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CHAPTER 1

INTRODUCTION

1.1  Overview.  Aerial warfare is still a relatively new form of combat, spanning a period of only

90 years. During that time, rapid technological developments have spurred progress from very

primitive weapons systems to the inclusion of stealth into modern fighters. The unmatched

precision and low observable (LO) characteristics of the F-117 are primarily the result of these

recent advancements. Nevertheless, the basic principles of aerial combat have remained virtually

unchanged. These fundamentals or standards form the foundation of training for tactical

employment. This document provides guidance to these fundamentals as they apply to

employment of the F-117 weapons system.   

1.2  Purpose.  This manual supplements both formal and continuation training (CT) programs

and, with AFTTP 3-1, provides aircrew the information needed to make the right decisions during

any phase of a tactical mission.  AFTTP 3-3 provides no authority or sanctions to depart from

established training procedures and directives; nor is it directive in nature.

1.3  Change Procedures.  Aircraft modification, operational and training experience dictate

changes to this volume. Old procedures and tactics are never disregarded simply because they

have been around for a while. At the same time, new and better ways of accomplishing the mission

evolve and need to be incorporated into this volume. Safety of flight changes are incorporated as

soon as possible. Other inputs are included during the biannual update cycle. Suggested changes

are to be forwarded from any level of command to: Headquarters (HQ) ACC/DOT, 205 Dodd

Blvd, Suite 101, Langley AFB, Virginia 23665-2789. 
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engagement. Use power to control rollback, not the brakes, as the aircraft might sit on its tail.

In any case, if the ability to stop in the available runway is in question, do not hesitate to use

the hook. The decision to abort must consider many factors: aircraft malfunction, pressure

altitude, temperature, runway length, cables, aircraft speed, max abort with chute, and so forth.

An inoperative fuel gage (in test) or NWS light at 150 knots would not be cause to abort. Think

about the malfunction before deciding to abort. One technique is to abort for engines, flight

controls, or fire. Check for hot brakes any time aborting above 100 knots. Design engineers

provided the data in the table below. (See Table 4.3, Aborts.) The numbers in this table are

based on a standard day at 4,500 feet MSL, no wind, 3-second reaction time, throttles in idle,

and max braking.

Table 4.3 Aborts.

4.5.2 Possible Loss of Aircraft Zone.  If an engine fails on takeoff, it is imperative to
accomplish the boldface immediately; this aircraft is very underpowered compared to other
fighters. Accelerate through the possible loss of aircraft zone (PLAZ) before accomplishing
any other steps; use the flat area over the remaining runway to fly level and build up speed as
much as possible before starting the climb. If the airplane touches down, use the remaining
runway to accelerate. Keep the AOA below 10 and retract the gear as soon as possible after
takeoff, once safely airborne. If the aircraft is settling back to earth, do not raise the gear. A
slight bank (5 degrees) into the good engine with rudder to zero the beta, will provide the best
acceleration. 

4.5.2.1 Weapons Jettison.  Weapons jettison of a 2,000-pound weapon will reduce the

single-engine climb speed by approximately 9 knots, and the results are immediate.

Opening a weapons bay door in the first few seconds following an engine failure will

momentarily increase sideslip and may complicate aircraft control. Be prepared for

momentary yaw and roll deviations as a weapons bay door opens. 

Airspeed at 5,500 Feet 

Remaining Action

< 125 KCAS Action without chute—max braking should stop the aircraft 

with approximately 1,000 feet remaining with no brake 

fires—dry runway.

< 165 KCAS Action with chute—max braking should stop the aircraft 

with approximately 1,000 feet remaining with no brake 

fires—dry runway

< 115 KCAS Action with chute—max braking should stop the aircraft 

with approximately 1,000 feet remaining with no brake 

fires—wet runway

OVERALL NOTE:

*The above numbers and criteria were developed for a 45,000-pound aircraft (F-117 typical 

takeoff gross weight).
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4.5.2.2 Fuel Dumping.  Fuel dumping will also reduce the gross weight and lower the

single-engine climb speed. However, it will take longer to dump 2,000 pounds of fuel than

it would to jettison a weapon.

4.5.2.3 Additional Procedures.  After any close-in obstacles are cleared, using no more

than 10 degrees AOA, level off and accelerate to the single-engine climb speed. While

maintaining the single-engine climb speed, climb to a safe altitude (1,000 feet AGL

minimum) and then level off and accelerate (220 KCAS minimum). Climb and maneuver

as required at no more than 7 degrees AOA. Fly the pattern at 250 KCAS, if possible, and

never go below 220 KCAS until configured and intercepting the glide path. One technique

is to hold 250 KCAS until gear are lowered. Another technique is to hold 250 KCAS on

downwind, 240 KCAS on base, and 230 KCAS on final until gear are lowered. 

4.5.2.4 Intercepting the Normal Glide Path.  Just prior to intercepting normal glide path

(at approx 6 DME), lower the gear and fly a 7-degree AOA (maximum) approach as you

start down. Be aware that the aircraft is close to 7-degrees AOA when the top of the bank

steering bar in the HUD touches the bottom of the Big E reference. Also, the low intensity

aural tones start at 7 degrees AOA. The 5,600 foot pattern is for training purposes and ATC

restrictions. Consider a wider pattern and longer final. Flying with a slight bank (at approx

5 degrees) into the good engine is a technique to hold heading or to which good engine side

rudder can be added. Ball is another technique to hold heading. Bank angle while flying

the pattern is important. There is no maximum bank angle, but a rule of thumb is as

airspeed increases above 220 KCAS, bank angle can increase above 30 degrees. Do not try

using 45 to 60 degrees of bank near 220 KCAS or the aircraft’s speed will drop below 220

KCAS.

4.5.2.5 Approach Considerations.  A few notes about the approach are in order. Be

careful about attempting level flight, single-engine, and gear down. This can be difficult,

perhaps even dangerous, on summer days at Holloman AFB. Also, if attempting a

single-engine ILS in night/actual instrument conditions, glideslope information does not

appear until the gear is lowered. A technique for the single-engine approach to runway 16

only is to be at 7,000 feet MSL (3,000 feet AGL) at 11 DME (the 7/11 technique). This

puts the aircraft close to the ILS glide path before lowering the gear. Yaw auto-trim will be

effective with the gear up but must be zeroed out after lowering the gear. Use rudder to

correct excessive yaw, and release the pressure while reducing power. Once landing is

assured (approximately over the approach lights), start slowing to 9.5 degrees AOA. Be

careful about holding too much airspeed until landing. Remember, if the drag chute fails to

deploy, it is going to be extremely difficult to stop the aircraft if flying a faster than

7-degree AOA approach. 

4.5.3 No Radio.   If in day formation, the aircraft with the good radio should be given the lead.
The pilot with the good radio should request clearance to the initial approach fix (IAF) and
inform the controlling agency of the situation. The flight will hold until the F-117A has less
than 7,000 pounds of fuel remaining. The aircraft with no radio (NORDO) will then fly a
9.5-degree visual straight-in and land with the chute. If the chase is NORDO, the chase will
then do a closed pattern to a full stop. If single-ship, comply with the IFG.
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6.5 Contact Position. 

6.5.1 Transition.  As with most fighters, small, positive corrections will allow for the most

efficient refueling. The aircraft may yaw slightly when moving from the pre-contact to the

contact position, due to the downwash from the tanker. Because of the relative position of the

seating height and the refueling receptacle, many pilots have a tendency to drop low when

approaching the boom. To prevent this, set the end of the boom on the top of the HUD as the

aircraft continues forward. As the aircraft closes to within 10 feet or so, the boomer should

swing the boom out of the way. Continue to close and maintain elevation relative to the tanker.

6.5.2 Aluminum Overcast. Director lights are operated manually until contact and can be

anywhere from nonexistent to continuous depending on the skill of the boomer. Be patient and

maintain good formation relative to the entire tanker (not the boom) while watching for

corrections from the director lights. There are no mirrors and no visibility out the top of the

canopy like other fighters. Once under the boom, look at the entire belly of the tanker and

maintain that reference. One technique for the KC-135 is to place the tanker’s inboard engine

pods in the center of the quarter panels as a position reference. Another technique is to place

the top of the HUD combining glass on the forward portion of the tanker’s director lights. On

a KC-10 it may feel that the aircraft is too far forward. (See Figure 6.5, Contact Position.) It is

difficult to feel contact with the boom, trust the lights and fight the tendency to drop low. Note

that KC-10 director lights are trend lights while KC-135 director lights are directive. (See

Figure 6.6, Director Lights.)

6.6  On the Boom.

6.6.1 Power.  As the aircraft takes on fuel and enters turns, anticipate the need for more power.

At high altitude and high gross weights, refueling can be especially challenging. Avoid large

power corrections. 

6.6.2 Fuel rates. A KC-10 pumps at 3,000 pounds per minute with both pumps operating.

The KC-135 will pump at 2,300 pounds per minute. Note starting fuel prior to contact. Check

it again after disconnect and ensure flight plan fuel matches current off-load. If less than a full

load of fuel is needed, consider using the Bingo bug to alert when the aircraft has received the

desired amount of fuel. 

6.7 Post Refueling Procedures. 

6.7.1 Post Refueling Checks.  Do not forget the checklist. Running the LETS check will

accomplish the major items before leaving the tanker: lights, emitters, TACAN, slipway.

Regardless, do not forget the air refueling door! Check gas and total received.

6.7.2 Flight Rejoin.  After refueling, rejoin as briefed. The flight will normally depart the

tanker track at least 1,000 feet above the refueling altitude to the AR exit point. Be careful not

to slow too much if heavily weighted and climbing out of a refueling track.

6.7.3 Steerpoint.   It is a good idea to have the INS already set up for steering to the desired

destination prior to the tanker rejoin.
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CHAPTER 9

NIGHT SYSTEMS: NIGHT VISION GOGGLES AND IRADS

9.1 Introduction.  Night systems are night vision goggles (NVG) and the infrared acquisition and

designation system (IRADS) system. NVGs are rapidly becoming the standard by which the

F-117 community employs at night. Additionally, this chapter discusses combining NVGs with

medium-altitude IRADS tactics and how to effectively integrate goggles with the IRADS system.

9.2 Night Vision Goggles. 

9.2.1 Night Vision Goggle Operations. 

9.2.1.1 Night Vision Goggle Description.   NVGs used in F-117 operations consist of two

image intensifier tubes mounted on a fully adjustable, lightweight binocular bracket. These

image intensifier tubes produce a monochromatic (green) image of the outside world

during illumination conditions too low for normal vision. IRADS uses the far infrared (IR)

area of the electromagnetic spectrum to create an image based on the relative emission of

heat by different objects in the scene. NVGs use the red portion of the visible spectrum and

near IR energy to produce their own unique visible image of the world. Under adequate

conditions of illumination, NVGs can enhance SA, terrain avoidance, navigation, target

detection, and identification.

9.2.1.1.1 Image Intensifier Tubes. An image intensifier tube is an electronic device

that amplifies available ambient light reflected from an object. (See Figure 9.1, Image

Intensification.) The reflected light enters the goggles and is focused by the objective

lens onto the image intensifier's photocathode, which is receptive to both visible and

near-IR radiation. The photons of light striking the photocathode cause a release of

electrons proportionate in number to the amount of light transmitted through the lens.

An electrical field that is supplied by the device's power source then accelerates the

released electrons away from the photocathode surface. The released photoelectrons

are amplified (increased in number) and accelerated (increased in energy) onto a

phosphor screen. This impact causes the screen to glow. The phosphor screen emits an

amount of light proportional to both the number and velocity of electrons striking it.

Generally, image intensifier technology is expressed in terms of first-, second-, third-

and fourth-generation systems. Currently the Air Force uses third-generation

intensifiers.
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9.2.1.1.2 Third-Generation Intensifiers. Third-generation intensifiers are preferred

NVGs for the combat air forces (CAF). There are two major changes between

second-generation and third-generation tubes. An improved photocathode is used and

a metal oxide film is applied to the micro-channel plate (MCP). Using an improved

photocathode results in third-generation tubes being far more sensitive in the region

where near-IR radiation from the night sky is plentiful. (See Figure 9.2, Comparison

of the Human Eye and Third-Generation NVGs.) Adding a metal oxide film to the

MCP in third-generation tubes greatly extends their service lives over that of

second-generation tubes. It must be noted that the quality of the image itself can vary

slightly between different sets of goggles because of the difficulty in consistently

manufacturing third-generation tubes. Indeed, only a certain percentage of the tubes

produced meet the specifications established for third-generation intensifier tube

performance. The third-generation NVG hardware is the Type 1, direct view, aviator’s

night vision imaging system (ANVIS)-9/F-4949L NVGs. Direct view goggles present

the image directly from the image intensifier tube to the pilot’s eyes. In addition,

third-generation NVGs use a minus blue filter, also called a red spectral filter, to limit

their response in the lower part of the NVG spectrum.

Figure 9.2 Comparison of the Human Eye and Third-Generation NVGs.

9.2.1.1.3 ANVIS-9 NVG. The Air Force uses the ANVIS-9/F-4949L NVG featuring a

redesigned MCP that improves the resolution of the goggle from approximately 20/45

to 20/30. This version of the ANVIS-9 has visual acuities as good as 20/25, and comes

with modified “leaky green” filters which makes them compatible with the F-117

head-up display (HUD). (See Figure 9.3, ANVIS-9 NVGs.)

Comparison of the Human Eye and Third-Generation NVG's

UNCLASSIFIED
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Figure 9.3 ANVIS-9 NVGs.

9.2.1.2 Support Equipment. NVGs have no built-in test (BIT) provisions to determine

their serviceability. The only means of determining whether they are performing

adequately is through a visual check. Visual checks are accomplished by using an eye test

lane, or a Hoffman ANV-20/20 NVD infinity focus system.

9.2.1.2.1 Eye Lane. An eye lane is a corridor, room, or facility approximately 25 feet

long that can be sealed from external light. This allows pilots to focus their NVGs

under controlled conditions prior to flight. A resolution chart is placed at one end of the

eye lane to determine goggle performance. In order to obtain valid results, the chart

must be viewed from exactly 20 feet. A light source is placed in the eye lane 10 feet

from the resolution chart off to one side reflecting across the width of the eye lane.

Pilots don their NVGs, look down the eye lane, and focus their goggles on the

resolution chart. After using an eye lane, aircrews must re-adjust their NVG focus from

20 feet to infinity.

9.2.1.2.2 Hoffman ANV-20/20 NVD Infinity Focus System. The Hoffman Tester is

the preferred method for pilots to focus their NVGs prior to flight. Each pilot dons the

NVGs, looks into the test equipment window, and focuses the goggles to infinity on the

reticle inside. This deployable tester eliminates the need for a dedicated blacked out

room and has the added benefit of allowing the user to focus their NVGs to infinity. 

9.2.1.2.3 NVG Supplies. Two selectable 1.5V lithium or alkaline batteries power
NVGs and are located inside the mounting bracket. Battery life varies, and batteries
should be switched after about 10 hours of use. At least one extra battery should be

ANVIS-9 NVG's

UNCLASSIFIED

BATTERY

MOUNT ASSEMBLY

BINOCULAR ASSEMBLY

BRACKET
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carried in flight per mission requirements. Most life support shops have NVG kits
designed to hold the goggles as well as an extra battery and any cockpit modification
supplies. 

9.2.1.3 Interior Aircraft Lighting. Conventional cockpit lighting operates within visible
and near-IR wavelengths that may render NVGs virtually unusable, even when turned
down to the lowest light intensity. This is due to the automatic gain control feature of the
NVGs. In addition, an incompatible light does not have to be within the NVG field of view
(FOV) for it to effect NVG gain and performance, due to the reflection of light off the
canopy and other cockpit components. Light bulbs and other light sources in the cockpit
must be coated or treated in some way to block the emission of near-IR energy in order to
make them NVG-compatible. Non compatible interior lighting must be turned off (pinky
switch) during in-flight ops.

9.2.1.4 Exterior Aircraft Lighting. Conventional external lighting from one’s own
aircraft or other aircraft in formation can degrade NVG performance because of the
automatic-gain-control feature of the goggles. By reducing the levels of the exterior
lighting for non-NVIS aircraft this limitation is reduced. Compatible visible and covert/IR
external lighting may be installed on the aircraft in the future, allowing aircrews to fly
tactical formations while limiting the possibility of visual detection. (See Figure 9.4,
Lighting Controls.)

9.2.2 Night Vision Goggle Capabilities. Just like with the unaided eye in daylight, NVGs see
line of sight (LOS) to the horizon. Additionally, NVGs sense near-IR energy allowing
detection of engine heat, missile plumes, and muzzle flashes, which are not seen by the
unaided eye. Typically, NVGs allow pilots to see non-compatible aircraft lighting at more than
50 NM, lighted objects beyond 10 NM, and a lit cigarette at about 5 NM. The most significant
benefits provided by using NVGs are an increase in pilot SA, a corresponding increase in
safety, and a potential decrease in the risk of fratricide. When flying at night without NVGs,
pilots must use a variety of non-visual techniques to accomplish tasks they normally
accomplish visually during daylight. These techniques include dependence on IRADS, A/A
TACAN, trail formations, flying minimum safe altitudes (MSA), and using separate altitude
blocks. By using NVGs, pilots are able to perform many of their tasks visually instead of using
conventional night techniques. Advantages can be broken down into four main categories:
cooperation with other thermal imaging devices, visual formation/escort, visual navigation
and terrain avoidance, and threat detection/survivability, all of which allow enhanced
nighttime tactics.

9.2.2.1 Cooperation with Thermal Imaging Devices. NVGs and thermal imaging
devices are complimentary sensors and can aid mission accomplishment through sensor
integration. IRADS technology is based on the fact that all objects warmer than absolute
zero emit heat. IRADS can discriminate between objects with a temperature difference of
less than 1-degree or of the same temperature if they emit heat at different rates (the rate of
emission depends upon composition of individual objects). IRADS sensors detect
differences in the thermal properties of these materials and create an image on either the
HUD or sensor display (SD). This process, called thermal imaging, results in a
monochromatic image. IRADS allows detection, recognition, identification, and
classification of targets, scenes, or activities that would otherwise be concealed by
darkness. Table 9.1, NVG/IRADS Comparison, and Figure 9.5, Comparison of NVG and
IRADS Technology, show a comparison of NVG and IRADS technology.
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Table 9.1 NVG/IRADS Comparison.

Figure 9.5 Comparison of NVG and IRADS Technology.

9.2.2.2 Visual Formation/Escort. In combat, aircraft are normally flown "lights out" to

avoid visual detection by enemy A/A and S/A threats. When lights out, pilots must use

other than visual means to monitor and deconflict with other aircraft in the flight or

package. NVGs allow you to fly visual tactical formations and deconflict with other

aircraft. Visual formations reduce electronic emissions and increase mutual support. Strike

packages can be compressed, reducing time required over the objective and exposure to

the threat. Aircraft escorting F-117s can do so visually, increasing mutual support and

simplifying deconfliction. FLAS

NVG IRADS

Uses reflective energy —

Visible light and near IR Uses emitted energy

Mid or far IR —

Images reflective contrast Images thermal contrast

Requires some illumination Totally independent of light

Penetrates moisture more effectively Penetrates smoke and haze

Attenuated by smoke, haze, and dust Attenuated by moisture (humidity)

USES REFLECTED ENERGY
(visible light and near IR)

Images Reflective Contrast

Requires at least Some Illumination

Penetrates Moisture More Effectively

Attenuated by Smoke, Haze, and Dust

USES EMITTED ENERGY
(Mid or Far IR)

Images Thermal Contrast

Totally Independent of Light

Penetrates Smoke and Haze

Attenuated by Moisture (Humidity)

UNCLASSIFIED
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9.2.2.3 Visual Navigation and Terrain Avoidance.   During high-illumination, NVGs

improve SA by allowing pilots to see hazards like rising terrain on either side of the route.

In addition, NVGs allow pilots to visually navigate and avoid terrain at low altitude when

required to avoid threats and weather. Even when low altitude flight is not required, NVGs

allow you to visually navigate at medium altitudes.

9.2.2.4 Threat Detection/Survivability. Operation SOUTHERN WATCH proved NVGs

viable for the detection of surface-to-air missiles (SAM) and antiaircraft artillery (AAA).

NVGs are also effective in visually detecting enemy aircraft and air-to-air missiles (AAM)

in flight. The ability to see at night improves aircraft survivability.

9.2.3 Night Vision Goggle Planning Considerations.  Mi s s ion  p l ann ing  beg in s  by

determining expected illumination conditions. Light level planning software programs such as

USAF NiteLite, are used to calculate expected light illumination levels. These programs

produce sunrise, sunset, moonrise, moonset, moon elevation, and a millilux light level in

lumens. The base weather shop can usually provide solar and lunar data and can provide a

copy of NiteLite for unit use. MAJCOMs define 2.2 millilux as high illumination. A general

ROT is that 25 percent moon illumination with greater than 30 degrees elevation produces

high illumination. Also, just like flying into the sun, elevation is a factor when attempting to

ingress or egress toward the moon's azimuth. Be aware, weather has an unpredictable effect on

illumination as cloud cover lowers the illumination conditions by an undetermined amount.

Pilots should always have a low-illumination contingency option.

9.2.4 Environmental Conditions.  Your mission planning must consider environmental

conditions and their impact on night vision devices. Additionally, planning should include spot

locations (azimuth and elevation) of the sun and moon for critical stages of the mission, such

as ingressing the target/objective. Predicted illumination levels should be calculated with the

aid of weather personnel, and mission tactics planned accordingly.

9.2.5 Night Vision Goggle Performance Considerations.  The following environmental

conditions affect NVG performance and must be understood to safely conduct NVG

operations.

9.2.5.1 Luminance, Illuminance, Radiance, and Albedo. The two most common terms

used when discussing light as it pertains to NVGs are luminance and radiance. Luminance

and radiance refer to reflected or emitted light from an object or scene. Illuminance and

irradiation refer to the amount of electromagnetic energy striking the object or scene. An

example of luminance is the moonlight which is reflected from objects in a given scene.

For a fixed-illumination level, the amount of light reflected varies with the reflectivity of

the objects. The ratio of luminance (reflected energy) to illumination (energy source) is

called albedo, which varies with the composition and condition of the particular object or

surface. The albedo, or reflectivity, of objects in a scene varies. This difference allows one

to detect an object like a dirt road in a scene. It is important to note that while the ambient

light provides the necessary illumination, it is actually the reflected light, or luminance,

that NVGs detect from objects and the terrain that allows one to "see."

9.2.5.2 Weather. Any condition of the atmosphere that absorbs, scatters, or refracts the

sky's illumination, either before or after it strikes the terrain, will effectively reduce the

usable light available to NVGs. Weather and visibility restrictions all serve to alter
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illumination, luminance, or both. Recognition of this reduction in the cockpit is sometimes

very difficult. The changes are often very subtle reductions in contrast, which are not

perceived when viewed through NVGs. The automatic gain control in the intensifier tubes

can hide these changes by attempting to provide a constant image in spite of the changing

luminance conditions. If cues are perceivable, the aircrew must recognize them and their

significance. Common cues to reductions in ambient illumination include loss of celestial

and ground lights, loss of the perceivable horizon, reduced contrast, decreased depth

perception and distance estimation capability, reduced visual acuity, increased NVG

sparkle, scintillation (graininess or "snow" in the scene), and a "halo" effect around light

sources. As a general rule, any weather phenomenon that affects vision in daylight will

affect NVGs at night. Weather conditions that effect NVG operations include clouds, fog,

rain, snow, sand/dust, lightning, and obscurants like haze and smoke.

9.2.5.3 Illumination Sources. Natural illumination sources include the moon, stars, solar

twilight, and other background illumination. There are also artificial illumination sources

such as light from urban areas, fires, automobiles, weapons, searchlights, and flares. In

areas without cultural lighting, the moon normally provides the highest percentage of

natural illumination at night.

9.2.5.3.1 Sunset and Sunrise. NVG operations can be hampered by twilight in the

western sky for up to 2 hours after sunset. If the mission is flown soon after sunset,

profiles should be adjusted to allow west to east operations with zodiacal light at the

aircraft's 6 o'clock position. This IR light can be intense immediately following sunset,

and can be sufficient to brightly illuminate the objective with the light from behind. If

the mission is flown with the objective located in the same relative direction as the

zodiacal light, the ambient light will reduce NVG gain and the objective may not be

detected. Similar preplanning is required beginning about 1 hour prior to sunrise.

9.2.5.3.2 Moon Phase and Moonrise/Moonset Times. Moon phase and elevation

determine how much moonlight will be available, while moonrise/moonset times

determine when it will be available. The most important operational aspects of

moonrise/moonset times concern times when the moon is low in the sky. Moon angles

of less than 30 degrees can render the NVGs ineffective when looking in the direction

of the low moon. The moon moves across the sky at approximately 15 degrees per

hour. This means it will be a factor for 2 hours after moonrise and for 2 hours before

moonset.

9.2.5.3.3 Cultural Effects. Any common light source is visible in NVGs. Flashlights

can be seen out to 25 NM, while cigarettes can be seen out to 5 NM in low-ambient

lighting conditions. Campfires are IR beacons, which are brilliant on NVGs but can be

difficult to see with the naked eye. Red lights on transmission towers are highly visible.

9.2.5.4 Terrain.   Due to changes in climate and lunar cycle, a given terrain scene may

look radically different on consecutive nights. Successful NVG operations require an

understanding of various terrain characteristics along with the effects of weather and lunar

cycles on NVG performance. Terrain features with distinct characteristics when viewed

through NVGs include roads, bodies of water, open fields, deserts, forests, snow, and

mountains.
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9.2.5.4.1 Featureless Terrain. It is difficult to determine altitude when flying with

NVGs over areas of little contrast such as snow fields, water, and desert. NVGs by

themselves may not give adequate awareness of height above the ground, and other

devices such as radar altimeter, IRADS, may be required to conduct safe low-level

operations.

9.2.5.4.2 Shadows and Obstructions. Terrain and other obstacles concealed in the

shadows of higher terrain or cloud cover are difficult to see while conducting NVG

operations at low altitude. Unlit obstructions like electric power lines, towers, poles,

antennas, and dead trees, are particularly hazardous, as they may not be detected.

9.2.5.5 High-Illumination Conditions.

9.2.5.5.1 Employment. High illumination allows pilots to identify turn points and

targets, especially if they have vertical development and/or background contrast. 

9.2.5.5.2 Lunar Planning. Routes into low-moon angles (less than 30 degrees

elevation) or the solar glow of the rising and/or setting sun (within 1 hour of

sunrise/sunset) require operating at MSAs or individual comfort level; whichever is

higher. Attack axis should be planned at least 90 degrees away from a low moon or

solar glow. With a near vertical moon (70 to 90 degrees elevation), terrain features may

not be readily apparent. 

9.2.5.6 Low-Illumination Conditions.

9.2.5.6.1 Preparation and Planning. Low illumination planning must include the

same considerations for flying at night with no NVGs. Under low illumination, pilots

should not expect to see terrain features, landmarks, or other target area/DMPI lead in

features that would normally be seen in the day or high illumination. Medium and high

altitude missions require the use of on-board sensors (IRADS) and an accurate inertial

navigation system (INS) or global positioning system (GPS). 

9.2.6 Night Vision Goggle Limitations.  Although NVGs can improve performance at night,

they have numerous limitations which you must be familiar with in order to use them safely.

NVGs DO NOT turn night into day.

9.2.6.1 Field of View. FOV refers to the total instantaneous area covered by the NVG

image. FOV depends on NVG design and type, and ranges from 30 to 40 degrees for

current systems. Regardless of the FOV of any particular system, it is considerably less

than the eye's normal FOV of 120 degrees by 80 degrees. This lack of good peripheral

vision can influence the onset of misperceptions and illusions. 

9.2.6.2 Windscreen and Canopy Transparency/Transmissivity. Windscreens, canopies,

or other transparencies through which the pilot must look degrade NVG performance.

Some transparencies transmit visible wavelengths fairly well, but near-IR wavelengths

poorly. Since NVGs use near-IR wavelengths, those canopies would keep much of that

energy from reaching the goggle, thus degrading the image of the outside scene. Just

because an NVG has a 20/30 capability in the eye lane does not mean it will give you a

20/30 capability from the cockpit.
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9.2.6.3 Resolution. Resolution, or visual acuity, refers to the ability of the goggle to

present an image that makes clear and distinguishable the separate components of a scene

or object. Normal unaided night vision is approximately 20/200. Current NVGs typically

have a resolution capability of between 20/25 to 20/40. While not as good as day vision,

NVGs represent a significant improvement in night visual acuity. 

9.2.6.4 Depth Perception. Depth perception encompasses determining the relative

distance of objects in relation to each other. There are two types of depth perception cues:

binocular and monocular. Binocular cues are basically a triangulation of retinal points

called stereopsis. This provides the 3-dimensional aspect of out vision. With NVGs,

stereopsis is still possible, but is limited to distances less than 50 meters. With NVGs,

depth perception is judged primarily by using monocular cues. Monocular cues include

relative size and height of objects, overlap of objects, convergence of parallel lines, and

motion parallax (closer objects within the FOV moving faster than farther objects).

Binocular cues are limited by distance, while monocular cues are limited by degraded

acuity and reduced contrast.

9.2.6.5 Distance Estimation. Distance estimation is altered while using NVGs due to a

reduction in visual acuity. This results in unlit objects sometimes appearing farther away

than they actually are. This effect is primarily a learned subconscious phenomenon, as

humans expect objects that are less distinct in detail to be farther away than those which

have sharp detail. This can cause problems with overestimating altitudes or distances. The

opposite occurs when observing lit objects, which may result in underestimating distances. 

9.2.6.6 Reduced Contrast. Reduced contrast manifests itself primarily as reduced visual

acuity since low-contrast objects are more difficult to see than those that have a high

contrast. A reduction in contrast occurs as the eye is presented a monochromatic image and

color contrast cues are lost. Also, a bright light source in the FOV will reduce contrast as

the NVG begins to reduce the gain. Because there are individual differences in sensitivity

to contrast, there can be differences among pilots of the same flight with regard to what

they can and cannot see. 

9.2.6.7 Degraded Ability to Detect Meteorological Conditions. One of the most

dangerous situations that can be experienced with NVGs is flight into undetected

meteorological conditions. The inability of the NVGs to see various areas of moisture can

lull you to continue further into IMC, to a point where there is virtually no visual

information. This can result in a gradual loss of scene detail, placing the pilot in an area of

heavy moisture. In the low-level environment, this can put you into a potential conflict

with masked terrain. This late detection of IMC reduces the time available to execute a

route abort from low altitude, if required. Ultimately, clouds can only be seen in NVGs

when there is sufficient illumination to make them visible.

9.2.6.8 Spatial Disorientation. Although NVGs usually improve SA, under certain

conditions they can enhance the possibility of spatial disorientation. This is due to the

NVGs limited FOV and lack of resolution. It is very important to include the horizon in

your NVG cross-check. 
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9.2.6.9 Overconfidence. After initial NVG training, there is a natural tendency for pilots

to become overconfident in their abilities during NVG flight. However, NVGs DO NOT

turn night into day. They have very real limitations, and you must exercise caution to avoid

becoming complacent. 

9.2.6.10 Laser Eye Protection. NVGs provide no laser eye protection and may not be

compatible with current laser eye protection glasses. Use in a laser threat environment

and/or in combination with air commander's pointers (ACP) will expose the pilot to

potential laser eye damage.

9.2.7 Night Vision Goggle Employment. 

9.2.7.1 Night Vision Goggle Preflight and Adjustment. Extra time after the briefing

must be allowed to accomplish the NVG preflight check. Flight testing and operational

flying experience has shown this check to be one of the most important steps for a safe

NVG flight.   The importance of proper goggle alignment, focus, and use of the NVG test

lane or Hoffman Tester cannot be over-emphasized. Common malfunctions encountered

during preflight of NVGs include battery problems, interpupillary distance (IPD)

adjustment problems, one tube not focusing, and light intensifying element damage which

results in large "spots" obstructing your vision. If any of these malfunctions are

encountered, another set of NVGs should be obtained from Life Support. Battery failure is

the most common malfunction.

9.2.7.2 Ground Operations.

9.2.7.2.1 Pre-Engine Start. Pilots must install all components of the NVG filter kit

prior to engine start. The contents of the NVG kit pose a large FOD hazard and extreme

care must be taken not to drop finger-lights and filters inside the cockpit. 

9.2.7.2.2 Post-Engine Start. After engine start, pilots must ensure required external

and internal aircraft lights are operational. For external lighting requirements, refer to

the Federal Aviation Regulations (FAR) and any unit waivers for reduced lighting

operations in MOAs. 

9.2.7.2.3 End of Runway. Once in end of runway (EOR) (last chance) and away from

as many bright lights as possible, don the NVGs (goggle) and check your NVG focus.

When checking the focus, use a star as a reference, and if the star appears fuzzy, use the

focus to sharpen it. If the star appears stretched from a point source into a horizontal or

vertical line, then the diopter needs to be adjusted. Be very cautious when adjusting

either setting on the goggles, as it is easy to adjust them to a setting worse than that

achieved with the Hoffman tester or the eye lane. After checking the settings, perform

a leak check by scanning the cockpit for any non-compatible light (leaks) and fixing

them as required. 

9.2.7.2.4 Cockpit Organization. Cockpit organization is essential for safe and

effective mission employment. After the NVG focus, stow your NVGs and adjust

cockpit lighting as low as practical for takeoff. Pilots should stow NVGs in a

convenient place for easy access when airborne.
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9.2.7.3 Takeoff/En Route. 

9.2.7.3.1 Goggle Altitude. Once established above 2,000 feet AGL minimum,

wings-level or in a slight climb and with all three axis of the autopilot coupled (3Cs),

flight leads will direct flight members to "GOGGLE." Wingmen will call

"GOGGLED" only after interior lights have been set; the goggles properly focused and

are aware of the environmental conditions. Normally, wingmen will goggle first and

then flight leads. 

9.2.7.3.2 Exterior Lighting. Once the entire flight is goggled, flights will rejoin to the

briefed formation and set their own exterior lights. Each flight member is responsible

for changing his element mate's lights based on environmental conditions. At least one

flight member must flash the anti-collision strobe until established in reduced lighting

approved airspace. Exterior lighting settings will vary depending on the aircraft

lighting modification and unit standards. 

9.2.7.4 Night Vision Goggles Cross-Check. The NVG cross-check is a combination of

using outside references, HUD, and primary flight instruments to maintain overall SA and

attitude awareness. Environmental and cultural conditions that provide for a "clean" NVG

environment (i.e., high moon illumination, low cultural interference, high albedo/contrast

terrain, and low-visible moisture/low absolute humidity) may permit near exclusive use of

NVGs for spatial orientation with little reliance on primary flight instrumentation. Over

reliance on NVGs and under reliance on primary flight instruments during poor NVG

conditions may contribute to loss of spatial orientation or SA. Evaluate specific flight

conditions and determine the appropriate weighting between instrument flight and NVG

use for outside references. Recency, currency, and pilot NVG experience all play a

dramatic role in determining one’s ability to quickly recognize what may be insidious

changes in illumination conditions. Therefore, it is critical to perform a thorough risk

assessment review prior to each sortie when and how NVGs will be used.

9.2.7.5 Air Refueling. NVGs will not be worn while on the boom. De-goggle NLT

pre-contact. NVGs may be stowed or worn in the up position for air refueling operations.

Goggle when refueling is complete. 

9.2.7.6 Night Vision Goggle Recovery. Flights will remove and stow goggles at least

5 minutes prior to landing, or prior to the IAF, whichever is first. A flight lead

“DE-GOGGLE” call is advisory; each pilot is responsible for removing his goggles prior

to landing. Additionally, pilots should de-goggle early if anticipating IMC. It is important

to ensure the exterior lights are set to “Christmas Tree” prior to exiting any reduced

lighting airspace and when formations split to land.

9.2.7.7 Night Vision Goggle Emergencies.

9.2.7.7.1 Primary Hazard. The primary hazard is during ejection and concerns both

the NVGs interference with the ACES II seat (pitot tube damage) and injury to the pilot

due to wind blast/G onset effects on the NVGs. Normally, the NVGs will not remain

fixed during the ejection.

9.2.7.7.2 Wind Blast Effects/G Load During Ejection. If the NVGs remain fixed,

expect head/neck injuries caused by wind blast and G loading. Additional
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considerations should include parachute and/or riser entanglement increasing injury

potential. Attempt to stow or remove the NVGs if ejection is anticipated.

9.2.7.8 Night Vision Goggle Abnormal Procedures.

9.2.7.8.1 Loss of Sight. There will be instances of the wingman/element lead going

blind due to environmental conditions or limited NVG FOV. Proper NVG scanning

helps prevent this condition. When a wingman loses the visual but has a light source

and is unsure it is the flight lead, ask for one of the following light signal requests:

“STEALTH 1, CHRISTMAS TREE.” The tactical situation and proximity of enemy

forces temper all light signal usage. When the wingman regains the visual, maneuver

aggressively to regain formation position. If the wingman does not regain the visual,

the pilot transmits “STEALTH 2, BLIND, ALTITUDE (in hundreds).” The altitude

call allows the other flight members to immediately deconflict flight paths by altitude.

If the flight lead is visual and can tell the wingman’s aspect, the leader gives the clock

position and estimated range from the wingman. If the flight lead is unsure of the

wingman’s aspect, the leader gives own position as bearing and range from the

wingman. If the wingman loses SA and is unsure of the location of his flight lead,

default to the blind with altitude game plan to ensure immediate deconfliction.

9.2.7.8.2 Battery Replacement. Pilots will initially use the right battery (switch in the

UP position). Upon illumination of the flashing battery-low light, switch to the left

battery (switch down). For other suspected malfunctions, switch to left battery.

Consider changing the lead or informing the rest of the flight during battery

replacement due to reduced SA while de-goggled.

9.2.7.8.3 NVG or Light Failure. Deconfliction and maintaining spatial orientation is

the primary consideration. Correcting the NVG failure is secondary. Accomplish the

following:

•  Transition to instruments and execute “Lost Wingman” procedures (if required).

•  Terminate or knock-it-off as appropriate. Direct “Christmas Tree.”

•  Maintain correct altitude block.

•  With deconfliction assured, attempt to identify and solve the problem.

•  If NVG failure is unrecoverable, proceed with non-NVG plan.

9.2.7.8.4 NORDO Plan. Go “Christmas Tree.” Following this, proceed with

primary/briefed NORDO plan.

9.2.8 Night Vision Goggle Formations. 

9.2.8.1 Formation Considerations. The 40-degree NVG FOV and the limited aft view

behind 3/9 line requires several formation considerations.

9.2.8.2 Wingman Priority. The wingman’s primary task is to maintain formation position

and ensure deconfliction. As NVG experience increases wingmen learn that creating line

of sight (LOS) by maneuvering the aircraft is a good technique to ensure deconfliction.
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9.2.8.3 Performance Characteristics. All flight members must be intimately familiar

with the operation and performance characteristics of the external light scheme. Wingmen

must have the option to adjust the flight lead's external light settings. More than one

adjustment may be required as illumination conditions change during flight. The optimum

external light setup will be dictated by tactical and environmental considerations. Adjust

the normal exterior lights to the lowest practical intensity that allows formation station

keeping without going blind.

9.2.8.4 Tactical Formation and Turns. When maneuvering tactical formations at night,

all flight members should generally strive for level turns with Max power and ensure at

least the altitude axis of the autopilot remains coupled. Flight members will have difficulty

accomplishing other tasks, such as radio changes, until turns are completed. Altitude

stacks of any magnitude are difficult to maintain without the autopilot due to the limited

FOV of the NVGs. Cultural lights or stars may become a problem when trying to maintain

the visual. As NVG proficiency increases, all formation parameters are easier to maintain. 

9.3 Infrared Acquisition and Designation System. 

9.3.1 The Infrared Acquisition and Designation System.  The infrared acquisition and

designation system (IRADS) system is a self-contained dual system that provides the F-117

with a day/night/under-the-weather, low-level navigation, and precision air-to-surface

weapons delivery capability. The primary focus of this chapter is night, medium-altitude, and

laser-guided bomb (LGB) employment. The major areas covered are general IRADS mission

planning considerations, night IRADS ground operations, cruise/en route sensor optimization,

and IRADS attack planning considerations. 

9.3.2 Infrared Acquisition and Designation System Mission Planning Considerations.  A

discussion of the general factors to be considered during the mission planning process is

contained in Chapter 5, “Air-to-Surface.” This section will discuss the mission planning

considerations specific to F-117 missions.

9.3.2.1 Mission Preparation. Special planning considerations are driven primarily by the

physics of the infrared (IR), vice the visual light spectrum, and the limited field of view

(FOV) of the IRADS system compared to the human eye. IR imagery is fully discussed in

AFTTP 3-1.1, General Planning and Employment Considerations.

9.3.2.2 IRADS Turnpoint Selection. In most cases, good visual turnpoints make good

IRADS turnpoints. The two ingredients of valid IRADS turnpoints are IR contrast and

vertical development. It is best to have both, but as a rule, IR contrast is the most

important. Accuracy of coordinates is critical in mission planning. Ideally, the pilot would

have high confidence in the coordinate accuracy of each point on the route, so that if the

INS started drifting, the pilot could update the system solution at any time. This will

require a substantial amount of preplanning by units in their expected area of employment

if they are to be responsive to short-notice tasking. The integration of RainDrop into

current mission planning software allows planners to easily achieve the desired level of

accuracy for steerpoint data. 

9.3.2.2.1 Choosing the Point. Turnpoints will usually be chosen by the mission

planning software in a high threat environment. In a low-threat environment, try to
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ensure that a readily identifiable IRADS turnpoint is along the ingress route every 10

minutes of flight. A precise update is needed if the system is off by more than 0.1 to 0.3

NM. GPS, especially at lower altitude, is mission critical. Without it, pilot workload is

greatly increased. Ensure that an IR significant turnpoint or offset aimpoint (OAP) is

available somewhere along the route (where cockpit tasking is low), and at the IP (for

a “last chance” update prior to weapons employment). This provides an acceptable

opportunity to verify and correct the navigation solution.

9.3.2.2.2 Loss of GPS. Given system accuracy without GPS (0.3 NM per hour

specification), the INS will require updates approximately every 15 minutes.

Additionally, the accuracy of the system altitude will affect weapons delivery

calculations and IRADS vertical pointing angles. Both the system altitude and the INS

present position should be kept as accurate as possible.

9.3.2.2.3 Weather Support. To help interpret the IR scene, pilots require IR

information, such as absolute humidity, and Delta T values, in addition to conventional

weather data. The weather service has developed a tactical decision aid (TDA) and

infrared target scene simulation (IRTSS) to provide this support. To compute a TDA,

the weather forecaster must know the target location and description, time over target

(TOT), acquisition and weapon release altitude, expected attack axis, and the

background characteristics of the target. To compute an IRTSS, the same data must be

provided several hours in advance. This information is provided by the pilot or by

intelligence personnel. During contingency operations, a planning forecast of IR

conditions within given geographical areas during specific time periods will be

available to assist wing and squadron mission planners. This forecast would include

expected acquisition and lock-on ranges, thermal contrast, and the polarity of

previously agreed upon targets.

9.3.2.3 Environmental Considerations.

9.3.2.3.1 Weather. Weather has a great effect on the IR scene, as well as IR seeker

performance. Clear skies, precipitation, clouds, wind, and previous weather affect

IRADS detection ranges and laser performance. 

9.3.2.3.2 Clear Skies. At night, rapid radiation cooling increases thermal contrast.

Targets and backgrounds with low-thermal inertia cool rapidly at night. Those with

high-thermal inertia retain much of the heat gained during the day. 

9.3.2.3.3 Precipitation. Water vapor in the form of rain, snow, clouds, and fog, absorbs

IR radiation and scatters thermal energy, thereby reducing acquisition range. Rain and

snow reduce the transmission of IR energy and decrease apparent Delta T. Delta T

gradually decreases as precipitation continues to fall. Falling precipitation restricts IR

detection more severely than that which has already fallen. Solar and friction heated

target features suffer the most heat loss. Friction heat loss is caused by water and mud

accumulating on tracks and wheels. Heated areas stand out more clearly against cool

and washed-out backgrounds. Rain affects horizontal surfaces more than vertical

surfaces. The types of material in the target area will magnify rain effects. Porous

materials soak up water and take longer to dry than nonporous materials. At low

viewing angles, snow reflects the sky temperature and appears cold on the display.
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Under clouded skies, at lower altitudes, snow reflects warm clouds, which emit

absorbed solar radiation. Snow appears warm under this condition. Previous weather

can have a tremendous impact on thermal contrast and must be considered in mission

planning. A recent rain or snow shower can wash out the thermal contrast of the target

and background. 

9.3.2.3.4 Clouds. Clouds directly affect IRADS operations since as previously

discussed, they can block IR energy. Cloud free line of sight (LOS) is required to see

the target. Overcast weather affects the IR visibility beneath it by reducing temperature

contrasts. During delivery, if clouds become a factor (obscuring the target), a good

technique is to leave the cursors open and attempt to get pre-release laser ranging by

squeezing the trigger when the target is visible in the SD.

9.3.2.3.5 Wind. Wind reduces the Delta T between the target and background. The

higher the wind speed, the less the Delta T. Targets and backgrounds with low-thermal

inertia are more sensitive to wind than those with high-thermal inertia. The greatest

change in temperature occurs when wind speed increases from 0 to 5 knots. Wind also

affects LGB delivery and trajectory, during the terminal phase. 

9.3.2.4 Mission Materials. Cockpit management is a critical part of flying night missions.

Ensure all copies of mission products are legible and minimize the number of mission

products to those required to accomplish the mission. The following mission materials are

considered to be mission critical: TOLD card, route map, and target photographs.

9.3.2.5 Targeting. IRADS depends on thermal contrast between the target and

background, as opposed to visual contrast, for target acquisition. In general, a high Delta T

(defined as the target IR signature is significantly different than that of its background and

shows up clearly in an IR sensor) target can be acquired at longer ranges and with more

ease than a target with a low Delta T. For a detailed weaponeering discussion, reference

AFTTP 3-1.18, Tactical Employment–F-117.

9.3.3 Infrared Acquisition and Designation System Ground Operations. 

9.3.3.1 After Start. Ground operations and checklist procedures are essentially the same

as daytime operations. Reduce lighting as much as practical as the eyes start to adjust to

the night lighting. However, cockpit lighting during a night mission will still be

considerable due to the bright video displays of the SD. The key is taking the time to set

the desired brightness during ground operations to prevent distraction from a bright

display once airborne.

9.3.3.2 Function Checks and Setup. Function checks verify initial sensor operation.

Function checks include sensor built-in test (BIT) checks and sensor operation checks.

9.3.3.2.1 BIT Checks. When the cooling lights have extinguished, perform a BIT

check prior to exiting the HAS so that a RED BALL can be called to address any

indicated malfunction. As a technique, place the IRADS boresight/test switch to test

while the IRADS are in STBY to display a printout of the last 9 BITs and check for a

history of malfunctions.   The IRADS should be BIT checked on every sortie. 
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9.3.3.2.2 Sensor Operation Check/Setup. After BIT checking the IRADS, ensure it is

appropriately set up for the mission. Do not forget to set the desired laser code.

Individual CMDI setup is an important habit pattern to develop. 

9.3.4 Infrared Acquisition and Designation System En Route Considerations.  En route

tasks are no less important for a night mission than for day. All the same day considerations

apply during the night; however, they are complicated by an inability to “look outside the

cockpit” and the lack of true visual mutual support (unless NVGs are employed). The en route

tasks fall under three general categories: navigation, marshaling/holding, and ingress/egress.

9.3.4.1 Navigation. Navigation is more difficult at night and requires a greater dependence

on an accurate system solution. Additionally, night formation contracts are extremely

important, since trailing flight members are relying entirely on A/A TCN for station

keeping. Altitude, heading, and airspeed contracts must be thoroughly briefed and

understood in order to ensure mutual support and deconfliction. In order to achieve

successful mission results at night, each flight member must monitor and correct

individual system performance. During the mission planning process, enough steer points

should be selected prior to the actual “Push” point to allow all flight members the

opportunity to accomplish required navigation system updates, weapons checks (including

laser check), and IRADS tuning.

9.3.4.1.1 Sensor Tuning. In order to ensure the ability to find and destroy the target,

IRADS must be optimally tuned. For IRADS operations, select a steerpoint that

adequately resembles the target. Starting at a point where target acquisition in NFOV is

anticipated, track the steerpoint and de-select ALG. Now adjust the level and gain via

the switches on the throttle for optimum picture quality. Subsequent steer points should

be used to continue to fine-tune the gain/level requirements. 

9.3.4.1.2 SD Tuning. It is critically important that the pilot not only tune the internal

IRADS, but also tune the SD itself. De-select ALG and use the gray scale to adjust

brightness and contrast knobs. Ensure the SD is displaying all shades of green in the

scale and adjust the picture to enhance target area acquisition. It may be necessary to

tune down the symbol brightness to identify smaller DMPIs.

9.3.4.1.3 Formations. Generally, en route admin formations should be relatively fluid,

requiring minimum station keeping efforts, yet still provide acceptable mutual support.   

9.3.4.2 Marshaling/Holding. Typically, any plan with specific TOT contracts will require

some form of force marshaling or holding. Marshal/hold points may be geographically

and/or vertically deconflicted. Strict adherence to briefed contracts is critical, especially at

night, to avoid conflicts within and between flights. For ease of maneuvering, maintaining

station keeping formation allows the opportunity to keep the flight together as long as

possible and minimizes deconfliction issues. Turns are generally comm-out. Blind

deconfliction contracts must be adhered to. A change to the ingress formation can be

accomplished via either circuit timing extension or airspeed differentials to open the range

between elements (if required). Aggressive maneuvering to open spacing should be

avoided to reduce the possibility of wingmen losing SA, as well as the possibility of spatial

disorientation. When selecting a marshal/hold point, consider selecting a point which will

allow a system update and sensor tuning in case the flight was forced to proceed directly to
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the hold point with no opportunity to accomplish the previously mentioned system/sensor

tasks.

9.3.4.3 Ingress and Egress. Ingress and egress tactical considerations are weather, threat

layout, package composition/routing, support assets, and weaponeering. The ingress and

egress at night are complicated by the fact a pilot is literally blind except through the

narrow field of view (FOV) capability of the IRADS unless NVGs are employed. Use of

the A/A TACAN is critical to maintain SA on the events occurring around and within the
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9.3.6 Non-Visual Attack Formations. At night and without the aid of NVGs, LGBs are

employed from Trail Formation. For specific attack options with Paveway II and III, refer to

AFTTP 3-1.18, Tactical Employment—F-117.

9.3.7 Visual Formation Options—Day and Night Vision Goggle. Being able to fly a visual

formation has many benefits over flying Trail. A Line Abreast Formation allows simultaneous

impacts and the destruction of multiple DMPIs that would normally be obscured by flying a

Trail Formation. Two-ship wingman deconfliction responsibilities depend on the turn

direction after the lase leg. In a Line Abreast Formation, if the flight lead post-lase turns away

from the wingman it is easier to deconflict as the wingman falls into a temporary trail

formation. Another technique is to vary the post-lase turn of all flight members to help with

the deconfliction problem. Turning into the wingman is slightly more difficult but still

manageable. Allowing the wingman to over-check the flight lead is one technique, or letting

the wingman cross flight paths similar to a 45-degree check turn is another technique. For

further information, refer to AFTTP 3-1.18, Tactical Employment—F-117.

(b)(3)
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Northern Trailer

Trailer

Leader

Trailer Leader

Bearing NW

Lead-Trail

Line Abreast

Northern

Southern

Middle

Southern Trailer

Trailer

Wedge

Stinger

Container

Southern Leader

Northern Leader

Southern
Trailer

Northern
Trailer

Northern
Leader

Southern
Leader

Leader

UNCLASSIFIED

Inner Group Formations
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UNCLASSIFIED

Bullseye

Presentation is 2-groups range 10 
NM; the lead group maneuvers in 
azimuth inside meld/MTR.

EAGLE 1: "EAGLE 1, LEAD GROUP BULLSEYE 170/10 14 THOUSAND, MANEUVER AZIMUTH."

Maneuvering Groups Inside "Meld/MTR"
N

S

W E

BANDSAW: "BANDSAW, NORTH ARM LEAD GROUP, BEAM NORTH, BULLSEYE 085/4 10 
THOUSAND, TWO CONTACTS."

BANDSAW:  "BANDSAW LEAD GROUP MANEUVER."
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UNCLASSIFIED
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W E

Bullseye

Maneuvering Groups 
(Core Information)

Single group (in core) that 
maneuvers in azimuth. 

"DARKSTAR, GROUP MANEUVER AZIMUTH, BULLSEYE 095/5 27 THOUSAND."
"DARKSTAR, NORTH ARM BEAM NORTH, BULLSEYE 045/10, 20K, SOUTH          
ARM BEAM SOUTH BULLSEYE 130/10, 25K."
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Additional Group

COMM: "CHALICE, 3 GROUPS, 2 GROUPS AZIMUTH 10, NORTH GROUP OVER BULLSEYE
25 THOUSAND, HOSTILE."  (PAUSE)  "CHALICE, ADDITIONAL GROUP BULLSEYE
240/15 DRAG WEST, 12 THOUSAND." 
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