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3,268,896 
FLUSH MOUNTED DISTRIBUTED 

EXCITATION ANTENNA 
Erich Spitz, Paris, France, assignor to C.S.F.-Compagnie 

generale de Telegraphic Sans Fil, a corporation of 
France 

Filed Dec. 29, 1961, Ser. No. 163,178 
Claims priority, application France, Jan. 23, 1961, 

850,436 
7 Claims. (Cl. 343-708) 

The present invention relates to distributed excitation 
antennas. More particularly, it is an object of the present 
invention to provide a distributed excitation antenna 
having an entirely homogeneous external structure. 
The improved distributed~excitation antenna of the 

invention comprises two lines, an exciter line and a radiat 
ing line, having at least one conductive element in com 
mon, the coupling between the two lines being effected 
through said common element, and the external structure 
of the radiating line being perfectly homogeneous. 

According to a preferred embodiment of the invention, 
the exciter line .comprises a metallic plate, and a lead ex 
tending in parallel relationship with said plate, this ?rst 
assembly being equivalent to a two-lead line, the second 
lead being the mirror image of the ?rst lead relative to 
said plate. The radiating line comprises, in addition to 
the metallic plate, a dielectric plate parallel thereto and 
located on the other side of said lead. 
The invention will be best understood from the follow 

ing description and appended drawings, wherein: 
FIG. 1 is a perspective view of a distributed excitation 

antenna according to the invention; 
FIG. 2 is a longitudinal, sectional view of the exciter 

line used in the antenna according to the invention; 
FIG. 3 is a longitudinal, sectional view of the antenna 

according to the invention; 
FIG. 4 illustrates a perspective view oi? a monopulse 

arrangement, comprising antennae according to the inven 
tion; 

FIGS. ‘5 and 6 represent the radiation patterns of the 
antennae shown in FIG. 4; 
FIG. 7 is a longitudinal section of an arrangement 

comprising the antenna according to the invention and 
adapted to radiate with .a rectilinear or a circular polariza 
tion; and 

FIGS. 8 and 9 are explanatory diagrams. 
The antenna of the invention shown in FIG. 1 comp-rises 

a metal plate 1, a dielectric plate 2 parallel thereto, and a 
conductor line 3 in parallel relationship with plates 1 and 
2 and located therebetween. 

Let Oxyz be a reference trihedral, with 0 being the cen 
ter of the cross-section of line 3, Oz parallel to line 3, 
and Oy perpendicular to elements 1-2. The parameters 
of the aerial shown in FIG. 1 are the following: 

l=the thickness of the antenna, including the metal 
plate 1; 

e=the thickness of the dielectric plate 2; 
ml=the distance between the axis of line 3 and plate 1; and 
n=the diameter of line 3. 

This assembly may be considered to be equivalent to 
two coupled lines. The exciter line comprises the metallic 
plate 1 and conductor 3. This line is equivalent to a two 
wire line 3-3’, wherein 3' is the mirror image of wire 3 
with respect to plate 1, as shown in FIG. 2. The lines 
of force of the electric ?eld are arcs of circles passing 
through the respective centers of lines 3 and 3’. 
The major portion of the electromagnetic energy is 

concentrated between conductor 3 and plate 1. It is 
known that the velocity of the energy along this line is 
the velocity of propagation of the electromagnetic waves 
in-space. 
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2 
The radiating line comprises plate 1 and plate 2. 
It is the seat of a guided wave in the TE-mode, the 

magnetic ?eld of which has a component in the direction 
of propagation. 
The propagation constant of this wave has a real por 

tion ,82, substantially equal to the propagation constant of 
the waves in the air. This constant 52 may be written: 

u=21re/>\, p being a coe?icient depending upon the dis 
tance d between plates 1 and 2. 

Under the above conditions, the energy ?owing through 
the excitor line is integrally transmitted to the radiating 
line. 

It may be shown that, as a result, the radiating line 
radiates a ?eld derived from the characteristic function: 

f(x, y, z)=A. sin Caery/Lhe-xlllz (1) 
this lfunction being valid for y>>\; C designates the cou 
pling coefficient of the two lines and depends on m and It, 
as well as the values L1 and L2 which designate the thick 
ness of the layer where the enengy of the surface wave 
?owing along the dielectric plate 2 is concentrated in the 
absence of line 3 coupled thereto. 

It may be shown that a complete transfer of energy 
takes place where both lines have a common length h 

Parameters L1 and L2 substantially de?ne at a level 3 db 
below the maximum the width of the beam radiated in the 
planes Oyz ‘and Oxy respectively. It may be shown that 
the widths are respectively chracterized by angles: 

A01=)\/1I'L1 ) 
7I‘L2 

L1 ‘and L; are of the order of a half wave length. It fol 
lows that, on receding from the Ox-axis, the ?eld decreases 
very rapidly. The :ultra-high frequency ?eld exists there 
fore only in a narrow area about conductor 3. 
Formulae 3 de?ne the widths of the radiation beam "in 

the planes x02 and yOz. The maximum radiating direc 
tion is not rigorously along axis oz if B2 differs from 180. 

If 52 is slightly higher than ?lo, as is actually the case, 
the transfer of energy, prevailing in the exciter line, into 
the radiating line is not complete. This ‘results in an 
efficiency decreases, and a portion of the ultra-high fre 
quency energy in the exciter line has to be dissipated in 
a matched load. As mentioned above: 

52 = 50]: 1 + pang] (4) 
where 

and e=the dielectric constant of the dielectric plate. 
If e is large, then: 

6 _1 B2 1 
21 _=—-—— 

e and Bo 1+p2u2 

In one antenna according to the invention since 

?z/?dzcos 0 and 0 is small cos 0=l—02/ 2 

then 

For e=A/40, 0=10° 

In one case, an aerial according to the invention had 
a length=10>\; 0 was equal to 10° for a total thickness 
of the antenna l=0.15.)\. 

FIG. 3 shows the method of feeding the antenna. 
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A coaxial line 6 has an external conductor 7 welded 
to plate 1 and its internal conductor 5 welded to conductor 
3. A transition element 8 between the conductor 5 and 
the conductor 3 prevents the occurrence of re?ection, with 
out making it necessary to use a balun device. 
The line terminates in a matched load 9. 

of the transition element is about 10x. 
The antenna according to the invention presents the 

following advantages: 
(a) The external surface, i.e. the dielectric plate 2 has 

an homogeneous surface. It follows that the antenna may 
be incorporated into a body moving at a very high speed. 
In addition, this homogeneity results in its thermal prop 
erties being identical all over the surface area. Conse 
quently, when a missile equipped with such an antenna 
penetrates the atmosphere, or close into the so-called heat 
barrier; no speci?c problem would arise as it would be 
the case when the external structure had various expansion 
coefficients. In particular, the plate 2 may be of a re 
fractory material, resisting to high temperatures. 

(b) The fact that the electromagnetic ?eld is localized 
in an area, close to conductor 3, makes it possible to use 
conductive and dielectric elements having cylindrically 
shaped surfaces, provided the curvature radius of these sur 
faces is higher, at least in the vicinity of conductor 3, than 
the operating wave-length. 

FIG. 4 shows a unit built up from four antennae 'ac— 
cording to the invention, mounted on a missile and used 
in a “monopulse” radar. 
The cylindrical body 10 of the missile stands for the 

conductive plate 1 and is surrounded by a sleeve 20 of 
dielectric material. The four leads 31, 32, 33 and 34 are 
parallel to the generatrices of the cylinder, their respec 
tive ends being located at the apices of a square. The di 
rection of propagation Oz is the axis of the cylinder. 
A dielectric body, having a dielectric constant close to 

unity may ?ll in the space between body 10 and sleeve 20. 
The radiation patterns of the antennae built up by body 

10, sleeve 20 and leads 31 to 32 are comprised in the plane 
yOz of FIG. 4; those of the antennae provided by body 
10, sleeve 20 and leads 33, 34 are comprised in the plane 
ZOx. 

FIGS. 5 and 6 illustrate, respectively, the radiation pat 
terns of the aerial-s in the planes zOx and zOy. The pa 
rameters of the aerials make it possible to select the levels 
of the crossing of these patterns. 
The wires 31 to 34 are connected in a manner known 

per se in view of delivering “sum” and “difference” sig 
nals, as well known in the monopulse ‘art. 

It is also possible to provide a circularly polarization 
by means of a system according to the invention, FIG. 7 
illustrates ‘such a system in a longitudinal sectional. 

In this case, conductors 31 and 32 are located in the 
plane of FIG. 7, in a conical portion placed at the head 
of missile 10. Similarly, conductors 33 and 34, are lo 
cated in a meridian plane, perpendicular to that of the 
?gure. 
These four aerials, on account of the fact that the sum 

mittal angle of the cone is selected to be equal to 0, have 
a maximum radiating direction along Oz. Antennas 31, 
32, 33 and 34 are fed in phase and the polarization of 
the energy transmitted by antennas 31 and 32 is normal 
to that of the energy transmitted by antennas 33 and 34. 
FIG. 8 shows that the polarization of the resulting ?eld 

is rectilinear. 
If the groups of antennas 31-32 and 33-34 are fed in 

quadrature, the polarization is circular (FIG. 9). 
The antenna according to the invention is particularly 

adapted to be used with high speed missile. It is of a 
simple construction and is directly fed by a coaxial cable. 
Its utilization in the monopulse system results in a highly 
simpli?ed structure. Moreover, the dielectric of the an 
tenna may serve as a protection for the missile upon its 
reentry into the atmosphere. 

It is to be understood that the invention is not limited 
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4 
to the embodiments of the system described and illustrated, 
which were given solely by way of examples. 
What is claimed is: 
‘1. A distributed-excitation antenna for radiating ultra 

high frequency energy, comprising in combination: at 
least one ?rst excitation line and at least one second 
radiating line, extending in parallel relationship; said lines 
having substantially the same propagation constant: said 
excitation line comprising at least one conductive ele 
ment and a second element; said radiating line comprising 
said one conductive element and a further radiating 
homogeneous dielectric structure, said second element 
being disposed between said one conductive element 
and said radiating structure. 

2. A distributed-excitation antenna for radiating ultra 
high frequency energy comprising a ?rst excitation line, 
and a second radiating line, extending in parallel rela 
tionship, said lines having substantially the same propaga 
tion constant: said excitation line comprising a body made 
of a conductive material, at least one metallic wire ex 
tending in parallel relationship to said body in close 
vicinity therewith, means being provided for exciting ultra 
high frequency energy between said wire and said body; 
said radiating line comprising sad conductive body, and 
a further body made of a delectric material, extending in 
parallel relationship to said body, said two bodies en 
closing said wire. 

3. A distributed-excitation antenna for radiating ultra 
high frequency energy comprising a ?rst exciting line, and 
a second radiating line, extending in parallel relationship, 
said lines having substantially the same propagation con 
stant, said excitation line comprising a body made of a 
conductive material, at least one metallic wire extending 
in parallel relationship to said body, and in close vicinity 
therewith; means being provided for exciting ultra-high 
frequency energy between said Wire and said body; said 
radiating line comprising said conductive body, and a 
further body made of a dielectric material, extending in 
parallel relationship to said body, said two bodies en 
closing said wire; said body and said further body ex 
tending in coaxial relationship, and having a curvature 
radius great with respect to the operating wavelength. 

4. A distributed-excitation antenna for radiating ultra 
high freqeuncy energy comprising an excitation line and 
a radiation line extending parallelly to each other; said 
excitation line comprising a plate, made of a metallic 
material and a conductive wire extending parallely to said 
plate, in the close vicinity therewith; a coaxial line having 
an inner conductor and means for coupling said inner 
conductor to said wire, and an outer conductor coupled to 
said conductive plate; said radiating line comprising said 
plate and a further plate made of a dielectric material 
parallel to said conductive plate, said both plates enclosing 
said wire; the thickness of ‘said further plate being small 
with respect to the operating wavelength. 

5. A distributed-excitation antenna for radiating ultra 
high frequency energy comprising an excitation line and 
a radiation line extending in parallel relationship to each 
other; said excitation line comprising a plate, made of a 
metallic material and a conductive wire extending paral 
lelly to said plate, in the close vicinity therewith; a coaxial 
line having an inner conductor and means for coupling 
said inner conductor to said wire, and an outer conductor 
coupled to said conductive plate; said radiating line com 
prising said plate and a further plate made of a dielec 
tric material parallel to said conductive plate, said both 
plates enclosing said wire; the thickness of said further 
plate being small with respect of the operating wave 
length; said coupling means between said inner conductor 
and said wire, comprising a transition element, both said 
lines having the same predetermined length. 

6. A multiple distributed-excitation antenna according 
to claim 1, wherein said excitation lines comprise: a ?rst 
conductive body in form of a truncated cone; four c0n~ 
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ductive wires respectively parallel to four ‘generatrices of 
said cone, having respective ends at the apices of a 
square, and extending in the close vicinity and externally 
to said conductive ‘body; means for exciting in a predeter 
mined phase relationshship, ultra-high frequency energy 
between said conductive body and said wires; said radia 
tion lines comprising: ‘a second body in form of a trun 
cated cone, made of a dielectric material, enclosing said 
?rst [body and said wires, extending in coaxial relation 
ship with said conductive body, in a close vicinity there 
with. 

7. A multiple distribution-excitation antenna as claimed 
in claim 1, wherein said excitation lines comprise: a ?rst 
conductive body in form of a rotational cylinder; four 
conductive wires respectively parallel to four generatrices 
of said body, having respective ends at the apices of a 
square, and extending in close vicinity of and externally 
to said body, means for exciting in a predetermined phase 
relationship, ultra-high frequency energy, between said 
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body and said wires; said radiation lines comprising: a 
second body in form of a rotational cylinder, made of a 
dielectric material, extending in coaxial relationship with 
said conductive body in a close vicinity therewith, en 
closing said ?rst body and said wires. 
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