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Cones. Cone cells are used primarily for day or high-intensity light vision. 

Rods. The rods are used for night or low-intensity light vision

A.  When illumination decreases to about the level of full moonlight (0.1 footcandle), the rods take over from the cones. The period of highest light sensitivity usually occurs after 30 to 45 minutes in a dark environment. The rod cells may become up to 10,000 times more sensitive than at the start.

VISION TYPES(TC1-204)
The three types of vision are photopic, mesopic, and scotopic. Each type functions under different sensory stimuli or ambient light conditions. Night vision involves mesopic and scotopic vision. Photopic vision at night is possible only when sufficient levels of artificial illumination exist.

a.  Photopic Vision. Photopic vision is experienced during daylight or when a high level of artificial illumination exists. The cones concentrated in the fovea centralis of the eye are primarily responsible for vision in bright light. Because of the high light level, rhodopsin is bleached out and rod cells become less effective. Sharp image interpretation and color vision are characteristic of photopic vision. 

b.  Mesopic Vision. Mesopic vision is experienced at dawn, at dusk, and during full moonlight. Vision is achieved by a combination of cones and rods. Visual acuity steadily decreases as available light decreases. Color perception changes because the cones become less effective. As cone sensitivity decreases, crew members should use off-center vision and proper scanning techniques to detect objects during low light levels.

c.  Scotopic Vision. Scotopic vision is experienced under low light levels. Cones become ineffective, resulting in poor resolution of detail. Visual acuity decreases to 20/200 or less. This enables a person to see only objects the size of or larger than the big "E" on visual acuity testing charts from 20 feet away. (A person must stand at 20 feet to see what can normally be seen at 200 feet under daylight conditions.) Also, color perception is lost. A night blind spot in the central field of view appears at low light levels. The night blind spot occurs when cone-cell sensitivity is lost.

DAY VERSUS NIGHT VISION(TC1-204)
During darkness or with low-level illumination, central vision becomes less effective and a night blind spot (5 to 10 wide) develops. This results from the concentration of cones in the fovea centralis and para fovea, the area immediately surrounding the fovea of the retina.

The night blind spot should not be confused with the physiological blind spot (the so-called day blind spot) caused by the optic disk. The physiological blind spot is present all the time, not only during the day. This blind spot results from the position of the optic disk on the retina. The optic disk has no light-sensitive receptors. The physiological blind spot covers an area of approximately 5.5 by 7.5 and is located about 15 from the fovea. 

Because of the night blind spot, larger and larger objects will be missed as distance increases. To see things clearly at night, an individual must use off-center vision and proper scanning techniques. 

VISUAL PROBLEMS (TC1-204)
Several visual problems or conditions affect night vision. These include presbyopia, night myopia, and astigmatism.

a.  Presbyopia. This condition is part of the normal aging process, which causes the lens of the eye to harden. 

b.  Night Myopia. Myopic individuals do not see distant objects clearly; only nearby objects are in focus for them. Because of this, slightly nearsighted (myopic) individuals will experience visual difficulty at night when viewing blue-green light that could cause blurred vision. Also, image sharpness decreases as pupil diameter increases. 

c. Astigmatism. Astigmatism is an irregularity of the shape of the cornea that may cause an out-of-focus condition. If, for example, an astigmatic person focuses on power poles (vertical), the wires (horizontal) will be out of focus in most cases. 

DARK ADAPTATION (TC1-204)
a. Dark adaptation is the process by which the eyes increase their sensitivity to low levels of illumination. Individuals dark-adapt to varying degrees and at different rates. During the first 30 minutes, the sensitivity of the eye increases roughly ten-thousandfold. Very little increase in sensitivity occurs after that time.


b. The lower the starting level of illumination, the more rapid complete dark adaptation is achieved. For example, less time is required to dark-adapt completely after leaving a darkened theater than after leaving a brightly lit hangar.

c. Dark adaptation for optimum night visual acuity approaches its maximum level in about 30 to 45 minutes under minimal light conditions. If the dark-adapted eye is exposed to a bright light, the sensitivity of that eye is temporarily impaired. The amount of impairment depends on the intensity and duration of the exposure. In such cases, the recovery of a previous maximum level of dark adaptation can take from 5 to 45 minutes in continued darkness.

d. Night vision devices affect dark adaptation. If a previously dark-adapted crew member wearing an I2 device removes the device in a darkened environment, a 30-minute dark adaptation level can be regained in about two to three minutes. No dark adaptation period is necessary before using the I2 device. Vision with I2 devices is primarily PHOTOPIC, but the low light levels produced by I2 devices do not fully bleach out rhodopsin. Use of the device does not seriously degrade dark adaptation.

NIGHT VISION PROTECTION (TC1-204,FM 1-301)
Night vision should be protected when possible. Some of the steps crew members can take to protect their night vision are described below.

a. Equipment. 

(1) Sunglasses. If a night flight is scheduled, crew members should wear military neutral density (N-15) sunglasses or equivalent filter lenses when exposed to bright sunlight. This precaution will increase the rate of dark adaptation at night and improve night visual sensitivity.

(2) Oxygen supply. Unaided night vision depends on optimum function and sensitivity of the rods of the retina. Lack of oxygen to the rods (hypoxia) significantly reduces their sensitivity. This increases the time required for dark adaptation and decreases the ability to see at night. Without supplemental oxygen, an individual's night vision declines measurably at pressure altitudes above 4,000 feet

(3) Red lens goggles. If worn prior to flight they can start your adaptation at the 5 minute level.  They can preserve up to 90 percent of your adaptation.

b. High Intensity Lighting  (STAFF)

(1) Shut one eye-and continue to observe with the other

(2) Turn aircraft away-and fly in the periphery of the lighted area

(3) Avoid built up areas-plan your mission to avoid overflying brightly lit areas

(4) Flares-maneuver to a position along the edge of the illuminated area

(5) Flashes from weapons-use short bursts of fire, closing one eye will also help 

c. Precautions at airfields (LAMPS)

(1) Lanes for hovering-Marking the hovering lanes with minimal lighting will keep you from having to use the landing light

(2) Airfield lighting-Should be reduced to the lowest intensity.  

(3) Maintenance personnel-Should practice light discipline with headlights and flashlights.

(4) Position the aircraft-position at a part of the airfield where the least amount of lighting exists.

(5) Selection of approach and departure routes-to avoid highways and residential areas where illumination can impair night vision.

SELF-IMPOSED STRESS (TC 1-204)
Night flight is more fatiguing and stressful than day flight. Many self- imposed stressors limit night vision. Crew members can control this type of stress. The factors that cause self-imposed stress are discussed below; crew members can remember them by the acronym DEATH.

a. Drugs. Drugs can seriously degrade visual acuity during the day and especially at night. A crew member who becomes ill should consult a flight surgeon.

b. Exhaustion. If crew members become fatigued during a night flight, they will not be mentally alert. Exhaustion causes crew members to respond more slowly, even in situations requiring immediate reaction. Exhausted crew members tend to concentrate on one aspect of a situation without considering the total requirement. Their performance may become a safety hazard, depending on the degree of fatigue. Rather than use proper scanning techniques, they are prone to stare.

(4) Poor physical conditioning. To overcome this limitation, crew members should participate in regular exercise programs. Crew members who are physically fit become less fatigued during flight and have better night scanning efficiency. However, too much exercise in a given day may leave crew members too fatigued for night flying.

c. Alcohol. Alcohol is a sedative. Its use impairs both coordination and judgment. As a result, crew members impaired by alcohol fail to apply the proper techniques of night vision. They are likely to stare at objects and to neglect scanning techniques. The amount of alcohol consumed determines the degree to which night vision is affected. The effects of alcohol are long-lasting; hangovers also impair visual scanning efficiency.

d. Tobacco. Of all the self-imposed stressors, cigarette smoking most decreases visual sensitivity at night. Smoking significantly increases the amount of carbon monoxide carried by the hemoglobin in red blood cells. This reduces the blood's capacity to combine with oxygen so less oxygen is carried in the blood. Hypoxia caused by carbon monoxide poisoning affects peripheral vision and dark adaptation. The results are the same as those for hypoxia caused by high altitude. Smoking 3 cigarettes in rapid succession or 20 to 30 cigarettes within a 24-hour period may saturate from 8 to 10 percent of the capacity of hemoglobin. Smokers lose 20 percent of their night vision capability at sea level. This equals a physiological altitude of 5,000 feet.

e. Hypoglycemia and Nutritional Deficiency.

(1) Hypoglycemia. Missing or postponing meals can cause low blood sugar, which impairs night flight performance. Low blood sugar levels may result in stomach contractions, distraction, a breakdown in habit pattern, a shortened attention span, and other physiological changes.

(2) Vitamin A deficiency. Insufficient consumption of vitamin A may impair night vision. Foods high in vitamin A include eggs, butter, cheese, liver, apricots, peaches, carrots, squash, spinach, peas, and most types of greens. A balanced diet usually provides enough vitamin A. Excessive quantities of vitamin A will not improve night vision and may be harmful.

SCANNING TECHNIQUES (TC1-204, FM 1-301)
a. Scanning. Scanning techniques are important in identifying objects at night. To scan effectively, crew members look from right to left or left to right. They should begin scanning at the greatest distance an object can be perceived (top) and move inward toward the position of the aircraft (bottom). For each stop, an area approximately 30 wide should be scanned. The duration of each stop is based on the degree of detail that is required, but no stop should last longer than two to three seconds. When moving from one viewing point to the next, crew members should overlap the previous field of view by 10 . 

b. Off-Center Viewing.

(1) Crew members must use off-center vision. This technique requires that an object be viewed by looking 10 above, below, or to either side of the object. In this manner, the peripheral vision can maintain contact with an object. 

 (2) With off-center vision, the images of an object viewed longer than two to three seconds will disappear. This occurs because the rods reach a photochemical equilibrium that prevents any further response until the scene changes. This produces a potentially unsafe operating condition. To overcome this night vision limitation, crew members must be aware of the phenomenon and avoid viewing an object for longer than two or three seconds. The peripheral field of vision will continue to pick up the object when the eyes are shifted from one off-center point to another.

c.  Shapes or Silhouettes- Because visual acuity is reduced at night, objects must be identified by their shapes or silhouettes. To use this technique, the crew member must be familiar with the architectural design of structures in the area covered by the mission (i.e. Churches .). Features depicted on the map will also aid in recognizing silhouettes.

DISTANCE ESTIMATION AND DEPTH PERCEPTION (TC 1-204)
A knowledge of distance estimation and depth perception mechanisms and cues will assist crew members in judging distances at night. These cues may be monocular or binocular. Monocular cues are more important for crew members than binocular cues.

a. Monocular Cues. The monocular cues that aid in distance estimation and depth perception include motion parallax, geometric perspective, retinal image size, and aerial perspective. (GRAM)

(1) Geometric perspective. An object may appear to have a different shape when viewed at varying distances and from different angles. Geometric perspective cues include linear perspective, apparent foreshortening, and vertical position in the field. 

(a) Linear perspective. Parallel lines, such as runway lights, tend to converge as distance from the observer increases. 

(b) Apparent foreshortening. The true shape of an object or a terrain feature appears elliptical when viewed from a distance. 

(c) Vertical position in the field. Objects or terrain features farther away from the observer appear higher on the horizon than those closer to the observer. 

(2) Retinal image size. The brain perceives the actual size of an object from the size of an image focused on the retina. 

(a) Known size of objects. By experience, the brain learns to estimate the distance of familiar objects by the size of their retinal images. 

(b) Increasing or decreasing size of objects. If the retinal image size of an object increases, the relative distance is decreasing. If the image size decreases, the relative distance is increasing. If the image size is constant, the object is at a fixed relative distance.

(c) Terrestrial associations. Comparing an object, such as an airfield, with an object of known size, such as a helicopter, helps to deter- mine the object's size and apparent distance from the observer. 

(d) Overlapping contours or interposition of objects. When objects overlap, the overlapped object is farther away.

(3) Aerial perspective. The clarity of an object and the shadow cast by it are perceived by the brain and are cues for estimating distance. 

(a) Variations in color or shade. Subtle variations in color or shade are clearer the closer the observer is to an object. However, as distance increases, these distinctions blur. 

(b) Loss of detail or texture. As a person gets farther from an object, discrete details become less apparent. 

(c) Position of light source and direction of shadow. Every object will cast a shadow from a light source. The direction in which the shadow is cast depends on the position of the light source. If the shadow of an object is toward the observer, the object is closer than the light source is to the observer. 

(4) Motion parallax. Motion parallax refers to the apparent motion of stationary objects as viewed by an observer moving across the landscape. When the crew member looks outside the aircraft, perpendicular to the direction of travel, near objects appear to move backward, past, or opposite the path of motion. Far objects seem to move in the direction of motion or remain fixed. The rate of apparent movement depends on the distance the observer is from the object.

b. Binocular Cues. Binocular perception is useful only when the object is close enough to make an obvious difference in the viewing angle of both eyes. In the flight environment, most distances outside the cockpit are so great that binocular cues are of little, if any, value. In addition, binocular cues operate on a more subconscious level than monocular cues and are performed automatically. 

VISUAL ILLUSIONS (TC 1-204)
Reduced visual references also create several illusions that can induce spatial disorientation. (FFFCRASHSAR)

1.  Flicker Vertigo. Much time and research have been devoted to the study of flicker vertigo. A light flickering at a rate between 4 and 20 cycles per second can produce unpleasant and dangerous reactions. Such conditions as nausea, vomiting, and vertigo may occur. On rare occasions, convulsions and unconsciousness may also occur. 

2.  Fascination (Fixation). This illusion occurs when aviators ignore orientation cues and fix their attention on a goal or an object. This is dangerous because aircraft ground-closure rates are difficult to determine at night.

3.  False Horizons. Cloud formations may be confused with the horizon or the ground. While hovering over terrain that is not perfectly level, aviators might mistake the sloped ground in front of the aircraft for the horizon and cause the aircraft to drift while trying to maintain a stationary position. 

4.  Confusion with Ground Lights  A common occurrence is to confuse ground lights with stars. When this happens, aviators unknowingly position aircraft in unusual attitudes to keep the ground lights--believed to be stars--above them. 

5.  Relative Motion. The illusion of relative motion can be illustrated by an example. An aviator hovers an aircraft and waits for hover taxi instructions. Another aircraft hovers alongside. As the other aircraft is picked up in the first aviator's peripheral vision, the aviator senses movement in the opposite direction. 

6.  Altered Planes of Reference. When approaching a line of mountains or clouds, aviators may feel that they need to climb even though their altitude is adequate. Also, when flying parallel to a line of clouds, aviators may tend to tilt the aircraft away from the clouds.

7.  Structural Illusions. Structural illusions are caused by heat waves, rain, snow, sleet, or other factors that obscure vision. For example, a straight line may appear to be curved when seen through a desert heat wave or a wing-tip light may appear to double or move when viewed during a rain shower.

8.  Height and Depth Perception Illusion. When flying over desert, snow, water, or other areas of poor contrast, crew members may experience the illusion of being higher above the terrain than they actually are. This is due to the lack of visual references. This illusion may be overcome by dropping an object, such as a chemical light stick or flare (or your copilot!!!), on the ground before landing. Another technique to overcome this illusion is to monitor the shadows cast by near objects, such as the landing gear, or skid shadows at a hover. Flight in an area where visibility is restricted by haze, smoke, or fog produces the same illusion.

9.  Size-Distance Illusion. This illusion results from viewing a source of light that is increasing or decreasing in luminance (brightness). The aviator may interpret the light as approaching or retreating.

10.  Autokinesis. When a static light is stared at in the dark, the light appears to move, as shown in Figure 1-14. This phenomenon can be readily demonstrated by staring at a lighted cigarette in a dark room. Apparent movement will begin in about 8 to 10 seconds. Although the cause of autokinesis is not known, it appears to be related to the loss of surrounding references that normally serve to stabilize visual perceptions. This illusion can be eliminated or reduced by visual scanning, by increasing the number of lights, or by varying the light intensity. The most important of the three solutions is visual scanning. A light or lights should not be stared at for more than 10 seconds. This illusion is not limited to light in darkness. It can occur whenever a small, bright, still object is stared at against a dull dark or nondescript background. Similarly, it can occur when a small, dark, still object is viewed against a light, structureless environ-ment. Anytime visual references are not available, aircrews are subject to this illusion.

11.  Reversible Perspective Illusion. At night, an aircraft may appear to be going away when it is, in fact, approaching a second aircraft. This illu-sion often occurs when an aircraft is flying parallel to another's course. To determine the direction of flight, aircrews should observe aircraft lights and their relative position to the horizon. If the intensity of the lights increases, the aircraft is approaching. If the lights dim, the aircraft is moving away. Also, remembering the "3 Rs" will help identify the direction of travel when other aircraft are encountered. If the red aircraft position lights are on the right, the aircraft is returning (coming toward the observer).

