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• Linear & Angular Motion

• Velocity Propagation

J a c o b i a n

• Differential Motion

• Explicit Form

• Static Forces
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Jacobians:  Direct Differentiation
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Jacobian
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Stanford Scheinman Arm
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Stanford Scheinman Arm
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Representations
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Jacobian for X
& ( ) &

& ( ) &

x J q q

x J q q

P X

R X

P

R

=

=

&

&

( )

( )
&

x

x

J q

J q
qP

R

X

X

P

R

F
HG
I
KJ =
F
HG
I
KJ

& ( ) &(12 (12 ) (X J q qx X x x1) 6 6 1)=

The Jacobian is dependent on the representation

Cartesian & Direction Cosines



Basic Jacobian

&x E x v

x E x
P P P

R R R ω
=
=

( )

& ( )

F I
xH K (6 1)

v
J q qxn nxωG J = ( ) (( ) &0 6 1)

{0}

angular velocity

linear velocity

ω

v



Examples

x E x

s c

s

c c

s
c s
s

s

c

s

x

x

y

z

E x

R R R

P P P

=
F

H
G
G
I

K
J
J =

−

−

F

H

G
G
G
G

I

K

J
J
J
J

=
F

H
G
G
I

K
J
J =

F

H
G
G

I

K
J
J

α
β
γ

α β
β

α β
β

α α
α
β

α
β

; ( )

. .

; ( )

1

0

0

1 0 0

0 1 0

0 0 1

*

*



Jacobian for X
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Jacobian and Basic Jacobian
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Position Representations
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Euler Angles
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Jacobian for X

( )xx J q q=& &

0( ) ( ) ( )xJ q E x J q=

P

R

x
x

x

 
=  
 

Given a representation

0( )
v

J q q
w

 
= 

 
&Basic Jacobian



Jacobian
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Linear & Angular Velocities
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Pure Translation
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Rotational Motion

rigid body

fixed points on the rigid body
Axis of rotation



Ω Angular Velocity

Rotational Motion



Ω Angular Velocity
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Ω Angular Velocity
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Ω Angular Velocity
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Ω Angular Velocity
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Simultaneous linear and angular motion
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Spatial Mechanisms
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