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The invention described herein may be manufactured 
and used by or for the Government of the United States of 
America for governmental purposes without the payment 
of any royalties thereon or therefor. 

This invention relates to phase shifter and frequency 
translation devices for electromagnetic wave energy. 

In the production and utilization of electromagnetic 
wave energy, it frequently is desired to produce a phase 
shift or a frequency shift of an electromagnetic wave in 
a precisely controllable manner, and in which the virtually 
complete elimination from the output of all traces of the 
original wave prior to frequency or phase shift is ob 
tained. Devices of the foregoing type have been available 
in the prior art in various degrees of complexity and per 
formance capability, however, the prior art devices all 
suffer various difficulties or drawbacks in apparatus com 
plexity or inadequate elimination of the original signal 
or other unwanted components from the shifted output. 
In addition, there are instances where it is desired to pro 
duce a small amount of frequency or phase shifting of a 
signal with great accuracy of control over the exact amount 

In such instances of small shift and exact con 
trol, the mechanical phase shifter as contrasted with the 
electronic type frequently offers advantages. Prior art 
mechanical shifters have involved rather large mechani 
cally movable components or some form of reciprocating 
motion in contrast to simple rotation of small members. 
The present invention is thus directed to an area of the 
art Where mechanical phase shifters of simple construction 
and freedom from reciprocating motion are made avail 
able in an over all device having an extremely high cap 
ability of rejecting or eliminating the original unshifted 
signal or other unwanted components from the output. 

In accordance with the foregoing, an object of the pres 
ent invention is to provide a continuous phase shifter for 
electromagnetic wave energy in which phase can be’ 
varied without end, either advanced or retarded as desired. 
Another object of the present invention is to provide a 

means of frequency translation or changing whereby an 
input electromagnetic wave signal is shifted in frequency 
a desired amount either above or below the input fre 
quency as desired. 
Another object of the present invention is to provide 

a two port continuous phase or frequency shifting device 
which has non-reciprocal properties in that the sense of 
phase shift or frequency translation is opposite for op 
posite directions of passage through the device. 

Other and further objects and features wherein 
FIG. 1 shows in partially cut-away form atypical em 

bodiment of the feature of the present invention. 
FIG. 2 shows a variation in the type of re?ector device 

employed in FIG. 1. 
In accordance with the basic teachings in the present 

invention, an electromagnetic wave shifting device is pro 
vided employing in combination a plurality of more or 
less conventional electromagnetic wave components in a ' 
novel combination. Basically, the device in its simplest 
form includes a dual mode coupler, a 45 “ Faraday rotator, 
a ?xed quarter-wave plate and a variable 180° differential 
re?ector. The apparatus formed from this combination of 
elements is basically a circular wave guide device in which 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

70 

3,166,724 
Patented Jan. 19, 1955 ice 
2 

input energy is excited in either one or the other of 
orthogonally related planes, rotated 45 ° to where the plane 
of polarization thereof bisects the orthogonal planes, con 
verted to circularly polarized energy, and re?ected in a 
birefringent manner, that is, the equivalent linearly p0 
larized components of the circularly polarized wave are 
re?ected with differential phase shift, or path length, the 
difference in this case being typically 180°. The re?ected 
wave is then passed a, second time through the quarter 
wavc plate which transforms the circularly polarized en 
ergy into linearly polarized energy, following which it is 
subjected to 45° rotation of the plane of polarization by 
a second passage through the Faraday rotator to leave 
the device by a coupling port in the dual mode coupler 
which couples to a plane orthogonally related to that 
excited in the dual mode coupler by the input energy. 
The birefringent or differential path length re?ective de 

vice is rotated at a selected rate to produce a phase shift 
of the electromagnetic wave energy which is equal in mag 
nitude to twice the angular rate of rotation of the dif 
ferential re?ective device. Although the result may not 
be apparent thus far, it may be stated simply as producing 
a shift of the incident energy such that the plase is ad 
vanced or retarded in dependency on the rate of rotation 
of the differential re?ector device and the direction of such 
rotation relative to the sense of circularly polarized en 
ergy incident thereon. As a direct result then, input en 
ergy is either advanced or retarded in phase or shifted 
upward or downward in frequency, and because of the 
special properties as regard input and output characteris 
tics, an extreme degree of isolation between input energy 
and output energy is obtained. 
The device‘ has unique properties as regards the ortho 

gontal planes of coupling of input and output energy in 
that the phase or frequency change is in one sense for in 
cident energy to one coupling plane and of the opposite 
sense for energy input to the other coupling plane. In 
herently, this arrangement has a further desirable proper 
ty, in that the apparatus is capable of operation over a 
wide range of frequencies and with elements having less 
than perfect electrical properties, because the shifting and 
isolation characteristics are not impaired with such ad 
versities as would normally be expected, but rather, the 
imperfections in components and signals at frequency 
extremes produce internal elliptical polarization which 
can be looked upon as an internal signal or component of 
opposite sense of circular polarization. Because of the 
properties with regard to opposite sense of circular polar 
ization coupling out of opposite orthogonal coupling ports 
of the dual mode coupler, the undesired sense of circular 
polarization is re?ected to return to the input port of the 
device where it can be removed by some suitable prior art 
isolator or circulator device, or the like, without appear 
ing in any way in the basic output coupling port. It is not 
to be implied or inferred from the foregoing that the 
same energy transmission e?iciency is obtained with low 
quality components or at extremes of the frequency range 
of operation because admittedly, the losses are increasedv 
under such conditions,rbut basically the desired properties 
of readily controlled shifting and high degree of isolation 
so that the input shifted signal does not appear in the ouput 
are obtained. 

Part of the desired performance of the apparatus of 
the present invention is a direct result of the con?gura 
tion which enables certain very ‘simple, forms of 180° 
differential re?ectors to be employed. Two embodiments 
of the present invention show extremely simple re?ectors 
of small size and mass which can be driven mechanically 
at high rates or rates of change of rotation. 
With reference now to FIG. 1 of the drawing, the ap 

paratus shown therein is a cylindrical wave guide device 
containing the dual mode coupler 11 having rectangular 
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Wave guide ports 12 and 13 which are disposed at right 
angles to couple to othogonally related planes Within a 
cylindrical main portion of the dual mode coupler. The 
dual mode coupler 11 is of such proportions as to propa 
gate the dominant mode of linearly polarized energy in 
any longitudinal plane therein being closed at one end 
14- and open at the other end for connection to the 45° 
rotator 1.5. The rotator component is of cylindrical con 
struction having its ends open for connection respectively 
to the dual coupler 11 and to a succeeding quarter-wave 
plate section 16. The 45“ rotator is typically a Faraday 
‘rotator containing within a cylindrical outer member a 
section of ferrite material 1'7 which is controllably mag 

I netized by means of ‘a suitable flux producing device such 
as coil 18 which is energized by battery 19 under control 
of switch 24} and current limiting device 21. 
The action of the rotator is to rotate the plane of polar 

, ization of the energy at the junction of the rotator 15 and 
the succeeding quarter-wave plate section 16 to where 
the plane of the linear polarization existing at that point 

A upon application of electromagnetic wave energy to either 
. portlZ or 13 is in the plane bisecting the orthogonal 
planes’ of the input ports 12 and 13, or the plane per 

7 pendicular thereto. 
The quarter-wave plate section 16 which connects to the 

rotator section as just described is constructed to produce 
a phase shift of exit energy therefrom which is different 
for diiferent planes of polarization of energy at the inci 
dent end thereof. Typically, the propagation velocity is 

_ altered within the wave guide such that the energy travers 
ing the quarter-Wave plate section is altered differentially 
so that energy in selected othogonal planes leaves with 
90° phase difference. Typically, the quarter-wave plate is 
of dielectric material and is disposed at 45° relative to 
the plane of the exit energy from the rotator 15 for in 
put to either port 12 or 13 and by the 90° phase altera 

_ tion of the components of this wave, the Wave reaches the 
output end of the quarter-wave plate in the form of a 
circularly polarized wave. The sense of polarization of 

"this wave is opposite for incident energy applied to port 
12 to that with incident energy applied to port 13. 
Continuing through the device, the quater-wave plate 

section 16 is similarly open ended at the end opposite the 
rotator 15 for connection to a variable 180° differential 
re?ector section 22. This section 22 is basically a re 
?ector component intended to return incident energy back 

. through the quater-wave plate section 16 and the rotator 
15 to the dual mode coupler 11 for delivery as appropriate 
through one of the coupling ports 12 or 13. The 180° 
differential re?ector section can assume various con?gura 
tions, however, there are two con?gurations that have 
particularly desirable properties, one being the rotatable 
dipole section of the basic PK}. 1. This rotatable dipole 
section contains a dipole reflector 23 which is mounted by 

. a suitable rotatable shaft 24 which is journaled for rota 
tion and closure of the electromagnetic wave guide por 
tion of the device by hearing 25. The cyclindrical wave 
guide 26 of the re?ector is terminated by a short circuit 
ing plate arrangement 27, the length of shaft 24 being 
speci?cally'arranged to place the dipole 23 at a distance 
from the disc 27 equal to one-quarter of the wave length 
of the electromagnetic wave energy contained within the 
Wave guide structure. As a result of this con?guration the 
component of the circularly polarized energy which is in 
the plane of the dipole 23 is re?ected by the dipole, 
whereas the component of the circularly polarized elec 
tromagnetic Wave energy which is at right angles to the 
dipole is not acted upon by the dipole, but rather pro 
gresses to the terminating disc 27 from which point re?ec 
tion occurs. 'It is seen, therefore, that the component of 
the circularly polarized energy which is perpendicular to 
the plane of the dipole travels approximately a half wave 
length further in its reflection path than does the energy 
which is parallel to the dipole, which component is re 
?ected by the dipole itself. 

10 

60 

ii 
The result of the differential re?ection is that the two 

orthogonal components of the circularly polarized energy 
incident upon the variable 180° differential re?ector 22 
travel back through the wave guide toward the exit ports 
12 and 13 but prior to the second passage through the 
quarter-wave plate 16 the re?ected components combine 
to form a single circularly polarized wave of the same 
sense as the wave incident on the dipole. 
When the dipole 23 is rotated by means of a suitable 

source of motive power applied typically through a gear 
28, the rotation of the dipole causes a shifting in the 
phase of the return energy leaving the half wavelength dif 
ferential re?ector. This phase is either advanced or re— 
tarded depending upon the relationship between the in 
cident polarization sense and the direction of rotation of 
the dipole. For example, it right circularly polarized 
wave energy is incident on the dipole, as the dipole is 
observed from the direction of incidence, namely that of 
the dual mode coupler 11, if the dipole is rotated clock 
wise, the return Wave will be retarded in phase, whereas 
the opposite etfect, namely that of advancing phase is ob 
tained for an opposite rotation of the dipole or an oppo 
site incident circular polarization sense. 

It is well to remark at this point that incident electro 
magnetic wave energy at port 12 establishes an opposite 
polarization sense at the input to the variable 180° dif 
ferential re?ector as does incident energy to the port 13. 
It is thus seen that the phase of energy leaving the re?ector 
22 is either advanced or retarded depending upon whether 
it is applied to port 12 or 13 in the ?rst instance. 

Return energy reaching the quarter~wave plate section 
16 after the return passage through the reflector 22 is con 
verted by the birefringent properties of the quarter-wave 
section 16 into linearly polarized energy at the region be 
tween the junction of the 45° rotator 15 and the quarter 
wave plate section 16. At this point, then, the linearly 
polarized re?ected energy is existent in the same plane that 
the incident energy to the quarter-wave plate section 16 
existed. When this energy travels through the 45° rotator 
15, however, it again is rotated in the same direction 
(but opposite direction relative to its direction of travel) 
which provides thus, a double 45° rotation for a total of 
90°. Thus, the incident energy upon a ?rst port, say 12, 
after re?ection through the device of HQ. 1 reaches the 
dual mode coupler in such plane as to couple out of the 
second port 13. With the return energy thus coupling out 
of the opposite port from the incident energy, it is ap 
parent that none of the return energy will go back to the 
input port which is typi?ed for the moment as port 12 
and because of the orthogonal coupling of the ports 12 
and 13, none of the energy incident at port 12 couples di 
rectly to port 13. It is thus seen that the desirable features 
set forth by way of introduction are achieved with the 
apparatus, namely, continuous phase change amounting 
to a frequency change if such is desired, and there is es 
sentially complete removal of the incident energy phasing 
or frequency from the output. 
Thus far, the apparatus has been discussed as though 

the components thereof were all perfect in their per 
formance characteristics and as though there was no fre 
quency sensitivity or selectivity properties. it is, of 
course, obvious that perfect components are not obtain 
able, and also that any practical device will be frequency 
selective to some extent. Certainly, even the basic wave 
guide is frequency selective to some extent, because it is, 
of course, selected so as to propagate the dominant mode 
at a desired frequency or at the center of a desired band 
of frequencies and reject higher order modes. The device 
of the present invention is inherently free from seriously 
adverse characteristics when it is faced with practical 
operating limitations such as those set forth. This is 
primarily true because of the fact that the only signi?cant 
e?ect of imperfect components within the normally realiz 
able quality range or frequency range is the production 
of elliptically polarized energy and the re?ection thereof 
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rather than the “pure” circularly polarized energy of 
unity axial ratio. The elliptically polarized wave which is, 
of course, characterized by different magnitude along 
orthogonally related major and minor axes is that it may 
be looked upon as ‘a wave having circularly polarized 
components of opposite sense and dissimilar magnitude. 
With such a basic analysis and presentation, it is clear that 
the components of opposite sense will be shifted in fre 
quency or phase in opposite directions. The net result 
is that one component will exit from the port 12 and the 
other component will exit from the port 13. By ap 
propriate arrangement of the various components, it is 
easy to achieve the exit of the desired component from the 
desired output port and the exit of the undesired com 
ponent from the input port. There are many instances 
where the exit of this component to the input port is not 
particularly objectionable, however, if it is objectionable, 
it is a comparatively simple matter for providing appara 
tus to isolate and/ or remove the desired component with 
out it continuing ultimately to the source of input energy. 
Such could easily be done, for example, by an isolator or 
circulator in the connection to the input port 12 in which 
source energy goes to the port 12 but return energy from 
port 12 does not return to the source, but rather is ab 
sorbed. Such devices are, of course, well known in the 
art as of the present state thereof and further elaboration 
at this point which is not essential to the practice of 
the present invention is, of course, unnecessary. 
The apparatus of FIG. 1 can be extended in utility to 

higher powers of operation when required than that 
limited by voltage breakdown or arcing at the dipole by 
employing a different form of variable half wave dif 
ferential re?ector. The dipole 23 of FIG. 1 is, as men 
tioned, totally re?ective to the energy component in the 
plane thereof, and as to such re?ection is not sharply 
resonant or narrowly frequency selective. Thus, the 
actual length dimension of the dipole is not extremely 
critical, however, it is desired that it be su?icient in extent 
to where it effectively re?ects all energy contained with 
in the wave guide in the selected plane. Normally, to 
achieve such a total re?ection, the ends of the dipole will 
approach fairly closely the cylindrical walls of the basic 
assembly. This does, then, a?ord a voltage breakdown 
problem when the device is operated at high power levels 
because of the possibility that arcing will occur between 
the ends of the dipole and the cylindrical structure of the 
wave guide. To avoid the high voltage buildup causing 
such arcing, it is possible to employ a differential re?ector 
having principal response to the magnetic ?eld in the wave 
guide rather than the electrostatic ?eld by the placement 
of a loop or shorted turn on the end of the rod 24, rather 
than the dipole. Such an arrangement is shown in FIG. 
2, to which attention is now directed. 
The apparatus of FIG. 2 contains components which in 

general correspond to the similar portions of FIG. 1, 
however, a shorted loop 50 is shown attached to the 
rod 24 rather than the dipole 23 of P16. 1. The loop 
or shorted turn links the magnetic ?eld contained within 
the wave guide in amount dependent upon the orientation 
of the ?eld relative to the plane of the loop. Thus, like 
the electrostatic ?eld responsive dipole, the loop is dif 
ferentially responsive to energy in the orthogonal planes 
parallel to and perpendicular to the loop. Thus, it be 
comes necessary merely to locate the loop relative to the 
end termination disc 27 to where it effectively is located 
a quarter-wave length as measured in the wave guide from 
the effective position of the short circuit terminating disc. 
Since the short circuited turn arrangement avoids the 
buildup of high voltage conditions which characterize 
the dipole, the voltage breakdown‘ or arcing conditions 
are avoided. 

Obviously, many modi?cations and variations of ‘the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
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the scope of the appended claims'the invention may be 
practiced otherwise than as speci?cally described. 
What is claimed is: 

. 1. An electrical signal shifter device comprising, a 
dual mode coupler having ?rst and second ports coupling 
to orthogonal planes therein, a 45° Faraday rotator con 
nected to said coupler, a-90° birefringent device con 
nected to said rotator, said device being characterized by 
90 degree diiferential'phasing in the orthogonal planes 
of the dual mode coupler, a 180° differential re?ector con 
nected to said birefringent device for re?ecting energy 
back through said birefringent device with 180“ differen 
tial phasing in orthogonal planes, and means for adjust 
ing the position of the orthogonal planes of the differen 
tial re?ector, whereby output energy is obtained at one 
port of the dual mode coupler in response to energy of 
appropriate wavelength for transmission through the de 
vice applied to the other port of the dual mode coupler 
and with relative shifting controllable by the, adjustment 
of said means. 

2. An electrical signal shifter device comprising, a dual 
mode coupler having ?rst and second ports coupling to 
orthogonal planes therein, a 45° Faraday rotator con 
nected to said coupler, a 90° birefringent device connected 
to said rotator, said device being characterized by 90 
degree differential phasing in the orthogonal planes of the 
dual mode coupler, a short circuited section of Waveguide 
connected to said birefringent device operative to re?ect 
energy back through said birefringent device, said wave 
guide section containing a rotatable dipole spaced a quar 
ter wave from the short circuit of said waveguide whereby 
re?ection with 180° phase difference in orthogonal planes 
occurs, and means for adjusting the position of the 
orthogonal planes of the. differential re?ector, whereby 
output energy is obtained at one port of the dual mode 
coupler in response to energy of appropriate wavelength 
for transmission through the device applied to the other 
port of the dual mode coupler and with relative shifting 
controllable by the adjustment of said means. 

3. An electrical signal shifter device comprising, a dual 
mode coupler having ?rst and second ports coupling to 
orthogonal planes therein, a 45° Faraday rotator con 
nected to said coupler, a 90° birefringent device connected 
to said rotator, said device being characterized by 90 
degree differential phasing vin the orthogonal planes of 
the dual mode coupler, a short circuited section of wave 
guide connected'to said birefringent device operative to 
re?ect energy back through said birefringent device, said 
waveguide section containing a shorted loop linking the 
electromagnetic ?eld in ‘a selected plane of said Waveguide 
section operative to re?ect energy in the plane with 180 
degree phase relationship to the energy re?ected in an 
orthogonal plane, and means for adjusting the position of 
the orthogonal planes of the differential re?ect-or, where 
by output energy is obtained ‘at one port of the dual mode 
coupler ‘in response to energy of appropriate Wavelength 
for transmission through the device applied to the other 
port of the dual mode coupler and with relative shifting 
controllable by the adjustment of said means. ' 

4. An electrical signal shifter device comprising, a dual 
mode coupler having ?rst and second ports coupling to ' 
orthogonal planes therein, ‘a 45° Faraday rotator con 
nected to said coupler, a 90° birefringent device con 
nected to said rotator, said device being characterized by 
90 degree differential phasing in the orthogonal planes of 
the dual mode coupler, a short circuited section of wave 
guide connected -to said birefringent device operative to 
re?ect energy back through said birefringent device, said 
waveguide section containing a rotatable dipole spaced 
2. quarter wave from the short circuit of‘said waveguide 
whereby re?ection with 180 degree phase difference in 
orthogonal planes occurs, and means for continuously ro 
tat-ing said orthogonal planes of the differential re?ector at 
a selectable rate whereby output energy is obtained at one 
port of the dual mode coupler in response to energy of ap 
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propr'iate wavelength for transmission through the device 
applied to the other port of the dual mode coupler and with 
relative shifting proportional to the rate of rotation of 
said differential re?ector orthogonal planes. 

5. An electrical signal shifter device comprising, a dual 
mode coupler‘ having ?rst and second ports coupling to 
orthogonal planes therein, a 45° Faraday rotator con 
nected to'said coupler, a 90° birefringent device con 
nected to said rotator, said device being characterized by 
90 degree ditlerential phasing in the orthogonal planes of 
the ‘dual mode coupler, a short eircuited section of wave 
guide connected to said birefringent device operative to 
reflect energy back through said birefringent device, said 
Waveguide section containing a rotatable dipole spaced a 
quarter wave from the short circuit of said waveguide 
whereby re?ection with 180 degree phase di?erence in 
orthogonal planes ‘occurs, ‘and means for continuously 
rotating said dipole at ‘a selected rate whereby out-put 
energy is obtained vat one port of the dual mode coupler 
in response to energy of appropriate Wavelength for trans 
mission through »the device applied to the other port of 
the dual mode coupler and with relative shifting propor 
tional to the rate of rotation of said dipole. 

6. An electrical signal shifter device comprising, a dual 
mode coupler having ?rst and second ports coupling to 
orthogonal planes therein, a 45° Faraday rotator con 
nected to said coupler, a 90° birefringent device con 
nected to said rotator, said device being characterized by 
90 degree differential phasing in the orthogonal planes of 
the dual mode coupler, a short circuited section of Wave 
guide connected to said birefringent device operative to 
reflect energy back through said birefringent device, said 
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waveguide section containing a shorted loop linking the 
electromagnetic ?eld in a selected plane of said waveguide 
section operative to reflect energy in the plane with 180 
degree phase relationship to the energy re?ected in an 
orthogonal plane, and means for continuously rotating 
said shorted loop at a selected rate whereby output energy 
is obtained at one port of the dual mode coupler in rep-onse 
to energy of appropriate Wavelength for transmission 
through the device ‘applied to the other port of the dual 
rn-ode coupler and with relative shifting proportional to 
the rate of rotation of said shorted loop. 
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