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OPERATING ABOUT A RESONANT CONDITION
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Filed Apr. 27, 1961, Ser. No. 106,014
8 Claims. (CL 333—11)

The invention relates to a novel electrically variable
reactive transmission line termination device and to trans-
mission line systems incorporating this variable device.

The invention is particularly adapted for use at micro-
wave frequencies, wherein the transmission elements may
take the form of waveguides, coaxial lines, strip lines,
and the like; and wherein the wavelengths of the propa-
gated waves in such transmission elements are conven-
iently small permitting switching functions to be per-
formed by hybrids, circulators and directional couplers
fabricated of like transmission elements. In the follow-
ing passages, all of these transmission elements will be
referred to as “waveguides.”

In its system aspects, the invention has application to
the electric control and fast switching of microwave
energy. In such systems, the effect of adjusting these
electrically variable reactive terminations is to vary the
phase of the energy reflected from these terminations,
and thus the distribution of traveling wave cancels and
adds at the ports of the system.

A phase shift in a microwave system is an introduction
of a time advance or delay in a wave as it appears at
some point in the system. Phase shifting in waveguides
has often been obtained by introducing a body into the
wavegutide having a permittivity or permeability which
differs substantially from that of free space. In this
body, the velocity of wave propagation is substantially
changed in accordance with the variation in the electro-
magnetic permeability and a phase shift is produced in
accordance with the difference in the velocity of wave
propagation and the length of the body. Accordingly,
if either the electromagnetic constant or the length of the
body is varied, the phase shift will be correspondingly
varied. For example, in a ferrite body, the permeability
is a function of the applied magnetic field, H. Accord-
ingly, a variable phase shift can be obtained by applying
a variable magnetic field bias to vary the permeability
and thereby control the phase shift. However, prior ar-
rangements have required large bodies of ferrites on the
order of a free space wavelength long and large switching
energies to provide adequate differential magnetic field
bias. For example, conventional L-band devices have
been limited to switching speeds on the order of one
thousandth of a second with reasonable drive power.

This has been a rather general problem in electrically
variable reactance devices at microwave frequencies. The
devices have required large switching energy and have
been bulky. To reduce the size and energy requirements
it is necessary to either discover a new effect which pro-
duces larger variable reactances from known devices or to
provide a novel device which produces larger variations
in the reactance from known effects.

1t is therefore an object of the invention to provide a
microwave device which is controlled with reasonable
switching powers that produces rapid and large variations
of reactance.

Another object of the invention is to provide a phase
shifter which is compact and controlled by small switch-
ing energies with very short transient response times.

A further object of the invention is to provide a switch-
ing system which is compact, requires small switching
energies for very short transient response times and at an
output port provides excellent isolation in an “off” con-
dition and small loss in-an “on” condition.
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Briefly stated, in accordance with one aspect of the in-
vention, a novel microwave device is obtained which pro-
duces a large variable reactance effect with small variations
in the permeability of a ferrite loaded waveguide section.
The waveguide section is adapted to be connected at one
end to a waveguide line and the other end is shorted. In
one embodiment, the waveguide section is ferrite filled,
having a mean electrical length of #/2 radians, and a
variable current bias coil is provided to vary the per-
meability of the ferrite. Relatively small variations is
permeability vary the electrical length of the waveguide
section whereby the reactance of the section varies about
the large reactance values presented near resonance.
Resonance is that condition of an electrical impedance
device or network having inductive and capacitive react-
ances wherein an applied alternating signal voltage gen-
erates maximum currents. It occurs when the period of
the applied signal corresponds to the natural period of the
element or network. The characteristic impedance of the
termination is selected to be small with respect to the
characteristic impedance of the waveguide. Accordingly,
a wave is reflected by the device with large variations in
the phase shifts. When the termination is tuned through
resonance as by small changes in permeability, marked
changes are caused in the phase of the energy reflected by
the termination as the termination appears to go from a
high capacitive reactance to near zero reactance and then
to a high inductive reactance. This rate of change is
heightened by the indicated characteristic impedance
ratio.

The features of the invention which are believed to be
novel are set forth with particularity in the appended
claims. The invention itself, however, both as to its or-
ganization and method of operation, together with further
objects and advantages thereof, may best be understood
by reference to the following description when taken in
connection with the drawings wherein:

FIGURE 1 is an enlarged perspective view partially in
cross section of an embodiment of a microwave variable
reactance device constructed in accordance with the in-
vention.

FIGURE 2 is a graph of the relation between the phase
of a wave reflected by the FIGURE 1 device as a function
of the permeability of the ferrite filled waveguide section.

FIGURE 3 is a conventional graph of ferrite per-
meability components as a function of magnetic bias field.

FIGURE 4 is a graph of the required change in per-
meability Au for a given phase shift +«/4 as a function
of the ratio of normalized impedance and of the variable
reactance device of FIGURE 1 for three lengths of the
phase shifter.

FIGURE 5 is a block diagram of an electrically con-
trolled, microwave switch utilizing a pair of variable
reactance devices constructed in accordance with the in-
vention.

FIGURE 6 is an illustration of a novel reactance device
utilizing a variable capacitance diode.

FIGURE 1 is a perspective view in cross section of an
embodiment of a variable reactance device suitable for
L-band application which is constructed in accordance
with the invention. The reactance device is connected
to a conventional coaxial line 1 which is comprised of an
outer shield conductor 2, an inner conductor 3 and an
intermediate air space 4 which serves as the dielectric.
The variable reactance device proper, designated generally
as 5, is comprised of a ferrite cylinder 6 formed about a
coaxial inner conductor 7. An outer coaxial conductor
is provided by a thin conductive coating 8. The reactance
device is shorted by a conductive coating 9 between the
inner conductor 7 and the outer conductive coating 8.
A variable axial magnetic bias field is provided by a coil
13 and it is preferable to provide a constant magnetic
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bias field with a conventional permanent magnet pro-
ducing a field having a direction indicated by Hg,.

The FIGURE 1 embodiment of the invention illustrates
several features which when combined together produce
a variable reactance in a novel manner. . These features
include: a reactive reflecting waveguide termination; a
near resonant waveguide section; a large differential in the
impedance of the waveguide section was compared with
the characteristic impedance of the waveguide; and a wave-
guide material filling the waveguide section in said ter-
mination which provides a substantially variable imped-
ance and velocity of wave propagation. Since the variable
reactance device 5 is a coaxial section having outer and
inner conductors 7 and 8, the reflection is conveniently
provided by the shorting conductor 9. The waveguide
section resonance is provided by the selection of the longi-
tudinal dimension to be approximately an odd quarter
wavelength long, in FIGURES 1, a quarter. wavelength is
indicated. The ratio of the section impedance to the
characteristic impedance of the waveguide is determined
by the selection of the ratio of radial dimensions of the
reactance element. The variation in the velocity of wave
propagation is obtained by the use of a suitable ferrite
that is controlled by a variable magnetic field which
changes the permeability of the dielectric.

The phase of a wave reflected by the reactance device §
is a tangent function determined by the normalized im-
pedance Z; of the waveguide section presented to the
interface with the coaxial line. For transmission lines
in general, the phase of a phase shifted wave, relative to
a wave reflected by a pure resistive termination is deter-
mined by the relation,

1\ —X
wn(30)==

where Z, is the characteristic impedance of the coaxial
waveguide line and X is the reactance of the termination.

The reactance at the interface of the ferrite filled shorted
section of waveguide is determined by the length and the
velocity of wave propagation for a given frequency. To
produce resonance, it is sufficient that the section have a
mean electrical length equal to an odd quarter wavelength
(or a multiple of a half wavelength for an open line ter-
mination). That is, the length divided by the velocity
must be an odd quarter wavelength,

Electrieal length LN it (2_[_1)2 .
Ae 24
=-72—rs for n=0

where 5 is the section length, )\, is the wavelength, ue is
the relative permeability in the unenergized state, « is the
relative permittivity and r is an integral number. The
reactance of the section, as the relation of length to velocity
of wave propagation varies, is the tangent function,
Z=jZ, tan s, where Z, is the characteristic impedance of
the section, g is the phase velocity term and s is the length.
When the Bs factor is near an odd quarter wavelength
resonance, as in the FIGURE 1 embodiment, the reactance
seen at the interface of the coaxial line is large and has
large variations for small changes in the gs factor. This
factor is varied by a change in the permeability of the
wave propagating medium. The introduction of the tan-
gent function to the controllable variation in permeability
is essential to the invention.

The reactance seen by a wave is also a function of the
normalized characteristic impedance, that is, the ratio of
characteristic impedance of the coaxial line to the charac-
teristic impedance of the variable rectance device. The

variables which can be adjusted are the relative dimensions

of the waveguide line and the variable reactance device.
In the embodiment of FIGURE 1, the normalized charac-
teristic impedance for an unenergized waveguide section,
assuming negligible losses, is determined as follows:
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wherein u, is the relative permeability, e is the relative
dielectric constant, b is the inside diameter of the coaxial
waveguide and the diameter of the phase shifter section,
ay is the center conductor diameter of the coaxial wave-
guide, a, is the inner conductor diameter of the variable
reactance device 5, Ay is the wavelength in the variable
reactance device and s is the length of the section. Ac-
cordingly, a large value of a, relative to a; produces a
relatively small normalized characteristic impedance and
a corresponding desired increase in phase shift.

However, the determining dimensional factor is the
overall relative dimensions so that any one or more dimen-
sions may be varied. For example, the illustrated em-

 bodiment has the same outer conductor diameters for both

20

the transmission line and the waveguide section for con-
venience, but this is optional and the outer conductor
diameters may be varied as described. The above equa-
tion holds for coaxial elements and different types of

* microwave transmission lines produce corresponding
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characteristic impedance effects.

For the illustrated embodiment, which has a mean elec-
trical length of an odd quarter wavelength and is there-
fore essentially parallel resonant, it is desired to have a
normalized "characteristic impedance substantially less
than one. This will be evident from the overall relation
expressed below. However, for waveguide sections hav-
ing a mean electrical length of an integral multiple of a
half wavelength, the teverse is true, and relatively large

" normalized characteristic impedances increase the variable
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reactance effect.

The normalized characteristic impedance is also a func-
tion of the relative permeability and permittivity of the
waveguide section and line. It is for this reason that the
waveguide section is ferrite filled. Where the section is
only partially filled, the electrical length and overall
reactance effect remains variable, but the effect is relative-
ly reduced by the decreased normalized characteristic im-
pedance effect.

FIGURE 2 illustrates the relation between the phase
shift, A¢ (21), of the reflected wave and the permeability
of the ferrite. For small changes in permeability such

Ap

that
\/ 1428214
HMref 2/‘:’01

and a mean electrical length of »/4, the relation may
be expressed as follows from the above equations:

tan TAp
4.”’:3{

AgY .
tan (—>=————
2 zl(lii)

2/~‘ref

- where A¢ is the differential phase shift, Ap is the differen-

60

tial permeability, u.es is the ferrite permeability at Hg, and
Z, is the normalized characteristic impedance of the phase
shifter section. This relation is nonlinear and is ap-
proximately of odd ordered symmetry about the phase

_ shift, produced at the reference permeability, wrer, With
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zero switching current in the coil and only the constant
magnetic field bias present in the ferrite. For small
changes in permeability near the reference permeability,
there are relatively large changes in the phase of the
reflected wave. S

Considering the operation- of the device qualitatively,
it may be said that a selection of a resonant terminating
element provides a highly efficient and highly sensitive
phase control. When steady state oscillation has been
established, minor amounts of energy are absorbed in
the termination but none is lost in radiation along another
path and the energy reflected from the termination is thus
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substantially equal to that applied. Accordingly it may
be seen that as in any coupled resonant system, that the
energy reflection will rapidly vary through a large leading
to a large lagging phase angle as the system is tuned
through resonance to the applied waves. The adjustment
of the permeability of the ferrite thus has the effect of
tuning the termination through resonance, and as ex-
plained mathematically before, the selection of a sub-
stantially lower characteristic termination impedance than
the characteristic waveguide impedance tends to heighten
the tuning rate near the resonance frequency. The
heightened tuning rate referred to is the ability to effect
large phase changes with minimal changes in ferrite per-
meability.

FIGURE 3 is a conventional graph of the ferrite per-
meability components as a function of the magnetic bias
field H. For a wave of a given frequency, the real com-
ponent of permeability x’ (31) exhibits a nonlinear rela-
tion with large variations from that of free space. The
most prominent feature is a gyromagnetic resonance ab-
sorption response for a particular magnetic bias field.
The imaginary component of the permeability u’’ (32)
represents lossy inferactions which are particularly prom-
inent in the region of gyromagnetic resonance about Hg.
In addition to this loss, there is also a “zero field” loss at
lower magnetic bias field strengths separately shown. The
latter loss is due to such factors as domain wall motion,

The graph of FIGURE 3 can also be considered as a
graph of permeability versus frequency. This is because
the gyromagnetic resonance frequency is a direct fumc-
tion of the magnitude of the applied magnetic bias field.
Since it is necessary to minimize the loss of the device, a
practical device must operate in a region where the im-
aginary permeability is negligible. For low frequency
applications, this requires operation above the gyromag-
netic resonance because the zero field loss characteristic
tends to merge with gyromagnetic resonance losses. How-
ever, for high frequency applications such as X band the
ferrite may be operated below the gyromagnetic resonance
frequency.

FIGURE 4 is a graph of the required change in per-
meability, A (41), where p=per (1=A) for a given phase
shift, +=x/4, as a function of the normalized charac-
acteristic impedance of the FIGURE 1 variable reactance
device for three lengths of the phase shifter.

The normalized impedance plotted in FIGURE 4 is
the ratio of the terminating characteristic impedance to
the characteristic impedance of the waveguide. The
graph (based on each of its three lines providing a phase
shift of #=w/4) shows that relatively low differential per-
meabilities and relatively low normalized characteristic
impedance ratios go hand in hand. Thus by reducing
the normalized impedance ratio, one requires a smaller
change in permeability to effect the same phase shift.
If one selects a larger normalized characteristic imped-
ance ratio, one requires a larger change in permeability.
The graph also illustrates that with long lines, the dif-
ferential permeability need not be so great.

A minor constraint on the reduction of normalized
characteristic impedance is that a shunting capacitance
effect becomes significant at an impedance ratio on the
order of 0.1. This effect can be considered to arise from
close proximity of the outer conductor of the coaxial
line and the inner conductor of the phase shifter line and
can be neglected except for extreme impedance ratios.
A comparison of the relations for different lengths of
phase shifters illustrates the substantial reduction in the
required change in permeability for longer phase shifter
sections. However, this advantage is usually offset by
the increased sensitivity to different wave frequencies and
broadband operation generally is simplified for a quarter
wavelength axial dimension.

A further consideration is the permissible loss of the
device. In general, it is necessary to maintain loss at
less than one decibel and this factor imposes requirements
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and limitations on the ferrite material composition and
configuration. One consideration is that the wave loss
is inherently proportional to the distance through which
the wave propagates. Accordingly, minimum loss from
the inherent properties of the material is obtained in a
quarter wavelength configuration. The permissible loss
factor of the ferrite is conveniently considered in terms of
the known loss tan & of the material which is the relation
between the real and imaginary components of the ma-
terial permeability and permittivity. A typical require-
ment is tan §=0.01 and can be met by commercially
available ferrites such as garnet (YIG) and MgMnAl
ferrites.

For operation at L-band frequencies, the coaxial line
configuration of FIGURE 1 is suitable. However, the in-
vention is applicable to all types of waveguide configura-
tions. The essential effect, a reactance variation from a
variation in the electrical length of a reflectively ter-
minated distributed impedance, is obtainable in any trans-
mission line. Also, in addition to the shunted, odd quar-
ter wavelength configuration of the FIGURE 1 embodi-
ment, it is possible to utilize half wavelength sections
with open circuit terminations.

A typical example of a phase shifter of the FIGURE 1
type provides a =/4 phase shift with a change in per-
meability of the ferrite of ==0.01. This is obtainable with
a coil of less than 1.0 microhenry and a current of =10
amperes. Accordingly, switching times on the order of
10— seconds are easily obtained at L-band. Because of
their smaller size, devices for application at higher fre-
quencies are correspondingly faster. The FIGURE 1
configuration provides satisfactory heat dissipation for
medium power applications and the large exterior sur-
face permits supplementary cooling procedures where
necessary. The silver conductive coating 8§ provides
the outer conductive boundary for the waveguide. This
coating is made of a thickness on the order of one micron
to avoid the “shorted turn” effect on the bias coil,

FIGURE S is a block diagram of an on-off switch.
The switch is comprised of a pair of phase shifters, vari-
able reactance elements 55’ and 55", and a device for
effecting switch action, which is conveniently a hybrid
50. The hybrid 58 illustrated is a four port, forward-
coupling device which includes a first waveguide section
between ports 51 and 52 and a second contiguous sec-
tion between ports 54 and 53. The two sections are
coupled along a substantial length so that a wave intro-
duced at any port is divided in order that half of the
power, with a =/2 phase lag, is delivered to the other
waveguide section. For example, a wave introduced at
port 51 is delivered half to port 52 and half to port 53,
the latter with a /2 phase shift. The phase shifters 55
and 55" are connected to ports 52 and 53 and reflect
waves appearing at these ports. These phase shifters ars
variable reactance devices such as shown in FIGURE 1
which produce a variable phase shift in the reflected waves.
Accg)rdingly, when an input wave propagates into port
51, it can appear at output port 54 or back at input port
51, as determined by the phase of the reflected waves
which either cancel or reinforce at the input and output
ports, -

A wave, propagating into port 51 is coupled half to
port 54 with a phase delay of #/2 and half to port 52.
The variable reactance device 55 is set off an eighth of a
wavelength relative to elements 55’ to provide a constant
relative phase lag factor of =/2. Further constant factors
are produced by the quarter wavelength lag in coupling
from one section of waveguide to the other section.
Variable factors are introduced by the variable reactance
devices 55" and 55" which introduce phase factors of op-
posite one-eighth quarter wavelength, =x/4. In FIG-
URE 35, reactance element 55' produces a relative phase
lag, —m/4, and the accumulated phase factors produce a
phase delay of 3w/4. The wave reflected by reactance
element 55" is advanced in phase by +#/4 and the ac-
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cumulated phase factors produce a delay of —=/4. Addi-
tional phase delays of =/4 are introduced in the reflected
waves which are coupled from section to section. Ac-
cordingly, the wave reflected by reactance element 55’
reaches port 51 in phase with the wave from reactance
element 55” and the waves combine additively. The
waves propagating towards port 53 are a half wavelength
out of phase and therefore cancel. The switch is “off”
and no waves will appear at the output port 54.

If the phase shifts produced by variable reactance de-
vices 55’ and 55" are reversed, the switch is in the “on”
condition. The waves reflected back toward ports 52 and
53 have phase lags of w/4 and 3x/4, respectively. This is
a reversal of the phase factors of the reflected waves rela-
tive to each other. This results in a reversal of the inter-
ference relations and a switching of the wave from port
51 to port 54. The result is that hybrid 50 and variable
reactance devices 55’ and 55 perform a single-pole-single-
throw switching operation. Other switching functions
and more complex coupling structures are possible. For
example, a single-pole-double-throw switch can be pro-
vided with a six-port hybrid and variable reactance de-
vices arranged in a manner analogous to FIGURE 3.

The control of variable reactance devices 55’ and 55
is by means of a current control source 58. The source
58 is conveniently connected to devices 55° and 55’ in
series or in parallel and the connections are made with
reverse polarity to produce opposite phase and reactance
variations. The resulting combination is a highly effi-
cient switching device because of the small losses pro-
duced in the completely reflecting terminations. The sym-
metrical nature of the paths in the hybrid, where waves
are operated upon by identical devices, facilitates accu-
rate superposition of the wave components. Those losses
which do exist in the devices and any nonlinear effects
produced are largely cancelled. Generally, switching be-
tween on-off conditions at the output ports is desired, but
variable attenuation is obtainable at intermediate con-
ditions of superposition. In providing on-off switching,
the time required to reverse switch conditions is primarily
determined by the transient response of current control
circuit 58. Because of the relatively small device in-
ductance, the transient response can be easily made less
than a microsecond at L band frequencies, and less than
one tenth of a microsecond at substantially higher fre-
quencies.

FIGURE 6 illustrates a variable reactance device suit-
able for L-band applications, similar to the device of FIG-
URE 1, utilizing a variable capacitance diode to provide
the variable effect required in the near resonant wave-
guide section. The device includes a coaxial waveguide
section having an inner conductor 67 and an outer shield
conductor 66 adapted to be connected to a coaxial trans-
mission line. The other end of the waveguide section is
provided with a portion of the outer shield conductor 66
having a reduced diameter 71 and a short is provided by
a dielectric body 69, such as barium titanate, therebe-
tween. The inner conductor 67 is connected in series
with a variable capacitance diode 68 and the inner con-
ductor extends through the dielectric 69 to a source of
back D.C. bias 70.

The FIGURE 6 embodiment of a variable reactance
device operates in a manner similar to the FIGURE 1
embodiment. The device provides a variable reactance
about a mean series resonant condition of the device.
The diode 68 is comprised of a substantial variable ca-
pacitance in series with the inductance of the diode. The
length of the section of coaxial waveguide is selected to
provide an additional series inductance so that for a
median bias voltage on the diode 68 the variable reactance
device presents a series resonant circuit to a center fre-
quency wave propagating into the waveguide section.
When the bias voltage is varied, a relatively large change
in the reactance of the series circuit is produced. The
main difference between the embodiments of FIGURES 1

10

15

20

30

35

40

50

55

60

70

75

8

and 6 is that the latter utilizes a variable lumped imped-
ance element and the former utilizes a distributed im-
pedance,

The diode 69 is of the type known as a “varactor” or
“parametric” diode which is characterized by having a
nonlinear relationship between the applied voltage and
the junction capacitance. An example of this kind of
diode is a type MA460D manufactured by Microwave
Associates, Inc. The obtainable relative variation in ca-
pacitance is typically of the order of three. In a non-
resonant termination, this limits the phase shift variation
to 60° for maximum bias variation, However, in a
series resonant termination, having a substantial Q and
an overall loss of less than one decibel, the obtain-
able phase shift variation is greatly increased, depending
upon the diode characteristics.

The nonlinear capacitance effect of the diode produces
harmonics. However, with bias voltages substantially
larger than the signal voltages appearing across the diode,
the harmonic generation process is negligible. Present
variable reactance diodes are suitable for applications up
to a watt average power. However, improved diodes and
other lumped variable reactance elements such as biased
ferroelectric capacitors have application at higher pow-
ers. Further increases in phase shift can be obtained by
combining a pair of different variable reactance devices
in series. In such a combination, one device has the wave-
guide section reflectively shorted for a quarter wave-
length resonance and the second device is interposed be-
tween the first device and the transmission line and pro-
vides a half wavelength resonance.

While the fundamental novel features of the invention
have been shown and described as applied to illustrative
embodiments, it is to be understood that the invention is
not to be limited thereto. For example, the ferroelectric
dual of the ferrite filled waveguide section will produce
susbtantially the same kind of variable reactance effect.
In a coaxial waveguide section embodiment a variable
voltage applied between the inner conductor and the outer
conductor with a ferroelectric body extending therebe-
tween will vary the reactance of the waveguide section and
a phase shift corresponding to the variation in the elec-
trical length of the waveguide section will be produced.
The true scope of the invention, including those variations
apparent to one skilled in the art is defined in the follow-
ing claims.

What is claimed is:

1. A microwave variable reactance device comprising:
a waveguide section having a first end for connection to
a waveguide line; means reflectively terminating the sec-
ond end of said waveguide section; electrically controlled
reactive means within said waveguide section; and control
means associated with said electrically controlled reactive
means to control this reactance, which control means when
set to its median value establishes a mean electrical length
for said waveguide section which is near an integral multi-
ple of a gaurter wavelength and thereby produce a large
variation in the reactance presented by said waveguide
section to said waves propagating from said waveguide
line.

2. A microwave variable reactance device comprising:
a waveguide section having a first end for connection to
a waveguide; a body of material having a substantially
electrically variable electromagnetic constant such as to
provide a medium which propagates waves with a vari-
able velocity and extending the length of said waveguide
section; means reflectively terminating the second end of
said waveguide section; and control means associated with
said body of material to vary the wave propagation veloc-
ity thereof which control means, when set to its median
value establishes a mean elecirical length for said wave-
guide section which is near an integral multiple of a
quarter waveguide whereby a variation in the reactance
of the waveguide section is obtained in accordance with
the variation in the electrical length of said waveguide
section.
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3. A microwave variable reactance device comprising:
a waveguide section having a first end for connection
to a waveguide; a body of ferrite material, having a
permeability which varies substantially as a function of
the magnetic field strength in the material, extending the
length of said waveguide section to provide a medium
which propagates waves with a variable velocity; means
reflectively terminating the second end of said waveguide
section; and variable bias means producing a magnetic
field in said body of ferrite to vary the wave propaga-
tion velocity of said ferrite which variable bias means
when set to its median value establishes a mean electrical
length for said waveguide section which is near an in-
tegral multiple of a quarter wavelength whereby a varia-
tion in the reactance of the waveguide section is obtained
in accordance with the variation in the electrical length
of said waveguide section.

4. A microwave variable reactance device comprising:
a waveguide section having a first end for connection to
a waveguide; a body of ferrite material, having a perme-
ability which varies substantially as a function of the
magnetic field strength in the material, filling said wave-
guide section to provide a medium which propagates
waves with a variable velocity; means reflectively shorting
the second end of said waveguide section; and variable
bias means producing a magnetic field in said body ferrite
to vary the velocity of wave propagation in said ferrite
which variable bias means when set to its medium value
establishes a mean electrical length for said waveguide
section which is near an integral multiple of a quarter
wavelength whereby a variation in the reactance of the
waveguide section and a corresponding phase shift are
obtained in accordance with the variation in the elec-
trical length of said waveguide section.

5. A microwave variable reactance device comprising:
a waveguide section having a first end adapted for con-
nection to a waveguide line and having a characteristic
impedance which is small relative to said waveguide line;
a body of ferrite material, having a permeability which
varies substantially as a function of the magnetic field
strength in the material, filling said waveguide section to
provide a medium which propagates waves with a variable
velocity; means reflectively shorting the second end of
said waveguide section; and variable bias means produc-
ing a magnetic field in said body of ferrite to vary the
wave propagation velocity in said ferrite which variable
bias means, when set to its median value establishes a
mean electrical length near an odd quarter wavelength
whereby a variation in the reactance of the waveguide
section is obtained in accordance with the variation in
the electrical length of said waveguide section.

6. A microwave switching system comprising: a multi-
port coupling device adapted to receive an input wave at
at least one port and deliver said wave at a second port
when a portion of said wave is delivered and reflected at
a third port with a given phase shift; a waveguide section
having a first end connected to the third port of said cou-
pling device; means reflectively terminating the second end
of said waveguide section; electrically controlled reactive
means within said waveguide section; and control means
associated with said electrically controllable reactive
means to control this reactance which control means
when set to its median value establishes a mean electrical
length for said waveguide section which is near an integral
multiple of a quarter wavelength whereby a large varia-
tion in the reactance of said waveguide section and a
phase shift corresponding to said given phase shift in the
reflected wave are obtained.

7. A microwave switching system comprising: a multi-
port coupling device adapted to receive an input wave at
at least one input port and propagate said wave through
an output port when a portion of said wave is propagated
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through a third port and reflected back through said third
port with a first given phase shift, said input wave being
isolated from said outpnt port when said portion of the
input wave is reflected back through said third port with
a second given phase shift; a waveguide section having
a first end connected to the third port of said coupling
device; a body of ferrite material, having a permeability
which varies substantially as a function of the magnetic
field strength in the material, filling said waveguide sec-
tion to provide a medium which propagates waves with
a variable velocity; means reflectively terminating the
second end of said waveguide section; and switching
means adapted to produce two conditions of magnetic
field strength in said ferrite to vary the ferrite permeabil-
ity and thereby change the velocity of wave propagation
in said ferrite which switching means when set to a
median value between said two conditions establishes a
mean electrical length for said wavelength section which
is near an integral multiple of a quarter wavelength where-
by a variation in the reactance of said waveguide section
and a selection of one of two phase shifts corresponding
to said first and second given phase shifts in the reflected
wave are obtained in accordance with the variation in the
electrical length of said waveguide section.

8. A microwave switching system comprising: a multi-
port coupling device adapted to receive an input wave at
at least one input port and propagate said wave through
an output port when portions of said wave are propagated
through third and fourth ports and refiected back through
said third and fourth ports with a first pair of respective
given phase shifts having equal magnitude and opposite
sign, said input wave being isolated from said output port
when said portion of the input wave is reflected back
through said third and fourth ports with a second pair of
respective given phase shifts having equal magnitude and
opposite sign; a pair of waveguide sections connected at
a first end to the third and fourth ports of said coupling
device; bodies of ferrite material, having a permeability
which varies substantially as a function of the magnetic
field strength in the material, filling said waveguide sec-
tions to provide mediums which propagate waves with a
variable velocity; means reflectively terminating each of
said waveguide sections at a second end; and a pair of
switching means adapted to produce two conditions of
magnetic field strength in each of said bodies of ferrite
to vary the ferrite permeability and thereby change the
velocity of wave propagation in said ferrite which pair
of switching means when set respectively to median values
between said two conditions, establish a mean electrical
length for said respective waveguide sections which are
near an integral multiple of a quarter wavelength where-
by a variation in the reactance of said waveguide section
and a selection of one of two phase shifts corresponding
to said first and second pairs of given phase shifts in the
reflected wave are obtained in accordance with the varia-
tion in the electrical length of said waveguide section.
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