
Pre-season Brief, Matamata, Saturday 8th September 2012
HUMAN FACTORS PRESENTATION
Jonathan Pote, MB BS, Int Av Med, RAF (retired)
Introduction:   I have recently become a QGP, having returned to gliding with Auckland ASC two years ago, but did solo way back in 1971 in a Slingsby Prefect (a Grunau Baby on low dose steroids).   The RAF kindly gave me 1500 hours flying, much of it as supernumerary operational aircrew, including fifty hours in fast jets (BAE Systems Hawks) and sent me on several aviation medicine courses in return for looking after aircrew.   When I retired, downsizing saw all my Av Med notes binned, so what follows is a reconstruction.   Some of the figures might be slightly out, but are true in essence.

Two aspects of the QGP human factors syllabus, of academic interest only to the new pilot, become very relevant to advanced soaring; the oxygen dissociation curve and orientation in flight.
Homo sapiens has paced this planet for about fifty thousand years.   The wheel was invented some ten millennia ago, the industrial revolution did not occur until the 18th Century, yet now aerobatics are available to everyone, space flight to some.   My sons are professional pilots in their prime.   Their grandfather was born in 1907; his grandfather lived through the Industrial Revolution: less than six generations from the horse as the only aid to movement to the Joint Strike Fighter of today.

 The material in this document does not cover new ground but just reinforces QGP knowledge.   Much of the detail is unnecessary, but is there to instil great respect for our considerable limitations when flying.
Oxygen 
Standard guidelines for the QGP Human Factors module say that supplemental oxygen must be available when above 10 000’ AMSL, and must be used either when reaching 13 000’ or after thirty minutes above 10 000’ even if still below 13 000’.   These very round figures may seem to be arbitrary, and give the impression that the need for supplemental oxygen is simply directly related to falling atmospheric pressure, running parallel to that (hyperbolic) curve.   In fact that is lethally misleading, and the altitudes are far from arbitrary; hypoxia increases very rapidly above 10 000’.
Let us look at how the blood transports oxygen from the lungs to the tissues.   Some is in solution in plasma, but only 0.3 mls oxygen per 100 mls of blood, under 2% of the total of 20 mls per 100 mls blood.   The other 98% is combined with haemoglobin, a protein that has evolved as species became more complex.   Each molecule of haemoglobin binds four atoms of oxygen, and reaches this limit (saturation) when the oxygen partial pressure is around 100mm of mercury.   Higher oxygen partial pressures, such as when breathing 100% oxygen at sea level, cannot increase this carriage (although the tiny amount in simple solution rises).

 The standard atmospheric pressure of 1013 millibars/hectopascals is equal to 760 mm Hg (Mercury), the latter being the units used medically.   The partial pressure of oxygen at sea level is thus about 160 mm Hg (21% of 760mm Hg).   The oxygen atoms do not attach to the haemoglobin in a linear fashion; the first is aboard by 20mm Hg oxygen partial pressure, the next two more easily by about 40 mm Hg, but the last is a stubborn individual and is not aboard until around 100 mm Hg.   The result of this non-linear affinity is the oxygen saturation curve, seen below:
The Oxygen Saturation Curve



Since humans evolved close to sea level, this works well (Very few human populations live naturally much above 1000’ – even Kathmandu is only at 4500’.   Tibet and the Andes are the two major exceptions, and here native people suffer from ‘chronic mountain sickness’ due to lack of oxygen, which reduces their life expectancy).    In the lungs, where the blood arrives still with some oxygen aboard, the bulk of the oxygen is loaded onto haemoglobin very easily, the last stubborn atoms following as within the lungs just seventy millilitres of blood is spread over seventy square meters of exchange surface – giving very efficient movement in of oxygen and out of carbon dioxide down the partial pressure gradients.    In the arteries no oxygen leaves the haemoglobin, but once in the thin walled tissue capillaries, close to active cells, it not only diffuses out down pressure gradients but those two loosely attached atoms are forced out by increased carbon dioxide levels and increased acidity (decreased pH) in active tissues due to the very biochemical processes that require the oxygen.   The last atom, firmly attached, is still there if desperately needed, but normally returns to the lungs via the veins still attached to the haemoglobin molecule.
Such is the situation at sea level, but what about at height, as oxygen partial pressure falls?   Remember that as the air within the lungs is always fully saturated with water vapour, and SWVP (saturated water vapour pressure) depends solely on temperature (not pressure) being 47 mm Hg at 37 degrees Celsius – body temperature.   As the atmospheric pressure halves, so the SWVP doubles as a percentage, reducing the percentage of oxygen in the mix further below the familiar 21%.  At sea level, oxygen partial pressure in the lungs is 143 mm Hg (21% of 760 – 47), which is more than enough to give 100% saturation of the haemoglobin.     

At 8000’ the atmospheric pressure of 568 mm Hg means that the oxygen partial pressure in the lungs (21% of 568mm – 47 mm) is down to 104 mm Hg – still just enough to fully saturate the haemoglobin, so effectively the arterial blood is still at sea level.   This is the reason airliners used to be pressurised to a cabin altitude of 8000’, although in fact there is a slight reduction of colour vision perception even then.   With glass cockpits and multi-function, multi-coloured displays, the cabin pressure in modern aircraft (A380, B787) is now equal to 6000’ purely for the benefit of the pilot’s colour vision.   This of course brings a structural weight penalty for the greater differential pressure across the hull skin.
At 10 000’, haemoglobin is only 96% saturated – the slippery slope has started.   Those two loosely attached oxygen atoms, so appropriate to easy addition and detachment in at sea level, are now just beginning to not being added to the haemoglobin in the lungs at all.    At 15 000’, saturation is 92%, at 20 000’ it falls to 82%.   Yes, you do remain conscious but in emergency medical terms, at sea level 80% arterial oxygen saturation or less in a sick person is the definition of respiratory failure and earns them a bed in the intensive care unit!   The QGP notes give a ‘Time of useful consciousness’ at 21 000’ of ten minutes if sitting, half that with moderate activity, but these are arbitrary figures.   As well as hypoxic, you will be very cold, possibly hypoglycaemic, and certainly lacking in judgement, the latter getting steadily worse.   You are going to die – not for some time yet, but your last chance of self-rescue is slipping away, probably unnoticed by you.
Take another look at the oxygen dissociation curve, this time as a mirror image; starting with sea level conditions on the left hand side this time, it looks far more threatening.    As you climb (move to the right), at 8000’oxygen partial pressure in the lungs has dropped to 104 mm Hg.    You are then onto that slippery slope that soon rapidly steepens.   That slope also represents your (failing) brain capacity.   Never, never go there unwittingly.
The Oxygen Dissociation Curve reversed to emphasise what happens above 8000’ (the left edge/Y axis)
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If that curve represented an icy slope, would you walk out to the right?   Hopefully not!   (apart from the fact that I cannot reverse the captions in this diagram, it should help it stick in your mind!)
I have no experience of gliding oxygen systems and cannulae; my experience is in RAF fast jets and tightly fitted masks, with 100% oxygen available at the flick of a switch: great for ‘air nausea’, but the claimed cure of a hangover is dangerous self-deception!   All I can say is know your equipment and its limitations.   Know how to check connections and controls in your sleep.  Make no decisions about usage when airborne (and thus possibly hypoxic)     Stick to your plan for oxygen usage as devised on the ground.

As to the oxygen paradox (feeling WORSE on starting oxygen, and thus discontinuing it because you suspect contamination), take some trial deep breathes as you do cockpit checks, perhaps under ‘security’, or ‘eventualities’.     If you do the Australian ‘pre-pre-take off check’ before getting into the cockpit (Airframe – DI done, walk around, Ballast correct/removed, Controls full free and correct, Dolly removed, Empty cockpit secure, Flight plan outline, then add G: several big gulps of oxygen to check it is pure.    If it’s pure oxygen during these checks, it will still be pure oxygen at 10 000’whatever you may think at the time, so stick with it.   The oxygen paradox, that is feeling worse on starting to use oxygen, is probably due to the brains critical facility recovering before its problem solving ability recovers, thus giving a feeling of loss of well-being.   If it occurs, it is proof that you were hypoxic, and should have gone on oxygen sooner.   Learn that lesson well – and tell others, under the cloak of anonymity if you wish. 
Of course, with acclimatisation some men can even climb Everest without oxygen, something not classifiable as ‘moderate exercise’!   Acclimatisation to height is a slow process over time involving the kidneys primarily, quite unlike flying.   I would be happy to discuss it later with any mountaineers.

See page 15 to conclude.

Orientation   

Flying in cloud is, I understand, allowed in but not encouraged in gliding competitions in New Zealand.   In Europe, gyro instruments are not allowed in competition gliders so as to specifically discourage cloud flying.   

We orientate ourselves relative to our surroundings and movement primarily by sight, with the inner ear vestibular system as a backup in poor light.   This follows our evolution as hunter-gatherers mainly by day, and is backed up by proprioception (knowledge of body configuration by stretch receptors around joints) and pressure sensors particularly on the soles, palms and buttocks.   In our primitive life, information from these sources was always complementary, never in conflict. 

The eye and sight    

It is tempting to think of the retina as if it were like the optically perfect plane of a camera, be it wet film or digital, improved by its spherical shape, and with innumerable ‘natural pixels’ (rods and cones) on its surface, with the brain then somehow transferring this light image to our consciousness.

The human eye diagrammatically
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This concept and diagram are misleadingly simple – in fact the image on the retina as viewed directly as with an ophthalmoscope is blurred, distorted and indistinct.   Whilst the rods and cones do indeed act as innumerable pixels, they are not on the surface of the retina, but actually in its deeper layers.   Large blood vessels, arteries and veins, overlay them on the surface, leading to many areas in addition to the blind spot where no image is sensed.

Retinal photograph



This image is in fact an angiogram, showing just the arteries and a general shading of the retina.   Each artery is accompanied by a (larger) vein, the whole network obscuring the rods and cones.  Note the increased blood supply to the macula (darker) and less to the blind spot (lighter).

The impulses from the light receptors, behind the blood vessels, deep in the retina, and absent in the optic disc (blind spot) are interpreted in the visual cortex, to the rear of the brain.   The comparatively large size of the visual cortex indicates the importance of vision to the species.   Inversion and lateral reversion are compensated for by nerve fibres crossing over, but the imperfect ‘file’ received by the visual cortex is highly processed to produce pretty much what the brain expects to see – be that reality or not – and is largely based on previous experience.    That is why giving sight to those who have never had it (such as those born with congenital cataract, but not operated on early) is a disaster, leading to abject fear as nothing seen equates to prior experience.

An example of an image processed in the light previous of experience:

7H15 M3554G3 53RV35 7O PR0V3 H0W 0UR M1ND5 C4N D0 4M4Z1NG 7H1NG5! 1MPR3551V3 7H1NG5! 1N 7H3 B3G1NN1NG 17 WA5 H4RD BU7 N0W, 0N 7H15 LIN3 Y0UR M1ND 1S R34D1NG 17 4U70M471C4LLY W17H 0U7 3V3N 7H1NK1NG 4B0U7 17, B3 PROUD! 0NLY C3R741N P30PL3 C4N R3AD 7H15.
Two examples of visual traps, both from my son Chris, an RAF QFI:

As a student on the Tucano, a 280 knot turboprop trainer, an early dual cross-country flight involved the instructor climbing over a ridge in Yorkshire, rolling 135 degrees and pulling positive ‘g’ over the crest before rolling wings level, nose down, to get down into the next valley, maintaining 500’ AGL/240 knots all the while.   When Chris came to do the same route solo next day, as he rolled wings level in the descent down the slope something really caught his attention – amongst the conifer trees on the valley floor was an enormous lorry, fully three time as high as the trees!   Realising the obvious, that it was an ordinary forestry lorry amongst two meter saplings rather than mature trees, he had to pull 6 ‘g’ and even so reckons he was below 200’ before he pulled out.   It was a very quiet young pilot who flew gently back to Linton and asked to see the CFI!   Lessons were learnt, the route was changed and instructors were briefed to point out the problem.   And the Tucano passed its overstress checks.

Chris also says that the greatest danger that pilots face in OLF training (operational low-level flying – 600 knots at 100’ across Canada) is dead emergent trees.   At that speed, the foreground is blurred and you have to look several kilometres ahead, at which distance a dead trunk clear of the trees is small, non-contrasting and effectively invisible.   By the time it is closer, whilst the image must be on the retina, the brain is concentrating further ahead and ignores it.   There have been some spectacular near misses, usually only seen by the back-seater, and some tragic losses. 
And what is the relevance of this to glider pilots, who do not often manage 600 knots at 100’?

It is to reinforce that, while “seeing is believing”, that belief may be fatally flawed.    Consider your outlandings; each one is a new and unique situation.   On the bare Cantabrian Plains, is that a barn from 300’ AGL – or a small shed from 100’ just as you turn finals dangerously low (and about to overshoot the line)?    When you looked at the final approach path from 800’, did you miss a power pole – and its attendant wires – against the line of a hedge or fence?    Do not accept any one visual clue – systematically build up the three-dimensional picture of where you intend to land, and your height above it.    Consciously ignore the altimeter as a primary source.   Remember the illusions created by slope, shape and surface.    As with overall experience, just as 500 and 1000 hours are reckoned to be dangerous times in a pilot’s life, so there are levels of experience when, at least subconsciously, you will be too blasé about assessing outlandings.   Yet these are all too prominent in accident statistics.

Another visual trap worth mentioning is the ‘constant angle, lethal danger’ situation.   If two aircraft are converging towards a collision point, the image will stay on the same part of the retina, albeit slowly enlarging.  Since our neural circuitry evolved to sense movement in the visual field as a priority (to evade large predatory animals, and hunt prey ourselves), this image may not reach conscious levels until too late, leading to a collision.   Consider a competition situation, where one glider finds lift and then several others all race in straight lines towards the same thermal entry point, minds pre-occupied; a perfect set up for a mid-air collision.   So weave a little, and keep that scan going.
Vestibular system.    

The Balance Organs (Vestibular apparatus):  
Associated with the organ of hearing (cochlea) are the three semi-circular canals and two otolith organs (the saccule and utricule).   These organs, always shown as an isolated structure, are in fact a precisely shaped cavity within a dense bone (the petrous or ‘rock-like’ temporal bone of the skull)and share a complex fluid filled cavity.  The semi-circular canals sense angular acceleration in each of the three planes, whilst the otoliths sense the orientation of the head relative to gravity (plus, by chance, linear acceleration, although Neanderthal man did not need this information - and it can be lethal misinformation to pilots).

Diagram of the ear
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The Inner Ear schematically
	Semicircular canal

	



A single semi-circular canal, schematically
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The semi-circular canals are fluid filled.   When angular acceleration occurs in the appropriate plane, the fluid is momentarily left behind due to its inertia, so moves relative to the canal.   Note that if the acceleration is in a plane at right-angles to the canal’s own plane, there will be no fluid movement, and thus no sensory input.   This movement is sensed by tiny hairs and interpreted by the brain as the head turning in that plane although there is a threshold of 2 degrees per second per second that must be exceeded before the sensation registers.   If the angular acceleration ceases but the turn continues, the fluid will ‘catch up’ after a while, and the sensation of turning goes away.   If the movement ceases (or reverses – angular deceleration) the fluid continues momentarily and the brain perceives this as the opposite movement.   In Neanderthal times, this rarely happened as even when swinging like Tarzan on a liana, the visual input would predominate and there would be no confusion.    In flight it is frequent, often without appropriate visual input.    Since ANGULAR ACCELERATION is what is detected, not simply movement, after accelerating in roll, for example, at one degree per second per second, after thirty seconds a pilot will be rolling at thirty degrees a second – and be COMPLETELY UNAWARE OF THIS if he has no visual reference.    Sudden re-acquisition of visual reference, as when spinning out of the cloud base, gives the frightening sensation of the world spinning around the (apparently stationary) aircraft.

Worse, the three canals interconnect, and thus fluid movement in two of them can cause more rapid movement in the third whilst at the same time there is no corresponding movement of the head for the eyes to see.   This conflict or sensory mismatch is called the ‘Coriolis Effect’ and feels very unpleasant, leadings to nausea and vomiting.

The otolith organs.   

There are two of these, in which tiny crystals of calcium apatite (= bone) are attached to the tip of sensory hairs in a soft matrix.   They sense position in two planes 90 degrees apart and thus static head posture in the pitching and rolling planes.    Unfortunately they also sense linear acceleration in these planes.   Rapid forward acceleration has the same effect as looking up (the hairs lean backwards) and can be interpreted as rotating into the climb if the eyes cannot see what is happening.   The instinctive correction in the dark or fog is to lower the nose....    Just after take-off.....      Rapid deceleration as flaps are lowered on approach at night or in fog can seem like the nose pitching down, leading to the nose being raised at low speed....    The same misinterpretation occurs in the lateral plane when there is no visual reference, sideways movement being interpreted as bank in the opposite direction and thus aileron being used where rudder is appropriate.

Pressure and proprioception.    Further sensory input to the brain includes pressure on the skin (soles of feet, buttocks etc) plus stretch receptors in and around joints that define the position of joints, and thus limbs etc.    Used as a part of the whole picture, this is useful.   Trusted without other input in an aircraft, this can be very misleading; a balanced turn activates buttock pressure receptors equally left and right, just the same as a pitch up and so gives no useful information for recovery from a spiral dive if one is ‘blind’.    Likewise, Mosquito pilots sat on their left buttock, the rudder pedals being slightly offset towards the right and thus sensed a right roll when actually straight and level, making instrument flying more difficult.

Eye/Balance interaction:   The eyes and inner ears interact to allow visual tracking, essential to the Neanderthal both for evading danger and for hunting.   With the head moving, a stationary or predictably positioned object is easily tracked.    Conversely, a randomly moving object is difficult to track even with a stationary head as there is zero input from the inner ear balance organs.  This is easily demonstrated, preferably by two people; first move your head around whilst observing a stationary or a moving object.   It will seem to be ‘gyro-stabilised’ in your visual field.   Then with someone else moving an object around your visual field, try to follow it with your eyes, keeping the head still.   Although the relative movement is similar, this is far harder, the eyes always trying to catch up because they are denied input from the vestibular apparatus.

Disorientation:   

On the ground (Neanderthal man again), the sensory input from eyes, balance organs and pressure/position receptors usually agree, just varying in importance.   Vision dominates by day, other inputs increase in importance at night.   In flight, total disharmony can occur.   Thus when there is no (or misleading) visual input to override the other input, disorientation is almost inevitable and controlled flight ceases within minutes.    

Attempting to fly with your eyes shut (and an instructor in the front seat!) is very ‘interesting – you will not last long before a spiral dive occurs, probably after less than a minute.   I commend this exercise to all trained pilot (using a two-seater with an instructor of course) as it demonstrates how unsafe it is to enter cloud unless the aircraft has at least a turn indicator, preferably an artificial horizon, and you are trained to use them.   Only by replacing the absent external visual references with instruments the pilot is trained to interpret can flight be controlled without reference to the outside.   The artificial horizon and turn/bank indicator are based on gyros, usually driven by venturi suction.   A basic blind flying panel comprises six instruments (AH, Turn needle, plus ASI, VSI, Compass, Altimeter), and whilst the last four are somewhere on your panel, the Artificial Horizon and Turn Indicator are the life savers.

In the late 1930s, the RAF developed a standard blind flying panel grouping together these six instruments.   Thus, in theory at least, you could move from one type to another easily, only the response to the controls differing between a Harvard, say, and a Lancaster.   This format lasted for decades, finally ousted by the ‘glass cockpit’.

Disorientation may be obvious or insidious.   Both are potentially lethal.   The explanations on page nine are from Wikipedia but glider pilots habitually fly closer to their personal and general physiological limits than do most power pilots, except for those doing aerobatics, and are subject to disorientating circumstances quite frequently.   At Matamata recently, Roger Brown told me of an instance when an easterly was generating a wave.    With a less experienced pilot, he was climbing beneath the Fohn gap towards the wave when the gap suddenly closed overhead them.   They were left with cloud covering the ridge and a thick lenticular cloud on their downwind side, the rotor cloud further confusing the issue; they were in an ‘inverted box’ of cloud with the only static and reliable reference the ground visible directly below, never the easiest reference to use.   The less experienced pilot found this very confusing, and could well have soon been in trouble but for his experienced mentor.     Perhaps more commonplace would be whilst turning tightly in the core of a thermal, low enough for the ground to occupy a lot of your visual field, meanwhile raising and lowering the head to observe other gliders nearby; a perfect situation for the Coriolis effect.   Perhaps more frightening would be after a cable break at low altitude; pitching down to maintain speed whilst turning rapidly back, perhaps with the sideways drift complicating the visual picture, another perfect recipe for disaster.   Disorientation so close to the ground would give little time to cope. 

 I have had three personal brushes with disorientation:   In 1966, I hitched a ride in an Air America UH-34D Choctaw (from which the Westland Wessex was developed) on a re-supply mission in Laos.   In the hot, humid air the underpowered helicopter descended in a flat right-hand spiral to reach a landing spot in a clearing at the foot of 3000’ cliffs.   After about a dozen 360 degrees spirals, unbanked, the pilot straightened up to land ahead between two trees.   He turned hard left and flew into a tree, severing the trunk fifteen feet below its top, six inches thick, with the rotor.   After completing the re-supply and inspecting the blades, three of which were damaged, we had to fly out as the area was unsafe.      In the unbanked spiral with a constant rate of turn, after a few seconds the semi-circular canal fluid had ‘caught up’ with the rotation and the sensation of turning ceased – it was like being in a revolving cinema.   When the turn abruptly ceased, the fluid continued due to its inertia, and he sensed – and compensated for – a non-existent turn in the opposite direction.

Many years later, I was in a Wessex ‘coasting in’ at night in bad weather under low cloud after a long and unsuccessful search.     The remote coast had just one light, a lighthouse.   By chance, the navigator was not only in the spare left-hand seat, but also experienced in handling the Wessex.   I was in the cabin, lying on the floor half asleep.    Suddenly I heard the navigator say “I have control” and felt a maximum rate climbing right-hand turn, the pilot saying “Oh my God”.   He had been mesmerised by the flashing light, and as the aircraft approached it at three-hundred feet, had sub-consciously kept the light in the same relative position to himself, leading to an undetected (by him) increasing left descending turn.   The navigator, luckily more alert, had let this continue until he was forced to take over control at the last moment.   The pilot, his perceived horizon suddenly moved thirty degrees down and left, was now suffering from ‘the leans’, quite unsure where the (black) horizon was.    The navigator flew back out to sea; it was ten or more minutes before the pilot felt able to take over again.   Again, subliminal rotation (in two planes) followed by inappropriate sensations.

Finally, on one of the many flights I was lucky to have in BAE Systems Hawks, we were flying at very low level up a winding valley in Wales in winter, the mountain slopes on either side covered in snow, the low cloud ceiling completing a greyish white triangle into which we weaved around the bends at 400 kts.   Rounding a corner at 4’g’, ahead the ground disappeared into the cloud.  The pilot immediately rolled wings level and pulled hard at full power into a low level abort, straight up into cloud.  This added angular acceleration in the third (pitching) plane caused me to have a violent Coriolis effect where I was sure we were in a tight loop and about to crash at the point where we had pulled up.  Both hands went onto the ejector seat handle, but training took over; there in front of me was that same (more or less) blind flying panel I used in the Chipmunk, and it showed a wings level climb, the altimeter racing upwards.   Hands off the handle, I concentrated on those instruments and forced myself to believe them.   Seconds later, we burst into clear air, inverted over the sea.   At least, that is what I thought, even although I was not hanging in my harness (pressure receptors above shoulder and in the buttocks being discounted by what was left of my brain).   I felt fine until I began to realise that, far from being inverted over the sea, we were the right way up in a clear blue sky above stratus.   With this sensory conflict, suddenly I did not know which way up I was, a terrible sensation (as the sick-bag testified).    Had I been controlling the aircraft, and thus anticipating events, probably I would have been OK, but as I was, I would have been totally unable to fly the aircraft for some time.

Some notes from Wikipedia concerning disorientation:

Vestibular/somatogyral illusions
Illusions involving the semicircular and somatogyral canals of the vestibular system of the ear occur primarily under conditions of unreliable or unavailable external visual references and result in false sensations of rotation. These include the leans, the graveyard spin and spiral, and the coriolis illusion.

The leans
This is the most common illusion during flight, and is caused by a sudden return to level flight following a gradual and prolonged turn that went unnoticed by the pilot. The reason a pilot can be unaware of such a gradual turn is that human exposure to a rotational acceleration of 2 degrees per second squared or lower is below the detection threshold of the semicircular canals. Leveling the wings after such a turn may cause an illusion that the aircraft is banking in the opposite direction. In response to such an illusion, a pilot may lean in the direction of the original turn in a corrective attempt to regain the perception of a correct vertical posture.

Graveyard spin
The graveyard spin is an illusion that can occur to a pilot who enters a spin. For example, a pilot who enters a spin to the left will initially have a sensation of spinning in the same direction. However, if the left spin continues the pilot will have the sensation that the spin is progressively decreasing. At this point, if the pilot applies right rudder to stop the left spin, the pilot will suddenly sense a spin in the opposite direction (to the right).

If the pilot believes that the airplane is spinning to the right, the response will be to apply left rudder to counteract the sensation of a right spin. However, by applying left rudder the pilot will unknowingly re-enter the original left spin. If the pilot cross-checks the turn indicator, he would see the turn needle indicating a left turn while he senses a right turn. This creates a sensory conflict between what the pilot sees on the instruments and what the pilot feels. If the pilot believes the body sensations instead of trusting the instruments, the left spin will continue. If enough altitude is lost before this illusion is recognized and corrective action is not taken, impact with terrain will occur.

Graveyard spiral
The graveyard spiral is more common than the graveyard spin, and it is associated with a return to level flight following a prolonged bank turn. For example, a pilot who enters a banking turn to the left will initially have a sensation of a turn in the same direction. If the left turn continues (for more than about 20 seconds), the pilot will experience the sensation that the airplane is no longer turning to the left. At this point, if the pilot attempts to level the wings this action will produce a sensation that the airplane is turning and banking in the opposite direction (to the right). If the pilot believes the illusion of a right turn (which can be very compelling), he will re-enter the original left turn in an attempt to counteract the sensation of a right turn.

Unfortunately, while this is happening, the airplane is still turning to the left and losing altitude. Pulling the control yoke/stick and applying power while turning would not be a good idea because it would only make the left turn tighter. If the pilot fails to recognize the illusion and does not level the wings, the airplane will continue turning left and losing altitude until it hits the ground. (In a glider, the lack of power does not alter the situation;the turn tightens, the nose drops.

Coriolis illusion
This involves the simultaneous stimulation of two semicircular canals and is associated with a sudden tilting (forward or backwards) of the pilot's head while the aircraft is turning. This can occur when tilting the head down (to look at an approach chart or to write on the knee pad), or up (to look at an overhead instrument or switch) or sideways. This can produce an overpowering sensation that the aircraft is rolling, pitching, and yawing all at the same time, which can be compared with the sensation of rolling down a hillside. This illusion can make the pilot quickly become disoriented and lose control of the aircraft.

[Vestibular/somatogravic illusions
Somatogravic illusions are caused by linear accelerations. These illusions involving the utricle and the saccule of the vestibular system are most likely under conditions with unreliable or unavailable external visual references.

Inversion illusion
An abrupt change from climb to straight-and-level flight can stimulate the otolith organs enough to create the illusion of tumbling backwards, or inversion illusion. The disoriented pilot may push the aircraft abruptly into a nose-low attitude, possibly intensifying this illusion.

Head-up illusion
The head-up illusion involves a sudden forward linear acceleration during level flight where the pilot perceives the illusion that the nose of the aircraft is pitching up. The pilot's response to this illusion would be to push the yoke or the stick forward to pitch the nose of the aircraft down. A night take-off from a well-lit airport into a totally dark sky (black hole) or a catapult take-off from an aircraft carrier can also lead to this illusion, and could result in a crash.

Head-down illusion
The head-down illusion involves a sudden linear deceleration (air braking, lowering flaps, decreasing engine power) during level flight where the pilot perceives the illusion that the nose of the aircraft is pitching down. The pilot's response to this illusion would be to pitch the nose of the aircraft up. If this illusion occurs during a low-speed final approach, the pilot could stall the aircraft.

I will leave you with the words of Edward Whymper (1840 – 1911).   What he said of mountaineering could very well apply to soaring with minimal rewriting.   He was the first to conquer the Matterhorn in the Alps in 1865; on the descent, four of the party died.

	“
	There have been joys too great to be described in words, and there have been griefs upon which I have not dared to dwell; and with these in mind I say: Climb if you will, but remember that courage and strength are nought without prudence, and that a momentary negligence may destroy the happiness of a lifetime. Do nothing in haste; look well to each step; and from the beginning think what may be the end.
	”


Edward Whymper, Scrambles Amongst the Alps
Had Whymper lived in our times, he would surely have been a glider pilot.
Jonathan Pote  jonpote@hotmail.com  
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