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This invention relates to microwave power controlling 
devices and more particularly to a high-power microwave 
variable attenuator or power divider utilizing a microwave 
vertebra section in combination with a rotatable circular 
waveguide section coupled in a ?xed or stationary rec 
tangular waveguide system. 
Many types of microwave attenuator and power 

dividers are well known in the art, these well known de 
vices being of the type in which a rotatable section of 
circular waveguide is coupled in a rectangular waveguide 
conductor for rotating the electrical ?eld of the micro 
wave energy in the circular waveguide to attenuate the 
energy or to divide it for rectangular waveguide outputs 
coupled to the circular waveguide section. Ordinarily, 
one of the rectangular waveguides, either the input or the 
output, is made to rotate with the rotatable circular wave 
guide section, or a rotatable portion of the circular wave 
guide section has a lateral rectangular waveguide output 
that must rotate therewith which is a disadvantage in 
coupling rectangular waveguides in a system a part of 
which must be rotated with a part of the attenuator or 
divider device. Where the rectangular waveguide input 
and output sections are stationary, the known devices use 
an electromagnetic rotating ?eld means ?xed externally 
of the circular waveguide section and these devices ordi 
narily require a ferrite element within the waveguide 
which must be suspended by a low loss dielectric material 
in order to produce rotation of the electrical ?eld of the. 
microwave energy. The latter attenuator or power di 
vider devices have a greater loss factor and are certainly 
more expensive to buildv than the ?rst-mentioned device 
as well as having limitations as to power handling capa 
bilities without cooling equipment. Other well known 
attenuators use resistive strips adjustable within the ,wave 
guide but such attenuators are for low power and are not 
considered material herein. 

In the present invention, input and output rectangular 
waveguide sections are ?xed against rotative movement 
thereof so‘ that they may be permanently ?xed in a rec 
tangular waveguide system. The attenuator device con 
sists of a rectangular waveguide vertebra section having 
one end ?xed to the ?xed rectangular waveguide input 
and the other end thereof ?xed to one end of a rotatable 
portion of a circular waveguide section, the stationary 
portion of the circular waveguide Section being ?xed to 
the ?xed rectangular waveguide output. The ?xed por 
tion of the circular waveguide may have a rectangular 
waveguide output whereby attenuation may be controlled 
in the two rectangular waveguide outputs. For simplicity 
in control of the device the rectangular waveguide input 
is ?xed in a forty-?ve degree angular relation with respect 
to the rectangular waveguide output so that the rotatable 
portion of the circular waveguide may be rotated in either 
angular direction within forty-?ve degrees to produce 
complete attenuation or power division control of the 
microwave energy. The coupling of the output end of the 
rectangular waveguide vertebra section to the input end 
of the rotatable portion of the circular waveguide pro 
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2 
duces a skewed rectangular waveguide passage into the 
circular waveguide section except when the rotatable 
portion thereof is in its intermediate or neutral position 
wherein the rectangular waveguide vertebra section is 
aligned. In the present invention the voltage standing 
wave ratio (VSWR) remains su?iciently low so that any 
input device or any transmitting device will not adversely 
aifect the primary function of the device itself; that is, the 
impedance is substantially constant. It is, therefore, a 
general object of this invention to provide a high-power 
microwave variable attenuator or power divider which 
is controllable for microwave energy passed therethrough 
from ?xed or stationary rectangular waveguide input and 
output sections. 
These and other objects, features, uses, and the at 

tendant advantages will become more apparent to those 
skilled in the art as the description proceeds and con 
sidered along with the accompanying drawing, in- which: 

Figure 1 illustrates a preferred embodiment of the 
assembled attenuator or divider adjusted in one of its 
extreme positions, 

Figure -2 illustrates an exploded view of the relative 
position of the rectangular waveguide vertebra elements 
for the adjustable position of the rotatable circular wave 
guide portion of Figure 1, 

Figure 3 illustrates the attenuator or power divider as 
shown in Figure 1 but with the rotatable circular wave 
guide portion adjusted in its other extreme position, and 

Figure 4 illustrates an exploded view similar to that of 
Figure 2 but with the rectangular waveguide vertebra 
parts positioned in correspondence with the rotatable cir 
cular waveguide portion position as shown in Figure 3. 

Referring more particularly to Figures 1 and 2, a 
microwave variable high-power attenuator or power di- 
vider is illustrated as a unit by the reference character 10. 
which has a rectangular waveguide input section 11 and 
a rectangular waveguide output section 12 ?xed or at 
tached thereto in any ‘well known manner. As illustrated, 
the rectangular waveguide output section 12 is shown- with 
the broad sides thereof lying in a horizontal plane and 
the broad side of the rectangular waveguide input section 
111v resting in a plane forty-?ve degrees. with the hori 
zontal plane. The rectangular waveguide section- 11 is 
coupled to a rectangular waveguide vertebra section 13 
as by'coupling ?anges 14 or any other suitable means well 
understood in the art. The output end of the rectangular 
.waveguide vertebra section 13 is coupled by ?anges 15 
or other suitable means to the input end of a circular 
waveguide section 116, the input end of the circular wave 
guide section having a rotatable portion 17 with‘ respect 
to a ?xed portion 18 that is rotatable through a rotatable 
joint 1901? any suitable type well known in the circular 
waveguide art. The rotatable circular waveguide portion 
17 is adapted to be rotated in any suitable manner manu 
ally or by power actuator means as for servo operation 
but is herein illustrated for the purpose of this invention 
as being manually actuated by a handle 20 ?xed in any 
suitable manner to the exterior of the rotatableportion 
of the circular waveguide section. A second rectangular ,7 
waveguide output may be coupled to the stationary or 
?xed portion of the circular waveguide section and is. 
herein illustrated as being a rectangular waveguide sec~v 
tion 21 vertically positioned on the circular portion 18 _ 
with the broad sides thereof paralleling the longitudinal . 
center line of the circular waveguide section. Microwave 
energy, propagating in the TEM mode is conducted _ 
through the rectangular waveguide input section 11 and _ 
transduced, as is well understood by those skilled in the 
art, to the TEM mode within the circular Waveguide sec- . 
tion and is thereafter conducted in the TEm mode through _ 
the outlets -12 and 21 in accordance with the attenuation. _ 
or power divider adjustments of the rotatable. circular . 
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waveguide portion 17. When the adjusting handle 20 is 
in its intermediate position in which it is at a right angle 
position to the broad sides of the rectangular waveguide 
input section 11, the microwave frequencies will be power 
divided approximately equal between the outlets 12 and 
21 as will hereinafter be made clear. 
The rectangular waveguide microwave vertebra sec 

tion ‘13 has a plurality of discs a, b, c, and d, which are 
arranged in a relatively rotatable juxtaposed position and 
retained in this position by any suitable means. The par 
ticular construction and arrangement of the vertebra sec 
tion is only illustrated herein for the purpose of this 
invention, no e?ort being made to show a complete pre 
cision item since commercial items are su?iciently shown 
and described in textbooks or catalogs one of which is 
being referred to herein for such description in “Micro 
wave Components” by Carl W. Schutter in three volumes. 
For the purpose of illustration herein the discs 0, b, c, and 
d are controlled in their relative rotative movements by a 
strap 25 that is pivotally connected to a pin in the circum 
ference of each of the discs a to d the input end of which 
is pivotally anchored to the ?ange 14 or other member 
?xed with respect to the rectangular waveguide input 
section 11, and the other end is pivotally anchored at 26 
to the ?ange 15 or other member ?xed with respect to 
the rotatable portion 17 of the circular waveguide section 
16. From the foregoing it may be realized that upon 
adjustable rotation of the handle 20 the several vertebra 
discs a to 1d will be progressively rotated in angular rela 
tion and the angular displacement relation can be ob 
tained by the placement of the pivotal connections 25—-26 
on the discs. 
The angular relation of the vertebra discs a to d may 

best be understood by Figure 2 wherein an exploded view 
of these discs are shown positioned in the condition in 
which the handle 20 and strap 25 are positioned as shown 
in Figure 1. Each disc has a rectangular waveguide 
passage 27 therethrough which, in the assembled condition 
as shown in Figure 1, will produce a straight rectangular 
waveguide passage when the handle 20 is at right angles 
to the broad sides of the rectangular waveguide input 
11 or will produce a skewed rectangular waveguide pas 
sage in either angular direction as the rotatable portion 
section 17 of the circular waveguide section is rotated on 
either side of its neutral position. As viewed in Figure 2, 
the vertebra discs are positioned to skew the rectangular 
waveguide input in a clockwise direction as seen from the 
microwave energy input end wherein the operating handle 
20 is in its extreme vertical position. In the position of 
handle 20 as shown in Figure 1, the electrical ?eld of 
microwave energy in the TEM mode entering through the 
rectangular waveguide input 11 shown by the arrows will 
be transduced to the TEM mode electric ?eld within the 
circular waveguide section which electric ?eld will be 
predominately vertical as shown in dotted lines within 
the rotatable and stationary portions 17 and 18 of the 
circular waveguide 16. This electric ?eld is in the proper 
direction to establish a substantially full power electrical 
?eld in the transduced TEN mode in the rectangular wave 
guide output 12. The attitude of the predominately verti 
cal electric ?eld in the TEM mode will prevent the micro 
wave energy from entering the lateral rectangular wave 
guide output 21. Consequently, in the position of the 
rotatable portion 17 and the handle 20 in Figure 1 the 
microwave energy conducted into the rectangular wave 
guide input section 11 is conducted substantially full 
power through the rectangular waveguide output 12, the 
only attenuation being that of inaccuracies in the con 
struction of the inner walls of the waveguide and the 
slight projections caused by the vertebra disc passages 27. 
While the vertebra discs a to d could be rotated such that 
they retain an equal angular difference between adjacent 
discs, it has been found preferable to actuate these discs 
through the strap 25 and the pivoted connections 26 such 
that the discs a and d are able to rotate plus or minus nine 
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4 
degrees and the discs b and c to rotate plus or minus 
thirteen and one-half degrees with respect to each other. 
It is also important that the longitudinal length of the 
discs and particularly the rectangular waveguide passages 
27 be about one-quarter wavelength of the microwave 
energy transmitted to provide good design characteristics 
of the conducted microwave energy. Also, while four 
such discs are shown and described as constituting the 
vertebra section 13 with the preferred maximum angular 
relationship, it is to be understood that a greater number 
of such discs or possibly a lesser number may be used 
without departing from the spirit of this invention. 

Referring more particularly to Figures 3 and 4, where 
in like reference characters are used for like parts as 
shown in Figures 1 and 2, it is to be noted that the 
rotatable portion 17 of the circular waveguide section 
is in its extreme counter-clockwise position in which 
the discs 0 to d of the vertebra section are each in their 
extreme counter-clockwise position as illustrated in the 
exploded view of ‘Figure 4. In the adjusted position as 
shown in Figure 3 the electric ?eld of the microwave 
energy in the TEm mode conducted through the rec 
tangular waveguide input section 11 is rotated so that 
the attitude thereof is predominately in the horizontal 
plane in the TEM mode within the circular waveguide 
section 16. Since the electric ?eld of the microwave 
energy in the TEM mode within the circular waveguide 
section 16 is paralleling the broad sides of the rectangular 
waveguide output section 12, no microwave energy in 
the TEm mode can be established in the waveguide out— 
put 12 whereby microwave energy to output 12 is cut 
off. Under the same conditions the electric ?eld in the 
circular waveguide section 16 is proper to establish an 
electric ?eld in the 'TEM mode in the lateral output 21 
whereby substantially full power of the microwave en 
ergy applied to the input 11 is conducted through the 
output 21. As may now be well understood, adjust 
ment of the rotatable circular portion 17 of the circular 
waveguide section 16 will inversely attenuate the micro 
wave energy transmitted through the outputs 12 and 
21 which may also be stated as producing microwave 
power division between the outputs 12 and 21. The fo1~ 
lowing equation sets out in general the attenuating action 
although the results of re?ections are not accounted for 
therein: 

Po 
db: 10 log :3 

where 

P0=P1 cos2 0 or P1 sin2 0 
P1='=input power 
Po=output power 
0=displacement angle 
The operation of the variable attenuating device is be 

lieved to be well understood from the description above. 
It is to be understood that if the rectangular waveguide 
output 21 includes a power absorbing branch the micro 
wave energy may be attenuated for the single rectangular 
waveguide output 12 by adjustment of the handle 20 
between its two extrme rotative positions of ninety de 
grees. By this device the rectangular waveguides 11, 
12, and 21 may all be coupled into a stationary system 
since none of these waveguide inlet or outlet sections are 
moved or rotated in any manner, the complete operation 
of attenuating or power dividing the energy being pro 
duced solely by the rotating elements‘in the waveguide 
component 10. 

While many modi?cations and changes may be made 
in the constructional details and features of this inven 
tion without departing from the spirit or scope thereof, it 
is to be understood that we desire to be limited only in 
the scope of the appended claims. 
We claim; 
1. A variable, high-power waveguide attenuator com 
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prising: a waveguide section having a rectangular wave 
guide input and a rectangular waveguide output in align 
ment on opposite ends of a circular waveguide, said in 
put and output being oriented with the long dimensions 
thereof at forty-?ve degrees ?xed angular relation; a 
rotatable portion and a stationary portion in said circular 
waveguide, said stationary circular waveguide being in 
?xed relation with said rectangular waveguide output; 
and a vertebra section of a plurality of relatively rotatable, 
contiguous discs, each having a rectangular waveguide 
passage therethrough, coupled between said input and 
said rotatable portion of said circular waveguide and 
relatively rotatably connected to be actuated to produce 
equal angular difference between said rectangular Wave 
guide passages in all angular positions and to produce 
a continuous straight rectangular Waveguide in an inter 
mediate rotative position whereby microwaves entering 
through said input may be variably attenuated for said 
output by not more than forty-?ve degrees rotation of 
said rotatable portion of said circular waveguide from 
said intermediate position. 

2. A variable, high-power microwave attenuator con 
trolling device comprising: a waveguide component having 
a rectangular waveguide input and a rectangular wave 
guide output in alignment on opposite ends of a circular 
waveguide section, said rectangular waveguide input and 
output being oriented at a ?xed forty-?ve degrees rela 
tive angle; a rotatable portion and a stationary portion 
in said circular waveguide section, said stationary cir 
cular waveguide section having a lateral rectangular wave 
guide outlet thereon and ?xed relative to said rectangular 
waveguide output; and a vertebra section between said rec 
tangular waveguide input and said rotatable portion of 
said circular waveguide, said vertebra section including 
a plurality of discs, each about one-quarter wavelength 
along with a rectangular waveguide passage therethrough 
and in juxtaposed, relatively rotatable position with con 
necting means therebetween to maintain equal angular 
displacement between adjacent discs in all rotatable posi 
tions of the vertebra section to provide a continuation of 
said rectangular waveguide input in one rotatable posi 
tion and to skew said continuation of rectangular wave 
guide input in other rotatable positions of said rotatable 
portion of said circular waveguide section whereby micro 
wave energy from said input is attenuated inversely 
through said outputs from zero to the level of the input 
microwave energy upon ninety degree variable control 
of said rotatable portion of said circular waveguide 
section. 

3. An attenuator device as set forth in claim 2 where 
in a microwave energy electric ?eld is transduced from 
the TEM mode to the TB“ mode in passing from the 
rectangular waveguide input through said vertebra sec 
tion into said circular waveguide, and said rotatable por 
tion of said circular waveguide section rotates said TE“ 
electric ?eld with respect to said input. 

4. A variable, high-power microwave attenuator con 
trolling device comprising: a waveguide component 
having a rectangular waveguide input for receiving micro 
wave energy of an electric ?eld in the TEM mode and a 
rectangular waveguide output in alignment on opposite 
ends of a circular waveguide section, said rectangular 
waveguide input and output having the broad sides there 
of oriented and ?xed at forty-?ve degrees angular rela 
tion; a rotatable portion and a stationary portion in said 
circular waveguide section, said stationary circular wave 
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6 
guide portion having a second rectangular waveguide 
output thereon and being ?xed with respect to said ?rst 
mentioned output; and a vertebra rectangular waveguide 
section between said rectangular waveguide input and 
said rotatable portion of said circular waveguide, said 
vertebra section including a plurality of juxtaposed and 
relatively rotatable discs with aligned rectangular wave 

ide passages therethrough of about one-quarter wave 
length and actuatably rotatable with substantially equal 
angular di?erence between adjacent discs in all rotatable 
positions to couple said rectangular input with said cir 
cular waveguide rotatable portion to produce a variable 
skew of said rectangular waveguide input and vertebra 
section to rotate the electric TEM ?eld establishing a 
variably rotated electric T-Eu ?eld in said stationary 
circular waveguide portion whereby microwave energy 
is attenuated inversely through said rectangular wave 
guide outputs by variably adjusting said rotatable circular 
waveguide portion. 

5. An attenuator as set forth in claim 4 wherein said 
rotatable circular waveguide portion is rotatable through 
ninety degrees, the intermediate rotative position bring 
ing said rectangular waveguide passages of said vertebra 
discs and said inlet into registry. 

6. A variable, high-power microwave attenuator con 
trolling device comprising: a waveguide component 
having a rectangular waveguide input section for trans— 
mitting microwave energy with an electric ?eld in the 
TEM mode and a rectangular waveguide output section 
in alignment on opposite ends of a circular waveguide 
section, said rectangular waveguide input and output sec~ 
tions having the broad sides thereof oriented at forty 
?ve degrees angular ?xed relation; a rotatable portion and 
a stationary portion in said circular waveguide section, 
said stationary circular waveguide portion being ?xed to 
said rectangular waveguide output section and having a 
lateral rectangular waveguide output thereon with the 
broad sides thereof in planes parallel to the longitudinal 
centerline of said circular waveguide section; and a 
vertebra rectangular waveguide section having one end 
?xed to said rectangular waveguide input section and 
the other end ?xed to said rotatable circular waveguide 
portion ‘for having rotatable movement imparted thereto 
to rotate the electric ?eld of microwave energy, said 
vertebra section having a plurality of rotatably juxta~ 
posed discs with rectangular waveguide passages there 
through of about one-quarter wavelength which are ro 
tated with substantially equal angular difference main 
tained therebetween to produce a skewed rectangular 
waveguide passage from the input to said circular wave 
guide section thereby establishing an electric ?eld TE“ 
mode in said circular waveguide section whereby the 
microwave energy is attenuated inversely through said 
rectangular waveguide outputs in the TED; modes by 
varying the adjustment of said rotatable circular wave 
guide portion. 
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