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Abstract—The calculation method for radar cross-section (RCS) of
reflector antenna placed under cone-shape dielectric radome has been
proposed. The method based on the integral representations for a
desired scattering field with using Lorenz lemma. These integral
equations considered electromagnetic interaction between an antenna
screen and a radome. The analysis of RCS calculation results for model
antenna system with a conic dielectric radome has been carried out.

1. INTRODUCTION

Most aerial targets (aircrafts, antiaircraft missiles with self-direction
head) have sharpened bow radomes covered reflector antenna. This
antenna system essentially increases the RCS level of the whole
aerial object [1]. Thus, the creation of methods for calculation and
RCS estimation obtaining of antenna systems with radome is very
important for an aerial target detection. The investigation of scattering
characteristics for antenna systems with radomes has been a subject
of much fruitful study [2–13]. Intrasystem interactions springing up in
illumination of the “antenna-radome” system lead to more complex
calculations. The presence of electromagnetic interaction between
antenna and radome can result to very appreciable changes (frequently,
by resonance nature) of RCS of the whole antenna system and so RCS
of the whole aerial object.

Proposed in [14] iterative method for “antenna-radome” system
has been created in the following limiting conditions: All considera-
tions carried out for two-dimensional models and the radome shape in
principle have to weakly curved. In [15] the radome was replaced by a
finite dielectric plate.

We propose the approximate method of RCS calculation for a
three-dimensional reflector antenna with a conic dielectric radome.
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This method takes into account single re-reflections between antenna
and internal surface of radome.

2. MAIN CALCULATION RELATIONS

Let consider the model of a reflector antenna with a conic radome
(Fig. 1). The incident plane electromagnetic wave is

�E0 (�x) = �p 0 exp
(
jk0

(
�R0 · �x

))
,

�H0 (�x) =
√
ε0
µ0

(
�R0 × �p 0

)
exp

(
jk0

(
�R0 · �x

))
.

(1)

Figure 1. “Antenna-radome” system.

Let using the Lorenz lemma [16] for the desired full field ( �E, �H)

and the auxiliary field
(
�̂
E,

�̂
H (�x|�x0, �p)

)
, that is generated by a point

electric dipole placed in point �x0 with vector-moment �p at the radome
presence only. Then we obtain integral representation for a desired
field

jω�p · �E(�x0) = jω�p · �Erad(�x0) +
∫
L

�K(�x) · �̂E(�x| �x0, �p)ds. (2)

Here �Erad(�x0) is the field scattered by radome only, �K(x) is the current
density at the antenna surface points. The integral term in (2) is
the reflector L responses to the incident wave (1) with the account of
electromagnetic interaction between a radome and an antenna. Let
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Figure 2. Advance of incident wave.

�x0 = −r �R0 and r → ∞ we obtain the asymptotic expression for
scattered field in far zone

�p �E(�R0) ∼ �p �Erad(�R0) − jk0
ejk0r

4πr

√
µ0

ε0

∫
L

�̂
E(�x) · �K(�x)ds. (3)

Here �̂E(�x) is the field generated by the plane wave (1) at the antenna
surface L points with the presence of single radome only. This field will
be calculated using the geometrical optics approach. In this approach
the field

(
�̂
E(�x), �̂H(�x)

)
is represented as the sum of two fields. One of

them reaches the antenna directly through illuminated radome surface
(Fig. 2 — way 1), and the another field illuminates antenna after single
re-reflection from the internal radome surface (Fig. 2 — way 2). So,
the first term of this field can be written as

�̂
E1(�x) =

[
τ⊥p⊥�e⊥ + τ‖p‖

(
�R0 × �e⊥

)]
exp

(
jk0

(
�R0 · �x

))
(4)

�̂
H1(�x) =

√
ε0
µ0

[
τ⊥p⊥

(
�R0 × �e⊥

)
− τ‖p‖�e⊥

]
exp

(
jk0

(
�R0 · �x

))
(5)

where �e⊥ = �R0×�n

|�R0×�n| , �e‖ =
(
�R0 × �e⊥

)
, p⊥ = (�p · �e⊥), p‖ =

(
�p · �e‖

)
, �n is

a normal unit vector to a radome surface point.
The complex values τ⊥, τ‖ are the coefficients of plane

electromagnetic wave that is passing through a parallel-sided layer
tangent to radome (with radome parameters) for two mutually
orthogonal polarizations. In case of ‖ (parallel) polarization the
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electrical vector of the incident wave, vector �R0 and the normal vector
�n at given point of radome surface are coplanar. For ⊥ (perpendicular)
polarization the electrical vector of incident wave is perpendicular both
vectors �R0 and �n. The general expression for passing coefficient can
be presented in view

τ =
((

cosκδ +
j

c
sinκδ

)
+

(
cosκδ − j

c
sinκδ

)
ρ

)
exp (−jk0δ cos θ) ,

(6)

where ρ is the complex reflection coefficient for parallel-sided layer with
radome parameters. It can be presented in view:

ρ =
j
(
c2 − 1

)
sinκδ

2c2 cosκδ − j (c2 + 1) sinκδ
. (7)

Here c =
√

ε′−sin2 θβ cos θ, κ = k0

√
ε′ − sin2 θ, cos θ = |(�R0 · �n)|,

sin2 θ = 1 − (�R0 · �n)2, ε′ is the relative permittivity of radome, δ is
the radome thickness.

β =
{

1 for ⊥ polarization,
ε′ for ‖ polarization.

In the case of ⊥ polarization ρ = ρ⊥, τ = τ⊥, and in the case of ‖
polarization ρ = ρ‖, τ = τ‖.

If the beam, that passes radome in the some point �x0, doesn’t
cross the antenna reflector, it have to cross the radome at another
point �x1. In this case the vector of electric intensity is

�p1 = τ⊥p⊥�e⊥ + τ‖p‖�e‖ (8)

for field that is falling on inside radome surface at point �x1. The values
τ⊥, τ‖, ρ⊥, ρ‖ in (8) obtained for point x0. This vector �p1 and relations
(6), (7) can be used for obtaining τ1⊥, τ1‖, ρ1⊥, ρ1‖, �e1⊥, �e1‖. The
expression for a field incidented on an antenna reflector L after the
reflection from inside radome surface at point �x1 (the way 2 on the
Fig. 2) can be presented as

�̂
E2(�x) =

[
ρ1⊥p1⊥�e1⊥ + ρ1‖p1‖

(
�R1 × �e1⊥

)]

exp
(
jk0

[(
�R0 · �x1

)
+

(
�R1 · �x

)])
, (9)

�̂
H2(�x) =

√
ε0
µ0

[
−ρ1‖p1‖�e1⊥ + ρ1⊥p1⊥

(
�R1 × �e1⊥

)]

exp
(
jk0

[(
�R0 · �x1

)
+

(
�R1 · �x

)])
, (10)
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where �R1 = �R0 − 2�n(�x1)
(
�R0 · �n(�x1)

)
.

The current density �K(�x) on the antenna surface is calculated as
a sum of currents generated by fields of “direct” and “re-reflection”
waves (Fig. 2) on the antenna surface. In the physical optics approach
the current density can be represented as

�K(�x) = 2
(
�N × �̂

H
)

(11)

where �N is a normal unit vector to antenna surface, and �̂
H can be

calculated as sum of magnetic-field strengthens for first and second
ways (Fig. 2) of a wave propagation in the accordance with expressions
(5) and (10). The field �p �Erad(�R0) scattered by radome can be
calculated in Kirchhoff approach

�p �Erad(�R0) ≈ −jk0
ejk0r

4πr
×

∫ ∫
Sill

[(
�p ·

(
�n× �H ′(�x)

)) √
µ0

ε0

+ �E′(�x)·
(
�n×

(
�p× �R0

))]
exp

(
jk0

(
�R0 · �x

))
ds. (12)

Here
(
�E′, �H ′

)
is the field near illuminated radome surface Sill, that

can be estimated using Kirchhoff approach

�E′(�x) ≈


ρ⊥(�x)p⊥(�x)

(
�R1 × �n

)
∣∣∣�R1 × �n

∣∣∣ + ρ‖(�x)p‖(�x)
�R1 ×

(
�R1 × �n

)
∣∣∣�R1 ×

(
�R1 × �n

)∣∣∣




exp
(
jk0

(
�R1 · �x

))
, (13)

�H ′(�x) =
1

jωµ0

�∇× �E′(�x), (14)

where �R1 = �R0 − 2�n
(
�R0 · �n

)
. �n = �n(x) is the normal vector to

the outside radome surface S2. The expression (12) for conic radome
can be transformed to single integral over angle α concerned with the
illuminated radome surface:

�p · �Erad

(
�R0

)
≈ −jk0

ejk0r

4πr
sin θ
cos2 γ

α1∫
α0

Ψ(α)dα, (15)

where

Ψ (α) = F (α)
[
h exp (j2k0hϕ (α))

2jk0ϕ (α)
+

exp (j2k0hϕ (α)) − 1
4k2

0ϕ
2 (α)

]
,
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F (α) =
(
ρ⊥ (α) p2

⊥ (α) − ρ‖ (α) p2
‖ (α)

) (
�R0 · �n (α)

)
,

ϕ (α) = tgθ
(
R0

1 cosα+R0
2 sinα

)
+R0

3,

α0 = arcctg
η√

1 − η2
, α1 = 2π − α0, η =

tgθ

tgγ
.

Here h is the radome height, θ is the half-angle of radome cone, γ is
the angle between radome axis and vector, �n (α) is the normal vector
to outside radome surface S2.

3. CALCULATION RESULTS

Figure 3 illustrates the geometry of the calculation model. The vertex
of the radome cone is placed at the point of origin and cone axis
coincide with axis Oz. The radome height is h = 1 m, half-angle is
θ = 20◦, relative permittivity of radome material ε′ = 7. The distance
between the cone vertex and the antenna center point is d = 0.75 m,
the antenna radius a = 0.25 m. Antenna can turn around axis Oy.
The unit vector of the incident wave direction �R0 is placed in plane
Oxz(�R0 = {sin γ, 0, cos γ}).

Figure 3. Geometry of the antenna calculation model.

The three antenna shapes have been considered — with almost
plane surface (focal parameter is q = 10 m reflector depth is near
3 mm), antenna with focal parameter q = 1 m, (reflector depth is near
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3 sm) and “deep” antenna (focal parameter is q = 25 sm, reflector
depth is near 12 sm).

RCS dependence from the illumination angle γ for antenna
without radome is shown in Fig. 4. The antenna focal parameter
is q = 1 m, wave-length is λ = 3 sm. The angle α = 45◦. RCS
dependence for antenna at the presence of radome is shown in Fig. 5.
The radome thickness is 5.6 mm and matched for hade angle 20◦. The
polarization vector of incident wave is normal to Oxz (u-polarization).
The gray curve illustrates the contribution of “direct” wave (Fig. 2
— way1), dash curve-the contribution of “re-reflection” wave (Fig. 2
— way2), a solid black line is the whole antenna RCS. The RCS of
“antenna-radome” system is shown in Fig. 6. The thin solid black
line illustrates the antenna RCS, dash gray curve — the contribution
of radome, thick black line is the RCS of system “antenna-radome”.
The analysis of Figs. 5, 6 and their comparison with RCS of antenna
without radome shows that matched radome changes RCS faintly for
wide range of illumination angels. However for some illumination
angles the accounting of radome effect changes RCS essentially. So,
for γ = 45◦ (antenna illuminates along its axis) the radome presence
reduces antenna RCS and “antenna-radome” system RCS in 7 times.
The accounting of “re-reflection” wave (Fig. 2 — way2) essentially
changes RCS for γ > 60◦. The reflection from radome gives the
essential effect for small angles γ and for γ ∼= 70◦ when the vector
of the incident wave direction �R0 is normal to radome generatrix.
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Figure 4. RCS of antenna without radome.

The RCS dependencies for case when the polarization vector is
parallel to Oxz (v-polarization) have been presented in Figs. 7 and 8.

The radome effect for “antenna-radome” system RCS is reduced
in the case of v-polarization. This fact is expressed in reducing of “re-
reflection” wave contribution, in reducing of radome reflection and in
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Figure 5. RCS of antenna at the presence of radome (u-polarization).
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Figure 6. RCS of “antenna-radome” system (u-polarization).
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Figure 7. RCS of antenna at the presence of radome (v-polarization).

the general behavior of system RCS: In the case of v-polarization. The
RCS of “antenna-radome” system is closer to RCS of antenna without
radome than in the case of u-polarization. So, for γ = 45◦ system RCS



Progress In Electromagnetics Research B, Vol. 4, 2008 167

0,000001

0,00001

0,0001

0,001

0,01

0,1

1

10

0 10 20 30 40 50 60 70 8 90

, 2

deg

mσ

γ ,
0

Figure 8. RCS for “antenna-radome” system (v-polarization).
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Figure 9. Antenna RCS dependency from it depth.

in case of v-polarization doesn’t differ practically from RCS of antenna
without radome.

Let consider RCS dependencies from antenna depth for axial
incidence (Fig. 9). Reflector depth δ is changed from 3 sm (one
sounding wave length) to 10.5 sm (3.5 wave lengths). The focal
parameter is changed from q = 1 m to q = 0.3 m. Thin gray line (Fig. 9)
indicates the antenna RCS dependency from its depth in the case
of radome absence. The solid black line indicates RCS of “antenna-
radome” system for v-polarization, the dash black line indicates RCS
of “antenna-radome” system for u-polarization.

The RCS dependencies at the presence of radome moves right
relatively RCS dependence for single antenna. The Fresnel zones are
formed on the parabolic antenna surface. For axial incidence RCS
depends on composition of fields scattered by the first and the last
Fresnel zones on antenna surface. The change of reflector depth leads
to appearance or disappearance of Fresnel zones near the antenna edge.
Accordingly, periodicity of RCS changes are connected with incident
wave length value.
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The analysis of calculation results for RCS of system with plane
reflector (q = 10 m) shows the same tendencies as for antenna with
q = 1 m — the essential contribution of reflection from radome and “re-
reflection” wave to whole scattered field for some illumination angles.
The RCS for system with “deep” antenna (q = 0.25 m) changes from
1 to 10 m2 for any sounding angle γ (from 0 to 90◦). In this case the
effect of “re-reflection” doesn’t change practically the antenna RCS.

4. CONCLUSION

The accounting of electromagnetic interactions between an antenna
and a radome allows to increase the calculation accuracy for antenna
system RCS and for RCS of objects with “antenna-radome” system.
The RCS dependencies from illumination angles and another factors
are quickly oscillating and wide-range changing. Thus it is need to
average RCS values in corresponding ranges for obtaining stable values
of “antenna-radome” system RCS of aerial objects.
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