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1, INTRODUCTION AND SUMMARY

1,1 INTRODUCTION

Radomes affect the performance of airborne radar and guidance systems by reducing
guidance accuracy and radar range. These system effects limit existing missiles, and
they restrict the development of newer missiles that have increased speeds, higher
altitudes, greater frequency bandwidths, or smaller dimensions. The need for im-
proved accuracy requires accurate methods for radome analysis. Although adequate
methods exist for designing radomes that enclose antennas with diameters greater
than several wavelengths, these methods fail for smaller antennas and radomes. The
development of small or broadband radomes is largely empirical so that data are
available only after a radome is fabricated and tested. This approach is tedious and
expensive, and it delays the synthesis of systems. A more general, analytical design
method is desirable.

The development of a general design method requires a model that relates radome
composition and configuration to system effects. The link is the physical effects of a
radome; namely, boresight error, attenuation, and sidelobe level increases. These
three effects can be qualitatively and quantitatively derived from farfield patterns of
the antenna in the radome. * Consider sum mode patterns with and without radome as
in Figure 1-1. Attenuation or loss is the reduction in intensity at the peak of the main
beam, and boresight error is the angular shift of the beam peak. For monopulse or
conical scan antennas, boresight error is the angular shift of the tracking minimum
instead of the peak. Sidelobe levels changes are the changes in the intensity of sub-
sidiary maxima in the antenna pattern.

Antenna patterns are computed by evaluating diffraction integrals. We assume
receiving operation in order to consider plane waves incident on the radome. The
complex-valued amplitude of a rectangular component in the radome-bounded region is

= /FTEIdA ;

where EI is the incident field amplitude, F is the receiving aperture distribution, and
T is the radome transmittance, which is a complex-valued function of position for fixed
frequency, wave polarization, and incidence direction. The integration extends over
the region in wlﬁcl& F has nontrivial magnitude. The receiving power is assumed pro-
portional to |E"|

*The pattern depends on the orientation of the antenna in the radome as well as fre-
quency and wave polarization direction,
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The transmittance T in Equation (1) describes the electromagnetic effects of the
radome. If we write T=Te , A® is the phase delay produced by the radome.
The quantity A ® is significant because it determines equiphase surfaces, and the tilt
of these surfaces* rom the plane, incident wave is, to first order, proportional to
boresight error. Figure 1-2 suggests a distorted wavefront. Because T strongly
influences boresight error, its accurate computation is necessary for accurate per-
formance predictions.

The transmittance depends on several electromagnetic wave processes. The known
mechanisms are suggested in Figure 1-3 for externally incident plane waves. The
direct wave usually has the largest magnitude. For large radomes and antennas the
direct wave can be accurately computed over most of the aperture area by approxi-
mating the radome as locally plane. However, this approximation fails in the shadow
of the tip because the radius of curvature of the radome tip approximates the wave-
length. Some evidence exists for a scattered wave centered at the tip or the edge of
a wedge.3

Data for other radomes suggests that if a wave is scattered by the tip, the wave is
very directional; a simple cylindrical or spherical wave may be an overly approximate
assumption. Any tip scattered wave becomes more significant as the diameter of the
receiving antenna is reduced because the projection of the tip region becomes a larger
fraction of the aperture area. Tip diffraction may be more important for direction-
finding antennas that sense the difference between fields for halves of the aperture; for
larger angles of arrival, the direct waves encounter large radii of curvature and pro-
duce balanced fields that cancel, but a tip wave would have distinct phase values.

The reflected wave, which comes from the shadowed side of the radome, occurs for
incidence directions sufficiently far from axial incidence. The angle is approximately
that of a cone tangent to the radome because the incident wave must first propagate
through the directly illuminated side. The reflected wave increases sidelobe levels,
and it causes boresight error for larger gimbal angles.

Guided waves exist in radomes. The modes are hardly cataloged for any special case.
In general, evidence exists for slab guided modes in wedges and cones. Near the tip,
the radome may be a hollow circular waveguide. Guided modes are negligible in many
applications if the aperture is large, but they are growing in importance for newer
smaller seekers that have antennas with small clearance from the radome. In addition,
a guided wave can excite a tip diffracted wave and scattering at the base.

*
1References are designated by a numerical superscript. They are collected in
Section 6.
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Until recently the direct wave was the main concern. However the other wave proces-
ses, which had produced rather subtle effects on systems, have become more signi-
ficant as radome boresight error slope requirements become more stringent. In

i addition low sidelobe antennas require accurate design methods especially for reason-
able bandwidths.

This report describes analyses and experiments on wave propagation through hollow

dielectric shells. The purpose was to better describe the wave processes shown in

Figure 1-3. Our aim was to analyze wavefront structure and the excitation of the

various wave processes to estimate magnitude of the constituent fields. The results

have helped develop anisotropic structures to reduce boresight error and its variation

with wave polarization. Although completely polarization independent radomes seem

unlikely, some reduction of this problem seems possible with dielectric gratings or

periodically perforated metallic structures. Finally the results of the research are f
expected to help the analysis of high temperatures on radome boresight error.

WITHOUT
RADOME
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Figure 1-1. Radome Effects from Antenna Patterns
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Figure 1-3, Wave Mechanisms in Hollow Dielectric
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1.2 SUMMARY

~This report describes analyses and experiments on wave propagation through hollow
dielectric shells. The purpose was to describe quantitatively the wave process in
radomesg; see Figure 1-3, ‘Specifically we sought to analyze wavefront structure and to
estimate the magnitudes of the elementary waves that combine to form the wavefront,
The research applies to the design of new missile radomes, to the analysis of aero-
dynamic heating on radome performance, and to the development of anisotropic radomes
that reduce the polarization dependence of radome performance, .

Section 2 summarizes the theory, which is the moment method. It is restricted to two-
dimensional problems in its present form. Section 3 describes calculated results for
plane waves incident on flat slabs and on hollow wedges for a range of incidence direc-
tions, Emphasis is on perpendicular polarization, but data for parallel also are given,
Results are given for several slab and wedge dimensions., Section 4 describes near-
field experiments. The results are compared with computed; and an accuracy criterion
is given. Section 5 interprets the results, The measured and computed results show
guided waves are strongly excited on slabs and wedges. The moment method correctly
gives the magnitude of excitation. An independent model predicts spacings of fringes
formed by interfering guided and refracted waves. Scattering by edges also occurs.
These processes plus propagation through and reflection from the flat sides of a wedge
produce complicated fields. A connection was made between observed boresight error
properties of axially symmetric radomes and guided waves,

1-5/1-6




2, ANALYSIS

2.1 INTRODUCTION

Radome analysis requires approximations because few radomes are bounded by sur-
faces that are complete co-ordinate surfaces in separable systems. Cylinders,
spheres, and large flat sheets can be analyzed by boundary value methods; however,
ogival radomes usually are analyzed with diffraction integrals, and the radome is
described as locally flat. Although approximate methods are often adequate, their
accuracy is unknown in many cases. Discrepancies between measured and computed
quantities are largest for small antennas and small radomes.

The causes of the discrepancies are only partially known. The approximation of local
planeness in computing transmittance is mentioned by several authors. Our experience
suggests additional causes, namely undersampling in computing transmittance. To
appreciate undersampling consider Figure 2-1A. A single incident wave normal, a
direct ray, passes through a point in the radome-bounded region. Transmittance is
computed by approximating the radome as locally flat. This method gave good accura-
cy when the antenna in the radome had diameter 10 wavelength, but it failed for an
antenna, diameter wavelength in a smaller radome. In contrast, the method suggested
by Figure 2-1C gave excellent accuracy for the smaller radome. We interpret these
results to suggest that the radome surface must be adequately sampled. Sufficiently
dense sampling introduces the variation of the surface normal into a sum of terms that
describe transmittance at a point. The lack of this variation in the direct ray method
seems a cause of discrepancies.

Another cause of discrepancies seems to be the omission of some wave processes from
most analytical methods. As mentioned in Section 1, guided waves, scattering by the
tip, and by the base of the radome exist, but these waves are usually omitted from
numerical analyses, A main objective of this project was to determine the magnitude
of the distinct wave types in radome-bounded regions.

Do
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Because accurate radome analysis is involved, we considered simpler problems, the
hollow dielectric wedge and the flat slab, both with finite width, as shown in Figure 2-2.
In addition, we considered the half cylinder. These problems are preliminaries to
axially-symmetric radomes. We considered two directions of wave polarization. One
is TM or perpendicular polarization. The other is TE or parallel polarization. The
approach is to utilize the moment method for the numerical solution of integral
equations,

The theoretical basis for the analysis of slabs, hollow wedges, and holloy cylinders is
the moment method; in particular, a form developed by J. H. Richmond. '" The next

two subsections summarize the theory.

2.2 TM CASE, OR PERPENDICULAR POLARIZATION

The starting point is an integral equation for the scattered electric field. This equation
is derived from Maxwell's equations with the definition t}iat ET, the total field, which
is the field in the presence of a scatterer_is the sum of E', the incident field, which is
the field without the scatterer, and the E~ the scattered field. That is

i
ET = B + ES, (1)

Maxwell's equations are then rewritten in the form of the free space equations with a
polarization current that describes the effect of the dielectric scatterer. For perpen-
dicular polarization the integral equation gives the scattered field as

ESxy) = (/9 [f (e-nE @, yB D e )axay, (2)

where P = [(x—x') 2 + (y-y") 2 ] L 2, with (x,y) th? 1go—ordinai:es of the observation
H "7k

point and (x',y') those of the integration point. P) is a zero order Handel
function of the first kind, it represents an outward going wave wlthsour assumed time
canention exp (-iwt), with t time and frequency ». By adding E~ in Equation (2) to
E’, we obtain an integral equation for ET.

ET - @’/9 11 e-nE e,y D epyavay = EL 3

To solve Equation (3), divide the two dimensional dielectric scatterer into gells like |
those in Figure 2-3. The cells must be small enough to justify assuming E~ constant |
in any one cell. We assume the relative dielectric constant x is constant in any one
cell. From Equation (3) we get
T _ ol (1) T !
Em (ik™/4) [f( R l)E(xm,ym)H kp)dx'dy' = E. €))
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In Equation (4) m is an index that labels the cells, and N is the total number of cells.
In fact Equation (4) is a system of N equations. The next step is to evaluate the double
integrals in Equation (4). This integration is straightforward for cells that are right
circular cylinders of radius a and with infinite length (in the z' direction, which is
perpendicular to the x',y' plane). There are two cases to consider. In one, the ob-
servation point is outside the cell. If n denotes the integration cell and m the obser-
vation cell, then for m = n

(-'Lk2/4)l = (-irrka/Z)Jl(ka)Ho(l) kp ) (5)

mn

where pmn denotes the distance between (xm. y ) and X y ), I is the double integral
in Equation (4), and J 1 denotes the first order B%lssel function. In the second case,

m = n

(-ik2/4)1 = (~1/2) [nk a Hl( 1)(ka) + Zt] ; (6)
With Equations (5) and (6), we obtain

N

z C ET « E , (7
mn n m

n=1

for 1< m < N. The Cmn are matrix elements.

To find ET it is necessary to solve the system of Equation (7). This solution may be
found by lﬁverting the matrix (C_ ). The matrix inversion is restricted by storage
capacity of computers because tﬂ'énassumptlon that E~ is constant in any one cell
requires small cells. The small dimensions require large N for structures compar-
able in size to practical radomes.

Direction solution of equation 7 is being studied. The next section gives calculations
for four special cases that were chosen to reveal some aspects of wave propagation in

and around radomes.

2.3 TE CASE OR PARALLEL POLARIZATION

This case is more complicated than the preceding because another term arises in the
integral equation since the gradient of the scalar potential contributes to the electric
field,

9A

E='V¢--a—t-. (8)
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With the co-ordinate system of Figure 2-2, the incident field is

I

E = SZ'EI

M B ?Ei, (%, 9)3 9)

The total field E has a similar répresentation. Two sets of coupled equations result,
we obtain

(10)

B I
z e B . +B E })=E
mn xn mn yn

where A n’ B ,C

, D are matrix elements; their definitions are given in
m mn’ mn ~mn
Reference 4.
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Figure 2-1. Three Methods for Computing Radome Boresight Error
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The dashed lines show where the field was evaluated.
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Figure 2-3. Approximating a Hollow Wedge with a Set of Right Circular Cylinders.




3. COMPUTATION

This section gives the results of moment calculations for slabs, hollow wedges, and
hollow hemi-cylinders. The co-ordinate systems of Figures 3-1, 3-2, and 3-3 were
utilized. Cell radius a was chosen to make the sum of the areas of the approximating
cylinders equal that of the scattering object. Frequency was 9.375 GHz. Dielectric
constant Kk was 2.6; to simulate acrylic plastics which we utilized in experiments.
Loss tangent was zero; this approximation is good because the value for acrylic
plastics is 0. 006.

3.1 PERPENDICULAR POLARIZATION

3.1.1 SLAB: 4 IN. WIDTH, NORMAL INCIDENCE

The fields inside the slabs were computed at the center of the approximating cylinders
to study numerical convergence and to compare the results with those for infinjtely
broad sheets. Incidence was normal as in Figure 2-2a. Figure 3-4 shows |E |
inside a slab, width 4 in. and thickness 0.25 in. Cell radius a was 0. 143 in. ; spacing
was 0.25 in. The number of cells N was 17. Note the valueg fluctuate about that for
infinite flat sheets. For comparison, Figure 3-5 shows |E”| inside the same slab,
but for N = 120 and for smaller cells. For the slab midplane the results are similar
for both values of N, but the oscillations have greater amplitude in Figure 3-5. The
field also depends on Y within the slab.

2
The power transmittance (the normalized intensity IET/EII outside the slab) of the
0.25 in. thick slab is shown in Figure 3-6 for N = 17 and in Figure 3-7 for N = 120.
These figures illustrate how transmittance computations depend on N.

Figure 3-8 shows IET/EII - for a slab with thickness 0. 125 in. In this case the slab
was approximated with a single row of 33 cylinders.

3.1.2 SLAB: 10 IN. WIDTH, NORMAL INCIDENCE

As the width of a slab increases we expect the field to approach that computed for an
infinitely broad slab. Therefore we considered a second, broader slab, width 10 in.
The internal field magnitude is shown in Figure 3-9 for two thicknesses, 0.125 and
0.250 in. Figure 3-10 shows transmittance at several distances behind the 0. 25 in.
slab; all are in the nearfield of the slab. Figure 3-11 shows transmittance for the
0.125 in. slab. Note in Figure 3-11 the transmittance differs slightly from that for
a flat slab in the central half of the slab, but nearer the edges the moment method
result oscillates about the flat sheet value.
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3.1.3 SLAB WITH DIELECTRIC STRIPS

Figure 3-12 shows an array of dielectric cylinders that represents thin strips on a
dielectric slab. Slab thickness was 0. 125 in., and width was 4. 38 in. Each strip was
0.30 in. high and 0,060 in. thick, The slab was represented by 36 cylinders each with
diameter 0. 0,'111 lf' » and each strip had 5 cylinders, diameter 0.034 in. Computed
values of |E /E |~ are shown in Figure 3-13 for normal incidence on the slab with
strips. :

The effects of the strips on power transmittance is illustrated in Figure 3-14, which
shows the computed data for the slab with and without the 15 strips. The strips in-
crease transmittance averaged over the slab by approximately 1/3 dB.

3.1.4 SLAB, 45° INCIDENCE

For 45° incidence, as in Figure 2-2b, the internal field, at the centers of the cylinders
approximating a slab, is shown in Figure 3-15 for six values of N(10, 11, 21, 41 and
42) corresponding to six distinct slab lengths. The intensity outside the slab is shown
in Figure 3-16 for N = 41; in this case intensity was evaluated on the line 0.225 in from
the slab midplane and on the shadowed side. This line is 0.1 in. from the slab. The
intensity on a transverse line parallel to the incident wavefront is shown in Figure 3-17
for two values of N(41 and 42).

The internal flelds, Figure 3-15 depend on N, but this dependence has a physical
rather than numerical cause. The deep minima result from guided waves interfering
with internal plane wave fields; we justify this interpretation in Section 5. The small
rapid oscillations result from interference of guided waves travelling in opposite
directions; see Section 5. Addition of another cylinder increased the path length of
one of the waves by approximately w, causing maxima and minima of the small
oscillations to alternate in locations,

Another physical cause exists for fluctuations on transverse paths as in Figure 3-17.
The increase of N extends the slab. For small N the end of the slab is closer to the

source than the observation points. The larger N the end is farther from the source.
Figure 3-18 illustrates this point through calculations of the scattered field.

3.1.5 SLAB, GRAZING INCIDENCE
For grazing incidence as in Figure 2-2c, Figure 3-19 shows the intensity of the total
field in a 0. 25 in. thick 10 in. long slab. The field was evaluated at the ce of

the_cells for two values of N(40 and 41). We see from the 4 dB value of |E" | that
| E7| exceeds the unit magnitude of the incident field.
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The external lntenslty,is &n Figure 3-20 for two lines parallel to the slab plane, and
Figure 3-21 shows |E " |~ at a larger distance.

3.1.6 WEDGE, 0.25IN. THICK, AXIAL INCIDENCE

For a hollow wedge, as in Figure 3-22 shows IETl inside the walls for several values
of N, where (N-1)/2 cells are in each wall and one cell is at the tip. The fleld on
transverse paths (fixed y values) is shown in Figure 3-23 for the wedge represented
by two slabs of equal thickness, and in Figure 3-24 for two slabs of slightly different
thickness. Note the additional variation in the second case. The field variation on

the symmetry plane is shown in Figure 3-25.

To obtain a comprehensive view of the field we drew contour plots of the scattere
field; see Figure 3-26 for magnitude a.nq 3-27 for phase. The biggest value of [E" |
was 1.65 compared to the unit value le"l.

3.1.7 WEDGE, 0.125 IN. THICK WALLS

Figure 3-28a and b shows the field intensity inside a hollow 90° wedge, thickness
0.125 in., with walls 10 in. long; results are given for four incidence directions ¢
equal to 0°, 22,5°, 45°, and 67.5°. Note ¢; equal 0° gives axial incidence; ¢; 3
equal 45° gives normal incidence on one slab and grazing incidence on the other. The
value 67,.5° gives reflections.

Because many graphs are necessary to represent the field behind a wedge, we pictorial -
ly displayed the data, Figures 3-29 and 3-30 show these plots of the scattered field

ES for the wedge with 0. 125 in. thick walls. The data were quantized into 11 levels

so the representation is rather coarse. Therefore we increased the number of levels

to 22; see Figure 3-31 and 3-32.

3.1.8 HEMICYLINDER

Figure 3-33 shows the geometry. The hemicylinder had diameter 4.8 in. and thickness
0. 125 in. The direction of the incident wave was specified by the angle ¢ . The hemi-
cylinder was approximated by a set of small solid cylinders, radius a, on a hemicircle
of radius R. See Figure 3-34. Computations were done for R equal 2.5 in. and a
equal 0.071 in.; @ the distance between hemicylinders was . 125 in.

Figure 3-35 shows intensity |ET/ EI| s for ¢, =90° at two values of y. For compari-
son, the figure also shows values computed wlth a ray traging method that approxi-
mates the radome as locally flat. The phase delay arg E /E  is shown in Figure 3-36.

Figures 3-37 and 3-38 show intensity and phase for 0, = 45°,
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! Because anisotropic gratings have been utilized to improve radomes, we applied the
moment method to their analysis. Figure 3-39 shows the geometry. Transmittance
is shown in Figure 3-40 for 0, = 0°.

3.2 PARALLEL POLARIZATION

it

3.2.1 SLAB: 0.125 IN. THICK, GRAZING INCIDENCE

Figure 3-41 |ET| insjde i séab, thickness 0. 125 in. length 4 in. for grazing incidence.
Figure 3-42 shows |E /E |~ outside the slab at five lines parallel to the slab.

3.2.2 SLAB: 0,235 in, THICK, GRAZING INCIDENCE
Figure 3-43 shows IETI inside a slab, thickness 0. 235 in., length 4 in. for grazing

incidence. Results are shown for ;},slxig],? row of cylinders, N = 17, and for two rows
N = 68. The external intensity |E /E |~ is shown in Figure 3-44.
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Figure 3-4. Internal Field Magnitude for 1/4 in. x 4 in. x 18 in. Slab, x = 2.6,
for Normal Incidence. Calculated for N =17, a =0.143 in., P = 0. 25 in. ,
at y = 0. The arrow shows the value predicted by flat sheet theory.
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Figure 3-5. Internal Field Magnitude for 1/4 in. X 4 in. x 18 in. Slab, k =2. 6, for
Normal Incidence. Calculated for N = 120, a = 0. 053 in., p = 0.100 in. ;
Hexagonal Arrangement of Cells for y = 0 (—); for y = £0. 08 in. (----). The
arrow shows the value predicted by the theory of flat sheets
at the central row of cvlinders.
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Figure 3-6.
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Figure 3-7.
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Figure 3-8, Power transmittance of 0,125 by 4.0 in. slab: « = 2.€, 9; = 90°,
N =33, a=0.0715in., P=0.125 in.
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Figure 3-9, Total Field Amplitude in Dielectric Slab, k = 2,6, Normal Incidence,
Computed for N= 41, a= 0,143 in,, P = 0,25 in, (for 1/4 in, thickness the dashed
curve) and N= 81, a= 0,0715 in,, P= 0,125 in. (for 1/8 in. thickness the solid curve),
The arrows indicate the values predicted by flat sheet theory.
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Figure 3-10. Power transmittance of 0.25 in. by 10 in. by 18 in. slab, k = 2.6,
N = 41; for normal incidence a = 0.143 in., P = 0.25 in.
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Figure 3-11. Power transmittance of 0.125 by 10 by 18 in. Plexiglas slab;
Calculated: N =81, a=,0715 in., P = ,125 in., The broken
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Figure 3-12. Array of 11 cylinders to represent 4.38 in. wide slab
0.125 in. thick with 15 strips.
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Figure 3-13. Power transmittance of 0.125 by 4. 38 in. slab with 15 strips: Computed
for N =111, a =0.074 in. and 0. 034 in., p = 0,125 in. and 0. 06 in.
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Power transmittance of 0. 125 hy 4.38 in. slabs: & = 2.6, b, = 0°%;

with 15 dielectric strips: N = 111; a = 0.071 in.: 0.034 in.
p = 0.1251in.: 0.060 in,.
without strips: N = 36: a = 0.071 in.: p = 0.1251in.
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Figure 3-15. Total Field Magnitude Inside Dielectric Slabs for 45°, A = 1.259 in.
Computed for a = 0,143 in., P = 0.250 in. The arrows show
theoretical fringe spacings for guided waves.
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Figure 3-16. Intensity in Total Field at Distance 0. 225 in. from Slab Midplane.
Thickness 0. 25 in., length 10 in. Computed for N = 41, a = 0. 143 in., p = 0. 25 in.,
A= 1,259 in., k = 2,6. The numbers between minima are spacings in inches,
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Figure 3-17. Intensity Behind Dielectric Slab, x = 2.6, A = 1. 259 in. for 45° Incidence.
Measured for 0.23 in. x 10 in. x 18 in. slab with dipole probe at x = 4.48 in. (=).
Calculated for N = 41 (°); for N =42 (0). p =0.25 in., a =0. 143 in.
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Figure 3-18. Scattered Field Magnitude Behind Slab (10 in. x 18 in. x 0. 23 in.,
k = 2.6) for 45° Incidence at x = 4,48 in.

3-14




eT * (dB)

T * (dB)

ET *(dB)

gl i I ] 1 1

(1 2 4 6 8 10
X (INCH)

FLC14

Figure 3-19. Total Field Intensity Inside Slab 1/4 in. Thick, 10 in. Long.
N=40 (—), N=41 (---), a=0.143 in., p=0.25 in., x = 2.6.
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Figure 3-20. Intensity Near Dielectric Slab, x = 2.6, 1/4 in. x 10 in. x 18 in.,

Calculated for N =40, a = 0,143 in., P=0.25 in., A = 1.259 in.
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Figure 3-22. Total Field Amplitude Inside Walls of 90° Wedge,
P=0.25in., a=0.143 in., k = 2.6 at A = 1, 259 in. for Axial Incidence.
The horizontal dashed line gives the value for an infinitely broad slab.
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Figure 3-23. Intensity Behind Hollow Dielectric Wedge, k = 2.6, With
10 in. x 18 in. Walls, Thicknesses 0.226 in. and 0.232 in. at A = 1.259 in.
Measured with dipole probe (—). Calculated at x = 4. 48 in.,
for N = 81 (°), for N = 83 (x), a =0.143 in., P = 0.25 in.
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Figure 3-24. Intensity Behind Hollow Dielectric Wedge, x = 2.6, With

18 in. x 18 in. Walls, Thicknesses 0.226 in. and 0.232 in. at A= 1.259 in

Measured with dipole probe (—). Calculated at x = 4. 48 in. (x),
atx=4.61in. (°). P=0.251in., a =0,136 in. for y< 0,

a=0.130 in. fory >0. N =81.
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Figure 3-25. Power transmittance on symmetry plane of hollow wedge.
Computed with a = 0.143 in.; P = 0, 25 in.
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Figure 3-26. Scattered fileld magnitude near hollow wedge. Shown in 6 X 6 in.

region near the vertex. Computed for a = 1.36, P = 0.25 in.
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Figure 3-27. Equiphase contours of ES for hollow wedge.
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Figure 3-28a. Computed intensity of total field IETIZ inside hollow 90° wedge with
1/8 in. walls. Dielectric constant 2.6. N= 161. A= 1.259 in. The
arrows show spacings of nulls predicted by Equation 3-7.
See Figure 3-7 for definition of 0;. (Sheet 1 of 2)
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Figure 3-28b. Computed intensity of total field |ET'2 inside hollow 90° wedge with
1/8 in. walls. Dielectric constant 2.6, N = 161, A = 1.259 in. The
arrows show spacings of nulls predicted by Equation 3-7.
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Figure 3-29. Intensity and phase near 90° dielectric wedge;
sidewall lengths 10 in.; thickness 0.125 in.
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Figure 3-33. Geometry for Hemi-Cylinder and Incident Wave Directions
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Figure 3-34. Approximating a Hollow Hemi-Cylinder with a Set of Solid Cylinders
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Power transmittance of dielectric hemi-cylinder for ;= 90°,
Inner diameter 4, 87 in, ; thickness 0, 125 in. ; wavelength
1,259 in. Moment method calculations, Data are symmetric
about X = 0,
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Figure 3-36. Phase delay corresponding to Figure 3-35.
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Figure 3~37. Power transmittance for the conditions of Figure 3-35, except with
9, = 45°. The dashed lines show the co-ordinates of the inner
radome surface,
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Figure 3-39. Approximating cylinders for a hollow hemi-cylinder with gratings

3-29




LE042A

Figure 3-40. Power transmittance of hemi-cylinder with dielectric strips for ; =90°.
Inner diameter of hemi-cylinder 12, 38 cm; thickness 0. 32 cm; wave-
length 3.2 cm. Computed by moment method. Radii of approximating
cylinders were 0.180 and 0.086 cm.
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Figure 3-41. |E | Inside Dielectric Slab, Thickness 0,126 in.,
aty= 0, for N= 32, a=0.071in., P= 0,126 in.
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Figure 3-43. |ET| Inside Dielectric Slab, Thickness . 235 in. for Grazing Incidence.
Parallel Polarization
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Figure 3-44. Computed Intensity Near Dielectric Slab for Grazing
Incidence, Parallel Polarization
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4. MEASUREMENT

4.1 APPARATUS AND PROCEDURE

The apparatus is sketched in Figure 4-1. It consisted of a signal generator, a network
analyzer, and a probe positioner. The probe antenna was either a half-wave dipole or
an open end waveguide. The transmitting antenna was 20' from the probe so the field
was approximately that of a plane wave. Measurements were made by moving the probe
on the paths shown in Figure 2-2, with the dielectric scatterer present and then after
the scatterer was removed. The difference between measured values of intensity is

the power transmittance, which is normalized to the free space value; similarly the
difference in phase values is the argument of the complex-valued transmittance.

4.2 RESULTS FOR PERPENDICULAR POLARIZATION

4.2.1 SLAB: 4 IN WIDTH; NORMAL INCIDENCE

For the slab with thickness 0.24 in,, measured values of | ET/I:'III'2 are shown in

Figures 3-6 and 3-7 for two, distinct probes. One was an open-end waveguide. The
other was a half-wave dipole. The measured data depend on the probe, but the
differences between the results decrease with distance from the slab, For either probe,
the discrepancies between measured and computed results are smaller in Figure 3-7
than in Figure 3-6, This result is reasonable since N was larger for Figure 3-7 than
for 3-6, In Figure 3-7 discrepancies are smaller for the dipole probe, Therefore the
dipole seems to be preferable to the open-end waveguide,

2
Figure 3-8 shows | ET/ EII measured with a dipole probe for a slab with thickness
0.125 in,

4,2,2 SLAB: 10 IN. WIDE, NORMAL INCIDENCE

2
Figure 3-10 shows 1ET/EI|" shows measured values for a slab thickness 0.25 in. The
dipole probe gives the variation of the computed curves, and discrepancies are smaller
for the dipole than for the waveguide except in the center of the graphs for Y =0,75A.

I|2

Figure 3-11 shows IET/ E of the thinner slab, 0.125 in. thick, for a dipole probe.

NDiscrepancies are very small. The reason is that the small values of a gave accurate
computations. In contrast for Figure 3-10 N was small, and a was too large for
accurate computations. This approximation is further discussed in Section 3.
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4.2.3 SLAB WITH DIELECTRIC STRIPS

Measured values of |ET/EIl ¢ are shown in Figure 3-13. The discrepancies increase
with increasing X. The discrepancies are small (less than 0.4 dB) for x > 0, but as
much as 0.8 dB for x < 0. This asymmetry results because the computations were
done with the strips at positions asymmetric about the slab center. In Figure 3-13
the strips near the fifteenth more nearly represent the experimental model than do
those near the first, which is on the side x< 0.

4.2.4 SLAB, 45° INCIDENCE

Figure 3-17 shows measured values of intensity IET/ EII - on a transverse path, which
had a fixed x value in Figure 2-2b, The transition between the directly illuminated and
shadowed regions is apparent. The discrepancies are large in the shadowed region
because the cells were large; with a = 0. 143 in. This case corresponds to that in
Figure 3-10; only the incidence angle and probing paths differ.

4.2.5 SLAB, GRAZING INCIDENCE

For grazing incidence, Figure 2-2c, Figure 4-2 shows IET/EI|2 measured at three
values of the spacing between the probe (a half-wave dipole) and the slab. The spacings
were 0.1, 0.2, and 0.3 in. Figure 4-3 shows |E T/EII 2 at spacing 0.4 in. Notice
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