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Angular Momentum ~ particle
:  Let O and P denote two points fixed in a rigid body and

let  denote location of P relative to O.  If  is a force applied at P, then
the    about O or  about O is definedmoment of force torque
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 as

:  If a particle of mass  is located at P and the particle has 
(inertial) velocity  then its    about O or 

  about O is defined as
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Angular Momentum ~ rigid 
body

Suppose O is the origin of a body fixed reference frame in a
rigid body of volume  and mass distribution .  Let  
denote the (inertial) velocity of O and the angular velocity
of the rigid body.  T

dm 0v
ω

V

[ ]

hen the angular momentum of the rigid
body about O is defined as:

H dm= × + ×∫ 0r v ω r
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Example: Torque in Body 
Coordinates
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Example: Rigid Body Angular 
Momentum in com Coordinates
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Equations of Motion
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Consider the motion of a rigid body. Let  denote its (inertial) velocity at its
center of mass and  its angular momentum about its center of mass. Then
Newton's second law states:
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ppose that all vector quantities , , ,  are specified in body coordinates, then
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Aircraft Dynamics in Euler 
Angles
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Force Equations

Moment Equations
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Longitudinal Aerodynamic 
Forces
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Wing angle of attack:  

Tail angle of attack:  /
(  is downwash angle, ,  are incidence angles of wing and tail)
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Yaw Forces and Moments
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The principle aerodynamic 
yaw forces are divide into 
two parts: (1) those due to 
wings and fuselage, and (2) 
those produced by the 
vertical tail
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Roll Forces
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Roll moment has four primary sources:
  - vertical tail lift produces restoring moment
  - fuselage, if wings are high produces restoring moment, 
    low produces destabilizing moment
  - wing dihedral, ,  produces restoring moment (tail dihedral 
     also, but often negligible)
  - ailerons, aδ

Γ

If positive wing dihedral is present, any sideslip velocity alters the local wing angle of attack increasing the angle of attack on 
the downwind wing and decreasing the angle of attack on the upwind wing causing both roll and yaw moments.  For small 
dihedral angle  , the change in andgle of attack is sin . 

A positive aileron angle  changes the left wing angle of attack by an amount  and tha a

V β

δ τδ

± Γ

e right wing angle of attack by an amount  
thereby producing a positive roll moment.

aτδ−



Aerodynamic Forces: 
Nondimensional Coefficients
In general, the aerodynamic forces and moments are expressed in 

terms of aerodynamic coefficients:
Forces:
X = CXQS (axial force)
Y = CYQS (side force)
Z = CZQS (normal force)
Moments:
L = CLQSl (rolling moment)
M = CMQSl (pitching moment)
N = CNQSl (yawing moment)

Q := ρV2 /2 (dynamic pressure), 
S := characteristic area (wing surface), l := characteristic length 
(b=wing span or c=mean chord)



Aerodynamic Forces: Example
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Notes:  1) In highly maneuverable fighters large sideslip velocities may 
impose nonlinear β dependence and β cross-coupling with longitudinal forces 
and moments.  Also, large pitch rates may induce pitch rate affects in 
longitudinal forces.  2)  For aircraft with large changes in Mach number, such 
as the aerospace plane, all coefficients may require Mach number
dependence.
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