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This invention relates to slotted waveguide aerials. 
'One form of slotted waveguide aerial which has been 

proposed for use at microwave frequencies comprises a 
rectangular waveguide having one pair of faces substan 
tially broader than the other pair. On each side of a 
centre line of one of the broader faces of the waveguide 
a series of slots is positioned in longitudinal manner 
along the face, the slots being of the order of one half 
wavelength long and the slots on one side of the centre 
line being staggered in relation to those on the other side 
of the centre line. Each slot operates as an elementary 
radiating ldipole and a radiation pattern can be produced 
comprising one main lobe. However, itis also found that 
minor lobes are produced, concentrated into portions of 
two small cones of radiation on either side of the plane 
normal to the ̀ face of the guide and including the axis of 
the guide. These lobes `because they are of the form of 
butterfly Wings, are termed “butterñy lobes,” one pair of 
lobes appearing on either side of the main lobe of the 
radiation pattern. The butterfly lobes arise because there 
are phase errors in planes parallel to the slotted face of 
the waveguide due to the varying projected distances 
travelled by the wave components from the various slots. 
In certain applications butterfly lobes may not be ob 
jectionable but in other applications where it is desirable 
to provide an aerial having a single main lobe in a given 
direction in relation to the waveguide, butterfly lobes can 
introduce substantial difficulties if the aerial is to be em 
ployed, for example in a direction finding arrangement. 
The object of the present invention is to provide an 

improved slotted waveguide aerial such that the radiated 
energy is confined substantially into a single main lobe 
without the formation of butterñy lobes. 
According to the present invention there is provided 

a slotted waveguide aerial comprising a waveguide hav 
ing an array of slots arranged at least partially in longi 
tudinal manner on one side of the centre line of a face 
of said waveguide and the ratio of the wavelength of sig 
nals of a given frequency in free space to the wavelength 
of signals of the same frequency in said waveguide is 
determined in relation to the longitudinal spacing of 
said slots to provide a radiation pattern having substan 
tially a single main lobe. 

In a preferred aspectof the invention said waveguide 
is ñlled with a solid fdielectric so that said ratio is not less 
than unity. 
In order that the invention may be clearly understood 

and readily carried into effect, the invention will be de 
scribed with reference to Ythe accompanying drawing, 
the single figure of which illustrates one example of a 
waveguide aerial according to the present invention. 

Referring to the drawing, reference 1 is a rectangular 
waveguide for radiating electromagnetic energy of a de 
sired microwave frequency band and which may be fed 
with microwaveísignals >by vmeans of an oscillator con 
nected via the base 2 of the guide. According to the 
particular application of the waveguide aerial moreover 
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suitable switching means may be included in the con 
nection between the oscillator and the base of the wave 
guide but this switching means is not relevant to the 
present invention. Thedotted line 3 illustrates the po 
sition of the central line of a broader face 4 of the Wave 
guide 1 and serves to indicate the relative proximity of 
the slots S1 to S11 on one side of the centre line 3 in 
this face of the waveguide. The interior of 1 is com 
pletely filled with a ydielectric material one such suitable 
material being polystyrene, which has a dielectric con 
stant of approximately 2.6. The dielectric material also 
ñlls the slots. S1 to S11 so that the face 4 which con 
tains them is substantially uninterrupted. In practice the 
aerial may be of substantial length and the number of 
slots may be much greater than indicated. For example 

' the broad face of the waveguide may contain between 
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20 and 30 slots. The lateral displacement between ad 
jacent slots is relatively small but is predetermined in 
known manner to give a desired power 'distribution 
amongst the slots along the length of the waveguide 
aerial, for the purpose of reducing the formation of 
the normal side lobes. 

In operation of the aerial the longitudinal distance 
between the mid points of successive slots is of the order 
of the wavelength )tg at the centre frequency of the desired 
frequency band for the aerial, but choice of this displace 
ment depends upon the desired direction of the main 
beam in the radiation pattern. The length of each slot 
is approximately equal to hal-f the wavelength of waves 
of the above frequency in free space. Each slot may 
be considered to operate as an elementary radiating dipole 
and the energy radiation or received by a slot is propor 
tional to its lateral displacement from the central line 3. 

It can be shown that the direction of a main lobe in 
the radiation pattern from a slotted waveguide aerial is 
given by the equation 

In this equation 0 is the angle of the main lobe with ' 
the direction of a forward going wave in the guide, 
measured in the plane containing the axis of the guide 
and normal to the face containing the slots. The symbol 
)t denotes the wavelength of the electromagnetic wave 
in free space, Ag denotes the wavelength in the guide, 
and s denotes the longitudinal spacing between succes 
sive slots. The term K is required if there are slots 
on alternate sides of the centre line to take account of 
the phase reversal between adjacent slots,land in this 
case the term K is 1/2. The term k is either zero or an 
integer such as il, i2, i3 and so on. 

In a waveguide aerial according to the invention the 
slots are arranged on one side of the centre line of the 
slotted face. The lateral displacement between adjacent 
slots, employed to give a desired power distribution, is 
then always relatively small so that there is small tend 
ency for the formation of butterfly lobes. However since 
the slots are on one side of the centre line, the term K 
in the foregoing equation isnow zero, and a waveguide 
aerial which is iilled with the same material as that 
which makes up free space exhibits the property that the 
wavelength within the waveguide is substantially greater 

, than lthe wavelength of the same frequency in free space. 
As a consequence the ratio lt/Ag is less than unity and 
there is a solution for the' above equation correspond 
ing to a real value for 0 when k is zero; There is there 
fore a main lobe in the radiation pattern which is inde 
pendent of the longitudinal spacings of the slots. More 
over in waveguides as hitherto proposed, there would be 
at least onev other solution of the equation giving a real . 
value of 0, corresponding to a different value of k, there 
fore if the slots on one side of the centre line be re 
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moved the radiated energy would be split into two or 
more main lobes, with undesirable effect. However, such 
undesirable elîect is avoided in accordance with the pres 
ent invention by adjusting the ratio Mag and the value 
of s relative to one another so that although the slots 
are on one side of the centre line, the radiated energy is 
nevertheless substantially confined to a single main lobe. 

In the example of the invention which has been de 
scribed the formation of a main lobe corresponding to 
k=zero has been prevented by filling the waveguide with 
a dielectric of such dielectric constant that the term 
Mag is greater than unity and there is no real solution 
to the equation for k=zero. It is then readily possible 
to choose a value of s so as to confine the radiated er1 
ergy to a single main lobe directed in a desired direc 
tion 0. The dielectric material ñlling the guide has the 
eifect of reducing the velocity of propagation of the elec 
tro-magnetic energy in the guide thereby reducing the 
wavelength Ag, the reduction being in proportion to the 
square root of the dielectric constant, assuming the di 
mensions of the guide are adjusted to preserve the cut 
off conditions unaltered. In a practical example, using 
polystyrene as dielectric material, Mag has a value of 
1.1 and s has a value of 0.67\. K=0 as indicated above. 
There is no solution to the above equation when k=0, 
but k=1 gives a solution for 0 of the order of 120°. 
Clearly if desired parameters may be chosen for which 
there is a virtually single main lobelat substantially 90° 
to the axis of the waveguide and moreover virtually any 
other required angle for the main lobe can be produced. 
When the angle 0 is 90° the loads on the waveguide 

produced by the slots are all co-phasal and therefore con 
stitute a resonant load but when 0 is substantially dif 
ferent from 90° this is not so since the loads are spaced 
at distances which are dilierent from M2 and the load 
is non-resonant. For a resonantly loaded arrangement 
the operational bandwidth may be limited but for a non 
resonant load the advantages of increased bandwidth are 
obtained so that it may be desirable to produce a ra 
diation pattern for the aerial which has a main lobe at 
an angle which is substantially removed from 90°. In 
practice this may also for'other reasons be the more de 
sirable form of radiation pattern. 

Clearly the choice of s for a particular radiation pat 
tern is dependent upon the choice of dielectric constant 
for the material which is used to ñll the waveguide. 
Thus for a given main lobe angle an increase in dielec 
tric constant permits of a reduction in s. 
An aerial according to the present invention may be 

constructed by moulding a solid dielectric material into 
the desired shape for the waveguide cavity and having 
small protrusions corresponding to slots. The surface of 
the moulded dielectric can then be metallised after which 
a metal casing can be built up thereon by electro-plat 
ing. When a sufficient metallic skin has been formed, 
metal on the protrusions corresponding to the slots can 
be removed by suitable machining thereby leaving the 
slots. The protrusions can moreover be faced oli ñush 
with the slotted face of the waveguide. 
The present invention is not limited to the above de 

scribed method of reducing the velocity of propagation 
within the waveguide, and thereby reducing xg. For 
example lumped reactive loads consisting of irises or 
other periodic disturbances within the waveguide may be 
employed to alter its electrical dimensions. Alternative 
ly the physical form of the waveguide can be modified. 
In all cases however it may be necessary to ascertain that 
the modification of the waveguide which is made is so 
chosen that no higher order propagation modes are in 
cluded in the transmissible bandwidth for the aerial. 
Thus when a dielectric filling is used it may be desirable 
also to vary the dimensions of the waveguide to exclude 
undesired higher order propagation modes. 
Although moreover, the example of the invention de~ 

scribed herein is a non-resonant type of waveguide aerial, 
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4 
slotted waveguide aerials of the resonant type can also, 
by virtue of the invention, be made substantially free 
from butterñy lobes. By introduction of a short circuit 
at the top of the guide a main beam at 1r/2 radians to 
the axis of the guide is enhanced by the reflected com 
ponent of microwave energy. This is due to the bound 
ary condition which introduces a phase change of 1r/2 
radians at the end of the guide thereby tending to es 
tablish a standing wave. A suitable ferrite insulator 
may be employed in the feeder to the aerial, to reduce 
the effects of variation in the impedance of the aerial 
with frequency. 
What l claim is: 
1. A slotted waveguide aerial comprising a waveguide 

having an array of slots arranged at least partially in lon 
gitudinal manner in a face of said waveguide at least 
some of said slots being wholly on one side of the cen 
tre line of said face and no slots being wholly on the 
other side of the centre line of said face and the ratio 
of the wavelength of signals of a given frequency in 
free space to the wavelength of signals of the same fre 
quency in said waveguide is determined in relation to the 
longitudinal spacing of said slots to provide a radiation 
pattern having substantially a single main lobe. 

2. A slotted waveguide aerial according to claim 1 
wherein said ratio is not less than unity. 

3. A slotted waveguide aerial according to claim 2 
wherein the waveguide contains solid dielectric material 
so as to reduce the velocity of propagation of electro 
magnetic energy within the waveguide. 

4. A slotted waveguide aerial according to claim 2 
comprising lumped reactive loads within the waveguide 
to reduce the velocity of propagation of electromagnetic 
energy within the waveguide. 

5. A slotted waveguide aerial according to claim 1 
wherein the longitudinal spacing of the slots is less than 
the wavelength of signals of said given frequency in free 
space. 

6. A slotted waveguide aerial comprising a waveguide 
having an array of slots arranged at least partially in 
longitudinal manner in a face of said waveguide, at least 
some of said slots being wholly on one side of the centre 
line of said face and no slots being wholly on the other 
side of the centre line of said face, whereby radiation 
lobes are produced at angles determined by the equation: 

where: 
0 represents the angle of a radiation lobe with the di 

rection of a forward going wave in the waveguide in 
the plane including the axis of the wave guide and the 
normal to said face, 

x represents the wavelength of the electro magnetic 
wave in free space, 

7\g represents the wavelength of the electro magnetic 
wave in the waveguide, 

s represents the longitudinal spacing between the slots 
and 
k represents an integer which takes the value of zero 

or a positive or negative whole number, 

said waveguide being constructed to produce a relation 
ship for Mag and Ms giving a realA solution for said equa 
tion for only one value of k. 

7. A slotted waveguide aerial according to claim 6, 
said slots being all confined to one side of said centre 
line. 
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