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ABSTRACT

The problem of electromagnetic penetration of a narrow slot aperture in a thick conducting
plane is considered when the conductivity of the plane (and slot walls) is large but not
necessarily infinite and when somewhat lossy gaskets are placed in the slot. The length of
the slot and the wavelength are assumed to be much larger than the slot cross section. The
conducting plane surface impedance is assumed to be small compared to the impedance of
free space, and the thickness of the plane is assumed to be much larger than the skin depth
to prevent direct penetration. The wavelength and skin depth in the gasket material are

assumed to be much larger than the gasket cross section. The problem is partitioned into a



"local" region, where transmission line theory is used to describe the antenna modes along
the slot, and a "nonlocal" region, where a filament type integral representation is used. C
The result is a modified Hallén type integro—differential equation for the slot voltage (or
magnetic current). The local transmission line theory allows the effects of wall loss and
gaskets to be included in a simple and intuitive manner. Examples involving a rectangular
slot aperture are given. The finite conductivity of the conducting plane, even for good
conductors, reduces the penetration when realistic slot dimensions are used. Gaskets, even

with relatively small loss tangents, also reduce the penetration when realistic slot

dimensions are used.
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I. INTRODUCTION

A previous paper [1] considered electromagnetic penetration of narrow slot apertures in
thick, perfectly conducting planes. This paper gives an alternative, more powerful
formulation. This new formulation is also applicable when the conducting plane (and slot
wall) conductivity is large but not necessarily infinite and when somewhat lossy gaskets are
introduced into the slot. Restrictions on the slot parameters are given below to ensure that

the transverse slot voltage remains nearly constant over the local cross section.

A simple derivation is given of a general integro—differential equation for the voltage (or
magnetic current) distribution along a narrow slot aperture. The length of the slot £ and
the wavelength A are assumed to be much larger than the long dimension of the slot cross

section characterized by s, where

LA>>s . (1)

Figure 1 shows a typical cross section. The conducting plane has thickness d.

The lossless case without gasket type material in the slot is reduced to the solution of

Hallén's integral equation with an equivalent antenna radius.

Conducting plane and wall materials that are not perfectly conducting are considered. The
skin depth of the wall material 6 is assumed to be much smaller than d to prevent direct
penetration of the conducting plane. The surface impedance Zs of the wall material is
assumed to be small compared to the impedance of free space 7 o Furthermore, for the
purpose of evaluation of the transmission line parameters, it is assumed that the axial

(along the long dimension of the slot ¢) voltage drops caused by this wall impedance are



Figure 1. Slot aperture cross section and the local region.



small compared to the inductive voltage drops (typical transmission line perturbation
theory). This last condition can be relaxed if the surface current density is sufficiently
uniform, as discussed in example 3 of section III. Note, as discussed in the example, that

further restrictions on the parameters are required when this last condition is relaxed.

The case is treated in which the slot is filled with somewhat lossy gaskets. The skin depth
in the gasket material 6g and the wavelength in the gasket material ’\g are assumed to be
much larger than the cross sectional gasket dimensions. Transverse diffusion may thus be

neglected.

Several examples, involving a rectangular slot aperture of width w and depth d, are given
to illustrate the effect of wall loss and gaskets on the voltage distribution and the

transmitted power.



II. GENERAL INTEGRO-DIFFERENTIAL EQUATION
The slot cross sectional geometry is shown in Figure 1. A distance p is chosen such that

LA>>p >>5 . (2)
The distance p_ defines a local region as s'hown in Figure 1. It is measured from y = + %
and roughly the slot center x = 0. It is assumed that any gasket material is contained

within the local region and that p_ is much larger than the gasket dimensions.

A plane electromagnetic wave is incident from the half space y < —% . We are interested
in antenna modes supported by the slot. The important incident field component is

directed along the long dimension of the slot £
Hinc —H eik I (3)

where k is the wave vector, 1 is the position vector, and HOZ is the incident magnetic field
amplitude in the z direction; harmonic time dependence e Wl used throughout. Because

of condition (1) the incident field in the vicinity of the slot is approximately

inc _ ikzcosd
Hz - Hoz € °5

(4)

where k = w|€_p  is the magnitude of the wavevector or wavenumber, w is the radian
frequency, ¢, is the electric permittivity of free space, b 8 the magnetic permeability of
free space, and @ is the angle the incident wave vector makes with the positive z axis. A
reflected wave is generated by the presence of the conducting plane at y = —% . Because of

condition (1), the short circuit axial magnetic field is approximately




sc , inc
HCs2H . (5)

Because of condition (2), the axial magnetic field scattered by the slot, in the nonlocal

region, can be written approximately as

h
i 2) ,
H (p,2) = . 622+k \[Gp,zz)l 2) dz’

-

=N

(6)
where ¢ = 2h, and p is a cylindrical coordinate measured fromx = 0 and y = i% ; the sign

depending on which particular half space is being considered (HZ is the nonlocal slot axial

+
magnetic field for p > p_). The total magnetic current I; is defined by

*
m

where the contours C 4 are the cylindrical contours at radius p_ (shown in Figure 1) and

K mz is the axial component of the magnetic surface current density. The magnetic surface

current density is related to the discontinuity in electric field at a surface by means of [2]

Kn=—nx(Ey—-E}), (8)
where the surface is the boundary between region 1 and region 2 and the unit normal n
points from region 1 to region 2. Relation (8) can be used to short the slot by placing

perfect conductors at the boundaries C i with magnetic surface currents introduced to yield



the proper tangential electric fields. The total magnetic current can thus be written in

terms of the voltage across the slot defined by

) (9)

e[

Vi=J E.d¢ Y2t
C

+

where the positive reference of the voltage is on the left (x < 0) conductor (C 4 extend

from the left to the right conductor). The relation is given by
=+2V, , (10)

where, because of the conditions stated in the introduction, V+ ~V ~V.

The Green's function in (6) is given by

Glp2.2") = g~ » (11)

where R=Jp2 + (z — z’)2

Note that the radius p_ at which the magnetic current is placed is reduced to zero in (6).

This is the usual filament approximation [3] and is permitted by condition (2).

Maxwell's equations in integral form are now applied to contours in the local region
analogous to standard transmission line theory [4]. Figure 2a shows the contour for the

equation
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Figure 2. (a) Contour Cy for application of Maxwell—Ampere—Ohm law.
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(b) Definition of cross section contour Ccs'

10



§E,J=J(%Eqw@.gﬂ, (12)
C 5,

where g is the electric conductivity of the gasket material.

Note that the transverse components of the incident fields will be ignored in (12) and also
in (18). These components contribute to the much smaller transverse dipole moments of
the slot [5] and have little influence on the antenna problem as a result of condition (1).
Note that the problem may be decomposed into an antenna problem with H;nc driving the
slot and a problem with the transverse fields driving the slot. This is accomplished by
introducing a second incident plane wave such that the total incident magnetic field

becomes

where H = H_ e +H e +H_ e gzkxgx+kygy+kzgz,ﬂé:—Hoxgx+

X
Hoy ey +H e k=—k e + ky e, +k, e, €; are unit vectors, and the plus sign

yields the antenna excitation (4).
Analogous to transmission line theory, equation (12) can be written as
> + > — sc
[— H (pgy.2) + H, (py,2) + H) (z)]dz +

dl, =-Y, Vdz (13)

(o] (o]

+
where p _indicates the boundary C_ . The quantity de is the differential of the local
— o
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current, on the left conductor (the antenna mode consists of equal and opposite currents on

the left and right conductors), in the z direction. The local current is defined by

5O=Jg.u, (14)

Cch

where the contour C les is over the local cross section of the left conductor, as shown in
Figure 2b (note that (14) is obvious if the contour C g i closed by continuing it through

the metal in the y direction). The local admittance per unit length Yp is defined by
(o]

YpOV:—wapo+(JJagE.gd(’ , (15)
lcs

where Qp is the electric charge per unit length on the left conductor in the local region
o

Q :JD.nM. (16)
Py ==
Cch

Taking real and imaginary parts we may define

Y, =G-iuC, (17)

pO o}

where Cp is a capacitance per unit length and G is a conductance per unit length.
(o]

Figure 3 shows the contour for the equation

12



Figure 3. Contour C,, for application of Faraday's law and Ohm's law.
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§ E.d¢=iw| B.nds (18)
Co 59

Analogous to standard transmission line theory, (18) becomes
272, K, dz+dV=iwddz , (19)

where [6] Z,=(1-1) R, is the surface impedance of the metal, R = %E , the skin depth in
the metal is § = {2/{wuo) , u is the metal magnetic permeability, o is the metal electric
conductivity, and Kz is the axial component of the effective surface current at p_ . Because
p, >>sandd >> §, K_can be found from planar considerations as K =n x H . The

quantity dV is a differential of the voltage in the z direction, and

6= B.nde, (20)
C

cir

where ¢ is the magnetic flux per unit length passing through the slot toward the y > %half
space. The contour CCir is the circular contour in Figure 3 with the largest z value. If the
circular contours CCir in (20) and in Figure 3 are interpreted as extending several skin
depths below the metal surface (with the voltage in (9) and (19) now interpreted in the
same way, that is C+ is replaced by Ccir)’ then the surface impedance term in (19) is not
present because the axial electric field is zero along the contour in the metal.

Alternatively, since it will be assumed that R, << 7, where 7, = { i, €, 18 the free space
impedance, and furthermore that ué << bopy << uoi’, so that the surface current density
at position p_ is small, the surface impedance term in (19) may be neglected even if the
contour C . is not extended into the metal (CCir = C+). Equation (19) may therefore be

written as

14




V=-2 1 dz, (21)

where Zp is a total series impedance defined by
(o]

Z 1 =—iuf . (22)

Note that the neglect of a nonlocal slot axial electric field Ez (pf,z) and short circuit field
Ezc(z) relies on the assumption that the energy coupled to the nonlocal region by the axial
electric field is small. This is true for small surface impedances (RS << 7, and pé <<
#1,%). The effect of the wall losses which is included (in the local transmission line model) is

the nonnegligible power dissipation in the local region, where the surface currents are large.

Because V, ~ V, from (10) and (6) we obtain

H(pf2) =—H(p52) - (23)

Substituting (23) into (13) gives

>, — sc d
2H7 (py.z) + H7(2) + 47 Ipo = Yp0 1./2, (24)
whereI =1 = -2V.
m m
Equation (21) can be written as
d _
@ln=22,1, (25)

15



Substituting (25) into (24) yields the integro—differential equation

>, — 1 d _ inc
HZ(pO,Z)‘*'ZZ——(—i——QIm—Yp Im/4——HZ y (26)
P, 4z o
where
. 2 ikR
>, = i d 2 e o) , ,
HZ(pO’Z) _ZJ—/Z d7+k ) ‘[Wlm(z )dZ y (27)
2 2
and Ronpo + (z — z%)

The local transmission line parameters Z ) and Y  are evaluated by means of the local
(o] [¢]

quasistatic problem. For this purpose, the boundary at p_ can be ignored. The only

purpose of the distance P, 18 to limit the extent of the contour C les S° that Qp and Ip are
(o] o]

kept finite.

To determine C  and G, a potential difference V is established between the left conductor
(o)

and the right conductor by placing positive charge on the left (x < 0) conductor and equal
and opposite charge on the right (x > 0) conductor. The potential V slowly oscillates at

radian frequency w. The charge Qp and the conduction current through the gasket are
o}

evaluated to determine Y andthusC and G.
Po Po

To determine Zp , a magnetic flux through the slot ¢ is established by placing z directed
(0]

current on the left (x < 0) conductor and equal and opposite current on the right (x > 0)

16



conductor. The current I P is evaluated to determine Zp . The series impedance can be
[¢] o]

split into an internal part (resulting from the finite conductivity of the metal) and an
external part (the series impedance when the metal conductivity is infinite). The external

part is a pure inductance and therefore

7 =il 4 zint (28)
po pO pO

The external inductance may be evaluated by taking the metal conductivity to be infinite
(in which case the second term of (28) vanishes) and then solving the local magnetostatic |

problem for [
(o]

When the internal impedance is negligible compared to the external impedance, the

following perturbation method [7] can be used to determine Z ; nt
(o]

The magnetostatic field from the infinite conductivity solution determines an electric

surface current density
K=nxH. (29)

The complex power per unit length resulting from the finite conductivity of the conductors

can be evaluated by means of

p

1 2
wau—?ZsJ K, |7 de (30)

CCS

where the contour CCS is over the cross section of both conductors. Note that (30) is valid,

17



provided that the radius of curvature of the wall, along the contour C__, is much larger

cs’
than both 6 and éu/ ueXt, where ueXt is the adjacent external magnetic permeability outside
the metal. At sharp corners, (30) alone does not yield the correct result. Nevertheless,
when the skin depth ¢ is very small compared to the slot dimensions and when the corner
angle does not approach that of a half plane, application of (30) yields a useful estimate of

the wall loss effects. The result obtained by application of (30) can be written in the form

1 9
Pall = 2 Dwan 1817 - (31)

The internal impedance per unit length can be determined by setting (31) equal to

1 ,int 2
P =57 I . 32
wall = 2 %p lpo' (32)
Using the fact that
~ L] 33
orl, ", (33)

the internal impedance per unit length becomes

: 2
int  rext
Zp0 ~Lpo Dwall .

(34)
Note that, because the integral in (30) converges as the outer boundary of C cg 8068 tO
infinity, Dwal] is independent of p _ and thus the term introduced in (26) to account for
wall loss is independent of Py - Furthermore, the parameter G is independent of Py because

the conduction currents only exist in the region of the gasket. Although L;Xt and Cp
e} o]

18
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depend on P> when they are combined with the nonlocal field, which also depends on p

via R, the dependence on p_ is totally eliminated. To place this fact in evidence, (26) and
(27) are rewritten as

2 )
> 1 d inc

p ; (35)
where
h
2 ikR
> d 2
H (22) = - (45 + 1) liﬂrrg‘—lm(z’)dz’ , (36)
(o] Z _ a
Ra:l(z—z) +32,
Zint
1 Po 1
AY] = ——— 5+ 5 (37)
—1wLp wQLext iwLeXt
© Po Po
AY =G —iwC iwC’ 38
C 1 o, +1 Py (38)

O
and the quantities L and C; denote the local external inductance and capacitance per
(o] (o]

unit length without the gasket material present. These local quantities define an
equivalent radius a by means of the relations

Lexto _ WMO (39)
Py -2 ZnipOZai ’
o _ 2

Cpo =2¢ fn(p,/a) .

(40)

19



Note that the quantities AYL and AYC are independent of p_ .

The quantities AYL and AYC vanish when the gasket material is absent and the walls are
perfectly conducting. Equation (35) can be integrated in this case to yield Hallén's integral

equation with equivalent radius a.

When wall losses are not small, as a result of the narrowness of the slot (including sharp

corner effects), the splitting

can be used. The admittance Y1 is independent of p_, and

Yext — _—1— , (42)
Po — it
Po

where this external term is determined with infinite wall conductivity. Equation (37) is

now replaced by

AYL -1 + Yint + 1 . (43)
. rext o
— jwL . rext
i iwL
o] pO

Note that, particularly in the case of large losses, the uniformity of the local transverse
voltage over the cross section must be confirmed. Previously [1] Faraday's law (18) was
used to estimate the odd component of the voltage when the slot was symmetric in the

depth (y direction) and was driven asymmetrically (one half (4) was assumed incident on

20
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both sides of the slot). The general slot considered in the present case is not symmetric in
the depth. Nevertheless, application of Faraday's law in the same manner results in a

useful estimate of the nonuniformity of the voltage in the depth. The axial magnetic field
in the slot is taken to be approximately (4). Reference to Figure 4 shows that the change

in voltage from one side of the slot to the other is approximately

20V & —[(s_+ 5 )Z —iwluA, + ,quo)]H;nc(Z) , (44)

where distances s and s, are along the left and right metal surfaces, areas Ag and A are

+
the enclosed areas of the gasket and free space regions, and u o is the gasket magnetic

permeability. Approximate uniformity of the voltage is indicated when V >> AV.

21
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Figure 4. Slot aperture geometry with asymmetric excitation (HZ is even in the depth).

The change in voltage 2AV equals the line integral of E over the two circular dashed
contours.
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II. EXAMPLES

Five examples involving a rectangular slot aperture of width w, depth d, and length £ (£, A

>> w, d), shown in Figure 5, are now considered. The following notation is used:

int = internal to the metal walls of the conducting plane,

-

ext = external to the metal walls of the conducting plane,

intr = interior to the rectangular slot (— g <y < %, - % <x< %),

ol Q.

)-

extr = exterior to the rectangular slot (y +

J 1. Lossless without gaskets
The equivalent radius can be obtained from conformal mapping [1] as
——Cp (45)

where p is obtained by solving the transcendental equation

v ()—(l—p)K(p)

where K(p) and E(p) are the complete elliptic integrals

23
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Figure 5. Rectangular slot aperture geometry.

24




T/2 49

Ko) = | g » (47)
. Jl — pzsin20
me
E(p) = f 11 — p%in®edo (48)
o]
and
pr=1{1 - p’. (49)
The quantity C1 can be found from
20, = ~pY)K(p) — 2E(p) . (50)
Asymptotic solutions can easily be found [1] as
a-7 %ﬂ 0, (51)
d
(1+ 33
anZwje M dosy (52)

A useful approximation can be obtained [1] by approximating the local field distribution as
the thin slot (d = 0) field distribution exterior to the slot and a uniform field distribution

interior to the slot. The approximate equivalent radius is

az%e 2w (53)

25



The antenna fatness parameter defined by

=2m(2h/a) , (54)
where 2h = £, has the particularly simple form

Q=2 Mm(4é/w) + w% , (55)

when the approximation (53) is used.
2. Low loss wall material without gasket
The external inductive reactance will dominate the internal wall impedance provided

pWs pd >> pb (56)
The equivalent radius is again (45). The lossless transverse magnetostatic problem can be

solved by conformal mapping to yield the axial current distribution by means of (29).

Equation (30) then gives the complex power per unit length. Referring to (31), this can be

written as [8]
Dwall _ Dextr n Dintr , (57)
where
47, K(p)
Dextr_ S 5 > (58)
- Cluon

26



intr _ ““'s
b= (59)
1HeT
where D®*'T arises from the exterior axial slot current (y =+ %, X2+ %) and D™ arises

from the interior axial slot current (x = + %, —% <y< %). Note that for very thick slots

(d/w >> 1) [8] these can be expanded as

Dextr ~ ; , (60)
wp
. 27
t 2 ext S 2
D'~ 2 DT 4 B (u ) (61)

where the dominant second term in (61) arises from a uniform interior field.

Figures 6 through 8 give normalized center voltage magnitude and radiated power (equal to
approximately twice the transmitted power) for the perfectly conducting case and for
aluminum, titanium, and stainless steel walls. The equivalent radius (45), along with
equations (57), (58), (59), (34), and (37) were used in (35) and (36) to generate these

figures. The Galerkin method with piecewise sinusoidal basis functions [1]

N
@ =) IpaFa@ (62)
n=—
sin(kz — kz__,)
he F == , <z<7_,
whete n(z) sm(kzn — kzn—l) 127257
sin(kz — kz)
Sp—— 2 <2<z
sm(kzn_H —kz ) ""n—= n+1,

27
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Figure 6. Wall loss effects are illustrated for a rectangular slot aperture approximately 6

inches in length, 0.3 inches in depth, and 0.05 inches in width. (a) Normalized center

voltage magnitude.
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= 0 , otherwise ,

was used to solve the integro—differential equation (35). Uniform spacing z, = 1A, where

A =h/(N+1), was chosen.

3. Very thick rectangular slot (d >> w) with large losses (du same order or bigger than

Wi, pd >> pb) without gasket
The approximate equivalent radius (53) is used in this example.

Rigorous evaluation of the losses and Y now poses a difficult problem in general. The
exterior axial current distribution near the slot and the interior current distribution near
the slot edges are altered (relative to the perfectly conducting distribution) because of the
nonzero surface impedance. However, because the slot is very thick, the dominant losses
arise from a nearly uniform interior field. This statement is true as long as the slot interior

walls carry most of the local axial current.

Figure 9 shows the approximate local transmission line model for the very thick slot. In
accord with use of the approximate equivalent radius (53), the inductance and capacitance
per unit length may be approximated by those corresponding to a thin slot exterior field

and a uniform interior field. The thin slot exterior field results in an inductance per unit

length
s
LzXtr N _; (63)
o] o]
2 7]
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Figure 9. Local circuit model of very thick rectangular slot aperture with large wall losses.
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The uniform interior field results in an external inductance per unit length

int
L I % ) (64)

and internal impedance per unit length

. 27
intr _ °°'s
Zint N > (65)
where the factor of 2 in (65) arises from the fact that there are two walls. The capacitance

per unit length is

(66)

where the first term corresponds to the thin slot exterior field and the second term

corresponds to a uniform interior field.

The wall losses exterior to the slot have been ignored in the preceding circuit model. As
the quantity ©6 becomes nonnegligible compared to p W, the local exterior axial current
density becomes more uniform than that predicted by the perfectly conducting
magnetostatic result. This action tends to decrease (relative to the perfectly conducting
axial current distribution) the power dissipation due to the exterior wall materials but

increase the exterior external inductance. Therefore, by imposing the condition

intr . ;intr extr
|Zint —jwl | << wLpO , (67)

or, alternatively, because QX 5 9 n(4p, [w),
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22 2
128 + (uo + pow)” << uod# ) (68)

where Q% = 2 m(ae/w) (69)
most of the local axial current is carried by the slot interior.

A further required condition to ensure validity of the interior part of the circuit model

(typically much less stringent than the conditions required to neglect the variation of the

we
voltage with depth) is —wo— << % . The transverse voltage appears across the capacitance

of the gap (or gasket with €_ - eg) rather than in the walls when this condition is met.

The inverse of the series impedance per unit length can be found from (41) and (42), where

1 1 1
Lext - Lextr + Lintr ’ (70)
Po Po

gives the external inductance per unit length and

. zintr
ylnt, ot S (71)
iwLmtr(Z;Etr _ iwLmtr)
or
2ZS/d

Yint N
iwuo%'r [QZS/d — iwuo%v—]
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Equation (72) can now be used in (43) along with the approximate equivalent radius (53)

- C

to include the external inductance per unit length (70) and capacitance per unit length(66).

Figures 10 through 12 give normalized center voltage magnitude and radiated power for the

perfectly conducting case and for aluminum, titanium, and stainless steel walls.

The rectangular slot aperture has a plane of symmetry at y = 0. Thus application of
Faraday's law (18) to the slot interior, see Figure 13 (the axial magnetic field intensity in

the odd problem is approximately (4)), yields the odd voltage

[f=8

. i d
Vodd N (QZS - lwugw)y H;nc(z) "5 XY<g- (73)

The gasket magnetic permeability ”g is p1 in this case. The addition of VOdd to V when y

T2

~_d yields an approximation to the voltage at the illuminated slot face. Alternatively, (
this sum, when y = %, yields an approximation to the voltage at the unilluminated slot

face. Figures 14 and 15 show the even voltage magnitude and the corrections resulting
from addition of (73) for the geometry of Figures 11 and 12, respectively. Notice the
expected large correction at the voltage minimum near kh = 27. The correction also has

an effect at the upper limit of the abscissa for which kd approaches unity.

Figures 16 and 17 give examples with wall materials having conductivities representative of

conductive composites. Figures 18 and 19 show the effect of the odd problem correction.
4. Lossy gasket without wall loss

The geometry of the slot with gasket is shown in Figure 20. The approximate equivalent
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Figure 11.

(a) Normalized center

inches in length, 0.3 inches in depth, and 0.002 inches in width.

voltage magnitude.
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shown are the corrections obtained by addition of the odd solution.
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Figure 16. Conductive composite wall material effects are illustrated for a rectangular slot
aperture approximately 6 inches in length, 0.3 inches in depth, and 0.005 inches in width.
(a) Normalized center voltage magnitude.
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radius (53) is again used to include the external elements without the gasket, L; and C; .
(o] o}

The inductance and capacitance per unit length are approximately given by

1 .2 ,(Po d
z———t’n[ ]+—— , (74)
Epo i, w4 ugw
o2 Po d
Cpow-;rfo [Illim] +ng 5 (75)

where ¢ g is the gasket electric permittivity. The conductance per unit length can also be

approximated as that resulting from a uniform interior field

_ intr . d

Referring to (37) and (38) we obtain

1 d,l 1
AY, x4 L 1, 77
AYCmGintr ~iw—\%(fg—£o) . (78)

Figures 21 through 23 show examples of relatively low loss gaskets. Figure 24 shows the

effect of the odd problem correction for the geometry of Figure 23.

5. Lossy gasket with air gap without wall loss

Figure 25a shows the geometry of the slot with gasket and air gap. The gasket now has

width t. The approximate local circuit model is shown in Figure 25b. The elements are
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Figure 21. Lossy gasket material effects are illustrated for a rectangular slot aperture
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Figure 22. Lossy gasket material effects are illustrated for a rectangular slot aperture
approximately 6 inches in length, 0.3 inches in depth, and 0.05 inches in width. (a)

Normalized center voltage magnitude.
58



K 1L
1 a z0
L 1 I ! L I ! I 1 #-OF
N 811 om0 [6L1E R U 3
(UWGD R )WGZIOD =M w
= 0l
= 0l
¢ -
J Mo =S = oL
mcmzn_N _ uEn_ _

(ug ~)wg/o0 =pP
(W9 )WG =7

0G=N (suonounj siseq |+ QGxg) urlaey

°3¢ = B'w/s | ="

= Zz 20 e =8rwg o =P
(6084 10Js JUspioUl 1) | H- mu..n H --&.m.m.l. dwé.\.m\.._o.q.:n..o.b.:
. 0 © T ATt A

(90UBPIOU| [BWION) ;=0 936 = g = 85

(LT

l

(b) Normalized radiated power.
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Figure 23. Lossy gasket material effects are illustrated for a rectangular slot aperture
approximately 6 inches in length, 0.3 inches in depth, and 0.02 inches in width. (a)

Normalized center voltage magnitude.
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shown are the corrections obtained by addition of the odd solution.
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Figure 25. Rectangular slot aperture with gasket and air gap. (a) Geometry.
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o
Lextr ~ o (79)

?

B Po Po
J 2 taf57a]
intr _t
Leas ®a¥g (80)
Loap & g Ho » (81)
coxtr 2 gpfPo (82)
p, ™o (w/d] >
intr _ d
Cgas N—t- fg ; (83)
intr , d
Cgap "W —1% "> (84)
- intr _d
-' Ggas ~ Y Jg : (85)
The total admittance per unit length is therefore
pe g 1 i 1 '
. ~Intr intr . ~intr
— 1ngap Ggas — Iwcgas
The total inductance per unit length is found from
1 1 1
L = pextr + Lintr N pintr (87)
Po Hp, gas gap

The approximate equivalent radius (53) can again be used to include LZ and C; . The
(o] (e]
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elements

1 1 1
AYL = o (L—_ - ‘—0_) ’ (88)
Py Lp
o
_ . o
AYo=Y o, + wcpo : (89)

thus enter (35) and (36).

Figure 26 gives the results when a small air gap is introduced into the geometry of Figure

22.
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Figure 26. Lossy gasket material effects with an air gap of approximately 0.005 inches in
width are illustrated for a rectangular slot aperture approximately 6 inches in length, 0.3
inches in depth, and 0.05 inches in width. (a) Normalized center voltage magnitude.
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(b) Normalized radiated power.



IV. CONCLUSIONS

A local transmission line — nonlocal antenna model has been introduced that is useful in
representing penetration of narrow slot apertures by means of antenna modes. The effects
of aperture depth, finitely conducting slot wall materials, and lossy gaskets have been

investigated by means of the model.

Large depth—to—width ratios, typical of unintentional joint apertures on systems, give rise
to large resonant quality factors. Furthermore, even good metallic conductors result in
significantly reduced penetration when typical slot dimensions are used. Gaskets, with

relatively small loss tangents, also result in significant reductions in penetration.

It should be pointed out that the fatness parameter € is typically large enough in these
problems that, in the lossless case without gaskets, simple antenna theories such as Hallén's
iteration method [9] and approximations based on the biconical transmission line [10],{11]
yield accurate results. In fact, when Q is very large, a simple transmission line model

which includes wall loss and gaskets is easily constructed [8].

A correction to the uniform voltage distribution interior to the rectangular slot aperture is
also given. This correction arises from a simple approximate solution to the odd problem
in depth. The magnitude of this correction can be used as a gauge of the accuracy of the
antenna solution when the depth becomes a significant fraction of a wavelength. A simple

model without restrictions on the depth will be discussed in a future paper.
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