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This application is a continuation `in »part of my co 
pending application 'Serial No. '135,759, 'filed 4December '29, 
§194‘9,1United States VPatent 2,656,513 granted October'20, 
A195'3, Vfor Wave Guide Transducer, `and relates to wave 
transmission systems `for the transmission fof electromag 
netic microwaves through hollow metallic 'wave 'guides 
and more particularly, `to -the separation of v,guided waves 
of ̀one mode ̀ from those of another. 

Such l guided waves, as is well known in the microwave 
transmission `art, are capable of transmission in an in 
finitely large number of forms ̀or modes, each ̀ mode ¿being 
>distinguished by the characteristic vconfiguration of fthe 
component electric vand magnetic fields comprising the 
‘waves 

These waves have been divided into two broad classes. 
‘In `one class the electric component ofthe wave is trans 
`verse to the metallic pipe guide, and at no .point >does ‘it 
‘have a longitudinal component. The magnetic component, 
on ¿the other hand, has bot-h `transverse and longitudinal 
components. This class has been designated as “trans 
verse electric” waves or TE waves. In the .other class, ‘the ' 
magnetic component is transverse to the pipe and at no 
point does it have a longitudinal component, but ithe elec 
:tric component has in general both transverse and longi 
-tudinal components. This class has .been designated as 
‘îtransverse magnetic” waves or TM Waves. 
The waves 4in each of these classes »have been »further 

identified and distinguished from each other by their mode 
:or the pattern of wave energy distribution as it 4appears .in 
fthe cross-section of the wave guide. A complete discus» 
sion of wavemodelmay Vbefound in any standard textbook 
.of-microwaves and microwave guides. For the‘purpose of 
¿the :present disclosure, ’the usual yconvention is herein 
»adopted of 'designating a transverse electric wave TEmn 
where, in ya rectangular wave guide, my represents the 
,number „of half @period variations of the ytransverse -com 
ponent encountered in passing `across .the width of the 
'wave-guide `cross-section, and n represents the number 
.of <l1al-f jperiods Aof transverse components encountered rin 
,-passingacross the height ofthe wave guide; vand inacir 
„cular or cylindrical wave guide, m ,represents the „number 
tot .whole,periods«of Ithe transverse component encountered 
,inrunning .around the .circumference of the :cross-section, 
and .n .represents Àthe number of ̀ half periods encountered 
in passing along the radius of .the .wave-,guide'cross-section. 
.For example, >in a rectangular wave guide, TEin :repre 
.sents .a wave .having ̀ a one-,half electric period Variation 
«across .the width of .the guide, and, since the field ,is :uni 
form, .there is no variation across the height of the guide. 
This _'is commonly known ,as the dominant ,mode wave. 

likewise, Iin a cylindrical wave guide, TEoi represents a 
wave whose electric field is wholly tangential and forms 
a series of circles concentric with the axis, and wherein 
:no‘variations in the electric field ‘are encountered around 
Aithe Acircumference 'o'f the cross-section, but rather, a one 
”h‘ál'f‘period ̀ is `encountered along the radius thereof. ‘This 
’tlatter‘wave mode is 'comm-only'known asa circular electric 
Wave. 
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-It is aparticular object of the .present invention to con 
vert multimode wave >power to substantially `pure wave 
-power of rthe circular electric Ymode by filtering or absorb 
ing therefrom spurious mode power having an undesirable 
form. 

It is a further object of the present> invention ’to dissi 
pate electrical wave power having electrical mode con 
figurations Adiiferent from the mode configurations of the 
circular electrical wave. » 

The -na'tureof the Ipresent invention, its various objects, 
features, and advantages, will appear more fully upon 
consideration of the yembodiments illustrated in the accom 
panying drawings and the following detailed description 
thereof. 

In the drawings: 
Fig. ‘1 shows in detail a perspective "view of one form 

of the .spurious mode absorber in accordance with vthe 
invention; 

fFig. 12 shows a cross-sectional view of Fig. 1 as indi 
cated; 

Fig. 3 s‘hows a cross-sectional view of Figs. l `and 2 
as ̀ in'dicatedon Fig. 2; 

Fig. `4 illustrates an alternate embodiment of the inven 
tion taken in cross-sectional víewat the position ‘of Fig. ‘3; 

Fig. 5 ̀ shows in a perspective view a refined embodiment 
`of 'the r'spurious mode wave absorber in accordance vwith 
'the invention; rand 

Fig, '6 shows the cross-sectional view of Fig. '5 as »indi 
cated. 

In general, the spurious mode wave ̀ absorber I'comprises 
a plurality of thin vanes of ̀ resistive ‘material disposed 
‘radially in ̀ a 'circular wave-guide section in such a way that 
‘the plane surface of the resistive »material is normal to the 
.lines of electrical field of a circular electric Wave. This 
.particular field distribution is, therefore, lunaffected by 
the resistive material while other field distributions induce 
electrical currents in the material‘and are thereby dissipat 
ed. Certain refinements, in accordance with the invention, 
will be shown relating tothe shape of and means for sup 
porting the vanes to improve the characteristics of Vthe 
absorber in the manner to be described. 

While the spurious mode wave absorber is of importance 
in absorbing spurious modes generated by a circular elec 
tric wave >transducer as shown and described inthe above 
mentioned copending application, it is by no means 'limited 
to vthis application. Spurious modes may arise 'as the re 
sult of an imperfect >transmission line due to small ̀ devia 
tions from circularity or slight impedance irregularities 
in the line. Further, they may be developed by terminal 
devices, tapers, or other components which introduce 
either by ’reflection or by transmission, modes other 'than 
the ̀ desired one. In each of these cases'the ‘spurious mode 
power may be suppressed by the use ofthe absorber fem 
ployed in conjunction with the device tending ‘to produce 
lthe undesired modes. 
To insure complete elimination of the spurious modes, 

' lthe reflection `coefficient :of lthe absorber should be low; 
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otherwise the reflected component may produce undesired 
mode interference effects. At the <same time it is required 
that the effect on the desired mode, in this case the TEoi, 
be a minimum, or that fthe attenuation of the TEoi wave 
be a small value. Further, the spurious mode wave ab~ 
`sorber should possess the additional characteristic that :no 
new modes ̀are introduced or ̀ that one spurious mode will 
not .be converted into another mode. These factors are 
all substantially met in the spurious mode absorbers now 
to Abe shown and described in detail. _ 

Fig.` 1, and its cross-sectional views, Figs. 2 and 3, 
each taken as indicated on the drawing, illustrate one 
form of novel and advantageous construction of a spuri 
ous mode wave absorber in accordance> with the inven 

` tion. Casing 13 is a section of a circular wave guide 



,desirable to use an even number of cards. 

,of low dielectric constant. 
.foam or styrofoam have proven satisfactory. 
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constructed of an electrically conductive material. Ra 
dially disposed in guide 13 and symmetrically arranged 
about the axis thereof are a plurality of resistive film 
cards or vanes such as 11, 14, 18 and 19, each extending 
in its transverse dimension fromthe axis of guidek 13 to 
the inner surface of guide 13 and extending in its longi 
tudinal dimension along a length of guide 13. These 
cards or vanes are very thin sheets of llow dielectric ma 
terial, for example, polystyrene, coated with a ñlm of 
resistive material, for example, carbon black. The thick 
ness of the cards may be of the order of 0.003 inch and 
they should have a resistivity in the range of 100 to 
1000 ohms per square inch of surface. 
To improve the matching of the absorber to the cou 

pled transmission system and to reduce the reilection co 
eñicient, the resistive cards may be staggered in the 
guide, alternate cards being offset from the remainder 
by one-quarter Wavelength of the mean froquency of the 
waves to be conducted by the absorber. Thus, as shown 
1nfF1g. 1, cards 11, 21, etc. are located one-quarter 
_'wavelength to the left of the alternate cards 14, 18, 19, 
etc. When employing this staggered feature, it will be 

The exact 
number of cards required depends in general upon the 
highest order sectorial wave to be absorbed. For ex 
ample, in the case 0f a TEzi Wave where the electrical 
configuration is repeated in four quadrants of the guide 
cross-section, preferably eight or more cards should be 
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used. For a TE41 wave in which the electric conñgura- „ 
tion is repeated eight times around the circumference, at 
least sixteen cards should be used. In general, a much 
„larger number of cards than the apparent minimum 
should be used to assure complete cancellation of all 
¿higher order modes. 

The thin resistive cards, such as 11, 14, 1S, 19 and 
21, are held in place sandwichwise between wedge-shaped 
or sectorial cross-sectioned supporting spacers, such as 
12, 15, 16, 17, 20, etc. For example, resistive card 11 
is held between the surfaces of spacers 12 and 16, and 
resistive card 19 is held between the surfaces of spacers 
>12 and 15. This is clearly seen in the cross-sectional 
view of Fig. 2. The spacers are made of any material 

The plastic materials of poly 

In order to improve the TEoi impedance match and 
to lower the reflection coefficient, the spacers are stag 
gered one-quarter wavelength in the manner of resis 
tive cards. As shown in Fig. l and the cross-sectional 
view of Fig. 3, spacers 15 and 20 are located one-quarter 
wavelength to the left of spacers 12 and 17, respective 
ly, and the other spacers are arranged in like manner al 
ternately around the guide. 
Even though the resistive cards are very thin and are 

constructed from material of very small dielectric con 
stant, there will be a certain amount of reflection from 
the edges of each card. This effect is, of course, mini 
mized by the quarter wave staggering described above. 
It may be further minimized by tapering the edges of 
each card over a distance of several wavelengths, thus 
making the flat plane of each card a trapezoidal shape. 
This is most clearly seen in the cross-sectional view of 
Fig. 3 which is taken through the resistive fins 18 and 19 
and shows one of the tapered radial end portions of 
cards 18 and 19. Cards 18 and 19 are disposed in the 
wave guide 13 with the longer of the trapezoidal bases 
adjacent to the inner surface of wave guide 13, and the 
shorter of the bases at the center, along the axis thereof. 

Fig. 4 shows an alternative taper arrangement for the 
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resistive cards and may be considered as a modiûed view v 
of Fig. l taken at the position of and in substitution of ' 
the cross-sectional View of Fig. 3. In Fig. 4 resistive 
cards 25 and 26 are shown as trapezoidal shaped and dis 
posed in guide 13 with the shorter base of the trapezoid 
located adjacent to the inner surface of guide 13 and the 
longer base at the center along the axis of guide 13. 75 

-ligible amount of power. 

4 
Numerous yother card shapes may be employed with 
similar effect and improvement. For example, instead 
of a linear taper, a curved radial end would serve to 
minimize reflection, the important principle being that 
each point of the radial edge appears at a different po 
sition along the length of guide 13 so that reñections 
from one point will be in phase opposition with a reñec 
tion from some other point and thus, the total reflec 
tion will be cancelled. Whether the disposition shown 
in Fig. 3 or the disposition shown in Fig. 4 is employed, 
Vthe cards should be of such total longitudinal dimension 
that either of the trapezoidal bases will extend along the 
axis of wave guide 13 for several wavelengths. 
The operation of the spurious mode absorber depends 

on the electric field distribution of the desired TEoi mode 
relative to the undersired modes. The electric field of 
the TEni wave is circular, having only tangential electric 
field components which are limited to the transverse plane, 
as shown on Fig. 2. This is also true of the higher or 
der circular electric waves. If therefore a thin strip of 
resistive material, such as card 14, is placed radially along 
the line Oa as shown on Fig. 2, it will lie along equipo 
tentials of the electric field and will absorb only a neg 

When such a strip is extended 
longitudinally along the guide, the performance remains 
the same for all similar electric wave components. The 
vtransverse waves, such as the TEu, have transverse and/ 
or radial components of electric field. Such fields will 
induce currents in the resistive strip and thereby dis 
sipate the wave power. Also TM waves which have 
longitudinal electric fields will cause a current to flow 
longitudinally in the card and will also be dissipated 
thereby. 
Having thus described the principles of the invention 

with reference to a specific embodiment, certain refine 
ments thereof may be pointed out which are of particular 
application when the spurious mode absorbers of the type 
described are employed at very high frequencies in small 
diameter wave guides. When a large plurality of resis 
tive cards of the type described are disposed in the small 
-er Wave guides, there results a large concentration of 
both dielectric and resistive material in the center area 
of the wave guide. The concentration of dielectric ma 
terial tends to distort the ñeld configuration of the TEor 
wave and to introduce new or spurious modes. 
A further diñiculty presents itself at very high fre 

quencies in small guides in that it is extremely difficult 
to maintain a uniform electrical contact between the 
longitudinal edge of a very thin resistive card and the 
vinner wall of the wave guide at each and every point 
along the longitudinal length of several wavelengths. If 
the cards at one point are in contact with the inner sur 
face and not at another, the transmission line becomes 
asymmetrical and tends to introduce transmission loss 
to the circular electric wave. 

Both of these difficulties are overcome in the reñned 
Vembodiment of the invention shown in Fig. 5. The resis 
tive cards, such as 29 and 30 of Fig. 5, are disposed in 
>wave guide 13 and supported in small recesses in the 
radial faces of the spacers, for example, spacers 31 and 
32, in a similar manner to that described with reference 
to Figs. 1, 2 and 3 above. Resistive cards, for example, 
cards 29 and 30, have a transverse dimension, i. e., a di 
mension along the radius of guide 13 which is somewhat 
shorter than the radius of the guide. This dimension is 
'sufficiently shorter than the guide radius that cards 29 
`and 30 may be centered along the radius in such a manner 
'as to leave a small gap, for example, one per cent of one 
wavelength, between the outer longitudinal edge of the 
card and the inner surface of guide 13, and a center gap, 
for example, in the range of one-quarter of a wavelength, 
between the axis of guide 13 and the inner longitudinal 
edge ofthe card. This is most readily seen in the cross 
sectional view of Fig. 6, taken at lthe position indicated 
on Fig. ,5, Thus, the small gap at wave-guide wall 13 is 
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indicated by the dimension a and the larger gap at the 
center is indicated by the dimension b. Since the undesir 
able spurious modes have longitudinal and transverse 
components distributed throughout the guide as well as 
in the center portion and the portion immediately adja 
cent to the wave-guide wall, a resistive Íilm extending 
partially along the radius is substantially as effective in 
absorbing these waves as one extending along the entire 
radius. Thus, the unnecessary dielectric material from 
the center' section of the wave guide has been removed 
in the embodiment of Fig. 6, removing the distorting con 
centration of dielectric material. The unnecessary por 
tion of the resistive film at the outside edge is removed 
and this eliminates the possibility of uneven contact be~ 
tween the cards and the inner surfaces of the guide, pro 
viding instead the uniform clearance of gap a. 
The cards 29 and 30 of Fig. 6 have been illustrated as 

rectangular, but it should be apparent that the tapered 
cards of Figs. 3 and 4 or the curved cards above-men 
tioned, may likewise be employed in the embodiment of 
Fig. 6 in order to reduce the reflection of wave energy 
from the radial edges of the cards. 

In wave guides of relatively large diameter it is pos 
sible to use resistive cards of suflicient thickness as to 
be self-supporting and to eliminate the supporting spacers. 
For this purpose the cards may be in the order of 0.025 
inch thick. In many of the smaller Wave-guide sizes, the 
eiîect of the dielectric constant of the thick strips becomes 
appreciable and thus tends to introduce higher order cir 
cular electric waves. In these cases it is preferable to use 
the thin, supported cards. 

In all cases, it is to be understood that the above~ 
described arrangements are illustrative of the application 
of the principles of the invention. Numerous other ar 
rangements may be devised by those skilled in the art 
without departing from the spirit and scope of the inven 
tion. 
What is claimed is: 
1. In a transmission system for electromagnetic waves 

having transverse electrical ñeld components and waves 
having circular electric field co-mponents, a section of 
shielded transmission line, a plurality of resistive surfaces 
disposed within said shield, said surfaces each being nor» 
mal to the electrical components of said circular electric 
waves, said surfaces extending several wavelengths along 
the longitudinal length of said shield and dividing a given 
transverse cross-section of said shield into a multiplicity 
of sectors. 

2. In a transmission system for electromagnetic waves 
having transverse electrical ñeld components and waves 
having circular electrical ñeld components, a section of 
shielded transmission line of circular cross-section, a 
multiplicity of resistive surfaces disposed within said 
shield, the longitudinal dimension of each of said surfaces 
extending several wavelengths along the length of said 
shield, the transverse dimension of each of said surfaces 
extending radially within said shield. 
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3. The combination in accordance with claim 2, wherein 

said transverse dimension of each of said surfaces is equal 
to the radial dimension of said shield. 

4. The combination in accordance with claim 2, wherein 
said transverse dimension of each of said surfaces is less 
than the radial dimension of said shield. 

5. In combination, a length of wave guide of circular 
cross-section, a plurality of electrically resistive ñlms radi 
ally disposed in said guide and arranged symmetrically 
about the axis of said guide, and a plurality of low 
dielectric constant spacers each having a transverse sec 
torial cross-section included between said ñlms, said films 
being supported sandwichwise between adjacent spacers, 
alternate spacers of said plurality being offset one-quarter 
wavelength along said axis from the remainder of said 
spacers. 

6. In a transmission system for electromagnetic waves 
having transverse electrical iield components and waves 
having circular electrical iield components, a section of 
shielded transmission line of circular cross-section, a plu 
rality of low-dielectric constant vanes disposed within said 
shield, the longitudinal dimension of each of said vanes 
extending several wavelengths along the length of said 
shield, the transverse dimension of each of said vanes 
extending radially within said shield, the radial edges of 
each of said vanes forming an acute angle with 4the axis 
of said shield, and a thin coating of electrically resistive 
material upon a surface of each of said vanes. 

7. Means for substantially absorbing electromagnetic 
wave power having transverse electrical ñeld components 
comprising, a length of wave guide of circular cross 
section, a plurality of trapezoidally-shaped low-dielectric 
constant vanes radially disposed in said guide and ar 
ranged symmetrically about the longitudinal axis thereof, 
said vanes having a thin coating of electrically resistive 
material. 
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