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Outline

Description of the problem

Dipole and monopole methods for field
calculations

* Non-uniqueness of field components

 Fields in terms of apparent charge (third
method)
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Description of the problem

 Lightning return stroke speed 1-2x108 m/s
« Currentrise time <10%s
« Distributed source fast changing in both space and time

» Methods of finding exact expressions for remote electric and
magnetic fields v
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Proper treatment of retardation effects

« Limits of integration
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Dipole and monopole methods for field
calculations - 1

* Dipole method

The Lorentz condition L) oy peo
( Ar.0.7) = 1 i(z',t—R(z")/c) 24y
approach) R(z")
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Different analytical methods for field
calculations - 2

 The monopole method
(The continuity equation
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Electric fields from a dipole

Static
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components unique?

Induction or
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Electric fields from line sources

(Line source — several dipoles connected end to end)

Is it possible to define static, induction and radiation
components uniquely?

How do we define static field? 1/distance3 ?
How do we define radiation field? 1/distance ?
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Sample calculation using the two methods
(lightning return stroke field at ground)

Dipole method i(z,0)=i0,1 = z/v)
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Non-uniqueness of field components
(Numerical example)
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Non-uniqueness of field components
(Numerical example)
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Non-uniqueness of field components
(Numerical example)
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Electric field at ground plane

(Dipole method) (Monopole method)

*Both the gradient of the scalar * Radiation term is completely
potential and the time derivative of  given by the time derivative of the
the vector potential contribute to vector potential.

the radiation field term.

« Electrostatic and induction terms
are given completely by the
gradient of the scalar potential

*Time derivative of the vector
potential contribute to the
induction field term.

No one-to-one correspondence between field components

However, total field 1s the same

UPPSALA
UNIVERSITET

COST P18, April 19-20, Vienna 13




Relation between retarded current

and retarded charge

t—R(z")/c=const.
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Relation between two definitions of
retarded charge density

o(z,t—R(z)/e) = p*(,t—R(2)/c)+ Z_rco'sgi(z',t—R(z')/c)
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Local charge density at retarded time

Local charge density at retarded time as ‘seen’ by remote observer

(apparent charge density)
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Relation between ‘apparent charge density’

and retarded current

d .
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Fields at ground in terms of apparent
charge density
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Inferences

 Individual field components - static, induction, and
radiation - are not unique

« Total electric field is unique

« Differences between field components are significant at
close distances and negligible at far distances

« Caution has to be exercised in interpreting measurement
results or in making approximations in calculations
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