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ABSTRACT

A review is given of the work performed on the loop-loaded radant panel, and
its transmission properties. The recent work covered in detail herein deals with
the transmission and polarization transformation properties of the crossed-dipole
radant panel. A theoretical treatment is given based on knowledge of the element
input impedance. The experimental program is described which yields information
on transmission properties, polarization characteristics, beamwidth, bandwidth,

sidelobe level, and patterns.
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I
INTRODUCTION

This report covers the research which has been done on '"Radant Analysis
Studies' from 30 April 1965 through 1 January 1967.

Except during the last period (1 September 1966 through 31 January 1967), the
detailed studies have been presented in Interim Reports No. 1 to No. 4. (Report Nos.
7300-1-T through 7300-4-T), and the Final Report No. 7300-1-F (AFAL-TR-66-186)
of the first phase. A summary of these reports are given below.

Summary of Interim Reports

Interim Report No. 1 (30 April through 31 July 1965) includes an analysis of the
transmission of plane electromagnetic wave through an artificial anisotropic panel.
The artificial dielectric under consideration consists of arrays of small conducting
disks. The result of the analysis indicates that by properly adjusting the lattice
parameters it is possible to change the transmission coefficient of the panel which
cannot be accomplished by an isotropic panel. It is anticipated that a further study
will be made in the coming year to extend the analysis contained in this report. The
report also contains a preliminary theoretical investigation of the transmission
characteristics of a finite panel excited by a line source. Physical optics approx-
imation was used in the formulation. The result is compared with the experimental
measurement which is also described in this report. A fairly good agreement is
observed concerning the beamwidth of the resultant radiation pattern against the
primary source spacing. In addition to the pattern measurement, the effect of the
panel on a ferrite loaded slot antenna is also investigated. It was observed that the
minimum VSWR of the slot antenna is relatively insensitive to the location of the
panel. However, the resonant frequency does shift in the presence of the panel.

Interim Report No. 2 (31 July through 31 October 1965) contains a detailed
experimental study of the characterisitics of a panel formed by rectangular loops.

The panel is excited, respectively, by a ferrite-loaded slot antenna, a ridged horn,
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and a half-wave dipole. The impedance of the antenna in the presence of the panel
is measured. The resultant pattern of the antenna system is also recorded at
several distinct frequencies. In general, the patterns are very dependent upon the
spacing between the primary source and the panel. The report also contains a
theoretical discussion of the scattering mechanism of two dipole linked by a pair of
transmission lines. The theory takes into consideration the coupling between the
two dipoles.

The work completed in the first year was compiled in the Final Report First
Phase. In that report, the theoretical work, authored by M. Plonus, on the dif-
fracted field due to a finite dielectric panel was presented in detail that includes a
good amount of numerical calculation,

Interim Report No. 3 (1 February through 31 May 1966) contains an analysis of
the scattered field of two crossed dipoles. It was predicted from the theoretical
study that when the transmission line which links the two dipoles is matched to the
antennas the scattered field due to the two dipoles would be of comparable strength.
In order to meet the matching condition, an experimental study was undertaken to
determine the input impedance of a dipole in the presence of a dielectric panel. It
was observed that both the resonant frequency and the input impedance change con-
siderably as compared to its free-space values.

Interim Report No. 4 (1 June through 31 August 1966) describes in detail the
experimental set-up of the crossed-dipole panel.

Numerous patterns have been recorded in two principal planes to determine the
transmission and cross-polarization effects of the panel,

The remaining sections of this final report present a theoretical interpretation
of the experimental results which have been obtained during the final period of this
contract (1 September 1966 through 31 January 1967).

According to this study, it appears that the transmission property of a panel
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made of crossed-dipoles linked by transmission lines has been investigated quite
thoroughly, both theoretically and experimentally, Within a properly chosen fre-
quency band the panel is capable of converting linearly polarized field into an
approximately circularly polarized field. The implication of this finding is dis-

cussed in the conclusion,
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IT
CROSSED-POLARIZED RADANT PANEL

2.1 Purpose and Summary

The purpose of this study is to determine to what extent a radant panel placed
near a radiator can be used to transform polarization from linear to elliptical, or
to rotate the direction of linear polarization so as to obtain a horizontal component
from a vertically polarized radiator. The radant panel consists of two planar dipole
arrays etched on thin fiberglass sheets, connected by two-wire transmission lines,
and oriented perpendicularly to each other in polarization. Pyramidal horns were
used as transmitting and receiving antennas.

The investigation showed the feasibility of attaining the desired polarizationcon-
version over two narrow bands of frequencies with the particular structure chosen,
The horizontal and vertical components are within 3 db of each other over approx-
imately a 5 percent and 6 percent bandwidth. The scattered field of the vertical
dipoles tends to cancel the vertically polarized incident wave at the receiving horn
over the bands of operation. The antenna-to-panel spacing affects the overall level
and the frequency dependence of the device, due to changes in input impedance at the
receiving horn produced by the presence of the radant panel. At frequencies below
the first band of operation the dipole elements are too small electrically to have any
effect. Above the second resonance the spacing between elements becomes of the

order of the wavelength and the sidelobe level becomes intolerable.

2.2 Description of Radant Panel

The radant panel consists of two sheets of 196 dipole each, imprinted on a
36 - inch square, 1/16-inch fiberglass board, shown in Figs. 2-1 and 2-2. The
two sheets are oriented parallel to each other but in such a way that each (vertical)
dipole on one is connected by a two-wire transmission line one inch long to a (hor-

izontal) dipole on the other. The transmission lines are made of AWG - 20 wire
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separated by 0.06 inch, corresponding to an impedance of 160 ohms. Rather than
twist the wires, the feed region of the dipoles was modified as shown in Fig., 2-3.
For strength, the radant is enclosed in a wooden frame (Fig. 2-4). This fits
snugly into a vertical supporting rack, which is free to run forward and back along
a track parallel to the line joining the transmitting and receiving antennas, as shown
in Fig, 2-5. The track allows continuous adjustment of the spacing between radant
and receiving antenna, The whole system is mounted on an antenna platform and can
be rotated through the azimuth plane; that is, the angle ¢ of Fig. 2-5 can be varied

continuously.
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FIG. 2-5: RADANT PANEL AND RECEIVING HORN GEOMETRY
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I

THEORETICAL DISCUSSION OF A SCATTERING BY A PERPENDICULAR
DIPOLE PAIR LINKED BY A TRANSMISSION LINE

3.1 Formulation of the Problem

The problem under consideration is illustrated in Figs, 3-1 and 3-2.
Following the theory of receiving antennas, it can be shown that the short -

circuit current induced at the terminals of antenna No. 1 is given by

(s) _ = =
r"= Y, h-E (3.1)
where
Y11 = self-admittance of antenna No. 1, defined in the presence of
antenna No, 2
Hl = effective height of antenna No. 1
El = incident E-field evaluated at the terminals of antenna No. 1.

We assume here that the incident E-field is parallel to the axis of antenna No. 1.
Since the mutual impedance for two perpendicular dipoles is zero, h1 is the same
as the effective height of an isolated dipole. For a half-wave dipole, the value of

h. measured in the broadside direction is given by

1
R =22 | (3.2)
1 T
Since the incidence wave is perpendicular to antenna No. 2, I(;) =0.
Denoting the terminal currents and voltages by Il’ 12 and Vl’ V2, one finds,

by the application of the superposition theorem, that

L =Y, ,h E+ Y,V (3.3)

I, = Y,V (3.4)

11
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Because of the constraint due to the transmission line, the terminal currents and

voltages must satisfy the following equations:

\' Z Z I
V2 Zb Za 12

where
Za = Z0 cotk !
Zb = jZO csck{
Z 0 characteristics impedance of the line

~
it

length of the line

~
1l

27/X = wave number

By eliminating V1 and V2 in (3.3) and (3. 5) we can determine I1 and 12.

The results are

-1
_ =~ .= ) 22%p
I =Yy By [1 Y1127 Y91% 12 Y, Z, ] (3.6)

~ 22 b
12 = <1 > (3.7)

In the case considered in this report, the dipoles are of equal length, so that

Y, =Ygy = Y = 1/z . (3.8)

13
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In this case we have
h,E. (z-2Z )
1 71
Il = 2 a (3.9)
(z-za) -z]O
and
7. h 'E
I, = bl 1 . (3.10)
2 (Z-7 )2 7 2
a b

It is of interest to calculate the power transferred to the second dipole; it is found

by

w, = IIle R (3.11)

where R = Re {Z} and is the input resistance of one element. This results in the

expression

Zh ' E 2
W2 = blz 12 R . (3.12)
(z-za) —z]O

It can be shown that the effective height is related to the directivity and the

radiation resistance by the following formula:

n’= 27DR (3.13)

n k
o)

where D is the directivity in the broadside direction, and 1, is the free-space

characteristic impedance and has the value

no = 1207 ® 377 ohms

14
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Thus the power transferred to the second antenna is given by

Z RE 2

b 1
2
(z-7Z ) -2Z
a

47D
W =
2

5 (3.14)

b

nk2
(0]

3.2 Optimum Conditions

If the antennas are perfectly matched to the transmission line, i.e. Z = Zo s

then

hlEl
L = 5% (3.15)
0
- -jk1
12 e I1 ,
and
WD\El\z
W S ee————— (3.16)
2 2
n k
o

where in general both k and D are frequency - dependent.
There is another case in which high values of transferred power may be ex-
pected. Consider a short dipole: its impedance is highly capacitive, and thus

R<<]Xl, and

2 2
(Z—Za)Z—Zzﬂ —(X—Zocotkl)2+Z0 cse k!Z—ZjR(X—ZOcoth) . (3.17)

b

The real part vanishes if

(t 1+ coskt)

X =7
o) sink £

(3.18)

that is, if

15
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kit
X COt(?)
= = g . (3.19)
o -tan (—2——)

The reactance of a short dipole is negative and increases with frequency and
thus with increasing k, while the functions of Eq. (3.19) are decreasing. It can
be seen that as k! increases, the reactance curve will intersect the curve given by
-tan (1{2—1 ) first and then alternately intersect the two curves. As k or frequency
increases, the dipole is no longer short, its input resistance can no longer be
ignored, and this approach breaks down. Thus Eq. (3.19) is only valid for the
condition

ke < 20y
c o

where fo is the highest frequency for which

R <<|X]|

In thi_s case, we get

W, = (3.20)

and

—_ ~_I

- ~ 3.21
L i—l-jR?Zo 1 (3.21)

where the negative sign corresponds to the second form of Eq. (3.19).

16
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3.3 An Example

An example will now be worked out which illustrates these relations. Consider
a transmission line of length £ and characterisitic impedance of 20052, terminated
at the ends with perpendicularly oriented dipoles of length L. Assume further that
the dipoles are cylindrical and have a thickness parameter Q of 10, corresponding
to length-to-radius ratio of L/r = 75. Then the reactance as a function of frequency
can be found in the results of King (1956). The functions of the right-hand side of
Eq. (3.19) are plotted against the variable £/) in Fig. 3-3, alongwith the reactances
of dipoles corresponding to lengths L1 = %ﬁ s Ly = %—ﬂ s L3 = % .

The first intersection of the reactance curve for L1 with the tangent curve
occurs at point 1, corresponding to £/x =.234 and X1 =1902. The shorter di-
poles of lengths L2 and L3 have resonances at higher frequencies, and L3 in
particular has two resonances in the region where it is still electrically short. The
dashed line at -2002 indicates the region where the short dipole assumption breaks
down.,

The intersection points can also be interpreted as resonances corresponding to
a fixed length of dipole while the spacing £ varies in the ratio 1:2:4. More

specifically, let £. =2,5cm, sothat L=1,875cm and the transmission line is a

1
quarter-wavelength long at 3 GHz. Then the first resonance (point 1) occurs at
2.8 GHz, where the reactance is -1802. The percent bandwidth can be estimated
as 100 percent x R/ in , where R is given approximately by
2,L.2
R = 80 -—) .
T ( X )
The results are tabulated in Table III-1 for points 1-5 of the figure.

It can be seen that as the spacing between the dipoles increases, the resonant

frequency decreases, and the percent bandwidth decreases markedly.

17
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3.4 Scattered Fields of Dipole Pair

It canbe seenfrom this discussion that the scattered field of each dipole element
is of comparable strength at the optimum conditions, since the currents are of com-
parable magnitude. For equal length dipoles, the scattered field is given by
-j kRn

E(S) _ JnoIn e
n 27 R
n

P(Gn)Gn (3.22)

where P (Gn) is the antenna pattern factor depending on the angle Gn ;n=1 or 2,

and 6. and 6, denote, respectively, the angle between the direction of observation

1 2
and the axis of the dipole. For the configuration of Fig. 3-1 the forward scattered
A A
wave, for which 6, = 0, = 90°, 6, = -7, 6, - X, is given by
=(s) _ =(s), =(s)
= +
E E1 E 9
. -jkR
-in 1 1 . I
A £
- 2l sogkt 2] (3.23)
27 R1 I1

From the bracketed quantity we can deduce the polarization characteristics of the
forward scattered wave. For the case Z= ZO, Eq. (3.16) gives the relation be-

tween the currents, and we get

[ ]= [g+§] (3.24)

for the bracketed quantity of (3.23). This represents alinearlypolarized wave tilted
clockwise 45° from the z-axis. For the conditions of Eq. (3.19), and using Eq.
(3.21), we get

19
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[ ]=[/Z\’—“9<ejkﬂ] : (3.25)

The lowest resonance frequency corresponds to the lower sign. In this case the
forward scattered wave is elliptically polarized with a counterclockwise (left) sense
for k& < 7, with the major axis tilted clockwise from the z-axis. For the con-
dition k£ =7/2 left circular polarization is achieved. For the second resonance,
the scattered wave is clockwise (right) with a counterclockwise tilt. A similar
analysis for the backscattered wave indicates, for the first resonance, a counter-
clockwise sense of polarization rotation, just as for the forward scattered wave.

From this discussion it is evident that the scattered wave can be circularly
polarized if the transmission line length is an odd multiple of a quarter wavelength.
In its application to the radant configuration, however, the incident field also enters
into the total field, and cannot be ignored. In general, the total field is difficult to
predict.

21
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Iv
PROPERTIES OF A SINGLE DIPOLE ON A DIELECTRIC SHEET

The radant panel has two sheets, each having a thickness of 1/16 inches, on
which the dipoles are etched. The transmission efficiency of each sheet for an inci-
dent plane wave is approximately 98 percent for angles of incidence up to 75° away
from normal. However, while the effect of the sheets as radome panels is very
small, the impedance of the dipoles is changed markedly by their presence. It was
decided that an experimental measurement of a single dipole element would be more

expedient than an analytic investigation.

4.1 Dipole Impedance

Figure 4-1 shows the results of the impedance measurement of a printed circuit
dipole of width 1/16 inches and overall length of 1.3 inches, etched on a fiberglass
board of dimensions 4 inches x 4 inches x 1/16 inches, The center of the chart
(1.+j0.) corresponds to 16052, which is the characteristic impedance of the two-
wire transmission line joining the two dipole arrays. Without the dielectric the di-
pole would be resonant at about 4.3 GHz with a resistance of 73Q2; with the dielectric
it is resonant at about 3.0 GHz with a resistance of 48Q2. A second resonance takes
place at 3.8 GHz with a resistance of 1602, which is the maximum value of resis-
tance. The latter point corresponds exactly to the perfectly matched condition of
Egs. (3.15) and (3. 16).

The balun used was an adjustable half-wave-line type, reset for each frequency

used. (See Fig. 4-2).

4.2 Critical Frequencies

At 3.8 GHz where there is a perfect match one would expect an optimum trans-
fer of power to the second dipole. This is subject to errors arising from the finite

extent of the dielectric sheet and to the mutual impedance effects of neighboring

22
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dipole elements of the array. The discussion of resonant frequencies for short di-
poles in Eq. (3. 19) will not be applicable to this particular geometry for frequencies
above 2.6 GHz but should indicate any resonances below that frequency. In Fig. 4-3
the resistance and reactance are plotted for frequencies up to 3 GHz, including some
points extrapolated down to 1.5 GHz. Also plotted is the function (-tan -l%ﬁ ) where
£ =1 inch. The intersection of the reactance curve with this function occurs at
approximately 2.0 GHz. Thus there are at least two frequencies below 4 GHz where

the scattered field should be large.

4.3 Power Transferred as a Function of Frequency

In order to get a better idea of the behavior of the scattered field of the second
dipole element as a function of frequency it is necessary to know more about the
effective height of the elements. From Eq. (3.13) it is evidentthat if the directivity
of the elements is known, the effective height can be calculated, and the power trans-
ferred to the second antenna follows from Eqgs. (3.12) or (3.14). In the next par-
agraph, it will be shown that the directivity does not change appreciably for fre-
quencies less than 4.0 GHz. This allows a straightforward estimate of transferred
power to be obtained.

Consider a dipole of half-length L having a current distribution
1y = s ot
1(z") Io s1n[k1 (L-z )] (4.1)

where k1 is not in general equal to 27 /A . The far field is given by

- jno Io e—ij A

E@) = P R P(6)6 (4.2)
where

P(6) = sin 6 [cos (ozk1 Lcos 0) - cos (k1 L)] (4.3)

l-a cos 0
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and k= a/k1 =27 /X is the free-space wave number, and k1

impedance of the antenna and accounts for the effect of the dielectric. The sim-

is determined by the

plifying assumption is made here that the antenna is still omnidirectional. For our
case we expect the current distribution of a full-wave dipole at 3.8 GHz, and thus

k1 L=7 at this frequency, or

K

K = .417 |

o =

—t

P(6) is maximum at 6= 90° and has a half-power beamwidth of 770. This is
approximately the same as a half-wave antenna in free space, which has a beam-
width of 780. Thus the directivity will not differ greatly from that of a half-wave

dipole, namely
D = 1.64
max

For a half-wave current distribution at 3 GHz, « =.658, and the beamwidth is 840,
compared with the short dipole beamwidth of 900. This is plotted in Fig., 4-4 along
with the estimated directivity. Thus the assumption of a constant directivity of 1.5
over the frequency range 0-4 GHz will not incur an error of more than 0.3 db in
transferred power.
The effective height can be found from Eq. (3.13) for D=1.5 to be
1 R
== A2 4.4

b k {20 (4.4)
This is plotted in Fig. 4-5 as a function of frequency. The straight line represents
the actual value of L, whichis 1.65 cm. The dashed line is the effective height

of the same dipole in free space.
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For convenience, let us define WO as the total power reradiated by both dipoles

when Z=Z0 at 3.8 GHz. Then

2
_ 27rD!E1|
) 2 ?
k
o0
where ko is the free-space wave number at 3.8 GHz. From Eq. (3.14) we can

write, for D assumed constant,

W -k 2 Z. R 2
N = .__2. = 2(_(_).) b
w k 2 2
o (Z—Za) -Zb
or
2 2
Z
3.8,2
N = 2(2:8) b (4.6)
f (z-2 )2-z2
a b

where f is the frequency in GHz. Thus N gives a measure of the relative power
tfansferred to the second element and reradiated over the frequency band for a
given incident power density level. Note that N may exceed unity. The function

N is plotted against frequency in Fig. 4-6. The resonance near 2GHz is evident
along with the maximum at 3.6 GHz, although the latter is not sharp. On the basis
of the single dipole element model and the theory, one would expect a narrow-band
resonance at 2 GHz and a broader band resonance at 3.6 GHz when these elements
are used in the radant array. Since the directivity of the panel increases with fre-
quency, it would be anticipated that the horizontally polarized signal radiated by the

second dipole panel would be comparable at the two frequencies.
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\%
EXPERIMENTAL RESULTS OF RADANT PANEL

The experimental program for testing the radant panel involved measuring
patterns of the receiving horn-radant panel assembly for an initial spacing of 15
inches at 100 MHz increments up to 4 GHz. At promising frequency ranges, addi-
tional data was taken, varying the spacing and investigating the polarization char-
acteristics. The properties to be studied included pattern beamwidth, bandwidth,
axial ratio of ellipticity, side-lobe level, and "transmission coefficient". The
"transmission coefficient' is defined as the ratio of the signal obtained, with a
given receiver polarization and the radant panel present, to the signal obtained with
matched polarization and no radant panel present. This is always taken at normal

incidence.

9.1 Patterns of the Horn-Radant Assembly

Patterns were taken with a vertically polarized transmitting horn of the re-
ceiving horn-radant panel assembly in the §-plane of Fig. 2-5. Thus the patterns
correspond to H-plane cuts for incident and like-polarized signals, and to E-plane
cuts for the cross-polarized configuration. The power level was monitored by
means of a directional coupler, as shown in the block diagram of Fig. 5-1. The
distance between transmitting horns is 70 ft., which satisfies the far field criterion
of the horns and radant for the frequencies of interest. The patterns are shown in
Figs. 5-2 and 5-3 for the cross-polarized configuration. In Fig. 5-3 the panel is
reversed from Fig. 5-2, Table V-1 indicates the notation used. The relative
scales of the patterns are similar, within about 2 db over the frequency band 2. 2-
4.2 GHz. The level of signal below 2.1 GHz for the cross-polarized case was be-

low the limit of the range. In this frequency range L-band horns were used.
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TABLE V-1: CONFIGURATION DESIGNATION

Polarization of Transmitting
Antenna.

Polarization of Radant Dipoles
Nearest Transmitter.

Polarization of Radant Dipoles
Nearest Receiver.

Polarization of Receiving
I Antenna.

\4 \% H H

X- Indicates a Parameter or Variable
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(a) f = 2.1 GHz
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FIG. 5-3a-f: CROSS-POLARIZED PATTERNS OF HORN-RADANT
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The transmission coefficients for the like - and cross-polarized cases are
plotted in Figs. 5-4 and 5-5 for the two positions of the radant panel, at normal
incidence. It is apparent that there are two ranges of frequency where the cross-
polarized component is high, as predicted by the theory; one around 2.5 GHz, sub-
stantially higher in frequency than predicted, and one at 3.6 GHz as expected. Re-
peatability of the patterns and coefficients was about 0.7 db except at the lower
resonance, where higher variations were observed. This is evidently due to the
high sensitivity at resonance. Reversing the radant panel so that the horizontal
dipoles face the vertically polarized transmitting horn tends to narrow the bands
(see Fig. 5-5) of operation, but to give the same overall behavior. Without the di-
electric sheet no differences would be expected.

It is interesting to compare Figs. 5-4 and 5-5 with Fig., 4-6, which is based on
a single dipole element. The latter also shows a narrow resonance at the lower fre-
quency band, and a broad maximum around 3.6 GHz. The effect of using a large
number of elements is to reduce the bandwidth; also the gain of the radant panel
would be higher at higher frequencies so that the scattered field from an array of
dipoles having induced currents described by Fig. 4-6 would exhibit comparable
levels of signal at the two resonant frequencies, which is the observed behavior in
Figs. 5-4 and 5-5.

That the predicted and observed frequencies at the lower resonance differ is
attributed to mutual coupling. Since the collecting aperture of the total radant panel

of 196 elements at resonance is given by

_ 1D
Acoll = 196 27

(5.1)

the aperture at the lower frequency is higher. In fact, the aperture predicted by
Eq. (5.1) at 2 GHz is greater than the physical aperture of the radant panel. This

43



THE UNIVERSITY OF MICHIGAN

7300-2-F

XHAA ‘SINHEIDIAATOD NOISSINSNVYL :H-G “DIA

(zHD) Aouenboig

O._¢ A O_.m 1 \ O_.N 1 o_.H
— T T T “
J LLLLIL111717701171771777177 gz -
gqp gg- :AoeInooy aguey Aoeanooy o8urey
[ 02
PY [ ]
o PoZIIBIOJ-SS0X) ‘HHAA ©
e A pozZLIB[OZ-0MIT ‘AHAA ©
GT-
AN N N
./ ™~ 0T-—
./ \.
.\. MI -
/™
J / AN
O o
o/ o.lo\ /o/o/ O O \ / 0—0—0=—0==0—0=—0==0=—=0""0"~~0—m0—0—0
S/ (~4 o~ O'O/O o -

qp ‘JUSTOTEJO0) UOISSTWISUBLY,

44



THE UNIVERSITY OF MICHIGAN

7300-2-F

/OIO\O.’O'OI.O‘TO'O'O —0—0

XAHA SILNAIDIAIAOD NOISSINSNVYL  :G-G "DIA
(zgD) Louenbar g
A ; | |/ — 1 “
UL 12000 0000200004000 7 St~
A gp Gg- :Aoeanooy ofury o.loV Aoeamooy a3uey
poZ1XIBIO-SSO0ID ‘HAHA @ 02—
pozLIe[Og-9MTT ‘AAHA O©
\. o m.ﬁl =
[ )
. 0T-—
\.
'\
]
° /M G-
\< /
YN
o, o0—0
7 0o
/o\o /o/o\olo\ O/o/o -0

qp ‘JUSTOIIFo0)) UOISSTWISUBL],

45



THE UNIVERSITY OF MICHIGAN
7300-2-F

would indicate a significant interference due to mutual coupling. At 3.6 GHz, the
collecting aperture is substantially less than the physical aperture, and mutual
coupling would not be expected to be severe.

Above 3.8 GHz, there is a deterioration of the pattern: here the interelement
spacing approaches a wavelength, which implies a rising sidelobe level. This
deterioration can be observed in Figs. 5-2 and 5-3 above about 3.8 GHz.

The sidelobe levels and beamwidths are plotted in Figs. 5-6 and 5-7 for the two
configurations. At the higher resonance the sidelobe levels decrease to about -15 db
and the beamwidths approach that of the horn. Above 3.8 GHz the sidelobe levels
rise and approach the main beam level, which indicates the pattern deterioration
mentioned above.

In Figs. 5-8 through 5-10 are shown some sample patterns for the incident and
like-polarized cases, at frequencies near the lower resonance., The incident
patterns exhibit lobes at about 75° due to the rack holding the radant panel. Figure
5-8 shows the patterns at 2.3 GHz, where the effect of the radant is small. Here
the shapes of the beams are similar. Approaching the resonance in Fig. 5-9 at
2.4 GHz variations are more pronounced, and at resonance in Fig. 5-10 the effect
of the radant is appreciable. The level is greatly reduced, corresponding to a high
conversion into the cross-polarized component. This means, too, that the scattered)
field of the vertical dipoles is out-of-phase with the incident field and tends to cancel

it. This phenomenon is apparent also in Figs. 5-4 and 5-5.

9.2 Effects of Variation in Horn-Radant Spacing

It was observed in a prior study (Report 7300-2-T ) that one effect of a panel
near a horn is the change of input impedance and the increase of standing wave ratio.
In addition, the sidelobe level and beam shape are affected by the spacing. Figures
5-11 and 5-12 show the patterns for both configurations at 3.6 GHz for several
values of spacing. For the VVHH configuration the sidelobe level is about -16 db
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(c)

FIG. 5-9a: INCIDENT PATTERN OF HORN-RADANT ASSEMBLY AT 2.4 GHz,

V--V, 15 in. SPACING.
FIG. 5-9: LIKE-POLARIZED PATTERN OF RADANT ASSEMBLY AT 2.4 GHz,
VVHV, 15 in. SPACING.
FIG. 5-9c¢: LIKE-POLARIZED PATTERN OF RADANT ASSEMBLY AT 2.4 GHz,
VHVV, 15 in. SPACING.
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for all spacings, while the beam narrows slightly as spacing is increased. The
VHVH configuration shows a distinct improvement at the far spacings both in side-
lobe level and beam shape. This is generally true for all frequencies. The beam
tends to narrow for larger spacings and sidelobe levels to decrease for both con-
figurations. Changing the spacing shifts the resonant frequency by as much as 100
MHz for the VVHH configuration and as much as 200 MHz for the VHVH configuration.

5.3 Polarization Characteristics

In Section 3.4 it was pointed out that the scattered field of a dipole pair is in
general elliptical. The relative magnitude of incident and like-polarized scattered
waves is difficult to determine theoretically, owing to the complexity of the radant
panel, diffraction around the panel, an unknown reflection from the panel, and
interaction effects between horn and radant. Thus the polarization of the total field
is better found by experiment.

Polarization patterns, obtained by rotating the transmitting horn at normal
incidence, were obtained for the two configurations of the radant panel near the
resonant frequencies. Both the axial ratio (ratio of major-to-minor axis) and the
angle of tilt determined by the patterns are shown in Figs. 5-13 and 5-14. At the
critical frequencies of 2.5 GHz and 3.7 GHz for the XVHH configuration axial ratios
of less than 4db are observed. For the XHVH configuration the upper critical fre-
quency is 3.6 GHz with axial ratios of less than 2 db. The peaks of Figs. 5-13b and
5-14b are sharper than for the horizontal component conversion of Figs. 5-4 and
5-5. The reason for this lies in the fact that the angle of tilt of the major axis
changes with frequency as well as the axial ratio; a tilting linear polarization also
gives rise to a horizontal component of scattered field. Figures 5-13a and 5-14a
indicate the variation of major axis inclination with frequency. Apparently near
resonance the tilt angle changes abruptly from one side to the other. Sample

polarization patterns are shown in Figs. 5-15a through 5-15e for the XHVH
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(d) f = 2.6 GHz

(e) £ = 2.7GHz .
FIG. 5-15a-e: POLARIZATION PATTERN, XHVH, 15in. SPACING.
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configuration and demonstrate this behavior. At 2.2 GHz and 2.7 GHz the axial
ratio, which is merely the ratio of the outer to inner circumscribed circles, is very
small, on the order of 33 db, while the ratio of horizontal to vertical components is
down only 22 db and 15 db respectively.

The patterns were repeatable within 0.3 db. The distance between antennas
was 30 ft. since the 70 ft. range used for the previous data was not capable of mea-
suring polarization patterns. This inter-antenna distance satisfies the far-field
criterion for the antennas, but not for the radant. This is not expected to affect the

polarization characteristics of the main beam, however.
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VI
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

The results of the earlier studies indicate that the use of small loop elements
close together in a dielectric panel results in a doubly anisotropic medium and pro-
vides an added degree of freedom in the design of radomes, an effect which does not
appear to have been adequately exploited.

The use of the crossed-dipole sheets as a polarization converter is feasible
over two narrow frequency bands. The conversion from vertical to horizontal or
from vertical to circular polarization is unfortunately not as effective in terms of
insertion loss and bandwidth as techniques already used (Lerner, 1965 and Kirsch-
baum and Chen, 1957). The effect of mutual coupling is to raise the lower resonant
frequency. Due to the design chosen, the elements on each sheet are separated by
more than half a wavelength above 2.5 GHz. It is felt that a higher density of dipoles]
would reduce see-through and improve bandwidth, but would be costly. The design
would have to be based on quite different considerations than those described here,
since the mutual coupling would be the dominant influence. This would then resem-
ble the devices mentioned above, so that this does not seem a worthwhile area of
further study.

Since the double anistropic panel offers the possibility of high transmission
efficiency at incident angles near grazing, a further investigation of its properties

and design would be desirable.
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