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This invention relates to microwave transmis-
sion systems employing surface wave propagation
and more particularly to phase shifters for such
systems.

In our copending application, Serial No.
163,581, filed May 23, 1950, we disclose various
forms of guide lines together with associated
launching and receiving devices for surface wave
propagation of microwave energy. The guide
line may comprise either g bare conductor hav-
ing g finite resistivity or a conductor with dielec-
tric material distributed therealong, either as a
continuous coating or as spaced sections or beads.
The larger part of the electromagnetic field for
such lines is confined in the form of a cylindrical
volume closely adjacent the surface of the con-
ductor thereby resulting in efficient transmission
of high frequency energy. By way of example, an
ordinary No. 12 enameled copper wire has been
found to have for high frequencies the major por-
tion of the electromagnetic field concentrated
within a 3 to 4 inch radius about the wire. The
high frequency energy has been found to flow in
this field along the surface of the wire with very
low loss and to be substantially free from elec-
trical and other disturbances where this confined
cylindricgl field was substantially unobstructed.

One of the objects of this invention is to pro-
vide a phase shifter for guide lines capable of
surface wave transmission; and a further object
is to provide a phase shifter for such lines which
is easily adjustable.

The phase shifters according to our invention
comprise a line conductor along which conductor
sections of cross-sectional size greater than the
cross-sectional size of the line conductor are pe-
riodically disposed. These conductor sections are
similar to the conduetor sections of the filters
disclosed in our copending application, Serial No.
152,132, filed March 27, 1950, except that the sec-
tions in the present invention are adjustable in
size. These periodically disposed conducting sec-
tions increase the delay of propagation of high
frequency energy, the degree of delay depending
upon the ratio between the size or thickness
axially of the sections and the spacing between
the sections., By altering this ratio without
changing the periodicity of the sections, wide
band phase change is obtainable.

One of the features of the invention is the
structural arrangement of the conducting sec-
tions. Each section preferably comprises 5 pair
of disc-like elements at least one of which is pro-
vided with a peripheral flange disposed concen-
trically. about the line conductor in over-lapping
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2
contact relationship with the peripheral edge of
the other element of the pair.. By adjusting one
of the elements relative to the other differences in,
phase may be obtained.

Another feature of the invention is the manner
by which the conductor sections may be adjusted
in axial size. In one embodiment of the inven-
tion g corresponding element of each pair is con-
nected together so that the connected elements
may be moved in unison relative to the other ele-
ments which are carried by the line conductor.
The connecting meang for the movable elements
may comprise g hollow cylinder of insulating ma-
terial disposed about the sections and mounted
for axial movement relative to the line conductor.
One element of each section is connected by in-
sulating means to the hollow Insulating cylinder
so that movement of the hollow cylinder will
produce variation in the size of the conductor
sections. To minimize undue perturbation of the
high frequency energy the ends of the cylinder
are closed about the line conductor by bodies of
insulating material which preferably are tapered
from the outer cylinder to substantially the sur-
face-of the line conductor. A lquid dielectric is
also preferably contained within the cylinder,
the dielectric coefficient of the liquid being sub-
stantially the same as the dielectric coefficient of
the insulating bodies.

In still another embodiment, the corresponding
elements of each section are shifted by means of
an axial connector disposed within the line con-

“ductor which in this embodiment is made hollow.

The above-mentioned and other features and
objects of this invention and the manner of at-
taining them will become more apparent and
the invention itself will be best understood, by
reference to the following description of an em-
bodiment of the invention taken in conjunction
with the accompanying drawings, wherein:

Fig. 1 is a view in longitudinal section illustrat-
ing a phase changer embodying a plurality of
phase changer sections together with an enclos-
ing insulating cylinder by which the sections may
be adjusted in axial size;

Fig. 2 is a cross-sectiona] view taken along line
2—2o0f Fig. 1; - - -

Fig.. 3.1s a longitudinal sectional view of a
modified form of phase changer which includes
an electrical control for effecting adjustment of
the sections; ‘
 Fig. 4 is a sectional view taken along line 4—4
of Fig. 3;. . : :

Fig.5 is g fragmentary sectional view llustrat-

ing g, man_ual control ‘which ‘may be substituted
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for the electrical control illustrated in Fig, 3; and

Fig. 6 is a longitudinal sectional view of a modi-
fled form of phase changer section.

In Fig. 1, the phase changer shown comprises a
lensgth of conductor | which may correspond to
the conductor of the guide line although it may
be of different size if desired. Periadically spaced
along the conductor is a plurality of sections 2, 3,

ete., each of which comprises a pair of disc-like
elements 4 and 5. One element of each pair 3¢

such as 4, is mounted on the conductor | so that

it is relatively fixed thereto. This may be accom-

plished by brazing or by a tight shdmg engage-.

ment. The other element of _each pair such-ag 5,
is mounted for sliding engag ]
to the conductor { so as to provide electrical con-

nection therewith. - The outer-periphery .of each

element is provided with a laterally disposed

flange which is concentric with respect to the
conductor {. The two elements 4 and 5 are pref-
erably. made of -different .size - radially so that
the flange 6 on one will-overlap in sHding engage-
ment the flange 1 -on . the other.. If desired,.the
flange on one of the elements may be eliminated
entirely by having the flange of the other overlap
in sliding contact.the peripheral edge of:the one
element,

As shown in Fig. .1, the sections 2,:3,.ete., are
enclosed by .an.outer. container .of -insulating
material dispesed .concentrically.about ‘the line
conductor f in the form.of a .coaxial cylinder.
The. .movable elements. 5 .are. cornected to .the
outer . container .8 by perforated discs 8 of. in-
sulated material. The ends of. the .outer.con-

tainer 8 are. closed by-bodies of insulating mate- 3

rial {0 which are provided with lquid type glands
{4 about the conductor -{.. The bodies .10 are
tapered as indicated at 12 from the outer conduc~
tor '8 to substantially -the .surface :of the line
conductor {. Within the outer.container 8 is a
liguid -dieléetric 13 whieh has a dielectric coefii-
cient substantially the same as the dielectric co-
efficient .of ‘the .bodies .8 ‘and -18.. When it is
desirable to ad}ust the phase changer the outer

container :8 ma.y be manually moved -along the

conductor. 1 thereby enlargmg or reducing ‘the
-axial size of the sections 2, 3,-ete.

" In Figs. 3 and 4,a line conductor #4 is shewn
as being hollow and as havmg g plurahty of eir-
cumferentially: spa,ced slots 15 at intervals there-
along to- accommodate conductor sectxens £6,-17,
ete., each of which compnses g pair-of ‘radially
dlsposed “elements, one ‘of which-is mounted in
the slots for -axisl -adjustment ‘with respeet to
conductor 4. As shown, the element k8 is pref-
erably of dise shape seeured to the surface of the
conductor (4 and extendlng radlany outwardly
therefrom. At -the penpheral edge -of ‘the disc
is a laterally- dispesed ‘flange concentric wn;h
respect to the conductor 4. The other element
19.of the pairis in‘the, form of a hollew ‘dise, one
wall 28 of which is prov1ded “with -eut-outs: 21
to accommodate the cenductor 14, the cut-outs
being separated by mwardly prozectmg spokes
22 which are secured to a red 23 ‘disposed axfally
of the hollow condictor f4. “Fhe opposite wall-24
of the cylindrically shaped dise 19 is dxsposed
radially-of the econductor +§ and is prev1ded with
lateral’ ﬂange 25 for sliding engagement with the
outer surface of the conductor i4. TFor admst-
ment of the movable elements {9 of the sections
48, | 1,/ete,, the rod 23 is disposed afong the hollow
conductor 14 for a distance at which pomt ‘ib
carries.an iron.shug 28 which ‘may be attracted
magnetically by a'solensid 2T disposed i :spaced
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relation concenirically about the conductor (4.
A helical spring 28 is mounted on the rod adjacent
the slug 26 to urge the movable elements toward
a given position. When the solenoid 27 is ener-
gized it forees the slug 28 in a direction opposed
to the action of spring 28 thereby changing the
axial size of the sections, 1§, 17, etc.

In.the.place of the electrical control.of Figs. 3
and 4, a manual control may be employed such
as indicated in Fig. 5. The hollow conductor 4
is, provided with a slot 28 through which a slider
39 carried by the rod 23 extends. By manhually
moving the slider: 20 the sections {6, {1, etc., may
ba changed in size and thereby alter the degree
of phase shift aeecomplished by the assembly.

In Fig. 6 a phase changer section is shown in
the form of a.sylphon bellows comprising two
msc-llke walls 31 and 32 with a corrugated flex-
ible wall- 23 spinning the space therebetween.
This flexible wall permits relative movement of
the side wails: 3t and 32 to effect change in phase.

While we have deseribed above the prineiples
of our invemtion in connection with -specifie
apparatus, it will be clear to those skilled. ;n,-~,the
art that the phase changer sections may be varied
widely as to their specific construction, also that
the .end sections of . series of sections may be
graduated in size similarly as the filter sections
shown in. our aforementioned application. Serial
No. 152,132: Also that.various means may he
arranged for effecting adjustment of position of
the movable elements of the conducter sections.
It is to be clearly understood, therefore, that this
description. is: made only by way of example and
nef as a limitation to the scope of eur invention,
as .set forth in. the objects thereof and in the
accompanying claims.

We claim:

1. A phase changer for use 1 conjunction with
a :guide line .capable of surface propagation -of
high - frequency energy by means of an electro-
magnetic field formed abeut such line, compris-
ing.a line conductor, a_plurality -of conductor
seotions of cross-sectional size greater than the
eross-sectional. size of  said line conductor, -each
of said sections comprizing a bair of .elements
extending radially .of said line conductor, each
of -said -elements having an axially disposed
flange, the fanges of the elements in said pair
heing:disposed in overlapping relation, and means
for. simulianeously meving a corresponding ele-
ment of each pair for changing the size of said
sechions. ‘

2.-A -phase changer acgording to. claim 1,
wherein -said elements -comprise. discs and the
flanges thereof are concentrically dispesed with
respect-to the. axis.of said line conductor.

3. A phase changer comprising a line conduc-
tor, a hellow cylinder oz insulauing material dis-

c.onductel, a D;ura{usy of con_ducter sectmns c_hs.-
pesed periodieally along:said line conductor, each
of said sections comprising a pair of elements
extending. radidlly--of :sgid line conduetor, .one of
said . elements ef -each.pair being electrically
conneeted to said iine conductor and the other
element of..each .palr being connected to. said
cylinder but electricaily coupled.to said line.con-
ductor and supporting: means for mowvably -sup-
porting  said .cylinder with respect to saigd: line
conductor.

© 4. A -phase .changer -according to eclaim .3,
wherein .the supporting means includes a body
oftinsulation at each end of said.cylinder tapered
graduslly io- the surface .of said line .eonductor
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5. A phase chamber according to claim 4,
wherein said supporting means include a liquid
tight gland about said line conductor and a liquid
dielectric is contained in the space between said
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line conductors and said cylinder.

ANDRE G. CLAVIER.
DAVID L. THOMAS.
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