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1 
This invention relates to directive antennas 

for microwaves, that is electromagnetic waves 
having a wave length in free space less than one 
The presentinventors have previously proposed 

in application Serial No. 626.738, filed November 
5, 1945 (Patent No. 2,573.746 granted November 
6, 1951), the production of antennas comprising 
wave guides formed with arrays of radiators con 
sisting of slots in special arrangements. The 
antennas described in this previous application 
have many advantages over any microwave an 
tennas previously used, but they are limited in 
the range of frequencies to which they wil re 
spond satisfactorily. An array according to the 
prior application, in which the slots are spaced 
at intervals of half the wave length in the guide 
(Ag), is particularly sensitive to changes of fre 
cquency, but even one in which the slots are ar 
ranged at of half-wave spacing is limited by the 
fact that the frequency must not alter either to 
such an extentas to bring the slots effectively to 
half-wave spacing or to such an extent as to 
bring the slot spacing above seven-eighths of the 
wayelength in free space (As). 
According to the present invention these difi 

culties are avoided by providing an array which 
wil operate equally satisfactorily whether the 
slots are at half-wave spacing or at of half-wave 
spacing. This results from the discovery thatif 
an appropriate combination of a slot and a probe 
is made in a guide which is terminated by its 
characteristic conductance, this conductance is 
transformed unchanged by the combination. For 
this purpose the slot must be of such a length that : 
whenit isinelined atan appropriate angle to the 
longitudinal centre line of the broad face of a 
rectangular wave guide fed with a microwave of 
a given wave length and its centre is displacei 
by an appropriate distance from this line, it wil 
transform the characteristic conductance of the 
guide to ani admittance composed of a conduc 
tance having a value equal to the characteristi? 
conductance of the guide and of a susceptance. 
A slot of such a length is termed in this speciaca 
tion a purely reactive slot, since its net effect, 
when the guide beyond it is terminated by the 
characteristic conductance, is to alter the input 
admittance solely by the addition of animaginary 
duantity. i 

According to the invention a directive antenna 
for microwaves comprises a waye guide formed 
with an array of slots substantially purely reactive 
for a microwave of a given Wave length and of 
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centres of the slots are spaced along the length 
of the guide at intervals ofless than substantially 
seven-eighths of said wave length in free Space. 
The centres of alternate slots along the length 
of the guide are displayed on opposite sides from 
a line at which the transverse current flow along 
the guide wallis zero in the absence of electrical 
diseontinuities when the guideisfed with a micro 
wave. All the slots, moreover, are inclined with 
respect to the line in question. The angle of 
incination of each slot and the distance of dis 
placement of the centre of each slotis such that 
the slot wil radiate substantially no power when 
it is shunted by a susceptance of a sign appro 
priate to the direction of inclination of the slot 
and of a value equal to the value of the charac 
teristic admittance of the guide. If the direction 
of inclination of the slot is such that the end 
nearest the input end of the guide is closest to 
the line of Zero transverse current flow referred to, the appropriate susceptance is negative, and 
if the slot is inclined in the opposite direction, the appropriate susceptance is positive. Inside 
the guide and associated with at least each group 

5 of consecutive slots which radiate substantially 
one-fifth of the total power supplied to such 
group are means for introducing a susceptance 
of substantially the same value as but of opposite 
sign to the susceptance resulting from such group 
when the guide beyond such group is terminated 
by the characteristic admittance. i 
Wave guides of warious shapes and cross sec 

tional dimensions maybe used. These have here 
tofore been the subject of considerable study, and 
various forms have been used or proposed to be 
used in connection with previously known dipole 
arrays. The wave guide shape and cross section 
forms no part of the present invention. Sub 
stantially the same considerations apply to the 
selection of a suitable shape and cross section 
for a guide provided with an array of slots ac 
cording to the present invention as for a guide 
provided with adipole array. The cross sectional 
shape most generally used is rectangular but not 
square, the maximum electrical dimension being 
well under As and well over %Xs, generally about 
%As, and the minimum electrical dimension being 
about half the maximum dimension. A rectan 
gular wave guide of such cross sectional dimen 
sions will effectively propagate only the lowest 
mode of a transverse electric wave. Other cross 
sectional shapesin which the maximum electrical 
dimension in orie directionis substantially greater 
than the naximun electrical dimension in a di 

substantially greater length than width. The 55 rection at right angles thereto, both dimensions 
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being of the order of N8, may be suitable. A cir 
cular or square cross section, unless a radial 
septum is provided, is apt to give such dificulties 
asto be unsuitable because the substantially equal 
dimensions in the two directions at right angles 
to each other tend to permit propagation with 
equal ease of modes polarized in either of these 
directions. Since the most usual cross section is 
a rectangular one with dimensions as indicated 
above, and since the invention has been prin 
cipally developed in connection with a guide of 
such a cross section, the description Which follows 
Will be based exclusively on a guide of that Cross 
section. a 

In a guide of such Cross section the line of Zero 
transverse current flow referred to is the longi 
tudinal centre line of each broad face. The slots 
are, accordingly, cut in a broad face of the guide 
at angles to its longitudinal centre line, and the 
centres of alternate slots along the length of the 
guide are displaced on opposite sides of this line. 
The means associated with the slots for introduc ing susceptance may, if the required susceptance 
is positive, as is preferred, consist of probes of 
appropriate length extending from the inner sur 
face of the Opposite broad face opposite the 
centres of the slots. If the required susceptance 
is negative, the means in question may consist 
of flat irises, i. e. thin metal sheets, extending 
an appropriate distance from the inner surfaces : 
of the narrow faces of the guide. 
The invention will be more fully described by 

reference to the attached drawings, which ilus 
trate a suitable embodiment of it, and in which 

Figure 1 is a perspective view of a section of a 
slotted wawe guide constructed according to the 
invention, 

Figure 2 is a top plan view of portions of the 
upper broad face of a guide of the kind illus 
trated in Figure 1, - 
Figure 3 is a longitudinal section on the line 

3-3 of Figure 2, and 
Figure 4 is a schenatic ilustration of a slotted 

Wave guide with its input and termination. 
In the guide ilustrated in the drawings the 

longitudinal axis is shown at 20, the upper broad 
face at 2, the lower broad face at 22, and the 
longitudinal centre line of the broad face 2 at 
23. The direction of the electric vector is ilus 
trated by the arrow in Figure 1, the wave being a 
transverse electric wave. All the slots shown 
are of substantially greater length than width, 
and have longitudinal axes denoted by the nu 
neral 24. Wherewer the direction or inclination 
of a slot is referred to, the direction or inclina 
tion of this longitudinal axis is meant. In Fig 
ure 1 the near end of the section ilustrated is 
aSSumed to be nearest to the input end of the 
guide, and in Figures 2 and 3, the ends towards 
which the arrows point are assumed to be nearest 
to the input end of the guide. a 
The guide section ilustrated in Figure 1 has 

four slots 25, 26, 27 and 28, the centres of which 
are displaced alternately on Opposite sides fron 
the centre line 23 of the face 2l. As ilustrated, 
the centres 25a and 27a of slots 25 and 27 respec 
tively are displaced from the centre line 23 to 
the left hand side, and the centres 26a and 28a of 
slots 26 and 28 are displaced from this line to the 
right hand side, the centres of the slots being at 
inCreasing distances ac, ac1, ac2, and ac3, from this 
line. All the slots are inclined to the centre line 
23, with the ends facing the input end of the 
guide, for example the end 26b, of the slot 26 
closer to this line than the opposite ends, for 
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4 
example the end 26e of the slot 26. The four 
slots ilustrated are inclined at Successively 
greater angles p, qp1, p2 and p3. The displace 
ments and angles are considerably exaggerated 
in the drawings in order to ilustrate the prin 
ciple. - - 

Warious shapes of slots may be used, but the 
length of the slot must always be substantially 
greater than its narrowest width. The most 
usual shape is substantially rectangular with 
either straight or rounded ends. 
In the array of the present invention, a slot of 

a length equal to half the Wave length in free 
space of the microwave whose frequency corre 
sponds to the mean frequency of the band for 
which the array is designed is in practice satis 
factory. The exact length for a purely reactive 
slot must be determined separately for every 
diferent Wave length and guide, though it de 
pends primarily on the wave length and Only 
secondarily on the guide dimensions. The de 
termination may be effected by Cutting a slot 
much Shorter than one-half the Wave length in 
free space and at a substantial angle which has 
an appropriate relation to the displacement as 
discussed below, and then lengthening this slot 
by successive increments until standing wave 
measurements show that the slot fulfils the re 
quired condition. 
In any given wave guide, the best length for a 

purely reactive slot wil vary slightly depending 
on the position of the slot in the guide. In the 
case of the arrangement of Figure 1 it inCreases 
as the distance of the centre of the slot fron the 
longitudinal centre line increases. However, 
when the distance from the centre line is Small, 
as it is for al slots in most arrays, the required 
diference in length is so small that it may be 
disregarded in practice, and all the slots may be 
made of the same length. In such a case they 
are all so nearly purely reactive as to be quite 
satisfactory in practice. As an aid in estimating 
the proper slot length, it may be indicated that 
for a wave length in free space of 10.7 cm, and 

, for a rectangular guide having a wall thickness 
of 2.03 mm, an internal width of 7.2 cms. and 
an internal height of 3.4 cm. the length of a rec 
tangular purely reactive slot near the centre line 
of the broad face of the guide is 2 inches. 
The displacement and angle of each slot must 

be such that the slot Will radiate substantially 
no power when it is shunted by a susceptance 
of a sign appropriate to the direction of incli 
nation of the slot and of a value equal to the 
value of the characteristic admittance of the 
guide, that is, when it is shunted by a reflecting 
plunger %Ag or %Ng, as the case may be, away 
from its centre. In the case of the slots illus 
trated, the ends of Which nearest the centre line 
23 are those nearest to the guide input, the ap 
propriate susceptance is negative so that the 
slots should be put out of action by a reflecting 
plunger %.Ag (equivalent in operation to % Ag) 
away from their centres. For all cases in Which 
the angles and displacements are Small, as is 
the case for all but possibly a feW terminal slots 
in most arrays, the angle of a slot which is to 
be displaced by a given distance from the centre 
line Should be the angle of a resonant series slot, 
according to our Said prior application, cut in 
the broad face of the guide With itS Centre on 
the longitudinal centre line of that face and 
presenting a resistance of a Value equal to the 
Value of the conductance presented by a resonant 
shunt slot according to that application cut 
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tract less than about one-fifth of the power Sup 
plied to them. In most practical arrays this is 
true of all slots. For any array in which the last 
tWo or three slots may extract more than One 
fifth of the power Supplied to them, the neces 
sary calculations for these slots may be made 
with quite satisfactory practical accuracy by 
one or two experimental measurements and ex 
trapolation of the Curves given by the formulae 
through the points determined by these measure 
ments. 
AS is Shown Schematically in Figure 4, any 

array of slots according to the invention may 
be terminated by a non-reflecting load, for ex 
ample a conventional sand and graphite load. 
Along array of about fifty slots ormore, in which 
the last slot radiates about one third or more 
of the power supplied to it, can, at some slight 
sacrifice of band width, be wery conveniently 
terminated by a reflecting plunger arranged 
%Ag, beyond the centre of the last slot. An 
other alternative for a long array in which the 
power passing the last slot is a very Small frac 
tion, Say 1% of the input power, may be simply 
to allow the poWer passing the last slot to be 
radiated into Space fron the end of the guide. 
Radiation from a slot is polarized with the 

electric Vector at any point tangent to the sur 
face of a cylinder coaxial With the slot (i. e. 
Whose axis coincides With the longitudinal axis 
of the slot) and lying in a plane normal to the 
axis of Such cylinder. Thus, if the inclination 
of the slots to the centre line 23 is small, as it 
is in practice for long arrays of about fifty 
elements or more, the radiation from the array, 
is polarized mainly with the electric vector per 
pendicular to the axis of the array. 
What We claim as our invention is: 
1. A directive antenna for microwaves, com 

prising awavelguide formed with an array of slots. 
Substantially purely reactive for a microwave of 
a given wave length and of substantially greater 
length than width, the centres of said slots be 
ing Spaced along the length of the guide at in 
tervals of less than substantially seven-eighths 
of Said Wave length in free space, said slots be 
ing inclined with respect to a line at which the 
transverse current flow along the guide Wall is 
Zero in the absence of electrical discontinuities 
When the guide is fed with a microwave, and the 
Centres of alternate slots along the length of 
the guide being displaced on opposite Sides fron 
Said line, the angle of inclination of each slot 
and the distance of displacement of the centre 
Of each slot being such that the slot will radiate 
Substantially no power when it is shunted by a 
susceptance of a sign appropriate to the direc 
tion of inclination of the slot and of a value 
equal to the value of the characteristic ad 
mittance of the guide, and means in the guide 
aSSociated with at least every group of consecu 
tive slots which radiates substantially one-fifth 
of the total power supplied to such group for 
introducing a susceptance of substantially the 
Same Value as but of Opposite sign to the suscep 
tance resulting from such group when the guide 
beyond such group is terminated by the charac 
teristic admittance of the guide. 

2. A directive antenna according to claim 1, 
in which the centres of the slots are spaced along 
the guide at intervals of half the Wave length 
in the guide of the median wave length of the 
band of frequencies to which the antenna is 
designed to respond. 

3. A directive antenna according to claim 1, 
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8 
in which the array of slots is terminated by a 
non-reflecting load in the Wave guide. 

4. A directive antenna, according to claim 1, 
in which the wave guide is formed with an array 
of at least about fifty slots inclined in a direc 
tion such that their ends nearest the end from 
Which the guide is adapted to be fed With a 
microwave are nearest to the line of Zero trans 
verse current flow, and in which the last slot of 
the array radiates not less than about one-third 
of the power supplied to it, comprising a reflect 
ing plunger arranged in the guide at a distance 
fron the Centre of Said last Slot equal to five 
eighths of the Wave length in the guide of the 
Wave for Which the slots are substantially pure 
ly reactive. 

5. A directive antenna for microwaves COm 
prising a Wave guide of substantially rectangular 
CrOSS section With tWo Opposite faces broader 
than the Other two faces, said Wave guide hav 
ing formed in a broad face thereof an array of 
slots substantially purely reactive for a micro 
Wave of a given Wave length and of substantially 
greater length than width, the centres of said 
slots being spaced along the length of the guide 
at intervals of less than substantially Seven 
eighths of said Wave length in free space, said 
slotS being inclined With respect to the longitu 
dinal centre line of said broad face, and the 
Centres of alternate slots along the length of the 
guide being displaced on Opposite Sides from 
Said line, the angle of inclination of each slot 
and the distance of displacement of the centre 
of each slot being Such that the slot Wil radiate 

i, Substantially no power when it is shunted by 
a susceptance of a sign appropriate to the di 
rection of inclination of the slot and of a value 
equal to the value of the characteristic 
admittance of the guide, and means in the guide 
aSSociated with at least every group of consecu 
tive slots which radiates substantially one-fifth 
of the total power supplied to such group for 
introducing a susceptance of substantially the 
same Value as but of opposite sign to the 
susceptance resulting from such group when the 
guide beyond Such group is terminated by the 
characteristic admittance of the guide. 

6. A directive antenna according to claim 5, 
in which the centres of the slots are spaced along 
the guide at intervals of half the wave length in 
the guide of the median wave length of the band 
of frequencies to which the antenna is designed 
to respond. 

7. A directive antenna according to claim 5, in 
Which the array of slots is terminated by a non 
reflecting load in the wave guide. 

8. A directive antenna according to claim 5, 
in which the slots are inclinedin a direction such 
that their ends nearest the end from which the 
guide is adapted to be fed with a microwave are 
nearest to the longitudinal centre line of the 
broad face of the guide, and in which the means 
for introducing susceptances consist of probes 
mounted in the Opposite broad face of the guide 
to that in which the slots are formed, each of 
Said probes being arranged in the same trans 
Verse plane of the guide as the centre of a slot. 

9. A directive antenna according to claim 8, 
in which the Wave guide is formed with an ar 
ray of at least about fifty slots and the last slot 
of the array radiates not less than about one 
third of the power supplied to it, comprising a 
reflecting plunger arranged in the guide at a 
distance from the centre of said last slot equal 
to five-eighths of the wave length in the guide 
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of the wave for Which the slots are substantially 
purely reactive. 

10. A directive antenna for nicrowaves, con 
prising a Wave guide formed with an array of 
slots substantially purely reactive for a micro 
Wave of a given Wave length and of substantially 
greater length than Width, Said slots being 
Spaced along the length of the guide at intervals 
Of less than substantially Seven-eighths of Said 
Wave length in free space and inclined with re 
Spect to a line at which the transverse current 
flow along the guide Wall is Zero in the absence 
of electrical discontinuities When the guide iS 
fed with a microwave, and the centres of alternate 
slots along the length of the guide being dis 
placed on Opposite Sides from Said line, the angles 
of incination of Successive slots and the distances 

10 

of displacement of the Centres of Successive slotS 
along said Wave guide being of progressively in 
creasing values in the direction of travel of 
waves in Said guide, and means in the guide as 
sociated With at least every group of consecu 
tive slots which radiates substantially One-fifth 
of the total power Supplied to Such group for 
introducing a susceptance of substantially the 
same value as, but of opposite sign to, the 
susceptance resulting from Such group When the 
guide beyond such group is terminated by the 
characteristic admittance of the guide. 

11. An antenna for microwaves comprising a 
wave guide of rectangular section having a 
plurality of slots of greater length than width 
formed in one broad face thereof, the centres 
of Said slots being Spaced at regular intervals 
along the length of Said guide, alternate slots 
being oppositely inclined at acute angles to the 
center line of Said broad face, and having their 
centers displaced on opposite sides of Said Center 
line, the angles of inclination of Successive slots 
and the distances of displacement of the Centres 
of Successive slots along Said Wave guide being 
of progressively increasing values in the direc 
tion of travel of waves in Said guide. 

12. A directive antenna according to claim 1. 
in which the angles of inclination of successive 
slots and the distances of displacement of the 
centres of successive slots along the Wave guide 
are of progressively increasing values in the di 
rection of travel of waves in Said guide. 

13. A directive antenna for microwaves, Com 
prising a wave guide formed with an array of 
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10 
slotS Substantially purely reactive for a micro 
Wave of a given Wave length and of substantially 
greater length than With, the Centres of Said slots 
being Spaced along the length of the guide at in 
tervals of less than substantially seven-eighths 
of Said Wave length in free space, and said slots 
being incined with respect to a line at which 
the transverse current filow along the guide Wall 
is zero in the absence of electrical discontinuities 
When the guide is fed with a microwave, and the 
centres of alternate slots along the length of the 
guide being displaced on opposite sides from 
Said line, the angle to Said line of Zero trans 
verse current flow of substantially every slot of 
Which the centre is displaced by a given distance 
from Said line being substantially the same as 
the angle to said line of a resonant series slot 
With its centre on said line and presenting a 
resistance of a Value equal to the Value of the 
Conductance presented by a resonant shunt slot 
paralel to Said line and displaced therefrom by 
Said given distance, and means in the guide asso 
ciated with at least every group of consecutive 
slots which radiates substantially one-fifth of the 
total power supplied to such group for introducing 
a Susceptance of substantially the same Value as 
but of opposite sign to the susceptance resulting 
from Such group When the guide beyond such 
group is terminated by the characteristic ad 
mittance of the guide. 

IERNEST W. GUPTILL, 
WILLIAMI IHERIOT WATSON. 
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