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1 
This invention relates to an electrical appara 

tus and more particularly to a microwave energy 
coupler. 
One of the objects of the invention is to provide 

a coupler structure in which the shape and size 
of coupling apertures accomplishes substantially 
uniform coupling over an operating frequency 
band. I I 

Another object of the invention is to provide 
a microwave energy coupler in which the magni 
tude of coupling may be relatively large. 
These and other objects and advantages of the 

invention will be apparent ‘from the ‘following 
description when read in connection with the 
drawing, which is an isometric view of the micro 
wave coupler, in part cut away to indicate more 
clearly the coupling apertures and other internal 
structure. / 

The present invention is related to the gen 
eral class of microwave couplers in which a length 
of wave guide (main guide) included in a trans 
mission line, and another length of wave guide 
(secondaryguide) connected to a utilization cir 
cuit, have several-paths of energy transfer be 
tween them to achieve directionality or wave se 
lectivity in the coupling action. The energy 
transfer in prior art couplers of this class is rela 
tively small in magnitude, and ‘the amount of 
energy transfer varies considerably with the fre 
quency of operation. 
In accordance with the present invention, a rel 

atively large percentage of microwave energy may 
be transferred from the main guide to the sec 
ondary guide by reason of the aperture form and 
placement in the’ component guides. For suit 
ably chosen aperture shapes and sizes, the en 
ergy transfer remains substantially constant over 
a relatively wide band of operation frequencies. 
Referring now to the drawing, the coupler em 

bodiment here described includes a main guide 5 
and secondary guide 6 which are of rectangular 
cross section and have a narrow wall ‘I in com 
mon. Main guide 5 may be provided with end 
plates or ?anges 8 and 9 as shown which adapt 
it to be inserted in, or connected in series with, 
the transmission line of a microwave system. 
The narrow wall ‘I held in common between the 
component guides is provided with apertures II 
and [2 which are elongated in the direction of 
energy transmission along the guides. The cen 
ters of the elongated apertures or slots are spaced 
by a quarter guide-wavelength along the direc 
tion of energy transmission in the guides, and the 
slots are laterally spaced on each side of the 
longitudinal axis of secondary guide 6. The slots 
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may thus overlap, if ‘desired, in the direction of 
energy transmission. 
Each slot in the common wall 1 provides cou 

pling between the component wave guides of the 
illustrated structure. vBecause of the quarter 
guide-wavelength spacing of the coupling slots, 
very little wave energy is excited in secondary 
guide 6 in a backward direction with respect to 
an exciting primary wave in main guide 5. The 
electrical distances which may be traced along 
main guide 5, thence through the two coupling 
slots in a backward direction into secondary guide 
6, differs by a half guide-wavelength. The back 
wardly directed components of energy transferred 
through slots II and I2 thus interfere destruce 
tively, so that practically no energy ispropa 
gated in a backward direction. Energy propa 
gation in secondary guide 6 does take place in a 
forward direction, however, for the forwardly di 
rected components of energy coupled into the sec 
ondary guide are-in phase, the path lengths being 
equal in that direction. Thus, energy excited in 
secondary guide 6 propagates in the same direc 
tion as the corresponding energy wave in main 
guide 5.v . v _ 

High selectivity in coupling action is therefore 
achieved in the coupling structure thus far de 
scribed, for oppositely directed incident and re 
?ected primary waves in main guide 5 excite pro 
portional and oppositely directed energyv waves 
in secondary guide 6. . ‘ - 

Referring again to the drawing, the directional 
coupler may be so connected in a microwave sys-' 
tem that incident energy travels through main 
guide 5 in the direction indicated at l3, toward 
the right in the ‘drawing. Energy corresponding 
to the primary incident wave then propagates in 
the same direction in secondary guide 6. Simi 
larly, an oppositely directed re?ected wave in 
main guide 5 excites an energy wave in secondary 
guide 6 which travels in the opposite direction, 
toward the left in the drawing. This latter en 
ergy wave, made separately available by the par 
ticular disposition of the coupling apertures as 
set forth, is not utilized in the instant structure 
and is in fact dissipated as hereinafter described. 
The guides may operate in the dominant 

(TE-0,1) mode, in which the E-vectors (electric 
?eld vectors) are normal to the broader walls. 
A ‘conventional resistive strip termination I4 is 
supported in an E-plane at the end of secondary 
guide 6 toward which the coupled re?ected wave 
travels. The resistive strip functions to absorb 
microwave energy propagated toward it and thus 
eliminates re?ection and interference. An en 
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ergy pick-up means at the other end is adapted 
to convey coupled incident energy from second 
ary guide 6 to an external utilization circuit. This , 
pick-up means may be the usual probe structure 
indicated at l5 which is adapted to coact with a 
coaxial cable interconnecting the coupler and 
utilization circuit. The utilization circuit may 
thus be supplied with energy which'is substan 
tially proportional to the incident energy in the 
transmission line to which the coupler may be 
connected. 
The directional coupler of the present inven- .7 

tion is characterized by the fact that it may bev ‘ 
designed for relatively large coupling, or for sub- ' > 

.15. stantially constant coupling over a-broader band 
than heretofore attained, due primarily tothe 
elongation of the coupling apertures in the di-~ 
rection of energy transmission in the guides. 
The magnitude of coupling is determined by the 
size, shape, and lateral spacing of the apertures. 
The coupling may therefore be made as loose as 
desired, for example by using, slots of suitably 
small width. Another feature of the instant di 
rection-a1 coupler is that it may be utilized at any 
location along a transmission line, for the frac 
tion of power coupled into the secondary guide 
is substantially independent of the relative phase 
of standing waves that may be present in the 
main guide. . r , 

The invention is not limited to a directional 
coupler having a broad-band characteristic, for 
it may be desirable in certain instances to pro 
vide other relationships of coupling to frequency, 
as may be accomplished by an appropriate selec 
tion of coupling aperture shape. . 7 

It is apparent that the invention is not limited 
to the physical construction illustrated in the 
drawing, but that various ‘changes may be made 
without departingirom the spirit of the inven 
tion., _ . , 

Wht is. claimed is: ,1 _ 
l. A directional (coupler, including a , ?rst 

length of wave guide wherein primary waves 
may ‘be propagated, a second length of wave 
guide, and means interconnecting said lengths oi 
wave guide comprising a common wall having 
two spaced apertures therein, said common wall 
being parallel to the electric ?eld vectors in said 
second length of wave guidasaid apertures be 
ing symmetrically disposed on veither side of the 
longitudinal axis of said wall, being elongated in 
the direction of, energy transmission and having 
their ‘centers spaced along said direction by an 
effective distance of a quarter guide-wavelength, 
whereby energy waves corresponding to and prog 
portional to said primary waves .are propagated 
in the same direction in said second length of 
wave guide, said directional coupler having a 
broad-band coupling versus frequency charac 
teristic. 

2. A directional coupler, including a ?rst 
length of rectangular wave guide wherein pri 
mary waves may be propagated, a second length 
of rectangular wave guide, and means intercon 
necting said lengths of wave guide comprising 
a common wall having two spaced apertures 
therein, said apertures being symmetrically dis 
posed laterally with respect to the longitudinal 
axis of said wall, being elongated in the direc 
tion of energy transmission and having their 

‘ centers spaced along said direction by an ei 
fective distance of a quarter guide-wavelength, 

~whereby relatively large energy waves corre 
sponding to, and proportional to said primary 
waves are propagated in the same direction in 

- said second length of wave guide. 
3. A directional coupler, including a ?rst 

‘ length of wave guide wherein primary waves 
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may be propagated, a second length of wave 
guide, and means interconnecting said lengths 
of wave guide comprising a common .wall having 
two laterally disposed apertures therein, said 
apertures being elongated in the direction of 
energy transmission and having their centers 
spaced along said‘ direction by'an eiiective dis 
tance of a quarter guide-wavelength, whereby 
energy waves corresponding to and proportional 
to said primary waves are {propagated in the 
same direction in said second length of wave 
guide, said directional coupler having a broad 
band coupling versus ‘frequency characteristic. 

4. A microwave energy coupling. structure in_ 
cluding a~?rst length of wave guide wherein 
primary waves may be propagated, a second 
length of wave guide, means providing two 
coupling paths between said lengths of wave 
guide, whereby energy waves corresponding to 
said primary waves are propagated in said sec 
ond length of wave guide, said means compris 
ing a pair of laterally disposed apertures elon 
gated in the direction of- energy propagation, 
having their centers spaced along said direction 
by a quarter guide wavelength, and means to ab 
sorb're?ected energy in said second wave guide. 
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