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Off-Shell Electromagnetic Fields

Connection with
Maxwell theory 
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Space-Time (Clifford) Algebra

Basis: 2n

dimensions  
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Relationships Among Products

Useful Identity

Symmetry

Pseudoscalar
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Formulation of Field Equations

D = 5

Field
Equations

D = 4

Definitions
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Duality and the Dirac Monopole

Quantization
condition

Choose 
angle so
that 

Perform
duality
rotation

Equivalent
duality
rotation

Suppose a
magnetic 
current
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Duality Transformation

Magnetic 
current 
equation

Electric current equation

Require 
separation 
by rank

1-parameter 
transformation

General field equations 1 3e g= =− −df j j j
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Duality Symmetry

Requirements
on G

Require
form
invariance

Choose 
θ so 
that
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Generalized Electromagnetic Fields in D=5

Separating
Terms

Multivector
fields and
currents

Duality
Transformation

0 1 2 3 4 5

0 1 2 3 4 5

dF J

F F F F F F F

J J J J J J J

=

= + + + + +

= + + + + +

1 0 2 4 3

0 2 1 3 5 4

1 3 2 4 5

    d F J d F d F J

dF d F J d F d F J

d F d F J d F J

⋅ = ∧ + ⋅ =

+ ⋅ = ∧ + ⋅ =

∧ + ⋅ = ∧ =

1 4 0 5

0 2 3 5 1 4

1 3 2 4 2 3

2 4 1 3 3 2

3 5 2 4 1

4 0 1 5 0

d F d iF J iJ

dF d F d iF id F J iJ

d F d F d iF d iF J iJ

d F d F d iF d iF J iJ

d F d F d iF J iJ

d F idF d iF J iJ

θ θ

θ θ θ

θ θ θ

θ θ θ

θ θ

θ θ θ

⋅ + ⋅ = +

+ ⋅ + ⋅ + ⋅ = +

∧ + ⋅ + ⋅ + ∧ = +

∧ + ⋅ + ⋅ + ∧ = +

∧ + ⋅ + ∧ = +

∧ + + ∧ = +

21 ( )U oθ θ= + +i



10IARD 2004

martin@multinet.net.ilhttp://www.hadassah-col.ac.il/cs/staff/martinMartin Land

Identify Associated Terms
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Minimum Set of Fields

Standard field equations
without magnetic current

Eliminate scalar and
pseudoscalar current
sectors
Set magnetic current
to zero

Generalized
field
equations

Equivalent field equations 
with magnetic current
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Full Set of Fields

Equivalent
2-field sector with
magnetic current

4-field

2-field sector without
magnetic current

Equivalent
1-field sector

3-field 
and 
1-field

Generalized
field equations
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Lorentz Force With Magnetic Charges

no duality
rotation in
D=5

Modified
Lorentz
force in
D=4
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