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6 Claims. (Cl. 315—39) 

This invention relates to microwave apparatus, and 
more particularly to a device for shifting the phase of 
microwaves in a waveguide. 

Various devices have been proposed for variably shift 
ing the phase of microwaves being transmitted in a wave 
guide. Some of these devices operate by mechanically 
varying the dimensions of the waveguide through a servo 
mechanism or similar arrangement. Another possible 
way of shifting phase is to utilize {ferrite material of 
various con?gurations which are magnetized by an electro 
magnet connected to a control system. 
The di?iculties with such presently known systems are 

numerous. Electromagnet coils or servo motors require 
considerable power, making remote control of such sys 
tems di?ieult and complicated. In addition, the phase 
shifters are often excessively expensive due to the elabo 
rate apparatus that must be used to operate them. Final 
ly, the inherent delay in such mechanical or electro 
magnetic devices makes very rapid phase shifting virtual 
ly impossible. 
One application in which very rapid phase shifting is de 

sirable is in electronically steering directional antennas, 
often referred to as phased antenna arrays. The phase re 
lationship of the various microwave input signals in a 
phased antenna array determines the direction of the beam, 
an in order to shift this direction rapidly and without com 
plex machinery, electronic phase shifting is extremely de 
sirable. 

Accordingly, it is an object of this invention to provide 
an electronic microwave phase shifter capable of very 
rapidly shifting the phase of microwaves traveling there 
through. 
Another object of the invention is to provide an im 

proved microwave phase shifter which is simple of con 
struction and low in cost. 
A further object of the invention is to provide a micro 

wave phase shifter which provides phase shift up to 360° 
with minimum power requirements. 
A further object of the invention is to provide an 

electronic on-off switch for a waveguide. 
A feature of the invention is the provision of a wave 

guide ?lled with an ionizable transmitting medium, and 
having an electrode therein which ionizes variable portions 
of the medium to effectively vary the dimensions of the 
waveguide and thereby vary the phase of microwaves 
passing therethrough. 

Another feature of the invention is the provision of 
a sealed waveguide section ?lled with a transmitting 
medium which may be ionized with electrodes therein 
providing an increasing gap therebetween according to 
the distance from the wall of the waveguide, and the 
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further provision of means impressing a varying voltage ' 
across the electrodes to increase and decrease the effec 
tive size of the waveguide, thereby varying the phase of 
microwaves passing therethrough. 

Still another feature of the invention is the provision 
of a wedge shaped electrode extending upwardly into 
the interior of a rectangular waveguide ?lled with an 
ionizable transmitting medium, and the further provision 
of means impressing a varying potential between the sides 
’of the waveguide and the electrode to effectively raise and 
lower the bottom of the waveguide by ionizing varying 
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amounts of the transmitting medium su?iciently to cause 
the same to re?ect the waves. 

In the drawing: 
FIG. 1 is a schematic diagram of a phased antenna 

array radar system incorporating the invention; 
FIG. 2 is a schematic diagram illustrating microwave 

propagation characteristics in waveguides; 
FIG. 3 is a side elevation of a microwave phase 

shifter constructed in accordance with the invention; and 
FIG. 4 is a sectional view taken along the line 4-4 

of FIG. 3. 
In practicing the invention, a section of the waveguide 

is ?lled with an ionizable transmitting medium such as 
an inert gas. An electrode arrangement is placed in the 
waveguide to ionize portions of the transmitting medium 
a degree sufficient to cause the same to re?ect the waves 
according to an energizing voltage applied to the elec 
trodes. The electrodes are so placed that the ionized gas 
e?'ectively changes the dimensions of the waveguide by 
re?ecting the microwaves. One suitable construction in 
cludes a wedge-shaped electrode extending from the bot 
tom of a gas ?lled waveguide of rectangular cross-sec 
tion. A potential applied between the electrode and the 
sides of the waveguide ionizes the gas therebetween in 
varying amounts according to its strength su?iciently to 
cause the same to re?ect the waves, effectively raising the 
bottom of the waveguide according to the size of the 
potential applied across the electrode and the sides. This 
changes the wavelength of microwaves passing through 
the waveguide and when they leave the waveguide their 
phase is shifted accordingly. 

Referring now to FIG. 1, an example of an electronical 
ly steered antenna system, orvphased antenna array, is 
depicted schematically. An electronically steered an 
tenna system may consist of hundreds or thousands'of 
dipole antennas attached to a ?at supporting structure 10 
which is usually immobile. The phase of the radio fre 
quency energy feeding each dipole is so controlled that 
the total radiation from the structure is in the form of 
a narrow beam which may be directed as desired. In 
the example of FIG. 1, only 3 aligned dipoles 11, 13, and 
15 are shown for purpose of illustration. For trans 
mitting purposes these dipoles 11, 13 and 15 are fed by 
separate low power RF ampli?er-multipliers 17, 19 and 
21. The RF ampli?er-multiplier units may be excited 
from a single master oscillator-modulator 23 through a 
waveguide network 25, which includes controlled phase 
shifters 27, 29, and 31. . 

If the same phase is fed to all dipoles, the radiation 
beam will be perpendicular to the dipole plane. This is 
illustrated by beam A. However, if for example, the 
phase is shifted forward in dipole 11 and backward by 
the same amount in dipole 15, the beam will be directed 
downwards as shown by B. The plane of wavefronts cor 
responding to the beams A and B, is shifted through the 
angle theta de?ned by lines C and D respectively. For 
relatively small values, 0 may be approximated according 
to the equation 

where )\ is the wavelength, A4> is the change in phase, 
and L is the mean distance between dipoles. Since the 
phase shift controls the direction of the beam, a phase 
shift control 33, which may be a simple computer, is con 
nected to each of the phase shifters 27, 29, and 31 for 
controlling the same in a desired manner. 

Referring now to FIG. 2, some principles of micro 
wave propagation in waveguides are illustrated. The 
wavelength in a waveguide is always longer than the wave 
length in free space. For a rectangular waveguide and the 
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TEM propagation mode, the wavelength kg in the wave 
guide can be calculated from the following well-known 
equation 

x 2 A?t/rv “(all 
where A is the wavelength in free space and h is the larger 
dimension of the waveguide. If dimension It could be 
made variable, the wavelength kg would vary and thus 
the phase delay in a given length of waveguide would 
vary. The following numerical example will illustrate 
this relation. 

Assuming that the frequency of the microwaves is 10K 
mc., then >\=3 cm. If h=2.5 cm. (approximately 1") 
then 

3 2 
kg=3 1—(5> =°.75 om. 

Let us ‘take a section of the waveguide 31g long or 3 ><-3.75 
cm.=1l.25 cm. long (approximately 41/2"). This is 
shown in the top portion of FIG. 2. If dimension h is 
changed from 2.5 cm. to 1.77 cm. (from 1" to approxi 
mately 0.7") the new dimension 11’ will cause kg to in 
crease to xg'=5.625 cm. As may be seen from the lower 
portion of FIG. 2, only two full wavelengths will ?t in 
the same length of waveguide where three full wave 
lengths were previously available. Thus by changing the 
dimension h from 2.5 cm, to 1.77 cm., a continuous phase 
shift of 360° in the wave traveling through this section 
of waveguide may be obtained. 

Referring now to FIGS. 3 and 4, the detailed con 
struction of one of the phase shifters 27 is illustrated. A 
piece of a waveguide 35 is equiped with window seals 
37 at each end. Seals 37 contain ?anged portions 39 
thereon for connection in the waveguide network. Wave 
guide section 35 is ?lled with some type of ionizable 
transmitting medium such as an inert gas or mixture of 
gases under appropriate pressure. One short wall 35a 
of waveguide section 35 has an elongated slot formed 
therein to accommodate an ionizing electrode 41. The 
opening through which electrode 41 protrudes is formed 
by a pair of ?anged portions 43 in the short wall 35a 
of waveguide section 35. The electrode 411 is insulated 
from waveguide section 35 by appropriate isolating and 
sealing material 45, such as ceramic or glass. The length 
of protruding wall 43 may be so selected that, depending 
on the dielectric constant of insulator d5, it constitutes 
a quarter wavelength choke to prevent electromagnetic 
energy from escaping from the waveguide through the 
slot for electrode 41. 

If electrode 41 has no voltage applied to it, the gas 
?lling waveguide section 35 will not be ionized and the 
dimension of the waveguide which determines the wave 
length will be approximately the full dimension of the 
waveguide, h as shown in FIG. ‘4. However, if appro 
priate ionizing voltage and current is applied between 
the electrode 41 and the body of waveguide section 35, 
partial ionization of the gas will take place. Because of 
the wedge shape of the electrode 41, the gas will ?rst be 
ionized in the space where the distance from electrode 41 
to the wall of waveguide section 35 is the shortest. This 
space is indicated by the dotted lines in FIG. 4. 

It is well known (for example see paper entitled 
“Microwave Applications,” by Frank R. Arams, Elec 
tronics Magazine, November 1954, pages 168—l72) that 
if a gas is sufficiently ionized to have a negative dielec 
tric constant, the gas acts to re?ect the microwaves in the 
same way as a conductive sheet or wall. Accordingly, 
to the microwave energy traveling in the waveguide, the 
limit of the space which is su?iciently ionized to re?ect 
the waves will correspond to a new dimension of the 
waveguide h’ shown in FIG. 4, and to a different wave 
length in this waveguide. If the ionizing voltage and cur 
rent is increased, the re?ective ionization will occupy 
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more and more space until it reaches the top of ionizing 
electrode 41. Therefore, in effect the conductive wall of 
the waveguide can be shifted in accordance with the 
applied ionizing voltage and current. By controlling 
the ionizing voltage and current applied to a section of 
such a waveguide, it is possible to remotely control the 
waveguide’s larger dimension and thus, the wavelength 
and phase of the energy passing through such Waveguide. 
Relatively small power will be required tor such a phase 
control if the transmitting medium is carefully selected. 
For example, in the case of an inert gas, the mixture and 
pressure thereof would have to be properly selected. 
Almost no delay will be experienced because it takes a 
fraction of a microsecond to ionize the transmitting 
medium. 

It is further possible in accordance with the invention, 
to select such a dimension of the ionizing electrode 41 
that the dimension [1' may be made smaller than M2 
upon application of sut?cient voltage. When this occurs, 
it will be seen from the equation 

that the Wavelength Ag becomes in?nitely long and the 
waveguide does not support propagation. Accordingly, 
the waveguide effectively becomes an open switch. 

It may therefore be seen that the invention provides 
an improved low cost microwave phase shifter which 
requires a minimum of power for a 360° phase shift. 
The invention further provides rapid control of the phase 
shift by electronically changing the larger dimension of 
the waveguide section through which microwaves are 
traveling. Moreover, the invention may be utilized as 
an electronic waveguide switch to completely block the 
passage of microwaves. 

I claim: 
1. A microwave phase shifter including in combina 

tion, waveguide means having a pair of oppositely dis 
posed shorter sides and a pair of oppositely disposed longer 
sides, said waveguide means further having a ?uid con 
?ning window at either end which permits passage of 
microwaves therethrough and containing ionizable ?uid 
occupying the interior, said ionizable ?uid having the 
property of passing microwaves when not ionized to a 
given degree and of re?ecting the same when ionized to 
the given degree, ionizing electrode means in said wave 
guide means, said electrode means extending along a 
given length of said waveguide means and protruding 
from a shorter side thereof a given distance, and energiz 
ing means connected to said electrode means for causing 
the same to ionize that portion of said ?uid occupying 
the space in said waveguide means between said elec 
trode means and said longer sides to the given degree, 
such ionization of said ?uid thereby serving to effec 
tively reduce the size of said waveguide means, whereby 
the phase of microwaves in said waveguide means is 
correspondingly changed. 

2. A microwave phase shifter including in combina 
tion, waveguide means having a pair of oppositely dis 
posed shorter sides and. a pair of oppositely dispose-d 
longer sides, said waveguide means further having a gas 
con?ning window at either end which permits passage of 
microwaves therethrough, an ionizable gas occupying 
the interior of said waveguide means and having the 
property of passing microwaves when not ionized to a 
given degree and of re?ecting the same when ionized 
to the given degree, ionizing electrode means in said 
waveguide means, said electrode means having a portion 
extending along a given length of said waveguide means 
and protruding from a shorter side thereof a given dis 
tance, said electrode means being of a con?guration such 
that the ionizing gap therein increases with the distance 
said portion protrudes from the shorter side of said wave 
guide means, and variable energizing means connected to 
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said electrode means for causing the same to ionize vari 
able portions of said gas occupying the space in said 
waveguide means between said portion of said electrode 
means and said longer sides to the given degree, such 
ionization of said gas thereby serving to e?ectively vary 
the greater dimension of said waveguide means so that 
the phase of the microwaves in the said waveguide means 
is correspondingly varied. 

3. A microwave phase shifter including in combina 
tion, a waveguide of rectangular cross-section and hav 
ing a gas con?ning window at either end which permits 
the passage of microwaves therethrough, an ionizable 
gas occupying the interior of said waveguide and having 
the property of passing microwaves when not ionized to 
a given degree and of re?ecting the same when ionized to 
the given degree, a wedge shaped ionizing electrode pro 
truding from one side of said waveguide into the interior 
thereof and extending along a given length of said wave 
guide, and variable energizing means impressing a volt 
age across said electrode and the sides of said waveguide 
adjacent said one side for causing the same to su?‘iciently 
ionize variable portions of said gas occupying the space 
between said electrode and the sides adjacent said one 
side to re?ect microwaves, such ionization of said gas 
thereby serving to e?ectively vary the larger cross-sec 
tional dimension of said waveguide so that the phase of 
microwaves in said waveguide is correspondingly varied. 

4. A microwave phase shifter including in combina 
tion, a waveguide having a top, bottom and two sides 
forming a rectangular cross-section, ?rst and second 
gas con?ning windows at respective ends of said wave 
guide which permits passage of mircowaves therethrough, 
an ionizable gas occupying the interior of said wave 
guide and having the property of passing microwaves 
when not ionized to a given degree and of ‘re?ecting the 
same when ionized to the given degree, a wedge shaped 
ionizing electrode protruding into the interior of said 
waveguide from the bottom thereof and extending sub 
stantially along the entire length of said bottom, and 
variable energizing means connected to said electrode 
and said sides of said waveguide ‘for impressing a voltage 
.thereacross to su?iciently ionize variable portions of 
said gas occupying the space between said electrode and 
said sides to re?ect microwaves, such ionization of said 
gas thereby serving to effectively vary the height of said 
waveguide, whereby the phase of microwaves in said 
waveguide is correspondingly varied. 

5. A microwave phase shifter including in combina 
tion, a waveguide having a top, bottom and two sides 
forming a rectangular cross-section, ?rst and second gas 
con?ning windows at respective ends of said waveguide 
which permits passage of microwaves therethrough, an 
ionizable gas occupying the interior of said waveguide 
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and having the property of passing microwaves when not 
ionized to a given degree and of re?ecting the same when 
ionized to the given degree, a wedge shaped ionizing 
electrode protruding into the interior of said waveguide 
from the bottom thereof and extending substantially 
along the entire length of said bottom, and variable en 
ergizing means connected to said elctrode and said sides 
of said waveguide for impressing a voltage thereacross 
to su?iciently ionize variable portions of said gas oc 
cupying the space between said electrode and said sides 
to re?ect microwaves, such ionization of said gas thereby 
serving to effectively vary the height of said waveguide, 
said electrode protruding into said waveguide a distance 
su?icient to enable ionization of said gas to an extent 
which reduces the effective height of said waveguide to 
not more than half the wavelength of the microwaves in 
said waveguide whereby said microwaves may be cut off. 

6. A microwave phase shifter including in combina 
tion, waveguide means having a pair of oppositely dis 
posed shorter sides and a pair of oppositely disposed 
longer sides, said waveguide means further having a gas 
con?ning window at either end which permits passage 
of microwaves therethrough, an ionizable gas occupy 
ing the interior of said waveguide means, ionizing elec~ 
trode means in said waveguide ‘means, said electrode 
means having a portion extending along a given length of 
said waveguide means and protruding from a shorter side 
thereof a given distance, said electrode means being of 
a con?guration such that the ionizing gap therein in 
creases with the distance said portion protrudes from the 
shorter side of said waveguide means, and variable ener 
gizing means connected to said electrode means for caus 
ing the same to su?iciently ionize variable portions of said 
gas occupying the space in said waveguide means between 
said portion of said electrode means and said larger sides 
to re?ect microwaves, such ionization of said gas thereby 
serving to effectively vary the greater dimension of said 
waveguide means, said given distance being su?icient to 
enable ionization of said gas to an extent which reduces 
the effective greater dimension of said waveguide to not 
more than half the wavelength of the microwaves in said 
waveguide, whereby said microwaves may be cut off. 
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