


























































































































































































































. HOW CAN HYPOXIA BE PREVENTED? By flying at altitudes below 12, 000 ft. ; by flying in pressur­
ized aircraft; or by breathing supplemental O>..'Ygen when above 12, 000 ft. in unpressurized aircraft. 

HOW IS OXYGEN STORED IN THE AIRCRAFT? It is stored in metal cylinders generally attached 
to the aircraft, outside of the cabin area -- e.g., in the baggage area. However, portable systems 
are often used, in which case, the cylinder would normally be stor ed in the cockpit or cabin and 
should be securely anchored. In a high-pressure system, oxygen is stored at a pressure of 1800 
psi.; in a low -pressure system at 450 psi. General aviation and afrlines use the high-pr essure 
system extensively. The low-pressure system is used primarily by the military. 

CAN THE TWO PRESSURE SYSTEMS BE EASILY DIFFERENTIATED? Military services have a 
color -coding system, civilian industry does not. In the military, high-pressure cylinders are green; 
low-p1·essure cylinders, yellow. In civilian industry cylinders may be any color. Know the pres­
SUl'e-capacity of your oxygen cylinder. A castasu·ophic disintegration may occur if someone attempts 
to fill a low-pressure cylinder to a pressure of 1800 psi. 

CAN ANY KIND OF OXYGEN BE USED FOR AVIATOR'S BREATHING OXYGEN? No! Oxygen used 
for medical purposes or welding normally should not be used because it may contain too much water. 
The excess water could condense and freeze in oxygen lines when flying at high altitudes. This could 
block oxygen flow. Also, constant use of oxygen containing too much water may cause corrosion in 
the system. Specifications for "aviators breathing oxygen,. are 99. 5% pure oxygen and not more 
than . 005 mg. of water per liter of oxygen. So, always ask for "aviators breathing oxygen. " 

HOW CAN YOU DETERMINE IF OXYGEN SERVICE IS AVAILABLE AT AN AIRPORT? The Air­
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man's Information Manual, Part 2, includes this informa­
tion in the airport data. The upper illustration to the left 
is excerpted from the airport data for Addison Airport in 
AIM, Part 2; the lower illustration is an excerpt from the 
AIM "legend . " The arrows point out that both "high 
pressure" and "low pressure" bottles can be serviced with 
oxygen at Addison Airport in Dallas, Texas. Since the 
numbers "3" and "4" do not appear after the "Ox" in the 
airport data, replacement bottles are not available. 

WHAT ARE THE 3 TYPES OF OXYGEN BREATHING SYSTEMS NORMALLY USED? Continuous 
Flow -- used up to 25, 000 ft. : Demand -- used up to 35. 000 ft.; and Pressure Demand -- used up to 
45, 000 ft. Most general aviation aircraft use the Continuous-Flow type. The more sophisticated 
general aviation aircraft ("bizjets, ,. etc.) have the Pressure-Demand type for crew members be­
cause of the altitudes at which they are flown, but a Cont inuous - Flow type is generally used for 
passengers, as the masks are simpler to don and passengers do not require as much oxygen as the 
pilot. 

HOW DOES A CONTINUO US-FLOW OXYGEN SYSTEM OPERATE? It is usually characterized by 
the bag attached to the mask. Oxygen is constantly dispensed from the oxygen 
storage bottle through the regulating system to the bag and mask. As the wearer 
inhales the oxygen from the "rebreather" bag, it deflates; as he exhales, some / 
of the unused oxygen is forced back into the bag and mixed with 100% oxygen for J") 
the next inhalation. Some is forced out. through a cluster of small orifices either ,\ \ 
in t he nose of the mask or on either side. To check for oxygen flow. there is · 
usually a mechanical oxygen flow indicator (of some color) in the tubing leading to the 1 

\ ' r" 
rebreather bag. If, when you inhale, the colored indicator disappears behind a small 
opaque section of the tube. oxygen is flowing. Another way of checking for flow is to 
pinch off the tube between the mask and the point at which oxygen enters the bag. If 
the bag inflates. oxygen is flowing. RE'member. just because you can breathe does not 
mean that oxygen is flowing. Even though oxygen is not flowing, you could still breathe 
through the cluster of holes in the mask. but you would only be getting cabin air. 

HOW IS OXYGEN-FLOW RATE CONTROLLED IN CONTINUOUS- FLOW TYPE SYSTEMS? By fixed 
orifices or packing, manually, or fully automatic. In those controlled by a fixed n orifice or packing, the orifices for the pilot and crew members are larger or the pack­

W ing is less dense than for passengers because pilot and crew members are more active 
and, ther efore, need mo1·e oxygen. In the manually-controlled type, a knob on the 
regulator may be adjusted to the flight altitude. The higher the altitude to which the 

regulator is set, the greater the flow rate. In fully automatic types, an altitude-sensing device 
changes flow rate automatically as the aircraft climbs or descends. For those systems in which 
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packing is used to control flow-rate, one must be sure that the plug- in and the outlet into which it is 
plugged are compatible. Why? Because one company may put the packing in the plug-in and another 
may put the packing in the outlet. If you u:;e a plug-in with the packing, in an outlet with the pack­
ing, you may totally cut off the flow of oxygen. Conversely, if you use a plug-in with no packing, in 
an outlet with no packing, flow-rate would be too great and the oxygen would be depleted in a short 
time. Generally, the only way you can join non-compatible units is by forcing the plug-in into the 
i·eceptacle. Don't do this! If it doesn' t insert easily, check for non-compatibility. 

HOW DOES A DEMAND OXYGEN SYSTEM OPERATE? This system furnishes oxygen to the user 
only when he demands it -- that is, when he inhales. A small lever adjust­
ment enables the pilot to select either of 2 settings, "normal 
oxygen" or "100% oxygen." The amount of oxygen received 
depends upon the flight altitude. As altitude is increased, 
the amount of cabin air is automatically decreased and the 
amount of oxygen is automatically increased. Most demand 

regulators are designed to give 100% oxygen by the time 30, 000 ft. is attained. With 
the "100% oxygen" setting, the user receives 100% oxygen at all altitudes. The mask 
used for this system is designed to give an air-tight and oxygen-tight seal for the 
face. This system can be used safely to 35, 000 ft. 

HOW DOES A PRESSURE-DEMAND OXYGEN SYSTEM OPERATE? This system operates in exactly 
the same way as the ''demand" system except that, at higher altitudes, o;i..")'gen is 
delivered under positive p!'essure to the face mask. Positive oxygen pressure can 
be automatically or manually activated at approximately 30, 000 ft. and automatically 
increases as altitude incrE!ases. Positive pressure is needed in order to maintain 
proper lung oxygen pressure, and blood oxygen saturation during flight to altitudes 
of 35, 000 to 45, 000 ft. in an unpressurized aircraft. In this 
system it is essential th'at the mask be adjusted to obtain a 
leak-proof seal to the face. Inhaling is effortless but, because 
of the positive pressure, conscious effort must be exerted to 

exhale, and one may find it difficult to talk. 

WHAT IS A PRESSURIZED AIRCRAFT? Ir. is an aircraft in which pressure in the cockpit and pas­
senger compartment is maintained at an altitude lower than the actual flight altitude by compressing 
air into these areas. 

WHAT IS MEANT BY DECOMPRESSION? Decompression is the inability of the aircraft's pres ­
surization system to maintain the designed "aircraft cabin" pressure. For example, an aircraft is 
flying at an altitude of 29, 000 feet but the aircraft cabin is pressurized to an altitude equivalent to 
8, 500 ft. If decompression occurs, the cabin pressure may become equivalent to that of the air­
craft's altitude of 29, 000 ft. The rate at which this occurs depends on the severity of decompres­
sion. This could be caused by a malfunction in the pressurization system or by structural damage 
to the airc1·aft. The1·e ai·e two kinds of decompression : 

EXPLOSIVE DECOMPRESSION - Cabin pressure decreases faster than the lungs 
can decomp1·ess. Most authorities consider that any decompression which occurs 
in less than 1/2 second as e>.-plosive and potentially dangerous. This type could 
only be caused by structural damage, material failure, or by a door "popping" open. 

RAPID DECOMPRESSION - A change in cabin pressure when the lungs decompress 
faster than the cabin. There is no likelihood of lung damage in this case. This 
type could be caused by a failure or malfunction in the pressurization system 
itself, or through slow leaks in the pressurized area. 

WHAT ARE THE DANGERS OF DECOMPRESSION? The primary danger is hypoxia, but some cases 
of bends have occurred. If oxygen equipment is not used properly above 30, 000 ft . , unconscious -
ness will occur in a very short time. The average time of useful consciousness without oxygen is 
30 seconds. This is why the oxygen mask should be worn when flying at high altitudes--35, 000 ft. 
or higher, and ready for immediate donning at lower altitudes. Crew members should select the 
100% oxygen setting on their oxygen regulator at high altitude if the aircraft is equipped with a 
demand or pressure-demand oxygen system. 
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WHAT ARE SOME GENERAL RULES FOR OXYGEN SAFETY? {l) Do not inspect oxygen equipment 
with gi·easy hands or permit an accumulation of oily waste or residue in the vicinity of the oxygen 
syst em (the combination of grease and 100% gaseous oxygen creates an explosive situation); (2) do 
not us e "military-surplus" oxygen equipment unless it is inspected by a certified FAA-inspection 
s tation and approved for use; {3) do not smoke or permit smoking or ignite any flame while the 
o>..'Ygen system is being used; (4) do not place a portable oxygen container in an aircraft unless it 
is securely fastened to prevent movement or displacement in case of turbulence, unusual attitudes, 
etc.; (5) utilize a check list to check your oxygen system for condition and proper operation prior 
to taking off on any flight during which you might need oxygen; and (6) brief your passengers on the 
proper use of the oxygen equipment. This is extremely important in case of an emergency in larger 
general aviation pressurized aircraft in which the cockpit and passenger compartments are separate. 
Passengers should know what to expect, what to do, and how to use the equipment. Use the check­
list recommended for your equipment. If factory installed, you should find it in the Airplane Flight 
Manual or Owner's Manual. 

IS THERE ANY PLACE WHERE CIVILIAN PILOTS CAN OBTAIN PHYSIOLOGICAL TRAINING? Yes! 
The Aeromedical Education Branch of the FAA's Civil Aeromedical Institute (CAMI) in Oklahoma 
City, Oklahoma, gives one-day physiological training courses - - including an altitude chamber flight 
in which you would get a chance to see what your hypoxia symptoms are. This training is open to 
t he aviation public and courses are given on a "demand" basis as funds are available. This course 
is also given to civilian pilots under FAA sponsorship at various Air Force Bases across the country. 
For further information write to : Civil Aeromedical Institute, Attention: Aeromedical Education 
Branch, AC-140, P. O. Box 25082 - 6500 South MacArthur, Oklahoma City, Oklahoma 73125. 

DO FARs REQUIRE THAT GENERAL AVIATION AIRCRAFT HAVE OXYGEN ABOARD? Yes! 
FAR 91. 32 requires that the required minimum flight crew, for all aircraft operating at cabin 
pressure altitudes above 12, 500 ft. MSL up to and including 14, 000 ft. MS~ be provided with and 
use supplemental oxygen for any part o:r the flight of more than 30 min. duration at these altitudes; 
above 14, 000 ft. MSL, the required minimum flight crew is required to use supplemental oxygen 
during the entire flight time at these ali:itudes; and above 15, 000 ft. MSL, each occupant must be 
provided with supplemental oxygen. Additional rules are specified for pressurized aircraft. 
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U.S. DEPARTMENT OF TRANSPORTATION 
Federal Aviation Administration 

VFR PILOT EXAM-O-GRAM 0 NO. 50 

INTERPRETING SECTIONAL CHARTS (SERIES 2) 
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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 operaiion of 
his aircraft on the ground and in the air. 

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

Pilots are encouraged to use all of the radio communication services availao1e, 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 ae.1 well as 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 du1·ing VFR flight using a variety of facilities. 

HOW IS RADIO COMMUNICATION FIRST USED IN PREPARING FOR A LANDING AT AIRPORTS 
SERVED BY ATIS (Automatic Terminal Information Service)? 
When 15 to 20 miles from these airports, tune your receiver to the 
ATIS frequency. You will hear repeated broadcasts of information 
that will help you plan your approach for a landing. ATIS fre­
quencies are printed on the chart in the airport information data, 
and listed in the bottom margin of the cho:rt, as shown in the 
illustratio11. 1'4es~. ~r_e_quencies can also be found in the Airman's 
Information Manual (AIM), Airport/Facility Directory. Control­
lers expect pilots to obtain ATIS and advise, during the initial 
call, that they have received this information. Refer to Exam-
0-Gram No. 43 for more details about ATIS. 

WHAT ADDITIONAL COMMUNICATIONS ARE REQUIRED AT 
AIRPORTS THAT ARE SERVED BY A CONTROL TOWER? 
The Control Tower (CT) must provide an. orderly flow of ail' 
traffic in the vicinity of the airport, by ~equencing aircraft 
in terms of safety and efficient utilization of airspace.,• - w-,L-l -Ro-GE-Rs___ Aris 12s& 11a.J 2s1 a 1221H 1Ls 

Therefore, you are requil'ed to contact the control _ /f \; 
tower at least 5 miles from the airport. The primary transmitting and receiving (SIMPLEX) fre­
quency is printed on the chart as shown, for example 118. 3 MHz at Will Rogers Airport. If you can 
receive, but cannot t ransmit on a primary tower frequency, there are_ other transmitting frequen­
cies available, Most towers have one of three additiofilil frequencies (122, 4, 122. 5, or 122. ·7 MHz) 
available to receive pilots with limited transmitting capability, These frequencies are listed on the 
bottom margin of the chart as shown in fle illustration, and followed by a letter R. (R means tower 
receive only.) They can also be found in the Airman's • ;.,.,.o.cr~m• au non -directive In nature and ore 
Information Manual. IBaued solely as an lnlormatlo• service to tndMduals 
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IS IT MANDATORY THAT YOU COM~UNICATE WITH APPROACH CONTROL PRIOR TO LANDING? 
No. Under a VFR flight it is not manc.atory, but Radar Advisory Services are available to pilots 
on VFR flights at many of t he 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 are available the appropriate radio communication 
frequencies can be found in the Airman's Information Manual, Part 3, Airport/Facility Directory 
under Radar Services. 

WHAT FREQUENCY WOULD YOU EXPECT TO USE AFTER LANDING AND CLEARING THE 
RUNWAY? Normally the Control TowEir will direct you to contact or monitor Ground Control on 
one of the frequencies assigned to Airport Ground Control. In the event the tower does not direct. 
you t~ change frequencies, remain on the tower frequency. Ground Control frequencies are 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 Airman's Information Manual, Airport/Facility Directory. 

IN WHAT :SEQUENCE WOULD YOU CONTACT THE FACILITIES IF 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 AffiPORT SYMBOLS AND AffiPORT INFORMATION PRINTED ON THE CHART IN 
A BLUE COLOR WHILE OTHERS ARE COLORED MAGENTA (PURPLISH RED)? 

Airports within the United States having Airport Traffic Areas (Control Towers} are shown in blue, 
all others in magenta . If a Control Tower is located at the airport, this fact can be noted in 
the airport information data by a CT with a frequency listed. The frequency 123.6 MHz has been 
designated for use at airports with Jlirport Advisory Service. Pilot requests for AAS on other 
station frequencies will be answered , but the FSS wi ll then simultaneously transmit on the 
requested frequency and also 123.6 MHz . This will keep other traffic aware of the requester's 
position. 

WHAT FREiUENCY IS US ED WHEN OPERATING A~ AIRCRAFT AT AIRPORTS SERVED 
ONLY BY N AERONAUTICAL ADVISORY STATIO~ UN . The airport 
in ormat1on, as s own n t e ustrati~n , cates that only UNICOM 
is available for co!l1Tlunication at this 3irport on the frequency of 
122.8 MHz. The frequency assigned to A~ronautical Advisory Stations 
depends upon the type of facilities available at an airport. See the 
Airman's Information Manual, Part l , anj Exam-0-Gram No . 35 for full 
details on the use of UNIC().I. Pilots are encouraged to use this 
service when operating at airports served only 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 
at this airport. At airports that have no communications facilities, you 
should transmit on 122. 9 MHz, which i.s the frequency assigned to Aero­
nautical Multicom Service. DO NOT EXPECT A REPLY. About 15 miles 
from the airport, tune to 122. 9 MHz and listen for other traffic transmission, at 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 airport and intention. Follow this up with an announcement 
before you taxi onto the runway for takeoff. 
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U.S. D EPABT:\CENT OF TRANSPORTATION 

Federal Aviation Administration 

VFR PILOT EXAM-O-GRAM 0 NO. 51 

INTERPRETING SECTIONAL CHARTS (SERIES 3) 

SPECIAL USE AIRSPACE 

This is the third in a series of Exam-0-Grams 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 area on the surface of the earth wherein activities must be confined because of 
their natui·e, or wherein limitations are imposed upon aircraft operations that are not a part of 
those activities, or both. " Special Use Airspace depicted on aeronautical charts are : Prohibited 
Areas, Restricted Areas, Warning Areas, Alert Areas, anet l!:teftetr1e ~~iiieRt Jet; 'P•aiRmg flaie11:s 
~JflJ'fJ\). These areas are depicted on the charts in many shapes and sizes and their boundaries 
are outlined by crosshatching like this "-' ---

... o. 

PROHIBITED, RESTRICTED, WARNING, AND ALERT AREAS 
ON MIAMI SECTIONAL CHART 
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In addition, supplemental information about 
Prohibited, Restricted, Warning, and Alert 
Areas is printed on the border of the charts 
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WHAT IS A PROHIBITED AREA? It is designated airspace 'vithin 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 is designated P -56 and extends from the surface to flight level 180. AVOID THIS AREA! Three 
Prohibited Areas (designated P-204, P -205, and P -206) are located southeast of International Falls, 
Minnesota. These Prohibited Areas ''ere established to safeguard the forest and wildlife in one of 
the few remaining wilderness areas in the United States. They extend from the sm·face to 4, 000 feet. 
AVOID THESE AREAS I 

PROHIBITED, RES ICTED, W ARNIN , AND ALERT AREAS 
ON WASHINGTON SECTIONAL CHART 

APPllOPlllATE. AUTHOJtnT 

•••••• 
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 is determined 
necessru:y to confine or segregate activities considered to be hazardous to nonparticipating aircraft. 
They denote the existence of unusual, often invisible, hazards to aircraft such as 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 its occupants. Per­
mission must be received from the appropriate authority to operate an aircraft within a Restricted 
Area between the designated altitudes during the time specified. 

I PROHIBITED, RESTRICTED, WARNING, ANO ALERT AREAS 

, PTs ON OAUAS-FT W ORTH SECTIONAL CHART 
NO. t<Mlf A1TllUOE flMf A,,101'AJAlE: AUT'HOIUTY 

•·..S.601A fOff Stiff, OtiJo fo f'l .. 230 COtltifloovt C.C. . fort Siit Olr.Jo. 
•·56011 fotl Stfi, Ok.a To R. 130 Co1Ut1tli'O~ I fAA. fOft Wortfll AITC C•t• 

ot ouo fS:S. 
C. G. fotl 5111, Oiil~ao 
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WHAT IS A WARNING AREA? It is airspace, within international airspace, established to contain 
hazardous operations conducted by U. 13. military forces. The activities conducted within Warning 
Areas may be as hazardous to nonparticipating aircraft and its occupants as those contained within 
Restricted Areas. However, NO resb.·iction to flight is imposed because flight within international 
airspace cannot legally be restricted. To alert nonparticipants to the existence of possible hazardous 
conditions, Warning Areas ai·e depicted on aeronautical charts. Most Warning Areas lie within 3 
statute miles of a coast line. When flying 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. 

f'. F~J·/fJ.'W Wl,diN.@)dd 

I 
I 
I 
I 
I 
I 

1 
T V\f.('RN IN1G 
~ l../W-92 

PROHIBITED, RESTRICTED, WARNING, AND ALERT AREAS 
ON NEW ORLEANS SECTIONAL CHART 

AltnU0£ TIME 

Vctpctoho, Flo, 

APPllOPRlATf AtJlMORIT'I' 
C.0,, HAS, New OtlH!ll. \.c. 
c..illlt .. NfllGllldl o.v,jopMetlf 

& T•t Cldlw, .fal"" Af"t, Houde. 

NOTE : Due to the large size of Warning Areas, only 
part of W-92 is shown here. 

****** 
Il is always the responsibility of the PILOT of any airc1·aft to do his best to avoid a collision 
when operating in VFR conditions, regai·dless of the type of ope1·ation being conducted, the 
area being used, or the type flight plan filed. Three Exam -0 -Grams were written to help 
educate pilots in the ART OF COLLISION AVOIDANCE. It is certainly appropriate to mention 
them when writing about the rules governing Special Use Airspace. Review VFR Exam -0-
Grams Nos. 22, 29, and 48. 
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WHAT IS AN ALERT AREA? It is designated airspace which may contain a high volwne of pilot 
training activities or an unusual type of ae::-onautical activity--neither of which is hazardous to air­
craft. Alert Areas are depicted on aeronautical charts to alert pilots of nonparticipating aircraft of 
the activity within a specific area. All activity within an Alert Area shall be conducted in accord­
ance with Federal Aviation Regulations, w~.thout waiver, and pilots of participating aircraft as well 
as pilots of aircraft transiting the area, shall 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 as circumstances dictate. 

PROHIBITED, RESTRICTED, WARNING, AND ALERT AREAS 

ON DALLAS-FT WORTH SECTIONAL CHART 

Note: Due to the large s' 
blocks are shown abovr 
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WHO CAN AUTHORIZE THE OPERATION OF AN AIRCRAFT rn SPECIAL USE AIRSPACE? An 
Appropriate Authority, defined as 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, or military command whose activity within a 
Restricted Area necessitated the area being so designated, or that established the require­
ment fo1· the Prohibited Area. 

The Conti·olling Agency is the FAA facil:.ty that may authorize the transit through, or flight 
within, a Restricted Area in accordance with a joint-use letter issued under FAR Part 73. 15. 

Contact the Using Agency for Warning Area and Alert Area information . 
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ALTHOUGH ~OT CLASSIFIED AS A SPECIAL JSE AIRSPACE , THERE ARE OTHER AREAS THAT HAVE LIMITATIONS TO 
FLIGHT AS REGULATED BY THE SERVICE THAT ADMINISTERS THEM . 

The excerpt to the r1ght shows how Nat1onal 
are dep1cted on a sectional chart. 

Wildli fe Ref~ 

In the margin of the sectional charts, information is listed 
concerning flight over National Park 5ervice Areas, U.S. Fish 
and Wildlife Service Areas, and U.S. =orest Services Areas as 
shown below: 
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***** 
This Exam-0-Gram emphasizes the study and use of information pr1nted on sectional char ts . Study 
the borders and legend of your chart. Know what to look for, what to expect , and what is avail­
able to you along your route of flight. 
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DEPARTMENT OF TRA!l;SPORTATION 

Federal .\viation Administration 

VFR PILOT EXAM-0-GRAM NO. 52 

SKY COVER AND CEILING 

A frequently misunderstood portion of the Av iation Weather Report is that part which contains SKY 
COVER and CEILING infonnation. Do X2!:!_ thoroughly understand the following? TXK 3¢ SCT E5¢ 3K\J 

1 ¢¢ ovc ... 

The "E5¢ 3i<i';" in the report indicates that the weather observer at TXK estimated the ceiling (broken 
clouds) to be 5,000 feet above the surface. Although an estimated ceilin~ is the least reliable of 
all ceiling reports, it is based on specific guides and is reasonably accurate and operationally useful. 
If you understand the methods used in making weather observations, you are likely to make better use of 
available weather reports. 

HOW IS SKY COVER DETERMINED? The observer estimates the amount of the total sky that is covered by 
clouds or obscuring phenomena, and reports t hi s amount of cover in tenths. Two examples of a sky 
condition which the weather observer ~1ould consider as scattered (one-tenth to five-tenths coverage) 
are shown in fiaures 1 and 2. 

Fig. l Fig.2 
2¢ SCT 

HORIZON HORIZON 

SINGLE-LAYER CLOUDS SI N GLE-LAYER CLOUDS 

Scattered clouds tend to be of little concerr to many pilots. However, the reported scattered clouds 
could change to either "overcast" or "clear" after t he observation was made. Increas i ng cloud cover, 
headwinds, dl'lindling fuel supply, and deteriorating weather could cause probl ems for the non- instrument 
rated pi lot planning (on the basis of the report) to descend between scattered clouds. Remember, the 
Aviation Weather Repor t contains local \'leather only, at observation time , and is not to be considered 
a forecas t . Your observation in flight is far more timely than a report that mus"fl)e processed 
through the conmunication system. Therefore, when clouds are increasin~. X2!:!. must determine when the 
time has come to make your descent to avoid getting stranded on top. 

The sunmation principle is applied when two or more cloud layers are present (see figures 3 and 4). 

HORIZON 

MULTI-LAYER CLOUDS MULTI-LAYER CLOUDS 

Cloud coverage of six- to nine-tenths of the sky i s class ified as broken---more than nine-tenths as 
overcast . However , a report of broken or overcast clouds at a specified height does not necessarily 
mean that the cloud layer at that altitude actually covers s ix- to nine- tenths or more than nine-tenths 
o~ the sky. The weather observer often does not kno~1 the actual extent of the higher cl oud layers 
because his vie1·1 i s restricted by l011er cloud layers . Therefore, he uses the su11111ation principle in 
reporting the amount of sky covered by clouds. In th is method, the observer adds the amount of sky 
covered by the 101~er clouds to the amount covered by clouds at higher levels . Thus, he reports the 
amount of sky covered by the combination of lower and higher clouds . A word of caution here--if the 
1·1eather observer cannot see half or more of the sky above the base of a given cloud layer , most likely 
you cannot see ha lf or more of the surface when flyi ng above the base of that l ayer! 
OJST11ilBt'TJOS, I C·:101 
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HOW IS CLOUD HEIGHT DETERMINED? By using specific guides, the trained observer usually arrives at 
reasonably accurate estimates (E). The ceiling designator (E) ESTIMATED CEILING--means heights are 
determined from pilot reports, ba 11 oons, or other measurements not meeting criteria for measured 
ceiling. The ceiling designator (M) MEASURED CEILING--heights detennined by ceilometer, ceiling 
light, cloud detection radar, or by unobscured portion of a landmark protruding into ceiling layer 
You should trust a report of "measured" ceiling more than one which is "estimated, " although either 
in conjunction with visibility, determines whether VFR conditions exist. 

The ceiling designator (W) is spoken as Indefinite Ceiling--vertical visibility into a surface based 
obstruction. Regardless of method of detennination, vertical visibility is classified as an indefin­
ite ceiling. 

This Exam- 0- Gram should be studied in conjunction with VFR Exam-0-Grams 20 , 44, and 46. Together, 
they should help you understand that surface observations are spot reports; they may not provide the 
total enroute weather picture at flight time . You must also rely on forecasts and trends , radar 
weather reports, pilot reports , and your own timely observations in flight . 

Exam·O·Cram1 are non·dlrecuve in nature and are 
utued •olely u an lnlormallon service IO lodlvlcluals 
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U.S. D EPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

VFR PILOT EXAM-O-GRAi\1° NO. 53 

DANGERS OF wmGTIP VORTICES 
Investigations of several fatal and near-fatal accidents shO\v the probable cause to be loss of 
control 1·1hen encountering wingtip vortices created by large aircraft . Reports indicate that 
many pi lots are unaware of the dangers associated with l'lake or vortex turbulence; therefore , 
applicants for pilot certificates are being tested on their knowledge of this subject. 
WHAT ARE HINGTIP VORTICES? Wingtip vortices are compact, fast-spinning , violently turbulent 
air masses that trail behind an airplane, sometimes for miles . Unfortunately they are invi sible, 
but if you could see them they would look like two tornadoes stretching back horizontally from 
each wingtip. Many pilots refer to this phenomenon as "prop wash" or "jet wash," but engineer­
ing studies have revealed that the main source of this disturbance is from the wingtips, not the 
props or engines . These vortex systems are generated by the flow of air from the hi gh pressure 
region under the wing, and curl around the wingtip to the region of lower pressure on the upper 
surface forming the two rotating vortices . 
WHY ARE THEY DANGEROUS? They are 
dangerous because loss of control of 
aircraft can occur when flying into 
the wingtip vortices of large air­
craft. The velocity of the air cir­
culating about the core of these 
vortex 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 fly­
ing into one of these rotating air 
masses can experience dangerous up­
sets and excessive load factors 
causing structural damage to the air­
plane. Particular care should be 
taken to avoid the vortices during 
landing and taking off. 
WHEN ARE THEY STRONGEST? There are 
many factors affecting the intensity 
of wingtip vortices, but it is a 
safe and practical generalization that the bigger the airplane the more violent and long-lived 
will be the vortex disturbance. Recent studies indicated that the strongest vortex systems 
trailing behind the very large airplanes will descend 400- 500 feet per minute to approximately 
1,000 feet below the airplane . The vortices retai n their lateral separation and drift with the 
wind . The aircraft creating the vortices may be out of sight, and the turbulence generated 
might be still lingering in the area . The heavier and cleaner the airplane and the slower 
it is flying, the stronger the air circulation in the vortex cores. 

WHAT ACTION CAN THE PILOT TAKE TO AVOID OR REDUCE THIS HAZARD? 
a. Avoid passing behind any large aircraft. Alter course to avoid the area behind and below 
the generating aircraft. 
b. Avoid, when possible, places and altitudes frequented by large aircraft. If possible , moni ­
tor approach control and control tower frequencies at airports where large aircraft operate. 
These radio transmissions may give you a clue to the locations and paths of large aircraft. 
c. l~hen it is necessary to operate behind a large aircraft, remain above the flight pa th of 
t hat aircraft. Vortices settle do1mward to~1ard the surface and are also affected by the wind 
and move with the air mass . 
d. When taking off or landing behind large aircraft, be on the alert for turbulence and allow 
adequate spacing. Visualize the location of the vortex trail and avoid those areas . 

• D:;im ... o -Cr:a.ms are non·dlrcctlve tn natu re -:utd arf! 
Issued ' olely as an ln!ormatlon servlce 10 lndh'ld""ls 
Interested In Air man Written £.~am lnatlons. 

l>ISTlllBlJTIOS• %c;J07 

Rev. 1/77 



e. The best way of avoiding wingtip vortices is to know where they are most likely to be 
encountered and act accordingly . Since vortices are not produced until lift is produced, they 
will not be generated by an aircraft taking off until the aircraft rotates for lift-off. Vor­
tices cease to be gener'ated by a landing aircraft when its wings cease to produce lift -- when 
it has actually landed. Pl an your takeoff and landing accordingly. 

Wake Ends /I Wake Begins/( 

RECOMMENDED READING FOR ALL PILOTS. Your attention is invited to the Wake Turbulence Section 
of the Airman's Information Manual, which thoroughly explains this subject. It is also de­
scribed in FAA Advisory Circuli)r AC 90-230 (which may be obtained free of charge from: Publi­
cations Section, ;:,::: ~~~ . ~, Department of Transportation , Washington, D.C. 20590). 

Federal Aviat ion Adzu1otstr•tion 
FllgM Star>dards Huiooal Field Office, Examinations s,.nc:h 
P .0 . Box 25082 
O~lahoN City, Oklaholna 73125 
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U.S. D E PARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

VFR PILOT EXAM-O-GRAM 0 NO. 54 

EMERGENCY LOCATOR TRANSMITTERS (ELTs) 

Thi s Exam-0-Gram is issued to help fill the need of those studying for FAA airman written 
tests and of certificated pilots for additional information concerning the Emergency Locator 
Transmitter (ELT). 

Hhat is an Emergency Locator Transmitter or ELT? 
It is a small, self-contained radio transmitter which i s activated automatically by the 

impact force of a crash. It may also be activated manually by an "On-Off" swi tch. It transmi ts 
a distinct ive variable tone on the emergency f requencies 121. 5 and 243.0 megahertz . The range of 
an acti vated ELT varies from 75 to l~O mil es, depending on environment . Its useful life varies 
from 3 to 8 days , depending on battery condition . 
Is there a law requ iri ng an ELT in all airplanes? 

Yes. Public Law 91-596 was passed by Congress in 1970. As a consequence, FAR 91.52 now 
requires that an approved ELT must be installed in most U.S . registered airplanes::,,, .; ... ~,, ~. ~:;;~ . 
~;:; ... ~.:. .:. ;::.:.:-.::!.:..:! 7;·.:.~;. ~2,':;8,'7:; . ~ Th.ere are certain exceptions to this law; they are : ( l) Turbojet 
airplanes, (2) Agricultural airplanes while dispensing chemicals, (3) Sc hedul ed airline opera­
tions not over water or uninhabited areas, (4) Training airplanes operated within 50 miles of 
point of origin of flight , and (5) Aircraft equipped to carry not more than one person. 
What is the purpose of an ELT? 

It is designed to transmit an immediate electronic distress signal which can be used by 
other pilots and search and rescue organizations to locate a downed airplane. The pi lot should 
always determine the ELT's location in the airplane; how to activate i t manually ; and , i f it is 
portable , how to remove it from the airplane . 
Ho~1 can it be determined if an ELT is approved? 

In order to carry out the provision of the law , a Technical Standard Order (TSO C91) has 
been issued by the FAA whi ch covers the design and operational characterist ics of approved 
locators . A label on the ELT indicates whether the unit meets these standards . 
How often mus t battery be changed? 

Battery replacement is required at 50 percent of the normal shelf life as defined by the 
manufacturer, or after one cumulative hour cf use. Under the preventative maintenance provis ion 
of FAR 43, this battery replacement may be made by a certificated pilot . For expected rel iabilit.Y 
and 1ife expectancy only those batteries recorm1ended by the manufacturer should be used. 
Purchased batteries should be stamped 1·1ith the date of the 50 percent battery life . The new ex­
piration date for the replacement (or recharged) battery must be legibly ma rked on the outside of 
the transmitter . Failure to replace batteries at the specified dates may not only limit the oper­
ating time but may cause some damaging corrosion v1ithin the unit. 

How can premature battery deterioration be minimi zed? 
Premature battery deterioration can be minimi zed by preventing exposure to high temperature 

such as might be experienced in an aircraft parked on a ramp , or to extremely low temperatures. 
Anyt hing that a pilot ca n do in time of emergency to obtain a battery temperature of approxi ­
mately 70° will result in improved performance and longer operation of the ELT . 
How can the pilot check ELT operatic~? 

Operational testing can be done by tuning the VHF receiver to 121 .5 MHz and actuat ing the 
unit. Tests should be limi ted to three audio sweeps and conducted during the first fi ve minutes 
after any hour . If the testing must be done at any other time, it should be coordinated with t he 
closest FAA Control Tower or Flight Service Station. (See Advisory Circular 20-81 for additi ona l 
information .) 

DI STRIBUTION : ZC-307 
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How can the pilot tell if the locator is on? 
The signal, because of the close proximity of the locator, will probably saturate the 

communications receiver regard7ess of the frequency it is on. However, accidental triggering 
of the ELT should be checked during the pre-takeoff check and before engine shut down by turning 
the VHF receiver to 121.5 or 243.0 MHz and listening for the ELT signal. 
What should be done if an ELT is activated accidentally or by an unauthorized person? 

If audio sweeps are heard and it is determined that they are coming from the airplane, turn 
off the ELT immediately. The pilot in command of an ELT-equipped plane is responsible for 
acc idental inflight signalling by an ELT. If t he plane is parked, the owner is liable . The 
Communications Act of 1934 prescribes fines and imprisonment for "the willful transmission of 
unaut horized signals on emergency frequencies." If you experience malfunctioning of the ELT, 
report the incident to the FAA through the "Malfunction Defects" program to provide a factual 
basis for corrective action. Contact any FAA Distri ct Office for the proper forms to report 
the malfunction. 
What should you do if you hear an ELT signal? 

The FAA suggests that you notify the nearest FAA ground facility stating your position when 
the ELT signal was first heard and when it was last heard. You need do nothing more unless 
requested by the ground facility. However, if you have actually discovered the site of a crash, 
and circumstances permit, you have the option of advising that you will circle the crash site to 
guide rescue teams. 

VFR - No. 54 -2-
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U.S. D EPARTMENT OF TRANSPORTATION 
Federal A vintion Administration 

VFR PILOT EXAM-O-GR.AJ.\1° NO. 55 

TERMINAL RADAR SERVICE AREAS <TRSAs) 
"STAGE I I I II 
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Due to implementation of an increasing number of TRSAs at certain busy terminal locations, 

written tests for pilot certification require a knowledge of these areas and the service provided 
within them. This Exam-0-Gram is to help pilots in becoming familiar with the areas and the 
service provided . 

In the interest of safety, TRSAs have been established at airports where the volume of dif­
ferent types - smal 1, large, slow, and fast - of VFR and IFR aircraft can best be served by radar 
sequencing and separation. The service provided within a TRSA is called STAGE III SERVICE. DO 
NOT confuse Stage III service with Stage I or Stage II Service. Stage I Service provides traffic 
information and limited vectoring to VFR aircraft on a workload permitting basis. Stage II Service 
is to adjust the flow of arri ving VF~ and IFR aircraft into the traffic pattern in a safe and 
orderly manner and to provide radar traffic information to departing VFR aircraft . Stage III 
Service provides separation between ill participating VFR aircraft and all IFR aircraftoperating 
within TRSAs . Radar equipped FAA Air Traffic Control (ATC) facilities provide Stage III Service . 

Arriving aircraft landing at airoorts within a TRSA and aircraft desiring to trans it the TRSA 
should contact Approach Control or Departure Control (as the case may be) from outside the TRSA 
on the specified frequencies in relation to geographical fixes depicted on TRSA Charts. The 
TRSA Charts are found in the Airman's Information Manual (AIM). 

Departing aircraft wi 11 be i ssuej a c 1 earance by the contra 1 tO\~er advising them when to 
contact Departure Control and the frequency to use. 

Part I of AIM contains a detailed explanation of the program. A list of participating termi­
nals , TRSA Charts, flight procedures, ATC procedures , and a further description of services 
provided are contained in Part 4 of A.IM. Parts 3 and 4 of AIM advertise Stage III Service. 

Stage III Services within a TRSA are provided on a voluntary pilot participation basis . 
Pilot participation is urged but is not mandatory. ATC takes the positive approach and assumes 
that all VFR aircraft want the service unless the pilot advises otherwise . 

Remember, unless you advise you :lo not want Stage II I Service when you contact Ground Control 
for taxi information or Approach Control for radar service, you will be issued a clearance . Be 
prepared to copy the clearance! 

Typical Departure C0tTJ11unications Procedures. 
PILOT : "Ground control Airwing 1567 Papa, at Ace Aviation, VFR southeastward, have infor­

mation BRAVO, ready to taxi. " 
GROUND: "Airwing 1567 Papa, have your clearance; after takeoff turn right heading 080, 

maintain VFR at or below 4,500, departure frequency 121 .05, squawk 0464. Taxi to Runway 35 via 
taxiway A. " 

PILOT : "1567 Papa, roger . " 
TOWER (after takeoff): "Airwing 1567 Papa, contact departure . " 
PILOT : "1567 Papa, roger . " 
PILOT: "Departure, Airwing 1567 Papa, turning to 080. " 
DEPARTURE: "Airwing 1567 Papa, radar contact, traffi c 2 o'clock, 3 miles northbound, turn 

right heading 125° ." 
PILOT : "1567 Papa, looking, turning right to 125° ." 
DEPARTURE (later): "Airwing 67 Papa, 25 mil es southeast of Columbia , fly on course, squawk 

VFR, radar service terminated ." 
PILOT: "67 Papa, roger." 

DISTRIBUTION: ZC-307 
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Typical Arrival Communi cati ons Procedures. 
PILOT: "Col umbia Approach Control, Airwing 7651 Alfa, Little Mountain, heading 120°, 3,500 

feet, squawking 1200 , 1 anding at Co 1 urnb i a METRO with information BRAVO. " 
APPROACH: "Airwing 7651 Alfa, squawk 0410 for identification ." 
PILOT: "7651 Alfa squawking 0410." 
APPROACH : "Airwing 51 Alfa, radar contact, turn right heading 140° for vector to Runway 5. 

Maintain VFR, descend and maintain 2,500 feet ." 
PILOT: "51 Alfa leaving 3,500." 
APPROACH (later): "Airwing 51 Alfa, traffic a Rovercraft, 12 o'clock, 3 miles eastbound. 

Advise when you have the Rovercraft in sight." 
PILOT: 11 51 Alfa, I have visual contact with the Rovercraft," 
APPROACH: "Airwing 51 Alfa , follow the Rovercraft, contact tower on 119.5." 
PILOT: "51 Alfa, r oger. " 

As the above arrival procedures illustrate, ATC may provide nonradar separation when pre­
vailing conditions permit . If the pilot has visual contact with the preceding aircraft, he may 
be directed to fo 11 ow 1t for a "visual approach" or to depart the TRSA, as the case may be. 

This service is not to be interpreted as relieving pilots of their responsibilities to see 
and avoid other aircraft operating in basic VFR conditions. Assignment of radar headings and/or 
altitudes are based on the provision that a pilot operating in accordance with VFR 1s expected to 
advise ATC i f compliance with an assigned route, radar headinq, or altitude will cause the pilot 
to violate such rules. 
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D EPARTMENT OF T RANSPORTATION 

Federal Aviation Administration 

VFR PILOT EXAl\1-0-GRAM 0 NO. 56 

SKY COVER SYMBOLS IN WEATHER REPORTS AND FORECASTS 

This Exam-0-Gram is intended to bring to the attention of 
pilots certain changes in the format of Weather Reports 
and Forecasts made effective by the National Weather 
Service on August 1, 1975. Until all FAA written tests 
and study materials as well as conmercial publications 
deal 1ng with weather reports and forecasts can be updated 
to reflect these changes, it 1s imperative that certifi ­
cated and student pilots understand the following changes : 

Federal Aviation Regulations require that each pilot in 
command shall, before beginning a flight, familiarize 
himself with all availab le information concerning that 
f l ight . For a flight not in the vicinity of an airport, 
this information must include weather reports and fore­
casts. Such weather informati on transmitted through a 
worldwide teletype conmunications system and available at 
all Flight Service Stations and Weather Service Offices, 
has for many years utilized symbols to indicate clear 
conditions or scattered, broken, and overcast clouds . 

Because of limi tations imposed by the automatic computer system now used in processing and trans­
mitting weather information, it is necessary to utilize word contractions in lieu of the tradi ­
tional symbols. 

WHAT ARE THE CHANGES? Effective August 1, 1975, sky cover symbols will be repl4ced by contrac­
tions on all teletype communications circuits. Sky cover symbols © (scattered), ® (broken), 
and G (overcast) will be replaced by the contractions SCT, BKN , and OVC, respectively, A O 
(c lear sky) will be indicated by the contraction CLR. A mi nus sign (-) preceding SCT, BKN, and 
OVC ~lill indicate a th1n layer. The letter V inserted between ceil ing height and sky condition 
indicates that the ceiling is variable in height. A remark appended to the report shows the 
range of variability. When the sky is hidden by a surface based phenomenon , the symbols -X and X 
will continue to be used for partial obscuration and total obscuration respectively. 

Each cloud layer will be separated from the layer above by leaving a space after each contraction. 
Prevailing visibility will follow the space after the contraction for the highest layer. 

Even though observations, pilot reports, and forecasts using symbols will not be sent on any 
circuit conman to another agency, such transmission internal to certain agencies (e.g. Air Force 
weather observer to Air Force tower) may conti nue to use symbols at that agency's option. The 
National Weather Service and the FAA, however, will use only contractions on both internal and 
external transm1ss1ons . 

HOW DOES THE CHANGE AFFECT AVIATION WEATHER REPORTS? Examples of how Aviation Weather Reports 
(SA's) will appear on longl1ne teletypewriter transmissions. 

DCA 2¢ SCT M5¢ BKN 1 ¢¢ OVC 6K 175/7.5/68/3¢1 ¢/¢¢3/BKN V OVC 
DCA M2¢ VBKN 12 175/75/68/ 3¢1 ¢/!{J~~CI G 18V23 
DCA M5¢ BKN 1 ¢¢ -OVC 3 GFK 175/75 71/3¢¢V¢03/UA 5sw DCA 12¢ ovc 15¢ 
DCA -X M3¢ OVC 1}2F 175/75/72/3'$~ / ¢¢3/F6 
DCA W3 X 1/ 2F 1 ]')/-zi5/74/3¢¢4/~i¢3 
DCA CLR 15 175/8~/62/2912/¢¢3 

HOW DOES THE CHANGE AFFECT TERMINAL FORECASTS (FT's)? Each forecast cloud layer will be sepa­
rated from the layer above by leav1ng a space after each contraction. A space will always 
precede the forecast visibility (if any). The remainder of the forecast for each period will 
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st ay the same . Cloud groups mentioned 1n remarks wi 11 a 1 so fo 11 ow the same procedures . The 
contractions and the symbols described above for SA's will be used with FT's also. A ceiling 
or obscuration forecast will be indicated by the letter C. 

Example of FT' s: 

FT 15214¢ 

DCA 152222 10 SCT c18 BKN 5sw- 3415G25 OCNL c8 x 1S\tJ-. 12Z c5¢ ovc 3212G22 
BRF C2¢ 9KN 4sw- . 16z 'v1VFR CIG BC'v1G VFR AFT 2 1Z. 

HOW DOES THE CHANGE AFFECT AREA FORECASTS (FA's)? Cloud cover symbols 1n the FA's were replaced 
with contractions on 9/11/73 . The only change to the FA 's will be the use of CLR instead of SKC 
to i ndi cate a clear sky. 
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D EPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

VFR PILOT EXAM-O-GRAM0 NO. 57 

FLIGHT IN THE REGION OF REVERSED COMMAND 
IN RELATION TO TAKEOFFS ANO LANDINGS 

The aeronautical knowledge requirements, set forth in Federal 
Aviation Regulations for pilot certification , place emphasis on 
basic aerodynamics and principles of flight. Consequently, FAA 
written tests contain test items relating to these subject areas . 
This Exam-0-Gram deals with a rather complex and often misunder­
stood subject as it relates principally to propeller driven air­
planes. Modern aerodynamics manuals refer to this as the "Region 
of Reversed Conmand," and devote one or more chapters to explain­
ing its meaning . It is the intent of this Exam-0-Gram, t o explain 
in layman's language and through the use of simple i ll ustrations, 
fl i ght in the regions of normal and reversed command , wi thout the 
use of mathematical fonnulas, symbols, or equations. These few 
pages, though perhaps an oversi mplification of a compli cated 
subject, should serve as a stimulus for further study. 

The following brief definitions of terms used in the text are presented to refresh the reader ' s 
memory: 

PARASITE DRAG -- the drag not directly associated with 1 ift (form and skin friction) and which 
predominates in the region of high-speed flight. NOTE: An increase in the parasite area of 
an airplane may be brought about by the deflections of flaps or extension of the landing gea~ 
INDUCED DRAG -- the drag caused by lift . 
TOTAL DRAG -- the sum of the parasite and induced drags. 
EQUILIBRIUM -- a state of balance or equality between opposing forces . An airplane is in a 
state of equilibrium when the sum of all forces and the sum of all moments acting on it are 
equa 1 to zero. 
BRAKE HORSEPOWER -- the power output cf the reciprocating engine is determined by attaching a 
brake or load device to the output shaft. Hence, the term brake horsepower (BHP) is used to 
denote engine power. 
POWER REQUIRED - - the aerodynamic properties of the airplane generally determine the power 
requirements at various conditions of flight, while the powerplant capabilities generally 
determine the power availabl e at various conditions of flight. When the airplane is in steady 
level flight the condition of equilibr ium must prevail. An unaccelerated condition of flight 
is achieved when lift equals weight, and the powerplant is set for a thrust equal to the 
airplane drag. 
POWER REQUIRED CURVE - - the power required to achieve equilibrium in constant-altitude flight 
at various airspeeds . The power required curve illustrates the fact that at low airspeeds · 
near the stall or minimu~ control speed, the power setting required for steady level flight 
is quite high. 

000 

14HAT DOES "FLIGHT IN THE REGION OF NORMAL COMMAND" MEAN? Flight in the region of normal command 
means that while holding a constant altitude, a higher airspeed requires a higher power setting 
and a lower airs eed re uires a lower ower settin . The majority of all airplane flying (climb, 
cruise, and maneuvers is conducted in the region of nonnal conmand . 
WHAT DOES "FLIGHT IN THE REGION OF REVERSED COr.f.IANO" MEAN? Flight in the region of reversed 
cor-imand means that a hioher airsoeed requires a lower power setting and a lower airspeed requires 
a higher power setting to hold altitude . It does not imply that a decrease in power will result 
in higher airspeed, or that an increase in power will produce lower airspeed . The region of 
reversed command is encountered in the low speed phases of flight . Flight speeds below the speed 
for maximum endurance (lowest point on the power curve) require higher power settings with a de­
crease 1n airspeed. Since the need to increase the required power setting with decreased speed 
is contrary to the normal conmand of flight, the regime of flight speeds between the speed for 
minimum required power setting and the stall speed (or minimum control speed) is termed the region 
of reversed command. In the region of reversed comma nd, a decrease 1n airspeed must be accom­
panied by an increased power setting in order to maintain steady flight . Simply stated -- it 
takes a lot of power to fly at very slow airspeeds . 
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A LIGHT AIBPLANE Jl\f A CLEAN CONFIGURATION AT SEA LEVEL 

In order to chart the perrormance of a light ai r plane in the available space on the diagram above, 
it was necessary to somewhat distort the lower portion of the power required curve . This di agram 
illustrates that hi gh power settings are required to fly fast or very s low. For exampl e: 

Airp lane Posi ti on A - r equi res ful l power to hold altitude at 45 MPH. At position A' the 
ai rplane is flying with full power t o attain maximum l evel flight speed. Any attempt to in­
crease the airspeed at position A' will result in a loss of al titude. 

Position B - requires 70 HP to ma intain altitude at 55 MPH. Us ing the s ame power setting 
(70 HP) at position B' the airplane will maintain steady level flight while holding altitude 
and maintaining 104 MPH . 

Position C - 55 HP is required to maintain altitude at approximately 58 MPH. With the same 
power setting the airplane will attain a speed of 87 MPH at posi ti on C' . At position C', if the 
angle of attack i s increased the airplane will climb and fly slower - or- if the angl e of attack 
is reduced the airplane will lose altitude and fly faster than 87 MPH . NOTE : Increasing or 
decreasing the angl e of attack at pos itions A1 and B' would produce similar r esults . 

Position D - the aircraft is maintaining altitude at the l owest power (40 HP) and airspeed 
combination . Increasing the angle of attack at thi s point will not produce a cli mb - but a 
loss of altitude. Also, any reducti on in the angle of attack will res ul t in a loss of altitude . 

WHAT DOES THE SPEED OF AIRPLANE D ON THE POWER REQUIRED CURVE REPRESENT? The Best Endurance 
Speed .- It is the l owest point on the curve . Since this i s the lowest brake horsepower which 
will sustain level flight , it al so wi l l be the lowest fuel fl ow - hence, best endurance. 

000 

The illustrat'on to the l eft shows the "ma ximum power availabl e" as a 
curved line . Lower pm~er settings such as crui se power woul d also 
appear in a s·.milar curve. The bottom of the power required curve is 
more realistic: in this illustration than the one shown above . 
l/HY IS THE POHER AVAILABLE A CURVED LINE? If the engine produces full 
power at the rated RPM in level flight, at other airspeeds lm~er than 
maximum the engine does not turn up its rated RPM, but gradually loses 
RPM, even though full throttle is being used . Thi s can be demonstrated 

....._ _ __. __ .\-,R-sl't--c-0- ---- in a fixed-pi·:ch propeller equipped airplane by ra ising the nose above 
cruisi ng leve· flight attitude and noting a decrease in RPM . (cont 'd ) 
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P01·1er at high altitudes - the power produced by the unsupercharged aircraft engine also decreases 
with altitude, because weight of the charge of air and the oxygen content necessary for combustion 
decreases. Even if it is possible to prolong sea-level power to some greater altitude by super­
charging, or some other method of po11er boosting, the power will inevitably decline when the 
boosting method reaches an altitude at which it can no longer maintain a set power . 
The propeller suffers a gradual loss of efficiency for a given rated engine horsepower at both 
ends of the speed range, and therefore a gradual loss of thrust. For this reason, the Maximum 
Power Available Curve is just that, u curve - not a straight line. 

NOTE : See Figure 2 on page 2. If the power available is greater than the power required, the 
difference is "excess horsepower" wh' ch can be used for cli mb . Where the power available and 
power required curves cross, there is no excess power, and therefore no ability to climb at that 
airs peed . o o o 

WHEN WOULD AN AIRPLANE BE OPERATING :N THE REGION OF REVERSED COMMAND? An airplane performing a 
low airspeed, high-pitch attitude po~ier approach for a short field landing is an example of opel"­
ating in this flight regime. Imagine what might happen if the pilot closed the throttle to idle 
position during this approach . Then by using a lot of power to correct this mistake it might be 
possible for the pilot to reduce or stop the resulting rapid rate of descent, but without further 
use of power the airplane would probably stall or be incapable of flaring for the landing. Merely 
lowering the nose of the airpl ane to regain flying speed in this situation, without the use of 
power, would result in a rapid sink 1·ate and a great loss of altitude. 
Airplane pilots must give particular attention to precise control of airspeed when operating in 
the low flight speeds of the region of reversed conmand. Now consider the use of wing flaps on 
airplane perfonTiance at low flight speeds with emphasis on climb perfonTiance. Some airplanes 
that have the capability of maintaining altitude in level flight with full flaps are incapable of 
climbing with full flaps extended . Drag is so great in this configuration that when the nose of 
the airplane is raised to establish ~ climb , there is a rapid decay in airspeed. Since the 
maj ority of pilot caused airplane accidents occur during takeoffs and landings, the remainder of 
this Exam-0-Gram is devoted to these phases of flight . 

HOW DOES THE USE OF FULL FLAPS AFFECT STALL SPEED? An airplane in a clean configuration will 
stall at a higher airspeed than it wi ll with the flaps fully extended. This mea ns that if the 
flaps are rapidly or prematurely retracted , while the airplane is being flown with insufficient 
airspeed , lift may not be great enough to support the airplane in the clean configuration, and 
it will sink or stall . On a go-around with full power a safe airspeed must be maintained as the 
flaps are slowly retracted - in smail increments. 
SHOULD WING FLAPS BE USED FOR TAKEOFF'? Certain Airplane Owner•s Manuals do recommend the use of 
partial wing flaps (10°-20°) to reduce the ground run on short or soft field takeoffs. The use 
of full flaps on takeoff, however, is not reconmended because of the great amount of drag they 
produce . A go-around with full flaps extended is a situation similar to the full flap takeoff. 

A GO·A~oo~.o l'tlTH ~cu HAPS Figure 3 

In the illustration above, suppose th~ pilot of the airplane on the landing approach applies full 
throttle for a go-around because anotner airplane is on the runway, but due to a burned-out flap 
motor fuse, is unable to retract the fully extended flaps . Assume also that he is operating his 
airplane at near maximum certificated gross weight, or at an airport having a high elevation or 
high density altitude. Any one or a :ombination of these situations plus the tremendous drag of 
the flaps will require considerable pilot skill if the airplane is to gain enough altitude to 
circle the airpor t and land. Any mi s1se of the controls, such as overcontroll i ng or banking too 
steeply while operating in the 11Regio1 of Reversed Coomand," may cause the airplane to stall. 
With a margin of only a few MPH betwe:in climbi ng, holdi ng altitude, and descending, the airplane 
may cease its slow rate of cl imb and >tart descending or even stall, while the occupants are dis­
tracted in their attempt to identify Jr correct the cause of the malfunc tion . (cont'd) 
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Actual failure of the electric flap motor would require operating in this high drag configuration 
until the airplane lands . ooo 
Most Ai rplane Owner' s Manuals of present-day trainers state t hat f ul l flaps are not recommended 
at any time for takeoff. In recent years an average of ten serious accidents have occurred each 
year as a result of pi lots attempting to take off with full flaps extended. 
Accident Report Summaries all recite much the same story as the excerpts which follow: "A solo 
student performing touch-and-go landings in an airplane attempted a takeoff with full flaps . He 
lost control of the airplane, closed the throttle, and the airplane flipped over on its back . He 
stated that his instructor had never demo~strated how the aircraft would react or respond when 
full flaps were used for takeoff . A low time student in a new and strange situation set the 
stage for this accident. " 
"A 200 hour private pilot with a passenger 
attempted to take off with ful l flaps. Tie 
airplane climbed to 150 feet, stalled and 
rotated one-half turn to the left and strJck 
the ground nosedown in a near vertical atti­
tude at impact." 
"A commercial pilot with a passenger attempted 
to take off with full flaps. The airplane , 
which was 15 pounds over gross weight, stag­
gered into the air to a height of about 30 
feet. Power was reduced and the airplane 
descended at a steep angle with no flare for 
touchdown. The nosewheel collapsed on impact." 

000 
The s l ow rate of climb or inabil ity to cl i mb 
to traffic pattern altitude with fu l l f l aps ~ 
presents the greatest probl em! Good pi lot '1' 
technique is necessary to obtain a slow rate 
of climb under ideal conditions. Climb p1~r­
formance is even more critical at high al·:i­
tudes, higher weights, or high temperaturc~s. 

00000 

STALL M USHING 
(LOSING ALTITUDE) 

HOLDING ALTITUDE 

-----~----~----

() G 
CLIMBING 

(100-1 50' PER MINUTE) 
DESCENDING 

(55 M PH O R ABOVE) 

NOTE; lndicored a irspeeds '1'IOY be unr•lioble near the .stall or in sleep 
pitch attitudes . The airplol"les and indicorod olrt~eds shown in 
this illustra tion ore fictitious. 

ATT!M PTING TO CUMS (FULL THROTTLE) WITH FULL FLAPS EXTENDED 

Operation in the region of reversed conmard does 
not imply that great control di ff iculty and dan­
gerous condi tions exist . For many aircraft, 
normal approach speeds are well within the region of reversed col!i11and . However, f l ipht in the re­
gion of reversed command does amplify any errors of basic flyi ng t echnique . Hence , proper flying 
technique and precise control of airplane are most necessary in the region of reversed cormiand. 
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U.S. D EPARTMENT OF TRANSPORTATION 
Ft:deral Aviation Administration 

VFR PILOT EXAM-0-GRAM NO. 58 

PILOT INDUCED ACCIDENTS 

PILOTS SOMETIMES PULL THE WRONG HANDLE OR FLI P THE WRONG SWITCH 

The purpose of this Exam-0-Gram is tc show how a lack of knowledge, inadequate preflight prepara­
tion, carelessness, confusion, and distractions have contributed to accidents. A study of many 
General Aviation Accident reports i nd icates that an alarming number of experienced pilots, as 
well as inexperienced pilots were involved in accidents that resulted from "inadequate preflight 
preparation and/or planning. " 
FAA written tests contain questions directly related to many of the cond itions and factors that 
have caused accidents . All of the following are subject matter areas of aeronautical knowledge 
covered in written tests : 

Preflight planning; use of the carburetor heat/mixture/throttle/ propeller controls; pilot 
privileges/limi tations; aircraft cruise performance charts; aircraft loading; fuel co~­
sumption; the effect of strong headwinds on aircraft range; etc . 

Lack of knowledge in these subjects, combined with inadequate preflight preparation and careless 
flying habits, virtually assures that pilot error will be a significant factor in a high percent­
age of aircraft accidents . Also, sorr e persons become involved in accidents by attempting to fly 
an airplane when: (l) there are pressing problems unrelated to flying on their minds; (2) they 
are not sufficiently alert; (3) their proficiency is marginal; or (4) they are not thoroughly fa­
miliar with or "at home" in the airplane being flown. 
Experienced pilots as well as student pilots can benefit from the review of accident reports . We 
should all learn fr om the mi stakes of others, yet it seems many persons must make the same costly 
mi stakes themselves before they r eally learn . Reading the case reports which follow should make 
it clear that accidents are often related to a lack of knowledge, in addition to one or more of 
the factors mentioned above . 

IMPROPER USE OF POWERPLANT CONTROLS 
HOW HAS A LAC K OF KNOWLEDGE OF USING THE MIXTURE CONTROL APPARENTLY CONTRIBUTED TO AIRCRAFT 
ACCIDENTS? Although pilots are familiar with stopping the engine after a flight by placing the 
mixture control in idle cutoff, some persons apparently are not fami l iar with how an engine re­
sponds in flight as this control is being moved toward the idle cutoff position . This is true 
when operating with high-power settirgs, and also during glides with the throttle closed as the 
propeller continues to windmill with the mixture in idle cutoff. 
Reports for a 3-year period showed that an average of 16 accidents occurred each year as a result 
of pi lots unintentionally pulling a ~rong handle--the mixture control instead of the intended 
control. There were 38 "mismanagement of mixture control" acc idents reported for a period of 
2 1/2 years for just one popular make airplane . These pilot-induced emergencies were caused by 
pilots unintentionall'Y""Creating complete power failures through improper use of the mixture 
control. Accident reports recite much the same story as t he excerpts which follow : 
* "A student pilot on a solo cross-country flight was cruising at 6,500 feet, and being un­

fami liar with the mixture control, made no attempt to lean out the mixture. l•lhen the 
engine started to r un rough the student assumed the problem to be carburetor ice . After 
applying what he thought was carburetor heat--the engine sputtered and quit. After an 
emergency landing was made, the accident investigating t eam found the mixture control i n 
the full lean (idle cutoff) position." 10/76 
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*"When the aircraft was removed from the river, the mi xture control was in the "idle cutoff" 
position. The pilot stated that he clo5ed the throttle and thought he applied full carbu­
retor heat . When the engine seemed to be idling too slowly the throttle was advanced but 
the engine did not respond . The pilot assumed a fuel tank was empty and hurriedly switched 
tanks, and since this didn't solve the problem, an emergency landing was attempted on the 
river bank ." 

*"A business executive accompanied by two passengers departed on a business trip in a single­
engine airplane . Soon after takeoff the~ pilot experienced complete power failure , and the 
airplane was landed straight ahead outs i de the airport. Investigation revealed the mixture 
control positioned three-fourths of the way to full lean. The pilot stated that he was mon­
itoring the tachometer and manifold pressure gauge and didn't notice which control he used 
to change the prop pitch." 

Pilots should visually check a control prior to operating it , but this is not always practiced . 
During t akeoffs and landings many pilots manipulate control s by touch while monitoring other 
traffic, comnunicating with the tower, or scanning instruments . When a pilot is not mindful of 
which knob, lever, switch, or handle his hands are touching, the stage is set for a pilot- induced 
emergency. This is especially true when the pilot's attention is diverted by some unusual cir­
cumstance or outside distraction . 

000 

HOW HAVE FLIGHT INSTRUCTORS BEEN INVOLV ED JN MISUSE OF THE MIXTURE CONTROL ACCIDENTS? 
There were seven accidents of this type involving one popular make single-engine trainer, in a 
1 1/2 year period. The following are "Brief Descriptions" of several of the accidents : 
* 1 . "Instructor pulled mixture control for simulated emergency and engine would not restart." 
* 2. "Flight instructor moved mixture control to idle cutoff position to simulate engine failure. 

Could not get engi ne restarted. Battery was dead and alternator was inoperati ve." 
* 3. "Flight instructor pulled mixture co ntrol to idle cutoff to simulate engine fail ure at 800 

feet . Engine did not respond when control was placed in RICH. " 
There were five similar accidents invol ving flight instructors in 1975. Two of these concerned 
light twin-engine aircraft - one on final approach and the other on takeoff at 20 feet AGL. 
NOTE: The FAA inspector training pol icy for simulating partial or compl ete power malfu nctions in 
single-engine aircraft is by smooth use of the throttle ONLY. The objective of simulated power 
malfunctions is not to shock the students but to train them in proper procedures and control of 
the aircraft. 
WHAT MAY HAPPEN WHEN PILOTS ATTEMPT TO FLY AIRPLANES WITH WHICH THEY 
ARE NOT FAMILIAR? 
* "Shortly after 1 ift-off the student pilot experienced a r eduction 

in power and pulled a handle to apply carburetor heat. The air­
plane continued to lose power and was landed outside the airport 
boundary. 
The Student Pilot Certificate had been endorsed for operating a 
similar earlier model (carburetor equipped) airplane of the same 
make that was being fl own . The student had never fl own an air­
p lane · equipped with fuel injection, a fuel boost pump, or a 
controllable pitch propeller, though the airplane involved in 
the accident was so equipped. Investigation revealed that the 
fuel boost pump was in the LOW operating position whereas the 
checklist specified that it be turned OF'F during takeoff. The 
cabin heat control was in the full ON position and the student 
guessed that was the handle he pulled!" 

WHAT ARE SOME OF THE MORE COMMON PILOT-INDUCED ACCIDENTS THAT 
HAVE RE SUL TED FROM US ING THE WRONG HANDLE (IR SWITCH? 

Select One - Carefully. 

Retracting the gear instead of the flaps after landing; retracting the gear while attempting to 
l ock the parking brakes; turning off the ignition toggle s~1itches while attempting to turn on 
the landing lights; etc. 

000 
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INADEQUATE PREFLIGHT PREPARATION AND/OR PLANNING 
WHAT ARE THE HAZARDS OF NOT COMPLETIHG CERTAIN COCKPIT DUTIES? 
Pilots v1ho start one flight operation or procedure, and proceed to another operation before com­
pleting the first , may become involved in an accident simply because the first task was never 
completed. The following examples are typical: 

Example 1 .- A pilot of a multieng·ne airplane decides to check the operation of the crossfeed 
while taxiing from the ramp prior to takeoff. After placing the selector in the crossfeed posi­
tion the pilot is distracted by a question from a passenger, another aircraft taxiing close by, 
or radio communications. The pilot ·'ntended to switch the fuel selectors back to the main fuel 
tanks after determining that the crossfeed was operating properly, but failed to do so because of 
the distractions. 

Example 2. - Airplane "A" is on the downwind leg of the traffic pattern when airplane "B" 
squeezes in the pattern ahead of "A ." The pilot of airplane "A" had started to perform the pre­
landing cockpit check when this distraction occurred . In a situation like thi s, unfortunately, 
some persons react with anger which sets the stage for a gear-up landing or a more serious 
accident . 

---------~----------........ I INADEQUATE PREFLIGHT? 

I 
* ATP Pilot -- Ran off the runNay . 

Remarks -- Movement of copilot's right rudder pedal obstructed 
* Private Pilot - - Collided with parked aircraft . 

I 

Remarks -- Did not remove right wing tiedown, started to taxi , 
control, but opened throttle . 

by a whiskey bottle . 

tried to cut mixture 

I 
I 
J 

'-'-------~-----------.! 
HOW MIGHT AN INCOMPLETE PRETAKEOFF CHECK RESULT IN FUEL STARVATION? 
Here is the way it happened to one pilot. 
* "An experienced private pilot flying his own airplane departed an airport with full fuel tanks. 
After a stopover of several hours at a nearby airport, the pilot hurriedly taxied to a runway for 
takeoff. 
Airplane lost power at an altitude of approximately 50 feet on takeoff and settled back to sur­
face. With only 437 feet of runway remaining, pilot was unable to stop, but chain link fence at 
field boundary turned the trick . Pilot was unable to recall position of fuel selector before 
takeoff, but noted that it was in OFF position after the accident. He stated that he had ~ 
turned fuel to the OFF position at the end of a flight." 
This is an example of why a pi lot should carefully check an airplane before each flight and not 
assume that it will remain just the same as it was on a previous flight . Many airports have 
people hanging around who enjoy climbing in airplanes , moving the controls, and flipping switche~ 

~IHY DO MANY "FUEL STARVATION" ACCIDENTS OCCUR EVEN THOUGH THERE rs AMPLE FUEL ABOARD? 
A common cause of engine failure is mismanagement of the fuel system. This happens fr equently 
v1hen the engine is fed fue 1 from one tank at a time . 
Each year an alarming number of accidents result from pilots 
running a fuel tank dry . In their haste and anxiety to make 
an emergency landing, pilots are often back on the ground 
before realizing no attempt was made to switch to a tank 
containing fuel . In a recent year there were 59 accidents 
of this type. 
The following accident excerpt illustrates the hazards of 
performing certain maneuvers while operating on one tank 
that contains a low level quantity of fuel . 
* "On a spiral descent from 7 ,500 feet engine quit and 

airplane landed in a field and hit a fence. Pilot had 
started flight with fuel only in ·eft wing tank . The 
spiral down with left wing low caused the little re­
maining fuel to move away from tank opening to fuel 
line, which resulted in engine stoppage . " 
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FUEL STARVATION (Continued) 

The pilot in conmand must always be alert and aware of the actions of other occupants of the air­
plane, as this fuel starvation accident reveals: 

*"The engine quit during climb out after takeoff and the pilot discovered the fuel had been 
turned off. Hi s wife decided there was too much air blowing on her feet and used the fuel 
selector handle to turn off the cabin ai r vents. It worked! In less than a minute there 
was no air blowing on her feet . " 

000 

DOES FUEL EXHAUSTION HAVE THE SAME MEANING AS FUEL STARVATION? 
No; fuel exhaustion .means all the usable foel aboard the aircraft has been consumed. Accidents 
such as these are of great concern in General Aviation, because they usually result from inade­
quate preflight preparati on or planning anc pilots no t being familiar with the operating limita­
tions of their equipment. There were 75 accidents attributed to fue l exhaustion in 1975. In 
r ecent years, some pilots operating in mountainous areas of western states have encountered fu el 
exhaustion before reachi ng their destinati on . Fuel exhaustion accidents resulted after they had 
been flying with 40-50 knot headwinds or had drifted off course in strong crosswinds . Some were 
operating at high altitudes without leanin£ the mixture, while others failed to refer to the Air­
craft Cruise Performance charts and other data. For this reason, FAA written tests contain test 
i tems related to these subject areas . 
BRI EF DESCRIPTION OF A TYPICAL FUEL EXHAUSlION ACCIDENT 
* "Engine quit because of fuel exhaustion 3 miles short of destination 1~ith forced landing in 

unsuitable terrain. Contributing factors were: (l) Improper flight planning, (2) relying 
on fuel gauges rather than manufacturer's fuel consumption figures, (3) overflying several 
suitable airports where additional fuel could have been obtained , (4) adverse weather con­
ditions and strong headwinds." 

IS THE PRACTICE OF RUNNING A FUEL TANK DRY BEFORE SWITCHING TANKS CONSIDERED A SAFE PROCEDURE? 
No; some aircraft engine manufacturers r ecommend never running a fuel tank dry as a rout ine pro­
cedure. When the fu el selector remains on an empty tank which has run dry, the eng ine-dri ven 
fuel pump draws air into the fuel system ard causes vapor lock . Thi s is al so true when an elec­
tric fue l boost pump is operated with the fuel selector on an empty tank . Fuel injection equipped 
eng ines, in particular, are vulnerable to vapor lock when the fuel selector is positioned on an 
empty tank. 
BE ALERT, KNOW YOUR LIMITATIONS AND THE LI~ITATIONS OF YOUR 
EQUIPMENT . LEARN FROM THE MISTAKES OF OTHERS AND AVOID 
SIMILAR ACCIDENTS. 
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