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UNITED STATES PATENT OFFICE 
2,615,982 

DIRECTIONAL COUPLER 
Sam Zaslavsky, Jackson Heights, N.Y., assignor 

to The Sperry Corporation, Great Neck, N. Y., 
a corporation of Delaware 
Application January 14, 1949, serial No. 70,897 

(CI. 178—44) 5 Claims. 

This invention relates to improvements in ra 
dio frequency networks, and more particularly to 
so-called “directional couplers,” which are de 
vices for transferring energy flowing in one di 
rection along one wave transmission conduit, 
such as a wave guide or transmission line, to a 
Second conduit, while discriminating against 
such transfer of energy which flows in the other 
directicin along the first conduit. Representative 
types of directional couplers are described in 
copending U. S. Patent applications Serial No. 
499,072, filed August 18, 1943, by William W. Han 
sen, and Serial No. 502,734, filed September 17, 
1943, by William W. Hansen and Theodore 
MOTenO. 

It is the principal object of the present in 
vention to provide improvements in apparatus 
of the type described in the above-mentioned 
Copending applications. 
More specifically, it is an object of this inven 

tion to provide tunable directional couplers which 
may be adjusted to operate with optimum effici 
ency at any selected frequency within a certain 
band of frequencies. 
Another object of the invention is to provide 

simple and reliable means for varying the effec 
tive iengths of certain paths through a radio 
frequency network, by varying the wavelength of 
energy in its travel over said paths. 
The invention will be described with reference 

to the accompanying drawing, wherein: 
Fig. 1 is a longitudinal section in elevation of a 

preferred embodiment of the invention in a 
measuring instrument or reflectometer; 

Fig. 2 is a transverse section of the structure 
of Fig. I taken in the plane 2-2 of Fig. 1; 

Fig. 3 is a longitudinal section of a modifica 
tion of the device of Fig. 1; 

Fig. 4 is a transverse section viewed in the 
plane f-f of Fig. 3; 

Fig. 5 is a longitudinal section of a further 
modification Of Fig. 1; and 

Fig. 6 is a transverse section in the plane 6-6 
of Fig. 5. 

Referring to Figs. 1 and 2, a Wave guide in 
the form of a hollow tubular conductor extends 
from a high frequency source to a load, not 
shown. A second wave guide 3, similar to the 
guide i, extends parallel to and adjacent the 
guide throughout a portion of its length, as 
shown in Fig. 1. The wave guide 3 is terminated 
at one or both of its ends by absorbing means 
such as a disc 5 of insulating material coated 
with graphite or other resistive substance of such 
thickness as to match the impedance of the guide 
and thereby prevent reflection of energy incident 
on the end of the wave guide. 
An aperture is provided in the walls of the 

guides and 3, opening between the interiors of 
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aperture 7 and thus cancel each other. 

2 
provided at a point longitudinally separated from 
the aperture by one quarter wavelength, or 
an odd integral number of quarter wavelengths, 
at substantially the highest frequency at which 
the System is to operate. A small coupling loop 

near one end of the guide 3 is connected 
through an aperture 3 to a detector such as a 
crystal 5. A current meter is connected in 
series with the detector 5, the return connection 
being made through the grounded wall of the 
guide 3. A second loop 9 may be provided near 
the other end of the guide 3, and connected to a 
detector 2 and a meter 23. 
The structure thus described is similar, though 

not exactly identical to, that shown in the afore 
mentioned Copending application Serial No. 
502,734. In the operation of the device some of 
the energy travelling left to right in the guide 
, i. e., from the source to the load, escapes 
through the apertures and 9 into the guide 3. 
Each aperture acts as a radiator, emitting energy 
which divides into two components, one travel 
ling leftward in the guide 3 and the other travel 
ling rightWa,rd. 
Since the excitation of the aperture 9 is de 

layed one-quarter wavelength or 90 degrees with 
respect to that of the aperture T, and the left 
ward component from the aperture 9 is further 
delayed another 90 degrees in travelling along 
the guide 3 to the aperture 7, the two leftward 
components are 180 degrees out of phase at the 

- Conse 

quently no energy travels leftward in the guide 3 
as a result of energy travelling rightward in the 
guide . The rightWard components radiated 
into the guide 3 by the apertures 7 and 9 are in 
phase at the aperture 9, and energy does travel 
rightWard in the guide 3. This energy may be 
picked up by the loop 9, rectified by the detector 
2il, and indicated by the meter 23. 
As long as the load end of the guide is 

matched, no energy flows from right to left there 
in and none is picked up by the loop f. How 
ever, any mismatch will cause reflection, produc 
ing a flow of energy from right to left in the guide 
f. This induces a flow from right to left in the 
guide 3, energizing the loop f . The energy 
picked up by the loop it is rectified by the detec 
tor 15 and indicated by the meter 7. 
From the foregoing it will be apparent that the 

meter 23 indicates the amplitude of the direct 
wave; the meter f7 indicates the amplitude of 
the reflected wave, and the standing wave ratio 
may be computed as the quotient of the two read 
ings. This is based on the assumption that the 
Spacing between the apertures 7 and 9 is substan 
tially exactly one-quarter wavelength, or an in 
tegral odd number of quarter wavelengths. 
At frequencies where the distance between the the two guides. A second similar aperture 9 is 60 apertures 7 and 9 is not a quarter wavelength, 
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the leftward components of the radiation from 
the apertures into the guide 3 will not be in 
phase opposition, and a resultant energy flow 
to the left will be produced by waves moving to 
the right in the guide . Similarly, reflected 
waves moving to the left in the guide will in 
duce waves flowing to the right in the guide 3, 
and the device will fail to Operate as a direc 
tional coupler, since it can no longer distinguish 
between rightward and leftward flow in the 
guide . 
In accordance with the instant invention, 

means are provided for tuning or adjusting the 
coupler to operate properly at any one selected 
frequency, by changing the effective spacing be 
tween the apertures 7 and 9. This is effected by 
altering the Wavelength in the guides of energy 
travelling between the two coupling points. In 
the example of Fig. 1, cylindrical bodies or slugs 
25 and 27 of dielectric material are provided in 
the guides and 3 respectively. The slugs 25 
and 2 are composed of polystyrene or other low 
loss material, and preferably are of lengths ap 
proximately equal to the spacing between the 
apertures and 9. 
The slugs 25 and 27 are movable longitudinally 

Within the respective wave guides. As shown in 
Fig. 2, they are gauged or mechanically coupled 
together by a bar 29 secured to the slugs by short 
rods 3 extending through longitudinal slots 
33 in the Walls of the guides. The ends of the 
slugs may be formed, as with portions 35 of re 
duced cross section' (see Fig. 1), to provide imped 
ance matching to the air-filled guide. 
The effect of a body of dielectric material in a 

Wave guide otherwise filled With a lower dielec 
tric material, such as air, is to reduce the Wave 
length of energy travelling in the guide in the 
part which is filled with the higher dielectric 
material. In other words, the part filled with 
higher dielectric material has a greater effec 
tive length, measured in Wavelengths, than a 
part of equal physical lengths which is not So 
filed. 
As mentioned above, the distance between the 

apertures and 9 may be one-quarter Wavelength 
at the highest frequency at which the System is 
to operate. At this frequency, the slugs 25 and 2. 
aay be cinitted, or may be moved either to the 

left or to the right to a position such that none 
of the dielectric material is in the Space between 
the two apertures. 
Now suppose it is desired to operate with en 

ergy of a lower frequency. The two slugs 25 and 
2 are then moved together, by means of the bar 
29, to a position like that shown in Fig. 1 with 
part of the dielectric material lying between the 
apertures. Since the Wavelength in the slugs is 
shorter than in the air-filled guide, a position 
can be found where the effective electrical dis 
tance between the apertures is exactly one-quar 
ter wavelength, providing the frequency is not 
too greatiy different from the maximum fre 
quency of operation. The device then operates 
substantially as described above, with the unim 
portant exceptions that a certain fixed phase 
shift is introduced between the Source and the 
load by the slug 25, and the leftward going and 
rightward going waves in the guide 3 are shifted 
With respect to each other. 
Although the nominal distance between the 

apertures and 9 may be made one-quarter 
Wavelength, it may be preferable to use a greater 
spacing, for example, nine quarter wavelengths. 
This has two advantages; first, that the matching 
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sections 35 may be long enough to be reasonably 
effective, and second, that the range of adjust 
ability of the device as to frequency may be 
extended greatly. The latter point may be made 
clear by considering the fact that the longer the 
slugs are, the more total change in phase they 
will produce. If they are made only long enough 
to provide a total phase change of Substantially 
180 degrees, they will be sufficient to cover a wide 
frequency band because, as the frequency is low 
ered, the Original nine quarter Wavelength. Spac 
ing may be used as seven quarters, five quarters, 
and so on. It is probable that by this method, 
the range of adjustability may be made great 
enough to cover the entire band over which the 
waves guide themselves will operate effectively. 
While only two coupling elements or apertures 

are shown in Fig. 1, it will be understood that the 
present invention is similarly applicable to other 
known types of directional couplers using three 
or more spaced coupling elements, or a single 
distributed element such as a relatively long slot. 
Although the invention has been described as 

embodied in a wave guide arrangement, it may be 
applied also to an analogous System using trans 
mission lines. Referring to FigS. 3 and 4, a CoaX 
ial line 37 extends from a source to a load, not 
shown, and a second line 39 lies parallel and ad 
jacent to the line 37, being coupled thereto by 
probes 4 and 33 which extend through the 
sheathes of the two lines to points near the in 
ner conductors. The line 39 may be terminated 
by a resistor AS, of a value equal to the charac 
teristic impedance of the line. One end of the 
line 39 is coupled for example by direct connec 
tion from the inner conductor to a detector 47 
and a direct current meter 69. Substantially 
cylindrical slugs 5 and 53 of polystyrene or simi 
lar material are provided in the lines 3 and 39 
respectively, preferably substantially filling the 
radial space between the inner and outer con 
ductors throughout a longitudinal distance of 
the same order as the distance between the probes 
4 and 43. The slugs may be tapered as at 44 
for impedance matching. The dielectric slugs 
are provided with longitudinal slots 55 (Fig. 4) 
to accommodate the probes and allow the slugs 
to be moved. A bar 29 couples the two slugs 
together, as in the System of Fig. 1. 
The operation of the device of Fig. 3 is similar 

to that of Fig. 1, in the production of leftward 
and rightward components in the line 39 in re 
sponse to direct and reflected waves in the line 
37. Also as in the system of Fig. 1, the dielectric 
slugs effectively lengthen the part of the line in 
which they lie, and they may be moved between 
the coupling points to the extent required to make 
the electrical spacing one-quarter Wavelength. 
As mentioned above in connection with Fig. 1, 

the number of coupling elements is not neces 
sarily two. It should also be noted that the de 
gree of coupling provided by either a probe or 
an aperture, or any other known type of cou 
pling element which might be used, Such as a 
loop, will depend upon the dielectric constant of 
the material in its vicinity, as Well as upon the 
size and shape of the coupling element. Thus, 
in designing any coupling element to provide a 
certain amount of coupling, consideration must 
be given as to whether or not the element is to 
operate near or within one of the dielectric slugs. 

It will be apparent without further explanation 
that the present invention is not limited to di 
rectional couplers wherein the primary and sec 
Ondary conduits are of the same type. For ex 
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ample, the primary or main line may be a hollow 
wave guide and the secondary may be a coaxial 
line section, or vice versa. Furthermore, the 
primary and secondary guides need not be Sub 
stantially parallel, but may be crossed or skewed 
with respect to each other, as in certain known 
types of prior art directional couplers. 

Wariation of the wavelength in a guide, and 
hence of the electrical length of a certain Section 
of a wave guide, may be achieved by changing 
the position of a sheet or block of dielectric trans 
versely of the guides. 

Referring to Figs. 5 and 6, a rectangular wave 
guide 57 carries energy from a source to a load, 
and a second similar guide 57 is coupled thereto 
by apertures 6 and 63. A probe 65 extends paral 
lel to the electric vector in the guide 59 near 
one end thereof, and is connected through a de 
tector 5 to a meter . The Structure is similar 
to that of Fig. 1, and operates as a directional 
coupler in substantially the same Way. In order 
to provide the required phase shift at different 
frequencies relatively thin blades or sheets 67 
and 69 are supported on rods for motion 
transversely within the guides 57 and 59 respec 
tively. 
When the members 6 and 69 are positioned 

near the Walls of their respective guides Where 
the electric fields are relatively Weak, their effect 
is at a minimum. To increase the phase shift, 
i. e., the effective distance between the coupling 
apertures, the bodies 69 and 67 are moved to 
Ward the centers of the guides, where the field 
intensity is greatest. 
The invention has been described as an in 

provement in directional couplers which may be 
adjusted or tuned for best operation with energy 
of any selected frequency. This is accomplished 
by varying the effective lengths of the paths be 
tween coupling elements, by means of bodies of 
dielectric material. Wherein the Wavelength of the 
energy is less than in air. The slugs are movable 
to include more or less dielectric material in the 
paths whose electrical lengths are to be altered, 
or to lie in regions of greater or less field in 
tensity and thereby vary the effective path 
lengths. 
Although it is generally preferable at present 

to vary the effective path lengths between the 
coupling elements in both conduits together, as 
described above, it is practicable to vary the 
path length in only one conduit, adjusting for 
minimum transmission in One direction. Trans 
mission in the Other direction will also be reduced 
Somewhat, but not seriously except at frequen 
cies very far from the center or design frequency 
of the apparatus. The dielectric body may be 
omitted from the conduit in which the path 
length is not adjusted, or may be fixed in position 
therein. 
Since many changes could be made in the above 

construction and many apparently widely differ 
ent embodiments of this invention could be made 
without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and hot 
in a limiting sense. 
What is claimed is: 
1. In a network for high frequency radio 

energy, a Wave transmission conduit adapted to 
be connected between a source and a load, a sec 
ond wave transmission conduit substantially 
parallel to and adjacent said first conduit, means 
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6 
coupling a point on said first conduit to a proxi 
mate point on said Second conduit, further means 
coupling a second point on said first conduit to 
a respective proximate point on Said second con 
duit, a body of dielectric material Within Said 
first conduit and movable therein for altering 
the wavelength between said first and Second 
points in said first conduit of energy flowing 
therein with respect to the wavelength of Said 
energy in the remainder of said conduit, and a 
second body of dielectric material movable within 
said second conduit for similarly altering the 
wavelength between said corresponding points 
in said second conduit of energy flowing in Said 
second conduit, whereby the effective electrical 
spacing between said first and Second points lon 
gitudinally of said conduits may be made Sub 
stantially a predetermined odd number of quarter 
wavelengths at any particular frequency within 
a band of frequencies. 

2. The invention as set forth in claim 1, where 
in said dielectric bodies are movable transversely 
within the respective conduits to vary the elec 
tric field distribution therein, at least a portion 
of each of said elements being disposed between 
said first and Second coupling means. 

3. The invention as set forth in claim 1, where 
in each of said dielectric bodies is approximately 
as long as the spacing between said coupling 
means, and is movable longitudinally from a po 
sition filling the interior of the respective conduit 
between said coupling means to a position Sub 
stantially external to the Space between said cou 
pling means. 

4. The invention as Set forth in claim 1, where. 
in said first and second points in each said con 
duit are Spaced apart longitudinally of Said con 
duit by at least one and one-quarter wavelengths 
at the mean frequency at which the system is to 
Operate, and said dielectric bodies each have a 
longitudinal extent greater than one quarter 
Wavelength and are provided with low-reflection 
Sections at their ends. 

5. In a network for high frequency radio energy, 
a Wave transmission conduit adapted to be con 
nected between a source and a load, a second 
Wave transmission conduit, means coupling a plu 
rality of Spaced points on said first conduit re 
Spectively to a plurality of corresponding spaced 
points on Said second conduit, and a body of 
dielectric material within one of said conduits and 
movable therein for altering the wavelength be 
tween Said points in said conduit of energy flow 
ing therein with respect to the wavelength of 
Said energy in the remainder of said conduit. 

SAM ZASLAVSKY. 
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