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This invention relates in general to electrical _ 
equipment for comparing the voltage mean . 95 
of two guided periodic electric waves of the same 
frequency, and in particular to an arrangement 
for comparing the voltage magnitudes of two such 
waves which are traveling in a single transmis 
sion line. 

It is an object of the invention to provide a 
means for simultaneously comparing the voltage 
magnitudes of two waves ‘of the same irequency 
which are traveling in opposite directions in ‘a 
waveguide, coaxial line, or the like. 

It is another object of the invention to provide 
such means which is useful over a wide band of 
frequencies. ‘ 

It is still another object to providesucn means 
which is convenient to employ and can be in 
serted in a transmission line system with little or 
no effect upon the normal operation of the system. 

It is a further object of the invention to provide 
such a means which can be constructed with 
ordinary techniques and of readily ayailablecome 
ponent parts. 
From another point of view, it is an object of 

this invention to provide a means for automatic 
ally and continuously indicating the standing 
wave ratio of a guided wave transmission system. 
The foregoing and other objects and ‘features 

of the invention will become apparent from the 
description or a particular embodiment thereof 
that follows. The description refers to the ac 
coinpanying drawing wherein: 

Fig. ‘1 is an isometric view of an embodiment of 
the invention; 

Fig. 2 is a side View of Fig. 1; 
Fig. ‘3 is a sectional view on line 3—~3 of Fig. “2; 
Fig. 4 is a sectional view on line 4-4 oflFlig. 3; 
‘Fig. 5 is a bled? diagram illustrating a incline? 

cflempioyine the device shot/e111 Fig; l: 
r Fig. 6 illustrates the nature of the traveling 
waves that are observed in a? device an. " tdFig- .1; 
he 7 illustrate-5 

invention; ‘and 
’ Fig‘ .8 illustrates still another embggimtai at 
the invention. 
“ ' Referring now-to Figs. 1 to 4, inclusive, ha, I‘ waueguide ill is ‘provided with a .longituglimslly 

‘cited narrow .slot at in the ‘lower .wi'de wall ll 
thgfégf‘ my class ‘to we of the narrow ‘W. 1 

' 0.1", and a iansvejreely ' 
e ?ipper Wide can t3 » 

another sentiment 0.112.116 

511w . 
said wall- These slots are 
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sampling the waves traveling in the main wave; 
guide Ill, and they do not seriously disturb he 
wave pattern therein or extract large quanti es 
of energy. The centers of the two slots a. 
lie in'a' common plane (not shown) which" transverse to the longitudinal axis of the wave; 
guide as is apparent ‘from Fig. /_i.' The common 
plane of the slot centers is'equidistant from I arbitrarily chosen terminals l and? ‘in tlile'e 

of'the main waveguide 'l'll. ' ' ' a first auxiliary rectangular waveguide 14 is 
electrically coupled at 'its'upper wide‘ wall. [5‘ to 
the main‘ waveguide lll'through‘s'lot (tin such 
fashion that slotu is transversely disposed to‘said 
upper wide wall it, a'fd‘is centered on'the lo a 
tudinal center line thereof.“ The two‘ ends of 1‘ first auxiliary waveguide hi are denominated er; 
minals 3 and 4, respectively These Yté'rhii? ls 
may he equidistant from the center of slot "mas is 
shown in Fig. 53, ‘if desired. The describeddis; 
position of slot a with respect to the first a‘ui'i ‘ Ty 
Waveguide .14 is acquired by dispqsirisihe aliklll 
iary waveguide perpendicularly to thé main Wavé: 
guide ill and connecting the two waveguides to, 
gether at their upper and lower wide walls iii 
and II, respectively. The connection is convene 
iently made by removing a portion ,ofone Wide 
wall so that the wide wall of one of the two wave, 
guides functions as a common wide wall .section 
between them. Slot a is then conveniently out 
in this common section. The seams between the 
two waveguides are then electrically connected 
together, as by soldering." In the embodiment 
illustrated in Figs. 1 to 4, inclusive, the upper 
wide wall [5 of the auxiliary waveguide [4 base. 
portion removed ‘(as shown in Fig. 3), and "the 
corresponding portion of the lower wide wall“ 
of the main waveguide Hi provides'a common wide 
wall section between the ‘two waveguides." “ 
A second auxiliary rectangular'w'aveguide I6 is 

electrically ‘coupled at its lower wide‘wall ll to 
the main waveguide ll through ,sllot ?b‘in .suéh‘ 
vfashion that SlQt b islongitudinallydispésédtb 
said lower wide wall J7, and is positioned “cry 
close to ‘a side wall 18 thereof.“ The ‘ends of the 
second auxiliary waveguide it are denominated 
terminals 5 and _6, respectively, and‘may also ‘be 
equidistant from the ‘center of slot b ‘desired, 
as shown in Fig. 3. The described disposition: of 
slot h with respect to the second auxiliary ave 
guide I5 is acquired similar ‘fashiontas the 
disposition of slot at withrespectto tr" first tuiti 
iary Waveguide " 4i Til? lower wide tall‘ I? of the 

' seeped suiting waveguide "What a (portion r5, 
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moved, and a portion of the upper wide wall It 
of the main waveguide it provides a common wide 
wall section, in which a slot 1) is out, as is apparent 
in Fig. 3. 
One terminal of each of the auxiliary wave 

guides is provided with a non-re?ective or 
matched termination 28. As shown in Fig. 3, 
these terminations are in terminals d and t, and 
have a wedge shape. The terminations may be 
made of any suitable resistive material. For ex 
ample, a body of Bakelite coated with colloidal 
graphite, commonly known as “aquadag," or a 
long tapering wedge of hardwood, is a satisfac 
tory termination. 
The two traveling waves under observation cc~ 

our in the main waveguide it, and, as will be de 
veloped below, two voltages appear at terminals 
3 and 5 which are, respectively, proportional to 
the sum and the difference of the voltages of the 
observed waves at some arbitrary point in the 
main waveguide. While there are many situa 
tions in which it is desired to compare the volt» 
ages of two waves of like frequency, one common 
situation is illustrated in Fig. 5. This is the situ 
ation wherein a source of radio frequency power 
2|, for example, a magnetron, is connected to a 
load 22, such as an antenna, through a transmis 
sion line, for example, the waveguide 23, and it is 
desired to know conveniently and continuously 
what is the standing wave ratio in the transmis 
sion line. The standing wave ratio is a function 
of the portion of the incident power that is re 
flected from the load, and hence not used by it. 
The standing wave is a result of the combination 
of the waves that are incident upon and the waves 
that are re?ected from the load. There are, 
therefore, two waves of like frequency traveling 
in opposite directions the main transmission 
waveguide 23. The main waveguide it of the de 
vice of the invention is inserted in the transmis 
sion waveguide 23 with terminal i toward the 
R. F. source, so that these two traveling Waves 
pass through it. A matched attenuator pad 21%, 
which may be a wave transmissive pad of re 
sistive material, is inserted between terminal 5 
and the R. F. source 2 l, to prevent noticeable re 
refiection, from the source, of waves that have 
already been re?ected from the load. The trans 
mission waveguide 23 is provided with a section 
of variable length 25, for a purpose to be ex 
plained below. 

Consider now the electrical nature of the device 
shown in Figs. 1 to 4. The waves in the main 
waveguide l8 are waves in the fundamental, or 
TEOl, mode for rectangular waveguides. As is 
well known, it is characteristic of such waves that 
the voltage difference occurs between the Wide 
walls of the waveguide and is maximum between 
their center lines. The voltage gradient varies 
periodically along the longitudinal axis that 
exists between these center lines. As shown in 
Fig. 6, where the arrows on the waveguide Walls 
depict an instantaneous current ?ow pattern, cur 
rent ?ows both axially and transversely to the 
axis in the wide walls of the waveguide. The lon 
gitudinally directed slot a is excited by trans 
verse current flow, while the transversely directed 
slot 1) is excited by axial current flow. Slot a is 
said to be in shunt with the main waveguide it, 
and slot b in series therewith. Since axial cur 
rent flow is maximum at the center line of the 
wide wall, the series slot b is located on the center 
line. Similarly, the shunt slot at is located near a 
side wall because transverse current flow is great 
est there. The two slots are both made so thin 
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that a ?eld in one does not excite a ?eld in the 
other, for all practical purposes. 

Considering now the shunt slot 11, this slot 
couples a small amount of energy from the main 
waveguide id into the first or lower auxiliary 
waveguide l4. While slot at is in shunt with the 
main waveguide 18, it is in series with the aux» 
iliary waveguide i4. At any one instant of trans 
verse current ?ow across slot a there is set up a 
voltage gradient between the two long edges of 
the slot which excites a ?eld in the slot. This 
?eld propagates antisymmetrical Waves, that is, 
waves which are 180 elec 'ical degrees out of 
phase with each other, in opposite directions in 
the auxiliary waveguide iii. Recalling now that 
terminals i and 2 are equidistant from the center 
of slot at, it is apparent from Fig. 6 that, if sym~ 
metrical voltage waves of like frequency are im 
pressed on terminals i and 2, respectively, they 
will both excite slot a in the same phase. rThis is 
so because the direction of the current that ex 
cites slot at is the same for both Waves. There 
fore the voltage that is available at either of the 
terminals 3 and s of the ?rst auxiliary waveguide 
is is proportional to the sum of the voltages at 
terminals l and 2 when they are symmetrical, or 
in the same phase. 

Considering now the series slot 12, this slot 
couples a small amount of energy from the main 
waveguide it into the second or upper auxiliary 
waveguide 55. While slot b is in series with the 
main waveguide H3, it is in shunt with the second 
auxiliary waveguide i6. At any instant of longi 
tudinal current flow across slot 22, there is set up a 
voltage gradient across the slot which excites a 
?eld in the slot, and this ?eld in turn propagates 
symmetrical waves in opposite directions in the 
second auxiliary waveguide l6. It is apparent 
from Fig. 6 that, when symmetrical voltage waves 
are incident upon terminals l and 2, respectively, 
the longitudinal current ?ows across slot b are 
in opposition, and tend therefore to reduce the 
voltage gradient across the slot, so that the ?eld 
set up in the slot is a function of the difference 
between the two voltages. Thus the voltages 
available at the terminals 5 and 8 of the upper 
auxiliary waveguide iii are proportional to the 
difference between symmetrical voltages incident 
at terminals 1 and 2. 
From the foregoing discussion, it can be seen 

that, if antisymmetrical voltage waves are inci 
dent upon terminals I and 2, respectively, the 
voltages available at terminals 3 and 4 are pro 
portional to their difference, while the voltages 
available at terminals 5 and 6 are proportional 
to their sum, respectively. 
Referring again to Fig. 5, the voltage that is 

incident upon terminal I is proportional to the 
power applied to the load 22, while the voltage 
incident upon terminal 2 is proportional to the 
power re?ected from the load 22. With ter 
minals 4 and 6 closed by the non-re?ective ter 
minations 20, the voltages available at terminals 
3 and 5 are compared, for example, in a ratio. 
meter. If there is no re?ected voltage, the two 
slots a and b are equally excited, and the sum 
voltage and the difference voltage available at 
terminals 3 and 5 are equal. This then repre 
sents a standing wave ratio of unity, which is 
the ideal case. Usually, however, the reflected 
voltage value lies somewhere between zero and 
the value of the incident voltage, so that the ra 
tio of the sum to the difference of the two is a 
fraction greater than one. This fraction is pro-' 
portional to the standing wave ratio. ‘ 
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It "will be recalled that the voltages at ter 
minals ‘I and ‘2 should be symmetrical or anti 
symmetrical. ‘This is desirable because ‘the 
peaks of the incidentand re?ected voltage ‘waves 
should be compared ‘to ‘provide a true measure 
of ‘the standing wave ‘ratio, or, in terms of the 
resultant standing wave itself, a peak and a 
trough thereof should be compared. However, 
there is no assurance that the re?ected ‘wave will 
arrive ‘at terminal 2 in the desired phase with 
respect ‘to the incident voltage at terminal I; 
Hence the variable length line section 25 is in 
cluded. ‘In practice, one .needs only to vary ‘the 
electrical length of the variable ‘line section :25 
until the ‘ratio between the voltages available ‘at 
terminals 3 and 5 is a maximum to determine 
the standing ‘wave ratio in the transmission line 
23. Any ‘form of phase shifter, preferably .as 
near re?ectionless as possible, is suitable for 
this purpose. ‘ 

'In the foregoing explanation of the operation 
of the invention, itfhas been assumedthat neither 
of the ?elds in the slots ‘excites a ?eld in ‘the 
other slot, and that all the terminals are so ‘well 
matched that there are no re?ections from any 
of them to excite spurious ?elds in the slots. To 
minimize interaction of the slots ‘with the quan 
tities being measured, the slots are ‘made as ‘thin 
as is practically possible. This is feasible ‘be 
cause the slots ‘merely sample the voltages ‘that 
are present in the main wave guide l0,:and do not 
couple substantial ‘power. For example, the 
power ‘level of coupled energy is about .20 db. be 
low ‘that of the source power in the main wave 
guide. Calculations ‘on the models made .and 
used shave ‘shown that the error "in standing wave 
ratio measurements .due tosuchinteraction is at 
most about one-half of one ‘percent of the :true 
value. Matching of the terminals is .accom 
plished “with proper care at each terminal; for 
example, the pad ‘24 in Fig. .5 prevents re-rre?ec 
tion of re?ected energy that enters the .device at 
terminal 2, ‘while the terminations ‘illare for :all 
practical'purposes reflectionless. . 

When the unused terminals ‘4 "and .6 of the 
auxiliary waveguides IR and I6, respectively, are 
terminated in the non-reflective terminations "2.0, 
these terminals can ‘be :any convenient distance 
from the slots a or ib,'rtespectively. .It‘will-be'ap 
preciated that all the :so-called terminals, 1 and 
2, '3 and ‘4, and :5 ‘and 6, are ‘merely :reference 
points which are chosen to facilitate ‘an under 
standing .of ‘the invention. .In actual practice, 
for example, 'as in Fig. .5, a ‘variable length line 
section like section 25 ‘will yield ‘the desired op 
eration with respect to terminals I and 2, and 
the measuring termina‘ls3 Land 5 can be any icon 
venient distance from'the slots. 
The device ‘shown ‘in Figs. ‘l to 4, ‘inclusive, :is 

not sensitive to changes :inzthe frequency of the 
voltages being measured, but‘ratheris operative 
throughout'the band of frequencies that can ‘be 
transmitted through the waveguides. The rea 
sonifor this is that the slots 3a and 12, being placed 
with their centers in the ‘same transverse plane 
in ‘the main waveguide Jill, actually couple cur 
rents which are at all times ‘90 electrical “degrees 
apart for all frequencies :of the same mode of 
transmission. Therefore, it may be said that 
from this point of view these slots ‘are 90-elec 
trical degrees apart. This is apparent from ,Fig. 
6, where, for the s-akeof explanation, the two 
slots are shown in the same wall of the waveguide. 
At the instant when .thecurrent?ow acrossslot 
aisat amaximum valuathe current?ow across 
slot b is at a minimum value. 90 electrical de 

10 

20 

‘ waveguides. 

6 
grees later, :the current flow across slot b is at .a 
maximum value and that across slot .a .‘is at Fa‘ 
minimum value. Thus, regardless of the actual 
wavelength of the energy being carried :in the 
waveguide, the two slots :act at all times as though 
they were physically spaced one-quarter wave 
length apart, and the phase difference between 
the two voltages available :at terminals .13 and 5 is 
not affected by changes in frequency. If the two 
slots actually ‘were spaced .2. physical distance 
apart, this ‘distance could be a particular frac 
tion of a wavelength only at a particular :fre 
quency. Then changes in frequency would alter 
the relative phase of the two output voltages. 
For the purposes of measuring standing .wave 
power, ‘this feature ‘permits the simultaneous 
comparison of 'peak and trough values of the 
standing wave power over the complete band‘of 
frequencies that are transmissible in the wave. 
guide. 

‘It is now evident that the invention provides 
a means for comparing two voltage waves of the 
same frequency and ‘traveling in opposite direc 
tions in a waveguide, wherein two identical sam 
pling devices vlocated ‘in a common plane trans 
verse to the path of travel sample the waves at 
points which are :always 90 electrical degrees 
apart and provide voltages vwhich are, ‘respec 
tively, proportional to the sum and they difference 
of the voltages of the sampled waves. In the 
embodiment described :above, the sampling is .by 
way of slots a and b, which serve to transfer or 
couple small portions of energy from the main 
waveguide ‘to one or another of the auxiliary 

'The ‘invention is not limited to the 
details of this embodiment, however, ‘for it can 

i be practiced with other forms :of energy coupling 
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or sampling devices, such as probes, coupling 
loops, and the like. ‘In addition, ‘the invention 
can :be practiced with coaxial ‘lines as well :as 
waveguides. 

Referring "now to ‘Fig. 7, an embodiment of the 
invention is shown wherein three rectangular 
waveguides 30, 31, and ‘32 are coupled together 
through common ‘wide walls ‘33 and :34. "The 
intermediate waveguide "30 is the main wave~ 
guide, and vit shares a separate wide wall .33 or 
34 ‘with each of ‘the auxiliary waveguides 3i and 
32, “respectively. The main waveguide ‘36] ‘has a 
probe‘ ‘35 disposed in the ‘upper wide wall 33 for 
coupling ‘with "the electrostatic v?eld, and a loop 
36 disposed in "the ‘lower wide wall 31 for cou 
pling with the electromagnetic held of thefun 
damental ,mode ‘waves.v The loop 36 is shielded 
by tubes .3‘! and 38 at both ends, and only a re 
gion which is substantially ‘parallel to the axis 
of the main waveguide is left exposed ‘for ecu-4 
pling with only ‘the magnetic ?eld, and not with 
the electrostatic ?eld. The shielding tubes '3"! 
and 33 are ‘mounted directly on the lower‘wide 
wall .34 and electrically grounded thereon. The 
loop is connected at one end to the same wall 
inside .ones'h'ielding .tube31 and pierces the‘wall 
at the other end '39 ‘through a hole 40 bored in 

' the common wall .34 concentric with the base of 
the other shielding tube .38. The other "end 39 
of the loop {3B extends into thelower auxiliary 
waveguide 32 to provide a probe for exciting 
electric waves therein,.,so that the loop ‘35. and'its 
probe .39 serve to sample the wave ?elds in the 
main waveguide 30 and set up waves in the aux 
iliary waveguideinresponse thereto. The probe 
35 in the upper wide wall 33 passes through a 
holeill in .the wall and is ,‘connected .to alloop 4,2 
which cooperates with the upper auxiliary‘ wave 
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I 
guide 3| in the same way that the main wave 
guide loop 36 cooperates with the. main wave 
guide 30. The auxiliary waveguide loop 42 thus 
couples magnetically into the upper .auxiliary 
waveguide, and is provided with two shielding 
tubes 43 and 44 at its extremities. . 
The embodiment shown in Fig. '1 bears many 

functional resemblances to ‘that of Fig. 1. In 
the main waveguide 30 the probe 35 and loop 
are disposed with their centers in the same trans 
verse plane. Since one'couples with the elec 
trostatic ?eld and the other with the electro 
magnetic ?eld, they are effectively 90 electrical 
degrees apart in the main waveguide 36 for all 
frequencies. 

?eld, while the probe 35 couples only with the 
electrostatic ?eld, the two coupling devices do 
not affect each other. The loops 36 and 42 are 
excited by or set up antisymmetric waves, while 
the probes 35 vand 39 are'excited by or set up 
symmetric waves. The main waveguide ter 
minals I and 2 are equidistant from the plane 
of the probe 35 and loop 3'5, while if desired ter 
minals 3 “and 4 may be equidistant from the probe 
39 in the lower auxiliary waveguide 32,v and ter 
minals 5 ‘and 6 may be equidistant from the loop 
42 in the upper auxiliary waveguide 3!. While 
in the embodiment of Fig. 1 accurate perform 
ance is secured by employing thin slots (a and 
1)), here the loops 36 and 42 should be made 
small and the probes should be accurately lo 
cated. The three waveguides 3d, 3! and 32 may 
be disposed mutually perpendicularly as in Fig. 
1, if desired, by relative rotation of any two of 
the waveguides around the axis of the probe 35 
or 39 in one of them. 
Referring now to Fig. 8, the invention is there 

shown as practiced with coaxial lines. A main 
coaxial line 53 and two auxiliary coaxial lines 
‘5| and 52 are coupled together through two thin 
slots 53 and 54. The slots are cut in the outer 
tube 55 of the main line 50, at diametrically 
opposed points and centered in a common trans 
verse plane. One slot 53 is circumferentially di 
rected, and the other 54 is axially directed. The 
auxiliary lines 5| and 52 are conveniently con 
nected to the main line by removing a portion of 
the outer tube of each auxiliary line so that a 
portion of the outer tube 55 of the main line, 
containing one of the ‘slots, ?ts therein, and elec 
trically and mechanically connecting each aux 
iliary line to the main line at one of these 1301‘ 
tions. The auxiliary lines are attached perpen 
dicularly to the main line and parallel to each 
other, as are the waveguides in the embodiment 
of Fig. l. A ?rst probe 53 extends into the main 
line 50 from the wall near a long edge of the 
axially directed slot 54, and a second similar 
probe 5'! extends into the upper auxiliary line 
5| from the wall near a long edge of the cir 
cumferentially directed slot 53'. The ?rst probe 
56 lies in the aforementioned common trans 
verse plane occupied by the centers of the two 
slots. 
In operation, the upper slot 53 is excited by 

longitudinal current flow in the inner skin of 
the outer tube 55 of the main line 59, while the 
lower slot 54 is excited through the ?rst probe 
56 by the electrostatic ?eld between the inner 
conductor 58 and the outer tube 55. The two 
slots are thus excited 30 electrical degrees apart 
for all frequencies that are carried in the main 
line. The upper slot 53 in turn excites its probe 
51 in the upper auxiliary line 5|, which sets up 

.‘Since the loop 36 is shielded from _ 
the electrical and couples only with the magnetic‘ 

symmetrical voltages which travel in ‘opposite 
directions toward the terminals 5 ‘and 6. The 
lower slot 54, which is effectively ‘circumferen 
tially directed with respect to the lower auxiliary 
line 52, sets up antisymmetric voltages in that 
line which travel in opposite directions toward 
the terminals 3 and 4 thereof. 

. It will be readily appreciated by those skilled 
in the art that there are many other speci?c 
arrangements that suit the purposes of the pres 
ent invention. No attempt is made here to ex 

' haust all the possibilities that come to mind. 
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Different arrangements may employ slots, probes, 
loops, and combinations of these and even other 
devices as sampling or ‘coupling elements between 
two transmission lines. Accordingly, the term 
“sampling device” that is used in the following 
claims is intended to include all these various 
forms. The invention is not limited'to the de 
tails of any particular form of sampling element, 
nor is it limited to other details of ' any of the 
particular embodiments shown herein by way of 
illustration. Therefore it is intended that the 
claims that follow shall be limited only by the 
prior-arti 

. I claim: . . 

1. An electric. wave transmission line device 
comprising: a main rectangular waveguide; a 
?rst wide wall of said wave guide having only a 
single transversely directed slot centered sub 
stantially on the center line in said first wide 
wall; the second wide wall of said waveguide 
having only a single longitudinally directed slot 
near a side edge in said second wide wall; said 
slots being substantially ninety electrical degrees 
apart in said main waveguide; and ?rst and sec 
ond auxiliary waveguides coupled to said main 
waveguide, one through each of said slots, re 
spectively. 

2. An electric wave transmission line device 
comprising; a main rectangular waveguide; a 
?rst wide wall of said waveguide having only a 
single transversely directedrslot centered sub 
stantially on the center line insaid ?rst wide 
wall; the second wide wall of said waveguide 
having only a single longitudinally directed slot 
near a side edge in said second wide wall; said 
slotsbeing centered in a common plane trans 
verse to the longitudinal axis of said main wave 
guide; and ?rst and second auxiliary waveguides 
coupled to said main waveguide one through each 
of ' said slots, respectively. 

3. An electric wave transmission line device 
comprising: a main rectangular waveguide; a 
?rst wide wall of said wave guide having only a 
single transversely directed slot centered sub 
stantially on the center line in said ?rst wide 
Wall; the second wide wall of said waveguide 
having only a single longitudinally directed slot 
near a side edge in said second wide wall; said 
slots being substantially ninety electrical degrees 
apart in said main waveguide; and ?rst and sec 
ond. auxiliary rectangular waveguides each cou 
pled at a wide wall to said main waveguide 
through one of said slots, respectively. 

4; An electric wave transmission line device 
comprising: a main rectangular waveguide; a 
first wide wall of said waveguide having only a 
single transversely directed slot centered sub 
stantially on the center line in said ?rst wide 

~ wall; the second wide wall of said waveguide 

75 

having only a single longitudinally directed slot 
near a side edge in said second wide wall; said‘ 
slots being substantially ninety electrical degrees 
apart insaid main waveguide; and ?rst and sec 
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0nd auxiliary rectangular waveguides each cou 
pled at a wide wall to said main waveguide 
through one of said slots, respectively, each of 
‘said auxiliary waveguides having its longitudinal 
,axis directed perpendicularly to that of said main 
waveguide, the ?rst auxiliary waveguide having 
said transversely directed slot located longitudi~ 
nally in its coupled wide wall between the longi 
tudinal center line and longitudinal edge there 
of, and the second auxiliary waveguide having 
said longitudinally directed slot located trans 
versely in its coupled wide wall and centered sub 
stantially on the longitudinal center line thereof. 

5.. An electric wave transmission line device 
comprising: a main rectangular waveguide; a 
?rst wide wall of. said Waveguide having only a 
single transversely directed slot centered sub 
stantially on the center line in said ?rst wide 
wall; the second wide wall of said waveguide 
having only a single longitudinally directed slot 
near a side edge in said second wide wall; said 
slots being substantially ninety electrical degrees 
apart in said main waveguide; ?rst and second 
auxiliary waveguide sections each coupled at a 
point intermediate its ends to said main wave 

1 guide through one of said slots, respectively. 
6. An electric wave transmission line device 

comprising: a main rectangular waveguide; a 
?rst wide wall of said waveguide having only a 
single transversely directed slot centered sub» 
stantially on the center line in said ?rst wide 
wall; the second wide wall of said waveguide 
having only a single longitudinally directed slot 
near a side edge in said second wide wall; said 
slots being substantially ninety electrical degrees 
apart in said main waveguide; ?rst and second 
auxiliary waveguide sections each coupled at a 
point intermediate its ends to said main wave 
guide through one of said slots, respectively; and 
a substantially re?ectionless termination in one 
end of each auxiliary waveguide. 

7. An electric wave transmission line device 
comprising: a main and ?rst and. second aux 
iliary rectangular waveguides, said main wave“ 
guide having a different wide wall in common 
With each of said auxiliary Waveguides, and said 
auxiliary waveguides being parallel‘to each other 
and perpendicular to said main waveguide; the 
wall in common with said ?rst auxiliary wave~ 
guide having a ?rst single elongated slot only , 
therein, said slot being directed perpendicularly 
to the axis of said main waveguide and parallel 
to the axis of the auxiliary waveguide, and cen 
tered substantially on the center line of the main 
waveguide and near» a side wall of the auxiliary ! 
waveguide; and the wall in common with said 
second auxiliary waveguide having a second single 
elongated slot only therein, said second slot be 
ing directed parallel to said axis of said ?rst 
waveguide and perpendicular to the axis of the 
auxiliary waveguide, and centered near a side 
wall of said main waveguide and substantially 
on the center line of the auxiliary waveguide, 
said slots being substantially ninety electrical de» 
grees apart in said main waveguide. ‘ 

8. An electric wave transmission line device 
comprising: a, main and ?rst and second aux 
iliary rectangular waveguides, said main wave» 
guide having a di?ferent wide wall in common 
with each of said auxiliary waveguides, and said 
auxiliary waveguides being parallel to each other 
and perpendicular to said main waveguide, the 
wall in common with said ?rst auxiliary wave~ 
guide having a ?rst single elongated slot only 
therein, said slot being directed perpendicularly 
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to the axis of said main waveguide and parallel 
vto the axis of the auxiliary waveguide, and cen 
tered substantially on the center line of the main 
waveguide and near a side wall of the auxiliary 
waveguide; and the wall in common with said 
second auxiliary waveguide having a second 
single elongated slot only therein, said second 
slot being directed parallel to said axis of said 
?rst waveguide and perpendicular to the axis of 
the auxiliary waveguide, and centered near a 
side wall of said main waveguide and substan— 
tially on the center line of the auxiliary wave~ 
guide; said slots being centered in a common 
plane transverse to said axis of said main wave 
guide. , 

9. An electric wave transmission line device 
comprising: a main and ?rst and second aux 
iliary rectangular waveguides, said main wave 
guide having a different wide wall in common 
with each of said auxiliary waveguides, a ?rst 
probe for coupling with the electrostatic ?eld 
in said main waveguide, a ?rst loop for coupling 
with the magnetic ?eld in the ?rst auxiliary 
waveguide, said probe and loop being electrically 

‘ connected together through the wall in common 
with said ?rst auxiliary waveguide; a second 
loop for coupling with the magnetic ?eld in said 
main waveguide, a second probe for coupling with 
the electrostatic field in said second auxiliary 
waveguide, said second probe and loop being 
electrically connected together through the wall 
in common with said second auxiliary waveguide; 
the ?rst probe and second loop being eifectively 
centered in a common plane transverse to the 
longitudinal aXis of the main waveguide; and 
means shielding each loop from the electrostatic 
?eld in its waveguide. ‘ 

10. An electric wave transmission line device 
comprising: a main and ?rst and second aux 
iliary rectangular waveguides, said main wave 
guide having a different wide wall in common 
with each of said auxiliary waveguides, a ?rst 
probe for coupling with the electrostatic ?eld in 
said main waveguide, a ?rst loop for coupling 
with the magnetic ?eld in the ?rst auxiliary 
waveguide, said probe and loop being electrically 
connected together through the wall in common 
with said ?rst auxiliary waveguide; a second 
loop for coupling with the magnetic ?eld in said 
main waveguide, a second probe for coupling 
with the electrostatic ?eld in said second aux~ 
iliary waveguide, said second probe and loop be 
ing electrically connected together through the 
wall in common with said second auxiliary wave 
guide; the ?rst-probe and second loop being 9f“ 
fectively centered in a common plane transverse 
to the longitudinal axis of the main waveguide. 

11; An electric wave transmission line device 
comprising: a main and ?rst and second aux 
iliary coaxial lines, said main line having a dif 
ferent portion of its outer conductor in common 
with each of the auxiliary lines, the auxiliary 
lines being parallel to each other and perpendic 
ular to the main line; a ?rst coupling slot in the 
common wall portion between the main and. ?rst ‘ 
lines, disposed transversely to the axis of the 
main and parallel to the axis of the ?rst lines; a 
?rst electrostatic coupling probe projecting into 
the ?rst line from the wall material adjacent 
a long edge of said ?rst slot; a second coupling 
slot in the common wall portion between the 
main and second lines, disposed parallel to the 
axis of the main and transversely to the axis of 
the second lines; and a second electrostatic cou 
pling probe projecting into the main line from 
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the wall material adjacent a long edge of said 
second slot, the centers of the two slots lying in 
a common plane transverse to the axis of the 
mainline. 

12. An electric wave transmission line device 
comprising: a main and ?rst and second aux 
iliary coaxial lines, said main line having a dif 
ferent portion of its outer conductor in common 
with each of the auxiliary lines, the auxiliary 
lines being parallel to each other and perpendic 
ular to the main line; a ?rst coupling slot in the 
common wall portion between the main and ?rst 
line's, disposed transversely to the axis of the 
main and parallel to the axis of the ?rst lines; 
a ?rst electrostatic coupling probe projecting 
into the ?rst line from the wall material adja 
cent a long edge of said ?rst slot; a second cou 
pling slot in the common Wall portion between 
the main and second lines, disposed parallel to 
the axis of the main and transversely to the axis 
of the second lines; and a second electrostatic 
coupling probe projecting into the main line 
from the wall material adjacent a long edge of 
said second slot; the center of the two slots and 
of said second probe all lying in a common plane 
transverse to the axis of the main line. 

13. An electric wave transmission line device 
comprising, a main transmission line having a 
?eld-enclosing conductor, ?rst and second wave 
sampling devices in said conductor, located at 
separate points on opposite sides of the longi 
tudinal axis of said conductor, said devices be 
ing constructed and arranged to couple with the 
electrostatic and the electromagnetic ?eld, re 
spectively, of waves in said line, said devices be 
ing disposed in locations where the instanta 
neous phase difference between said ?elds is sub 
stantially ninety electrical degrees, said sampling 
devices being the only energy passages through 
said conductors, and two auxiliary transmission 
lines, each electrically coupled to one of said 
sampling devices, respectively. 

10 

a 

30 

4.0 

14. An electric wave transmission line device ' 
comprising, a main transmission line having a 
?eld-enclosing conductor, ?rst and second wave 
sampling devices in said conductor, located at 
separate points on opposite sides of the longi— 
tudinal axis of said conductor, said devices be 
ing constructed and arranged to couple with the 
electrostatic and the electromagnetic ?elds, re— ; 
spectively, of waves in said line, said devices be 
ing located in a common plane transverse to the 
direction of wave travel in said line, said sampling 
devices being the only energy passages through 
said conductor, and two auxiliary transmission 1* 
lines, each electrically coupled to one of said 
sampling devices, respectively. 

15. An electric wave transmission line device 
comprising, a main transmission line having a 
?eld-enclosing conductor, ?rst and second cou 
pling slots in said conductor, said slots being lo 
cated at separate points on opposite sides of the 
longitudinal axis of said conductor, said ?rst slot 
being transversely disposed and said second slot 
being longitudinally disposed, said slots being 
arranged to couple in shunt and in series, re 
spectively, with waves in said line, said slots be 
ing located at points where the ?elds influencing 
them are substantially ninety electrical degrees 
apart in instantaneous phase, said slots being the 
only passages through said conductor, and ?rst 
and second auxiliary transmission lines coupled 
to said main line, one through each of said slots, 
respectively. 

16. An electric wave transmission line device 
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comprising, a main transmission line having a. 
?eld-enclosing conductor, ?rst and second cou 
pling slots in said conductor, said slots being lo 
cated at separate points on opposite sides of the 
longitudinal axis of said conductor, said ?rst slot 
being transversely disposed and said second slot 
being longitudinally disposed, said slots being 
arranged to couple in shunt and in series, re 
spectively, with waves in said line, said slots be 
ing centered in a common plane transverse to 
the direction of wave travel in said line, said 
slots being the only passages through said con 
ductor, and ?rst and second auxiliary transmis 
sion lines coupled to said main line, one through 
each of said slots, respectively. 

17. An electric wave transmission line device 
comprising a main rectangular waveguide having 
its ?rst wide wall pierced by only a transversely 
directed slot centered substantially on the longi 
tudinal center line of said ?rst wall and its sec 
ond wide wall pierced by only a longitudinally 
directed slot located between the longitudinal 
center line and a longitudinal edge of said sec 
ond wall, said slots being spaced along the longi 
tudinal axis of said waveguide substantially 
ninety electrical degrees at the operating fre 
quency, and separate circuit means coupled to 
each of said slots. ' 

18. An electric wave transmission line device 
comprising a rectangular waveguide having its 
?rst wide wall pierced by only a transversely 
directed slot centered substantially on the longi 
tudinal center line of said ?rst wall and its sec 
ond wide wall pierced by only a longitudinally 
directed slot located between the longitudinal 
center line and a longitudinal edge of said sec~ 
ond wall, said slots being centered substantially 
in a common plane perpendicular to the longi 
tudinal axis of said waveguide, and separate cir 
cuit means coupled to each of said slots. 

19. An electric wave transmission line device 
comprising a main transmission line, ?rst and 
second electric wave sampling devices electrically 
coupled to said line at ?rst and second separate 
regions, respectively, which regions lie in a com 
mon plane transverse to the direction of wave 
propagation in said line and are loci of electric 
wave manifestations having an instantaneous 
phase difference equal to one-quarter period, a 
?rst auxiliary transmission line electrically cou 
pled at a point intermediate its ends to said ?rst 
device in a fashion to propagate coupled energy 
in like phase toward both of its ends, and a sec 
ond auxiliary transmission line electrically cou 
pled at a point intermediate its ends to said sec 
ond device in a fashion to propagate coupled 
energy in mutually opposite phases toward both 
of its ends. ‘ 

20. A transmission line device according to 
claim 19 including a substantially nonre?ective 
‘termination in one end of each of said auxiliary 
transmission lines. 

21. In an electric wave system wherein a gen 
erator of electric waves is connected through a 
transmission line to a load, apparatus for indi 
cating the standing wave ratio in said line com 
prising a main transmission line section, ?rst 
and second electric wave sampling devices elec 
trically coupled to said section at ?rst and sec— 
ond separate regions, respectively, which regions 
lie in a common plane transverse to the direction 
of wave propagation in said section and are loci 
of electric wave manifestations having an in 
stantaneous phase di?erence equal to one-quar 
ter period, a ?rst auxiliary transmission line 
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electrically coupled at a point intermediate its 
ends to said ?rst device in a, fashion to propagate 
coupled energy in like phase toward both of its 
ends, a second auxiliary transmission line elec 
trically coupled at ‘a point intermediate its ends 
to said second device in a fashion to propagate 
coupled energy in mutually opposite phases to 
ward both of its ends, said main section being 
inserted in said transmission line, and means in 
said transmission line for adjusting the sym 
metry of the waves therein with respect to said 
sampling devices. 

THEODORE S. SAAD. 
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