The Human in the Cockpit

Human factors, as 1t relates to flying an aircraft, i1s the interaction between the pilot,

the flying enviromment, and the aircraft. The area defined by human facrors 1s complex

and is where most errors occur. To safely operate an aircraft, you need to develop an

awareness of not only the physiological aspect of flying, but also those that influence

workload and fatigue, decision making, and situational awareness. It is wvital that vou,

as a pilot, understand and appreciate how these factors affect your everyday flying.
This chapter will discuss the following elements of the human in the cockpit:

= the physical pilot;

* the flight environment;

- hf_’ﬂlth t]l'.ld Wc]l-hcing;

+ wision and visual illusions;

* hearing and balance;

= situanonal awareness; and

+ decision making.

The Physical Pilot

Circulatory System

The crculatory, or cardiovascular, system moves blood around the body,
carrying oxygen and nutrients o the cells, and takes away waste products
such as carbon dioxide. Blood is composed of plasma that carries red and
white blood cells, or corpuscles. The red blood cells contain the iron-
rich pigment hemoglobin, the principal function of which is to transport
oxygen around the body, The white blood cells, of which there are var-
1ous types, protect the body against foreign substances and are mvolved
in the production of antbadies. The antbodies attack any substance that
the body regards as foreign or dangerous. Platelets in the blood function
to form clots when necessary to stop loss of blood from an injury.

Figure 12-1
The pilat is human,

Figure 12-2 Circulatory system

Heart

The heart is a muscular pump, about the size of a closed fist, that is divided into two
sides, each with two chambers. The muscles of the heart contract in a double-acnon
pulse, forcing blood through the one-way heart valves and through the network of
arteries. This pump stroke causes a pressure pulse which can be felt ar various parts of
the body where the arteries are near the surface (such as the wrist and the side of the
neck). Blood pressure is a measure of the pressure of the blood against the walls of the
main arteries. It 15 necessary for the blood to be continuously replemished wath oxy-
gen, which it gives out to the tissues, and at the same time rid itself of the carbon
dioxide that it acquires.
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Air is made up of 21%
ouwygen, 8% nitrogen,
and 1% carbon dioxide

Circulation

On long flights you may be seated and stationary for very long periods. You can improve
circulation by contracting and relaxing your stomach diaphragm as well as the leg and
buttock muscles. Without the physical demand of activity, the heart will go into a dor-
mant mode and the circuladon slows down. This leads to sleepiness and loss of concen-
tration. The muscles atrophy and you could suffer cramps. Itis important to change your
seating position and, if possible, exercise individual muscles by stretching and straighe-
ening the joines, and occasionally shaking a leg or twisting to improve circulation.

Respiratory System

The process of respiration brings oxygen into the body and removes carbon dioxide.
The body has a permanent need for oxygen; it is used in the energy-producing burn-
ing process that goes on in every cell of the body tssues. The body 1s unable to store
oxygen permanently and hence the need for continuous breathing, Any interruption
to breathing lasting more than a few minutes may lead to permanent physical damage,
especially of the bramn, and to possible death.

Flight Environment
Atmosphere

The earth 15 surrounded and protected by a life-giving layer called the atmosphere. The
atmosphere consists of 4 transparent mixture of gases that we call air. The atmosphere
is held to the earth by the force of gravity and, because air is compressible, it packs in

and ather inert gases.

around the earth’ surface. As altitude is gained, the air thins with fewer and fewer
molecules in the same volume, but the percentage of cach of the components of the
air does not change. Total air pressure falls with altitude, as does the partial pressure of
cach of the gases in the air. (Total air pressure is a sum of all of the partial pressures.)
The International Standard
Atmosphere
So that we have a common reference, scien-
tists have agreed on average aumnospheric
conditions called the Diternational Standard
Atmosphere (ISA) or, simply, standard atmo-
sphere. Like the “average” person, it never =
exises, but it 15 an essennial yardstick used for Freaniite “rf;p;ml"
compansons, especially of arcraft perfor- _ decrease decrease

£ 1in. Hg per 1,000 3.5°F per 1,000 ft
mance. The standard atmosphere is as fol- (approximataty)
lows:
« sea level temperature: 39°F (15°C);
* lapse rate: —3.5°F (—2°C) per 1,000 feet;
* freezing level (32°F/0°C); 7,500 feet;
= sea level pressure: 29.92 in. Hg (1,013.2

hectopascals); Standard pressure | | Standard temparature
* tropopause: 36,080 feet; and Rk HoUnis o, e £l
* temperature at the tropopause: —36°C, Figure 12-3 Standard atmosphere,
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Flying at Altitude

The human body is designed to function in the lower levels of the atmosphere, where
the air is fairly dense. Aircraft may operate at quite high altitudes where the air density
is very low;, exposing the pilot to possible oxygen deficiency and other problems such
as low ambient temperatures. There are three major effects of alutude on the human
body brought about by pressure changes:

= lower external pressure causes gases inside body cavities to expand,

* lower oxygen pressure causes hypoxia; and

* dissalved gases form bukbles in the blood, also due to decreased external pressure.

Hypoxia

Hypaoxia 1s a condinon in which oxygen concentration in the tssues is less than normal.

Total absence of oxygen is called anoxia. Hypoxda is a lack of oxygen and may be caused by:

* alack of oxygen in the air (called hypoxic hypoxia);

= a parnal pressure of oxygen that 1s too low; or

* an inability of the blood to carry oxygen (called anaemic hypoxia) due 1o a medical
condition (anaemia) or to carbon monexide poisoning in the blood (from, say, a
faulty engine exhaust system or smoking cigarettes).

Air pressure and density decrease with altitude; approxamately 18,000 feet 15 where
atmosplieric pressure is at 50% of sea level (1,000 mb versus 300 mb). As an airplane
climbs, the density of the air in which it is flying gradually reduces. The less dense the air,
the lower the mass of oxygen taken into the lungs in each breath. In additon, the lower
partial pressure of oxygen at altitude (i.e. fewer percentage of molecules), further reduces
the amount of oxygen that will diffuse across the alveoli membranes into the bloodstrean.
A high cabin aldrude therefore means less oxvgen will be transported around the body,
and less energy will be generated (including in the brain), Hypoxia is subtle and it sneaks
up on you, like the effects of that extra glass of wine. Rapid rates of ascent can allow
higher alarudes to be reached before severe symproms occur. In these circumstances,
unconsciousness may occur before any or many of the symptoms of hypoxia appear. At
90000 feer, the partial pressure of oxvgen in the air s about half that at sea level.

The initial symptoms of hypoxia may hardly be noticeable to the sufferer, and in
fact they often include feelings of euphoria. The brain is affected quite early, so a false
sense of security and well-being may be present, Physical movements will become
clumsy, bur the pilat may not notice this. Iifficulty in concentrating, fauley judgment,
moodiness, drowsiness, indecision, giddiness, physical clumsiness, headache, deterio-
ration of vision, high pulse rare, blue lips and fingernails (cyanosis), and tngling of
the skin may all follow, ending in loss of consciousness. Throughout all of this pilots
will probably feel euphoric and as if doing a great job.

In this oxygen-deficient condition, a pilot is less able to think clearly and perform
physically. The body attempts to compensate by increasing the pulse rate, and the rate
and depth of ventilation. Pilots between 25 and 50) years who are in good physical con-
dition and regularly exposed to low oxygen levels have a higher tolerance. Above abour
8,000 feet cabin alttude, the effects of oxygen deprivation may start to become apparent
in some pilots, especially if the pilot is active or under stress, At 10,000 feet, most people
can still cope with the diminished oxygen supply, but above 10,000 teet supplementary
oxygen 1s required (i.e. oxyegen supplied through a mask), it a marked deterioration in
performance is not to occur. At 14,000 feer without supplementary oxvgen, perfor-
mance will be very poor and, at 18,000 feet, the pilor may become unconscious. This
will occur at lower altitudes if the pilot is a smoker, or is unfit or fatigued.

Huvpowia (s & deficiency
of axygen in the body,
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Avaid hypoxia by using
supplarmental oxygean af
high cabin altifudes
{abova 10,000 faet)

In general terms, 10,000 feet 15 considered to be the eritical cabin altitude above
which flight crew should wear an oxygen mask (3,000 feet ac mght). The effects of
oxygen deprivation are very personal in that they may differ from person to person
and become apparent at different cabin altitudes. Some people are more resilient than
others; however, the event of oxvgen deprivation will eventually produce the same
effects. For instance, night vision will generally start to deteriorate ar a cabin altitude
of above 4,000 feet.

Susceptibility to hyposaa 1s mcreased by anything that reduces the oxygen available
to the brain, such as a high cabin aldtude (of course), high or low temperatures, illness,
stress, fatigue, physical activity, or smoke in the cockpit. The reduction of the oxygen-
carrying capacity of the blood by smoking has the same effect as increasing the cabin
altitude by 4,000=5,000 feet and chis effect intensifies as the airplane climbs to higher
altitudes. The preterence of hemoglobm for carbon monoxide, as opposed to oxygen,
means that a person who has been smoking has less oxygen circulating than would
have been the case had CO not been absorbed. The onset of symptoms of hypoxia
will occur at a lower alntude in that person. However, a smoker 1s acclimated to being
hypaxic and may be more rolerant—ro a degree.

Tolerance to h':'puxia can be reduced by a loss of blood, as is the case after a person
has made a blood donation. It is therefore recommended that active pilots do nort
donate blood. Should you decide you do want to give blood, it is recommended not
to fly for 24 hours afterward.

Time of Useful Consciousness. [ a person 15 deprived of an adequate supply of
oxygen, unconsciousness will ultimately result. The cells of the brain are particularly
sensitive to a lack of oxygen, even for a brief period. Total cessation of the oxygen
supply to the brain results in unconsciousness in six to eight seconds and irreversible
damage ensues if the oxygen supply is not restored within four minutes. The time
available for pilots to perform useful tasks without a supplementary oxygen supply,
and before severe hypoxia sets in, is known as the time of usefiul consciousness (TUC),
or effective performance rime (EPT), TUC/EPT reduces with increasing alttude.

Altitude above Sudden failure of oxygen supply
ik Moderate activity | Minimal activity
18,000 feet 20 minutes 30 minutes
22,000 feet £ minutes 10 minutes
25,000 feet 2 minutes 3 minutes
28,000 feat 1 minute 1% minutes
30,000 feet 45 seconds 1 minutes
35,000 feet 30 seconds 45 seconds
40,000 feat 12 seconds 15 seconds

Table 12-1 Time of useful consciousness (eflective performance time),

Ground School Airplane and Pilot Performance



Barotrauma

Another cffect of increasing cabin altitude is that gases trapped i parts of vour body—
such as the stomach, intestines, sinuses, middle ear, or in a decaving tooth—will want to
expand as external pressure decreases, Either they will be able to escape into the atmo-
sphere, or they may be trapped and possibly cause pain known as barotrasuma. Pain is most
severe on ascent with teeth and intestines and on descent with ears and sinus. Foods such
as legumes and leaty greens known to produce gas should be avonded when fying.

Barotrauma of the Ears. You hear sound because waves of air pressure move a
membrane within your ear (eardrum). The caviry behind the eardrum has a small tube
(the Eustachian tube) that is open through the nose and allows air pressure on the
inside to be balanced with outside air pressure. If you have a head cold or sinusins,
this tube can become restricted or even totally blocked. 1f this is the case, as the aircraft
climbs, the air inside the ear easily escapes through the tube because thae is the normal
direction of Amd movement. However, when you descend again, you end up in a
situation where the air on the ourside of the drum is ar a higher pressure than the air
inside, Tt may collapse the tube. Because of this restriction, air cannot pass through to
balance the pressure and so the eardrum is pushed in. This can be painful or even
damaging. The pressure can usually be helped to equalize and open the Eustachian
tube by swallowing, chewing, or by blowing with the mouth and nose held shut.

Decompression Sickness (The Bends)

Gas bubbles in the body will cause great pain and some immobilization in the shoul-
ders, arms and joints. This serious complaine is known as decompression sickness or the
bends. The remedy is to subject the body to a region of high pressure for a lengthy
periad of time (in a recompression chamber, for example), and then gradually return it
to normal pressures over a period of hours or days. In an aircraft, the best you can do
if the bends is suspected is to descend to a low altitude, where air pressure is greater,
Even landing may not pmvidr a sufficient pressure increase to remedy the prc]bltm,
in which case seek medical assistance without delay. Sometimes low altude pressure
will cause nitrogen o form bubbles; however, this s unlikely below 18,000 feet.

Scuba Diving. Decompression sickness can result from flying after scuba diving,
When the body is deep under water it is subjected to strong pressures, and certain
gases, such as nitrogen, are absorbed into the blood under pressure, because the air
cylinders have to be pressurized above the local water pressure so the lungs can inhale
increasing the partial pressure of nitrogen. The deeper and longer the dive, the more
this absorption occurs. If the pressure on the body is then reduced too quickly —say,
by rapidly returning to the surface from a great depth or, even worse, by then flving
in an airplane at high cabin altitudes—rthe gases {especially nitrogen) will come out
of the hlaod salition and form bubhles in the hloadstream and tissnes, |'f"_!11l;"|"'if‘l"}" the
jomts, (You can see the same effect caused by a sudden reduction n pressure when
the top is removed from carbonated drinks and bubbles of gas come out.)

Roules regarding scuba diving and flying vary shightly from country to country. The
current Dhver’s Alert Network's recommendation is that vou do not flv for 12 hours
after any single dive without decompression stops. A greater surface interval is needed
after multiple dives or dives with decompression stops. Ask your instructor for advice.

Decompression stops are necessary if a dive is deeper than 33 feet. At this depth,
the pressure is twice that at sea level, and the amount of mtrogen dissolved mereases
appreciably.

Figure 124
Sinus cavibies
in the skull

Decompression
sickness can follow
scuba diving,

Figure 12-5
Do not fly within 24 hours
of scuba diving
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Snorkeling will not cause decompression sickness as you are not taking in air under
pressure. The risk of suffering decompression sickness increases with the depth o
which you dive, the rate at which you resurface, how soon after you fly, how high
vou fly, how quickly the cabin alotude increases, your age, obesity, fatigue, and reex-
posure to decompression within 24 hours.

Hyperventilation

Hyperventilation occurs when the body over breathes due to some psychological dis-
tress such as fear or anxiery (gasping for breach). It is most likelv to occur with inexpe-
rienced pilots in new situations. It is a self-perperuaring cycle, in which a feeling of
breathlessness and dizziness develops—one is unable to catch one’s breath and so one
becomes more stressed—and continues even if the triggering influence is removed.

Carbon Monoxide Poisoning

Carbon monoxide 1s produced during combustion. [t is present 1n engine exhaust

gases and n cigarette smoke, both of which can sometmes be found in the cockpir,

Its entry into the cockpit may be from a faulty heating system. Carbon monoxide is

a colorless, odorless, tasteless and poisonous gas for which hemoglobin i the blood

has an enormous affinity. If carbon monoxide molecules are inhaled, then the hemo-

globin will ransport them in preferetice to oxygen, causing the body and the brain

to suffer oxygen starvation, even though oxygen 15 present in the air. Hence, the first

agarette can cause light-headedness. Carbon monoxide poisoning is insidious and can

be uldmately fatal. Feecovery, even on pure oxygen, may take several hours.
Suscepuibility to carbon monoxide poisoning increases as the cabin alritude increases

because there is already an oxygen deficiency. Many cabin heating systems use warm air

from around the engine and exhaust manifold as their source of heat. Any leaks in the

engine exhaust system can allow carbon monoxide to enter the cabin in the heating air

and possibly through open windows and cracks. To munimuze the effect of any carbon

monoxide that enters the cockpir in this way, fresh air should always be used in con-

junction with cabin heating, Regular checks and mainrenance of the aircraft are essen-

rial. Even though carbon monoxide is odorless, it may be associated with other exhaust

gases that do have an odor. Engine smells in the cabin are a warning that carbon mon-

oxide may be present. Symproms of carbon menoxide poisoning include the following:

+ headache, dizziness and nausea;

* deterloration i vision;

» impaired judgment;

* personality change;

* impaired memory;

* slower breathing rate;

. chfrry—r':d complexion;

= luss of wwscular power;

= convulsions; and

* coma and eventually death,

If carbon monoxde 15 suspected in the cabin, carry out the following actions:

+ shur off the cabin heat;
stop all smoking;

* increase the supply of fresh air through vents (except exhaust ones) and windows;
and

* land as soon as possible.
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Many operators place carbon monoxide detectors in the cockpit. The most com-
mon type contains crystals that change color when carbon monoxide is present. These
detectors are inexpensive and are a wise investment, but they do have a limited life,
so check the expiration date. If the detector is date-expired, it 1s not relable. Indeed,
the crystal-type detector may not be as reliable as first thought. Increasingly, the more
costly, but more effective, electronic detectors are being recommended. Be aware that
carbon monoxide is not the only toxic chemical to which you may be exposed in
aircraft operations (agricultural pilots especially). Vapors and fumes from fuels and
lubricants, poorly packed dangerous goods, and other products of combustion may
produce a range of symptoms including skin, eve and lung irritation, dizziness, drows-
iness, confusion and loss of consciousness,

Dehydration

Dehydration is not only assaciated with hot days and intense sporting activities when
vou don’t drink enough. It is also a problem when sitting relatively still when flying,
As you climb, the atmosphere becomes less dense and is much colder. Both decreased
density and temperature means less water is available in the ammosphere. So just by
breathing, yvou are going to lose moisture from your lungs at a greater rate than you
would at sea level. On large aircraft, the pressurization and air conditioning tend to
reduce the moisture content of the air still further. Aircraft manufacturers incorporate
hurmidifiers in these systems to keep the cabin environment comfortable. On any
flight of more than an hour or so and especially in summer, always carry drinking
water and sip it regularly. Don't wait untl you are thirsty. Dehydration can quickly
affect the brain’s ability to function rationally.

Condition Causa/ Common Notes Actions
Altitude Symptoms

Hypoxia Rare below Euphoria, visual May be unaware of Descend. Use oxygean.
10,000 faat, disturbances, condition dus to 10,000-33,700 feat—

dizziness, light- decreased partial dir-oxygen mix.
headadness, confused pressure of oxygen, 33,700-40,000 feal—

thinking, apprehansion, 100% oxygen.

sense of well-being.

Hyper- Aniaty, Light-headedness, Overbreathing reduces | Control breathing rate.
ventilation Ay altitude, dizziness, tingling, carbon dioxide level in Breathe into hand ar

numbness, visual the blood, bag. If above 10,000
disturbances, feat, suspect hypoxia.

confused thinking,

remors, faintness,

Carban Faully exhaust haating. Headache, Hemaglobin has Imrmediate fresh air.
manoxida Smoking. breathlessness, greater affinity for CO Oxygen. Land and
poisoning Any altitude, sleggishness, impaired than for oxygen. seck medical attention,

judgment, feeling of {Smoking makes night
warmth, cherry-red vigion poor}
| skin.
Uecompres- Hying after dmving. | Headache, pain Mitrogen forms Do not fly for 4 hours
sion Unlikaly balow {joints), paralysis, bubbles in lungs for dives less than 30
sickness 18,000 feet choking, skin irritation, {chokes), joints feet, wait longer if
(bends), skin {creeps), desper dive.
central nervous system
(paralysis),
Dehydration Workload Darker uring, dryness Carry drinking water in Sip water regularly in-
Radiant heat. the cockpit. Cover flight.
Parspiration. exposed skin

Table 12-2 Summary of symploms,

Chapter 12 The Human in the Cockpit

271




272

Health and Well-Being

General Health and Well-Being

The effects of flight on the human body and mind are representative of an average
human in good health. Obviously, ill physical or psychological health adversely affects
all of your capabilines, capacities, stamina, concentration, mMemary, and tolerances to
the stresses of flight.

Health Indicators

You are the result of two primary influences: heredity (nature) and environment (-
ture). One of the most reliable indicators of general health is the parentage from which
you are born. If your parents were healthy and lived long lives then all you need to
worry about are the environmental factors.

Blood Pressure

There are two levels of blood pressure:

= systolic, which is when the heart pumps (should be around 120 mm Hg); over
o diwstoliy, which is when i paoses (should be around 80 oo Hy),

The resting (diastolic) blood pressure is a good indicator of potendal problems.
High blood pressure can pertain with no apparent, undetlying cause, It can be con-
trolled with medication. If identifiable, the cause of the high blood pressure (hyper-
tension) should also be addressed, whether it be physical or psychological.

Cholesterol

Cholesterol is formed by the body in response to dietary intake. There are two levels
of cholesteral in the blood:

* low-density lipoprotein (LIDL), which is related to animal fars; and

* high-density lipoprotein (HDL), which 1s related to exercise.

The former is not good and should be controlled by diet and exercise.

Obesity

You should maintain a reasonable degree of physical fitness. It allows better physical
and mental performance during flight, and, in the long term, improves your chances
of a long and healthy life. Physical fitness helps pilots cope better with stress, fatigue,
and the reduced availabihty of oxygen. Diseases that have been directly related to
obesity include ostcoarthritis, hypertension {and risk of cardiovascular problems}, and
gﬂllt.

Medical Fitnhess
Disqualifying llinesses

Disqualifying illnesses are conditions likely to restrict or deny the issue of a medical
certificate either temporarily or permanently. They include heart attack, stroke, dia-
betes, kidney stones and ulcers.

Ground School Airplane and Pilot Performance



Debilitating llinesses

Migraines and Headaches. Headaches can be compromising due to stress, pain,
distraction and reduced attention. Migraine headaches are due to the constriction of
the arteries in a particular part of the brain. They can be totally incapacitating if
accompanied by wvision impairment, nausea, vomiting, oversensitivity to light and
sound, and severe pain. Rarely, migraine artacks are accompanied by temporary, par-
tial paralysis (one arm or one side of the body}. They seem to be triggered by allergic
reactions to certan foods such as cheese or chocolate, by stress, or by the removal of
stress. Many are short lived and may be related to temporary circumstances, but do
seck medical advice. There are treatments that are sometimes, but not always, effective.
Heredity seems to be a significant factor in your susceptibility to migraine attacks.

Viruses/Colds/Flu/Middle-Ear Infections. Each cardrim has ambient pressure
from the atmosphere or cabin on one side and air pressure in the middle ear on the
other side, the middle car being connected to ambient air via the Eustachian tube.
During a chimb, armospheric pressure decreases and the differential pressure across the
eardrum forces out the eardrum, as well as causing air to flow from the middle ear
through the Eustachian tubes into the throat. In this way, the pressure differential s
equalized. Any prevention of this equalization process is hazardous because of the pain
and the potential to perforate the membrane of the eardrum.

Mast pressurized aircraft have a low rate of climb (500 feet per minute or less) for
the cabin and cockpit, allowing adequate time for pressure equalization to occur
through the Eustachian tubes. This means that ear problems during the climb are
generally not serious. During descent, however, difficulties with the ears may be more
serious due to high rates of descent and problems with pressure equalization within
the middle ear (the air finds it easier to escape through the collapsed tubes during the
climb but cannat pass through the collapsed tube during the descent}.

Further, the greatest proportional pressure differential occurs at lower altitudes and
so the first few thousand feet on the way up and the last few on the way down are
the difficult ones. Although the cockpit may be kepe ac 5,000 feer, the pressure change
is very significant. Moreover, a depressurization with blocked Eustachian tubes could
be overwhelming, High rates of descent worsen the situation. Pain in the ears can be
debilitating, and there 15 a danger of the cardrums collapsing inward as the external
pressure builds up, giving rise to a loss of hearing that may be permanent. In extreme
cases, the balance mechanisms could be affected —a situation known as pressure vertigo.
Blocked ears can sometmes be cleared by holding the nose and blowing hard (a
technique known as the Valsalva maneuver), by chewing, swallowing or vawning. It is
best not to risk flying with a head cold if you have difficulty clearing your ears,
Problems can also arise in the sinuses, the cavities in the skull connected by narrow
tubes to the nasal/throat passages, Blockages can cause severe pamn, equivalent to the
most severe headache, such that you cannot concentrate on flying,

Gastroenteritis. Gastrointestinal disorders are the most common cause of in-flight
incapacitation. They may result from an improperly prepared meal (food poisoning),
impure drinking water, or infection. Onset may be almost immediate following con-
sumption of the food or drink, or it may not become evident for some hours. Even
then, onset may be very sudden. The stomach pains, nausea, diarrhea and vomiting
that accompany food poisening can make it physically impossible to perform pilot
duties. Some of the reflexes are uncontrollable (projectile vomiring and diarrhea, some-
times simultaneously). A wise precaution is never to have the same meal as your crew.
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For the day prior to flight, avoid foods that are associated with food poisoning,
including shellfish, fish, mayonnaise, creams, overripe and thin-skinned fruits,
uncooked foods such as salads and raw foods, and old, tired food (e.g. food that has
been cooked, then stored for some time or reheated several times). If you suspect that
some symptoms of food poisoning are present or forthcoming, don't take a chance—
don't fly. After the event, you will be dehydrated and weak—very weak indeed. You
should not fly for at least 72 hours after the last symptoms of even a mild case of food
poisoning, Gastroenteritis, flu, food poisoning, and dysentery can leave you sitting on
the toilet and vomiting simultaneously. You cannot possibly fly with those symptoms.
You are hterally and totally incapacitated.

Cardiovascular Diseases. Discascs affecting the heart and circulatory system

include the following:

*  thrombosis—a coronary thrombosis is caused by blood clots (embolisms) obstructing the
flow of blood to the heart. The heart muscle may go into irregular spasms (fibrilla-
tion);

» myocardial infarction (heart attack)—sudden blockage may result in the death of heart
L15511E;

» angina—part of the heart may be deprived of oxygen by a reduced blood flow
when demand is increased. It 1s felt as pain in the chest, neck, shoulders and arm,
especially the left, that comes and goes with exercise. If untreated, angina causes
heart inefficiency and gradual or sudden heart failure;

» arteriosclerosis—the arteries can be blocked by fats, often as a the result of high
cholesterol due to poor diet and lack of exercise;

* aneurism—a bursting of an artery, generally in the brain; and

» stroke—the blood flow in some part of the brain may be interrupted, leaving loss
of sensation or paralysis in any part of the body but commonly on one side of the
face.

Cardiovascular risk factors, in order of priority, appear to be: family history of heart
disease, smoking, high blood pressure, high cholesterol, obesity, lack of exercise, dia-
betes and stress. Excessive alcohol consumption may also be an influence, bur mod-
erate consumption may actually be beneficial in controlling stress and cholesteral. All
the above factors relate to inheritance or lifestyle, and pilots particularly need to man-
age the latter,

The normal electrocardiogram, or resting ECG, is a sensor that measures the heart-
beat ar 12 locations. It is carried out while the body is resting to check whether there
is a deficiency in the action of the heart muscle. It is a here-and-now indicator that
shows congenital or preexisting defects, but it cannot predict future problems.

Physical and Mental Fitness

Exercise

Keeping fit takes some effort, and this effort must be continually maintained for fitness
to be retained; but it can also be good fun and very recreational. Walkjng, Jogging,
digging in the garden, cyvcling, swimming, in fact anything that steadily raises your
pulse rate, will improve your fitness. If you are grossly unfit or obese, then allow
yourself several diet-conscious months with moderate exercise that is gradually
increased, and consider medical supervision. It might seem like a long haul, but the
quality of life and your self~esteem will improve along with your fitness.
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Fatigue and Sieep Deprivation
Farigue, tiredness and sleep deprivation can lower a pilot’s mental and physical capac-
ity quite dramatically. Fatigue can become deep-seated and chronic. If personal, psy-
chological or emotional problems are not resolved, they prevent deep rest and good
sleep over a prolonged pertod. Chromic fatigue won't be cured until the problems are
resolved, or at least are being addressed, and the person can relax and unwind. You
should prohibit vourself from flying if the distress is distracting,

Short-term fatigue can be caused by overwork, mental stress, an uncomfortable
body position, a recent lack of sleep, living-it-up a litde too much, lack of oxygen or
lack of food.

Siress

Stress is part of our lifestyle. It is inevitable but manageable. Management of stress is

relatively easy, once learned. You have to learn a way thar best suits you, You need to

find the particular technique that tickles vour own fancy. The objective is not o

confront stress head on. Like a kite it will climb agamst the wind and become even

more challenging, The idea is to defuse it—rto divide it into bite-size chunks—and

remind yourself that it 15 temporary, [t will pass and there is a future. Alcohol doesn’t

defuse stress: it defers it and then it is added to the next day’s lot.
Coping/defusing techniques include:

= exercise /sports—physical demands that take your mind off mental problems are good
for vou. Physical demand that also requires mental concentration is even better; for
example, golf, skiing or sailing are more diverting and therefore relaxing than jog-
aing;

= fresh air—the wide world around you keeps everything in perspective and rein-
forces your hope and realization that you are both small and large in the scheme of
things;

* diversions Shobbies—the mental and manipulative occupation of hobbies are a mar-
vellous relaxant as their appeal usually claims one’s total concentration; and

* relaxation therapy and meditation—these use the same techmique of mental occupa-
tion and diversion so the build-up of stress is deflated by inactention. It is not the
samie as lying in the sun and snoozing as the brain dwells on the problem. They are
effective and easy to learn technigues for focusing the single-channel processor of
the conscious mind on a trivial routine symbal.

Diet and Nutrition
We are what we eat. Diet concerns what you eat, how much and in what proportions,
It recerves much attention in the media these days because in western society our
dietary intake is poorly managed: roo much animal fat, too much processed sugar, too
few vegetables, cereals and fruit. In all, oo much quantity and too little exercise. The
S'L'I.g'gEStEd eating pattern !I.S to 1'J.E.VE sma]lt‘r, more Vﬂriﬁd Sm’ings G{ten. mtht‘r thal'.l
larger serves less frequenty, Snacks, such as frmt, muesh bars and cereals, keep the
hunger at bay and avoid the temptation to eat a large meal too quickly, Eating slowly
allows the digesove system to pracess the food and to feel satishied with a lesser quantity,
Water is best. Drink lots of it. Don't wait until you feel thirsty. The color of vour
urine should be light straw or paler. Any darker means potential dehydration. Too
much fruit juice can cause bowel problems and also adds calories. Mineral-enriched
health drinks are for athletes. Use them for severe exercise; otherwise, drink water.
Avoid too much of the sugary soft drinks, as they make you even thirstier.

Cio not fy when
fatigued. {t shows poor
Judgernment.

Strass managemant
includes the loflowing:

1

2

3

4

o

&

Idenhfyinghazardous
attitudes,

Learming to modify
your behawar,
Recognizing and
coping with stress
Developing & method
0 AsEass fisks.
Using all your
MesoUrcas.

Being able to evaluate
your performancs,
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Da not fiy under the
infiugnce of alcahaol,

Recrealional drugs
such as marijuana,
cacaing and LS50 must
never be mixed with
fing. Persans wha are
UEpENGErit on SUch
drugs are not permitted
to hold a pilcs certificats,

Tea and Coffee. Caffeine is a drug and stimulant. Coffee contains the most, espe-
cially espresso. Caffeine increases the pulse rate, prevents sleep, increases urination and
therefore fluid loss (it is a dinretic), causes headaches and increases the level of stress. It
may wake vou up but it won't let you rest. There are also withdrawal symptoms when
YO StOp COnsuming it.

Dependencies

Alcohol

Even small quantities of alcohol in the blood can impair one’s performance, in addi-
tion to the danger of relieving anxiety so that the person believes he or she is per-
forming marvelously. Alcohol severely affects a person’s judgment and abilices.
Reduced oxygen worsens the effect, Alcohol 1s a depressant. It lowers the body’s
natural sensitivities, cautions and fears (shown as overconfidence) and, at the same
time, it lowers capabilities—a deadly combination as demonstrated by the road acci-
dent statistics. It also represses social mores and allows emotions, that would otherwise
be controlled, to run free, such as aggression, anger, passion, violence, showing-off
and taking risks. In some personalities, it causes depression and low self-esteem.

It takes oime for the body to remove alcohol. As a general rule, a pilor must not fly
for at least 8 hours after drinking small gquancies of alcohol and inerease this dme if
greater quantities are consumned. After heavy drinking, alcohol may be present in the
blood 24 hours later. Sleep will not speed up the removal process; in fact, it slows the
body processes down and the elimination of alcohol may take even longer. Exercise
15 better. Having coffee, soup or water between drinks only helps if they are taken
instead of an alcoholic beverage, Otherwise, the body receives the same total amount
of alcohol in the same time, so it takes the same time for it to be discarded and for its
etfects to be removed,

Tobacco

Smoking 15 detrimental to good health, both in the short term and long term. Smok-
ing also significantly decreases a pilot’s capacity to perform by reducing the amount
of oxygen carried in the blood, replacing it with the useless, poisonous byproducts of
cigarette smoke. A pilot does not have to be the active smoker to suffer the effects.
Second-hand smoke is also detrimental,

Drugs and Medication

All drugs affect the body (as well as the disease they are taken to combat). They may
be incompatible with flying. Sedatives, and their side effects, are a prime example of
this, also antihistamines. Some drugs may have long half-lives; that is, their concentra-
tion stays too high for too long, e.g. certamn sleeping pills. Other drugs, called poten-
tiating agents, change or exaggerate the effect of other drugs taken m combination
with them, especially aleohal, Unril cleared by a docror, it s safest to assume that any
drug or medication will temporarily ground vou. Dan't accept or wse non-preseribed drugs.

Toxic Substances

Some piluts will come in contact with toxic substances—fuel additives, cleaning
agents, aerial agriculture sprays and powders, defoliants, compressed gases and extin-
guishants. Don't ever take shortcuts. Observe the special precautions and protections
required for each. If in doubrt, don’ fly.
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Vision and Visual lllusions

Eyes provide the brain with a visual image of the environment. Each eye acts as a
natural and very sophisticated digital camera. Its basic function is to collect light rays
reflecred from an object, using the lens to focus these rays mto an 1mage on a screen
(the retina), and then converting this image into electrical signals that are sent via the
optic nerve to the brain. This is how you see. The brain matches the image to previ-
ously stored data so vou recognize (perceive) the object. The connection of the opric
nerve to the brain is so close and integral, and the importance of the messages sent to
the brain is so dominant, that the eyes can almost be considered an extension of the
brain.

Eye muscles, above and belaw
and each side, move the eye bal

Ciliary musclas and ligamasils,
madify 1ans curvalira

Cancentration
ol rods on retina

Retina —
{light-sensitive}

Cancantration af
conga an ratine

Foweal
ragion

Optic nerve e

io the brain

Figure 12-6 Structure of the aye.

Binocular Vision

Binocular vision describes the process whereby optical information is received and
processed from two eves. To track a moving object with both eves, they need to move
in harmony, and this means coordinated control of the two sets of muscles by the
brain. In a fangued person, this coordinanion sometimes fails, and the result 15 quite
different images from each eye resulting in double vision,

Figure 12-7 Binocular vision,
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Rods and cones are the
nerve endings that feed

Blind spot

Figure 12-8
Blind spot.

the colic nerve

Blind Spot

Absolute distance can only be judged by triangulation (the convergence of sight lines)
and this is the prime reason for binocular vision. The other reason is to compensate
for the blind spot in each eye. The blind spot is the small area on the retina of the eye
where the nerve fibers from the light—sensiave cells (rods and cones) on the retina lead
into the optic nerve. At this poing, there 1s no coatung of light-sensitive cells, and hence
any light falling here will not register; that 15, it 1s heerally a blind spot. However, it is
not possible for an image to fall on the blind spot of both eves simultaneously because
it will be in different relative positon for each. Even when an image falls on the blind
spot of one eye, and is therefore not registered, the brain will receive a message from
the other eye and so the object will still be seen.

You can observe the existence of the blind spot 1 each eye by viewing figure 12-9,
Hold the page at arm’s length, cover vour right eve, and then with your left eye focus
on the airplane on the right. It will be clearly recognizable as a biplane because it will
be focused on your retina, Move the page closer and as you still focus on the biplane,
you will notice thar the helicopter will evenmually disappear. Its image has fallen on the
position on the retina occupied by the optic nerve. In practice you must be careful
when you are scanning the sky that another aircraft is not blocked from view by the
magnetic compass or some part of the windshield structure. If it is blocked from the
view of both eyes, vou will not see it av all; if' it is blocked from the view of only one
eve, you will lose the blind-spot protection provided by binocular vision.

Figure 12-9 Example of blind spot.

Vision Limitations

Rods and cones are the endings of the optic nerve. As an extension of the brain, they
will be affected by anything that affects the brain. With a shortage of oxygen
(hypoxia), or an excess of alcohol, medication, or other drugs, sight is one of the first
senses to suffer. High positive g-loadings, as in strenuous aerobatic maneuavers, will
force the bloed into the lower regions of the body and temporarily starve the brain
and eyes of blood, leading to a grayvour (black-and-white tunnel vision) or uncon-
sciousness (blackout).
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Vision Defects

With normal vision, the lens focuses an inverted image of the object on the rear of
the eyeball (the retina). The shape of the lens changes to adjust for the distance of the
object from the lens to ensure the visual data is focused on the retina. Inability to focus
may result naturally from a lens that has become less flexable with age, or it may resul
from a lens or eyeball that is not shaped correctly. In almost all cases, artificial lenses
in the form of spectacles or contact lenses can be made w correct the specific defi-
clency and restore sharp vision, just like the focus of a camera. Since good evesight is
essential for safe flight, professional assistance is required whenever there is a problem.

Visual Acuity {Clarity or Focus of What We See)
Visual acuity is the ability of the eye to see clearly and sharply. Perfect visual acuiry
(focus) means that the eve sees the object exactly as it is, clearly and without distortion,
no matter how distant the object is. The degree of visual acuity varies between different
people and also between the two eyes of any one person, as well as for the single eye at
different times. This depends upon whether the person is fatigued, suffering hypoxia
(lack of oxygen), or under the mnfluence of alcohal or some other drug. To describe
differences in visual acuity, the standard is considered to be what a normal eye is capable
of seeing clearly at a particular distance. The eve test chart usually has lines of letrers
readable for a normal eye from 120, 80, 60, 40, 30, 20 and 16 feet respectively

The standard testing distance berween the eve and the eye chart 15 20 feer; the normal
eve 1s capable of clearly seeing letters of a certain size at this distance. If another eye at 20
feet cannot read the 20-foot line clearly, and can only 1dentify letters on the chart that a
normal eve can see clearly at 30 feet, then the abnormal eye is said to have 20/30 vision,
This is compared with the 20/20 vision of the so-called normal eye. As a rule of thumb,
pilots should be able to read a car license plate at a distance of approximately 130 feet.

BFXD BFXD

MVWYAO MVWYAO

RSUBLXTEZ RSUBLXTEZ
NWCLBEROFVUG NWCLBEROFVUG

FKXCSFTANEWROLBUDIRP FERCAFTANIWRDLBUDIRR

Figure 12-10 An eye chart sesn with 20/20 vision and 20¢30 vision.

Perfect visual acuity within the individual eve occurs when the image is focused
sharply by a high-quality cornea and lens onto the central foveal region of a healthy
retina, where the cone receptors predominate. The cone receptors are very sensitive
to small details and send very sharp, colorful images to the brain. Light rays that are
focused on the retina away from the central foveal region m areas where there are not
s0 many cone receprors but more rod receprors will not be seen as clearly nor will
they be in color.Visual acuity (focus) will therefore be less for these images. To illus-
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Cockpit lighting shauld
he dimmed at might

Adapt your eyes to
aarkness before night
fiving by avoiding bright
fahts for af feast

30 minutes before flight.

trate the difference between central and peripheral vision, look at the words on this
page. You must move your eyes so that the image of the word that you want to read
falls on the central foveal region. While you can clearly read the word you are looking
at right now. you will not be able to read words some distance away from it—up,
down, ar sideways from it—unless you move your eyeball so that the image of that
word falls on the central high visual acuity area of the retina.

Color Vision

Colors are detected in the central foveal region of the retina by the cone receptors, which
are only active in fairly bright light. There are some eyes that cannot distinguish any colors
at all, even in bright light. Males are more susceptible to color blindness. Defective color
viston shows up as difficulty in disunguishing between red and green. It may cause prob-
lems during might flving, as well as m poor visibility, with the white, red and green
navigation lights of other aircraft used for recognition, with red or green taxaway or
threshold lighting, and also with visual light signals from the control tower used in a
radio-failure situation instead of radio voice messages (an uncommeon event nowadays),

Night Vision

Adaptation of the Eyes to Darkness. At night, there are some special consid-
erations regarding vision. Your attention during night flying is both inside and outside
the cockpit. It takes the eyes some minutes to adapt to a dark environment, as expe-
rienced when walking into a darkened cinema stumbling over other patrons in an
attempt to find an empty seat. As mentioned, night vision is susceptible to hypoxia:
it is affected by cabin altitudes above 4,000 feet. The time it takes for the eves to adapt
depends. to a large extent, on the contrast berween the brighmess of light previously
experienced and the degree of darkness of the new environment. Conversely, when
the lights are turned on at the end of a movie the opposite effect takes place. Whereas
the cones, concentrated in the central region of the retina, adjust quickly to variations
in hght intensity (about seven minutes to return to normal), the rods (which are most
important for night vision) take some 30 minurtes to adapt fully to darkness. In dim
light, the cones become less effective, or even totally ineffective, and there is a chem-
ical change in the rods to increase their sensitivity. Thus we adapt more quickly to
brightening lights rather than dimming light,

Protecting Night Vision. It is 1 common misconception that, at night, vou are
using vour night vision in the cockpit or looking at the runway. When vou are looking
at something thar is well illuminated, vou are using normal vision. The night fighter
pilots of World War 11 sat blindfolded in darkened rooms and used red cockpit lighting
{and arte carrots) so they could look for other aircraft or ground features not illumi-
nated due to the blackour. The only equivalent situation for today would be when
you are looking for ground features like lakes or coastlines or the shadows of hills on
a moonlit night; otherwise, you use normal vision. The disadvantage of red lighting
is that red lines or tints on maps do not show up.

Keep the internal lighting to an acceptably low level to minimize reflections and
to allow best transmission of light through the transparencies. It's the same as other
natural process; the transmission depends on the energy difference —outside to in.
More hght cutside and less hight inside provides best transmission of light through the
windows. Even wear a dark-colored shirt for night flying as the waditional white
pilot’s shirt adds considerably to the reflections off the face of the mstrument glass.
Avoid brilliant lights as they temporarily reduce the sensitivity of the eyes to less well-
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lit objects, Be especially careful of viewing sunsets and then trying to see down-sun
at the darkened earth. Exposure to glare and brighe sunlight should be avorded before
night flights, possibly by wearing sunglasses. Vision 1s also affected by reduced oxygen
levels and so, at night in an unpressurized aircraft, avoid smoking and use supplemental
oxyeen (recommended above 5,000 feet),

Protection of Vision

Safety Glasses. A pilot’s vision is precious. Always wear eye protection for sports,
when using tools, or when gardening.

Sunglasses. When flving into a rising or setting sun or above cloud lavers, the pilot
15 exposed to very ligh intensity light coming from all angles. The eyes are protected
from light coming from above by the forehead, eyebrows, evelashes, and strong upper
evelids, they are not so well protected from light coming from below, Bright sunlight
reflected from cloud rops, for instance, can be partcularly bothersome because of this
lack of natural protection. In conditions of glare, it is advisable to protect your eyes
by using high quality sunglasses that reduce glare but not your visual acuity. The
contrast between the glare of a very bright outside environment and the darker cock-
pit interior may also make it difficult for the eyes to adjust quickly enough to read
instruments and charts inside the cockpit. Sunglasses should be impact resistant, hav-
ing thin metal frames. They should transmit 10 to 15% of the light, filtering ouc
damaging ultravielet rays. They should not be worn in decreased light.

When landing directly facing the sun, 100% of your vision can be lost at the
moment of flare. Even when the sun is 40° to the side, vision is reduced by 42%.

Visual Scanning
Scanning by Day

The central {foveal) region of the retina provides the best vision, and in full color but
only during reasonable daylight. Objects are best seen by day if you can focus their image
on the foveal region, and you do this by looking directly at them. The most effective
method of scanmng for other aireraft for collision avoidance during daylight hours is to
use a series of shorr, regularly spaced eve movements to search each 107 sector of the
sky. Systematically focusing on different segments of the sky for short intervals is a berter
technique than continuously sweeping the sky. This is sometimes called the sazade/
Sfixation cycle, where the saccade or movement takes about one-third of a second.

Figure 12-11 Methodical scan
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obfects may be closer

In hazy condiions,

than they appear.

Relative Movement. If there 15 no apparent relative motion berween you and
another aircraft, you may be on a collision course, especially if the other aircraft
appears to be getting bigger and bigger in the windshield, Due to the lack of move-
ment across your windshield, an aircraft on a collision course with you will be more
difficult to spot than one that is not on a collision course.

Any relative movement of an object against its background usually makes it easier
to notice in vour peripheral vision. The image of the other aircraft may not increase
in size much at first, but, shortly before impact, it would rapidly increase in size. The
time available for you to avoid a collision may be quite brief, depending upon when

you see the other aircraft and the rate of closure.
GBM

alrcraft

Figure 12-12 Constant relative position = collision course,

If vou are flving at 100 knots and it is flying at 500 knots in the opposite direction,
the rare of closure 1s 600) knots, i.e. ten naurical miles per minute. [f you spot the other
aircraft at a distance of one nautical mile, vou only have Yo of a minute (six seconds)
to potential impact. If you are a vigilant pilot and spot it at 3 nautical miles you have
eighteen seconds in which to acr.

In hazy or low-visibility conditions, your ability to see other aircraft and objects
with edges that mught be blurred will be dimunished and, if you can see them, they
may appear to be further away than their actual distance. You might be closer than
vou think.

Empty-Field Myopia. When trying to search for other aircraft in an empty sky, the
natural rendency of a resting eve is to focus at abour six feet. Consequently, distant
aircraft may not be noticed. To avoid this empty-field myopia, you should focus on
any available distant object, such as a cloud or a landmark, to lengthen your focus. If
the sky 1s empty of clouds or other objects, then focus briefly on a relatively distant
part of the airplane like a wing tip as a means of lengthening your focus. Having
spotted an airplane in an otherwise empty sky, be aware that it could be closer to you
than it appears to be, because vou have no other object with which to compare its size,
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Specks. A small, dark image formed on the retina could be a distant aireraft, or it
could be a speck of dirt or dust, or an insect spot, on the windshield. Specks, dust
particles, a scratch, or an insect on the windshield might be mistaken for a distant
airplane, Simply moving your head will allow you to diseriminate between marks on
the windshield and distant objects.

Figure 12-13 Specks?

Scanning by Night

The central (foveal) region of the retina containing mainly cones is not as effective at
night, causing an area of reduced visual sensitivicy 1in your central vision. Peripheral
vision, provided by the rods in the outer band of the retina, is more effective albeit
color blind. An object at might 15 more readily visible when you are looking ro the
side of 1t by ten or twenty degrees, rather than directly at it. Color is not perceived
by the rods, and so vour night vision will be in shades of gray. Objects will not be as
sharply defined (focused) as in daytime foveal vision.

The most effective way to use your eyes during night flight is to scan small sectors
of sky more slowly than 1n daylight to permit off-center viewing of objects in your
penpheral vision, and to deliberately focus your perception (mind) a few degrees from
vour visual center of attention (that is, ook ar a point but look for objects around it).

Since you may not be able to see the aircratt shape at night, you will have to
determine 1ts direction of travel making use of its visible lighting:

* the Hashing red beacon;

* the red navigation light on the left wing tp;

* the green navigation light on the right wing tip; and
+ asready white light on the tail.

Al night, scan slowly
using your peripheral

wis ."C'”

Chapter 12 The Human in the Cochkpit

283



Red Green

Figure 12-14 Positon lghts.

Visual Judgment on Approach

The eyes and brain use many clues and stored images of known objects to help in
judging distance, size and height. The relative size and relative clarity of objects give
clues to their relarive distances: a bigger object is assumed to be nearer than a smaller
one and a more clearly defined object nearer than a blurry one. When the object is
near, binocular vision (the slightly different images of a nearby object relative to its
background seen by each eye) assists in depth perception.

Texture also assists in depth perception: the more visible the texture, the closer the
object appears ta be. On final approach as yvou near the aim point, the surface texture
will appear to flow outward in all directions from the point on which you are focused,

This is one means by which you can visnally mainrain the flight path to the aim
point: adjust the attitude and heading so that the pont from which the texture appears
to be moving outward remains the desired aim point,

TSN

<
N

Figure 12-15 Aim point,
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Texture is also used for the estmation of height; for instance, as you approach flare
height for a landing, the actual texture of the runway or the grass passing by the
cackpit becomes increasingly noticeable. Relative motion also aids in depth percep-
tion. Near objects generally appear to pass by faster than more distant objects. This
helps a visual pilor estimate height above the runway before and during the flare: the
closer the airplane is to the runway, the faster the runway surface and the surrounding
environment appears to pass by

Depth perception can be difficult in hazy or misty condirions, where edges are
blurred, colors are muted, and hght rays may be refracted unusually. This gives the
impression of greater distance, an impression reinforced by the fact that we often have
to look at distant objects through a smoggy or hazy atmosphere. This illusion is
referred to as eneironmental perspective. In hazy conditions, the object might be closer
than it seems; in very clear conditions, the object might be further away than it seems.
On hazy days, you might touch down earlier than expected; on very clear nights, vou
might flare a hittle too soon.

Visual lllusions

Somenmes whar we perceive in onr brain (whar we rhink we see) is not acrmal hecanse
images sent from the eyes can sometimes be misinterpreted by the brain.

Autokinesis

The visual illusion of autokinesis (self~motion) can occur at night if vou stare contin-
uously at a single light against a generally dark background. It will appear to move,
perhaps in an oscillating fashion, after only a few seconds of staring at 1t, even though
in fact it is stationary. You could lose spatial orientation iff you use it as your single
point of reference. The more you try to concentrate on it, the more it may appear to
oscillate.You can guard against autokinesis at night by nmainraining movement of your
eves in normal scanning, and by monitoring the flight instruments frequently o
ensure correct attitude.

Unless you have a distant object in view at might, your eyes will tend to focus at a
point about three to six feet ahead of you, especially if you are an older person, and
you may miss sighting distant objects. This empry-ficld myopia or might myopia
{short-sightedness) can be combated by searching for distant lights and focusing
briefly on them. Beware also of false horizons at might (see later in this chapter).

Haze

In hazy condinons, you may be closer to the runway than you appear to be, an illusion
that may lead to an unnecessarily hard landing if you are not prepared for the effect
of haze on vour vision. This also has an effect on vour ability to estimate distances to
the airport or checkpoints. The effect of haze over featureless terrain or over water
virtually eliminates any reference o the horizon.

False Horizons

Sloping lavers of cloud by day, angled lines on the ground, lights along a coastline at
night, or areas of lights by night can present a pilot with a false horizon, which can
be very misleading. This is not uncommon with a ragged, lowering cloud base and
associated drizele or rain obscuring the horizen,

Cn hazy days, objects

appaar cioser

Cn clear days, obfecrs

seem farther away
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Figure 12-16 False honizon,

Figure 12.17 Falza leval

Visual lllusions In the Pattern

Visual Estimation Of Height. A pilot flving a right traffic pactern may get the
impression that the aircraft 1s higher than normal. This illusion could occur to a pilot
who has developed the habit of visually judging pattern altitude and position by
relatng the position of the runway lights to some feature of the arcraft, such as a
particular position in a side window. Such a rule of thumb thar worked satisfactorily
for the more tvpical left patterns could lead a pilot to descend lower to achieve the
same picture when making right traffic patterns, Like most habits, such a practice
could happen unconsciously.
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Figure 12-18 Downwind spacing in the raffic pattarn
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Visual lllusions on Approach

Runway Slope. Most runways are of stan-
dard width and on flat ground. On every
approach, you should try to achieve the same
flight path angle to the horizontal, to which
vour eyes will become accustomed, allowing
you to make consstently good approaches
along an acceprable approach slope merely by
keeping vour view of the runway through the
windshield in a standard perspecuve.

When approaching a sloping runway, how-
ever, the perspective will be different. A run-
way that slopes upward will look longer, and
you will feel that you are high on slope, when
in fact you are right on slope. The tendency
will be for you to go lower or make a shal-
lower approach.

More attilude change
in thie flare than for
& horzantal fmway

Figure 12-19 Runway slopa.

Appears high g

Figure 12-20 Upsloping runway,

A runway that slopes downward will look shorter, and you will feel that you are
low when in fact you are on the correct path. The tendency will be for you to go

higher and make a steeper appmach.

If you know the runway slope, you can allow for it in your visual estimation of

whether you are high or low on approach.

Smaller attitude changs
In the flare, compared
with a horizontal rumway

Appaars law ﬂ
1

Figure 12-21 Downsloping runway.
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Runway Width. A runway that s wider than usual will appear to
be closer than it really is. Conversely, 2 runway that is narrower than
usual will appear to be further away than it really is. A wide runway,
because of the angle at which you view it peripherally in the final
stages of the approach and landing, will also cause an itlusion of being
too low, and vou may flare and hold off too high as a result. This may
lead to “dropping in” for a heavy landing,

Conversely, a narrow runway will cause an illusion of being wo
high, and yvou may delay the flare and make contact with the runway
carlier (and harder) than expecred. If vou know that the runway is
wider or narrower than what vou are familiar with, then you can
allow for this in vour visual judgment of flare height.

Night Approach. A powered approach 15 preferred. Power gives the
pilot more precise control, a lower rate of descent and a shallower
approach path. The approach to the aim point should be stabilized as
early as possible {constant airspeed, path, atatude, thrust and config-
uration), Use all the available aids, such as the runway lighting and a
visual approach slope indicator (VASI).

If the runway edge lighting is the only aid, correct tracking and
slope is achieved when the runway perspective is the same as in day-
light. On centerline, the runway will appear symmetrical.

Guidance on achieving the correct approach slope is obtained from
the apparent spacing between the runway edge lights and the distance
of aim point below the horizon. If the aircraft is low, the runway lights
will appear to be closer together or closing, If above slope, the runway
lights will appear to be further apart and separating. VASI will provide
correct indications, but the perspective provided by runway edge
lighting may be misleading due to runway slope or width,

JRCTTPTT YY) FATER Y
- __.-u!q,;dl-lllh..lu.'u. Ry

Becoming low Correct
Light apaces decreasing

Figure 12-23 MNight runway aspact

Merrow
runway

Figure 12-22 Rurway widih
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Black-Hole Approach. Flying an approach to a runway with no other visible ref-
erences can often be difficult. This can occur when approaching a runway on a dark
night where the only lights visible are the runway edge lights, with no rown lights or
street lights to be seen, and no indication of the nature of the surrounding terrain.
I'has 15 what 15 known as a black-hole approach. Alternatively, there could be city lights
inn the area bevond the airfield bur no wisual cues near the threshold. Black-hole
approaches also occur on tropical atolls, at remote desert airfields, or on approaches
to runways that are surrounded by water.

ST T | 1T T

Black-hole approach Approach with good
ground reference

Figure 12-24 Black-hole approach.

The tendency is to think that vou are higher than in fact you are, resulting in an urge
to fly down and to fly a shallower approach—to sink into the abyss, the black hole.

Bright city lights

Uniit seean or featursless terrain

Figure 1225 Black hole with high-contrast ilumination.

The worst black-hole problem of all is to be found 1 remote airfields on a dark
night (say, under cloud) where there 1s no other light source or any ground texture,
and autokinesis might generate an impression of movement when there is none. Rely
on the instruments, not your eyes, to maintain horizontal and vertical naviganon plots.
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If VASI is not available, crosscheck the vertical speed indicator (VSI) to ensure that
the rate of descent is proportional to the approach speed (Vg gp). As a guide, the rate of
descent should be close to five times the groundspeed for a 3° approach. The glidepath
is approximately 300 feet of altitude AGL for every mile from the runway, i.e., you
should be at 900 feet AGL if vou are on a three-mile final, Target an aldwde of 300 feet
one mile from the runway with a rate of descent of approsamately 450 feet per minute
with a 90-knot approach speed (use DME or GPS distance from the threshold, if avail-
able, to better plan descents).

Similar situations to a black-hole approach arise in conditions where the ground is
covered with snow, making it fearureless (white-out approach). The lack of a horizon
and details around the runway threshold make depth and slope perception much more

difficult.

Normal perspective Obscured approgch

Figure 12-26 Reduced visibility,

A wvartety of atmospheric and terrain conditions may produce visual illusions on
approach. When vou encounter such situations, anticipate and compensate for them.

Situation Hiusion Result

Upslope runway or terrain Greater height | Lower approaches W

Marrower-than-usual runway Greater height | Lower appr:::ugé;'nés ] E

Featureiess terrain Greater height | Lower approaches g
i Rain on the windshigld Greater height | Lower approacheas 2
| Haze Greater height | Lower approaches

Downslope runway or terrain Less height Higher approaches E
| Wider-than-usual runway Less height Higher approaches 'E

B.rig'l-ir_r'hnway and approach lights | Less distance | Higher approaches | =

Table 12-3 Visual illusion on approach,
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Hearing and Balance

The ears provide two senses: hearing and balance. Hearing allows you to perceive
sounds and to interpret them; the sense of balance lets vou know which way 1s up and
whether you are accelerating or not. Balance is the next mest important sense for a
pilor after vision.

Sound is defined as energy that vou can detect with your ears. It 1s often very useful
and pleasant, as with veice messages and music; however, excessive sound may be
annoying and faoguing, and can even lead to damage within the ecar. Irregular,
unwanted and unpleasant sound is called noise and is best filtered out. Sound signals
are caused by pressure waves traveling through the air, and these cause the eardrum
to vibrate. The inner ear converts these pressure vibradons into electrical signals that

Figure 12-27 are sent via the auditory nerve to the brain where they are interpreted.
aren't anl ; : . ;
Ears dheiri:;n? for Strnilarly, balance and acceleration signals from the balance mechamsm in the inner
ear pass to the brain as electrical signals for interpretation. The interprewation is some-
times tricky in the case of an airborne pilot, since the brain is accustomed to the
person generally being upright and slow moving on the earth’s surface,
Structure of the Ear
The ear 15 divided mto three areas: the outer, middle, and inner ear.
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Hearing
The ear is never switched off. Loud or partocular noises to which vou have a condi-
tioned response can always stir you from the deepest sleep. A guiet room is essential
for sound sleep. It is also interesting to note that you can extract messages important
for you out of a noisy background:; for instance, a radio message directed at you, the
sound of your own child on a crowded beach, or your own name mentioned in a
distant conversation can all be discerned, This is known as the cocktail party effect.
The region of the middle car has much to do with your sensations of movement
and balance. It is for chat reason that people with puddle-ear infectnons often lose therr
sense of balance. Furthermore, disturbed signals from these sensors lead ro a feeling
of nausea. In extreme cases, verfige, the total loss of balance with massive and disturb-
ing disorientation, results, The comments that follow apply to the hearing aspects of
the ear; balance 1s discussed later in the ::fmpter.
Sound is what you hear, and each sound can be defined by the following qualities:
» frequency or pitch, which is the number of pressure waves per second (or hertz, Hz)
that the sound source produces. Perfect human hearing is in the range of 20 Hz to
20,000 Hz, and voices use the frequency range 500 Hz ro 3,000 Hz;
 londness or intensity, which is the strength or amplicude of the pressure waves, mea-
sured in decibels (dB), a logarithmic scale where an increase of 20 dB signifies an
wcrease b intensity of ten times. (20 dD is ten times as loud as O dB, the threshold
of hearmg; 40 dB 1s ten tmes louder again, i.e. 100 times as loud as 0 db; 60 dB
is 1,000 cimes as loud as 0 dB and 100 gmes as loud as 20 dB); and
v duration, which is how long the sound lasts.

Fatigue and Damage From Noise

Unwanted sound, especially if it is loud and disagreeable, is noise. [t can be mentally
fatiguing through 1ts effect on our ears, bur it also affects the rest of our body, espe-
cially 1F it is associated with vibration as is often the case. Noise can interfere with
communications, and with concentration. Extreme noise levels can also do perma-
nent physical damage to our ears, with duration and recurrence of exposure being as
important as loudness.

Loss of Hearing
A person can experience a temporary hearing loss after exposure to noise. The noise
of an engine, for instance, may no longer be heard after a while even though the
engine noise is still there. Some factory workers lose the ability to hear frequencies
they are subjecred to all day long. A temporary hearing loss may disappear after a few
hours.

Exposure to high noise levels (greater than 80 dB) for long periods can also lead to
a permanent hearing loss, especially in the high-frequency range. This is a risk area
tor pilots who are exposed to a noisy work environment for long periods. Put it
together with visits to the car races, noisy night clubs, plus a top set of speakers at
home and you are in a high-risk environment from the point of view of vour hearing.

WVery, very gradually, and imperceptibly, a person can lose the ability to hear certain
sounds clearly, speech becomes more difficult to comprehend and radio communica-
tions become more difficult. Sudden, unexpected loud noises (greater than 130 dB),
such as an explosion or the sound of an impacr, can cause damage to hearing, possibly
even physical damage to the eardrum or to the small and delicate ossicles.
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Level (dB)

Situation

130 Standing near a jet aircraft (noise becoming painful).
120 gtﬂndm%near & piston-engine aircraft (noise becoming uncomfortable).
everal hours per day for three months could lead to deafness.
110 Maximum recommended for up to thirty minutes’ exposure.
100 Maximum recommended for two hours' exposure.
80 Maximum recormmended for eight hours' exposure (a working day).
&0 Standing near heavy machinery. Above 80 dB for long periods can lead o
temporary or permanent hearing loss.
£0 Loud straet noise, trucks, ete,
50 Conversation in a noisy factory,
40 DOffice noise.
30 Quigt conversation,
20 Whispering.
0 The threshold of hearing.

Precautions for Minimizing Hearing Loss. A noise-induced hearing loss may
develop gradually over a period of years without the person noticing. It is something
that cannot be reversed, hence the need for prevention rather than cure. As a pilot,
vou are lucky in that you will have regular audiometry tests that can be compared
over the years to look for any gradual loss of hearing, especially in the higher frequen-
cies. Wear hearing protection when in noisy areas. A good noise-canceling headset is
highly recommended for the cockpit, and earplugs or earmuffs for when you are
moving around outside the aircraft. Earplugs can reduce noise by about 20 dB, and

Table 12-4 Moise levels of typical sounds.

Aircraft Type Takeoff | Cruise | Landing
Aero Commander 580 102 a2 83
Beechcraft A36 97 B6 75
Cessna 172 o4 a9 =)
Piper Pawnes 103 102 89
Bell 206 91 92 89

Table 12-5 Indicative cockpit noise levels (decibels)

Hearing loss can also result from:

problems in the conduction of the sound due to a blocked outer canal (ear wax),
or fluid or pressure problems in the middle ear, e.g. barotrauma or damaged ossicles

(known as conductive hearing loss);

loss of sensitivity of the hair cells in the cochlea due ro exposure to noise, infection,

or age (known as a sensory or noise-induced hearing loss);

preshyeusis, a natural loss of hearing ability with increasing age, especially in the

higher frequencies (down about 3% hy age 60 and 10% by age 70); and
excessive use of alcohol or medications.
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good earmuffs by about 40 dB. The radio headset, especially if it 15 well sealed, will
block out background noise. Unprotected, close exposure to jet-engine noise can be
hazardous to the balance mechanism in the ears also, which is another reason o wear
hearing protection on the tarmac.

Balance

The sense of balance makes it possible for vou to remain upright. The most powertul
reference 18 visual. If you can see, you can tell directly whether you are vertical (if
there is a vertical or horizontal reference). If vou clase your eyes, things are not so
easy. Try standing on one leg and closing vour eyes.

The secondary sensing mechanisms are those devices (other than vision} from
which vour brain might be sent orientation messages. The secondary signals are very
feeble indeed, compared to visual cues. They really only supplement visual percep-
don. In other words, they can only make sense in partmership with the vastly more
powerful visual picture. These sensory mechanisms were designed for three-dimen-
stonal orientation but not three-dimensional motion or acceleratons. However, 1f
you have no visual horizon, these other sensors will supply fall-back information, but
it is not totally reliable.

In the absence of a powerful visual cue, your system will crave orientation signals
and accord them equal weight. The secondary sensing mechanisms will be sensed very
strongly indeed, but they are always misleading. You cannot rely on any of them. You
must never use them to judge your flight path.You can only guard against that by
knowing what they will trv to tell you, and by becoming familiar with their illusive
signals. To be confident and competent in cloud requires training, experience and
recency in cloud or in a motion simulator.

Spatial Orientation

Orientation is the ability to determine your position and alignment in space. It is
usually achicved by a combination of three senses:

= vision, the most powerful sense;

= balance, the vestibular sense (gravity, acceleration, and angular acceleration); and

= “seat-of-the-pants” (bodily feel or the propriocepiive sense).

The brain uses all information chat it has available to assemble a picture. If there
are conflicting signals, vision is given first priority. In most situations, each of the three
senses reinforce the others; however, in flight, this is not always the case. Each of these
senses can sometimes have its messages misinterpreted by the brain. Not knowing
your attitude (i.e. which way is up) is spatial disorfentation. When vou are denied exter-
nal vision, and flying is solely by reference to the instruments, a range of false sensa-
tions can be perceived. Hence, the need to rely totally on your flight instruments (but
also scan to check that they agree with each other).

Human Balance Mechanism: The Vestibular Apparatus

The balance mechanism is designed to keep vou upright—i.e. wvertical and
balanced—while standing or moving without input from the eyes. In the absence of
visual references, the inner ear can sense what it believes is vertical by two means:

* sensing cilt angle; and

= sensing tlting meton (backward/forward or left/right).

The angle of tilt is sensed by the equivalent of a pendulous mass (which senses
gravity as vertical) and the tlting motion by the fld-filled semicircular canals.

Avoid spalial

disonentation by looking
outside or by locking at
the fiight instrumeants.
Do not rely an body

signals.
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Your body can sensé
accelerations
(o-forces).

Sensing Gravity (Verticality)
Gravity is detected by sensory hairs in a sac filled with gelatinous material, commonly
known as the otolithic organ or wiricle. The sac’s outer membrane is studded with small
crystals of caleium carbonate. These are called ofoliths and give the organ its name.
The otolithic organ has a resting position when the head is upright. The brain
interprets the message sent from the small hairs at this time as up; thac is, the sac is
affected by a 1g force directly downward. If the head is tilted to one side, or forward
or hackward, then the otoliths act as weights moving the sac under the force of gravity
and taking up a new position, thus bending the hairs, which sends a different signal
to the bram.

Head upright Head tilted
Up
[ 3

g {down} g (down)

Figure 12-29 Sensing vertical,

Figure 12-30 FPendulous effect.

The otolithic organ detects the direction of g-forces but cannot distinguish their
origin; that is, it cannot tell whether it is the force of gravity or a centripetal force
pulling you into a coordimated turn.You must remember that the body was designed
for fairly slow motion on the face of the earth, with a consistent 1g force of gravity
exerted on 1t, and not for the three-dimensional forces you experience in flight (or
zero g for that matter). [n a turn, it will recognize the direction of the total load factor
as a false vertical.
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Total force

Straight and lavel Batanced turn

Gravity

Gravity

Figure 12-31 Apparent vertioal—straight and turning flight

Sensing Angular Movement (Rotation). The three senucircn-
lar canals of the inner ear—the vestibular apparatus—contain fuid.
These three semucircular canals are at nighe angles to cach other
(they are orthogonal) like the pitch, roll and yaw planes of an air-
plane, and therefore they can detect angular accelerations (change
in the rate of rotational speed) in pitch, roll and yaw:

The cupula is a saddle-shaped chamber at the base of each canal
as depicted in the diagram opposite. It has a cluster of fine hairs that
protrudes into the fluid. Movement in the fluid 15 sensed by these
hairs. Nerve endings at their base send corresponding signals to the
brain for interpretation (perception).

The semicircular canals are nor designed to detect linear changes
in motion or hnear acceleration, because the upper and lower vol-
umes of fluid are self~canceling. For example, if the flmd at the top
of the semicircular canal tries to move counterclockwise around the
canal due to an acceleration forward, then the fluid at the bottom
will ory to move around clockwise to the same degree. The net effect
is no relative movement of the Auid and the sensory hairs of the
cupula will remam seraight.

During linear acceleration {forward or reanward),
fluid inertia self-cancels. No movement of hairs

Figure 12-34 Linear acceleration.

Centrifugal
reaction

Tatal load factor

| Latt and eigh
redation (yaw)

Figure 12-32 Semicircular canals.

Figure 12-33 Cupula.

A
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The wvestibular apparatus senses angular acceleration by recognizing changes in
rotary motion due to the lag of the viscous fluid. During angular acceleration, the
relevant semicircular canal moves around a mass of Huid that lags. This lag in the fluid
bends the sensory hairs to send a signal to the brain that the head is rolling, yawing
or pitching (three dimensions—three channels—three canals). Once the rate of roll
stcadics—that is, there is no more angular acceleration—the fluid wall catch up with
the surface of the semicircular canals, straightening the sensory hairs of the cupula.
This means you will detect the entry to the roll but not its continuing steady state.
Similarly, you will sense the opposite acceleration as you stop the roll {decelerate) at
the required bank angle.

Viscous
Thuid

Fluid stays
siationary as
head moves

A

Merve
chanmel

1o beain s

Figure 12.35 Angular accelaration—rotation.

In flight, the sensory mechanisms are suppliers only of crude and potentally decep-
tive messages (compared to the direct orientation images Aowing through the sight
channel). As is the case wath any simulus or sensadon, there 1s a threshold below which
movement will not be detected. For example, you will sense a rapid change in roll rate,
but not a gente one. In reality, you do not necessarily detect the angular acceleration
that commences the roll as a rolling sensation. You may feel the entry into the roll as a
rolling sensation if the roll 1s rapid enough. Similarly, you may sense the rotary decel-
eration that stops the roll at the selected bank angle You may also sense rolling signals
from adjustments to the control input while adjusting either roll rate or angle of bank.
However, in many flight regimes, your control inputs will be so gentle that you will
not detect any rolling sensation at all. The porendal for confusion is serious,

Sensations in Turning Flight. In a balanced wwirn, a full glass of water on top of
the instrument panel will remain unspilled; it will remain level with respect to the
glass. It 15 as if the weight of the fluid is acong through the aircraft’s vertical axas. It is.
The apparent weight is the result of graviry and centrifugal reaction.

Straight
and lave|

Balanced
turn

Figure 12-36 Sensed verhical,
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Your body will also sense up and down as acting in that same axis. There will no
longer be any rolling sensation, nor is there any other sensation source other than seat-
of-the-pants. In other words, once you are established in a turn, vou will feel that you
are in straight and level flight. And that feeling will be the same regardless of the bank
angle, except that the load factor is increased. When you bring together this feeling
of certainty of where down 15 and the sensation of rolling, things can become very
confising, a conditon generally known as the leans. The leans can profoundly interfere
with your mental equilibrium, but only if you let them.

Disorientation and lllusions

The Leans

Let’s look at another situarion. If the turn entry is very gentle, it is not sensed by the

semucircular canals, but the stop-roll deceleration is detected. The end result 1s quite

discomforting:

* the gentle onset of roll into the turn is not perceived;

* next, no sensation is available during the steady-state roll;

* but, when the stop-roll control movements are made briskly, the angular deceler-
ation that stops the roll and establishes the bank angle is felt—strongly;

+ however, it is felt as a roll to the left; and

* as there 1s no canceling sensanon available, the sensation of rolling—-continuous
rolling—persists, though it will slowly dissipate as the fluid stops moving and the
sensory hairs get to stand up straight agam.

In entering this turn, the only sensation perceived was the stop-roll angular decel-
eration. The signal sent to your brain is read as a roll to the left. With no corresponding
canceling sensation, it will be a sensation of continuously rolling. When vou then rell
out of the turn, and the rollout 15 briskly commenced (enough o be detected), you
will then experience the sensation that the lefi-roll movement has become faster.

Perception of rapid roll rates can quickly produce strong sensations of disorienta-
tion. You can get the leans from turn entries or exits, Thar is:
= you might be wings level and vet absolutely convinced you are rolling into or

established in a turn; or
= equally, you can be in the turn and cercain that your wings are level.

Slow rates of roll {(or movement around the other rwo axes) will not be detected.
Brisk control inputs will induce sensations, and the brisker, the stronger. A common
leans scenario is the following:

+ vou slowly let a wing drop then suddenly notice the wing-low condition;
* vou spontanecusly and rapidly roll to wings level (and perhaps be looking down at

a map or over vour shoulder for the runway after a night takeoft); and
* vou feel a strong rolling sensation.

Nose-Up Pitch lllusion of Linear Acceleration
The otoliths are tiny weights on the membrane enclosing the utricle sac and its sensing
hairs. When you tilt vour head back, or lean backward, the weights cause the sac to
slump in that direction. The corresponding sensor-hair movement tells your brain that
your vertical axis is now inclined rearward.

The same sensation is caused by linear aceeleration. Under acceleration, the sac
lags behind, and sensor hairs send a message of tilting backward. This sensation of the
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nose riing as you accelerate 15 known as the somatagravic iflusion (sormate meaning
originaring in the body, gravic meaning sense of gravity). The greater the acceleration,
the stronger the feeling. Obviously, it is not a problem when there are clear visual
cues, but 1t can have very serious consequences when there are few, or none, as on a
dark mght. The forward acceleranon through takeoff and then to climb speed will be
sensed as backward tle or, rather, as a higher nose-attitude and picch-up than acrually
exists, There is a temptation to lower the nose with sometimes faral consequences.

Erect {np
acceleration)

Tilt {rearward) Acceleration
[farward
acceloration)
|* or deceleration to stop
from rearwand metion)

Figure 12-37 Rearward tilt or acceleration?

Nose-Down Pitch lllusion of Linear Deceleration

There 15 a converse to the somatogravic illusion, but not as serious, as it 15 less likely
to happen near the ground. Deceleration in flighe is sensed as dlting forward. It is
particularly noticeable in higher performance aircraft when reducing thrust and
extending the speed brakes. If the aircraft is already descending, the deceleranon will
be sensed as a steepening descent.

N

Tilt {Iprward)
Corractly
sensed
Decelaration
or tilt?
Confused

Figure 12-38 Forvard bl or deceleration?

Again, 1t there is clear visual reference, the sensation is hardly noticeable. If the
horizon is less clear, then they are more powerful. Fly attitude as depicted on your
flight instruments.
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Motion Sickness

Motion sickness is usually caused by the balance mechanisms of the inner ear being
oversimulated by motion. This can be caused by rurbulence, or maneuvers such as
steep turns or spins, in which forces other than the normal will be experienced,
especially if there is no clear horizon. A hor, smelly cockpit does not help. Psycho-
logical aspects can also play a role in the onset of motion sickness. Anxiety, in partic-
ular, will make the condition worse by causing the sutferer to lose control over where
lie or she looks and focuses attention. Visual scanning is likely to become purposeless,
random or fixed.

The visual channel is, by far, the most powerful spatial ortentarion reference. If the
messages coming in through non-visual channels— the balance organs—are accorded
priority, the sensory confusion causing airsickness will predominate. If the airsick
person focuses on the horizon, the visual messages will be given a chance to assert
their authority and to tone down the strength of the signals coming from other
SOUrces.

Many pilots have experienced airsickness, especially early in their training when
stress levels are higher, and unusual arntudes and g-forces are encountered perhaps for
the first nme, so do not be discouraged if you experience it occasionally.

To avoid airsickness:

» andcipate and avoid areas of turbulence, known from weather forecasts and any
local effects such as the side of hills (if not a local, seek the views of someone who
18);

* cat lightdy before flight, but do eat something (don’t fly on an empty stornach);

* fly the airplane smoothly, gently and maintain wrim and balance;

* focus on the horizon as much as yvou can;

* avoid maneuvers involving unusual g-forces; and

+ ventilate the cabin with a good supply of cool, fresh air.

If turbulence is encountered:

* fly at best speed;

» relax, don't fight, and maintain atticude;

* occupy a potentially airsick passenger in the flight, especially with looking outside
the airplane into the distance or ar the horzon;

+ as a last resort, recline the airsick passenger’s seat to reduce the effect of the vertical
accelerations and keep an airsickness bag handy; and

+ land as soon as 15 reasonably possible (if necessary).

Load Factor
Speed has relatively little effect on the human body, whereas acceleration or decelerarion
may produce pronounced eftects ranging from the fanguing characteristics ot tHight to
a complete collapse of the cardiovascular system. In aviation, acceleration is usually
expressed in multiples of the acceleration due to gravity of 32.2 fps” (9.81 m/s") and 1
represented by the symbel g

The brain and eves need a continuous supply of oxygen. They have little storage
capacity, so strong or prolonged g-forces, which reduce the supply, lead to reduced
visual acuity, loss of color vision, lass of sight and even unconsciousness. When the
acceleration s centripetal, as in turn or pitching maneuvers, it is felc by the pilot as
an increase in weight. In a 60°-banked level turn, you will experience +2g, or feel
you are twice as heavy,
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All parts of the body are affected by g-force, The blood, for instance, will also get
heavier. It therefore 1s harder to pump and circulate, and tends to pool in the legs and
lower abdomen. At higher load factors of| say, +3.5g and upward, this can produce
physiclogical symproms,

Beeduced blood circulation diminishes the transport of oxygen and sugar to the
head. That is manifested as less blood supply and reduced local blood pressure. As there
is very little stored oxygen and sugar in the head (as opposed to muscles, which have
some storage capacity), the reduced blood supply can cause an immediate effect.

The first to notice anything 15 the eyes. As the eyeballs must remain balls—as
opposed to being squashed by surrounding tissue —they are inflated to positive inter-
nal pressure (they feel hard to the touch.) A side-effect of this necessary condition 1s
that blood flow to the eyes, and the oxygen and sugar supply it carries, is inhibited.
It’s an uphill slope.

If g-force 1s reducing the blood pressure in the head, then the eyes will be affected
first because of this pressure gradient. The supply of oxygen and sugar is necessary to
process sight signals. As g increases, sight becomes affected, with color vision the first
to go. If you are not used to high load factors, this stage of the phenomenon might
occur at +3.5 to +4.5g. [t is called prayout. All images are seen as shades of gray and
white.

If the g keeps building, the field of view will begin to shnink, starting from the
sides. This limiting vision effect is called tunnel vision. Still increasing g-forces will
lead to toral loss of vision, or blackout. At this point, the pilot 15 temporarily blind,
though still conscious. Further g increase will inevitably lead to insufficient oxygen
and sugar supply to keep the brain functioning—loss of consciousness,

So far, we have only talked about positive g—the plane is the right way up. If the
aircraft 15 inverted, the effect of negative g is not only uncomfortable, it is potentially
dangerous. Its one thing for large amounts of blood under higher pressure to be
accumulating in the legs and lower abdomen, surrounded by tough and flexible mus-
cle. To have that happening in the head around all that delicate machinery is another
thing altogether.

Most pilots, once they have accommodated to aerobatic maneuvering, can with-
stand up to negative 2.5g. If, however, vou push beyond that, you will encounter the
phenomenon called redons. When vou red our, the impression 15 of total loss of sight,
because a red veil is in the way. The reason for it is that your lower evelid muscles have
evolved to match the human bodies needs. As we mostly stand erect, blinking requires
the lower eyelid to move only upward. Gravity will arganize the return journey. There
is no corresponding muscle group to “unblink™ the lower eyelid. So if you are
inverted, and push to a certain negative g limit, the lower evelid will drop, covering
the pupil, and you cannot force it out of the way.

Many pilots will never experience any of these g-related phenomena. However,
some will go on to learn aerobanc maneuvers, or to fly military jets capable of hugh
g-forces in turns and maneuvering. For those who do, there is an especially insidious
potential trap: g-induced loss of consciousness or g-loc,

We saw earlier how positive g-force brings on a sequence of sight-related changes
before getting to the point of unconsciousness —grayout, tunnel vision, blackout. As
all of these occur while conscious, they can be controlled and relieved. Relaxing the
back pressure on the controls will bring nearly instantaneous relief from the degraded
sight condinion. Indeed, in the case of blackout, the reaction to diminish the g-force
by easing the control forces is nearly reflexive, However, g-loc occurs with high rates
of onset of g where the warning symptoms are overruled.
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As the graph in figure 12-39 shows, the grayout to blackout phenomena acts as a
threshold or warning of unconsciousness. It enables forewarning and the chance to
reduce the control pressure. There is appreciable delay before the effects are felt and
therefore time to return to normal. That is what happens at the normal rate of g onset.
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Figure 12-39 Fhyzical response to load factor,

If, however, the rate of onset of g is rapid, the warning signals of degraded sight will
be bypassed. The pilot will become instantly unconscious. If you blackout, you will,
intuitively relax the control pressure to reduce the g, and mmediately regain full sght
and you remain conscious throughout. However, if you lose consciousness, it takes at
least 15 seconds to recover, Loss of consciousness is a debilitating experience. Think of
the last time you saw someone faint: recall how disoriented and incapable they were
during the ensuing period. Momentary loss of consciousness in an aircraft can never be
safe. Being out of control for 15 seconds will often prove fatal. However, only aerobatic
atrcraft have the structure and control power for flight capable of causing g-loc.

Coping With High Load Factors

Your personal resistance to g-forces is highest not enly if you are physically fit but also
toughened—hardened by regular exposure. Serious exercise 15 a good idea for all
pilots, but it is especially so for those who want to be good at aerobatics. On the other
hand, no martter how fit you are, there will be ames in your life (or day) when your
resictance levels are down, ke when recovering from illness, tired after a long dav,
under domestic stress or suffering work problems.

A-loc

Another term that has been recently coined is a-loc. A-loc is almost loss of conscious-
ness due to g The reason for the differentiation is that, even if the pilot does not lose
consciousness, there 15 a temporary period of confusion and even euphoria, where
the pilot either does not recognize, or does not care about, the seriousness of the
situation. It 15 momentary, but it is believed to have caused some otherwise unex-
plained pilot lack-of-response during recovery from high-g maneuvers.
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Situational Awareness

We tend ro think of piloning an airplane as a physical skill. Howewver, there is more to
it—much more. Aircraft control, the manipulation of controls to achieve a desired
performance, is important, but 1t 15 only one element of the pilot’s total task. The pilot
must assemble information, interpret the data, assess 1ts importance, make decisions,
act, communicate, correct and continuously reassess, We call chis toral process piloting,
But let's start with the control process so that, once the aircraft is under control, we
can be sensiove to and more aware of the bigger picture.

Where am 1, where am [ going, when will [ get there, with how much fuel, at
what time, what will the weather be like, how well is the aircraft performing, how
tired am I, how well are the passengers, how do I get to the town after [ land, how
to avoid weather, how to avoid airspace, what calls | have to make . . . this is situa-
tional awareness. It is a total appreciation of where you are at, where you want to be
and how best to get there safely and on ame.

How You Process Information

The main feature of your brain, as a central decision-maker, 15 that it can only function
as a single-charnel computer, which means that vou can consider only one problem at
a time. Conscious decisions are therefore not made simultaneously, but sequendally.
They are placed in a quene according to a priority—but not always logically.

How the brain processes information is fascinating. There are six fundamental
stages:
o stimulation and sensation where sensors receive a signal;
¢ perception for recogmition, classification and remembering;
* analysis to work out what to do (make a decision);
* action for doing something (or nothing);
+ feedback to check results; and
o correction to achieve acceptable standards of accuracy.

Single-channel

=) mp ) )

A siring of separate decisions
(priogitized)

Figure 12-40 Single-channel processing.

Assembling the Big Picture
The pilot’s task involves two processes:
= being in control of the airplane; and

* being in command of the sitnation.

Situational awareness is the process whereby the pilot gathers data from his or her
own senses via sight, hearing, smell, taste, touch, and feel. For a pilot, the eves and
ears are the primary sensors—although control feel and “seat-of-the-pants™ are
important cues for aircraft control. In addition to direct sight and sound, the eyes and

Ground school Adrplane and Pilot Performance



ears are used to gather information from the instruments, radios, and NAVAIDs so
that the pilot can build and maintain an awareness of position, tme, fuel, weather,
trattic, and aircraft status. From these data, the pilot can prioritize the importance of
the information, anticipate trends, assess the need for urgency, and make decisions.
The primary task of being the pilot in command is decision making. The quality of
the decision depends upon the quality, completeness, and nmeliness of the data—and
15 affected by pilot aptitude, traiming, fatigue, stress, and personality.

The process of assembling data, making a decision, acting and correcting is called
the pilors conreol foop,

Perception/Analysis
Planning, processing.
decision making
{gingle channel}

Acoustics

Stimulation/Feedback

Commands

Acousiics
Stimulation/Feedback

Vocals

Accelerometarns
and plumb bob

Outputs

Figure 12-44 The pilot's central role in the control locp.

Flying as a Learned Set of Skills

While a student pilot 15 concentrating on learning to flv safely and
accurately, the central decision-maker will be almost fully occupied.
There will be very little spare capacity for other tasks such as naviga-
tion and radio calls—or even listening to the instructor. Once the
student has learned the motor skills and practiced them unil they are
second nature, flying the asirplane will occur with little conscious
thoughe. In this case, a string of activities 15 run antonomously in the
brain, leaving the central decision-maker available for higher-level
decisions. Strings (or sets) of skills are often imnated by the central
decision-maker.You might make a decision to get up and walk toward . H“-'."' 12-42

the door, but ence this decision has been made, the central decision- TherRreacy, ik SEIENO B,
maker can drop out of the picture temporarily and let the motor

program run the activicy. As well as initating the activity, the central

decision-maker will also return to monitor the motor program from

ome to ome, to check that the proper skill sequence 15 1n use, and to

check progress and decide when to stop.
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If skills are not used regularly, they deteriorate, and an activity that was once run
automatically by a single thought may now have to be managed by conscious deci-
sion-making. This will accupy the central decision-maker and, as a result, you can
expect a temporary deterioration in the performance of other tasks. Professional pilots
returning from a holiday break notice this, as do musicians and others who have to
perform skilled tasks. We can certainly do more than one thing at a time, thanks to
skill programming, but we can only think about one thing at a time.

Response Time

The time it rakes for any inidal stmulus to be perceived, considered, and acted upon

can take berween a fraction of a second and several seconds, depending upon the com-

plexity of the decision to be made, the action to be taken and the acceptability of the
degree of deviation. In a control loop, such as an autopilot, this is known as the gain—
high gain means a quick response to any deviation, and low gain is a sluggish response.

High gain 1s less tolerant of deviations but can mean a rough ride and so autopilots have

a soft-ride or half~bank mode for less disturbances and a more comfortable flight.
Responding to a stimulus often requires a series of sequential decisions to be made:

this of course needs time due to the single-channel nature of the brain’s central deci-

ston-maker. On approach to land, for instance, the landing gear has been selected
dewn and a horn unexpectedly sounds,
Some of the decisions that now need to be made are the following:

o establish a safe flight path—in this case, a go-around is essential to gain time and place
you 1nto a position where you can sort out the problem. Continuing with the
approach is pushing vou to a higher workload, with meore critical demands on time;

= silence the horn to vemove the distracion—the horn has been heard and the warning
has been noted;

= what does the horn mean?—s it landing gear not down, or something else? It means
that the landing gear has been selected down, but is not actually down;

s radio call—declare emergency to tower, ATC or other traffic; and

« carry out checklist items.

Throughout the u:lccisinn—maki.ng process ful]inwing a very simplc uni:xptcttd event,
you must continue to switch attention ﬂIrnugh the tasks of aviating, navigating, and
communicating to allocate priorities and to trigger skilled responses. In a situation like
that above, you removed the pressure of time by deciding to make a missed approach,
and then allowing the learned skill vo fly the aircraft. Once the safe response was seen
to be in progress, the conscious mind then established the nexe priority. Time was thus
made available to solve the problem. In other situations, you may not have that luxary—
¢.g 1 a takeoff that is rejected at a high speed on a hmiting runway. This will require a
split-second decision and immediate actions. If the pilot of a large aircraft suspects a
problem during the takeoff run, especially as the decision speed is approached, there is
only two seconds to decide what to do: stop er go? Stopping may not be possible i€ tie
has blown and reduced the wheel-braking capability. Continumg the takeoff may not
be possible if the problem is with the flight controls, or if the problem 1s mulaple engine
failure due to bird strikes, The enormeous pressure of limited time between input and a
necessary decision can sometimes lead to a faulty decision and response.

The risk of making a poor decision, no decision, or an incorrect response 15 nun-
imized by maintaining a high level of knowledge, and by practicing a maneuver fre-
quently so that it becomes a conditioned response. The decision/response is thus
based on the probability of the best course of action and accepting the smallest odds.
Simulators can play a big role here, particularly when practicing critical maneuvers.
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Mental Workload

Best performance is achieved by a combination of high levels of skill, knowledge, and
experience (consistency and confidence), and with an optimum degree of arousal,
Skill, knowledge and experience depend upon the training of the pilot; the degree of
arousal depends not only upon the pilot’s flying ability but also upon other factors,
such as the design of the cockpir, air traffic control, as well as upon the environment,
motivation, personal life, weather, and so on. Low levels of skill, knowledge and
experience, plus a poorly designed cockpit, bad weather, and poor controlling will
lead to a high mental workload and a poor performance. If the mental workload
becomes too high, decision making will deteriorate in quality, or maybe not even
occur. This could result in concentrating only on one task sometimes called rwnnel
vision) with excessive or inappropriate load-shedding. You can raise your capability by
studying and pracucing, and by being fit, relaxed and well rested.

The pilot’s tasks need to be analyred so that at no ime do they demand more of the
pilor than the average, current and fit pilor is capable of delivering There should always
be some reserve capacity to allow for handling unexpected abnormal and emergency
situations. At the aircraft design stage, the pilot is taken to be of an average standard, On
this basis, skills and responses are established during testing so that the aircraft can be
certficated as compliant. But there 15 some argument that the specimen should not be
the average pilot, because half of the pilot pepulation would be below this standard,

Capability
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Figure 12-43 Faserve capabilify

The legislators establish the minimum acceptable standards for licensing but the
marginal pilot, who maintains only the minimum required standard, is nort really of
an acceptable standard. You can each ensure that you are at an acceptable standard by
honestly reviewing the demand that the aircraft and the fighe placed upon vou. If
your capabilities, mental or physical, were stretched at all, then you need more prac-
tice, more study or more training—at least in those aspects that challenged you. Many
pilots feel that, under normal conditons, they should be able to operate at only 40—
5(M0 of capacity, except during takeoffs and landings, when that might rise to 70%.
This leaves some capacity to handle abnormal situations.
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Figure 12-44
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Aeronautical Decision Making

The essential, fundamental role of the pilot is to make decisions—reliably, safely and
timely. But fortunately or unfortunately, pilots are only human.

Information Processing

The decision-making process is one of assembling data, assessing its importance and
urgency, making the optimum decision (based on experience and training) and then
taking the appropriate action, The quality of this action reflects the pilots apritude, skill,
discipline, training and recent experience {on the aircraft type, in those conditions and
for the parocular phase of flight). The quality of the decision depends very much on
having complete and recent data (such as position, weather and traffic) for both existing
conditions and the likely trends. This big picture is called sitwational awareness. Then there
is the dimension that must have a high priority i the pilot’s mind: the “fourth dimension.”

The Fourth Dimension
An airplane operates in four dimensions:

+ three-dimensional space; and
+ time.

Everything in flight 1s changing, and the rate of change varies enormously. Learning
to fly is very much a process of being conditioned ro the rate at which things happen.

The other aspect of time is that it is finite. You run out of fuel, daylight and clear
weather. You become tred. You may have imited time and space in which to make a
decision or to maneuver the aircraft.

Thus situational awareness for a pilot is knowing more than where you are. It is
knowing the aircraft’s position, environment and status, all in the context of tme —
tme gone, time to go and time available.

Emotions in Decisions

Emotion plays a ssgnificant, often a dominant role, in the decision-making process. We
often decide on the basis of what we want to happen rather than what is most likely to
happen. Whar we hope instead of what is likely, What we expect can also be ambitious
or cautious, especially if we have pushed the boundaries and got away with it previously.
Thus decisions also depend on personality and confidence. What are the chances 1
wrongly perceive rather than correctly know what the odds really are? Do [ by nature
err on the positive side or the negative? And in terms of safety, the negative is not a bad
thing. It is cautious and survival-oriented rather than goal/success oriented. I made it/
You must learn to make as much of a song-and-dance about sensible, reserved decisions
and actions, as vou do abour taking a risk and geming away with it

Decisions and Stress

Internal Stressors

Decisions not taken cause stress. While you are deciding, and are under pressure to
decide, the level of stress can become unreasonable. Avoiding a decision also causes
stress because you know that ulumately the problem will have to be addressed. e won't
go awav. The soluton is to make the decision and go for it. Stress is relieved by action,
either fight or flight.
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External Stressors

External pressures have a significant effect on your decisions. You have human wants,
needs and fears: wanting to please, wanting to impress friends or siblings, wanting to
earn more money or be promoted, needing to be loved, needing to be noticed,
needing to be rewarded, fearing criticism or ridicule, tearing to lose a job, or fearing
injurv.A completely rational decision is made in isolation and such decisions can often
only be made retrospectively: what you should have decided rather than what you did
decldc Accident investigations are large]v of this ilk because they do not—cannot—
know the pressures under which the particular decision was made. We can rationalize
why the pilot should have made the correct decision when we read the acadent
report. Its obvious. What is not obvious is the emotional strings artached to that
decision, Making correct decisions sometimes takes considerable courage or, to use
the old term, moral fortitude,

Destination Obsession

Destination obsession (also known as “get-there-itis™) is getting there, today, at all
costs, [t seems not to be the resule of a conscious, foolish decision, but more likely
delaying a decision to turn back and land until it is no longer safe to do so. lllusions
and misinterpretation of the seriousness of the deteriorating sitnation complicate the
decision.

Low Cloud, Pressing On

The problem with pilots pressing on under lowering cloud is well-known within the
aviation industry, and vet it just doesn't go away. (Fatal accidents continue to occur
due to this problem.) The solution to the problem is elusive. The process involved
obviously affects judgment of distances —distance from cloud and height above the
terrain, Incredibly visual mereorological conditions (VMC) do not require a visual
horizon! True we can estimate the horizontal by perceiving the vertical—by looking
down—Dbut this is not always reliable. Whar if the rerrain is not level?

Rodugod ligh

Figure 12-45 Limited cone of vision
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With fewer cues available, those that can be read are given greater importance They
appear more pronounced, more compelling in their meaning. They invite greater
reliance on what they are telling you. The main effect will be to deny a proper and
accurate assessment of height above terrain, distance from obstacles and cloud and you
have a false apprecianon of level atticude.

With restricted forward visibility, your judgment of height and distance will be so
distorted as to be next to useless. You could become very close to the trees or ground
withourt realizing, Bur, by then, it far too late. We've all heard news reports of aircraft
engine noise low overhead, often for long periods before the actual crash,

All of which adds up the unsurprising conclusion that most, if not all, pilots who
do go on teo far under cloud have no idea how low they are actually flying until they
hit something—or wind up in the “soup” itself, blind in cloud. The destination obses-
sion affecting their decision making and distorting their judgment must have been
very powerful indeed. Moreover, there is one more influence: visual illusion,

Many aircraft that have crashed under cloud into rising terrain having stalled while
under full power. With the limited field of view, there is a tendency to use the ground
as reference for level flight. The closer you get to the ground wichout a strong nose
attitude vs, horizon reference, the more prone will yvou be to seeing the fuselage being
parallel o the earth’s surface as an indication of level flight. As the slope increases,
therefore, so will the climb angle, until the inevitable seall.

It’s the same phenomenon as not being able to judge height, anymore—too few
visual clues available to make a correct assessment. The further you go pressing on,
the less you'll appreciate just how close you are to the cloud and the wee tops. Bur,
of course, you should never have got there in the first place. Unfortunately pilots do.

m‘l‘t‘:'ih_—":hhﬂ g e i St i A et P

Figure 12-46 Rizing terrain—ialse horizontal,
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Personality and Matters of Choice

Che of our defences against being discomforted by situations like these is the confi-
dence that, "It won't happen to me.” On the other hand, most of us do know people
who we would rate as more-likely-than-most to do such a thing. Thus, the idea that
some types are more prone to taking higher risks than others is not especially contro-
versial, The sort or type of person is usually defined by a hazardous attitude.

Five Hazardous Attitudes

The FAA defines five types of hazardous menral atdrudes for pilots. They include:

o antiauthority fdon't tell me!). People who don't like others to tell them what to do
are often resentful of wise advice and prone to disregarding the rules, The antidore
to antiauthority is: Follow the rules; they are usually vight;

o impulsivity (do something, quickly!). People who don't stop to think before they act
are impulsive, They often do the first thing that comes to mind. The antidore 15: Not
so_,l’.fxsr. Thr'ukﬁﬁ.r:

= dmminerability (it won't happen to me). We all know accidents happen, but some feel
it could never happen to them. They are far more likely to take chances and risks.
The antidote is: It could happen to me;

* nacho (1 can do it). Now, here’s a person with something to prove and he or she will
probably take risks to show off. The antidote is: Taking charnces is foolish; and

= yesignation (what’s the wse?), Resigned pilots figure that the flight went well because
they were lucky. If the Hight goes poorly, however, it isn't their fault, there’s nothing
they can, or will do to change things. The antidote to this attitude is: U'm not helpless,
I can make a differoince.

Formal Decision-Making Processes

You can learn to make better decisions by 1termzing the correct decion-making process:
1. identify the decision to be made or problem to be sclved;

2. collect relevant information;

3. generate alternatives;

4, ﬂn:l.l}"zt alternatives;

5. decide the most acceptable alternanive;

6. action the alternative; and

7. monitor the outcome: if satisfactory, proceed; if not, repeat steps 2-7.

While this may secem to be time consuming, it gives structure and method to the
process and ensures no jumping to conclusions. Most airlines use these steps m crew
resource management (CRM), decision making and training, It is a valid way to make
decisions and to check if your normal process covers all oprions. But there is another
important element: how much rime vou have to make the decision.

The other problem is not making a decision, i.e. deferring the decision unnl it is
too late. You are forced into a situation where there is no decision to make.You are
then compuitted with no escape route,

There is a well-known model for deasion making based on the mnemonic
DECIDE. This medel implies the decision s a reaction to circumstances, a situation
or a change in events. A better way to make decisions is to anticipate —to be proactive
rather than reactive. Have the decision made before it is needed—on standby—Ilike
you practice emergency procedures so you can anticipate a decision point and have
maost of the work done.

Chapter 12 Tha Human in the Cockpit

Filots must assess the
rigks involved in any
flighi. Good judgment
and decision-making
skifls can be learned

D Detect a change.

E Esfimate the need
to react.

€ Choose an
outcome,

1 Identify actions.

D Do the necessary
action.

E Evaluate the
effact

a1



Figure 12-47
In-flight dacisions must
be decisive.

Crises? Decisions should ideally not be made under duress—in a crisis situanon.
They should be made under controlled conditions and be stored—ready for use. A

'r.“ different model is based on the mnemonic ACTION:
-

A Anticipate and assess the possible scenarios.
Consider actions and outcomes.

T Time—if available, immaediate decision or nominate decision paint
{gofno-go point) and criteria

| Implement decision—rnake a control input, transmission atc.
0 OCbserve the result and correct—fine tune

N RMominate the next milestone, decision point or potential hazard.

Many problems are due to no decision or a delaved decision. Decisions are easy to
defer. Deferring decisions 15 only acceptable if a nominated decision point is made
and adhered to.

Assembling What-If's

Sesame Sitreet (Envisioning Ouicomes])

A tabulous episode of Sesame Street involved a child who was encouraged to imagine
outcomes before crossing the road:

+ what if [ run onto the road without warning .. . ?

* whatif [ run out in front of a school bus ... 7

* whart if I run across the road and erip .. .7

* what if I cross without looking in both directions .. .7

This is exactly the what<if attitude a pilot needs to develop.

Choosing the Best Option

Priorities

The first priority must surely be to arrive safely, but we often neglect that or com-
promise it for “must arrive today,”“must get to a meeting on time,” “must land before
dark,” “haven’t nme to top off the tanks, complete a fuel check, complete an engine
run-up check,” ete.

Bets and Betters

We endlessly evaluate bad decisions bue what about some examples of good decisions?
It 15 better to spend a cold night in a slecping bag in a tent under the wing of the
airplane than flying into deteriorating weather and impacting terrain. Ir is better to
arrive late, even the next day or next week, than not at all.

If you have to be there, have an alternative plan:“I will leave early enough so that
if the weather deteriorates over the mountains, [ can land a . . . and take the bus and
pick up the airplane on the way home.”

It’s better to accept the rebuke, criticism and complaints of a passenger or employer
by refusing to overload the airplane or exceed the CG limits than crash on takeoff.
Saying “1 told you s0™ is no consolation in the eddying seconds of the Aight as vou
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inevitably impact the trees. (Incidentally, they expect you to protect them from them-
selves.) It is berter to land and leave your family safely on the ground rather than risk
injuring all of them because you have to get to a business meeting. But then shouldn't
vou also stav on the ground with them? It is better to pay several hundred dollars for
taxis and hotel rooms at an unplanned stop than miss your daughrer’s wedding and
have them attend your hospital bed instead. It is better to be called a chicken than to
be decimated and burned in the wreck of an airplane thar stalled and spun wying to
attempt a low pass after takeoft. It 15 better to go around and accept the extra time
and expense than land when the runway is occupied or when your threshold speed
15 too high You bet!

On Def Ears

Two commeon situations lead to dangerous situations, They are:
o deference; and

+ deferral.

Deference 1z when you relinquish the decision to someone or allow their views to
dominate such as when you avoid discussion and possible conflict, or when you want
to please by saying what they want to hear or doing what they want to do despite
vour inner feclings thar this option is perhaps risky. Deferral 15 avoiding making a
decision—until later perhaps until its too late. This is the reason you have to set your
own milestones, gates and go/no-go points and stick to them.

Choosing When to Implement a Decision

As important as the decision 1s the timing (when to implement it). But when is the
right time?

* Immediately?

* Before sunset?

* Betore reaching the point of no return (PNR)?

* Before becoming fadgued?

* Betore becomng stressed due to weather or terran?

Meostly a decision s needed now, Bue there are some occasions when a gate or
milestone can be set. For example:

* 1 will proceed until the PINR, but at that point, if I have any doubts about the Figure 12-48
weather at the destination, | will turn back. (The decision is already made and the Go or ne go.
criteria set. The decision point is also set—it is non-negotiable);

* [will maintain minimums until overhead the airfield and if | cannot see the runway
lights | will divert to the alternate. (I will not descend);

* Iwill continue while I can maintain safe terrain clearance. [ have a defined horizon
and | have at least a 500-foot vertieal separation from cloud. IF [ lose the honzon,
if [ feel squeezed between ground and cloud, I will immediately turn righe (least
risk); and

* I will continue until an intermediate landing point and 1f | do not reach there by
a certain tme, which guarantees | will reach the ulomate desonation by sunset, |

will land.
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| Review 12

- The Human in the Cockpit

Am | Fit to Fly? Vision
1.  You have consumed a small amount of 15. The retina contins rods and cones.
aleohol. You should not fly for at least how Describe where each are located in the eye.
many hours? 16. True or false? Cones are most effective at
2.  What is Hypothermia? night.
3. The FAA prescribes a method for evaluat- 17.  Are rods color-sensitive?
ing risk and reducing stress. What is 1t? 18. What is your peripheral vision provided by?
4. List ar least two ways you can keep vour 19. What is the most effective method of scan-
stress levels down when planning a flight or ning for other aircraft in daylight?
during a flight. 20. True or talse? In daylight, other aircraft are
most clearly seen in your central vision.
24. Another aircraft remains in view in the same
Respiration position in your windshield. [s there a possi-
5:  What is hypoxia? bility that you are on a collision course?
6.  What is hyperventlation? 22, True or false? At night, other aircraft are
7.  What effect does hyperventilation have on most clearly seen in vour central vision.
the body? 23. The most effective method of scanning for
8.  What is the main cavse of hypervennlaton? other aircraft for collision avoidance during
8. Name a common symptom of hyperventi- nighttime hours is to use:
lation. a. regularly spaced concentration on the 3,
10. Why is a faulty exhaust system potentially 9, and 12 o’clock positions.
dangerous? b. 2 series of short, regulacly spaced eye
11, Suscepubility to carbon monoxide pmson- movements to search each 30° sector.
ing increases as: . peripheral vision by slowly scanning small
A, AIr Pressure IMCredses. sectors and utlizing off-center viewing.
b. altitude decreases. 24. How can vou determine if another aircraft
¢. altirnde increases. is on a collision course with your aircraft?
25. s it possible for other objects to be closer
than they appear to be in hazy conditions?
Balance 26. If vou are exposed to bright lights prior to
12. What 1s spanal disorientanon? flight, how long 15 1t recommended vou
13. What should vou rely on in order to inter- wait before undertaking a night Aight?
| pret airplane attitude in poor visibility con- 27. Dwuring a night flight, you observe a steady
ditions? red light and a fashing red light ahead and
14. To bect overcome the effects of epatial die- at the same altitude. What is the general
orientation, a pilot should: direction of movement of the other aircraft?
a. rely on body sensarions. 28. What illusion can an upward sloping run-
b. increase the breathing rate. way give?
e. tely on atreraft instrument indications, 29. What illusion can a narrow runway give?
Answers are given on page 652,
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