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ABSTRACT

A detailed analysis is presented of a flush-mounted impedance strip which lies
between a magnetic line source and a field point locating the aperture of a receiving
antenna, In this analysis, the assumption has been made that the line source, and
the impedance strip are each of infinite length., This analysis shows the influence
of the surface impedance of the strip upon the coupling between the assumed magne-
tic source and a field point on the ground plane beyond the strip. The analysis
clearly shows the desirability of having the surface impedance with a capacitive re-
actance characteristic. Some verification of this analysis has been obtained exper-
imentally through the use of a flush-mounted corrugated metal obstacle between two
antennas,

In this report, information is presented on the influence on radiation pattern of
a given antenna, such as a slot or horn in the near presence of absorbing material,
In some cases, the absorbing material is contained within the flare of the antenna.
In other cases, the absorbing material is mounted flush in the surrounding ground
plane, In still other cases, the absorbing material protrudes above the ground
plane.

Results are reported upon a series of experiments using rectangular slot an-
tennas where one or both of the antennas is surrounded by a choke trench, The
trenches were circular in form. The depth of the trenches was chosen so as to offer
a given type of reactance.

Work has continued during this period, on providing simple absorbing materials
whose electrical characteristics can be varied according to a specific need for
isolation, A large number of mixes of absorbing materials were made and the elec-

trical characteristics were obtained for each mix.
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I
INTRODUCTION

In the next section, a detailed mathematical account is given of the analysis of a
flush-mounted impedance strip. The problem is considered as a two dimensional one,
It is recognized that the mathematical model can be confirmed only in part by exper-
imental analysis. However, it is believed that the results of this analysis indicate
some of the important influences of an absorbing layer between two antennas, The
analysis is based upon the assumed knowledge of the surface impedance. Introducing
this as a factor, analysis then indicates the amount of attenuation obtained as a wave
passes over such a strip from one antenna to another, The required character of
this surface impedance is explored in this analysis and the advantage of capacitive
reactance is apparent, The dependence of the coupling level on the spacing between
antennas and the intervening impedance strip is shown in this analysis.

A series of measurements has been made using both E-secotral and H-sectoral
horns. Radiation patterns were obtained on such horns both with and without small
wedges of absorbing material inserted within the horns. Such absorbing material
did not have a marked influence on the directivity of the main beam of such horns.
However, a substantial reduction in the efficiency of the horn as a radiator took place
and therefore, a much reduced gain in the direction of the main beam was observed.
Such radiation pattern results are important in considering any reduced coupling
associated with insertion of absorber. The coupling has only been reduced approx-
imately in proportion to the reduction of gain, This can be considered a rather un-
desirable way of reducing coupling. Similar experiments were made with horns for
absorber mounted on the ground plane near the horn in question. The absorber on
the ground plane was relatively effective in reducing coupling; a reduction in coupling

level of approximately 20 db was observed.
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The use of a circumferential choke surrounding a rectangular slot antenna has
been observed to produce a change in coupling of the order of 3 db., A second such
choke trench around the other antenna would result in another 3 db change of coupling,
The use of choke trenches increased the directivity of a rectangular slot antenna as
observed by the radiation patterns of such antennas,

During this report period, the experiments dealing with slots and intervening
layers of absorbing material were continued. The sensitivity of the decoupling effect
of such slabs was observed as a function of frequency during these tests. Such tests
were made in the anechoic chamber and represent a refinement over earlier tests
reported, Various thicknesses of the slab of absorber were used. The radiation
patterns of both E and H-planes were measured for the slots as used in conjunction
with such slabs of absorber,

A series of studies was made for the coupling between two slots with an inter-
vening metal corrugated section in between the slots. In the first attempt, the metal
corrugations were mounted above the ground plane and in this way one antenna was
obscured optically from the other by the corrugated section acting as an obstacle;
up to 28 db increased isolation was observed with the metal corrugation so used.

In a second series of experiments on the coupling between two slots, the corrugated
metal section was mounted flush between the two slots. The depth of the trenches
between the metal surfaces was kept constant, The effect on coupling was observed
as a function of frequency of operation, It was found that the corrugated metal sur-
face was very frequency sensitive. Such experiments have been helpful in indicating
the direction for further work in using metal corrugations. In order to obtain broad-
band characteristics, different depths of corrugations will be helpful. Likewise,

different separations between corrugations will be useful,
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In order to expedite the work on increasing the isolation between antennas, read-
ily fabricated artificial materials have been studied. Several mixes of paraffin wax,
carbon black, powdered iron, and powdered aluminum, have been made. The elec-
trical characteristics of some of these mixes has been ascertained. At the present
time, additional electrical measurements must be made so that the characteristics
can be carefully catalogued to indicate the exact mix necessary to give desired elec-

trical characteristics.
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II
ANALYSIS OF FLUSH-MOUNTED IMPEDANCE STRIP

2.1 Detailed Formula

The effect of a flush-mounted impedance strip on the field distribution is inves-
tigated, The model to be considered is shown in the Fig. 2-1, The strip is infinitely
long. In general, rigorous analysis of the model becomes extremely difficult if the
width "w'' of the strip is comparable with the wavelength, and, if the field point of
interest and the source point are near the strip edge. Therefore, the approachtaken
in this report is strictly on the basis of a first order approximation and the following
assumptions are made:

i) The width of the impedance strip is larger than wavelength, i.e. w>> 2,

ii) The surface impedance Zs of the strip is not large.
iii) Both the field point and source are located far from the nearest edges of the
impedance strip.

The assumptions (i) and (ii) are necessary purely because the integrations in-
volved have to be performed by the steepest descent or stationary phase method and
the assumption (iii) is to avoid involvement with extremely complicated integral
equations.

If the magnetic line source is given by
==\ L oe s (57 )
M(T) = & Mé(p-p) (2.1)

the non-vanishing component of magnetic fied HX satisfies the two-dimensional wave

equation
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1l

<v2+k2>HX<5) jueMs (-5 ) ,  with (2.2)

:O’

pe]]

8 - —
T =z b, = (v, o
The non-vanishing electric field components EX and EZ are given in terms of
HX by
1 8HX 1 BHX

Ey ) jwe 9z ’ Ez ) -jwe 9y (2.3)

The solution HX of Eq. (2.2) must satisfy the radiation condition at ]p , — o ,

When there is no impedance strip, the solution of the Eq. (2, 2) is immediate:

WE (2) 2 2"
HX = —7MHO (k\/(y-yo) +z ) (2.4)
1 o . (2) 2, 2
B, =35 Mm B 0 oy )Pe ) (2.5)
and
o1 0 (2) 2 2
B, = 1M1 Gk -y )7+ 2" (2.6)

In order to introduce approximation, consider the model shown in Fig, 2-2,
where the impedance strip is extended from y =V toy = o, Since one is only
interested in the field at y > Yy the field can be viewed as arising from an equiva-
lent magnetic current distribution MX = —EZ flowing on a perfectly conducting
plane at y = Yy (Fig. 2-3). To obtain the Green's function for this condition, it is

convenient to introduce a new coordinate y A defined by
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FIG. 2-3: MODEL EQUIVALENT TO FIG. 2-2,
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Yo TV ™Y (2.7)

Then, the Green's function for the quarter-space is given by

G ( z, 0, z')

Yp

_a_/ /S B PSR P
27 | o sz_BT

e VK -F @] (2.8)

where
V - g
e =
kZl+Vk2—B2
and

- R
2 -2, [ E (.10

By introducing p(B) defined by

[(B) = 1-p(p) (2.11)
el pf
p(B) = (2.12)
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G can be written as

G(yA, z:0, z')

:___]_,( —JBYA [ \/ Iz zl \Ik B |z+z']
2

B2

+p(B)e’ K- (Z”'):l (2.13a)
_ _;‘_ [H0(2> (k\/yzAJr(z-z')Zj) _ Ho(z) (k/ y2A+ (24 9)2 ' )]

__2j_ﬂ_ e dg_ﬁi’fd‘__p(ﬁ)e_j K- B o4 2) . (2.13p)

The path of integration is shown in Fig. 2-4, However, if one chooses the

\ / 2"
branch cuts as in Fig. 2-5 the imaginary part of k2 -B becomes always nega-

tive on entire top sheet of the two-sheeted Riemann surface

The singularities of
p(B) in Eq. 2,13 are simple poles at:

- = - = -~ _|- 1
k" -B kz1 k(R1 ]Xl) (2.14a)
B =tk\/1-z2 (2.14b)
P 1 )
= i >
Z, = R +jX, R, >0 (2.14c¢)

One notes from Eq. (2, 14a) that the poles Bp lie on the top sheet only when

10
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FIG, 2-4: THE PATH OF INTEGRATION FOR EQ. (2.13b)
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imaginary part of Z. >0, in which case they are located in the 4th and 2nd quad-

1

rants. Then, the contour P can be deformed into the contour CB + CB + Cp .
1 2
It can be easily proved that the contribution from the integration over C vanishes

B
2
as the radius of the circle CB goes to zero, Then Eq. (2,13a) becomes:
2
G(yA z:0, z')
| -J‘By
_J_f e A [ e
2T !——|
C
Bl
+
_I—-(B) V (Z zZ )J
. 2 .

Z1 —]k\/1—Z1 Ya ]kZl(z+z')

+ 22— e e Ul z) (2.15)
P) m S
1- Z1
where

1 when x> 0
U(x) = (2.16)

0 x<0

Upon introducing change of variable
2 2

¢ =Vk -8 , Bdp = -€d¢ (2.17)

in the integral over CB , one notes that ¢ is real and varies from +o to -
1

as B moves along CB in the direction shown in Fig. 2-5. Thus, Eq. (2.13a)
1

transforms into

13
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" 2 2
e

. [0 0] ) '
Gly,, 250, 2") = -%‘/ ae [e j¢(z-z2")

2
(03] k2—§
+
kZ1 ¢
. 2 .
Z1 -Jk\/l—zl v, JkZ (z+2")
+ 2 ————ce e Ul _zZ) (2.18)
5 m s
1-Z1

The replacement of | zZ-z' | by (z-z') in the integrand is justified by noting
that the part of the integral containing the exp(-i¢(z-2z')) term is insensitive to
the algebraic sign of (z-2z').

The magnetic field in the quarter-space in Fig, 2-3 can be expressed in terms

of the Green's function just obtained as:

©
= - ! 1 . 1
HX ]we‘f dz Mx(o, z)G(yA, z;0, z')dz
o)
o)
=+jw€j dz'EZ(o, z')G(yA, z;0, z')dz' . (2.19)
0

If values of MX or EZ at y A =0 are known, the HX in the quarter space is
uniquely determined using the above equation, Since, unfortunately, this is not the

case, one approximates that

E ZE (inc)
z Z

14
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where Ez(mc) is given by Eq. (2.6). The assumption (ii) in the beginning of this
chapter is to justify this approximation, Under the approximation (2, 20), one can

write Eq. (2.19) as:

(¢ 0] \
-1 ' [_‘?_ (2) \/ v Vg2 ] G(y,, z; 0, 2')
HX 2w€f dz 5y Ho k \/(y yo) +z') _ A

o] y—yl
(2.21)
or, by using Eq. (2.18) for G, one gets:
(00) 1
i )
H = --Lye dz' [——H ) (k\/(y-y )2+z'2)] _
X 4ar dy o o y=y
o 1
_\/ 2 2
0 VK- YAt Lt-a) kz -t
e 1 -j¢(z+z")
. d¢ e - e
- 2 2 kzl+§
Vk™-¢
z -jk\h-z 2y jkzZ.z
+ we 1 . ! P U(Xl)
2
l-Z1
@ ij z' \
9 2 2
. e 1 [—H (2) (k \/(y—y )y + 2z )] _ (2.22)
o 9y o 0 Y=y,

Next, consider the physical configuration shown in Fig, 2-6, The incident wave
is assumed to be given by Eq. (2,22), As in the previous case, a new coordinate
Y5 is introduced, which is defined by V=V - (y1 +w), Now, one considers only

the region S wherein Vg >0, and z > o, In this region, Hx satisfied the equation

15
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V2H +k2H =0
X X

Subject to, in addition to the radiation condition,

—_ = on z=0 (yB>O)

Correspondingly one chooses a Green's function

G(yB, Z: y'B, z')

satisfying
(V2+k2)G=—6(y ~y_ )6 (z-2")
B "B
subject to a boundary condition
oG _ _
E"O on z=0 (yB>O)

and the radiation condition,

By using the two-dimensional Green's theorem one gets:

a0
) )
HX<y(B), z) = -/ [G s B (v, 2")-H oo G}
0 i VB ,

Yp

As the Green's function, one chooses

-8y, -v's)
/0" PR P St PR

100} k2—§2

17
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(2,23)

(2,24)

(2, 25)

(2. 26)

dz'

=0

(2.27)
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- kz- §2 (z+ Z’)]

e (2.28)

The path of integration is the same as the one shown in Fig, 2-4. One can avoid a
cumbersome integration difficulty involving z-z' by deforming the path of integra-

tion around the singularities as demonstrated in one previous case. The result is

. 0y g ukz_gz 1yB—y’B| . ' .
G:—Zl}r—f ae & [e-J‘é(z-Z)+e-)S(z+Z')]
- 2 .2

© K -8
(2. 29)

)
Now, once again, assume that Hx and —8-37(Hx) in Eq. (2.27) can be approxi-

(inc)

. a .
(inc) (mc))’ where Hx is given by Eq.

and — (H
X

mated by the value of H
X oy

(2.22)., Under the approximation, the integrand of Eq. (2.27) is given by:

[ 1 1
G ay'B Hx(y B’ Z )
! =
yg =0
(00} 1
0 2
=+ j ! WE dz" [—H (2)(k \/(y—y ) +z”2]
2 dy o 0
(47T) (o) y:yl

(0] .‘/ 2 2 ) -
{ f dte’ k™ -¢ W[e—JC(Z'-Z”)_ kZl ¢ e-j?(z'+z”)]}
-0

+
kZ1 ¢

18
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w -j kz—‘g“z
{ f e P [e'jg‘z'z'he'jg‘zﬂ')”
- 2_§2

© \ k
-1 — H 1
Kuwe kal Z1 we]kzlz

-—17Z.¢

47 1 U(Xl)

(o)

(08 ij z" \
" 1 9 (2) 2, .2
{f dat e [33/ o (k\/(y—yo) " )] y=y }
1

2 2

0 ) B N ,
) {/ g e-JE(Z-Z)+e-J’§(z+Z) } (2.30)

. (09) —
] [ o [anones |
y o 0 )
(4:7T) o y-yl

-iV k - -
{ OO de & : C 18z -2")_ K2 te-jf(z'+z”)J}
-0 2 9 kZ1+C
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{ [

d€e [e—j&’(z_z'he_jE(ZJFZ'):l }

X ‘/ 2'
WE Zl ik 1_Zl Wejkzlz'

T UX,)
1—Z1
0o k7, z"
" 1 0 (2) 2 12
U e [, westeh] ]
e Y=y
2 .2
© -jVk =& vy . ' . '
{f dte B[e-JS(z—z)Jre—JS(erz):l } (2.31)
~00

Substituting Egs. (2.30) and (2. 31) into Eq. (2, 27) and performing the indicated
integrations by the steepest descent method, one gets HZ (y, o) on the ground plane

as:

(2)

1
HX(y, 7Z=0) = —EweHo

(k [y- v,])

X 7 3[ky-y) - 5
+ — W€\ ———— ¢
2 VWk(y—yo)

1415 wmyer) s Rs)
13 k(y, -y +w) 13 kv

20
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+}_—.— e +1
2 2 D)
1-7,
1 1 -y + =
2 \/ 2 ][k(yl Yot ¥g) 2]
7Tk<y1‘Y) TRy,
1 1 ] [ 11 ]
N g — +j= ——
[1 '8 Ky, -v) 1+i3g kv, U)o, (2.32)

where

The first term in Eq. @. 32) is the radiation field when there is no impedance
strip, (compare with Eq. (2.4). The second term is the disturbance in the radia-
tion field due to the impedance strip. It may be strange, at first sight, that no

impedance factor Z, appears in the radiation disturbance term. Actually, when

1
z =0, the Z, - factor is associated with the second term, but as z > o, the

1
factor drops out, The third term is the field generated by the surface wave created
in the impedance strip, This term appears only if the strip is the inductive type
(X1 >o0). The capacitive type impedance strip (X1 < 0) cannot support surface

waves,
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2
Now, if one expands HO( )(k(y— yo)) into the asymptotic form:

-jlk(y-y )—1]
(2) _ ‘/ 2 11 ][ o 1
HO [k(y—yo)] = _——_ﬂk(y-yo) [1+]§————-—-—-k(y_yo)]e

The dominant part of the first two terms of Eq. (2.32) cancels out and Hx(y, z = 0)

is reduced to:

. T
H ( =0)L+'—1——w€ ———-2————-———3 [k(y YO) 4]
x V1 ? RET: wk(y—yo)

[ 1 . 1 ) 1 ]
-v + -
kyB 1<;(y1 v, w) k(y yo)

. , 2
1w ik 1_Zl W 1
Z—e —+1
2 Zl / 2
1—Z1

[ yl-yoﬁLyB)-%]
\/ k(y, -y.) \fkyB

1
{kyB k(yl . )}] U(Xl) (2.33)

2.2 Conclusions on Strip Analysis

+

The comparison of Eq. (2, 33) with the field at the same point without impedance

strip, namely,
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H (o) -—weH ( )k(y-y)
bq
T
1 2 Jkly-yg) - g

(2,34)

shows that a substantial reduction in field intensity (hence coupling) can be attained
- -y +
as (y yo), Vg and (y1 Vs w) become large,
Though no numerical calculation has yet been made, some qualitative inter-
pretations of physical interest can be extracted from Eq. (2.33). For illustration,

assume the distance between the source and the field point is fixed, namely,
y-y =d . (2.35)
i) Suppose that a capacitive impedance strip is used, Then, the second term of

Eq. (2. 33) (surface wave term) vanishes. In this case, the field is independent of

the width of the impedance strip, since
- -+ = -
y "y twEd-ys
and hence

BN
x | 1[L L1
|H(o)| 2 64 [kyB+k(d-yB) kd : (2.36)
X

ii) Consider the case where inductive impedance strip is used and the surface
wave term is much greater than the pure radiation term (the first term). Noting

that
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2 1
\/ \/1 (R +JX) = \/(1+X -R ) +2jR.X
1 171
R X
= (1+X12—R12)+j 5 ,
+ -
(1 X1 R1
one obtains
2 2
IH I 2 (1+X."-R.") [2(1+X 2-R 2)+1]
X _ 1 1+ 1 1 1 1
(0)] 2 2 2 2 24 2.2
+ -
IHX l (R1 +X1 ) (1 X1 R1 ) +R1 X1
d 9 - 2ka1X1 2. 57)
(d—w-yB) ﬁkyB (1+X12-R12)

For a good absorber (R1 large, yet X, > Rl)’ the exponential term dominates

1
other increasing factors and the reduction of the field intensity can be achieved.

However, an increase of field intensity would result using ordinary dielectric (R1

and X 1 small), thus causing guided wave phenomena,

24




THE UNIVERSITY OF MICHIGAN
7692-2-Q

I
EXPERIMENTAL DECOUPLING PROCEDURES

3.1 Decoupling Two Slots on a Common Ground Plane by Means of Chokes

The type of slot that was examined is the open ended waveguide. Such slot an-
tennas are often found flush mounted in close proximity. In such cases the low direc-
tivity which characterizes this type of antenna gives rise to a strong interference
which is due to the mainlobe of the pattern and not just weak sidelobes.

When a slot antenna is radiating the ground plane supports a traveling wave. To
prevent propagation of a surface wave, the surface reactance must be capacitive
(Elliott, 1954),

A single, circumferential choke was used to create such a capacitive impedance
(see Fig. 3-1). The width of this choke was very small compared to both the depth
and the free-space wavelength so that higher order modes would be attenuated.

Results obtained by another worker (Hurd, 1954) for the case of corrugé.tions
with infinitely thin walls indicate that for small groove widths the cutoff depth is
between A/4 and A/2 or any multiple of )/2 deeper. To test the validity of this
statement in the case of the single groove, two slot antennas of a transmitter-receiv-
er system each surrounded by a single choke of depth equal to a quarter wavelength
at 8,0GHz were manufactured and tested at X-band frequencies. The coupling meas-
ured was compared with the one in the case of two slots without chokes in the same
geometry, It was found that maximum decoupling (approximately 9 db) occured at
8.2 GHz, the lowest frequency used in the measurements, At 10 GHz, however, the
decoupling was reduced to approximately 4 db.

In the case where only one of the two slots had a choke it was found that the
decoupling was not dependent upon whether the choke was on the transmitter
- or the receiver, The decoupling observed was equal to 50 per cent of that observed

when both antennas were equiped with chokes.
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FIG. 3-1: SLOT ANTENNA WITH CHOKE,
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In order to examine the behaviour of the choke at lower frequencies, the groove
depths of the transmitter and receiver were modified so that they would be equal to
a quarter wavelength at 10,0 GHz and 9. 2 GHz respectively. This was realized by
the addition of two copper rings which were covered with silver paint.

The E- and H-plane coupling versus frequency for this case is shown in Fig,
3-2, In the same figure the coupling of two plain slots, in the same geometry, is

given as a reference, The following data apply in this case:

Center-to-center distance: = 11,43 cm
Groove depths: = 0,7 cm
= 0.82cm

Groove width:
Slot dimensions:

= 0,16 cm (1/16")
29 x 1,01 cm (0,900 x 0,400 inches)

D
dt
dr
g
2.
Patterns of coupling when one slot was fixed and the other rotated by 360° were
taken for the cases of E- and H-plane coupling (geometry shown in Fig. 3-3), and
compared with similar patterns for two plain slots. Such patterns are shown in
Figs. 3-4 and 3-5 for a frequency of 10,03 GHz, Figure 3-4 shows that, for E-
plain coupling, the decoupling obtained with the choke is practically constant, i.e.,
independent of the relative orientation of one slot with respect to the other. In the
case of H-plane coupling (Fig. 3-5) although the maximum coupling is reduced with
the chokes, the nulls are deeper in the case of the plain slots. This, however,
could be due to mechanical imperfections since the coupling levels in question were
80 db below direct coupling. More accurately machined chokes which are going to
be used in planned experiments will help clarify this point, It should be noted that
similar patterns were taken for five different frequencies covering the whole X-band
but are not presented here because they did not contain any additional information

beyond that already presented.
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FIG, 3-2: E- AND H-PLANE COUPLING VERSUS FREQUENCY FOR TWO

SLOTS ON A COMMON GROUND PLANE, D =11,43 cm,
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|
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E-Plane Coupling H-Plane Coupling

FIG, 3-3: GEOMETRY OF TWO SLOT ANTENNAS SHOWING E- AND H-
PLANE COUPLING, (a) TRANSMITTER-FIXED POSITION
(b) RECEIVER-ROTATABLE,
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An investigation would not be complete without radiation patterns, Such patterns
were taken and are shown in Figs. 3-6 to 3-8 for three different frequencies. Again
the corresponding patterns for a plane slot antenna, taken with the same reference,
are superimposed on the same page for easy comparison,

These figures show that although the shape of the H-plane radiation pattern is
very little affected, the shape of the E-plane pattern is greatly affected and shows
a substantial improvement in gain (for frequencies 10.03 GHz and 12,03 GHz) and a
great improvement in directivity. At the frequency of 8. 23 GHz, however, which
is outside the cutoff frequency range, the antenna gain is reduced.

From the above the following conclusions can be made:

1) The choke does exhibit a cutoff region defined by A/4 <d <X/2 (d = trench
depth). Operating in this region increases the antenna gain, decreases the sidelobes
and consequently decreases coupling to adjacent antennas,

2) Operating at a frequency such that d < \/4 affects coupling and gain little,
either favorably or adversely depending upon the deviation from d =A/4. This
imposes a restriction on the possibility of broadbanding by placing a number of
chokes of different depths around a slot antenna.

3) Two chokes are twice as effective as one in decoupling.

In view of these conclusions, a new slot antenna with four circumferential

grooves has been designed with a depth d fulfilling the condidtion
A/4<d<X\/2 for 8.2 GHz <f < 12,4 GHz,

Tests on this antenna will be conducted in the immediate future,

3.2 Decoupling E- and H-Sectoral Horns on a Common Ground Plane by Means of
Absorbing Materials

Two different approaches were tried (1) the nonparallel walls of the horns were

lined with absorbing material cut in the shape of wedges; (2) a slab of absorbing
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material was placed on the ground plane between the two horns. In both cases the
absorbing material used was Emerson and Cuming's Eccosorb-CR,

3.2.1 H-Sectoral Horns

The use of absorber wedges affected coupling very little, The maximum de-
coupling observed was 3 db, This was considered unsatisfactory and the methodwas
abandoned.

An absorber slab of dimensions 7,8x 7.8 x 1.8 cm (1,8 cm being the height
above the ground plane) placed on the ground plane between the two antennas pro-
duced a decoupling of 20 db. This situation is described as follows: H-sectoral
horns, flare angle 700, center-to-center distance 11,43 cm, frequency 10,03 GHz,
initial E-plane coupling -28 db, and final E-plane coupling with absorber -48 db,

3.2.2 E-Sectoral Horns

For this type of antenna, absorber wedges placed inside the horn (see Fig. 3-9)
proved to be very effective in reducing coupling. Curves of E- and H-plane coupling
versus frequency are shown in Fig, 3-10. In this figure the coupling between two
absorber lined horns is compared with the coupling of two sets of control horns; one
set with flare angle of 45° and the other with flare angle of 200.

The variation of coupling for various orientations of the receiving antenna was
also studied at different X-band frequencies. Typical patterns, taken at a frequency
of 10,030 GHz, are shown in Figs. 3-11 and 3-12, The relative orientation of the
two antennas is the same as in the case of slots (Fig. 3-3). In this case a ''slot"
should be interpreted as the waveguide termination. The center-to-center distance
of the two antennas is denoted by D,

Radiation patterns taken (Figs. 3-13 and 3-14) for the absorber lined horn and
a control horn indicate a loss in maximum gain of 11 db. This loss in gain is mainly

due to antenna efficiency decrease since the radiation patterns indicate a small
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change in the antenna directivity., It should be noted that the decoupling obtained in
this case, 31 db for the transmitter-receiver system or 16.5 db per antenna, is
still greater than the loss in maximum gain, i.e. the sidelobe reduction is greater
than that of the mainlobe. Similar results were observed at 12.03 GHz; however, at
8.23 GHz the mainlobe was reduced more than the sidelobes (approximately 2 db).

A second approach to decouple E-sectoral horns is by placing a slab of absorb-
ing material on the ground plane between the two horns, Different sizes of absorber
pieces were used. The horns used in this case had a flare angle of 20° and were
located at a center-to-center distance of 11.43 cm, The E-plane coupling was re-
duced from -39 db to -63 db accompanied by a reduction in maximum gain of only
0.5 db. The E-plane radiation pattern showed an elimination of the sidelobe in the
direction of the absorbing material while the main lobe shape was practically unaf-
fected for a scan angle 5% <p<+ 450.

The H-plane coupling was reduced from -48 db to -62 db. For this case a
larger slab was used resulting in a reduction of maximum gain by 1.5 db. The shape
of the E-plane radiation pattern showed a small decrease in the sidelobe levels while
the H-plane pattern showed some assymmetry,

A metal object of the same dimensions as the absorber slab was placed on the
ground plane and at the same positions as before. The radiation patterns taken
were very similar to those with the absorber except that the maximum gain was
usually somewhat higher (0.5 db) than that measured without any obstacle. So it
can be concluded that the changes in the radiation pattern in the presence of a non-
flush-mounted absorber slab are mainly due to reflection and refraction of the elec-
tromagnetic waves rather than absorption,

Due to the fact that in these experiments the flush-mounting requirement was not

met (absorber protruding 1.8 cm above ground plane) more detailed results and
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radiation patterns are notpresented. The results obtained, however, are now being
used for the design of a modified horn antenna which will hopefully exhibit the same
high-isolation levels as the ones mentioned and at the same time meet the flush-
mounting requirement,

3.3 VSWR of a Slot Antenna in the Presence of an Obstacle on the Ground Plane

When a wave is propagating through a waveguide terminated at a slot, reflec-
tions occur at the point of discontinuity giving rise to a standing wave in the trans-

mission line, Let Ei be the incident wave component and Er 1 the reflected wave

component, Then the reflection coefficient is:

E
r,l

P1 = &

(3.1)
i

The presence of an obstacle on the ground plane in the near field of the slot

creates additional reflections, the amplitude of which depends upon the size and

conductivity of the obstacle as well as the distance R, from the slot, (distance

A

expressed in wavelengths). Let this be denoted by Er 9 (RK) . The phase of Er 5

is varying with respect to Er with a period of 0, 5A, therefore it canbe expressed]

s 1
as

R
Er 2(Rk) cos (271 ——

, D +0@) = Er, 2(R7t) cos (47TRK+ @) (3.2)

where  is a reference phase angle., Thus the reflection coefficient becomes:

+ +
] Er’ ) Er, 2(R)\) cos (47rR>L @)
Pt E,

(3.3)
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The corresponding standing wave ratio is:
1+
t 1- l Py ‘
If an impedance matching device is used between the transmission line and the slot,

whenno obstacle is present, E can be made practically zero and then one can obtain

r,l
Pq and Er, Z(Rk) according to Eq, 3.3.
This approach has been used in an experiment, Since in applications the SWR
is used more often this is the quantity that has been measured and which is pre-
sented in Fig, 3-15. The size and location of the obstacle is shown in the same

figure. The reflection coefficient for the slot only is:

1 0,625 _
p1 = Sl TT T 3.6% 0. 238 (3.5)
Then one has:
= +
p, = 0.238+ p, cos (4 TRy @) (3.6)

E.g. At the first maximum there is

S -1
P9 0,13 _
Pg = 5,% 1 = 313 - 0.061
S -1
% _0.85 _
Py = 5, * 1 = 5g5 - 0-298

in agreement with Eq. (3.6),
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3.4 Isolation by Ribbed Surface

were investigated. Although such a structure would only be seriously considered as
an isolation or decoupling device if it did not protrude, yet the cases of the structure
standing out from the metal ground surface as well as being flush-mounted are con-
sidered., The ground surface contains the two slot antennas of two systems. Fig,

3.16 shows the experimental set-up.

put over the ground plane between the two slots as shown in Fig, 3-17 where:

quencies with and without the corrugated surface.
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Ribbed or corrugated structures which have an end view appearance like a comb

3.4.1 Ribbed Structure Standing on the Ground Plane

A set of experiments has been performed with a corrugated or ribbed impedance

f =frequency

D = separation between slots center-to-center

6 = the distance between edge of transmitter slot and the corrugation
t = separation between corrugation lines

d = depth of the corrugation

1 =length of the corrugation

h = width of the corrugation

Figures 3-18 to 3-22 are graphs for angle versus coupling for different fre-

From this set of coupling experiments these points were noticed.

a) The decoupling between the two slots was very much dependent on frequency.
(Figs, 3-18 to 3-22)

b) For the specific dimensions of the corrugated strip and its location between
the two slots the decoupling attained was as high as 19db.

c¢) The decoupling was higher than that when the width of the corrugation h was

more than 5.4 cm (approximately 5.9 cm); then the decoupling reached
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a as high as 24 db, ’

d) The resonant frequency of the decoupling is expected to depend very much on
the separation and depth.

e) The decoupling was sensitive to the position of the corrugation between the
two slots or depends on 6 .

f) For the case of H-plane coupling the coupling with the corrugated surface was
higher than without the corrugated surface.

3.4.2 Radiation Patterns for Slot in the Presence of Free Standing Ribbed
Structure

A set of experiments was performed to measure the field patterns (E-plane and
H-plane) of a slot antenna with and without the existence of the corrugated surface
in the neighborhood.

From this set of experiments the following observations were made:

a) For the case of E-plane patterns the pattern was affected as shown for dif-
ferent frequencies and for different locations of the corrugated strip with
respect to the slot. (Figs. 3-23 to 3-27)

b) For the case of H-plane patterns it was noticed that the pattern with corru-
gated strip was not as much affected as the case without corrugation but still
it was sensitive to the location of the strip with respect to the slot,

3.4.3 Ribbed Structure Flush-Mounted

Slot antennas were arranged with a cavity in between, This construction per-
mitted the use of either a corrugated surface or absorbing material between the two
slots for the flush-mounted case. (Figs. 3-28 to 3-30)

This coupling experiment was for E-plane or strong coupling versus frequency,
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PHOTOGRAPH OF THE FLUSH MOUNTED CORRUGATED STRUCTURE

3-29

FIG.
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FIG. 3-30: FRONT VIEW OF THE FLUSH MOUNTED CORRUGATED STRUCTURE
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It was noticed that:

a) The decoupling by means of the flush-mounted ribbed structure was less than
the decoupling with the same piece of corrugation put over the ground plane
(Fig. 3-31).

b) The decoupling in this case was not as high as the decoupling obtained from
the case of section 3.4.1 because the width of the ribbed structure was
less and as mentioned before this has great effect on coupling reduction,

e) The dimensions of the corrugations were not changed but obviously shouldbe
to find the optimum decoupling.

d) E-plane patterns at different frequencies with corrugations and without
corrugations are given (Figs. 3-31 to 3-33).

e) H-plane patterns at different frequencies with the corrugations placed in be-
tween the two slots are compared with patterns taken with the cavity covered
(Figs. 3-34 and 3-35)

3.5 Flush-Mounted Absorbing Material

A set of experiments similar to the case in section 3.4, 3 has been performed.
The cavity in this case was filled with either B.F. Goodrich RF - material, or
Emerson-Cuming Incorporated Ecco-Sorb CR material,

It was noticed that:

a) There is a very large difference in the reduction of coupling for the flush-

mournted case as compared with the absorber slab over the ground plane
(see Figs. 3-36 to 3-38).
b) A set of curves for the E-plane radiation pattern was obtained for different

frequencies (see Figs. 3-39 and 3-40),
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CAVITY FILLED WITH ABSORBING MATERIAL

3-36

FIG.
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IV
ABSORBING MATERIALS

A task of preparation and evaluation of absorbing materials has been initiated.
The requirements which these materials must meet are high dielectric and magnetic
loss factors and an intrinsic impedance nearly that of free space, These require-
ments are imposed by the fact that these materials are to be used as flush-mounted
absorbers between two slot antennas with the intention of increasing their isolation,
A preliminary investigation and procedure for preparation and testing of these
materials is already in progress. Several compositions by weight of wax, iron
powder, aluminum powder and carbon black have been produced by heating of the
components, The resulting mixtures, after they are allowed to cool have been
machined to proper toroid sizes so that they can be tested for their ¢ and €
characteristics., The measurement techniques have been previously reported by
this laboratory.

Twelve mixtures have been prepared altogether. Permeability and magnetic
Q measurements have been taken so far for compositions 7, 8, 9, 10, 11 at a fre-
quency range between 75 and 400 MHz. The data are reported in Table IV-1 and
plotted in Figs. 4-1 a, b, ¢, d and e and Figs. 4-2a, b, c, d and e. From the loss
tangent graphs in Fig, 4-2 it is clear that the mixtures appear to be rather pro-
mising from the aspect of high magnetic Q factor near the 300-400 MHz range.
Any conclusions for the applicability of these mixtures however cannot be drawn
as yet. There still is need to measure the dielectric properties and then it is ex-
pected that a satisfactory composition will be found by interpolation of the data for
the mixtures on hand. In the next report there will be a complete table of u'/e'
ratios and magnetic and dielectric loss factors. It is anticipated that new
mixtures will be provided for testing by then. Emphasis will be placed on the

finding of a better binder instead of wax.
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TABLE IV-1
(a)
(M;Z) Qm7 taném Qm8 tan6m8 ng tané m, leo tanémlo lel tané m |
75 5.68 0,177 6,5 0.154 4.5 0.222 12,2 0.082 5.68 0,176
100 8.15 0.121 765 0.131 7.1 0.141 230 0.00435 114 0.0878
125 10,75 0,0915 3,86 0,259 3,18 0,314 4,0 0.25 23.0 0.0435
150 2,714 0,359 3.16 0.316 1,92 0,520 4.5 0.222 4,95 0,22
200 5,78 0,171 2,74 0.365 1,95 0.,5125 3,735 0.268 3.73  0.268
250 6.32 0,156 2,145 0.465 1,07 0,925 2,92  0.342 4.48 0,223
300 14.3 0.069 2,14 0,467 1,14 0.88 1,92  0.52 3.18 0.315
350 2,14 0.46 1.43 0.70 1.565 0.64 1.665 0.6 2.36  0.425
400 3.74  0.263 1.035 0.965 1,915 0.5225 1,19 0.84 1.54 0.650
(b)
Composition | Al(gr) | Fe(gr) | Wax(gr) | Carbon Black(gr)

7 30 30 20 -

8 30 30 20 )

9 20 20 15 10

10 20 10 20 10

11 20 10 30 10
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Vv
CONCLUSIONS

The effort on increasing the isolation, to date, gives strong indications that
merely having an intervening flush-mounted slab of lossy material is not a com-
pletely satisfactory solution. Only modest changes in coupling can be accomplished
by such a slab, It is believed that the corrugated surface combined with the possi-
bility of varying the depths of corrugation as well as the widths of corrugations will
be effective. Also further combining this type of construction by loading with lossy
material may prove a better solution in the decoupling problem, It is expected that
the work on materials will be helpful in obtaining more optimal designs of any de-
coupling methods,

Early work indicates that the use of parasitic periodic elements offers some
promise, It has further been observed that the depth of parasitic cavities or slots

is very important as far as the dependence of coupling on frequency.
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VI
FUTURE EFFORT

The effort planned for the future will include the use of RF bridge methods
which will be adapted to broadband work, It is expected that several links will be
made between two antenna systems each one of which will be suitable for one selec-
ted frequency. Such a system depends upon the destructive interference of the un-
wanted signal by feeding a certain portion of this signal around by a separate path,
Properly proportioning these paths will enable each path to be optimized for a given
frequency. In this way, it will be possible to make the decoupling have a stagger
tuned characteristic much like that which is obtained in intermediate frequency am-
plifiers. It is expected that this technique will be helpful in the broadband decoupling
which is very much needed.

Future effort will utilize the catalogue of materials which will show how needed elec-
trical characteristics can be reasonably obtained through the use of simple mixes of
materials. There appears to be little or noneed for further effort on new material mixes,

A continuation of effects of corrugated metal surfaces will be made. Emphasis
will be entirely on flush-mounted surfaces. A detailed study will be made of the
depth and the width of the corrugations as well as of the cases where the corruga-
tions are filled with lossy dielectric or ferrite materials.

Analytical work has been planned for the future dealing with the use of parasitic
antenna elements as a means of increasing the isolation between two antenna sys-
tems. So far, parasitics have been studied entirely from an experimental viewpoint.
It is believed that analytical work is necessary in order to more nearly approach

expected optimum conditions for decoupling.
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Tt is anticipated that the use of circumferential grooves and trenches will be
extended. A new slot antenna with four such trenches has been fabricated; tests

on this type of structure will be made in the near future.
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