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SAFER LANDINGS THROUGH UNDERSTANDING V1SUAL PATTERN ANGLES

by

Stephen du Pont

A recent accident survey by the SSA
Safety Committee (Ref. 1) suggests that mis-
management of landing approaches by glider
pilots may be causing an excessive proportion
of glider accidents. A roview of dapproach
methods taught and wsed nad already been under
way sceking ways to upgrade this most impor-
tant phasce of every gliding flight. It re-
sulted in the following discussion, which it
i5 hoped may improve the genceral ab ility to
control glider approaches. The concept should
be useful to power pilots, especially when in
a lforced landing. The following discussion
includes, advances, and concludes the work of
Reference 3.

Shortcomings

ag a Guuge tou

The altimeter has, for many ycars, been
taught as the most important single tool for
Judging glider landing approaches. Neverthe-
less, o characteristic comment from many in-
structors interviewed has been that 'nobady”
teaches the altimeter anymore for judging
appreaches (Ref., 4. Yet most instructors
admit to establishing an “initial point" of a
pattern by the altimeter. lwo accidents al-
ready in early 1977 are attributed to erro-
neously set altimeters.

There 1s always a gray area delineating
the difference between true landing patterns
and traffic patterns which may confuse this
concept ot the use of the altimeter. Re-
scarch by the author amongst pilots indicates
that the altimeter is widely relied upon in
pattern judgement during landing approaches
by glider pilots and power pilots as well,
and 15 so taught by many instructors. :
Joy o ; g (Ref. 2), part 1, scction 7
shows the method of controlling glider land-
ing approaches by matching various parts of a
pattern to specificd AGL altitudes. It is
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termed there a "traffic pattern' while treated
more as an approach pattern.  That treatisc
also recommends that approaches he taught
with the altimeter covered, but how such 4
pattern 15 controlled left as somewhat
ethereal. Many instructors set the altime-
ter at zero on the field, and teach their
students to do so. This practice would scom
to give away the "sceret' of actunlly rely-
ing on the altimcter for approach "control'.
Not only that, but it is contra ry to FAR
91.81 (a) (i) (i1i1) (ii1) and has been advised
against by the Board of Directors of the SSA.

But we hasten to cmphasize that we are
not telling how to instruct in this discus-
sion, and the foregoing is primarily for
background. Let us consider the shortcomings
of the altimeter for judging glider approach
pattems, these deficiencies being well known
and can he cumulative:

is

1) The altimeter may not have been sct
for the barometric pressure at the time of
the flight.

2] The barometric pressure can change
significantly between the beginning and end
ol a long flight.

3] The pilot may have nuade the easy
mistake of setting the altimeter 1000 feet
wrong, cither too high or too low, when set-
ting to ground elevation (according to the
above FAR).

4)  When landing off airports, the
ground clevation wmay not be known, in which
case the altimeter could not be relied Lpon
to determine the height ubove the terrain.
(This would be a problem in forced landings
duc to engine failure in power planes, also).

5} The altimeter barometer scale may be
out of adjustment.

6) The AGL altitude may be as "sched-
uled" but the pattern may be flown too wide
from the landing place putting the glider in
a dangerously "low' approach position, or it
may be too close, causing the pilot to lose
sight of the arca he desires to land in, as
well as to causce him to overshoot.
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7) A pilot, relying on an altimeter,
may get in Lrouble as a result of a delay or
diversion from the planned approach, i it
puts him out of position for some type of
standard approach he has been used to making,
which Is altimeter controlled. tHe might not
be capable of judging it some other wﬁy.

Such "derailment' of approach patterns
1s a very real pessibility. Other traffic
may get 1n the way. The landing area may be
suddenly blocked by people, equipment or ani-
mals, as happened tragically, in the Interna-
tional Championships in Yugoslavia several
vedrs ago, when the pilot hit a truck that
crossed the farm ficld he was landing in and
he was killed. Some accidents come «afic
avoiding a wire or tree thoat the nilot had
not seen until the last minute (Ref. 10).
Somcthing can g¢o wrong in the glider, as when
the author was landing in a populated golf
course, but the parachute pack had s1id be-
hind his arm preventing him from getting the
{Tap into the steep approeach position. The
chute had to be moved, and the approach re-
vised, with time running out.

Of course, in powered airplanes, provided
the engine running, the pilot can use his
throttle to give himsel! another chance, but
in a glider or power plane with engine out,
the approach must be carried to a conclusion
even though that conclusion is a crash.
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Controlling the Landing Approach

Pattern by Viewed Angle

Regardless of which of the many methods
we prefer and use to manage and teach glider
tanding approaches (as well as powerced planc
forced landings), the vertical angle at which
the pilot 1 dowsti oon the area he plans to
land in 1s a potent indicator of his position.
e sees the runway at some angle below the
horizon when he first glimpses 1t from atar
coming in from a flight, and he judges his
approach position by the changing angle dur-
ing the entire circuit of the pattern what-
ever that may he. This use ol the angle the
field is secn below the horizontal for ap-
proach control is not a new idea. DPilots
have been judging approaches this way since
flying began, and its use has been classically
referred to as "feel' or "sense'. A clear
understanding of this viewed angle and what
it means to a pilot, is our major concern in
discussion.

The idea has been
power pilot's manuals,
offered to prepare for

3o

this
touched on in recent
specifically those

the biennial flight
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review. But the treatment of the subject has
heen indefinite and qualitative. While "gun-
sighting” the [inal glide by reference to a
mark on the windshield and a point on the
landing area is well known (it was used to
train army pilots in helicopters in the
1950's), treatment ol the view of the runway
from the side of the cockpit 1s what we refer
to as obscure.

During the following discussion of the
so-called "French" pattern, we are not advo-
cating that pattern in particular in preler-
cnce to any other {though the author likes
it}. Rather we use 1t as an example, for
they have been successfully teaching approach
judgement by it {or some yoars,

The "lIrench" pattern was introduced to
the author during a discussion of approuches
by viewed angle with Sam Harmatuck, a retired
communications enginecer of the City of New
York. Sam an instructor in the MeASA
Glider Club flying out of Wurtsboro, New York.
He had flown at a glider site in France where
the pattern was taught by this method, and he
described it generally as follows:

The glider entercd the pattern somewhere
in the downwind leg at an angle "above the
runway'' as he put it, of 26 degrees. This
cstablishes a height AGL cqual to one half
the distance out from the runway. (The angle
whose tun is 0.5 is 26.56 degrees and it
would be fruitless to try to judge the angle
within five or ten percent), The downwind
leg was flown in that position. Obviously
the glider must have entered the pattern not
too low AGL. Pilots trying the 26 degree posi
tion for the first time will find themselves
in a pattern that may well be higher than
they are used to. A further feature of the
TFrench' pattern 1s how they teach the turn
into the base leg. They establish this as
the point, after the glider has passed the
end of the runway downwind and reached an
Imaginary line lying on the ground 45 degrees
from the runwuay centerline. See Fipure 3. At
entry into base the French teach application
of full spoilers, which are held full through
out the base and final legs. The author ob-
serves that while holding spoilers fixed and
full on may bhe good training in precision
flying, it obvious that the usual means
also are avallable to adjust for wind or for
errors of position that might be taking the
flight into an under or overshoot situation.
The pilot can broaden or tighten the bhase
leg, he can retract spoilers partially or
entircely, he can slip with spoilers full on,
and he can turn sooner or later than the 45

is

is



degree “lay" position. Lven the 26 degrees
viewed angle is not sacred, once the pilet
has learned satisfactory judgment by the
method. There are many approach variations
that are characteristic to different clubs,
schools, or individuals. But it is clearly
better never to allow oncself to delay cor-
recting an undershoot position, since there
iz no fix for that once the glider has gotten
too low. To correct for oversheooting, slip-
ping with spoilers full on should be fully
mastered with the glider you ave flying,
though with the very cffective dive brukes
such as Schreder flaps, slipping would scldom
secem @ requlrement.

Rudiments of the Viewed Anple Approach

What is this viewed angle we have been
discussing? While we have said that the
"French! pattern places the glider in the
downwind leg 26 degrees "above' the runway,
there is really no way a pilot can make a
mental measurement of this angle his sight-
line makes with the ground. And if he could
do that, sloping terrain in the vicinity of
the runway, or of an area he is landing in
olf airport might seriously confusc his judg-
ment . lowever, therc is another angle which,
by geometry, has the same value as the angle
"ahove" the (level) field. 'This is the angle
formed by the pilot's line of sight to the
field combined with that to the horizon (which
is the same as along the horizontal.) Seek-
ing a Hlmple name for this angle of view be-
low the / i

viigmontei, we have borrowed from the
surveyar, and call it the “dip" angle. Quotes
are used here to distinguish our use of'dip!
from that of the surveyor, which is the angle
a magnetic needle swings below the horizontal.
See Figure 1.

How We Judge By "Dip" Angle

The important thing to understand about
t1ls "dip" qnglc is that the pilot sees It
j : i cex. Lt is a little like
luoklnu up a4 narrow fork between two roads
while stuanding at the intersection, then turn-
ing the land on edge. The importance of
this "dip" angle cannot be overstated, and we
shull elaborate upon it.
At pattern altitude, the pilot's sight-
line to the horizon is within one degree of
truly horizontal.! What the pilot actually

L rhe ndip" angle of the horizon secn trom
1/4 mile AGL (1320 ft), the radius of the
earth taken as 4000 miles, calculates to e
0.75 degrees.
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sees when he views the runway below the hori-
zon is a space between the horizon and the
runway. The view of this space is how the
"dip' angle is projected upon the retina of
the eye. (Ref. 7) The eye can percelve dimin-
sions only angularly, never lincarly. 'The
tiny image of this space could be measured 11
we could get inside the eye to do it. 5ee
Figure L. By elementary geomelry its measurc-
ment will always be the same for any angle,
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say A, and for any angle other than A it will
be a different size. It doesn't matter if
this viewed angle is that subtended by this
page held before your eyes, or of the world
putside the glider. If the viewed sub -
tends a 25 degree angle at the eye, it will
always be projected the samc #% on the re-
tina. A 12.5 degree angle would project a
space on the retina of half the size, and

50 degree angle, twice the size for a 25 de-
gree angle. And the Lﬂportant thing about
this is what we can mermorize the size of the
space for a piven angle! We will discuss
more of this below but for the moment, let
consider the judgement of altitude by eye
alone, should the altimeter scem to be wrong.

aSplee

ae

us

Limitations of Binocular Vision

For ludg]ng Altitude
Large distances are not judged stereo-
scopically at all. The eyes are less than 3

inches apart,
for the binocular judgment of distance.
distances that are large multiples of the
spacing of the eyes, binocular vision becomes
useless for our purpese. Five hundred feet

is more than 2000 times the spacing of the
eyes and beyond that, the binocular feature
has ceased to be a reliable measuring method.
Pilots do learn to judge these large distances
pretty successfully provided they are in fami-
liar surroundings. This Is done not by bino-
cular vision but by comparison of the angular
size the object is seen. This function is
similar to seeing the "dip" angle we have al-
ready discussed. If the familiar object is
twice as far away as a like object, it looks
half as large - half as far, twice as large.
It is noted but believed not very important
that upon recmoving ene's glasses, the size of
the viewed object seems to change. Refer to
Eig. 1.

and this spacing is the base
At

When the Horizon is Obscured

Going back to the viewcd angle of the

airport as seen below the horizon, what we
called the "dip" angle, the pilot deoes not
measure this dnb]c in the The measure-
ment and comparisons arc made from the visual
inputs after they have reached the brain.
These outside sights are being flashed inter-
mittently and very rapidly into the brain.
This goes on while the head is swiveling
(Ref. 5} and the eyes are flashing glances 1n
every direction. From this input, combined
with certain senses from the inner ear, the
brain establishes a reference, a concept of

fJ"||L
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the surrounding envirenment. The horizontal
is predominant in this reference and is held
still, as it were, in the brain - in the me-
mory, until it is upgraded by sequential
visual inputs. The brain's concept of the
horizontal has to be continually updated as
the aircraft moves dbOUt and across the ter-
rain. s does have Lo
hoviason Lo do this. prericnced pilots know
that they can fly cven though the horizon is
completely obscured so long as they have
occasional views of the terrain below.
the terrain is lost from view, then it
only a moment before the pilot becomes dis-
oriented, and must fall back upon his instru-
ments for guidance (Note that the National
Transportation Safety Board warns of spatial
disorientation as a major cause of fatal ac-
cidents with pilots whe are not instrument
trained. 1t occurs when ground and horizon
are obscured, or the horizon 1s severcly obs-

Fom oy g aa s
Pt D g UDLallhiie
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curred.)
Because the measurement is made in the
brain, not in the eye, 1t 1is possible for the

pilot to determine the "dip" angle of the
viewed landing area even though he cannot cee
the horiszon.

This 1s the true explanation of how pi-
lots judge approach patterns, how they just
seen to know it the approach is "off" or
"right on" It is how a pilot can sense when
the altimeter is not telling him the truth.
It 1s the thing we have heard called '"'sense'
and "feel" in the judgement of patterns. This
is not some mysterious psychic thing that
cannot be clearly explained. It 1is simply the
making of mental comparisons with familiar
viewed angles that the pilot has already
learned. 1t is a thing he has been doing
since he first began to walk, and has refined
as he went on to bicycling, playing ball,
driving and ultimately to flying.

We shall admit that the 26 degree angle,
or any viewed "dip" angle cannot be judged
perfectly, but it cam he judged. Furthermore,
it is something that is at the pllot's call
whenever he needs it provided he is properly
skilled in its use. This puts it not only
way ahead of an altimeter that is giving him
wrong information for judging approaches, but
it is superior to something he has been told

is "sense' or "feel' but that he does not un-
derstand. And understanding the angle is
the important thing.
Turning into Basc and the Viewed Angles

There are many ways of teaching students

when to turn into the base leg from the down-
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wind leg and we do not advocate the angle of
view as the only method, cven though it is
certainly a reliable check when other methods
seem out of kilter., Instruction methods in
schools are established though, and we are
not trying to change them. BRut the turn into
base can also be controlled as in the "French!
method by a viewed angle, call it the Nlay"
angle, lying flat on the ground. Neverthe-
less, it may be casier to say to the student
something like: "turn into base when the end
of the runway is half way to the tail,' or
"...when you arc opposite the end of the
field,' than to try to explain and to tecach
the 45 degreec or some other turn-in angle on
the ground. But usc of the "dip" angle is
still a very reliable way to guard apainst
being too "low' or too "high' when the turn
into base is made. The idea is also adaptable
to other approaches than the rectangular,
such as the spiral, oval, or circular, or
even straight in. Such approach patterns
will be familiar to pilots landing out, and
finishing long contest final glides, as well
as alter passing through contest finish gates
and making the go-around to land, often in
the face of other contest [inishers.

Teaching and Learning the Viewed Angle

The question has been asked whether the
viewed angle is not as difficult to judge as
is an altitude (Ref. 4). Where the terrain
of the landing place is unfamiliar and that
ared has no particular delineation of its
borders, then to judge altitude visually even
by comparison with familiar objects, (which
aren't there) becomes incffective. New Eng-
land pilots flying for the first time in
Texas or New Mexico will experience this prob-
lem and seaplane pilots arc well awarc of it.
We have already shown how binocular vision
has its limitations. But the viewed "dip"
angle of stones or vegetation on or ncar the
landing area is still uscable. And it pro-
vides a safer way to judge the pattern than
by attempts at visual estimates of altitude.

The viewed angle, to be used, however,
must be taught and learned somchow. This is
ordinarily done unconsciously and automati-
cally without the student, or indeed the in-
structor, being aware of how. It happens
while the student is being shown and is prac-
ticing patterns in his early training. But
it actually is possible to demonstrate the
viewed angle in ground school, and it is easy
to do. It can be learned there as a specific
quantitative thing. Doing this helps the
student to understand the concept and offers

the matured pilet a way of sclf-teaching, and
of refreshing his memory after a layoff from
flying.

Here is how it is done. Draw a chalk
line on a wall at eye level and then step
back a distance cqual to twice its height
from the floor. You will now sce the floor
junction with the wall at a 26 degreec angle
below the chalk "horizon.'" If you do this
several times, preferably with a time lapse
in between, you will find that you can walk
up to a wall without the chalked horizon and
stop at just about the right place for the
Tdip' angle to be 26 degreecs. This is ana-
logous to how, as we approach the pattern
from afar, we sec the runway below a visible
horizon, as its "dip" angle 1s approaching the
desired 26 degrees., The "dip" angle will be
less from afar, and increases as we approach
the pattern. It will begin to decrease again
in the base leg. An excellent in-flight
teaching tool is a 5 x 7 inch card with the
dip angles of interest drawn on it from a
corner and an edge. The cdge of this card is
sighted from the cockpit to the horizon, and
the runway "brought in™ to sight down the
line. The card is5 discarded as soon as the
student has the idea. Or it may be carried
for future recference.

We have figured the "dip" angle [rom 5
nautical miles out, to reach a 1000 foot pat-
tern, in a 1-26 flying at 56 knots against a
28 knot (half the glide speed) headwind.
(Ref. 6) It would be about 10 degrees. This
will be a pretty high glide if the air is un-
stable, and the glider may well arrive with
altitude to spare over the 1000 foot pattern.
It the pilot enters the pattern too high, he
will merely fly a 'bigger' pattern by asngular
references, and will nevertheless come out at
his chosen landing spot. If he is coming to-
wards the pattern too low, he will be alerted
early by the viewed angle in time to take
careful action, whatever it 1s.

a—

When to Use the '"Dip'" Angle in
Landing Approaches

As has been said, we are not proposing
that instructors stop teaching whatever they é
arc teaching today and start telling students
that the angle of vicw is the only way to
judge approaches, even though we think it may
very well be. TFor one thing, this would be
unsafe from the standpoint of the traf] pat-
tern at busy fields, and it might also be con-
troversial with some instructors or clash with
an established curriculum. What we do propose
is that the viewed angle method be expiained

tay
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and understood and practiced enough so the
student can make usc of it for judging ap-
proaches. Conscious use of the idea can only
upgrade the precision of landing patterns, of
whatever type, thus reducing accidents caused
by bad approaches. It will be a great comfort
when the altimeter "leooks funny' or the ap-
proach has been upset to know that you have a
reliable alternative for carrying through the
landing sately.

llow the '"Dip'" Angle Changes During
the Base and Final Legs

At the start of the base leg in the
"French' downwind position, the pilot (Fig. 3]
sces the end of the runway at nearly the 26
degree "dip" angle. As he flies along the
base leg in still air, assuming a rectangular
pattern, the "dip'" angle must not become less
than the glide angle of the sailplane, taking
into account the effect of spoilers and of
the wind. The glide angle with spoilers ex-
tended, from table 1, is typically 12 to 13
degrees; no wind, and many sailplancs have
more clfective dive brakes than do those in
the table. This is approximately half the
"French'" downwind leg "dip" angle of 20 de-
grees. With the headwind of one-half the
glide speed or a ¢omponent of it in the final
glide, a situation that doubles the glide
angle, the pilot would be too low starting
the final glide at a "dip'" angle of 13 de-
grees, if he were to hold spoilers full on.

He should correct for this undershooting situ-
ation promptly by one of the already-discussed
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methods. Obviously, if he had started the
hase leg at 26 degrees '"dip" angle (see Fig.
3), it would not have stayed at that value,
but would have decreased due to losing alti-
tude in the base, a thing the pilot intends

to do. Retracting spoilers to flatten the
glide angle would be the key to the above
undershooting situation. But, if the spoilers
were not already out, it is obvious that they
could not be retracted.
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APPENDIX

Evaluation of the French Pattern
by an Imaginary Flight

It scems interesting to evaluate the
"French" numbers for the viewed angles includ-
ing the turn-in-to-basc angle, to see how they
would actually work out. Since this portion
of the discussion is sonewhat technical, it is
put in an appendix where it may be disrcgarded
at the optien of the reader. (It is noted
that these numbers are not appropriate for
power plane forced landings.)

Let us make a "flight" through the base
leg and the final glide starting from the
downwind leg, at the 45 degree '"lay'" position
and the "dip' angle ol 26 degrees. Our ima-
ginary path is somewhat hypothetical. Looking
down from above, Figure 5, the base and final
legs form two equal sides of a right triangle.
These sides are equal because of the 45 de-
gree angle, by elementary geometry. he line
of sight from the start of the base leg to
the end of the runway is the hypotenuse of the
right triangle. Call the length of the base
and final legs each "L". Solving by the Pyth-
agorean theorem the sightline is 1.41 L, and
the two legs add up te 2 L. [For simplicity,
disregard the slant of the right triangle,

Now for a moment consider a flight along the
sloping slightline (the hypotenuse) with full
spoilers. The glider would not glide as
steeply as the 26 degree "dip" angle, hecause
its glide angle from Table 1 is 12 degrees,
spoilers full-out. This is half the sightline
"dip" angle, so the glider would go twice as
far as the length of the sightline. This
would be 2.82 L. Now go back to the distance
it must go to get to the runway, around the
two legs, which is 2 L and we see that it can
reach the runway end and have .82 L to spare
(2.82-2=,82). We have shown that the pattern
is o.k. so far. This is with no wind and with
full spoilers applied.

Now consider a headwind, in the final
glide, of half the glide speed. Such a head-
wind halves the ground speed and ground dis-
tance covercd in a given loss of helght, re-
quiring the glider to go twice as far as in
still air, (2L). We can figurc the crosswind
leg with a navigational computer (LGB etc.)
finding that it requires flying 1.16 times as
far as in still air. So 2 L + 1.16 L = 3.16L
is how far we must fly through the moving air,
and from the above we see that we are only
able to fly 2.82 L. Subtracting we find that
we would undershoot by .34 L. We have alrecady
discussed means of compensating for such an
undershoot, one of which is to retract spoi-
lers. In a headwind for best glide ratio
over the ground, a good rule is to add half
the wind speed to the best glide speed for
5till air (Ref. 9), p. 21, 22 and (Ref. 6},
p. 25 and fly at that speed. [f we do these
things soon cnough, we will certainly make
the runway, and the "French" pattern would
work out o.k.

NOTES

1) Feedback received from glider instructors
ahout the previously published paper suggests
that raiio is more meaningful than degress to
glider pilots in numerically describing the
so called "dip" angle. Glider pilots are al-
ready familiar with rutio in describing L/D
glide ratios, which is quite analogous. Refer
to bFigure 2 in the paper.

2} Turther experiment in terrain where the
horizon is not visible due to being obscured
by mountains suggests that pilots may, pro-
bably do, refer viewing angles (in the verti-
cal plane) to the directly sensed "plumb line"
vertical instead of to the "conceptual' hori-
zontal, which has to be mentally derived from
1E

Such an angle would be sensed upwards
from this vertical rather than downwards [rom
the horizontal. The same numevical ratios
could apply (see Notc 1) though they would be
the tangent of the compliment of the so called
"dip" angle. We have said that this is only
possible in straightline unaccelerated flight,
and requires constant visual terrain refer-
Refer to Figure 1. The foregoing is

cnce.,

probably done quite unconsciously. It is dif-
ficult to escape from the habit of thinking
of the horizontal, the horizon, as the most
basic spatial refercnce in aviation.




