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Abstract: The transmission of speech, music, pictures and other information by means of electrical signals is known as
electrical communication. Across short distance speech and music are transmitted directly from there source to the
listeners by mean of acoustic wave, similarly a picture is transmitted directly by light wave across short distance. Over
large distances, wire communication and radio communications are used to transmit such signals, in the latter case it is
the antenna system which plays the vital role in the process by coupling the source of power to free space and then
directing this energy in some preferred direction. This paper introduce microwave and has briefly presented the history
of antenna developments. Middle portion of the paper gives acquaintance with the work done on dielectric antennas. In
the last the author has attempted to justify the reason for taking of the problem and has also briefly mentioned the
aspects to be dealt with, also discussed the Geometrical theory of Diffraction.
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. INTRODUCTION

In almost any electrical communication system is necessary to transfer electromagnetic energy in some form, from one
place to another. The process of transferring this energy is usually referred to as the transmission and can take place
either through a material medium or through the free space. In the latter case it is the antenna system which plays the
vital role in the process by coupling the source of power to free space and then directing this energy in some preferred
direction. An antenna which radiates in all directions equally is called an isotropic or source. There is no such antenna
because every antenna exhibits some directive properties was released by hertz, who first successfully demonstrated
radiation of electromagnetic waves. The present-day position is that many types of microwave antennas are in use, of
which the important ones are: (i) Aperture antenna consisting of horns, slot and open-ended waveguides, (ii) Dielectric
and surface wave antennas comprising of the dielectric road, tube and horn antenna and (iii) Secondary antenna which
can be subdivided into two classes (a) Reflectors and (b) Lenses.

Il. BRIEF HISTORY OF ANTENNA

Firstly, Issac Newton formulated law of Universal Gravitation and he was reluctant to announce because his law
violated the principle that the action at a distance is impossible. But Edmud Hally persuaded Newton to present the law
before Royal Society in 1685 after discovering Comet. After that in 1839 Mickel Faraday presented the results of his
“Experimental Researches” with curved line of force extended through empty space Joseph Henry in 1842 invented
wire antennas for telegraphy by throwing a spark to a circuit of wire from his laboratory to parallel wire to 20 ft away.
In 1875 Edison discovered that key clicks radiated to a distance and 1885 he patented a communication system using
vertical top-loaded grounded antennas. In late nineteenth century microwave antenna which Marconi had added
Lodge’s tuning advances to his vertical grounded antenna. The period 1910-1919 said the construction of many large
low frequency high power antennas. In 1911 construction started of “Radio Virginia” at to Arlington. In 1913 the
station was commissioned with 100 kw spark transmitter and a 35 kv arc transmitter. After centimeter wave antenna
VHF and microwave antenna entered into the applications of radio electronics in the late of 1940’s. In this connection
brief history of antenna is the history of spectrum utilization. As different regions of the spectrum are opened up at
different epochs in time antenna evaluation always taken place sometime minor often major. Basically, spectral
expansion is dominated by human motivation and the current level of technical feasibility.

A. Work Done on Dielectric Antenna

The need to concentrate the radiated power in some preferred direction was realized almost simultaneously with the
successful demonstration of the radiation of electromagnetic waves by Hertz[1] in the year 1888. Bose, Marconi, Righi,
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Lodge and several other workers were also engaged independently in similar experiments generally in microwave
region. In United States of America Southworth [2]in 1941 took out a patent which was based on his intensive research
on the radiation from dielectric rods. At Bell Telephone Laboratories, Mueller and Tyrell commenced an exclusive
study on the subject in 1941. They give a method for deriving an expression for the radiation pattern of a dielectric rods
exited at one end. Covering the practical expect of the problem, they have described the designing details and have
shown that for microwave antennas involving gains of 15-20 dB, payloads display high efficiency and are epically
suitable for a broad-side array arrangement. In 1942 Van Atta [3] discussed the limitations of the size and shape of a
parabodial reflector and its effect on radiation pattern for a given field distribution over the aperture plane. He
conducted experiments on a number of such reflectors maintaining the f/D ratio constant and using the same feed as
primary source. He concluded that with D increasing the beam width angle of the main lob decreases and the side lobes
move closer towards the axles. In 1975 Jha [4] reported a comparative study of dielectric and metallic pyramidal horns
of four different flare angles and axial lengths. In the same year an experimental study of dielectric pyramidal horn is
reported by Mishrataking forty fiveantennas of five different flare angles, such as 5° 10° 20° 30°& 45° and nine
different axial lengths, such as 0.5 A, 1.0 A, 2.0 A,..., 8.0 A in each flare angle.Choudhary and Jhain 1986 proposed
empirical solutions to power distributions in the far field due to a radiating system consisting of a rectangular
waveguide terminated by a dialectical pyramidal horn. In 1992 radiation patters of E-plane sectoral solid dielectric horn
excited by a rectangular metallic waveguide were predicated and compared with pattern measured at 9.37 GHz by Anil
K. Singh, R Chaudhari, B. Jha and R.K. Jha. Far-field radiation patterns of dielectric pyramidal horn on the basis of
near field observations were determined by Dr. A. Jha and Prof. L. Jha in 1993.

B. Geometrical Theory of Diffraction

Diffraction is the process where light propagation differs from the predictions of geometrical optics. Geometrical
optics, the oldest and most widely used theory of light propagation, fails to account for certain optical phenomena
called diffraction.One of the first exact solutions for the scattering of an electromagnetic wave by a perfectly
conducting circular cylinder. It was obtained by separations of variables, and was an infinite series of products of
trigonometric functions of the angular co-ordinate. Corresponding results were obtained for the sphere by Mic (1908),
for the parabolic cylinder by Epstein (1914), for the strip or complementary slit by Morse and Rubenstein (1938), for
the circular disc or complementary hole by Moglich (1927), BouWkamp (1941, 1946) and Meixner and Andrejewski
(1950), and for the semi-infinite circular cone by Carslaw (1914) and by Hansen and Schiff (1948).

C. Diffraction like reflection and transmission
It is localized phenomenon at high frequencies i.e. it depends only on the nature of the boundary surface and the
incident field in the immediate neighborhood of the point of diffraction. It is therefore possible to introduce a
diffraction coefficient for each type of diffracted ray in the same sense as a reflection coefficient in GO, which allow to
relate the magnitude of the diffracted field associated with each point on the diffracted ray to that of the incident ray
which generates it. Like the reflection coefficients, the diffraction coefficient will depends only on the local geometry
within a small region about the point of diffraction and so may be derived by extracting them from the asymptotic
solution for a body which approximates the geometry of the actual surface over the region of interest. Those problems
for which exact asymptotic solutions have been obtained are referred to as canonical problems. For example, in the case
of diffraction by the edge of a thin screen, the canonical problem is that of a plane wave diffracted by a thin screen,
occupying the half plane and thus having the straight edge. This problem is solved by Sommerfield in 1986 for a scalar
field satisfying the wave equation and vanishing on the screen or having a vanishing normal derivative on the screen by
expending this solution asymptotically for large K and comparing the result with that of geometrical theory, the
diffraction coefficient d for these two cases can be determined. The normal laws of geometrical optics apply in detail
the diffracted wave propagates along its ray so that
(a) Power is conserved in a tube or a strip of ray.
(b) The phase delay along the ray path equals the product of the wave number of the medium and the distance.
Thus if the phase is known at one point of the ray, it can be found at all other points on the ray. Moreover at the
point of diffraction, the phase is continuous, i.e. the phase of the incident ray equals that of the diffracted ray.

I11. PROPOSED METHODOLOGY

Cylindrical wave Incidence on a wedge

Diffraction of a plane wave by a perfectly conducting wedge has been discussed in the preceding section. However, the
more general situation of cylindrical wave diffraction by a wedge is of particular importance in the analysis of the horn
antenna. The solution for these fields can also be obtained in the familiar formulation of plane wave diffraction theory.
It is convenient to maintain the definitions of i,equals the incident angle and v equals the diffraction angle in the
direction of the desired field u..Because of the cylindrical nature of the incident field, the plane wave diffraction theory
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discussed cannot be directly applied to obtain u,. However, the solution is obtained from the reciprocal example with
the point of observation and source interchanged the total field’s ua and up are equivalent by the reciprocity principle.

The field up is now obtained for a plane wave incident on the wedge at an angle §s
Up=v = (Xo, Yo -P) & V(Xo, Yot+1) (1.1)

Using the property that
V (r,0) =v(r-0) (1.2)

the solution for ubecomes

Ua =V (Xo, W=tho) £ V(Xo, b + o) (1.3)

This is the solution for diffraction of a cylindrical wave by a wedge, which may be viewed as being directly obtained
from (1.1) by substituting the radial distance X, to the line source for r of the observation point.
Equation (1.3) represents the field at an infinite distance from the edge but it gives a good angular representation of the
field for moderate distance from the edge. The phase reference for (1.3) is at the edge, the superposition of diffraction
from several edges requires the use of a common phase reference.
Plane wave diffraction is now a special case of (1.3). It is seen that when the line source recedes to infinity (1.3) must
be evaluated by the form of vg Moreover the approximation of large a k r, may be valid for cylindrical wave
diffraction. That is the diffraction for cylindrical wave incidence is the sameas that for plane wave incidence in regions
sufficiently removed from any shadow boundary; the region about a shadow boundary in which the two are
significantly different depends on the radial distance X, to the line sourced.
The field u at point P is a solution to the scalar wave equation subject to the appropriate boundary conditions; the
solution may be formulated as

u (r! lIJ) =V (r, llJ + lIJO) v (r’ llJ—lIJo) (14)
Polarization determines the choice of sign such that, with the electric vector perpendicular (parallel) to the edge, the
positive (negative) sign is chosen. It is convenient to represent the incident or reflected field in the form

V(. ) = v(r, y,) (15)
such that the (-) sign yields the incident fields and the (+) sign yields the reflected fields. The component field is given
by

Vi, @)=V + Vs (1.6)
Where v* is the geometrical optics field given by

efPeos(@+2 <+ 2nnN <1
v* = N=0, +1, £2,.. 1.7
0 otherwise

andvs is the diffracted field given by
1 eJpcosB
Ve =pm | ~ cieimea 4B (L8)
Where p = kr
Here C is the appropriate path in the plane of the complex variable.
An asymptotic expression for (1.5), obtained by sommerfield, is of the form
1

Ve (1, ¢) ~(2mp)ze I (p + D" ol (1.9)
This form yields infinite fields in the vicinity of the shadow boundary and is valid only if
p (cosgfcosg)2>> 1 (1.10)

However, for the special case of n = 2, the diffracted field expression was obtained by Sommerfield in terms of the
Fresnel integral as

Ve (1, ¢) = -6l (/4 ) (=)!/2eIP<5?| cos? |
f(‘:p)l eI dT (1.11)
Where
a=1+cos¢p (1.12)
it should be noted that the positive square root of (ap) should always be taken. The sum V* + Vg can also be
represented more compactly by

T 1
@ pJpcoss f(zp)z cosp/2
\/E —00

e T’ dT (1.13)

Virg) =
It is seen that no discontinuities exist for ¢ =
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By making a transformation of variables and choosing an appropriate contour, Pauli [5] obtain an expression for

Sommerfied’s solution (1.5) which is expressed in series form as

¢
I

i . s
2e//%) sin=|cos =
n 2

VB -
) n\m cos % — cos %

e/k" — cos ¢ f((:p)l/z eI dr+... (1.14)

Where the higher order terms may be neglected for large Kr. In the case of the thin half plane (n-2) the higher order
terms are incidentally zero and (1.14) reduce to (1.11) if the higher order term may be neglected, the value of Vg
converges to one-half the incident field at the shadow boundary or at ¢ = .
If the assumptions that (ap) is large is valid, the asymptotic form of (1.12) which is given in (1.9) may be used to
advantage as

Vg eI (PHm/4)

Vo) == s (1.15a)

Where,
1.
ZSlnE

v, = (1.15b)

s
COS——COSi
n n

IV. STUDY OF RADIATION PATTERN OF DIELECTRIC PYRAMIDAL HORN ANTENNA ON
GEOMETRICAL THEORY OF DIFFRACTION

The design of pyramidal electromagnetic horn must take into consideration the fact that only the required mode of
oscillation is excited in the horn and all other modes must be suppressed. In addition obtaining the desired gain and
beam with of main lobe is also equally important.

The pyramidal shape is preferable because of the convenience of controlling beam within the E- and H-plane
independently. Also, it is possible to produce linearly polarized waves. The pyramidal horn will have a rectangular
apex and hence has to be fed by a rectangular waveguide which is designed to as to carry the TEo 1 mode which is
transferred to the radiating horn. However, this TEo, 1 mode is modified by the process and encounter to major changes.
First the magnitude of the radial component of the electric and magnetic field vectors diminishes to a negligibly small
value of large distance from the apex. Further these vector components are oriented tangential to the wave front
surface, which in the case of acute pyramidal horn is a circle with its center at the apex of the horn and a slightly
distorted spherical shape in the case of a wedge shape horn.

The computation of radiation characteristic of a metallic pyramidal horn necessitates the evaluation of electric and
magnetic field vector in the aperture plane and then treating the aperture of the horn as equivalent to an opening of
same dimension in a conducting metallic sheet of infinite size, to which diffraction can be applied as suggested by
Fradin [6]. The field in the aperture plane is computed assuming that the horn is infinitely long, its wall is perfectly
conducting and that flare is smooth and small.

The application of vector Kirchoff’s formula to the fields in the aperture planes yields the following values of the
radiation field components in the H- and E-plane as derived by Fradin.

i
_ ,exp(—jkr) 2 (8 D2 .
Ew=J———"E,cos (2) f_D% exp ( j
1/2

f;l/z cos "D—’fexp(-j%%) exp(jkxgsind)dx,(1.16)

”ﬁsz) dys

2

And

2
_ 1 exp(—jkr) 0, (D2 . mys?
Ee=1J fEOCOS2 (;) f_D% exp (—] R—z)

, . p1/2 < .
exp(jkyssin@)dy, f_D1/2 cos % exp(-j

T 2
- -)dys (1.17)

It can be shown that the first integral of equation (1.16) and the second integral of (4.17) on solution yield values
independent of 8. On the contrary the other two integrals in the above pair of equations reduce to expressions which
contain some functions of 8, and hence these dictate directional pattern in the two principle planes respectively. In this
chapter the radiation pattern of dielectric pyramidal horn has been studied on Geometrical Theory of diffraction. The
theoretical radiation pattern calculated on GTD has been compared with the experimental observations studied by Jha
and Mishra [7]. The theoretical finding follows the experimental observations within the limits of experimental errors.
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V. RESULTS AND DISCUSSION

Gain of Microwave antenna
The gain of an antenna is almost always expressed with respect to an isotropic radiator. The latter is a very convenient
mathematical reference but is hardly of practical value since it does not exist, atleast for a fixed state of polarization.
The elementary half-wave dipole is sometimes an acceptable substitute, since its gain is accurately known, but its
radiation pattern is bidirectional and its gain is inconveniently low. The horn has become the universally slandered
against to measure the gain of other antennas.
The gain G of an antenna is defined as,

Maximum rsdiation intensity

G= (1.6.1)

~ Maximum radiation intensity from a reference antenna with same power input
Any type of antenna may be taken as the references but often a linear %2 wavelength antenna is taken as reference one.
Gain includes the effect of losses in the antenna under consideration and in the reference antenna.
It will be convenient to assume that the reference antenna is an isotropic source of 100 percent efficiency. So the gain
so defined for the subject antenna is called the gain G, with respect to an isotropic source.
Thus,

Maximum radiation intensity from subject antenna

Go=—— , - . - _ (1.6.2)
Radiation intensity from isotropic source with the same power input
Let the maximum radiation intensity from the subject antenna be U'r, and let this be related to the value of the
maximum radiation intensity Un, for a 100 percent efficient subject antenna by a radiation efficiency factor K. Hence,
Umn=KUn (1.6.3)
Where,0 <K <1
Therefore, equation (5.2) may be written as
Go=U’m/Ug=KUn/ U (1.6.4)
Where Uy is the radiation intensity from the lossless isotropic source with the same power input, Uo = w/4. But the ratio
Um / Ug is the directivity D so the equation becomes
Go=KD (1.6.5)
Thus, the gain of an antenna over a lossless isotropic source equals to the directivity of the antenna is 100 percent
efficient (K = 1) but is less than the directivity if any losses are present in the antenna (K < 1).
The directivity D and Go implies the maximum values for an antenna. The directivity or gain in the direction for which
the radiation intensity U is not maximum may be designed by specifying the angle @ at which it is measured or, in
general, by symbol D (8, @) or Go (0, @) that is

_u
D (6,9) = D (1.6.6)
Go (6, ) = 5 - Go (16.7)
Where, U = radiation intensity in the direction (6, 9).

Um = maximum radiation intensity
Both directivity and gain may be expressed as a decibel ratio by taking 10 times the algorithm to the base 10, that is,

Dhbdirectivity = 10 logio D (1.6.8)

Db gain = 10 log10 G (1.6.9)
Since the power gain G is equal to the square of the gain in the field intensity G, we also have

Db gain = 20 logio Gf (1.6.10)

Thus the Db is the same, whether based on the power gain or gain in field intensity.
Jakes [30] described an experimental investigation of the gain of pyramidal electromagnetic horn. When computing the
gain of pyramidal electromagnetic horns, it is permissible to use their actual physical dimensions and Schelkunoff’s
curves. The error due to the edge effect is less then 0,1db for optimum horns, with aperture dimensions greater than 4A.
If it is desired to compute the transmitted power between two identical horns, the familiar transmission formula

Pr= () Pr (16.11)
Where,
Pr = Power received
Pt = Power transmitted
G = Gain of each individual horn
Is valid in the transmission zone between the Fraunhofer and Fresnel regions, provided r is replaced by ro+2D, where rq
is separation between the apertures and D is the distance from the horn aperture back to the reference point. For an
optimum horn D is equal to the axial height, but for horns shorter or longer than optimum, D is greater or less than the
axial height and must be determined by the experiment.
For the horn tested it was found that (1) the edge effects are less than 0.2db so that the gain of the horn may be
computed to that accuracy from their physical dimensions and Schelkunoff’scurves; and (2) for the transmission of
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power between two horns the ordinary transmission formula is valid, provided that the separation distance between the
horn is measured between the proper reference points on the horns, rather than between their apertures.
Recent experimental evidence [8] indicates that the measured gain of pyramidal electromagnetic horn may be
considerably in error if the measurement is carried out at short distance, and the aperture to aperture separation between
horns is used in the gain formula.

G=4n R/ A ,/PR/PT (1.6.12)
Further experimental verification of this effect has been obtained and a theory developed which is good quantitative,
agreement which present experimental data and demonstrate the physical reason why the previous “far field” criterion
of 2D? / A is invalid. Curves are presented from which the error in gain measured at any distance may be obtained and
applied as a correlation. The minimum aperture separation for which zero correction is required makes the beginning of
the true Fraunhofer region. Keeping in view an idea recently suggested by Jakes and Braun the later presented a table
from which the gain of all

Va

Incident plane " il

wave r__,.;-'"'-. l4“"-|: "
¢ ﬂ (D" ‘H\""\. \'
- — PEC half x Hﬂ""\-\.
5l - . :
plane Hlﬂf’f

Reflected
Light

Incident
Light

11

nz

Fig. 1(c)

1(a). Co-ordinates for magnetic line source near a conducting half-plane

1(b). Two-dimensional E-plane sectorialhorns formed by conducting sector with magnetic line at apex. Ray path of an-
axis geometric optics and non-interaction aperture diffracted fields are shown.

1(c). Ray path of upper edge diffracted fields reflected in forward directions from horn interior.

Electromagnetic horns may be calculated with substantially the same accuracy obtainable using the gain formula. The
exact parameters of an optimum horn are given, and a simple procedure for the design of the optimum horns with a
specified gain and other desirable properties is described.

Expression of far-field: By using the exact solution for the far field of a magnetic line source near a conducting, half
plane, singularities on shadow boundary occurring in a direct application of a geometrical theory of diffraction are
avoided. In Fig. 1(a) the far field at r, 8 of the source at r'2.6,, in solution is

exp—jk[r—r,(60—6¢)

Hy in c(r,0) = () exp(-i5) H,(2)(K1)= i kP> 1. (1.6.2.1)
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Where K :27" is the free space propagation constant. If this source is parallel to the edge of a consulting half plane,

there is a reflected far-field in 0 < 6 <mr — 6, given by (4.6.2.1) with 6 + Ocreplacing 6 — 6p and in 0 <0 < 2m a
diffracted far-field

Hy dif f(r,8) = % £, 6, 6,) (1.6.2.2)
Where,

F(ro, 9, 90) = V(ro, 9-90) + V(roY 9 + 90) (1623)
With,

exp(jkr,cosa +75 A
V(,,a) = — ., f exp (—jT*)dT
v /
(2kry)2cosa/2
. 1 1

= — 2RO 1 — (1 + ). [e((ED)zcos 5) - js(E2)zcos 2} (1.6.2.4)
and

Cw) —jsu) = [ exp(—jZt?)dt (1.6.2.5)

When this line source is on the conducting half plane at r, = 1 from the edge, the source field
exp[—jk(r—lcos8)]

Hyi(r,0) = "0 (1.6.2.6)
Produces a diffracted field '
Hyd(r, ) = e’;i(—;f/";) V(1,8) (1.6.2.7)

Study of Gain of Dielectric Pyramidal Horn on Geometrical Theory of Diffraction Empirical formula for the far
field

The equality of the radiation pattern in the far field due to a dielectric horn is controlled by the wavelength of the
propagating wave, the dielectric property and the thickness of the wall of the horn in addition to its various other
parameters viz. Length and flare angle. While in the metallic case the amplitude at the center of the horn is constant, in
dielectric case it varies with the wavelength of the radiation excited from the wave guide and the dielectric properties of
the material of the horn. Further the phase velocity inside the horn varies with the distance between the walls parallel to
the dielectric field vectors. The wave propagating through the antennas are more or less cylindrical.

No attempt has been taken on our part to make predictions for the expressions of the field components in the aperture
plane of the antennas. Instead a strong conjecture for the formula of electric vectors in the H- and E-planes in the far
field has been made. The component functions are symmetrical in the radiating angle 0, the axes of the horn being
assumed to be 6 = 0 line. The thickness of the side walls of the horn has been assumed to be negligible for all practical
purposes. Hence this parameter does not enter into the expression for the electric vector. Introduction of an error of one
percent due to this account is only expected in the final results. We write the expression for electric component vectors
in the H- and E-planes in the far field due to TE: mode propagating through dielectric horn as

- -1  sing
E = Eqcosh { _Cose}.zz scosy (1.7.1)
Where 6 = diffracted angle
B =15 -cos), (17.2)
Bo=5( - 1),
_mD
Y= o sin 0

= 1= () eo/e
L = Axial length of the horn.
A = Free space wavelength.
€= Dielectric constant of the material used in the construction of the horn.
€ 0 = Dielectric constant of the air.
D = Dimensions of the aperture in the H- or E- plane concerned.

V. CONCLUSION
From inspection of the current trends it is not difficult to determine a number of aspects of antenna technology which

will require substantial research development and design effort over the next decade. The following list is far from
complete but it does provide some indications of the range of topics which must be addressed.
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Antenna provides improved and ‘affordable’ electronically controllable radiation characteristics. This category
includes steerable beam, multiple beam and adaptive antennas from LF and EHF.

Technologies such as microstrip, for antennas and microwave components, hybrid microwave integrated circuits
and monolithic microwave and millimeter-wave integrated circuits; new transmission-line technologies for the
millimeter-wave bands.

Hybrid lens and reflector antennas with ‘smart’ array feeds, which offer a mean of acquiring many of the desirable
features of the electronic control at an acceptable cost.

Integration and optimization of antenna in their working environments, including computer aided design methods
dealing with antenna and its environment, improved random design, planar, conformal and wrap-around antennas;
in conspicuous antenna; and multiband and multifunction antenna concepts to reduce the number of antenna
system for any given application.

Very slow side-lobe antennas (of all types) and the associated high performance RF components which can operate
over band-widths of 15% or more, in multiple bands.

Dule-polarised antenna system for communications and radar, which can maintain their characteristics over wide
band-widths and/or in multiple bands.

Materials research for improved antennas and radomes and the effects of the use of new materials on antenna
performance (e.g. the use of carbon fibre in aircraft and other vehicles).

The development of the theoretical and, analytical and computer-aided techniques which improves fundamental
understanding or provide an enhance design capability for antennas or components of all types.

Further progress in the electromagnetic measurements methods and provision of traceable standards and
celebration for radiation field.

Finally, the means, both the technological and ‘political’ to introduce electromagnetic design concepts into an
earlier stage in the design of system, vehicles and installations in general.
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