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1 
This invention relates to the transmission of 

guided‘ electromagnetic waves and more particue 
lar‘ly' to phase changing devices for use in such 
transmission. 
An object of the invention is to shift the phase 

of- a; guided electromagnetic wave through either 
a fixed‘ or a variable angle,‘ which may be either 
leading or lagging. 

, Another object is to permit a wave guide‘ to be 
rotated at a rotary joint either without chang 
ing the phase or without changing the polarizae 
tion or the wave transmitted therethrough. 
A further object is to separate guided waves in 

accordance- with their polarization. 
It is known‘ that a uniform metallic sheath 

with‘ or without a dielectric ?ller may be used. 
to- guide suitable electromagnetic waves. In 
cross section the sheath may be circular, rectan 
gular or of any other shape. For all frequencies 
above a minimum, known as the cut-off fre 
quency, the‘ guide behaves’ like a transmission 
line and has a speci?c propagation constant and 
characteristic impedance. For any particular 
frequency there are an-in?nite number‘ of cross; 
sectional sizes and shapes of- guide which will 
have the same characteristic impedance; 

It is often desired to shift the phase of a polar 
ized electromagnetic wave through a ?xed or a 
variable angle, as it passes a particular point in 

‘ a: guide. In accordance with the inventionlthere 
is provided an efficient phase shift section- suit— 
able, for this purpose comprising a section of 
wave guide having therein a plurality, of polar 
shunt reactive elements spaced apart from each 
other." By a proper choice of the sign1and=mag 
nitude of the reactance, andfthe spacing interval, 
any desired phase shift, either leading Or lage 
ging, may be provided. For a leading phase", shift 
the reactances should be inductive and for a 
lagging phase shift they should-be capacitive at 
the frequency of interest. A suitable vpolar induc 
tive element for a wave guide of-circular cross 
‘section is a diametral rod. The element may. be 
made capacitive by providing- a gap at the cen 
ter of the rod. Two or- more reactances may; be 
used, depending upon the: over-all» phase shift 
desired. 
An application of the invention: is to a, rotary 

joint. A 90-degree phase shift section on the 
input side produces a circular polarization of the 
wave as it passes through the joint. A second 
QO-degree section on the output side is oriented 
toproduce a linearly polarized wave parallel to 
the polarization of the terminating‘ equipment. 
Rotation of the joint will; therefore,» not change 
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the alignment of the'wave'enteringl the receiver. 
A variable phase changer‘ may be provided by 

using two 90=degree phase shift sections with a 
rotatable ISO-degree phase shift‘ section: inter 
posed; thereb'etweén'. This“ system may also’ be 
used asa' rotary joint to" transmit a? linearly poi 
lar-ized wave from‘: a;v ?xed-1 source to" a ‘rotating 
load without change‘of phase- with rotations- To 
accomplish this, one QO-degree'v phase shift‘ sec‘ 
tion is associated with the source, theother 90s 
d-egres section- is associated with the load; and 
arranged to- rotate with‘ it; and‘ the‘ 1'80ed-egr‘ee 
section is- geared; tolthe load in‘ s‘uoha- way that 
the" lsoedegree section rotates with angular 
velocity: which: iS one=na1r that Of ?hE' Made This ' 
last described‘. system will also‘ operate satisfac'L 
torily? if; the" two? 90=degree~ sections- are omitted. 
Another type of VariabIeIphaseFChang‘er com 

prises av 90-rd'egree‘ section associated- with‘ a» ?iiied 
source,’ followed byv af- sci-degree rotatable‘ sec; 
tion; and1 a ISOLdegree rotatablefse'ction'. Now‘ if 
the rotatable QO-degre‘e" sect-ion isv geared’ to the 
I80=‘de‘gree¢ section! so’ that the latter‘ rotates 
through‘-~ oiieehalf the angle or the former the 
system. will deliver‘atiits? output a wave which 
may be changed in phase‘withoutl a~= change-‘in 
polarization! 

A?i'alte?iative'i system for i?tl‘odllcii'rlgi an ad‘ 
ju‘stable' phase shift without change polarizah 
ti'dnf‘ comprises acmaegree section'associ-ateufwith 
the‘: fliiedE seu'rfca- a? second? 901‘degre'e section‘ as’ 
soolatetl with; the ?xed load and two" I'SOQdegree 
se'cti‘c'insT interposed - therebetw'eem The two“ 130‘ 
d‘eg‘r'ee sections are? so‘ geared?‘ that they» may be 
rotated‘: in‘1 opposite? directions througli equal 
angles. 
_ A» sci-degree: phase; shift section? may’ be"? used 

5; semnrene-"ctmg system to‘ convert? a'i- wave 
i-mear t‘ ‘'1 elliptic-‘a1 or? circular polarization. 

F’d‘r' ei'rlaiiiple‘ a wave guide5 may be‘ fed at some 
pom by? either? a; coaxial“ line" or?‘ a“ trier?- wave 

~1 ' ‘ " “ ii guide 

at 7 point? offeed 

and he; phase‘ shift s'ectiori‘isilocatedf either be; 
tween the‘ re?ector arid‘th'e point of fe‘ed" o‘r'ori 
the othefside‘of thepo‘intofwfe'ed'. \ k 

v A‘rht’ata’ble Bouegreepmse shift section‘m'ay 
Be‘?s'ea'm aware guide t'o‘s'wi'tch‘ linearly: polar‘ 
iZedw‘aVes-as desired from oiie' toa‘riotlier'df we 
branching wave guides havmgsuecnveaeviees 
therein_.- If the ISO-degree section is replaced by 
a- QO'é-de‘gree section the“ system will convert‘ a 
wave from» circular to linear polarization arid 
switch” itto one or' the other ofithe branches, de 



3 
pending upon the direction of rotation of the 
original wave. 
The nature of the invention will be more fully 

understood from the fol-lowing detailed descrip 
tion and by reference to the accompanying draw 
ings in which like reference characters refer to 
similar or corresponding parts and in which: 

Fig. 1 is a perspective view, partly cut away, 
of a phase shift section using two inductive re 
actances to provide a, leading phase shift; 

Fig. 2 is an end view of the phase shift section 
of Fig. 1, with the principal electrical axes indi 
cated; , 

Fig. 3 shows a phase shift section similar to 
that of Fig. 1 but using three inductive react 
ances; 

Fig. 4 is a perspective view, partly cut away, of 
a phase shift section using two capacitive react 
ances to provide a lagging phase shift; 

. Fig. 5 is a perspective view, partly cut away, of 
a rotary joint on either side of which is a phase 
shift section of the type shown in Fig. 1; 

Fig. 6 is a perspective view, partly cut away, 
of a variable phase changer using two sections of 
the type shown in Fig. 1 and an interposed ro 
tatable section of the type shown in Fig. 3; 

Fig. '7 is a side view, partly in section, of a 
system for transmitting without phase shift a 
linearly polarized wave from a ?xed source to a 
rotating load; 

' Figs. 8 and 9 are side views, partly in section, 
of alternative systems for varying the phase shift 
without changing the polarization of a wave 
transmitted from a ?xed source to a ?xed load; 

Figs. 10 and 11 are sectional views of alterna 
tive semire?ecting systems using phase shift sec 
tions to convert a wave from linear to elliptical 
or circular polarization; 

Fig. 12 is a cross-sectional view of a system us 
ing a rotatable 180-degree phase shift section to 
‘switch linearly polarized Waves from one to an 
other of two branches; and 

Fig. 13 is a cross-sectional view of a system us 
ing a rotatable 90-degree phase shift section to 
switch circularly polarized waves~ from one or an 
other of two branches. ’ 
Taking up the ?gures in more detail, Fig. 1 is 

a perspective view and Fig. 2 an end view of a 
phase shift section in accordance with the in 
vention comprising a section of metallic Wave 
guide. i of circular cross section having therein 
two polar shunt reactive elements 2 and 3 spaced 
apart a distance A. As shown, the elements 2 
and 3 are of the inductive type and are consti 
tuted by two parallel metallic diametrai rods 
extending across the guide I. v 

I When a section of the type shown in Fig. 1 is 
properly adjusted, it has the property of retard 
ing or advancing dominant transverse electric 
waves whose electric ?eld is parallel to the ele 
ments 2 and 3, so that the phase of such waves 
after passing through the section will lag or lead 

‘ the corresponding phase they would have had if 
the reactive elements 2 and 3 were not present. 
On the other hand, waves Whose electric ?eld is 
perpendicular to the reactive elements will not 
be affected by their presence. If symmetric or 
non-polar shunt reactances, such as, for exam 
ple, transverse partitions with circular apertures, 
‘were used in place of the rods 2 and 3, the waves ' 
‘would undergo the same phase shift on passing 
through the section, regardless of their polariza 
tion. In contradistinction to this type, the phase 
shift sections referred to hereafter embody polar 
reactances, and the total phase shift of the trans- ' 
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mitted waves will depend upon their initial po 
larization. In general, there will be one angle of 
polarization for which transmitted waves will 
suffer the greatest total amount of phase shift. 
There will be another polarization at right angles 
to the ?rst for which waves will suffer the least 
total amount of phase shift on passing through 
the section. These two polarizations determine 
the principal electric axes of the section, indi 
cated by the dot and dash lines M and N in Fig. 
2. Such a section corresponds closely to the 
doubly refractive plates used in optics. 
The number of electrical degrees net phase 

' shift which is used hereinafter to designate these 
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sections refers speci?cally to the difference be 
tween the total phase shifts suffered by waves of 
the two principal polarizations. In the case 
Where the shunt reactances have no effect on one 
polarization, the net phase shift will be the num 
ber of electrical degrees by which the reactances 
‘alter the total phase shift of waves of the quadra 
ture polarization. Whether this net phase shift 
is leading or lagging depends fundamentally 
upon whether the reactances decrease or increase 
the effective length of the section. Capacitive 
shunt reactances increase the effective length 
while inductive shunt reactances decrease the 
effective length. 
The magnitude of the desired phase shift de 

termines the required reactances of the rods 2 
and 3 which, in turn, are largely dependent upon 
the diameters of the rods. Once these diameters 
have been chosen, the spacing A between the 
rods 2 and 3 is determined by the wave-length to 
be transmitted. In practice it will usually be 
found that the ?nal adjustment of the section is 
best made on an empirical basis. Two rods 2 and 
3 of approximately the same diameter are as 
sembled in the guide I and the spacing A is ad 
justed until resonance is obtained as indicated 
by maximum transmission and minimum re?ec 
tion of power. The phase shift of the section is 
then measured. If this is too large the diam 
eters of the rods 2 and 3 are reduced; if too small, 
the diameters are increased. The spacing A is 
again adjusted if required. These two steps are 
repeated, alternately, until the desired phase 
[shift is obtained, with maximum transmission. 
As an example, the phase shift section of Figs. 
1 and 2 may be designed and adjusted to provide 
a leading net phase shift of 90 degrees in which 
case the spacing A will be approximately equal to 
% A, where A is the wave-length within the guide 
at the frequency of interest. 

' Theoretically a pair of shunt reactive elements 
are capable of producing any phase shift from 
zero to 180 degrees, either leading or lagging. 
Practically, however, considerations of band 
width and transmission efficiency will limit the 
maximum useful phase shift to considerably less 
than 180 degrees. Where phase shifts of around 
180 degrees or more are required, they may be 
obtained through the use of several sections of 
the type shown in Fig. 1, arranged in tandem, 
with all reactance elements parallel. If the 
spacing between sections is reduced to zero, it 
is evident that the end reactance elements of 
adjacent sections may be merged into common 
elements. Fig. 3 shows, for example, the com 
bination of two such sections. The end diam 
,etral rods 5 and 1 will ordinarily have the same 
diameter, while the intermediate rod 6, which 
should have approximately only half the im 
pedance of the end rods 5 and 1, will have a 

' somewhat larger diameter. The distances B 
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V between the‘ central rod‘ B‘an'd the end rods 
Stand? 1', respectively, will ordinarily also be equal. 
‘This section may, for example, be designed to 
Have-a phase shift- of 180‘ degrees, in which case 
each'orithe spa‘cing's‘B and C'will be approximate 
i'yequal’to 3An. 

Thev section shown in Fig. 3 is fundamentally a 
band pass ?lter. VVhen" adjusted as described 
above, the peak of transmission and‘ the desired 
phase‘ shift‘ will‘ occur at only one frequency. 
However; by readjusting' the shunt reactances 
and their spacings, a band-pass characteristic 
may be‘ obtained which will result in electrical 
characteristics for‘the phase shift section which 
a'refmuch less sensitive to frequency. It is, there 
fore, possible to attain a phase shift of any num 
ber of degrees in a section using a plurality of 
polar shunt reactances so adjusted as to produce 
a wide and substantially uniform transmission 
band, with low attenuation in the band. 
For a lagging phase shift the reactances should 

he capacitive at the frequency of interest. Fig. 
dshows, for example, two capacitive elements 9 
and l0~ spaced apart a distance D in a circular 
guide I. The elements 9 and iii are parallel to 
each other and each is similar to the diametral 
rods-Z and- 3 of Fig. 1 but has a gap at its center 
as shown at H and I2. The capacitive reactance 
of- the elements 9 and iii depends primarily upon 
the'diametral lengths of the gaps H and i2 and 
secondarily upon the diameters of the rods. Or~ 
dinarily the elements 9 and It are designed to 
haveapproximately equal capacitive reactance at 
the: frequency of interest. 

Thei?n-al adjustment is made by adjusting the 
length of the gaps’ II and I2 for the desired 
phase. shift and the spacing D for maximum 
transmission in: the manner explained above' in 
connection with Fig. 1. For the special case 
where a lagging phase shift of 90 degrees is de 
sired, the distance D will be approximately %>\. 

‘ For large phase shifts several sections of the type _ 
shown in‘ Fig. 4- may be connected in tandem in 
the manner shown in Fig. 3. 

It-should be pointed out that a lagging phase 
shift- may be obtained by using several sections 
of-the'type- shown in Fig. 1 which add up to a 
total of more than 180 degrees leading. Also, a 
leadingv phase shift may be obtained by con 
nesting; together‘ a number of lagging sections 
such‘as that of Fig. 4' to produce a lagging phase 
shift of more than 180 degrees. 

90-degree phase shift section, either leading 
or lagging, may be used to convert an electro 
magnetic wave either from linear to circular or 
from circular to linear polarization. For exam 
ple, if a linearly polarized wave is launched into 
al.90edegree phase shift section with the electric 
field? at 45 degrees to the principal axes M and 

of-ithesectlomit may be resolved into two com 
ponents of equal amplitude polarized along the 
principal axes. These two components will be 
transmitted through the section without rota 
tion“, but there will be a relative phase shift of 
90' degrees of one with respect to the other. Thus 
the emerging components will be oriented at 
right'angles to one another and they will also 
be" 90‘ degrees out of phase in time. The sum 
of these vectors must then result in a circularly 
polarized wave. Similarly ‘any circularly polar 
ized wave maybe resolved into two quadrature 
components which are linearly polarized parallel 
to the principal axes of a 90-degree phase shift 
sectionand‘ are 90 degrees out of‘ phase in time. 
After'passing through the section the addition of 
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6 
either‘ plus or minus’ oil-degree‘ phase shift‘ to 
either of the components will make them in 
phase or 180 degrees out of phase in time. In 
either case the sum of the two transmitted‘ com 
ponents will result in a linearly polarized wave 
at 45 degrees to the’ principal axes of the sec 
tion. 
The properties just described may be utilized 

in constructing a rotary joint in a wave guide, 
for use, for example, in a wave guide supplying 
energy to a rotating directive radiator. The 
problem is‘ to keep the polarization of the'trans 
mitted waves from rotating with respect to the 
terminating equipment as the joint is rotated, as 
suming that on either side of the joint the equip 
ment rotates as a unit with the wave guide. Fig. 
5 shows, for example, two‘ sections‘ of circular 
wave guide 14' and I5 terminating at their op 
posing ends in annular ?anges l6 and l‘! to 
form a rotary joint. On" either side of the joint 
is a QO-degree phase shift‘ section. These are of 
the inductive or leading type shown in Figs. 1 
and 2. The one to the left comprises two‘ par- , 
allel diametral rods l8 and I9 spaced apart a 
distance approximately equal to %>\ and the 
one to the right comprises two other parallel 
diametral rods 20 and 2| with like spacing. The 
distance between the end‘ rods l9‘ andv 20v should 
be at least of the order of M4. It is to be under 
stood that capacitive or lagging type Elli-degree 
phase shift sections, such as shown in Fig. 4, 
may be substituted for those shown in Fig. 5. 
The two rods on the input side, for example it 
and iii, are oriented at 45 degrees to the incom 
ing linearly polarized wave. The wave is con 
verted by the ?rst phase shift section into a cir 
cularly polarized wave which passes through the 
rotary joint. The two rods 20 and 2| on the out 
put side are oriented so as to produce a linearly 
polarized output parallel to the direction of po 
larization of the terminating equipment, not 
shown. Rotation of the rotary joint will not 
change the alignment of the wave entering the 
receiving equipment. However, the device has 
an over-all phase shift which varies with the 
relative orientation of the two sections Ill and 
I5 and it may, therefore, be used as a variable 
phase changer. " 
The ?anges it and H in Fig. 5, and similar 

?anges shown in subsequent figures, are used at 
a gap in a wave guide primarily to reduce the 
reflection which would otherwise occur. The 
radial extent K of the ?ange is preferably ad~ 
justed for minimum reflection of the waves 
transmitted through the guide. In practical 
cases the optimum value of K will be in the 
neighborhood of M4, or somewhat less. 
A 180-degree phase shift section has the prop 

erty that linearly polarized waves upon being 
transmitted through the section will emerge 
linearly polarized, but their polarization will have 
been rotated by an amount dependent‘ upon‘ the 
relative angle between the incident polarization 
and the‘ principal axes- M and N of the section. 
If circularly polarized waves are transmitted 
through the section, they will emerge circularly 
polarized‘, but the instantaneous polarization of 
the electric ?eld will have been rotated with re 
spect to the instantaneous polarization of the 
input by an amount depending upon the relative 
angle between the instantaneous input polariza 
tion and the principal axes of the section. 
This latter property is made use of in the vari 

able phase changer shown in Fig. 6 which com 
prises a rotatable 180-degree section inserted 
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between two 90-degree sections. The IBO-degree 
section is similar to the one of Fig. 3, comprising 
a circular section of guide 23 with annular 
?anges '24, 25 at its ends and three spaced, 
parallel, diametral rods 5, 6 and 1. The two 90 
degree sections l4 and I5 are of the type shown 
and described in connection with Fig. 5. It is 
assumed here, however, that the sections l4 and 
I5 do not rotate. The parallel diametral rods 
i8 and I9 in the section M are oriented at 45 
degrees to the linearly polarized wave approach 
ing from the left, and this section converts the 
wave to a circularly polarized one. The section 
23 reverses the direction of rotation and alters 
the instantaneous orientation of the emerging 
wave in accordance with the orientation of the 
section. The section |5 reconverts the wave 
from circular to linear polarization. The par 
allel diametral rods 23 and 2| in the section l5 
are oriented at 45 degrees to the direction of 
polarization of the terminating equipment, not 
shown, to produce a linearly polarized output 
parallel thereto. 
As is seen above, the rotation of the central 

section 23 about its axis produces no change in 
the polarization of the output wave. It does, 
however, produce a time phase change in the os 
cillation which is substantially directly propor 
tional to the angle through which section 23 is 
rotated. Furthermore, for a given direction of 
rotation, the sense of the time phase shift may 
be either positive or negative, depending upon 
which is used of the two possible 45-degree ori~ 
entations of the electric vector of the incident 
wave with respect to the rods 5 8 and iii in the 
first section |4. 
As mentioned above, the rotary joint shown in 

Fig. 5 introduces a phase shift. Fig. 7 shows a 
rotary joint in which this phase shift may be 
eliminated. The system comprises two 90-de 
gree sections i4 and I5 and an interposed 180 
degree section 28 similar to the corresponding 
sections of Fig. 6. The receiver is associated 
with the section i5 which, in this case, is ar~ 
ranged to rotate in the bearing 21 formed in 
the support 28. The central section 23 rotates in 
the bearing 30 formed in the support 3i and the 
section I4 is ?xedly supported by the member 
32. 
to the base 33 by means of brackets such as 34. 
In order to eliminate the phase shift the section 
i5 is geared to the section 23 so that the latter 
rotates through one-half of the angular displace 
ment of the former. This is done by means of 
the two gears 36 and 31 ?xed, respectively, to the 
sections 23 and i5 and the two gears 38 and 39 
?xed to the shaft 40 which rotates in the bear 
ings 4| and 42 in the supports 26 and 3|. The 
crank 43 is provided to turn the shaft 40. A lin 
early polarized wave entering the system at the 
left will .be converted to a circularly polarized 
rwave by the section M, in which form it will 
pass through 'both rotary joints 45 and 45, and 
then be reconverted to a linearly polarized wave 
by the section IS, without any over-all phase 
shift in the system. 
In Fig. 7 if the two 90-degree sections it and 

i5 are omitted the system may still be used to 
project linearly polarized waves from a fixed 
source into a rotating guide while maintaining 
the polarization of dominant Waves ?xed with 
respect to the rotating section. This modi?ed 
system will also serve to transfer circularly po 
larized waves across a rotary joint without change 
in phase with orientation of the rotating sec 
tion. 
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Fig, 8 shows another system for introducing a 

controllable amount of phase shift without 
changing the direction of polarization. The 
system includes a ?xed 90-degree section l4, as 
sociated with the source, a rotatable 180-degree 
section 23, both similar to the corresponding sec 
tions of Fig. 7, and interposed therebetween a 
rotatable QO-degree section 50 with diametral 
rods 5|, 52 and end flanges 53, 54. The sections 
53 and 23 are supported, respectively, by the sup 
ports 28 and 3| and are connected by the gears 
31, 39, 38 and 36 and the shaft 40. The diam 
eters of the gears are so proportioned that, when 
the shaft 43 is turned by means of the crank 43, 
the section 23 rotates through one-half the an 
gle through which the section 50 rotates. The 
emerging wave is conducted to the receiver 
through a ?xed section of guide 56 with an 
annular ?ange 51 at its end, supported by the 
member 58. If the input wave entering section 
I4 is polarized in a direction making an angle of 
45 degrees with the parallel rods | 8 and I9 and 
if all of the other rods 5|, 52, 5, 6 and 1 are 
lined up parallel to the rods | 8 and IS the sys 
tem will introduce neither phase shift nor rota 
tion of polarization. However, if the section 50 
is rotated through an angle, and the section 23 
is rotated through half the angle, by means of 
the crank 43 and the gear train, a corresponding 
phase shift will be introduced as the wave passes 
through the system but there will be no rotation 
of polarization. 

Fig. 9 shows an alternative system to that of 
Fig. 8 for introducing an adjustable amount of 
phase shift without rotation of polarization. The 
system includes a ?xed QO-degree section l4 and 
a rotatable ISO-degree section 23 similar to the 
corresponding sections of Fig. 8. The section 50, 
however, is replaced by a second rotatable 180 
degree section 63 having end ?anges BI, 62 and 
parallel diametral rods 63, 64 and 65, supported 
by the member 66. The system is terminated in 
a ?xed 90-degree section 61 having an end ?ange 
38 and diametral rods 69 and 10 which are paral 
lel to the rods l3 and IS. The receiver is asso 
ciated with the output section 61 and so oriented 
that its direction of polarization makes an angle 
of 45 degrees with the axes of the rods 69 and 
‘iii. The sections 23 and 6|] are connected through 
the train of bevel gears ‘l2, ‘l3 and 14. The gears 
12 and 74 are ‘of the same diameter and are 
fastened, respectively, to the sections 23 and 60. 
The intermediate gear 13 has associated there 
with a crank 15 which turns in the bearing 16 in 
,the member 11 extending between the supports 
3| and 66. Turning the crank 14 causes the sec 
tions 23 and 60 to rotate through equal angles 
but in opposite directions. The amount of phase 
shift introduced depends upon the orientation of 
the rods 63, 64 and 65 with respect to the rods 
l8 and I9, but there is no over-all rotation of 
the polarization of the wave as it passes through 
the system. 

70 
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It should be pointed out that a 90-degree sec 
tion such as is shown in Fig. 1 or Fig. 4 may be 
inserted in a wave guide carrying an elliptically 
polarized wave to convert it to a linearly polarized 
wave. In this case the diametral rods are orient 
ed parallel to either the major or the minor axis 
of the ellipse, 
Another use for a 90»degree section is to con 

vert from linear to circular or elliptical polariza 
tion. Fig. 10 shows a system comprising a rotat 
able QO-degree section 50 interposed between two 
?xed sections of circular guide 80 and 8|. Elec 
tromagnetic waves polarized in a ?xed direction 
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aretedinto the system from a coaxial line 82 com 
prising- a cylindrical outer conductor 83, con 

to the section 80-, and a concentric inner 
conductor 84- which extends across the section 89 
to?‘ form a diametral rod- therein. Impedance 
transformation for the coaxial line 82 is provided, 
when required, by the stub line 85 within which 
the inner conductor 84-is terminated by the slid,w 
able re?ecting piston 85. The position of the 
piston 861s. adjusted- for a match of the resist 
ance components of the characteristic imped 
ances of the line 82 and the section of guide 893. 
Any reactive: component associated with the inner 
conductor 84 may. in e?ect,be annulled by ad-. 
justing the position oi. the slidable re?ecting 
piston 81 which closes the section St at the left. 
The pistons 8t and 81‘ are adjusted, alternately. 
until the maximum transmission of energy across 
the junction is attained. For this condition the 
spacing between the conductor 84 and the piston 
81 will. generally be. approximately M4. By ad 
justing. the orientation. of the rotatable section 
50. the system may be made to project into the 
?xed section. 8.!v waves having any desired degree 
of elliptical polarization. As a specialcase, cir 
cular polarization will be produced when the 
plane de?ned by the axes of the rods El and 52 
makes. an. angle of 45 degrees with the direction 
01 the-linearly polarized waves impressed upon 
the section ‘50. In order to simplify the draw— 
ings, in. Fig.. 10, and also in Figs. 11 and 12, the 
supports arenot shown but these may, for ex 
ample, be of the type shown in Figs. 7, 8 and 9. 

Fig. 11-. shows an alternative arrangement of 
' the. system. of. Fig. 10,. in. which the coaxial line 
82 ieeds into. the section 8| instead of the section 
80. In. this case the impedance presented by the 
coaxialv line. 82 should be only half‘ the character-Av 
istlc impedanceoi the wave guide section 8 l. The 
elli'pticity of polarization of the resultant wave 
may be controlled by movement of the piston 8'! 
provided the 90-degree section ‘59 is oriented with 
its principal axes at 4'5 degrees‘ to the inner con 
ductor 8'4. vIn either of the systems shown in 
Figs. 10 and 11. a wave guide may, of course, be 
substituted for the coaxial line 83 to feed the 
system. 

Elg. 121's a cross-sectional view of. a system for 
switchingv a. guided linearly polarized wave from 
one branch to another. The system comprises a 
main. section or wave guide 89, a ISO-degree rotor 
section 23., two branches. 901 and 9| and selective 
devices associated with the branches all and ill. 
All oi the. sections are of circular cross section, 
sections 23 and. 89' are in. axial alignment and 
each of the sections 90 and 91 makes an angle F 
with the. section. 23,. 
When the angle F is 120 degrees the selective. 

devices may be diametral rods such as 32 and 
93. spaced from the junction 94' the distances G 
and H, respectively, and preferably terminating 
in short. coaxial stubs 9.5 and S6 of length J. The 
rod; 92. lies in the plane of the junction, deter 
mined by the longitudinal mechanical axes of the 
branches 9!} and. BI, and the rod 93 is perpendic 
ular to. this. plane. If a linearly polarized wave 
is sent into-the: section 89, rotation of the. section 
23 will cause the direction of polarization of the 
transmitted’ wave to rotate so that at one time 
it is: parallel. to the rod 93 and at another time it 
has a component which is parallel to the rod 92. 

~ By properly adjusting the length J of the stubs 
95 and 95. the rods 92' and .93 may be made to 
re?ect waves polarized parallel to themselves, 
while freely passing waves polarized perpendicu 
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10 
lar thereto. Furthermore, distances G and H are 
so chosen that the waves re?ected by each of the. 
rods 92 and 93 will be freely transmitted into the 
other branch. It follows, then, that for one 
orientation of the section 23, all of the power will 
be delivered to the branch 9%.]. As this orientation 
is changed through 90 degrees all of the power is 
gradually diverted into the branch 9 I. There are, 
therefore, two switching cycles for one revolution 
oithe rotor section 23 and the voltage of the 
waves entering each branch is a sinusoidal func 
tion of the orientation of the rotor 23. When 
the system has been properly designed the atten 
uation introduced as the wave is switched from; 
one branch to the other is negligible. 
The ‘system shown in Fig. 12 may be used as 

a selector or a mixer for two linearly polarized 
waves polarized at 90 degrees with respect to one 
another and introduced into the section 89. For 
one orientation of the rotor 23, one of the waves 
will be entirely diverted‘into the branch 98 and 
the other, into the branch 9!. Other orienta 
tions of the rotor 23 will permit part of each 
wave to enter each of the branches and thus the 
waves may be'mixed in any proportions desired. 

If the angle F has a value other than 120 de 
grees corrective shunt impedances, shown diaa 
grammatically in Fig. 12 as X1 and X2, must be. 
provided in the branches 9i] and‘!!! beyond the' 
rods 82 and 33. These impedances are primarily 
reactances and may be either polar or non-polar. 
A suitable non-polar impedance is a transverse 
partition with a central circular aperture. A 
suitable polar impedance is a diametral rod either 
with or ‘without a central gap therein. If rods 
are used, the one in the branch 90 should be per 
pendicular to the plane of the junction and the 
one in the branch 9| should lie in that plane. 
The magnitude and sign of the impedances X1 
and X2, and their distances from the junction 
M, are dependent upon the choice of the angle 
F. Each impedance is placed at a distance be 
yond the rod 92 or 93 determined by trial to be 
the one resulting in minimum re?ection at the 
junction. This condition is evidenced by the in 
ability to detect a standing wave in the main 
lloranch 89 when waves are introduced from the 
eft‘. 
Fig. 13 is a cross-sectional view 'ofra system, 

for switching a circularly polarized wave into 
one or the other of two branches, depending upon 
the direction of rotation of the wave. The system 
is similar to that of Fig. 12 except that the 180-. 
degree rotatable section 23 has been replaced by, 
a rotatable QO-degree section 50. If the section 
58 is so oriented that the rods 5i and 52 make 
an angle of ‘i5 degrees with the plane of the 
junctioma circularly polarized wave entering the 
section 89 at the left will, as it passes the rods 5| 
and 52, be converted into a linearly polarized wavev 
parallel to one of the rods 92 and 93, say92, 
which will act as a re?ector therefor. However, 
since the rod 93 is perpendicular to the plane of 
the junction it will permit free passage of the‘ 
wave along the branch 9!. On the otherhand, if 
the wave entering the section 89 had been ro-,_ 
tating in the other direction it is apparent that. 
it would be blocked from the branch 9| by the 
rod 83 but would be freely transmitted through 
the branch 95], past the rod 92. By rotating the 
section 5!) to other angles the incoming wave may 
be divided as desired between the two branches. 
all and M. 
The system shown in Fig. 13 may be used as a 

selector or a mixer for two circularly polarized; 
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waves, rotating in opposite directions,’ fed into 
the section 89. When the rods 5! and 52 are 
oriented at 45 degrees to the plane of the junc 
tion one of the waves will be shunted into the 
branch 90 and the other into the branch 9|. By 
employing other appropriate angles any desired 
proportions of the two waves may be diverted into 
either of the branches. 
What is claimed is: 
1. A phase shift section for guided electro 

magnetic waves comprising a wave guide and 
three spaced polar reactive impedances connected 
in shunt thereto, the reactances of said imped 
ances being chosen to provide the desired phase 
shift at a certain frequency, the spacing between 
said impedances being adjusted for maximum 
transmission of energy at said frequency, and the 
intermediate of said impedances having a react 
ance approximately half as large as the reactance 
of each of the other of said impedances. 

2. A phase shift section in accordance with 
claim 1 in which said impedances are inductive. 

3. A phase shift section in accordance with 
7 claim 1 in which the desired phase shift is 180 
degrees. . 

4. A phase shift section in accordance with 
claim 1 in which the spacing between successive 
impedances is approximately three-eighths of a 
wave-length. 

5. A phase shift section in accordance with 
claim 1 in which said impedances are transverse 
rods within said guide. 

6. A phase shift section in accordance with 
claim 1 in which said guide is, of circular cross 
section and said impedances are diametral rods. 

'7. In a wave guide, a rotary joint for trans 
mitting a linearly polarized electromagnetic wave 
from a source to a rotating load comprising means 
on the input side for converting from linear to cir 
cular polarization, means on the output side for 
reconverting to linear polarization, and an inter 
posed rotatable 180-degree phase shift section. 

8. A rotary joint in accordance with claim 7 in 
which said means comprise a 90-degree phase 
shift section. 

9. A rotary joint in accordance with claim 7 
in which said means comprise a section of cylin 
drical wave guide and a pluralitycf diametral 
rods therein. 

10. A rotary joint in accordance with claim 7 
in which said means comprise a section- of cylin 
drical wave guide and two parallel diametral rods 
therein, said rods being spaced apart approxi 
mately three-eighths of a wave-length at the fre 
quency of interest. 

11. In a wave guide, the combination of two 
90-degree phase shift sections and a rotatable 
180-degree phase shift section interposed there 
between. 

12. The combination in accordance with claim 
11 in which each of said phase shift sections com 
prises ‘a section of cylindrical wave guide and a 
plurality of parallel diametral rods therein. 

13. The combination in accordance with claim 
11 in which said 180-degree phase shift section 
comprises a section of cylindrical wave guide hav 
ing an annular ?ange at each end thereof. 

14. The combination in accordance with claim 
11 in which said 180-degree phase shift section 
comprises a section of cylindrical wave guide 
and three parallel diametral rods therein, said 
rods being spaced apart approximately three 
eighths of a wave-length. 

15. In a wave guide a rotary joint for trans 
mitting without phase shift a linearly polarized 
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12 
electromagnetic wave from a source to a rotating 
load comprising a ?xed section of wave guide, a 
rotatable section of wave guide and a rotatable 
180-degree phase shift section interposed there 
between, said phase shift section being geared to‘ 
said rotatable section of guide in such a way as 
to rotate through one-half of the angular dis 
placement of said rotatable section of guide. 

16. A rotary joint in accordance with claim 15 
which includes two 90-degree phase shift sec 
tions associated, respectively, with said ?xed sec 
tion and said rotatable section of guide. 

17. A rotary joint in accordance with claim 15 
in which said phase shift section comprises a sec 
tion of cylindrical wave guide and three diame 
tral rods therein. 

18. A system for converting a guided electro 
magnetic wave from linear to elliptical polariza 
tion comprising a wave guide, a re?ector in said 
guide, a rotatable QO-degree phase shift section 
associated with said guide and means for feeding 
energy into said guide, said phase shift section 
being located between said reflector and the point 
at which energy is fed into said guide and com 
prising a‘plurality of polar shunt reactive ele 
ments. 

19. A system in accordance with claim 18 in 
which said phase shift section comprises a cylin 
drical section of wave guide and a plurality of 
diametral rods therein. 

20. A system in accordance with claim 18 in 
which the location of said re?ector in said wave 
guide is adjustable. 

21. A system in accordance with claim 18 in 
which said energy feeding means comprise a co 
axial line including an inner conductor which 
extends diametrically across said Wave guide, the 
principal axes of said phase shift section being 
oriented at an angle of approximately 45 de 
grees to said inner conductor. 

22. A system for switching a guided electro 
magnetic wave into one or the other of two 
branches comprising a main section of wave 
guide. two branches making equal angles there 
with, selective devices in said branches respon 
sive to different directions of polarization and 
a rotatable phase shift section associated with 
said main section, said phase shift section com 
prising a plurality of polar shunt reactive ele 
ments, 

23. A system in accordance with claim 22 in 
which said phase shift section has a net phase 
shift of 180 degrees. 

24. A system in accordance with claim 22 in 
which each of said equal angles is approximately 
120 degrees. 

25. A system in accordance with claim 22 in 
which said branches have longitudinal mechan 
ical axes lying in the same plane, the selective 
device in one of said branches comprises a trans 
verse rod parallel to said plane and the selective 
device in the other of said branches comprises 
a. second transverse rod perpendicular to said 
plane. . 

26. A system in accordance with claim 22 in 
which one of said selective devices comprises a' 
transverse rod terminating at each end in a co 
axial stub. 

27. A system in accordance with claim 22 in 
which said selective devices are polar re?ectors 
located at distances from the junction of said 
branches so chosen that waves re?ected by each 
of said devices will be freely transmitted into the 
other of said branches, 

28. A system in accordance with claim 22 in 
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which the selective device in one of said branches 
comprises a polar re?ector and a corrective shunt 
impedance. 

29. A system in accordance with claim 22 in 
which the selective device in one of said branches 
comprises a polar reflector and a corrective shunt 
impedance, said re?ector being located at a dis- . 
tance from the junction of said branches so 
chosen that waves re?ected by said re?ector will 
be freely transmitted into the other of said 
branches and said corrective impedance being 

‘ located at- a distance from said re?ector chosen 
to provide minimum reflection at said junction. 

30. A system for switching a linearly polar 
ized guided electromagnetic wave from one 
branch to another comprising a main section of 
wave guide, two branches making equal angles 
therewith, selective devices in said branches re 
sponsive to different directions of polarization 
and a rotatable ISO-degree phase shift section 
associated with said main section, said phase 
shift section comprising a plurality of polar shunt 
reactive elements. 

31. A system in accordance with claim 30 in 
which said main section and said branches have 
longitudinal mechanical axes lying in the same 
plane and the principalelectrical axes of said 
phase shift section are so oriented with respect 

_ to said plane that said wave is diverted into one 
only of said branches. 

32. A system in accordance with claim 30 in 
which each of said equal angles is approximate 
ly 120 degrees. I 

33. A system in accordance with claim 30 in 
which said branches have longitudinal mechani 
cal axes lying in the same plane, the selective 
device in one of said branches comprises a trans 
verse rod parallel to said plane and the selective 
device in the other of said branches comprises 
a second transverse rod perpendicular to said 
plane. 

34. A system in accordance with claim 30 in 
which each of said selective devices comprises 
a transverse rod terminating at each end in a 
coaxial stub. , 

35. A system in accordance with claim 30 in 
which said selective devices are polar re?ectors 
located at distances from the junction of said 
branches so chosen that waves re?ected by each 
of said devices will be freely transmitted into 
the other of said branches. 

36. The combination in accordance with claim 
11 in which each of said QO-degree phase shift 
sections comprises a section of cylindrical wave 
guide and two parallel diametral rods therein, 
said rods being spaced apart approximately 
three-eighths of a wave-length. 

37. The combination in accordance with claim 
11 in which each of said phase shift sections com 
prises a section of cylindrical wave guide and 
a plurality of parallel diametral rods therein, 
said rods being spaced apart approximately 
three-eighths of a wave-length. 
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38. The combination in accordance with claim 

11 in which each of said sections comprises a 
plurality of spaced polar reactive impedances. 

39. The combination in accordance with claim 
11 in which each of said sections comprises a 
plurality of polar reactive impedances, said im 
pedances being spaced apart approximately 
three-eighths of a wave-length. 

40. The combination in accordance with claim 
11 in which one of said QO-degree phase shift sec 
tions is rotatable. 

41. In combination, two sections of wave guide, 
one of which is ?xed, and an interposed phase 
shift section, said phase shift section comprising 
a plurality of spaced polar reactive impedances, 
having a phase shift of 180 degrees and being 
rotatable about its longitudinal axis. 

42. The combination in accordance with claim 
41 in which said impedances are diametral rods. 

43. The combination in accordance with claim 
41 in which said impedances are diametral rods, 
said rods being spaced apart approximately 
three-eighths of a wave-length. 

44. In combination, two sections of wave guide, 
one of which is ?xed, and an interposed phase 
shift section, said phase shift section compris 
ing a plurality of spaced polar reactive im 
pedances and being rotatable about its longitu 
dinal axis, each end of said phase. shift section 
and the ends of said other sections adjacent 
thereto having ‘annular ?anges extending out 
wardly for a distance approximately equal to a 
quarter of a wave-length. 

45. In combination, two sections of wave guide, 
one of which is ?xed, and an interposed phase 
shift section, said phase shift section being ro 
tatable about its longitudinal axis and compris 
ing three spaced polar reactive impedances, the 
intermediate impedance having a reactance ap 
proximately half as large as the reactance of 
each of the other impedances. 

46. In combination, two sections of wave guide, 
one of which is fixed, and an interposed phase 
shift section, said phase shift section being r0 
tatable about its longitudinal axis and compris 
ing three spaced polar reactive impedances in 
the form of diametral rods, the intermediate rod 
having a reactance approximately half as large 
as the reactance of each of the other rods. 

ARTHUR GARDNER FOX. 
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