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ABSTRACT

The problem of radiation from a thin slot located on the side 
of a dielectric covered infinite conducting wedge is investigated ex
perimentally, An experimental system has been constructed which 
approximates the infinite dielectric covered wedge with a slot antenna 
located at 1«5$ 3»0, or 4°5 wavelengths from the edge of the wedge, A 
short discussion of the theoretical background of the problem is pre
sented and the results obtained from the experimental system are shown. 
The experimental results are discussed in relation to the physical con
figuration of the problem.



CHAPTER 1

INTRODUCTION

Expressions for the far-field radiation from an arbitrarily 
shaped aperture on the side of a conducting wedge are known, A solution 
in terms of a series of Bessel functions has been described by Harring
ton (1961) and another solution has been presented by Tyras (1966) using 
a transform approach. If the conducting wedge is covered with a thin 
wedge shaped dielectric layer, however, the problem becomes much more 
difficult and has not been solved at present.

The purpose of this work is to experimentally investigate the. 
effect of such a dielectric coating on the far-field radiation pattern 
from a slot antenna located on the surface of a conducting wedge,, paral
lel to the edge of the wedge. Figure 1,1 shows the geometry of this 
problem. This configuration can be approximated with reasonable equip
ment and provides results which give some insight into the physical 
mechanisms involved in the propagation of the radiated signal through 
the dielectric coating.

This problem is interesting as a natural extension of the 
problem of radiation from an aperture on a bare conducting wedge.
This configuration is also of considerable practical interest since, 
for example, the plasma layer formed around a space vehicle reentering 
the atmosphere is in this configuration. It is desirable to determine
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Figure 1.1 Geometry of the problem



how the radiation pattern of an antenna mounted on such a craft will 
be affected by the presence of the plasma layer.

The theoretical background of the problem will be discussed
and the experimental results for the dielectric covered wedge will be 
presented. The experimental results obtained will allow some conclu
sions to be reached about the detailed effects of the dielectric coat
ing of this particular geometry on the radiation field.



CHAPTER 2

THEORETICAL BACKGROUND

The problem of radiation from a slot antenna on a dielectric 
covered wedge is quite complex and no complete solution has been found 
to date. It will be useful, however, to review the solution of the much 
simpler problem of radiation for a thin slot in a bare wedge. The result 
obtained will allow an evaluation of the performance of the basic experi
mental system, excluding the dielectric coating.

eral than the one of interest here. Generally an expression for the 
far-field radiation from an arbitrary aperture is found. Harrington 
(1961) solves the problem by considering the reciprocal problem of a 
current filament near a conducting wedge. Using the reciprocity relation 
the desired solution is found to be, for E©,

The problem most often discussed in the literature is more gen-

0 0 \ fEe » ;------------ ) {£vjvco8ve[cos0gu(kcos0tk8in0)
4TTr(Tr -  c */2 ) v

+ jsin0hu(kcos0,ksin0)]j-

Sv(wtu) = /  exp(jwz)dzj^Ja5(u/o)dpE^fz) 

hv(w,u) - yr<exp(jwz)dzJf Jv(u/))dy»Ezj(p,z)

k0exp(-jk0r)

(2-1)

(2-2a)

(2-2b)
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and for iil#,

exp(-jkr) ^
 ----------------> vj Vsinv(e - <x/2)fu(kco3^,k8in/) (2-3)

2r(rr - «/2)sin^ {j

fv(w,u) - J  exp(jwz)d2̂/ Jy(up)^E^(Jotz) (2-4)

where E1 is the field in the aperture.
This is the solution for the far-field for an arbitrary aperture 

on a conducting wedge. In the experimental system a finite slot was 
used. It was excited in such a way that only a ̂  component of E existed 
in the slot. That is:

E'p = VS(^ -  d)cos(TTz/L) (2 -5 a )

e; - o (2-5b)

where the amplitude of the field in the slot can be expressed as 
cos(TTz/L) and d is the distance from the slot to the edge of the wedge. 
These expressions for and can be substituted back into the general 
solution to yield an expression for the radiation pattern for this 
particular aperture.

First £Vf gvf and hy must be found. Substituting the expres
sions for E and E^ and integrating yields

f̂  » 0 (2-6a)

St, = 0 (2-6b)

2rrVLcos(wL/2)
K- — p------ o—  Jv(ud) (2-6c)

TT - (wL)
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These terms must be substituted into the expressions for Ea and Eet 
giving

where f(r) gives the radial dependence of the field intensity. All 
measurements on the experimental system are made with r = constant so 
this exact function dependence is not important. In the experimental 
system only the case where 0 = 90° is of interest, hetting 0 « 90° in 
(2-7) gives

V  - 1/2, 1, 3/2, • • •

Thus E9 is not a function of L, the length of the slot. Also, the factor

does not appear. This shows that as long as 0 = 90°, the length of the 
slot does not affect the shape of the radiation pattern.

•Vhen <* » 0 in the infinite wedge configuration, the wedge reduces 
to a half plane. Then the expression for Ee becomes

Ep = 0 (2-7a)

Ee - f(r)sin0
7T̂  - (kLcos^)^ (2-7b)

V  - 1/2, 1, 3/2, • •

(2-8)

coe[k(L/2)coa/] which arises from the amplitude variation along the slot

f(r)^^2 _tujvcosv6Jy(kd) (2-9)

V - 1/2, 1, 3/2, • •
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This function can be found plotted in the literature (Wait 1959)• Fig
ures 2.1 and 2.2 show plots of Ee versus <9 for d = 1#5A and d = 2.5A. 
These graphs provide a means of checking the operation of the experi
mental system without the dielectric.

The solution given by (2-8) can be obtained by an alternate 
method by using the Lebedev-Kontorovich transform (Tyras 1966), which 
can be written

p(r ) - (2-10)

C+JCO

^  * TTj/ (2-11)
C-joo

If TTie' and TT('m/ are electric and magnetic vector potentials, 
respectively, then both must satisfy the equation

( P d p P t y + W  + P2 + s") - 0 (2-12)

Performing the indicated transformation, the equation becomes 

d2 P
^  +/Z )p " 0 (2-15)

Solving for P, one obtains

P ■ Acos/4.0 + Bsin^e " (2-14)

This can be inverted using (2-11) to obtain

TT = J J /x(Acos^ + Bsin/z@)l/<.(-js/o)exp(-j<xz)dju(lx (2-15)
-50 -JJO
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300"

— i-------- 1-------- 1-------- 1-------- 1-------- 1-------- 1-------- 1-------- 1---------Lo
270" 240" 210" 180" 150" 120" 90" 60" 30" 0

Figure 2.1 Calculated pattern for a half plane with d ■ 1.5X (Wait 1959)
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270" 60"180" 120®210" 0

Figure 2.2 Calculated pattern for a half plane with d = 2.5X (Wait 1959)
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The electric field is given by

Ez - (k2 + W r'>nie> (2-l6a)

This gives
00 )“V

= I I  s2^(Acos/x6 + Bsiryxe)!^ ( - j s /o)exp( j<xz)d/Lido( (2-17a)
_ |<P

tip ~ / s<xu(Acoŝ 6 + Bsin^ue)l^(-js/o)exp(jo(z)d/>(d£X
- jr -J0»

,00
J“ /t) ff's
o yti (Csin^G - Dcos^e) (2-17b)

I^(-js^)exp(j«z)djudo(

where A, B, C, B, must be evaluated from the boundary conditions. For 
this problem these constants are found to be

j r?E'(f),z)K/-jaf)
A   p J / ------- p-----  exp(-jtxz)dodz (2-18a)

2TrJ0J.0o ps

B = - cot^(2n - cx)a (2-18b)

1 /"r" j« 382B   p  / (Ep - ""p T— )K^(-js^)exp(-jo(z)dpdz (2-18c)
2TT u)ppQJ o r s '

C = cot^(2rr - d)D (2-18d)

where E* and El are the electric fields in the aperture, z r
Thus and rr^ are known. The integral expressions can be 

evaluated in the radiation zone. In the radiation zone the electric
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field is given by

E0 - - k2ain07Tfc) (2-19a)

E6 = ko^ein^Tr^ (2 -19b)

this yields

exp(jkr) ^
E0 =  ) (-j) V 8invepv(^,d) (2-20a)

r(2rr - cx)ain0 L—v~i

kexp(jkr)
Be - ---------  > (-j) 008u9Qt,(f,e) (2-20b)

2r(2TT - a)

where

Py - j j E^Jv(^o8in^)exp(jkcos^z) (2-21a)
aper

Qt, - /y
aper

cos^ 92*1
jsin0 2f + ----- 7—^ Ju(k^8in0)

kain^ (2-21b)

exp(jkco6<pz)dz(%)

An alternate expansion for the integrals of equations (2-1?, 18) 
in terras of the complementary error function may be obtained. This 
expression overcomes some of the difficulties encountered with the form 
given by (2-20, 21) because of the slow convergence of the series of 
Bessel functions.

It is interesting to note that the second method described here 
provides what at first appears to be a simple means of solving the 
problem of the dielectric covered wedge. Equation (2-1?) can be written 
for both regions, that is, for the dielectric region and for the free
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space region. It would be necessary to specify both inward and outward 
traveling waves in the dielectric region, thus giving rise to eight 
constants to be evaluated from the boundary conditions. In order to 
match boundary conditions between the two regions it is necessary that 
the integral expressions for the fields in the two regions be of identi
cally the same form. Unfortunately this is not true in this case, since 
the s which appears in (2-17) is a function of the wave number of the 
medium. Thus there is no apparent way to match boundary conditions and 
this method cannot provide an answer,

Failing to solve the problem exactly the next approach would be 
to obtain as good an approximate solution as possible, A geometrical 
optics approach could be used, by using ray tracing techniques to find 
the radiation pattern. Unfortunately the region of interest is small 
compared to the wavelength and is also in the near field of the source. 
From the experimental results it appears that higher order effects due 
to these features of the problem contribute greatly to the result,
Thus ray tracing would provide a very poor approximation,

A useful approximation might be obtained by first assuming 
that the dielectric material fills the entire space around the wedge 
and solving for the fields along the planes that represent the actual 
dielectric boundary. The actual physical configuration would then be 
considered with these fields on the dielectric surface, This method 
also runs into difficulty because the dielectric boundary is in the 
near field of the antenna. Its use would require evaluating the inte
gral expression for the fields without making the far-field approxima
tions, which is an extremely difficult task. This method also would



not take into account effects such as the generation of surface waves 
in the dielectric region, which are seen experimentally to be important0



CHAPTER 3

DESCRIPTION OF EXPERIMENTAL SYSTEM

An operating frequency of 10 GH% was chosen for the experi
mental system. This frequency is high enough that the system can he of
a reasonable physical size and is low enough that the equipment used in 
generating and processing the signals is not too complex» Most of the 
equipment available for use in this work would operate at 10 GHz. This 
frequency corresponds to a wavelength of 3 cm.

The wedge was constructed from two aluminum plates, 2' x 4’ x
3/8". The 2* x 4* size provided a good approximation of an infinite 
half space compared to the 3 cm. wavelength of the signal source. The 
thickness was chosen to provide good mechanical rigidity and because of 
availability. The edges of the plates forming the apex of the wedge 
were beveled so that they would form a sharp edge when'placed together. 
Two plates were machined to a 10° bevel and a third to a 30° bevel. 
Three plates were prepared to allow more flexibility in determining the 
antenna locations. Beveling one of the plates to 30° allowed the 
antenna to be placed closer to the edge of this plate than was possible 
on the plates with a 10° bevel. Contact was made between the two sides
of the wedge simply by setting the two aluminum plates in contact with
each other. Silver paste was applied on the inside of the wedge to 
insure good electrical contact between the two plates. It was felt
that a more rigid structure, perhaps with the two sides of the wedge

14



made in one piece would have been preferable but this would have made it 
nearly impossible to adjust the angle of the wedge. It was determined 
experimentally that poor contact or even lack of contact between the 
two sides-of the wedge did not seriously affect the shape of the radi
ation pattern,

A table and framework to hold the wedges was constructed" from 
three quarter inch plywood, the details of which can" be seen in the 
photographs of Figures 3<>1 and 3.2.

It was shown in Chapter 2 that the length of the slot antenna 
does not affect the radiation pattern in a plane perpendicular to the 
slot which bisects the slot when only a transverse electric field exists 
in the slot. A further requirement of such an antenna is that the phase 
of the electric field is uniform along the entire length of the slot and 
also the amplitude distribution must be symmetrical about the center of 
the slot. These requirements can be most easily met by putting the slot 
in the end of a waveguide carrying the T E ^  mode (Jasik 1$6l). Gener
ally, some type of matching device is used between the waveguide and the 
slot.

Such an antenna had been constructed for a previous experiment 
(Bargeliotes 1964; Tyras et, al, 1963; Hamm and Tyras 1966). This 
antenna had a slot 3°81 cm, long and used a tapered matching section 
between the X-band waveguide and the slot, the tapered section being 
about five inches long.

This antenna could have been used for this experiment except 
for the fact that its length would have made internal wedge angles of 
less than 90° impossible for small d. It was decided to construct a



(a)

00

Figure Photographs of the experimental system
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Figure 3.1



(a)

(b)

Figure 3»2 Additional photographs of the experimental system



Figure 3*2
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shorter feed system to allow the use of internal angles of less than 
90°o Using a similar tapered matching section bent at a right angle 
near %he slot was first considered but this idea was discarded due to 
the difficulty of constructing such ah antenna.

A small cavity made from a short length of J-band waveguide 
and fed by a coaxial probe was finally chosen. A short length of solid 
tubing coaxial cable was used to feed the cavity. The cable was fed 
from a standard X-band waveguide to coax adaptor. The slot was simply 
cut in one end of the cavity with no attempt at impedance matching.
The mismatch resulting from this was tuned out using an E-H plane stub 
tuner in the X-band waveguide from the signal source. This method 
worked quite well even though the power loss in the antenna was high, 
approximately 5 db. It is assumed that most of this loss can be 
accounted for by considering the higher order modes excited in the 
cavity feeding the antenna and by losses in the coaxial section caused 
by the high standing wave ratio in this section. This was not a 
serious problem since adequate power was available to make up for this 
loss. The antenna was made in a brass disc, about two inches in 
diameter which fit into a hole cut in the side of the wedge. This 
arrangement was used,- rather than cutting the slot directly in the metal 
plate, so that the antenna position could be changed without having to 
replace the entire plate. Additional holes could be cut and blank plugs 
made to fill the unusSd holes.

Reflections' from the walls and from other objects in the room 
were found to be a serious problem. To reduce reflections microwave 
absorbing material was placed around the wedge. Two 4* x 4’ frames were
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constructed and covered with absorbers« Several other unmounted 2’ x 2' 
pieces of absorber were used to fill in the space not covered by the 
frames.

It was originally planned to cover the entire conducting wedge 
with dielectric material, but this was discovered to be impractical due 
to cost considerations and to the difficulty of producing a piece of 
dielectric material of the required size. The best choice for a 
dielectric material was found to be acrylic plastic. This material can 
be machined fairly readily or it can be obtained in liquid form and cast 
directly in the desired shape. The dielectric properties of this 
material are nearly ideal for this application. Its relative dielectric 
constant is in the range of 2,5-3=0 and its loss tangent is very low at 
10 GHz, Due to the unavailability of machine tools capable of handling 
work this large it was necessary to cast the dielectric material into 
the desired shape. It was felt that the largest size that could be cast 
successfully was approximately 1,5* x 21 x 1", The shape of the 
dielectric wedges is shown in Figure 3=3= Conveniently, this size wedge 
required one gallon of liquid plastic.

Initially there was some concern that the reduced size of the 
dielectric wedges would affect the pattern. While it is impossible to. 
discount this possibility due to the lack of theoretical results there 
is no indication that it is significant, with the possible exception of 
the effect of reflection from the wide end of the dielectric wedge.
This is discussed more fully in Chapter 5=

The signal source used is a Varian X-15 X-band klystron, which 
supplies about 150 milliwatts through a 0-40 db variable attenuator^
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Figure 3.5 Dielectric wedge geometry
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slotted line and stub tuner to the antenna„ Due to the previously men
tioned antenna losses, the full 150 milliwatts is needed for pattern 
measurements 0 The slotted line is used to adjust the stub tuner and to 
measure the effect of the dielectric coating on the antenna admittance» 

There is a large number of wavelengths between the stub tuner 
and the antenna, which makes this tuning system extremely frequency 
sensitiveo This did not present any problem due to the use of a Dymec 
Model 265OA oscillator synchronizer, which phase locks the klystron fre
quency to a harmonic.of a very stable crystal oscillator, giving, for 
all practical purposes, crystal controlled stability to the klystron.

The field strength was measured by means of a small loop 
antenna, approximately 5 /8 inches in diameter, situated in a plane 
perpendicular to the sides of the wedge and to the slot antenna. This 
loop was mounted on an arm 20 inches long, which rotates about the apex; 
of the wedge. This arrangement can be seen in Figure 3,1,

The signal from the pick-up loop is detected with an Antlab 
microwave receiver. This receiver is well suited for this application, 
having a 40 db linear dynamic range and an automatic frequency control 
circuit which eliminates drift problems associated with the receiver 
local oscillator. The radiation patterns were recorded on an Antlab 
antenna pattern recorder. The receiver was also used as the detector 
for impedance and standing wave ratio measurements„ Ip this case the 
receiver output was connected to a Hewlett Packard Model 4250 S,W,R, 
Indicator. The arrangement of equipment used is shown in block diagram 
form in Figure 3*4,
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Figure 3*4 Block diagram of the system used for pattern measurements 
and for antenna admittance measurements



CHAPTER 4

EXPERIMENTAL RESULTS

This chapter contains all of the experimental results from this 
work. All of the radiation patterns are linear plots of the relative 
magnitude of the electric field versus angular position. The reference 
for the angular coordinate is the excited side of the conducting wedge. 
Figures 4*1 through 4*6 are the measured radiation patterns for the bare 
and the dielectric coated wedge with d = 1.5A* Figures 4.7 through 
4.12 are for d = 3.OX and Figures 4.13 through 4.18 are for d = 4.5X.
For all three of these antenna locations patterns were made for wedge 
angles <* of 60°, 90°, 120°, 150°, 170°, and for a half plane. The 
results included here are for • 90°, 150° and for the half plane.
The variation in the pattern with changes in wedge angle was gradual and 
it was felt that these patterns are adequate to display the observed 
effects of the dielectric coating. Figures 4.19 through 4.30 present 
some additional radiation patterns made with the dielectric coating on 
only one face of the wedge. It should be noted that the terms front and 
back in the titles of these figures refer to the side of wedge contain
ing the antenna and the other side respectively. In this group of graphs 
only patterns measured for wedge angles of 90° and 150° are included. 
Measurements were made for all the angles stated previously, but again 
these results are representative of the effects of a dielectric coating 
on only one side of the wedge.

23
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It should be noted that the system gain was not maintained 

constant between the pattern measurements„ The absolute magnitude of 
any particular curve is not significante It can be stated, however, 
that no large amplitude differences were noted for any of the con
figurations investigatedo Here large is taken to mean a change 
approaching one order of magnitude.

Table I tabulates the measured normalized admittance of the 
slot antenna for the various combinations of dielectric coating used. 
Table II shows the values of relative dielectric constant measured for 
a representative dielectric wedge and for the two.wedges used in the 
experimental system.
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Figure 4.1 Radiation pattern of bare half plane, d - 1U5X novn
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Figure 4»2 Radiation pattern of dielectric covered half plane, d » 1,5X rv>CT\
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Figure 4«3 Radiation pattern of bare wedge, cx - 90*, d - 1«5X M
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Figure 4*4 Radiation pattern of dielectric covered wedge, <* - 90®, d - 1.5X rv
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Figure 4*5 Radiation pattern of bare wedge, <x = 150°, d = 1.5X rv>vo
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Figure 4*10 Radiation pattern of dielectric covered wedge, <* ■ 90°, d ■ 3.OX
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Figure 4.11 Radiation pattern of bare wedge, <* - 150°, d == 5.OX OJvn
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Figure 4*12 Radiation pattern of dielectric covered wedge, « ■ 150°, d - 5.OX
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Figure 4*13 Radiation pattern of bare half plane, d * 4#5X VN
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Figure 4.14 Radiation pattern of dielectric covered half plane, d » 4.5X VNa>
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Figure 4*15 Radiation pattern of bare w e d g e , = 90°, d - 4«5X VM<0
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Figure 4.16 Radiation pattern of dielectric covered wedge, <x • 90°, d = 4.5X



Figure 4.1? Radiation pattern of bare wedge, cx - 150°, d » 4.5X
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Figure 4.18 Radiation pattern of dielectric covered wedge, <* = 150°, d = 4.5X r o
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Figure 4,19 Radiation pattern with dielectric on front, <* . 90°, d = 1,5X
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Figure 4.20 Radiation pattern with dielectric on back, <* = 90®, d = 1.5X 6
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Figure 4*21 Radiation pattern with dielectric on front, « = 150°, d = 1.5X &
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Figure 4.22 Radiation pattern with dielectric on back, <x - 150°, d = 105X
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Figure 4.2) Radiation pattern with dielectric on front, cx = 90*, d * 3*0X
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Figure 4*24 Radiation pattern with dielectric on back, c* * 90°, d = 3.OX
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Figure 4.25 Radiation pattern with dielectric on front, cx . 150c, d = % 0X xo
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Figure 4*26 Radiation pattern with dielectric on back, « * 150°, d = 3»0X
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Figure 4,2? Radiation pattern with dielectric on front, ot = 90°, d = 4#5X
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Figure 4*28 Radiation pattern with dielectric on back, « = 90°, d = 4.5X vn
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Figure 4*29 Radiation pattern with dielectric on front, cx « 1500, d = 4.5^
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Figure 4*50 Radiation pattern with dielectric on back, a - 150®, d - 4«5X



TABLE I

NORMALIZED ANTENNA ADMITTANCE

d cx
Normalized Antenna Admittance
Antenna”1 Both2

1.5

i" Plane 2.4 -  j0 .5 6 -
60° 2.5  -  J0.20 2.5  + J0 .10

90° 2 .2  + J0.80 2.4  + j0 .5 5
120° 2.4 + j0 .5 5 2 .4  + j 0.50

150° 2 .5  + J0.70 2.25 + j0 .7 0

170° 2.3  + jO .65 2.1 + J0.90

5.0

£ Plane 2.1 -  jO .65 -

60° 2.1 -  j0 .6 5 2.1 -  j0 .6 5

90° 2.5 -  jO .10 2.4  -  j0 .4
120° 2 .4  -  j0 .4 0 2 .5  -  j0 .1 5
150° 2.4  -  jC.50 2.4  -  j0 .5

170* 2.3 + jo.25 2.3 + j0 .1 5

4.5

2 Plane 1.95 -  j0 .5 5 -

60* 1.7 -  j0 .0 8 1.95 -  jO .10
90° 1.95 -  J0.10 1.95 - jO.15

120° 1.7 + jO.15 1.7 + J0.35
150* 1.7 + j0.05 2.0  + jO .15
170° 2.2 -  j 0 .50 2.8 + jO

NOTES: 1. Dielectric coating on side of wedge containing
antenna only.

2. Dielectric coating on both sides of wedge.
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TABLE II

RELATIVE DIELECTRIC CONSTANTS OF TILS PLASTIC WEDGES

Distance from 
Edge of Wedged 7.5" 10.5" 15" 21" Average

Sample 2.87 2.80 2.84 2.78 2.82
Front 2.862
Back 2.842

NOTES: 1. It was not possible to measure the dielectric
constant of a sample taken closer than 7•5" 
from the edge of the wedge due to the thinness 
of the wedge in this region.

2 Single measurement, as explained in Chapter 5*



CHAPTER 5

DISCUSSION OF RESULTS

5*1 Sources of Error
InitiallyP it was important to determine that the radiation 

pattern from the experimental system without the dielectric material 
agreed with the known theoretical results. It was felt that improper 
excitation of the antenna "by the small cavity and poor contact between 
the metal plates along the edge of the wedge were the things most 
likely to affect the accuracy of the results. Antenna excitation was 
checked simply by comparing the theoretical and experimental results 
for a half plane. The agreement was found to be quite good. To deter
mine the effects of poor contact along the edge, several patterns were 
measured with intentionally poor edge contact. First the conducting 
paste was left off and then the two plates were actually separated by as 
much as a quarter of an inch. In no case was the overall shape of the 
pattern changed. The relative magnitude of the field at the peaks and 
nulls of the pattern did change, but the change was small, on the order 
of 3($. It was felt that these results justified use of the experi
mental system.

An additional possible source of error was encountered when 
the dielectric coating was added. There existed the possibility of 
reflections from the end of the dielectric coating. Since no theo
retical results were available, it was impossible to discount this
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completely,, A check was made, however, to determine the qualitative
effect of such reflectionse A metal strip was placed along the end of
the dielectric coating to provide a short and thereby increase the 
reflectionso This changed the relative amplitudes of the peaks and 
nulls in the patterns by as much as 50-1005% but the angular location of 
the peaks and nulls and the general shape of the pattern was not 
changed. From this it seems reasonable to conclude that the angular 
location of the features of the pattern is accurate and that the rela
tive amplitude at any point is accurate to within perhaps 20-50%,

Another possible source of error was the dielectric coating 
itself. This coating was cast from liquid plastic and there was no 
assurance that the dielectric constant was uniform throughout the coat
ing, The thickness of the coating varied from about 0,02" at the 
thinnest part to 1" at the end, thus the plastic hardened at different 
rates in different areas, possibly giving rise to somewhat different 
dielectric constants. It was necessary to destroy the dielectric coat
ing to obtain samples for measurement, It was felt that the two good 
coatings should be retained for possible future use, A coating which 
cracked in casting was cut up for samples. If this coating, which 
hardened more unevenly than the other, was uniform it was safe to 
assume that the other coatings were also uniform. Samples were also 
cut from the comer of each good coating to determine the dielectric 
constant of each coating. The method used to measure the dielectric 
constant is described in Appendix A, The results of these measurements 
are tabulated in Table II, The measured variation of dielectric con
stant with location is quite small and may be due largely to
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measurement errors. The variation in dielectric constant with location 
in the dielectric coating was not great enough to affect the results.

The remainder of this chapter will be devoted to a qualitative
discussion of tne experimental results.

5.2 Discussion of Measured Radiation Patterns
When the distance between the slot and the edge of the wedge, 

d, was equal to 1.5X the results were about what were expected from 
simple reasoning. In the region where © was less than approximately 
90° the effect of the dielectric coating was much the same as that of 
a plane dielectric coating on a slot antenna in a plane. The field 
strength was relatively unaffected for angles near 90° but the field 
strength dropped abruptly for small ©.

For larger © there was no extremely pronounced effect. There 
were variations in the detailed shape of the curve as would be expected 
if an antenna in any configuration was covered with a thin dielectric 
coating. There appeared to be somewhat more energy coupled into the 
shadow region with the coating than without but this effect was not 
very pronounced.

The second case investigated was for d = 3»0X. Here approxi
mately the same results were obtained for small 9 but for large 0  

the results were considerably different. A very pronounced variation 
of field strength with 0 was noted in the excited region. A very 
deep null was observed at 140° and a pronounced peak at 165°. Also 
there was significant coupling of energy into the shadow region.
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The results observed when d = 4*5X were similar to those for 
d = 3-OX. The null was not as deep and was shifted to 135°- The peak 
moved to 150°.

In all three cases only a very weak dependence of pattern shape 
on wedge angle was observed. The only significant change observed was 
in the field strength in the shadow region, which increased as in
creased for both the bare and the coated wedge. For the cases d = 3-OX 
and d = 4-5X the location of the null and peak were essentially inde
pendent of the wedge angle, <*.

The results described above seem to fall into three classifica
tions : 1) © less than about 90°, 2) ©  greater than about 90° but less
than 180°, and 3) 0 greater than 180°. For the region where <9 < 30°, 
the results were the same as would be expected for a simple plane con
figuration, that is for a slot antenna in an infinite dielectric 
covered plane (Knop and Cohn 1964). The field strength decreased to a 
low value close to the dielectric surface, increasing to approximately 
its value without the coating as © increased. Thus it appears that far 
away from the edge the geometry of the coated conducting wedge is suf
ficiently like that of a coated conducting plane that the radiation 
patterns are essentially the same.

The second region, where © is between 90° and 180° was more 
interesting. Here a very pronounced interference type pattern was ob
served when d = 3-0X and 4-5X- When d « 1.5X the pattern was changed 
but the cause of the change was not evident. These effects can be ex
plained by assuming that a surface wave is excited in the dielectric 
coating between the slot and the edge of the wedge. The arrangement



of the dielectric in this region resembles a type of surface wave an
tenna (Butterfield 1954)°

This type of antenna is directional with the direction of
maximum radiation lying between 10° and 30° from the surface of the
dielectric, depending on the exact geometry. This agrees well with the 
location of the interference effects observed. The absence of inter
ference effects for d = 1,5A is understandable since in this case the 
thickness of dielectric over the antenna is small and probably no sur
face wave would be excited.

The third region is the shadow region which is not directly 
illuminated by the slot. The most pronounced effect here was a general 
increase in the field strength in this region. A decrease in field 
strength near the coating was observed on this side also as would be 
expected. The increased field strength is most likely also due to sur
face waves excited between the slot and the edge of the wedge. These 
surface waves would lead to increased diffraction around the edge.
This is supported by the fact that much less coupling into the shadow 
region was observed for d « 1*5A.

Radiation patterns were also determined with a dielectric coat
ing on only one side of the conducting wedge. These measurements indi
cated that the coating on the excited side of the wedge had the largest 
effect on the radiation pattern. Inspection of the curves in Chapter 4, 
for example Figures 4«9» 4.10, 4*23» and 4*24 shows that the patterns 
obtained with the dielectric coating on both sides and on only the 
excited side are nearly identical except for the area where 0  is 
close to 2tt - ot, that is, close to the unexcited side of the wedge.
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Here the presence of the coating reduces the field strength as has been 
discussed previously. Comparison of the results for the bare wedge and 
for the wedge with a dielectric coating on the unexcited side only are 
also essentially identical. The same reduction in field strength near 
the unexcited side of the wedge would be expected here, but unfortu
nately, the field strength in the shadow region for both configurations 
is so low that no difference can be seen.

It would be interesting at this point to be able to generalize 
the above discussion to include the case when £r < 1, such as for a 
plasma. This can be done in part. For the first region, where & is 
less than the situation is the same as for a completely plane 
structure, which has been solved (Tyras et. al.; Hamm and Tyras 1966). 
These results are similar to the case with £r > 1 except that there is 
a definite peak in the pattern near the critical angle. In the second 
region, where the interference effects between the direct and surface 
waves are dominant, it is difficult to predict what the result will be. 
It seems reasonable that there will be interference effects as found in 
the experiment but the resulting radiation pattern may be considerably 
different. In the third shadow region there should be a similar in
crease in field strength as in the experimental system. Surface wave 
propagation toward the edge of the wedge should result in increased 
diffraction as before.

5.3 Discussion of Admittance Measurements
The impedance presented by the slot antenna to the feed system 

was measured for each configuration of conducting wedge and dielectric
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coating used as explained in Appendix B. These measurements are tabu
lated in Table I. Unfortunately, these measurements were not very 
accurate due to the high loss of the antenna feed system. For each 
measurement the antenna was tuned to give a normalized impedance of 
1.0 without the dielectric coating on the wedge. This was necessary 
since the feed system was not rigid enough to remain in adjustment as 
the wedge angle was changed.

The location of the antenna appeared to be the only significant 
factor in determining the admittance of the antenna. Inspection of 
Table I shows no meaningful variation of admittance with wedge angle, 
the other important parameter in the system. Also, the presence of the 
dielectric coating on the back or unexcited side of the wedge had no 
detectable effect. When d = 1.5X» the magnitude of the normalized 
admittance was measured to be approximately 2.5. The imaginary part of 
the admittance is capacitive and is approximately 0.5. For the case 
when d - 5.0X, the magnitude was again about 2.5. Here, however, the 
imaginary part was inductive, perhaps -0.5. When d = 4»5X the magni
tude was reduced to approximately 1.8-2.0. The imaginary part was 
small, the measurements indicating capacitive and inductive resistance 
about equally often.

From the above it appears that the admittance of the slot is 
determined mainly by the thickness of dielectric material covering the 
slot. The similarity in results for d = 1.5X and d = 5.OX suggests 
that the excitation of the surface wave does not materially affect the 
admittance.



5• 4 Suggestions for Future Work
The most important work remaining to be done on this problem is 

to find a solution to the wave equation for this configuration, either 
approximate or exact. There is also much more experimental work remain
ing to be done. It would be interesting to extend the values of antenna 
to edge spacing d, to both larger and smaller values, and to investigate 
different antenna configurations. It should be possible to use the 
technique developed by Bargeliotes (1964) to experimentally investigate 
the problem of a wedge covered by a coating of dielectric constant less 
than one. This technique uses air as the dielectric coating and fills 
the entire free space region with a low loss dielectric liquid„ The 
main disadvantage of applying this method to this problem is that a' 
rigid container is required for the liquid which would make it impracti
cal to make measurements at more than one wedge angle. Based on the 
results obtained here, this does not seem to be a serious restriction, 
since the basic patterns obtained did not change with the wedge angle.
Of much more interest is the change in radiation patterns with antenna 
to edge spacing, which would easily be changed with this arrangement.



APPENDIX A

MEASUREMENT OP ANTENNA ADMITTANCE

It was desired to measure the admittance of the slot antenna 
when the wedge was covered with the dielectric coating, as explained in 
Chapter 4# Ideally, this measurement would be made by breaking the 
antenna feed system at some point and placing a short across the line 
at this point to establish a reference plane at which the impedance can 
be measured by standard slotted line techniques (Ginzton 1957)« The 
admittance at the reference plane would then be transformed down the 
line to the load by use of a Smith Chart or by use of the transmission 
line equations„ Unfortunately, in the system used here, the relation 
between the admittance at the slot and the admittance at any given 
location along the feed line is not known. To determine this relation 
it would be necessary to solve for the fields in the cavity used to 
feed the slot and to know the lengths of the stubs in the E-H tuner. 
Unfortunately there is no method available for determining the total 
field in the cavity due largely to the higher order modes excited in 
the small cavity, A tuner with the stub lengths calibrated was not 
available,

This necessitated the use of a compromise method, which allowed 
the admittance measurements to be made, although with rather poor 
accuracy. Initially, the E-H tuner was adjusted for a standing wave 
ratio of 1;1 without the dielectric coating on the wedge, Then a
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shorting plate was placed against the antenna and the standing wave 
ratio and the null location were determined. The standing wave ratio 
measured here was used to determine the loss in the coaxial feed system 
and the cavity and the null location determined the reference plane 
location. The standing wave ratio and the null location were then 
measured with the various arrangements of dielectric coatings. A Smith 
Chart was used to transform this measurement to the slot by assuming 
that the feed system and cavity were a lossy feed line with loss as 
determined above. The reference plane located above was assumed to be 
at the slot (Kosow 1964)0 The results of these measurements are 
discussed in Chapter 4«

The equipment used in making the admittance measurements is 
included in the block diagram of the system used for the pattern 
measurements» Figure 3o2. The receiver was used as a detector not 
because the sensitivity was needed but to convert the C. W„ output of 
the synchronized klystron to the 1000 cycle square wave modulated 
signal required by the standing wave ratio indicator. The admittance 
measurements were made at the same time as the pattern measurements.



APPENDIX B

MEASUREMENT OF DIELECTRIC CONSTANT

The cast acrylic plastic used for the dielectric coating was 
expected to have a dielectric constant between 2 and 3 with a very low 
loss tangent but no accurate data was available. Thus it was necessary 
to measure the dielectric constant of the plastic. The dielectric 
constant at 10 GHz can be determined by measuring the velocity of propa
gation through a section of waveguide filled with the sample. For 
dielectric constants and loss tangents in the range expected here it is 
generally easiest to use a shorted section of waveguide with the sample 
placed directly at the shorted end. With this arrangement, the propa
gation velocity and thus the dielectric constant is determined from the 
changes in the standing wave pattern in the waveguide caused by the 
presence of the sample as described by Von Hippel (1954). The standing 
wave patterns obtained with and without the sample in the line are shown 
in Figure B.1.

The relative dielectric constant of this sample is given by

£t - j€" =
u  - (!f2a/2TTd)2

(B-1)
W

where u = (̂ -i/xc)2 (B-2a)

w = u + 1 (B-2b)
6 7
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short

No

(a) Shorted line without sample

sample short

(b) Shorted line with sample

Figure B.1 Standing wave patterns with and without the sample
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and where 60d is given by

tanh(82d) 1 - j(S'Ali)tan(27Tx0/xi)
(B-5)

«2d 2nd (SMi) - jtan(2nx0/X1)

The quantity was determined from the null location by the relation

In the above equations:
X1 = guide wavelength 
X = cutoff wavelength 
d = thickness of sample
Xq - distance from boundary of sample to first 

minimum of the standing wave pattern 
(SWR) = standing wave ratio

= null location without sample 
N = null location with sample

Initial measurements on the plastic showed that the loss 
tangent was indeed very low and in all further measurements it was 
neglected. In this case equations (B-1) to (B-3) reduce to the simpler 
forms,

nX
x,0 2

- d - (N0 - II) (B-4)

where n is the smallest integer such that x^

u + (B d/2nd)2
(B-5)

W

(B-6a)

w = u + 1 (B-6b)
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here B^d is given by,

tan(B d) -X 277xn
------- = ---- tan   (B-7)

B2d 2TTd X 1

The samples were cut to a thickness between 0.9 and 1.0 cm. It 
was determined experimentally that for a sample thickness in this range, 
approximately one half wavelength of the 10 GHz signal was contained in 
the sample 0 This places a voltage minimum near the sample boundary, 
thereby minimizing errors due to surface imperfections.

Much the same equipment as was used to obtain the radiation 
patterns was used to measure the dielectric constant. The actual 
arrangement of the equipment is shown in block diagram form in Figure 
B-2. The only pieces of equipment used here that were not described in 
the text are the sample holder and the micrometer dial on the slotted 
line carriage. The sample holder consisted of a 5 inch waveguide sec
tion machined from brass. It was made for use with some previous work 
(Bargeliotes 1964) where it was necessary to measure the dielectric 
constant of solid and liquid samples. Use of the micrometer dial with 
the slotted line allowed the null position to be read within .001 cm. 
directly. This accuracy was required since x^ was determined as a 
function of the difference between null locations with and without the 
sample in the holder, which was generally not large.
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Figure B.2 Block diagram of the system used to measure dielectric constant
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