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LOW ALTITUDE 

GOAL: The goal of a low altitude flying training program should be to increase aircrew proficiency 

Tri"flying and maneuvering at low altitudes at cont>at airspeeds. 

WHY? To exploit an area that may allow us to operate with minimum detection (surprise) and below 

some of the enell1)' threat envelopes. 

HOW? You don't just drop to 100 feet AGL on your first low altitude mission and beam around with 

your ha1r on fi re. Rather, we nist use a BUILDING BLOCK APPROACH based on a solid FOUNDATION OF AHC 

and BFM. During AHC/BFM you leam how to fly the a1rplane . •. 1eam the feel of the aircraft throughout 

the performance envelope •• ~leam about tum1ng room required versus turning room available .. • leam 

about tum radius. The f11110us fighter pilot query, "Have I ever, in recent history , made this comer 

before?", applies to ffghter maneuvering during GAT as well as ACT. 

The sane ind logical approach, then, is based on building ski lls such as level turns at higher altitudes 

such as in the 500-1000' AGL regime. As the skil ls are mastered--you step down. This should be done 

at the indivfdual's own pace with no stigma attached to being the last jock qualified at 100' AGL . This 

1111Plies and requires the concept of COMFORT FACTOR during step down training. Comfort factor also 

f~lfes that after a period away from the low altitude arena even a jock who has been previously qual ­

ified •Y find that he needs to step himsel f back down. To fly well in the low-alti tude arena , you 

must fly there often--ONCE IS NOT ENOUGH. 

When F-4 crews master single-ship maneuvering they should proceed with ?.-ship low level fonnations, 

co11111 out tums, and tactics . In the F-4, attention must be given to teaching the WSO comm out turn 

geometry and crew coordination. He who believes that the WSO is only an INS operator in the low al t i­

tude regime is severely limiting his tactics and cOIOOat flexibi lity/capability. Two well trained men 

who c011'4)1ement each other in their responsibilities and tasks make the F-4 a flexfble and potent 

weapons system. Situation awareness and knowledge of low level considerations by both crewmen>ers 

built through a solid training program fs essential to safe training . 

Ridge crossing considerations, terrain masking, formations, tactics , comm out turns and crew coordina­

tion must be addressed during any low altitude training program. Remember, the building block approach 

fs the key. 

LOW ALTITUDE MANEUVERING 

ROE: Some ROE that are a sensible approach to low altitude step down and awareness training follow: 

1. The wingman wfll fly no lower (AGL) than his leader. It is the leader' s responsi bility to 

know and honor his wingman's capab111ty. 

2. The mininun altitude any crew will fly is that altitude at which he can tum level or the 

alti t ude at whi ch the crew can comfortably perform their job. 

3. Each individual will be allowed to progress at his own rate. He wil l progress to l ower 

altitudes when he can consistently comply withthe f i rst and second rules . 

FORMATION CONTRACT/CHARTER 
I 

1. The wingman wi ll always strive for t he l ine abreast position. 

2. The 11111n caught out in front is responsible for re-establ ishing line-abreast formation 
I 

3. ~The win91111n will remain wi thin 90° of t he leader's heading. 

Following are four articles reprinted from the Spring 77 edi ti on of USAF Fighter Weapons Review. Take 

a close look at the11. Can you answer the following: 

How do I •ke a level tum? 

What crew coordination techniques should I use? 
1 

How' should I cross ridge-li nes when I have a bandit on my tafl ? 

How· should I fly com-out t urns? 

What are the individual responsibili ties of an F-4 crew/ flight at low alt itude? 



·What-are SOWie techniques for low altitude navigation? 

What happens to aircraft pitch attitude when you select afterburner? 

What about complacency? 

nd 
What problems are associated wtth flat terratn •. • rolling terratn ••• sloptng terratn ..• sun angles 

•• shadows? 

,,FLY SMART 
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Air-to-
r..-fuce 
·1~ 

Destruction 
With 
Force 
-Survival 

We hove seen how our oir-to~lr combat 
copobillty Is developed through a step-by­
step program from BFM through A CT. 
Our air-to-surface combat copoblllty must 
progress in the some manner if we ore to 
train for highly demanding missions. 
Medium altitude, low threat tactics are 
relatively non-demanding, and a good com­
bat capobilitfa can be developed with little 
attention P)l to step-by-step training 
programs. t the other end of the spec­
trum, however, we find demands for..f.!l!!J,; 
bat capobil/ty which require such training 
programs. 

In our air-to~/r training we don't move 
from BFM directly to mu/ti-bogey ACT. 
To do so would not be safe or effective 
training. Likewise, we cannot step .di­
rectly from a box pattern into a high 
threat/low altitude GA T mission. It's not 
effective, and is even less safe than lhe 
previous example, due to the unforgiving 
nature of your average rock {which invari­
ably lurks much closer to lethal range than 
it did in ACT}. There are intermediate 
training steps and prerequisite training 
principles which must be mastered first to 
insure safety and combat effectiveness. 

Multiple low altitude attacks in a high -« A thread (more like a chain of continuit 
threat environment ore representative of . exists between succes ful air-to~ir and 
that end of the spectrum. The workload successful hiqh threat ground attack tac-
on the aircrew Is at, or beyond, the level tics. Formations, mutual support con-
found on a full blown ACT mission. In- cepts, crew coordination, lo(!kout, and, 
deed, a low level, high threat GA T mission most important, basic fightet maneuvers, 
often Includes (1) defending against and/or are identical in purpose and similar in 
kl/ling bandits during the execution of execution. Of these, BFM is most criti-
hlgh sp_eed terrain following navigation col because,os the name implies, certain 
and (2) target acquisition and destruction, maneuvers are baste to fighter employment. 
while maintaining mutual support to de- 1 
tect and outfly other bandits or SA Ms and ACM is also important, and will develop 
avoid areas of concentrated AAA- the skills which can be transferred to the GAT 
whole thing being done comm-out, of environment. In ACM, BFM and crew 
course. It's a demanding mission and not coordination are integrated with mutual 
for the faint of heart or those behind the support concepts to develop pro ficiency 
power curve. in employing two or more figh ters operat­

Two basic questions arise in the jock's 
mind, and even more so, If! the minds of 
supervisors outside the trenches. Can this 
be done effectively, and if so, can it be 
done sof el~? The answer to both is an 
emftoticYes, it .... " The '~es" is !!.fact. 
It as been done before and ,s being done 
ngnt now. /he 'tf deserves some dis­
cussion and Is the basis for this section. 

ing in concert toward a common goal. 
That goal is the ability to patrol and en­
~ effectively. Formations and crew 
responsibilities are designed to optimize 

. maneuverability, mutual support, lookout, 
and lethality in an offensive or counter 
offensive posture. Again, these same 
functions and principles will be basic to 
high threat GA T. 

z,...,. ct m• nn,un • uccess or a, ure In ow a titu_ e hi ~ 
i.flb Frr Wi 5'Jb t reot epen s on t e , , w ,c , :W. Al'•. C,. of course, Is an effective training proqrom 

to e,epore ourselves for this demondinq 
env,ronment . 

. J 
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Along with BFM and ACM, low leliel 
at/on is often over-
oining task for high 

threat GAT. The reason that DR and 
visuql nqv;qgtion are our primary means 
becomes apparent after ~ou have to per­
form multiple breaks at ow altitude. It's 

, A 
We begin with the bo~ pattern, but unless . ~ 
we intend to fight from a bo~ pattern, we · 
shouldn 't continue to train in it ofter the (9 
basic bombing "wire" is mastered. lik 
wise we can't take the step directly fro, .. 
box patterns to tactical pops (at h~as~ not 

easy to t · · use be at-

safely and effectively). After ~ch,evmg . 
proficiency in BFM, and consistent qualt-
fication from a box pattern, we should toine low level, 

t ter master-
; 

,i When BFM, ACM, and single-ship low 
level tasks are mastered, they con be 
brought together into low level forma­
tion maneuvering and navigation. ACM 
formations and the maneuvering and crew 
r,sponslb/1/ties ore modified to comply 
with principles and techniques learned In 
low level terrain masking and navigation. 
Who will navigate, clear terrain, fly .forma­
tion, clear for threats, and whatever? 
Attempt to work up to a complete comm­
out capobl/lty along a random route. 
learn to u~ the radio only by exception -
not as a rule. 

At this point Wf! should be able to take 
our handful of fighters and optimize the 
formation and crew duties to flt the 
w,ather, terrain, and expected threat. 
Take It anywhere In the world at hi9h 
speed, low altitude, and do it well (which 
fills the effectiveness and safety squares). 
But ~ have not rolled-in to release that 
first piece of ordnance. The ability to 
fight our ""'Y In (and out) hod to come 
first, but that aloM is not sufficient. We 
st/II have to destroy the target. 

IHotlng the dirt well In o manual manner 
tn o lodteal s1tuat1on re utres o reoter 

egret o y,ng an t ,n mg s t t on 
your average ran~ mission, as do auto­
matte releases on electrtc dirt beating. 
But, the toughest parameters to achieve 
are for a manual release. Since we have 
to be prepared for the worst, we must be 
good tactical manual bombers. Whether 
1W are or not depends primarily on one 

Jr, skill area: BFM. Maneuvering the air­
? plane to put it where you want it is the 

name of the game. And, just like BFM at 
altitude, recognizing angle, range, over­
taltt, and energy state is a must to help 
us decide how to put it where we want it. 
We usually add to this a maximum of five 
seconds tracking time to refine our 
solution. 
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combine the two and explore other ways 
to get to the same release point. Whether 
it be from high base curvilinear, pop-ups, 
double bot turns with quarter roll, or 
whatever we intend to use in combat, the 
pr0f£ession should be the sam_e. A scored 
tacti'5 range is even more des,rable as 
lonj as it is used under reaso_nably con-
troll,d conditions. Don't increase an air-
crew's workload by a factor of twenty by 
introducing any problems other than con­
sistently achieving release parameters from 
'tlfll'~li tact/cal approaches with a m ini-
mum of outside crutches. 

At this point we've got all the basics down 
pat. We can navigate, formate, and attack 
consistently well at low altitude. And we 
con do it comfortably with minimum comm. 

On/~ now can we Introduce the real rea- fr~ 
son or ah of this: enemy defenses. The!~ 
110riobles of defensive mix, weather, ter 
rain, and mission ore endless, but we art 
ready to tackle the problem. High threat, 
de and in tactics won't work without o 
firm foundation in t e Ste s , s re-
quired to execute them. In our program 
we have built that foundation. 

It will become evident that the articles 
In this section lean very heavily toward 
the low altitude environmertt. This does­
not mean that low altitude is the only 
answer, but rather Is a result of techniques 
de11eloped to safely train in qn environ­
ment which we may be required to exploit. 

Beyond the low altitude articles, ideas are 
presented to tactically enhance conven­
tional weapons training, Maverick, and 
Pave Spike training and, finally, a realistic 
approach to "putting it a/1 ltogether" in 
Ground Attack Tactics. 

• 



When You 
Have To 

•~oLow 
..,, 
C.pu;,, JOHN JVMrER 

fifth Frr w,,_, Sqd• 
N.Uu AF•, NnJi, 

Walk up to any fighter pilot in any bar 
and ask him how he plans to get to the 
target. His answer will go something like 
this: 

"In the weeds, my boy, fifty feet and six 

There are several rules which are inviolate. 
These rules form the basic discipline of 
low altitude training and should be em­
phasized to the same degree as RbEs . 

• The rules are : 

hundred knots; yes sir, down there on a 1 The wingman will fl y no lower (AGL} 

first name basis with the gophers. Hell , than his leader. Although this time-

half of those pinkos will blow their toes honored rule addresses the wingman, it is 

off trying to get me." actually the leader's responsibility. As 

Anyone who has had the opportunity to 
train in the very low altitude environ­
ment can appreciate the skills required to 
execute the plan to which we subscribe 
with much bravado at the bar. Statistic­
aHy, the threat from mother earth has 
proven much more lethal than any MiG or 
SAM. The old saying that the ground in . 
the training environment is twice as hard 
as the ground in combat signifies the un­
forgiving nature of low altitude training. 

The most difficult problem to overcome 
in a safe and e.ffective low altitude traih­
ing program is finding people with experi­
ence to teach the techniques required to 
use terrain, make a level turn at low alti­
tude, and retain mutual support. Recent 
combat experience and trainin·g emphasis 
have not provided expertise in this arena. 
So, what do we do? Here's one approach 
to low altitude training that has been 
proven to be safe and effective. 

leaders, we should know the wingman 's 
capabilities and fly at hii lowest safe 
altitude. 

2 The minimum altitude the wingman 
will fly will be where he can be comfor­
ubly and simultaneously performing visual 
lookout responsibili ties and turn level 
when a turn is required. The three ele­
ments in this rule determ~ne the lowest 
safe altitude in low altitude training .. The 
element of comfort is satisfied when we 
ar·e at an altitude which allows us to look 
around. Many people can fly extremely 
low, with their full attention focused 
on the bushes and rocks dead ahead. 
Additionally, we cannot expect the WSO 
to efficiently carry out his responsibilities 
when he feels compelled to constantly 
check twelve o 'clock. The element of 
visual lookout is the purpose of any tac­
tical formation and should be r acticed 
constantly. The level turn bu1 ds prof1-
c1ency in maintaining a low altitude pos­
ture. This also gives the leader an idea 

The first steS is to understand our objec- of where the wingman is comfortable, 

tives. As a ctical option, low altitude and helps him determine when the wing-

gives us the potential to evade the threat. man is ready to progress to a lower altitude. 

To be successful at this, our 061ect1ve ' 

would be to properly terrain mask and 3 The wingman will be allowed to prog-

maintain a low altitude posture for pro- ress at his own rate. 1 his does not mean 

longed periods of time, including turns that our new guy will be able to set the 

and repos-itioning. Add to these training mission's pace, but rather he wil l comply 

objectives consideration of the mission, with the pace set by the leader and the 

such as, single-ship low altitude employ- first two rules. He wi ll progress to a lower 

ment being less demanding than tactical altitude when he can consis tan tly comply 

formation employment, although individu- with rules 1 and 2. 
al skills of masking and level turns are the 
same. -,\'Perhaps the most important ru le in low 

· alt itude training is one that is implied 

We will have a good start on our low rather than stated. Those charged with 

altitude program 1f the squadron "stan- low altitude training must realize the 

dards" presented earlier include dail depth of their responsibility . We are 

use o tact1ca ormat1on and comm-out developing an important combat capab ili-

furns. I his type of repet1t1on builds ty in a deadly serious environment. We 

« awareness outside the cockpjt. wh ich will cannot allow those who do not respect 

be of obvious import in the low altitude the need or the seriousness of low alti· 

environment. tude training to jeopardize those programs 
we do have. 
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AC 
Secondary 
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Secondary 

· flA a-. Primary Navfgation #2A a. Mutual Support b. Aw1d Rocks b. Avoid Rocks 
c. Follow Low Altitude Charter 

#2B . •• V-1sua1 Lookout 
b. Nav Aids (min time) 
c. Mbn1tor #2's Position 

#2B a. Visual lookout 
Conm-out Maneuvering 

d. SKort Peeks at Radar and APX 
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Ideally, we would like to design a low 
altitude formation which would offer the 
maneuverability of a single-ship while re­
taining visual cross coverage. Not sur­
prisingly, the formation which comes 
closest to this is our old standby, 5,000' 
to 7,000' line-abreast. The two-ship for­
mation is stressed for utility in the jamming 
environment. This does not mean that 
more than two aircraft cannot be used 
during certain phases of a combat profile. 
It does mean that control of more than 
two aircraft during hard maneuvering in 
the target area is extremely difficult. See 
"Limited Comm Maneuvering," TAB 76-4. 

Visual lookout responsibilities are the 
same for low altitude formations as those 
normally associated with line-abreast for­
mations. Studies have revealed, however, 
that our .ability to detect and acquire is 
much greater at low altitude than at higher 
levels. As an example, observe how we 
might go about finding a small screw 
dropped on a garage floor. We instinctive­
ly get our eyeballs down to floor level to 
maximize vertical development of the 
dropped object. Our eyeballs ' search 
pattern is much like a flashlight being 
shone parallel and very close to the floor 
surface. Conversely, if we stood on a 

What do we mean by "low altitude?" How 
low is "low?" Given the constraints of our 
individual training environments, the goal 
should be 100 foot capability. Experi­
ence has shown that most guys in continu­
ation training can comply with the first 
two rules at 500 feet over flat terrain. A 
proven method to test this ability is as 
follows : 

1 Start at 1,000' and 400 KCAS {close). 
Do a series of two normal delayed turns 
(using the radio) followed by two in-place 
180° turns. These.shoCJld·be"4 G con­
stant speed turns. ' ... "',,:;ii(. 

• ►I'. ,,' !,"':f• 
.,, •, t: 

2 Descend to 500' ~,nc;l repeat the se­
quence. Transition to comm-out turns 
when capability has been demonst~pted 
{in the F-4, external tanks should be dry 
and rig check complete). 

3' Increase airspeed to 500 KCAS and 
continue to maneuver at 500 feet using 
5 G turns. 

Using this sequence, we have established 
the pace which will be standard. Progres­
sion to lower altitude should inc lude some 
straight and level time prior to maneuver­
ing. In addition, a warmup at 500' is good 
practice even for experienced crews. chair to find our elusive screw, the flash­

light pattern of our eyeball would high­
light only one spot on the floor at any 
one time. 

Obviously, our analogy breaks down when 
searching for a screw in the grass (who 
said that?) . If the object of our search 
were very small (threaded type) or the 
grass very tall (non-threaded type), we 
would have to elevate our eyeballs to gain 
line of sight to the objective. Thus, we 
implement maneuvers such as the pop-up. 

* As we progress lower, the most difficult 
skill to learn or teach 1s the leve l turn . 
The following techniques are designed to 
provide constant awareness of the air­
craft's nose track relative to level fl i ht. 

This increased detection capability serves 
to immediately command our attention 
when anything is moving in relation to 
our aircraft. We can also rapidly detect 
irregularities in the environment such as 
the square bush which is really a tank. 
With a little practice, we can begin to see 
things well outside our span of normal 
visual responsibility . (See Air Combat 
Maneuvers, this issue, for a detail ed dis­
cussion of visual lookout .) 
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~ 1 Roll-In. When the turn is signalled or 
called, check for a visual reference 90° to 
the flight path. This will preclude the 
distraction of chec king the compass, and 
the reference can be used for any delayed 
or in-place turn . The roll-in should be a 
rapid, unloaded roll to a bank angle 
which will allow the nose to track a 
straight line along the horizon. Obvious­
ly , we don't know what that bank angle 
is until we are estab lished in the turn 
and can identify trends in nose position. 

* 2 Establishing the Turn . In order to 
monitor trends in nose position, the eyes 
should be focused on the ground at left 
ten o'clock (for a left turn), so that 

· peripheral vision includes the nose of the 
aircraft at one extreme and a view of the 
terrain being turned into on the other. 
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As the 'turn -progresses, this eye position allows constant cross check of proximity ·to '. the ground vs any tendency the nose 1 'hastto rise or fall. ·corrections should be made by adjusting'bank angle. Use of ·rudders is not recommended once the turn is established since your inputs will dis-i tutb our interpretation of n9se position. ~ 'Once a smooth nose track is established, 

'i 

' ·we can briefly afford to check the progress of the turn, position of lead, and area of loo1cout responsibility. 
·• 3 Roll..Qut. Just prior to roll-out, make -a final check o'f 'the nose position. If it's still good or slightly rising, roll unloaded 'to wings level. If slightly below the level reference roll out with a slight back stick 'J)·r-essure to break th'e descent. During roH-out, the eyes should shift to foc~s attention directly over the nose. This will allow immediate correction of any tendency to climb or descend. 

8 

The.most common mistake iR low altitude tur~1!'g is the Initial tenden·cx to climb. This 1s usually caused by start ing the turn lower than the comfort factor mentioned in Rule 2. Remember, the roll-in is crit i­cal. If a level nose track is not established rapidly , then there is no refer~ence on which to base correction. If i climbing trend is evident from the roll-in, do not attempt to overbank down to the original altitude. If we are unable to start the turn properly , it is unlikely that w~ will be able to correct to that al t itude while turni ng. We should attempt to stop the climb and complete the turn at an altitude where we can comfor tably establish the proper references. 

Up to this point our discussion has been dedicated to basic rules and techniques for maneuvering at low altitude. We have used le\lel terrain to familiarize our new \ guy with fl ying close to the earth in a predictable environment. 
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In rough or rolling terrain, our three · 

basic rules apply, but with several addi· 

tional considerations. We should all real­
ize that there is no such thing as " contour 

flying" in a high-speed fighter. Our job is 

to know how to use the terrain to mini­

mize exposure. ~olling terrain can be ex­

tremely deceptive, especially over the 
desert or snow where gradual slopes offer 

no contrast with their background. It is 
easy to be lulled into the sensation of level 

flight when actually flying constant alti· 
tude over downward sloping terrain. If 
our crosscheck does not include terrain 
between our present position and the 
horizon, then gradual upslopes in the ter­
rain may cut actual ground clearance 
dangerously short. 

low sun an les also re uire s ecial consid­

era 10n. o mg terrain 1s espec1a y i •· 
cult to detect when flying into early 
morning or late afternoon sun. In rough 
terrain, long mountain shadows also dis­
guise changing terrain features. 

~ In each of these situations a low altitude 
posture can be maintained by selecting a 
visual reference point on the ground about 
halfway between your present position 
and the horizon, directly ahead in your 
line of sight. Experience has shown that 
even the most highly qualified crews aver­
age 200-300' AGL over low contrast roll­
ing terrain in order to conform with the 
stated rules. 

in crossing ri ge mes. n most s1tuat1ons, 
we would ltke to minimize exposure on 
both sides of the ridge to be crossed. 
Figure 19 illustrates the most common 
mistake in crossing a ridgeline. Our new 
guy assumes a suicide vector headlong 
toward the base of towering peak A. 

FIGURE 19 
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To insure sufficient energy to climb the 
mountain, our friend pushes up to a speed 
approaching warp e ight. Approaching 
point B, our fr iend chances a glance in his 

mirror to observe his WSO, and sees a 
white-knuckled grip on the top of his 
instrument panel , eyes fully dilated to 
f /1.0, while attempting to generate a plea 
for altitude. At the last possible second , 
our tiger generates a pull up the face of 
the mo untain. At po int C comes the 
realization that no amount of G will 
significantly alter his predetermined t ra­
jectory toward the moon. Th is is called 
ilielVANTHANKSYOUVERYMUCH 
technique. 

Observe Figure 20, which is the technique 

used to minimize exposure on bo th sides 
of the ridge. We start a cli mb so as to 
cross the ridge in level flight and begin 
an immediate descent back to low alti­
tude on the far side. 

FIGURE 20 

This can usually be accomplished with a 
bunt initiated at the peak of the ridgeline. 

Where terrain varies drast icall y from o ne 
side of the ridge to the o ther , as in Figure 
21, a roll to 135° bank and pull down the 
face of the far side of the ridge may be in 
order. 

FIGURE 21 

The roll is ini t iated a t the apex of the 
ridge with a slicing pull to poin t the nose 

a t a rea listic level -off poin t . ln it iJI a t­
tempts ,tt this maneuver should be re­
str icted to 20° nose down unt il you are 
fd milictr with tu rn performance .rnd leatl 
points in this environment. 
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The tech i ue of roll in inverted and ull­
ing at t e apex 1s not cons, ~r~ a v_ia e 
technique in comb,at wh~re 1t ts unlikely 
that we would desire to introduce our­
seive.s into an unknown valley inverted . 

In the F-4, effective low altitude employ­
ment assumes mutual trust betwee_n C<?C~­
~ especially back to front. During 1nt­
fiafiraining, there are several short "peace 
of mind" calls which will build this trust 
and free the WSO's attention to visual 
lookout. 

When maneuvering in the proximity of 
terrain higher than the aircraft, a call of 
" tocks" by the AC will let the WSO know 
iliat die AC is aware of the action to be 
taken. Conversely, the WSO should use 
the same term to challenge his front­
seater's awareness of threatening terrain. 

During turns or maneuvers where terrain 
may momentarily break line of sight to 
the wingman/leader, the term "visual" 
should be used between cockpits when 
line of sight is regained . 
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ct- ~ , q ~ . . . 31.,,.~ 
When crossing rrdgel mes, the front -• s~..,,... 14it 

h "b " , eat1c should use t e term unt or " rollin ,,1 

to signify his intentions tor desc~ 
back to low altitude. Where integrated \ 
crews are used, the need fo~ these calls Wi\\ 
diminish as mutual trust builds. 

In presenting these rules and techniques 
for low altitude flying, it wo u ld appear 
that a significant volume of so rties must 
be dedicated to turns and masking. Al­
though we all realize that dedica ted sorties 
are not available, this training ca n be ac­
complished· in' conjunction with normal 
routes to 'and from ranges, low level navi­
gation, etc. The benefits of aggressively 
pursuing low altitude training in the fa­
miliar environment of our own local areas 
will prove themselves in advanced scenar­
ios such as R~d Flag. Moreover, when the 
demands of the battle arena necessitate 
low altitude employment we will have 
developed that combat c;pabil fty. 

/kf],~rt!I 
wo~ OF WISD()#,1 

· LOW 
A .LT 
R.a£ • 

0 



, USAF 

•

IGHTEA 
EAPONS 

, EVIEW 

The ab~lity t? freely maneuver a two-ship 

formation without use of the radio wi ll 

be an obvious requirement to effectively 

counter the jamming threat. 

The starting point to develop this capa­

bility is the daily practice of comm-out 

turns. These turns are simple and can be ------1'-----~ 
established as a standard of two-ship ~ 

maneuvering after proficiency in tactical 

formation, delayed, and in-place turns 

has been demonstrated. 

After progression to the tactical environ- ~ ~ 

ment, proficiency in basic comm-out turns . 2 1 

will be used as the standard to develop 

capability for repeated attacks in a jam~ 

ming environment and limited comm ai.r-

to-air employment. FIGURE 22 

The mechanics of comm-out turns are 

similar to normal delayed turns. Each 

maneuver is initiated by a signal from the 

leader with either a hard check turn or a 

weave turn . These will be illustrated as 

COMM - _t_h_e_d_is_c_u_ss_i_o_n...:.p_r_o..,gr_e_ss_e_s_. --------1 

When #2 sees the signal , he simply turns 

90° into the leader. Lead completes the 

turn by allowing #2 to drift slightly fur­

ther toward three o 'clock than the normal 

delayed 90° turn to compensate for the 

initial check turn. In the low al t itude 

environment, #1 WSO supports # 2 during 

his turn and cues #1 AC to complete the 

turn . 
OUT There are three basic contracts between 

the leader and his wingman : 

.Turns 1 The wingman will always strive for a 

line-abreast position. 

0 01. ng It 2 The man in front is responsible to get 

the formation back to line-abreast. 

With Your 
Mouth Shut 
.,., . 

c,,pu;,, JOHN JUWl!lt. 

414th Frr Wp,,1 Sqdrt 
Nt!Ui1 AFa, Newt!. 

3 The wingman will not exceed 90° of 

his leader's heading. 

Now to the turns themselves . 

1 Dela ed 90° turns awa from the win -

man I ure : # in1t1ates t e ma-

neuver wit a c eek turn away from #2 

of approximately 30°. The check turn 

is an abrupt maneuver performed in three 

distinct steps: roll-in, turn , and roll-out. 

Beyond being a basic signal , the check 

turn serves two purposes. The first is to 

deconflict flight paths, which becomes 

important in the low altitude environ­

ment if #2 is forward of line-abreast, and 

second to back up the signal, so that if 

#2 misses the signal, he can detec t the 30 ° 

head ing d ifferential. 

11 

FIGURE 23 

2 Dela ed 90° tu rn in to win man {Figure 

23 : ea s1mp y turns in to t e wing­

man. In the low altitude envi ronment # 2 

should bui ld the hab it of performing a 30° 

check turn away from #I . Th is will show 

lead that # 2 has seen the signt1I and serves 

to deconfl ict flight p,nh, when lead is 

forward of line-ab reast. At medium Jl ti­

tude, .tnd with vert ica l turn ing room avail­

able, this is not necessary . The # 2 AC 

and WSO use cues previously described to 

complete the tu rn . As proficiency builds, 

the normal 90° turn sign,ds c,111 be used for 

turns of 60° and 120°. 



ela ed 45• turn awa from win . man . . This turn is initiate wit t e standard 30° check turn away from # 2. When the leader sees that #2 has turned approximately 45°, he initiates a weave turn in front of #2. The weave tur~ signals #2 to stop his turn and cont1~ue on present heading. The weave turn 1s distinguishable from the check turn by severity. Instead of the abrupt roll, tun:1, roll sequence, #I maintains his turn until required to reverse to gain line-abreast on the new heading. ... .., 
• , • •' .. 

• 

FIGURE 25 

From the previous discussions, we can now establish several rules-of-thumb. They are: ~, ' 
1 A 30° turn is used by lead tp get the wing111an moving in his direction, either for a 90° or 45° turn. 

FlG(HfE 24 . . .. 
4 45°turn into win man Fi ur 25 : Lea simply turns 45 into the wingman, who then maneuvers as required to line­abreast. The wingman will obviously interpret lead 's initial move as a 90° turn and react accordingly . Once lead rolls out after 45°, ~2 will be in front of le~d's wingline and , referring back to ~is basic charter, will maneuver back to hne:abreas,t, This is done most quickly by crossing #1 s flight path; howeve~, #_2 can also maneuver on t.he same side as indicated. 

12 

2 A weave turn is used to signal the wing­man to roll out and continue st raight ahead. 

3 The wingman always maneuvers to comply with his basic charter~. since there are no signals.from wingman to leader. 
4 In-place 180° turn away from wingman (Figure 26) : #1 simply turns 180° away . His intent is obvious since there is no check turn, but a continuous turn of 180°. 
5 180° turn into the wingman l Figure 27) : It is preferable to make 180° turns away from the wingman whenever possi-ble, both in terms of t ime and complexity . When a 180° turn into the wingman is re­quired , two delayed 90° turns are used . Lead ini tiates the maneuver with a normal 90° tu rn into # 2. As soon as #1 crosses # 2's flight path, and# 2 has started to ma­neuver back to line-abreast , # ) initiates I the second delayed 90, using the 30° ~' check turn. \I 



FIGURE 26 

• 
f, f 

FIGURE 27 

FIGURE 28 

f 
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There are, of course, situations where the 
line-abreast positior will be lost due to 
missed signals or hard maneuvering. This 
is especially true in the low altitude en­
vironment where there is no vertical ma­
neuvering room to gain energy for correc­
tions. In these situiltions, we must fall 
back on our basic charter and rules-of• 
thumb to re-establish the formation. 

· The example in Figure 2S shows #2 trail· 
ing after missing a 180° turn signal. Lead, 
being the man in front, is responsible for 
line-abreast. He initiates a weave turn in 
front of #2, signaling #2 to hold his head· 
ing, and reverses his turn to complete the 
maneuver. 

If, for some reason, #2 was in front, he 
would maneuver as required to regain 
line-abreast per rules-of-thumb. 



IHIING ,en 

With~ little imagination and. a chalkboard .. , c~n easily see how the check turn and wqve turn can be combined to signal a l~rn to ~flY desired direction. The ener­getic chalk man will also be able to find exceptions to the rules-of-thumb. For ln$tance, ~hy couldn't we use a check turn t9 signal a 90• turn in either direction for the trailing wingman in Figure 28? In fact, we could; but, the immediate goal should be to master basic turns. 

tn teaching comm-out turns, the leader sho.uld discipline himself to carry eac~ turn to Its logical conclusion. When #'l- misses a signal go ahead and complete the turn and s,e'if he can fall back on his basic charter to make the correct ion. ~issed siirittl& are to be expected , but so 1s the ~bility to correct. 

14 

Perhaps the greatest benefit from these "'!a~euvers is their effect on building in­d1v1~u.al awareness and ~riticipation. These qual1t1es replace the-radio command crutch and the results are tangible. WSOs are responsible for accurately reading flight path relationships to call turns and share responsibility in detecting signals. We all become involved in responsibiHtes out-side th~ cockpit while developing a needed tactical skill. In addition, no special training is required . These turns can be · pra.cticed any time we need to t urn the formation . And , combat capabili ty is another step closer. 

NOTE : Specific attack tactics. using prin­ciples of limited comm-maneuvering are presented in TAB 76-4. 
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REVIEW 

Visual 
Low Level 

• Navigation 

When you can overfly the IP on time, 
at over 500 KT AS and alt itudes below 
100 feet, and subsequently "Push it up " 
and "Take it down, " you have arrived, 
baby! You can hack it ! And that is ab­
solutely Sierra Hotel because you need 
the two primary thi_ngs low altitude fly ing 
provides: a way to survive enemy de­
fenses during INGRESS/EGRESS, and 
surprise in the target area. 

Unfortunately, low level combat capa-_ 
bili ty does not materialize s1myly because 
we need 1t. We must tra in to develop it. 
The purpose of this section 1s to share 
some ideas necessary to accomplish the 
required training. These ideas concern 
planning, route study, techniques for ac­
tually flying in the weeds without busting 
your butt, and a check-out/traifling pro­
gram. 

PLANNING 

The basic foundatjon for low-level flying 
is adequate mission plannjng, Good plan­
ning allows mission success, while poor 
planning usually generates a frustrating, 
non-productive thrash through the boonies. 
Unfortunately, the difference between bad 
and good planning sometimes isn't evi-
dent until the airborne aviator lias already 
slipped into Pioneer Mode: temporarily 
disoriented, traversing strange looking 

c.,pui■ R. G. EVANS 
C.pui,, DA VE DELL WARDT 
C..pui11 DON SHULTIS 

lands while sucking up uncharted SAMs! 

While low-level mission planning is very 
si milar to planning other missions, several 

414th Ftr Wp■1 Sqd,r 
Nellis A FIi, Nn.J. 

as · avoid 
~ ofrifs 
111_ • ts, ter-
rain., a•~sp y 0 
nav1gat1on. 

The_ best wa _to survive enem defenses is 
~o s1mplv_avo1 t em. ere avoidance 
1s not entirely possi ble, plan your low-level 
to traverse the outer limits of threat en­
~elopes. Since the enemy doesn't always 
•~clu~e your intel shop on their distribu­
tion l_ist for orders of battle, likely threat 
loca!1ons should be avoided whenever 
p~ss1bl~,. such as cultural developments 
with military value, choke points LOC 
and so forth. • s, 
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The turn points selected for the route 
should be closely scrutinized. Whene~er 
possible, select turn points that have sig­
nificant vertical development. They are 
the easiest to iden tify and use. Some flat 
featu res such as road intersections, rai l­
way cro~sings, and bridges, c~n be u~d! 
especially if they are located 111 prox1m1 ty 
to vertical developments. Select turn 
points that are un ique, one-of-a-k_ind, and 
distinct in size and position. An inter­
section of dirt roads in an area of many 
dirt roads is obviously not unique, and 
should be avoided . Examine the map 
carefully to insure that your selection does 
not have a "twin" nearby. Remember, 
you are going to attempt identification 
from 100' AGL. 

Think carefully about the terrain. Obvi­
ously, low altitude provides both direct 
and indirect masking, and this must be 
carefully exploited . Also consider the 
visual effect of background color relative 
to the lizard paint job on your jet. An 
F-4 at 30' AGL in the middle of a desert 
valley can easily be seen up to ten miles 
away, due to contrast and shadow. If you 
haven't any deserts in your area, how are 
you fixed for snow? 

An often overlooked low level tlan ning 
factor 1s airspeed. Flying 600 nots at 
100' may make you feel qui te secure from 
defensive reaction {not al ways t rue) but 
may result in an unacceptable fuel fiow. 
Reachin~ bingo fuel prior to the target is 
not tactically sound . Airc raft control at 
high airspeed and low altitude is a de­
manding and time consuming effort and 
must also be considered. ' 

Finally , and this will sound fa miliar 
remember that dead reckoning (DR) is 
the name of th~ game. As you plan, re­
member that visual navigat ion is the oldest 
and m?st reliable method of accura tely 
trave_rsing the ground . Plan to mai ntain a 
~eading an_d airspeed for a prede termined 
ength of time, and to compare salient 

ground features with those depicted o n a 
map._ INS, LO_RA~ , TACAN, and radar 
a~e aids to n~v1g~t1on, but they are onl 
aid~. ~ ost disori entation in low lev~ 
nr 1ga t1 ~>n results fro m nonjudicious use 
g Rnav aidlNs.

5
Whe~ in doub t, believe basic 

, not bearing. 



STUDY 

Perha~s even more important than plan­
nml t e route to be flown is studying the 
rou e. A less than optimum route can stlll be successfully flown if adequate 
study allows optimum execution. One ob­
vious reason for detailed study is that 
there will be no time to do so at 100' 
during first look navigation. The most 
cosmic aviator could be overstressed by not planning ahead. 

A unique feature of studying a visual low 
level route is that learning the basics of 
heading, distance, and time are not enough. 
The eo ra hie features of the route mus 
receive great ~ttent1on._ ot1ce t at the 
route as drawn on Map 1 (black line) is 
not necessarily the actual preplanned ground track of th~ aircraft (blue line) . By con­verting the contours on the map into a 
men~I picture of vertical development, a 
path of least resistance becomes apparent. This technique is known as "track crawl- . 
ing." Since you are going to fly as low 
as y~u can, it should seem reasonable to 
~void exposing yourself by flying directly 
Qver high terrain if there is any easy way 
around it. Also notice that the map must 
be converted into three dimensions so you 
~an vis4alize the picture you'll have out 
the fronl window. That picture is guar­
anteed to l90k different than you ex­
pected! In fact, expect the-unexpected. 
Oofl't expect to see all the things you 
planned, and do expect to see numerous 
terrai!l/c~ltural features you hadn't anti­
cipated. Subtle changes in elevation and 
intervening terrain will effect your view 
drastically at low level. 

Stud~ each leg for geo~aphic funneling. S1mp y statea; geograp 1c funneim& 1s . . f 

t 
to 

t . 
ly defined by intervening terrain. As you 

approach the vision-limiting terrain, fine 
tune your navigation to the specific saddle- · 
bacl(, peak, etc. that you have preplanned 
as your track-crawl route. It may help to 
shade in the areas of vertical development on your map, as in Map 1. Another key 
point is map study for significant features 
3-S miles left and right of t rack. These 
points are very helpful in course correc­
tion and basic funneling. 
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For example, as you cross the ridgeline 

at the 26:00 point (Map 1), the terrain 

~etween the 28:00 tick and the 30:00 

~•ck could be used for geographic funnel­

ing. As you pass the 26:20 point a look 

o~t the front window should sho~ a very 

high p~a_k to the left of your nose, with 

some rising terrain on the nose. In order 

to fly the preplanned track, you fly at the 

left edge of the rising terrain keeping the 

11 ,298' peak on the left edg; of the 

radome. As you get closer, hug the rough 

terrain with your right wing until it ap­

pears that you'll either have to climb or 

impact the ridge in front of your nose. At 

that point, execute a right turn through 

the narrow valley and follow it through. 

The narrow valley will be hidden from 

view until you are upon it, but the large 

peak and ridgeline on your right will 

funnel you to it. 

ful durin route stud 

to se ect a ew mes o osition LOP 

n 1s any geograp 1c or cultural • 

feature that allows you to assess your 

position relative to the desired ground 

track. For example, using Map 1, as you 

crest the saddleback at the 22:45 point, 

you can see the two individual peaks left 

of track (8,848' and 8,606'), a.nd the very 

high peak (10,993') right of track. In the 

right quarter panel you should see a gap 

at the end of the ridgeline which runs 

south from the 10,993' -peak. The saddle­

back you want to cross should be right out 

front. Other good LOPs are parallel ridge­

lines, valleys, LOCs, etc. The sheep range 

ridgeline and US Highway 93 on Map 2 

are good examples. It is at least a con­

fidence builder to know that you really 

aren't disoriented. 

An often overlooked aspect of studying a 
low level route is the selection of time 
~ Time lines are specific, readily 

identifiable points which enable an accur­

ate assessment of actual time versus pre­

planned time control. For example, LOCs 

which are perpendicular to the route make 

excellent t ime lines. Notice the road at 

the 24:00 time tick on Map 1. At low 

level, you won 't see the road until you 

are upon it; however, it serves as an ideal 

point to crosscheck enrou te timing. As a­

rule-of-thumb, being within 10 seconds 

of preplanned time at a specific time line 

or turn point is acceptable. 
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Crossing an LOC other than perpe_ndicular 
is not accurate, because being a mile or 
two either side of track causes you to 
cross the LOC at a different time. (Ref: 
the time tick 21 : 15 on Map 1.) Perpen­
dicular ridgellnes, road intersections, or 
cultural developments may be equal ly good 
timing points, and they do not have to be 
on the route of flight. As you pass abeam 
a good timing point, you can make a 
fairly accurate assessment. 

Will the road at 27:10 serve as a good time 
line? No! The dirt roads just prior to 
and just past the 27 :00 tick may be con­
fusing. 

EXECUTION 

Many hours of planning and stud~ can be, 
rendered useless on a low level if uring 
execution. some important skills are not 
properly employed. These skills include 
navigation. aircraft control. terrain aware­
nesstcrew coordination. and employment 
of E M, · 

down track. Make timing correc_t ion_s as 
necessary (here the 'gator does hts ~rick) 
wh ile the AC looks out the fron t ~ tndow 
to identify that saddleback. In this c~se, 
fly right a 1 it. As you identify th~ potn~ 
toward which you want to fly , point at tt 
immed iately to avoid having to make a 
larger change in head in~ as you get clo~er 
to it. This does two things for you. F~rst, 
it will prevent large course overshoots _if 
you should temporarily ignor~ th~ desired 
direction of flight ; secondly, 1t will pre­
serve the preplanned picture out the front 
window. Waiting until you are further 
down track to make adjustments to course 
will skew the outside picture so that it 
may not resemble what you expected to 
see. 

If you are in doubt as to your exact loca­
tion, or know that you are definitely lost, 
don't panic! Instead , change the map/ 
cloc~/ground relationship. First, identify 
terrain features, then check the clock for 
elapsed time. Now, by checking the map 
on both sides of the corresponding time 
tick, try to correlate what you see outside 

As stated earlier, basic navigation at low with the respective area of the map. This 
level is ~ead reckoning: the maintenance should allow you to determine.at least 
of a heading and airspeed for a predeter- the general area you are in. This technique 
mined length of time. In this case, the will work very well if you make a reason-
heading is actually an average ground track. able effort to stay on time, and IF you 
While external navigation aids (including turn on time when you cannot identify a 
INS) can serve as confidence builders, turn point. Remember that if you are 
they must not be relied up_on to the ex- slightly off course, the picture out front 
clusion of preplanned visual references. will be different than preplanned. 
In addition, DR means that you should 
turn at the preplanned elapsed time when 
you cannot positively identify a turn point. 

The normal sequence of navigation, as­
suming you know your present position, 
is from the map to the clock to the 
ground outside. Check the map for the 
next stgntfteant terrain feature or t ime line 
that is likely to be seen and note its posi­
tion down track in minutes or miles. 
(With practice you will soon be able to 
translate minutes into a distance down 
track to look for the feature. An alterna­
tive is to add distance ticks to your map 
and look "X" miles down track). Check 
your clock to see if an airspeed adjust­
ment is necessary. If so, use one of the 
standard techniques for timing control. 
The 'gator can be doing this while the 
nose-gunner looks at the terrain out front 
and identifies the features noted on the 
map. For example, after passing turn 
point Con Map 1, note that the next 
likely terrain feature that will be seen is a 
peak with a definite saddleback at the 
22:45 point, or about 2 to 2½ minu tes 

While convincing yourself that you know 
where you are and where you are going, it 
is critical to be acutely aware of aircraft 
control techniques at low altitude and 
high calibrated airspeed. An otherwise 
minor error becomes an accident investi­
gation at low al t itude. First, the nose­
gunner's e es belon outside within ten 
o c oc to two o c oc o the nose as 
muc as ossi e 0o o t e t ime . It is 

rs respons1 1 tty to avoi scratching the 
paint job on those pesky rocks and trees. 
His map, if he must look at it , should be 
raised to eyeball level, slightly offset so 
only a small eye movement is required to 
sneak a peak at it. And , for GI B's sake, 
don't stare at the clock while you figure 
your time. Take only a quick peek if you 
must. Also, set the throttle frict ion 
tightly. This helps control both aircraft­
induced and aircrew-induced throttle 
creep. (Note: Aircrew-induced creeping 
throttles are directly related to ground 
clearance : the closer to the ground you 
g~, the straighter your left arm becomes). 
Finally, be aware that high calibrated ai r-

• 
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s eed at low altitude results in a ver itch 
sensit,ye contro st1c . moment 's in-

your two-dimensional map into a three­
dimensional picture. Look closely at ve_r­
tical development on the m_ap and h,ow it , 
will appear from the cockpit at 100 to 200 · 

attention could result in a very short 
gearup landing. So, stay heads up! ' 

TERRAIN 

In addition to all the other problems you 
face at low altitude, the terrain you fly 
over contains other hazards besides rocks 
and trees. Very flat terrain or calm water 
is surprisingly dangerous because of the 
lack of depth perception. As you tend to 
become comfortable over fl.at terrain, it is 
very easy to sink to dangerously low alti­
tude without realizing it. Flat sloping 
terrain is all the more hazardous because 
of the insidious change in elevation as 
you fly into a gentle upslope. Flying 
across sloping terrain may provide a false 
horizon that can slowly draw you off 
course as you dip a wing to maintain 
"level" flight. 

Fly basjc DR and rely on it. Ai~s to navi­
gation are aids only. The INS simply con­
firms basic DR. 

Correct navigational errors as soon as they 
are noted Rule-of-thumb: 10 seconds 
off at any. specific time lrne or turn point 
you can buy. Two or three ,:niles left/right 
of course line is no problem ,f you planned 
it that way. Make fflli.U heading correc­
tions early. 

When a turn point is not visually sighted , 
lYfD QD time. Accept the possib ility that 
you planned a poor visual turnpoint. 

Rolling and mountainous terrain present 
their own problems and are discussed in 
the previous article. However, it should 
be understood that obstructing terrain, 
like enemy defenses, should be flown 
around rather than over when possible. 

ECM 

Well, sport, it looks like you've got it 
made; one minute to tho IP, exactly on 
course, on time, and armed hot for the 
pop-up attack when your 'gator calls a 
MiG at right four p'clock 4,000', closing. 
WTFO! You planned a beautiful low level 
avoided the SAMs, used terrain masking all 
day long, and you were so low you parted 
the front lawn at Base Ops. How did they 
find you? Could be they found some 
stray electrons you spit out by not turning 
off .ill possible emitters. Some obvious 
examples of systems that should be off 
are IFF/SIF, TACAN, and the radar 
("standby" if it is needed for weapons de­
livery). Some not so obvious systems 
are the radar altimeter (who cares about 
actual altitude when you're that low?) 
and the ECM pod (standby mode is de­
sirable - an automatic jammer may just 
highlight your position) . Now you 've 
taken your best shot at becoming elec­
tronically invisible. (Note: RDR altime­
ter should be used initially during training 
to calibrate the eyeball) . 

RECAP 

fwl.the l_o~ level mission carefully and 
~ fhe m1ss1on as planned . Translate 

Read from map to clock to sround. If I 
lodk at my map and tell the front-seater 
that we will go through a saddleback at 
22:45 and in fact we do, than I have sat­
isfied map/clock/ground. 

Conversely, if I 'm lost or d isoriented , I go 
back to reference ea in round clo ck 
map. oo outside, pick up a prominent 
ground reference, check enroute or elapsed 
time, and then consult the map to con­
firm your position. 

LOW -LEVEL CHECK OUT/TRAINING 
PROGRAM 

It should be obvious to the most casual 
observer that we don 't race out of opera­
tions with our hair on fire and actually 
fly our fi rst visual low level at 1 00' and 
540 knots. Like air-to-air, we have a 
building block approach . DACT is flown 
after profi ciency in AHC-BFM-ACM-etc .. 

How do we do it ? I t makes sense to start 
out at a comfortable alt itude around 
~00', and comfortable airspe;d progress­
ing as suggested in the previous art icle. 
It also makes sense that crew coordina­
t ion is basic to th is tra ining process. As 
opposed to radar low levels which burden 
the WSO with the majority of cr itical 
tasks, realjst jc visual low level tra in ing 
t~sks b~H~ crewmembers to th: ir c~;r 
b1ned limits. Ea44h crewmemb C m _ 
k~ow ~ i~ ~pe~ific t.isks. and how and when 
his act1V1 t1es interface with chose being 
performed by his co unterpart . 

When the horn blows, it 's coo lace to train. 
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