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b. The minimum altitude at which you can accomplish a task depends on 
the time the task requires ;md the TTI at that altitude. 

SLIDE 26: (1TI for 360/420 KIAS) 

c. The following tables are "gouge" for EA-68 mission task loading: 

TTI for 360 KlAS: 

-1° FPA -2° FPA -3° FPA -4° FPA 

250 AGL 24 sec. 12 sec. 8 sec. 6 sec. 

500 AGL 48 sec. 24 sec. 16 sec. 12 sec. 

TTI for 420 KlAS: 

-1° FPA -2° FPA -3° FPA -4° FPA 

250 AGL 20 sec. 10 sec. 7 sec. 5 sec. 

500 AGL 40 sec. 20 sec. 14 sec. 10 sec. 

NOTE 

The MINIMUM ALTITUDE for VAQ-129 low level flights 
is 500 feet AGL. 

SLIDE 27: [Zero "G" hunt] 

D. Zero "G" bunt. 

1. Unloading to zero "G" to accelerate or to lose altitude by "bunting" over a 
ridgeline can cause a dramatic decrease in TT!. 

2. At zero "G" the aircraft is basically a "rock" with a forward velocity, and falls 
vertically following the principles of a basic physics formula: 

SLIDE 28: [Zero "G" considerations] 

D (AGL) = 1/2at2 

D = Distance 
a = acceleration 
t = time 

3. There are two very important considerations re;;arding zero "G": 

a. AIRSPEED (forward velocity) DOES NOT affect ITI. You are on a 
ballistic trajectory as long as you maintain zero "G." 
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b. You are ACCELERATING TOWARD THE GROUND. The altitude lost 
each second is the square of the time. In the third second you lose NINE 
TIMES as much altitude as in the first second. 

4. The following zero "G" ITis are good for ANY AIRSPEED. -2° FPN360 
KlAS TII is shown for comparison. 

SLIDE 29: [Zero "G" examples] 

250 AGL 
500 AGL 

Og Bunt 
ANY KlAS 

3.9 sec. 
5.6 sec. 

lg/-2°FPA 
360 KlAS 

12 sec. 
2A sec. 

5. As you can see, maintaining zero "G" for any period of time can put you in the 
dirt QUICKLY. When using zero "G" to accelerate or bunt over a ridge, 
altitude is essential and terrain clearance must be the aircrew's primary task. 

SLIDE 30: [Turning.Nertical maneuvering] 

E. TurningNertical maneuvering. 

1. Although turning only accounts for 5% of low altitude exposure, it accounts for 
52% of the low level fatalities. 

2. Vertical maneuvering only accounts for 3% of low altitude exposure, but 
accounts for 34% of low level fatalities. 

SLIDE 31: [Critical factors] 

3. "G" required for level flight. The "G" required to maintain level flight 
increases as AOB increases. If sufficient "G" is not applied, you lose altitude 
at an accelerated rate, like in a bunt. 

4. Overbank. Overbank is using excessive bank angle for the "G" loading. The 
result is the same as underpulling; an accelerating loss of altitude. As indicated 
in the video, humans are not likely to sense a small roll rate. 

SLIDE 32: [Overbank] 

a. As shown, overbank of as little as 10° can generate VERY SHORT ITis. 
The "G" indicated would hold a level turn at the intended AOB. 

60-70°AOB 71-81°AOB 75-85°AOB 

'4g~ l(T z 7301 -o - -
250 AGL 7.0 sec. 5.4 sec. 4.8 sec. 

500 AGL 9.9 sec. 6.1 sec. 5.8 sec. 

7 
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b. The accelerated altitude loss caused by insufficient "G" and overbanking 
is so drastic that it must be stopped prior to 50% of the time to impact 
value. · 

c. Above 70° AOB, the TT! for a 10° overbank is less than six seconds. 
Therefore, the situation must be recognized and a recovery initiated in 
less than three seconds. 

d. The VISUAL CUE to accelerated altitude loss in a turn is NOSE SLICE 
TO THE INSIDE OF THE TURN. 

SLIDE 33: [Nose slice level] 

e. This slide shows a level turn attitude. The velocity vector and FPA are 
above the horizon. 

SLIDE 34: [Nose slice starting] 

f. If insufficient "G" is applied or an overbank exists, THE NOSE WILL 
MOVE DOWN AND INTO THE DIRECTION OF THE TURN. The 
velocity vector and FPA are now below the horizon. 

SLIDE 35: [Nose slice accelerating] 

g. If not stopped. the nose slice will accelerate down and into the tum. In 
this slide, the velocity vector and FPA are well below the horizon, and 
the aircraft is rapidly :-iccelerating toward the ground. 

h. THE ONLY SOLlITION AT THIS POINT IS TO LEVEL THE WINGS 
AND PULL UP. 

SLIDE 36: [Turning and ... ] 

5. The rapidity with which one loses altitude in a turn gave rise to this famous 
saying: 

"Turning and looking away is :-i DEATH ACT!" 

SLIDE 37: [Video introduction] 

V. VISUAL ILLUSIONS 

A. This videotape explains the importance of recognizing visual perceptions and illusions 
at low altitude. Pay particular attention to: 

1. Speed rush. 

'1 Size discrepancies. 

3. ..l\.pparent horizon. 
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B. Show the tape (15:21 minutes). 

SLIDE 38: (Visual pe~ceptions] 

C. In addition to the information in the video, there are two additional low altitude 
perceptions to discuss; optical flow and shear. 

SLIDE 39: [Optical flow] 

1. Optical flow is the perception of the rate and direction of movement of objects 
produced as a result of the aircraft's velocity vector. 

2. Optical flow is a fundamental low altitude visual phenomenon that shows 
where the velocity vector is pointed, allowing aircrew to detect potential 
col I isions. 

3. Aircrew use optical flow to: 

a. Interpret direction of flight and altitude when straight and level. 

b. Determine ground track in turns. 

c. Detect and nvoid potential collisions with vertical and low-contrast 
objects. 

SLIDE 40: [Straight and level] 

4. Straight and level. 

a. In straight and level flight everything flows back in a symmetrical 
pattern. Those objects directly under the velocity vector drop under the 
aircraft. 

b. Objects to the side move under and away from your flight path. 

SLIDE 41: (Turning] 

5. Turning. 

a. In a turn. objects to the outside of the turn will flow parallel to the 
horizon. 

b. If the object is just to the outside of the turn, it will flow laterally to the 
outside of the turn. 

c. Objects on your ground track will flow laterally into the windscreen and 
pass di rec ti y under the aircraft. 

d. Objects that will pass inside the turn will flow rapialy down and back to 
pass under the inside wing. , 

9 
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e. In vertically developed terrain, you can use optical flow to determine 
those objects that will turn in front of the aircraft, behind it, or that you 
must climb over. 

SLIDE 42: [Vertical objects] 

6. Vertical objects. 

a. When flying toward a vertical object, the optical flow radiates upwards. 

h. Very simply, IF THE OBJECT IS GROWING IN THE WINDSCREEN 
IT WILL BE HIT ON THAT FLIGHT PATH. 

SLIDE 43: [Shear] 

D. Shear. 

1. Shear is a special c.,1se of optical flow that you can use to avoid collisions with 
low-contrast vertical objects such as small mountains in the shadow of larger 
ones. This occurs when flying with the sun in your face. 

SLIDE 44: [Shear from] 

In this slide, part of the mountain appears to be moving UP the rest of the 
mountain as you get closer. 

SLIDE 45: [Shear side J 

3. A side view shows that your velocity vector will impact the smaller mountain 
if a climb is not started well hefore the rime you would commence a climb to 
clear the far ridge. 

SLIDE 46: [Shear hit] 

4. If any portion of the mountain appears to he rising, you will hit the lower ridge 
in front of you. Likewise, if any portion of the ridge appears to be dropping, 
you will clear the ridge in front of you. 

SLIDES 47-51: [Shear hit demonstration] 

INSTR NOTE: Click through the next five slides to illustrate shtar phenomena. 

SLIDE 52: [Ridge crossing techniques] 

VI. RIDGE CROSSING TECHNIQUES 

A. Next. we will discuss ridge crossing techniques. 

SLIDE 53: [Ridge crossing] 

B. Ridge crossing techniques. 

IO 
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1. The object of any ridge crossing technique is to spend as little time as possible 
above the ridge where the aircraft is exposed to radar or visual detection. 

2. Use passes and saddles to cross ridges. Just because the black line on the chart 
goes over the ridge, does not mean you have to. 

SLIDE 54: [Approaching the ridge] 

3. You do not need to approach the ridge at a high power setting and cross by 
pulling the nose up the face of the ridge. This will only cause the jet to 
"balloon" well above the ridge and radar horizon. Approaching at a lower 
power setting from below the radar horizon will decrease the time you are 
vulnerable to detection. 

SLIDE 55: [Ridge crossing technique] 

4. The recommended ridge crossing technique is a combination of rolling the 
aircraft and bunting the nose. 

a. As you tnp the ridge, mil to a 45° to 60° angle of bank to clear the flight 
path. 

b. Then unload to 0-\/2 "G" to stan the descent. This combination of bunt 
and overbank will start a descent and gain energy rapidly. If necessary, 
reverse the roll to continue to clear the flight path. 

SLIDE 56: [Summary] 

VII. SUMMARY 

A. This lesson has exposed you to some of the "tools of the trade" of tactical aircrew 
flying low level. It is now up to each of you to plan, study, and practice low level 
aviating until you are proficient. 

B. The following are some final thoughts that will help you survive in the low level 
environment. 

1. Watch out for task overload. 

2. When in doubt, CLIMB TO COPE. 

3. Keep it safe. The Pk for flying the lowest is 1.00. 

4. Turning and looking awa: 1 is the death act. 

5. NEVER, NEVER, NEVER, DESCEND IN TURNS. 

SLIDE 57: [The End] 

11 
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LESSON OU1LINE 

LOW LEVEL FORMA TIONS/MANE(JVERING 

I. INTRODUCTION 

SLIDE 1: [VAQ-129 logo] 

SLIDE 2: [Low level tactical maneuvering and formations] 

7.8/8.12 

Revision 
08/16/96 

A. This lesson will introduce low level defensive maneuvers and tactical fonnations 
which you may use in the low level environment 

SLIDE 3: [Instructor] 

B. Introduce yourself. Discuss your background, and specifically relate any low level 
experiences you may have "survived". 

SLIDE 4: [Objectives] 

C. Objectives. On completion of this lesson, students should be able to: 

l. Describe low level defensive maneuvering techniques. 

2. Describe the combat spread tactical fonnation with regard to: 

a. Lead and wingman responsibilities. 

b. Purpose. 

c. Aircraft position. 

3. Describe the tenns and definitions outlined in this lesson. 

4. Describe the five basic tactical turns to maneuver a two plane fonnation in 
com bat spread. 

SLIDE 5: [References] 

D. References. 

l. EA-6B TACTICAL Manual. 

2. EA-6B NATOPS Manual. 

SLIDE 6. [Low Level Maneuvering] 

II. LOW LEVEL MANEUVERING 

SLIDE 7: [Defensive maneuvering] 

.....-
Enclosure (~ ) 
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A. Defensive maneuvering. 

1. We will start out by discussing three forms ·of defensive maneuvering. 

a. linking. 

b. Reacting to surface-to-air threats. 

c. Reacting to air-to-air threats. 

SLIDE 8: [Jinking] 

2. linking. 

a. The purpose of jinking is to deny the enemy the ability to track your 
aircraft You move the aircraft in all axes to prevent a weapon system 
operator from attaining a smooth tracking solution. 

SLIDE 9: [Jinking parameters] 

b. Vary your altitude ±300 feet, and your heading at least ±10° for effective 
jinking. Direction change should be random, and you should hold each 
jink for 5-10 seconds in order to displace the aircraft from its previous 
path. 

SLIDE 10: [Jink requirements] 

c. The need LO jink must be weighed against the threat environment and the 
need to terrain mask. 

SLIDE 1 l: [AAA] 

3. AAA. 

( 1) Over sparsely populated or low threat areas, the requirement to 
radar mask may outweigh the need to jink. 

(2) Over populated areas where visual detection is probable, jinking is 
~sential. 

a. Reaction to aimed AAA consists of high "G" jinking while concurrently 
dispensing chaff. 

b. For sector or barrage AAA, you should either avoid the area or pass 
through it as quickly as possible. 

SLIDE 12: [IR SAM] 

4. Reaction Lo IR SAM Lhreats consists of: 

2 
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a. High "G" maneuvers perpendicular to the missile track while dispensing 
flares a~ 5-10 second intervals. This gives the missile the maximum 
angle rate tracking problem. 

b. Maneuver to mask tailpipe or fly into sun. 

SLIDE 13: [Radar SAM] 

5. Reaction to radar SAM threats consists of: 

a. High "G" maneuvers perpendicular to the missile track while dispensing 
chaff. Give the missile the maximum angle rate tracking problem. 

b. If at a low altitude and energy state and unable to maneuver vertically, 
fly at minimum terrain clearance altitude. 

c. For additional information on SAM evasive maneuvers, refer to the 
EA-6B TACMAN. 

SLIDE 14: [Air to air] 

6. Air to air threacs. 

a. Most fighter attacks on low level flyers will be subsonic slashing attacks 
with guns and IR missiles. 

b. The EA-6B 's low altitude maneuvering capability is superior to many 
supersonic fighters. A BREAK TIJRN to generate a maximum angle off 
overshoot should defeat most attacks. 

c. The best defense against an imminent air-to-air missile attack is to fly 
at minimum terrain clearance altitude thus depriving the fighter 
maneuvering room and decreasing ics performance advantage. 

SLIDE 15: [Section tactics] 

B. Section tactics. 

L On escort and mod-escort missions the EA-6B will fly low level formation. 
This formation should: 

SLIDE 16: [Tactical formation] 

a. Allow terrain masking. 

b. Provide mutual threat detection and avoidance support. 

c. Minimize terrain hazards. 

d. Operate in a no-radio environment. 

3 
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SLIDE 17: [Combat spread] 

2. Combat spread formation. 

a. 5000 to 7000 feet abeam (just where you can tell if the lead does [EA-6] 
or doesn't [A-6] have a "football" on the tail). 

b. No step-up/-down. Each aircraft maintains its own terrain clearance. 

c. This formation allows mutual support and threat detection up to three 
miles astern of the flight. Increasing the abeam distance would reduce 
the ability to see threats beyond the wingman. 

SLIDE 18: [Responsibilities] 

3. Responsibilities: 

a. Lead. 

(1) . Visual lookout 

(2) Navigation. 

(3) Terrain masking. 

b. Wing. 

(1) Visual lookout 

(2) Flight integrity. 

(3) Terrain following. 

SLIDE 19: [Tac Wing] 

4. Tac Wing. 

a. Allows ease of maneuver and reduced workload for wingman in rough 
terrain or reduced visibility. 

b. Wingman maneuvers within a 70° cone behind leader, co-altitude or 
slightly stepped up. 

SLIDE 20: [Terms and definitions] 

C. Terms and definitions. Following are terms and definitions pertaining to 
maneuvering and formations. 

SLIDE 21: [Hard turn] 

1. Hard tum. 

4 
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a. Tum execured at military power. "G" is applied until airspeed neither 
increases or decreases. AOA varies between 8 and 13 units at altitude, 
and 10 - 15 units in low level environmenL 

b. Use hard turns to position a flight against a threat without bleeding off 
energy. 

SLIDE 22: [Break tum] 

2. Break tum. 

a. Instantaneous maximum rare turn in which conserving energy is not a 
primary concern. 

b. Use break turns as a "last ditch" maneuver to defeat a terminal threaL 

SLIDE 23: [Comfort level] 

3. Comfort level. 

a. Altitude which aircrew can perform all tasks without making the task of 
terrain avoidance a major concern. 

b. In V AQ-129 comfort level is never below 500 feet AGL, but may be 
higher. 

SLIDE 24: [Knock it off] 

4. "Knock it off'. 

a. Call which may be initiated by any member of the flight to stop the 
action in progress. Must be acknowledged by each aircraft in the flight. 

b. Initiated whenever an unsafe situation begins to develop. 

SLIDE 25: [Climb to cope] 

5. Climb to cope. 

a.. Immediate response to "knock it off'. 

b. At low level. each aircraft levels its wings and climbs to a safe 
prebriefed altitude. 

SLIDE 26: [Resume) 

6. "Resume". 

a. Call transmitted by lead indicating the formation is ready to continue the 
mission. 

5 
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b. At low altitude, clears fonnation back to comfort level. 

SLIDE 27: [Track crossing angle] 

7.8/8.12 

7. Track Cro~ing Angle. Angle fanned by relative headings of two aircraft 
flying towards o~other. 

SLIDE 28: [Administrative turns] 

8. Admin turns. 60° to 120° turns used to conserve fuel while maneuvering a 
section in com bat spread. 

SLIDE 29: [Tactical turns] 

9. Five basic tactical turns used to maneuver a two plane fonnation in ·Combat 
spread. Initiated by lead, called or uncalled. 

a. Chee~ tum; up to 30° heading change. 

b. NAV tum; 30° to 60° heading change. 

c. TAC tum; 60° to 120° heading change. 

d. Inplace tum; 120° to 180° heading change. 

e. Cross tum; 120° to 180° heading change. 

SLIDE 30: [Maneuvering rules] 

10. Basic principles of all combat spread maneuvers: 

a. Wingman is ALWAYS responsible for deconfliction. 

b. Wingman will always deconflict high unless a radio call has been made 
otherwise. 

c. In the low altitude environment, wingman will NEVER fly below the 
lead aircraft 

d. In the low altitude environment, make all turns at military power and 10-
12 units AOA. ' 

e. All uncalled turns will be assumed a TAC tum initially. 

SLIDE 31: [Check turns] 

11. Used for 001° to 030° heaeiing changes. 

a. Lead uses 15° AOB turning to new heading. 

b. Wing maintains position using power. 

6 
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SLIDE 32: [NAV turn away] 

12. Used for 30° to 60° heading change. 

a. Lead signals. 

b. Wing turns hard into lead. 

c. Lead goes to military power and extends. 

d. When wing reaches desired heading, lead turns hard into wing, signal for 
wing to roll out 

e. Lead continues turn to develop 80° to 90° TCA. 

f. After passing ahead of wing, lead reverses turn, rolling out on new 
heading. 

g. Wing adjusts. 

SLIDE 33: [NAV turn into] 

13. NAV turn into wing. 

a. Lead initiates with hard turn into wing. 

b. Wing goes to military power and extends until lead rolls oul (If lead 
turns beyond 60°, wing will recognize as a TAC tum.) 

c. When lead rolls out. wing turns hard into lead to develop 80° to 90° 
TCA. 

d. When wing passes in front of lead. wing reverses turn to roll out on new 
heading and adjusts position. 

SLIDE 34: [TAC tum away] 

U:-. Used for 60° to 120° heading changes. If new heading is unknown, wing will 
initially turn 90° from original heading. 

a. Lead signals wing and begins military power extension. 

b. Wing turns hard into lead, rolling out after 90° if he does not see lead 
turn prior to 60° of turn. 

c. Lead turns hard in the direction of new heading as wing approaches his 
4 or 8 o'clock position. 

SLIDE 35: [TAC tum into] 

7 
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15. TAC turn into wing. 

a Lead commences with hard tum into wing. 

b. Wing reacts with military power extension. 

c. As lead continues beyond a 60° heading change, wing recognizes this as 
a TAC tum and makes hard tum towards new heading as lead approaches 
his 4 or 8 o'clock. 

d. Wing adjusts. 

SLIDE 36: [lnplace tum] 

16. Used for turns of 120° to 180°. Uncalled inplace turns are always done 
AW A Y from the wingman. 

a. Lead signals with wing flash or call. 

b. Wing turns hard into lead and lead simultaneously begins hard tum away 
from wing towards new heading. 

c. Both aircraft continue hard tum for 180° or until arriving at new heading. 

d. Wing adjusts. 

e. Inplace tum into wing is always called. Use same procedure as away. 

SLIDE 37: [Cross turn] 

17. Cross turns are also used for 120° to 180° heading changes. 

a. Cross turns are CALLED only. 

b. Lead initiates with call. 

c. Both aircraft hard tum toward center of formation. 

d. Lead continues tum to new heading while wing adjusts turn to gain 
separation. 

e. At 90° off original heading, wing should have 500 feet of vertical 
separation and be outside of leads tum radius. 

f. Wing continue level tum to new heading before descending to eliminate 
vertical separation. 

SLIDE 38: [Shackle, reposition] 

18. Used to redress formation or reposition wingman. 

8 
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a. Lead signals. 

b. Wing begins hard tum into lead. 

7.8/8.12 

c. Lead simultaneously turns hard towards wmg until 45° off original 
heading then levels wings. 

d. Wing sees lead roll out and responds by leveling wings. 

e. Both pass with approximately 90° TCA. 

f. When lead reverses tum back to original heading, wing turns hard back 
to original heading. 

SLIDE 39: [Shack.le, redress] 

g. Same procedure as reposition. 

h. Only uncalled maneuver that may be initiated by the wingman. 

SLIDE 40: [Summary] 

III. SUMMARY 

A. This lesson covered jink.ing and low level defensive maneuvering techniques against 
various threats. 

B. We also covered the wingman's position in the combat spread formation, lead's and 
wingman's respective responsibilities, and the five basic turns for maneuvering a two­
ship formation in combat spread. 

SLIDE 41: [The End] 
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MISSION To introduce low level flight and practice FAM stage maneuvers and 
landings. This flight is designed as a 3.0 "G" event. 

CREW 
EQUIPMENT 
NCCONFIG 
FUEL 

SP, IE; CAT IV SP/IP 
Single EA-6B 
DPDPD 
21,400 
TACAN, INS, radar MISSION SYS 

ROUTE 
BRIEF 

IR 341 with delay in Okanogan or Roosevelt MOA (as scheduled) 
2+00 

FLIGHT 
DEBRIEF 
PREREQUISITES 

I. PLANNING 

2+30 
1+00 
Cat I: PF-9, Lesson 7.9 
Cat 11: PF-9 
Cat IV: PF-4 

A. Documents and charts in accordance with VAQ-129 Low Level and Radar 
Navigation Flight Planning Manual. 

1. ONC area chart. 

2. TPC low level strip chart. 

3. NAY card. 

B. Route and clearance . 00-175. IR 341 with delay in Okanogan or Roosevelt :'v10A 
(as scheduled). 

C. Weather. 3000/5 along low level route; VMC in \'!OA. 

II. LEARNING OBJECTIVES 

A. Introduce. 

l. Prepare low level ONC area chnn . TPC strip charts and navig:llion <.:: mis . 

Perform low level visual navigatiLm. 

Standards. Compliance with SOP :111J ruute. Maintain spatial :ind :trea ,1rient:1tion. 
No unsafe maneuvers lH situations. Cross 11:1\'igat1u11 turnpoints within :: I) seconds 
t1f planned time. Practice Sl1u11J crew cuurJinauun behav1urs Jurrn~ l\1w level 
navig:nion. 

B. Review. 

Enclosure ( b } 
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1. Perform preflight and pretakeoff ground operations. 

2. Perform takeoff, departure, and enroute procedures. 

3. Perform prebriefed FAM stage maneuvers as necessary to prepare for NA TOPS 
check. 

Standards. Maneuvers are performed safely and are procedurally correct. Refer to 
PF-1 for a detailed description. No ACRO shall be performed greater than 3g' s. 

4. Perfonn instrument approach procedures. 

Standards. :tlO KIAS airspeed, +50/-0 ft altitude control; minor glide slope 
deviations allowed; compliance with all direction from controlling agency. 

5. Perform landings/approaches to landing. 

a. Simulated single-engine approach/touch-and-go (only flown from 
instrument approach). 

b. No flaps/no slats approach to landing (only flown from instrument 
approach). 

c. Nonnal touch-and-go/full-stop landing(s) . 

Standards. All landings accomplished safely . :!::10 KlAS, +50/-0 feet in pattern. !I 
unit AOA on final. Minor altitude and glide slope deviations allowed. 

6. Perform postlanding procedures . 

Standards. Compliance with ~ATOPS, SOPs, course rules, :ind ATC ckarance. 

III. BRIEFING 

A. Student. The SP will give the NATO PS :mJ ClnJuct \)f Flight hrief. Ensure the 
following items are covered: 

1. Mission objectives. 

:-i. Low level route. Brief the entire route including: 

( 1) IR 341 route entry . 

(2) Enroute navig:Hilln. SP slwulJ he rlwroughly f:tmili :tr \Vith !R 3-+ l 
route. 

(3) Use of INS nn luw lc:,·el. 


