
Air Combat in the Jet Age

Valle & Markgraf

“I thought accurately modeling Air Combat 
Maneuvering in a board game was impossible.”

“I’m glad to be proven wrong”

– Robert L. Shaw
TOPGUN graduate and author of

Fighter Combat: Tactics and Maneuvering

An Intro to Jet Dogfighting
Birds of Prey – Air Combat in the Jet Age 
uses revolutionary mechanisms to create 
a fun, playable game of jet dogfighting. 
Birds of Prey cleverly hides the physics, 
math and aerodynamics so players can 
concentrate on flying and fighting!

Maneuvering in Birds of Prey
The Pitch Heading Attitude Display 
(PHAD) represents a sphere around the 
aircraft. Marks on the PHAD represent 
the aircraft’s nose, canopy top and right 
wing-tip. PHAD cells are thirty degrees 
across, and each mark must stay three 
away from the other two. (Any other 
distance bends our aircraft!)

Our example aircraft is 
an F-15C Eagle, with its nose level 
and rolled to the pilot’s left. Our pilot has 
sight of an enemy Flanker (number two), 
a bit above and to his left.

A turning aircraft rotates its nose and 
canopy marks three hexes from the right 
wing mark. Our pilot notices that the 
bearing to the enemy Flanker is along this 
path. If he can maneuver the nose up two 
cells, the Eagle may be able to engage the 
Flanker with its mighty Vulcan cannon.
The aircraft turns by applying G-forces to 
move the nose and canopy marks. Each 
cell moved costs six Turning Points (TP). 
The number of TP generated by a given 
Turn-G depends on the aircraft’s speed. 
To find out how much the aircraft turns, 
the player uses the Turning Move Aid.
(Rolling works much like turning, though 
we are not using it now. When rolling, the 
nose mark is kept fixed and the canopy 
and right wing rotate around it).
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nose path 

when turning

The Eagle’s speed is 320 knots and the 
aircraft needs to generate twelve TP in 
ten ticks (the duration of a game turn) 
to move the nose two cells. The player 
draws a line from twelve TP to ten ticks, 
to show the desired amount of turn-
ing and duration. He next draws a line 
through this mark from speed 320 and  
finds he needs 3.0 Turn-G.
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5 Player selects Load, finds Turn-G’s from load and PHAD gee-lines, then...

6 Make T-Mark from turn-G’s and speed

7 Find Turning Points from T-mark and player selected Segment Duration (ticks)

8 Find Flight Points from segment duration (ticks) and speed

9 Find Turning Flight Points from flight points and PHAD move (if 3 cells or more)
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10Record the Segment on Average Load table and Plot PHAD (on ACC)

Segment Duration can not be found exactly from turning points and T-mark.
Round any fraction up when using this calculation for estimation purposes. 

16 Find ∆Speed due to gravity from initial speed and ∆Altitude

11 Calculate Average Load

Turning Plot each Segment Straight

This may not seem like a lot of Turn-G, 
but the Eagle is relatively slow and every 
G risks further slowing and eventual stall! 
Which just goes to show… speed is life!

Flying Out a Move!
Having built a plan for maneuvering, the 
Eagle’s player next moves the aircraft on 
the map. Distance flown is given in three 
dimensional Flight Points (FP). If flown 
in a horizontal plane, each FP is one hex 
long. A maneuver’s FP depends on the 
duration and aircraft speed.
Our Eagle is at speed 320 in a maneuver 
that takes ten ticks. A quick lookup on the 
Speed to FP table yields eight FP.Bp
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5 Player selects Load, finds Turn-G’s from load and PHAD gee-lines, then...

6 Make T-Mark from turn-G’s and speed

7 Find Turning Points from T-mark and player selected Segment Duration (ticks)

8 Find Flight Points from segment duration (ticks) and speed

9 Find Turning Flight Points from flight points and PHAD move (if 3 cells or more)
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10Record the Segment on Average Load table and Plot PHAD (on ACC)

Segment Duration can not be found exactly from turning points and T-mark.
Round any fraction up when using this calculation for estimation purposes. 

16 Find ∆Speed due to gravity from initial speed and ∆Altitude

11 Calculate Average Load

Turning Plot each Segment Straight

find FP for a 10 tick maneuver

Movement is converted from FP to flight 
on the map by using the 3D Move Aid 
and 2D Move Aid. Each of these operate 
by counting out from an orange starting 
hex, using the 30º wedge containing the 
mid point of the PHAD maneuver.
Tracing along the path of the Eagle’s nose 
mark, we find the cell at heading 000 and 
pitch +30 is center-most.

…then draw line from 

speed through mark 

to find  turn-G needed

first draw line from 
turning points needed 
to desired duration…
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Literally the Next Generation!
 – David C. Isby, defense analyst and designer of Air War

Birds of Prey – Air Combat in the Jet Age is a 
revolutionary jet combat game simulating flight 
with unprecedented precision and engrossing play. 
The Birds of Prey flight mechanics allow freedom 
in three dimensions without special 
maneuver rules. Physics-based 
systems show performance 
differences through two 
simple, elegant playaids.

Birds of Prey hides complex 
systems in easy to use play 
aids and mechanics.

Color coding and subtle 
hints help keep the 
rulebook in the box 
during play.

The Eagle has eight FP to fly at +30 pitch. 
Using the 3D Move Aid he can select any 
dot in a cell eight FP from the orange cell 
that is in between +45º and +15º pitch 
(this makes a 30º wide wedge).
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Pilot RIO

Pilot RIO
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Pilot

RIO

Pilot RIO

Pilot RIO

Pilot RIO

3D Movement

B10p

2D Movement

Cp

Im

Move PHAD Marks
Orient Box-Mini
Update Tiles

Cp

Im

Move PHAD Marks
Orient Box-Mini

Update Tiles

Plot Move Segments

Fm

Hm

Gm

After identifying his options, the Eagle 
driver selects a dot moving seven hexes 
and gains nine steps of altitude. Next, the 
hexes are used on the 2D Move Aid.

Quality

ID ID

Quality/Pilot RIO /Pilot RIO

Weather

Tile Base Altitude

Ground Altitude
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 ^ ^ Canopy
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 € € Velocity (when pointing)

 ∆ ∆ Lift (when pointing)
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 + +
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 Nose
 Canopy
 Wing (right)
 (when pointing) Velocity
 (when pointing) Lift

 Departure Points
 1 Each facing using Max Lift
 1 Each cell of Snap Roll
 1 Each FP using Rudder Boosted Roll
 1 In Controllability Region (+0.5 per Roll)
 2 In Low Control (+1 per facing)
 3 In No Control (+2 per Facing)
 2 Any Supermaneuver

Activity Points
1 Maintain Tally
1 Quick Search
2 Padlock Tally
2 Visual Search
1 Make Fix Attempt

 1-2 Strain (limited by g-train)
 n Aircraft Control
 2 Guns Engagement
 1-2 Guns Defense
 1 Missile Defense
 4 Damage Control
 1 Cockpit Action
   (Off/Def/Sensor/Config)

Angles
 AoN Cells from Bearing to Own Nose
 AoC Cells from Bearing to Own Canopy
 AoT Cells from Bearing to Target Nose
 TCA Cells Between Noses
 LCA Cells Between Canopies
 FIX d10 – AoN – AoT + PQ > 0

Slant Range (not for sighting)
 if V ≤ H slant range = H
 if V > H slant range = (H + V) / 2
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Pilot
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Pilot RIO

Pilot RIO

3D Movement

B10p

2D Movement

Cp

Im

Move PHAD Marks
Orient Box-Mini
Update Tiles

Cp

Im

Move PHAD Marks
Orient Box-Mini

Update Tiles

Plot Move Segments

Fm

Hm

Gm

The Eagle driver chooses the cell closest 
to the Flanker. Using the aircraft’s current 
position as the orange cell, the Eagle is 
moved equivalently on the map.

After map movement, the player updates 
their PHAD marks, reorients the Eagle on 
its tilt-block and stacking tiles and places 
a new bearing to the Flanker.

With the Flanker on 
its nose and at close range, the 
Eagle only has to check a chart and roll 
some dice to prosecute its attack.
All will end happily… with stories at the 
O-Club and an enemy insignia painted on 
the Eagle’s nose!
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F-14A Tomcat 
Grumman

Engine
Alt AB Dry

2 14 8

30 13 8

58 12 7

88 11 7

119 10 6

151 9 5

182 8 5

196 7 4

212 6 4

231 5 3

255 4 2

284 3 2

325 2 1

Fuel 9 34

Flight 2x Pratt & Whitney TF30-P-414A afterburning turbofans

Sensors and Systems

Characteristics

Maneuver
Brakes 10

Sensors
Name

Modes
Notes Rating

AWG-9 Bo, Dog, TWS, Srch, STT Lookdown 7e0*

ALR-23
IRST

AoN=0 –

Systems
Name

Type Notes

HUD
sight Improved LCOS (4)

APR-25/27 RWR Normal

ALR-23 DDS 10 chaff, 10 flare

ASW-27B Datalink Radar data only

ALQ-100 Jammer –2 rating

APX-81 Special IFF interrogator

Wing Load

Weight WL
Safe 
Load

46700 50 8.5

51100 55 7.5

55600 60 7.0

60000 65 6.5

64500 70 6.0

68900 75 5.5

73400 80 5.5

74350 85 5.0

Auto-sweep wing.

*RIO may spend AP performing ECCM. This doubles AP cost for all visual tasks. 

 ECCM value is +1 for two AP or +2 for four AP.

RHM guidance (radar STT mode) ≤ 7g.

When Q-Mark is in controllability region and aircraft changes its throttle setting,

 the aircraft may be subject to a compressor stall (covered in Special Rules).

IRST later replaced w/AAX-1 Electro-Optical sensor.

Iranian F-14’s carry no IRST or EO sensor.

55º wing-sweep setting is specific to “Bomb-Cat” operations. Wing can be fixed 

 at this sweep at Mach 0.80 and below. (Typically when carrying bombs).

Form Drag
Mach Drag

Slow 4

LTD 6

HTD 7

1.2 7

1.4 7

1.6 6

1.8 6

2.0 6

2.2 5

2.4 5

2.6 5

Gun 
1x M61A1 20mm cannon

Notes

Roll Rate
Lift ≤0.65 0.70 0.75 0.80 55º 0.85 0.90 ≥0.95

0 7 3 10 7 3 10 6 3 9 5 3 8 5 3 8 5 2 7 4 2 7 4 2 6

1 6 3 10 6 3 10 6 3 9 5 3 8 5 2 7 4 2 7 4 2 6 4 2 6

2 6 3 9 6 3 9 5 3 8 5 2 7 4 2 6 4 2 6 3 2 5 3 2 5

3 6 3 9 5 3 8 5 2 7 4 2 6 4 2 6 4 2 6 3 1 4 3 1 4

4 5 3 8 5 3 8 5 2 7 4 2 6 3 2 5 3 2 5 2 1 4 2 1 3

5 5 2 7 5 2 7 4 2 6 3 2 5 3 1 4 3 1 4 2 1 3 2 1 3

6 4 2 6 4 2 6 4 2 6 3 1 4 3 1 4 2 1 3 2 1 3 1 1 2

7 4 2 6 4 2 6 3 2 5 3 1 4 2 1 3 2 1 3 1 1 2 1 1 2

8 3 2 5 3 2 5 3 1 4 2 1 3 2 1 3 1 1 2 1 1 2 0 1 1

9 3 2 5 3 1 4 2 1 4 2 1 3 1 1 2 1 1 2 0 1 1 —

10 3 1 4 3 1 4 2 1 3 1 1 2 1 1 2 1 1 2 — —

11 2 1 3 2 1 3 2 1 3 1 1 2 0 1 1 0 1 1 — —

12 2 1 3 2 1 3 1 1 2 0 1 1 0 1 1 — — —

13 1 1 2 1 1 2 1 1 2 0 1 1 — — — —

14 1 1 2 1 1 2 0 1 1 — — — — —

15 0 1 1 0 1 1 0 1 1 — — — — —

16 0 1 1 0 1 1 — — — — — —

Depart 10 10 9 8 7 7 6 6

MaxLft Dpt 8 8 6 5 5 4 3 2

Recover 17 16 13 11 9 8 7 6

Sight 2 Auto-Tally 19 Damage 7 Ejection Seat 7 ATA Refuel probe

 Canopy
0 1 2 3 4 5 6

0 Pilot 0
1 0 0 -1

2 0 0 0 -2 -3

3 0 0 0 -1 -2 -4 -6

4 -1 -2 -3 -4 -4

5 -3 -4 -5

6 -6
0 1 2 3 4 5 6

0 WSO 0
1 0 0 -1

2 -1 0 0 -1 -2

3 -1 -1 0 -1 -1 -2 -3

4 -1 -2 -3 -4 -4

5 -3 -4 -5

6 -6

Shots Rating Crit Rng 0 1 2 3 4 5 6 7 8 9 10

5 12 3 Mod +7 +3 –2 –6 –11 –18 –22 –27 –34 –41 –48

13

12 15

4
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Lift
Drag per G

13
14
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16

≥0.95
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≤0.70 

0.85

55°
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0.75

M
ax

 L
ift

0.80

0.85

0.90

≥0.95
0.75

0.70

≤0.65

Mac
hMirage 2000C S5 

Dassault

Engine
Alt AB Dry

9 18 12

25 17 12

41 16 11

58 15 10

76 14 9

94 13 9

114 12 8

134 11 7

156 10 7

179 9 6

192 8 5

206 7 5

222 6 4

241 5 3

254 4 3

294 3 2

325 2 1

Fuel 22 53

Flight 
1x Snecma M53-P2 afterburning turbofan

Sensors and Systems

Characteristics

Maneuver

Max-lift
11

Depart
6

Depart @max-lift 3

Recovery
13

Brakes
5

Sensors

Name
Modes

Notes Rating

RDY
Bo, STT, Srch, Dog Lookdown 8e2

Systems

Name
Type Notes

HUD
Sight Integrated gunsight

Jammer

Spirale
DDS

Wing Load

Weight WL
Safe 
Load

18700 40

20900 45

23100 50

25300 55

27500 60

29700 65

31900 70

33000 75

Form Drag

Mach Drag

Slow 3

LTD 4

HTD 7

1.2 10

1.4 9

1.6 8

1.8 7

2.0 7

2.2 6

2.4 5

2.6 4

Gun 
2x Defa 554 30mm cannon

Notes

AoA Effect

Lift DpG RR Srr Brr

0 0 6 3 9

1 2 5 3 8

2 5 5 2 7

3 7 4 2 7

4 9 4 2 6

5 11 3 2 5

6 14 3 1 4

7 16 2 1 3

8 18 2 1 3

9 20 1 1 2

10 23 1 1 2

11 25 0 1 1

 Canopy
0 1 2 3 4 5 6

0 Pilot 0

1
0 0 -1

2 0 0 0 -1 -2

3 0 0 0 -1 -1 -2 -3

4 -1 -2 -3 -4 -4

5
-3 -4 -5

6
-6

Shots Rating Crit Rng 0 1 2 3 4 5 6 7 8 9 10 11

4 13 6 Mod +3 –1 –5 –10 –14 –19 –25 –30 –36 –43 –49 –57

Sight 4 Auto-Tally 9 Damage 5 Ejection Seat 7 ATA Refuel probe
13

12

15

4
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MiG-21F-13 I-74 “Fishbed-E” 
Mikoyan-Gurevich

Engine

Alt AB Dry

5 16 11

32 15 10

59 14 10

88 13 9

117 12 8

147 11 7

179 10 7

191 9 6

203 8 5

217 7 5

233 6 4

252 5 3

275 4 3

305 3 2

325 2 1

Fuel 37 86

Flight 

1x Tumansky R11F2S-200 afterburning turbojet

Sensors and Systems

Characteristics

Maneuver

Max-lift
9

Depart
6

Depart @max-lift
3

Recovery
4

Brakes
11

Sensors

Name

Modes

Notes
Rating

SRD-5M Kvant
Bo, STT(0)

No lookdown 3e0

Systems

Name

Type
Notes

ASP-5ND

Sight
LCOS (+3)

Sirena-D

RWR
Normal, AoT 4+ only

Wing Load

Weight WL
Safe 
Load

11700 45 8.5

12900 50 8.0

14200 55 7.0

15400 60 6.5

16700 65 6.0

17900 70 5.5

19026 75 5.5

If Greatest Load Used is 3.5 or higher, treat gunsight as Fixed (0) sight.

STT radar mode is limited to AoN=0.  

Form Drag

Mach Drag

Slow
7

LTD
9

HTD 10

1.2
12

1.4
11

1.6
11

1.8
10

2.0
10

2.2
9

2.4
9

2.6
8

Gun 

1x NR-30 30mm cannon

Notes

AoA Effect

Lift DpG RR Srr Brr

0 0 8 4 13

1 2 7 4 11

2 4 7 3 10

3 6 6 3 9

4 8 5 2 7

5 10 4 2 6

6 12 3 1 4

7 14 2 1 3

8 15 1 1 2

9 17 0 1 1

 Canopy
0 1 2 3 4 5 6

0 Pilot 0

1
0 0 -1

2
-1 0 0 -1 -2

3 -1 -1 0 -2 -2 -4 -6

4
-2 -3 -5 -6 -6

5
-5 -7 -8

6
-10

Shots Rating Crit Rng 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

2
8 5 Mod+1-1 -3 -6 -8-11-14-17-20-23-26-29-33-37-40-44-48-53-57-62

Sight 5 Auto-Tally
5 Damage 3 Ejection Seat 6 ATA Refuel none
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Birds of Prey – Air Combat in the Jet Age
ADA31000 http://www.airbattle.com

http://www.adastragames.com
Ad Astra Games ADA31000
136 Fletcher Avenue
Waterloo, IA 50701
United States of America

 This game is created using only 
 unclassified, publicly available data.

This game includes:
 · Lavishly illustrated tutorial booklet
 · Concise rules booklet
 · Scenario booklet
 · Graphically-hinted playaids
 · Twenty-four missile data cards
 · Twenty-four aircraft data cards
 · Red and blue side 30º/60º tilt-blocks
 · Color-coded altitude stacking tiles
 · Two laminated aircraft control cards
 · Two laminated nomograph cards
 · Forty-eight color aircraft box-minis
 · Twenty-four color missile tent-minis
 · Fifty-six color information counters
 · Three d10 dice
 · Two 37” x 24” map sheets


