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The amount of +Gz on your body and the airplane in
a turn is equal to 1/cosine @, where @ (Greek letter
Phi) is the bank angle in degrees. The amount of +Gz
in a level turn varies inversely with the radius of
turn (i.e., smaller radius requires steeper bank) and
+Gz rise sharply above the +2 Gz bank angle of 60
degrees (see Figure 8-4).

A0° Centrifugal
== force=1.73 G

Figure 8-3.

Gravity and centrifugal force create load facto
level turns.
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Figure 8-4.

The load factor (n) increases significantly in level flight
with bank angles of greater than 60 degrees.

Load factor (n) is often used as a substitute
for maneuver-induced vertical acceleration (G).
For example, if an airplane weighs 2,000 pounds
(Ib) in straight and level unaccelerated flight, lift
equals 2,000 lb, weight equals 2,000 1b, so the load
factor (n) equals 1.0 (n=L/W). If you pull back hard
enough on the control column to produce twice
the lift as weight, the load
(n=L/W=4,000 1b/2,000 1
bled acceleration of 4

tor (n) would double
” Since you have dou-
) compared to gravity
(g), i i al maneuver-
induced accelera

the normal cat-

ed to withstand Gz that are 50 percent higher
these values, the operating limits published
ge aircraft flight manual (AFM) should never be
hed, either purposely, through unauthorized
¢ maneuvers, or inadvertently, from exces-
e bank angles or from excessive pull-ups from
ves. Even short-duration exposure to +Gz values
that are close to operational limits reduces the
structural integrity of the aircraft and increases the
risk of in-flight damage or break-up. Therefore, over-
stressing the aircraft by exceeding design operating
load limits or through exposure at or near these
limits, must be avoided.

Physiological Responses to Gz

It stands to reason that if excessive Gz (vertical gees)
can result in aircraft structural failure it can also
cause incapacitation of its human operator. Just as
there are defined G limitations for a particular air-
craft, so too are there G limitations for a particular
pilot. The level of tolerance in flight crew mem-
bers depends on the magnitude and duration of the
imposed G and varies between individuals. Even
though the latter is true, a progression of common
symptoms usually occurs with increasing G levels.
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Physiological Symptoms of G;
Symptoms vary between positive and negative
accelerations. For example, +Gz (positive vertical
Gs) involve a feeling of increasing weight, while -G
(negative vertical Gs) involve a feeling of weightless-
ness and all that entails. However, the more seri-
ous symptoms for both types of excess vertical Gs
involve the detrimental effects on the circulatory
system.

Positive G2

We have discussed that when your body experiences
+Gz (head-to-foot) during a pull-up from a dive or
during a steep turn, you are pushed back down into
your seat. If you have performed a level turn with 45
degrees of bank or greater you have felt these effects.
The most serious consequences of increased levels
of +Gz on your body, besides the increased pressure
on your buttocks, the drooping of your skin, and the
possible difficulty raising your arms and legs, is the
pooling of blood in the lower parts of your body and
extremities due to inertia, and a reduction in blood
pressure where you need it most—your brain (see
Figure 8-5).

As you learned in Chapter 4, the blood is respon-
sible for carrying oxygen to the cells and tissues in
your body, including your eyes and brain, and that
even though these vital organs account for only 2
percent of your body weight, they need at least 20

percent of your body’s oxygen intake to function
effectively. The reduction of blood flow and blood
pressure to these organs brought on by significant
levels of +Gz is responsible for the detrimental phys-
iological effects and cognitive impairments.

Just as the pressure in a column of water is
greater at the bottom than it is at the top (because of
the weight of the fluid above it), so too is the pres-
sure at the bottom of a column of a person’s blood
near their feet greater than near their head (when
standing). For example, assume the arterial blood
pressure—the average pressure of blood leaving
the heart to the arteries—is about 120 millimeters
of mercury (mm Hg) for an average pilot in a sit-
ting position. In conditions of +1 Gz the blood pres-
sure at the brain and feet would be approximately
96 mm Hg and 170 mm Hg, respectively (see Figure
8-6). This hydrostatic balance is usually not a prob-
lem for the brain in a 1 G environment. However,
as seen in the right side of Figure 8-6, at +5 Gz the
blood pressure in the brain drastically decreases to
0 mm Hg and increases to 370 mm Hg at the feet.)?
These extremely low positive-vertical-G-induced
blood pressures above heart-level are insufficient to
deliver the oxygen pressure needed for the brain and
eyes to function properly. In fact, at approximately
+5 Gz, without any natural physiological compen-
satory mechanisms or human-designed protection
measures, you will lose your vision and your con-
sciousness within only a few seconds of +G onset.

+Gz

Figure 8-5.

The effect of positive G (+G,) on blood flow during a
pull-up from a dive, an inside loop, or a steep turn.
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+1 Gz +5 Gz
Brain 96 mmHg 0 mm Hg

Heart 120 mmHg 120 mm Hg/

Feet 170mmHg 370 mmHg

|

Figure 8-6.

Hydrostatic pressure of a human'’s column of blood while
sitting at +1 G, and +5 G,. As positive vertical Gs are
increased, blood pressure, and consequently oxygen
partial pressure above heart-level, decreases until at
the brain it reaches zero (0 mm Hg) at about +5 G,.”®




On September 10, 1999, a Eurocopter
AS-350B helicopter crashed on the
Juneau Icefield near Juneau, Alaska,
while conducting an on-demand sight-
seeing flight under Part 135. About two
hours later, another Eurocopter helicop-
ter crashed on the Juneau Icefield while attempting
a search and rescue mission for the first helicop-
ter. Unfortunately, a third helicopter crashed in the
same area two hours later, in yet another attempt to
rescue the stranded crew and passengers from the
first two accidents. The commercial pilot in the third
accident said the ceiling was at least 1,000 feet AGL
and the visibility was more than 6 SM. The pilots of
all three helicopters stated that just before impact,
they thought they were at least 500 feet AGL.!

More recently, the NTSB issued Safety Alert
SA-033, admonishing pilots to be careful not to land
at the wrong airport after two experienced flight
crews did just that. A Boeing B-747 Dreamlifter, des-
tined for McConnell AFB in Wichita, Kansas, unin-
tentionally landed on a 6,100-foot runway at Colonel
James Jabara Airport, about eight miles north of
McConnell. Similarly, a Southwest Airlines B-737 on
approach to Branson Airport in Missouri mistak-
enly landed on a 3,738-foot runway at M. Graham
Clark Downtown Airport, about five miles north of
Branson. The crews of both aircraft were conducting
visual approaches at night in VMC and each of them
thought they saw the correct runway.

These occurrences illustrate the limitations of a
major component of human information process-
ing: visual perception. The experienced flight crews
who landed at the wrong airports in clear weather
at night thought they were landing on the correct

Seeing is deceiving.

Visual Perception

runway (and airports!). The commercial helicopter
pilots, flying in flat-light conditions over a large
featureless snow-covered ice field during the day,
were confident they had plenty of altitude between
their aircraft and terrain. What these pilots all had
in common was they were deceived by their senses.
But, unlike many other pilots who have been simi-
larly duped, the passengers and crew members were
able to walk away (although one passenger aboard
the one of the Eurocopters suffered serious injuries).

Visual perception is one element in the cognitive
approach to understanding human performance.
Introduced in Chapter 3, this approach maintains
that information processing begins with sensa-
tion—in this case, the receiving of sensory inputs
(stimuli) by receptors located in our eyes. In Chapter
6, we discussed the physiological limitations of
visual sensation, especially as it relates to avoiding
a MAC and flying in the dark. The interpretation of
these visual inputs is known as visual perception,
which involves making sense of visual sensation.
As these examples illustrate, misinterpretation of
visual inputs can lead to accidents. It can also reduce
safety margins by adversely impacting higher-level
cognitive functioning such as problem solving, deci-
sion making, and response selection and execution
(see Figure 3-5 in Chapter 3).

Physiologists and psychologists have studied
visual perception at great length and many insights
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have been gained. Some of the findings seem obvi-
ous while others do not, and many questions remain
unanswered. As briefly indicated in previous chap-
ters, however, inadequate visual perception—espe-
cially in conditions of reduced visibility (e.g., flying
in mist, haze or cloud, or in the dark)—has been the
cause of many aircraft accidents. It explains why a
pilot inadvertently landed his Cessna 172 on a 200-
foot runway built for radio-controlled aircraft? and
why a commercial jet unexpectedly crashed short
of the runway when conducting a visual approach
at night, when everything outside looked normal
according to the crew members.

Just as human visual sensation has its limita-
tions, so too does visual perception. As you learned
in Chapter 6, fatal MAC and CFIT accidents have
resulted from pilots failing to detect important
visual sensory cues. These cues, or clues, are charac-
teristics in the environment that are received by our
sensory receptors that aid us in accurately perceiv-
ing the outside world. In this chapter we will dis-
cuss how pilots, even though they may be successful
at detecting visual cues, may incorrectly interpret
them. The type of misinterpretation of the outside
visual world that has the potential to be the dead-
liest is a visual illusion. Before discussing this spe-
cific topic, let us first look at some general problems
associated with distance and depth perception.

Distance/Depth Perception

Various difficulties in flight have occurred due
to improper distance and/or depth perception.
Judgment of distance—from other aircraft, moun-
tains, runways, etc.—is somewhat different from
depth perception. Though both are related, depth
perception involves three-dimensional (3D) vision.
Three different kinds of cues contribute to our abil-
ity to perceive distance and depth: monocular cues,
physiological cues, and motion cues.

Monocular Cues to Distance/Depth
Perception

When both eyes are utilized, the distance between
them contributes to depth perception. These are
called binocular cues to depth perception and will
be discussed in the next section. However, people
with only one eye (monocular), or with only one eye
open, can also judge distances. It would be logical
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to conclude that since the image on the retina is
only two-dimensional, depth perception (3D vision)
would be impossible in monocular conditions.
However, the reason this is not so is mainly because
of the physical characteristics of the visual stimuli
themselves. Because these object-centered cues reside
in two-dimensional images like a photograph or pic-
ture, monocular cues to distance/depth perception
are sometimes called pictorial cues. The following is
a summary of the major monocular cues that have
been identified by researchers that are also appli-
cable to visual perception in flight.

Interposition

Cue dominance studies have shown that interposi-
tion is likely the strongest distance/depth cue. We
judge an object to be further away when it is blocked,
or occluded, by another object. The object which
interposes (overlays) the other is seen as closer (see
Figure 12-1).

Figure 12-1.

We know the United Airlines Boeing B-777 is further
away from us than the Tarom B-737 because the latter is
interposed between the B-777 and our eyes.

Relative Size

When we are familiar with the actual size of an
object (e.g., adult human, automobile, airplane), we
rightly interpret it as being further away when it
casts a smaller image on our retinas. Similarly, if the
object begins to cast an increasingly larger image
on our retinas, we interpret the object as moving



closer, not expanding in actual size (see Figure 12-2).
Therefore, the relative size of an object is a cue to its
distance. As will be discussed later in this chapter,
problems can arise when we are not aware of the
actual size of an object (a runway for example).

Figure 12-2.

If both airplanes are the same size, the one on the right
must be closer to you because it casts a larger image
on your eyes' retinas due to the increased visual angle.

Height in The Visual Field

Since the objects you see when looking straight at
the horizon (0 degrees) are further away than objects
that you see when looking straight down toward
your feet (90 degrees), an object’s position relative to
the horizon will also affect distance perception.? An
object’s height in the visual field, sometimes called
height in the plane, influences our perception of its
distance. An object seems further away the higher
up itis in the visual field (higher in the visual plane)
compared to objects that are lower (see Figure 12-3).

Linear Perspective

Parallel lines created by railroad tracks or the edges
of straight roads appear to converge to a single point
with increasing distance. Pilots are quite familiar
with this linear perspective distance cue. Because
the far end of the runway in Figure 12-4 (top of
figure) is the same size as the approach end (bottom
of figure), the smaller relative size (discussed above)
of the far end of the runway is a cue that it is fur-
ther away. The image of the runway on the retina
while on an approach to landing is not a rectangle
(though every approved land aerodrome usually is),
but a trapezoid.

Figure 12-3.

Both airplanes are the same size
and both cast the same-sized
image on your retinas; however, the
airplane on the left appears to be
further away because itis closer to
the horizon.

Figure 12-4.

Parallel runway lines appear to
converge with distance.
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Texture Gradient

This visual cue is really a combination of linear
perspective and relative size. Texture gradient is a
change in texture, such that distant objects appear
smaller (relative size) and closer to each other
(linear perspective). The textured elements in the
rows of cotton in the top half of Figure 12-5 are finer
(smaller, closer together, and denser) indicating the
elements are farther way than those in the bottom
half where they appear coarser (larger, farther apart,
and less dense).

Figure 12-5.

Elements in this picture of cotton rows appear smaller,
closer together, and denser in the distance compared
to the foreground.*

Aerial Perspective

Perceived distances of objects also depend upon the
condition of the atmosphere. Distant objects are
seen as more blurred and bluish in color due to the
greater degree of light scattering from particulate
matter in the air between the object and observer.
Truer color and greater detail are seen when objects
are closer, due in part to reduced light scattering.
The aerial perspective cue to distance perception
can lead pilots to overestimate an object’s distance
on hazy days and underestimate it on exceptionally
clear (usually dry as well) days.
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Relative Brightness

The brightness of an object is also a cue to its dis-
tance. Darker objects are perceived as being smaller
and further away, while brighter objects are seen as
larger and closer. It is likely that this relative bright-
ness cue works similarly to that of aerial perspec-
tive because we perceive objects further away to be
darker and smaller than objects that are closer to us.

Physiological Cues to Distance/
Depth Perception

These monocular cues depend entirely on charac-
teristics of the stimuli that reside in the outside
environment, not on internal physiological fac-
tors. However, there are physiological cues, such as
accommodation, binocular convergence, and stere-
opsis, that also contribute to our perception of dis-
tance and depth. These binocular cues depend on
the use of both eyes to add additional information
to our visual perception.

Accommodation

Within a certain range, additional cues to depth
perception can come from the process of visual
accommodation (or focusing). Contraction of the
ciliary muscles changes the shape of the eye’s lens,
indicating a focus on a close object, while relaxed
muscles indicate focus on a distant object (see Figure
6-3). The visual system senses these physiological
changes in accommodation as cues to an object’s
distance. Since the eyes’ focal resting position is
only about two feet to two yards away from the
viewer (see “Empty-Field Myopia” in Chapter 6), and
no significant change in muscle tension occurs for
focusing on objects beyond this distance, this cue to
distance perception is useful only for objects within
this small distance close to the viewer.



Binocular Convergence

A further physiological cue to depth perception is
binocular convergence. Take a small object and
hold it at arm’s length directly in front of you. Bring
it closer to your nose as you stare directly at it. You
will feel definite eye strain, and if someone were
watching you, they would see your eyes go cross-
eyed. Focusing on an object that lies within about 20
feet away from the viewer requires an inward con-
vergence of each eye. The closer the object is to the
viewer, the greater degree of muscular effort nec-
essary to maintain focal tracking (see Figure 12-6).
The visual system senses this eye-muscle strain and
uses the information as another cue to an object’s
distance.

Retinal Disparity

A more important binocular cue to depth perception
is known as retinal disparity. Take a small object
and hold it directly in front of you. While staring at
the object, alternately open your left eye (with the
right eye closed) then your right eye (with the left
eye closed). You will see that the object appears to
move back and forth horizontally. Since the eyes
are separated from each other (by an average of 2.5
inches), an object’s image projected on each retina
differs (see Figure 12-7). This difference increases
the closer the object is to the viewer. The visual
system senses these different images as clues to
an object’s distance and fuses the two disparate
images together to form one 3D picture, a process
called stereopsis. This cue to depth perception is
only valid for objects located within about 30 feet of
the viewer.”> Beyond this distance, the two images
look essentially the same.

OO

Figure 12-6.

Greater convergence is required to focus on close
objects (A) than is required for distant objects (B).

Left eye view Right eye view

Figure 12-7.

Retinal disparity is another cue to distance perception.
When looking at close objects the image the right and
left eyes see are different.
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Motion Cues to Distance/Depth
Perception

The relative motion of outside objects also contrib-
utes to distance and depth perception. Like most of
the visual cues we have discussed, motion parallax
and motion perspective operate at a relatively sub-
conscious level and usually go unnoticed.

Motion Parallax

Motion parallax refers to the apparent motion of sta-
tionary objects as one moves past them. If you can
explain to your five-year-old child why—as I unsuc-
cessfully tried to do once—when traveling in the
car, the moon (or any other distant object for that
matter) keeps moving with us while everything else
moves past us, then you intuitively understand the
concept of motion parallax. The apparent velocity
of objects to a moving observer is such that objects
quickly moving in the direction opposite to you are
perceived to be closer than objects moving slower or
barely at all (see Figure 12-8).

Motion Perspective

While motion parallax describes the phenomena of
apparent motion of objects moving past on either
side of you as you move through space, motion per-
spective describes the phenomenon of an outward
expanding visual field as you move directly toward
something and an inward contracting visual field as
you move away from it. It is much like linear per-
spective in that the visual field seems to diverge as
you move closer to it. Pilots use this cue when con-
ducting approaches and landings. When describing
this flow pattern, which pilots strongly rely upon
in making safe visual approaches and landings, the
“contours of the visual field appear to flow radially
away from a focus that corresponds to the touch-
down point, so that as objects move toward the
edges of the field they seem to move faster and to
get larger and their texture seems to coarsen” (see
Figure 12-9).° This is how pilots bring an airplane to
the desired flare-out point (or aim point). This spot
(hopefully in the runway landing zone) is the one
that remains stationary on the windscreen, not the
one that moves up, down, or to the side.

Figure 12-8.

When traveling through space,
stationary objects that appear to move
by us quickly are closer, while those
that appear to move more slowly are
further away. The illustration represents
the view out the window of a moving
vehicle (A) and the relative positions
of objects after a short period (B).

Figure 12-9.

Motion perspective describes the
outward expanding visual field from
the runway landing flare-out point
(aim point) as you move toward it.
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Egomotion

Closely related to distance and depth perception is
perception of self-motion, or egomotion. Though
most flight decks are equipped with instruments
that accurately represent the direction and speed of
an aircraft, and its position in space, pilots must also
be able to judge these values using outside visual
references. Besides motion parallax, motion per-
spective, and the distance and depth cues discussed,
perception of motion in space also depends on tex-
ture compression, splay, optic flow, and edge rate.

Compression of Texture and Splay
Equally spaced elements that are compressed (seen
closer together) signal to the brain that not only are
these elements further away (texture gradient cue to
distance perception discussed previously), but the
altitude of the viewer is lower. The equally spaced
runway edge lights on the left runway in Figure 12-10
appear closer together (texture compression), signal-
ing a lower altitude than the runway on the right
where the runway lights are not as compressed.
The linear perspective cue involves parallel lines
that appear to converge in the distance (see Figure
12-4). The angle of convergence of these lines is also a
clue to altitude. For example, the convergence angle
of the extended parallel runway edge lines—called
the splay—of the two runways in Figure 12-10 differ.
The larger angle of splay of the left runway is an
additional clue that the aircraft and the pilot-viewer
are at a lower altitude, while the smaller splay of the
right runway indicates the pilot-viewer is at a higher
altitude. As will be discussed later in this chapter,
problems can arise when pilots encounter runways
that distort the normal texture compression/splay
relationships; for example, runways that are sloped

or those that have a different length-to-width ratio
than pilots are accustomed to.

Optic Flow

As noted in Chapter 6, even though visual acuity—
the ability to discriminate fine detail—is poor with
ambient (peripheral) vision compared to central
(foveal) vision, it is crucial in determining our ori-
entation in space. This also applies to perception of
egomotion. Similar to motion parallax and motion
perspective, optic flow is the term used to describe
both the direction and rate at which objects in our
peripheral vision appear to flow past us as we move
through space. Pilots conducting visual approaches
are influenced by the optic-flow rate when judging
their descent approach angle. As described previ-
ously, the flare-out point (aim point) is the expan-
sion point on the runway landing zone where there
is no optic flow but all other elements in the visual
scene radiate outward (backward, forward, and
away to the side) from it (see Figure 12-9).

Global optic flow is the ratio of speed divided by
altitude (flow rate=velocity/altitude).” For example,
if you have ever experienced the difference between
driving a sports car and a big semi-trailer truck at
the same speed, then you understand this relation-
ship. The speed of the close-to-the-ground sports car
seems much faster because of the increased optic
flow in your ambient vision. In fact, a car traveling
40 mph has a higher optic flow rate than a jet travel-
ing 400 mph at 40,000 feet. Another question asked
by my young son occurred while we were at cruising
altitude on a vacation flight to California. As he was
looking at the ground below through the window
of the Boeing jet, he said, “I thought these big air-
planes went really fast?” They do, but because of the

Figure 12-10.

Equally spaced runway edge lights
are compressed in the left diagram
signaling the aircraft is at a lower
altitude than for the runway on the
right, where the runway edge lights
are less compressed. The larger
angle of splay of the runway on the
left is an additional clue that the
viewer is at a lower altitude.
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airplane’s high altitude, he was not seeing it. This
also explains why early B-747 pilots, sitting at almost
twice the eye-to-wheel height (height of pilot’s eyes
above the apron surface) than they were accustomed
to in the previous generation of narrow-bodied air-
craft, tended to taxi too fast, causing excess strain
on the landing gear when turning. The optic flow of
the apron’s surface area moving past them in their
visual field created the illusion that they were taxi-
ing at the same speed they usually did. The same
phenomenon occurs at night or in poor visibility,
even with small airplanes with low eye-to-wheel
heights. As we will discuss later in the next section,
optic flow cues also create problems for pilots con-
ducting visual approaches in black-hole conditions
or toward runways with terrain that slopes up or
down underneath the aircraft’s approach path.

Edge Rate

Another element similar to optic flow is edge rate
(ER). It is the rate at which the edges of textured ele-
ments, or discontinuities, flow past us as we move
through space. ER is the ratio of velocity divided by
the distance between edges and is independent of
altitude. A high ER occurs when flying over finely tex-
tured elements (e.g., cities, or farmland with small
fields) and produces a perception of increased speed,;
alow ER occurs when flying over coarsely textured ele-
ments (e.g., deserts, large bodies of water) and pro-
duces a perception of decreased speed. On a stretch
of highway in Scotland, where accidents were occur-
ring because drivers were not slowing down suffi-
ciently for an approaching traffic circle (roundabout),
a clever experiment involved exponentially decreas-
ing the spacing between markers on the side of the
road hoping the finer edge rate would create an illu-
sion of increasing speed as a driver approached the
circle. The plan succeeded: drivers slowed down and
the accident rate decreased.?

There has been some research into the possible
speed and/or altitude illusions that pilots of low-
flying aircraft (e.g., military nap-of-the-earth or
other operations) might experience when ER varies.
For example, the reduction of ER when flying from a
finely textured surface to a more coarsely textured
surface could cause an illusion of increased height
and therefore the pilot might erroneously descend
to correct for this.
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Geometric lllusions

A dramatic illustration of how our visual percep-
tion can deceive us is found in the phenomena of
visual illusions. These create inaccurate percep-
tions of stimuli in the outside world. In other words,
what you see is sometimes not what you get. Before
examining the problem of visual illusions in the
flight environment—especially during the approach
and landing phases of flight—it is helpful to first be
familiar with geometric illusions, a fascinating topic
studied for at least two centuries by physiologists,
psychologists, artists, and even philosophers.

Geometric illusions—a class of optical illusions—
involve the incorrect perception of a variety of two-
dimensional line drawings and geometric shapes.
These simple illusions trick our visual system into
incorrectly perceiving the size, shape, distance or
direction of visual stimuli. You are probably famil-
iar with some of these, including the horizontal-
vertical line, Miller-Lyer, and Ponzo illusions (see
Figure 12-11).

For example, the vertical line in Figure 12-11A is
the same length as the horizontal line, yet it appears
longer. The same illusion is seen in the Gateway
Arch in St. Louis, Missouri, where its height is the
same as its width (630 feet), but still looks taller (see
Figure 12-12). The illusion leads us to perceive a
tree’s length is greater when it is upright than after
it has been felled.

Line ab in the Miller-Lyer illusion (see Figure
12-11B) is the same length as line cd, yet it appears
longer. This illusion even occurs even when there is
no line (see Figure 12-13).

One theory used to explain the Miiller-Lyer illu-
sion (named after the German psychologist and
sociologist who discovered it) suggests that our
unconscious brain perceives three-dimensional
depth in these two-dimensional drawings. We per-
ceive the vertical line connected to the outward-
pointed diagonal lines (right image in Figure 12-14)
as the inside corner of a three-dimensional room or
building. Using the monocular cues of linear per-
spective and relative size, our brain is fooled into
thinking that the center vertical line in the right
image is further away and therefore must be longer
than the center vertical line in the left image. If the
brain perceives the center vertical line as the out-
side corner of a room or building, as in the left image
in Figure 12-14, it is seen as closer and therefore,
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