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Comments on “Transient Magnetic Shielding of Do LT omimo I (2)
a Planar Conductive Thin Screen via Exact {eo, po}
Image Theory”

Jy O «z

Martin Stumpf, Senior Member, IEEE

Abstract—The main result of Ref. [1] is put into context of
previously published papers on the subject. Its correction is 2 :VR(t>
described. [

Index Terms—electromagnetic (EM) shielding, time-domain Fig. 1.

. . . Conductive sheet with transmitting’X and receivin loo
(TD) analysis, transient EM fields. antennas. X 9 %) loop

|. INTRODUCTION The transient voltage induced in the receiving loop has been

The transient electromagnetic (EM) shielding effectigme€XPressed as [2, Eq. (29)], [3, Eq. (1)], [4, Eq. (16.1)], [6,
of a homogeneous thin sheet with (dispersion-free) conguctEa- (2)]
properties has been recently analyzed in [1] using a saphist ATAR 9AIT(8)  H(t2 — T2)
cated joint-transform technique relying on space-timerieou VR(t) = — 1 ¢ * Ht-T), (1)
transforms. The main result of [1] is a time-domain (TD) Zt Yo mp+2¢/T
analytical expression for the normal component (with reSpe&, hereT — Z/co with Z = hR+1T > 0 and AT® denotes the
to the planar layer) of the magnetic-field strength [1, EMIS o, tace area of the transmitting’) and receiving R) loops,

that is subsequently (_amployed to evaluate the TD Shieldi?@spectively. With the aid of Faraday’s law applying to the
performance of the thin sheet. small receiving loopV®(t) = —ug ARG, H,(0, —h% ), the

It is next demonstrated that (a corrected version of) this "fhormal component of the) magnetic field follows at once
sult can be readily deduced from several previously puétish

papers on the subject (not referenced in [1]). Indeed, thsepgu R co AT 4 1 t(t? — T?)
EM signal transmission via a conductive sheet is describeli=(0; —=h",t) = o201 (t) * e 20T
in [2], where theplasmonic behavioof conduction electrons

in the metal has been additionally accounted for. Closelp demonstrate the relation of (2) to (a correction of) [1,
relevant results with a focus on theose-rangeEM signal EQq. (50)], we shall introduce the magnetic-dipole, causittv
transfer via a conductive layer can also be found [3] and [dge excitation via/ T (t)¢ = po ATOIT(t) (see [1, Eq. (1)])
Sec. 16.1]. Furthermore, the TD transmission charadiesistand get

of a combinednagneto-dielectridayer are described in detail '

in [5] (see also [6]). H.(0, —h®, 1) = 262 ﬁatsz(t) "
o

H(t —T). (2)

t(t? —T?)
ng +2t/T

H(t - T).
3)

The problem configuration (see Fig. 1) under considerati Irr‘] contrast to [1, Eq. (50)], (3) is expressed through a sing|

is essentially identical to the one analyzed in [1], [2],,[3];:5??7”\/2'u“é):dli?éetgrg.aRell)i/g;gtgn Ie_eﬂr{(':h S>ugl}qutigd?g
for instance. It consists of a horizontal transmitting Ipop » APP PP > S !

£T, and a receiving loopCR, that are separated by a thireXPression (3) can be uniquely determined via its Laplace-

highly conducting sheet of thicknegsand conductivityo. transform counterpart

II. PROBLEM DESCRIPTION AND ITSSOLUTIONS

The sheet can be characterized by its layer conductance R co € oo oo
ratio gy = G®/Y, [4, Eq. (3.18)], whereG® = §o and Hz(0,—h" s) = 5= —7sV (8)/ exp(—s7)F(r)dr,
Yy = (eo/10)*/? represent the layer’'s conductance and wave po =T 4)
admittance, respectively.

The time differentiation is denoted hy,. The time con- where we use, for brevityF(r) = 7(72 — T?)/(ng +
volution operator is represented by. Consequently, the 27/T). Using integration by partszT exp(—s7)F(r)dr =
time integration operator can be expresseddasf(t) = s 2FU)(T)exp(—sT) + s> = exp(—s7)FP)(7)dr, it is

f@)«H(t) = ft f(m)dr, whereH(¢) denotes the Heaviside straightforward to rewrite (4) as
unit-step function. . .
HZ(O, 7hR7 S) = H;(Ov 7hR7 5)
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where IS[; denotes the magnetic field in thebsenceof the [6] P. Kadlec, M. Marek, and MStumpf, “Thin-film screen time-domain

sheet shielding effectiveness: Multi-objective optimizationtbe testing pulse,”
Vo ¢ in 2020 Int. Symp. Electromagn. Compat. — EMC Eurd{@20, pp. 1-5.
Fri R 0 T 7] M. Stumpf, Electromagnetic Reciprocity in Antenna Theory\Hoboken,
H(0,=h",s) = %ﬁv (s) exp(=sT) ) NJ: IEEEpPress—WiIes, 2018. procty 4
10 VT(s)
— exp(—sT). 6
i 75 s p(—sT) (6)
Upon transforming the result back to TD, we arrive at
1 ¢
R _ —1y,T
Yo 1 14
=2 —sVT(t—1T)
Tne+22

2ne(l—ng/4) £ o H(t -T)

* g Z3V (t)x (ne + 2t/T)3’ 0

where the time convolution integral can be explicitly exgzed
as

_ t T4 _

VT (t) H(t-1T) = / Vit T)d’];)

(e +2t/T) =7 (M8 +27/7T)
/t_T VT(r)dr ®)
=0 [me+2(t—7)/T]*

Using the latter form (multiplied by /72) in (7) we end up

with the desired TD expression (cf., [1, Eqg. (50)])
1 ¢

H.0,-hR t)= — — 97 'WTt-T
(7 ’) 27_(_#023 t ( )
Yo 1 £ .
= —VTt-T
T g +2 2?2 ( )

+

2pp(1—ng/4) 1 (77 VT(n)edr
T o cl /rzo T + 20— 9

The correspondence with [1, Eq. (50)] can be seen by using
ng = Gs, Yo = 1/no, Z = Z;, VY = v and 3{1VT =

V (see [1, Eqg. (46)]). Unfortunately, the convolution intsigr

in [1, Eq. (50)] is lacking thel /c3 factor. The inconsistency
that occurs also in other equations (e.g., [1, Eg. (43)]) can
be revealed by taking the limi;, — oo in [1, Eq. (50)].
Under the limit, the second term on the right-hand side of [1,
Eq. (50)] is vanishingly small. Consequently, to get theozer
field below the perfectly conducting wall, the first term of [1
Eq. (50)] must cancel the third one 5 — ~c. Because of
the omission ofl/cj in [1, EqQ. (50)], that is apparently not
the case.
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