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My invention relates in general to the field of 
ultra-high frequency transmission systems and 
more particularly concerns energy flow in wave 
guides. 

Generally Speaking, electromagnetic energy is 
propagated in wave guides in the form of travel 
ing Waves Suitably initiated at a point in the 
guide. A non-directional launching unit within 
a Wave guide will effect energy of equal magni 
tude to propagate in both directions within the 
Wave guide to whatever terminations are located 
tat the ends thereof. In general, however, it is 
particularly desirable that energy propagated 
Within a Wave guide be uni-directional and be 
delivered entirely to a load at a single end of the 
guide. Thus, directional means are utilized for 
propagating energy at one end of the guide which 
then travels down the guide to whatever termina 
tion appears at the other end. 
In ultra-high frequency measurements, it is 

often desirable to know the amount of ultra-high 
frequency energy traveling along a transmission 
line or Wave guide in only one direction, regard 
less of the presence of other enrgy traveling in 
the opposite direction. Thus, in controlling re 
flection from a load, measurement of the reflected 
energy Only Would enable adjustment of the load 
until no energy is reflected from the load. 
I have discovered that energy may be coupled 

from One Wave guide to another in such a man 
ner that uni-directional traveling waves in the 
first guide produce uni-directional traveling 
Waves in the second wave guide. 
A single traveling wave in a wave guide has a 

current at the very center of the guide which is 
purely longitudinal. At the two side walls of 
the guide, the current is purely transverse, no 
longitudinal components existing at the side 
Walls. At a particular cross section plane in the 
guide these two currents do not reach their max 
imum at the same instant, but are separated in 
phase by ninety degrees. For a wave traveling 
in one direction, the transverse current is ninety 
degrees ahead of the longitudinal current and 
for a Wave traveling in the other direction, the 
transverse current is ninety degrees behind the 
longitudinal current. This provides a physical 
property of the wave which is different for the 
two different directions of propagations and 
which I employ in carrying out my invention. 
In one form of my invention, a rectangular 

Wave guide is juxtaposed with another rectangu 
lar Wave guide of identical construction. The 
two are placed together with their axes at right 
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angles and with their large dimension sides in 
contact. 
The engaging surfaces of the two Wave guides 

form a square. Along the diagonal of this Square 
at some point between the center of the diagonal 
and one end, the transverse current of the first 
guide is substantially equal to the longitudinal 
current of the same guide. At this point, I cut 
two slots at right angles to each other in the 
common contacting faces of the two guides for 
Coupling energy from one guide to the other. 
One of these slits is parallel to the transverse 
current and the other is parallel to the longitu 
dinal current, 
The coupling aperture thus formed should be 

of the shape of a small cross, the two slots form 
ing it having a width comparable to or less than 
that of the guide Wall thickness and being Small 
compared with the wave length of the signal 
energy. This location, however, need not be 
exact because any error due to improper place 
ment of the coupling aperture tends to cancel out 
because of the right angle relation of the two 
guides. The transverse current of the first guide 
is coupled only to longitudinal current of the 
Second guide and the longitudinal current of the 
first guide is coupled only to the transverse cur 
rent of second guide and by symmetry it is ap 
parent that the cross couplings must also be 
equal provided the two guides are truly at right 
angles and the cross symmetrically constructed. 
The longitudinal current and transverse cur 

rent of the first guide produce a longitudinal and 
transverse current in the Second guide and in 
sofar as the currents in the second guide are in 
plus ninety degree phase relation, they will pro 
duce a propagated Wave of circular polarization 
in the second guide in One direction. If they 
are in minus ninety degree phase relation, they 
would produce a wave in the opposite direction. 
Thus one direction of propagation in the first 
guide excites Only One direction of propagation 
in the second guide. 

If waves in both directions exist in the first 
guide, both waves Would be produced in the sec 
ond guide in the same proportion but in opposite 
directions. In that case, the second wave guide 
would have a Wave starting from the coupling 
slots and traveling to the left due to the wave in 
one direction in the first guide and would have a 
Wave starting from the coupling slots and travel 
ing to the right in the second guide due to the 
wave traveling in the opposite direction in the 
first guide. 

Precautions must be taken to prevent the traw 
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eling wave in the second guide excited by the 
unwanted wave in the first wave guide from re 
bounding from one end of the second wave guide 
and traveling backwards to the detector in the 
second wave guide. To this end, one end or both 
ends of the second wave guide must be termi 
nated in a very good quality termination. So as 
to be perfectly matched because otherwise energy 
reflected from this termination in large measure 
will reach the output detector, only a very Small 
fraction of it passing back through the slot into 
the first Wave guide. 
My invention accordingly contemplates the 

transfer of energy from one wave guide to an 
other through cross-slits of the type to be de 
scribed. If these cross slits are located in a sur 
face common to two Wave guides With their axes 
at right angles, the direction of energy flow in 
the second wave guide will have a direction of 
travel which is a function of the direction of 
energy travel in the first wave guide. If the 
propagation within the first wave guide is in both 
directions, then the radiation within the second 
wave guide will also be in both directions. 
The basis concept of radiation from a Wave 

guide to cross slits may of course be applied to 
any type of wave guide configuration as for ex 
ample wave guides of rectangular or circular 
cross-section. 

It is therefore an object of my invention to : 
provide means for coupling two Wave guides so 
that uni-directional energy in one guide will pro 
duce uni-directional traveling energy in the other 
guide. 
Another object of my invention is to provide a 

coupling between wave guides comprising cross 
sits in a common wali of the wave guide. 
A further object of my invention is to provide 

cross slits in a common wall between two wave 
guides so that a single traveling wave in one 
guide will propagate a traveling Wave in the 
other guide having a corresponding direction of 
travel. 

Still a further object of my invention is to pro 
wide a novel and Simple method of measuring the 
energy flow in a wave guide. 
These and other objects of my invention will 

now become apparent from the following Speci 
fication taken in connection with the accompany 
ing drawings, in which 

Figure 1 is a broken perspective view of two 
mutually coupled rectangular wave guides. 
Figure 2 is a view of two coupled coaxial trans 

mission lines. 
Referring now to Figure 1, there is shown a 

pair of mutually perpendicular wave guides fi 
and 2. The wave guides and 2 are of Sub 
stantially similar construction and are positioned 
so that the upper wall f' of the wave guide 
contacts the lower Wall 2 of the Wave guide 2 
over a substantially square area. 

lf wave guide is energized at one end there 
of by a source, a uni-directional traveling wave 
will be propagated down the guide to whatever 
termination is provided at the other end there 
of. In general, electromagnetic energy propa 
gating down the wave guide will result in cul 
rent flow on the inner walls of the wave guide. 
The exact nature of the current flow on the innel 
surface of the guide is, of course, determined by 
the type of wave propagated therein. For exam 
ple, most TE waves in rectangular wave guide 
will have both current flow parallel to the axis 
of the wave guide and perpendicular to the axis of 
the wave guide. 
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4. 
The longitudinal and transverse current flow 

on the inner surface of a wave guide carrying a 
uni-directional traveling wave are always 90 out 
of phase. There exists spaced points within the 
Wave guide where the longitudinal and trans 
verse currents in the metallic surface are equal 
in magnitude and 90 out of phase. AS illus 
trated in Figure 1, a pair of mutually perpendic 
ular slits have been cut into the upper surface if 
of the wave guide having an intersection at 
point 3 along a diagonal of the Square formed 
by the contacting walls of the two guides. These 
slits 2 and 22 which perpendicularly bisect each 
other at point 5 are arranged so that slits 2 in 
tercept the transverse current in the wave guide 

, and slits 22 intercept the longitudinal current 
normally fiowing on the inner surface of the 
upper Wall f’. 

If now point 5 is located So that the longi 
tudinal and transverse current thereat are equal 
in magnitude, then the current flow at the edges 
of slits 2 and 22 will be equal in magnitude but 
rinety degrees out of phase. Accordingly, during 
one quarter of the wave, the transverse current 
will be increasing while the longitudinal current 
is decreasing. During the next quarter cycle, the 
transverse current will be decreasing, while the 
longitudinal current will be increasing in the re 
verse direction. As is well understood, this type 
of current fiow will result in an electro-magnetic 
field pattern of circular polarization. 
The Sense of rotation of the electro-magnetic 

field thus produced is of course dependent upon 
the direction of the longitudinal and transverse 
current flow at the edges of slits 2 and 22 re 
Spectively. This is in turn dependent upon the 
direction of energy flow within the Wave guide 

, and accordingly the Sense of the circularly 
polarized electro-magnetic field established at 
Slits 2 and 22 will be a function of the direction 
of energy flow within wave guide . 
The circularly polarized magnetic field estab 

lished at the slits 2 and 22 will, if the slits are 
Small as compared with a wave length, be radi 
ated from Wave guide . 
As illustrated in Figure i, wave guide 2, which 

intersects similar wave guide at right angles, 
contains a symmetrically located pair of mutu 
ally perpendicular slits 2 and 22 which coincide 
with the corresponding slits in the upper Wall 
f'' of the wave guide it. In other words, the 
pair of slits 2 and 22 are cut into the common 
contacting surface between the Wave guides 
and 2. These slits in the two wave guides are 
of equal length where, as here, the two guides 
have their axes at right angles. Where the axes 
of the wave guides are paralleled, the slots are of 
unequal lengths unless their locations are care 
fully closen. 

In accordance with my invention, the electro 
magnetic field of circular polarization estab 
lished at the slits 2 and 22 as a result of current 
flow on the inner Surface of wave guide is ra 
diated into the wave guide 2. Further, the ra 
diation of waves of circular polarization through 
crossed slits of the type described will establish 
within the wave guide 2 a uni-directional travel. 
ing wave, the direction of which is a function of 
the rotational Sense of the common electromag 
netic energy. The traveling waves thus estab 
lished in wave guide 2 will be propagated in a 
Single direction to any suitable termination pro 
vided therefor. Thus by loading Wave guide 2 
with the correct terminating impedances at both 
ends, a Single uni-directional wave in the first 
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guide will excite a uni-directional wave in the 
second guide so that power will be delivered to 
only one of the two terminations of Wave 
guide 2. 
Thus, summarizing the basic principles of my 

invention as illustrated in Figure 1, a uni-direc 
tional traveling Wave established within a wave 
guide Will result in longitudinal and transverse 
surface current Within the Wave guide, Which are 
in phase quadrature. A pair of mutually perpen 
dicular slits cut into a Wall of the wave guide at 
a point where the longitudinal and transverse 
currents are equal Will result in the establishment 
of a circularly polarized electromagnetic field 
which Will radiate from the slits into surrounding 
space. Conversely, the application of a circularly 
polarized electromagnetic field to a wave guide at 
a point where mutually crossed slits are cut there 
in will result in a single traveling wave in the 
guide, the direction of which Will be a function of 
the rotational Sense of the applied circularly 
polarized waves. If the crossed slits which are 
small compared with a wave length of the propa 
gated energy are located in the common Wall 
between two mutually perpendicular Wave guides, 
a single traveling wave in one Will produce a cor 
responding single traveling Wave in the other. A 
reversal of the direction of propagation of the 
traveling wave in the first wave guide will corre 
spondingly result in a reversal of the energy 
propagation in the second Wave guide. 
This basic principle, as illustrated and described 

in connection with the crossed rectangular wave 
guides shown in Figure 1, may be applied to vali 
ous other wave guide configurations. 
As illustrated in Figure 2, a coaxial line 3 com 

prising an outer cylindrical shield 32 and a cen 
tral concentric conductor 33 is fitted with a tun 
ing stub 34 at an aperture 35 in the outer cylin 
drical shield 32 of the coaxial cable. The stub 34 
comprises essentially a cylindrical shield 36 se 
cured to the outer shield 32 of the concentric line 
3A, and an inner concentric conductor 37 which 
extends into coaxial line 3 and is joined at 4 
to the inner conductor 33. A short circuiting me 
tallic plate 42 seals the end of the stub 34. At 
the inner end of the stub support 34, the outer 
cylindrical shield 36 is machined flat at 43 to 
provide a substantially circular planed surface 44. 
The planed metallic surface 44 is cut to provide 
the slits 45 and 46 which perpendicularly bisect 
each other at point 4. The slit 45 is disposed 
parallel to the axis of the inner conductor 33 of 
the coaxial line 3, and the slit 46 is perpendicular 
to the inner conductor 33. 

Ordinarily the propagation of a single traveling 
Wave within the coaxial line 3 does not result in 
transverse current flow along the inner surface 
of the metallic shield 32. However, in the region 
of the stub support 34, as for example along the 
inner surface of the machined plate 44, both lon 
gitudinal and transverse surface current flow 
exist, and accordingly a circularly polarized elec 
tromagnetic field is established in the region of 
crossed slits 45 and 36. This field is radiated to 
the space surrounding the coaxial line 3. If a 
second coaxial line not shown in Figure 2 for 
clarity is provided with a similar stub and ar 
ranged with a pair of mutually perpendicular slits 
identical to slits 45 and 46, and is positioned So 
that the slits are in contact with slits 45 and 46 
in a common wall, and, in addition, so that it is 
perpendicular to coaxial line 3 and its stub is 
perpendicular to the stub of the coaxial line, then 
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6 
radiated from slits 45 and 46 in the surface 44 
of the stub support will enter the second coaxial 
line and establish therein a single traveling wave. 
This traveling Wave will radiate in a single direc 
tion through the second coaxial line and will de 
liver energy to a suitable termination at one end 
thereof. 

Reversal of the direction of propagation within 
coaxial cable 3 will correspondingly cause re 
versal of the propagation direction in the second 
coaxial line contacting at stubs 34. 

It will now be apparent that this arrangement 
may be used in observing the reflection from a 
load. A suitable measuring device, such as watt 
meter, is connected at one end of wave guide 2 
and a correct termination for absorbing energy 
is mounted in the other end of the wave guide 2. 
Both the detector or Wattmeter and the termina 
tion are made good energy absorbers so that there 
is no reflection from either. Any reflected energy 
in the wave guide will in accordance with the 
device here described excite a wave in wave guide 
(2 in a predetermined direction. 
Assuming that the reflected energy in Wave 

guide coming from a load at one end of the 
wave guide excites a wave flowing toward the 
left in Wave guide 2, a meter mounted at the 
right end of wave guide 2 will measure this re 
flected energy. The load in wave guide i? may 
now be adjusted until the reflected energy is Zero, 
as will be indicated by the meter in wave guide 2. 
The energy from the source coming from the 

opposite direction in wave guide will in that 
case flow to the left in Wave guide 2. This energy 
is absorbed by the termination to the left of Wave 
guide 2 and therefore does not interfere With the 
reading of the meter at the right of wave guide 
2. If it is desired to measure the energy flowing 
from the source, it is only necessary to Switch my 
novel unit comprising the intersecting wave guides 

and 2 through 180° so that it is connected to 
the source of energy in the same sense as it was 
in the previous example connected to the load. 
Energy from the source will in that case excite 
a flow of energy in wave guide 2 toward the 
meter and any reflected energy from the load 
will excite a wave toward the absorption device in 
Wave guide 2. 
To this end my unit, such as shown in Figure 

1, is provided with suitable fittings which enables 
coupling it to the main wave guide over Which 
energy is being delivered and which is to be meas 
ured by my device. By disconnecting the fittings, 
the unit may be switched in any desired sense 
to the wave guide to effect corresponding cou 
pling thereto for measuring either the energy 
from the source or from the reflector. 

In another case, in the ordinary types of field 
strength indicating devices used in connection 
with such measurements, particularly Watt 
meters, the reflected wave often causes large 
errors in reading by adding to or subtracting from 
the field measurements at one particular point. 
A directional pick-up such as provided by my in 
vention will avoid such errors by completely 
ignoring the reflected Wave. 
Various modifications of the principles of uni 

directional propagation of energy in coupled Wave 
guides will be evident to those skilled in the art. 
I therefore prefer not to be bound by the specific 
disclosures hereinabove set forth, but only by the 
appended claims. 
I claim: 
1. In an ultra high frequency system, a first 

the circularly polarizing electromagnetic field 75 wave guide, a second wave guide having its axis 
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at light angles to said first Wave guide, and a 
pair of coupling slots, perpendicular to and bi 
secting each other in each of said wave guides, the 
slots in one guide being juxtaposed oin the slots of 
the other. 

2. In an ultra high frequency systein a first 
rectangular wave guide, a second rectangular 
Wave guide having its axis at right angles to said 
first Wave guide, and a pair of coupling slots per 
pendicular to and bisecting each other in the 
large dimension face of each of said Wave guides, 
the slots in one guide being juxtaposed on the 
slots of the other. 

3. In an ultra high frequency system, a first 
rectangular wave guide, a second rectangular 
Wave guide having its axis at right angles to 
Said first Wave guide, said guides being in con 
tact along the large dimension sides, and a pair 
of coupling slots perpendicular to and bisecting 
each other in the large dimension face of each 
of said Wave guides, the slots in one guide being 
juxtaposed on the slots of the other, the inter 
Section of said slots being along the diagonal 
formed by the square formed by the engaging 
Surface of Said Wave guides. 

4. In an ultra high frequency system, a first 
i'ectangular Wave guide, a second rectangular 
Wave guide having its axis at right angles to said 
first wave guide, and a pair of coupling slots 
perpendicular to and bisecting each other in the 
large dimension face of each of said wave guides, 
the slots in one guide being juxtaposed on the 
Slots of the other, the intersection of said slots 
being at the point where the transverse and axial 
currents of said first wave guide are equal. 

5. In an ultra high frequency system, a first 
rectangular Wave guide, a second rectangular 
Wave guide having its axis at right angles to 
Said first Wave guide, and a pair of coupling slots 
perpendicular to and bisecting each other in the 
large dimension face of each of said wave guides, 
the slots in one guide being juxtaposed on the 
slots of the other, the intersection of said slots 
being at the point where the transverse and 
axial currents of said first Wave guide are equal 
and ninety degrees Out of phase. 

6. In an ultra high frequency system, a first 
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8 
coaxial cable, a second coaxial cable having its 
axis at right angles to said first coaxial cable, and 
a pair of coupling slots perpendicular to and bi 
Secting each other in each of said coaxial cables, 
the slots in one cable being juxtaposed on the 
slots of the other, the slots being positioned at 
points where the transverse and longitudinal cur 
rents in said first coaxial cable are equal. 

7. In an ultra high frequency system, a first 
coaxial cable, a second coaxial cable having its 
axis at right angles to said first coaxial cable, and 
a pair of coupling slots perpendicular to and 
bisecting each other in each of said coaxial cables, 
the slots in one cable being juxtaposed on the 
slots of the other, a stub connection to said first 
coaxial cable, said slots being at the point of con 
tact of said stub to said first coaxial cable. 

8. In a high frequency measuring device, two 
Sections of Wave guides at right angles to each 
other and having engaging surfaces, and a pair 
Of bisecting slots cut in the contacting surfaces 
at right angles to each other for providing a 
coupling between said wave guides. 

9. In a high frequency measuring device, two 
Sections of coaxial cables at right angles to each 
Other and having engaging surfaces and a pair of 
bisecting slots cut in the contacting surfaces at 
right angles to each other for providing a cou 
pling between said coaxial cables. 

WILLIAM E. BRADEY. 
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