Off!ie, Examlnatians Branch 
P.O. B3x 25082 
O k l a h m a  City.  Oklahoma 73125 

Exam-0-Gra~r available 're? of charge--5lngle copy only pe- 
request. Permission is 'ereby granted to rep-oduce this 
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VFR PILOT ISXAXI-0-GRAM" NO. 51 

INTERPRETING SECTIONAL CHARTS (SERIES 31 

SPECIAL  USE AIRSPACE - 

This is the third in a ser ies  of Exam-0-Grzms dealing with understanding and interpreting aero- 
nautical symbols and legends of the new-type Sectional Charts. See VFR Exam-0-Grams Nos. 23 
and 50. 

FAR, Part 73. 3, states in part: "Special Use Airspace consists of airspace of defined dimensions 
identified by an a rea  on the surface of the earth wherein activities must be confined because of 
their nature, o r  wherein limitations a r e  imposed upon aircraft operations that a r e  not a part of 
those activities, o r  both. " Special Use Airspace depicted on aeronautical charts  are :  Prohibited . . 
Areas, Restricted Areas, Warning Areas, .4lert Areas, 
m. These a reas  a r e  depicted on the charts in many shapes and sizes and their boundaries 
a r e  outlined by crosshatching like this ---. p / "  

PROHIBITED, RESTRICTED, WARNING, AND ALERT AREAS In addition, supplemental information about 
ON MIAMI SECTIONAL CHART Prohibited, Restricted, Warning, and Alert 

\o. NA,IE A L i l : c ~ ~  TIMe APPROPRl,,TE AUTwOtITI Areas i s  printed on the border of the charts 
n~ - $ I P .  i:O..-. TO r~ '89  ti^^^,^ A~- ,~ ,S . ,O~= . ,  c ~ ~ ,  

- i :.,c- u'ci. n.,=,.. E.C. 

P.2PJIA A r l n  Pcrx Norti. F.a. TO 6S?O S u n  5.- Po *,.! 1 FAA, M i o ~ i  ARTC Center 
a. ore. [Si. . . . . . . . . . . 
Co-~dr.. h$,cDi'l AFB. F1% 

. . . . . . . . . . 
-. . - this. 

~ r . 5 9 7  Polric* AC8,  F a  ".;mi.-2 pT ,,.,GI, Comdr., A1 Eerfcrn Terl Ranos. 

EX(?~*~~~ Potr i i r  AF.1. f lo .  

~ - 2 9 1 ~  r , r r .  A- ioc.i F ying scnjo~. 
xunse! aoily. a Flying C ' J ~ S  G r n ~ t e r  

P - Prohibi'ed R - Reltricted W - Worning A . A:er! 7 - Control.ing Agency 
Unjels o r h e - ~ i s e  noted: ~ l t i l u d e l  ore "\Si and in  feet; l ime i r  ia io l .  

,jesignated 01f,tvdes dwing the ,:me OF designot>on un'e%s pv;or permi%sicn ho> bee:, issued by the 
oppropria~c authority 0 5  listed obove. The cpp rop r i a t r  oufhor.': is aefinea os e ~ ~ e r  lhe cantrolinp 
cgenc) 1 7 1  or the using rrgencl. 

Fllgh: wifhiq l i m e r ,  i , * c l  . i  n o t  resfl i t ' . .- but 1 -.. arc cdr i . *d  t ?  -.errire c l l r e T a  caution. 
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mteresled ~n Airman U'rirten Examlmtions. 

DISTRIBCTIOS: ZC.307 
Rev. 8/77 



, -. 
WHAT IS A PROHIBITED AREA? It is designated airspace within which the flight of aircraft is not 
allowed for security or other reasons associated with national welfare. An example of a Prohibited 
Area is the area that encompasses the White House and the Capitol buildings in Washington, D. C. 
It i s  designated P-56 and errtends from the surface to flight level 180. AVOID THIS AREA! Three 
Prohibited Areas (designated P-204, IJ-205, and P-206) a r e  located southeast of International Falls, 
Minnesota. These Prohibited Areas u e re  established to safeguard the forest and wildlife in one of 
the few remaining wilderness areas in the United States. They extend from the surface to 4, 000 feet. 
AVOID THESE AREAS ! 

... 0.. 

WHAT IS A RESTRICTED AREA? It is designated airspace within which flight, while NOT wholly 
prohibited, is subject to restrictions. A Restricted Area is designated when it i s  determined 
necessary to confine or segregate activities considered to be hazardous to nonparticipating aircraft. 
They denote the existence of unusual, often invisible, hazards TO aircraft such a s  artillery firing, 
aerial gunnery, or guided missiles. Penetration of Restricted Areas without authorization from the 
using or controlling agency may be extremely hazardous to the aircraft and i ts  occupants. Per-  
mission must be received from the appropriate authority to operate an aircraft within a Restricted 
h e a  between the designated altitudes during the time specified. 

PROHIBITED, RESTRICTED, WARNING, AND ALERT AREAS 

O N  DALLASFT WORTH SECTIONAL CHART 
ALTITUDE ilME APPROPRIATE AUTHORITY 

To p! 2 3 3  Canf~nuous C. G. Foil S1 l ,  OkIe. 1 
T: 23: T FAA. F O C ~  w o r t h  ARTC centw 

or arc. FSS. 
C. G. Fort Sill, Oklnhoma 

1 P - pro& b led  R . ~ ~ ~ t ~ ~ ~ f ~ d  W - warning A - A l r t  T - C~ntrolI Ing A ~ s n c ~  

,J",, ""W,,' ""4 A'""~s 0.' "" 0'd in +-a?; "' I' I=':. 

\ 
111111 

WHAT IS A WARhiG AREA? It is airspace, within international airspace, established to contain 
hazardous operations conducted by U. ;S. military forces. The activities conducted within Warning 
Areas may be a s  hazardous to n ~ ~ ~ a r t i c i p a t i n g  &craft and its occupants a s  those contained with& 
Restricted Areas. However, NO restriction to flight i s  imposed because flight within international 
airspace cannot legally be restricted. To alert nonparticipants to the existence of possible hazardous 
conditions, Warning Areas a re  depicted on aeronautical charts. Most Warning Areas lie within 3 
statute miles of a coast line. When flyying along an uneven coast line, shortcuts over water could 
result in unintentional flight into a Warning Area. BE ALERT and refer to the appropriate chart 
when flying along any coastline. 

rr-3.1- -...--." 
T - -7 c~CEiP~s O N  NEW ORLEANS SECTIONAL CHART I PROHIBITED, RESTRICTED, WARNING, AND ALERT ASEAS 

vr r,,.d C<?* . . O S  : . -c-. ,  *rmoncn, Drralcpnent 

RNING & T r i l  Ce-!cr, E g . n  Ait ,  Flo~mco. 

NOTE: Due to the large size of Warning Areas, only 

* *  * *  * * 

when operating in VFR conditions, regardless of the type of operation being conducted, the 
area being used, or the type flight plan filed. Three Expun-0-Grans were written to help 
educate pilots in the ART OF COLLISION AVOIDANCE. It i s  certainly appropriate to mention 
them when writing about the rules governing Special Use Airspace. Review PFR Exam-0- 
Grams Nos. 22, 29, and 48. 

1-FR - To. 51 



WHAT IS AN ALERT AREA? It is designated airspace which may contain a high volume of pilot 
training activities or an unusual type of ae:-onautical activity--neither of which i s  hazardous to a i r -  
craft. Alert Areas a re  depicted on aeronautical charts to alert pilots of nonparticipating aircraft of 
the activity within a specific area. 4 1  activity within an Alert Area shall be conducted in accord- 
ance with Federal Aviation Regulations, w:.thout waiver, and pilots of participating aircraft a s  well 
a s  pilots of aircraft transiting the area, skiall be equally responsible for collision avoidance. The 
establishment of Alert Areas does not impose any flight restrictions or communication requirements 
on any pilots, although Flight Service Stations in the vicinity may broadcast information regarding 
the use being made of the area  a s  circumsl:ances dictate. 

?e which 
7s a r e  

Pilots of aircraft transitin, 
tion on these training areas m, 
below Show how the sectional 
of Columbus AFB, Missise: 

- 

Note: Due to the large e! 
blocks a r e  shown abovF 

WHO CAN AUTHORIZE THE OPERATION OF AN AIRCRAFT IN SPECIAL USE AIRSPACE? An 
Appropriate Authority, defined a s  either the Using Agency or  the Controlling Agency, may authorize 
transit through, or flight within, Special Use Airspace. 

The Using Agency is the agency, organization, o r  military command whose activity within a 
Restricted Area necessitated the area  being so  designated, or that established the require- 
ment for the Prohibited Area. 

The Controlling Agency is the FAA facility that may authorize the transit through, or flight 
within, a Restricted Area in accordance with a joint-use letter issued under FAR Par t  73.15. 

Contact the Using Agency for Warning h e a  and Alert Area information. 

\'FR - So. 51 
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ALTHOUGH NOT CLASSIFIED AS A SPECIAL USE AIRSPACE, THERE ARE OTHER AREAS THAT HAVE LIMITATIONS TO 
FLIGHT AS REGULATED BY THE SERVICE TH,IT ADMINISTERS THEM. 

The e x c e r p t  t o  t h e  r i g h t  shows how N a t i o n a l  Wi ld1  i f e  Refuges 
a r e  d e p i c t e d  on a  s e c t i o n a l  c h a r t .  

* * 7k 
I n  t h e  m a r g i n  o f  t h e  s e c t i o n a l  c h a r t s ,  i n f o r m a t i o n  i s  l i s t e d  
concern ing  f l i g h t  over  N a t l o n a l  Park : j e r v i c e  Areas, U.S. F i s h  
and W i l d l i f e  S e r v i c e  Areas, and U.S. 'orest  Serv ices  Areas as  
shown be1 ow: 

REGULATIONS REGARDING FLIGHTS OVER CilARiED NATIOSAL 
PARK SERVICE AREAS U S  FISH AND WI: DL l iE  SERVICE 

AREAS AND U S  FOREST SERVlCt AREAS 
The landlng of alrcraft IS prohtbted on lands or waters admtn~stered by the Na ona l  Park Servlce. U S Flsh and W~ldl i fe Servlce or 
U S  Forest Service w~thou! au th~r~za t ion  from the respect~ve agency Except~ons ~nc lude  1) wben forced to land due t o  an emer- 
gency beyond the control of the operalor. 2) a l  o f f c ~ a l ' y  des~gnated landing sites, or 3 )  on approved o f f ~ c ~ a l  bus~ness of the Federal 
Government 

All alrcraft are requested to ma in la~n  a mlnimum alt'tude of 2,000 feet above the terrain of the :ol~owtng Na l~ona l  
Parks. Monuments. Seashores, Lakeshores. Qecreat~on Areas and Scenic Rivriways adminmstered by the National Park Service. 
Natlonai W ~ l d l ~ f e  Refuqes. B I ~  Game Refuges. Game Ranges and W(ldl l fe R a w !  admtnlslered by the U.S. F ~ s h  and W ~ l d l ~ f e  Service: 
and W~lderness and Pr im i t~ve  areas admnlstered by the U S  Forest Service 

Fedsraf regulations also prohib~talrdrops by parachute or ofper means 0' persoi 8, cargo or oblects l rom alrcraft on lands admtnlster- 
ed by the three agencles w thou t  author~zat!on from the respective agency k c !  l l lons include I )  emergencies involving the szlety of 
human lhfe or 2 )  threat o f  serlous property loss 

. . . . . . ---Boundart of Nal~onal Parh Servxe areas 
U S  Flsll and Wtldllfe S m c e  areas and 
U S  For,st Servre Wlderness and P r m t ~ v e  
areas 

T h i s  Exam-0-Gram emphasizes t h e  s tudy  and use o f  i n f o r m a t i o n  p r i n t e d  on s e c t i o n a l  c h a r t s .  Study 
t h e  borders  and legend o f  y o u r  c h a r t .  Know what t o  l o o k  f o r ,  what t o  expect,  and what i s  a v a i l -  
a b l e  t o  you  a long  y o u r  r o u t e  o f  f l i g h t .  

VFR - NO. 51 
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DEPARTMENT OF TRAXSPORTATION 
Federal 4viation Administration 

VFR PILOT EXAM-0-GRAM NO. 52 

SKY COVER AND CEILING 

A f requent ly  misunderstood por t ion  of t h e  Aviation Weather Report is t h a t  p a r t  which contains  SKY 
C O V E R  and CEILING information. Do you thoro~lghly understand t h e  following? TXI< 3@ SCT ~5,@ 3 r ? ~  

I$@ ovc. . .  

The " E 5 @  3i iN" i n  t h e  r e p o r t  i n d i c a t e s  t h a t  t h e  weather observer a t  TXK estimated t h e  c e i l i n g  (broken 
clouds)  t o  be 5,000 f e e t  above t h e  sur face .  Although an estimated c e i l i n g  i s  t h e  l e a s t  r e l i a b l e  of 
a l l  c e i l i n g  r e p o r t s ,  i t  i s  based on s p e c i f i c  guides and i s  reasonably accura te  and opera t iona l ly  useful. 
I f  you understand t h e  methods used i n  making weather observa t ions ,  you a r e  l i k e l y  t o  make b e t t e r  use of 
a v a i l a b l e  weather r e p o r t s .  

HOW IS SKY COVER DETERMINED? The observer es t imates  t h e  amount of t h e  t o t a l  sky t h a t  i s  covered by 
clouds o r  obscuring phenomena, and r e p o r t s  t t i s  amount of cover i n  t e n t h s .  Two examples of a sky 
condit ion which t h e  weather observer  would consider  a s  s c a t t e r e d  (one-tenth t o  f ive- ten ths  coverage) 
a r e  shown i n  f i a u r e s  1 and 2.  

Fig.1 Fig.2 

2,@ SCT 

2,000 FT \< - 
L 

Sca t te red  clouds tend t o  be of  l i t t l e  concerr t o  many p i l o t s .  However, t h e  reported s c a t t e r e d  clouds 
could change t o  e i t h e r  "overcast"  o r  " c l e a r "  a f t e r  t h e  observat ion was made. Increasing cloud cover ,  
headwinds, dwindling fuel  supply,  and d e t e r i c r a t i n g  weather could cause problems f o r  t h e  non-instrument 
ra ted  p i l o t  planning (on t h e  bas i s  of t h e  r e p o r t )  t o  descend between s c a t t e r e d  clouds.  Remember, t h e  
Aviation Weather Report contains  local  weather only,  a t  observat ion t ime,  and is  not t o  be considered 
a f o r e c a s t .  Your observat ion i n  f l i g h t  i s  f a r  more t imely than a r e p o r t  t h a t  must be processed 
through t h e  communication system. Therefore,  when clouds a r e  increas ing ,  youmust determine when t h e  
time has come t o  make your descent  t o  avoid g e t t i n g  s t randed on top.  

The summation p r i n c i p l e  i s  appl ied when two o r  more cloud layers  a r e  p resen t  ( s e e  f igures  3 and 4 ) .  

Cloud coverage of s i x -  t o  nine-tenths of  t h e  sky i s  c l a s s i f i e d  a s  broken---more than nine-tenths as  
overcast .  However. a r e n o r t  of broken o r  overcast  clouds a t  a s o e c i f i e d  he iah t  does not n e c e s s a r i l v  
mean t h a t  the  cloud l a y e r  a t  t h a t  a l t i t u d e  a c t u a l l y  covers s ix -  t o  nine-tenths o r  more than nine-tenths 
O* t h e  sky. The  eath her observer o f ten  does not know t h e  actual  e x t e n t  of t h e  higher  cloud l a y e r s  
because h i s  view i s  r e s t r i c t e d  by lower cloud l a y e r s .  Therefore,  he uses t h e  summation ~ r i n c i p l e  i n  
repor t ing  t h e  amount of sky covered by clouds.  In t h i s  method, t h e  observer adds t h e  amount of sky 
covered by t h e  lower clouds t o  t h e  amount covered by clouds a t  higher l e v e l s .  Thus, he r e p o r t s  the  
amount of sky covered by t h e  combination of lower and higher clouds.  4 word of caut ion here--if t h e  
weather observer cannot see  half  o r  more of t h e  sky above t h e  base of a given cloud l a y e r ,  most l i k e l y  
you cannot s e e  half  o r  more of t h e  sur face  when f l y i n q  above the  base of t h a t  l ayer !  

Rev. 6/75  



HOW I S  CLOUD HEIGHT DETERMINED? 6y u s i n g  s p e c i f i c  gu ides,  t h e  t r a i n e d  observer  u s u a l l y  a r r i v e s  a t  
reasonab ly  accu ra te  es t imates (E).  The c e i l i n g  d e s i g n a t o r  (E) ESTIMATED CEILING--means h e i g h t s  a r e  
determined f rom p i l o t  r e p o r t s ,  ba l l oons ,  o r  o t h e r  measurements n o t  meet ing c r i t e r i a  f o r  measured 
c e i l  i ng .  The c e i l  i n g  d e s i g n a t o r  (M) MEASURED CEILING--heights determined by ce i l ome te r ,  c e i l i n g  
l i g h t ,  c l o u d  d e t e c t i o n  r a d a r ,  o r  by  unobscured p o r t i o n  o f  a  landmark p r o t r u d i n g  i n t o  c e i l i n g  l a y e r  
You shou ld  t r u s t  a  r e p o r t  o f  "measured" c e i l i n g  more than  one which i s  "est imated,"  a l t hough  e i t h e r  
i n  c o n j u n c t i o n  w i t h  v i s i b i l i t y ,  determines whether VFR c o n d i t i o n s  e x i s t .  

The c e i l i n g  d e s i g n a t o r  ( W )  i s  spoken i l S  I n d e f i n i t e  C e i l  i n g - - v e r t i c a l  v i s i b i l i t y  i n t o  a  su r face  based 
o b s t r u c t i o n .  Regardless o f  method o f  de te rm ina t i on ,  v e r t i c a l  v i s i b i l i t y  i s  c l a s s i f i e d  as an i n d e f i n -  
i t e  c e i l i n g .  

T h i s  Exam-O-Gram shou ld  be  s t u d i e d  i n  c o n j u n c t i o n  w i t h  VFR Exam-O-Grams 20, 44, and 46. Together,  
t h e y  shou ld  h e l p  you unders tand t h a t  s u r f a c e  obse rva t i ons  a r e  s p o t  r e p o r t s ;  t h e y  may n o t  p r o v i d e  t h e  
t o t a l  en rou te  weather p i c t u r e  a t  f l i g h t  t ime.  You must a l s o  r e l y  on f o r e c a s t s  and t rends ,  r a d a r  
weather r e p o r t s ,  p i l o t  r e p o r t s ,  and y o u r  own t i m e l y  obse rva t i ons  i n  f l  i g h t .  

Exam-O-Grams are non-directive in nature and are 
issued solely as an information service to individuals 
interested in Airman Written Examinations. 
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DAPlGERS OF W INGTIP VORTI CFS 
Investigations of several fa ta l  and near-fatal accidents show the probable cause to  be loss of 
control when encountering wingtip vortices created by large a i rc ra f t .  Reports indicate tha t  
many pi lots  are unaware of the dangers associated with wake or  vortex turbulence; therefore, 
applicants for  pi l o t  ce r t i f ica tes  are being tested on the i r  knowledge of th i s  subject. 
WHAT A R E  WINGTIP VORTICES? Wingtip vortices are compact, fast-spinning , violently turbulent 
a i r  masses tha t  t r a i l  behind an airplane, sometimes for  miles. Unfortunately they are invis ible ,  
but i f  you could see them they would look l ike two tornadoes stretching back horizontally from 
each wingtip. Many pi lots  refer  t o  th i s  phenomenon as "prop wash" or  " j e t  wash," b u t  engineer- 
ing studies have revealed that  the main source of th i s  disturbance i s  from the wingtips, not the 
props or engines. These vortex systems are  generated by the flow of a i r  from the high pressure 
region under the wing, and curl around the wingtip t o  the region of lower pressure on the upper 
surface forming the two rotating vortices.  
WHY A R E  THEY DANGEROUS? They are  
dangerous because loss of control of 
a i r c r a f t  can occur when flying into 
the wingtip vortices of large a i r -  
c ra f t .  The velocity of the a i r  c i r-  
culating about the core of these 
vcrtex systems can be extremely high, 
particularly those generated by the 
larger airplanes, and these velocities 
can exceed the control power of most 
airplanes. A smaller airplane f ly -  
ing into one of these rotating a i r  k? -'. '4.h , 
masses can experience dangerous up-  
se t s  and excessive 1 oad factors 
causing structural damage t o  the a i r -  
plane. Particular care should be 
taken to avoid the vortices during 
landing and taking off .  
WHEN A R E  THEY STRONGEST? There are  
manv factors affectina the intensitv 
of wingtip vortices,  6 u t  i t  i s  a 

" 

safe and practical generalization tha t  the bigger the airplane the more violent and long-lived 
will be the vortex disturbance. Recent studies indicated tha t  the strongest vortex systems 
t ra i l ing  behind the very large airplanes will descend 400-500 f ee t  per minute to  approximately 
1,000 f ee t  below the airplane. The vortices retain the i r  l a te ra l  separation and d r i f t  with the 
wind. The a i r c r a f t  creating the vortices may be out of s igh t ,  and the turbulence generated 
might be s t i l l  lingering in the area. The heavier and cleaner the airplane and the slower 
i t  i s  flying, the stronger the a i r  circulation in the vortex cores. 

WHAT ACTION C A N  THE PILOT TAKE TO AVOID OR REDUCE THIS HAZARD? 

a. Avoid passing behind any large a i r c r a f t .  Alter course to  avoid the area behind and below 
the generating a i rc ra f t .  

b.  Avoid, when possible, places and al t i tudes frequented by large a i rc ra f t .  If possible, moni- 
to r  approach control and control tower frequencies a t  a i rports  where large a i r c r a f t  operate. 
These radio transmissions may give you a clue to  the locations and paths of large a i rc ra f t .  

c.  When i t  i s  necessary t o  operate behind a large a i rc ra f t ,  remain above the f l i gh t  path of 
tha t  a i rc ra f t .  Vortices s e t t l e  downward toward the surface and are  also affected by the wind 
and move with the a i r  mass. 
d .  When taking off or landing behind large a i r c r a f t ,  be on the a l e r t  for  turbulence and allow 
adequate spacing. Visualize the location of the vortex t r a i l  and avoid those areas. 

Exam-0 -Grams are  non-directive In nature and are  
issued sole ly  a s  an information service  to individuals 
interested in Airman Written Examinations. 
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e. The best way of avoiding wingtip vor t ices  i s  t o  know where they are  most l ike ly  t o  be 
encountered and a c t  accordingly. Since vor t ices  are  not produced unt i l  l i f t  i s  produced, they 
will  not be generated by an a i r c r a f t  taking off unt i l  the  a i r c r a f t  ro ta tes  fo r  l i f t - o f f .  Vor- 
t i c e s  cease t o  be generated by a landing a i r c r a f t  when i t s  wings cease t o  produce l i f t  -- when 
i t  has actual ly  landed. Plan your takeoff and landing accordingly. 

Wake Ends f Wake Begins f I > 

RECOMMENDED READING FOR ALL PILOTS. Your a t t en t ion  i s  invited to  the Wake Turbulence Section 
of the Airman's Information Manual, which thoroughly explains this subject.  I t  i s  a lso  de- 
scribed in FAA Advisory Circular AC 90-23D (which may be obtained f r e e  of charge from: Publi- 
cations Section, f,",: :::.:, Departmlwt of Transportation, Washington, D . C .  20590). 

Federal Av ia t ion  Administrat ion 
F l i g h t  Standards Nat ional  F i e l d  Office. Examinations Branch 
P.O. Bax 25082 
Oklahoma C i ty .  Oklahoma 73125 
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This Exam-0-Gram i s  issued t o  help f i l l  t he  need of those studying f o r  FAA airman wri t ten  
t e s t s  and of c e r t i f i c a t e d  p i l o t s  f o r  addit ional  information concerning the  Emergency Locator 
Transmitter (ELT) . 
)!hat i s  an Emergency Locator Transmitter o r  ELT? 

I t  i s  a small ,  self-contained rad io  t ransmit ter  which i s  ac t ivated  automatically by the  
impact force  of a crash .  I t  may a l so  be ac t ivated  manually by an "On-Off" switch. I t  t ransmits 
a d i s t i n c t i v e  var iable  tone on the  emergency frequencies 121.5 and 243.0 megahertz. The range of 
an ac t ivated  ELT va r i e s  from 75 t o  150 miles,  depending on environment. I t s  useful l i f e  var ies  
fron; 3 t o  8 days, depending on ba t t e ry  condit ion.  

I s  there  a law requir ing an ELT in  a l l  a i rp lanes?  

Yes. Public Law 91-596 was pas;ed by Congress i n  1970. As a consequence, FAR 91.52 now 
requires  t h a t  an approved ELT must be i n s t a l l e d  i n  most U.S. r eg i s t e red  a i rp lanes  L, :,:, :, :?::. 
I n  r - . L - - J - A  ,?.-- , " t " r . , ~ ~  \ 
,Yu,C LnLCII..\_U , , I L 1  There a r e  ce r t a in  exceptions t o  t h i s  law; they are :  (1)  Turbojet 
a i rp lanes ,  ( 2 )  Agricultural  a i rp lanes  while dispensing chemicals, ( 3 )  Scheduled a i r 1  ine  opera- 
t i ons  not over water o r  uninhabited dreas ,  ( 4 )  Training a i rp lanes  operated within x m i l e s  of 
point  of o r ig in  of f l i g h t ,  and (5)  Ai rc ra f t  equipped t o  ca r ry  not more than one person. 

Khat i s  t he  purpose of an ELT? 

- I t  i s  designed t o  transmit  an illmediate e l ec t ron ic  d i s t r e s s  signal  which can be used by 
other p i l o t s  and search and rescue olpganizations t o  loca te  a downed a i rp lane .  The p i l o t  should 
always determine the  ELT1s locat ion i n  t he  a i rp lane ;  how t o  a c t i v a t e  i t  manually; and, i f  i t  i s  
portable,  how to  remove i t  from the  d i rp lane .  

How can i t  be determined i f  an ELT i ;  approved? 

In order t o  carry  out  the  provij ion of the  law, a Technical Standard Order (TSO C91) has 
been issued by t h e  FAA ~ h i c h  covers the design and operational  c h a r a c t e r i s t i c s  of approved 
locators .  A label  on the  ELT indicates  whether t h e  un i t  meets these  standards.  

How often must ba t t e ry  be changed? 

Battery replacerent  i s  required a t  50 percent of t h e  norrral she l f  l i f e  as defined by the  
manufacturer, o r  a f t e r  one cumul a t i v e  hour of use. Under the preventative maintenance provision 
of FAR 43, t h i s  ba t t e ry  replacerrent rnay be made by a c e r t i f i c a t e d  p i l o t .  For expected r e l i a b i l i t y  
and l i f e  expectancy only those b a t t e r i e s  recormended by t h e  manufacturer should be used. 
Purchased b a t t e r i e s  should be stamped with t h e  da te  of t h e  50 percent bat tery  l i f e .  The new ex- 
p i r a t ion  date  f o r  the  replacement ( o r  recharged) ba t t e ry  must be l eg ib ly  marked on t h e  outs ide  of 
the  t r ansmi t t e r .  Fai lure  to replace  b a t t e r i e s  a t  the  speci f ied  dates  may not only l i m i t  t h e  oper- 
a t ing  time b u t  may cause some damaging corrosion within the  un i t .  

How can premature ba t t e ry  de te r io ra t ion  be minimized? 

Premature bat tery  de te r io ra t ion  can be minimized by preventing exposure to  high temperature 
such as might be experienced in  an a i r c r a f t  parked on a ramp, or t o  extremely low temperatures. 
Anything t h a t  a p i l o t  can do in time of emergency to obtain a bat tery  temperature of approxi- 
mately 70" will  r e s u l t  i n  improved performance and longer operation of the  ELT. 

How can t h e  p i l o t  check ELT operatior!? 

Operational t e s t ing  can be done by tuning the  VHF receiver  t o  121.5 MHz and ac tuat ing the  
un i t .  Tes ts  should be l imited to  th ree  audio sweeps and conducted durinq the  f i r s t  f i v e  minutes 
a f t e r  any hour. I f  t h e  t e s t i n g  must be done a t  any other  time, i t  should be coordinated with the  
c loses t  FAA Control Tower or  F l igh t  Service S ta t ion .  (See Advisory Circular  20-81 f o r  addit ional  
information.) 
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How can the p i lo t  t e l l  i f  the locator i s  on? 
The signal,  because of the close proximity of the locator,  will probably saturate the 

comunications receiver regardless of the frequency i t  i s  on. However, accidental triggering 
of the ELT should be checked during the pre-takeoff check and before engine shut down by turning 
the V H F  receiver to  121.5 or 243.0 MHz and listening for  the ELT signal.  

What should be done i f  an ELT i s  activated accidentally or by an unauthorized person? 

If audio sweeps are heard and i t  i s  determined tha t  they are  coming from the airplane, turn 
off the ELT immediately. The pi lot  in command of an ELT-equipped plane i s  responsible for  
accidental in f l igh t  signalling by an ELT. If  the plane i s  parked, the owner i s  l i ab le .  The 
Communications Act of 1934 prescribes f ines  and imprisonment for  "the wi 1 l f  ul transmission of 
unauthorized signals on emergency frequencies." If you experience malfunctioning of the E L T ,  
report the incident to  the FAA through the "Falfunction Defects" program to provide a factual 
basis for  corrective action, Contact any FAA Dis t r ic t  Office for  the proper forms to report 
the malfunction. 
What should you do i f  you hear an ELT signal? 

The FAA suggests that  you notify the nearest FAA ground f a c i l i t y  s ta t ing your position when 
the ELT signal was f i r s t  heard and when i t  was l a s t  heard. You need do nothing more unless 
requested by the ground f ac i l i t y .  However, i f  you have actually discovered the s i t e  of a crash, 
and circumstances permit, you have the option of advising tha t  you will c i r c l e  the crash s i t e  to  
guide rescue teams. 

FAA Aeronautical Center 
Flight Standards Technical Division. Operations Branch 
P. 0 .  Box 25082 
Oklahoma C~ty .  Oklahoma 73125 
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FLIGHT IN THE REGION OF REVERSED COMMAND 
IN RELATION TO TAKEOFFS A N D  LANDINGS 

The aeronautical knowledge requirements, s e t  for th  i n  Federal 
Aviation Regulations f o r  p i l o t  c e r t i f i c a t i o n ,  place emphasis on 
bas ic  irerodynamics and pr inciples  of f l i g h t .  Consequently, FAA 
wri t ten  t e s t s  contain t e s t  items re l a t ing  t o  these subject  areas. 

This Exam-0-Gram deals with a r a the r  complex and often misunder- 
stood subject  as i t  r e l a t e s  pr incipal ly  t o  propeller  driven a i r -  
planes,  Modern aerodynamics manuals r e f e r  t o  t h l s  as the  "Region 
of Reversed Command," and devote one or  more chapters t o  explain- 
ing i t s  meaning. I t  i s  t he  in t en t  of t h i s  Exam-0-Gram, t o  explain 
in layman's language and through the  use of simple i l l u s t r a t i o n s ,  
f l i g h t  in  the  regions of normal and reversed command, without the 

REGION OF RiMillED C O W N D  
- o r -  use of mathematical formulas, symbols, or  equations. These few 

BACK SIDE OF mr w r a  CURM pages, though perhaps an oversimplification of a complicated 
sub jec t ,  should serve as a stimulus f o r  fu r the r  study. 

The following br ief  de f in i t ions  of terms used i n  the  t e x t  a r e  presented t o  refresh the  reader ' s  
memory : 

PARASITE DRAG -- t he  drag not d i r e c t l y  associated with l i f t  (form and skin f r i c t i o n )  and which 
predominates in the  region of high-speed f l i g h t .  NOTE: An increase in  the pa ras i t e  area of 
an a i rp lane  may be brought about by the  def lec t ions  of f l aps  or  extension of the  landing gear. 

INDUCED DRAG -- the  drag caused by l i f t .  

TOTAL DRAG -- the  sum of the  pa ras i t e  and induced drags. 

EQUILIBRIUM -- a s t a t e  of balance o r  equal i ty  between opposing forces.  An a i rp lane  i s  i n  a 
s t a t e  of equilibrium when the  sum of a l l  forces and the  sum of a l l  moments acting on i t  a re  
equal to  zero. 

BRAKE HORSEPOWER -- t he  power output cf  the  reciprocating engine i s  determined by attaching a 
brake o r  load device t o  the  output sha f t .  Hence, the  term brake horsepower (BHP) i s  used t o  
denote engine power. 

POWER REQUIRED -- the  aerodynamic properties of the  a i rp lane  generally determine the power 
requirements a t  various conditions of f l i g h t ,  while the  powerplant capab i l i t i e s  generally 
determine the  power avai lable  a t  various conditions of f l i g h t .  When the  a i rp lane  i s  in steady 
level f l i g h t  the condition of equilibrium must prevai l .  A n  unaccelerated condition of f l i g h t  
i s  achieved when l i f t  equals weight, and the  powerplant i s  s e t  f o r  a th rus t  equal t o  the  
a i rp lane  drag. 

POWER REQUIRED CURVE -- the  power required to  achieve equilibrium in constant -a l t i tude  f l i g h t  
a t  various airspeeds.  The power required curve i l l u s t r a t e s  the  f a c t  t h a t  a t  low airspeeds 

' 

near the s t a l l  o r  minimum control speed, the power s e t t i n g  required f o r  steady level f l i g h t  
i s  q u i t e  high. 

C 3 0 

WHAT DOES "FLIGHT IN THE REGION OF NORMAL COMMAND" MEAN? Fl ight  in the  region of normal command 
means t h a t  while holdinq a constant  a l t i t u d e ,  a hiqher airspeed requires a hiqher power s e t t i n q  
and a lower airspeed requires a lower power s e t t i n q .  The majority of a l l  a i rp lane  f ly ing (climb, 
c ru i se ,  and maneuvers) i s  conducted in the  region of normal command. 

WHAT DOES "FLIGHT IN THE REGION OF REVERSED COWAND" MEAN? Flight in  the region of reversed 
command means t h a t  a hiqher airspeed requires a lower power se t t inq  and a lower airspeed requires 
a hiqher power se t t inq  t o  hold a l t i t u d e .  I t  does not imply tha t  a decrease in power wi l l  r e s u l t  
in higher airspeed,  or t h a t  an increase in power will  produce iower airspeed.  The region of 
reversed command i s  encountered in the low speed phases of f l i g h t .  F l ight  speeds below the speed 
fo r  maximum endurance (lowest point on the  power curve) require  higher power se t t ings  with a de- 
crease In airspeed.  Since the need t o  increase the  required power s e t t i n g  with decreased speed 
i s  contrary t o  the  normal command of f l i g h t ,  t he  regime of f l i g h t  speeds between the speed f o r  
minimum required power se t t ing  and the s t a l l  speed ( o r  minimum control speed) i s  termed the  region 
of reversed command. I n  the region of reversed command, a decrease in  airspeed must be accom- 
panied by an increased power se t t ing  in order t o  maintain steady f l i g h t .  Simply s ta ted  - i t  
takes a l o t  of power t o  f l y  a t  very slow airspeeds.  

D I r n l r T I O I  zWO- -1 - 
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Q E G I O b  OOFXVESSED COh'tJ411D I Diagram concept caurterv William K. Kershner 

A LIGHT AIRPLANE Ih' A CLEAN COSFIGC'RATIOS AT SEA LEVEL 

In order t o  char t  t he  per-rormance of a l i g h t  a i rp lane  i n  the  avai lable  space on the  diagram above, 
i t  was necessary t o  somewhat d i s t o r t  t he  lower portion of the  power required curve. This diagram 
i l l u s t r a t e s  t h a t  high power s e t t i n g s  a r e  required t o  f l y  f a s t  o r  very slow. For example: 

Airplane Posit ion A - requires f u l l  power t o  hold a l t i t u d e  a t  45 MPH. A t  pos i t ion  A '  t he  
a i rp lane  i s  f ly ing  with f u l l  power t o  a t t a i n  maximum level  f l i g h t  speed. Any attempt t o  in- 
crease t h e  airspeed a t  posit ion A' wi l l  r e s u l t  i n  a loss  of a l t i t u d e .  

Posit ion B - requires 70 HP t o  maintain a l t i t u d e  a t  55 MPH. Using the  same power s e t t i n g  
(70 H P )  a t  pos i t ion  B' t he  a i rp lane  wi l l  maintain steady level  f l i g h t  while holding a l t i t u d e  
and maintaining 104 MPH. 

Posit ion C - 55 HP i s  required t o  maintain a l t i t u d e  a t  approximately 58 YPH.  With the  same 
power s e t t i n g  t h e  a i rp lane  wi l l  a t t a i n  a speed of 87 MPH a t  posit ion C ' .  A t  posit ion C 1 , i f  the  
angle of a t tack i s  increased the  a i rp lane  wi l l  climb and f l y  slower -or- i f  the  a n g l e o f a t t a c k  
i s  reduced the  a i rp lane  will  lose a l t i t u d e  and f l y  f a s t e r  than 87 MPH. NOTE: Increasing o r  
decreasing the  angle of a t t ack  a t  pos i t ions  A' and B' would produce s imi la r  r e s u l t s .  

Posit ion D - the a i r c r a f t  i s  maintaining a l t i t u d e  a t  t h e  lowest power (40 HP) and airspeed 
combination. Increasing t h e  angle of a t tack a t  t h i s  point  wi l l  not produce a climb - but a 
loss  of a l t i t u d e .  Also, any reduction i n  the  angle of a t tack wi l l  r e s u l t  i n  a l o s s  of a l t i t u d e .  

WHAT DOES THE SPEED OF AIRPLANE D O N  THE POWER REQUIRED CURVE REPRESENT? The Best Endurance 
Speed.- I t  i s  t he  lowest point  on the  curve. Since t h i s  i s  t h e  lowest brake horsepower which 
will  sus t a in  level  f l i g h t ,  i t  a l so  wi l l  be the lowest fuel  flow - hence, bes t  endurance. 

C O O  

The i l l u s t r a t i o n  to  the  l e f t  shows the  "maximum power avai lable"  a s  a q i r ~  2 . . . . - !$: appear curved l i n e .  i n  a s -mi la r  Lower curve. power s e t t i n g s  The bottom such of as the  c r u i s e  power power required would curve a l s o  i s  - I..~,.. ,F" nore r e a l i s t i c  in t h i s  i l l u s t r a t i o n  than the  one shown above. 
Lu . . ,  !!HY IS THE POIJER AVAILAELE A C U R V E D  LINE? If  t he  engine produces f u l l  
1 ;::. , ' 
, ...: 1 . $: 

?O'' power a t  the ra ted  9PM in level  f l i g h t ,  a t  other airspeeds lower than 
2 :iaxirlum the  engine does not turn up i t s  rated RPM, but gradually loses  ! 

- ~ E ; - E ,  : L ~ A : . : C E ~ D S E ~  ??&!, even thorlgh f u l l  t h r o t t l e  i s  being used. This can be demonstrated 
S l i S D f E D  

in a fixed-pi-:ch propeller  equjpped a i rp lane  by r a i s ing  t h e  nose above 
, cruis ing leve' f l i g h t  a t t i t u d e  and noting a decrease i n  R P M .  (cont 'd)  
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- Power a t  high a l t i t u d e s  - the power produced by the unsupercharged a i r c r a f t  engine also decreases 
with a l t i t u d e ,  because weight of the charge of a i r  and the  oxygen content necessary f o r  combustion 
decreases. Even i f  i t  i s  possible t o  prolong sea-level power to  some greater  a1 t i t u d e  by super- 
charging, or  some other method of power boosting, the  power will  inevi tably  decline when the 
boosting method reaches an a l t i t u d e  a t  which i t  can no longer maintain a s e t  power. 

The propeller  su f fe r s  a gradual loss  of ef f ic iency f o r  a given rated engine horsepower a t  both 
ends of the  speed range, and therefore a gradual loss  of th rus t .  For t h i s  reason, the  Maximum 
Power Available Curve i s  j u s t  t h a t ,  a curve - not a s t r a i g h t  l i ne .  

NOTE: See Figure 2 on page 2. I f  the  power avai lable  i s  greater  than the power required,  t he  
d i f ference  i s  "excess horsepower" wh-  ch can be used f o r  climb. Where the  power avai lable  and 
power required curves cross ,  there  i:; no excess power, and therefore  no a b i l i t y  to  climb a t  t h a t  
airspeed. o o o 

W H E N  WOULD AN AIRPLANE BE OPERATING YN THE REGION OF REVERSED COMMAND? An a i rp lane  performing a 
low airspeed,  high-pitch a t t i t u d e  power approach f o r  a shor t  f i e l d  landing i s  an example of oper- 
a t ing  i n  t h i s  f l i g h t  regime. Imagine what might happen i f  the  p i l o t  closed the t h r o t t l e  t o  i d l e  
posit ion during this approach. Then by using a l o t  of power t o  correc t  t h i s  mistake i t  might be 
possible f o r  the  p i l o t  t o  reduce or  s top the  resul t ing  rapid r a t e  of descent, but wi thoutfur ther  
use of power the  a i rp lane  would probitbly s t a l l  o r  be incapable of f l a r i n g  f o r  the  landing. Merely 
lowering the  nose of the a i rp lane  to  regain f ly ing speed in t h i s  s i t u a t i o n ,  without the  use of 
power, would r e s u l t  in a rapid sink r a t e  and a great  loss  of a l t i t ude .  

Airplane p i l o t s  must give pa r t i cu la r  a t tent ion t o  precise control of airspeed when operating in 
the  low f l i g h t  speeds of the region of reversed command. Now consider the  use of wing f laps  on 
a i rp lane  performance a t  low f l i g h t  speeds with emphasis on climb performance. Some airplanes 
t h a t  have the capabi l i ty  of maintaining a1 t i t u d e  in level f l i g h t  with f u l l  f laps  a re  incapable of 
climbing with f u l l  f l aps  extended. Drag i s  so  great  in  t h i s  configuration tha t  when the  nose of 
the  a i rp lane  i s  raised t o  es tabl ish  a climb, there  i s  a rapid decay in  airspeed. Since the 
majority of p i l o t  caused a i rp lane  accidents occur during takeoffs and landings, t he  remainder of 
t h i s  Exam-0-Gram i s  devoted t o  these phases of f l i g h t .  

HOW DOES THE USE OF FULL FLAPS AFFECT STALL SPEED? An a i rp lane  in a clean configuration will  
s t a l l  a t  a higher airspeed than i t  w'll with the f l aps  f u l l y  extended. This means tha t  i f  the  

-- f l aps  a re  rapidly  o r  prematurely r e t r ac ted ,  while the a i rp lane  i s  being flown with insu f f i c i en t  
airspeed,  l i f t  may not be great  enough t o  support the a i rp lane  in the  clean configuration,  and 
i t  wil l  s ink o r  s t a l l .  On a  go-around with f u l l  power a sa fe  airspeed must be maintained as  the 
f l aps  a r e  slowly re t rac ted  - in small increments. 

SHOULD WING FLAPS BE USED FOR TAKEOFF? Certain Airplane Owner's Manuals do recommend the  use of 
par t ia l  wing f l aps  (10"-20") t o  reduce the  ground run on shor t  or s o f t  f i e l d  takeoffs.  The use 
of f u l l  f l aps  on takeoff ,  however, i:; not recommended because of the  great  amount of drag they 
produce. A go-around with f u l l  f l aps  extended i s  a s i tua t ion  s imi lar  t o  the f u l l  f l a p  takeoff. 

A GC-AROUND WITH FLAPS Figure 3 

In the  i l l u s t r a t i o n  above, suppose t h .  p i l o t  of the  a i rp lane  on the landing approach applies f u l l  
t h r o t t l e  f o r  a go-around because anot ler  a i rp lane  i s  on the  runway, but due to  a burned-out f l a p  
motor fuse ,  i s  unable to  r e t r a c t  the  fu l ly  extended f l aps .  Assume a lso  t h a t  he i s  operating his  
a i rp lane  a t  near maximum ce r t i f i ca t ed  gross weight, or a t  an a i rpor t  having a high elevation or 
high density a l t i t u d e .  Any one or a sombination of these s i tua t ions  plus the tremendous drag of 
the f l aps  will  require  considerable p i l o t  s k i l l  i f  the  a i rp lane  i s  to gain enough a l t i t u d e  to  
c i r c l e  the a i r p o r t  and land. Any m i s ~ s e  of the  controls ,  such as  overcontroll ing or banking too 

- s teeply  while operating in the "Regioi of Reversed Command," may cause the a i rp lane  to  s t a l l .  

With a margin of only a few MPH b e b e w  climbing, holding a l t i t u d e ,  and descending, the a i rp iane  
may cease i t s  slow r a t e  of climb and s t a r t  descending or even s t a l l ,  while the occupants a r e  d is -  
t rac ted  in t h e i r  attempt to  ident i fy  l r  correc t  the  cause of the ma1func:ion. (cont 'd)  
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Actual f a i l u r e  of the e l e c t r i c  f l ap  motor would require operating in  t h i s  high drag configuration 
unti 1 the  a i rp lane  1 ands . o 0 0 
Most Airplane Owner's Manuals of present-day t r a ine r s  s t a t e  t h a t  f u l l  f l aps  a re  not recommended 
a t  any time f o r  takeoff.  In recent years an average of ten ser ious  accidents have occurred each 
year as a r e s u l t  of p i l o t s  attempting t o  take off  with f u l l  f laps  extended. 

Accident Report Summaries a l l  r e c i t e  much the  same s to ry  as the excerpts which follow: "A solo  
student performing touch-and-go landings in an a i rp lane  attempted a takeoff with f u l l  f l aps .  He 
l o s t  control of the  a i rp lane ,  closed the  t h r o t t l e ,  and the a i rp lane  fl ipped over on i t s  back. He 
s t a t ed  t h a t  h is  in s t ruc to r  had never demoistrated how the  a i r c r a f t  would r eac t  o r  respond when 
f u l l  f laps  were used f o r  takeoff.  A low time student in  a new and strange s i tua t ion  s e t  the  
s tage  f o r  t h i s  accident."  

"A 200 hour pr ivate  p i l o t  with a passenger -&: - -e - - -- attempted t o  take off  with f u l l  f l aps .  Tlie - 5.- 

ai rp lane  climbed t o  150 f e e t ,  s t a l l e d  and 
rotated one-half turn t o  the  l e f t  and s t ruck 
the  ground nosedown in a near ver t ica l  a t t i -  
tude a t  impact." (7J(7J(7J AIRSPEED 

"A commercial p i l o t  w i tha  passenger attempted MPH 
t o  take off  with f u l l  f laps .  The a i rp lane ,  
which was 15 pounds over gross weight, s tag- STALL MUSHING HOLDING ALTITUDE 

(LOSING ALTITUDE) 
gered in to  the  a i r  t o  a height of about 30 
f e e t .  Power was reduced and the  a i rp lane  
descended a t  a s teep angle w i t h  no f l a r e  f o r  

- - -  - -  
touchdown. The nosewheel col l  apsed on impact." 

0 0 0 
The slow r a t e  of climb or  i n a b i l i t y  t o  c 1 . W  
t o  t r a f f i c  pattern a l t i t u d e  with f u l l  f l a t s  
presents  the g rea te s t  problem! Good pi l o t  
techniaue i s  necessarv t o  obtain a slow rd te  
of -cl  ir"b under ideal  condit ions.  Climb per- 
formance i s  even more c r i t i c a l  a t  hiqh a l - t i -  
t i d e s ,  higher weights, o r  high temperatures. 

00000 

CLIMBING 
(100-150' PER MINUTE) 

DESCENDING 
(55 MPH OR ABOVE) 

NOTE: Indicated airspeeds may be unreliable near the stall or in steep 
pitch attitudes. The oirplaner and indicated airspeeds shown in 
this illustration are fictitious. 

Operation i n  the region of reversed comnard does 
not imply tha t  great  control d i f f i c u l t y  ard dan- ATTEMPTING TO CLIMB (FULL THROTTLE) WITH FULL FLAPS EXTENDED 

qerous conditions ex i s t .  For many a i r c r a f t ,  
normal aporoach speeds a re  well within the region of reversed command. However, f l i o h t  in  the re- 
gion of reversed command does amplify any e r ro r s  of basic f ly ing technique. Hence, proper f lying 
technique and precise control of a i rp lane  a re  most necessary i n  the  region of reversed command. 

VFR- YO 57 FAA 4eronaul1cal i enter 
Flrght andards Ttchnieal D n l s ~ o n  Operatlons Brancb 
P 0 BCT 25082 
Oklahoma C \ Ok ahoma i 3 1 2 5  

Exam-0 Grams a, iiable free ol charce sxn~le c q )  only per 
ImuPSt  Permlss l ln  1s he-eb\ v a n l e d  t o  reoroduce ihls malerlll 



U.S. DEPARTMENT OF TRANSPORTATION - Federal Aviation Administration 

VFR PILOT EXAM-0-GRAM NO. 58 
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PlLOTS SOMETIMES PULL THE WRONG HANDLE O R  FLIP THE WRONG SWITCH 

The purpose of t h i s  Exam-0-Gram i s  t c  show how a lack of knowledge, inadequate p re f l igh t  prepara- 
t i o n ,  care lessness ,  confusion, and d i s t r ac t ions  have contributed t o  accidents.  A study of many 
General Aviation Accident repor ts  i r d i c a t e s  t h a t  an alarming number of experienced p i l o t s ,  as 
well as inexperienced p i l o t s  were involved in accidents t h a t  resul ted  from "inadequate prefl  ight  
preparation and/or planning." 

FAA wri t ten  t e s t s  contain questions d i r e c t l y  r e l a t ed  to  many of the  condit ions and fac to r s  t h a t  
have caused accidents.  All of the  following a r e  subject  matter areas of aeronautical knowledge 

- covered in  wri t ten  t e s t s :  
Prefl ight  planning; use of t h e  carburetor heat/mixture/throttle/propel l e r  controls ;  p i l o t  
p r iv i l eges / l imi t a t ions ;  a i r c r a f t  c ru i se  performance cha r t s ;  a i r c r a f t  loading; fuel  con- 
sumption; the  ef fec t  of strong headwinds on a i r c r a f t  range; e t c .  

Lack of knowledge in these  subjects ,  combined with inadequate p re f l igh t  preparation and care less  
f ly ing  habi ts ,  v i r t u a l l y  assures tha t  p i l o t  e r r o r  will  be a s i g n i f i c a n t  f ac to r  in a high percent- 
age of a i r c r a f t  accidents .  Also, sore  persons become involved in accidents by attempting t o  f l y  
an a i rp lane  when: ( 1 )  the re  a r e  pressing problems unrelated t o  f ly ing  on t h e i r  minds; ( 2 )  they 
a r e  not s u f f i c i e n t l y  a l e r t ;  (3) t h e i r  proficiency i s  marginal ; or (4 )  they a r e  not thoroughly fa-  
mi l iar  with o r  " a t  home" in the  a i rp lane  being flown. 

Experienced p i l o t s  a s  well a s  student p i l o t s  can benef i t  from the  review of accident repor ts .  We 
should a l l  learn  from t h e  mistakes of o the r s ,  y e t  i t  seems many persons must make the  same cos t ly  
mistakes themselves before they r e a l l y  learn .  Reading t h e  case r epor t s  which follow should make 
i t  c l ea r  t h a t  accidents a re  often r e l a t ed  to  a lack of knowledge, i n  addi t ion  to  one or  more of 
t h e  f ac to r s  mentioned above. 

IMPROPER USE OF POWERPLANT CONTROLS 

HOW HAS A LACK O F  KNOWLEDGE OF USING THE MIXTURE CONTROL APPARENTLY CONTRIBUTED TO AIRCRAFT 
ACCIDENTS? Although pi7ots a re  f ami l i a r  with stopping the  engine a f t e r  a f l i g h t  by placing t h e  
mixture control in  i d l e  cu to f f ,  some persons apparently a r e  not famil iar  with how an engine re-  
sponds in f l i g h t  as t h i s  control i s  being moved toward t h e  i d l e  cutoff  posit ion.  This i s  t r u e  
when operating with high-power s e t t i r g s ,  and a lso  during gl ides  with the  t h r o t t l e  closed a s  t h e  
propeller  continues t o  windmill with t h e  mixture in  i d l e  cu to f f .  

Reports f o r  a 3-year period showed t h a t  an average of 16 accidents occurred each year as a r e s u l t  
of p i l o t s  unintent ional ly  pull ing a wrong handle--the mixture control  instead of the  intended 
control .  There were 38 "mismanagemert of mixture control"  accidents reported f o r  a period of 
2 112 years  f o r  j u s t  one popular make a i rp lane .  These pilot-induced emergencies were caused by 
p i l o t s  unintent ional ly  crea t ing complete power f a i l u r e s  through improper use of t h e  mixture 
control .  Accident repor ts  r e c i t e  much the  same s tory  as t h e  excerpts which follow: 

*"A student p i l o t  on a solo  cross-country f l i g h t  was cruis ing a t  6,500 f e e t ,  and being u n -  
- f ami l i a r  with the  mixture con t ro l ,  made no attempt t o  lean out t h e  mixture. When the  

engine s t a r t ed  t o  r u n  rough t h e  student assumed the  problem to  be carburetor i c e .  After 
applying what he thought was carburetor heat--the engine sputtered and q u i t .  After an 
emergency landing was made, the  accident inves t igat ing team found the  mixture control  i n  
the  f u l l  lean ( i d l e  cu to f f )  pos i t ion . "  10176 
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* "When the a i r c r a f t  was removed from t h e  r i v e r ,  t h e  mixture control  was in  the  " id l e  cu to f f "  
pos i t ion .  The p i l o t  s t a t ed  t h a t  he closed the  t h r o t t l e  and thought he applied f u l l  carbu- 
r e t o r  heat .  When the  engine seemed t o  be id l ing too slowly the  t h r o t t l e  was advanced but 
the  engine did not respond. The p i l o t  assumed a fuel  tank was empty and. hurriedly switched 
tanks,  and s ince  t h i s  d i d n ' t  solve the problem, an emergency landing was attempted on t h e  
r i v e r  bank." 

* ''A business executive accompanied by two passengers departed on a business t r i p  in  a s ingle-  
engine a i rp lane .  Soon a f t e r  takeoff the  p i l o t  experienced complete power f a i l u r e ,  and the  
a i rp lane  was landed s t r a i g h t  ahead outs 'de the  a i r p o r t .  Investigation revealed the  mixture 
control  positioned three-fourths of the  way t o  f u l l  lean.  The p i l o t  s t a t ed  t h a t  he was mon- 
i to r ing  t h e  tachometer and manifold pressure gauge and d i d n ' t  not ice  which control  he used 
t o  change the  prop pi tch ."  

P i l o t s  should v i sua l ly  check a control  pr ior  t o  operating i t ,  but t h i s  i s  not always practiced.  
During takeoffs and landings many p i l o t s  mtnipulate controls  by touch while monitoring other 
t r a f f i c ,  comnunicating with t h e  tower, or  :canning instruments. When a p i l o t  i s  not mindful of 
which knob, l eve r ,  switch, or handle h i s  hands a r e  touching, the  s tage  i s  s e t  f o r  a pilot-induced 
emergency. This i s  especia l ly  t r u e  when the  p i l o t ' s  a t t en t ion  i s  diverted by some unusual c i r -  
cumstance o r  outs ide  d i s t r a c t i o n .  

0 0 0 

HOW HAVE FLIGHT INSTRUCTORS BEEN INVOLVED IFJ MISUSE OF THE MIXTURE CONTROL ACCIDENTS? 

There were seven accidents of t h i s  type ini,olving one popular make single-engine t r a i n e r ,  in a 
1 1/2 year period. The following a re  "Brief Descriptions" of several  of the  accidents:  

* 1 .  " Ins t ructor  pulled mixture control  f o r  simulated emergency and engine would not r e s t a r t . "  

+ 2. "Flight in s t ruc to r  moved mixture cont.ro1 t o  i d l e  cutoff  posit ion to  simulate engine f a i lu re .  
Could not get  engine r e s t a r t ed .  Battery was dead and a l t e r n a t o r  was inoperative." 

+ 3. "Fl ight  in s t ruc to r  pulled mixture co r~ t ro l  t o  i d l e  cutoff  t o  simulate engine f a i l u r e  a t  800 
f e e t .  Engine did not respond when ccrntrol was placed in  RICH." 

There were f i v e  s imi lar  accidents involvinc f l i g h t  in s t ruc to r s  i n  1975. Two of these concerned 
l i g h t  twin-engine a i r c r a f t  - one on f i n a l  e.pproach and t h e  other on takeoff a t  20 f e e t  A G L .  

NOTE: The FAA inspector t r a in ing  policy fclr simulating pa r t i a l  or  complete power malfunctions i n  
single-engine a i r c r a f t  i s  by smooth use of the  t h r o t t l e  O N L Y .  The object ive  of simulated power 
malfunctions i s  not t o  shock t h e  students tlut t o  t r a i n  them in  proper procedures and control of 
the  a i r c r a f t .  

WHAT MAY HAPPEN !.!HEN PILOTS ATTEMPT TO FLY AIRPLANES WITH WHICH THEY 
A R E  NOT FAMILIAR? 

It "Shortly a f t e r  l i f t - o f f  t h e  student p i l o t  experienced a reduction 
in  power and pulled a handle t o  apply czrburetor heat .  The a i r -  
plane continued to  lose  power and was lcnded outs ide  the  a i r p o r t  
boundary. 

The Student P i l o t  C e r t i f i c a t e  had been endorsed f o r  operating a 
s imi lar  e a r l i e r  model (carbure tor  equipped) a i rp lane  of the  same 
make tha t  was beina flown. The student had never flown an a i r -  
plane.equipped wit6 fuel  in j ec t ion ,  a fuel  boost pump, or a 
con t ro l l ab le  pitch propel ler ,  though the  a i rp lane  involved in  
t h e  accident was so equipped. Inves t ig t t ion  revealed t h a t  the  
fuel  boost pump was in the  LOW operating posit ion whereas the  
check l i s t  soeci f ied  t h a t  i t  be turned OFF durinq takeoff .  The 
cabin heat kontrol was in  t h e  f u l l  O N  pc~si t ion  and the  student 
guessed t h a t  was the  handle he pulled!" 

WHAT A R E  SOME OF THE MORE COMMON PILOT-INDLICED ACCIDENTS THAT Select One - Careful ly.  
H A V E  RESULTED FROM USING THE WRONG HANDLE OR SWITCH? 

Retracting the gear instead of the  f l a p s  a f t e r  landing; r e t r ac t ing  t h e  gear while attempting to  
lock the  parking brakes; turning o f f  the  ign i t ion  toggle  switches while attempting t o  t u r n  on 
the  landing l i g h t s ;  e t c .  

000 
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INADEQUATE PREFLIGHT PREPARATION A N D / O R  PLANNING 

WHAT A R E  THE HAZARDS OF NOT COMPLETIIiG CERTAIN COCKPIT DUTIES? 

P i lo t s  who s t a r t  one f l i g h t  operation o r  procedure, and proceed t o  another operation before com- 
pleting t h e  f i r s t ,  may become involved i n  an accident simply because the  f i r s t  task  was never 
completed. The fol  lowing examples a r e  typical  : 

Example 1 .- A p i l o t  of a mu1 tieng.ine a i rp lane  decides t o  check t h e  operation of the  crossfeed 
while taxi ing from t h e  ramp pr ior  to  takeoff .  After placing the  se l ec to r  in t h e  crossfeed posi- 
t i on  the  p i l o t  i s  d i s t r ac ted  by a question from a passenger, another a i r c r a f t  taxi ing c lose  by, 
or radio comnunications. The p i l o t  -ntended t o  switch the  fuel  se l ec to r s  back to the  main fuel  
tanks a f t e r  determining t h a t  the  crossfeed was operating properly, but f a i l e d  t o  do so because of 
t h e  d i s t r ac t ions .  

Example 2.-  Airplane "A" i s  on t h c ?  downwind leg of t h e  t r a f f i c  pat tern  when a i rp lane  "5" 
squeezes i n  t h e  pat tern  ahead of "A." The p i l o t  of a i rp lane  "A" had s t a r t e d  to  perform t h e  pre- 
landing cockpit check when t h i s  d i s t r a c t i o n  occurred. In a s i tua t ion  l i k e  t h i s ,  unfortunately,  
some persons r eac t  with anger which s e t s  t h e  s tage  fo r  a gear-up landing o r  a more ser ious  
accident.  

INADEQUATE PREFLIGHT? I * ATP P i l o t  -- Ran o f f  the  rumday. 
Remarks -- Movement of c o p i l o t ' s  r i g h t  rudder pedal obstructed by a whiskey b o t t l e .  

* Private  P i l o t  -- Collided with parked a i r c r a f t .  
Remarks -- Did not remove r i g h t  wing tiedown, s t a r t e d  to  t a x i ,  t r i e d  t o  cu t  mixture 
con t ro l ,  but opened t h r o t t l e .  

i 
I 

HOW MIGHT A N  INCOMPLETE PRETAKEOFF CI-IECK RESULT IN FUEL STARVATION? 

Here i s  t he  way i t  happened to  one p i l o t .  - * "An experienced pr ivate  p i l o t  f ly ing  his  own a i rp lane  departed an a i r p o r t  with f u l l  fuel  tanks. 
After a stopover of several hours a t  a nearby a i r p o r t ,  t h e  p i l o t  hurr iedly  taxied t o  a runway f o r  
takeoff.  

Airplane l o s t  power a t  an a l t i t u d e  of' approximately 50 f e e t  on takeoff and s e t t l e d  back to  sur- 
face .  With only 437 f e e t  of runway remaining, p i l o t  was unable to  s top ,  but chain l ink  fence a t  
f i e l d  boundary turned the  t r i c k .  P i l o t  was unable t o  r e c a l l  posit ion of fuel  s e l ec to r  before 
takeoff,  but noted t h a t  i t  was in  OFF posit ion a f t e r  the  accident .  He s t a t ed  t h a t  he had never 
turned fuel  t o  the  OFF posit ion a t  the  end of a f l i g h t . "  

This i s  an example of why a p i l o t  should ca re fu l ly  check an a i rp lane  before each f l i g h t  and not 
assume t h a t  i t  wil l  remain j u s t  the  same a s  i t  was on a previous f l i g h t .  Many a i r p o r t s  have 
people hanging around who enjoy cl  imtling in a i rp lanes ,  moving the  con t ro l s ,  and f l ipp ing  swi tches  

WHY D O  M A N Y  "FUEL STARVATION" ACCIDEPITS OCCUR EVEN THOUGH THERE IS AMPLE FUEL ABOARD? 

A common cause of engine f a i l u r e  i s  mismanagement of the  fuel  system. This happens frequently 
when the  engine i s  fed fue l  from one tank a t  a time. 
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Each year an alarming number of accidents r e s u l t  from p i l o t s  
running a fuel tank dry.  In t h e i r  has te  and anxiety t o  make 
an emergency landing, p i l o t s  a r e  of ten  back on t h e  ground 
before r ea l i z ing  no attempt was made t o  switch to  a tank 
containing f u e l .  In a recent year the re  were 59 accidents 
of t h i s  type. 

The following accident excerpt  il1usi:rates the hazards of 
performing c e r t a i n  maneuvers while operating on one tank 
t h a t  contains a low level  quant i ty  of f u e l .  

* "On a sp i r a l  descent from 7,500 f e e t  engine q u i t  and 
a i rp lane  landed in  a f i e l d  and h i t  a fence. P i l o t  had 
s t a r t ed  f l i g h t  with fuel  only in  l e f t  wing tank.  The 
sp i r a l  down with l e f t  wing low caused the  l i t t l e  re-  
maining fuel  t o  move away from tank opening t o  fuel  
l i n e ,  which resul ted  in engine stoppage." 

- 

A B 

Being Familiar with Fuel Selector Valve "A" 
Could Lead to Troubl? When Operating a n  
Airplane Equipped with One Like "B" 



FUEL STARVATION (Continued) 

The p i l o t  i n  comnand must always be a l e r t  and aware of the  ac t ions  of other occupants of t h e  a i r -  
plane, a s  t h i s  fuel s t a rva t ion  accident reveals:  

* "The engine q u i t  during climb out a f t e r  takeoff and t h e  p i l o t  discovered t h e  fuel  had been 
turned o f f .  His wife decided there  was too much a i r  blowing on her f e e t  and used t h e  fuel  
se l ec to r  handle t o  turn off  the  cabin a i r  vents.  I t  worked! In l e s s  than a minute the re  
was no a i r  blowing on her f e e t , "  

000 

DOES FUEL EXHAUSTION H A V E  THE SAME MEANING AS FUEL STARVATION? 

No; fuel  exhaustion means a l l  the  usable f ce l  aboard the  a i r c r a f t  has been consumed. Accidents 
such as  these a r e  of g rea t  concern in  General Aviation, because they usually r e s u l t  from inade- 
quate p re f l igh t  preparation or planning anc p i l o t s  not being famil iar  with the  operating l imi ta-  
t ions  of t h e i r  equipment. There were 75 accidents a t t r ibu ted  t o  fuel  exhaustion in 1975. In 
recent  years ,  some p i l o t s  operating i n  mourtainous a reas  of western s t a t e s  have encountered fuel 
exhaustion before reaching t h e i r  des t ina t i cn .  Fuel exhaustion accidents resul ted  a f t e r  they had 
been f ly ing  w i t h  40-50 knot headwinds or  hsd d r i f t e d  o f f  course in strong crosswinds. Some were 
operating a t  high a l t i t u d e s  without leaninc the  mixture, while o thers  f a i l e d  t o  r e f e r  t o  the  Air- 
c r a f t  Cruise Performance cha r t s  and other ca t a .  For t h i s  reason, FAA wri t ten  t e s t s  contain t e s t  
items re l a t ed  t o  these subject  areas .  

BRIEF DESCRIPTION OF A TYPICAL FUEL EXHAUSTION ACCIDENT 

* "Engine qu i t  because of fuel  exhaustion 3 miles shor t  of des t ina t ion  with forced landing in 
unsuitable t e r r a i n .  Contributing f ac to r s  were: ( 1 )  Improper f l i g h t  planning, ( 2 )  re ly ing 
on fuel  gauges r a the r  than manufacturer 's  fuel  consumption f igu res ,  (3 )  overflying several 
s u i t a b l e  a i r p o r t s  where addit ional  fuel  could have been obtained,  (4 )  adverse weather con- 
d i  t ions  and strong headwinds. " 

IS THE PRACTICE OF RUNNING A FUEL TANK D R Y  BEFORE SWITCHING TANKS CONSIDERED A SAFE PROCEDURE? 

No; some a i r c r a f t  engine manufacturers reccmmend never running a fuel  tank dry as a rout ine  pro- 
cedure. When the  fuel  se l ec to r  remains on an empty tank which has r u n  dry ,  t he  engine-driven 
fuel  pump draws a i r  i n to  the  fuel system ard causes vapor lock. This i s  a lso  t r u e  when an elec- 
t r i c  fuel  boost pump i s  operated with the  fuel  se l ec to r  on an empty tank.  Fuel in jec t ion equipped 
engines, in p a r t i c u l a r ,  a r e  vulnerable t o  vapor lock when t h e  fuel  se l ec to r  i s  positioned on an 
empty tank. 
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