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TACTlCAi Cf~§AJ\fG!E ~'\JQ. 25 

l 

Navy l~ode 1 F-8 Aircraft 

PUBLISHED BY DIRECTION OF THE COMMANDER, NAVAl AIR SYSTEMS COMMAND 

NOTICE: This document cont~ins information affcctinp; the national defense of the United State:". 
within the meaning of 1he Espiona r;e Law, Title 18, U.S.C., Section 793 and 794. The transmission 
or the revelation of its contents in any manner to an unauthoriz<,d person is prohibited by law. 
~ 

c"opies of and extracts from this docunwnt may not be made, except for U.S. military use, without 
:<;pccific approvnl of the: CcJtnmander, Naval Air Systems Comnwnd. 

The abovl• applies only to Classified documents. 

Of paramount interest to pilots. To be read by all pilots operating these aircraft.. 

lo CANCELLATION: None (TT) 

2. (U) PURPOSE: To authorize use of the DESTRUCTOR MK-36 MODS 2 and 3 on F-8 
Aircraft. 

3. (C) ACTION: Make the following modifications to the F-8 TACTICAL Manual, 
NAVAIR Ol-45HHA-1T, dtd 1 July 1969: 

A. On page 2-7, lines number 7 through 11; in the Store column add 11MK-36 
DESTRUCTOR Conical Fin, 11 and in the Remarks column add 11 SEE NOTE llo 11 

B. On page 2-8, lines number 1 through 4; 6, 7, 9, and 10, in the Remarks 
column add 11SEE NOTE 11. 11 

C. On page ?-18, add the following as Hote 11: 

11ll. The MK-36 MODS 2 and 3 DESTRUCTOR have improved anning and firing 
mechanisms incorporated which allow unretarded delivery within the fol­
lowing limits: The impact velocity must not exceed 900 feet per second, 
the impact angle must be at least 30 degrees, and only land targets may 
be used. Ballistic characteristics of the MK-82 bomb apply. When used 
in the retarded mode, the aircraft limit~tions of the MK-82 Snakeye 
Retarded bomb apply. The MK-36 MOD 0 and MOD 1 versions are still re­
stricted to retarded deliveries only. Unretarded impact limitations 
will be satisfied if the 1-weapons are released between the maximum and 
minimum altitudes specified for the airspeed and attitude combinations 
listed in Figures 1 and 2 (for Conical and Snakeye Fins respectively) 
of Interim Change 25 • 

NOTE: These Figures do not necessarily provide for dive recovery or 
fuse anning time. They are designed to satisfy only impact criteria 
based on an ejection velocity of 5.6 feet per second." 

GROUP 3 
Downgraded at 12 year 
intervals; not 
au~omatically declassified 

---
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D. Retain this Interim Change at the front of the manual until the above 
modifications have been inco;rporated in a manual change or revision. 
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200 mi..11 200 200 200 
max 12050 12075 12100 

' 25G- min 200 200 200 

I I 
:.lax 11050 11075 lll25 

300 nlli"l 200 200 200 

l 
ma:< 98oo 9B50 9925 

350 rrj_n 
I 

20) 200 200 
max B275 B350 B450 

I 1.:00 
j 

rri.n 200 200 200 
Y:lf!X 65'00 6575 6700 

L50 rrin 200 200 200 
max 4375 1:475 46oo 

500 min 200 200 200 
I nax 1900 1950 2050 

550 w..in I - - -
:na.....x 

I 
- - -

600 I i!'i.n - - -I 

I 
r..a..'C I - - -

I 

( 
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RELEASE co:miTIO;·i S FOR u:mETARDED 
DELIVERY OF DES"?i:WCTORS ~1K 36 VlOD 2 lJlD HOD 3 

'VJITH CONICAL FINS 

I 
200 300 500 600 550 350 

12125 121 'i5 12200 12200 12225 12200 

200 500. Boo 900 Boo 500 
lll75 11250 11300 11325 11350 ll325 

2.00 700 1200 1300 1200 700 
10000 10100 10175 10250 10300 10300 

200 1000 1625 1750 1500 90Q 
B575 B725 BB5o B975 9075 9100 

200 l3.SO 2000 2325 2000 ll50 

I 6B50 7050 7275. 7500 7.675 7725 

I 200 1500 2500 2B5o 2500 1350 
4775 5050 5375 5750 6050 6225 

j 
I 200 2000 3000 3500 2B5o 1500 I 
! 2200 2475 3000 3600 4200 4550 

- - - - - 1750 
- - - - - .. 2675 

- - - - - -- - - - - -

( ( 

I 200 200 200 200 
12175 12150 12125 12100 

200 200 . 200 200 
11300 ll250 11200 1110:0 , I 

200 200 200 20QI 
10250 10175 10100 10025 . 

200 200 200 200 I 
9050 B950 B825 an>! 

i 
200 200 200 200 I 

7700 7575 7l00 7250! 
i 

200 200 200. 200 j 
6225 6075 5850 56251 

I 

. 200 200 200 2oo! 
4625 4450 4175 3875! 

200 200 200 200 
2900 2750 2425 2025 

200 200 200 -
1150 1025! 625 -i 

NOT33: (l) Negative release ar~les indicate release angles below horizontal (dive); positive angles above horizontal • 
( 2) AJ. ti tucles lioted may not provide dive recovery or fuse arming time. 
(3) P~tituLe values ar€ based on an ejection velocity of 5.6 feet per second. 

INTEHIM CHANGE NO. 25 

Figure l 





( ( 

() 
0 z .,- ., 

* 
0 

c f"T1 
!"' z (j) 
0 -I < m 

::t> ,. 
z 
I: I m z I -i ... z i! 
z 
:::! 0 z 
(j) ., 
0 0 .., .., 

:::0 0 
!!' z :s 
I 
~ ... ... ..... 

Release 
Speed (KTAS) -60 -50 

200 min 200 200 
!!l2.X 14100 14175 

250 r.in 200 200 • 
ll'.aJC 13100 13200 

300 II' in 200 200 
max 11825 11975 

350 min 200 200 
max 

I 
10250 10450 

400 min 200 200 
r.'.ax 8300 8550 

450 min 200 200 
r.'.ax 5875 6150 

500 min 200 200 
!I' .ax 2725 2~75 

550 min - -
max - -

600 min - -
!I12.X - -

( 
n .. 

RELEASE CONDITIONS FOR UNRETARDED 
DELIVERY OF DESTRUC1URS MK 36 MOD 2 AND .HOD 3 

WITH SNAKEYE .HK 15 FDIS - CLOSED 

Release Altitudes (ft) for Release Angles of 

-40 -30 -20 -10 0 +10 +20 

200 200 300 500 575 525 250 
14250 14325 1.4400 14425 14500 14500 14475 

200 200 450 eoo 875 775 475 
13325 13450 13600 13700 13775 138o0 13775 

200 200 700 1100 1225 1050 600 
.12175 12375 12600 12775 12925 12975 12950 

200 200 900 1,500 1600 1375 750 
10725 . 11025 11350 11675 11900 12025 . 12025 

200 200 . 1175 1875 2025 1675 875 
8900 9350 9850 10325 10725 10975 11000 

200 200 1500 2375 2450 2000 1000 
6575 7175 7925 8700 9315 98o0 9900 

200 200 1750 2850 2925 2325 1100 
3375 4100 5250 6600 7750 8475 8750 

- - - - 3400 2650 1175 
- - - - 5650 7D25 7500 

- - - - - 2950 1225 
- ........ - - - 5300 6225 

( 

+30 +40 +50 +60 

200 200 200 20::> 
14425 14350 14275 14200 

200 200 200 2\Xl 
13700 13575 131.:50 1)325 

200 . 200 200 208 
12850 12675 12475 12300 

200 200 200 200 
11875 11650 11375 11125 

200 200 200 2CJ 
10850 10550 10175 9625 

200 200 200 200 
9725 9375 8900 8425 

200 200 200 200 
8575 8125 7550 6975 

200 200 200 200 
7400 6675 6175 5450 

200 200 200 200 
6175 5600 4750 3900 

NOTES: (1) Negative release angles indicate release angles below horizontal (dive); positive angles above horizontal. 

(2) Altitudes listed may not provide dive recovery or fuse arming time • 

(3) Altitude values are based on an ejection velocity of 5.6 feet per second. 
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Figure 2 
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Reproduction for nonmilitary use of the information or illustrations contained 
in this publication is not permitted without specific approval of the issuing 
service (NAV AIR or USAF) . The policy for use of Classified Publications is 
established for the Air Force in AFR 205-1 and for the Navy in Navy Regula­
tions, Article 1509 . 
.--------------LIST OF CHANGED PAGES ISSUED--------------. 

A 

INSERT LATEST CHANGED PAGES. DESTROY SUPERSEDED PAGES. 

NOTE: The portion of the text affected by the current change is indicated by a vertical line in the outer 
margins of the page. 

Page Date of Latest Page Date of Latest 
No. Change No. Change 

ii 15 Jun 1970 2-8 ..... 15 Jun 1970 
ix. 15 Jun 1970 2-8A Deleted 15 Jun 1970 
xili 15 Jun 1970 2-8B Deleted 15 Jun 1970 
xiv 15 Jun 1970 2-10 thru 2-13 15 Jun 1970 
xiv-A 15 Jun 1970 2-15 15 Jun 1970 
XV • 15 Jun 1970 2-17 15 Jun 1970 
1-1 15 Jun 1970 2-18 15 Jun 1970 
1-8 15 Jun 1970 2-37 thru 2-58 15 Jun 1970 
1-8A 15 Jun 1970 2-58A thru 2-58D 15 Jun 1970 
1-8B 15 Jun 1970 2-58E (Deleted) 15 Jun 1970 
1-19 15 Jun 1970 2-58F (Deleted) 15 Jun 1970 
1-24C 15 Jun 1970 2-59 thru 2-64 15 Jun 1970 
1-26 15 Jun 1970 2-125 .. 15 Jun 1970 
1-29 15 Jun 1970 2-127 . 15 Jun 1970 
1-30 15 Jun 1970 2-128A 15 Jun 1970 
1-36 15 Jun 1970 2-130 15 Jun 1970 
1-38 15 Jun 1970 2-145 15 Jun 1970 
1-45 15 Jun 1970 2-168 15 Jun 1970 
1-147 15 Jun 1970 2-183 15 Jun 1970 
1-148A . 15 Jun 1970 2-190 15 Jun 1970 
1-148B . 15 Jun 1970 2-224A 15 Jun 1970 
1-151 15 Jun 1970 thru 
1-162-1 15 Jun 1970 2-224D 15 Jun 197(). 
thru 2-257 15 Jun 1970 
1-162-12 15 Jun 1970 2-258 . 15 Jun 1970 
1-162A 15 Jun 1970 2-259 . 15 Jun 1970 
1-162D 15 Jun 1970 Index-1 15 Jun 1970 
1-171 15 Jun 1970 thru 
1-172 . 15 Jun 1970 Index-5 15 Jun 1970 
1-173 ....... 15 Jun 1970 Index-7 15 Jun 1970 
2-1 15 Jun 1970 thru 
2-4 ... . .... 15 Jun 1970 Index-tO 15 Jun 1970 

*The asterisk indicates pages changed, added, or deleted by the current change. 

ADDITIONAL COPIES OF THIS PUBLICATION MAY BE OBTAINED AS FOLLOWS: 

USAF ACTIVITIEs-In accordance with Technical Order No. 00-5-2 . 

HAVAIR 

NAVY ACTIVITIES-Use DD F ORM 1348 and submit in accordance with the instruc ti ons contained in NAVSUP 
P UBLICATION 437-Military Standard Requisitioning and Issue Procedures. 

For information on other available material and details of distribution refer to NAVSUP P UBLICATION 2002, 
SECTION VIII, PART C and NAVAIR 00-500A. 

Changed 15 June 1970 
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DEPARTMENT OF THE NAVY 
OFFICE OF THE CHIEF OF NAVAL OPERATIONS 

WASHINGTON, D. C. -20350 

LETTER OF PROMULGATION 

1 July 1969 

1. The F-8 TACTICAL MANUAL (U) is a Confidential publication and 
a supplement to NWP 41, NAVAL AIR OPERATIONS. It is effective 
upon receipt and supersedes the previous edition, dated 15 September 1968, 
which shall be destroyed in accordance with the Security Manual for 
Classified Information. 

2. Tactical manuals provide the latest and most accurate tactical infor­
mation to aircrews and tactical commands. These manuals are designed 
to promote the development of efficient and sound tactical doctrine, and 
to eliminate the need for promulgation of doctrine by individual squadrons. 
These manuals are compiled using Fleet inputs and are kept current to 
achieve maximum combat readiness. To provide the latest data, Navy 
and Marine Fleet/Type/ Air Wing/Squadron Commanders are directed to 
review these procedures on a continuing basis, and submit recommended 
modifications as outlined under "Change Recommendations." 

3. THIS PUBLICATION CONTAINS INFORMATION AFFECTING THE 
NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING 
OF THE ESPIONAGE LAWS, TITLE 18, U.S. C., SECTIONS 793 AND 
794. ITS TRANSMISSION OR REVELATION OF ITS CONTENTS IN ANY 
MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW. 

4. This publication shall not be carried in aircraft on combat missions 
or when there is a reasonable chance of its falling into the hands of an 
unfriendly nation, unless specifically authorized by the operational 
commander. 
5. This publication or portions thereof are not releasable to foreign 
nationals or international organizations without prior approval of the 
Chief of Naval Operations (DNI). 

R. E. RIE A 
Rear Admiral, USN 

Assistant Deputy Chief of Naval Operations 
(Fleet Operations and Readiness) 
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INTERIM CHANGE SUMMARY 

THE FOLLOWING CHANGES HAVE BEEN CANCELED OR PREVIOUSLY INCORPORATED IN THIS MANUAL 

CHANGE NUMBER(S) REMARKS 

I 1 through 18 

THE FOLLOWING CHANGES HAVE BEEN INCORPORATED IN THIS CHANGE/ REVISION 

CHANGE NUMBER CHANGE DATE PURPOSE 

19 5 Sep 69 Adds limitation for retarded Mk 82 Snakeye bombs 

20 3 Nov 69 Authorizes carriage/release of Mk 76 from MER/TER 

21 25 Feb 70 Clears use of Mk 89 on MER/TER; modifies existing 
clearance for Mk 86/87 

22 10 Apr 70 Restricts use of M-1 bomb fuze extensions from 
carrier operations or field arrestmen ts 

INTERIM CHANGES OUTSTANDING - TO BE MAINTAINED BY CUSTODIAN OF THIS MANUAL 

CHANGE NUMBER DATE PAGES AFFECTED PURPOSE AND DATE CHANGE MADE 

24 (,- .JO·?~ 1~ OG-1 \~tv -st I!..; != 

Pt) ;o )etr 10 Z3J4/rl' ?J t,-7 '2-~ ~'I~ AY-rct co fl. o P #t:lb ~~~I" 

ii Changed 15 June 1970 
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GLOSSARY OF TERMS AND ABBREVIATIONS 

AAA 

AAM 

AAW 

A/B 

ACM 

ADL 

AFC 

AGL 

AH BAR 

AI 

AIC 

AIM 

Anti-Aircraft Artillery 

Air-to-Air Missile 

Anti-Air Warfare 

Afterburner 

Air Combat Maneuvering 

Armament Datum Line. Establishes 
reference for armament and fire con-
trol components. -1 o from FRL 

Automatic Frequency Control 

Above Ground Level (height) 

Artificial Horizon Bar 

Aircraft Interception. Applies to ra­
dars designed for fighters 

Airborne Intercept Controller 

Air launched, intercept-aerial guided 
missile 

ALIGNMENT (1) The process of adjusting the tuned 
circuits of a radar receiver to a predes­
ignated natural frequency. (2) The 
process of adjusting two or more com­
ponents of a system so that their func­
tions are properly synchronized; i.e. 
antenna orientation, and a B ·scope 
sweep 

ALT Altitude 

ALTITUDE 
LINE 

ANGELS 

ANGLE OF 
AnACK 

ARO 

ASM 

AnENUA­
TION 

B-SCAN 

BAR CAP 

BARREL 
WHIP 

X 

A heavy band of clutter produced by 
radar energy reflection from the earth's 
surface 

Altitude in thousands of feet 

The angle between the FRL and air­
plane flight path 

Automatic ranging only 

Air-to-Surface Missile 

(wave) The decrease tn amplitude 
with distance in the direction of wave 
propagation 

Type of presentation in which signal 
appears as a bright spot with azimuth 
angle as the horizontal coordinate and 
elevation as the vertical coordinate 

Barrier Combat Air Patrol 

Movement of the barrel in an eliptical 
orbit during gun firing 

BEAM 
WIDTH 

BLIP or 
PIP 

BOGEY 

BULLET 
BOUNCE 

BULLET 
DENSITY 

BUSTER 

C-SCAN 

CAP 

CAS 

CBU 

CCA 

CCI 

CIC 

CL,.a• 

CON 

CONICAL 
SCAN 

CONNING 

CRT 

DLI 

DUCTING 

ECCM 

ECM 

ELEVATION 

EMCON 

ER 

The width (angle between half-power 
points) in degrees of the effective radi­
ation from an antenna 

A target echo signal return displayed 
on radar scope 

Unknown Air Target 

Projectile movement away from the 
' fuselage due to fuselage airflow 

Number of rounds per unit area, per 
unit time. Varies inversely proportion­
al to square of the range. (i.e., double 
range, density 1/4) 

Full Military Power 

Type of presentation in which the 
signal appears as a bright spot with 
azimuth angle as the horizontal co­
ordinate and elevation as the vertical 
coordinate 

Combat Air Patrol 

Close Air Support 

Cluster Bomb Unit 

Carrier Controlled Approach 

Carrier Controlled Intercept 

Combat Information Center 

Maximum Coefficient of Lift 

Contrail 

A type of scan in which the tilt angle 
is fixed so that the axis of the RF beam 
is caused to nutate. The principle is 
used 10 angle tracking application. 

Makirig Contrails 

Combat Rated Thrust 

Deck Launched Interceptor 

Bending of radar waves by changes in 
atmospheric water vapor content and 
temperature 

Electronic Counter-Countermeasures 

Electronic Countermeasures 

The angle of the target above or be­
low the radar set 

Electromagnetic Radiation Control 

Ejection Rack 

I 

I 
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GLOSSARY OF TERMS AND ABBREVIATIONS (Continued) 
,....--_ 

__, EW Early Warning LOS Line of Sight. Imaginary line from the 

FP Flight path: flight line taken by air- eye to the aiming point through the 

craft in relation to surrounding air optical sight 

mass MACH Measurement of speed with relation 

FPM Feet Per Minute to the speed of sound 

FRL Fuselage Reference Line, or the water MAGNE- A transmitting tube which produces 

line. A longitudinal reference line of TRON the main pulse of energy. The flow of 

the airplane electrons is controlled by the applied 

FTC Fast Time Constant 
magnetic field 

MAIN That portion of the transmitted pulse 
g Gravitational Force BANG that leaks into a radar receiver 
GATE Combat rated thrust MAX Maximum 
GBL Gun Bore Line: line drawn through MBR Multiple Bomb Rack I center of gun bore projected to infin-

MEGA- One million cycles ity 
CYCLE 

GCI Ground Controlled Intercept 
Multiple Ejector Rack I MER 

GO Gravity Drop: gravity effect upon a 
projectile during its time of flight MICRO- One millionth of a second 

SECOND 
HOJ Home-On-Jam 

Indicated Airspeed 
MICRO- Radio waves the length of which is ap-

lAS WAVES proximately less than one meter 
ID Identification MIL Milliradian is a unit of angular measure-
1-F Intermediate Frequency ment which subtends one foot at 1,000 
IFF Identification Friend or Foe feet. One degree equals 17.45 mils. 

IMN Indicated Mach Number MK Mark. Navy designation for model 
IP Initial reference point in the vicinity MOD Navy designation for modification 

of the tar get 
MODULA- The part of the radar set that controls 

IR Infrared TOR the application of plate voltage to the 
IRCM Infrared Countermeasures transmitter 

JAMMING Intentional interference with the op- MPI Mean Point of Impact 

eration of radars MRT Military Rated Thrust 

JINKING Passive defense maneuver MSL Mean Sea Level 

JUDY Call made when pilot takes control NM Nautical Miles 
of the intercept OCE Officer Conducting the Exercise 

KCAS Knots Calibrated Airspeed OSL Zero Sight Line, parallel to ADL 
KIAS Knots Indicated Airspeed (fixed pipper) 

KTAS Knots True Airspeed PMBR Practice Multiple Bomb Rack I 
LAU Launcher Unit PPH Pounds per hour 

ILBA Limits of Basic Aircraft PPI Plan Position Indicator 

LDGP Low Drag General Purpose (Bomb) PRF Pulse Repetition Frequency 
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GLOSSARY OF TERMS AND ABBREVIATIONS (Continued) 

PRT Pulse repetition time SIGNAL- The ratio, at any part of the circuit, 

PULSE The time duration of a pulse TO-NOISE- of signal power to total circuit noise 

WIDTH RATIO power 

Missile Aerodynamic Range 
SLANT The distance between release point 

Ra RANGE and the target 
RAD CAP Radar Picket Combat Air Patrol STAE Second-Time-Around Echo 
RBL Radar Boresight Line sw Sidewinder 
RCVR Receiver TARCAP Target Combat Air Patrol 
RELEASE Release Altitude AGL TARGET Any object producing a radar echo 
HEIGHT 

RF Radio Frequency TCA Track Crossing Angle 

Rmax Maximum Firing Range TER Triple Ejector Rack I 
Rm;n Minimum Firing Range TILT The angle the antenna forms with the 

horizon 
SAM Surface-to-Air Missile 

GD expressed in MILS from OSL 
Signals reflected back from the sea 

TRAJEC-
SEA TORY 
RETURN DROP 

SEARCH Projecting the radar beam continu- TOF Time of Fall I 
LIGHTING ously at any given object or target, 

TS Trajectory Shift: projectile's angular de-instead of illuminating it once during 
each scan period viation from the GBL into relative wind 

toward FP. TS also referred to as Ve-
SECTOR Motion of an antenna back and forth locity Jump 
SCAN through a limited angle v, Closing Velocity ,---. 

SIDE LOBE A portion of the beam of a radar an- v, Velocity of Fighter '--"' 
tenna other than the main lobe and VID Visual Identification 
usually much smaller. Antenna dish 

VIDEO The intelligence of a radar echo spillover 
v_. Maximum Velocity 

SIF Selective Identification Friend or Foe Vm;n Minimum Velocity 
SIGHT The angle between OSL and tl}e line v, Velocity of the Target 
ANGLE of sight 

A hollow pipe, usually of rectangu-WAVE-
SIGHT Slight error generated by the distance GUIDE lar cross section used to transmit RF 
PARALLAX between OSL and GBL (41.5 inches) energy. 
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INTRODUCTION 

SCOPE 

The F-8 Tactical Manual, prepared under the direction 
of Commander, Operational Test and Evaluation Force 
and approved by the Chief of Naval Operations, con­
tains the latest information regarding the tactical em­
ployment of the F-8A, H, J, K, and L aircraft and its vari­
ous combat missions. Information contained in this 
manual has been derived from many sources to provide one 
main source for procedures, techniques, and data to enable 
the pilot to most effectively employ the aircraft and its 
weapons system in combat. The NATOPS Flight Manual 
standardizes ground and flight training procedures and con­
tains the information to thoroughly acquamt the pilot with 
the aircraft. Information in this manual is primarily ori­
ented to Tactical Employment of the aircraft which pre­
supposes a thorough knowledge of the NA TOPS Flight 

I Manual. A description of the Aircraft Tactical Manual 
program is contained in OPNAVINST 3510.12 (series). 

ARRANGEMENT 

The Tactical Manual consists of the Confidential Manual 
and a Secret Supplement. Each has the same format. There 
are five sections. 
Section I. AIR-TO-AIR WARFARE, is subdivided into 
seven parts: I 

Part I describes the aircraft and its characteristics, the 
tactics and techniques every fighter pilot should be aware 
of before engaging the enemy in air-to-air warfare. It 
includes items of consideration for engagement during a 
tactical situation and applies energy maneuverability to a 
hypothetical tactical condition. 
Part 2 describes briefing requirements and procedures for 
conducting the various described combat air patrols. 
Part 3 describes escort tactics and the various types of 
escort missions. 
Part 4 describes basic radar fundamentals, the operating 
parameters of F-8 aircraft radar, and the tactics employed 
in performing intercepts. A description and illustration are 
included on use of the B-scope for radar mapping. 
Part 5 describes the countermeasures effects and 
counter-countermeasures procedures for effecting the 
intercepts described in Part 4. 
Part 6 discusses AIM-9 missiles launch envelopes with 
emphasis on the dynamic effects of maneuvering targets. 
Part 7 describes procedures for missile and gun firing under 
controlled conditions on towed targets. 

Changed 15 June 1970 

Section II, CONVENTIONAL AIR-TO-GROUND WAR­
FARE, is subdivided into four parts: 
Part 1 lists and describes those items that should be 
considered in planning a tactical mission. Also included 
are the limitation tables and performance charts neces­
sary to plan the various types of tactical missions. 
Part 2 lists and describes the various attack missions 
that pilots may be assigned for accomplishment. 
Part 3 describes the types of maneuvers and delivery 
techniques to be used in placing the F-8 weaponry on 
the proper target. 
Part 4 contains weapons system harmonization proce­
dures and a detailed description and illustration of 
individual weapons used by the F-8 in both its air-to­
air and air-to-ground missions. 

Section Ill, NUCLEAR AIR-TO-GROUND WARFARE, is not 
applicable to the F-8. 

Section IV, ENEMY GROUND DEFENSES AND FRIEND­
lY COUNTERMEASURES, is subdivided into 6 parts all of 
which are in the (Secret) Supplemental F-8 Tactical 
Manual (U), NAY AIR 01-45HHA-1T(A). 

Section V, AIRCRAFT EMPLOYMENT, is subdivided into 
two parts: 
Part 1 lists and describes the types of air-to-air missions 
the F-8 is expected to fly. 
Part 2 describes the employment, external armament 
limitations and carrier limitations for air-to-ground 
weapons delivery. 

HOW TO OBTAIN COPIES 

ADDITIONAL COPIES 

To obtain copies of this publication, submit a NA VSTRIP 
Form DD 1348 in accordance with instructions contained 
in the NAVSUP Manual and NAVSUP Publication 2002. 

AUTOMATIC DISTRIBUTION 

To receive future changes and revisions to this manual auto­
matically, a unit must be established on the automatic dis­
tribution list maintained. by the Naval Air Technical 
Services Facility (NAVAIRTECHSERVFAC). To be 
established on the list or to change distribution require­
ments, a unit must submit NAVWEPS Form 5605/2 to 
NAY AIRTECHSERVFAC, 700 Robbins Ave., Philadelphia, 
Pa. 19111, listing this manual and all other NA V AIR publi­
cations required. For additional instructions, refer to 
BUWEPINST 5605.4 series and NA VSUP publication 2002. 
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INTRODUCTIO~ (Continued) 

POCKET GUIDE 

The F-8 Tactical Manual Pocket Guide (NAVAIR 
Ol-45HHA-1T(B)) is not distributed automatically with this 
manual and therefore must be ordered as a separate publica­
tion using the above mentioned procedures for Tactical 
Manuals. The Pocket Guide is printed on cardboard stock 

I and is designed to be fastened to the pilot's knee pad. The 
Pocket Guide contains the essential data required to pro­
vide inflight flexibility. 

TACTICAL MANUAL BALLISTICS 
TABLES 

The Tactical Manual Ballistics Tables contain additional in­
formation which is common to all tactical aircraft, such as 
trajectory drop, down range travel, etc, for various 
weapons. This publication is not distributed automatically 
with this nianual and, therefore must be ordered as a 
separate publication in the same manner as the pocket 
guide. 

UPDATING THE MANUAL 

To ensure that the manual contains the latest procedures 
and information, a review conference is held periodically, as 
necessary. 

YOUR RESPONSIBILITY 

The Tactical Manual is kept current through an active 
manual change program. If you find anything you don't 
like about the manual, if you have information you'd like 
to pass along to others, or if you find an error in this 
manual, submit a change recommendation to the Model 
Manager at once. 

CHANGE RECOMMENDATIONS 

Recommended changes to this manual may be submitted 
by anyone in accordance with OPNAVINST 3510.12 
(series). Change recommendations of an URGENT nature 
should be submitted directly to the originators Type Com­
mander by priority message. Submit routine change recom­
mendations to the model manager on OPNAV Form 
3500-22 (see copy this section). Address routine changes 
to: Air Test and Evaluation Squadron Four, U.S. Naval Air 
Station, Point Mugu, California, 93041. 

xiv 

INTERIM CHANGE SUMMARY 

The interim change summary is provided for the purpose of 
maintaining a complete record of all interim changes issued 
to the manual. Each time the manual is changed or revised, 
the interim change summary will be formally up-dated to 
indicate disposition and/or incorporation of previously 
issued interim changes. When a regular change or revision is 
received, the interim change summary should be checked to 
ascertain that all outstanding interim changes have been 
formally incorporated or canceled. Those changes that were 
not incorporated should be noted as applicable. 

CHANGE SYMBOLS 

Revised text is indicated by a black vertical line in either 
margin of the page, like the one printed next to this para­
graph. The change symbol shows where there has been a 
change. The change might be material added or information 
restated. 

WARNINGS, CAUTIONS AND NOTES 

From time to time "Warnings," "Cautions," or "Notes" 
are inserted in the running text. This is to call attention to 
some phasy of aircraft operation that is especially impor­
tant, as follows: 

I WARNING I 
Operating procedures, practices, etc, which may 
result in personnel injury or loss of life if not 
carefully followed. 

Operating procedures, practices, etc, which if not 
strictly observed may result in damage to 
equipment. 

Note 

An operating procedure, condition, etc, which it 
is essential to emphasize. 
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INTRODUCTION (Continued) 

WORDING 

The concept of word usage and intended meaning which 
has been adhered to in preparing this manual is as follows: 

"Shall" has been used only when application of a pro­
cedure is mandatory. 

"Should" has been used only when application of a 
procedureisreconunended. 

"May" and "need not" have been used only when 
application of a procedure is optional. 

"Will" has been used only to indicate futurity, never 
to indicate any degree of requirement for application 
of a procedure. 

SECURITY CLASSIFICATION 

The classified material in this manual is in Downgrading and 
Declassification Groups 3 and 4. Pages which have been 
prepared under contracts dated before I July I967 are 

Changed 15 June 1970 

marked at top and bottom of the pages only. The pages 
within Part I, Section I are marked in the same manner, 
because all text collectively is classified CONFIDENTIAL, 
Group4. 

The material in this manual which has been prepared under 
contracts dated I July I967 or later is identified as follows : 

a. Downgrading and Declassification Group 3 material 
will be identified by (C) at the beginning of each paragraph. 

b. Downgrading and Declassification Group 4 material 
will be identified by (C) (Gp-4) at the beginning of each 
paragraph. 

c. Unclassified material will be identified by (U) at the 
beginning of each paragraph. 

d. All prime headings, system heads, and section heads 
are unclassified and will carry no markings. 

e. All figure titles are unclassified; however, classification 
of each figure will be marked between the figure number 
and figure title as are paragraphs, i.e. (U), (C), or (CXGp-4). 
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"The fighter pilots have to 
rove in the area allotted to 
them in any way they like, and 
when they spot an enemy they 
attack and shoot him down ... . 
anything else is rubbish." 

Von Richthofen 
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air-to-air warfare 
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Section I 
Air Combat Maneuvering 

PART 1 -AIR COMBAT MANEUVERING 

"No study is possible on the battlefield; one does there simply what one can in 
order to apply what one knows. Therefore, in order to do even a little, one has 
already to know a great deal and know it well." 

INTRODUCTION 

Air-to-air combat is considered the ultimate in air­
manship by all fighter pilots. There is no greater test 
of aggressiveness and skill than to engage and destroy 
an enemy flying a high performance aircraft. 

A well-coordinated, carefully planned aerial attack 
training program is the key to combat effectiveness. 
Chances of success in aerial combat will be increased 
by a thorough knowledge of your weapon system and 
that of your enemy. In achieving the advantage over 
an enemy, you must maneuver three-dimensionally 
from point A to B to C with almost psychic awareness 
of airspeed, altitude, g, angle of attack, and the air­
craft's performance limits. Ground training cannot 
replace in-flight training but is a valuable supplement 
to it. Increased understanding of maneuvering relation­
ships and basic control techniques will not only increase 
your chances of success in combat but will also reduce 
aircraft losses in routine flight operations. 

Basic considerations which must prevail in the fighter 
versus fighter environment include the following: 
Always fly prepared for a fight. The use of full cock­
pit heat plus defog may be required to preclude fog­
ging following descents from higher altitudes. Keep 
seat and shoulder harness adjusted so that maximum 
visibility can be maintained. Have armament switches 
set up as needed. During each attack on training 
flights, at least touch the switches which would require 
adjustment. When dosing from missile range into 
gun range, be prepared to switch to guns to effectively 
climax the engagement with a kill. 

A pilot must understand the operating envelope and 
characteristics of his weapons system. Having learned 
the envelope parameters, he must determine how best 
to employ his weapon system against any enemy. 

Foch 

All offensive tactical maneuvers discussed in this 
manual can be utilized for either Sidewinder or 20mm 
attacks. Arriving in a position to execute a 20mm attack 
will, in almost all cases, result in passing through the 
AIM-9D envelope. Therefore AIM-9D should be con­
sidered the primary weapon unless the tactical situa­
tion dictates otherwise. This is not necessarily true 
for AIM-9B. 

F-8 CHARACTERISTICS 

FAVORABLE 

The F-8 has excellent subsonic and supersonic maneu­
vering characteristics, good climb and acceleration 
performance and a long range capability. Some favor­
able yaw (in the direction of turn) exists during roll 
at 1.3 IMN and above, but is dampened out by the 
aileron-rudder interconnect. Radar and AIM-9C mis­
sile capability allow use of the aircraft as an all­
weather fighter. 

UNFAVORABLE 

Adverse yaw exists in subsonic flight during roll and 
is further amplified by the aileron-rudder interconnect. 
This can be countered by the use of rudder. The F-8 
is not area ruled for missiles or external stores. Addi­
tion of these adds extra pressure (or wave) drag in 
combat configurations which results in decreased per­
formance. The aircraft has violent accelerated stall and 
spin characteristics and does not maneuver well in 
slow flight. Engaging and disengaging the afterburner 
leaves a white puff of smoke in the air which can be 
seen for several miles. By modern standards, the F-8 
has a poor fire control system. Required tracking time 
for a gun lead situation is rwo seconds, sight tolerances 
are several mils, and gun buffet dispersion is a "scatter 
gun" type. 
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CLIMB AND CRUISE 

The NATOPS Flight Manual, the REST computer and 
the cruise control section in this manual give the cor­
rect climb and cruise figures to obtain optimum altitude 
and range. Maximum excess power occurs at 480 KT AS 
at MRT and at 0.92 IMN at CRT. The climb schedule 
should be used when changing altitude. Speeds other 
than these climb schedules (MRT and CRT) cause a 
decrease in thrust to drag ratio and consequently a 
decrease in climb performance. The result is an increase 
in time to climb and fuel required to reach a given 
altitude. However, at 40,000 feet and above, Mach 
numbers as high as 0.98 will be required to hold a 
reasonable rate of climb. When patrolling in a combat 
area, speed significantly in excess of max range speed 
will be required - the increase in fuel consumption 
being accepted for sake of instantaneous maneuver­
ability. 

For cruising only, cruise droop should be extended at 
subsonic speeds of 350 KIAS and below. Retraction of 
the droop when transonic will expedite acceleration 
to supersonic speeds. When supersonic the F8 per­
forms superbly with the droop in. At altitude, in the 
1.0 to 1.2 IMN range, cruise droop should be extended 
for tactical maneuvering. Approximately 2 to 5 seconds 
are required for the droop to extend or retract. 

ACCELERATION 

Due to the transonic drag rise, level acceleration 
through the 0.95 to 1.15 IMN area will be slow. It 
is generally worth the time and fuel to climb to 45,000-
50,000 feet, retract the cruise droop approaching Mach 
1.0 and ease over at 0.5g to establish a 4000-5000 fpm 
nose-down dive. At about 35,000 to 38,000 feet, level off 
and accelerate to V max (about 5 min). A 2g, 30-degree 
nose-up pitch from V max at 40,000 feet will put the F-8 
into the missile envelope for almost all high flying 
aircraft. 

TACTICAL MANEUVERING 
PERFORMANCE 

MANEUVERING PERFORMANCE 

Tactical maneuvering performance is determined by 
g availabilicy, the aircraft operating strength limit, 
and the power available. 

G Ava ilability 

Available g is a combination of the maximum lift co­
efficient, airspeed, and the wing loading. Available g 

can be increased by increasing airspeed, decreasing 
weight (fuel or external stores), or increasing CLlmax 
(extending droop). Tactically, the droop should be ex­
tended for all maneuvering up to 550 KIAS. 

Note 

Above 400 KIAS 6.4g is available with the 
droop extended or retracted. Approximately 
30 knots in excess of the airspeed indicated on 
the V -n diagram will be necessary to attain 
limit g. This is due to speed bleed-off as g is 
applied. 

Operating Strength Limit 

In most high g maneuvering situations below 400 
KIAS, subsonic, the aircraft will stall before reaching 
structural limit. Above 400 KIAS or 1.1 IMN it is 
possible to attain g in excess of the structural limit 
(6.4g). Under high g conditions, it is possible to de­
celerate through 1.0 IMN and encounter g overshoot 
resulting in a stall, spin, structural damage, or all 
three. Due to wing flexing under high g loads, it is 
possible to damage the cruise droop (when extended) 
under conditions that do no damage to the wing. 
Consequently, the droop should be retracted whenever 
the possibility exists that 500 KIAS will be exceeded 
and a limit of 550 KIAS is not acceptable due to the 
tactical situation and/or the aircraft will be operated 
in the 500 KIAS, 6.4g regime for any length of time. 

Power Limit 

Available engine thrust multiplied by the airspeed 
(Power equals Thrust times Airspeed) determines the 
ability of the aircraft to turn while maintaining a con­
stant altitude. The limiting condition is met when 
total drag, consisting of airframe drag and drag in­
duced by the increased load factor, equals the power 
available. Thrust is nearly constant with change in 
airspeed while power increases almost linearly with 
an increase in airspeed. Maximum excess power occurs 
at a relatively high airspeed where airframe drag starts 
its rapid increase (480 KTAS in MRT and 0.92 IMN 
in CRT, the same as when cruising). Ideally, the F-8 
should be continuously operated at these speeds during 
an engagement since they represent the area of maxi­
mum sustained energy and therefore sustained maneu­
verability. As altitude increases, engine thrust is re­
duced. Assuming an MRT thrust output of 10,000 
pounds at sea level, the following table presents thrust 
available at various altitudes. 
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THRUST VS ALTITUDE 

Altitude Thrust 
(Feet) (Pounds) 

Sea Level 10,000 
5,000 8,800 

10,000 7,850 
20,000 6,040 
35,000 3,920 
40,000 3,150 
50,000 1,800 

Afterburner thrust also decreases at higher altitudes 
but not as severely as the basic engine thrust. Use of 
afterburner at 35,000 feet will double the thrust out­
put of the engine, and is most effective at high speeds. 
It should be used during nose-low, low g conditions 
for acceleration to maintain tactical advantage, and 
when V max is necessary. It should not be used in 
high g, low speed conditions unless absolutely neces­
sary, nor for the initial attack if the fighter is not 
conning and there is a probability of completing the 
attack undetected. The afterburner should be exercised 
to ascertain light-off reliability. Due to the white 
burner puff, this should be done in friendly territory. 

Subsonic Maneuvering Envelope 

The general subsonic maneuvering envelope is defined 
by minimum and maximum speeds for various alti­
tudes. Airspeeds below these minimums will cost fuel, 
altitude, and time to regain a maneuvering potential. 
The maximum speeds shown are where maximum g 
is available or where parasite drag starts to rise. If air­
speed is being increased only to increase g available, 
the turn back into the enemy should be started when 
the drag rise area is reached or where maximum struc­
tural g is available. Airspeeds above these values will 
result in increased fuel consumption and larger turn 
radii. There will be times when airspeeds greatly in 
excess of the maximums shown will be necessary to 
gain separation or maintain a high energy level. 

SUBSONIC MANEUVERING ENVELOPE 

Altitude 
(Feet) MIN IAS/IMN MAX IAS/IMI\ 

Sea Level 185 450/0.68 
15,000 200/0.4 450/0.87 
25,000 215/0.52 407/0.95 
35,000 235/0.7 330/0.95 
45,000 250/0.82 265/0.95 

Supersonic Maneuvering 

The Crusader turns well supersonically. For example, 
at 35,000 feet at 0.90 IMN, 2'hg are about all that 
can be pulled, resulting in a horizontal turn radius 
of approximately 22,000 feet. At 1.1 IMN however, at 
the same altitude, 3Y2g can be pulled which also 
results in a turn radius of 22,000 feet. The subsonic 

turn described is not a maximum performance, min­
imum radius turn, but is used to compare the super­
sonic advantages. Enough total energy must remain 
upon completion of the first turn to use the separation 
or time gained to effectively engage the enemy. In a 
1.1 IMN head-on pass at 45,000 feet, the first turn for 
engagement is going to result in an airspeed loss if 
the turn is made nose high (decreased radius/increased 
rate vertical turn), with a concurrent loss in kinetic 
energy and maneuvering potential. If the turn is made 
nose low, altitude and turn radius are sacrificed but 
Mach number and maneuvering potential are main­
tained. The tactical situation will determine which 
turn to use. 

To determine optimum rate of turn and radius of turn 
when maneuvering at a constant airspeed, altitude and 
bank angle refer to figure 1-1. 

ENGAGEMENT CONSIDERATIONS 

Air supremacy must be maintained in the parcel of 
airspace needed for support of tactical ground activity. 
As the enemy's ability to saturate an airspace improves, 
the ability to destroy him with economy of action must 
also improve. Fighter tactics must be thoroughly 
understood to effectively accomplish each miSSion 
within the available combat time as limited by fuel 
and ammunition. 

The decision of whether or not to engage the enemy 
must be made as early as possible. An intelligent deci­
sion cannot be made without a knowledge of fuel 
state, armament available, enemy aircraft character­
istics and the tactical situation. 

FUEL 

Always be aware of the on-station time remammg. 
Know how much CRT operation can be used and still 
permit a safe return to the ship or base with the 
required minimum fuel. Keep a running count (How­
goes-it) of total fuel required to complete the mission. 
Tactical supersonic fuel usage can and must be planned 
for. At 1.0 IMN in afterburner at 40,000 feet the total 
fuel flow is approximately 17,000 PPH, but at 1.8 
IMN at 40,000 feet, total fuel flow is approximately 
39,000 PPH. See figure 1-2. 

ARMAMENT 

The F-8 has the capability to carry four Sidewinders; 
however, a more feasible external load is two Side­
winders on single pylons for fighter air-to-air combat. 
This results in considerably increased performance 
characteristics. The four 20-millimeter cannons pro· 
vide an alternate weapon in the event the Sidewinders 
are expended or a close-in weapon is required. 
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ENEMY AIRCRAFT CHARACTERISTICS 

Knowledge of the enemy aircraft is essential. Know its 
particular characteristics: armament, speed, and maneu­
vering performance. If a MIG-17C is met head on at 
35,000 feet and a slow-speed fight develops, the F-8 is 
at a serious tactical disadvantage. If a section of MIG-
21's is engaged at 52,000 feet, the F-8 is again out of 
its best operating envelope. Plan ahead. Do not let 
the enemy win the fight because of a poor decision 
prior to the engagement. 

TACTICAL SITUATIONS 

There are three advantages that in some cases can be 
established prior to engagement. These are POSITION, 
SPEED, and ALTITUDE. With these advantages, it 
will be possible to maneuver into the firing envelope 
of your weapons. 

Knowledge that the enemy is in the area is of primary 
importance. Whether you are GCI controlled, find him 
on the radar, or hold him visually, start planning for 
the position, speed and altitude advantage immedi­
ately. Do not give the enemy an even break. Use the 
sun to advantage. Attack out of the sun when there is 
a choice, as firing into the sun may render a heat seek­
ing missile ineffective. The six o'clock position is 
optimum for the delivery of the Crusader's weapons, 
so get there undetected as soon as possible. 

TACTICAL CONSIDERATIONS 

VISIBILITY 

To fight an enemy, he must be seen. Visibility means 
more than having good vision. It is important to know 
where to look for an enemy prior to and during an 
engagement. There are times when he will be seen, 
then maneuver into a blind area and will reappear after 
a brief interval. To regain sight of him, the area where 
he is going to must be scanned. Learn to use the mir­
rors. Fly with the shoulder harness unlocked to permit 
leaning forward. Try different seat positions to find 
the spot that will give you the maximum rearward 
visibilitv. Learn to move around in the cockpit so a 
forward and aft scan can be maintained. Learn to feel 
and fly left-handed, because in a right defensive turn 
it will be necessary to push yourself away from the 
seat with your right hand in order to see back at 5 
o'clock. A properly fitted helmet and mask are a must 
to provide maximum upward visibility. This can be 
assisted by using a thin helmet liner pad in front and 
contouring the visor to seat firmly on the oxygen mask. 

AFTERBURNER 

Afterburner provides instant thrust augmentation and 
rapid fuel depletion. For the most effective use, light 
afterburner in a nose down, low g run when accelera­
tion is required or after the nose attitude is established 
and a zoom is necessary. A common mistake is "back 
stick, burner now." Don't use afterburner in a vertical 
pullout. It will increase your radius of turn and waste 
fuel. The afterburner approaches maximum efficiency 
at high subsonic and supersonic speeds with a one g 
load. It is inefficient at slow speeds and high angles of 
attack. If the aircraft is at a slow speed and there is a 
need to gain vertical potential, consider the fuel cost 
versus advantage to be gained and if justified, use the 
afterburner. A burner light will cost 50 pounds of fuel, 
and will leave a puff of fuel in the air which is visible 
for miles. Check for afterburner reliability. It could 
be critical to select afterburner, and have the nozzles 
come open with no lightoff. 

RADIO 

Keep transmissions brief but complete. Occasionally. while 
twisting around in the cockpit, the communications plug 
will pull loose. If nothing has been heard on the radio for a 
while, check the plug. When working with a p<~rtner, keep 
him informed. Call if he cannot be seen. lt is suggested th<Jt 
a single, easily remembered call sign be used to design<Jte 
each team. It is highly recommended that communications 
leads be taped together. 

BOGEY CALLS 

There are two types of bogey calls. One type is for 
information only and consists of the following parts in 
the order indicated: (l) flight call sign, (2) number of 
bogeys, (3) position with reference to clock code , (4) 
altitude in reference to flight, (5) approximate range, (6) 
direction of flight , and (7) any amplifying remarks: for 
example: "DEVIL, TWO BOGEYS, FOUR O'CLOCK, 
RIGHT, LOW, FOUR MILES, GOING AWAY, NO 
THREAT." 

The other and more important bogey call requires action, 
and the command to react should follow the flight call 
sign, for example: "DEVIL, HARD RIGHT, BOGEY. 
FOUR O'CLOCK, RIGHT LEVEL TWO MILES, 
CLOSING, LOOKS LIKE A FITTER." The addition of 
an action command with the gener;ll direction to turn 
ensures the initiation of the proper action to nullify or 
minimize any attack. The best counter is to break into 
the direction from which the attack is being made 
whether from above, below, or level. Therefore to signify 
elevation along with direction, altitude should be tl?nned 
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by 60 degree altitude sectors. From directly overhead to 
30 degrees above the horizon should be designated 
" OVER;" from 30 degrees above to 30 degrees below, no 
signification necessary ; from 30 degrees below to directly 
underneath should be designated "UNDER." A proper 
call would then be: "DEVIL, BREAK LEFT, UNDER, 
TWO BOGEYS, EIGHT O'CLOCK , LEFT LOW , ONE 
MILE, CLOSING FAST." 

THE SUN 

Assuming the enemy has maneuvered to your 6 o'clock 
position, and a bright sun is available, your immediate 
action should include the possibility of using the sun. 
Consider a defensive pull-up for a vertical turn reversal 
into the sun. The enemy will have to commit himself 
to one side or the other. Turn into him when he is 

committed. This will increase his overshoot and pro­
vide more separation to work with for a followup 
maneuver, either a vertical scissors or a run for sepa­
ration . 

The sun can render a heat seekmg missile attack inef­
fective. Attack out of the sun if there is a choice. When 
following the enemy up into the sun, block out the 
sun with your hand to keep him in sight. Move below 
your opponent to keep him out of the sun so he won't 
be able to see your aircraft, then wait until he makes 
his turn and follow him. 

CONTRAILS 

Know the bottom and top of the contrail level, and 
plan your cruising altitude accordingly. An aircraft 
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in the contrails can be spotted as far as 50 miles. A 
vertical turn near the contrail level may cause contrails 
which can attract enemy fighters in the area. 

CLOUDS 

Clouds can provide an effective defensive environment. 
Cloud penetration will preclude both visual acquisition 
and effective use of the enemy's IR missiles. Moderate 
rain may obliterate AI radar tracking. A hard vertical 
maneuver on instruments will probably lose the aver­
age enemy fighter pilot. It is possible to follow an 
aircraft in thin clouds, especially if the engine produces 
a smoke trail. Keep his smoke just above the canopy, 
and his trail may be seen about 1,000 feet ahead, 
depending on the cloud thickness. 

AGGRESSIVENESS 

The capability of the F-8 is of little value without a 
mature, well-trained and aggressive Fleet fighter pilot 
to bring this weapon system to bear against an enemy. 
There is a definite need for a full knowledge of air 
combat maneuvers in the Crusader. The F-8 is being 
used, and will be used throughout its service life, as a 
day visual fighter as well as an all-weather fighter. 
Your approach to this task should not be one of reck­
less abandon. The true Tiger is not an aviator identified 
by departures from tested and proven tactics and pro­
cedures, but one who is serious and well-trained. He 
must have a complete knowledge of his own and his 
aircraft's capabilities and limitations. Be aggressive, be 
smart and, most important, be mentally prepared. 

COMBAT FORMATIONS 

A combat formation is used whenever mutual support 
will provide a tactical advantage. This support results 
in increased lookout capability and concentration of 
firepower, provides for defense against attack, and sim­
plifies the radar tracking control problem of CIC. 
Whenever mutual support does not provide a definite 
tactical advantage, aircraft should not fly in formation. 

THE F-8 SECTION 

Offensive combat formations are used on fighter mis­
sions where destruction of enemy aircraft is the pri­
mary objective. The basic combat unit of Navy fighters 
has traditionally been the four-aircraft division. With 
the advent of higher-performance fighters armed with 
weapons of greater capability, the basic fighter unit 
has become the two-aircraft section. The section pos­
sesses in adequate amounts the necessary ingredients 
of lookout capability, maneuverability, and effective 
use of the weapons carried. Most important, however, 
is the fact that the section is harder to split in an 

engagement. The independent tactical section is eas­
ily adaptable to carrier operations for the following 
reasons: 

a. Ease of rendezvous. The section is in tactical for­
mation immediately after catapulting and ready for 
vector to station or intercept. 

b. Ease of recovery. The section is together upon 
return to the carrier and can be treated as a single 
aircraft under all but the most unfavorable weather 
conditions. 

c. Radar control. The section can be treated as a 
single aircraft for both GCI/CCI air control, or for 
broadcast control. 

Designating the section as the basic unit does not pre­
clude grouping sections together if the mission re­
quires it. 

LOOKOUT DOCTRINE 

Success in air-to-air combat begins with the detection 
of the enemy, and the earlier the sighting the better. 
Any combat formation must be designed to give the 
best opportunity for spotting the enemy before he is 
in a position of advantage, or before he sights the 
friendly formation. This requires that all eyes in the 
formation be available for scanning the surrounding 
area, unhindered by the necessity of concentrating on 
other planes in the formation for rigid station keeping. 
A loose formation is required with all aircraft spaced 
so that pilots may keep their eyes diverted from the 
leader for long periods of time and still not risk col­
lision or loss of position. Since the tail sector is the 

most vulnerable area and the most difficult to cover 
visually, the necessity of placing aircraft nearly abeam 
of each other for astern lookout is also apparent. For 
lookout only, the farther apart they are, the better 
coverage of the tail sector of the aircraft abeam. How­
ever, too great a distance apart renders mutual assis­
tance impossible, even when early sight contact is 
made. Positioning aircraft in combat spread formations 
is necessarily a compromise. 

Target factors affecting visual detection range are: 

a. Contrast of the target against its background 

b. Distance and altitude 

c. Target cross sectional size 

Generally, the visual detection range for operational 
closing velocities (300-500 kts) will be approximately: 

a. Low contrast, small fighter 2 to 3 miles 

b. High contrast, small fighter About 5 miles 
c. Medium contrast bomber 20 miles or greater 
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An effective lookout doctrine provides mutual cross 
coverage for both members of the Bight. To provide 
effective cross coverage requires a systematic visual 
scan, and a coordinated radar search pattern. The tech­
nique of effective scanning requires constant practice 
which will improve visual acuity and ability to see 
targets that otherwise might pass undetected. In order 
to insure detection at maximum distance, an effective 
visual search pattern must be used. The eyes should 
be focused on a point beyond five miles such as picking 
out an object on t~ ground. With this focal point, the 
depth of field approximates a range of one mile to 
infinity. The most significant effect gained from em­
ploying definite search patterns and recommended 
techniques is the increase in detection rates by all Bight 
members. Use of good search techniques must be con· 
stantly practiced by all members of the flight in order 
to attain and maintain optimum effectiveness in com­
bat. When enemy aircraft are sighted, they must be 
kept in sight. At high altitudes particularly, glancing 
away after sighting nearly always results in loss of the 
contact because of slight changes in position of the 
contacts, or more likely, changes in the focus of the 
eyes. The term "padlock" means "I will keep the 
enemy in sight," and "I have the lead." When one 
group of enemy planes has been sighted, there is a 
good pdssibility that others are in the area and the 
lookout should be intensified by those not in sight con­
tact with the first enemy group. Nothing is worse than 
to counter one attack successfully and be jumped from 
the rear by a second enemy group that was not seen 
prior to the attack. The difficulty of gaining sight con­
tact on an enemy at high altitudes is considerable, even 
when the approximate bearing is known. The develop­
ment of airborne radar for target acquisition has been 
a major advancement and a must in modern aerial 
warfare; however, there is no substitute for an alert 
lookout by all members of the flight. If visual spotting 
is to be at its best, a combat formation must be flown 
wings level as much as possible. When a flight is turn­
ing, pilots tend to concentrate on the mechanics of 
maintaining position instead of looking around. 

MANEUVERABILITY 

A combat formation must possess a high degree of 
maneuverability. It is ineffective to spot the enemy 
expeditiously if the attacking formation scatters on the 
first turn. Conversely, the most maneuverable of all 
formations, the column, is obviously unsuitable for 
combat because of its poor lookout capability. Here 
again, a compromise of some sort must be made. 

INTERNAL CONTROL 

The problem of maintaining the integrity of any for­
mation in a combat situation is one of prime impor­
tance. No system yet devised will assure constant 
control by the flight leader; nor has one been found 
that does not break down somewhat in an engagement. 
However, the longer the team can be kept together 
without compromising any of the other essential ele­
ments, the better is its offensive or defensive potential. 
The desired basic combat formation is one which does 
not break up readily and which has sufficient offensive 
or defensive potential to function as a unit. 

INDIVIDUAL MANEUVERS 

INTRODUCTION 

To understand fighter vs fighter combat, a complete 
knowledge of spatial relationships is necessary. Many 
pilots believe there are an infinite number of situations 
and solutions in a given tactical encounter. Such is not 
the case! The field in which a fighter pilot must operate 
is three-dimensional and finite. The pilot must be able 
to visualize this area and must know the basic combat 
maneuvers which can be employed to use the area to 
his tactical advantage. 

Two concepts, important to visualizing the area of sky 
in which combat takes place, must be understood. 
These are the concepts of the egg-shaped spheroid and 
of the two parallel straight lines. 

As the name implies, the field of the egg-shaped 
spheroid resembles an egg, with an elongated North­
ern hemisphere (figure 1-3). The spherical shape is a 
result of a maneuvering fighter's turn and velocity 
capability while operating through three dimensions. 
The elongation results from the effect of gravity ( lg). 
The pilot has complete control over aircraft turn and 
velocity and can learn to effectively use the effects of 
gravity to advantage. 

To gain the advantage in a fighter vs fighter situation, 
turn and/or velocity must be changed with respect to 
the opponent. Either, or both, can be accomplished by 
employing a two-dimensional maneuver through three­
dimensional space, or by employing a three-dimensional 
maneuver. The pilot who can best visualize turn, 
velocity and g effects in terms of the egg-shaped 
spheroid has a distinct advantage (remember the op­
ponent is operating in a different egg-shaped field). 
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The concept of the two parallel straight lineS can be 
demonstrated by imagining that the lines are two iden­
tical lengths of flexible wire lying on a table. The left 
end of each wire is fixed, but the right end of each is 
movable. If a loop is formed in one of the wires, a 
three-dimensional bend is produced and the wire has, 
in effect, been shortened. This example can be directly 
related to an aircratt executing a barrel roll. The 
forward velocity vector is decreased and the aircraft 
is displaced laterally in space. See figure 1-4. 

Concept of Two Parallel Lines 

AZ-311-6-68 

figure J -4. Concept of Two Parallel linea 

These two elementary concepts are the true basis of 
air combat maneuvering and must be kept in mind as 
the various combat maneuvers are explained. 

As discussed on the following pages, individual maneu­
vers consider the opposing aircraft to have essentially 
similar performance. When engaging aircraft with 
dissimilar performance, the performance capabilities of 
the opponent must be known and maneuvers selected 
which exploit his weaknesses and your advantages. 
Later this subject will be discussed in detail. 

THE AnACK 

The purpose of the attack is to get within the enemy's 
angular velocity cone. As you attack, expect the enemy 
to perform a defensive turn into the attack to rotate 
his angular velocity cone away. If you attempt a pur­
suit curve attack from long range, angle-off will in­
crease and g will continue to build as range is decreased. 
As you attempt to decrease angle-off, expect the enemy 
to tighten his turn to prevent it. If the attack is con­
tinued in the plane of the enemy's turn, you may slide 
through his flight path and to the opposite side of the 
angular velocity cone. Under these circumstances, 
expect the enemy to counter with a turn reversal. 

To prevent an early overshoot do not continue to fly 
a pursuit curve after the enemy initiates his defensive 
turn. Instead, attempt to generate a rate of turn almost 
equal to his. Do not match or exceed his rate of turn, 
or you will be in front of him after 180° of turn. Keep 
your fuselage nearly parallel to the enemy's and your 
flight path in the same relative direction. This prevents 
a large increase in angle-off and as firing range is ap­
proached, your position is nearer the enemy's angular 
velocity cone. To counter, the enemy is forced to tight­
en his turn much sooner and must maintain a max­
performance turn for a longer period of time while 
attempting to force an overshoot. This costs the enemy 
airspeed, a loss of angular velocity, and a loss of future 
maneuvering potential as you close to firing range. As 
a result he has a more difficult time generating an 
overshoot and possible subsequent scissors. If the enemy 
exercises good judgment and excellent stick and rudder 
technique, he still may force an overshoot as the attack 
is pressed in the plane of his turn. To prevent an 
overshoot, yo-yo off if unable to stay inside his turn 
radius. 

HIGH YO-YO 

The high yo-yo is an offensive tactic in which the 
attacker maneuvers through both the vertical and 
horizontal planes to prevent an overshoot in the plane 
of the enemy's turn. The yo-yo is used to maintain an 
offensive advantage by maintaining nose to tail separa­
tion (figure 1-5). The moment you realize you can't 
stay inside the enemy's turn radius, roll slightly away 
from the turn and pull through the vertical plane. The 
purpose of this action is to reduce your turning com­
ponent and vector velocity with respect to the plane 
of the enemy's turn. For maximum effectiveness, main­
tain back pressure and use rudder as primary control 
for directional change in the vertical plane. For proper 
perspective, this means that you roll toward the ver­
tical plane just enough to provide an angle of bank 
smaller than that of the enemy's. Your flight path will 
describe an arc through both the vertical and horizon­
tal planes (assuming the defender is turning, more or 
less through the horizontal plane) and you will be able 
to maintain nose-tail separation while turning inside 
the enemy. The control technique employed- back 
pressure with rudder as the primary control for direc­
tional change - not only allows you to reduce turn 
and velocity components to their smallest value, but 
also reduces your yo-yo apex. If rudder is not used as 
primary control for the roll into the yo-yo, you will be 
forced to relax back pressure, thereby increasing turn 
radius and velocity and decreasing induced drag. To 
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figure l-5 

maintain nose-tail separation and prevent a turn over­
shoot in this event, you will be forced to yo-yo to a 
higher apex point. This provides the enemy the option 
of diving away to gain separation and, of course, places 
you in an overhead attack with a negative delta Mach. 
If you attempt to employ ailerons and maintain back 
pressure, you may be forced into an overshoot and be 
caught in a scissors maneuver. 

If the high yo-yo is used correctly, nose-tail separation 
will be maintained with little vertical displacement 
(low apex). You need only to roll off or slide down to 
the enemy's six-o'clock position. 

If you have little nose-tail separation, employ a roll­
off (barrel roll away from direction of turn). The roll 
reduces vector velocity along the axis of the roll which 
provides separation and thus prevents a possible over­
shoot. To perform the roll-off successfully, continu­
ously release back pressure as you roll from 90° to 
the inverted position- 180° -then gradually increase 

back-pressure as you approach the 270° point. Con­
tinue the increase of back pressure until the 360° 
point. From the 180° through to the 360° point, 
employ top rudder. If this stick and rudder technique 
is not used, you may roll underneath the enemy in an 
obvious overshoot, which will seriously compromise 
your offensive advantage. The high yo-yo is not always 
the ultimate in countering a perfectly-executed defen­
sive turn and a follow-up scissors. If the yo-yo is too far 
behind or too high, the enemy can relax g, light after­
burner and dive away for separation. This leaves you 
in an overhead attack with a negative delta Mach. If 
you yo-yo high and maintain very little nose-tail 
separation, the enemy can pull up into the attack and 
secure a six-o'clock low position. If the high yo-yo is 
perfectly executed, the enemy still has an out if he ex­
ercises excellent judgment and skillful technique. 

To counter your high yo-yo, the enemy must first play 
the attack in an attempt to force an overshoot (figure 
1-5A). Naturally, he will expect you to yo-yo high to 
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figure J-5A 

maintain the advantage. He must now determine your 
relative position and attitude before making his next 
move. If you generate extreme vertical separation, the 
enemy must immediately relax g, light afterburner, and 
dive 180° away. If your high yo-yo is executed prop­
erly, the enemy has little opportunity to dive away. If 
he pulls up, he will position himself at twelve o'clock, 
and if he maintains his turn, he will dissipate his air­
speed and angular velocity. You will then merely slide 
down to his six o 'clock position and finish him off. To 
further understand the counter which the enemy must 
employ, let's examine the spatial relationships in­
volved. Although you obtain a favorable position with 
nose-tail separation and a low yo-yo apex, you are not 
in the enemy's angular velocity cone so cannot deliver 
weapons at this instant. If the enemy takes no action, 
you will soon be in the proper position for weapons de­
livery. Realizing this, the enemy knows his salvation 
lies in maneuverability-airspeed and angular velocity. 
Therefore, when you yo-yo off, he must relax g and 
maintain his angle of bank. As a result, his nose will 
drop slightly below the horizon, thus maintaining his 
maneuvering airspeed. Upon observing the greater 
turn radius and the nose-down condition, you have 
the option of maintaining the yo-yo apex or attacking 
the descending enemy. It is obvious that you must 
press the advantage. If you do not, the enemy will 
increase separation and place you in an undesirable 

overhead position with a negative delta Mach. Know­
ing this, you drop the nose and attempt to set up for 
the attack. Observing your commitment, the enemy 
employs top rudder · and back pressure to pull up into 
the attack. If he waits for the commitment and count­
ers correctly, you will be placed in a nose-low condi­
tion, while he has a nose-high attitude. In relation to 
the enemy's, your airspeed will be higher and your 
rate of turn will be less. At the same time, since you 
are approaching the horizontal position and the enemy 
the vertical position, your radial g (with respect to 
total g) is less than the enemy's. This means that your 
radius of turn must be greater (radius of turn =fighter 
velocity squared divided by rate of turn). The result 
is obvious; you will be forced into an overshoot, below 
and forward of the enemy's line of flight. To gain the 
offensive, the enemy need only roll-off or slide down 
to your six-o'clock position. Once again, if the enemy 
has little nose-tail separation, and enough vertical dis­
placement, he should employ the roll-off in order to 
achieve an advantage. 

To successfully maneuver against the enemy's counter­
ing pull-up, you must keep in mind the relationships 
involved: the pull of one-g gravity causes your airspeed 
and turn radius to increase with respect to the enemy 
(figure 1-SB). Therefore, your best course of action 
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lies not in turning, but in maintaining an airspeed ad­
vantage. At the instant you observe the enemy's rolling 
pull-up, roll one quarter turn away from his line of 
flight. This action will maintain nose-tail separation. 
At the same time, begin a smooth pull-up behind the 
enemy's line of flight. Play the pull-up so the enemy's 
original altitude is not overshot. (An overshoot here 
would be the same as an overshoot in the horizontal 
plane before executing a high yo-yo) . Since you started 
from a high position, your airspeed at the bottom of 
the pull-up will be greater than the enemy's at the same 
level, with a consequent advantage. If the enemy con­
tinues his pull-up, zoom above and roll behind him­
the airspeed advantage has paid off. If the enemy at· 
tempts to dive away, cut off through the horizontal 
plane and move into 'his six-o'clock position. 

The enemy can counter your one quarter roll-away. 
When near the bottom of your pull-up, your airspeed 
is max; while the enemy, near the top of the zoom, has 
minimum airspeed. You have nose-tail separation but 

have also generated lateral separation in the vertical 
plane. To counter, the enemy must rotate his angular 
velocity cone away from you. To do this, he turns from 
a nose-high to a nose-low position, through the vertical 
plane, into the attack. This places him in a nose-low, 
nose-quarter attack, with his airspeed increasing while 
yours is decreasing. He now relaxes g, lights after­
burner and dives for separation in an escape maneuver. 
To acquire a six-o'clock position, you must turn 180° 
through the vertical plane, meanwhile continuing to 
dissipate airspeed. By the time the maneuver is com­
pleted, you are in an overhead attack with a negative 
delta Mach, well outside gun range. 

BARREL-ROLL ATTACK 

The high-speed yo-yo appears to be an excellent offen­
sive maneuver to use any time you have a rate of closure 
and cannot match a countering defensive turn. Gen­
erally, this is true; however, in a situation in which the 
attack is at high angle-off (40° or more) and long 
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range ( 10,000 feet or more), use of the high yo-yo is 
questionable. Under these circumstances, the yo-yo 
would require an extremely high apex to maintain 
nose-tail separation and to stay inside the enemy's turn 
radius. Naturally, if this occurs, expect the enemy to 
immediately dive for separation and airspeed. You are 
then in an overhead attack with a negative delta Mach 
and must initiate a new attack. Noting this, the enemy 
turns into the attack and generates a high angle-off at 
long range, and forces you into another yo-yo with 
high vertical displacement. Once again, you start a 
new attack and the process repeats itself. The result is 
obvious: if the enemy counters each attack successfully, 
little additional advantage is gained and a stalemate 
exists. The purpose of the barrel-roll attack is to pre-

lvent this stalemate from developing. The barrel-roll 
attack is illustrated in figure 1-SC. 

Geometric examination of a high angle-off, long­
range attack reveals that the yo-yo is not the best 
maneuver to use. Instead, a maneuver is required which 
reduces angle-off and permits you to slide into the 
enemy's angular velocity cone, without his being able 
to gain longitudinal separation. As previously stated 
in the introduction to fighter maneuvers, it is possible 
to reduce turn and velocity by two methods: ( 1) 
through both the vertical and horizontal planes by 
employing a two-dimensional maneuver (yo-yo), or 

Barrell Roll Attack 

-=~----------

,_ .. ..-~~·· 

(2) maneuver through both the vertical and horizon­
tal planes by employing a three-dimensional maneuver 
(barrel-roll). Thus far, emphasis has been on the first 
method. Now, both methods will be employed to 
reduce airspeed and angle-off, then to regain airspeed 
to prevent longitudinal separation. 

How is the three-dimensional concept applied? If you 
barrel-roll in the plane of the opponent's turn, your 
vector velocity is reduced along the axis of the roll. 
However, the roll will provide a line of flight tangent 
to your intended turn, which increases angle-off and 
improves the possibility of an overshoot. If the roll is 
conducted in the vertical plane-combined with a high 
yo-yo-there is a different result: ( 1) there is less verti­
cal displacement than in an ordinary yo-yo because 
vector velocity along the axis of the roll, in the vertical 
plane, is diminished; (2) component velocity, in the 
plane of the enemy's turn, is diminished as a result of 
the yo-yo and the roll; (3) aircraft velocity is greater 
as a result of the lower yo-yo apex and the shortening 
effect which the roll has on the velocity vector in the 
plane of the enemy's turn. The shortening effect dimin­
ishes your rotation angle through the vertical plane. 
This provides less speed decay, hence greater aircraft 
velocity is maintained; and (4) there will be no over­
shoot as a result of the roll, since the roll is not con­
ducted in the plane of the enemy's turn. If the yo-yo 

• 
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with a roll is started below the enemy, the opportunity 
to gain a favorable position is increased. By starting 
from an inside-low position, you lower the apex of the 
maneuver. This provides the enemy less opportunity 
to gain separation. The problem is to be able to apply 
this concept of turn and velocity against the enemy. 

To set up the maneuver, dive below and inside the 
enemy's defensive turn. Assume that you have the 
range/angle-off relationship specified above, and a dive 
be~ow will provide some additional airspeed. However, 
thts will not increase vertical displacement above the 
enemy, since airspeed can be easily killed during the 
forthcoming rotation through the vertical plane. If 
you approach the target from below and at a high 
angle-off, continue to cut off in an attempt to reduce 
angle-off until reaching the pullup point. Pull up on 
the inside of the enemy's defensive turn, then barrel­
roll away from the turn; ie, if the defensive turn is to 
the left, roll right; if the turn is to the right, roll left. 
The roll is not a high g barrel-roll (you are trying to 
kill vector velocity, not aircraft velocity). As you roll 
nose-high through the inverted position, play back 
pressure and kick bottom rudder to obtain a nose-low 
270° change of direction (see figure 1-5). From the 
inverted position to the 270° point of the roll, 1g 
gravity assists in gaining a rapid change of direction 
toward the enemy's six-o'clock position. If the entire 
maneuver, from pullup through the roll, is on the in­
side of the enemy's defensive turn, you will be above 
him, at a reduced angle-off and in position to dive 
below his line of flight to six-o'clock low. Longitudi­
nal separation will not be great, for two reasons: 
(1) Vector velocity is reduced, but a higher aircraft 
velocity is retained; and (2) the entire maneuver is 
performed inside the enemy's turn radius. 

There may appear to be certain alternatives to counter 
the barrel-roll attack, such as a high g roll by the enemy 
when you perform the 270° change of direction, or a 
pullup under the same circumstances. The high g roll 
is ineffective because it causes the enemy's line of 
flight to be tangent to his defensive turn. In addi­
tion, his vector velocity will be reduced. As a result, 
you can easily play his maneuver to slide toward his 
six-o'clock position and have less longitudinal sepa­
ration. The pullup is ineffective, since you are not 
committed to a nose-low position when rolling from 
the inverted position. Instead, top rudder may be used. 
Since the enemy must roll away from his defensive 
turn to execute a pullup, you have sufficient longi­
tudinal separation and time to play top rudder to roll 
toward his six-o'clock position. The only effective 
counter against a properly executed barrel-roll at­
tack is a dive for separation and airspeed. The mo­
ment you start the pullup, the enemy should turn nose­
low toward the pullup, relax g, light afterburner and 
dive for separation. This forces you to perform a 180° 
change of direction in the vertical plane even though 
you use the roll-away. If considerable g is pulled to 

acquire this change of direction, airspeed diminishes 
considerably with respect to the enemy. If you play 
the maneuver with less g, vertical displacement is 
greater. In either case, you are in an overhead attack 
with a negative delta Mach. 

To maneuver against the enemy's counter, deception 
may be employed. The purpose of deception is to 
prevent the enemy from diving for separation. Instead 
of pulling up inside the enemy's turn from an inside­
low position, pullup to the outside of his turn, thus 
maintaining nose-tail separation. To the enemy, this 
appears as an overshoot. Therefore, expect him to 
reverse nose-high, in an effort to scissor you forward. 
However, if you play the maneuver properly- over­
shoot and zoom- this will be impossible. You have 
the advantage in terms of airspeed, nose-tail separa­
tion, and a high rotation angle in the vertical plane. 
This means that you may zoom above and behind, 
but outside the enemy's turn. He will be unable to 
match your zoom. If the enemy reverses (he most 
likely will), you will be above, behind, and to the 
inside of his turn. This will reduce vector velocity, 
provide nose-tail separation and permit a roll down 
toward his six o'clock position. He will be in a poor 
position to counter, since his airspeed and angular 
velocity are diminished as a result of his turn and nose­
high reversal. Should he attempt to pull up into you, 
employ top rudder and roll-off toward his six-o'clock 
position. If he dives away, employ bottom rudder on 
your roll-off to prevent separation. In either ase, you 
will be in a favorable position. If the enemy does not 
react with a reversal to counter the overshoot and roll­
off, but instead dives away for separation, he will place 
you in an overhead attack with a negative delta Mach. 
The separation from this barrel-roll attack will be 
greater than from the one conducted on the inside of 
the turn. It is difficult to determine which attack is best. 
However, if the enemy's conditioned reflexes are ori­
ented toward a scissors maneuver in the event of an 
overshoot, employ the outside method; if not, employ 
the inside method. 

The barrel-roll attack, or roll-off maneuver, need not 
be limited to the conditions specified above. It may be 
employed at shorter ranges and lower angles-off. The 
purpose is to reduce rate of closure and angle-off so 
that the enemy has little opportunity to gain separation. 
It is particularly effective when the enemy has superior 
turning performance. 

LOW YO-YO 

Assume you are at six o'clock, at long range, without a 
rate of closure. To gain a more favorable position, you 
must be able to cut off and close upon the enemy, and 
this is the purpose of a low yo-yo (figure 1-5 D ) . To 
employ the low yo-yo when in a turning fight, simply 
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Figure J-50 

maintain bank and lower the nose to the inside of the 
turn. You are now turning through both the vertical 
and horizontal planes. The pull of gravity increases air­
craft velocity, thus increasing turn radius through the 
vertical and horizontal planes; however, in the hori­
zontal plane, the plane of the enemy's turn, your turn 
radius is decreased (in this plane, turn radius is only a 
component of actual turn). As you turn below and in­
side the enemy, angle-off and airspeed increase and your 
distance decreases along the horizontal" plane. To pre­
vent an overshoot, you must pull up and zoom toward 
the enemy's six-o'clock position. The entire maneuver 
must be accomplished prior to reaching the enemy's 
line-abreast position. If done correctly, you will be at a 
reduced angle-off and at a diminished range. If still not 
in a lethal position, repeat the process. You gain an 
advantage in employing this maneuver, because air­
speed loss is less than the airspeed lost by the enemy 
(assuming he is in a level turn). When you dive to the 
inside, airspeed increases and angle of attack decreases. 
The increased airspeed provides greater airflow mass to 
the engine, hence the engine generates more thrust. 

The decreased angle of attack reduces induced drag and 
as a result, in the dive portion of the maneuver, you 
not only have an airspeed advantage, but also a thrust 
advantage. On the pullup to the horizon, angle of 
attack and induced drag increase. This prevents any 
further increase in airspeed. However, at this point, 
you still have a considerable airspeed advantage. In 
the zoom portion of the maneuver, the pull of one-g 
gravity starts to diminish airspeed, and the loss of 
airspeed starts to increase angle of attack; however, 
the angle of attack is less than the enemy's because of 
the greater radial g available in the vertical and hori­
zontal plane as compared to the horizontal plane alone. 
Because of this, less airspeed is lost in a low yo-yo than 
is lost in a horizontal turn through the same distance. 
Therefore, you gain a more favorable position even 
though you fly through a greater distance. 

If you employ afterburner, the maneuver is even more 
effective, even though the enemy may counter in a like 
manner. The afterburner can best be used during the 
descent and zoom portion of the yo-yo, not during the 
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pullup to the horizon. If afterburner is used from pull­
up to the horizon, the component of afterburner thrust 
acts in the same direction as the pull of gravity. Unlike 
max-power in a horizontal turn, this causes a wider 
arc during the pullup which may reduce effectiveness 
of the maneuver. On the other hand, if considerable 
longitudinal separation exists, and the low yo-yo may 
be performed inside the defender's turn, employ after­
burner throughout the entire maneuver. This will 
quickly reduce range and permit a zoom into the 
enemy's angular velocity cone. 

The enemy cannot effectively counter a properly­
executed low yo-yo by tightening his turn, by initiat­
ing a reversal, or by performing a high g barrel-roll. 
If he tightens his turn, he dissipates airspeed rapidly 
to a point where he reduces angular velocity and in­
creases his turn radius. You can then zoom toward his 
six-o'clock position without difficulty. You may even 
play the zoom out of a low yo-yo so that you overshoot 
his flight path in the horizontal plane. If he reverses, 
you roll off in a direction opposite his turn and toward 
his six-o'clock position. If he initiates a reversal as you 
start the low yo-yo, he will be turning away from the 
attack, hence rotating his angular velocity cone toward 
you. Simply pull up on the inside of the reversal and 
maneuver toward his six-o'clock position. The reversal 
allows you to reduce more g than is possible against a 
tight turn, and as a result rate of closure increases en­
abling you to gain a favorable position more rapidly. 

To counter a low yo-yo, the enemy must rotate his 
angular velocity cone away from you. In other words, 
he must turn into the plane of the attack. An obvious 
countermeasure appears to be a diving turn the instant 
you begin your low yo-yo. This rotates the enemy into 
the plane of the attack and cancels a possible low yo-yo. 
Of course the fight will be forced to the deck rather 
quickly. If the enemy rolls out of the turn, you will be 
positioned at six-o'clock. Thus the enemy receives only 
a respite from a stalemate situation. The enemy must 
not only rotate his angular velocity cone away, but must 
also do it in such a manner as to completely nullify 
your low yo-yo. He can accomplish this in the following 
manner: the enemy allows you to dive below and in­
side his turn until you begin a pullup. At this point he 
is in no immediate danger, since you are diving away 
from his angular velocity cone. As you begin to pull­
up from a nose-low attitude, the enemy rolls away from 
his turn and zooms in the vertical plane in a banked 
attitude. By this action, he rotates his angular velocity 
cone toward your line of flight. Observing this, you 
continue the pullup in an effort to move toward his 
six-o'clock-low positi~n. By the time the nose reaches 
the horizon on your pullup, the enemy will be nose­
high in a bank toward you with considerably less air­
speed than yours. At this point he rotates his angular 

velocity cone away from you by turning from a nose­
high to a nose-low position, through the vertical plane, 
into the attack. This places the enemy in a nose-low, 
nose-quarter attack with his airspeed increasing while 
your airspeed is decreasing. He now plays his action 
according to your intentions. If you continue the zoom 
and turn 180° through the vertical plane without cut­
ting off, the enemy relaxes g, lights afterburner and 
dives for separation. This places you in an overhead 
attack with a negative delta Mach. On the other hand, 
if you cut off and overshoot him in the vertical plane, 
he may employ a different counter, the vertical rolling 
scissors. · 

COUNTERING THE OVERHEAD ATTACK WITH 
A NEGATIVE DELTA MACH 

In discussing previous maneuvers, many situations 
have been encountered in which the enemy dived for 
separation to gain maneuvering airspeed, thus placing 
you in an unfavorable position for an attack-overhead, 
with a negative delta Mach. Possible counters to this 
attack will now be discussed. 

To elude you, the enemy need only rotate his angular 
velocity cone away from your line of flight. Against 
an overhead attack with a negative delta Mach, he may 
accomplish this in two ways: 

a. Pull up from a nose low attitude, followed by a 
zoom in the vertical plane; or 

b. Pull up to the horizon, wings level, and perform 
a defensive turn. 

The moment the enemy observes you lining up for a 
possible missile shot, he pulls up and zooms in the 
vertical plane. Faced with this counter, you have two 
alternatives: ( 1) Cut off, in an attempt to secure a 
six-o'clock-low position as the enemy zooms through 
the vertical plane, or (2) do not cut off, but By the 
same relative flight path as the enemy. If you are not 
careful, you will be enticed into a cutoff. This is what 
the enemy is actually hoping and waiting for. If you 
cut off, you do not take advantage of the pull of 
gravity to build up airspeed; therefore, airspeed at the 
bottom of your pullout, will be less than the enemy's 
at the bottom of his pullout. The cutoff and the result­
ing lower airspeed force you to reduce rotation angle 
in the vertical plane with respect to the enemy. You 
will be unable to secure a six-o'clock position and 
will be forced to accept a smaller rotation angle, hence 
a flight path overshoot in the vertical plane. Mean­
while, the enemy with his airspeed margin, can pull 
toward or past the vertical and execute a rolloff-not 
a loop-down toward your six-o'clock position. If you 
attempt to counter, by completing your zoom and 
rolloff, you will lose out because of your lower initial 
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airspeed on the first cutoff with the resulting smaller 
rotation angle. The defender will quickly gain an 
advantage and move toward your six-o'clock position. 
If you had not cut off on the initial pull up and zoom, 
but had pulled up and zoomed through the same arc 
as the enemy, you would not have lost the advantage. 
As the enemy reached the near vertical, you would be 
near six-o'clock. This means that he would be unable 
to successfully roll off and gain a six-o'clock advan­
tage, since he would not have an overshoot in the ver­
tical plane. If he did roll off, you would simply follow 
and gain a more favorable position. To prevent this, 
the enemy must turn 180° through the vertical plane 
and once again relax g and dive for separation. You 
will then be faced with the choice of attempting to 
cut off or to zoom past the enemy through the same 
turning point to complete a 180° change of direction. 
If you attempt to cut off and overshoot in the vertical 
plane, the enemy may employ the vertical rolling scis­
sors as a counter. On the other hand, if you do not cut 
off, the overhead attack with a negative delta Mach 
will be repeated once again. To counter this second 
attempt, the enemy may execute the second alterna­
tive, a pullup to the horizon and a defensive turn, 
left or right. If you press the attack in a curved plane 
whicq intercepts the enemy's turn, you will perform a 
nose-low spiral. As range diminishes, your airspeed 
and g will build up. The enemy will tighten up his 
defensive turn as your range diminishes. If the attack 
is continued, the nose-low spiral will force you into 
an overshoot below the enemy. The result is obvious. 
The enemy simply rolls off and maneuvers toward your 
six-o'clock position. If you attempt to yo-yo out of 
the nose-low spiral before overshooting below the 
enemy's flight path, you must roll wings-level in 
order to pull up and zoom in the vertical plane. This 
maintains nose-tail separation, but it also provides 
lateral separation for the enemy. In this instance, the 
enemy has taken the advantage. After rolling wings­
level you have a nose-low attitude while the enemy 
has a nose-level attitude. This means that you must pull 
up from this attitude to nose-level before zooming in 
the vertical plane. This may cause you to overshoot the 
enemy's flight path before you can execute the zoom. 
If, during your pullup and zoom, the enemy counters 
with a nose-high reversal, he will diminish his hori­
zontal component. The result is obvious: you are 
forced in front by your pullup and zoom. The enemy 
will be in position at six-o'clock low. 

MANEUVERING FROM AN OVERHEAD ATTACK 
WITH A NEGATIVE DELTA MACH 

As previously discussed, you may expect two possible 
counters to an overhead attack with a negative delta 
Mach: ( 1) A pull up from a nose-low attitude, fol­
lowed by a zoom in the vertical plane, or (2) a pullup 
to the horizon, wings level, followed hy a defensive 
turn left or right. The purpose in discussing the 

overhead attack with a negative delta Mach is to point 
out maneuvers which can be used against either one of 
these counters. 

As previously stated, if the enemy counters with a 
pullup from a nose-low attitude with a zoom in the 
vertical plane, you should fly the same relative flight 
path. By so doing, you force him to turn 180° 
in the vertical plane in an attempt to gain longitudinal 
separation. Geometrically examining this situation 
shows that you have an apparent choice of either 
cutting off the enemy in the vertical plane, or zooming 
past him through the same turning point to complete 
a 180° change of direction toward his six-o'clock posi­
tion. If you attempt to cut off and overshoot the 
enemy's descending flight path in the vertical plane, 
expect him to counter with the vertical rolling scissors. 
This will cost you the offensive advantage. If you do 
not cut off, the overhead attack with a negative delta 
Mach will be repeated once again, and you will gain 
little additional advantage. To prevent either situa­
tion from occurring, employ a barrel-roll (roll away) 
in the vertical plane, as you start past the descending 
enemy. This will reduce the apex of your zoom, be­
cause vector velocity (along the axis of the roll) in the 
vertical plane is diminished. As a result, you will roll 
away through a 180° change of direction to a position 
at the enemy's six-o'clock-low position in the vertical 
plane with much less longitudinal separatiO'.t. If the 
enemy repeats the pullup and zoom, followed by a 
180° turn in the vertical plane, repeat the process to 
gain an even more favorable position. You may then 
set up for missile or 20mm cannon attack. To counter 
the roll-away, the enemy need only add back-pressure 
and roll toward the roll-away, or dive for whatever 
longitudinal separation he can get to employ his sec­
ond alternative. If he rolls toward the roll-away, you 
will be at a high angle-off in the vertical plane. To 
maneuver out of this position, you must roll 180° to­
ward the enemy's flight path. Meanwhile, the enemy 
can relax g, dive for separation and attempt his second 
alternative. 

If the enemy counters with a pullup to the horizon, 
wings level, with a defensive turn left or right, you 
must not launch an overhead attack in a curved plane 
against the rim of his horizontal turn. If you descend 
inside the turning circle, you are not committed to 
generate a turn rate less than, and a turn radius greater 
than, the enemy, as would be the case if you had 
initiated a pursuit curve attack. By descending inside 
the horizontal circle you describe a nose-low spiral in 
which rate of turn, along the horizontal axis, is gov­
erned by the spiral or roll rate along the vertical axis. 
Radius of turn along the horizontal axis is governed 
by the slope of your descending spiral. If you increase 
roll rate (in the spiral) and steepen the spiral, horizon­
tal turn rate increases and horizontal turn radius de­
creases. In effect, you will be pirouetting down the axle 
of the enemy's horizontal turn, which will cause an 
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excessive buildup of velocity for your forthcoming 
maneuver unless power is reduced. As you pull well 
inside and below the enemy's turning circle, roll out of 
the spiral and execute a pullup and zoom toward the 
enemy's six-o'clock position. (In other words, employ 
a variation of the low yo-yo.) If your airspeed is exces­
sive and it appears that the resulting zoom may force 
you too high and/or to the outside of the enemy's 
turning circle, simply employ the barrel-roll attack. 

To counter the inside-low maneuver (the low yo-yo or 
the barrel-roll attack) out of the overhead attack with 
a negative delta Mach, the enemy can employ the 
counters suggested for a low yo-yo and/or for the 
barrel-roll attack. 

THE VERTICAL ROLLING SCISSORS 

The vertical rolling scissors is a defensive, descending, 
rolling maneuver in the vertical plane (figure 1-5E) . 
The purpose of this maneuver is to gain an offensive 
advantage if the enemy overshoots your flight path, and 
slides through your angular velocity cone while de­
scending in the vertical plane. The following situations 
may be used to set the stage for employing the maneu· 
ver: ( 1) At high altitude, when you have a high Mach 
with a low indicated airspeed. In this case, you will be 
forced to perform a descending defensive turn to main· 
tain future maneuvering potential. If the enemy, with a 
fair rate of closure, thinks you are attempting to gnin 
separation, he may cut off in an effort to prevent it. 
Since his airspeed is higher, his radius of turn during 
the cutoff will be greater than yours. As a result, he can 
be easily forced to overshoot your descending flight 
path. ( 2) In a zoom maneuver in which the enemy is 
attempting to approach your six-o'clock position. Ob· 
serving the enemy's position, use the pull of gravity 
and execute a 180° turn through the vertical plane in 
an effort to gain separation, thus placing the enemy in 
an overhead attack with a negative delta Mach. In an 
effort to prevent this, the enemy ·cuts off. During the 
cutoff, his radius of turn is greater than yours because 
of his higher airspeed, and as a result he overshoots 
your descending flight path. ( 3) A six-o'clock-low at· 
tack, in which the enemy is approaching his pullup 
point. Observing the enemy execute one of two maneu­
vers: An immediate defensive turn down into the at· 
tack, or a pullup and zoom followed by a 180° turn in 
the vertical plane down into the zooming enemy (this 
is the same procedure used as a counter to the low yo· 
yo). If in either of these cases, the enemy attempts a 
substantial cutoff he can be forced to overshoot your 
descending flight path. 

With the stage set, the mechanics of the vertical rolling 
scissors can now be discussed. Assume that you are 

zooming in the vertical plane with the enemy initiat· 
ing a pullup toward your six-o'clock position. Observ­
ing the enemy's position, turn 180° through the verti­
cal plane, down into the attack in an apparent attempt 
to gain separation. Observing this maneuver, the enemy 
knows he can either cut off or zoom and turn 180° 
through your turning circle. Since he knows that a 
turn through your turning circle will place him in an 
overhead attack with a negative delta Mach, he elects 
to cut off. Observing the cutoff, you know that the 
attacker will be performing his 180° turn through the 
vertical plane at a higher airspeed. Therefore, his turn 
radius will be greater and he will overshoot your 
descending flight path. At this time, reduce power to 
slow your rate of descent (you may use a little decep· 
tion here by momentarily lighting afterburner, then 
reducing power, to make it more apparent that you are 
trying to dive for separation) then wait until the 
enemy overshoots your flight path and is committed 
to a nose-low attitude. At this instant, come in with 

. back pressure and reverse-roll into the overshooting 
enemy. This will place you below the enemy and 180° 
out of phase, with a less nose-low attitude; hence, a 
lower vector velocity along the vertical axis. The 
enemy, noting that he is out of phase and is descend­
ing more rapidly than you are, will attempt to roll 
180° toward your descending flight path. Observing 
his roll, roll in the same direction. This prevents him 
from flying into your six-o'clock position. At the same 
time, it prevents him from reducing his nose-low atti­
tude. As a result, the enemy, with his higher vertical 
vector velocity, has rolled 180° out of phase, down and 
below you. You now have the advantage and need 
only roll into the enemy's six-o'clock position. 

The enemy can counter the vertical rolling scissors if he 
does not attempt to cut off your descending flight path 
when he has a substantial airspeed advantage. Instead, as he 
climbs past you in your dive, he should roll away or barrel­
roll to reduce hls ascending vertical vector velocity , hence 
hls yo-yo apex. This will allow him to complete his 180° 
change of direction with less vertical displacement and will 
position him at your six-o'clock position with less longi­
tudinal separation and less negative rate of closure. To 
maneuver for a firing position, he need only maneuver 
against any of · your forthcoming counters. It should be I 
noted that the F-8 cannot achieve an advantage over most 
Communist bloc fighters in a slow speed scissoring environ­
ment, either wing up or down. 

THE HIGH G BARREL-ROLL 

There may come a time in a tactical situation in which 
you find that you can nullify a missile attack but have 
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less success in countering a followup gun attack. You 
must possess a high degree of skill in maneuvering to 
counter an aggressive, skillfully-executed followup gun 
attack. Under these circumstances, even the most pro­
ficient fighter pilot may find himself in a serious defen­
sive position with an enemy at six-o'clock inside gun 
firing range. To get out of this situation, the enemy 
must be forced to overshoot your flight path. In other 
words, your angular velocity cone must be rotated in 
such a manner as to acquire lateral separation. Turn 
and velocity, married to the pull of gravity, determine 
the field of maneuver and your ability to rotate your 
angular velocity cone. You must employ these factors 
in proper perspective to gain an overshoot. This means 
that you must reduce turn and velocity more quickly 
than the enemy if he is to be forced out of your six­
o'clock position. From previous discussions, it is obvi­
ous that a barrel-roll type maneuver offers the best 
opportunity to quickly change direction and reduce 
vector velocity. When the enemy is at six-o'clock, in­
side gun firing range, you must perform a max­
performance or a high g barrel-roll to prevent him 
from matching your change of direction and reduction 
of vector velocity. Before initiating the maneuver, your 
only remaining problem is 'to determine in which direc­
tion the high g barrel-roll should be executed. To an­
swer this, assume that you are in a defensive turn with 
the enemy at six-o'clock under the conditions specified 
above. 

In an attempt to force the enemy to overshoot, you can 
either execute a barrel-roll over the top or a barrel-roll 
underneath out of your defensive turn. If you are at 
high speed (400 knots or more in the F-8), and perform 
a high g barrel-roll underneath, the pull of gravity will 
act in the same direction as your thrust vector. As a 
result, you will have considerable difficulty in reducing 
vector velocity much more rapidly than the enemy. 
If you perform a high g barrel-roll over the top, your 
thrust vector acts in a direction opposite the pull of 
gravity. In this case, you will reduce vector velocity 
much more rapidly than the enemy. It is obvious from 
this discussion that if you are in a high speed defen­
sive turn with an enemy at six-o'clock inside gun firing 
range, you should execute the high g barrel-roll over 
the top in order to gain an overshoot. 

If you do not have the speed necessary to execute the 
high g roll over the top, do not attempt to do so. The 
high angle of attack required to successfully accom­
plish the maneuver and the pull of gravity will cause 
speed to decay very rapidly. If you attempt to roll over 
the top, you will stall out and be unable to complete 
the maneuver. The enemy will set up at the six-o'clock 
position for an easy kill. With insufficient speed to 

execute a roll over the top, you should perform a high 
g roll underneath (in the F-8, this maneuver should be 
initiated with an airspeed of approximately 250 knots) . 
In this situation, you use the pull of gravity to success­
fully complete the maneuver. The induced drag gen­
erated by the high angle of attack required for the 
roll will provide a deceleration greater than the ac­
celeration generated by the pull of gravity. Hence, if 
you execute a high g roll underneath, you can still 
change direction and reduce velocity more rapidly 
than the enemy, since he must still maneuver with 
respect to you. Now that the use of the high g barrel­
roll, both over the top and underneath, is understood, 
the mechanics of each maneuver will be discussed. 

THE HIGH G BARREL-ROLL OVER THE TOP 

The high g barrel-roll over the top (figure l-5F) is 
used when an enemy is at six-o'clock inside gun firing 
range, and you are unable to shake him with a defen­
sive turn. More specifically, the enemy should be at a 
fairly close range of about 1,500 feet or less. If he is at 
a range much greater than this, the high g barrel-roll, 
because it rapidly reduced your velocity, will serve 
only to bring him closer toward your six-o'clock posi­
tion. You would be in a poor position to counter since 
you would have killed your maneuvering velocity. 

With these conditions in mind, the moment you real­
ize you cannot shake the enemy, execute the roll. To 
execute the maneuver properly, maintain back pres­
sure and start the roll over the top without releasing 
g. Ease in stick back pressure, pulling into the buffet, 
and at the same time feed in full rudder in the direction 
of the roll. As the aircraft rolls through the wings­
level position, the nose should be coming up through 
the horizon. Maintain full rudder and back stick so 
that the nose will be well above the horizon at the 90° 
position. The rudder controls the rate of roll and the 
stick controls the rate of deceleration. 

It is necessary to keep rudder fully applied throughout 
the roll, whereas stick back pressure must be decreased 
due to the rapid decay of airspeed. If the enemy has 
followed around the roll, he will be forced to the out­
side of your roll. At the 270° position he will be high, 
toward the rear, and outside the roll. Look for him 
high in the direction of the roll (if the barrel roll was 
to the left, look for him on your left). As you com­
plete the roll, strive to increase noseup attitude to 
further decrease your forward velocity vector. When 
the roll is properly executed and the enemy attempts 
to follow, he will be forced to the outside, below, and 
forward as the roll is completed. Simply roll or slide 
toward his six-o'clock position. 
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Figure l-5F 

Note 

The high g barrel-roll is an unbalanced flight 
maneuver. If any aileron is introduced, there 
is a chance of a departure and subsequent spin. 

To counter the high g roll, the enemy may attempt to 
yo-yo out the top of the roll or reverse-roll out the top 
in an effort to secure a six-o'clock position (figure 1-
5G). If the enemy yo-yo's out the top, he is attempting 
to reduce his vector velocity along the axis of the roll 
by yo-yoing in the vertical plane. In this way he can 
maintain a six-o'clock-high position after you complete 
the roll. Therefore, you MUST ascertain the enemy's 
position as you approach the 270° point of your roll. 
You will probably be unable to determine his position 
prior to this, since the yo-yo out, or the reverse-roll, 
places him in a blind spot, toward the underside of 
your aircraft. If, at the 270° point, you see the enemy 

toward the rear at the top of your canopy ("top of 
the canopy" means the enemy is in the horizontal 
plane when you are at the 270° point of the roll) 
he has performed a reverse roll. If he is in this position, 
do not complete the roll. Instead, perform a horizontal 
turn into the enemy and force him to overshoot, then 
dive for separation. This places the enemy in an over­
head attack with a negative delta Mach (do not at­
tempt a scissors, since you do not have the airspeed 
after performing the high g roll). If, at the 270° 
point of your roll you observe the enemy to be ex­
tremely high and to the rear (off the left side of the 
canopy in a high g roll to the left, or off the right 
side of the canopy in a high g roll to the right), turn 
180° through the vertical plane, under the enemy, 
relax g and dive for separation. To follow, the enemy 
must turn out of his nose-high yo-yo toward your 
six-o'clock position. This allows you to gain lateral 
separation and places the enemy in an overhead at­
tack with a negative delta Mach. 
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Figure J-5G 

THE HIGH G ROLL UNDERNEATH 

In discussing the high g roll underneath (figure l - 5H), 
assume that you are in a defensive turn with an enemy 
at six-o'clock, inside gun firing range. If you do not 
have the necessary airspeed to execute a high g roll over 
the top, you are committed to a high g roll underneath. 
With these conditions prevailing, immediately start 
the high g roll underneath in an effort to shake the 
enemy. Do not delay. Otherwise you will experience 
considerable speed decay and will encounter consider­
able difficulty in executing the maneuver. To execute 

the roll underneath, maintain back pressure and em­
ploy rudder in the direction of the roll all the way 
around the roll. If done properly, the maneuver will 
describe a barrel-roll underneath. Just after the maneu­
ver is started, it will appear as a split-S to the enemy. 
This illusion is created by the high angle of attack 
generated in performing the maneuver (this deception 
may cause the enemy to cut off in an attempt to coun­
ter your apparent dive for separation. The cutoff will 
place the enemy in a steep nose-down attitude). As 
you roll past the inverted, near-vertical position to a 
wings level and near nose-level attitude, the enemy will 
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Figure 1-SH 

overshoot below your line of flight at a higher rela­
tive airspeed. He is forced into the overshoot because 
his steep nose-down attitude combined with his rate 
of roll and/or turn (which depends upon your rate of 
roll and turn) forces him below you with a higher 
vector velocity along the axis of the high g roll. Upon 
completion of the maneuver, you will be above and 
somewhat to the rear of the enemy. To gain a firing 
position, roll-off of "S" down to his six-o'clock posi­
tion. 

To counter the high g roll underneath (figure 1-SJ), 
it is obvious that the enemy must not generate a steep 
nose-low attitude and then attempt to follow the ma· 
neuver. In other words, he must not interpret the roll 
underneath as an apparent dive for separation. To de­
termine whether the maneuver is a roll underneath or a 
dive for separation, he need only observe the dynamics 

of your initial move down and out of the defensive 
turn. If you appear to fly through his longitudinal axis, 
you are in a dive for separation. If you appear to pivot, I 
or rotate, around the longitudinal axis, he should not 
cut off. Instead, he can pull up, delay momentarily, 
then follow you around the roll. This will provide 
him the opportunity to play the maneuver, hence pre­
vent an overshoot below you. As a second alternative, 
the enemy can pull off and roll in the opposite direc­
tion. By doing this, he does not depend upon a g and 
rate of roll governed by your velocity, angle. off, and 
range. Instead, he can pull the g necessary to play his 
rate of roll to reduce vector velocity and prevent an 
overshoot. If done properly, the reverse-roll will place 
him at your six-o'clock position. Upon completion of 
your roll underneath, you can maneuver against either 
one of these counters, by observing the enemy's actions. 
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If he pulls off to initiate either counter, do not com­
plete the maneuver. Instead, relax g and dive for sepa­
ration. If he is pulling off and up in either case, he 
will be forced into an overhead attack with a negative 
delta Mach. However, the separation gained in this sit­
uation is not as great as in the other overhead attacks 
with a negative delta Mach. Therefore, he can exert 
a great deal more pressure unless you can deceive him 
into following your high g barrel-roll underneath. 

DEFENSIVE TURN 

The purpose of the defensive turn is to prevent an 
enemy from achieving a firing position by rotating 
your angular velocity cone away from him. The best 
way to achieve this is to turn into the plane of the 
attack. This means that in an overhead attack, pull up 
into the attack; in an underside attack, dive into the 
attack; and if the attack is from six-o'clock, turn in 
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w hichever direction provides the greatest tactical ad­
vantage. If you spot an enemy approaching your angu­
lar velocity cone from six-o'clock, perform a hard turn 
with a slight dive. T his turn should not he a hreak or 
a maximum performance maneuver or you will experi­
ence high speed-decay and loss of maneuvering poten­
tial, which will eventually diminish your angular 
velocity. If you employ a hard turn with a slight dive, 
you generate enough angular velocity and at the same 
time retain future maneuvering potential. At long 
range, the rate of turn required for the enemy to track 
is considerably less t han yours, since he is in a pursuit 
curve attack and his rate of turn is a function of target 
speed, angle-off and range. Consequently, his angle-off 
continues to increase as his range decreases. Remember, 
rate of turn increases as angle-off increases and range 
decreases on an at tack against a maneuvering target. 
This mea.ns that the enemy generates a rapid buildup 
in his rate of turn. 

Approaching g un range, the enemy will attempt tore­
duce h is angle-off and slide into your six-o'clock posi­
tion. To p reven t th is, you must increase g and rotate 
your angular velocity cone away from him. Your con­
cern now is to acqui re a smaller turn radius than the 
enemy. This will force him outside your turn and pre­
vent him from achieving a tracking solution. To ac­
complish this objective, play the turn with respect to 
his posit ion . The moment you notice his attempt to 
diminish angle-off, increase g to prevent him from 
doing so and sliding toward your six-o'clock position. 
If he continues to press the attack, tighten the turn to 
prevent him from staying on the inside of the turn. In 
effect, you are attempting to place him on the other 
side of your angular ve locity cone. If you play this 
maneuver correctly, he will be unable to match your 
turn radius. The form ula for turn radius: 

ve 
R = 32.2N 

Where R = Turn radius in feet 
Vf = Fighter velocity in feet/second 
N = Number of radial g 

T h is shows that the fighter with the lower velocity 
and/or greatest g has a smaller turn radius. In this 
situation, the enemy's speed and g are directly affected 
by your action. If you pull a certain number of g, he 
cannot pull the same amount. If he does, his rate of 
turn will equal yours and, at the end of a 180° turn, 

you will be behind him. Of course this will not occur, 
because the enemy will he forced to play his turn \Vith 
respect to your position. This means that his g will he 
less, and as a result his speed decay will not he as rapid 
as yours. As is shown hy the turn radius formula, the 
enemy will have a greater turn radius for two reasons: 
(I) higher speed, and (2) lower g. As a result, if he 
continues to press the attack in the plane of your turn, 
he must overshoot. This provides him with little oppor­
tunity to track and places him, geometrically, on the 
other side of your flight path. Of course, this presup­
poses that you are turning ncar or at maximum rate. 
If not, the enemy would he ahlc to slide toward 6-
o'clock, pull a higher g, diminish airspeed and avoid 
an overshoot. As will be discussed later, the lateral 
separation provided by this overshoot is a " must" for 
your subsequent actions. 

THE SCISSORS MANEUVER 

The scissors is a defensive maneuver m which a seri es 
of turn reversals is executed in an attempt to achieve 
offensive potential after an overshoot hy the enemy. 
(The scissors maneuver is illustrated in figure 1-6. ) 
To successfully employ the scissors, you need an initia l 
turn overshoot. If you continue to turn in the same 
direction after the overshoot, the enemy will haYe the 
opportunity to maneuver toward your six-o'clock posi­
tion, simply because you will he turning away from 
the attack. To prevent this, initiate a turn reversal as 
the enemy passes through your flight path. The deci­
sion as to when to execute this reversal will depend 
upon the enemy's rate of overshoot, his angle-off, and 
upon the type of aircraft. A good rule-of-thumh is: 
rapid turn overshoot, early reversal; slow turn over­
shoot, late reversal. The turn reversal will rota te 
your angular velocity cone away from the enemy. 
This will place him at a high angle-off and will cause 
him, once again, to cross your flight path. You have 
now forced him into a scissors maneuver. 

Geometric inspection will show that the aircraft which 
has the shorter turn radius and the lower velocity will 
force the other to the 12-o'dock position. In this 
maneuver, you have the advantage. By virtue of forcing 
the enemy to overshoot, you have the lower velocity 
and if you employ the proper technique, the enemy 
can easily be placed at 12-o'dock. T o accomplish this, 
each turn reversal should he a rudder reversal, at max­
performance. If aileron is applied, you will be forced 
to release back-pressure to l'xecute the reversal. This, 
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of course, will increase your turn radius. A nose-high 
attitude accomplishes two things: ( 1) It reduces your 
horizontal turning component, and (2) it reduces your 
vector velocity in the horizontal plane. The reduction 
in the horizontal turning component and vector velo­
city is a result of maneuvering through both the verti­
cal and horizontal planes. You are employing the pull 
of one-g gravity to provide a greater radial g and a 
lower velocity. Use maximum power in this maneuver 
because its force vector opposes one-g gravity and is 
directed toward the inside of the turning circle. This 
provides you the opportunity to maneuver through the 
vertical plane, thereby diminishing your horizontal 
turning component. In addition, since power provides 
a lower stall speed, it permits a tighter turn radius at 
a given airspeed and reduces airspeed to the lowest 
possible. If you perform a nose-high rudder reversal 
with power on, your turn and velocity components are 
reduced to their smallest state and, if the enemy doesn't 
counter in like manner, he will be quickly forced to 
the 12-o'clock position. 

If the enemy counters effectively and forces you below, 
maneuver in phase with him. This puts the enemy at 
a visual disadvantage since you will be directly be­
neath him. In an attempt to find you, the enemy will be 
forced to roll excessively in one direction or the other. 
This increases his stall speed and forces him forward 
and down toward your flight path. The moment the 
enemy notices this, he will probably reduce bank and 
maneuver as smoothly as you, with a resultant standoff. 
If and when this occurs, employ afterburner, relax g, 

and dive 180° away from him. Initiate this maneuver 
immediately after the enemy has made his last ob­
servation, when he does not have visual contact. In this 
way, you have the opportunity to gain considerable 
longitudinal separation and place him in an overhead 
attack with a negative delta Mach. 

When employing the scissors maneuver, ~ttempt to secure 
an advantage as quickly ~s possible, certainly by the second 
turn reversal. lf you do not, you will lose airspeed rapidly 
and therefore maneuverability, and will never acquire an 
advantage. Inste~d. you will be in a st~ndoff, with marginal 
control, and an easy set-up for another enemy aircraft. It I 
should be noted that the F -8 cannot achieve an advantage 
over most Communist bloc fighters in a slow speed 
scissoring environment, either wing up or down. 

COUNTERING THE SCISSORS MANEUVER 

As previously stated, the scissors maneuver is a de­
fensive maneuver designed to take advantage of an 
enemy's overshoot (figure 1-6A). Also discussed was 
the counter to use to gain this advantage. The impli­
cation is clear. A fighter pilot places himself in a very 
serious position if he misjudges and overshoots. If you 
are attacking, it is suggested that you employ the high 
yo-yo any time your rate of closure may cause a turn 
overshoot. In this manner, you can retain the offensive 
advantage. However, if you misjudge an enemy's turn 
and are forced into an overshoot, there is an effective 
counter to the scissors which shows that the scissors is 
highly overrated as an easy method to achieve an offen­
sive advantage. 
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Figure l-6A 

To counter a scissors maneuver, determine your ma­
neuvering potential with respect to the enemy. When 
attacking, you have a significant advantage in terms 
of velocity that can be converted to a tactical advan­
tage if it is employed properly. Maneuvering into a 
nose-high scissors is not proper employment as this 
places you forward or above the enemy and in a stale­
mate. On the other hand, if you employ velocity in the 
vertical plane in a zoom maneuver, you can generate 
a significant advantage. As you realize you are over­
shooting the enemy's turn, relax g and deliberately 
slide around the outside of the turn. Relaxing g serves 
a twofold purpose: ( 1) maintains a speed advantage, 
and (2) increases lateral separation on the overshoot. 
This reduces your velocity component along the axis 
of the enemy'~ Bight path, thus maintaining nose-tail 
separation. Observing the overshoot, the enemy will 
be enticed to execute a nose-high reve~;sal in an at­
tempt to gain offensive advantage. If he continues the 
turn, play the maneuver and, once again, slide into 
his angular velocity cone. In view of this, a reversal is 
almost a sure thing. As the enemy reverses, roll wings­
level and zoom at the max-rotation-angle, through the 

vertical plane. The enemy will be unable to match 
your rotation angle and subsequent zoom because of 
his airspeed disadvantage. In this way, you can reduce 
horizontal vector velocity to a value smaller than 
the enemy's, even though you have a higher airspeed. 
As a result, you will be on top with nose-tail separation, 
and the enemy will have dissipated his airspeed, with a 
consequent loss of maneuvering potential. You need 
only roll off to his six-o' dock position. 

If the enemy pulls up in a banked attitude toward your 
rotation, the height of his pullup will be even less. 
This is the result of two factors: (1) his pullup is only 
a component of a straight pull up - his rotation angle 
is through both the vertical and horizontal planes. 
His rotation angle in the vertical plane must be less 
than a straight pullup. (2) his stall speed is higher 
in a banked attitude. Higher stall speed causes the 
rotation component in the vertical plane to be even 
less. As a result of these two factors, his rotation angle 
is reduced. This means that the height of the zoom in 
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the vertical plane is less and vector velocity in the 
horizontal plane is increased. This forces him to turn 
below, in front of, and across your line of flight. You 
need only roll off in a direction opposite his turn and 
move toward the six-o'clock position. The rolloff in­
creases nose-tail separation and prevents a possible 
overshoot. 

To maneuver against your overshoot, the enemy simply 
cannot refuse to reverse and continue his defensive 
turn. If he does, you are not obligated to roll wings­
level and zoom in the vertical plane. The enemy will 
turn away and place his angular velocity cone in front 
of your flight path. As a consequence, simply play his 
turn and maneuver toward the six-o'clock position. If 
the enemy cannot pull up and turn into, or away from 
your attack, he has another alternative. As you over­
shoot his turn, the enemy executes a nose-high rever­
sal. This forces you to roll wings-level and zoom for 
altitude. If you fail to generate a large rotation, your 
vector velocity will be greater, and you will be forced 
toward the enemy's twelve-o'clock high position. 
So, you must rotate through a large vertical angle when 
the enemy executes his nose-high reversal to obtain 
considerable vertical displacement. Having placed you 
in this position, the enemy turns 180° in the vertical 
plane, relaxes g, lights afterburner, and dives for 
separation. (He must accomplish his turn before dis­
sipating too much airspeed and acquiring an extremely 
nose-high attitude.) Noting the dive for separation, 
you must turn from an extreme nose-high position, 
180° in the vertical plane to regain an offensive posi­
tion at six-o'clock. The pull of one-g gravity causes 
you to dissipate considerable airspeed. Thus you are 
in an overhead attack with a negative delta Mach, out­
side of gun range. 

Remember: The counter to the scissor maneuver is 
nothing more than a high yo-yo initiated after a turn 
overshoot. Relax g, roll wings-level and zoom in the 
vertical plane to retain or regain nose-tail separation. 

HORIZONTAL ROLLING SCISSORS 

A variation of the slow speed scissors just discussed is 
the horizontal, rolling, slow speed scissors. As the 
name implies, this type of scissors involves a series of 
barrel-rolls with the axis of the roll being in the hori­
zontal plane. The rolling scissors is a more efficient 
defensive maneuver than the horizontal scissors due 
to the utilization of a three-dimensional maneuver 
(barrel-roll). The rolling scissors may be used in nearly 

all situations where a horizontal scissors could be used, 
the exception being the case in which the defender 
simply does not have enough speed to roll over the 
top (less than 250 KIAS in the F-8). The rolling scissors 
is most effective when the attacker overshoots with a 
high angle-off or overshoots below (underneath) the 
defender's flight path. 

If you are being attacked, remember the rule of thumb: 
rapid overshoot, early reversal; slow overshoot, late 
reversal. As you reverse, maintain back stick pressure 
to attain the maximum g available and utilize the rud­
der as the primary control for rolling back into the 
enemy. As you pass through the wings-level position 
during the reversal, utilize any excess speed to zoom in 
the vertical plane, thereby further decreasing forward 
velocity vector. As the enemy is sighted on the opposite 
side, continue the roll into him, attempting to roll 
over the top of his aircraft. If he has continued his turn 
in the horizontal plane, his forward velocity vector 
will be greater than yours and he will be forced out in 
front. Do not allow him to roll toward your flight 
path. Keep him out of phase by rolling in the same 
direction that he does. Continue rolling until he is 
forced out in front. Once again, remember the control 
techniques of back stick, maximum rudder, and mini­
mum aileron must be utilized. 

A smart attacker will not allow himself to be trapped in a 
scissors. If you are attacking, do not dissipate your airspeed 
advantage by attempting to turn with the enemy when it is 
obvious that you will eventually overshoot. If you press too 
close, overshoot, and the enemy reverses, immediately level 
your wings and zoom in the vertical as the enemy attempts 
to roll into you. At this point the enemy should not 
attempt a scissors since your original airspeed advantage 
will allow you to rotate to a steeper attitude in the vertical 
plane and thereby decrease forward velocity vector to a 
component less than the enemy's. Once the enemy detects 
your pullup, he should turn 180° in the vertical plane and 
dive away in an escape maneuver. This will place you in an 
overhead attack with a negative delta Mach. It should be I 
noted that the F-8 cannot achieve an advantage over most 
Communist bloc fighters in a slow speed scissoring environ­
ment, either wing up or down. 

MANEUVERING FROM A FORWARD 
HEMISPHERE ATTACK 

Many fighter-versus-fighter engagements start with the 
opposing fighters approaching each other's nose­
quarter position. Since this is the case, fighter pilots 
must understand the tactics needed to gain an advan­
tage from this position. 
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As previously stated in the concept of turn and velocity, 
there are only two basic things that can be done to 
gain an advantage- change direction (turn) and/or 
change velocity. As the attacker in a nose-quarter 
attack, you must maneuver into the angular velocity 
cone in the rear hemisphere of the enemy. This means 
that in a nose-quarter attack, you will need a substantial 
rate of turn, a small turn radius and a closing velocity 
to gain the enemy's six-o'clock position. If you fail to 

acquire these three factors, you may never gain an ad­
vantage. Worse yet, you may provide the enemy with 
the advantage. Assume that you are approaching an 
enemy from a nose-quarter position. The moment you 
visually acquire him, dive and light afterburner to gain 
an airspeed advantage. The distance you dive depends 
upon the aircraft's acceleration and zoom capabilities 
and your initial speed. The airspeed gained from this 
maneuver will provide you with a greater forthcoming 
zoom capability than if you maintain straight-and-level 
flight. The zoom permits freedom of maneuver in the 
vertical plane, so that you may effectively use the pull 
of gravity to increase rate of turn and to reduce turn 
radius along the horizontal axis. Another advantage 
acquired by the dive maneuver is the element of sur­
prise. The dive frames the enemy against blue sky and 
frames you against the ground (assuming the opponent 
does not counter with a like maneuver). It is generally 
more difficult to maintain visual contact with an adver­
sary framed against the ground,so the enemy may fail 
to maintain visual contact (especially at long range 
after the dive maneuver is executed). The possible lack 
of visual contact enables you to set up the next stage 
of your maneuver- a turn for an offset in the horizon­
tal plane. If the enemy fails to maintain visual contact, 
as evidenced by a failure to turn, you can easily gen­
erate this offset. 

Note 

Do not attempt to gain lateral offset if the 
enemy has you in sight and his aircraft turn­
ing performance is superior to yours. Meet 
him with zero offset. Any offset will allow 
his superior turning performance to be used 
to your disadvantage. 

If the enemy fails to counter, you will be below and 
off to one side of the enemy, on an anti-parallel course. 
With an airspeed advantage, you are now in position 
to execute a turn through the vertical and horizontal 
plane toward the rear hemisphere of the enemy. Since 
you are below him, you may start the maneuver before 
reaching a line-abreast position. Execute a chandelle­
type maneuver toward the enemy. The chandelle 

diminishes airspeed and reduces horizontal turn rad ius. 
This will prevent an overshoot; however, it will dimin ­
ish closing velocity as you approach the enemy's r ear 
hemisphere. To prevent the enemy from achieving con­
siderable longitudinal separation, turn down through 
the vertical plane (low yo-yo) toward his six-o'clock­
low position. The turn down through the vertical plane 
enables you to effectively use the pull of gravity to 
achieve an increase in airspeed and turn rate. If the 
enemy fails to counter, you need only drive in under­
neath him and set up for an attack. 

To effectively counter a nose-quarter attack of this 
nature, the enemy should push over and dive for sepa­
ration as you attempt to zoom, turn, and dive for a six­
o'clock position. This maneuver will place you in an 
overhead attack with a negative delta Mach, with 
extreme longitudinal separation, and it will be difficult 
to close for an attack. 

In many cases an enemy will be met head-on with little 
or no lateral offset. This is particularly true when 
both aircraft sight each other at long range, turn into 
each other, and both attempt to gain an advantage 
prior to meeting. When meeting under these condi­
tions, the pilot of each aircraft has four basic choices 
of action: turn nose high, nose level, nose low, or 
continue his present flight path. There is no single 
best course of action. The professional fighter pilot 
will choose a course of action that best suits the par­
ticular engagement, taking into account the following 
parameters: altitude spectrum involved; energy level 
of both aircraft; turning performance of both air­
craft; acceleration capabilities (thrust to weight ratio) 
of both aircraft; visibility restrictions of both aircraft; 
and position of the sun or other factors affecting visi­
bility. 

A nose-high turn, as previously discussed, will produce 
an increased rate of turn and decreased horizontal turn 
radius as the aircraft is turned from a nose-high to a 
nose-low attitude. However, during the initial pullup, 
turn rate will be relatively low and horizontal turn 
radius relatively high. The overall advantage of a 
nose-high turn (essentially a high yo-yo) is the de­
creased horizontal turn radius and the maneuvering 
potential that is rapidly gained during the second part 
of the turn (essentially a low yo-yo). Caution must he 
exercised during the pullup. Do not allow airspeed 
to decay to the extent that maneuvering potential is 
lost. Ideally, a minimum airspeed of 350 KIAS should 
be adhered to during a nose-high turn; hut, practi­
cally, lower airspeeds will be prevalent in the F-8 (par­
ticularly at high altitude). From this discussion it can 
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be seen that a nose-high turn at high altitude may not 
be possible and/or desirable. Maneuvering potential 
will be .lost if the necessary nose-high attitude is used 
and horizontal turn radius will not be significantly de­
creased if airspeed and maneuvering potential are 
maintained by using a shallower attitude. 

A level turn will allow a rapid 180° heading reversal 
but is characterized by a large horizontal turn radius 
and/or a large decay in airspeed and maneuvering po­
tential. At high altitude an unacceptably large turn 
radius may result if maneuvering potential is main­
tained throughout the turn and an unacceptable loss 
in maneuvering potential may result if turn radius is 
decreased by increasing g. A level turn may be desira­
ble when at a relatively low altitude and the aircraft 
is at an extremely high energy level (500 KIAS or 
greater). ln this case the decay in airspeed is traded 
for a gain in angular advantage; airspeed will still be 
high due to the initial speed and large amount of 
power available at this speed and altitude. 

A nose-low turn will produce an increased turn radius 
since the force of gravity is acting in the direction of 
the turn, but provides an increase in airspeed and 
maneuvering potential. At high altitude it may be 
desirable and/or necessary to sacrifice altitude to gain 
maneuvering airspeed. Potential energy (altitude) is 
an important factor prior to an engagement; but once 
engaged, the most important consideration is kinetic 
energy (velocity) since this determines maneuverabil­
ity. As the nose is lowered use care to keep the aircraft 
out of heavy buffet. Allow it to accelerate while main­
taining as high a rate of turn as possible. When the 
desired speed and g are attained, commence a rolling 
pullup, being careful to preserve speed for the subse­
quent zoom back to the opponent's altitude. During 
this maneuver, nose-down attitudes of 45 ° to 60° are 
not uncommon, but do not exceed 60°. A split-S will 
produce an excessive turn radius. By turning and roll­
ing when nose low, the horizontal turn radius will be 
held to an acceptable value and a tremendous increase 
in maneuvering potential will be realized. An addi­
tional advantage will be gained if the enemy turns level 
or nose high. It will be very easy for you to keep him in 
sight (framed against the sky) and very difficult for 
him to keep you in sight (framed against the ground 
or water). Low altitude may preclude or modify a 
nose-low turn. If limit g is already available, do not 
dive down into an enemy who is below you. You will 
unnecessarily increase your turn radius and give your 
opponent an angular advantage if he turns level or 
nose high. 

The final alternative when meeting head-on is to con­
tinue your existing flight path. This is the obvious 
course of action if you do not desire to engage, but 
should also be used if your aircraft is not at the desired 
energy level. If the enemy has already started his nose 
up in a nose-high heading reversal when you meet 
and/or you do not have the desired airspeed, continue 
straight ahead. This will place him in an overhead 
attack with a negative delta Mach and a large nose-to­
tail separation. Ideally you should reach your best 
maneuvering speed and start the nose up as the enemy 
is nose low and just starting to accelerate. As in any 
overhead attack with a negative delta Mach, if the 
enemy tries to follow the zoom in the vertical plane 
he will be unable to rotate to as high a nose attitude 
and will be thrown out in front in a vertical overshoot. 
Continuing straight ahead is also very effective to gain 
the desired separation if the enemy has superior turn­
ing performance. The extra separation provides the 
extra time necessary for you to reverse your heading 
(relative to his elapsed time for a heading reversal) 
and ensures a subsequent head-on meeting. 

ESCAPE MANEUVER 

In the preceding discussion of fighter versus fighter 
tactics, many situations have arisen where it was neces­
sary to dive for separation placing the opponent in an 
overhead attack with a negative delta Mach. This is 
the escape maneuver. An escape will normally be made 
by an aircraft that is on the defensive, but may be made 
by an attacker who has lost his advantage due to a 
tactical error or who must disengage due to low fuel 
state, expenditure of all ammunition, necessity to pro­
tect a strike group, or a multitude of other considera­
tions. 

To properly employ an escape maneuver you must 
strive to initiate the maneuver when the enemy does 
not have you in sight. An example would be during a 
scissors when crossing below his flight path. Initiate 
the escape prior to his acquisition of your aircraft on 
the other side of his flight path. After carefully choos­
ing the time to initiate the escape, turn so as to align 
your fuselage as nearly as possible with his, but headed 
in the opposite direction. The classic example would be 
to meet the enemy head-on and simply continue your 
direction of flight. Whether nose low, level, or high, 
the object is to force the enemy to make a 180° turn 
before he can commence pursuit. 

As the escape is initiated, select CRT and at comple­
tion of the initial turn (to commence the escape), re­
tract the droop. This will decrease drag and allow a 
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faster rate of acceleration. If not already in a nose-low 
attitude, commence a -0.5g pushover. Maintain a 
slight turn to keep the enemy in sight as he pursues. 
If he is still within lethal range, jinking maneuvers 
will greatly complicate his fire control solution and, 
properly timed, will preclude a lethal burst. Do not 
make these maneuvers so severe that you stop your 
acceleration. A break turn should foil any missile shot, 
but you must have the enemy in sight to see the missile 
launch. 

Once beyond lethal range a reengagement may be pos­
sible if desired. Carefully consider the following factors 
prior to reengaging: the enemy aircraft type, the enemy 
pilot's abilities, your fuel and ammunition remaining, 
and all the other factors listed under ENGAGEMENT 
CONSIDERATIONS and TACTICAL CONSIDERA­
TIONS. 

COMBAT SPREAD PATROLLING 

FORMATION 

DEFINITION 

The combat spread is a patrolling formation. See figure 
1- 7. The formation is flat and wide, making use of the best 
lookout capability, formation flexibility, and mutual cover. 
The recommended distance abeam is predicated primarily 
on the restricted aft visibility from the aircraft. For the F-8, 

I a minimum of 3/4 nautical mile to a maximum of 1 1/4 
nautical miles is recommended. (Air-to-air TACAN may be 
utilized to determine proper distance.) This places the 

mutual blind area sufficiently aft to enable the detection of 
attackers at or near AlM-9B missile Rmax· At the higher 
altitudes, the increased distance abeam creates a deficiency 
in mutual cover potential in terms of a gun attack. How­
ever, the deficiency is short-lived since : 

a. If an enemy aircraft is sighted, the subsequent 
loose deuce maneuver for offensive position allows the 
team to reduce lateral displacement and achieve mutual 
cover, while the mutual blind area is reduced or elimi­
nated as a result of the maneuvers. 

b. If a missile defensive turn is performed, the at­
tacker is forced to convert to a gun attack, allowing 
the team to reduce lateral displacement for mutual 
cover in subsequent defensive and offensive gun attack 
maneuvering. 

The wingman is allowed some vertical leeway, increas­
ing to 2,000 feet at high altitude, for airspeed adjust­
ment in maintaining the abeam position. While a flat 
position is preferred, maintaining the abeam position 
is of primary importance. The two teammates have no 
tactical advantage over one another, and consequently 
no disadvantages. This poses an additional problem to 
any would-be attacker. 

Lookout responsibility is simple: each pilot scans 100 
percent of the area just as if he were solo. The mutual 
blind area shown in figure 1-7 can be cut down or 
eliminated periodically by slight, in-place, wing dip 
maneuvers to search toward six o'clock; that is, a 
seven o'clock scan should be accompanied by a left 
bank. However, speed and altitude must not be sacri­
ficed by excessive maneuvering. 
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CALLED TURNS 

Called turns are used primarily in formation training 
and for general cruise course changes. They enable the 
wingman to plan his turn so as to arrive abeam the 
leader on a predetermined heading with a minimum of 
speed variation. For called turns into a wingman (fig­
ure 1-8), the wingman will turn so that after 45 degrees 
of turn by the leader, he will pass approximately 1 
mile ahead and 1,000 feet above the leader, on a head­
ing within 20 degrees of that of the leader. The initial 
angle of bank required of the wingman will vary from 
no angle of bank at wide distances abeam at high alti­
tudes to an angle of bank slightly greater than the lead 
aircraft at close distances abeam at low altitude. As the 
wingman crosses in front of the leader, he should in­
crease his lookout scan in the rear hemisphere of the 
leader. He will drift outside the turn descending to 
base altitude to arrive at the abeam position after 90 
degrees of turn. 

Foe called turns away from the wingman or when a 
turn into the wingman is continued past 90 degrees for 
180 degrees of heading change (see figure 1-8), the 
wingman will low yo-yo to the inside of the turn so 
as to pass approximately 1 mile aft, slightly low, 
accelerating and within 20 degrees of the leader's 
heading as the leader passes 45 degrees of turn. As the 
wingman passes aft of the leader, he should tend to 
concentrate more of his lookout scan to the aft hemis­
phere momentarily. The wingman then eases up and 
out to the abeam position as the leader rolls out on 
new heading. 

UNCALLED TURNS 

Uncalled turns (figure 1-9) demand that the wingman 
maneuver immediately in such a manner that he can 
adjust to the correct tactical position whenever the 
leader rolls out. All turns are done in yo-yo fashion by 
the wingman, mildly for gentle turns and steeper for 
harder turns. The wingman always maneuvers relative 
to the leader while patrolling. 

An uncalled turn into the wingman is a much more 
pronounced yo-yo type turn than the relatively flat 
called turn. The wingman executes a high yo-yo so 
as to pass approximately 2,000 feet ahead of the leader 
with a significant altitude advantage. 

As the leader goes out of sight under the fuselage, the 
wingman hesitates momentarily, then increases his 
angle of bank without increasing g so as to visually 
reacquire the leader on the inside of the turn on paral­
lel headings. As the leader continues the turn, the 

wingman stays slightly to the outside while drifting 
aft in bearing abeam the leader at a distance of 1,500 
to 3,000 feet. As the wingman approaches abeam, he 
will increase his angle of bank, lower his nose slightly 
to accelerate, while low yo-yo-ing to the inside of the 
turn, passing below and approximately 2,000 feet aft 
of the leader. The low yo-yo is continued to the inside 
abeam position. The wingman continues this cycle 
without reference to a roll out heading but always in 
a position to reassume the combat spread position from 
any point in the cycle in minimum time while main­
taining a good scan pattern foe mutual protection. The 
leader should hold a turn away for at least 60 degrees. 

Uncalled turns away from the wingman are very simi­
lar to the called turn. The wingman must observe the 
turn as it is initiated and expedite closing to the lead­
er's radius of turn by utilizing a slightly greater angle 
of bank. As he passes the leader's six o'clock position 
at approximately 3,000 to 4,000 feet aft, he reduces an­
gle of bank to match the leader's angle of bank and 
continues the low yo-yo to the inside. If the turn is 
continued as he approaches the abeam position, maneu­
vering is continued as in the uncalled turn into the 
wingman. 

Note 

The yo-yo type maneuvering employed in 
uncalled turns allows the wingman to move 
rapidly out to the combat spread position as 
the leader levels his wings. 

Yo-yo maneuvers during cruise turns should be very 
mild, increasing in severity as the turns become tighter. 
At altitudes above 40,000 feet, subsonic maneuvers must 
be very gentle. A pilot should never slide to the out­
side without an altitude advantage. When supersonic, 
maneuvers can be done more sharply but they must be 
done precisely. 

The most important factor affecting the mutual sup­
port capability of the combat spread formation is the 
ABEAM POSITION. If tactically feasible, it is better 
to turn slightly to place the wingman on the beam 
rather than cruise while out of formation. The wing­
man should endeavor to roll out of all turns with some 
vertical advantage to exchange for position adjust­
ment if needed. 

If either member rolls out considerably ahead of his 
teammate and with more than normal altitude advan­
tage, he should utilize the excess potential for a clear­
ing turn across the top of the other member to an 
abeam position on the opposite side. It is necessary 
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to preface such a turn with a call of "Positioning" so 
that the other member will not mistake the maneu­
ver for an uncalled turn. 

The three-dimensional maneuvering utilized in the 
combat spread formation enables the partners to cruise 
and maneuver without concentrating on formation 
flying. They can both maintain lookout for the enemy. 
An occasional glance at one's partner should be suffi­
cient to maintain integrity. 

TACTICAL WING FORMATION 

INTRODUCTION 

Loose deuce maneuvering is the optimum method of 
employing the F-8 section in air combat maneuvering 
and, as such, must be utilized whenever leader and 
wingman proficiency permit. Section integrity is, how­
ever, difficult to maintain utilizing loose deuce in the 
low altitude, high speed, high g environment and tac­
tical wing formation may be required, particularly 
with a lesser experienced wingman. The section in 
tactical wing becomes much harder to separate, but as 
a result of the necessary compromise, has its lookout 
capabilities seriously degraded. 

TACTICAL WING PATROLLING FORMATION 

When patrolling, the wingman positions himself 45 to 
60° aft of the abeam position and out about 1,000 to 
1,500 feet. A slight step-down is necessary in order to 
facilitate free cruising on turns. The leader is free to 
maneuver as necessary while responsibility for main­
taining position rests with the wingman. Primary 
lookout responsibility is the job of the flight leader. 
The wingman lends lookout assistance commensurate 
with his experience and the degree of attention he 
must devote to maintaining position. 

Note 

Lookout can be enhanced in escort missions 
by assigning section lookout coverage to ele­
ments of the strike group. 

To maintain position the wingman maneuvers through 
both the vertical and horizontal planes using the plane 
of the leader's aircraft as a reference. If a turn away 
from the wingman is made, he lowers his nose slightly 

and crosses to the inside. If on the inside and sliding 
forward on bearing, the wingman crosses to the out­
side, slides high if necessary, and flies in the plane of 
the leader. This technique will cause the wingman to 
describe a circular movement in the plane of the lead 
aircraft and enable him to maintain position with little 
or no power adjustment. An occasional wing dip will 
increase the wingman's visual coverage of the six­
o'clock-low position. 

ENGAGING IN TACTICAL WING FORMATION 

The fighting position is essentially the same as the pa­
trolling position with this exception: the wingman ma­
neuvers in a 60° cone on the leader's aircraft (60° aft 
of the beam, 30° off the astern position). Distance 
between aircraft remains the same, 1,000 to 1,500 feet. 
The technique for maintaining position is the same 
as when patrolling. 

As soon as unidentified aircraft are sighted and an at­
tack or defensive turn is initiated, the wingman slides 
to the edge of the 60° maximum performance cone. 
He must remain in this cone and match the maneuver­
ing of the leader by cutting off, crossing, sliding to 
trail- doing whatever is necessary to stay with his 
leader. Occasionally during extreme maneuvering it 
will be necessary for the wingman to momentarily 
slide to the trail position. Attempt to cut the in-trail 
time to a minimum by sliding back to the edge of the 
60° cone as soon as the leader eases some g. When 
possible, the wingman should zig-zag within the cone 
to increase his aft lookout capability. 

The leader is the shooter and the wingman's respon­
sibilities are very clearly defined: (1) to fly his air­
craft in such a way that, regardless of the leader's ma­
neuvers, he will not become separated; (2) to look 
around when possible (do not degrade primarily re­
sponsibility-maintaining position) and inform the 
leader of what he sees; and (3) maintain his missiles 
and guns ready to bear on a two or more element en­
emy or back-up the flight leader's ordnance. When 
the flight leade.r is pressing the AIM-9D minimum 
range boundary, timely consideration should be given 
to designating the wingman as shooter. His range and 
lateral separation could yield a superior set of Side­
winder launch conditions, figure 1-10. 

When the F-8 section is attacked, the wingman must 
intensify his effort to remain in position. If he stays 
aft of bearing or separates too much laterally, he is 
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increasing the danger to which he is exposed. The 
wingman must be up close enough to his leader to make 
it necessary for an enemy aircraft to actually outma­
neuver and outperform the leader in order to shoot 
down the wingman. A serious disadvantage of the 
defensive tactical wing is that the enemy is presented 
with only one target. The instant the enemy starts 
to gain, the section that is not capable of loose deuce 
maneuvering must disengage. The section able to split 
vertically by employing loose deuce presents two tar­
gets to the attacker and, in many cases, this may be the 
only way to shift from defense to team offense. When 
the leader splits the tactical wing formation, he must 
call the direction of turn for the wingman and, in most 
cases, his second turn as well. 

Note 

Upon entering loose deuce from tactical wing, 
it will normally take two turns (example: a 
low and a high yo-yo) before the wingman 
is able to grasp the overall tactical situation 
and the position of all aircraft in the engage­
ment. 

LOOSE DEUCE TACTICAL 
MANEUVERING 

DEFINITION 

The term "loose deuce" implies a flexible two-element 
tactical team working together in a tactical situation. 
This team can begin loose deuce tactical maneuvering 
from any initial position relative to each other. It is 
most generally entered from the combat spread forma­
tion or tactical wing. 

TEAM INTEGRITY 

Unit integrity means three things: 

a. Knowing the position of your teammate at all 
times 

b. Maintaining a position advantageous to his de­
fense 

c. Maintaining team offensive potential 

An important principle in loose deuce tactics is that 
the tactical lead may be passed to the teammate who 
sights a target at long range. In many instances, enemy 
targets are picked up at great ranges and continuation 
of normal lookout scan would result in loss of contact. 
The member who sights the enemy gives the Talley-Ho 
report and then calls "PAD LOCKED" if he would 

lose sight by continuing to fly formation. The mem­
ber who Padlocks is given the tactical lead and the 
other teammate takes over the scan for the team. When 
both teammates spot the enemy, the military leader of 
the flight calls the play. During the ensuing engage­
ment, the tactical lead changes from one t(•ammate 
to the other as their positions in the engagement 
change. Generally, the teammate in the position to see 
most clearly the overall tactical picture has the tacti­
cal lead- he makes tactical decisions and ··calls the 
shots." He must at the same time function as a wing­
man by maneuvering his aircraft with respect to and 
in support of his teammate. The pilot in the final 
phase of the attack (tracking or firing) is generally not 
the tactical leader due to his required concentration 
on the immediate situation. 

Note 

The military leader of a section always re­
mains the same. The wingman may make tac­
tical decisions during loose deuce maneuvering 
but is never relieved of his responsibility to 
support his leader. 

HARD TURNS 

The normal method of entry into loose deuce tactical 
maneuvering is the hard turn. The hard turn (figure 
l - 11) is a called maneuver utilizing M RT or CRT power 
with the power requirement and direction of the turn 
dictated by the teammate calling the maneuver; for 
example, "PIRATE, HARD STARBOARD, UNDER., 
BOGEY, FOUR O'CLOCK , RIGHT LOW, CLOSING." (If 
CRT is desired , the call should be "HARD STARBOARD, 
GATE.") The teammate on the inside of the turn. with 
sufficient airspeed/Mach , selects MRT/CRT power and 
starts a turn utilizing an angle of bank and g as necessary 
to place himself 2,000 to 4,000 feet above and I ,000 to 
2,000 feet outboard of his teammate with his fuselage 
nearly aligned after about 100 degrees of turn. If the 
inside aircraft is below 450 lAS/ 0.9 IMN, whichever is 
lower, he may want to initially lower his nose in the turn 
to accelerate to maneuvering airspeed/Mach. With 
sufficient energy he can then slide high to the outside of 
the turn as previously described. The teammate on the 
outside of the turn will select MRT/CRT power and begin 
a minimum radius turn in a low yo-yo type maneuver to 
maintain airspeed /Mach . As he passes 6 o'dock of his 
teammate, he must advise him of his relative position and 
the enemy's movement if appropriate. The position of the 
enemy will dictate whether the initial turn is made nose 
high , level, or nose low . When the teammate who was 
originally on the inside of the turn reaches the high, 
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outside position, he is then at the cover position. As the 
high teammate starts drifting aft of abeam, he advises the 
low man that he is starting a low yo-yo so the low man 
can start a high yo-yo. Momentarily, the flight is level and 
in trail as the positions are switched. The high man will 
pass aft of the low man with the distance aft being a 
function of rate of turn, airspeed, vertical separation and, 
of course, the tactical requirements. As the trail man 
passes aft, he should advise his teammate of his relative 
position and the immediate tactical situation; for 
example, "CACTUS PASSING SIX. Bogey is switching to 
me. I'm starting down." The positions of high and low 
man are then continually switched by the use of high and 
low yo-yo's. 

The main point to remember on hard turns is that the 
cover positions must be taken by the man who is in a 
position affording the best total engagement picture. 
The team will spread more vertically than horizon­
tally. Each aircraft will be in a steep bank and visibility 
will be excellent toward the inside of the turn. How· 
ever, for the short interval of the turn, visibility to the 
outside of the turn will be poor; the teammate going 
from the low position to the high position must scan 
aft momentarily as he relaxes his bank initially for the 
high yo·yo. Vertical separations of 3,000 feet to 6,000 
feet are not uncommon. As shown in the illustrations 
covering offensive and defensive maneuvers, utilization 
of this yo-yo technique allows the team to keep an 
enemy turning while maintaining the team's speed. 
On the defensive, any enemy attacking one teammate 
will have that teammate's partner above and behind 
him setting up a "sandwich" after approximately 90 to 
180 degrees of turn. 

The teamwork training gained in loose deuce tactics 
gives the team many advantages which are not avail· 
able to pilots unaccustomed to wide separation maneu­
vers. Switching for better target angles, offensive feints, 
etc, comes naturally in complicated engagements. Kill· 
ing off airspeed to track is not necessary, and a defen­
sive break should never be needed. This team has the 
best flight integrity of any tactical formation. 

The covering pilot should never be closer than 1,000 
feet to his teammate, and should only be passing 
through his altitude. He should not try to follow small 
area maneuvers such as high g barrel-rolls, scissors, 
etc. He must visualize the overall maneuver area and 
take the station most advantageous to his teammate's 
defense. 

The hard turn can also be an in-place turn (figure 1-12) 
used for a near reciprocal course change, for example, 
when an enemy is sighted far enough out so that a 
near head-on encounter can be made. It is a maximum 
performance, MRT/CR T turn and MUST BE CALLED. 
Both aircraft come around hard with neither pilot 
attempting to gain altitude or airspeed potential on 
the other. After about 90 degrees of turn, the team will 
be momentarily in trail. Lookout capability is nearly 
perfect on the inside of the turn and the previous blind 
area comes quickly into view. This turn can be com­
bined with low or high yo-yo's to change altitude or 
maintain airspeed as the situation dictates. The trailing 
.eammate must match the turn and the yo-yo of the 
other aircraft. As the teammate passes six o'clock of 
the lead aircraft he transmits "ACE to the inside." The 
lead aircraft acknowledges and assumes flight integrity 
responsibility when he visually acquires his teammate. 
This procedure is repeated for each 180 degrees of turn. 

VERTICAL REVERSE TURNS 

The vertical reverse turn is generally used to force a 
shadowing enemy to either drop the offensive or pick 
a target (figure 1-13). This turn is a called maneuver 
executed at MRT power with the major turn compo· 
nent in the vertical plane. Although the maneuver can 
be performed either high or low, it is normally per· 
formed in the vertical plane above the original flight 
path. When above 35,000 feet in altitude and subsonic, 
it is recommended that the reversals be in the low 
plane (low yo-yo). At low altitudes (10,000 feet and 
below), it is recommended that the maneuver be per· 
formed in the high plane (high yo-yo). A vertical 
reverse turn may be executed by an initial turn away 
from the teammate to gain horizontal separation or it 
may be entered directly from the combat spread posi­
tion. The initial airspeed/Mach will determine whether 
or not the turn is initiated nose low or directly into 
the high reversal. The initial turn away maneuver 
appears as a split to the bogey. The leader will call, if 
necessary, as the aircraft approach their apex, which 
aircraft is to remain outside the turn of his teammate. 
The pilot on the outside of the turn has the responsi· 
bility of maintaining flight separation. At the apex 
of the turn, the aircraft should be abeam on reciprocal 
headings with both aircraft having a near optimum 
view of the six o'clock position of his teammate. Both 
aircraft execute a low yo-yo maintaining their direc­
tion of turn and adjusting the g and nose attitude to 
regain maneuvering potential while regaining the 
abeam position reciprocal to the original heading. 
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The tactical situation will often require modifications 
to this maneuver. For example, the enemy commits 
himself to a direction of turn after the flight has passed 
the apex and commences an attack. The teammate be­
ing attacked may desire to make a hard defensive spiral 
to generate angle off while maintaining airspeed/ 
Mach. His teammate might reverse, execute a high 
yo-yo and barrel roll to the outside so as to drop into 
six o'clock on the enemy. In this example, the modifi­
cation occurred after the apex and in effect termi­
nated the vertical reverse. 

BREAK TURN 

The break turn is an in-place turn executed individ­
ually or in section and is made nose high, level, or 
nose low depending on the tactical situation. The 
"break" turn is an emergency procedure utilized when 
enemy aircraft have successfully penetrated the sec­
tion's lookout and arrived at firing range before being . 
detected. The maneuver is called and requires auto­
matic selection of CRT power, maximum available g 
and maximum rate of turn to generate immediate 
angle-off. The teammate who calls the break must 
make an additional call to discontinue the break turn. 
This call may be "LEVEL" (level wings and proceed 
on present heading); "RESUME" (return to original 
heading via shortest direction at less than optimum 
rate of turn); or "REVERSE" (reverse direction but 
maintain maximum rate of turn). 

OFFENSE 

The maneuvers to be described in the following para­
graphs (and in the paragraphs concerning defense) 
cover only those basic fundamentals of simple attack 
and defense. It is obvious that there are infinite varia­
tions possible for each initial turn; however, the basic 
use of airspace by the two teammates will fall into 
some variation of the described maneuvers. Low and 
high yo-yo maneuvers should be completely familiar 
to the loose deuce teammates, as well as aircraft char­
acteristics and performance limits. 

Non-Overshoot Situation 

When the enemy is sighted, both pilots will immedi­
ately turn to position themselves for an attack (figure 
1-14). The inside teammate will usually be the first 
to engage the enemy. He will track and fire only as 
long as he can maintain his lead angle without sacri­
ficing maneuvering airspeed. The outside teammate 
will low yo-yo to the inside gaining maneuvering po­
tential. This will permit him to either move into track 
position as his teammate high yo-yo's to the cover 
position to maintain nose-tail separation or high yo-yo 
to the cover position himself if his teammate has the 
situation well in hand. It is recommended that the 
tracking aircraft not remain in the firing position for 

more than five seconds due to the dissipation of his 
maneuvering potential. His teammate is in an oppor­
tune position to assume the firing role with a high level 
of maneuvering potential. In the event the enemy con­
tinues his turn at a higher rate than maintainable by 
the section, a continual switching of positions ia the 
section is required until the enemy is destroyed. 

Acute Target Angle Situation 

The inside teammate in this situation must immedi­
ately commence a high yo-yo to the cover position. 
The teammate with the least angle off presses the 
attack to a tracking solution or until a high yo-yo is 
required to prevent overshoot. The teammate in the 
cover position executes a low yo-yo to keep the enemy 
turning as the tracking aircraft commences a high yo­
yo to preclude a nose-high reversal by the enemy which 
would possibly put the section in trail and destroy 
mutual support. This type of teamwork and timing is 
essential, and will develop with practice. See figure 
1-15. 

Extremely Acute Target Angle Situation 

When the section is so close in, or the angle-off is so 
high that it is obvious that neither teammate can track 
the enemy, the inside pilot should immediately high 
yo-yo to the cover position (see figure 1-16). The out­
side pilot should initially turn level to keep the enemy 
turning and then high yo-yo. The inside pilot will 
yo-yo first, go higher than the outside pilot, and low 
yo-yo back down on the enemy as soon as possible. The 
other pilot will then maintain the cover position until 
another overshoot condition presents itself. The enemy 
cannot afford to roll out or reverse. If he should be 
tempted to reverse hard, the team would merely utilize 
the same technique, going in the other direction. In 
a multiple overshoot, the maneuvering of each team­
mate should be called so that no possibility of confusion 
will exist. Keep your teammate informed. 

Target Section Split Situation 

When a split or separation of the enemy occurs, there 
is a definite tendency to follow the enemy one-on-one. 
A cardinal rule in the loose deuce team is to keep both 
teammates aft of the trailing enemy aircraft's beam. 
There is a need to sacrifice immediate section cover 
when the enemy has superior acceleration/ speed char­
acteristics combined with a short-range, head-on or 
high-aspect-angle missile and is obviously maneuvering 
to a firing position. It is not sensible to maneuver into 
the losing side of a sandwich situation when there i~ 

such a high degree of maneuvering freedom in the 
loose deuce team. 

In order to keep team integrity at a maximum, attempt 
to keep all enemy aircraft turning in the same direc­
tion. The most effective method is to shadow the 
enemy, staying far enough away to avoid an overshoot 
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or close-in defensive maneuver, yet close enough to be 
obvious to the enemy and force him to turn. The objec­
tive in shadowing is to delay slightly and let the 
defensive maneuvers deteriorate. Then by playing the 
enemy turns, the team can effect total separation or 
drive them into a tail chase situation. If this is accom­
plished, the cover station is again manned and the 
firing teammate closes in on "Tail-End Charlie." 

Many times an enemy fighter section will make a hori­
zontal defensive split in the same direction to try and 
force a non-overshooting F-8 section to pick a single 
target and get sandwiched in or forced into a one­
versus-one situation. In this case (figure 1-17), the wing­
man will turn inside of the enemy and track until they 
split. When they split, he will stay with the inside 
target, but ease high on the inside, making sure that 
the enemy can see his offensive position to prevent a 
reversal. The wingman in this case must never get 
ahead of the outside enemy aircraft's beam. Control is 
now definitely ~ith the lead F-8 who initially yo-yoed 
to an outside high covering position and now drops 
down on the high enemy to keep him turning. The 
lead should not initially concentrate on tracking but 
instead should keep the enemy turning, staying far 
enough aft to avoid an overshoot or enemy reversal. 
As soon as the enemy separation is so great that the 
low enemy aircraft cannot reverse to cover his partner, 
the wingman high yo-yo's to the outside to a cover 
position. Simultaneously lead closes on the high enemy 
aircraft. 

DEFENSE 

The combat spread positions lend themselves as an aid in 
augmenting the defensive potential of the loose deuce team. 
Because of the wide separation, attacking aircraft can be 
seen astern before reaching firing range. The formation is 
relatively flat; therefore, neither teammate offers a better 
choice to the enemy and he will have very little initial 
information as to what maneuver to expect. The bogey call 
should be given quickly and accurately, containing two 
essential parts, direction of the team turn and enemy 
position, for example: "DEVIL, HARD STARBOARD, 
OVER, TWO BOGEYS, FIVE O'CLOCK, RIGHT HIGH, 
TWO MILES CLOSING." The teammate will immediately 
acknowledge if he sees the enemy. If he does not, he will 
state "NO JOY." The pilot who does see the enemy will 
call the enemy's position until his teammate sees ~em. 

All combat maneuvering should be performed in a 
positive manner consistent with maintaining maximum 
maneuvering potential. The two teammates must sep­
arate and converge rapidly, always using different 
airspace and never tailing in behind one another. The 
vulnerable aircraft in each case must be completely 
free to execute any tactical maneuver desired to gain 
separation with the enemy. When both teammates are 
engaged, the prime advantage which each pilot has 

over his enemy attacker is his ability to work with his 
teammate with large separations in the vertical plane. 

Enemy Does Not See Far Teammate Situation 

In figure 1-18 the enemy attacker does not see the far 
teammate. Although this situation is rare, it does hap­
pen. The teammate who sees the enemy will immedi­
ately call the turn. The teammate under attack will 
execute a defensive turn to keep the enemy at a high 
angle-off. Control is with the outside teammate; and in 
this case, he must close on the target as fast as possible 
to put the enemy on the defensive. The primary aim 
of these maneuvers is to get both teammates behind 
the enemy. To accomplish this, the outside partner 
must position himself very obviously inside the enemy's 
turn, even if it is not a good tracking position. When 
the enemy maneuvers to defend himself, the trailing 
teammate calls the defensive teammate to ease g and 
high yo-yo to the cover position. 

Enemy Has Low Angle Off Situation 

In figure 1-19, the enemy has a low angle off on the 
outside teammate, and does not switch. This is the 
usual defensive situation since attacks are expected to 
be well executed. The team should see this attack 
develop far enough out so that the maneuvers can be 
executed before the enemy is within gun firing range. 
Again, the attacked teammate will maneuver with no 
restrictions, continuously turning hard into the enemy. 
Initially both teammates execute a hard turn or an 
in-place turn into the attack; however, the inside pilot 
holds his turn level as long as the enemy still has the 
option of switching targets. With wide separation, this 
switch option lasts only a few seconds. The inside team­
mate then pulls up abruptly in a high yo-yo. The out­
side pilot watches for a possible target switch. If there 
is no switch, he continues a hard turn under his team­
mate advising him of the situation. His teammate pulls 
up high enough to cause the flight to pass rapidly un­
der him and discourages a switch of targets, but he 
must stay low enough to immediately low yo-yo down 
on the attacker. 

This is the basic defensive maneuver for the loose 
deuce when defending against a dose, fast enemy at­
tacker or fluid section. It should be practiced repeatedly 
so that the time required for the inside pilot to high 
yo-yo and then low yo-yo to a tracking position on the 
enemy attacker is cut to a minimum. 

If the enemy attacker overshoots, but not enough to 
warrant a reversal, the covering teammate must make 
his yo-yo higher and wider. The inside teammate 
should recognize this situation early, especially if the 
enemy has a great speed advantage and the attack is 
coming from almost abeam. With this situation the 
inside man can safely high yo-yo much earlier. He 
should commence the yo-yo early enough to be at the 
top with both the enemy and his teammate in sight, as 
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the overshoot develops. Anticipate the enemy's maneu­
ver. The low teammate turns hard into the attack to 
force an overshoot, being careful not to nose down too 
steeply as this would allow the enemy to consider him 
sufficiently out of the fight to warrant a switch to the 
high teammate. When the enemy high yo-yo's aft of 
the low man, the high teammate must watch closely 
for a switch. If the enemy stays with the low teammate, 
the high man calls for him to tighten his turn and 
immediately drops down on the enemy's tail. If the 
enemy switches targets, the high man will turn hard 
down into the attack, calling for the low man to pull 
up to a cover position. See figure 1-20. 

If the enemy does not switch targets again, the rover 
man can low yo-yo behind him. If the enemy continues 
to switch targets, the positions of the high and low 
teammates must continue to switch. It can be seen that 
under these conditions it is very difficult for the defen­
sive team to switch to the offensive without endanger­
ing one teammate. The team must stay together in 
order to preserve its defensive potential should another 
enemy aircraft join the engagement. 

ENGAGING DISSIMILAR AIRCRAFT 
When engaging dissimilar aircraft, the opponents air­
craft characteristics, both favorable and unfavorable, 
must be known as well as your own. The professional 
fighter pilot will carefully plan his strategy, tactics, 
and execution of maneuvers to exploit his favorable 
characteristics and the enemy's unfavorable characteris­
tics. Your aggressiveness tempered by knowledge and 
the use of sound tactics will always give you the best 
possible chance for victory. When fighting a high 
thrust-to-weight ratio aircraft with low wing loading 
such as a MIG-21, your opponent's ability must be 
quickly and accurately determined. 

ENGAGING A MIG-21 

Utilize the combat spread formation when flying in a 
hostile area. Maintain a minimum of 450 KIAS to 
allow instantaneous application of maximum g. The 
MIG-21 will normally be positioned for a stern area 
attack under GCI control and will be extremely diffi­
cult to see due to its small size. Engage the MIG-21 in 
section to provide mutual support. Maintain a high 
energy level while engaged; do not attempt a slow­
speed scissors. If necessary, dive away to regain air­
speed for a reattack or to execute an escape maneuver. 
Force the MIG to fight below 16,000 feet. 

Once engaged, use an oblique loop maneuver for 
reciprocal course changes below 16,000 feet, vice hori­
zontal, high yo-yo, or low yo-yo type turns. The oblique 
loop allows the attacker to keep sight of the MIG 
during the maneuver while capitalizing on the F-8's 
superior performance in the vertical plane. Use lag 
pursuit maneuvering in close. Because of the MIG's 
superior turning performance, a dose-in overshoot is 
highly probable if lead pursuit is utilized to dose for a 
minimum range missile or guns shot. Avoid dissipating 
energy by usng hit-and-run attacks and yo-yoing high. 
Do not strive for an immediate dose-in shot. 

As the MIG initiates a defensive hard or break turn, 
maneuver to a point 3,000 to 5,000 feet astern and out­
side the MIG's radius of turn. If a dose-in overshoot is 
imminent during offensive maneuvering, instead of 
performing a high yo-yo to counter the overshoot, exe­
cute a high g roll away to position for a lag pursuit 
attack. This will prevent a dose-in overshoot, thus 
eliminating the possibility of being caught in a slow­
speed scissors. It will also reduce energy bleed-off, and 
place you in his blind cone. Maneuver into the MIG's 
blind cone during all offensive maneuvering to capi­
talize on the MIG's visibility restrictions. Continue 
maneuvering in the stern area until it appears that the 
MIG has lost visual contact. 

When a section maneuvers offensively to engage a 
MIG-21, it should close until he initiates a defensive 
maneuver. When the MIG maneuvers, the wingman 
must separate vertically. One airplane must keep him 
engaged· while the other employs loose-deuce maneu­
vering in an attempt to dose for the kill. 

Head-on Attack 

If a MIG-21 is sighted head-on, immediately push over 
and attempt to descend into its forward quarter blind 
area. Turn away to gain approximately 1-mile lateral 
separation. If the MIG does not turn, maintain the 
lateral separation until approaching abeam and then 
initiate a hard turn toward his aft hemisphere, posi­
tioning for a missile/ guns attack. Maintain a rigid 
lookout during the turn to prevent turning in front 
of a trailing wingman. As soon as your weapons are 
fired, execute a hard turn to dear your 6 o'clock. 

If the MIG-21 turns towards you prior to passing, indi­
cating that you have been seen, immediately turn hard 
into him to reduce all lateral separation. A MIG-21 
can convert any lateral separation into a decreasing 
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track crossing angle ( TCA). ]inking may be required 
to prevent any forward quarter cannon tracking by the 
MIG prior to passing. If range is such that a head-on 
engagement cannot be m ade, turn to position him at 
a high T CA. Maintain this high TCA while accele­
rating for separation. Be prepared to break into an 
ATOLL m issile or to negate a gun firing pass and 
force an overshoot. As the MIG-21 passes close abeam, 
drop a wing as necessary to keep him in sight, and 
execute an oblique loop back coward him. If he coun­
ters aggressively the F-8 may not be able co attain an 
offensive position. 

If the first reversal results in another head-on pass or 
loss of position advantage, do not immediately reverse 
back into him with a reduced energy level. If the F-8 
slows down while attempting co turn with the MIG-21 , 
it will only be a matter of a few turns before the MIG 
will be on the inside of the turn and tracking. Turn 
only enough to keep him in sight after passing, and 
unload to g ain energy (minimum of 450 KIAS) prior 
to reversing back toward him. This delay in reversing 
allows the F-8 to regain a sufficient energy level to 
perform a maximum performance turn reversal and 
sufficient separation to complete the 180° turn prior 
to passing him again. The time delay before reversing 
the turn depends upon the F-8's speed when passing, 
but should not exceed approximately 5 seconds, or 
visual contact with the MIG may be lose. During 
these head-on passes the MIG should be rapidly dissi­
pating energy on his reversals . Continue engagement 
using these tactics until an offensive position is attained 
or disengagement is necessary. 

Stern Attack 

When the F-8 is attacking from the MIG-21's stern 
area, attempt co take advantage of the MIG's poor 
rearward v isibility by approaching the missile envelope 
from a low 6 o 'clock position. If the missile launch is 
unsuccessful and he has no t initiated a break turn, 
close for a guns attack but avoid a close-in overshoot. 
If the MIG~2l turns into the F-8 while closing for a 
guns attack, do not pull lead and attempt to close the 
MIG to m inimum range. Do not become overanxious 
to complete the kill. The MIG-21's high rate of de­
celeration with g applied and its superio:- turning 
capability m ay place the F-8 in an uncontrollable over­
shoot situation. Usc lag pursuit maneuvering and 
barrel roll attack to stay in his blind cone as he re­
verses. If t hese maneuvers a rc performed properly, the 
F-8 can mainta in an offensive position until the MIG 
is destroyed . 

MIG Executes a Stern Attack 

When the MIG-21 is attacking from the stern area, 
attempt to turn and meet head-on by executing a hard , 
CRT turn into him. If successful, perform the tacti cs 
described above for the head-on situation. If unable 
to meet head-on, continue turning intO him with your 
nose slightly down, maintaining a minimum of --1 ) 0 
KlAS. Keep him at a high TCA. Be prepared to break 
into the MIG to force an overshoot or to counter an 
ATOLL missile launch. If he closes to gun tracking 
range (within 5,000 feet per 50° angle off) , escape 
becomes difficult. Execute a nose-low break into him, 
accelerating to above 595 knots at maximum g for that 
speed. If being fired upon, vary the g load and yaw 
on the a irplane to negate tracking solutions. If the 
MIG reverses its turn nose-low away from the lql , indi­
cating it is disengaging, immediately reverse and at­
tempt to reacquire him before he is beyond maximum 
missile range. If the MIG yo-yo's high, indicating he is 
countering an overshoot and is positioning for a re­
attack, do not reverse into him; reduce g and accele rate 
for sepa ration, keeping him in sight. If the MIG fol­
lows you down into the lower altitude region, with 
all other tactical considerations in mind you must de­
cide whether or not to re-engage. 

SECTION DOCTRINE 

The section tactical team has been prown to be an 
absolute necessity in a hostile area . The team must be 
proficient and well trained in the tactics discussed 
above. The relative positioning of the two F-S's during 
offensive maneuvering should be as described for com­
bat spread patrolling, tactical wing forma~ions, and 
loose deuce maneuvering. Attacking in the tactical 
wing formation, the wingman must separate vertically 
when the MIG-21 begins defensive maneuvering. The 
F-8 actually pressing the attack on a MlG-21 should 
keep him engaged while the wingman maneuvers for 
the kill. 

A MIG-21 is most difficult to acquire visually in excess 
of 2 NM. For this reason, a rigid section lookout doc­
trine is mandatory if the section expects to opera te 
successfully in a hostile area. Seer ion loose deuce ma­
neuvering, separated in the vertical plane, is the most 
effective formation for converting a defensive situation 
co the offensive. 

This is particularly true at low altitude when the 
enemy has superior turning performance. In this case 
the inside teammate goes low and the outside team­
mate goes high. This is essentially a loose deuce defen­
sive split. Sec figure 1- 21. If the enemy chooses to 
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follow the low teammate, he will be sandwiched by 
the high teammate. If the enemy switches to the high 
teammate, he must break down into the enemy and 
call the low teammate to ease his turn and pull up 
over the top. The low teammate decreases his bank 
angle to approximately 30° and pulls up in what is 
essentially an oblique loop. Communications are para· 
mount. The teammate who has called the maneuver 
must keep his looping teammate in sight as long as 
possible, correct his bank angle if it is incorrect, and 
tell him where to look as he comes over the top. If 
the enemy does not switch targets again, he will be 
sandwiched. If the enemy does switch, the teammate 
who has just completed the oblique loop will engage 
him head-on and call for his teammate to pull up over 
the top. It is difficult to properly perform this maneu­
ver without a good deal of experience in loose deuce 
maneuvering. Large vertical separation is encountered 
and for much of the time one teammate will not know 
the position of his teammate or the enemy. This 
maneuver would be impossible without continuous 
radio communication and highly undesirable if other 
enemy aircraft were in the area since team defensive 
posture is so greatly compromised. 

If the situation should occur where the enemy attacker 
is shadowing and refuses to engage, a vertical reverse 
turn will force the enemy to drop the offensive or pick 
a target. The team should keep the enemy in sight and 
not spread more than two miles apart. The enemy must 
continue ahead or follow one of the teammates. The 
enemy should be watched closely; and if he picks a 
teammate, the other teammate calls for him to tighten 
his turn, relaxing his own turn and reversing to roll 
out high and a little aft (to a cover position) . From 
this point the procedure is the same as for other situa­
tions where one member is vulnerable and the other 
has an advantage over the enemy. A modification of 
this maneuver, that is, a split-S into one another with­
out hesitating to spread and build up potential, can 

be used effectively against an enemy known to have 
missile capability. 

ENERGY MANEUVERABILITY 

Prior to participating in fighter versus fighter combat, 
the fighter pilot must know how to maneuver his air­
craft to the greatest advantage. He must also know the 
capabilities and limitations of his opponent's aircraft. 
With an understanding of energy maneuverability, the 
fighter pilot can extract this vital information from 
simple diagrams. The information gained from these 
diagrams can be used to add precision to tactics al­
ready developed and, more importantly, to develop 
comparisons for use as a basis for designing tactics 
against potential opposing fighters. 

Effective tactics reflect the best way to gain a favorable 
position. The maneuvering necessary to gain this 
favorable position depends upon the interaction of 
armament, turn, altitude, airspeed, and acceleration. 
The type of armament will define the firing envelope, 
hence the relative position to be sought in order to 
effectively employ this armament. How to maneuver 
into the firing envelope is the prime problem in air-to­
air combat. 

Assuming that a thorough knowledge is possessed of 
the F-8 armament envelope and that intelligence has 
provided enemy weapon system capability, this section 
will discuss the four factors of maneuverability-turn, 
altitude, airspeed, and acceleration. 

To gain a maneuvering advantage, energy must be 
managed more wisely by a given pilot than it is by 
his opponent. It follows, then, that tactical maneuver­
ability is a function of energy-the amount of energy 
possessed and how well that energy is managed in 
seeking a favorable position. For best maneuverability, 
this means that a fighter pilot should attempt to enter 
an engagement at a relatively high energy level. How­
ever, this may be impractical since fuel management 
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problems can prevent the F-8 pilot from cruising near 
maximum energy levels; therefore, in an effort to 
improve maneuverability, we are presented the dual 
problem of: 

a. Managing energy while actively maneuvering 
against an opponent. 

b. Transferring from an energy level associated 
with cruise to one more closely akin to maneuver­
ability. 

The following explanations of Energy Maneuverability 
diagrams will give the fighter pilot an insight as to 
how to manage the energy he possesses and how to 
best transfer to a higher energy level. 

V-n Diagram (G-Limit vs Airspeed) 

The V-n diagram (figure 1-22) is a plot of limit load 
factor (g-limit) versus airspeed. The right, upper, and 
lower boundaries of the V-n diagram are determined 
by the structural limits of the airframe, while the left 
boundary is determined aerodynamically by the stall­
ing speeds of the aircraft. From this diagram, one can 
determine the maximum g which can be pulled at 
any given airspeed before onset of stall. To use the 
diagram, select a calibrated airspeed (eg 300 KCAS) 
and proceed vertically to find the positive and negative 
g loads which can be achieved without stalling the 
wings. The diagram can also be entered with a given 
g load to determine minimum CAS prior to stalling. 
It should be noted here that this diagram does not 
indicate the g load which can be sustained without 
airspeed bleed off, but merely the instantaneous, no­
stall g which can be attained at any given airspeed. The 
g load which can be maintained without airspeed 
bleedoff is shown in figure 1-23. Figure 1-24 is a plot 
of instantaneous g available at various altitudes, cruise 
droop in and cruise droop out. 

P, -V Diagram (Specific Excess Power vs Airspeed) 

This diagram is a plot of Ps (excess power) versus 
airspeed. Airspeed is presented in terms of Mach num­
ber. Ps is that power above the amount required to 
maintain level, unaccelerated flight and is shown in 
feet per second. This excess power can be used to in­
crease airspeed, altitude, or g loading. This diagram 
is particularly useful for determination of g loads 
which can be maintained without loss of airspeed 
(diagram values are valid only at the specific altitude). 
To use this diagram (figure 1-25) select a Mach num­
ber and proceed vertically to a g line. Then move 
horizontally to the left-hand margin of the diagram 
and note the specific excess power. If this power is 
positive, there is still power available for acceleration, 
climb, or increased turn (g). If this power is negative, 
a loss of airspeed will result if g is maintained at a 
constant value. The units of Pso feet per second, are a 

direct measure of the rate-of-climb available from 
positive Ps. or the rates-of-descent necessary to main­
tain g and airspeed if the P s value is negative. 

Examine figure 1-25 (Sheet 2) which is based on 
15,000 feet. Note that at Mach 0.51, 15,000 feet, the 
F-8E, at maximum thrust can just maintain a level, 
3g turn (point 1); while at 0.8 in a 3g turn, the aircraft 
has a positive Ps value of 250ft/sec (point 2). With this 
excess power the pilot can: initiate a climb at 250 
ft/sec while maintaining a 3g turn; accelerate to 0.95 
while maintaining a 3g turn (point 3) and climbing at 
250 ft/sec; or maintain 0.8 and increase turn g to 4.8 
(point 4) without losing altitude. Now follow the 1.0 
Mach line to its intersection with the 5g curve (point 
5 ). Note that at this point, the aircraft has a negative 
Ps of approximately 75 ft/sec. With this negative ex­
cess thrust, the aircraft must: descend at the rate of 
75 ft/sec if the 5g turn is to be maintained at Mach 1.0 
or, relax g to a value of 4.0 (interpolation between 3g 
and 5g contour) if a constant airspeed and attitude is 
to be maintained (point 6). 

Note 

P8 -V diagrams are not commonly referred to 
in current energy maneuverability manuals. 
However, the P8-V diagram has been illus­
trated and explained to facilitate an under­
standing of the information that follows. 

H-V Diagram (Altitude vs Airspeed) 

This diagram depicts lines of constant Es (specific 
energy) and lines of constant Ps on a plot of altitude 
versus airspeed. As in the P8 -V diagram, airspeed is 
presented in terms of Mach number. 

Note 

In this discussion, only mechanical energy, 
as applied to air combat maneuvering, is con­
sidered. Mechanical energy consists of two 
forms- energy due to position (height) and 
energy due to motion. Positional energy is 
normally termed "potential energy" and is a 
measure of height, or altitude, above the sur­
face of the earth. Energy due to motion is 
commonly called "kinetic energy," and is 
proportional to the square of the true air­
speed. Mechanical energy is the sum of kinetic 
energy and potential energy. 

The total mechanical energy an aircraft possesses 
divided by the weight of that aircraft is termed 
"specific energy." It is given the symbol E8 , and the 
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unit of Es is feet. Any "level" of specific energy, E., 
may be plotted on a graph of altitude-versus-velocity 
as a parabola (figure 1-26). 

Note on figure 1-26 that an Es of 15,000 feet (.zero air­
speed) can theoretically be transformed into 0.53 Mach 
at 10,000 feet (Position No. 1); 0.73 Mach at 5,000 feet 
(Position No.2); or 0.88 Mach at sea level. Conversely, 
an aircraft in level, 0.88 Mach flight at sea level can, in 
theory, ".zoom" to 15,000 feet and .zero airspeed (no 
engine power increase). 

Figure 1-27(1) is an actual H-V diagram for an F-8E 
under MRT power and 1g conditions. Constant P, 
lines are depicted indicating the rates of climb in feet 
per second that an F-8E would be capable of at any 
airspeed/altitude combination shown. For an example 
of figure 1-27(1), at 0.75 Mach, proceed vertically to 
the 300 P, contour (approximately 21,000 feet altitude). 
Note that the 30,000 feet E. contour also crosses the 
300 P contour at this same point. This means that an 
F-8E ~t 0.75 Mach and 21,000 feet at MRT in 1g flight 
can initiate a climb at 300 feet per second or, theoreti­
cally, zoom to 30,000 feet (zero airspeed) with no en­
gine power increase. 

Referring to the crosshatched area on the lower right 
edge of figure 1-27(1), note that a 30,000 feet E, line 
can, in theory, be transformed into 1.25 Mach at sea 
level. However, check the zero P, curve. The zero Ps 
curve forms the envelope within which an aircraft can 
maintain level 1g flight. Consequently, an F-8E can 
never transform an energy level of 30,000 feet into an 
equilibrium sea level Mach 1.25. 

Note 

The Es curves on the H-V diagrams are 
based on a "perfect atmosphere" (i.e. no 
drag). In actual practice, however, this can 
be neglected when comparing H-V diagrams. 
Since the P, curves of aircraft being compared 
are superimposed over the same E. curves, the 
errors introduced will, for our purposes, can­
cel each other out. 

APPLICATION 

Obviously, the most beneficial use of Energy Maneuver­
ability will be in the area of comparing the F-8 with 
enemy fighter aircraft. Comparisons covering all situa­
tions are beyond the scope of this manual, but with a 
basic understanding of the principles above, the fighter 

pilot will be able to determine how and in what re­
gimes he can successfully engage the enemy. The fol­
lowing example illustrates one way energy maneuver­
ability can be used. The example makes use of actual 
F-8 H-V diagrams. 

Although an aircraft has the same energy anywhere 
on the same E, contour such as ABCD of figure 1-27( 1), 
not all points on such a contour are equally desirable. 
Points near B require such a high angle of attack for 
1g flight that drag is relatively high. As point B is ap­
proached from the right, the increasing drag reduces 
P 8 to zero and no power is available to increase energy. 
P s also decreases as one progresses from C to D because 
of the increase of drag with airspeed and air density. 
The most advantageous point to be with an Es of 
30,000 is point C. This is a point of tangency of a P s 
contour (interpolated) with the E. = 30,000 curve. 
Study of the diagram shows that no other point on the 
chosen E. curve has such a high Ps avapab~e for increas­
ing energy. It follows then that the htghest energy 
level for a given Ps is the point on the Ps curve at 
which the nearest Es curve is tangent to this curve. 
Interpolation of Es andlor P8 curves may be necessary 
to find this point. 

Note 

At zero airspeed, E. is equal to H (altitude). 
To avoid confusion, it should be noted that 
the vertical axes on most H-V diagrams are 
labeled H and E •. 

The dotted curve in Figure 1-27( 1) connects to opti­
mum points on the Es contours into an optimal path 
for gaining energy in the least time. An approxima­
tion is involved in that the P 8 profiles are based on 1g 
flight and do not strictly apply to an aircraft changing 
energy. However, an aircraft gaining energy at the 
-rates commonly available is not thought to depart 
from lg enough to seriously affect the results. A second 
approximation of this method results because exact 
adherence to the optimum profile will in practice re· 
suit in significant g loadings during the fairly rapid 
changes in pitch angle sometimes required. In order 
to avoid high g loadings which are wasteful of energy, 
it is often necessary to arbitrarily smooth the optimum 
energy rate paths which are determined from 1g con­
ditions. 

Studying figure 1-27(1) (F·8E under maximum power) 
it is seen that the F-8E should attain and hold approx­
imately 0.9 Mach until reaching about 40,000 feet. A 
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slight descent is then started to approximately 33,000 
feet by flying in a parallel path between the 50,000 feet 
Es curve and the 60,000 feet Es curve to point one. 

(Note that the 100 feet/second Ps curve "bulges" out 
to the right toward higher Es (energy) levels. Since the 
200 feet/second Ps curve does not, rough interpolation 
will show that the 150 feet/second Ps curve will reach 
out to point one.) The flight path is then continued 
out to point two, the maximum energy level of 83,000 
feet E •. 

Note 

The flight path just described is the optimum, 
minimum time flight path to reach the maxi­
mum energy level. It also must be noted that 
this airspeed ( 1.8 Mach) occurs at any energy 
level of 83,000 feet. If this E. is expressed 
solely as altitude, it exceeds the maximum 
altitude actually attainable. The F-8E can 
only be "zoomed" to approximately 68,000 
to 70,000 feet as compared to the theoretical 
"zoom" associated with the maximum energy 
level (83,000 feet). 

The H-V Diagram may also be used to determine the 
maximum airspeed available at each altitude. To find 
this airspeed, proceed horizontally at a selected alti­
tude, to the right edge of the zero Ps curve. Rates of 
climb available to an F-8E on the climb path just 
described can be read directly from the P. lines. Refer­
ring to figure 1-27( 1), an F-8E will climb 300 feet/ 
second at 27,000 feet, 200 feet/second at 36,000 feet and 
100 feet/second at 45,000 feet. 

Although the speed-evaluation trade-off path for maxi­
mizing energy rate has been described above and il­
lustrated in figure 1-27( 1), the best procedure for 
getting onto this path when starting from an arbitrary 
point has not been discussed. Therefore, consider an 
F-8 located at point A of the H-V diagram of figure 
l-27(2). Let the objective be to increase energy as 
fast as possible, and the needed information is how to 
best join up with the optimal energy rate path. Two 
profiles for this purpose are easy to portray on :ln 
H-V diagram. The two possibilities are: 

a. Acceleration at constant altitude (AC in figure 
1-27(2) until the optimal path is reached. 

b. A dive which carries the F-8 along the initial E, 
contour until intersection with the optimum path is 
made (AB in figure l-27(2). (The steepness of the 
dive will not affect the path as presented on the H-V 

diagram as long as departure from 1g coordinated 
flight is not serious. The steepness of the dive will 
affect the time required to traverse from A to B). In 
all cases, as the speed dictated by the optimal path is 
approached, the aircraft pitch angle should be increased 
such that the pilot eases onto this path at the specified 
speed and climb rate. This will prevent an overshoot 
in speed or the need for a high g pullup. 

Case 1 has been criticized because it results in crossing 
Es contours at other than the point of maximum P8 • 

However, this does not necessarily negate successful 
maximization of average P8 over time which is the 
objective. In Case 2 exact traversal of the constant Es 
contour will require a constant throttling back as any 
positiv-e Ps will move the aircraft off the Es path. This 
procedure is surely wasteful because Ps will be kept at 
zero until an altitude-airspeed configuration on the 
optimal path is attained. Since this problem has not 
been solved analytically for the general case, there is 
no preferred path from theoretical computations from 
an arbitrary initial point. 

A reasonable procedure in practice for maximizing 
energy rate from an arbitrary point such as A is the 
following. It is assumed the pilot knows what his air­
speed should be for best energy gain for his altitude. 
The pilot goes to full power and notes his speed and 
acceleration. If these quantities indicate he is rapidly 
approaching intersection with the optimal path, it is 
necessary merely to establish the rate of climb required. 
If the acceleration is slow, lower the nose, accelerate, 
and intersect the optimal path. Entry and pullout re­
quiring high g must be avoided and should smoothly 
terminate with the correct pitch angle established. If 
no dive is required, the resulting path will resemble 
AD of figure 1-27(2) whereas a dive will result in a 
path such as shown as AE. 

For an aircraft that is initially on the high speed side 
of the optimal path such as point G of figure 1- 27(2), 
the procedure is somewhat different. Here a climb is 
required to bring the speed down to the value specified 
for best energy rate. On the H-V diagram a practical 
profile for this procedure will qualitatively resemble 
GJ. The exact trace will depend on pilot judgment. 
His climb rate must exceed his Ps or his speed will in­
crease rather than decrease. Figures 1-27 A and 1-27B I 
depict the F-8E under maximum power at 3g and 5g. 

With this basic understanding of energy maneuver­
ability the fighter pilot can now refer to "Energy 
Maneuverability" (U), APGC-TR-66-4, Volumes I, II 
and III, published by the Air Proving Ground Center 
(PGTO), Elgin AFB, Florida. These publications con­
tain appropriate V-n and H-V diagrams for United 
States and potential enemy aircraft. 
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I Like other professional men, fighter pilots must learn 
from those who have gone before them. The following 
books have been written by experts in the field of fight­
er aviation. They are required reading for the profes­
sional fighter pilot and are a must for your Wing/ 
Squadron professional library. 

1. G. Boyington, BAA BAA Black Sheep, G. P. 
Putnam's sons, New York 

2. Adolf Galland, The First and The Last, The Rise 
and Fall of the LuftWaffe: 1939-1945, U205, 
Ballantine Books 

3. E. H. Sims, American Aces, Twelve Army Air 
Force Pilots: Their Most Exciting Missions, 
U208, Ballantine Books 

4. J. E. Johnson, Full Circle: The Tactics of Air 
Fighting 1914-1964, U6012, Ballantine Books 

5. Saburo Saki, Samurai: Flying the Zero in WWII 
with japan's Fighter Ace Saburu Sakai. M. 
Caldin and F. Saito. U2806 Ballantine Books 

6. R. S. Johnson, Thunder Bolt: With the Fabulous 
U.S. 56th Fighter Group-Killer of over 1000 
German planes, Martin Caiden, F764, Ballantine 
Books 

7. Yasuo Kowahara and G. T. Allred, Kamikaze, 
U2821, Ballantine Books 

8. C. Blair, Jr., Beyond Courage, U2209, Ballantine 
Books 

9. J. Bryan, III, Aircraft Carrier, 697, Ballantine 
Books 

10. F. Harvey,]et, 691, Ballantine Books 
11. E. Trevor, Squadron Airborne, U2223, Ballantine 

Books 
12. H. U. Rudel, Stuka Pilot, U2136, Ballantine 

Books 
13. E. H. Sims, Greatest Fighter Missions, X744, 

Ballantine Books 
14. Paul Brickhill, The Dam Busters, U2813, Bal­

lantine Books 
15. Robert L. Scott, God is My Co-Pilot, 145, Ballan-

tine Books ' 
16. Pierre Clostarmann, The Big Show, Ballantine 

Books 
17. Martin Caiden, Zero, Ballantine Books 
18. Martin Caiden, Torch to The Enemy, Ballantine 

Books 
19. B. S. Kelsey, "There'll Always Be A Fighter" re­

printed from Cockpit, July, 1965, The Society 
of Experimental Test Pilots 

20. Fighter Weapons Newsletter, No Guts- No 
Glory 
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PART 2- COMBAT AIR PATROL 

BRIEFING REQUIREMENTS 
Effective employment of the F-8 as CAP depends upon 
oomprehensive briefings which include, as a minimum, 
the following: 

a. Weather and Associated Effects. 

1. Weather in Task Group operating area 
2. Weather at CAP station, possible combat inter-

cept areas, and divert fields 
3. Wind conditions at altitude 
4. Sea state 
5. Ducting levels 
6. Contrail levels 
7. Ambient temperature vs altitude 

b. Task Group Operational Considerations. 

1. Probable early warning ranges and height 
finding capabilities in all sectors and all alti­
tudes 

2. Surface-to-air missile (SAM) zone limits 
(friendly and enemy) 

3. Fighter exclusion zone limits 
4. Task Force/Group formations and disposi­

tions 
5. Position of carriers in Group for each forma­

tion 
6. Point of intended movement (PIM) variations 
7. Control of electromagnetic radiation (EM­

CON) 
8. Specific identification (ID) policy regarding: 

Electronic ID - identification, friend or foe 
(IFF), passive receiver analysis, etc. 

Kinematic ID- target altitude, speed, head­
ing, and turns 

Geographic ID - target position in corridors, 
etc. 

Visual ID - whether targets must be visually 
identified in specific cases 

9. Air control assignment 
10. Communication frequencies and calls 
11. Authentication procedures 
12. Navigation aid guard ships (positions and 

operating times) 
13. Selective identification, friend or foe (SIF) 

code messages for radio failure and communi­
cations ECM 

c. CAP Station Assignment. 

1. Sector or loiter pattern 
2. CAP relief point 
3. Policy for major weapon system deficiencies 
4. Search responsibility in CAP loiter pattern 

5. Combat fuel allowance (total fuel for inter-
cepts) 

6. Cycle time (time from catapult to arrestment) 
7. Friendly field availability and location 
8. Ready deck information 
9. Airborne tanker provisions 

10. Emergency ejection instructions 

d. Intelligence Information. 

1. Likely direction of raid approach 
2. Types to be expected and relative numbers of 

each type 
3. Altitude/Mach number and pertinent per­

formance data typical of each type 
4. Typical formation expected (close, stream, or 

wide, etc.) 
5. Identity features of each type 
6. Armament of each type 
7. Weapons loading typical of each type (bomb 

trajectory or stand off) 
8. Bomb release line for typical weapons 
9. Radar reflective area of each type 

10. IR detection range for each type 
11. Typical defensive and offensive tactics 
12. ECM capabilities of each type 

e. Search and Rescue Information. 

1. Disposition of SAR forces 
2. SAR frequencies 
3. SAR capabilities 
4. Safe areas 
5. Escape and evasion information 

PROCEDURES 
Prelaunch procedures are in the NATOPS Manual. 
EMCON conditions and ordnance proximity may mod­
ify radar operating procedures. 

Under most conditions an MRT climb should be used 
enroute to the CAP station. The MRT climb will allow 
for timely CAP relief and affords maximum fuel after 
reaching the station. 

The maximum on station time will be obtained by 
climbing straight ahead without turns. Excess turns, 
depending on where they are made in the climb, may 
shorten on station time as much as five to ten minutes. 
If the CAP is assigned a low-far or long-range station, 
the run-out profile selected should be the best compro­
mise between time enroute and cycle time. 

The pilot should adhere to the recommended climb 
schedule. If a turn has to be made before reaching CAP 
altitude, less fuel will be wasted if it is accomplished 
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just after launch at moderate power or later at very 
shallow angles of bank. Low altitude rendezvous and 
section climb-out costs heavily in fuel and should be 
avoided if possible. 

The weapon system should be checked soon after 
launch. Normally CAP relief can only be considered 
complete when on station with the airplane and 
weapon system checked out satisfactorily. 

Once CAP airspeed and altitude are established, endur· 
ance is of major importance. A prime consideration is 
the angle of bank used in maintaining CAP station. 
Reduced fuel consumption is obtained by flying the 
aircraft near the minimum thrust required airspeed 
using low bank angle turns. When an airplane is 
banked, its load factor and apparent gross weight 
increase. In order to maintain balanced flight, angle 
of attack or airspeed must be increased. Either action 
results in drag increases, which require more thrust 
and fuel. The normal reaction is to add an increment 
to the maximum economy speed to permit turns with­
out entering the back side of the drag curve. The 
greater the increment selected, the higher the excess 
fuel flow. If low bank angles are used, this added speed 
increment can be reduced. However, when the airplane 
is flown at maximum endurance airspeed, rough bank 
and altitude control can easily result in entry into the 
high drag region. The fuel consumed in accelerating 
back to loiter speed may equal or exceed the original 
fuel saved. Therefore, a minimum-fuel loiter pattern 
must be flown with extreme precision. 

As an example, at 35,000 feet with a 270 KIAS and 
fuel flow of 2, 700 lb per hour, a 20-degree angle of 
bank will increase fuel flow 150 lb per hour. At 30 
degrees angle of bank, it will increase about 300 lb 
per hour. If tactically feasible, 15-degree angle of bank 
is recommended. This will increase fuel flow approxi­
mately 100 lb per hour. Use of the autopilot can be 
of great assistance in maintaining a precise loiter 
flight speed. 

Obviously, the selection of a higher than maximum 
economy loiter speed is justified, if the CAP is sta­
tioned in an exposed area where it might be attacked. 
In this case, the loiter speed selected should allow for 
tactical maneuvering. 

Note 

If the CAP pattern or area is limited such that 
it requires bank angles in excess of 15 degrees 
and a reasonable chance exists of being 
vectored for a bogey, maximum range cruise 
airspeed is recommended. 

CAP PATTERNS 
There are three basic CAP patterns which may be 
modified to meet specific requirements. 

The oval CAP pattern is best from an endurance 
standpoint since turning flight is at a minimum. It 

should be oriented perpendicular to the direction of 
the expected threat. At mid and low levels it may be 
advantageously employed using vertical in place turns 
to reduce the time in turning flight. 

The figure eight CAP pattern allows the pilot a turn 
of less than 135 degrees for bogey vector from any 
point in the pattern. It costs more fuel than does the 
oval pattern because of the added time in turning 
flight. 

The rectangular CAP pattern is similar to the oval 
except that a wings level cross leg is flown at each end 
of the pattern. It is generally used at night and in 
weather when the CAP section is flying in radar trail. 

SPECIALIZED CAP 

TARGET CAP 

T ARCAP is used to provide close-in protection of 
friendly attack aircraft. TARCAP is flown with either 
one or two F-8 sections. The T ARCAP aircraft may be 
required to cover the attack group during its run-in 
and retirement from the target by flying the F-8 
sections above and behind, weaving as necessary to 
maintain fighting speed. Over the target areas, the 
F-8 sections maintain clearance behind the strike ele­
ment to counteract any threat from enemy aircraft. 
Airspeed is maintained between 400 and 450 KIAS. 
Section lead will maintain radar and visual lookout, 
while the wingman maintains formation and visual 
lookout. TARCAP will be at an altitude so as to 
maintain visual contact considering weather and enemy 
defenses. Should enemy air opposition develop, the 
resulting mix of friendly and enemy aircraft may 
rule against use of air-to-air missiles. Guns should 
be used as the primary weapon in such a situation. All 
T ARCAP aircraft should be tanked enroute to provide 
maximum fighting fuel in the target area. 

BARRIER CAP 

BARCAP is stationed between friendly aircraft and 
the expected threat. In particular instances it is useful 
to establish selected and number-designated geographic 
holding points. This information is passed to the con­
trolling agency so that flights may be positioned at 
any specific point they request without compromising 
their intentions. If more than one section is available, 
the sections can be stationed in mutually supporting 
positions, although not necessarily in visual contact. 
Normally the BARCAP checks in, is identified, and 
is then tracked throughout the flight by a destroyer 
or by airborne AEW aircraft. BARCAP aircraft should 
be tanked enroute to provide maximum fighting fuel in 
the BARCAP area. At night the section maintains 
altitude separation and either a radar trail formation 
or an individual tactical pattern relative to a pre­
selected T ACAN position. BAR CAP must be under 
positive control when flown at night or in IFR condi­
tions without visual reference to land or sea. 
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PART 3- ESCORT 

Escort mtsstons provide defense for a ircraft whose 
capabilities for a p a rticular mission preclude self de­
fense. Escorted aircraft include helicopters, attack, 
reconnaissance, ELINT and AEW aircraft. 

ESCORT TACTICS 

Formations used during the escort mission must fulfill 
the requirements of maneuverability, simplicity, effec­
tiveness o f lookout, mutual support and concentration 
of firepow er. 

The variables which enter into the selection of the best 
tactical formation are too numerous and too dependent 
upon the combat environment to classify any specific 
formatio n as the best for all situations. The formations 
discussed are basic and adaptations to meet differing 
conditions must be made. 

The loose deuce formation described in Section I is 
designed to provide the best lookout coverage, espe­
cially in the area astern, and to keep the formation 
in the best relative position for mutual support in 
event of attack by enemy a ircraft. 

LIGHT ATTACK (JET) 

The mission of light attack squadrons is to conduct 
air-to-surface operations. Mission profiles used are 
determined by many variables. Some of these are : 
range, fu el consumption, type target, ordnance load, 
enemy radar coverage, and probability of enemy air­
borne fig hters. Compatibility of the F-8 with light 
attack profiles is excellent. Normal attack profiles fall 
into three categories: 

a . Enti re flight at low altitude. 

b. Enti re flight at high altitude. 

c. Initial portion of flight at high altitude, and re­
mainder of flight to target at low altitude. 

Position of the fighter escort will depend upon the 
number of attack aircraft to be protected, expected 
air threat , and the visual protection envelope. Vary­
ing the position of the fighter escort may increase or 
decrease the protection envelope depending upon the 
flight conditions encountered. In varying the position 
of the fighter escort, the visua l mutual protection 

envelope must he kept in mind at a ll times. One prac­
tical method of escort employment is to station sections 
of F-8s at 4 and 8 o 'clock. If a high enemy air threat is 
anticipated, an additional section may he positioned 
at 6 o 'clock . Sections should he I to 2 thousand f<:ct 
higher and 6 to I) thousand feet from the attack group. 
Positions may he maintain<:d by flying e ither co-speed 
or weaving when higher airsp<:cds arc desired. Caution 
should he exercised when weaving that overall escort 
effecti veness is not degraded. An instance where a 
heavy-sided formation might he more advantageous is 
where the expected air threat is known to h<: limited to 

an attack from one direction. In all cases (consistent 
with EMCON conditions), the F-8 pilot should usc the 
radar to increase detection ranges and to augment 
visual coverage. 

F-8s may he utilized lL~ escorts for Shrike carrying air­
craft to provide lookout for SAMs and protection 
against enemy air attack. Due to the high SAM ex­
posure, only the most experienced squadron pilots 
should he used . Escort should tly in a 60 " cone orient<:d 
on the Shrike aircraft with approximately 1,000 feet 
altitude differential and 1,000 to 1,500 feet behind. 
This provides an area large enough in which to m aneu­
ver and yet close enough to provide excellent lookout 
protection. CRT may have to he used periodically to 

maintain position in SAM evasive maneuvers. 

LIGHT ATTACK (PROP) 

Escorting propeller aircraft h as many inherent prob­
lems. The most readily apparent arc the differcnrials 
of speed, fuel consumption, and turning radii. The 
combat spread formati o n may be used during escort 
provided the distance between wingmen is increased 
to the full turning diameter of the F-8. Generally, the 
F-8 is limited when providing T ARCAP and/or BAR­
CAP for propeller attack aircraft. 

HEAVY ATTACK 

The mission of heavy a ttack squadrons is to conduct 
air-to-surface, all-weather operations. Because of the 
long range capability of heavy attack aircraft, the 
escort mission by the F-8 becomes limited. The pro­
cedures regarding lookout doctrine and formation 
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employment, as described for light attack (jet), also 
apply when escorting heavy attack aircraft. 

PHOTO 

A single fighter should be sufficient for photo escort, 
unless the probability of air opposition dictates the use 
of a section. The single aircraft may either be flown in 
a combat spread on the photo plane or in a tactical 
wing formation. The escort has the responsibility to 
provide lookout and assist in navigation where pos· 
sible. If a section is used, it should be flown in combat 
spread or a maneuvering tactical wing formation on 
the photo plane. On low altitude missions the escort 
should stay above effective small arms fire. When 
escorting the R-FS, performance data of the F-8 should 
be used for mission planning to insure adequate fuel 
specifics and performance. 

HELICOPTER 

The pattern for helicopter escort is a racetrack or 
modified oval shape (inverted dish), with equal inter­
vals between aircraft around the pattern. Each escort 

aircraft will pass close abeam of the helicopters on 
the flight base heading in a dive of about 30 degrees, 
observing the terrain below and ahead of the flight 
for hostile fire and enemy positions. The descending 
portion will extend about one mile ahead of the lead 
helicopter down to a minimum prescribed altitude 
AGL. A climbing turn is made to about 3,000 feet 

above the altitude of the helicopter to a reverse head­
ing. Each escort aircraft will be about a mile-and-one· 
quarter abeam on the reciprocal leg. A level turn is 
made back to base heading from the beam position, 
with the entry into the dive commencing before estab­
lishing the base heading. Escort aircraft must keep 
visual contact with each other. Two or four escort 
aircraft can operate in the pattern effectively when 
covering flights of up to 12 to 15 helicopters. This will 
provide for an escort aircraft to be in a run-in position 
to start a run at any time. The average speed in the 
pattern will be about 300 knots, with power essentially 
constant. Altitude variations and pattern size and 
shape may be modified when low ceilings dictate. 
There should be at least 500 feet between the heli­
copters and the ceiling. A ceiling of at least 2,000 feet 
AGL and a visibility of five miles is necessary for 
effective escort of helicopters. 
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PART 4-INTERCEPT TACTICS 
" . . . only the spirit of attack born in a brave heart will bring success to any 
fighter aircraft no matter how highly developed it may be." 

Although Galland's words are of a different age of 
fighter warfare, they are none the less true today. The 
strategically defensive, but tactically offensive, role of 
the fighter aircraft has not changed. Successful inter­
ception of an enemy raid and its subsequent destruc­
tion is a primary mission of the fighter pilot and his 
aircraft, be they enemy bombers, fighters or air-to­
surface missiles. The versatile Crusader with its pri­
mary armament system, the fighter pilot, and a variety 
of weapons can accomplish this mission. It is the pur­
pose of this section to explore in detail the techniques 
required to position the F-8 in the best launch envelope 
for the weapon carried. 

BASIC RADAR FUNDAMENTALS 

INTRODUCTION 

The term RADAR was coined by the U. S. Navy in 
1941 by combining the words RAdio Detection And 
Ranging. The word is now commonly applied to elec­
tronic equipment used to detect the presence of objects 
and to determine their direction, altitude and range 
by means of reflected radio waves. An understanding 
of the basic fundamentals is mandatory prior to com­
mencing in depth radar training. 

RADAR DEVELOPMENT 

The development of radar into the highly complex 
system known today is the accumulation of many de­
velopments and refinements contributed from many 
nations. While the development of radar as an operat­
ing system goes back only to 1928, the general princi­
ples have been known and used for a long time. 

Many discoveries were necessary before a useful system 
was realized. Some of these are listed as follows: 

a. The reflection of radio waves by certain types of 
objects. 

b. The formation of these waves into a beam. 

Adolf Galland 
Commander, Fighter Forces 
Luftwaffe 

c. The measuring of distance by timing the travel 
of a radio wave. 

d. The detection of the reflected wave. 
e. The pulse method of measuring distance. 

The final step was the combining of these discoveries 
into an operating device. Not until the last step was 
radar invented in the strictest meaning of the word, 
but since this last step depended upon all the pre­
ceding steps, credit must be given to all who partici­
pated in t!le invention. 

RADAR IN WORLD WAR II 

World War II played a large part in the development 
of radar in that it speeded up the process by forcing 
its development as an operating device. Since the na­
tion's security was at stake, very little information con­
cerning radar was made known. The public was aware 
that there was a marvelous new weapon that had some­
thing to do with radio, but beyond that they knew 
little. This secrecy caused much widespread specula­
tion concerning this new "secret weapon." Many of 
the tales told were strictly figments of the imagination, 
but radar did cause many changes in the methods of 
waging war. In World War II many naval battles 
were fought at night. Prior to this, no great naval 
battles were waged in darkness, since you could not 
shoot at an enemy you could not see. In a typical inci­
dent of World War II a new American warship was 
cruising the South Pacific searching for the enemy. 
Aboard the American vessel, radar, like an invisible 
searchlight, probed the darkness and discovered the 
presence of an enemy vessel more than eight miles 
away. The big ship lifted its radar synchronized guns 
and the second salvo, despite darkness and extreme 
range, landed squarely on the target. This incident 
would not seem unusual today, but imagine how amaz­
ing it was then- for the first time, to have destroyed 
the enemy without ever having seen him. Such events 
became common even in the early part of the war. 
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I AIRBORNE EQUIPMENT 

The early radar systems were bulky and also weighed 
considerably more than could be accommodated by 
the aircraft of the time, but it did not take long to 
reduce the size and weight to the point where the ra­
dar system could be installed in aircraft. Again, the 
pressing need for superior weapons accelerated the 
development of airborne radar systems. The early 
systems installed in aircraft were not nearly as sophis­
ticated as those of the modern day weapon systems, 
but the radar was a powerful aid to the aircraft. The 
aircraft also proved to be an aid to the radar since 
it supplied an elevated platform, thereby extending 
the effective range at which objects could be detected. 
The application of radar to airborne operations has 
been most successful, and airborne radar is an indis­
pensable part of the Navy's fighting team. 

Airborne radars are designed to meet the strict pack­
aging limitations that are necessary for all avionics. 
Even so, airborne radar sets serving many purposes 
have been designed to produce the same power as ship­
borne or shorebased units. 

In fighter aircraft, the primary mission of radar is to 
aid in the search, interception, and destruction of en­
emy aircraft. This requires that the radar have a track­
ing feature. The fighter radar system must also be 
capable of providing the necessary inputs to an ap­
propriate fire control system to properly compute and 
display gun lead and missile firing indications to the 
pilot. The aircraft, radar, fire control system, and 
weapons are collectively known as a "weapons sys­
tem." 

PRINCIPLES OF OPERATION 

All radars operate using the same basic principles. The 
transmitted beam of radio-frequency energy is directed 
over a region of space to be searched. When the beam 
strikes a reflecting object, energy is reradiated or re­
flected. A very small part of this reflected energy (the 
echo) is returned to the radar system. A sensitive 
receiver detects the echo signal and, therefore, the 
pr~nce of the object or target. The determination of 
the actual range and direction is based on the following 
two facts: 

a. Radio-frequency energy travels at the constant 
speed oflight (186,000 statute miles per second). 

b. The receiving system can be made directional. 

These two facts remain constant regardless of the par­
ticular function the radar has been designed to per­
form. There are other constants associated with each 
type of radar. 
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SYSTEM CONSTANTS 

Although all radars operate on the same basic prin­
ciples, each varies according to its function. Associated 
with any radar are certain constants. These constants 
are chosen for a particular radar system, depending on 
its tactical use, the accuracy required, the range to be 
covered, the physical size, and the problem of generat­
ing and receiving the signal. 

Carrier Frequency 

The carrier frequency is the frequency at which the 
radio energy is generated. The principal factors in­
fluencing the selection of the carrier frequency are the 
desired directivity of the radiated beam, the desired 
physical size of the antenna, and the generation and 
reception ofRF energy. 

To permit the determination of direction and to con­
centrate the transmitted energy so that a greater 
amount of it ·is useful, the antenna should be highly 
directive. The higher the carrier frequency, the shorter 
the wavelength, and hence the smaller the antenna 
system for a given sharpness of pattern, since the 
individual radiating element is normally a half-wave 
in length. For example, the carrier frequency for a 
radar set intended for airborne use would have to be 
fairly high so that a small reflector may be used. Some 
heavy ground radars use frequencies so low that they 
must have antenna reflectors more than 100 feet long to 
attain the desired directivity. 

Radar Operating Band Frequencies 

The range of frequencies designated for radar opera­
tion is divided into bands, each designated by a letter. 
Each band is centered on a certain frequency and wave­
length. The center frequency and wavelength for each 
band is listed below. 

BAND FREQUENCY WAVELENGTH 
(megacycles) (meters/ centimeters) 

p 150mc 2m 

L 1,000 me 30cm 

s 3,000 me 10cm 

X 10,000 me 3cm 

K 30,000 me lcm 
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Radar sets operating in the P and L hands are known 
as ultrahigh frequency (UHF) radar. Those operating 
in the S, X and K hands are called microwave radars. 
Naval fighters utilize X band. 

Pulse Shape and Width 

In the case of a pulse type radar, the shape and width 
of the RF pulse influences minimum range, range 
accuracy, and maximum range. The ideal pulse shape 
would resemble a square wave having vertical leading 
and trailing edges. However, available equipment does 
not usually produce the ideal waveforms. 

The factors influencing minimum range are discussed 
first. Since the receiver cannot receive target reflections 
while the transmitter is operating, it should he obvious 
that a narrow pulse is necessary for short ranges. A 
sloping trailing edge extends the width of the trans­
mitter pulse although it may add very little to the total 
power generated. Therefore, along with a narrow 
pulse, the trailing edge should be as nearly vertical as 
possible. See figure l-28. 

BAD 

__/L Range accuracy requires a 
sharp leading edge. 

Short minimum range require s 
a sharp nailing edge. 

Maximum range requires a 
flat topped pulse of some du­
ration. 

Range resolution requires a 
narrow pulse . 

A Z - 299-5- 6 8 

Figure J -28. Pulse Shapes and Effects 

A sloping leading edge also affects minimum range as 
well as range accuracy since it provides no definite 
point from which to measure elapsed time. Using a 
starting point at the lower edge of the pulse's leading 
edge would increase minimum range. Using a starting 
point high up on the slope would reduce the accuracy 
of range measurements at short ranges which arc so 
vital for accurate solution of the fire control problem. 

Maximum range is influenced by pulse width and pulse 
repetition-frequency (PRF). Since a target can reflect 
only a very small part of the transmitted power, the 
greater the transmitted power, the greater the strength 
of the echo that could be received. Thus, a transmitted 
pulse should quickly rise to its maximum amplitude, 
remain at this amplitude for the duration of the desired 
pulse width, and decay instantaneously to zero. 

Pulse Repetition Frequency (PRF) 

Sufficient time must he allowed between the transmitted 
pulses for an echo to return from any target located 
within the maximum workable range of the system. 
Otherwise the reception of the echoes from the more 
distant targets may he obscured by succeeding trans­
mitted pulses. This necessary rime interval fixes the 
highest frequency that can be used for the pulse rep­
etition. Both maximum and minimum pulse repeti­
tion frequencies for any radar set depend upon the 
tactical use that is ro be made of the equipment. To 
reach great distances, the radar must be able to radiate 
plenty of power during the transmission of the pulse, 
and the rest cycle or waiting time must he long enough 
to allow the transmitted pulse to travel well beyond 
the maximum range of the radar and to return. 

The time from the beginning of one pulse to the starr 
of the next pulse (this includes the pulse and the wait­
ing time for the return of that same pulse) is the 
pulse repetition time (PRT). It is the reciprocal of 
the pulse repetition frequency; that is, 

I 
PRT 

PRf 

From this relationship it can be seen that a radar set 
having a pulse repetition frequency of I ,200 pulses 
per second has a pulse repetition time of 1/ I ,200 
second, or 835 microseconds. This indicates that as far 
as the PRF is concerned, the maximum range of the 
radar is the distance a pulse can travel to a target and 
hack in 833 microseconds. To he useful, radar range 
expressed in time must he converted to radar range 
expressed in distance (usually miles). Since radio en­
ergy travels at a constant velocity of 162,000 nautical 
miles per second ( 186,000 statute miles) a transmitted 
pulse will travel one nautical mile in 6.18 microsec­
onds. Remember that the pulse, to indicate a target at 
one mile away, must travel a mile to the target and a 
mile back to the receiver. The pulse travels a radar­
mile; that is, a go-and-return mile, which requires 
12.36 microseconds. 

As a general rule, the pulse repetition frequency 
(PRf) determines the maximum range of a radar 
equipment. The radar equipment install ed in the F-8E, 
F-8H and f-8J have a pulse repetition frequency of 
1,200 pulses per second, a pulse repetition time of 8.'-1 
microseconds and a maximum range due to PRF of 
67.5 nautical miles (although the highest range scale 
has been limited to 60 nautical miles on the pilot's 
indicator for simplicity). 

If, for some reason, the pulse of energy should travel 
farther than 67.5 miles and he reflected, it would 
return to the radar after the next pulse had been sent 
out. This is quite common, especially when the diver­
gent beam of radio-frequency energy ultimately hits 
the ground. This phenomenon is known as second 
time around echoes (STAE) and docs record on the 
indicator display. 
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Pulse Detection 
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Figure l-29 

Power Output 

Although the PRF does determine maximum range, it 
can be seen that range also depends largely upon the 
power output of the set. It must radiate enough power 
so that the received echo signal at the maximum range 
will have a power level at least equal to the electronic 
noise in the receiver. 

Radar systems have been developed to the degree 
where they transmit the largest peak power ever radi­
ated by any type radio transmitting equipment. This 
peak power is sometimes in excess of ten megawatts 
and seldom less than twenty kilowatts (the F-8 peak 
power is in the 160 to 180 kilowatt range). 

The problem of generating and amplifying reasonable 
amounts of radio energy at extremely high frequencies 
and very high power levels are complicated by the 
physical construction of the electron tubes to be used. 
Tubes of special design must be used. Among these are 
such types as the magnetron, klystron, and traveling­
wave tubes. In general, these tubes have low interelec­
trode capacitances, low transit time, and the ability 
to handle very high levels of RF power. 

TRANSMISSION METHODS 

There are three major transmission methods which use 
the basic principles as previously described. They are 
the frequency shift system (continuous-wave), the fre­
quency-modulation system, and the pulse-modulation 

system. There is a fourth system which is actually varia­
tion of the above known as pulse-doppler, which will 
be used in the F-8J, F-4J and subsequent fighter aircraft.· 
Pulse-modulation radar ranging will be discussed in 
this section because it is the most widely used in air­
craft today and will probably be retained in the future 
as one mode of operation even though the emphasis is 
towards the coherent doppler systems. The F-8J aircraft 
has both pulse-modulation and pulse-doppler modes. 
Brief paragraphs on the other types of radar transmis­
sion methods will follow the more expanded discussion 
of pulse-modulation techniques. 

PULSE-MODULATION RADAR 

Radio-frequency energy, as previously described, can be 
transmitted in very short bursts called pulses. The 
pulses are of extremely short time duration, usually on 
the order of 0.1 to about 50 microseconds (the F-8 
radars have a pulse-width of 0.7 microseconds). In this 
method the transmitter is turned on for a very short 
time and the pulse of radio-frequency energy is emitted 
as shown in (A) of figure 1-29. The transmitter is then 
turned off, and the pulse travels outward from the 
transmitter at the velocity of light (B). When the pulse 
strikes an object (C), it is reflected and begins to travel 
back toward the radar, still moving at the same 
velocity (D). The pulse is received by the radar (E) 
and the time interval between transmission and recep­
tion is converted to a visual indication of a target at 
the specific range. The radar cycle then starts over 
again by transmitting another pulse (F). 

1-74 CONFIDENTIAL 



NAVAIR 01-45HHA-1T Section I 
Intercept Tactics 

FUNCTIONAL COMPONENTS 

The functional components of a pulse-modulated radar 
break down into six essential subsystems. See figure 
l-30. These subsystems are: 

a. THE SYNCHRONIZER (also known as the 
timer) supplies the synchronizing signals that time the 
transmitted pulses, the indicator, and coordinate other 
associated circuits. 

b. THE TRANSMITTER generates the RF energy 
in the form of short, powerful pulses. 

c. THE ANTENNA SYSTEM takes the RF energy 
from the transmitter, radiates it in a highly directional 
beam, receives any returning echoes, and passes these 
to the receiver. 

d. THE RECEIVER amplifies the weak RF pulses 
returned from the target and reproduces them as video 
pulses to be applied to the indicator. 

e. THE INDICATOR produces a visual indication 
of the echo pulses in a manner that furnishes the re­
quired information. 

f. THE POWER SUPPLY provides the electrical 
power requirements of all the components in the radar. 

_. ..... -4 ANTENNA SYSTEM t--""t 

TRANSMITTER RECEIVER 

SYNCHRONIZER INDICATOR 

AZ-301-5-68 

Figure l -30. Fundamental Radar System 
Fundional Block Diagram 

While the physical configurations of radar may differ, 
any radar system may be represented by a functional 
block diagram. An actual radar set may have several 
functional components within one physical component, 
or any one of these functions may require several 
physical components. However, the functional block 
diagram of a fundamental radar set may be used to 
analyze the operation of almost any radar set. In the 
following paragraphs, a brief description of each of 
the major essential components is given. 

Synchronizer 

The synchronizer ensures that all circuits connccu.--d 
with the radar system operate in a definite time rela­
tionship. It also times the interval between transmitted 
pulses to ensure that the interval is of the proper length. 

The pulse repetition frequency can be determined by 
any stable oscillator such as the sine wave oscillator, a 
multivibrator, or a blocking oscillator. The output is 
then applied to necessary pulse shaping circuits to 
produce the required timing pulse. Associated com­
ponents can be timed by the output of the synchronizer 
or by a timing signal from the transmitter as it is 
turned on. 

Transmitter and Modulator 

The transmitter's main component is an RF oscillator 
using a tube of special design (such as a magnetron) 
which generates powerful pulses of RF energy at regu­
lar intervals. Since the resting time is very long com­
pared to the transmitting time, the oscillator may be 
greatly overloaded during transmission time to increase 
the peak power. The oscillator requires operating 
power in the form of a properly timed, high amplitude, 
rectangular pulse. This pulse is supplied to the RF 
oscillator (magnetron) by a component called the 
modulator. This modulator supplies its high voltage 
pulse to either the plate or cathode of the RF oscillator, 
depending on what type of tube is used for the oscilla­
tor. Normally, because of the very high voltage in­
volved, the pulse is supplied to the cathode and the 
plate is grounded to shield personnel from shock 
hazards. The modulator switches the oscillator on and 
off. The modulator pulse applied to the oscillator may 
be more than 100,000 volts in some of the large early 
warning radars, or only a few hundred volts in some 
of the small airborne radars. 

Antenna System 

The antenna system takes the energy from the trans­
mitter, radiates it in a directional beam, picks up the 
returning echo, and passes it to the receiver with a 
minimum of losses. The antenna system includes the 
transmission lines and waveguide from the transmitter 
to the antenna, the antenna itself, the transmission line 
and waveguide from the antenna to the receiver, and 
any antenna-switching devices and receiver-protective 
devices that may be present. 

Most radars now use parabolic-reflector (dish-shaped) 
type antenna systems. This type antenna is a practical 
means of producing a narrow beam pattern of micro­
wave radiation. The reflection of RF energy by the 
paraboloid is closely analogous to the reflection of 
light by a parabolic mirror. A flashlight is an example 
of this effect. Many variations of the basic parabolic 
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shape are used to obtain acceptable beam patterns for 
radars with different tactical uses. 

When a radar receiver is operated close to a powerful 
radar transmitter, a certain amount of the transmitted 
signal inevitably finds its way into the receiver. This 
phenomenon is commonly known as the main bang. 
In certain instances, such signals resulting from the 
main transmitted pulse must be entirely eliminated 
from the output of the receiver. Therefore, the receiver 
must be turned off, or gated, during the pulse time so 
that it will be completely insensitive. On the other 
hand, some radars are designed to permit a very small 
amount of the transmitter pulse to be coupled to the 
receiver for timing. Both of these conditions place a 
limit on the amount of transmitted pulse that can be 
permitted to reach the receiver; keeping the amount 
of "coupled" pulse to the permissible levels is the job 
of receiver-protective devices. 

Usually a radar antenna system has a single antenna 
and an antenna switch capable of connecting the 
antenna to the transmitter during the transmission 
time and to the receiver during the remainder of the 
pulse period. The switch is necessary to protect the 
receiver from the transmitter during the pulse time 
and to isolate the transmitter during the receiving 
time. Otherwise the weak echo signals might be wholly 
or partially lost in following the transmission line or 
waveguide back to the transmitter. The transmitted 
pulse width and the pulse repetition frequency of the 
radar eliminate the use of a mechanical switch. The 
electronic device used to perform this switching is 
usually called a duplexer. Another common name is the 
TR (transmit-receive) tube. 

Receiver 

The receiver takes the weak echo signals from the 
antenna system, amplifies them sufficiently, detects the 
pulse envelope, amplifies the pulses, and feeds them to 
the indicator. Since radar frequencies are very high, 
they are very difficult to amplify. Therefore, one of the 
main functions of the radar receiver is to convert the 
frequency of the received echo signal to a lower fre­
quency that is easier to amplify. This lower frequency 
is called the intermediate frequency (1-F). The type of 
receiver that makes use of this frequency conversion 
is called a superheterodyne. Common AM and FM 
radios are also of the superheterodyne type. Super­
heterodyne receivers used in radars must have good 
stability and extreme sensitivity. The stability of opera­
tion is ensured by careful design and the overall sensi­
tivity is greatly increased by the use of many 1-F stages. 
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Indicator 

The indicator uses the received signals obtained from 
the radar receiver to produce a visual indication of the 
desired information. The cathode-ray oscilloscope is 
an ideal instrument for the presentation of radar data, 
since it not only shows a variation of a single quantity 
such as voltage but gives an indication of the relative 
values of two or more synchronized variations. The 
usual radar indicator is basically a rectangular tube 
in which range is displayed vertically and azimuth 
horizontally. The range sweep starts at the bottom of 
the indicator (representing the instant the receiving 
cycle starts) and is traced vertically outward to the 
limit of the receiver time or the range scale selected. 
A target is represented by an intensity modulated 
"blip" at the correct location on the timing line. It 
remains then that the indicator must be appropriately 
marked to enable the pilot to determine the range. 
The sweep of the range timing line is so rapid to the 
eye that it appears as a solid vertical line that sweeps 
back and forth in azimuth, leaving target "blips" at the 
range and bearing that they occur. Such an indicator is 
known as a B-scope and is almost universal in air­
intercept (AI) radars. The timing-line is known as the 
B-trace. There are other scope presentations such as the 
A (range-only displayed horizontally from left to 
right) and the PPI scope (a 360-degree circular display 
about the location of the antenna) with range increas­
ing radially outward. The A-scope has certain surface 
fire control and laboratory applications while the PPI 
is used for long range air and surface search installa­
tions. 

Power Supply 

In the general functional block diagram of a radar 
set, the power supply is represented by a single block. 
Functionally, this block is representative; however, 
one power supply may not meet all the requirements 
of a radar set. The distribution of the physical com­
ponents of the system may be such as to make it im­
possible to place all the power supply circuits into 
one physical unit. Thus, different supplies may be 
needed to meet the various requirements of the set 
and must be designed accordingly. Essentially the 
power supply converts the low voltage power from the 
aircraft's electrical system to voltages and currents 
suitable for the electronic circuits of the complete 
radar set. 
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SUMMARY OF BASIC PULSE-MODULATED 
RADAR SYSTEM 

Now, after having become familiar with the descrip­
tion and function of the major components of a radar 
set, it is possible to see how these components operate 
together to detect and determine the location of a tar­
get. The radar cycle of operation starts with the syn­
chronizer. The synchronizer generates two simultane­
ous timing signals known as "triggers" that are sent 
to the transmitter and the indicator. When the trans­
mitter is triggered, it generates a powerful RF pulse 
that is sent to the antenna, where it is emitted toward 
a target. 

At the same time, the second timing signal triggers 
the sweep generator in the indicator, and the sweep 
begins to move up the face of the cathode-ray tube. 
Thus, the sweep starts up the indicator screen at exactly 
the same time the transmitter pulse starts out into 
space. The pulse travels toward the target in space 
and the sweep continues up the screen of the indicator. 

When the pulse strikes the target, nothing happens on 
the indicator (because the pulse must return to the 
receiver to be detected). When the reflected pulse 
does reach the antenna, it is fed to the receiver and in 
turn to the indicator where it is recorded as a target 
"blip." The distance up the vertical trace on the indi­
cator that the "blip" occurs is representative of the tar­
get's range. The azimuth is easy to determine since 
the antenna, moving back and forth, is electronically 
coupled to the vertical B-trace. This causes the B-trace 
to sweep back and forth horizontally in coincidence 
with the mechanical position of the antenna. Elevation 
is actually the easiest to understand since it would be 
impossible to detect a target if the antenna were not 
pointing its beam at the target's correct elevation. As 
mentioned, the B-scope is a rectangular tube with 
range measured vertically and azimuth indicated hori­
zontally. By locating our range scale on the left-hand 
side of the indicator we can very easily devise an ele­
vation scale and locate it on the right-hand side of the 
indicator. The target "blip" cannot be compared to 
this elevation scale but an electronic marker can be 
produced along the right-hand scale to indicate the 
position of the antenna in elevation with respect to 
the aircraft's nose. With a little stabilization added to 
the antenna it can easily be seen that the antenna 
position and the elevation (tilt) marker on the indi­
cator can be referenced to the horizon. Now the pilot 
knows where his antenna is positioned vertically and 
the existence of a target "blip" on the scope gives him 
range and relative bearing, thus completing the three­
dimensional indication of the target. 

ADDITIONAL CIRCUITRY FOR AI RADARS 

In order to really give our basic radar an intercept 
capability we must be able to track (lock-on) a target. 
This provides a continuous readout of target informa­
tion to the various missile and gun fire control com­
puters and the resultant proper solutions to accurately 
fire the weapons. 

Range Tracking 

The basis of range tracking is relatively simple. First, 
the video signal that represents the target is made bi­
polar (a single sine wave having the first half negative 
and the second half positive). In terms of time (which 
in radar is distance), a single sine wave would exist 
at the exact distance from the beginning of the timing I 
as the target that is being displayed on the indicator. 
If a synthetic gate (as wide as our pulse width) is 
made that we can electrically position by means of a , 
hand control, we have a means of selecting the target 
that we wish to lock-up. The pilot merely superim­
poses this synthetic gate over the "blip" on the scope 
with the hand control. This is electrically placing the 
gate in coincidenc;e with the single sine wave represent­
ing the target's range. The circuitry is such that when­
ever the gate comes in contact with a negative signal it 
is caused to move outward in range. Whenever it comes 
in contact with a positive signal it is caused to move 
inward in range. Since the first half of the single sine 
wave representing the target is negative, when the 
synthetic gate is superimposed over the sine wave man­
ually its first reaction is to move outward but it im­
mediately comes in contact with the positive half of 
the sine wave and moves back inward. The gate ac­
tually finds equilibrium and settles down over the tar­
get. The gate moves in range as the target moves in 
range effecting range tracking as long as a target 
signal exists. 

Angle Tracking 

Angle tracking is accomplished by spinning the an­
tenna slightly off-center (eccentric spin). This spin 
is known as nutation. Whenever the antenna is point­
ing at a target, the return energy measured at the 
receiver is sinusoidal because there is only one posi­
tion during the antenna's spin where it is pointing 
most at the target and only one position ( 180 degrees 
away) where it is pointing least at the target. If the 
antenna is made to spin at a precise rate and is made 
to create a reference voltage (spike) every 360 degrees, 
it is readily seen that by comparing the peak of the 
sine wave with the spike reference voltage we have 
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the angular position or angle from the reference posi­
tion that the antenna receives the most return. By 
building a hydraulic servo system to drive the antenna 
it can be mechanized to drive toward the target's maxi­
mum return. When the antenna is aimed exactly at 
the target there is no sine waveform and therefore 
there would be no signals to cause the antenna to 
move. We have angle tracking by means of creating 
an aiming error to determine in which direction the 
target is and move our antenna in that direction until 
there is no error signal. Appropriate symbols are syn­
thetically created to display the position the antenna 
is assuming on the indicator. 

Fire Control Data and Artificial Horizon 

To complete the AI radar, synthetic symbols are manu­
factured to display maximum and minimum missile 
firing ranges. This data comes from the Fire Control 
computers. The artificial horizon is also displayed on 
the indicator and it is driven by the same gyro as the 
VGI instrument. 

OTHER TRANSMISSION METHODS 

Continuous-Wave Method 

The continuous-wave method operates on the principle 
of the Doppler effect. The Doppler effect is the appar­
ent change of frequency of light, sound, or electro­
magnetic radiation that is observed when the radiating 
source and the observer are in relative motion. This 
frequency shift is external to the transmitter; that is, 
the transmitter operates at a fixed frequency. A com­
mon example of the Doppler effect is the changing 
pitch of the whistle of an approaching train. The 
train's whistle appears to change in pitch from a high 
tone as the train approaches to a low tone as it moves 
away from the observer. As the train approaches there 
is an apparent rise in the frequency, as the train moves 
away there is an apparent lowering in frequency. 

In radar, the set differentiates between the transmitted 
and received waves, and thus determines the speed of 
the moving object. The Doppler method is the best 
means of detecting the presence of fast-moving targets 
that do not require range resolution. The amount of 

frequency shift is very small when compared to the 
carrier frequency; however, a shift of one quarter cycle 
at 10,000 megacycles will give a speed measurement 
to a fraction of a percent. A disadvantage of the sys· 
tern is that it does not determine the range to the 
target, nor is it able to differentiate between targets 
when they lie in the same direction. Moreover, it does 
not "see" stationary or slow-moving objects which a 
pulse radar system can detect. 

Frequency-Modulated (FM) Method 

In the frequency-modulated method, the transmitter 
radiates radio-frequency waves whose frequency is 
continually increasing and decreasing from a fixed 
referenu! frequency. At any instant, the frequency of 
the returned signal differs from the frequency of the 
radiated signal by an amount which is determined by 
the time it took the signal to travel the distance from 
the transmitter to the target. 

This system works well when the object is stationary. 
It is used in aircraft altimeters which give a continuous 
reading of the aircraft's true height above the ground. 
This system is not satisfactory for the location of 
moving targets, however, because moving targets 
produce a frequency shift in the returned signal be­
cause of the Doppler effect; this affects the accuracy 
of the range measurement. 

DETECTION SYSTEMS 

GENERAL 

The AN/APQ-83B and the AN/APQ-124 radar sets 
are designed to provide the F-8 pilot with a means of 
non-visual detection of airborne targets within 45 de­
grees of the radar boresight line. After target detection, 
the radar will then provide the pilot with a means of 
making an effective non-visual approach to where an 
attack can be launched on the target. During the 
attack phase, the radar provides the pilot with the 
information required for effective non-visual aiming 
and release of Sidewinder series missiles. Range and 
range rate information are provided to the external 
optical fire control system to enable a visual gun 
attack on ~he target. 
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The APQ-83B radar has a 12 to 15 mile range of prob­
able detection, and the APQ-124 has a 16 to 18 mile 
range of probable detection against a fighter-type 
target at medium altitudes, with the fighter co-altitude 
or slightly lower than the target. Against extremely 
high altitude targets, performance may degrade and 
depends upon pilot operating experience and antenna 
tilt control. At extremely low altitudes, radar perfor­
mance can be as good as at higher altitudes. However, 
sea state, STAE (second-time-around echoes), and at­
mospheric ducting can degrade performance. As with 
any AI (airborne intercept) radar, search performance 
is increased when an up antenna tilt can be used. Low 
altitude performance over land is very poor because of 
ST AE and ground clutter effects. The radar is very sus­
ceptible to all types of ECM, its only design counter­
countermeasure being an ability to automatically angle­
track a spot noise jammer. 

Weather, especially in the form of heavy clouds and 
rain, will degrade performance. Flying close to a stratus 
layer may also degrade performance due to ST AE. 

The practical antenna look-up limit for both the 
APQ-83B and the APQ-124 radars is about 25,000 feet 
with good target altitude information and expert 
antenna tilt control. It is difficult to define a practical 
lookdown limit because it is affected by ST AE, sea 
return and land clutter. These may vary greatly, 
depending on sea state and the proximity of land 
masses and cloud layers. During low-level-intercept 
radar performance is degraded when the target altitude 
is below the fighter. 

1 Raid altitude information is very important to detec­
tion probability because the F-8 pilot must fly the 
aircraft and operate the radar. Since the radar look-up 
capability is much better than the look-down capabil­
ity, efforts should be made to position the fighter below 
the target. The APQ-124, having a pulse Doppler func­
tion, provides a look-down capability superior to pre­
vious F-8 radar systems. 

INDICATOR DISPLAYS 

Radar Search B.Picture 
The radar search B-picture displays antenna azimuth, 
range timing and target information. 

Range timing is accomplished by drawing a vertical 
line on the indicator starting at the bottom each time 
the transmitter pulses. The electron beam which draws 
this line is moved from the bottom of the indicator 
to the top in a linear manner in the exact amount of 
time it takes for the transmitted RF pulse to reach and 
return from a target at the range selected. 

Target returns from the radar receiver cause the 
timing line to brighten so that a radar echo from 20 
miles would cause a bright spot at the top, one from 
10 miles would cause it to brighten in the center 
(APQ-83B), etc. Thus the range of a target return can 
be determined by noting its vertical position on the 
timing line. 

To present azimuth information, the timing line is 
caused to move in coincidence with the antenna azi­
muth motion so that if the antenna is dead ahead, the 
timing line is centered; if the antenna is 45 degrees 
to the right, the timing line would be one inch to the I 
right of center; etc. Thus target azimuth can be esti­
mated by noting the target's azimuth position on the 
indicator. 1 

8-Picture Azimuth Distortion 

The B-type display has inherent distortion which 
should be kept in mind. The actual area in view of the 
radar antenna is a pie-shaped sector, yet it is repre­
sented on the radar indicator as a rectangle. 

A target caused to move down the B-picture along 
the collapsed B-trace shown in Detail B, figure 1-31, 
would result in a collision since it represents a target 
moving along the dotted line in Detail A, figure 1-31. 
This fact can be used effectively in making a collision 
approach to the target by flying to eliminate azimuth 
motion of the target on the indicator. The pilot should 
keep in mind that his own aircraft is spread out along 
the entire bottom of the B-display. 

APQ-838 RADAR PERFORMANCE 

Overall performance of the APQ-83B radar is excellent 
within its design limits. Given a properly adjusted 
radar, detection and lock-on ranges are adequate for 
a high probability of successful interception of the 
complete range of probable threats. Graphs showing 
the cumulative probability of detection and lock-on 
for an F-8 target (approximately a 2 square-meter 
target) are presented in figures 1-32 through 1-35. 
Data for the graphs were collected during the opera­
tional evaluation of the F-8D. As seen from the graphs, 
the 80 percent probability of detection at mid-altitude 
is approximately 15 miles and is independent of target 
aspect except for the forward quarter. The reduced 
detection ranges on the forward quarter are the result 
of the reduced effective radar reflective target area in 
this region. The curves showing lock-on ranges do not 
signify radar capabilities but are based on actual inter­
cept results. The radar can lock on at a greater range, 
but pilot reaction time, intercept analysis, and target 
confirmation with CIC delays actual lock-on beyond 
the time of initial detection. 
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Figure J-31 

CONFIDENTIAL (U) 

B 
Scope Presentation 

AZ-ZZ-10-66 



CONFIDENTIAL Section I 
NAVAIR 01-45HHA-1T Intercept Tactics 

APQ-83B Cumulative Probabilities 
~ of Detection and Lock-On ~ 

TAIL ASPECT- BEAM ASPECT 

100 

>- 80 
..... 
..J 
1:0 60 
""" 1:0 
0 
~ 
a.. Tail Aspect 
..... 40 z 
w 
u 
~ 
w 20 a.. 

, I 
0 

0 2 4 6 8 10 12 14 16 18 20 

I RANGE IN NAUTICAL MILES 

Target: F-8 
Altitude: 25M to 45M 

.............., 

100 

>- 80 
..... 
..J 

1:0 
60 

""" 1:0 
0 
~ 
a.. Beam Aspect ..... 40 z 
w 
u 
~ 
w 

20 a.. 

0 
0 2 4 6 8 10 12 14 16 18 20 

RANGE IN NAUTICAL MILES 

AZ-Z3-S-68 

Figure J-32 

CONFIDENTIAL 1-81 



Section I 
Intercept Tactics 

CONFIDENTIAL 
NAVAIR 01-45HHA-1T 

A.PQ-83B Cumulative Probabilities 
of Detection and Lock-On E~~~~~~~~~~-=--.....,.~ 

FORWARD QUARTER ASPECT - NOSE ASPECT 

1-82 

Target: F-8 
Altitude: 25 M to 45 M 

100 ~--~----~--~----,---~----~--~----~--~----, 

>-
1-
...J 
co 
~ 60 co 
0 
~ 
Q. 

1- 40 z 
w 
u 
~ 
w 
Q. 20 

0 

>- 80 
1-
...J 
co 
~ co 
0 
~ 
Q. 

1-
z 
w 
u 
~ 
w 
Q. 

60 

0 2 

2 

Forward Quarter Aspect 

4 6 8 10 12 

RAI-tGE 11-4 1-tAUTICAL MILES 

1-tose Aspect 

4 6 8 10 12 

RAI-tGE 11-4 1-tAUTICAL MILES 

figure J-33 

CONFIDENTIAL 

14 16 18 20 

14 16 18 20 

AZ-Z4-5-68 



CONFIDENTIAL 
NAVAIR 01-4SHHA-1T 

APQ-83B Cumulative Probability of 

Section I 
Intercept Tactics 

Detection and Lock-On ~~~~~~~~~~-=----~ 
BEAM ASPECT - NOSE ASPECT 

>- 80 
1-
-l 
1:0 

~ 60 
0 
D' 
a.. 

~ 40 
w 
u 
D' 
w 
a.. 20 

>- 80 
~ _. 
1:0 

~ 60 
0 
D' 
a.. 
1- 40 
% 
w 
u 
D' 
w 
a.. 20 

0 

Beam Aspect 

RANGE IN NAUTICAL MILES 

Hose Aspect 

RANGE IN NAUTICAL MILES 

Figure J-34 

CONFIDENTIAL 

Target: Fighter Aircraft 
Altitude: 100 Ft to 1000 Ft 

AZ-ZS-5-68 

1-83 



Section I 
Intercept Tactics 

CONFIDENTIAL 
NAVAIR 01-45HHA-1T 

APQ-83B Radar Detection Envelope~~~~~~~~~~~==~"#;> 
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APQ- 1 24 RADAR PERFORMANCE 

The detection capability of the APQ-124 radar should 
be approximately .10 percent better than the APQ-8 _'\B. 
Graphs showing probability of detection are presented 
in figures 1-3<i and 1-.18. Cumulative probability of 
obtaining and maintaining lock-on is presented in 
figure 1-.17. Data for the graphs were collected during 

lrhe operational eva luation of the F-8H (APQ-83B) and 
are projections of APQ- !14 performance. Actual APQ-
124 graphs wi II be presented when the operational 
evaluation of the F-8J system is completed. As in­
dicated by the graphs, detection of a small radar target 
is exceedingly difficult in the pulse modulation mode 
unless the fighter can be positioned sufficiently below 
the target to allow at least three-degree look-up. Ex­
cessive scope clutter may be found at ranges beyond 
20 miles with look-up angles less than three degrees. 
The clutter will normally be heavy when operating 
over water, depending on sea state and direction, and 
significantly worse when operating over land, depend­
ing on terrain. The clutter is caused by main and side 
lobe energy returns from the ground or by ST AE from 
the main lobe. 

APQ-838/-124 GROUND CHECKS 

Before starting the aircraft, check all the radar control 
box switches and scope controls. On the control box, 
ensure the radar is OFF, FTC is normal and the mode 
selector is in IR. On the scope, place the range scale 
selector at the extended range and the extended range 
lamp will immediately illuminate when the radar is 
turned on, indicating power to the scope. 

After starting the aircraft, ensure that the cockpit 
pressurization is ON. Select any radar operating posi­
tion on the control box, figure 1-.19. After illumination 
of the scope (four to six minutes) in IR, focus the dis­
play to the sharpest possible image. At this time, check 
the narrow antenna scan patterns. Do not attempt to 
operate in a radar mode unless the aircraft is pointed 
so that the area within the gimbal limits to a distance 
of ISO feet is clear of all personnel, fuel trucks, etc. It 
is generally not permitted to operate the radar from 
a CV A flight deck without the anti-radiation cover. 
If it is safe to ground check the radar modes, depress 

the test targets burton in the lowest range scale and 
readjust the B-FOCUS to obtain sharp, clear test tar­
gets. Adjust GAIN, B-CONTRAST and B-BIAS to 
obtain maximum target-background contrast. H olding 
the test targets button down, check the lock-on per­
formance of the radar (APQ-124 in PULSE). Deter­
mine the reference position (ADL) of the tilt mark in 
ARO(APQ-124 in BAT). Check the position of the 
range rate (V,.) gap to determine zero range rate 
position. 

APQ-838/-124 AIRBORNE CHECKS 

Using another aircraft as target, readjust the gain and 
B contrast controls to the point of maximum target 
to background contrast level. Recheck the focus con­
trols and check the position and motion of the artificial 
horizon. 

Obtain a lock-on on the target, check track lamp 
illumination and commence closing. During the initial 
portion of the run, check the automatic gain feature 
by noting the varying intensity of the collapsed B­
trace. Determine the borcsighr relationship of the 
fixed pipper on the gunsight and the steering circle 
and dot. Also cross-check boresight of missile tones 
with radar and gunsighr information. Deflect the air­
craft nose in pitch and yaw and check the steering 
information. Observe the range rate gap position. 
When in range, check operation of the in-envelope 
lamp. Continue the run and observe the breakaway X 
at R min . 

To check the operation of BAT ( Boresighr Acquisi­
tion Track) or GARO (Guns Automatic Ranging 
Only), reattack from beyond 5,000 feet. Check lock-on 
by observing illumination of the BAT TRACK lamp. 
Note the lower needle of the range meter tracking the 
target in range and the illumination of the missile 
in-envelope lamp. The in-envelope lamp should ex­
tinguish at missile R 111 ; 11 • Terminate the run when satis­
fied all three gun firing tones are functioning. 

General Safety Precautions 

It is always wise to remember the utility hydraulic 
system when operating the APQ-83B or APQ-124. Both 
antenna drive mechanisms use utility hydraulic power. 
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APQ-124 Cumulati,ve Probability of Obtaining 
and Maintaining Lock-On ~~~~~~~__,~ 

PREDICTED CAPABILITY PULSE MODE 

>- 90 
1-
...J 
iii 80 
<( 
al 

~ 70 
fl.. 

w 
~ 60 
1-
<( 
...J 50 
:J 
~ 

040 
1-z 
WJQ u 
Q:: 

~20 

4 5 

Nose Aspect 

6 

Target: Fighter 
All Altitudes 

12 13 14 15 16 17 18 19 20 21 22 

CLOSING VELOCITY (VC) IN KNOTS x 100 

A Z -J0 - 5 - 68 

Figure 1-37 

CONFIDENTIAL 1-87 



Section I 
Intercept Tactics 

CONFIDENTIAL 
NAVAIR 01-45HHA-1 T 

APQ-124 Cumulative Probability of Detection ·~~~~§b:~=::::::::::~~ 
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25 

APQ-83B 

1. Range Selector Switch (APQ-124 scope 
shown. Different ranges on APQ-83B scope.) 

15. Antenna Control Grip Lock 
16. Function Switch 

2. B Contrast Control 17. Horizon Knob 
3. B Focus Control 18. Antenna Sweep Control 
4. B Bias Control 19. Gain Control 
5. Radar Scope Bezel 20. Mode Switch 
6. Bezel Dim Control 21. FTC Switch 
7. Symbol Focus Control 
8. Symbol Brilliance 

22. Test Target Switch 
23. Power Switch 

9. Sidewinder Firing Indicator 24. Gain Control 
10. Microphone Switch 25. Horizon Knob 
11. Acquisition Button 26. Mode Switch 
12. Sector Scan Switch 
13. Seam Scan Lockon Button 

27. Test Target Switch 
28. FTC Switch 

14. Antenna Tilt Control 
AZ-127-5-68 

figure J-39 
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If a falling utility pressure is noted, secure the radar. 
The radar antenna can be secured by selecting the 
track mode in IR. This satisfies the rquirement to 

keep the radar system at operating temperatures. 

Whenever the antenna search pattern becomes erratic 
or slows down, this could be an early warning of 
impending utility hydraulic failure. 

The radar should be secured if an erratic or fluctuating 
electrical power supply is noted. Always take off and 
land with the radar on and in the IR mode. Radar 
reliability increases if the electronic package is kept 
up to operating temperatures when the aircraft is 
moving. 

AIM-9C AIRBORNE TUNING 

I See AIR-TO-AIR MISSILES, Part 6, this section, for 
tuning procedures. 

PILOT TECHNIQUES 

The most important factors which the pilot can con­
trol to effect early target detection arc optimum 
setting of the gain control and proper use of the tilt 
control. Next in order of importance is pilot experience 
in scope interpretation, that is, knowing what to look 

for. Detection of the target is also facilitated through 
the usc of various features in the radar, such as sector 
scan, FTC or the Doppler mode. 

Gain Setting 

The optimum gain setting is one which provides the 
best target-to-background (noise). Normally, the gain 
should be set so that a faint "sparkle" return from 
noise is seen on the scope. The B-trace will be a faint 
and continuous line when the B-trace intensity is set 
properly. This condition ensures that the existence of 
any return from a target will he seen, since it will he 
stronger than the noise return, and it will stand out 
well in contrast with the noise background. 

If the gain is set too low, an excellent target-to-hack­
ground contrast will exist, but detection ranges will 
be degraded. On the other hand, a high gain setting 
will result in poor contrast and a late detection due to 
masking of the target blip by noise return. Usc of the 
red viewing lens at night will require minor gain 
adjustments to produce optimum contrast and detec­
tion range. 

Existence of various types of clutter on the scope (sea 
return, STAE, and side lobe clutter) may also require 
a reduced gain setting to detect the target. 
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To a minor extent, the gain setting will vary with 
pilot preference. Some pilots will "see" a target better 
with higher or lower gain settings than average. Gen­
erally, if the pilot is in doubt as to whether the gain 
setting chosen is the best, he should err on the low 
side. With a low setting, detection range may he sacri­
ficed for clarity of scope; but if the setting is too high, 
detection range will probably be less due to low 
contrast. 

B-bias Setting 

The B-hias knob, on the left side of the radarscope, 
controls the background bias on the B-gun (target 
return) of the cathode tube. This is the only control 
that will adjust the brilliance of the acquisition bar 
and range strobe. The proper setting is the position 
that results in maximum target to background con­
trast. This lies between the faint illumination of the 
acquisition bar in a search mode and the appearance 
of a grass trace connecting the acquisition bar and the 
sweeping B-trace across the scope. 

Tilt Control 

Proper usc of the tilt control critically affects radar 
performance. This is particularly true for targets which 
represent less than a 2 square meter radar reflectivity 
cross section (most jet fighters, for example). 

The initial tilt setting should he based upon the alti­
tude differential estimated to exist between the fighter 
and target. A handy rule-of-thumb is to use 1 degree 
of t ilt for every 1,000 feet of difference in altitude at 
a range of ten miles. The angular settings are increased 
or reduced inversely with range. Accordingly, a target 
"UP 5,000" at 20 miles would call for a tilt setting 
of "UP 2.5 degrees." 

If t he target is within expected detection range, and 
return is seen within four sweeps, the tilt should 
be raised to a setting 2.5 degrees above the initial 
setti ng for four sweeps. If detection is still not ob­
tained, a setting of 2.5 degrees below the initial set­
ting should be tried. Up to 5 degrees above and below 
in itial setting should be tried. Further excursions in tilt 
may be attempted, subject to the closing rate, level of 
pilot experience, and dependability of target altitude 
information. 

I n g eneral, tilt control movement should be conserva­
tive. Excessive corrections are a common error. It is 
better to be too thorough in the coverage of a par­
ticular altitude band than to leave a "hole" in the scan 
pattern. 

Fast Time Constant (FTC) 

The FTC proviSIOn is of some assistance in improving 
target discrimination at low altitude over land. Acti­
vating the FTC sharpens the appearance of return 
echoes and reduces the amount of ground clutter. 
When the FTC is activated, gain must he readjusted 
because B-trace brilliance increases with a resultant 
reduction in scope contrast. FTC is of little value in 
reducing clutter caused by sea return. As with exten­
sive ground clutter, scope clutter caused by clouds can 
also be reduced by the use of the FTC. FTC does not 
function in the pulse Doppler mode of the APQ-124. 

Scope Clutter 

Aside from the background noise return already dis­
cussed, the pilot may observe scope clutter due to 

ground return, sea return, ST AE and side lobe effects. 
One major side lobe effect is the altitude line which 
is caused by primary ground return. 

Ground Clutter 

The amount and intensity of direct return from the 
land surface will depend upon fighter altitude, antenna 
tilt and type of terrain overflo"vn. More ground clut­
ter can be expected when flying over rougher terrain. 
Depression cf the antenna below horizontal over land 
will usually result in large amounts of ground clutter. 
For this reason it is generally desirable for the fighter 
to be slightly below the target 's altitude so that a level 
of "UP" tilt setting may be used. At mid-altitudes, 
2,000 feet is a recommended altitude differential. 

Second-Time-Around Echoes (STAE) 

Although the radar displays only returns from targets 
within the selected scale, the transmitted power con­
tinues to travel outward until dissipated or absorbed. 
This transmitted power will also he reflected from 
targets at ranges greater than the selected scale. Such 
ranges are not displayed on the indicator. Returns 
from large targets at ranges greater than selected, may 
arrive hack at the radar in time to he displayed at the 
same time the radar is receiving returns from the 
succeeding transmitter pulses. ST AE are most prom­
inent over land, but are also a problem at low altitude 
over water. Unlike the altitude line, they arc returns in 
the main beam of the antenna and their presence is 
a direct function of the tilt position. When the tilt 
is such that the main beam is barely touching the 
ground at 68 to 88 miles, it will have the appearance of 
vertical bars. 
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Side Lobe Clutter 

The radar antenna does not focus all of its energy in 
the main beam. Small fingers of stray power extend 
out from the sides of the antenna as shown in figure 
1--40. The amount of power in the side lobes is small 
in proportion to the power in the main lobe. As an ex­
ample, a target detectable at 20 NM in the main beam 
would not be detectable in the largest side lobe until 
it is within 1.6 NM. Some ground targets will return 
sufficient power to be received through the side lobes. 
These side lobe returns appear on the indicator as 
fuzzy bands at ranges greater than the altirude line. 
The range of the side lobe returns will naturally vary 
with altitude and tilt setting. Their occurrence is rare. 

Altitude Line 
The altitude line is a thin, bright, horizontal line 
extending across the scope at a range equal to the 
altitude of the airplane. It may present a problem 
during search and detection of targets whose range is 
nearly coincidental with that of the altitude line. 
Target definition in the vicinity of the altitude line 
can be improved by a slight reduction in the gain 
setting. 

Test Targets 

These artificial targets are spaced at 1,000-yard inter­
vals and can be used as range markers. Also, each target 
is weaker than the preceding one so that they even­
tually become undetectable at longer ranges. The pilot 
can use these targets for inflight checks of system per­
formance. 

Before the test targets can be used as a reference for 
checking system performance, the normal performance 
of the particular radar must be known. The number of 
test targets detectable will vary from radar to radar 
although the radars will give the same performance on 
external airborne targets. Once a particular radar has 
been determined to be operating at peak performance 
and the number of test targets established, any reduc­
tion of that number will indicate a reduction of per­
formance and a need for corrective action. 

The most important inflight check that can be made 
using the test targets is lock-on sensitivity. The range 
of the smallest test target providing reliable lock-on 
should be established and used as the primary reference 
of range tracker and receiver performance. 

AN/APS-67 PERFORMANCE 

General 

The AN/APS-67 radar set is capable of supplying 
basic information necessary to detect airborne targets 
as well as providing data to the fire control system to 
compute and display Sidewinder firing data and gen­
erate gun lead angles and aural firing tones. The radar 
set supplies target range, azimuth and elevation to the 
pilot within its limited search/track limits. The essen­
tial differences between APS-67 and APQ-83B/-124 
are the 16-mile search range, no antenna tilt control 
other than positioning the aircraft nose in pitch, the 
acquisition and track being limited to a 7° cone about 
the boresight and an electrically controlled antenna. 
A properly tuned and aligned APS-67 should detect 
F-8 size targets at its maximum range. 

Operation of the AIM-9C radar missile is not possible 
with AN/APS-67. 

APS-67 Controls and Tuning 

The basic concept of tuning any radar set to that condi­
tion which results in maximum target-to-background 
contrast holds true for the APS-67. The controls to do 
this are: 

FOCUS-Adjust the focus control to the sharpest pos­
sible B-trace even though other symbols may 
appear fuzzy at times. 

BRILLIANCE-A setting that yields a barely visible 
sweeping B-trace and sufficient illumination to 
yield a usable A-H bar is correct. 

GAIN-Adjust the gain until the barely visible B-trace 
becomes a solid line with a faint return following 
it across the scope. 

Note 

The radar tuning switch should be in AUTO 
at all times except when encountering spot 
noise jamming. 

TEST TARGETS-Can be used as described for APQ-
83B/-124; however, no range rate is displayed. 

FTC-Is essentially a search made clutter limiting de­
vice as described for APQ-83B/-124. 
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Typical Radar Antenna Lobe Pattern ~~~~~~~~~~~~5"? 
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APS-67 Search Capabilities 

The APS-67 searches the same azimuth area as the 
APQ-83B/-124 (45 o either side of boresight) but is 
limited to a one-scale maximum of 16 miles. The eleva· 
tion coverage is a 14° cone (7° above and below bore­
sight) that is the result of feedhorn nutation. The 
search pattern is a one-bar sweep (90° per second) that 
is roll stabilized. The only elevation control over the 
antenna is aircraft pitch maneuvering; however, the 
wide elevation beam provides excellent vertical cover­
age on all but pitch-up attacks. 

APS-67 Acquisition 

The acquisition mode of the APS-67 is entered by 
selecting RANGE on the radar control box. The an­
tenna stops its azimuth sweep at boresight and enters 
a boresight acquisition condition (14° cone). The 2· 
mile sweeping range strobe can be positioned from 
600 yards to a maximum of 8 miles with the minimum 
range control on the radar control box. Acquisition is 
only possible by first positioning the target to be ac­
quired within the 14° cone in search and subsequently 
adjusting the minimum range control to sweep through 
the target blip. 

APS-67 Track Capabilities 

When the APS-67 enters the track mode, range track 
and angle discrimination are automatic within the 14° 
cone. The aircraft must be flown to maintain the tar· 
get within this cone or the radar set will break lock. 
When this occurs, the power switch must be reposi· 
tioned to SEARCH to reenter the search mode. The 
APS-67 scope displays are adequately covered in 
NATOPS and will not be discussed fur~her here. The 
Sidewinder firing indicator (similar to the indicator 
in F-8H/J) is a part of the track display. On the meter 
is a track lamp that is illuminated in search and acquisi­
tion and goes out at lock-on (opposite APQ-83B/-124). 
An in-envelope lamp functions the same as APQ-83B/-
124, however, the pilot must select the proper position 
on the missile release indicator box (starboard, aft 
console) which is labeled SW-1A (AIM-9B) or SW-1C 
(AIM-9D). Whenever SW-1C is selected, the valves on 
the range meter must be doubled due to the fact that 
AIM-9D capabilities often exceed the 30,000 feet maxi­
mum range depicted on the meter movement. The 
needles on the Sidewinder firing indicator operate the 
same as the APQ-83B/-124. 

TARGET DETECTION AND 
ACQUISITION 

SEARCH TECHNIQUES- APQ-838 

To attain skill at operating the APQ-83B, the pilot 
must have clear understanding of the antenna beam. 

Note 

The figures for antenna parameters given here 
will not coincide with actual specifications. 
The dimensions and facts have been chosen 
to provide easily remembered rules-of-thumb. 
Safety factors are included to ensure that no 
gaps in antenna coverage occur which would 
allow the target to remain undetected. 

The stationary antenna with its reflector spinning 
can be considered an electronic searchlight with a 
field of view of 10 degrees as shown in figure 1-41. 
For the radar to detect, acquire, or track a target, this 
10-degree beam must be placed on the target. To 
effectively use this beam, the pilot should be able to 
estimate the cross-sectional coverage per unit of range 
of this beam. This can be done if it is considered that 
the 10-degree beam will result in a circular coverage 
of 10,000 feet at 10 miles. 

Using the relationship that the beam coverage is 
10,000 feet at 10 miles, it can be estimated that the 
beam will illuminate a 20,000-foot circle at 20 miles, 
15,000 feet at 15 miles, and 5,000 feet at 5 miles. If 
the antenna is pointed straight out along the horizon, 
it will be sensitive to targets within plus or minus 
5,000 feet of the fighter's own altitude at ten miles. 
The depth of altitude coverage of the beam can thus 
be estimated at any range. 

During normal search functions, the antenna is being 
programmed in azimuth to provide search coverage. 
The azimuth motion is roll stabilized so that it always 
stays level with the horizon regardless of the attitude 
of the fighter. The area covered by the search motion 
of the antenna will then be a rectangle, level with the 
horizon. At 10 miles, search coverage should be 10,000 
feet deep and 14 miles wide, as illustrated in figure 
1-42. 
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APQ-83B Radar Beam Coverage ~~~~~~~~~~~~~"3> 
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figure l-41 

APQ-83B Radar Scan Coverage ~~~~~~~~~~-----~~ 

figure 7-42 
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From this basic relationship, it can be estimated that 
the design search coverage should be 28 miles wide 
and 20,000 feet deep at 20 miles, 21 miles wide and 
15,000 feet deep at 15 miles, etc. With right or left 
sector scan, the width of the search pattern is short· 
ened accordingly. It should, however, be the technique 
of each pilot to attempt to center the radar to be 
coincident with the target for maximum detection. 

The above relationship has been established with 0 
degrees of tilt. In all search functions except ARO, 
this search coverage is pitch stabilized so that during 
climbs or dives it will always remain as set with respect 
to the earth (within the gimbal limits of the radar). 

Note 

The tilt mark on the indicator shows the 
angular relationship between antenna tilt and 
the true horizon. 

Tilting the antenna up or down will move the search 
coverage pattern up or down. Attaining skill in using 
the tilt control is most important for early target 
detections. 

At 10 miles, moving the tilt mark in 5-degree incre­
ments on the indicator will cause the search pattern to 
move 5,000 feet in altitude. 

This tilt mark versus altitude differential can be used 
in two ways. If the altitude of the anticipated target 
is known, it can be used to tilt the antenna to imme­
diately detect the target when it is within radar range. 
As an example, if CIC reports that the target altitude 
is 70,000 feet and fighter altitude is 40,000 feet, the 
following mental computation should take place: 

If 5,000 feet equals 5 degrees at 10 miles, then 
30,000 feet equals 30 degrees at 10 miles. 
Therefore, 30,000 feet equals 15 degrees at 
20 miles and the antenna tilt should be 
adjusted to this setting. 

The procedure of intermittently searching plus or 
minus 2.5 degrees on either side of the estimated tilt 
mark position would eliminate any possibility of the 
target's slipping through undetected. Such a pro­
cedure would result in a search coverage 28 miles 
wide and 20,000 feet deep at 20 miles. 

This information can also be used to estimate the 
altitude of targets of opportunity. This is done by 
adjusting the tilt mark for strongest target return, 
noting tilt mark position and target range and con­
verting back to altitude differential. 

Note 

There is a two-degree nod added to the search 
pattern which has been intentionally omitted 
in this discussion. This additional two degrees 
of elevation coverage can be considered a 
safety factor to cover the minor errors of the 
foregoing estimates. 

SEARCH TECHNIQUES- APQ-124 

To attain skill at operating the APQ-124, the pilot 
must have a clear understanding of the antenna beam. 

Note 

The figures for antenna parameters given 
here will not coincide with actual specifica­
tions. The dimensions and facts have been 
chosen to provide easy to remember rules-of­
thumb. Safety factors are included to ensure 
that no gaps in antenna coverage occur which 
would allow the target to remain undetected. 

The stationary antenna with its reflector spinning can 
be considered an electronic searchlight with a field of 
view of 7.5 degrees as shown in figure 1--43. For the 
radar to detect, acquire or track a target, this 7.5-
degree beam must be placed on the target. To effec­
tively use this beam, the pilot should be able to estimate 
the cross-sectional coverage per unit of range of this 
beam. This can be done if it is considered that the 
7.5-degree beam will result in a circular coverage of 
7,500 feet at 10 miles. 

Using the relationship that the beam coverage is 7,500 
feet at 10 miles, it can be estimated that the beam 
will illuminate a 15,000-foot circle at 20 miles; 11,250 
feet at 15 miles; 3,750 feet at 5 miles; etc. If the anten­
na is pointed straight out along the horizon, it will be 
sensitive to targets within ± 3, 750 feet of the fighter's 
own altitude at 10 miles. The depth of the altitude 
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coverage of the beam can thus be estimated at any 
range. 

Note 

I The tilt mark on the right side of the indica­
tor shows the angular relationship between 
antenna tilt and the true horizon. 

Tilting the antenna up or down will move the search 
coverage pattern up or down. Attaining skill in using 
the tilt control is most important for early target detec­
tions. Accurate placement of the antenna in tilt can 
be accomplished if the following relationship is kept 
in mind. 

At 10 miles, moving the tilt mark in 5-degree incre­
ments on the indicator will cause the search pattern to 
move 5,000 feet in altitude. 

This tilt mark versus altitude differential can be used 
in two ways. If the altitude of the anticipated target 
is known, it can be used to tilt the antenna to immedi­
ately detect the target when it is within radar range. 
As an example, if CIC reports that the target altitude 
is 70,000 feet and fighter altitude is 40,000 feet, the 
following mental computation should take place: 

If 5,000 feet equals 5 degrees at 10 miles, then 
30,000 feet equals 30 degrees at 10 miles. 
Therefore, 30,000 feet equals 15 degrees at 

'-" 20 miles and the antenna tilt should be 
adjusted to this setting. 

The procedure of intermittently searching plus or 
minus 2.5 degrees on either side of the estimated tilt 
mark position would eliminate any possibility of the 
target's slipping through undetected. Such a pro­
cedure would result in a search coverage 28 miles wide 
and 20,000 feet deep at 20 miles. 

This information can also be used to estimate the 
altitude of targets of opportunity. This is done by 
adjusting the tilt mark for strongest target return, 
noting tilt mark position and target range and con­
verting back to altitude differential. 

During normal search functions, the antenna is being 
programmed in azimuth to provide search coverage. 
The azimuth motion is roll stabilized so that it always 
stays level with the horizon regardless of the attitude 
of the fighter. The area covered by the search motion 
of the antenna will then be a rectangle level with the 
horizon. At 10 miles, the search coverage should be 
thought of as 7,500 feet deep and 14 miles wide, as 
illustrated in figure 1-44. 

From this basic relationship it can be estimated that 
the search coverage will be 28 miles wide and 15,000 
feet deep at 20 miles; 21 miles wide and 11,250 feet 
deep at 15 miles; etc. With right, left, or center sector 
scan, the width of the search pattern is shortened 
accordingly. It should, however, be the technique of 
each pilot to attempt to center the main radar lobe to 
be coincident with the target for maximum detec­
tion. The above relationship has been established with 
0 degrees of tilt. In all search functions, coverage is 
pitch stabilized so that during climbs or dives it will 
always remain as set with respect to the earth (within 
the radar gimbal limits). 

Note 

This discussion applies to the 1 BAR-SPIN 
search condition of the APQ-124. Whenever 1 
BAR-NO SPIN is selected, the beam para­
meters are reduced by approximately 2° (the 
nutation). Conversely, whenever 2 BAR­
SPIN is selected, these parameters are in­
creased by approximately 2° (the nod). Ap­
proximate APQ-124 vertical beam widths 
are: 

1 BAR-NO SPIN 5.5 o 

1 BAR-SPIN 7.5° 
2 BAR-SPIN 9.5 o 

SPOTLIGHTING 

The pilot should use the acquisition mode to manually 
search (spotlight) the area in which a target is ex­
pected. This should be done when the target is near the 
range limits of the radar. The target may be expected 
because of CIC information or because it was thought 
to have been observed during sweep of the antenna in 
the search mode. The antenna azimuth and elevation 
should be cycled through a small sector. Care must 
be taken to hold the sweeping range gate in a clear 
area or the radar will automatically lock onto clutter 
or the altitude line. Once located, a target should be 
manually tracked with the radar in the acquisition 
mode until target video is of sufficient brightness to 
allow contact in the search mode in the appropriate 
sector scan. Thus the target and the surrounding area 
can be investigated until lock-on is desired. 

SECTOR SCAN 

The sector scan feature of the radar should be used 
when initially looking for a target but a return to 
wide search should be made after good detection. 
Sector scan approximately doubles the radar energy 
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APQ-124 Radar Beam Coverage ~-~~~~~~~~~~~~~~~ 
Coaltitude 0° Tilt Line 

15 Miles 
20 Miles 

AZ-34-5-68 

figure J-43 

APQ-124 Radar Scan Coverage ~~~~~~~~~§~-=----"""=;. 
10-NMI RANGE (ONE BAR SPIN) 

AZ-35-5-68 

figure J-44 
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transmitted to the selected area in a given time interval 
and thus improves the detection capability. The return 
to wide search permits a survey of a larger area for 
multiple targets which may not have been detected 
by CIC. 

ACQUISITION TECHNIQUES 

Lock-on in a beam attack should be delayed until 
steering information is needed to properly execute the 
conversion or arrack. This gives the pilot the oppor­
tuni ty to investigate the presence of multiple targets 
or enemy cover. 

W hen the range strobe is positioned such that it sweeps 
through the illuminated target in the collapsed B­
trace, range tracking begins and the T-lamp will light. 
A p erceptible delay may occur before the angle track­
ing circuitry is ready to track; when this occurs, the 
indicator display will automatically change to the track 
presentation. The optimum technique for acquiring a 
lock-on, time permitting, is to preposition the range 
strobe over the target in azimuth only, being careful 
to keep the sweeping range strobe in a clear area in 
range, preferably beyond the target. Track the target 
manually for a few seconds while carefully adjusting 
tilt to obtain the best target possible in the collapsed 
B. T his procedure additionally allows time to closely 
examine the area about the target for possible multi­
p lane targets. When satisfied with tilt adjustment and 
the target area appears clear, the range strobe can be 
slowly positioned to overlay the target in range to 
obtain the track presentation. 

Immediately after lock-on, range rate should be com­
pared with expected target speed and heading and the 
F-8 speed and heading. This will allow early rejection 
in the event the wrong target has been selected. The 
radar should be closely monitored after lock-on. The 
radar can lose lock-on (noted by loss ofT-lamp) and 
provide erroneous steering information before auto­
matically returning to search. If this steering informa­
tion is followed, the intercept can easily be missed. 

APS-67 TECHNIQUES 

The vertical beam coverage of the APS-67 is signifi­
cantly greater than either APQ-8.3B or APQ-124, and 
as such allows greater chance to detect targets within 
the 16-mile maximum range for a target of known alti­
tude. This is offset by lack of an effective tilt control 
when attempting to locate targets of unknown alti­
tude. It follows then, to effectively utilize the limited 

capabilities of the APS-67, every effort should be ex­
tended toward giving the pilot, via CIC, accurate tar­
get altitude informacion. In absence of target altitude 
information, the pilot must periodically pitch the 
aircraft up or down to extend the vertical search pat­
tern. Usc of two aircraft at low and medium altitude 
also contributes to the search capabilities of this 
system. 

TRACK MODE ANALYSIS 

RADAR TRACKING 

The primary purpose of the APQ-8.18/APQ-124 r&dars 
is to guide the pilot to a successful target intercept. 
The search function of the radar provides initial target 
detection and course intercept steering information. 
The latter is strictly a function of the operator's abil­
ity to correctly interpret the B-scopc presentation and 
to visualize the intercept geometry. The tracking func­
tion provides for refined intercept information and 
enables the pilot to close the target to the firing posi­
tion for the type of weapon selected. 

The missile release problem is one of maneuvering the 
aircraft to a point in space where the missile can 
reach the target after it is launched. Success will gen­
erally depend on the skill of the pilot and proper 
interpretation of the scope presentation. Target range 
can be determined by viewing the position of the 
range strobe in the collapsed B-trace. Target closing 
rate can he determined by the posicion of the V,. gap. 

Target altitude can be estimated by relating target 
range and antenna elevation angle above the artificial 
horizon. Missile climb capability can be estimated by 
relating targe t range and the length of the calibrated 
vertical. Missile launch altitude can be estimated by 
relating target range, the gap between the lower end 
of the calibrated vertical and the artificial horizon, 
and the fighter's own altitude. All of the above rela­
tionships have two standard scale factors: 5 degrees 
equals 5,000 feet altitude differential at 10 miles, and 
l inch equals 45 degrees. 

During any missile launching maneuver, the pilot 
should boresight the target by centering the aiming 
dot inside the steering circle. Only when the dot is 
within the circle will the target be within the field 
of view of the AIM-9B missile. AIM-9C missile tone 
may be expected when the aiming dot appears on the 

CONFIDENTIAL 1-99 



Section I 
Intercept Tactics 

CONFIDENTIAL 
NAVAIR 01-45HHA-1T 

scope face and the target is within Y3 to 1/.i initial de­
tection range. AIM-9D tone may be heard when the 
dot is within one circle radius of the steering circle. 
The missile tone must be heard and the in-envelope 
light must be on prior to release. The in-envelope 
light will not come on unless all three of the follow­
ing conditions are satisfied: 

a. The fighter must be within the computed non­
maneuvering target envelope. 

b. The g limitations of the missile are not exceeded. 

After launching the missiles, the fighter need no longer 
follow the steering infor~ation presented on the scope. 
When an AIM-9C missile is fired, fighter maneuvers 
after launch are restricted by the requirement that the 
radar continually illuminate the target during the 
time of the flight of the missile. Thus, fighter maneu­
vers are limited by the antenna tracking limits ( ± 45 
degre~ in azimuth; +45 degrees and -30 degrees in 
elevation) about the LOS (line-of-sight) to the target. 

When either a Sidewinder AIM-9B or AIM-9D missile 
is fired, there are no restrictions on fighter maneuvers 
after firing. 

STEERING INFORMATION 

The target's angular position relative to the aircraft's 
~DL will 1x; s?own on the indicator by the steering 
c1rcle and a1mmg dot. The circle and the dot both 
d~splay the same angular information, and the only 
d1fference between the two is one of scale factors. The 
sc~e factor for the course circle is 45 degrees per inch 
wh1~e the seal~ factor for the dot is about 9 degrees 
per mch. To a1m the ADL at the target, it is necessary 
to steer the aircraft so that the dot is centered in the 
circle. An approach continued with this relationship 
would result in a pure pursuit approach to the target. 

At angles greater than 9 degrees, the aiming dot will 
be deflected too far to be seen on the indicator (except 
on IP-626 scope), and all steering and determination 
of target position will have to be read by noting the 
steering circle's position relative to the center of the 
indicatot· face. 

A rough determination of the target's altitude advan­
tage can be obtained by noting the steering circle's 
position relative to the A-H bar. If the A-H bar bisects 
the steering circle, then the target is co-altitude. The 
altitude advantage of other than co-altitude targets 
can be determined by estimating the distance between 
the c~nter of the c.ircle ~nd the A-H bar and converting 
by usmg the relauonsh1p of 'AI inch or 5 degrees equals 
5,000 feet at I 0 miles. 

Since the steering circle shows antenna position, the 
tilt mark is not seen on the indicator during tracking 
functions. 

ARTIFICIAL HORIZON 

The A-H bar adjustment in the track mode is disabled 
and its position represents the true horizon. 

AGC EFFECTS 

At longer ranges the strength of the radar target re­
turn will vary a great deal during the tracking run due 
to fade, scintillation, and changes in aspect angle. The 
automatic gain control of the APQ-83B and APQ-124 
will attempt to keep the target size constant as seen by 
the range tracker. This will result in a variation of the 
amount of receiver noise present on the narrow B of 
the track presentation. A strong target return may 
eliminate receiver noise completely from the collapsed 
B, while a weak signal may cause the narrow B to 
become very bright with the receiver noise. For this 
reason, at long ranges which give weak returns the 
pilot must stay alert to the possibility that the radar 
may unlock from the target. By watching the collapsed 
B for excessive receiver noise, the experienced pilot 
will be able to determine when the radar is in danger 
of breaking lock. The final indication that the radar 
has broken lock will be the extinction of the T-lamp. 
Because of the fading phenomena of the target at long 
ranges, it is better to delay lock-on until fading as seen 
on the search picture is no longer present. 

RANGE RATE INFORMATION 

~he APQ-83B has a range rate gap in the steering 
c1rcle and the APQ-124 has a separate, large diameter, 
stationary dosing-velocity circle. In both systems the 
left, or counterclockwise edge (with the gap at 12 
o'clock), is the index. Each clock code digit in the 
clockwise direction represents 200 knots closing veloc­
ity. (Example: The index at 2 o'clock represents 400 
knots closing.) If the initial motion of the range rate 
index is counterclockwise, the velocity is opening. 
The Vc index can be calibrated for zero position by 
locking on a test target. 

The range rate gap, properly interpreted, provides an 
additional dimension to the intercept picture available 
to the pilot. By comparing displayed range rate data 
with available air control information, the following 
determinations are possible: 

a. Surface target lock-ons (range rate equal to fighter 
ground speed) 

b. Shift locks to altitude line or surface targets 
c. Abrupt target jinking (changing aspect with 

respect to fighter) 
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d. Rough determination of type of target (prop 
or jet) 

MISSILE AERODYNAMIC FIRING DATA 

The missile release computer determines the non­
maneuvering Sidewinder aerodynamic firing envelope 
for the pilot. 

Theoretical envelopes for Sidewinder AIM-9B, AIM-
9C and AIM-9D have been computed and mechanized 
into the computer. A generalized discussion of the 
functions developed is contained below. 

The envelope of the Sidewinder missile should be 
thought of as moving with the target. If the fighter is 
within the missile envelope and the missile is "seeing" 
the target, the missile can be launched and will be 
able to guide to the target. 

Four parameters define the envelope limits. These are 
the guidance time limit, the velocity or range limit, 
the g-limit of the missile, and the seeker look angle 
or lambda-limit. These parameters thus define missile 
maximum and minimum ranges, and angle-off limita­
tions. The computer receives inputs of range, and range 
rate from the APQ-83B or APQ-124, static and total 
pressure from the pitot-static system, and airplane g 
load from an accelerometer in the computer. 

The empirical relations defining the envelopes in 
terms of maximum and minimum ranges only are elec­
trically mechanized in the computer by means of 
magnetic amplification circuits and diode-shaping net­
works. The pilot, by selecting a particular station (and 
thereby the type of missile on that station), sets the 
computer into operation computing the range envelope 
for the particular Sidewinder selected. 

When the airplane is within the computed range 
envelope, the in-envelope light on the radar scope 
illuminates indicating that the missile can be fired pro­
vided it is "seeing" the target and the pilot has satisfied 
angle-off firing limitations. BAT mode provides direct 
target and missile maximum range read out in feet on 
the Sidewinder Firing Indicator. 

The theoretical envelopes have been calculated for a 
90 percent confidence level for all models of the Side­
winder to allow for production missile performance 
variances. 

It is often tactically desirable to take advantage of 
the missile's climb capabilities against a higher-flying 

target. This has been provided for in the computer 
group. 

The pull-up envelope is a function of the missile and 
airplane aerodynamic capabilities. To successfully per­
form the pull-up maneuver, the pilot must know if he 
is in position to pull up, acquire the target with the 
missile, and fire. 

To do this, the computer displays the calibrated verti· 
cal, which is a differential altitude indicator on the 
radar scope. The length of this line is a function of 
the altitude differential, target range, and aircraft­
missile climb capabilities. If the bottom of the cali­
brated vertical is on the radar artificial-horizon, the 
missile-aircraft combination is capable of intercepting 
the target. 

The missile release computer is inssrumented for pull­
up attack from the tail aspect only. 

CALIBRATED VERTICAL 

During radar tracking with a missile station selected 
on the armament control panel, an electronic line is 
displayed extending down ftom the steering circle 
toward the artificial horizon bar. The length of the 
calibrated vertical represents maximum permissible 
missile climb angle relative to the horizon. The length 
of the line is determined by: 

a. Type missile selected 
b. Target altitude above fighter (antenna elevation 

angle plus range) 
c. Closing velocity 

As mentioned the calibrated vertical line is controlled 
by the missile release computer. When the length of 
the calibrated vertical reaches the A-H bar, a successful 
pitch-up can be made; however, the target must be 
within Rmax or the antenna elevation must be 30 
degrees. 

It is important to remember that when the calibrated 
vertical just reaches the A-H bar, the above mentioned 
pitch-up allows for only 20 degrees of heading change 
to obtain missile tones or angle off. For a 90-degree 
turn it is necessary to increase Mach number by 10 
percent. If the calibrated vertical does not reach the 
A-H bar, it is possible to increase its length by: 

a. Closing range 
b. Cruise climbing (holding speed) 
c. Increasing speed 
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BREAKAWAY DISPLAY 

Whenever the combination of range, range rate, and 
missile performance data from the missile release com· 
puter is such that the selected missile cannot be fired 
due to minimum range, the breakaway "X" will ap­
pear on the scope. The "X" is composed of the cali· 
brated vertical and the A-H bar and is only possible 
with a fuselage or wing station selected and the gun 
selector switches in the OFF or center position. 

Note 

Once the breakaway "X" appears, it will dis· 
appear if the fighter slows down and decreases 
the range rate or increases the target range 
which puts the fighter back in the missile 
envelope. 

Steering information remains valid aftpr the appear­
ance of the breakaway "X" (APQ-124 and APQ-83B). 
Since missile minimum range is not presently displayed 
with either the APQ-83B or APQ-124 system, an 
appreciation of minimum range is mandatory; other­
wise, the pilot will realize unexpected illumination of 
the breakaway "X." Generally, regardless of the type 
missile selected, computed missile minimum range 
varies from 3,000 to 4,000 feet in a 1.2:1 overtake 
situation, co-altitude, within 20° angle off. An apprecia­
tion for this range can be accomplished in practice 
by noting target range on the lower needle of the 
ID-1485 Sidewinder firing indicator or by acquiring co­
speed airborne targets utilizing the EX-16 gun range 
tones system, and noting the position of the target 
against the range mark bezel on the left side of the 
scope. Since the cathode ray tube in the radar scope is 
subject to vertical alignment, this position may vary 
from aircraft to aircraft. 

APS-67 TRACK MODE ANALYSIS 

The track mode (RANGE function) of the APS-67 
is limited to 8 miles in range within a 14° cone. The 
display is a circle that at 8 miles just touches the crows 

feet on the scope bezel. As range is decreased the circle 
collapses, until at two miles, it is in coincidence with 
the etched circle on the scope bezel. The aiming dot, 
when centered, indicates the target is on boresight. As 
a target departs the boresight line in angle (any di­
rection according to the clock code), the aiming dot 
reaches the outer limit of the scope whenever the 
target reaches 3.5 o off boresight. If the target contin­
ues away from the boresight line, the aiming dot moves 
back toward the center of the scope. When the target 
is 7 o off boresight, the aiming dot is again at the 
center of the scope. Further excursion of the target off 
boresight would result in a broken lock-on. 

No range rate is displayed on the radar or Sidewinder 
rangemeter other than noting the speed that the circle 
or needle moves down its respective scale. 

Missile release data is obtained from the Sidewinder 
firing indicator as previously described. 

It should be obvious that the limitations of the APS-67 
system require modified pilot techniques. Rapid deter­
mination of target altitude by CIC and positioning the 
aircraft at slightly below coaltitude is required for 
detection. Operation after detection should be primari­
ly in the search mode due to the narrow angle of dis­
crimination in track until such time as lock-on is de­
sired for fire control data. 

APQ-124 EXTENDED CAPABILITIES 

The HOJ function in the APQ-124 yields the same I 
capabilities at HOJ in the APQ-83B. However, in this 
mode in the APQ-124, the range strobe is stationary. 
This feature will allow much greater chance for ex· 
peditious head-on, high closure rate lock-ons. This 
capability will also have certain applications in air-to­
air ECCM. 

The antenna control allows the pilot complete versa· 
tility in all range scales while operating in conven­
tional pulse. It will be possible to select any of the 
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sweeping options in any range scale while also enjoy· 
ing the capability of locking-on in any range scale at 
any antenna control position. This capability has ef· 
fects upon long range air-to-air detections, which 
should be increased using one bar-no spin option (pro· 
viding the pilot is aware of the critical tilt control 
required). Radar mapping will be possible in one bar­
no spin in all range scales. 

The BAT mode in APQ-124 overrides all other op· I tions provided. ~he function switch is in . the pulse 
operating condltlon. Whenever BAT mode lS selected, 
the pilot receives Pulse BAT regardless of position of 
the antenna control switch or the range scale. 

The emergency position of the function switch allows 
the pilot to pick up a mechanical-electrical latch that 
overrides all radar set safety sensors when the switch 
is repositioned to PULSE. 

The function switch emergency option should 
be used in a combat situation only. Total 
destruction of the radar and/or a nose com­
partment fire could result. 

I The radar set safety sensors will be returned for use 
when the function switch is repositioned to the STBY 
or OFF position. 

INTERCEPT TECHNIQUES 
Positioning a fighter aircraft into the launch envelope 
for successful weapon delivery requires a certain 
amount of standardization with respect to intercept 
turns and voice communications. Other considerations 
that call for specific tactics or techniques are altitude 
of the enemy or fighter and the approach to target 
aspect. It is the purpose of this section to explore the 
advantages and disadvantages of each ingredient of 
an air intercept as it stands alone. This leaves the 
fighter pilot the versatility to build his own intercept 
from individual techniques as the tactical situation 
dictates. The ECM section will cover the combined 
techniques required for intercepting an enemy aircraft 
in an ECM and evasive maneuvering environment. 

INTERCEPT TURNS 

General 

To optimize intercept control 1t 1s necessary that the 
fighter adhere to standardized turn radii and rates of 

turn. The latter is the parameter used to make inter­
cept turns predictable, with the resulting turn radius 
the same for all aircraft at a given airspeed. This is 
taught to fleet air controllers and is progra'mmed into 
tactical data system computers. Inconsistent and non­
standard turns make intercept control difficult and 
create a requirement for continuous heading adjust· 
ment throughout the intercept to reestablish proper 
geometry. Remember, excess aircraft handling detracts 
from radar detection. 

Turn Criteria 

Turn criteria are defined as follows: 

a. 60-Degree Angle of Bank- A significant turn 
where the radius is not as critical as getting the aircraft 
turned expeditiously to heading. It is used: 

1. On an initial vector from a combat air patrol 
pattern 

2. On a reattack following a forward hemisphere 
lead collision attack 

3. When in excess of 1.4 IMN 

b. 45-Degree Angle of Bank- Only used on canned 
antiparallel offset intercepts such as broadcast control. 

c. 1.5-Degree/Sec (!/2 SRT)- Is a positioning turn 
used between combat air patrol stations and when the 
pilot takes control of the intercept ("JUDY"). To 
realize a 1.5 degree/sec positioning turn the following 
formula is used. 

1.5 degrees = 
1091 Tan Angle of Bank 

TAS 

Selected altitudes and airspeeds yield the following 
bank angles: 

Altitude TAS IMN Angle of Bank 
(Degrees) 

SL 420 30 
10M 450 0.71 32 
20M 500 0.81 34 
30M 525 0.90 35 
40 M 575 1.0 38 

The fighter pilot must have a seaman's eye feel for 
these bank angles and double check with the turn 
needle, and time versus heading, to fly as close as 
possible to a ~-'2 SRT. Essentially Y2 SRT lies between 
30 to 40 degrees angle of bank for most operating areas 
of the F-8. 
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d. 3-Degree/Sec (SRT)- Is also used as a position­
ing turn as outlined above whenever the controller 
calls for "HARD" or "TIGHTEN" turns. By the same 
method, the following selected angles of bank are 
valid: 

Altitude TAS IMN Angle of Bank 
(Degrees) 

SL 420 49 
10M 450 0.71 51 
20M 500 0.81 54 
30M 525 0.90 55 
40 M 575 1.0 57 

A knowledge of these bank angles is also necessary. 
The turn needle may not be completely reliable and 
should be used only as a cross•check with the bank 
angle. 

e. As Necessary Turn- Used whenever the pilot 
takes control of the intercept ("JUDY") to effect the 
lead or pure pursuit techniques desired. This type of 
turn varies from shallow turns to high "g" steep turns 
as the situation dictates. 

Summary 

The standard turns utilized in intercept geometry 
have been outlined. It is important to emphasize the 
"As Necessary" turn because no intercept should be 
derogated due to standardization. Whenever the fighter 
pilot recognizes a necessary corrective action he should 
take it and advise the controller of his new heading. 
A 1.5-degree/sec ( Y2 SRT) is recommended if the con­
troller gives "TURN TO BOGEY HEADING" and 
the pilot does not yet have radar or visual contact. 
Using the rate of turn formula, a graph can be easily 
constructed showing desired turns and corresponding 
angles of bank throughout the flight envelope. When 
using supersonic techniques less than 1.4 IMN, logic 
would dictate turns less than 60 degrees bank angle, 
but greater than Y2 SRT for positioning. 

PILOT/CONTROLLER INTERCEPT 
COMMUNICATIONS 

The following is a sample of the close control inter­
cept communications procedures. 

Note 

All information transmissions made by the 
controller will end in "OUT." Order trans­
missions will end in "OVER" and will be 
acknowledged by the fighter. 

Transmissions from Controller to Fighter 

a. Vector for bogey. The initial vector and the 
transmission is always started with the full call sign. 
The word VECTOR is used if the fighter's heading 
is unknown when the run is started. If the fighter is 
on a known heading, the controller will direct a port 
or starboard turn to the intercept heading. 

Example: Heading unknown - "Lightning 
One this is Ruthless Ruth, vector two five 
zero for bogey, over." 

Heading known - "Flash One this is Ruth­
less Ruth, starboard two five zero for bogey, 
over." 

b. Magnetic bearing and distance to bogey. 

Example: "One, bogey two nine zero fifty, out." 

c. Bogey heading and speed. 

Example: "One, bogey heading one six zero, 
speed point nine five, out." 

d. Bogey composition and altitude. 

Example: "One, bogey single target, altitude 
high, out." 

As a guide to estimating altitude the following table 
is used. 

Very low: 
Low: 
Medium: 
High: 
Very high: 

0 - 2,000 feet 
2,000-10,000 feet 
10,000- 25,000 feet 
25,000- 40,000 feet 

40,000 and above 

e. Fighter speed and altitude assignment. 

Example 1: Controller - "One, speed and 
angels as desired, over." 

Fighter- "One, speed point nine five angels 
thirty five, out." (Controller's transmission 
speed and angels as desired is an interroga­
tive, requiring fighter response.) 

Example 2. Controller - "One, speed point 
nine five angels thirty five, over." 

Fighter- "One, speed and angels set." 

f. Bogey crossing. 

Example: "One, bogey crossing right to left, 
out." 
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g. Bogey position. 

Example: When fighter steady- "One, bogey 
forty right thirty five, out." 

Example: When fighter turning or heading is 
unknown - "One, bogey two nine zero thirty 
five, out." 

Transmissions Between Fighter and Controller 

a. Contact. 

Example: Visual contact-"One, tally ho, three 
o'clock five miles, three MIG-21's, over." 
AI contact - "One, contact thirty right 
thirty, over." 

b. Contact confirmed or negated. 

Example: "One, that is your bogey, heading 
one six zero speed point nine five, out." 

Example: "One, negative, bogey is forty right 
thirty, out." 

c. Judy. When the fighter wishes to assume control 
of the intercept, he will transmit "JUDY" to the con­
troller. 

Example: "One, Judy, over." 

The controller will acknowledge this transmission and 
continue to monitor the intercept. Radio silence is 
maintained by the controller. 

Example: "One, Roger Judy, out." 

If the pilot desires to modify his Judy, he may do so 
by transmitting "Judy, continue bogey dope." The con· 
troller will then continue to transmit bogey's position 
in magnetic bearing and distance. 

d. Bogey jinking. 

1. Bogey jinking in heading. 

Example: "One, bogey jinking right, out." 
"One, bogey now heading one eight zero, 
out." 

2. Bogey jinking in altitude. 

Example: "One, bogey diving/climbing, out." 
"One, bogey altitude now twenty five, out." 

3. Bogey jinking in speed. 

Example: "One, bogey accelerating/decelerat· 
ing, out." 

"One, bogey speed now one point two, out." 

e. Confirm target. If the fighter and bogey tracks 
plotted by the controller following "JUDY" indicate 
the possibility of the run being made on the wrong 
target, the controller will transmit "CONFIRM TAR­
GET," followed by the bogey position. 

Example: "Cactus One, confirm target. Bogey 
two nine zero fifteen, over." 

If this information confirms the target acquired as the 
bogey, the fighter will repeat "JUDY." If the target 
acquired is not the bogey and the fighter desires fur­
ther control, he will transmit "LOST CONTACT" 
and present heading. 

f. Lost contact. Should the fighter lose contact with 
the bogey or for any reason desire further control 
following "JUDY," broke lock, jamming, etc., he will 
transmit "LOST CONTACT." 

Example: Fighter- "Ginmill One, lost con­
tact, heading two three zero, over." 
Controller - "One, bogey two seven zero ten, 
out." 
Fighter- "One, heading two three zero, 
out." 
Controller - "One, port one eight zero bogey 
heading over." 
Fighter- "One, port one eight zero, out." 

g. No contact. Occasionally it is necessary to search 
left or right of the assigned vector to investigate the 
airspace. This usually occurs during periods of inter­
mittent GCI/CCI coverage. The procedure is initiated 
by the controller transmitting: "Check Right" or 
"Check Left." The fighter turns 30 degrees from the 
base vector in the called direction and stabilizes for 
a minimum of four sweeps on the new heading while 
closely monitoring the radar scope. If there is still no 
contact, the fighter immediately returns to the base 
vector, reporting when steady. 

h. The following are assumed speeds that may be 
requested by a controlling agency: 

1. Saunter- Maximum endurance (rarely tac­
tically feasible.) 

2. Liner- Maximum range (usually minimum 
used CAP speed) 

3. Buster - Maximum MR T speed (about 0.96-
0.98, throttle can be retarded to hold 0.96-0.98 
after initial acceleration.) 

4. Gate - Maximum CRT speed (implies most 
rapid acceleration to supersonic speed desired, 
then modulate throttle to hold.) 
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i. Other transmissions non-essential to the intercept: 

1. Lost communications procedures 
2. Parrot check 
3. State reports 
4. Weather 
5. Pigeons 
6. Steer 
7. Armament switches check 

INITIAL VECTOR 

The primary objective of the initial vector is to posi­
tion the fighter between the vital area and the raid 
much as a ball player guards the goal. When the fighter 
has been positioned on the "radial" of the raid from the 
vital area, it then can either be run out on the radial 
to engage, or held on the radial until the enemy 
commits himself to an attack. This provides maximum 
protection combined with the tactical feasibility of 
reserving fighter strength for enemy raids that actually 
turn in and threaten the vital area. The initial vector 
from a CAP station is flown using a significant turn 
(60 degrees of bank) unless the tactical situation 
demands a maximum rate of turn which requires a 
nose-down, pull-to-buffet technique using afterburner. 

RUN-OUT SPEED 

The run-out speed selected for the initial vector is a 
very important element. The F-8 is capable of speeds 

over 900 KT AS. However, high speeds use a lot of 
fuel, require the fighter to be at a high altitude, and 
are very critical to GCI/CCI error. 

The selected run-out speed should satisfy three funda­
mental criteria: 

a. It should place the intercept as far out as reason­
ably possible. 

b. It should provide the fighter with sufficient basic 
speed to match the raid maneuvers and to permit the 
fighter to commence the attack phase. 

c. It should accomplish the first two with a mini­
mum depletion of the combat fuel package. 

A cursory examination of run-out speeds would seem 
to imply that the highest possible speed should be 
selected to complete the intercept as far out from the 
vital area as possible. A more detailed study of the 
problem reveals that within the present environment 
of early warning ranges and enemy threats, the super­
sonic run-out does little to reduce raid penetration. 
This is illustrated in figure 1-45. 

The same information is presented in more detailed 
graphical form in figure 1-46. Figures 1-46 and 1-47 
reveal that for typical early warning ranges of about 
200 NM and a 0.8 IMN non-maneuvering raid, a 1.5 
IMN run-out only reduces the raid penetration about 
12 miles. However, the additional combat fuel required 
to obtain those 12 miles is about 3,700 pounds. The 

Raid Penetration and Combat Fuel vs Initial 
Vector Run-Out Speed ·.:;. 

Distance At Intercept Combat Fuel Consumed 
Raid NM Pounds 

Distance At 
Initial Vector Run-Out Run-Out Run-Out Run-Out 

NM 550 KTAS l.SIMN 550 KTAS 1.5 IMN 
20,000 Feet 35,000 Feet 20,000 Feet 35,000 Feet 

40 22 20 190 900 

80 43 45 370 2200 

120 65 72 570 2800 

160 87 97 750 3800 

200 109 121 940 4600 

A Z- 39- tt-66 

figure J-45 
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SAMPLE PROBLEM 

0.8 IMN Raid at 180 NM. What will be raid penetration and 
combat fuel used for cap speeds of 550 KT AS and 1.5 IMN? 

ANSWER (FOLLOW DOTTED LINES) 

a. Raid Penetration b. Combat Fuel Used 

240 

(1) 1.5 IMN = 110 NM 
(2) 550 KTAS = 92 NM 

(1) 1.5 IMN = 4200 Pounds 
(2) 550 KTAS = 700 Pounds 

Figure J-46 
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normal combat fuel package of a CAP F-8 is approxi· 
mately 3,000 pounds, assuming a 90-minute cycle time. 
Therefore, the expenditure of 3,700 pounds to reduce 
raid penetration by 12 miles leaves no reserve for re­
attacks or reassignment to other raids. 

TIME SPEED AVERAGE SPEED 
(Mit-lUTES) (MACH HUMBER) (MACH HUMBER) 

0 0.9 0.9 
1 1.05 0.98 
2 1.15 1.03 
3 1.24 1.08 
4 1.38 1.12 
5 1.50 1.20 
6 1.50 1.24 
7 1.50 1.28 
8 1.50 1.30 
9 1.50 1.32 

10 1.50 1.34 

AZ-41-t0-66 

Figure l-47. Average Speed During l.5 IMN 
Acceleration and Runout 

The reason that the difference in raid penetration for 
the two run-out speeds iS:,relatively small is that the 
average run-out speed lags the actual run-out speed for 
several minutes, as illustrated in figure 1-47. The differ­
ence in raid penetration in a forward-hemisphere 
initial vector is the result of the changes in the average 
speed of the fighter. For example, if two airplanes, 
separated by 100 miles, fly toward each other at co­
speed, they will meet at the mid-point or 50 miles from 
either starting position. In order to shift the meeting 
point by only 10 percent (10 miles) in either direction, 
one of the airplanes must increase its average speed 
by 50 percent. To reduce raid penetration by 10 
percent, the initial separation between the accelerating 
fighter and a subsonic raid would have to be almost 
200 miles. 

The tactical speed of the fighter during the run-out 
should permit rapid response to changes in vectors 
caused by raid jinking and GCI/CCI errors, and pro· 
vide sufficient speed at the end of the initial vector to 
commence the attack turn. The attack turn against a 
jinking raid requires that the fighter be co-speed, or 
faster than the raid, to ensure any reasonable probabil­
ity of arriving within the missile launch envelope. 

A true airspeed of 500 to 5 50 knots ( 380 to 420 KIAS) 
at about 20,000 feet is a relatively high run-out speed 

but allows a maneuvering potential and reasonable 
fuel specifics. The use of this speed/altitude combina­
tion is particularly suitable for run-out against medium 
altitude, subsonic raids. The attack turn against a 
subsonic, medium altitude raid does not require speeds 
in excess of 550 KTAS. A supersonic raid in the 
relatively limited early warning confines of a task 
force environment will usually be characterized by a 
high dosing rate and a short time to intercept. When 
vectored against a supersonic raid, the F-8 should 
normally commence acceleration immediately. This is 
necessary, since in most cases the attack phase, which 
will probably start shortly after the initial vector, 
requires co-speed or faster for a reasonable probability 
of successful arrival at missile launch position. 

For medium altitude targets, a 1.2: 1 speed advantage 
is sufficient to allow the F-8 to complete a rear­
hemisphere Sidewinder attack. Therefore, it may not be 
necessary to use CRT during initial run-out vectoring 
provided sufficient warning range is available. Figure 
1-48 gives the fighter-to-target range at which CRT 
must be selected to arrive at an attack position with 
the desired speed advantage assuming the run-out is 
head-on to the target. 

RUN-OUT ALTITUDE 

Selection of run-out altitude should be based upon 
target altitude, the distance between fighter and target, 
maneuverability and speed desired, and the desired 
final attack phase altitude. Run-out altitudes are fur­
ther discussed in subsequent paragraphs. 

MEDIUM ALTITUDE TECHNIQUES 

Against medium altitude targets, every attempt should 
be made to provide the pilot with current target alti­
tude information. 

The antenna tilt should be elevated so that ST AE and 
ground clutter are either faint or non-existent. This 
will normally occur with two to three degrees "UP" 
tilt. If rough terrain tends to produce heavy ST AE 
and ground clutter effects, the fighter altitude should 
be reduced sufficiently to allow centering of the target 
in the radar beam with the tilt setting necessary to 
avoid scope clutter. No more than five degrees of "UP" 
tilt should be required under the most extreme con­
ditions. In this event a 5,000-foot altitude disadvantage 
for the fighter will provide adequate detection capa· 
bility to a range of 15 miles for fighter-type targets 
(two square meters). Bomber targets should be detected 
at ranges of 18 to 20 miles on the APQ-83B and at 30 to 
40 miles on the APQ-124. 
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CRT Selection for 1.2 to 1 Speed 
Advantage at Intercept 
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figure 1-48 

The fighter should have an altitude disadvantage of 
from 2,000 to 5,000 feet for the following reasons: 

a. Radar performance is increased by the reduction 
in clutter and ST AE effects with slight antenna look-up 
angles. 

b. IR contrast for missile detection is better against 
a sky background than against the horizon or surface. 

c. The fighter is afforded a greater element of sur­
prise in the six o'clock low attack. 

The maximum AIM-9B range against the medium alti­
tude raid with a 1.2: 1 speed ratio is approximately 
three miles. The horizontal envelope is free of lambda 
and g-limits out to about 45 degrees angle-off. It is 
recommended that firing occur within 40 degrees 

angle-off at a range of about two miles. If the intercept 
is carried in to one mile before firing, the angle-off 
must be reduced to less than 20 degrees because of 
missile launch g limitations. 

Note 

Whenever possible every attempt should be 
made to fire Sidewinder missiles with as low 
an angle off as possible. 

If the fighter is well into the final attack turn and has 
not obtained target detection visually or on radar, the 
fighter should immediately slow to the speed of the 
target to maintain at least a 3 to 5 mile nose-tail 
separation. If detection has not occurred by this 
time, there is a strong possibility that the target 
altitude information is in error. Although slowing the 
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fighter to target speed is undesirable, it is necessary if 
the target is to be detected. The nose-tail separation 
of three to five miles places the fighter outside normal 
target defensive armament range and provides for 
radar elevation scan coverage for target detection. The 
use of the autopilot is recommended for all put final 
attack tracking. 

Note 

This part of the manual, as stated in the 
introduction, is oriented toward all-weather 
(non-visual) interception of a target. How­
ever, timely visual contact is the best method 
to terminate any fighter attack. Pilots should 
always strive to convert displayed radar data 
to a " tally-ho" whenever possible. This does 
not imply that valid scope displays should be 
ignored at ranges or in weather conditions 
where detection of targets is highly unlikely. 
This philosophy is valid at all fighter altitudes 
and at night where contrails have been de­
tected in starlight conditions. 

Medium Altitude Target From A Low CAP Station 

Because of the CRT climb capability of the F-8, CAP 
stationing altitude has no significant bearing on the 
basic intercept geometry. The same turns and offset 
principles are used. 

For the sea level CAP, a CRT climb must be made be­
cause the time-to-climb and distance covered during 
an MRT climb to medium altitudes are prohibitive in 
terms of the initial target-to-fighter distance required. 
For example, an MRT climb to 35,000 feet from sea 
level takes 11 minutes and covers 80 miles. The CRT 
climb takes 3 minutes and covers 20 miles. The CRT 
climb consumes 400 pounds more fuel, but this has to 
be accepted under most conditions. 

HIGH ALTITUDE TECHNIQUES 

High altitude (25 to 40 M feet) techniques are substan­
tially the same as medium altitude techniques for sub­
sonic targets. The F-8 has excellent performance 
throughout this range. A 1.2: 1 fighter to bogey speed 
ratio is recommended. Generally the F-8 will CAP 
below this range and cruise climb to two to five thou­
sand feet below the target during run-out. 

VERY HIGH ALTITUDE TECHNIQUES 

For very high altitude targets (above 40,000 feet), the 
best fighter altitude is between 35,000 and 40,000 feet. 
At 45,000 feet, the CRT fuel consumption is less than 

that at 35,000 tp 40,000 feet; however, acceleration is 
much slower and level flight V max is substantially re­
duced. For very high altitude subsonic targets, 35,000 
feet gives the best MRT performance for fuel consump­
tion, V max, and maneuverability prior to commencing 
the CRT acceleration to achieve pitch-up speed. 

Consideration must be given to the climb capability of 
the missile because it affords the fighter a distinct 
advantage in initial launch positioning and provides an 
extension of weapon system performance. Utilization 
of the missile's climb capability is the only means 
whereby extremely high altitude targets can be 
engaged. 

Although the basic beam/stern attack geometry is ap­
plicable to attack positioning for this type of target, 
the final position should be directly astern the target. 
The desirable position astern as a function of target 
altitude and speed is shown in figure 1-49 These 
ranges are based on the recommended fighter-to-target 
speeds of figure 1-50. Against the very high altitude 
subsonic target, the air controller should give the 
fighter the speed recommended in figure 1-50 so that 
the necessary speed is developed to enable the pitch-up 
to be made. 

It is extremely important that the fighter be vectored 
astern the target to within 20 degrees angle-off. The 
pitch-up to fire at these targets is actually a zoom to 
gain altitude; the pilot has little control with which 
to track above 50,000 feet. 

If the target detection has not occurred by the time 
the range astern has dosed to 6 or 7 miles, the fighter 
should commence a "blind" pitch-up. Radar or visual 
acquisition must then be attempted in the pitch-up. 

A successful pitch-up to within the missile envelope 
should be possible if either of the following combina­
tion of indications is satisfied: 

a. The calibrated vertical extends below the arti­
ficial horizon and the target is at less than maximum 
missile range, or 

b. The calibrated vertical extends below the artifi­
cial horizon and the antenna look-up angle is 30 
degrees. 

The pitch-up is a 2g maneuver to a climb angle of 
about 30 degrees for maximum gain in altitude, or to 
that angle required to boresight the target. Figure 
1-51 is the vertical AIM-9D missile envelope for a I 
Mach 1.2 fighter versus a Mach 0.8, 60,000-foot target. 
It can be seen that the missile significantly extends the 
capability of the weapon system. If the fighter can 
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to reaching 30 degree antenna 
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in Figure 1-34. 
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Desired Fighter Speed for Very High Altitude Attacks~§§~~~=::;.~ 

1-112 

2.2r---------T-~----~~--------r---------~------~ 

a.:: 
w 

2.0 

1.8 

! 1.6 
::::» 
z 
X 
~1.4 
~ 
a.:: 
w 
~ 1.2 
C) 

IL 

1.0 

0.8 

0.6 

Enemy 
Altitude 

CONDITIONS: 

0.8 

Pitch-Up ot "In-Range" or 30 degree target elevotion 
from 40 M. 

2g jitch-up ± 0.3g 
30 climb ±5° 

Allows± 20° change of heading during climb 

1.0 1.2 1.4 

ENEMY MACH NUMBER 

figure J-50 

CONFIDENTIAL 

1.6 



-

-

CONFIDENTIAL 
NAVAIR 01-45HHA-1T 

Sidewinder A.IM-9D Vertical Profile Envelope 
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I obtain missile tone in a 30-degree climb, and is within 
the vertical envelope, it can still fire. 

As stated previously, the pitch-up is essentially a zoom 
maneuver to reduce the altitude differential. Associ­
ated with it are afterburner blowouts, low indicated 
airspeeds, and a mandatory negative g recovery. The 
question of when to begin the recovery will depend 
upon the tactical situation. It will be a natural ten­
dency to attempt to continue the climb and boresight 
the target. However, the pushover necessary should be 
commenced at no less than 300 KIAS. It has been found 
that 80 to 150 knots may be lost in a 0.5g pushover. 
Commencing the pushover at less than 300 KIAS may 
very well lead to low indicated airspeeds "over the 
top," with the associated consequences. 

Very High Altitude Search Techniques 

Search techniques at very high altitudes are primarily 
dictated by the problem presented by the altitude dif­
ferential between the fighter and the target. With tar­
get altitudes up to 30,000 feet above that of the fighter, 
judicious use of the tilt control during search is 
required. 

One recommended procedure is to set the antenna tilt 
for detection at 15 miles, based upon predicted altitude 
differential. For example, in figure 1-52, the predicted 
altitude differential is 20,000 feet. Based upon the 
antenna tilt rule-of-thumb (one degree equals 1,000 
feet at a range of 10 miles), the antenna tilt is set at 
15 degrees "UP.'' Then, as the target range doses, it 
should be detected as it enters the antenna beam at 
a range of 15 miles. If detection is not made then, the 
tilt should immediately be programmed up to 20 de­
grees, the required setting for 10-mile ranges. 

An alternate procedure is to position the antenna at 
the setting required for detection at 20 miles. If detec­
tion is not made at that range, antenna tilt is adjusted 
up, corresponding to differential range. 

If a pitch-up or "zoom" attack is being conducted and 
is commenced prior to target detection, it is possible to 

I detect the target during the zoom maneuver by tilt 
adjustment. The tilt control is adjusted throughout the 

climb to attempt to center the target in the search 
beam. 

Sidewinder Missile Employment 

A description of Sidewinder missiles and performance 
envelopes is contained in Part 6 of this section. 

With a fighter overtake speed, the missiles have better 
than a 10,000-foot climb capability at high altitude. 
This will allow the F-8 to attack targets at altitudes up 
to 60,000 feet with some degree of effectiveness. This 
effectiveness is practically eliminated, however, if the 
pilot pursuit-tracks to boresight the target. The ability 
of the F-8 to effectively maneuver to pursuit-track 
above 50,000 feet is very poor. Therefore, the high alti­
tude attack must be of the form of a lower altitude 
positioning run, followed by a pitch-up to boresight 
the target. 

SUPERSON IC TARGETS 

The F-8 with any of the Sidewinder family of missiles 
can make an attack against supersonic targets. This 
intercept will involve high fighter Mach in order to 
obtain the necessary overtake speed which will result 
in high rates of fuel consumption. Pitch-up techniques 
are usually not required for high altitude (twenty-five 
to forty thousand feet) supersonic intercepts if the F-8 
is positioned within 10,000 feet of the target altitude 
with at least a 1.2: 1 speed advantage. 

Because of the high speeds involved and large turning 
radii, the pilot cannot expect early radar detection of 
the target. For this reason and to keep from getting 
"sucked," the air controller must retain more precise 
control during a supersonic intercept. On a beam­
stern attack it is best to lead the intercept even more 
than intuition dictates because the high closure rate 
of the fighter will quickly diminish midway through 
the final turn. If a tail chase results, target penetration 
and fighter fuel consumption are increased. For exam­
ple, if the fighter is sucked into a trail position of 8 
miles, it must close to about 2 miles before missile 
release. The 6 miles which must be made up will re­
quire an additional 1,200 pounds of fuel and result 
in an additional 30 miles of raid penetration. 
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figure J-52 

Very High Supersonic Targets 

If the target is above 45,000 feet, a pitch-up attack will 
be required since the airplane cannot accelerate and 
sustain Mach 1.4 above 45,000 feet. Best acceleration 
performance is at 40,000 feet and below. The diffi­
culties encountered in the pitch-up attack can best 
be explained through an example. Figure 1-51 is the 
vertical AIM-9D missile envelope for a Mach 1.4 
attack against a Mach 1.2 target. Assuming a target at 
50,000 feet and a pitch-up commenced at 40,000 feet 
at a range of 3 miles (when the elevation antenna an­
gle is up 30 degrees), the airplane can easily arrive in 
the allowable firing envelope. A 2g, 30-degree pitch-up 
at Mach 1.4 will result in a speed decay to Mach 1.2 
(or co-speed) at 45,000 to 47,000 feet altitude. The 
co-speed firing envelope is smaller than that of figure 
1-51. If more than a 10,000-foot altitude differential 
exists, the severity of the problem is increased. If time 
permits, fighter speed should be increased to the maxi­
mum attainable in order that target closure can be 
maintained during the pitch-up to boresight. As pre­
viously mentioned, it is recommended that the pitch­
up be commented when the antenna elevation angle 
is up 30 degrees. If further closure is made, the possi­
bility exists that the antenna may exceed its gimbal 
limits and radar tracking will be lost. The pitch-up 
should be made from as directly astern as possible. The 
ability to maneuver for tracking rapidly degrades 
dur ing the pitch-up as airspeed diminishes. 

As the a1mmg dot appears at the top of the radar 
scope, stick back pressure must be reduced or an over­
shoot will result. The required climb angle to boresight 
the target reduces rapidly as altitude is gained in the 
pitch-up. The recovery technique should be a negative 
g pushover because the combination of low indicated 
airspeeds and large aileron deflections of the wing­
down recovery method can easily lead to a stall/spin 
if attempted. 

LOW ALTITUDE TECHNIQUES 

At target altitudes of 2,000 feet or less, the fighter can 
no longer depend upon a lower approach altitude and 
elevated beam to avoid scope clutter. The APQ-83B 
and APQ-124(pulse) radars have an extremely limited 
search capability at low altitudes over land. Over 
water, the radars are capable of performance essentially 
the same as that obt~ined at high altitudes. 

Over Land 

ST AE and ground clutter can be expected to cover the 
upper portions of the scope. At best, a four- to five­
mile relatively clear area may exist between the ground 
return noise (zero to 2 miles) and the ST AE and the 
heavy ground clutter. FTC and low gain settings should 
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be used ·to reduce the ground clutter. Small deviations 
from an optimum focus setting will increase the detec­
tion problem to a larger extent than at higher alti­
tudes. The best radar performance at low altitudes 
over land can be obtained under the following condi­
tions: 

a. The fighter, if able to remain above 2,000 feet 
AGL, should attempt to achieve a lower altitude than 
the target. Thereby an "UP" antenna tilt can be used. 
This will reduce ground clutter and ST AE. 

b. If possible, approach the target so as to avoid 
hilly or mountainous radar background. 

c. If the target is below 2,000 feet AGL, the antenna 
tilt control during search should be programmed to 
start above predicted target altitude. Antenna tilt 
should then be reduced in minute increments in an 
attempt to detect the target on the lower antenna 
sweep. 

d. lower than normal gain settings can increase 
detection probabilities by reducing scope clutter and 
ST AE, obviously with the sacrifice of longer detection 
ranges. 

Over Water 

The APQ-83B and APQ-124 radars have a good search 
capability at low altitudes over water, subject to the 
conditions described in the following paragraphs. 

Sea Return 

Sea return will be seen on the lower portion of the 
scope out to ranges determined by: 

a. Fighter Altitude. Sea return will vary inversely 
with altitude. At fighter altitude of 1,000 feet, normal 
sea states will produce sea return out to ranges of four 
to five miles. Sea return becomes excessive when 
searching for low altitude targets which are lower than 
the fighter. 

b. Gain. Increased gain settings will produce a corre­
sponding increase in sea return. At short ranges the 
gain should be reduced in order to allow target detec­
tion in the area normally covered by sea return. 

c. Sea State. The extent of sea return will vary 
directly with the sea state. With normal gain setting 
and heavy seas (sea state of four) , sea return clutter 
will be seen to a range of approximately 10 miles. 
Under calm sea conditions, sea return may extend to 
only one or two miles. 

Second Time Around Echoes 

STAE returns will be seen at low altitudes over water. 
It is observed on the lower portion of the scope and 
its extent varies directly as the fighter altitude. like 
sea return, it is affected by gatn, altitude, and sea state. 

Fast Time Constant (FTC) 

Use of the FTC setting is of little aid in target detec­
tion over water unless heavy weather or precipitation 
conditions exist. 

Atmospheric Refraction 

At low altitudes under normal atmospheric conditions, 
APQ-83B and APQ-124 radar performance is compara­
ble to that at higher altitudes. However, under abnor­
mal indices of refraction, detection ranges may be very 
limited and fade areas may exist. It has been observed 
that this poor radar performance occurs when a subre­
fractive index of the gradient of refraction exists in 
layers at or lower than the fighter altitude (target 
below). Because index of refraction data will prob­
ably be unavailable to the pilot in a tactical situation, 
the best course of action is to vary the fighter altitude 
between 1,000 and 2,500 feet if poor radar performance 
is incurred at low altitude. 

Low Altitude Run Out 

If the raid is low, the fighter must also be low, from 
both attack and radar search considerations. In order 
to take full advantage of the low altitude capability of 
the APQ-83B and APQ-124 radars, the fighter should 
be afforded a 15- to 20-mile detection opportunity. As 
stated previously, a look-up antenna tilt is desirable 
to reduce ground clutter and ST AE. For extremely low 
altitude targets, a fighter attitude of 1,000 feet is the 
most desirable. It is the best compromise between low 
altitude radar performance and a reasonably safe 
fighter maneuvering altitude. 

The descent to 1,000 feet from a CAP altitude of 20,000 
feet requires from one to three minutes, depending 
upon weather, darkness, and pilot capability. It is 
highly desirable for the fighter to be level, at or near 
the final attack altitude, when 30 miles from the tar­
get. This allows the pilot to orient himself, adjust radar 
gain and antenna tilt, and assume final attack speed, 
prior to having to commence the radar search phase. 
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Generally, task force detection ranges of low altitude 
targets are relatively short, thus requiring a rapid 
descent to low altitude. A safe procedure is to make 
a speed brake descent with 80 to 8S percent rpm. The 
following table gives recommended descent attitudes. 

DESCENT ATTITUDE 

Altitude (Feel) Attitude (Degrees) 

40,000 to 20,000 -30 
20,000 to 10,000 -20 
10,000 to 7,500 -15 
7,500 to 5,000 -10 
5,000 to 2,000 - 5 

The speed brake is retracted as necessary to gain the 
desired attack speed and altitude. The descent from 
40,000 feet requires about 4.S minutes and from 20,000 
feet, about 2 minutes. The distance covered from 
40,000 feet is 2S to 30 miles and from 20,000 feet, IS 
to 20 miles. 

Note 

To arrive at 420 KIAS at 2,000 feet requires 
speed brake refraction at about 8,000 feet. 

VERY LOW ALTITUDE TARGETS 

Very low altitude targets are considered to be those at 
an altitude of less than 2,000 feet. 1,000 feet is consid­
ered to be the optimum F-8 altitude for the intercept 
of very low altitude targets. It is the optimization of 
best radar performance with safe aircraft maneuvering. 
Successful intercept of very low level targets as low 
as 100 feet is possible using beam-stern or beam-stern 
conversion techniques. HEAD-ON intercepts of very 
low targets are NOT recommended. Missile launch 
envelopes are more restricted at low altitude, therefore 
every effort should be toward an acute turn to target 
heading versus getting sucked into a prolonged tail 
chase. Zero angle-off is the optimum position for low 
altitude missile firing. 

Very Low Altitude Fighter Geometry 

The basic problem is much more critical than at higher 
altitudes. Although the attack geometry is similar to 
that for higher altitudes, the problems which the pilot 
and air controller must cope with are much more 
severe. The pilot is confronted with low altitude 
maneuvering at high indicated airspeeds. The prob­
lem of radar operation and monitoring is made more 
difficult by the fact that much more attention must 
be paid to aircraft control. Whereas vertigo can be 
discomforting at higher altitudes until reorientation 
occurs, vertigo at 1,000 feet or less can prove fatal. 
Because the capability of surface radars for long range 
detection and control is limited, the air controller is 
faced with many problems. The confines within which 
the intercept must take place may be very limited. 

Voice communications with the fighter may be weak 
and intermittent. Because of the short low altitude 
detection ranges, the first intercept must be successful 
as there will probably not be enough time or distance 
available for a reattack. 

Unless daylight visual conditions prevail, it is much 
safer to establish instrument flight procedures and ad­
here to them. It is highly recommended that the auto­
pilot be used. It affords a high degree of pilot relief to 
the benefit of improved radar operation. The autopilot 
may be used up to the time at which the pilot assumes 
manual control to boresight the target for missile 
release. 

Once radar lock-on has been made, the dot must not 
be centered in the steering circle until within maxi­
mum missile range. The boresight criteria of the air­
craft are such that the radar boresight line is almost 
parallel to the wing chordline. Since the aircraft flies 
at a positive angle of attack regardless of airspeed, the 
flight path is always at a downward inclination to that 
of the target when it is boresighted. If the aiming dot 
is centered throughout a low level intercept, collision 
with the surface could occur. For all low altitude tar­
gets, it is safer to center the aiming dot in azimuth and 
maintain at least 1,000 feet of altitude until inside 
missile maximum range. The dot should then be cen­
tered, missile tone obtained, and the missile fired fol­
lowed by immediate recovery. 

The missile release computer is instrumented for a 
minimum target speed of Mach 0.6 which is approxi­
mately 400 KT AS. Although the initial design of the 
computer was predicated on higher altitude and speed 
conditions, the computer gives fairly accurate in­
envelope indications at low altitude for AIM-9B and 1 

AIM-90. For almost every condition, the in-envelope 
light will illuminate at or in excess of the extreme 
low altitude range limit of the AIM-9B. Therefore, it 
is best to wait (assuming a 50 to 100 KTAS overtake 
speed) approximately 10 to 15 seconds after the in­
envelope light illuminates before centering the steer­
ing dot and firing. 

Missiles will gravity drop about 275 feet after firing, 
and against a 100-foot altitude target, the low point in 
the trajectory will be about 50 feet lower than the 
target. To preclude the missile hitting the surface be­
fore target intercept, the fighter should be no lower 
than 400 feet at missile launch against a lower altitude 
target. 

BASIC INTERCEPT GEOMETRIES 
Several factors make up the ingredients that result in 
any particular intercept geometry. They are available 
weapons, detection opportunity, enemy composition 
and evasive tactics, quality of air control (human fac­
tors and equipment), acceptable raid penetration and 
fighter pilot proficiency level. Since all of these ingre­
dients are not predictable, it is necessary to have proce­
dures and techniques for omnidirectional approaches 
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to any target. A perfectly set up beam approach inter­
cept geometry can rapidly degenerate into a front 
quarter and then a head-on approach by two simple 
jinking turns by the enemy. 

This section includes the relative merits and techniques 
for beam, front quarter and head-on approach inter­
cepts. Rear quarter and stern approach intercepts are 
not discussed as they require high fighter overtake 
velocities and are not consistent with the doctrine of 
maintaining the defensive fighters between the force 
to be protected and the attacking enemy raid. 

Figure 1-53 depicts track crossing angles and the in­
clusive track crossing angles that define the various 
attacks. 

INTERCEPT TERMINOLOGY 

The following definitions are paramount to any dis· 
cussion of intercept geometry. These should be thor· 
oughly understood as they define specific tactical situ­
ations as well as certain techniques. See figures 1-54 
through 1-57. 

Lead Collision Vector 

The shortest straight line course taken by a fighter 
aircraft toward a non-maneuvering bogey such that an 
air-launched weapon is pointed to collide with the 
bogey in space. 

Conversion 

The transition from a lead collision forward hemi· 
sphere approach to bogey to a beam-stern attack al­
lowing sufficient room for maneuvering so as to main­
tain the bogey within the tracking limits of the radar 
during the final phase of the intercept. 

Maneuvering Turn(s) 

A turn or turns made by a fighter from a lead collision 
approach as necessary to effect a conversion. Maneu­
vering turns are usually called by the air controller. 

Beam Stern Attack Gate 

A position in space through which a fighter must pass 
to complete an attack turn (turn to bogey heading) 
without overshooting the bogey's flight path or per· 
mitting excessive bogey penetration toward the force. 

Optimum Position 

A check point after the maneuvering turn that will 
ensure passage through the beam-stern attack gate. 

AHack Turn 

The final pursuit turn to bogey heading in a beam­
stern attack. It can be called by an air controller or 

controlled completely by the pilot. This turn always 
terminates in a pure pursuit tracking technique when 
using IR missiles without extended acquisition. 

Pure Pursuit 

A curvilinear course described by a fighter aircraft, 
normally in the horizontal plane, while closing a 
bogey. It is flown by maintaining the bogey at exactly 
12 o'clock with respect to the fighter's nose. It can be 
flown visually or by centering the steering circle and 
dot in the radar track mode. See figure 1-55. 

Lead Pursuit 

A curvilinear course described by a fighter aircraft, 
normally in the horizontal plane, while closing a 
bogey. It is flown by maintaining a fixed or variable 
amount of lead ahead of the bogey. This can be flown 
visually by maintaining the fighter's nose ahead of 
the bogey or by maintaining the target or steering 
circle on the radar scope away from the direction of 
pursuit turn. See figure 1-56. 

Acute Positions 

Positions in space oriented ahead or inside the beam­
stern attack gate such that if flown through the attack 
turn of the fighter will be restricted to pure pursuit 
techniques. An overshoot of the enemy's flight path 
may be expected. 

Sucked Positions 

Positions in space oriented aft or outside of the beam­
stern attack gate such that if flown through the attack 
turn of the fighter would require lead pursuit tech­
niques and result in excessive bogey penetration toward 
the force. 

BEAM-STERN TECHNIQUES 

The classic 90-degree beam-stern intercept has many 
tactical advantages and disadvantages. In its favor, it 
presents the fighter with the largest radar target cross 
section. This is important in the case of a weak radar 
system. The closure rates associated with the beam 
approach are not excessive and allow relative ease in 
scope interpretation. The pilot can fly in either search 
or track mode as desired. The beam-stern attack is the 
only attack allowing the versatility of a multi-weapons 
launch. The disadvantages of the beam-stern attack 
are the bogey penetration toward the force, and the 
relatively late opportunity for detection caused by 
positioning the fighter with the necessary offset. Re­
member, the fighter radar might not come to bear on 
the bogey until after the maneuvering turn. With the 
fighter initially stationed between a raid that is com­
ing toward the force, gaining the required offset 
usually causes fighter maneuvers that do not include 
illuminating the bogey until late in the intercept. If 
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Track Crossing Angle (TCA) 

.....--------Forward Hemisphere----------, 

'----------Rear Hemisphere--------~ 

Track crossing angles of less than 90° are 
referred to as "ANGLE OFF" 

Figure 1-53 
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it is expected to intercept fighter-type aircraft, use of 
a beam-stern intercept is recommended. The tactical 
advantages of attacking from the stern far outweigh 
the disadvantages of this intercept. 

Beam-Stern Attack Gate 

The beam-stern attack gate as previously defined is 
similar to a low reversal window in a gunnery pattern; 
that is, it moves along in space with the bogey. To 
rigidly define this gate is very difficult as it varies with 
altitude, the fighter/bogey speed ratio, and, of course, 
individual pilot proficiency. A good beam-stern attack 
gate occurs at medium and high altitudes under the 
following conditions: 

a. A 1.2: 1 fighter to bogey speed ratio 

b. 90 degrees of Attack Turn to go 

c. The bogey directly ahead (12 o'clock + 10 de­
grees) 

d. Seven-to-nine-mile range 

The range is reduced to four to six miles at low alti­
tude. Passage through this gate allows the attack turn 
to be made with relatively comfortable lead and pure­
pursuit techniques and time for scope interpretation/ 
geometry analysis. This is not to say that a pilot with 
a high level of radar experience cannot and should not 
strive to move this gate in to four or five miles at 
medium and high altitudes. Doing so requires a high 
rate of turn to bogey heading to maintain pure-pursuit 
tracking and acceptance of possible slight overshoots, 
with minimum time to devote to scope interpretation. 
This technique, however, has the advantage of arriv­
ing at a missile launch point with a minimum of bogey 
penetration. Consideration must be given to missile 
lethality, when it is expected that multi--expenditure 
of missiles will be necessary. Pressing the attack gate 
could cause the fighter to get too close to missile mini­
mum range to permit damage assessment and a follow­
up missile launch if required. Failure to consider this 
possibility could result in the necessity of a reattack 
which would allow excessive bogey penetration. Con­
versely, if guns are to be used, it is necessary to press 
the attack gate to arrive as close as possible for visual 
contact and maneuvering. Keep in mind the beam-stern 
attack gate depicted in figure 1-58 would not serve a 
gun attack as the fighter would have an excess of tail 
chase and maneuvering before entering gun firing 
range. 

Beam-Stern Attack Turn 

The attack turn is the maneuvering necessary to turn 
to bogey heading for a stern weapons launch. The 
technique required is directly dependent on the attack 
gate .flown through. At medium and high altitude the 
procedure required for the attack turn is a combination 

of lead pursuit and pure pursuit tracking if the fighter 
passes through the recommended gate. The proper 
technique is to cause an initial rate of turn sufficient to 
create about 20 degrees of lead, holding this lead until 
approximately 45 degrees of turn to go and then grad­
ually decreasing lead to zero (pure pursuit) arriving 
in trail on the bogey. The lead is reduced to zero as 
necessary to arrive at mid-range for the type of missile 
selected within 20 degrees angle off. 

The corrections for acute positioning at the attack gate 
require pure pursuit tracking, and in some cases a hard 
and rapid turn away for a maximum of 30 degrees of 
turn followed by an immediate resumption of pure 
pursuit tracking to avoid overshooting. If the position 
at the attack gate is sucked, immediate lead pursuit 
techniques are required. The rate of turn is increased 
as necessary to establish up to 30 degrees of lead. In 
a 90-degree turning situation, it is extremely important 
to get the lead in and working during the initial part 
of the attack turn. After 45 degrees of turn, the lead 
becomes less effective and overtake speed is the pri­
mary factor working to close the target. 

HEAD-ON INTERCEPT TECHNIQUES 

The head-on intercept has the advantages of early 
opportunity to detect the bogey as the fighter's nose 
is pointed at the target throughout the intercept. Very 
high closure rates and minimum bogey penetration are 
associated with the head-on intercept. Also the fighter 
is exposed to a minimum of defensive armament if the 
bogey is a bomber. Disadvantages of head-on intercepts 
are: the minimum radar cross section of the target 
making detection difficult, especially with a weak radar 
system; considerable difficulty in acquiring the track 
mode with the sweeping range strobe; and only time 
enough to launch one AIM-9C missile without a re­
attack. Scope interpretation is fairly simple in spite 
of the very high closure rates, provided an early lock­
on can be obtained. The procedure for an AIM-9C 
weapons launch is to steer as necessary for a pure pur­
suit approach to the target. The optimum position for 
AIM-9C launching is within 20 degrees of the bogey'-. 
nose. 

The head-on intercept does not lend itself readily to 
a beam-stern conversion unless air controller called 
with sufficient bogey fighter separation for the offset 
maneuvering. The head-on intercept is not limited to 
the launch of AIM-9C missiles. An afterburning target 
might provide sufficient tones for launch of an AIM-
9D missile. In aircraft equipped with the deviated 
pursuit computer, head-on fuzing of the AIM-9D is 
provided automatically at a closure rate of 1,100 fps. 
Additionally, it is necessary to be proficient at head­
on tactics since bogey jinking could very well cause an 
intercept to result in a head-on situation in spite of 
fighter maneuvering. In this case, it is recommended to 
continue using pure pursuit techniques and execute a 
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reattack into the bogey to enter the IR missile aero­
dynamic envelope. Due to the limited early warning 
potential and resulting unreliability of close air con­
trol at low altitude, it is recommended that head-on 
intercept tactics not be intentionally used at altitudes 
below 10,000 feet. 

FRONT-QUARTER INTERCEPT TECHNIQUES 

The front quarter intercept is a compromise of the 
advantages and disadvantages of the Head-On and 
Beam-Stern Intercept. A front quarter approach allows 
good target cross section for radar illumination (on 
all but the smallest fighter aircraft) and an excellent 
opportunity for detection since the fighter's nose is 
pointed at the bogey sooner in the intercept. Target 
penetration is relatively low. The closure rates, even 
subsonic, are high and require quick geometry analysis 
on the part of the pilot. 

The front quarter is the most versatile intercept in that 
it affords an opportunity to employ a head-on weapon 
or allows for a conversion to a beam-stern intercept, 
and IR missile or, guns employment. The track cross­
ing angles combined with the high closure rates make 
the front quarter intercept the most difficult to inter­
pret if a conversion is to be made. Early radar lock-on 
is recommended in the front quarter intercept to dis­
play the closure rate to the pilot and yield continuous 
information for rapid scope interpretation. 

CONVERSIONS 

Successful conversions from a front quarter attack to 
a beam-stern attack can be made by the average fleet 
fighter pilot at track crossing angles up to 135 degrees. 
At greater track crossing angles, the ability to convert 
to a beam-stern attack becomes increasingly more diffi­
cult and depends on very early radar detection for the 
pilot, or expert air control. For a discussion of con­
verting to a beam-stern attack from a head-on ap­
proach, refer to Part V, ECM/ECCM. The mechanics 
of effecting a pilot controlled conversion depends 
largely upon scope interpretation ability. Quick anal­
ysis of the radarscope data compared to known bogey 
and fighter headings (track crossing angles) are neces­
sary to execute a "maneuvering turn" to get from the 
lead collision course directly to the bogey, to a lead 
collision course to the desired beam-stern attack gate. 
The maneuvering turn is an "S" type turn, initially 
toward the bogey's tail, then reversed back into the 
bogey (figure 1-59). The pilot who is extremely suc­
cessful at effecting conversions knows how to find the 
attack gate he wants. Since the attack gate does not 
paint on the radarscope, it must be found by reference 
to the bogey. Each fighter pilot should have at hand 
some optimum position points, such as in figure 1-QO, 
to aid in developing a seaman's eye ability to effect 
conversions. The easiest optimum position to deal with 
is when the bogey is directly ahead at a given range. 

Corrections for errors in the maneuvering turn are the 
same as any acute or sucked positioning. If the bogey 
is at 12 o'clock at greater than optimum position range, 
then the fighter is sucked and must correct into the 
bogey. This can be done by holding pure pursuit track­
ing or, if severely sucked, lead pursuit tracking until 
arriving at the optimum position. Conversely, when 
the fighter arrives at optimum position range and the 
bogey is on the cold side of the scope, then an imme­
diate turn away (toward the bogey's tail) as much as 
30 degrees is required, followed by a turn back into 
the bogey. Correcting for this acute siutation is the 
most difficult maneuver to handle in effecting success­
ful conversions. Failure to sufficiently correct for acute 
conversion positioning requires accepting a reattack 
(or unavoidable overshoot which is in effect a reattack) 
and greater bogey penetration. Once the desired attack 
gate is reached, the remainder of the intercept tech­
niques are as described in the beam-stern section. Illus­
trations of conversion geometry are presented in figures 
1-61 and 1-62. 

BREAKAWAY PROCEDURES 

After an attack has been completed and a warhead has 
been detonated in the vicinity of the enemy target, 
there are a number of collision dangers existing for 
the fighter. First, in the event a target is still capable 
of proceeding along its original flight path, the fighter 
must avoid collision with a high velocity object. Sec­
ond, when the target has been damaged and debris 
exists in the vicinity of the missile impact, the fighter 
must void the debris. Multiple targets further add to 
the problem of collision danger. 

In establishing the danger zone that the fighter must 
avoid, various possibilities must be considered. If two 
missiles are launched, the target may be hit by the first 
missile, by the second missile, by both, or missed by 
both. If the target is hit, it may break up in a few 
large parts which continue along their initial trajec­
tory with a speed only slightly reduced. On the other 
hand, it may break up in a cloud of small pieces which 
decelerates very rapidly, but expands radially. As it is 
not possible to know at the time of breakaway which 
of these eventualities will occur, the fighter must be 
maneuvered to stay out of the area of all possible lethal 
collision points. In order to break away safely, the 
fighter must avoid an area between the first possible 
missile impact point and the collision point with the 
undamaged target. Furthermore, it is not sufficient to 
avoid the line between these points, since debris may 
exist around the line. 

The breakaway maneuver in the plane of the fighter 
is difficult because of the large area to be avoided. Such 
avoidance is made especially difficult by multiple mis­
sile launches, which ca•1se the fighter to approach mini­
mum missile launch range. A better answer to the 
problem lies in maneuvering perpendicular to the 
plane of intercept. This plane is defined by the target 
flight path vector and the fighter position. The danger 
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TRACK 
CROSSING 110° 115° 
ANGLE 

0 p BOGEY 12 12 
p 0 POSITION O'clock O'clock 
T s 
I I 
M T 
u I DISTANCE M 0 

N NAUTICAL 10 12 
MILES 

Commence 60° 
Bank Turn To Pass 12 
Through 7-9 Mile Miles 
Attack Gate 

This table depicts optimum positions to ensure pas­
sage through the beam-stem attack gate with var.ious 
TRACK CROSSING ANGLES. The thumb rule dis­
tances at which the bogey should be at 12 o'clock 
will result in passage through the 7-9 mile beam-

120° 125° 130° 135° 

12 12 12 12 
O'clock O'clock O'clock O'clock 

14 16 18 20 

12 12 12 12 
Miles Miles Miles Miles 

stem attack gate. The TCA must be maintained 
until12 miles, followed by a 60° BANK TURN 
until the attack gate is reached. From the attack 
gate "as necessary" attack turn techniques should 
be maintained until in position to fire. 
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figure J-60 

area perpendicular to the plane is that formed by the 
cross section of the debris pattern. In order to maximize 
the safety of the fighter during multiple missile 
launches, the breakaway maneuver should be per· 
formed in a direction perpendicular to the intercept 
plane. 

Multiple targets pose an additional collision threat. 
It cannot be too strongly emphasized that there are no 
firm breakaway rules which will prevent a collision in 
all attack situations. Proper analysis of the tactical 
situation by the pilot and air controller will determine 
the specific procedure to be used. 

In addition to avoiding a collision with the target or 
target debris, there are two other prime considerations 
that determine breakaway procedures. One is the neces­
sity of clearing the target area so that a trailing fighter 
may complete an attack. The other consideration is the 
reassignment of the fighter after the initial attack. The 
fighter will be committed either to a reattack on the 
same raid, an attack on a new raid, vectored to a CAP 
station, or be returned to base. 

Since the controlling agency knows the tactical situa· 
tion, breakaway headings should be directed by the air 
controller. A breakaway heading which will cause the 
fighter to turn toward the direction of the flight path 
of the target is undesirable when employing in-trail 
tactics. The recommended in-trail separation will pro· 
vide a marginal safety factor; however, controllers 
should commit fighters to these breakaway headings 
only when the tactical situation demands it. 

REATTACK PROCEDURES 

There are two basic reattack categories. They are the 
air controller controlled reattack and the pilot con­
trolled reattack. 

Air Controller Controlled Reattacks 

After the initial attack, the air controller directs the 
fighter to a position to commence a new attack on the 
same raid. This type of reattack allows greater target 
penetration distance than a pilot controlled reattack. 
On the other hand, it is a more reliable and selective 
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method. This method should be employed if enemy 
fighters are in the raid being attacked. Without air 
controller assistance, the fighter would be required to 
attack the fighters as a matter of self-preservation. With 
air controller assistance, high closing velocity reattacks 
against bombers could be made with a minimum of 
interference from the defending fighters. 

Pilot Controlled Reattacks 

The pilot controlled reattack is also a separate and 
distinct attack on the same raid. However, it is con­
ducted by the pilot, using a pre-planned procedure and 
a knowledge of target heading, altitude, and airspeed. 
This type of attack has the advantage of minimizing 
target penetration between attacks. However, it has 
the disadvantage of being unreliable. Any pilot errors 
may be compounded by raid jinking or incorrect raid 
heading, altitude or airspeed information. 

The pilot controlled reattack from a trail formation 
should not be attempted until either all fighters have 
launched missiles or until succeeding pilots have been 
given a "Hold Fire." All pilots must acknowledge this 
command. 

Pilot controlled reattacks from a stern attack should 
not be confused with a continuing stern attack. Dur­
ing a continuing stern attack the fighter remains within 
missile range (but outside of enemy defensive arma­
ment range) and launches missiles until all aircraft in 
the raid are destroyed or all missiles are expended. A 
reattack, however, consists of a separate and distinct 
attack on the same raid. For the reattack from the 
stern, the fighter should turn in the direction of target 
origin until on a heading 60 degrees from the target's 
flight path . This heading should be held for 45 seconds 
and speed increased to a 1.2:1 ratio. At the end of 45 
seconds, roll into 60 degrees of bank and turn 90 de­
grees toward the raid. Allow the nose to fall through 
the horizon as necessary to maintain speed and to 
reduce altitude to less than that of the raid. When 
target detection and lock-on have been achieved, speed 
may be increased to expedite the intercept. If target 
detection has not occurred at the completion of this 
turn, the pilot must continue the turn for an additional 
30 degrees. If the target is still not detected, it will be 
necessary for the air controller to reposition the fighter 
for another attack. 

Pilot controlled reattacks from an initial forward quar­
ter or head-on attack should always be executed by a 
level turn into the bogey at 60 degrees angle of bank 
(significant turn). For a relative closure rate of 1.7 
IMN the reattack should commence at six miles nose 
to nose. For each one-tenth increase in closing Mach 
above 1.7 IMN add one mile to the initial six miles to 

arrive at the correct distance to commence reattack. 
It is important to note that the reattack range is not 
associated with AIM-9C in-envelope range but is well 
inside it. Commencing a reattack at maximum AIM-9C 
range will cause the fighter to turn ahead of the bogey. 
Afterburner is necessary to sustain fighter Mach in 
part of the reattack turn; however, it should be used 
only after the fighter has turned beyond 90 degrees of 
heading with respect to the bogey to avoid detection. 
If the bogey speed is subsonic, the reattack turn should 
be continued for 40 degrees beyond the bogey's head­
ing. Supersonic speed on the part of either the fighter 
or bogey calls for a turn of 50 degrees past the bogey's 
heading. Properly executed, the reattack should ter­
minate with the fighter within AIM-98 maximum 
range; however, some target penetration must be al­
lowed while the fighter positions within the allowable 
angle-off. At a relative closure rate of 1.7 IMN, the 
bogey will travel an average distance of 17 miles be­
tween the time an AIM-9C can be fired head-on and 
an AIM-98 or -9D can be fired from astern. Use of the 
vertical plane in a reattack turn will derogate the 
reattack with respect to time (bogey penetration) and 
is not recommended unless the bogey is observed to 
counter. A pictorial illustration of a pilot controlled 
head-on reattack is presented in figure 1-61. 

MISSILES TO GUNS TRANSITION 

Whenever it is necessary or desirable to transition 
from a missile attack to a gun attack, it is only neces­
sary with the APQ-838 or APQ-124 to move the gun 
selector switches full forward. This will cause hot guns 
with gun aural tones. If retention of missile tones is 
desirable, the gun switches must be in the middle 
position (guns hot-missile tones). Selection of BAT 
mode will not affect any existing radar lock-on, but 
sets up the radar for visual acquisition in case lock-on 
is lost and a subsequent engagement ensues. In the 
APS-67 system, either guns or missiles must be totally 
selected. Maintaining hot missiles and hot guns simul­
taneously is not possible. 

RADAR MAPPING 

GENERAL 

Both the APQ-8.18 and the APQ-124 have a mapping 
capability suitable for identification of prominent geo­
graphical areas such as islands, bays, and peninsulas. 
Utilization of this capability will enable the pilot to 
navigate accurately without reference to navigation 
aids. The feature is useful in locating coastal entry 
and exit points at night or when an overcast precludes 
visual navigation. Areas of heavy weather and precipi­
tation can also be seen and avoided if desired. See 
figure 1-63. 
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Radar Range 
Approximate Oi stance/ Setting/ Airplane 
Antenna Tilt Altitude 

60 NM/20,000 Ft. 50 NM/0° 

60 NM/20,000 Ft. 30 NM/-5° 

40 NM/10,000 Ft. 15 NM/-8° 

40 NM/ 5,000 Ft . 10 NM/-10° 
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Note clear coastal outline of La Jolla, 
Mission Bay, and Point Lorna. North 
Island does not appear due to masking 
by the higher terrain of Point Lorna. 
Foreground clutter is due to cloud and 
high sea state return. 

North Island appears dimly in this 
photo. Note shadows caused by hilly 
terrain in background. 
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(!) "8" scope distortion is becoming appar­
ent in this photo and in photo 3, but 
the area is still identifiable. Fore­
ground clutter is still present. 

{I) Distortion is so great in this photo 
that scope interpretation is impossible. 

AZ- 280 (Z)- 5-68 
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MAPPING CHARACTERISTICS 

When viewing an area at long range (upper third of 
the scope), the radar return displayed on the scope will 
closely approximate what a viewer would see on a 
chart. As the range decreases, distortion of the display 
occurs. In the lower third of the indicator the distor­
tion becomes so great that area identification is vir­
tually impossible. This is common to all B-scope 
displays. The pilot must keep in mind that the bottom 
of the B-display represents his entire aircraft, thus the 
area being mapped appears to expand as it gets closer. 

Another phenomenon which appears on the scope is 
large blank areas on a solid land mass. These are radar 
shadows and are caused by blanking of radar energy 
by high land such as a mountain in the foreground. 
These can be useful in identifying an area especially 
when the high land is fairly isolated. The size and 
shape of the shadows is a direct function of aircraft 
altitude and antenna tilt setting. A shadow may not 
appear behind a large mountain if the altitude is high 
and the radar beam is pointing down steeply. It fol­
lows that radar shadowing will be maximum when at 
extremely low altitudes. 

The narrow beam width of the radar in the vertical 
plane limits the area being illuminated by radar energy. 
This could cause confusion if the operator is not aware 
of the fact. When illuminating an area at 50 miles, an 

area at 20 miles may not appear on the scope at all. 
In general, mapping from high altitudes at short ranges 
results in the smallest area coverage, conversely map­
ping from low altitudes at long ranges yields the maxi­
mum area coverage. 

MAPPING TECHNIQUES 

As with all other radar operations, it takes practice to 
become proficient in radar mapping. From the fore­
going paragraphs it becomes apparent that the major 
variables to be considered in mapping are range, alti­
tude, antenna tilt and scope interpretation. Antenna 
tilt must be continually monitored to ensure illuminat­
ing the desired area and altitude changes should be 
considered. As the desired area approaches one-half 
scope range, selection of the next shortest range will 
minimize distortion. Scope clutter due to clouds or 
high sea state can make area identification difficult. In 
this case use of the FTC switch and varying intensity 
of B-bias may be useful. An area of heavy weather may 
be mistaken for a land mass; but by raising antenna 
tilt the operator can determine that the return re­
mains, indicating that it has substantial height com­
pared to a land target. 

Since areas become unrecognizable as the range de­
creases, it is essential to be prepared to DR the last 
portion of the desired track. To do this requires a 
determination of ground speed and drift prior to losing 
mapping capability. 
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PART 5- ECM/ECCM 

INTRODUCTION 

This section will utilize attack geometry as described 
in Part 4, Intercept Tacti<;s. Countermeasures effects 
and counter-countermeasures procedures are precisely 
defined. The basic principles of intercept apply as out­
lined in Part 4. Part 5 is also a set of recipes from 
which to build an intercept. If there is any conflict in 
procedures between Part 4 and Part 5, it is due to 
the increased burden that a countermeasures environ­
ment imposes on the fighter aircraft. 

PSYCHOLOGY OF OPPOSING ECM EQUIPPED 
TARGET 

Problems of the Bomber 

The fighter pilot has three advantages over a bomber 
target that employs countermeasures. 

a. He is a shooter. 

b. The bomber does not know how effective his 
countermeasures are during intercept. 

c. The bomber does not know the exact range of the 
fighter. These problems serve as a great initial psy­
chological boost for the fighter pilot. Fighter pilots 
should keep in mind that the bomber has the tasks of 
making an effective bomb run, and evading the fighter 
through the use of countermeasures; i.e., electronic, 
infrared, evasive maneuvering, or communications 
jamming or deception. The fighter's task is to arrive 
at a position to launch an air-to-air missile. 

The bomber's countermeasures may not be equally ef­
fective throughout the intercept. He will usually secure 
electronic equipment periodically to search for other 
fighters on other frequencies and to determine any 
frequency change in the attacker's radar. He may also 
be forced to secure countermeasures equipment because 
it is interfering with equipment required for the bomb 
drop or air-to-surface missile launch. It is also possible 
that the fighter may fly through an area where the 
bomber antenna coverage is weak. 

Bombers generally begin evasive maneuvering when 
continually illuminated by a fighter radar. The bomber 
is faced with finding a compromise between unlimited 
evasive maneuvering and a flight path which will 
allow accurate ordnance delivery. Since the bomber 
does not know exact fighter range, it may be forced 
to begin evasive maneuvering at ranges which do not 
complicate the geometry of the intercept for the fighter, 
but which further delay bomber progress toward the 
target. 

Problems of the Fighter 

A countermeasures environment is similar to air com­
bat maneuvering in that the situation is continually 
changing. The bomber will attempt to use combina­
tions of countermeasures during the intercept to dis­
courage and distract the fighter pilot. Furthermore, the 
bomber may randomly sequence these countermeasures. 
The major tendency of the fighter pilot is to become 
mesmerized or fascinated by the strange scope display. 
This may cause him to accept a false lock or make 
him lose track of the bomber's position with the result 
that it slips by unharmed. To be able to follow the 
changing countermeasures and keep track of the bomb­
er's position, the fighter pilot must have a complete 
knowledge of the functions and capabilities of his 
weapon system. 

COUNTERMEASURES EFFECTS 

The following paragraphs discuss the effects of chaff, 
noise jamming, range gate and angle deception, and 
evasive maneuvering countermeasures. These effects are 
subdivided into the effects on the radar search, acquisi­
tion, and track modes and Electronic Counter-Counter· 
measures Operating Procedures. For the purpose of 
this discussion, the acquisition mode is considered to 
be the period of manual control and the three-second 
period of "wide band tracking" which follows lighting 
of the T-lamp. The importance of this wide-band 
tracking phase will be brought out later. Track mode 
is considered as starting at the end of the three-second 
time period coincident with the appearance of Ve. 

EFFECTS OF CHAFF ON THE APQ-838/APQ-124 I 

Search Mode 

Chaff Is employed to confuse the fighter pilot by pre­
senting false targets on the radar scope. Chaff alone has 
little effect on the APQ-83B/ APQ-124 in the search I 
mode. Chaff may be dispensed from a target so that it 
appears as discrete bursts or as a continuous, unm­
terrupted stream (figure 1-64). 

Chaff blossoms behind the target and appears wider in 
azimuth than the target. Chaff does not have- the sharp 
definition of an aircraft target. Various chaff aspects 
are displayed in figure 1-65. 

From the head-on or stern aspect, chaff appears as a 
vertical column behind the target. As the fighter de­
parts from the above aspects, the chaff track will appear 
to slant sideways. 
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Chaff in the Search Mode~~~~~~~~~~~~~~=:=~~ 

Discrete bundles of chaff 

HEAD-ON ATTACK 

1-136 

figure l-64 
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Continuous uninterrupted chaff stream. 
The fighter has just passed through the 
attack gate and is making a pure pursuit 
attack turn with about 70 degrees to go 
to target heading. 
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Acquisition Mode 

Chaff looks much the same as in the search mode, ex­
cept that illumination is limited to the chaff which 
lies within the azimuth of the B-trace. Chaff causes 
great difficulty in this mode because the range gate 
tends to lock on the strongest target within its 1,400-
yard sweep. Acquisition is more difficult when the time 
interval between discrete bursts is decreased. When the 
target dispenses chaff in a continuous, uninterrupted 
stream, target acquisition generally is not possible. 

Track Mode 

When the fighter is in the head-on aspect, chaff has 
little effect on automatic tracking. As the fighter moves 
from head-on to the forward quarter aspect, the radar 
tends to transfer lock to chaff. In some instances, the 
pilot may successfully acquire and track a target from 
the stern aspect. Automatic track usually cannot be 
maintained in the beam aspect. A transfer of lock to 
chaff appears as a change of V c when in the head-on 
or stern aspect. When head-on, the V c decreases to 
fighter TAS. When in the stern aspect, the Vc increases 
to fighter T AS. In the beam aspect, the chaff and target 
have the same range rate, but drift of the dot and B­
trace away from the direction of turn are reliable 
indications of a transfer to chaff. 

ECCM OPERATING PROCEDURES AGAINST CHAFF 

In a forward hemisphere lead collision attack an .at­
tempt to utilize the track mode should be made. The 
sweeping range gate should be placed so that it meets 
the target at the top of its outward sweep. Close mon­
itoring of Vc must be maintained to detect lock-on shift 
to chaff. In APQ-124 the HOJ fixed range strobe should 
be utilized. 

In a beam stern attack the full scan or sector scan 
search can be used. The recommended procedure is to 
use the spotlighting feature of the acquisition mode. 
Care must be taken to position the sweeping range 
strobe in a clear area beyond the target to preclude an 
undesired lock-on. This technique results in narrowing 
the illumination to the width of the collapsed B-trace. 
Careful manipulation of the radar hand control in azi­
muth will enable continuous illumination of the target 
and just a small portion of the chaff. Periodic returns 
to the search mode for at least four sweeps is desirable. 
Figure 1-65 depiCts time sequenced chaff displays from 
various target aspects. 

Note 

DO NOT ACCEPT any radar lock-ons in a 
beam-stern chaff environment. Evaluation has 
proven that the APQ-83B will invariably shift 
lock-on to the chaff. 

EFFECTS OF NOISE ON THE APQ-838/APQ-124 

The three basic operating modes of a noise jammer are 
spot, s.wept, and barrage. A spot jammer foc.uses its 
jamming power on a single frequency. A swept Jammer 
is a spot noise jammer which is swept through a fre­
quency band at a selected rate. Barrage jammers cover 
a wide frequency band, and appear the same as spot 
jammers. They usually lack sufficient power to be as 
effective in obscuring the target. For the purpose of 
this discussion, spot and barrage jammers will be con­
sidered to have the same effects on the radar. 

For a jammer to obscure the target, it must produce a 
signal at the radar antenna strong enough to screen 
the reflected energy from the target. As the range 
decreases, a power cross-over point, called "burn­
through," is reached. At this point the target return 
is stronger than the jamming signal and the target is 
visible through the noise. Burn-through can occur in 
all modes of radar operation. Useful ranges vary with 
the power output of the jammer. Noise jammers must 
be secured periodically to insure that the jammer is 
operating on the attacker's radar frequency and to 
detect the presence of new frequencies. This function 
may be accomplished automatically or manually and is 
called "jammer look-through." 

Search Mode 

Effective noise jamming denies target range and azi­
muth. Spot jamming appears as solid video which may 
cover part or all of the radar scope (figure 1-66). 

A series of vertical bands distinguishes a swept noise 
jammer from a spot noise jammer. When the pi~ot 
reduces the gain control, both spot and swept n01se 
jamming will be reduced to a single vertical band, 
indicating target azimuth (figure 1-66). 

Acquisition Mode 

In this mode, noise jamming appears as a blossoming 
or brightening of the B-trace. Against a spot noise jam­
mer, the APQ-83B will usually acquire an HOJ angle I 
track immediately. The radar power switch must be 
in the HOJ position. When this happens, the J-lamp 
lights, the dot and steering circles are presented, and 
the B-trace shifts to the left side of the scope (figure 
1-67). 

Against a swept noise jammer, HO J angle tracks are 
rarely obtained because the jammer does not dwell on 
the fighter frequency long enough. Instead, a swept 
noise false lock-on is obtained which looks normal 
except for the blossoming B-trace. The range gate locks 
on the sweeping noise signal instead of the true target. 
The primary indication of this is a low or negative Vc 
(figure 1-68) in the track mode. 
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Spot Noise Jamming in Search Mode~~~~~~~~~~))..:.=:.:------:::;. 

Spot noise jamming against the fighter 
radar set at full gain. 

FRONT QUARTER ATTACK 

figure J-66 
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The fighter radar gain has been 
reduced to pinpoint target azimuth and 
to aid in exposing the hard jinking 
turns. The target has burned through 
at 2 miles. 

STERN ATTACK 
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Typical HO] Angle Track~~~~~~~~~~~~~~~--=> 

1-140 

The fighter radar is tracking the target's 
noise jammer. Targets on the B-Trace 
are obscured by strong spot noise. 

FRONT QUARTER ATTACK 

figure J-67 
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Swept Noise False Lock-On~~~~~~~~~~~~b.-=-----=oo~ 

Swept noise jammin9 commenced shortly 
after illumination of the "T" lamp in 
the three-second wideband tracking 
phase. 

HEAD-ON ATTACK 

figure 1-68 
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V c has appeared indicating the radar has 
commenced full track mode. The 8-
Trace is flashing with swept noise. The 
low or negative V c is the key recognition 
feature of a swept noise false lock-on. 
The proper procedure is to break lock-
on and reattempt track mode. 

HEAD-ON ATTACK 

AZ-126-11-66 
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Track Mode 

In this mode as in the acquisition mode, noise jamming 
appears as a blossoming or brightening of the B-trace. 
Against a spot noise jammer, the APQ-83B will switch 
from an established automatic track to an HOJ angle 
track (if the radar power switch is in the HOJ posi­
tion) provided the jamming is of sufficient strength 
and duration. Strong spot noise jamming will break a 
fully established automatic track causing the radar 
to return to search if the radar power switch is inad­
vertently left in the normal position. Range memory is 
provided during the initial six-second period after 
switching to an HOJ angle track and is indicated by 
continued illumination of the T-lamp. After the initial 
six-second period, the }-lamp remains illuminated and 
the radar tracks the noise signal in azimuth and eleva­
tion only. The radar will return to search upon loss of 
jammer signal for a period longer than three seconds. 

Swept noise jammers do not disrupt fully established 
automatic tracks. Blinking of the B-trace will be 
noted, but shifts to HOJ angle track will not occur. 

The APQ-124 might not shift into HOJ Pulse or HOJ 
PD even in the presence of intense noise jamming 
due to the dual magnetron operation. Since the radar 
set operates on two frequencies and most noise jam­
mers utilize the listen-search detect-JAM principle, it 
is highly likely an enemy system would detect and jam 
one carrier frequency only. Retention of full system 
lock-on display is a tremendous advantage when the 
enemy thinks he is being most effective. 

ECCM OPERATING PROCEDURES AGAINST NOISE 

Check that the radar power or mode switch is in the 
HOJ position. In the presence of continuous spot noise 
the AIM-9C is the primary weapon. It may be launched 
from any aspect with an HOJ angle track. Against a 
spot sequential noise jammer (i.e., jamming on five 
seconds, jamming off five seconds, etc.), the AIM-9C 
is the primary weapon when making a forward hemi­
sphere lead collision approach to the target. An AIM-
90 is the primary missile if forced to make a beam­
stern conversion. In the search mode, with either type 
of spot noise jamming, target azimuth can be pinpoint­
ed by reducing gain. Target elevation can be deter­
mined by adjusting the tilt marker so that the noise 
band appears at its brightest intensity. Attempt an 
HOJ angle track. The acquisition bar should be placed 
in the noise band before depressing the acquisition 
switch. Range is not available in the HOJ tracking 
mode, and must be estimated for missile launch. Tar­
get altitude can be determined with an HOJ angle 

track by adjusting fighter altitude until the steering 
information is centered in elevation. One method of 
angle ranging with an HOJ angle track from the head­
on aspect at medium altitude is to position the fighter 
5,000 feet below the target. When the dot reaches the 
upper l-inch mark (9 degrees up), center the dot in 
the steering circle and attempt AIM-9C missile launch. 
The range at this time is 5.25 miles. Presence of a 
swept noise jammer may not be discovered until a 
lock-on is attempted in what appears to be a clear 
environment. If a lock-on attempt results in a swept 
noise false lock-on (figure 1-68), immediately break 
lock and reattempt lock-on. After three swept noise 
false lock-ons, complete a beam-stern conversion attack 
utilizing radar search mode and an AIM-90 missile 
as the primary missile. 

EFFECTS OF DECEPTION ON THE APQ-838/APQ-124 

A range gate deceiver senses continuous radar illumi· 
nation (which indicates fighter radar lock-on), and 
transmits a pulse at the same time that energy is re· 
fleeted from the target. Each succeeding pulse is de­
layed, producing a false target which is stronger than 
the true target. It tends to "steal" the range gate and 
causes it to move off the true target in range. After 
four or five seconds of deceiver operation, the range 
gate has been moved so far from the true target that 
the target is no longer within the tracking gate. At 
this time the deceiver is usually secured and the fighter 
radar will return to search after six seconds of range 
memory. 

An angle deceiver analyzes the conical scan rate of the 
fighter radar. A transponder generates an electronic 
pulse to produce a false target which is stronger than 
the reflected energy. The electronic phase of the false 
target is shifted 180 degrees from the true target. The 
effect is that the radar will track the stronger false 
target signal in angle and the antenna will move off the 
true target. When the jammer is secured, the true tar­
get is not within the beam width of the fighter radar 
and the radar returns to search after six seconds of 
range memory. 

Search Mode 

Range and angle deception jammers have no effect on 
the APQ-83B/APQ-124 in the search mode. 

Acquisition Mode 

In the manual control portion of this mode, range and 
angle deception jammers have no adverse effect. In the 
three-second period of wide band tracking prior to full 
stable track, the system is susceptible to angle and 
range gate deception. The fighter radar will not break 
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lock-on during this period. Since most deceivers em­
ploy a cycle time which exceeds the three-second time 
period, the radar will break lock-on and return to 
search from the track mode after six seconds of range 
memory. 

Track Mode 

The APQ-83B/APQ-124 is susceptible to range rate 
and angle deception which causes the radar to return 
to search as described above. 

ECCM OPERATING PROCEDURES 
AGAINST DECEPTION 

Angle deception can be recognized by relating the 
rate of dot movement of the radar scope to the target 
range and determine if this rate of movement is beyond 
the maneuvering capabilities of the target, or by break­
ing lock and re-acquiring the target in search, then 
noting changes in the target elevation or azimuth. For 
example, the target appears at 20 miles as the pilot 
locks on. The steering dot indicates the target is level. 
Almost immediately after lock-on the dot starts a 
downward drift and reaches the lower l-inch mark (9 
degrees down) in about 10 seconds. Since one degree 
of dot movement equals 2,000 feet at 20 miles, the rate 
of dot movement is 18,000 feet in 10 seconds. The tar­
get is not capable of this rate of change and the pilot 
suspects that angle deception is driving the antenna 
off the target in elevation. Similar dot movement to 
the left or right indicates that the deceiver is driving 
the antenna off in azimuth. The pilot should then break 
lock and observe the target position in azimuth and 
elevation. At closer ranges the only method of con­
firming angle deception is to break lock and observe 
the target position in the search mode. Angle decep­
tion at short range is very similar in appearance to 
target "jinking" in heading and altitude. In the track 
mode, the radar is susceptible to range gate deception 
which causes the radar to return to search after six 
seconds of range memory, but is designed to resist a 
change in Vc caused by a range gate stealer. For exam· 
ple, the range tracking gate will resist gate deception 
that attempts a rapid pull-off. Gate deception is recog­
nized when the true target splits from the range gate, 
the calibrated vertical fluctua tes in length, and the Vc 
shifts to the dosing rate of the gate deceiver false tar­
get. Since the calibrated vertical is a funcr.ion of range 
rate, it will fluctuate in length whenever a range gate 
stealer introduces a false variable range rate. When 
the fighter is vectored for a forward hemisphere lead 
collision approach, the AIM-9C is the primary weapon. 
Break lock-on immediately if either angle or range 

gate deception is suspected and immediately reattempt 
lock-on. If the deceiver successfully operates against 
the fighter radar after three lock-on attempts, a beam­
stern conversion should be made utilizing the AIM-90 
as the primary weapon. 

EFFECTS OF EVASIVE MANEUVERING 

Evasive maneuvers are changes in heading and alti­
tude which are used by the target to complicate the 
intercept problem. Targets generally begin evasive 
maneuvers when illuminated by the fighter radar beam. 
The most common pattern is the S-turn. Subsonic tar· 
gets at medium altitudes may change headings as much 
as 45 degrees either side of track and altitude as much 
as 5,000 feet. Supersonic targets at very high altitudes 
may change headings as much as 20 degrees either side 
of track, but altitude changes may be slight. 

Search Mode 

With accurate Air Intercept Control (AIC) inputs, 
evasive maneuvering does not present serious problem~ 
in this mode. In the absence of AIC assistance, the pilot 
will experience varying difficulty in determining flight 
maneuvers in relationship to the magnitude of the 
target movements and decreasing range. 

Acquisition Mode 

Evasive maneuvering causes serious problems in the 
acquisition mode, particularly at short ranges. The 
changing geometry of the intercept forces the pilot to 
split his attention between maneuvering the fighter 
and obtaining lock-on. The sweeping range gate con­
tributes to the problem. 

Track Mode 

Evasive maneuvering does not present a problem in 
this mode. 

ECCM OPERATING PROCEDURES AGAINST 
MANEUVERING TARGETS 

Throughout the intercept, the pilot should vary the 
tilt marker so that in the search mode the target ap­
pears at equal intensity on both sw~eps of the two-bar 
scan. Changes of target intensity on either sweep indi­
cates changes in target altitude. Target fade on the 
upper sweep indicates the target is diving and target 
fade on the lower sweep indicates the target is climb· 
ing. This can be confirmed by readjusting the tilt 
marker. Attempt lock-on with wings straight and level. 
Lock-on attempts, while turning, may be necessary in 
order to stay within the AIM-9C envelope during final 
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stages of a level collision approach from the forward 
hemisphere. Lock-on attempts inside 10 miles range are 
not necessary if the fighter is turning to convert to a 
beam-stern attack because the AIM-9D is the primary 
weapon. 

A target that is detected at 35 miles may reverse head­
ing three or four times prior to the fighter reaching 
the AIM-9C envelope during a forward hemisphere 
lead collision approach. The lead launch computer 
should not be utilized until after the range has closed 
to 10 miles and then only during a front quarter lead 
collision attack with an AIM-9C. If lead launch is uti­
lized at greater ranges, target jinking may result in 
improper lead sensing and the pilot may forget to de­
select lead launch. 

It is not necessary to utilize lead launch if the fighter 
is close to the head-on aspect; however, a jinking turn 
can immediately place the fighter in front quarter 
aspect as the target approaches Rmnx (maximum com· 
puted aerodynamic range). 

The following procedures apply: 

a. Place lead launch switch in the centered down 
position. 

b. Center the dot inside the steering circle. 

c. Attempt AIM-9C missile launch when "in en­
velope" with a continuous solid tone. 

EFFECTS OF COMBINED ECM AND 
EVASIVE MANEUVERING 

ECM and evasive maneuvering may be combined to 
complicate the intercept problem. The following com· 
binations of countermeasures may be expected: 

Type A- Chaff, noise, and evasive maneuvering. 

Type B -Chaff, deception, and evasive maneuver-
ing. 

Simultaneous operation of noise and deception equip­
ment is not a threat because each interferes with the 
operation of the other. However, the target may switch 
randomly from one to the other during an intercept. 

Search Mode 

Type A -When the target is operating with chaff and 
noise simultaneously, the noise obliterates the scope, 
completely hiding the chaff and the target. When gain 
is reduced, target azimuth can be pin-pointed. Gener· 
ally, the target and chaff do not burn through until at 
very close ranges. The target may combine random 

programming of the chaff, noise, and evasive maneu­
vering. The target may secure chaff and noise while 
making a climbing or diving turn. The, purpose of this 
technique is to leave a chaff track in hopes the fighter 
will chase the chaff and not see the target break out 
in its jinking maneuvers. This may place the fighter 
out of position and result in a prolonged tail-chase or 
require additional search time. In the absence of accu­
rate AIC information, this bomber technique is effec­
tive in causing missed intercepts. 

Type B -Deception does not affect the radar in the 
search mode. Chaff and evasive maneuvering produce 
the same effect as described above except that the target 
and chaff track can be more easily followed when the 
scope is not obliterated by noise. 

Acquisition Mode 

Type A- The effects vary with the type of noise jam­
ming. When manually spotlighting a target which is 
using swept noise jamming, the target and chaff can 
be seen. If the target is using a spot noise jammer, the 
target and chaff will not be apparent until burn­
through. Spot noise jamming will completely saturate 
the scope and preclude the use of the radar acquisition 
mode since the radar will immediately shift to HO J 
angle track when the action switch is depressed. The 
radar power switch must be in the HOJ position. The 
acquisition problems encountered in single chaff, noise, 
or evasive maneuvering environments are compounded 
significantly. 

Type B- Since deception equipment does not affect 
the radar prior to the three-second wide band tracking 
phase, the problem is similar to a chaff environment 
combined with evasive maneuvering. 

Track Mode 

A primary goal of countermeasures is to break the 
fighter radar lock. At any time track mode is estab­
lished, the target may employ the following: 

a. Spot noise (intended to put fighter radar into 
HOJ), followed by securing the jammer for a long 
enough period that the radar returns to search. 

b. Range gate and/or angle deception to cause loss 
of track on target. 

c. A turn to place the fighter near the beam aspect, 
followed by chaff drops to cause lock transfer. 

If the fighter is inside 10 miles on a forward hemi­
sphere lead collision attack, successful combined coun­
termeasures result in loss of track on the true target 
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w ith little change for rega•mng lock-on. This will 
commit the fighter to a beam-stern conversion which 
generally results in a prolonged tail-chase. 

ECCM OPERATING PROCEDURES AGAINST 
COMBINED ELECTRONIC COUNTERMEASURES 
AND EVASIVE MANEUVERING 

The following techniques reflect intercept procedures 
for a single fighter under close control against a single 
bomber. In this case, the fighter is defending the force 
on CAP station and receives a lead-collision vector. The 
fighter attempts to make a forward hemisphere attack 
on the bomber utilizing an AIM-9C missile. 

Detection should be attempted as soon as the initial 
vector heading is reached. When at the desired attack 
altitude, autopilot and altitude-hold should be engaged. 
The target may begin evasive maneuvering and chaff 
drops if momentarily "manually spotlighted." Keeping 
the target at equal intensity on both sweeps of the 
search mode by varying the tilt marker indicates that 
the center of the radar beam is on target. Attempting 
to lock-on at maximum possible range (25 miles) af­
fords the greatest opportunity to analyze the effects of 
target countermeasures against the acquisition and 
track modes. Repeated lock-on attempts may result in 
false locks on swept noise or chaff. These lock-ons 
should be broken immediately by the pilot. Automatic 
track may be broken by the random on/off program­
ming of a spot noise jammer or by range and angle 
deception. The pilot should immediately return to the 
search mode if the J-lamp goes out during HOJ angle 
track or when the radar begins to succumb to range 
gate or angle deception. The decision to remain in the 
search mode and commence a beam-stern conversion 
should be made between 10-15 miles if difficulty is 
experienced with electronic countermeasures. Though 
the radar is not affected by deception in the search 
mode, the pilot may have difficulty in illuminating a 
jinking target that is randomly sequencing a spot noise 
jammer and chaff drops. Strong spot noise obliterates 
the scope but target azimuth and elevation can be pin­
pointed by reducing gain and varying the tilt marker. 
Chaff presents a problem if the pilot does not see the 
target break out of the chaff track in its jinking maneu­
ver. Momentary spot noise may further cover-up the 
jinking maneuver. Evasive maneuvering presents a 

problem if the pilot loses communication with the 
AIC. When it becomes apparent that a beam-stern 
conversion is necessary and the target is obscured by 
countermeasures in the search mode (spot noise and 
chaff), a pure pursuit attack is flown while attempting 
a visual tally-ho utilizing the AIM-<)D as the pr imary 
weapon. 

Using radar search mode, keep the noise hand or lead­
ing edge of the chaff track on the nose during the 
beam-stern conversion until tally-ho. When directly 
head-on, a conversion to a beam-stern attack can be 
made by making a hard (maneuvering) turn at 10 
miles to place the target on the edge of the scope, then 
r.:versing into a hard turn at seven miles (optimum 
position) to drift the target to the nose. This should 
p!ace a medium altitude subsonic target on the nose 
at three miles, with 90 degrees to go to target heading. 

Note 

The HOJ power position should be utilized 
in all types of ECM environments. 

ECM EFFECTS AND ECCM PROCEDURES 
FOR THE APS-67 

Chaff 

Chaff effects the APS-67 in much the same way as the 
APQ-838/-124. The search mode is the only usable 
mode. Due to the 2 mile sweeping range stroke, any 
attempt to le-ek-on in a chaff environment would prob­
ably result in a shift lock to chaff. Using manual tuning 
may appear to diminish the effects of chaff, however, 
any degree of success using this technique would result 
in total loss of the basic target. 

Noise 

Noise jammers effect the APS-67 in search the same as 
the APQ-838/-124. The APS-67 can detect noise jam­
ming at ranges far beyond its 16 mile normal detection 
limit. Reducing gain and/or manual tuning is actually 
a combination of controls superior to either APQ-838 
or APQ-124 to counter noise jamming. Reduction of 
these controls in the search mode until the thinnest 
possible vertical band of illumination exists and then 
maneuvering the nose in pitch until the noise illumina­
tion is brightest provides the pilot with azimuth and 
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nose attitude to the target source. There is no valid 
use of APS-67 in ACQUISITION or TRACK against 
noise jamming. 

Note 

Whenever the manual tune switch is utilized 
to counter the effects of spot noise jamming, it 
must be repositioned to AUTO to subse­
quently paint non-noise jamming sources. 

Deception 

Range and angle deception ECM techniques affect 
the APS-67 in the same manner as APQ-83B/-124. 
Since these techniques are not effective when employed 
against search modes, use of search mode is the proper 
ECCM procedure. 

EFFECTS OF AIR-LAUNCHED DECOYS 

Air-launched decoys may be used to cause confusion 
or to cause interception of the decoy instead of the 
enemy. The decoy may be launched straight ahead with 
the enemy making a rapid diving or climbing turn 
away from the decoy's course. It is also possible that 
the decoy may be guided to a heading away from the 
enemy's launching heading allowing the enemy to con­
tinue on course. These air-launched missiles will be 
augmented to have the same reflectivity as that of the 
enemy bomber. Since the fighter radar cannot distin­
guish between decoys and true targets, each must be 
intercepted, identified and/or destroyed, thus decreas­
ing the effective air defense capability of the defending 
forces. 

EFFECTS OF COMMUNICATIONS JAMMING 

In a combat situation, it is practically certain that com­
munications jamming or false vectoring will be at­
tempted by the enemy. Since the success of anti-air 
warfare is dependent upon sustained communications 
between the fighter and controller, every effort must 
be made to work through jamming or false vectors. 
If this is not possible, procedures must be established 
for broadcasting intercept directions over predeter­
mined alternate frequencies. 

Channel Rotation Plan 

The task force will establish channel rotation plans. 
Pilots and controllers must be familiar with the cur­
rent plan. The brevity code word "chattermark" will 
be used to indicate that the frequency is being jammed 
and that channel rotation procedures are to be imple­
mented immediately. The pilot puts the channel rota­
tion into effect by calling the word "chattermark." 
Channel rotation should be initiated on a prearranged 
time scale. 

Every effort should be made to read through the jam­
ming and transmission during breaks if the jamming 
is intermittent. When "chattermark" is called, the con­
troller and pilot should immediately change to the first 
channel listed on the channel rotation plan. If contact 
is not established within 30 seconds, the next listed 
channel should be selected. The contro1ler should con­
tinue to transmit on the original frequency and simul­
taneously on the new frequency. This will deny the 
jammer any knowledge of his jamming effectiveness 
and will allow the pilot to try the original frequency 
again should "chattermark" fail. 

ADF Function 

The ADF function of the AN/ ARC-27 radio system 
provides a limited capability for locating continuous 
UHF jammers. If this function is to be used, the pilot 
should first switch to a prearranged SIF code to inform 
the controller that the fighter is homing on the jam­
mer. When the controller receives the prearranged 
code, he should make very short transmissions, giving 
only target range and azimuth, so as not to confuse 
the ADF. 

Meanwhile, the pilot should attempt radar contact with 
any information he may be able to receive from the 
air controller. Intermittent UHF jammers that are 
keyed by the fighter transmitter further limit the use­
fulness of the ADF function because bearing informa­
tion is obtained only when the fighter is attempting 
to transmit and for several seconds after the mike but­
ton is released. It takes about five seconds before the 
bearing needle stabilizes and air controller information 
is often inaudible during this time. The pilot may be 
able to get more useful information from the controller 
than by using the ADF function when encountering 
intermittent UHF communications jamming. 
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PART 6- AIR-TO-AIR MISSILES 

AIM-9 IR MISSILE INTRODUCTION 

(U)The operational theory and design principles of the 
AIM-9D and AIM-9B Sidewinder infrared missiles are quite 
similar although specific design changes in the AIM-9D have 
resulted in greater tactical capabilities. A discussion of areas 
in which the two missiles are identical is presented here, 
followed by a separate detailed examination of both the 
AIM-9D and AIM-9B. 

AIM-9 IR MISSILE GENERAL 

(C)(Gp4) Sidewinder AIM-9B and AIM-9D are both super­
sonic, air-to-air guided missiles, homing on infrared (IR) 
energy emitted by the target, either by a jet engine or, to a 
lesser extent, by reciprocating engines (figure 1-69). This 
homing is accomplished by a gyro-optical system designed 
to gather IR energy, process this energy into angular rate 
data, and produce tracking signals to maintain gyro-optical 
boresight on the target. The tracking signal is further pro­
cessed and converted to missile airframe steering by the 
"torque balance" servosystem. The characteristics of the 
torque balance servo are such that a lateral acceleration of 
the missile is produced, which in g's is approximately four 
times the tracking rate in degrees per second. This 4 to I 
ratio is called the navigation constant and results in the 
missile flying a collision course to intercept. 

(U) Propulsion is provided by a solid propellant, high thrust 
rocket motor which accelerates the missile to supersonic 
speeds within seconds after launch. 

(CXGp4) Wing assemblies on the aft end of the rocket 
motor provide aerodynamic stability to the missile. Roll, 
pitch, and yaw damping are enhanced by the use of 
airstream-driven gyros (rollerons) located on the outboard 
trailing edge of each of the four wings. 

(U) The warhead is detonated by contact fuzing upon 
striking the target or by influence fuzing in the event of a 
near miss. If the missile fails to intercept the target, the 

I warhead will detonate on a gas generator burnout. Cockpit 
controls for Sidewinder missiles are presented in figure 
l-69A. 

CAPTIVE FLIGHT 

(CXGp-4) During captive flight the gyro optics are elec­
trically caged along the missile axis which is aligned with 
the aircraft armament datum line and, therefore, the fixed 
gunsight. Electrical power is supplied by the aircraft 
through the power supply in the missile launcher. An audio 
tone heard by the pilot will indicate the presence of an IR 
source within the missile field of view. This IR source repre­
sents a potential target for the missile. The missile has no 
means of target identification and will home on friendly as 
well as hostile aircraft. Sun reflections off clouds and 
certain terrain features will also produce audio tones. Point 
sources of IR energy such as jet airplane tailpipes can be 
distinguished from an IR energy reflecting background; 
however, it takes practice on the part of the pilot to 
identify the true target under these conditions. 
Identification of an IR point source against an IR back­
ground is made possible through modulation of Ir energy 
by a rotating reticle placed in the optical path. The charac­
teristics of the reticle are such that little or no modulation 
(audio tone) is obtained when the target is centered in the 
missile field of view. This loss of audio tone or pull can be 
mistakenly interpreted as a loss of target. 

LAUNCH PHASE 

(CXGp4) Concurrently with activation of the firing circuit, 
the gyro-optics are uncaged and the gas generator is ignited. 
After being uncaged, the gyro-optics automatically track 
the target and, as the seeker zeroes on the target, a null 
occurs resulting in a loss of audio tone. The gas generator 
drives the turboalternator which supplies electrical power 
to the guidance section and pneumatic power to the torque 
balance servosystem. When the turbo-alternator output 
achieves a specified voltage and frequency, a firing relay in 
the aircraft launcher power supply closes to both ignite the 
rocket motor and activate the thermal battery in the fuze. 
The time from activation of firing circuit to missile launch 
varies from 0.4 to 0.8 second. The servo section is disabled 
for at least 0.4 second after launch, which allows the missile 
to clear the firing aircraft before maneuvering. The com­
plete (approximate) firing time sequence for the AIM-9D 
and AIM-9B is shown in figure 1-70. 

(U) The specific design characteristics and the resulting 
tactical capabilities for each missile will be discussed 
separately in subsequent paragraphs of this section. 
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AIM-9B, -9C, -9D Guided Missile 

PHYSICAL CHARACTERISTICS 

Weight (AIM-9B) - 155 pounds 
(AIM-9C) - 210 pounds 
(AIM-9D) 189 pounds 

Length (AIM-9B) 
(AIM-9C) 
(AIM-9D) 

112 inches 
119 inches 
113 inches 

Suspension (AIM-9B) - LAU-7 A or 
- Aero-3A 

(AIM-9C) - LAU-7A 
(AIM-9D) - LAU-7A Diameter (ALL) 

DESCRIPTION 
5 inches 

The Sidewinder guided missile is a supersonic air­
to-air homing weapon employing infrared or radar 
target detection, proportional-navigation guidance 
and torque-balance control. The missile is launched 
from a rail-type launcher. The AIM-9B and -9D 
are infrared detecting missiles with the -9D having 
nitrogen cooling for the guidance and control sec­
tion, longer motor burning time and the ability to 
operate at higher altitudes. The AIM-9C is a 
radar detecting missile with capabilities similar to 
the AIM-9D. 

FUSELAGE STATION LOADING 
CONFIGURATIONS 

FUSELAGE LOADING EQUIPMENT-WEIGHT 

LAU-7A SUSPENSION 4 AIM-9C 840 
Dual Pylon 4 LAU-7A 368 

2 Pylons 140 

~~ Total 1,348 
One Side Only 

AER0-3A SUSPENSION 2 AIM-98 
Single Pylon 2 Aero 3A 

2 Pylons 

·•· Total 
One Side Only 

REFERENCES 

1. Restrictions - See Figure 2-2 
2. Missile Arming Procedures - NAY AIR 

01-45HH-75 

674 

310 
98 

108 

616 
268 

3. Preflight Inspection -NAY AIR 01-45HH-75 
4. Missile Loading Procedures - NAY AIR 

Ol-45HH-75 

1-148 

FIRING PROCEDURES 

1. Master Arm Sw - ON 
2. Armament Sal Sw - Desired 

Station 
3. IR-Radar Li!ttt- CHECK 
4. Stores Rele818 Sw - DEPRESS 

The LAU-7 A and the Aero 3A can be attached 
to either a single or a dual fuselage pylon. 

The weights shown are only for the combinations 
shown. 

Armament Sel Sw will automatically step to the 
next clockwise fuselage station when a missile is 
fired on F-8C, H,. J and K aircraft. 

Armament sel sw will automatically step only 
when the left fuselage station is selected on 
F-8A, B and L aircraft. 

IR missile cooling is provided for the AIM-9D 
missile and is controlled by the pilot. 

JETTISONING PROCEDURES 

SAL YO JETTISON SWITCH 
LW/FU -Jettisons stores on left wing and 

upper fuselage pylons. 
RW/FL- Jettisons stores on right wing and 

lower fuselage pylons. 

SELECT JETTISON SWITCH 
ON - Jettisons stores selected by the Arm 

Sel Sw 

Figure J--69 
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Sidewinder Cockpit Controls~~~~~~~~~§§~~~~--.:::.~ 

After AFC 535 

f .. 

Changed 15 June 1970 

SIDEWINDER RANGING 
INDICATOR ID-1485/APO 

.. .. .. .. .. .. .. .. .. .. 

After AFC 553 

. . ... 

Figure J-69A tCJ (Sheer JJ 
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S idew in de r C oc kp it Controls §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ ~~::a::-==--...,~ 

Nomenclature 

1. SEAM Jock-on button 

2. Stores release button 

3. SEAM advisory light 

4. Armament selector switch 

5. IR light 

6. Radar light 

7. Missile tuning meter 

8. Missile tuning/lead launch switch 

9. Missile/ AFCS volume knob 

1 0. IR missile cooling switch 

11. Master armament switch 

12. SEAM select switch 

1- 1488 

Function 

DEPRESSED- locks/unlocks AIM-9G seeker head when operating in SCAN 
mode only. Inoperative when in SLAVE mode. 

Depressed - fires selected fuselage system store. 

LIGHTED (SEAM)- indicates AIM-9G seeker has locked on target, when 
either mode of SEAM operation is selected. 

MSL or FUS, LH-U, LH-L, RH-L, RH-U; MSL - permits selection of one of 
four fuselage missile stations. Switch automatically steps to next clock­
wise· fuselage position when a missile is fired. Energizes missile release 
computer for type of missile loaded on selected station. Connects 
missile acquisition tone signal to headset. 

WING, L or R - permits selection of one of the two wing pylon stations. 
Switch is manually placed in the position to be fired, and will not step 
automatically after firing. 

OFF - safe position; disconnects firing circuit. Also permits check of gun 
mode resistors. 

On indicates Sidewinder missile having infrared guidance is loaded on station 
selected by armament select switch. 

On indicates Sidewinder missile having radar guidance is loaded on station 
selected by armament select switch. 

Maximum clockwise deflection indicates frequency of AIM-9C missile 
receiver is tuned properly. 

LO - adjusts AIM-9C missile guidance receiver to a lower frequency. 
HI - adjusts AIM-9C missile guidance receiver to a higher frequency. 
OFF (lower centered) - tune circuit open and deviated pursuit computer 

output removed from radar set. 
LEAD - (centered position) - tune circuit open and deviated pursuit com­

puter output applied to radar set. 

Controls volume of missile acquisition tone and tone signals generated by 
fire control computer group from LOW to HIGH. 

ON - supplies power from secondary de bus to nitrogen cooling bottle 
circuit in each LAU-7/A launcher. When AIM-9D missile is being 
carried, should be turned ON at least one minute before firing. 

OFF - deenergizes cooling system. 

ON - with landing gear retracted, connects secondary de power through 
armament bus and master arm relay to gun arming switch and trigger 
switch and stores release button. Connects secondary ac bus power 
to gun interlock. 

SCAN - enables AIM-9G seeker head to increase its field of view from 2.5° 
to 7.5° about the boresight line. 

OFF - deenergizes SEAM system. 
SLAVE - slaves AIM-9G seeker head to radar antenna when radar is in TRACK 

mode. Enables AIM -9G to increase its field of view from 2.5° to 7.5°. 

Figure J -69A (CJ (Sheet 2J 
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AIM-9B D Time equence~~~~~~~~~~~~~ .. ~- -~-----~:~ 

TIME 
(SEC) 

0 

+0.60 

+0.65 

+0.70 

+0.80 

+ 1.20 

+2.0 

+2.6 

+2.8 

+3.3 

+5.8 

+21.0 

+60.0 

TRACKING TARGET OPERATION 

AIM-98 

1. Firing button 
2. Gas generator ignition 
3. Gyro optics uncage 

Turbo alternator up to voltage and frequency 

Launcher fuing relay closes 

1. Rocket motor ignition 
2. Mk 303 influence battery activated 

1. Missile launch (umbilical shear) 
2. Mk 304 fuze fuing cin:uit protector (electrical 

ground) removed 
3. Rollerons uncage 

Steering capabilities initiates (Command signals 
applied to servo) 

Mk 304 fuze mechanically armed 

Motor burnout 

Mk 303 fuze fully armed 

1. End of guidance 
2. Self destruct 

Figure J-70 

CONFIDENTIAL 

AIM-90 

1. Firing button 
2. Gas generator ignition 
3. Gyro optics uncage 
4. Unlock arming mechanism - Mk 13 S&A device 

Turbo alternator up to voltage and frequency 

Launcher fuing relay closes 

1. Rocket motor ignition 
2. TDD battery activated 

1. Missile launch (umbilical shearer) 
2. Rollerons uncage 

Steering capabilities initiates (Command signals 
applied to servo) 

Mk 13 S&A fully armed 

Motor burnout 

1. End of guidance 
2. Self destruct 

AZ - 332-0 3-69 
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AIM-90 AIR-TO-AIR MISSILE 

The AlM-9D is one of the most effective missiles in 
rhe world todiiy for use in the maneuvering air combat 
environment and is considered the primary armament 
of F-8 aircraft. lt is designed for use against high or 
low speed aircraft flying at altitudes between sea level 
and 80,000 feet and can be fired either visually or as 
an integral part of the radar system. 

AIM-9D COMPONENT DESCRIPTIONS 

The AIM-9D consists of the guidance and control 
group (GCG), Target Detecting Device (TDD), Safe­
Arming Device (S&A), warhead, rocket motor, and 
wing assemblies. See figure l-70A. 

Guidance Control Group 

The gyro-optics system is enclosed within the stream· 
lined shape of the guidance and control unit just be­
hind the translucent IR dome. The magnesium fluoride 
dome material was chosen because of its heat transfer 
and IR spectrum transmission characteristics. The 
streamlining of the nose section was possible due to 
the miniaturization of the gyro-optics assembly. 

The gyro seeker unit has a field of view of 44 mils 
(2.5°) with a gimbal limit of 40° from the missile 
longitudinal axis. The maximum gyro tracking rate is 
12° per second but varies in relation to lR signal to 
noise ratio and the degree to which the seeker unit 
boresight is displaced from the missile longiwdinal 
axis. 

Seeker sensitivity has been greatly increased over 
earlier missiles by the addition of a nitrogen cooling 
system which cools the detector to the temperature of 
liquid nitrogen (-I96°C). This provides the additional 
benefit of improved target to background discrimina· 
tion by shifting the response of the detector away from 
solar radiation temperature and toward tailpipe tem­
perature. The relatively small field of view plus im· 
proved optical filtering also contribute greatly to im­
proved detection and target to background discrimina­
tion. AIM-9D guidance time is 60 seconds as limited 
by gas generator burning time. 

Target Detection Device 

The two target detection devices (TDD) available for 
the AIM-9D are the Mk 24 IR unit and the Mk IS 
radio frequency (RF) unit. The latter has proven su· 
perior in the maneuvering target environment and is 
the only one recommended for use in the environment. 
The Mk 24 TDD is maintained for use against bomber 
type targets. 

The TDD is mechanically attached to the GCG. An 
internal electrical cable between the GCG and TDD 
provides the electrical transfer functions necessary be· 
tween the two units. The TDD thermal battery is 
fired by the launcher power supply through the GCG 
umbilical cable. 

Although the Mk IS TDD has been demonstrated to 
be superior to the Mk 24 TDD in a maneuvering target 
environment, lethality of the weapon system is still 
low in those cases in which a high track crossing angle 
at intercept exists. This is because of the critical timing 
required for warhead detonation and the small pro­
jected area of the target that is vulnerable to the war­
head. In order to maximize the probability of a kill, 
every effort should be made to attain a low TCA, tail­
on launch aspect in a range well away from the 
boundaries of the launch envelope. Of course, a firing 
opportunity should not be passed up unless the high 
probability exists that a more favorable position can 
be attained. 

Safe-Arming Device 

The safe-arming (S-A) device attaches to and is elec· 
trically mated with the target detection device and 
contains a mechanism sensitive to missile acceleration. 
It is mechanically locked in the safe position until 
aircraft voltage is applied through the GCG from the 
firing circuit. The acceleration sensitive mechanism 
rotates to the armed position while the missile travels 
from 600 to I,OOO feet ahead of the launch airplane. 
J:?uring this period the GCG provides the voltage to 
the mechanical lock to allow the acceleration to arm 
the S-A device. An explosive train in the S-A device is 
actuated by the TDD, or the contact or self-destruct 
circuits of the GCG, which in turn detonates the 
booster in the warhead. 

Warhead 

The warhead is a continuous rod type constructed of 
a bundle of %-inch square steel rods IO inches long 
and welded together at alternate ends. Upon detona· 
tion the rod bundle expands at right angles to the 
missile at a rate of 4,000 feet per second to a maximum 
radius of I7 feet. The forward velocity of the missile 
is also imparted to the continuous rod which causes 
it to move forward as well as laterally in the shape 
of a cone with the point of the cone at the point of 
detonation. This steel ring can knife through the 
toughest aircraft structures. The continuous rod does 
not depend on blast effect for damage; therefore its 
destructiveness is not degraded with an increase in 
altitude. 
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AIM-9DjAIM-9G Missile~~~~~~~~~~~~~~-=~ 
Guidance-Control 
Group (GCG) Target Detecting Device (TOO) 

Mk 15 Mods or Mk 24 Mods 

IR Dome Clamp Rings 

Hanger-Contact Hanger 
Button Assembly 

Rolleron 
Assembly 

CHARACTERISTICS 

Motor Burn Time 
Thrust 
Speed 
Guidance Time 
Warhead Type 
Warhead Lethal Radius 
Minimum Range 
Turn Capability 
Cool Down Time 
Field of View 
Gimbal Limit 
Gyro Tracking Rate 

5.0 Seconds 
3,500 Pounds 
2.5 Mach (above launch speed) 
60 Seconds 
Continuous Rod 
17 Feet 
1,000 Feet 
18G at Sea Level 
60 Seconds 
44 Mils (2.5 degrees) 
40 Degrees 
12°/Second 

AZ- 333-03-70 

Figure l-70A CCJ(Gp-41 

Rocket Motor 

A single stage high performance solid propellant 
motor providing an average of 2,800 pounds of thrust 
for 5.0 seconds boosts the AIM-9D to 2.5 Mach above 
the speed of the launch aircraft. Following motor burn­
out, the missile coasts for the remainder of its 60-
second guidance time or until it decelerates to speeds 
below which guidance is unreliable. 

Wing Assembly 

Four wings with rollerons are mounted on the aft end 
of the motor for lift and stability. In captive flight 
the rolleron housing is mechanically caged and is un­
caged during acceleration just after launch. The roller­
ons are free to turn while the missile is either captive 
or in flight . The gyroscopic action of the spinning 
rolleron produces motion in the housing which acts 
aerodynamically to cou nteract the tendency to roll and 
also provides p itch and yaw damping. 

AIM-9D MISSILE ENVELOPE PARAMETERS 

All minimum and maximum launch boundaries pre­
sented in figure l-70B are determined by simulation of 
the flight characteristics of the missile. They are the 
minimum values that you can expect Sifk guidance 
success. The probability of success increases rapidly as 
you approach the "heart of the envelope." 

Rmin Envelope 

The seeker tracking rate is most often the limiting 
factor, in determining an absolute value for R,.,;,.. 
Tracking rate is dependent on the IR signature of the 
target which varies with target type, engine power 
setting, bank and aspect angles, and environmental 
conditions. A nominal value of maximum seeker track­
ing capability has been assumed without regard for 
the actual IR signature in order_ to separate the kine­
matic and IR characteristics of the missile. A tracking 
rate of 8° per second was assumed. This figure has 
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AIM-9D Launch Envelopes 
MANEUVERING AND NON-MANEUVERING TARGETS 

Co-Altitude - Sea Level 
Co-Speed - 0.6 IMN 
Target Maneuver- Instantaneous horizontal right 

turn, constant G and airspeed 

30 25 

Co-Altitude- Sea Level 
Co-Speed- 0.8 IMN 

20 15 10 5 

Target Maneuver- Instantaneous horizontal right 
turn, constant G and airspeed 

30 25 20 15 10 

0 

0 

5 

10 
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AIM-9D Launch Envelopes~~~~~~~~~~~~~-_--;;:>-=·-~ 
MANEUVERING AND NON-MANEUVERING TARGETS M~(.SiM 

Co-Altitude - Sea level 
All G's are target G 's 

Co-Speed- 1.0 IMN measured in horizon tal 
Target Maneuver- Instantaneous horizontal right plane. 

turn, constant G and airspeed 

30 25 

Co-Altitude- 5,000 Feet 
Co-Speed - 0.8 IMN 

20 15 10 

RANGE, FT x 1,000 
/ 

5 ?jjJ 

10 0 10 

Target Maneuver- Instantaneous horizontal right 
turn, constant G and airspeed 

30 25 20 15 10 

80 

RANGE, FT x 1,000 

/ 

5 4 5 

10 0 10 

Figure l-708 (Sheet 2J 
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Al~f-9D Launch Envelopes ~~~~~~~~~~~~~~~~?;> 
MANEUVERING AND NON-MANEUVERING TARGETS 

Co-Altitude - 10,000 Feet 
Co-Speed - 0.8 IMN 
Target Maneuver - Instantaneous horizontal right 

turn, constant G and airspeed 

30 25 20 

Co-Altitude - 20,000 Feet 
Co-Speed - 0.8 IMN 

15 10 

RANGE, FT x 1,000 
/ 

5 ~ 5 

10 0 10 

Target Maneuver- Instantaneous horizontal right 
turn, constant G and airspeed 

60 

80 
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All G' s are target G' s 
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AIM-9D Launch Envelopes~~~~~~~~~~~~~~~·;;. 
MANEUVERING AND NON-MANEUVERING TARGETS 

Co-Altitude - 20,000 Feet 
Co-Speed - 1.0 IMN 
Target Maneuver - Instantaneous horizontal right 

turn, constant G and airspeed 

60 50 40 

Co-Altitude - 30,000 Feet 
Co-Speed - 1.2 IMN 

30 20 

RANGE, FT x 1,000 
/ 

10 ~ 10 

10 0 10 

Target Maneuver - Instantaneous horizontal right 
turn, constant G and airspeed 

60 50 40 30 20 

80 

RANGE, FT x 1,000 
/ 

10 1} 

10 0 10 

figure J-708 (Sheer 4J 
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AIM-9D Launch Envelopes~~~~~~~~~~~~ ~ ?;> 

MANEUVERING AND NON-MANEUVERING TARGETS 

Co-Altitude- 40,000 Feet 
Co-Speed - 1.0 IMN 
Target Maneuver - Instantaneous horizontal right 

turn, constant G and airspeed 

60 50 40 

Co-Altitude - 40,000 Feet 
Co-Speed - 1.2 IMN 

30 20 10 

Target Maneuver- Instantaneous horizontal right 
turn, constant G and airspeed 

0 

10 
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been chosen for kinematic simulation purposes based 
on expected flight conditions. It has been an appropri­
ate choice in that it corresponds fairly well with the 
aerodynamic maneuverability limitations of the missile. 

The point in an envelope where the seeker is no longer 
able to track is easily determined by the angular dif­
ference between the firing airplane and the target. 
R 111in for the AIM-9D at 0° angle off, co-speed, in the 
maneuvering target environment is 1,000 feet as deter­
mined by fuze arming time. As the angle off increases, 
R111in will increase very rapidly. Because of the diffi­
culty in ascertaining the precise launch conditions dur­
ing a rapidly changing air combat maneuvering situa­
tion, the following rule of thumb is recommended : 

MINIMUM LAUNCH RANGE EQUALS 1,000 
FEET PLUS AN ADDITIONAL 1,000 FEET 
FOR EACH 10° ANGLE OFF. 

For example, under a condition of 40° angle off, the 
minimum launch range would be 1,000 + (4 X 1000) 
= 5,000 feet . Adherence to this rule should result in 
successful intercept of all subsonic targets at altitudes 
of less than 20,000 feet. 

R max Envelope 

The determination of R111 ax is somewhat more difficult. 
The degree of target maneuver has a profound effect 
on Rrnax· It is possible under some maximum range 
shots for the target to turn more than 180° prior to 
missile intercept. This situation essentially places the 
missile in a forward quarter intercept. Under these 
conditions, a successful intercept is doubtful since the 
missile's envelope boundary is completely dependent 
on the target maintaining a constant speed, g, and 
large IR source (afterburner). 

Note 

For the reasons above and because no testing 
has been accomplished in this area, firing is 
not recommended outside the non-maneuver­
ing boundary. 

For targets turning toward the missile launching air­
craft, regardless of g, no degradation to the non­
maneuvering launch envelope is present. Therefore, 
the problem becomes that of determining the maxi­
mum range for the non-maneuvering target situation. 
An easily remembered rule of thumb may be applied 
(figure 1-70C): 

MAXIMUM LAUNCH RANGE IS 1 TO 2 
MILES AT SEA LEVEL AND INCREASES BY 
1 NAUTICAL MILE FOR EACH 10,000 FEET 
OF ALTITUDE. 

In addition to the basic rule, the following guide 
should be remembered. The smaller number applies for 
direct tail-on attacks or if the target has a speed advan­
tage. The larger number applies for medium and high 
angle off attacks or whenever the fighter has a speed 
advantage. 

Target Load Factor 

The target maneuvers listed in the envelopes refer to 
the horizontal component of the total airplane load 
factor. Thus, reference to a Sg turn implies, in addition 
to the Sg horizontal component, a 1g vertical compo­
nent giving a total load factor of slightly greater 
than Sg. 

Target g has a significant effect on the AIM-9D en­
velope because of its direct relationship to angle off 
(referred to as TCA (track crossing angle} during 
missile flight). As the angle off the target increases, an 
increased turning performance on the part of the mis­
sile is required to make the corrections necessary to 
intercept the target. This condition can only be satis­
fied by allowing greater time and distance (increasing 
R nrin as angle off increases) for the missile to perform 
the necessary maneuvers. The envelopes assume that 
the target turns at the instant the missile is fired and 
continues its turn until intercept. 

Effects of Differential Speed 

The aerodynamic range envelope is affected by a differ­
ential speed between attacker and target. A launching 
aircraft speed advantage, singularly considered, causes 
minimum range to increase (displace the entire en­
velope aft from the direction of target flight) . A target 
speed advantage has the opposite effect. This relation­
ship can be expressed with the following formula : 

R =- R, X (1 ·I 2 6 Mach) 
where 

R = Rr rr irr 
Rc = Co-Speed R rrri rr 

6. Mach = Differential Mach in tenths 

Example : Determine R , .. ; .. with a 0.2 Mach closure. 
R rrr in = 1,000 X ( 1 + 2 '< 0.2) 
Rru in = 1,400 feet 

AIM-9D OPERATIONAL APPLICATIONS 

The IR signature of any aircraft will vary with air­
craft type, flight attitude, and power settings, as seen 
by the missile . In general, the IR source of any aircraft 
is decreased as angle off or TCA increases. At high 
power settings in basic engine or in burner, the IR 
source may be sufficient for detection and guidance 
from all aspects. But in view of the general tendency 
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toward degradation of the IR source as angle off in­
creases, it is recommended that missile launch be 
accomplished as dose to 0° angle off as possible, with 
60° as an acceptable maximum. 

It is important to note that the Rrntn thumb rule 
begins to break down at angles off greater than 90° 
and is not usable in the forward quarter. 

Effects of Differential Speed 

The aerodynamic range envelope is affected by the 
differential in speed between the attacker and the 
target. In considering an attack from the 6 o'clock 
area, a launching aircraft speed advantage will have 
the effect of increasing both Rmax and Rmtn (the entire 
envelope is displaced aft from the direction of target 
flight). A target speed advantage has the opposite 
effect. This relationship can be expressed with the fol-
lowing formulas: ~ 

Rrntn = 1,000 (1 + 2 !::,. Mach) 
where 

!::,. Mach is dosing velocity 
Example: Determine Rmtn with a closure rate of 0.2 
Mach. 

Rmtn = 1,000 [1 + 2 (0.2)} 
= 1,000 (1 + 0.4) 
= 1,000 (1.4) 
= 1,400 feet 

Rmax = Rc ( 1 + 0.5 !::,. Mach) 
where 

Rc is cospeed Rmax (based on target speed) and 
!::,. Mach is dosing velocity 

Example: Determine Rmax when cospeed Rmax is 2 miles 
and dosing velocity is 0.3 Mach. 

Rmax = 2 [1 + (0.5 X 0.3)} 
= 2 (1 +. 0.15) 
= 2 (1.15) 
= 2.3 miles 

Fuzing 

The IR fuze (Mk 24 TDD) has proven ineffective in 
the maneuvering target environment because of its 
tendency to detonate late at a medium or high TCA 
when used against a fighter sized target. For this rea­
son the IR fuze must not be used in the ACM environ­
ment. If the IR fuze is used in the ACM environment, 
every effort must be made to fire as dose to 0° angle 
off as possible. 

The RF fuze (Mk 15 TDD) is far superior to the IR 
model in the maneuvering and non-maneuvering en­
vironment. The Mk 15 has been modified to operate 
in the quick reacting 2 pulse mode of operation. Even 
this fuze encounters problems with late detonation at 
a high intercept TCA. The details of this fuze are 
Secret, but, in general, when using the RF fuze, launch 
conditions which result in a high angle off should be 
avoided because of reduced kill probability. 

Effect of Pursuit Tracking 

There is no launch g restriction for the AIM 9D. 
While high g forces on the launch aircraft will prob­
ably lead to a high angle off, this, in itself, should not 
be interpreted as a launch restriction. The missile may 
be fired if envelope and tone requirements have been 
satisfied, regardless of g on the firing aircraft. 

In order to obtain a firing tone for the AIM-9D you 
must boresight the target. Maintaining boresight on 
a maneuvering target rapidly leads to the attacking 
aircraft flying inside the prescribed angle off/Rrntn 
limitations. This implies learning to acquire the tone 
and fire in the minimum amount of time before angle 
off or Rmtn limits are exceeded, as illustrated in 
figure 1-71. 

Field of View 

In a visual environment the fixed gunsight is used as 
a reference for missile firing. The AIM-9D has a 
seeker field of view of 2.5°/44 mils. In 1g flight, when 
both the missile and guosight are boresighted properly, 
the 5-mil null will be centered on the fixed pipper. 
A check for boresight error should be made on another 
aircraft prior to entering the combat area. Each mis­
sile should be checked individually and deviations 
noted. During maneuvering flight, missile boresight 
will precess down the fixed gunsight as a function of 
turn rate. In low altitude, high speed, and high g 
flight, this precession will displace the center of the 
44-mil field of view down the gunsight 10 to 15 mils. 

Firing 

The missile can be fired with the target anywhere 
within the 44-mil field of view. As the pickle is pushed, 
the seeker unit is uncaged and immediately precesses 
to center the target in the null. This will result in a 
reduction or loss of tone, not because it is no longer 
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Launch G-Pursuit Tracking 
"' Effect on Firing AIM-9D~~~~~~~~~~~~6= --~~~ 

Position 1 • F-8 at six o'clock 5,000 feet behind 
enemy 450 KIAS co-speed 

Position 2 • Enemy enters five G level turn, 
F-8 begins pursuit tracking to 
maintain tones. 

Position 3 • Four seconds elapsed tracking 
results in 36 degree angle off 
at 4,700 feet. Very close to AIM-90 
minimum range of 4,600 feet. 

' 

(1,000 feet + 1,000 feet / 10 degrees angle off) 

0 2 3 4 

Scale· Feet X 1,000 

===·~=---_-_ 

figure l-71 
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seeing the target, hut because it is tracking in the null. 
To g ive the missile the best chance for success, the 
target should be as close to the null as possible hut 
w ith good solid tone at the time of firing. Do not fire 
wi thout tone, thinking you are in the null. If you are 
in the null, this would result in good guidance; how· 
t:!ver, the lack of tone you attribute to the null may 
actually be the result of a missile or aircraft malfunc­
tion. See figure 1-71A. 

The beneficial effects of firing with as much lead as 
possible within the missile field of view are negligible, 
and the risk of losing the target off the fie ld of view 
during high g combat maneuvering is great. Since the 
seeker boresights the target as soon as the stores release 
switch is depressed, the only advantage of having used 
lead within the field of view is that of giving the mis­
sile a maximum of 1.25° (22 mils) of aerodynamic 
lead. This will not aid missile performance. 

Tracking 

When fi r ing the 9D, there is no tracking time neces­
sary. In fact, if too much time is spent tracking the 
target , the envelope will he overflown as mentioned 

in the effects of pursuit tracking. The onl y fir ing 
requirements are that the aircraft be inside the f1r ing 
envelope with a solid tone. It is good practice to con­
tinue to horesight the target until the missile fire~ . 

1 Mile Method 

R, ,;,, R""" ' and angle off limitations have defined the 
basic launch envelope. The problem then lies in deter­
mining when you are inside it. Statistics have shown 
that most missiles which have been launched outside 
the missile envelope have been launched at ranges 
closer than R,, ;,.. Studies have shown that our most 
difficult problem is accurate range determination. In 
controlled tests, visual estimations of range by qualified 
pilots were shown to be consistently in error by 50 
to 200%. 

Angle off is also difficult to determine accurately. Ex­
perimentation has shown that estimates to within 15° 
of actual angle off are the best that can he expected 
of even the most qualified pilots. For purposes of visual 
estimation it is recommended that every effort be made 
to fire at what is estimated to be within 40° angle off. 

Approximately '-. 
10 Mils Precession \ 

~ 
"""""" ~ 

""" 

figure 1-71 A 
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Fire as close to the null as 
possible, with good solid 
missile tone. 
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I 
This will ensure that firing will probably occur within 
the 60° recommended timit for angle off. The 1-mile 
range therefore extends to 40° either side of the targets 
tail and is shown within the cross-hatched area in 
figure l-71B. 

RANGE, FT X 1,000 

/ 

1. 1 mile method illustrated by cross­
hatched area. 

2. Full use of envelope allowed by 
recognizing and utilizing deviations from 
from 1 mile method. 

AZ-335-03-69 

Figure J-7J B. J-Mile Method Envelope 

I 
The 1-mile method is an attempt to give the pilot a 
specific range for which to strive, thus placing him in 
the "heart of the envelope". This range is sufficiently 
inside the ACM low altitude launch envelope to the 
degree that if a reasonable error is made in estimating 

range or angle off, you will probably still be within the 
envelope at the time of launch. 

If you think in terms of a single range you can trans· 
late this into a single sight picture. For example, a 1 

MIG-21 is 4.5 mils at 6,000 feet. By studying this sight 
picture until it is instantly recognized, a pilot can ' 
then more readily assess deviation from it. This per· 
mits almost instinctive reaction to a maneuvering 
situation. 

The 1-mile method does not deny the pilot the use of 
the entire envelope, rather it allows him to instinc­
tively maneuver to a range of 1 mile knowing that 
other ranges can be acceptable under certain condi­
tions. Therefore, while he is considering whether or 
not his present position is adequate for a shot, he is 
automatically improving himself by striving for 1 mile. 

To use this method successfully, you must immediately 
be able to recognize the sight picture of threat aircraft 
at 1 mile (figure 1-71C). The 2-mil fixed pipper is the 
only reference for visual range estimation. 

Background Interference 

Background interference from IR energy as reflected 
by the ground, clouds, or moon can severely degrade 
the guidance capability of the AIM-90. When the pilot 
is confronted with background IR interference, he 
must maneuver to a position from which he can defi­
nitely distinguish the IR signal of the target from that 
of the background. It is always best to hold the target 
against a blue sky background when firing, thereby 
eliminating all background interference. The AIM-90 
cannot be successful against a target obscured by 
douds. Clouds diffuse IR radiation and the target IR 
signal will not reach the seeker. 

Note 

The 90 should not be fired at a target head­
ing into the sun as solar radiation may decoy 
the missile. Delay firing until the missile is 
pointed at least 30° away from the sun. 

Ripple Firing 

Firing more than one missile at a time is not recom· 
mended because of the possibility of the second missile 
guiding on the first. After launching the first missile, 
the pilot should attempt to maintain a position from 
which a second missile could be launched if required. 
Shoot, look, shoot. 

1-162 CONFIDENTIAL 



CONFIDENTIAL 

NAVAIR 01 -45HHA-1T 

Section I 
Air-to-Air Missiles 

Visual Reference for 1-Mile Method~~~~~~~~'t:!--~ 

1. The MIG-21 has a wingspread of 27 feet or 
4.5 mils at 1 mile. As depicted above, the 
size of the MIG-21 aircraft is in proportion 
to the sight reticle. 

2. Thorough study of this illustration will assist 
in recognizing deviations. 

• 
~ 

/ 
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Figure J-7JC CCHGp-4J 

SIDEWINDER EXPANDED ACQUISTION 
MODE (SEAM) 

GENERAL 

(C) SEAM (AIM-9G) is a development of the AIM-9D Side­
winder heat-seeking missile which permits uncaging the 
seeker head of the missile and locking on and tracking an 
IR (Infrared) target while the missile is still mounted on the 
aircraft launcher. It incorporates the capability of slaving 
the missile seeker head to the radar antenna after radar 
lock-on in order than an off-boresight missile lock-on can 
be achieved. The missile may also lock an IR target 
independent of radar lock at or near boresight. Once 
locked-on, the missile will track the target to the gimbal 
limits of the seeker head. 

AIM-9G SEAM MISSILE 

(C) (Formerly AIM-9D Mod 2) The SEAM missile has the 
same outward appearance as the AIM-9D, but has been 
production-modified to make it compatible with the SEAM 
system. The basic GCG (Guidance and Control Group) 
includes only minor modifications which provide a constant 
reference point to give positive positioning of the seeker 
head dependent on the missile station selected. the SEAM 

missile uses the LAU-7A missile launcher with compressed 
nitrogen coolant, as does the standard AIM-9D, and can be 
used with either the PP2315 or PP2581 power supply. The 
airplane fuselage-to-launcher cable and the power supply­
to-missile umbilical have also been modified to permit seam 
control functions. If the SEAM system fails, the missile 
may be fired as a standard AIM-9D, provided the SEAM 
system is disabled by placing the SEAM select switch in the 
OFF position (center). 

SEAM ADVANTAGES 

(C) The principle advantages realized by the AIM-9G are 
the ability to maneuver with an IR target off-boresight 
while retaining missile tone, the capability of firing the 
missile with the target positioned other than at boresight, 
and the inherent increase in probability of kill when the 
missile is fired with lead angle. SEAM provides the 
capability to fire with lag, however, Rmin increases by 
4,000 to 6,000 feet depending ,on lag angle and angle off at 
trigger depression. 

MODES OF OPERATION 

(U) To accomplish IR target lock-on, two modes of opera­
tion are available. 
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SLAVE Mode 

(C) In the SLAVE mode of operation, the missile seeker 
head is slaved to the radar antenna after full radar lock-on 
(figure I --71D). Before radar lock, the missile seeker head 
remains at boresight. Once angular coincidence between the 
locked-on radar antenna and the seeker head is achieved 
and IR signal criteria are satisfied, the seeker head will auto­
matically Jock on the target. Subsequent to IR lock, no 
requirement for radar lock exists and the radar can return 
to the search mode while retaining SEAM lock. SLAVE 
mode permits SEAM lock-on with the target if the target is 
within 30 degrees of the boresight axis . 

SCAN Mode 

(C) SCAN mode requires that the target be nearly bore­
sighted to fall in the missile field of view. Lock-on in the 
SCAN mode is achieved with a pilot lock-on or enable 
switch on the radar control stick , or after AFC 553, with 
enable switch on either radar control stick or throttle. 

SYSTEM OPERATION 

(U) Cockpit controls and displays of the SEAM system are 
illustrated in figure l-69A. 

Double-D SCAN Pattern 

(C) To facilitate SEAM lock-on in both SLAVE and SCAN 
modes, the seeker head field of view has been increased 
from 2.5 degrees (basic AIM -9D optical field of view) to 7.5 
degrees. The missile seeker head is driven in a double-D scan 
pattern (figure 1-71 E) and it takes approximately 4 seconds 
to complete the double-D pattern . In the SCAN mode, the 
double-D pattern is superimposed at boresight along the 
missile longitudinal axis; while in SLAVE, it is super­
imposed on the line of sight to the radar locked-on target. 
The double-D scan negates seeker head to antenna slaving 
errors in SLAVE mode and also increases the capability to 
lock the lR target at or near boresight in SCAN mode. 

Chop Tone 

(C) The double-D scan pattern gives rise to a distinctive 
" chop" tone. As the 2.5-degree cone of the seeker head 
moves completely around the double-D pattern , it sees an 
IR target in the 7.5-degree cone at least once. For a target 
oriented on the periphery of the double-D scan pattern , the 
seeker head sees IR energy once every 4 seconds and 
transmits the normal A1M-9D 1 ,500-cps tone to the pilot's 
headset. For a target directly at missile boresight, the tone 
will occur twice during each scan pattern or at 2-second 

intervals. Other orientations of the target with respect to 
the scan pattern will cause the chop tone interval to vary. 
The chop tone variations are shown in figure 1-71 F. 

a. In the SCAN mode of operation, the pilot can 
initiate lock-on when he holds his desired target within the 
7 .5-degree cone at or uear boresight and hears the chop 
tone . 

b. In SLAVE mode, chop tone will probably not be 
heard because of the automatic lock feature. 

Double-D Lock-On Logic 

(C) When lock-on is attempted from the SCAN mode, the 
logic in the SEAM system permits the double-D scan 
pattern to continue for one full pattern (up to 4 seconds) in 
the event lock-on is not achieved immediately after the 
pilot's lock-on switch is depressed . This permits lock-on 
with one switch depression, despite missing the target on 
the initial pattern sweep during which lock-on is attempted. 

SEAM Lock-On 

(C) SEAM lock-on will occur in the SLAVE or SCAN mode 
when an lR target of sufficient energy is seen by the seeker 
head. The requirement exists that a 3 : 1 (three to one) 
signal to noise ratio be satisfied for effecting lock-on. That 
is, the desired IR target must provide three times more 1R 
energy than the general background seen by the missile and 
must create the necessary audio signal for Jock-on. 

Chirp Tone 

(C) After SEAM Jock-on , the missile head seeks the null. 
Since the null provides no tone to the pilot, there is no 
means for ascertaining a lock-on with the seeker head at the 
null. To ensure a tone, a small error signal is generated 
which drives the missile head away from the null once every 
second causing the 1 ,500-cps tone to be heard. The 
resulting one cps "chirp" tone assures the pilot he is locked­
on a point source I R target such as a tailpipe rather than a 
larger general background such as a cloud. If the SEAM 
missile is locked-on to a background target, the seeker head 
will attempt to track and will not null out. Therefore, no 
error signal will be generated and the chirp tone will not be 
heard. Additionally, when the seeker head is saturated by 
lR signal due to hot targets or close ranges, the null is 
flooded and chirp is not heard. Finally, when a line of sight 
rate is established between the target and the locked-on 
missile during maneuvers, a head tracking solution is 
generated by a tracking ring of the seeker head (outside the 
null) and the error signal is not applied. As long as the line 
of sight rate continues, the chirp tone will not be heard. 
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Radar Antenna 
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Antenna to Target 
Line-of-Sight Axis 
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Missile Boresight 
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SCAN/Axis Double-D Scan Motion 
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Figure r -71 D (CJ 

SEAM Break Lock 

(U) SEAM break lock is accomplished in the SCAN mode 
by: 

a. Depressing the pilot's enable switch. 

b. Removing the t:uget from the missile field of view 
by exceeding gimbal limits or fuselage shading. 

c. Reducing the level of IR energy seen by the missile 
below that required to sustain lock. 

(U) In the SLAVE mode the break lock is accomplished by: 

a. Removing the target from the field of view by 
exceeding gimbal limits or fuselage shading. 

b. Reducing the level of IR energy seen by the missile 
below that required to sustain lock. 

c. Deactivating the SEAM system (turning system 
OFF) so that the seeker head is caged and returned to 
boresight. 

d. Depressing the pilot's enable switch twice, provided 
the radar lock has been broken. 

SEAM Mode Selector Switch 

(U) A three position toggle switch located just forward of 
the starboard canopy rail selects the mode of operation 
desired. The upper position, labeled "SLAVE," commands 
SLAVE mode fur usc with the radar. The lower position. 
labeled "SCAN," permits use of SEAM in the SCAN mode . 
The center or ''OFF" position deactivates SEAM and causes 
the missile to be used as a standard AIM-9D. 

Pilot Lock-On Button or Enable Switch 

(U) The pilot enable switch. located on the radar control 
stick (after AFC 553. one is also o n the throttle), is a 
momentary gmund switch which enables the pilot to luck­
on an lR target or break luck while operating in the SCAN 
mode. In the SLAVE mode, SEAM lock-o n is :wtoma tic. If 
the radar lock is broken, depressing the pilot's enable 
switch twice breaks the SEAM lock. 

SEAM Lock Light 

(U) An amber lock-on light lucatcd o n the armament 
pedestal with SEAM engraved on its lens illuminates when 
the SEAM missile is lucked on an lR source (nut necessarily 
the desired target). After incorporation of AFC 535, an 
amber light is located on the top of the Sidewinder ranging 
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Full Double-D Pattern 
in 4 Sec. 
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Figure J -7J E CCJ 

meter, which also indicates SEAM lock-on. All other missile 
controls for selecting, cooling, controlling audio volume, 
and arming and firing the AIM-9G remain unchanged from 
the standard AIM-90. 

AN/ ASA-63 SEAM Programmer 

(U) The heart of the SEAM system is the AN/ ASA-63 
programmer. It is a shoebox-sized, transistorized, electro­
mechanical unit weighing approximately 13 pounds and 
installed with two wingnut fasteners to a mounting 
platform in the port speed brake well. 

SEAM SYSTEM GROUND CHECK 

(U) Figure l-71G provides a recap of ground check which 
should be used to determine the preflight status of the 
SEAM system The pilot in the cockpit and a man on deck 
can conduct a ground check of installed SEAM missiles to 

determine whether the system will function when airborne. 
Missile coolant is turned on, the desired station is selected, 
and audio level is adjusted. Then, with appropriate signals 
between the cockpit and the ground, the following checks 
are made: 

SEAM OFF Tone Check 

(U) The SEAM mode selector switch is placed in the OFF 
position and a tone check is made with an authorized flash­
light as with a standard AIM-90. 

SEAM Scan Pattern Check 

(U) SCAN is selected in the cockpit and the ground 
crewman visually checks that the missile seeker head is 
describing the double-D pattern. The pilot can also visually 
ascertain this from the cockpit in the daytime. At night the 
ground crewman must shine his flashlight at the edge of the 

1-162-4 CONFIDENTIAL Changed 15 June 1970 



CONFIDENTIAL 
NAVAIR 01-45HHA-1T 

Section I 
Air Combat Maneuvering 

Target directly at 
missile boresight 
seen by Seeker Head 
twice per pattern. 
Chop tone heard 
f!Nery 2 seconds. 

Target at one-third 
position in double-D 
pattern seen three 
times per pattern. 
Tone heard three 
times in 3 seconds 
followed by a 
1-second pause. 

AZ-350-03-70 

Figure J-7JF lCI 

ground glass dome of the missile so that light is reflected 
from the reflector dish surrounding the seeker head to 
determine that the double-D pattern is being generated. 

Chop Tone Check (SCAN Mode) 

(C) The ground crewman steadily holds his flashlight near 
boresight at a distance of 6 or 7 feet and the pilot listens 
for the distinctive chop tone. This distance will provide 
good tones and also keeps the crewman clear of the aircraft 
intake. With the flashlight at boresight, the tone will be 
heard once approximately every 2 seconds. The crewman, 
on signal, then raises or lowers his flashlight until the pilot 
hears the chop tone once in approximately 4 seconds. The 
SEAM SCAN PATTERN CHECK and the CHOP TONE 
CHECK determine that the double-D is being properly 
generated. 

SCAN Mode Lock-On Check 

(C) With the ground crewman holding the flashlight near 
boresight, the pilot attempts lock-on by actuating the 
enable switch once. The SEAM system will cause the missile 
to uncage and to lock on the flashlight with resulting illumi­
nation of the SEAM lock light. If lock-on is not achieved 
immediately, a maximum of 4 seconds should elapse before 
the seeker head sees the flashlight again and locks on. After 
4 seconds without a lock-on, the enable switch should be 
depressed again to reattempt lock-on. After lock-on, the 
tone will most likely be steady because of seeker head 
saturation at the distance being used. 

SEAM Lock-On Tracking Check 

(C) With the SEAM system locked-on, the ground crewman 
draws the missile seeker head off boresight while continuing 
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SEAM SYSTEM GROUND CHECK 

CHECK .PROCEDURE 

Standard Missile Tone checked with authorized flashlight • as with standard AIM-9D (SEAM 
OFF). 

Scan Pattern Missile seeker head visually observed to describe double-D pattern. 

Chop Tone Pilot listens for scan pattern chop tone while flashlight held in missile field of 
view. 

SCAN Mode Lock-on Pilot locks-on flashlight signal by ac tuating enable switch. 

SEAM Tracking Flashlight moved off missile axis. Seeker head follows to gimbal limits. 

SEAM Break Lock SEAM lock broken by: 

(1) Exceeding gimbal limits 

(2) Depressing enable switch 

(3) Turning SEAM to OFF 

Chirp Tone Flashlight moved to sufficient distance from locked-on missile for pilot to hear 
chirp tone. 

*Flashlight with clear, flat glass lens 

AZ-351-03-70 

Figure J-7JG (UJ 

to point the flashlight directly at the missile head. In day­
light the head is seen to follow the flashlight. The pilot 
continues to hear tone and see the SEAM light. The ground 
crewman slowly moves the flashlight near the gimbal limits 
of the seeker head ( 40 degrees off axis) to ensure that the 
missile tracks to its limits. 

Break Lock Check Exceeding Gimbal Limits 

(C) The ground crewman moves the flashlight beyond the 
gimbal limits of the missile and the pilot loses tone. The 
SEAM light may remain on for as much as 4 or S seconds 
before extinguishing because of amplifier saturation. As the 
light goes out, the missile head returns to boresight and the 
scan pattern starts again. 

Break Lock Check with Enable Switch (SCAN Mode) 

(C) The ground crewman realigns the flashlight near bore­
sight and the pilot again commands lock-on. After lock-on, 
the flashlight is moved off boresight and the pilot depresses 
the enable switch to break lock. The seeker head will return 

to boresight and scan will start, tone will be lost, and the 
SEAM light will go out immediately without the delay 
caused by amplifier saturation. 

Chirp Tone Check 

(U) The ground crewman realigns the flashlight at boresight 
and the pilot again commands lock-on. The pilot hears a 
steady, saturated tone. The ground crewman then moves 
the flashlight away from the missile and off axis, being 
careful to avoid the aircraft intake and other hazards, to a 
distance of 20 or 30 feet. (This check should not be 
conducted near the intake with the aircraft engine running.) 
At this distance, depending on flashlight strength, the pilot 
will hear the chirp tone resulting from the error signal. The 
SEAM light will blink in unison with the chirp tone. 

SEAM Disabling Check 

(U) The ground crewman draws the locked-on seeker head 
off axis again and the pilot turns SEAM to OFF. The tone 
will cease and the SEAM light will go out. The ground 
crewman will then visually observe that the seeker head is 
boresighted and the double-D pattern has ceased. 
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(U) When the foregoing steps arc followed for each SEAM 
missile carried. the SEAM system ground checks are 
completed. The performance of all the functions has been 
qualitatively checked except for SLAVE mode. These 
checks can be made as postmaintenance checks on the 
AN/ ASA-63 programmer or the launchers/missile system, 
or as poststart checks by the pilot incident to flight. It is 
recognized that all of the above checks may not be prac­
ticable in the carrier deck environment but should be 
attempted if possible. 

SEAM SYSTEM AIRBORNE CHECK 

( U) Figure 1-71 H provides a recap of the airborne checks 
required to determine the operational status of the SEAM 
system. Once airborne, the SEAM system can be operated 
against an aircraft target to perform the same checks that 
were conducted on the ground. Care should be taken to 
double check that master armament switch is in the OFF 
position. 

Standard AIM-9D Missile Tone Checks 

(C) From a trail position, the pilot deselects SEAM and 
checks for the 1 ,500-cps missile tone at boresight. By 
moving the aircraft nose about, he can detect missile null 
and also identify the increased 2,250-cps tone associated 
with the narrow (2 mil wide) intercept arm ring at the 
periphery of the seeker head. The intercept arm ring gives 
no guidance commands and in fact has no function, but it 
does identify the outer boundary of the seeker head. The 
pilot hears intercept arm passage as a rapid, high squeal as 
compared to the normal Sidewinder growl. 

Chop Tone and Double-D Pattern Check 

(C) The pilot then selects SCAN mode and at a range of his 
choosing (preferably near l mile) listens for the distinctive 
chop tone associated with the double-D pattern. Frequency 
of tone occurencc varies with the orientation of the target 
with respect to missile boresight. The intercept arm ring 
squeal may be heard with each tone growl as the seeker 
head traverses its pattern. 

SCAN Mode Lock-On Check 

(C) SEAM lock-on in the SCAN mode is attempted by 
depressing the enable switch when tone is heard. The 
4-second (maximum) delay exists if first sweep lock-on is 
missed. At the end of 4 seconds, the logic in the 
programmer returns the system to normal SCAN. If the 
enable switch is depressed within the 4 seconds but before 
lock-on, the logic in the programmer will return to SCAN 
commands and lock-on will not occur. 

SCAN Mode Break Lock Checks 

(U) With lock-on achieved, a solid or chirp tone will be 
heard by the pilot depending on target range and IR signal 
strength. The head of the missile should then be drawn off 
axis by maneuvering the aircraft to ascertain miss ile track 
capability. In a series of locked-on, off-axis situations lock 
should be broken by each of the following: 

a. Depressing the enable switch. 

b. Turning the SEAM selector to OFF. 

c. Exceeding gimbal limits or shading the missile . 

Chirp Tone Variation Checks 

(U) SEAM lock-on should again be acquired and the target 
range opened, closed, and opened again so that the tone 
goes to chirp, becomes solid at saturation, and then chirps 
again. The target should be instructed to vary its power 
setting from idle through military to afterburner (if 
available). The variation in tones from chirp to saturated 
gives an indication of the response of the SEAM system to 
variation in IR energy level. 

Check of Maneuvering Tone Changes 

( U) The target should be locked and instructed to maneuver 
so that seeker head to target line of sight angular rates can 
be created. As line of sight rates are established, the chirp 
tone will disappear and the tone will become solid. Since 
the line of sight rate requires a tracking correction, the 
error signal is not generated. When maneuvers arc stopped 
and the seeker head line of sight ag:Jin becomes static, the 
chirp tone starts. 

SLAVE Mode Lock-On Checks 

(C) SLAVE mode can be checked by selecting SLAVE on 
the SEAM mode selector switch and locking on a target off 
boresight with the aircraft radar. The radar target should 
first be held at azimuth or elev:Jtion angles in excess uf 30 
degrees so that no missile tone is heard. The seeker head of 
the missile is being aligned angularly with the radar antenna 
but is stopped short of its own gimbal limits. The angle to 
the target should then be reduced to less than 30 degrees. 
Missile tone will be heard as lock-on is automatically 
achieved. Once locked-on, the SEAM system performs 
identically to SCAN mode lock-on except that lock cannot 
be broken with the enable switch. 

SLAVE Mode Radar Break Lock Check 

(U) With SLAVE mode lock achieved, radar lock should be 
broken to ensure that SEAM lock is held. Depress pilot's 
enable switch twice to break SLAVE lock-on. 
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CHECK 

Standard Missile 

Chop Tone 

SCAN Mode Lock-on 

SEAM Tracking 

Chirp Tone 

Scan Mode Break Lock 

SLAVE Mode Lock-on 

SLAVE Mode Break Lock 

Check for Proper Roll Resolver Setting 

SEAM SYSTEM AIRBORNE CHECK 

PROCEDURE 

Tone checked with SEAM system OFF. 

Pilot listens for chop tone. Target reoriented about boresight to determine 
double-D pattern. 

Pilot locks-on target by depressing enable switch. 

While locked-on, airplane maneuvered to draw seeker head off axis. 

Range to target, power setting of target varied to obtain chirp/saturated tone. 
Target maneuvered to establish line of sight rate so chirp tone is lost. 

(1) Depressing enable switch 

(2) Turning SEAM to OFF 

(3) Exceeding gimbal limits 

(4) Shading seeker head with airplane fuselage 

With radar lock-on, SLAVE mode selected to achieve SEAM lock•on. 

(1) With radar lock-on broken, depress enable switch twice to break 
SEAM lock. 

(2) Turning SEAM to OFF 

(3) Exceeding gimbal limits 

(4) Shading seeker head with airplane fuselage 

AZ -35Z-03-70 

Figure 1-11 H (UJ 

(U) In the event a SLAVE mode lock cannot be obtained 
after a radar lock but the system works properly in the 
SCAN mode, the roll resolvers in the ASA-63 programmer 
may be improperly set for the fuselage pylon configuration. 
Use of SLAVE mode should not be attempted in this event. 

not necessarily provide an insight into the limitations of the 
sy.stem. The SEAM system retains the same tracking limita­
tions as the AIM-9D. In fact, once locked on the target, the 
missile performs as if it were in flight rather than attached 
to the aircraft, except that SEAM break lock will occur 
when target IR energy drops below the SEAM lock-on 
threshold level. 

(U) Again it is recognized that all of the foregoing checks 
may not be feasible in all operating environments, but they 
are recommended as optimum checks. As a minimum, good 
tone checks should be obtained. 

SEAM SYSTEM LIMITATIONS 

(C) In addition to checking the system, completion of the 
ground and airborne checks provides a firm basis for under­
standing the total operation of the SEAM system, but does 

Missile Tracking Limitations 

(C) The seeker head of the missile is capable of tracking line 
of sight rates up to a nominal 12 degrees per second. The 
same capability exists whether the missile is in flight or 
mounted on the aircraft launcher. The tracking rate capa­
bility is dependent on the signal strength, with increasing 
rate for strong IR sources and diminishing rate for weak 
sources. The result is that SEAM lock will be broken in 
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heavy maneuvering situations when the maximum line of 
sight rate is exceeded or when the IR signal becomes weak 
due to power changes, plume shifting, or structural 
blanking (shielding). ' 

Seeker Head Offset Limitations 

(C) The missile possesses its greatest tracking capability 
when the seeker head is at or near boresight. As head angle 
increases, the missile capability to track high line of sight 
rates decreases. Although the missile can be fued with the 
seeker head deflected to its gimbal limits, such a shot would 
in all probability fail because the seeker head would hit the 
gimbals and tumble while trying to track or would not be 
able to follow even low line of sight rates. Additionally the 
0.5-second delay that exists on missile launch after leaving 
the launcher, before canard guidance, will cause a missile­
to-target line of sight rate that will exceed missile capability 
even though there is no firing aircraft-to-target line of sight 
rate. Thus a missile firing should not be attempted near the 
seeker head gimbal limits. 

False Target Lock-On, Shift Lock, and Lock-On Ambiguity 

(C) The SEAM missile reacts not only to the level of IR 
energy for lock-on, but it also has the capability of dis­
criminating a target from its background. If the target 
criterion discussed under SEAM Lock-On is satisfied, lock­
on can be achieved. However, care must be exercised to 
ensure that the missile is not being deceived by its environ­
ment during or after lock-on. 

a. False Lock-On. A bright cloud background of any 
size, but in the field of view of the seeker head, may be able 
to satisfy both threshold level and the 3 : 1 discrimination 
criteria because of hot spots. Any target in the seeker head 
field of view could result in the same false lock. 

b. Shift Lock. Once the SEAM system has locked on the 
desired target, the target is held within the narrow 
2.5-degree optical field of view of the seeker head. How­
ever, any IR source within that field of view, along the line 
of sight to the target, which satisfies lock-on criteria will be 
equally acceptable for lock-on and shift lock can occur. 
Stronger IR sources (such as the sun or an afterburner) in 
the line of sight will be most likely to cause shift lock, but 
isolated cases of SEAM lock shifting to bright cloud back­
grounds may also occur. 

c. Lock-On Ambiguity. After lock-on there is no posi­
tive indication of seeker head position available to the pilot. 
If a false lock-on has occurred, the seeker head may be 
pointed in any direction. The SEAM lock light tells him the 
system is no longer scanning but is locked-on an IR source. 
It does not indicate to what source the system has re­
sponded. The pilot must interpret the tones in his headset 

for this fmal determination. The presence of chirp tone 
indicates a point source lock-on. A solid tone might mean a 
point source which saturates the seeker head, a cloud back­
ground, or in a maneuvering environment the existance of a 
line of sight rate. In most cases of point source lock-on, the 
tone will chirp at some early point after lock-on. The pilot 
must be keenly aware of the various tone characteristics 
and the way they change in order to recognize possible 
ambiguous lock situations. 

LAU-7 A Launcher Power Supply (PP2581) Restrictions 

(U) Both the PP2315 and PP2581 power supplies are com­
patible with the SEAM system. However, because of differ­
ences in missile identification methods, they do not 
respond identically on firing command. 

Note 

The PP2581 power supply will cause the missile 
seeker head to be caged if the stores release 
switch is released before the missile shifts to fire 
normally, but, if the seeker head is offboresight 
when the stores release switch is released early, 
the caging action will most likely cause the 
missile to lose the IR target and the missile will 
fail to guide and go ballistic. The PP2315 power 
supply is not limited by this caging action on any 
station. 

{Interim lA VC 1034 to the SEAM programmer removes the 
requirement to hold stores release switch until missile 
launch with PP2481 installed.) 

Fuselage Shading of the SEAM Missile 

(C) When the line of sight from the seeker head to the 
target passes through the aircraft fuselage, IR energy is 
blanked off {or shaded) and the SEAM missile will break 
lock. The minimum angle at which shading occurs for any 
of the possible missile stations is 10 degrees for either the 
left or right single station. 

Automatic Lock-On When Selecting SCAN Mode 

(C) When an IR target is held near boresight and the SCAN 
mode is selected, the signal level may be great enough to 
trigger lock-on automatically. Since this is not necessarily 
desirable, missile boresight should be directed away from 
the target when moving the mode selector switch from OFF 
to SCAN. 

TACTICAL APPLICATIONS 

(U) In order to take full advantage of SEAM, it is necessary 
that thorough knowledge of the missile, the system, and 
their limitations is completely understood. No attempt 
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should be made to fire the missile in its SEAM modes until 
the pilot is well versed in the principles and implications of 
SEAM operation. In particular, he should be trained to 
recognize the tones and how they vary with the conditions 
at hand. The operation of the SEAM system gives rise to a 
number of guidelines for its tactical employment. 

SEAM Missile/System Checks 

(U) The missile must check out before use with SEAM. If 
the missile fails to give good tone checks or if coolant 
failure occurs, do not attempt use of SEAM system. If the 
SEAM system operational checks fail, the system should be 
turned OFF and the missile used as a standard AIM-9D. If 
SLAVE checks fail, SEAM may be implemented in the 
SCAN mode. 

Mode of Lock-On 

(C) Once SEAM lock-on has been achieved, the system is 
independent of the mode from which it was obtained. If 
the system breaks lock with SCAN mode selected, the 
seeker head returns to boresight. If the system breaks lock 
with SLAVE mode selected, the seeker head matches the 
radar antenna look angle if radar lock is still held. In a 
multiple target environment, this becomes important if a 
second radar target was locked-on subsequent to SEAM 
lock, because the SEAM missile will now try to lock-on the 
second radar target. 

SCAN Mode Lock-On 

(C) The pilot should anticipate the target's location in the 
scan pattern and actuate the enable switch before the 
seeker head reaches the target because of the possibility of 
a 4-second (full double-D scan pattern) delay in lock-on. 
The enable switch should not be depressed a second time 
until the 4 seconds have elapsed. If confusion arises as to 
what has been done with the enable switch, the SEAM 
mode selector switch should be cycled through OFF and . 
back to SCAN. The logic will then be set at SCAN vice 
lock-on. In all cases, SCAN mode lock-on should be 
attempted as close to boresight as possible. 

(C) SCAN mode will probably be most used in the ACM 
environment where the target can be brought near bore­
sight. Although automatic lock-on in SLAVE mode is opti­
mum, the present mechanization of the installed radars 
does not permit positive radar lock in the BAT (Boresight 
Acquisition Track) mode, but rather results in a high like­
lihood of altitude line lock-on. An altitude line lock-on will 
result in either a false SEAM lock-on or no lock-on. 

(C) SCAN mode of SEAM lock-on may be particularly 
important in the air intercept environment under electronic 
countermeasure conditions where radar lock cannot be 
maintained and the target is not held visually. With radar 
search mode, the target can be brought within the 
7.5-degree double-D pattern near boresight and SEAM 
lock-on can be obtained. 

SLAVE Mode Lock-On 

(C) In order that the best utilization of SLAVE mode be 
realized, the earliest possible radar lock should be 
attempted, either from BAT or normal search. This is true 
during ACM or intercepts. The missile will then lock-on as 
soon as it sees IR energy and final maneuvering can begin 
with missile tone. The SLAVE mode has the added advan­
tage presented by the additional look angle of the radar. 
Even though SEAM break lock will occur at missile gimbal 
limits, the seeker head will pick up antenna slave signals and 
be ready to relock when the radar line of sight angle is 
reduced. 

BREAK LOCK 

(C) Seam lock-on can be broken at any time by selecting 
OFF or by depressing the enable switch when SCAN is 
selected. The break lock delay with IR signal loss ( 4 to 5 
seconds) due to amplifier saturation can be negated by the 
same methods. Seam lock should be broken whenever 
uncertainty or ambiguity of lock occurs. 

Target Signal Reduction 

(C) SEAM break lock should be anticipated whenever the 
target performs a maneuver that will either reduce IR signal 
level or possibly blank the signal entirely. As long as the 
missile is fired in envelope, with good tone and in SEAM, 
the missile should perform properly. If break lock occurs 
due to signal loss, SEAM lock-on should be re-attempted or 
the system deselected , depending on the range and 
maneuvering dynamics at the time. 

SEAM TONES 

(C) The distinctive tones that SEAM presents tell the pilot 
what kind of a target his missile is seeing or is locked-on. 
His interpretation of the chop and chirp tones tells him 
whether he has a point source of a false lock-on. A 
momentary high squeal tells him he may have lost the 
target through the intercept arm ring and that he has to try 
locking again, even though he may have a SEAM light (due 
to break lock delay) and tone of some sort (load back­
ground noise). Loss of chirp during maneuvers is expected. 
Saturated signal is expected when the target selects after­
burner or when the range is close. 

Note 

(U) As with other features of SEAM, if confusion 
exists as to what the tones are saying, the best 
course of action is to turn SEAM to OFF and use 
the basic missile. These factors must be weighed 
with the tactics at hand. 

AMBIGUITY 

(C) Since ambiguity of lock-on can occur, as can confusion 
with tone changes and with lock-on logic in SCAN, the best 
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recourse in these instances is to deselect SEAM momen­
tarily or leave it OFF until the propitious moment to rc­
select it. Target ambiguity does not occur often, but firing 
when it does occur can result in a lost missile if the target 
was, in fact, a false one. 

SHADING 

(C) Fuselage shading of the missil.e varies for the different 
configurations, but in no case occurs at less than 10 degrees 
of seeker head angle. The I 0 degrees establishes the maxi­
mum lead or lag angle for the offside missile during 
maneuvers. When the target and the firing aircraft maneuver 
in the same plane, the target disappears under the nose of 
the firing aircraft at just about 10 degrees; hence, this 
establishes a visual reference for impending blanking of the 
missile. In other attitudes, the same offside missile may be 
able to track very near its gimbal limits without suffering 
shading. When shading occurs, the missile tone drops to 
background level and the look angle must be reduced to 
reacquire the target. 

MANEUVERING AND LINE OF SIGHT RATES 

(C) With SEAM lock-on established, the missile tone will be 
heard as long as the missile can see the target and the 12 
degree per second (depending on IR signal strength) line of 
sight rate is not exceeded. 

Maneuvering to Achieve Firing Position 

(C) With the assurance of a missile tone, it remains for the 
pilot to maneuver his aircraft to a suitable firing position. 
The optimum method is to head for the heart of the Side­
winder envelope (I mile range for almost all conditions), 
generate lead and fire. Since this is not possible in many 
tactical situations, he must assess his present angle off and 
range and then decide if he can fire. In the minimum range 
situation he will increase his Pk by firing with lead; he will 
reduce it with lag. 

Maneuvering in a Lag Situation 

(C) Against a hard maneuvering target, the firing aircraft 
will find itself lagging the target more often than leading it. 
Sage advice says "wait" until the target can be boresighted 
or led. A hasty shot against a maneuvering target while in a 
lag position will most likely result in a failure of the missile 
to guide because of the parameters of the shot. The range 
required for a successful lag shot should permit some other 
recourse, such as lead. An exception to this last statement 
occurs when the firing aircraft is in a nose low attitude and 
cannot bring the nose up to the target. In this case, a lag 
firing at sufficient range might be the only acceptable solu­
tion. With a stabilized 10° of lag, min range increases 

approximately 4,000 to 6,000 feet from AIM-9D Rmin· 
Therefore lag firing should not be attempted because the 
minimum ranges for which a missile can be fired with lag 
are great enough so that the firing aircraft can achieve lead, 
or at least from boresight. 

High Line of Sight Rates 

(C) During ACM and at close ranges in particular, high li ne 
of sight rates will be established and SEAM break lock 
should be expected. If break lock occurs, the choice should 
be made immediately between deselecting SEAM or re­
attempting lock. 

Maneuvering to Retain SEAM Lock 

(C) Unless a definite t:Jctical advantage exists, maneuvers 
should not be geared toward retaining SEAM lock, but 
should be pressed to gain the best possible advantage. If 
fuselage shading is impending (as during a high yo-yo), 
SEAM break lock should be accepted and the aircraft flown 
as the tactics dicta~. The missile can always be fired as a 
standard AIM-9D if the SEAM lock-on cannot be regained 
and the SEAM select switch is placed in the OFF position. 

LEAD 

(C) Theoretically the missile can be fired with any lead 
angle which permits the seeker head to sec the target. The 
previous discussions show that lead should be limited to 10 
degrees, which is further amplified in the following para­
graphs. 

Rapid Changes in Lead 

(U) In the dynamic ACM environment, the lead angle may 
change rapidly because it cannot be sustained. If the missile 
is fired at a close range which is lead dependent, it may well 
fail because the lead changes to lag before the missile is 
launched. 

Apparent Lead 

(C) The actual lead angle that the missile achieves is 
reduced by the angle of attack of the aircraft (figure 1-711 ). 
Under high g conditions, the actual lead commanded may 
well be reduced to ncar zero or even to lag. If the missile is 
fired at a range which is lead depcnden t, the aircraft angle 
of attack may reduce the lead below an acceptable amount 
and the missile will fail. 

Lead Limits 

Reduced Tracking Capability at Large Head Angles 

(C) Ten degrees of lead sets an acceptable limit bcluw 
which the missile has the capability of tracking high line of 
sight rates. 

Multiplicity of Envelopes 

(U) By providing the capability of firing the SEAM missik 
at other than borcsight (where basically only one envelop,' •J 

exists) when an envelope exists for each increment of lc:,_, tJ 
or lag, the pilot will become quickly saturated with missile I 
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envelopes. Because of the infinite number of firing 
envelopes, the pilot should be trained to recognize the 
presently accepted AIM-9D envelope and encouraged to fire 
with lead when possible. 

SEAM MISSILE FIRINGS 

(C) There are no changes in firing procedures for SEAM 
except that the stores release switch must be held down 
until actual missile launch. 

Note 

(U) Because pilots are not always certain of the 
power supply in use, the stores release switch 
should be held down until actual missile launch. 

CONCLUSION 

(U) SEAM provides the F-8H/J pilot with a substantial im­
provement to his Sidewinder weapons system. The SEAM 
missile is much more than just the Sidewinder which is 
pointed and fired. The pilot must achieve a level of under­
standing and training which will permit the system to be 
used to its full advantage. 

AIM-98 AIR-TO-AIR MISSILE 

AIM-98 COMPONENT DESCRIPTIONS 

(U) The AIM-9B missile consists of six component parts or 
assemblies: Guidance and Control Section; contact fuze; 

influence fuze; warhead; motor; and four wing assemblies. 
The assembled missile is 5 inches in diameter, 111.5 inches 
in length, and 158 pounds in weight. See figure l-72. 

Guidance and Control Section 

(U) The forward end of the AIM-9B Guidance and Control 
Section (G&C) is housed behind a clear Pyrex glass dome. 
. This hemispherical dome provides a window for the 
gyro-optics IR tracker which is readily visible inside. 

(C) Significant specifics of the G&C are: field of view 4 
degrees, gyro gimbal angle limits 25 degrees from missile 
longitudinal axis, and maximum gyro tracking rate set at a 
nominal 8 to 11 degrees per second, with guidance time 
limited to 21 seconds by gas generator grain burn time. 
These parameters are important because they affect the 
performance capabilities of the AIM-9B and therefore 
affect tactics. The 4 degree field of view represents a 
compromise between acquisition capability and seeker 
sensitivity. Although adequate detection ranges can be 
obtained against a blue sky background, bright clouds and 
other highly reflective background such as water, snow, and 
desert degrace target discrimination. Because of the spectral 
response of the seeker, the AIM-9B responds primarily to 
hot metal parts of the engine and is therefore severely 
limited at high angles off the tail. 

(U) These considerations, coupled with a modest airframe 
maneuvering capability, limit the size of the tactical launch 
envelope, particularly against maneuvering targets. 

Changed 15 June 1970 CONFIDENTIAL 1-162A 



Section I 
Air-to-Air Missiles 

CONFIDENTIAL 
NAVAIR 01-45HHA-1T 

Guidance and Control 
Section MK 1 Rolleron 

Assembly 

Hanger-Contact 
Button Assembly Hanger 

Fins (Integral) 
Influence Fuze MK 303 

AIM-98 Canted-Hinge 
Rolleron Wings 

CHARACTERISTICS 

Motor Burn Time 
Tluust 
Speed 
Guidance Time 
Warhead Type 
Warhead Lethal Radius 
Minimum Range 
Turn Capability 
Field of View 
Gimbal Limit 
Gyro Tracking Rate 

2.2 Seconds 
3,820 Pounds 
1. 7 Mach (above launch speed) 
21 Seconds 
Blast/Fragmentation 
30 Feet (radius) 
3,000 Feet 
12G at Sea Level 
70 Mils (4°) 
25 Degrees 
8°/Second 

AZ-337-03-69 

Figure 1-72 

Warhead 

The warhead for the missile is a blast-fragmentation 
type weighing 25 pounds. On detonation of the explo­
sive, the steel warhead case is cut into approximately 
1,300 fragments. These fragments accelerate rapidly 
and reach a maximum velocity of 6,000 feet per second 
in their trajectories and are able to pierce o/s-inch steel 
plate ·at a distance of 30 feet. The fragments are 90% 
contained in a 15° solid angle extending 360° around 
the warhead. In addition to the lateral dispersion, the 
fragments will be thrown forward with missile veloc­
ity. Blast damage is an important part of the warhead 
damage mechanism. This damage is effective to 10 
feet distance at sea level, but degrades rapidly with 
increased altitude. Warhead detonation may be ini­
tiated by a contact fuze, influence fuze, or the self­
destruct circuit located in the G&C. 

Fuzing 

The influence fuze is mechanically attached and elec­
trically mated to the forward end of the rocket motor. 
An explosive booster is threaded to the fuze and 
pt:ojects into the aft end of the warhead. Warhead 
detonation in a dose miss situation is initiated by 
influence fuze action. The influence fuze for the Side­
winder AIM-9B is an IR sensing device. It has an 
optical system that "looks" out the windows in the 
fuze housing at two different look angles. The two 
look angles provide information which is used to dis­
criminate against false targets. As the missile passes 
by the target, the IR energy froin the engine appears 
in the first field of view generating a preparatory com­
mand pulse in the fuze circuitry. As the missile con­
tinues to pass the target, IR energy from the engine 
is seen in the second field of view and a command of 
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execution pulse is generated in the fuze circuitry. 
After a fixed time delay to allow optimum penetration, 
warhead detonation occurs. 

This fuze is optimized for near tail-on attacks in which 
the intercept trajectory is roughly parallel to the tar­
get axis. Launch conditions resulting in high track 
crossing angles at intercept, such as attained against 
maneuvering targets, cause a significant degradation of 
fuze-warhead effectiveness. The influence fuze is me­
chanically armed during missile acceleration 480 to 
840 feet in front of the launching aircraft, and is 
electrically armed by an acceleration switch at motor 
burnout, approximately 2,000 to 2,500 feet in front 
of the launch aircraft. 

The contact fuze is mechanically attached and elec­
trically mated to the aft end of the Mk 1 guidance 
and control section. The contact fuze detonates the 
warhead when the missile makes positive contact with 
the target. Mechanical arming of the contact fuze is 
accomplished in the same manner as for the influence 
fuze. Electrical arming, however, occurs at umbilical 
shear. It is this characteristic that places a practical 
limit of 1,000 feet on minimum range, providing a 
contact hit is achieved. Since the influence fuze does 
not become fully armed until motor burnout which 

· occurs at 2,000 to 2,500 feet, any AIM-9B missile fired 
at less than 2,000 to 2,500 feet range will have contact 
fuze capability only. 

Rocket Motor 

WARNING I 
The NPA must be removed immediately prior 
to loading. An AIM-9B missile fired on an 
aircraft with a non-propulsive unit installed 
can result in loss of the aircraft and life. 

The rocket motor utilizes a solid propellant fuel and 
provides an average of 3,820 pounds of thrust for 2.2 
seconds of burning time, boosting the missile to Mach 
1.7 above launch speed. Power to the igniter is pro­
vided through the aft contact button on the forward 
hanger. A firing pulse to fire the influence fuze ther­
mal battery is p rovided through the front contact 
button on the forward hanger. A nonpropulsive attach­
ment (NP A) attached to the nozzle of an assembled 
missile neutralizes thrust if the motor is inadvertently 
ignited. 

Wing Assemblies 

Four wings with rollerons are mounted on the aft end 
of the motor for lift and stability. In captive flight 
the rolleron housing is mechanically caged while the 
airstream causes the rolleron wheels to rotate at all 
times. When the missile is launched, the rollerons are 
uncaged. Gyroscopic action of the spinning wheel pro­
duces an aerodynamic force on the housing which 
counteracts oscillation in pitch and yaw, as well as 
roll. Wings with straight hinge line rollerons exist 
which are effective only to counteract roll. 

Do not mix straight and canted hinge line 
rollerons on a missile, as an unbalanced aero­
dynamic response may result. 

Stright hinge wings are normally used for training 
only. Canted hinge wlngs are preferred and may re­
quire the installation of caging clips to aid the caging 
pin when carried on certain aircraft stations. 

AIM-98 OPERATIONAL APPLICATIONS 

The AIM-9B has not demonstrated a capability against 
a high g maneuvering target. The AIM-9B does have 
a limited capability against targets maneuvering up to 
3g's if launched within 25° angle off. The missile's 
capability against a maneuvering target is limited be­
cause of lambda limit in the guidance and control sec­
tion plus the aerodynamic capability of the missile. 
The AIM-9B non-maneuvering launch envelopes are 
illustrated in figure 1-73. 

Whenever an AIM-9B is launched at a turning target, 
it must make an initial correction to assume a collision 
course·. During time of flight as the target continues 
to turn and as the missile accelerates, progressively 
greater corrections inside the target radius of turn are 
required. These effects increase the possibility of ex­
ceeding the look-angle (lambda limits) of the missile 
which results in ballistic flight (figure 1-74). 

Note 

Whenever the AIM-9B ts launched at a 
maneuvering target, every effort should be 
made to launch as close to a 0° angle off as 
possible and at midrange. For maximum 
launch range, see figure 1-75. 
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AIM-9B Launch Envelopes~~~~~~~~~~~~~~~-~ 
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AIM-9B Launch Envelopes ~~~~~~~~~~~§~~~::::""!!;.~ 
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AIM-9B Launch Envelopes~~~~~~~~~~~~~~~......,~ 
NON-MANEUVER lNG TARGET 
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AIM-9B Envelope Parameters~~~~~~~~~~~~""'"~-~-= 
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Figure J-74 

I AIM-9C OPERATIONAL APPLICATIONS 

AIM-9C non-maneuvering envelopes are presented in 
figure 1-76. When using AIM-9C, it is mandatory to 
realize that many times the electronic envelope (the 
range that sufficient radar return is available for proper 
guidance) is less than aerodynamic range limits in a 
forward hemisphere attack. The aircraft missile release 
computer displays aerodynamic maximum range and 
the occurrence of steady aural tones denote entry into 
the electronic range limit. Electronic guidance tones 
are affected by radar transmitter power and the ability 
of the AIM-9C receiver to distinguish the target return 
from background noise. As a general rule, steady AIM-
9C tones can be expected at a 1/.i to lh the radar detec­
tion range of the target. 

ALTITUDE LINE LIMITATIONS 

The AIM-9C cannot be launched at targets 5,000 fee( 
outside to 1,000 feet inside the altitude line due to the 
possibility of the missile shifting lock-on to the altitude 
line. 

HOJ LIMITATION 

The AIM-9C can home on a spot noise jamming source 
that occurs prior to launch or during time of flight 
provided that the source is continuous throughout time 
of flight. If the noise jammer is secured, the AIM-9C 
will go ballistic. 

MANUAL TARGET ILLUMINATION 

Successful launch of AIM-9C by boresighting the tar­
get in any of the acquisition modes is not possible. 

FRONT QUARTER TECHNIQUES 

AIM-9C missiles must be preselected for front quarter 
launching from aircraft without the deviated pursuit 
computer. The high closure rates associated with 
front quarter intercepts require rapid judgement as 
to the satisfaction of the aerodynamic, electronic, and 
altitude line limitations prior to launch. Generally, 
if the radar is weak, the occurrence of tones, proxim­
ity to the altitude line and minimum range virtually 
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AIM-9C Launch Envelopes (Lead Launch)~~~~~~~~~~~ 
NON-MANEUVERING TARGET 

Sea Level to 5,000 Feet 
Horizontal 
Launch 0.8 IMH 
Target 0.5 .IMH 

6 

Sea Level to 5,000 Feet 
Horizontal 
Launch 0.9 IMH 
Target 0.9 IMH 

6 

3 

900 

0 
RAHGE - HAUTICAL MILES 

0 
RAHGE- HAUTICAL MILES 

figure l-76 (Sheet lJ 
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A.IM-9C Launch Envelopes (Lead Launch)~~~~~~~~ ................ -=> 
NON-MANEUVERING TARGET 

20,000 Feet 
Horizontal 
Launch 0. 9 IMN 
Target 0.5 IMN 

20,000 Feet 
Horizontal 
Launch 0. 9 IMN 
Target 0.9 IMN 

1-164 

3 

3 

900 

0 
RANGE - NAUTICAL MILES 

900 

0 
RANGE- NAUTICAL MILES 

figure J -76 CSheef 21 
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AIM-9C Launch Envelopes (Lead Launch)~~~~~~~~~~~ 
NON-MANEUVERING TARGET 

30,000 Feet 
Horizontal 
Launch 1.0 IMN 
Target 0.8 IMN 

30,000 Feet 
Horizontal 
Launch 1.2 IMN 
Target 1.2 IMN 

12 8 

0 
RANGE- NAUTICAL MILES 

4 
0 

RANGE- NAUTICAL MILES 

AZ-120 (3) -11-66 

figure 1-76 (Sheet 3) 
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AIM-9C Launch Envelopes (Lead Launch)§§§§§~§§~~~~=::~-:;. 
NON-MANEUVERING TARGET 

40,000 Feet 
Horizontal 
Launch 1.0 IMN 
Target 0.9 IMN 

40,000 Feet 
Horizontal 
Launch 1.4 IMN 
Target 1.4 IMN 
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900 

0 
RANGE- NAUTICAL MILES 

0 

RANGE- NAUTICAL MILES 

Figure l-76 (Sheet 41 
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eliminate the possibility of launch. Even with an excel­
lent radar, multi-AIM-9C launch is rarely possible or 
recommended on a single attack. 

IN-TRAIL TECHNIQUES 

The tactical situation may allow simultaneous use of 
more than one fighter against a raid. The use of in-trail 
techniques permits a single controller to coordinate 
the attacks of more than one fighter. In-trail tactics 
will also permit both fighters of a section to employ 
the AIM-9C against a raid. Spacing between fighters 
will depend on the type of intercept being performed. 
For forward hemisphere attacks using AIM-9C missiles, 
six to seven miles between fighters should be used. 
Sufficient distance must be maintained to allow the 
first fighter to launch his missile and dear the area 
before the second fighter reaches firing range. The 
in-trail position should be flown in the search mode. 
This enables the trailing pilot to maintain surveillance 
of the overall tactical situation. 

AIM-9C MANEUVERING TARGET CAPABILITY 

AIM-9C has not been evaluated against maneuvering 
targets. Radar lock-on is a prerequisite for missile 
launching and, unless the F-8 is BAT-equipped, this is 
rarely possible during air combat maneuvering. The 
low altitude maneuvering target is generally always 
within altitude line firing restrictions. The high back· 
ground noise level associated with low altitude flight 
also degrades AIM-9C performance. 

AIM-9C GROUND CHECKS 

Tuning the AIM-9C missile is generally accomplished 
while airborne; however, it is very important to make 
sure that the missile and oscillator color codes match 
during missile and cockpit preflight. When the air­
craft has power applied, select the AIM-9C station 
with the armament selector switch, and ensure that the 
radar lamp illuminates on the armament control panel. 
If the radar lamp will not illuminate, or the IR lamp 
illuminates instead, a malfunction exists. 

AIM-9C AIRBORNE TUNING 

Tune the AIM-9C missile above 10M or with an up 
antenna tilt setting if below 10M. The radar must 
be on and in the search mode and the AIM-9C selected 

with the armament selector switch. Hold the missile 
tuning switch to LO for 1 minute, then hold the switch 
to HI until the tuning needle starts to deflect clockwise, 
and then immediately release the switch. The meter 
should hold at the 11 to 12 o'clock position. 

Note 

If the meter needle deflects clockwise, drops, 
and then deflects and remains at the 11 to 12 
o'clock position, retune the missile- it is 
tuned to the wrong null. 

If the missile is properly tuned and the needle is resting 
at the 11 to 12 o'clock position, lock-on to an airborne 
target or the altitude line to test the missile firing 
tones. At this point the needle should jump to the 2 
o'clock position. 

When carrying a dummy missile, do not 
depress the firing pickle as most dummy 
AIM-9C missiles do not have a gas grain servo 
saver and damage to the missile will result. 

The missile tones from an airborne target are a func· 
tion of the energy the AIM-9C missile sees. The tones 
are not related to computation of the aerodynamic 
firing envelope as computed by the missile release 
computer. It is not \..lllCommon to be within the aero­
dynamic firing envelope without firing tones. Lack of 
firing tones indicates a weak radar or AIM-9C receiver 
or both. Generally AIM-9C missile tones can be ex· 
pected at one-fourth to one-third of the initial detec­
tion range of an airborne target. 

Occasionally when tracking a target down to minimum 
range, the AIM-9C missile tones will remain after the 
radar has returned to the search mode. In this case the 
missile has shifted lock onto the noise around the nose 
of the aircraft (Main Bang). Shifting the radar mode 
to IR and back should eliminate this. 

Whenever AIM-9C missiles are tuned while aircraft 
are in section, note the movement of the needle on 
the tuning meter when turning away. If it returns to 
9 o'clock, retune- the missile was tuned to the radar 
energy of the other aircraft. 
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PART 7- WEAPON FIRING EXERCISES 

MISSILE FIRING EXERCISE 

Although combat missile firing is the only complete 
test of system readiness, missile firing exercises under 
controlled conditions provide a means of keeping a 
pilot proficient in operation of the weapons system. 
Safety considerations, such as area clearance and tow 
airplane vulnerability, require that AIM-9 firing op· 
erations be conducted under stereotyped conditions. 
The following procedures are compatible with FXP-2 
but contain more detailed instructions and information. 
These procedures are based on firings against towed 
targets. 

AIM-98 PROCEDURES 

The facilities and personnel required to conduct a safe 
and successful AIM-9B firing operation consists of fir­
ing aircraft and chase aircraft, two aircraft and asso­
ciated towed target system, GCI/CCI radar control, 
area clearance facilities (radar or air/surface search), 
and an officer conducting the exercise (OCE). The firing 
area can be checked for surface ships by either airborne 
visual observation or by surface/airborne radar search. 
The AIM-9B impact area is a 20-degree sector of a 
radius equal to 8,000 yards plus 300 yards for each 1,000 
feet of altitude. If the firing is made with an angle-off, 
expand the sector by 10 degrees on the side of the tar­
get course away from the attack. These areas must be 
clear of all surface and airborne traffic from the surface 
to the firing altitude. The following procedures are 
applicable for AIM-9B firing operations against towed 
targets: 

a. The exercise will be conducted according to the 
parameters prescribed by the OCE or FXP-2. 

b. When possible, firings should occur in the center 
of the envelope to optimize missile performance and 
crew training. The safety arcs, within which missiles 
may not be launched, can be computed for co-altitude 
firings at the towed target. The missile launch may 
occur any time the firing aircraft is outside this safety 
arc, provided other envelope parameters of angle-off, 
tracking rates, and maximum and minimum range are 
satisfied. AIM-9B performance is optimized when the 
missile is fired at reduced angles-off and at ranges 
which do not approach extreme envelope limits. For 
missile firings below 20,000 feet, the angle-off should 
be within 20 degrees of the target's tail. Above 20,000 
feet, limit firing angle-off to 40 degrees. Under certain 
firing ·conditions with higher angles-off, maximum 
range increases with angle-off; therefore, safety arcs 
would have to be increased. 

c. Safety arcs are computed by adding 30 percent of 
Rmax tO R 111,". 

d. Figure 1-59 illustrates a typical firing exercise 
example which is based on the following factors: 

Altitude 
Target Mach 
Launch Mach 

30,000 feet 
1.0 Mach 
1.0 Mach 

From figure 1-55, R""" - 12,800 feet 
Safety Arc ,_, 16,500 feet 

(12,800 X 0.3 plus 12,800) 

With a cable scope of 10,000 feet, minimum firing 
range is 6,500 feet (16,500--1 0,000) dead astern or a 
safety arc of 16,500 feet on the tow aircraft (figure 
1-77, Example I). Maximum firing range is 12,800 
feet from the towed target. If the tow system allows 
placing the target outside of the safety arc, as in Exam­
ple 2, minimum range applies and launch may occur 
from any point in the envelope. 

e. The airborne OCE is responsible for the follow­
ing: 

l. Confirming RENO 
2. Confirming HOTSHOT by visually ascertain-

ing if the ignition has occurred 
3. Confirming IN-ENVELOPE 
4. Giving CLEAR TO FIRE 
5. Acting as a safety observer for area clearance, 

missile malfunction, or HUNG MISSILE, and 
confirming target tracking and not tow aircraft 
tracking. 

f. All participants should exercise strict radio dis· 
cipline as a safety precaution and for exercise efficiency. 

g. FXP-2 clearly states the parameters for the firing 
exercise. However, the firing aircraft must be posi­
tioned to preclude violation of the safety arc at the 
time of firing. 

h. "CLEAR TO FIRE" may be given by the OCE 
only if the following criteria have been met: 

1. There are no surface or air targets within the 
splash pattern. 

2. The OCE has contact with the tow aircraft, 
target, and firing aircraft either on the radar 
scope or visually. 

3. The pilot has transmitted RENO and JUDY. 

1. "BREAK IT OFF" shall be transmitted: 

1. By the OCE when the firing airplane is at a 
minimum range to the target or approaching 
the tow aircraft safety arc. 
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AIM-9B Firing Exercise Examples 

EXAMPLE 1 

EXAMPLE 2 

1-168 

TOW TARGET INSIDE SAFETY ARC 

Altitude - 30"000 Feet 
Target Mach- l.u 

Launch Mach - 1.0 
Safety Arc - 16,500 Feet 

TOW TARGET OUTSIDE SAFETY ARC 

fi9ure J-77 
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2. At any time, by anyone, if safety considerations 
warrant. 

3. By the OCE if he has visual contact of the tar· 
get and cannot confirm "HOTSHOT." 

4. If the firing pilot elects to abort the run for any 
reason, the pilot will transmit "SKIP IT." 

j. If the missile fails to fire, the firing pilot will 
transmit "HUNG MISSILE." The OCE will remind the 
pilot to "DE-ARM." Local ordnance safety procedures 
should then be observed. 

AIM-9C PROCEDURES 

Launch and safety parameters for the AIM-9C will be 
provided when available. 

AIM-9D PROCEDURES 

Launch and safety parameters for the AIM-90 will be 
provided when available. 

AIR-TO-AIR MISSILE TARGETS 

The targets which are normally used for firing exer­
cises will be either powered or towed targets. The type 

AQM-37 A Missile Target 

0 

targets and their descriptions are shown in figures 1-78, 
1-79 and 1-80. 

TRAINING INTERCEPTS 

Fleet intercept training must be directed toward achiev­
ing the maximum degree of combat readiness. There­
fore, intercept training should include high and low 
altitude and ECM environment training. The tech­
niques and tactics used during these training intercepts 
should be the same as those used for actual intercepts 
which are described in Part 4 of this section. 

AIR-TO-AIR GUNNERY 

F-8 BANNER TOW PROCEDURES 

The following procedures are recommended, weather 
and local flight regulations permitting. An MRT or 
CRT takeoff is made following banner hook-up. Climb 
at 160 KIAS, CRT, with the wing up and gear up to 
10,000 feet; then 180 KIAS maximum to approximately 
1,000 feet above tow altitude. The afterburner is se­
cured, the wing lowered, and tow speed attained while 
descending to tow altitude. A 30,000-foot tow altitude 
may require lowering the wing passing 20,000 feet 

Dimensions Length ••••••••••••• 13 Ft, 6 ln. 
Wingspanoooooooooooo3 ft, .4 ln. 
Diameter ••••• ••• ••••• 1 Ft, 1 ln. 

Altitude Minimum ••••••••• •••• •• 1,000 Ft 
Maximum ••••••••••••• 70,000 Ft 

Speed 0.9 to 2.0 Mach 

Augmentation Control and stabilization system, C and X band 
TWT, infrared flares, and aerodynamic destruct system 

A Z - ISZ-IZ-66 

Figure J-78 
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BQM-34A Missile Target 

Dimensions Length ••••••••••••• 23 Ft 
Wingspan •• •••• ••••• 12 Ft, 11 ln. 
Height •••••••••••••• 6 Ft, 8 ln. 

Radar Reflectivity Head-on ••••••••••• One Square Meter 
Unaugmented Beam. ••• ••••••• •• . Four Square Meters 

Altitude Minimum ••••••••••• 200 Ft 
Maximum •••••••• 50,000 Ft 

Speed 10,000 Ft ••••••••••• 600 Knots 
50,000 Ft ••••••••••• 550 Knots 

Time on Station 50,000 Ft, 
500 Knots ••••••• 86 Minutes 

Augmentation S-Band beacon, telemetry transmitting set standard equipment. 
Can be augmented with L, C, X band beacons, TWT, infrared 
flares, smoke, cameras, scoring devices, and countermeasures. 

AZ-153- 12-66 

Figure 1-79 
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TDU-22AJB Towed Target 

1------------------------76.8 in.----------------------1 

AZ-154-12-66 

Figure l-80 

with a dean CRT climb to level off. Recommended 
tow speed is 220 KIAS at 20,000 and 30,000 feet. 

Note 

Consult NATOPS if changes in airspeed or 
altitude are desired because of cooling prob­
lems. 

Abrupt control movements and excessive afterburner 
selection should be avoided to prevent unnecessary 
strain on the tow cable. During descent (wing up or 
down) maximum speed should be 180 KIAS when 
above 10,000 feet. Tow drop configuration should be 
wing up, 150 to 160 KIAS, at the altitude prescribed 
by drop area course rules, but not below 500 feet AGL. 

IN-FLIGHT SIGHT CHECKS 

If time permits, individual sight checks should be con· 
ducted prior to commencing the gunnery pattern. If 
sight checks are not performed prior to entering the 
gunnery pattern, or a member of the flight suspects 
that his fire control system is in error, he should inform 
the flight leader of this fact and allow enough fuel 
upon completion of the gunnery pattern to conduct 
a sight check before returning to base. 

Changed 15 June 1970 

The sight check is performed at 350 ( + 10) KIAS, 
20,000 (± 500) feet with the gyro pipper uncaged, fixed 
range dial set at 1,500 feet, and the radar-fixed switch 
in the fixed position. A turn is commenced and g ap· 
plied to displace the gyro pipper exactly 50 mils. Once 
the turn is steady, pick a point on the horizon and 
time the turn for any multiple of 360 degrees. The 
sight check should be performed in both directions. 
A time of 60.8 (+2) seconds F-8C/K 58.0 (+2) sec­
onds F-8H/J is ideal for 360 degrees. 

A quick check can be performed if time does not per­
mit a normal check. The initial set-up is identical, but 
the turn is commenced and g applied to exactly 2.6 g's. 
The gyro pipper will be positioned on the 50-mil range 
if it is within the limits stated above. A pipper posi­
tioned at less than 50 mils indicates a tight sight and 
one positioned at more than 50 mils indicates a loose 
sight. The pilot can then adjust the range dial for 
proper sight solution if firing fixed, or note the mil 
discrepancy and apply correction while tracking in 
radar ranging gunnery. The quick check can be per­
formed in 180 degrees of turn. 

The radar system should be checked during this time 
interval with emphasis on GARO/BA T mode and all 
switches set for entry into the gun pattern. 
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I MEDIUM ALTITUDE (20,000 FEET) GUNNERY 
PATTERN 

The low altitude gunnery pattern should be conducted 
as follows: 

a. The tow aircraft and escort establish an orbit at 
the rendezvous point. When the flight leader has the 
tow aircraft in sight, the escort can detach and join 
the firing group in trail position. The leader should 
maneuver the flight to the outside of the tow aircraft's 
turn, allowing the escort time to accelerate and join. 

b. As the tow aircraft approaches 90 degrees and 
45 degrees of turn to go, he should transmit same. 
The flight leader calls in on a spacer pass announcing 
"fly by side" and "perch side" with respect to the 
tow and "armament master on." Each succeeding air­
craft calls in repeating spacing and perching instruc­
tions and confirming the armament master switch is on. 
Each flight member must adjust power and flight path 
as necessary to attain approximately one mile separa­
tion and twice the tow airspeed. Trim should be 
adjusted to "hands off flight" at firing speed. 

c. Fly by the tow at his altitude, wings level, close 
aboard (100 to 300 feet) . Abeam the tow, transmit 
"----OFF." Add power to MRT, PULL UP 
WINGS LEVEL, (approximately 3g) to a 30-degree 
nose high attitude. After gaining approximately 3,000 
feet, roll to at least 90 degrees of bank and fly above 
and across the flight path of the tow aircraft, keeping 
him in sight and continuing the climb. 

d. After 70 degrees to 90 degrees of turn, and 
approaching the tow's abeam position (high reversal), 
smoothly reverse the turn and pick up the tow aircraft 
on the other side. Adjust bank angle to move out 
to the proper perch position of 10,000 to 12,000 feet 
abeam, slightly aft of the tractor, with a 6,000- to 
7,000-foot altitude advantage, parallel to the tow 
heading with approximately 300 KIAS (this is the 
perch). After the range has been confirmed "HOT" 
and the area ahead has been checked, arm the guns on 
the perch by turning the ready/safe switch to READY. 

Note 

Select guns on the armament selector or move 
guns select switches to ON depending on A/C 
switch configuration. 

e. As soon as the plane ahead has left the perch and 
is at the low reversal, call"- - - -IN." (In four­
aircraft pattern your opposite flight member should 
be calling OFF; i.e. "One off"-"three in," " two off"­
four in.") With power at MRT, commence a slightly 
nose down turn toward the banner accelerating. The 
low reversal should be 5,000 to 7,000 feet abeam to 
slightly aft of the banner; 3,000 to 4,000 feet above, 
with a minimum of 375 KIAS and 90 ( ± 10) degrees 
of turn remaining to parallel the tow heading. Adjust 
power as necessary. Check that the radar mode switch 
is in the GARO/BAT mode. Commence tracking the 
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banner with 60-70 mils fixed lead. As the pursuit 
curve develops (gyro pipper moves aft toward the 
banner), position the pipper slightly ahead of and 
above the banner. Note radar lock-on by the illumina­
tion of the GARO or BAT lamp. 

Note 

Do not retrim aircraft in the gunnery pattern. 

f. At approximately 4,000 feet of range, depress the 
trigger to the first detent to start the camera running 
and open the gun bay purge doors. The aircraft will 
pitch slightly as the purge doors open. Firing speed 
and a steady to slightly increasing g should be attained 
by this time. Smoothly allow the pipper to drift aft 
to center it on the banner. 

g. Track the banner smoothly for at least two sec­
onds prior to firing; do not use rudders to correct the 
aim point. Commence firing when the firing range 
tone comes on. A one-second burst is desired. Ensure 
a descending flight path when firing. 15 degrees angle 
off is the minimum for firing on a banner (the banner 
is square at 11 degrees). Identify pattern position 
errors during the early stages of the run and correct 
them as far out as possible. 

Note 

It is necessary to maintain a 2:1 speed advan­
tage over the banner within the final pursuit 
tracking cone. If this ratio is not maintained, 
the point of maximum g will occur outside 
of firing range. The resulting g bleed-off will 
induce an improper lead solution (fixed or 
radar), and the pi pper will run ahead of the 
banner. 

h. Cease firing when: ( 1) breakaway tone comes 
on; (2) when reaching minimum angle off; (3) when 
banner is one banner width above the horizon; ( 4) 
when the distance, as measured by banner width and 
pipper relationship indicates 900 feet. 

Note 

The pilot must look through the pipper and 
focus on the banner. 

After firing, keep the "g" applied and smartly roll 
wings level and pass above and behind the banner. 
Never go below the banner, as there is danger of 
collision if the banner is shot off. 

Note 

A proper breakaway will place the firing air­
craft between the banner and the tow air­
craft's jet wash. 

After passing over the banner, turn to parallel the tow 
aircraft's course and pass by as on the initial spacer 
pass. When abeam, transmit"- - - - OFF," and 
commence pull-up in the same manner as in the 
spacer pass. 

Changed 15 June 1970 
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Note 

The call off position abeam the tow is a fixed 
and constant position and should be the posi­
tion from which all other pattern corrections 
are made. 

The pattern continues until reaching the end of the 
range. If a pilot loses sight of the banner and/or the 
other planes in the flight, he should call immediately 
and break off the run staying above tow altitude. 

i. At the turn around end of the range, the tow 
aircraft should notify the leader that the end of the 
range is approaching and to "make the next run your 
last." The leader then calls "- - - - IN," stating 
"This is the last run this heading." Passing abeam the 
tow aircraft, the leader calls, "----OFF, HALF 
RIGHT (LEFT)," reduce power to approximately 80 
to 85 percent and fly to a position 20-45 degrees ahead 
of the tow's abeam, 4,000 to 6,000 feet above with an 
airspeed of 250-300 KIAS. Each succeeding aircraft, 
after calling off, joins in a 2,000-3,000-foot trail on the 
aircraft ahead. At this time each pilot reports his 
fuel state. 

WARNING I 
Care should be taken to not depress the 
trigger in trail. 

When the last plane calls off, the leader instructs the 
tow aircraft to turn and proceed back down range. 
He should remain high and to the outside of the tow 
aircraft's turn. As the tow aircraft nears the new 
heading, he announces 90 degrees and 45 degrees to 
go. The leader calls "IN ON SPACER, SPACING 
LEFT (RIGHT), PERCHING RIGHT (LEFT)," and 
proceeds in the same manner as in the first spacer pass. 

j. On a badly sucked run, call "BREAKING OFF­
SUCKED" and remain high to allow aircraft behind 
to complete h is run. Adjust flight path enroute to the 
perch as necessary to adjust interval. 

k. The entire pattern should be flown droop ex­
tended. 

1. Prior to leaving the range, safety the gun as 
follows: 

Guns ready/safe switch 
Armament master switch 
Guns select switches 

SAFE 
OFF 
OFF 

The gyro pipper should be caged prior to landing. 

m. The flight leader must ensure an aircraft is 
assigned to escort the tow prior to leaving the range 
or until another flight has rendezvoused with the tow. 

Changed 15 June 1970 

LOW ALTITUDE (5,000 FEET) GUNNERY PATTERN 

The 5,000-foot gunnery pattern employs all the procedures 
outlined in the 20,000-foot pattern with the following ex­
ceptions: 

a. Tow speeds (using an F-8 tractor) can be either 180 
KIAS or 240 KIAS. Optimum shooting speed remains 
double the target tow speed. 

b. Pitch off the tow is not as steep (approximately 15 
degrees) and begins abeam the tractor. 

c. Perch altitude is I 0,000 feet with 7,500 feet for the 
reversal. 

d. Pattern orientation remains essentially the same as the 
20,000-foot pattern for either tow speed. Tracking runs 
appear slightly more acute. 

e. The 5 ,000-foot time circle check is identical to the 
20,000-foot check except that the desired time is 68 ( ±2) 
seconds with about 2.1 gat SO mils. 

COMMUNICATIONS 

a. Two-way radio communications is mandatory for 
entry into the gunnery pattern. In the event of radio 
failure in the pattern, rock wings passing the tow 
aircraft on the next fly-by. The tow aircraft then 
notifies the rest of the flight. Normal pattern geometry 
should be flown, joining on the perch side of the tow 
aircraft on the next run. Remain joined on the tow 
until given the "by-by" signals, then detach and join 
a flight member for escort to base. 

b. It is mandatory for each member of the flight 
to call "IN" and "OFF" on each run. In addition, if 
sight of the tow or aircraft ahead in the pattern is lost, 
immediately declare it, to enable other members of 
the flight to assist. 

Note 

Use of a survival mirror by the tow pilot will 
greatly assist the firing aircraft during poor 
visibility conditions. 

EMERGENCIES 

If any emergency is experienced at any time during 
the flight, advise the flight leader of the situation. If 
immediate return to base is necessary, a member of 
the flight should be detached as escort. With runaway 
guns or cycling generator, keep the aircraft pointed 
at the ground and turn the master armament switch 
"OFF," and guns ready/safe switch to "SAFE." Do not 
recharge guns after they have stopped. 
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HIGH ALTITUDE (30,000 FEET) GUNNERY PATTERN 

The high altitude gunnery pattern employs all the 
procedures outlined in the low altitude pattern with 
the following exceptions/additions: 

a. The afterburner must be used in the spacer pass 
to attain at least 1.15 IMN with the droops retracted. 

b. The pitch-off abeam the tow is identical with the 
exception that the droop must be lowered prior to 
decelerating through 1.0 IMN and buffet onset caused 
by the applied g. If desired speed is attained on the 
fly-by, the afterburner may be de-selected as the roll 
across the top of the tow is commenced. 

c. The turn toward the high reversal is continued 
for 90 to 100 degrees, placing the aircraft approxi­
mately 20 degrees aft of the tow's abeam position. This 
slightly sucked high reversal is required to allow 
time and distance to climb to the perch without be­
coming acute. The high reversal should be at 35,000 
to 36,000 feet. 

d. The perch is wider (2Yz to 3 miles) and at least 
8,000 feet above the tow. ( 10,000 feet is not uncom­
mon. ) The airspeed should be no less than 300 KIAS 
or 0.9 IMN. The perch should be slightly aft of the 
tow so that the turn off the perch w:ill not place the 
shooter any farther forward than abeam the tow air­
craft. Afterburner may be selected at any time to 
ensure a proper perch. 

e. The turn off the perch must be a very smooth 
and coordinated maneuver with angle of bank applied 
as necessary to complete the turn approximately abeam 
the tow aircraft. Afterburner, if not already selected, 
must be selected commencing the turn off the perch. 
The droops are retracted passing 0.98 IMN, and left 
retracted for the remainder of the run. 

f. The low reversal should be 7,000 to 9,000 feet 
abeam the banner, and 4,500 to 5,500 feet above. The 
airspeed out of the reversal should be a minimum of 
400 KIAS ( 1.1 IMN) . 

Note 

Positioning is much more critical and is diffi­
cult to achieve in the 30,000-foot pattern. 

The extended use of the afterburner causes a 
considerably higher fuel consumption rate 
and the possibility of exceeding engine max­
imum temperature limitations. 
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DART GUNNERY 

In the TDU-10A DART you will find a target which 
will sharpen your loose-deuce flying and one in which 
you can better judge your own abilities as a tactical 
gunfighter. The. DART ·is a honeycombed cardboard, 
aluminum-covered towed target with the advantages 
that it can be maneuvered, towed at highspeed at low 
drag, and is less expensive than the Aero 35D banner. 

You will probably find that the loose-deuce you have 
been fighting either keeps you at too great a range for 
an actual guns attack or that you have had inadequate 
tracking time. It will make you appreciate the extra 
effort involved in yo-yoing out of a guns firing position 
so that your wingman can fire. If you use the DART 
correctly, you should find that both your personal 
tactical gunnery improves and that you will be better 
able to coordinate a guns attack with your wingman. 

I WARNING I 
Due to the aerodynamic shape of the target 
and the flying harness attached, DO NOT 
attempt to fly directly over the DART. 

A four plane flight will break up into two sections. 
The second section will position themselves on a trail­
ing perch from which they can roll in on the target 
should the firing section lose sight of it. The tow pilot 
will be established in his turn (figure 1-81) before 
calling CLEARED TO FIRE and conversely will not 
roll out of his turn before calling CEASE FIRE and 
receiving a ROGER, CEASE FIRE from the shooting 
section. The shooter should use his judgment when 
to start his run after the 30-second warning has been 
given, so as not to arrive within range before the 
CLEARED TO FIRE and, also, so as not to be involved 
in a long tail chase with the target. He should keep 
in mind that he must yo-yo off his run in time to allow 
his wingman to complete his attack before the tractor 
calls CEASE FIRE. 

He should concentrate on a smooth tracking run, con­
trolling his rate of closure to maintain not less than 50 
knots above tow airspeed. The sight picture at firing 
range should be known to provide a backup for the 
radar. 



Basic DART Pattern 

Climbing Turn 
350- 220 KTS 

Cleared to 
Fire 

10 Seconds 
Warning 

Warning 

/ 
Cleared to ~ 

Fire --='.._ 
I 

I 
I 
\ 
\ 
\ 

' ' 
Descending Turn 
350 KTS 
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. ------------------· --- -----------.-- ·- ----- - ·--------- ----------- ------ -

Warning 

Cease 
Fire 

-------~- -- ___ ?; 

- A-4 Tow Aircraft 

F-8 Tac Lead 

F-8 Wingman 

_...Pattern Starts When Shooter 
is Set on a Perch 

,. - - 3,000 - 5,000 Feet Astern 
2,000 - 3,000 Feet High 

30 Seconds 

Base Altitude 
15,000- 20,000 Feet 

Mandatory Voice Calls 
1. 30 Seconds Warning 
2. 10 Seconds Warning 
3. Cleared to Fire 
4. Cease Fire 

=====--=-----------
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PART 1 -PLANNING 

TARGET PLANNING FACTORS 

ELEVATION 

The elevation of the target, above mean sea level, 
should be known so that planned release conditions 
can be accurately met. The higher the target above 
sea level, the greater the altitude loss will be during 
pullout. 

TERRAIN 

The terrain of the target and its surrounding area play 
an important part in planning an attack mission. The 
terrain may restrict the attack to specific beadings 
and/or maneuvers. It must be assumed that the enemy 
is aware of these restrictions and will defend the target 
area accordingly. When proceeding to and from the 
target, irregularities in terrain can be used to bide 
from the enemy radar and to remain outside the 
enemy SAM envelope. 

SEA TARGETS 

Generally, the most effective attack can be accomp­
lished by employing several aircraft, each making a 
high-speed, low-level approach from different direc­
tions. A pop-up maneuver to various glide angles fol­
lowed with a low turning recovery is recommended. 
Reattack, if required, should be made with an approach 
heading different from the initial attack. Coordination 
of attacking aircraft is mandatory and maximum use 
of the UHF is necessary. 

WEATHER 

When adverse weather exists, modification of tactics 
will be required. When maneuvering under an over­
cast, avoid flying close to the ceiling. The enemy will 
know the height of the overcast and set his defenses 
accordingly. Target entry and delivery tactics under 
an overcast may preclude the basic tactics described 
in Section II. The roll-ahead and the off-set entry 
maneuvers must be modified when operating below 
5,000 feet. Abrupt pop-ups, rapid roll rates and mini­
mum tracking time·are associated with these modified 
entries; however, basic recovery criteria cannot be 
compromised. 

DEFENSES 

Refer to . the F-8 Tactical Manual (SECRET) for 
information on enemy defense. 

WEAPON SELECTION 
Weapon selection is a function of many variables 
which include: aircraft operating limitations, aircraft 
configuration, launch and recovery limitations, aircraft 
carriage limitations, weapon and fuze availability, tar­
get characteristics, mission purpose, and range to target. 
For weapon employment and effectiveness data, refer to 
NWIP 20-1, Commander Seventh Fleet Air to Surface 
Weaponeering Handbook (COMSEVENTHFLT INST 
P03310 series) or the Joint Munitions Effectiveness 
Manual. 

EXTERNAL ARMAMENT LIMITATIONS 

I WARNING I 
Due to the complexity, construction and 
aerodynamic variation of the various stores, 
limitations for carriage and safe release have 
been determined and are included in this 
section. Only these stores may be carried or 
released to the limiting parameters shown. 
All releases were done with landing gear 
retracted and wing down. General lettered 
notes included must be applied to all releases, 
while specific notes are numbered and in­
cluded under remarks. 

In landing configuration, lateral control ef­
fectiveness is marginal in rolls away from a 
maximum asymmetrical load at normal ap­
proach speeds. As lAS is further decreased, 
lateral control deteriorates rapidly. It is rec­
ommended that all landing approach turns 
with asymmetrical loads be made banked 
away from the heavy side. If the aircraft 
should then be allowed to decelerate until 
loss of bank angle occurs, the aircraft will 
roll toward a wings level attitude. Both lat­
eral and directional control are marginal 
when landing in a crosswind in excess of 10 
knots from the direction opposite the asym­
metrical load. 

The external stores delivery system of the F-8 aircraft 
provides capability for delivery of a variety of bombs, 
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rockets, and missiles against air, sea, and surface tar­
gets. Figure 2-1 depicts the symbols for identifying 
the various carriage racks and station locations in 
determining stores limitations from figure 2-2. 

The armament system consists of cockpit controls, 2 
to 4 fuselage stations and 2 wing pylons capable of 
carrying multiple racks with associated circuitry. The 
armament controls are electrical and permit the pilot 
to arm and release the various stores singly or in Salvo. 
The optical sight on top of the pilot's instrument panel 
combines fixed pipper and lead computing functions. 

Note 

Many bombs and rockets have higher airspeed 
limitations than the fuzes most commonly 
used with them. Therefore, particular care 
must be taken to ensure that planned carriage 
and release airspeed are within the limits of 
both the bomb and the fuze. 

CARRIER OPERATING LIMITATIONS 

Carrier operations are not permitted at gross weights 
in excess of 30,000 pounds with asymmetrical external 
wing stores loadings. 

Nosewheel effectiveness is significantly re­
duced at gross weights in excess of 30,000 
pounds, or with an asymmetrical wing stores 
loading imbalance to starboard. Nosewheel 
steering is totally ineffective to the left with 
a 2,000-pound asymmetrical load on the star­
board wing. 

Catapult launches with an asymmetrical external wing 
loading imbalance in excess of 2,000 pounds are not 
permitted. 

Lateral stick force in addition to full lateral trim will 
be required for catapult launches and arrested landings 
with asymmetrical external wing stores loading ap­
proaching an imbalance of 2,000 pounds. 

Asymmetrical external wing stores loading imbalance 
should be such that the greater weight is to port. 

Arrested landings with external stores should be 
avoided wherever possible. However, if required, ar­
rested landings with nonexpendable/nonjettisonable 
stores, or under emergency conditions, may be con­
ducted within current gross weight limitations provid­
ing external wing stores loading per station and 
asymmetrical wing stores loading imbalance, if any, 
does not exceed 2,000 pounds. 

Barricade engagements are permitted. Jettison external 
stores if possible. Stores will not interfere with barri­
cade engagement but may tear loose and present a 

2-4 

hazard to flight deck personnel. Refer to applicable 
Aircraft Recovery Bulletins for recommended engag­
ing speeds. 

TOW TARGET LIMITATIONS 

For limitations and operating procedures refer to F-8 
NATOPS Flight Manuals, Section VIII, Tow Target 
Systems. 

AIRSPEED LIMITATIONS 

The maximum permissible indicated airspeeds in 
smooth or moderately turbulent air are as follows: 

With arresting hook, landing gear, speed brake, 
and wing leading edge droop retracted and 
wing down . . .. . . . . . . .. . . . . . . . . . As shown in figure 2-3 

Carrying AIM-9B missile with Mk 8 
Warhead .. .. . . .. . . .. .... . ..... . . ...... Refer to figure 2-5 

Note 

Refer to NA TOPS Flight Manual for addi­
tional limitations. 

POWER CONTROL HYDRAULIC SYSTEM 

With one power control hydraulic system inoperative, 
operation is restricted to the following limits: 

Maximum acceleration - (PC 1 out) 4.0g 
-(PC 2 out) same as "yaw 

stab inoperative" 
(figure 2-3) 

Note 

Refer to NATOPS Flight Manual for additional 
lirni ta tions. 

TRIM AND STABILIZATION SYSTEM 

In the clean condition, with only the roll stabilization 
system inoperative, restrictions are not changed from 
basic aircraft restrictions. With yaw stabilization and 
rudder-aileron interconnect systems inoperative, the 
following restriction applies: 

Maximum permissible load factors - See figure 2-3. 

Note 

Refer to NATOPS Flight Manual for addi­
tional limitations. 

MANEUVERS 

The following maneuvers are not permitted: 

Rolls: 

Without wing stores - Rolls in excess of 360-degree 
bank angle change. 

Changed 15 June 1970 
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External Stores Limitations Symbols~~~~~~~§§§~§~~~=-=:5>~ 
SYMBOLS 

AERO 7A-1 EJECTOR RACK 

A/A37B-1 MULTIPLE BOMB 
RACK 

A/A37B-5 TRIPLE EJECTOR 
RACK 

Fore 

Aft 

t 
(ER) 

~ I 
5 

(MBR) 

~ 
(TER) 

LAU-7/A ROCKET LAUNCHER OR 
AERO 3A ROCKET LAUNCHER WITH: 

A/A37B-6 MULTIPLE EJECTOR 
RACK 

Fore~2 6 

Aft 3 5 
I 

(MER) 

A/A37B-3 PRACTICE MULTIPLE 2 · Fore=& 

BOMB RACK 
Aft 3 4 

1 
(PMBR) 

SINGLE PYLON Left~Right 

DUAL PYLON 
Upper~ Upper 

Lower~ Lower 
Left R lght 

AZ-260-03-69 

figure 2-r 

With wing stores- Full aileron rolls in excess of 180-
degree bank angle change. 

Clean condition stops aileron rolls in excess of 360-
degree bank angle change. 

Intentional Spins 

ACCELERATION LIMITS 

The maximum accelerations permitted for symmetrical 
and asymmetrical fiight in smooth air or light turbu­
lence are shown in figures 2-3 and 2-4. When fiying 

:in conditions of moderate turbulence, it is essential 
that accelerations from deliberate maneuvers be re· 
duced 2.0g below that shown in figure 2-4. This is to 

m1mm1ze the possibility of overstressing the aircraft 
as a result of the combined effects of gust and ma­
neuvering loads. 

The maximum negative acceleration for symmetrical 
fiight is -2.4g up to 725 KIAS and Og for 725 KIAS 
for aircraft without wing stores. With wing stores the 
maximum negative acceleration for symmetrical fiight 
is -2.0g. 

PYLONS, RACKS AND WEAPONS COMPATIBILITY 

Pylons, racks and weapons compatibility is illustrated 
in figure 2-6. 
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Destructor 
MK 36 

:f ::: 
=f ~ 

( 

(FB A" if) - lrcra t 
MAXIMUM KIAS OR IMN ACCELERATION "g" 
WHICHEVER IS LESS 

w w z w w z 
" ::.:: "' 5! " ::.:: "' 5! -c u -c -c u "" iiC z w ..... iiC z w ~ 
Ill: :::1 .... ..... Ill: :::1 .... ..... -c "" w w "" "" w w 
u .... Ill: .., u .... Ill: .., 

o.o +0.5 +O.S 
47S/ 47S/ 47S/ 
0.9S 0.8S 0.8S To To To 

+4.5 +4.S +4.S 

47S/ 47S/ 0.0 +0.5 +1.0 
0.9S 0.85 

NoteS To To 
+4.5 +4.5 NoteS 

0.0 +1.0 
47S/ 47S/ NoteS To To NoteS 
0.9S o.ss. +4.5 +4.5 

0.0 +0.5 +1.0 47S/ 47S/ 
0.9S 0.8S 

Note 5 To To 
+4.5 +4.5 Note 5 

Unnot. +0.5 
620/ 550/0.95 SOO/ +0.5 

1.5 Ret. 0.9S 
LBA To To 

500/0.~ 
+4.5 +4.5 

5SO/ 
Unrel. +0.5 +1.0 

0.9S 
550/o:~ NoteS LBA To 

Ret. +4.5 NoteS 
500/0.~ 

500/ soot -1.0 +1.0 +1.0 

0.9S 0.9S 
NoteS To To 

+5.0 +4;.5 NoteS 

500/ 500/ -1.0 +0.5 +1.0 

0.95 0.9S NoteS To To 
+5.0 +4.5 Note 5 

Figure 2-2 lCJ (Sheet 3J 

( 

MAX . 
DIVE 
FOR 

REMARKS/ LIMITATIONS 

DEL 

Unrol. ~otel. 
70° 

Rot. 
\"'ust be conlipred Ia. SOO-pouncl bomba (9S-inch 

suspe sion). 
40° For~ 'tease from 

R-- note 4. 
U~trel. Sing!~ relea.oe mly in relanled mode. 

700 See ole 7 lor Snakeyo Fin. 
Ret. 
400 jli 

.AI• .,.-1 L-1- if.li!i[ml 
400 

When utilizins retarded MK 82 Snakeye bombs, ""' the 
minimum 10le- lltitudel opecilied lm unnolanled 

U""'l. K 82 Sn.lkeyea. This wiU eDIUre ule eiCape in the 

700 ent ol Snakeye lin I.Wro. Not applicable to the 

Rei. -
proved retuded fm, MK 15 Mod 3. 

400 

Unnl. ~.-·-700 MBR - aee note 4. 
Ret. 
40° 

~";" ~- ~- .. ·--u...,t. 100te 7 lor Snueyo Fin. 
70° .s "i ~ #/"Jf. :J..J-

Ret. 
400 '-

if.!iliielli 
When u tilizin1 retarded MK 82 Snakeyo bombs, uoe the 
minimum releuo lltitudeo opecirled IO< 1111relarded MK 82 -~-~ "''""'~--~-·~-· nakeye fm lailuJO. Not ... lic:oble to the improved 

40° retarded fua, MK 15 Mod 3. 

This cauOO. Is not opplieable to MK 36 Dollnlctor. 

Unnl. ~ 1l ~ J.ro Til "..L.1_. 
700 
Rot. 
40° 
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External Stores Limitations (F -8 Aircraft) 
Ill: STATION LOADING AND SUSPENSION MAXIMUM KIAS OR IMN ACCELERATION "Q" w WHICHEVER IS LESS 
ID ~b-
:I 

~rJ!f,~ 
~ w w :::l w :z: w :z: 

:z: "' :z: "' ~ "' :z: "' 0 
w ~ u ~ ~ 

~ ~ "' :z: ii :z: w 1- Ill: w i= 
::i Ill: :::l ..J 1- Ill: :::l ..J 1-

STORE L LF RF R ~ ~ w w ~ ~ w w u ..J Ill: .... u ..J Ill: .... 

i i 550/ 550/ 550/ 
+0.5 +0.5 

1 LBA To To 
1.5 0,95 0.95 +4.5 +4.5 

-
MK 83 ... 11' 550/ 550/ 

+0.5 +1.0 

2 (;onical Fin 1.5 0.95 Note 5 LBA To 
+4.5 Nolo S 

-

~ i. 500/ 500/ 
0.5 +1.0 

3 Nolo 5 LBA To 
1.5 0.95 +4.5 Nolo 5 

-
4 

i i 475/ 
0.0 +0.5 +0.5 

5 475/ 475/ To To To 
0.95 0.85 0.8S +4.5 +4.5 +4.5 

- MK 83 
Conical 0.0 +0.5 +1.0 

6 Fin ... jW 475/ 475/ 
Note 5 To To 

With M-1 0.95 0.85 +4.5 +4.5 Nolo 5 
Bomb Fuze - Extension 

~ l. 
0.0 +0.5 +1.0 

1 475/ 47S/ NoteS To To 
0.95 0.85 +4.5 +4.5 NoteS 

-
I 

MK 84 

~ i SSO/ SSO/ 550/ 
+0.5 +0.5 

9 Conical 1.5 0.95 0.95 
LBA To To 

Fin +4.5 +4.5 

-
10 

.._ 

11 

~ 

12 

figure 2-2 (Sheet 4) 

MAX. 
DIVE 
FOR 
DEL 

7rl' 

7rl' 

7rf' 

7rl' 

7rf' 

70° 

7rf' 

( ( 

REMARKS/ LIMIT AT IONS 

See nolo 3. 
Siaslo rdo- only, 
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External Stores Limitations (F-8 Aircraft)~~~~~~~~~~~~~~§ 
Ill: STATION LOADING AND SUSPENSION MAXIMUM KIAS OR IMN ACCELERATION "g" ... WHICHEVER IS LESS 
till ~ ~ MAX . 
::IE 

~iilff)~ 
... ... DIVE ::I ... z: ... z: REMARKS/ LIMIT AT IONS z: "' :z: "' ~ "' :z: 

"' 0 FOR <( u <( ~ u <( "' ... ii z: ... Ill: z: ... j: DEL ~ .... 
Ill: ::I ...1 .... Ill: ::I ...1 .... 

...1 STORE L LF RF R <( <( ... ... <( <( ... ... 
u ...1 Ill: .... u ...1 Ill: .... 

MJC 84 

1 1 0.0 +11.5 +11.5 See note 3. 
1 Conical 475/ 475/ 475/ To To T<> 700 

Fin With 0.95 0.85 0.85 
M-1 Fuze 

+4.5 +4.5 +4.5 

- Extension 

2 

-
3 

1 1 610/ 550/ 550/ 
+11.5 +0.5 For teleue rrOIII 

4 LBA :ro To 700 MIIR - - note 4. 
MJC 86 1.5 0.95 0.95 

+4.5 +4.5 

- MJC 87 Set MER/TER ror IUCf NORMAL <•Jie> oroly. Set 
Conical pylon SINGLE or DUAL 
Fin f t 550/ 550/ 

+1.0 +1.0 
5 Note5 LBA To 400 

1.5 0.95 +4.5 Note 5 

-
~ ""i" 550/ 

+0.7 
I 500 Note 5 LBA T.D Note 5 45° 

1.1 +4.5 

-

!f l= 550/ 
+0.7 

7 500 Note 5 LBA To Nolll 5 45° 1.1 +4.5 

i i 500/ 52$/ 52$/ 
+D.5 +0.5 Arrelled IIDdbop peanittod wilh only one otore 

I LBA or or 700 on TER. 
M117Al 0.95 0.95 0.95 Greater Greater Curiap opoedo bo eueu ol 500 KIAS IROJ c .. oe 
with conical lio railure. - Ml31AI Reotrict fat o....,bly MiliA I to one n;pt only. 

9 Conical Fin 
~ ""i" 500/ 5lS/ 

+0.5 + 1.0 
Note 5 LBA or 700 0.95 0.95 Greolor Nolll 5 

-
10 f f 500/ 515/ 

+0.5 + 1.0 
NOCe5 LBA or 700 

0.95 0.95 Greotor Nolll 5 

-
11 

-
12 

A Z -1 3 7(6) 04- 70 
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~ External Stores Limitations (F-8 Aircraft)~~~~~~~~~~~~~~~~~~-=~ 
::I 

~ c. ... 
U1 
f-o 
e 
::I 
CD 

n 
0 z 
::!! 
c 
m z 
-4 
j; ... 

co: 
w 
liD 
:::( 
::I z 
w 
z 
:::i 

1 

-
2 

-
3 

-
4 

5 

-
6 

-
7 

----1 

I 

-
9 

10 

r---

11 

r---
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STORE 

MK 88 
Conical Fin 

MK 77 
Mod 2 
and 4 

MK 79 
Mod I 

STATION LOADING AND SUSPENSION 

~ ~ 

=?rJ!t)'-, 
L LF RF R 

i i 
~ 'i" 

~ i. 

i i 

• • 
f I 

i i 

MAXIMUM KIAS OR IMN ACCELERATION "g" 
WHICHEVER IS LESS MAX 

w DIVE w z w w z REMARKS/ LIMITATIONS .., 
:z: "' 0 

.., :z: 
"' 0 FOR <( u <( "' <( u <( "' co: z w 1- co: z w i= DEL co: ::I ...1 1- co: •::I ...1 1-

<( <( w w <( <( w w u ...1 co: ..... u ...1 co: ..... 

550/ 550/ 550/ 
+0.5 +0.5 Set MER/TER lor RKT NORMAL (rinpo) ooly. Set 

1.5 0.95 0-95 LBA To To 700 pylon lor SINGLE or DUAL. 
+4.5 +4.5 

550/ 
+0.7 

1.1 500 Note 5 LBA To NoteS 45° 
+4.5 

550/ 
+0.7 

500 Note 5 LBA To Note 5 45° I. I +4.5 

475/ 450/ 
+O.S +0.5 AD r...,bom ._ not upended must be 

450 LBA To To 45° 0.90 0.80 +2.5 +2.5 jetti11011ed prior to anated luulinp and 
is recommended prior to ohore-bued landins. 

+ 1.0 + 1.0 
475/ 450/ Note 5 LBA To 45° 0.90 0.80 +2.5 Note 5 

475/ 450/ 
+ 1.0 + 1.0 

Note 5 LBA To 45° 0.90 0.80 +2.5 Note 5 

475/ 450/ 450/ 
+O.S +O.S AU r...,bom .. oot expended muat be jottiooeed 

LBA To To 400 
0.90 0.80 0.80 +2.5 +2.5 prior to arrated 1andiop Md is RCOmmended 

prior to tllore-bued IMdin .. 

AZ-137 (7) -04- 70 
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External Stores Limitations (F-8 Aircraft)~~~~~~~~~~~~~~§~~::~~ fr. 
-· 0 

to: STATION LOADING AND SUSPENSION 
w 
oa 

~t ::( 

~(~ ~~= ~ 
% 
w 
z 
..J STORE L LF RF R 

MK 76 :t: :t: 1 Mod 4 
and S 

-
2 

-
3 

4 
C8U-24/8 i i C8U-24/8 (MOD) 
C8U-24A/8 - C8U-24C/8 
C8U-29A/8 

5 C8U-29/8 .. .. C8U-29/8 (MOD) 

- C8U-49/8 
C8U-49/8 (MOD) 

6 
C8U-49A/8 ;,. ~ C8U-49C/8 

-
7 

-
I 

9 
MK 24 :t }: Mod 2A 
Mod 3 

- Mod 4 

10 MK 45 .. .,. 
Mod 0 

-
11 .t J. 
-
12 

( ( 

MAXIMUM KIAS OR IMN ACCELERATION "g" 
WHICHEVER IS LESS 

w w w z w z 
" :1: "' ~ " :1: "' 0 
~ u < ~ u < "' to: z w 1- to: z w ;:::: 
to: ~ ..J 1- to: ~ ..J 1-< < w w < < w w u ..J to: ..... u ..J to: ..... 

550/ 
Not +G.5 Not 

LBA Recom· LBA To Recqn~ 
0.95 mended ..... 5 mondocl 

530/ 550/ 550/ 
+i).5 +0.5 

1.0 1.0 1.0 
or or 

Gloater Greater 
-0.5 
To 
+5.0 

530/ 550/ Symmetrical +G.5 
Note 5 0.0 or Note 5 

1.0 1.0 Greater To 
+3.2 

Asymmetrical 

500/ 500/ Note 5 
+G.5 

Note 5 
1.0 1.0 or 

Gteater 

400/ 400/ Note 5 LBA +1.0 Note 5 
0.80 0.80 

525/ 525/ Nore5 LBA +1.0 Note 5 
D.90 0.90 

525/ 525/ Note 5 LBA +1.0 Note 5 
0.90 0.90 

figure 2-2 (C) (Sheet 7) 

( 

MAX. 
DIVE 
FOR 
DEL 

7r:f' 

60° 

60° 

60° 

Level 

Level 

Len I 

REMARKS/ LIMITATIONS 

See note 2. MER(TER may be substitutod for PMBR. 

Arrested landings prohibited. 

Catapult ohoto prohibited for CBU·24A/ B, ·29A/B Uld 
CBU-49A/B. 

Minimum airspeed for meuo ia 350 KIAS. Compliance 
with Interim Annament Bulletin No. 347 or 494 is 
mandatory. 
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. ~ External Stores Limitations (F-8 Aircraft)~~~~~~~~~~~~~~§~~=-==---.::.~ 
~ a. ... 
(J'I 

c.. 
c 
:::J 
CD ... 
(I) ..... 
0 

n 
0 z 
::!! 
c 
m z 
-1 
;; ,.. 

't -w 

Ill: 
w 
011 
::1 
;:, 
z 
w 
~ 
..J 

1 

-
2 

-

3 

4 

I--

5 

I--

6 

I--

7 

I--

I 

9 

,___ 

10 

1--

11 

1--

12 

STATION LOADING AND SUSPENSION 

-?r1!tl~ 
STORE L · LF RF R 

MK 89 .i. .i. Mod 0 
llldl 

! 1 
MK 20 
Mod 2 ~ ~ (Rockeye II) 

:: ~ 

AER07D ! 1 IA~lA/A 
IA~60/A 
IA~61/A 
IA~69/A 

~ ~ 

MAXIMUM KIAS OR IMN ACCELERATION "g" 
WHICHEVER IS LESS MAX . 

w DIVE w z w w z REMARKS/ LIMITATIONS C) :z: "' ~ 
C) :z: 

"' 0 FOR < u < !! u < "' . 
iii: z w i= Ill: z w i= DEL 
Ill: ;:, ..J .... Ill: ;:, ..J .... 
< < w w < < w w 
u ..J Ill: .... u ..J Ill: .... 

500/ 
Not -+0.5 Not See note 2. MER(fER may be substituted ror PMBRs. 

LBA 0.95 
beam- LBA To Reccm· 711' (Requirea "'" or 71125·1 adapter. 
mended +4.5 mended 

550/ 475/ 
+0.5 Tail rms must be positively armed. 

Note 5 LBA To NoteS 611' 
0.95 0.90 +4.5 

-+0.5 
550/ 475/ Note 5 LBA To Note 5 60° 
0.95 0.90 +4.5 

550/ 475/ 
+0.5 

Note 5 LBA To Note 5 600 
0.95 0.90 +4.5 

620/ 500/ JOO. -+0.5 No 
See nota 6, 8 and 9. 

400/ LBA To +1.0 Jettison empty or ru':J.oda. 
1.5 0.95 0.95 +4.5 Umit For Aero 7D, LAIJ.l A UMI LAU-60/A, 

-note 10. 

530/ 
)()(). +0.5 +1.0 

500/ No 
1.5 0.95 400/ LBA To 

Uno it 0-95 +4.5 Note 5 

AZ-137(9)-04-70 

Figure 2-2 (CJ (Sheet 8J 
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External Stores Limitations (F-8 Aircraft)§§§§§§§§§§§§§§§§§§§~§§~§§§§§§§§~~:=~~ 
Dl: STATION LOADING AND SUSPENSION MAXIMUM KIAS OR IMN ACCELERATION "g" w WHICHEVER IS LESS a:l MAX . 
~ 

=7--ri!!t)~ 
w w DIVE ::I = w z w z REMARKS/ LIMITATIONS z C) :1: "' 5I C) :1: "' 0 FOR w ~ u <( ~ u <( "' z Dl: z w i= Dl: z w i= DEL 

::J Dl: ::I ..J ..... Dl: ::I ..J ..... 
STORE L LF RF R 

<( <( w w <( <( w w u ..J Dl: ..... u ..J Dl: ..... 

i i 550/ 
300- +0.5 

No 
See notes 6, 8 and 9. 

1 550 400/ LBA To +1 .0 JettiM>n for fuU or empty pods. 
0.95 0.95 +4.5 Limit 

~ 
LAU-IOA 
LAU-IOA/A 

300- +0.5 +1.0 
2 4li" 7' 550 

550/ 
400/ LBA 

No 
0.95 To Limit 0.95 +4.5 Note 5 

1--

3 
~ 

4 

5 AERO 6A i i 550/ 500/ 
200- +0.5 

No 
See nota 6, 8 lftd 9. 

500/ LBA To +1.0 Jotl~ ror fuU or ompty poda. 
6A-1, 6A-2 0.95 0.95 0.90 +4.5 Limit Fcx Aero 6A, 6A·I, 6A-2, LAU-32A/A, 

f-- LAU-32A/A and LAU-56/A, soo •oto 10. 
LAU-328/A 
LAU-56/A 550/ 500/ 

200- +0.5 
+1.0 No 6 LAU-68/A 4li" 7' 0.95 0.95 

500/ LBA To Limit 
0.90 +4.5 Note 5 

1--

7 

1--

I 

550/ Cannot +0.5 Cunot No Do not fire ab0¥o 50,000 feet. 
9 ... ~ LBA Bo LBA To Bo Fcx aircraft without AFC 480, 

0.95 Jettiaonod +4.5 Jetliloned 
Limit when above 15,000 reet, plx:e 

f-- LAU-33A/A continuous enJiae ipitioll twitch on (or 
LAU-35A/A manuaUy deprosa tho ipite microswitdt) 

:-~ 550/ 
Cannot +0.5 Cannot No at leut 10 seconds prior to lirina to 

10 LBA 0.95 Bo LBA To Be Limit prevent pOISible enJiae flameout. 
letliaoned +4.5 Jettisoned 

1--

11 

f--

12 

AZ-117(10)-0J-H 

Figure 2-2 (Sheet 9) 
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~ External Stores Limitations (F-8 Aircraft) 
:I 

~ 
Q. ... 
U1 
c.. 
r:: 
:I 
CD 

n 
0 z 
:!! 
c 
m z .... 
)> 
~ 

'i" ... 
Ul 

Ill: 
w = :I 
:;:) 

z 
w z 
:::i STORE 

1 
AIM-98 

t-- -9C and -90 

2 

t--

3 

I--

4 

I--

5 

6 LAU-24A 

I--

7 

I--

8 

9 LAU-37A 

r-
10 

-
11 

f--

12 

STATION LOADING AND SUSPENSION 

~ ~-

~~11l!t\~ 
= 

L LF RF R 

AIM-90 ou~orized !:1::. pylons ~d LAU· 
7A or LAU·7A-l launchen only when wedp 
delined by NWC China Lake Sketch No. 669996 
(Title: Wedp) are utilized. This restriction does 
notopply when LAU-7A-l or LAU-7A-3 launchen 
are uaed. 

~ ~ 

• • 

• .. 

MAXIMUM KIAS OR IMN ACCELERATION "g" 
WHICHEVER IS LESS 

w w z w w z u :z: "' 5I u :z: "' 0 oo( u oo( ~ u oo( "' a;: j::: z w j::: z w Ill: 
Ill: :;:) .... 1- Ill: :;:) .... 1-
oo( oo( w w oo( oo( w w u .... Ill: ..., u .... Ill: ..., 

Same Same 
LBA LBA .. LBA LBA .. 

Launch Launch 

Same Same 
LBA LBA •• LBA LBA .. 

Launch launch 

Cannot Canoot 
Be Be 

Jelldoned Jettdoned 

Cannot Cannot 
Be Be 

Jettooned Jettiooned 

Figure 2-2 (CJ (Sheet J OJ 

MAX. 
DIVE 
FOR 
DEL 

No 
Limit 

No 
limit 

( ( 

REMARKS/ LIMITATIONS 

Do not fire above 65,000 feet. 
Use milirary rated thrust for firing 60,000 feet. 
The minimum airspeed for firing above SO,OOO feet is 180 KIAS. 
For aircraft without AFC 480, when firin1 above SS,OOO feet, 
piKe the continuous ignition switch on (or manually depreSI 
the i&nite mici'OI!iwitch) at least I 0 seconds bel OR firina 
to plfttnt possible e.ngine flamout. 
firin1 of AIM-9C and -90 missiles from upper riJhl dual pylon 
station only iJ pennitted for operational necessity because of 
excessive paint erosion. 
AERO JA IIUneher carries only AIM-9B. 

Uxd for c.uriqe ol AQM-37 A missile Wlet. Refer to 
Supplemental, NATOPS Flipt Manull. N YAIR 01-90HH-I 
for operation and limitations. 

Uoed for carri"e ond tow of TOU-22/B and TOU-22A/ B 
tarpta. Refer to Section VIII of F-8 NATOPS FUJhl 
Manual for operation and limitationa. 
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External Stores Limitations (F-8 Aircraft) 
01! STATION LOADING AND SUSPENSION MAXIMUM KIAS OR IMN ACCELERATION "g" w WHICHEVER IS LESS 
Ill 
::I 

~(J!~\~~ w w :l w :z: w :z: '"' :J: "' 0 '"' :J: "' ~ u ~ "' ~ u ~ w ii :z: w i= :z: w 
~ 01! 

01! :l ...1 ..... 01! :l ...1 
...1 STORE L LF RF R ~ ~ w w ~ ~ w 

u ...1 01! ..... u ...1 01! 

1 

r--

2 

r--

3 

r---

4 

r---

5 

r---

6 

r---

7 

-
8 

-
9 

-
10 

-
11 

-
12 

Figure 2-2 (Sheet 11 J 
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MAX . 
:z: DIVE 
0 
"' 

FOR 
i= DEL 
..... 
w ..... 

REMARKS/ LIMITATIONS 
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External Stores Limitations (F-8 Aircraft) ~~~~~~~~~~~~~~~~~)L:"""'; ==--..,~ 

GENERAL 

A. 

B. 

C. 

D. 

E. 

When carrying stores in combination, the more 
restrictive limits apply. 

Limits of Basic Aircraft (LBA) are given in 
figures 2- 3 and 2-4. Where an airspeed , Mach 
number or acceleration is not given, LBA is the 
restrictive limit for that parameter. 

Single (rocket normal) or salvo (auto ripple) 
release modes may be utilized when releasing 
stores from the MER/TER except when noted 
in remarks. Dual release from left and right 
wing stations is permitted in single or salvo 
mode, unless otherwise noted. 

Speeds and accelerations listed in the LAUNCH 
or RELEASE columns are applicable to firing 
or release of store from its suspension equipment. 

Ordnance shall be jettisoned above the minimum 
fragmentation clearance altitude, even though 
jettison safe is selected. 

F. Mixed loads of different stores are not permitted 
on the same rack. 

G. Refer to NAYAIR-II-5A-17 (OP 2216) , Part., 
Second Revision. Increment I for fuze limitations. 

H. No jettison or release testing has been don e with 
wing up/gear down. Jettisoning with aircraft thus 
configured appears safe but is not recommended 
except in emergency. 

MU·1i{W 

I. 

J. 

The aircraft may undergo a moderate lateral 
oscillation during weapons release if same number 
of weapons does not release from each side. 

Unless otherwise noted. different stores may be 
loaded on different A/C stations. provided 
asymmetric limitations are not exceeded. 

K. Tests were not conducted to determine minimum 
release speed, but slower airspeeds appear to effect 
safer separation, and are valid throughout tactical 
delivery envelope. 

L. Separation characteristics are approximately the 
same with droop up or down at tactical delivery 
airspeeds. 

M. All stores are cleared for catapult and arrested 
landings unless otherwise noted. 

N. 

P. 

The F-gL has provisions for installing ventral fins 
and a wing stores system. The flight characteristics 
and flight limitations necessary to operate with 
these features have not been published. Wing 
stores shall not be carried nor ventral fins installed 
without specific authority from Naval Air Systems 
Command. 

The F-811. F-8J. and F-8K aircraft are authorized 
to carry all of the external stores listed in this 
figure. The F-8A and F-8L are authorized to 
carry only the external stores which operate from 
single fuselage pylons. 

AZ 137( 1 J) · 04~ .co 
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External Stores Limitations (F-8 Aircraft)~~~~~~~~~~~~~~~~;~==~~ 

( 

SPECIFIC 

I. MK 81 bombs with 18-inch extensions can be 
loaded in tandem on MER or MBR. MK 81 
bombs may be loaded aft with 18-inch exten­
sions and fotward with 36-inch extensions on 
MER/MBR. 

2. If the TER or PMBR inboard stations are loaded 
and dual fuselage pylons are installed, the lower 
missile launcher must not be installed. 

3. 

4. 

5. 

Limitations shown are for bombs employing 18-
or 36-inch bomb fuze extensions. The M-1 bomb 
fuze extensions are not authorized for carrier 
based operations or field arrested landings. 

Only the single release mode on the MBR is 
authorized. 

Jettison loaded or unloaded multiple racks in 
plus 1.0g level flight with the following maxi­
mum airspeed restrictions: 

a. MER/MBR loaded with equal number of 
stores fore and aft, each store weighing 250 
pounds or more - 400 KIAS. 

b. TER loaded with any number of stores, ex­
cept rocket pod(s), each store weighing 250 
pounds or more - 400 KIAS. 

c. All other MER/TER/MBR loading conditions 
and all PMBR loading conditions - 250 KIAS. 

( 

d. If an emergency prevents compliance with the 
above restrictions, jettison should be performed 
at slowest practicable airspeed. 

e. Tests have not been conducted to determine 
minimum jettison speed, but it appears that 
airspeeds slower than the maximum release 
speed shown are safer from a separation stand­
point. 

6. Jettison speeds and accelerations listed in jettison­
ing columns are for select jettison of rocket pack 
from TER. Note 5 applies if jettisoning the TER 
and rocket pack together. 

7. Compliance with AAB 357 and 358 is mandatory 
prior to carriage of this store. 

8. Nose fairings may fail at speeds greater than 450 
KIAS resulting in increased drag and fuel consump­
tion. 

9. 

10. 

Rocket launcher arrestment restrictions promul­
gated by IAAB 394 (current revision) must be 
complied with. 

Jettison launcher when carrying live or inert 
warheads whether or not a firing attempt has 
been made when a carrier or field arrestment 
is anticipated. 

l'on ..LL.- .1.s A'l>pl.> .1K h!'4:1~ 0 ' /Jf/I~H~ 
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NAVAIR 01-4SHHA-1T 

Flight Operating Limitations 
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F-80 and H -AIRPLANE WITHOUT WING STORES, 
WITH OR WITHOUT FUSELAGE 
STORES (See Notes 3 and 4) 

200 300 400 500 600 700 

INDICATED AIRSPEED- KNOTS 

1. Refer to figure 2-4 (sheet 1) for effect of gross weight on 
acceleration limits from sea level to 25,000 feet. 

2. Refer to Section IV, NATOPS Flight Manual, for effects of 
yaw stabilization failure on night characteristics. 

3. Refer to figure 2-5 for additional limitations when carrying 
AIM-9B missile with MK-8 warhead. 

4. F-8H may be configured with wing pylons and unloaded Aero 
7 A-1 bomb racks. 

figure 2-3 (Sheet 1 J 
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NAVAIR 01-45HHA-1T 

Flight Operating Limitations~~~~~~~~~~~~~---~ 

1-
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F-8E and J- AIRPLANE WITHOUT WING STORES, 
WITH OR WITHOUT FUSELAGE STORES 
(See Notes 3 and 4) 

200 300 400 500 600 700 

INDICATED AIRSPEED- KNOTS 

1. Refer to figure 2-4 (sheet 1) for effect of gross weight on 
acceleration limits from sea level to 25,000 feet. 

800 

2. Refer to Section IV, NATOPS Flight Manual, for effects of 
yaw stabilization failure on flight characteristics. 

3. Refer to figure 2-5 for additional limitations when carrying 
AIM-9B missile with MK-8 warhead. 

4. Airplane may be configured with wing pylons and unloaded 
Aero 7A-1 bomb racks. 

Figure 2-3 (Sheet 2} 
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Flight Operating Limitations~~~~~~~~~~~~~0-~~ 

F-BE - AIRPLANE WITH WING STORES 
WITH OR WITHOUT FUSELAGE STORES 
(See Notes 1 and 2) 

PERMISSIBLE 
ACCELERATION 

g UNITS - 5,500 LB 
FUEL REMAINING 

(See Note 3) 

I • • 2.0 

INDICATED AIRSPEED- KNOTS 
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1. These limitations are applicable to all combinations of wing armament unless 
additional limitations are imposed in figures 2-2 and 2-5. 

2. Restrictions of Figure 2-3 (Sheet. 2) apply with wing pylons and unloaded 
Aero 7A-1 bomb racks installed. Rocket launchers and multiple bomb racks 
are considered to be wing stores. 

3. Refer to figure 2-4 (sheet 3) for effect of fuel remaining (gross weight) on 
acceleration limits. 
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4. Refer to Section IV, NATOPS Flight Manual, for effects of yaw stabilization 
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F-8H - AIRPLANE WITH WING STORES, 

10 

WITH OR WITHOUT FUSELAGE STORES 
(See notes 1 and 2) 

200 300 400 500 600 

I~DICATED AIRSPEED - K~OTS 

IU·SI{W 

700 

1. These limitations are applicable to all combinations of wing 
armament unless additional limitations are imposed in figures 
2-2 and 2-5. 

2. Restrictions of figure 2-3 (Sheet 1) apply for aircraft con­
figured with wing pylons and unloaded Aero 7 A-1 bomb racks. 
Rocket launchers and multiple bomb racks are considered to 
be wing stores. 

3. Refer to figure 2-4 (Sheet 4) for effect of fuel remaining (gross 
weight) on acceleration limits. 

4. Refer to Section IV, NATOPS Flight Manual, for effects of yaw 
stabilization failure. 

Figure 2-3 (Sheet 4J 
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F-8J - AIRPLANE WITH WING STORES 
WITH OR WITHOUT FUSELAGE STORES 
(See Notes 1 and 2) 

PERMISSIBLE 
ACCELERATION 

g UNITS - 3,700 L B 
FUEL REMAINING 

(See Note 3) 
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1. These limitations are applicable to all combinations of wing armament unless 
additional limitations are imposed in figures 2-2 and 2-5. 

2. Restrictions of Figul'e 2-3 (Sheet 2) apply with wing pylons and unloaded 
Aero 7 A-1 bomb racks installed. Rocket launchers and multiple bomb racks 
are considered to be wing stores. 

3. Refer to figure 2-4 (sheet 4A ) for effect of fuel remaining (gross weight) on 
acceleration limits. 

4. Refer to Section IV, NATOPS Flight Manual, for effects of yaw stabilization 
failure . 
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F-BC - ORIGINAL AIRSPEED SYSTEM (BEFORE ASC 335) 
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BASIC AIRPLANE, TWO OR FOUR SIDEWINDER 
CONFIGURATION, TWO OR FOUR ZUNI PACK 

200 300 400 500 600 

INDICATED AIRSPEED- KNOTS 

1. Refer to Figure 2-4 (sheet 5) for effect of gross weight 
on acceleration limits from sea level to 30,000 feet. 

2. Refer to section IV, NATOPS Flight Manual, for effects 
of yaw-stabilization failure on flight characteristics. 

3. Refer to Figure 2-5 for airspeed limitations when carrying 
Sidewinder AIM-98 missile with MK-8 warhead. 

Figure 2-3 (Sheet 6J 
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F-8C (AFTER ASC 335) I ALL F-8K 
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BASIC AIRPLANE, TWO OR FOUR SIDEWINDER 
CONFIGURATION, TWO OR FOUR ZUNI PACKS 

MAXIMUM 
ACCELERATION 

G UNITS ISEE NOTE 1 I 
24,000 LB 

UP TO ABOVE 
1.8 IMN 1.8 IMN 

ro ro 
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200 400 500 600 700 

INDICATED AIRSPEED- KNOTS 

•u·>it• 
1. Refer to Figure 2-4(sheet 5) for effec t of gross weight on 

acceleration limits from sea l evel to 30,000 feet. 

2. Refer to section IV, NATOPS Flight Manual, for effec ts 
of yaw-stabilization failure on fli ght charac teristic s . 

3. Refer to Figure 2-5for airspeed limitation s when carrying 
Sidewinder AIM-9B mi s sile with MK 8 warhead. 
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F-8C (AFTER ASC 335), ALL F-8K - WITH 
WING STORES; WITH OR WITHOUT FUSELAGE 
STORES (SEE NOTES 1, 2, AND 5) 

100 300 400 500 

INDICATED AIRSPEED - KNOTS 

1. These limitations are applicable to all co:n­
binations of wing armament unless additional 
limitations are imposed in Figure 2-2 and 2-5. 

2. Basic aircraft restrictions apply with wing 
pylons and Aero 7 A-1 bomb racks installed. 
Rocket launchers or packs and multiple bomb 
racks are considered to be wing stores. 

600 700 

PERMISSIBLE 
ACCELERATION­

g UNITS - 4,200 LB 
FUEL REMAINING 

(See Note 3) 

3. Refer to Figure 2-4(sheet 6) for effect of fuel 
remaining (gross weight) on acceleration 
limits. 

4. Refer to section IV, NATOPS Flight Manual 
for effects of yaw-stabilization failure. 

5. Use figure 11-1 NATOPS Flight Manual to 
determine the corresponding flight operating 
limitations for airplanes with the original 
airspeed system (before ASC 335). 
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F-8L WITH OR WITHOUT FUSELAGE STORES ACCELERATION 

g UNITS 
GROSS WEIGHT 

24,000 LB 
(NOTE 1) 
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FLIGHT PROHIBITED WHEN 
AIRCRAFT RUN OUT OF TRIM t 
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MAXIMUM PERMISSIBLE 
POSITIVE ACCELERATION 
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MAXIMUM PERMISSIBLE SPEED t MAXIMUM PERMISSIBLE 
POSITIVE ACCELERATION -
YAW STAB INOPERATIVE 

1. Refer to figure 2-4 (sheet 7) for effect of gross weight on acceleration limi­
tations. 

2. Refer to section IV, NATOPS Flight Manual, for effects of yaw stabilization 
failure on flight characteristics. 

3. Refer to figure 2-S for airspeed limitations when carrying Sidewinder missile 
with Mk 8 warhead. 
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F-80/ E/ H/ J - AIRPLANES WITHOUT WING STORES 
WITH OR WITHOUT FUSELAGE STORES 
(See Note 1) 
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CLEAN AND CRUISE CONDITION- SEA LEVEL TO 25,000 FT 

Symmetrical Flight 
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FUEL REMAINING- 1,000 LB 

1. Airplanes may be configured with wing pylons and unloaded Aero 7 A-1 
bomb racks. 

2. Aileron rolls shall not be initiated at less than l.Og. During rolls the stick 
shall not be moved forward of the level flight longitudinal stick position for 
the entry airspeed used. 
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NAVAIR 01-45HHA-1T 

F-8E - AIRPLANE WITH WING STORES, 
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WITH OR WITHOUT FUSELAGE STORES 
(See Note 2) 
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CLEAN AND CRUISE CONDITION- SEA LEVEL TO 20,000 FT 
SUBSONIC FLIGHT 
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FUEL REMAINING- 1,000 LB 

1. Aileron rolls shall not be initiated at less than l.Og. During rolls the stick 
shall not be moved forward of the level flight longitudinal stick position for 
the entry airspeed used. 

2. Restrictions of Figure 2-4(sheet 1) apply for airplanes configured with wing 
pylons and unloaded Aero 7A-1 bomb racks. Rocket launchers and multiple 
bomb racks are considered to be wing stores. 
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F-BH - AIRPLANE WITH WING STORES, WITH OR 
WITHOUT FUSELAGE STORES {See Note 2) 
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CLEAN AND CRUISE CONDITION- SEA LEVEL TO 20,000 FT 
SUBSONIC FLIGHT 

Sym~etri~al Fllight 

_l _I I 
Rolling Pullouts 
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Symmetrical Flight 
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FUEL REMAINING- 1,000 LB 

1. Aileron rolls shall not be initiated at less than l.Og. During rolls 
the stick shall not be moved forward of the level flight longitudinal 
stick position for the entry airspeed used. 

2. Restrictions of Figure 2-4 (sheet 1) apply for airplane configured 
with wing pylons and unloaded Aero 7A-1 bomb racks. Rocket 
launchers and multiple bomb racks are considered to be wing stores. 
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F-BJ - AIRPLANE WITH WING STORES, 
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WITH OR WITHOUT FUSELAGE STORES 
(See Note 2) 

CLEAN AND CRUISE CONDITION- SEA LEVEL TO 20,000 FT 
SUBSONIC FLIGHT 
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FUEL REMAINING- 1,000 LB 

1. Aileron rolls shall not be initiated at less than LOg. During rolls the stick 
shall not be moved forward of the level flight longitudinal stick position for 
the entry airspeed used. 

2. Restrictions of figure 2-3 (sheet 1) apply for airplanes configured with wing 
pylons and unloaded Aero 7A-1 bomb racks. Rocket launchers and multiple 
bomb racks are considered to be wing stores. 
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