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* Aperture electrically small — plane wave illumination

— Polarisabilitities

PO 0 9) = 22 (w2, - B+ 2 - HIT)
e Aperture electrically large — plane wave (S) = <|2E|2> — 3<|2Ex|2>
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* Transfer function
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Photo taken from W. Radasky and E. Savage, “Intentional Electromagnetic
Interference (IEMI) and Its Impact on the U.S. Power Grid” , Metatech Corporation
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o Reverberant field 0 20
= Build up T
=  Exponential “

decay -20

Relative Received Power (dB)

Taken from: Figure 2—-4, of Richardson, R. E.,
"Reverberant Microwave Propagation" , NAVAL
SURFACE WARFARE CENTER DAHLGREN DIV VA,
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— Exponential Decay Trend
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NAVAL SURFACE WARFARE CENTER DAHLGREN
DIV VA, no. ADA501122 , OCT, 2008, Available:
http://www.dtic.mil/docs/citations/ADA501122
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Normalized Time (t H;)
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o Reverberant field 0 20
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Direct Response

decay
o Direct path
= Friis Equation
o Early reflections
= Mean free path
= Friis
= Reflection loss

Relative Received Power (dB)

Taken from: Figure 2-3, of Richardson, R. E.,
"Reverberant Microwave Propagation" , NAVAL
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nclosure: PWB analysis (TD)

 Time domain energy balance

_ 4wy w) d<U>

dt Tenc

+ Aenc{U) = PH(t)
 Power transmltted through aperture

A t 7 ! !/ 2 l
— %[fo Rap(t — t" ) Epuise(t”) dt] cos 0

* Dispersion of aperture — filter

— H p(s) oo <S+z)ap)2

 Transfer function
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" " Enclosure: PWB analysis (TD)
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* Geometry & parameters:

A 1 z‘ .
Ly A N Cuboid enclosure: L, L, L,
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e Analyses:
Ly — Power balance (CW, JOLT)
-
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I”

Range of real” scenarios
Monte Carlo model for statistical view of each

scenario
<Q..>
(-)

Machine hall, WP7.2 10-20 3-6 10-20 2-3 2-3 10-20
Server/ICT room, WP7.3 3 2.5 3 0.5 0.5 200
Train cabin, WP7.4 2-3 1.8-2.5 2-5 1-1.8 0.8-1.5 50-200
Office, WP7.5 5 3 6 2.5 1 20
Aircraft cabin, WP7.6 2-4 2-4 5-15 0.2-04 0.2-04 50-300
Building, WP7.7

PR G L ------
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JOLT
Mean Max Mean Max Mean Max Mean Max Mean Max 'Mean Max
Machine
hall

ICT room
Office -18 -4 -13 -3 -16 -6 -18 -8 -21 -10 -3 0
Building

-24  -16 -26 -19 -28 -21 -31 -24 -34 -26 -2 0

fram o 9 7 41 8 2 41 -4 14 7 2 0
cabin
Alrcraft oo 14 24 14 26 -17 -28 -20 32 -2 3 1
cabin

IER) _ R _ <s

Mean and maximum transfer functions (in dB): H;(f) = over 1000

Y |HY
sets of uniformly distributed random parameters over the ranges specified in prewous slide
plus random incidence angle.
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*"E““ ente(glo PWB FD simulation

— PDF of relatlve amplitudes for CW (Machine hall)
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— PDF of relative coupling for JOLT Pulse (Machine hall)
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e —————

- . Concluding remarks

e Power balance can estimate time-domain
coupling but must include direct first pulse

— Possibly should include other initial reflections
— Not included here but may be significant

* Possible to do fast parametric/ Monte Carlo
models

e Results show significant difference in
attenuation between pulse/transient and CW
steady state

— Should think about CW turn on transient ?

The END
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