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Th1s mventlon relates to transmlssmn Tires “and 'm,ore
partlcularly to"a flexible transmission line of the wave
guide type.

It has been known for many years that hxgh frequency
electromagnetrc energy miay be propagated along "a_hol-
low tube or p1pe In general the cross section of such
wave ‘guides is either round or rectangular, but other
geometrrcal conﬁguranons have been employed on oc-
casion. Wave guides : are frequently ut1hzed to feed elec-
tromagnetrc eneigy, 'to an antenna, n’ many 1nstances
‘it is desirable to rotate the antenna’ about ‘an’axis so that
‘a’ prescnbed voltime of space may. be scanned, by the
beam, of electromafrnetlc energy radlated Tt is also fre-
quently necessary to orient the axis of the antenna in one
ofa plurahty of ‘ditections before or ‘duting {he ‘scanning
process. .. .

In such" apphcatxons the desmb 'ty of some degree of
-Hexibility in the wave guide connected 10 the ‘antenna is
self evident. . In the past “attempts have ‘been made to
satlsfy ‘this need through the use ‘of rotatmg ]omts “of
various types. Such_ joints are comphcated costly, - and
f quently -are_tesponsible. for a “telatively “poor stand-
'ing wave ratio” he overall system,. An alternatlve S0-
Cliition. to the problem is a wave gulde whrch is’'in 1tself
ﬂex1ble

wh1ch re uces to a mrmmum the overall d1ameter of the

The ﬂemble wave gmde of the present mVentron “on, the
other hand is capable not ‘only of transmlttlnv ‘electro-
magnetrc energy eﬁic1ently and w1th a very low standmg
power to a load such as an antenna

Accordmgly, itisa prlmary ob]ect Of,tb‘? present in-
vention to provrde a unigue flexible, transimssron lme

Another object. of the invention is to provide a, ﬂex1ble
transrmssmn line ‘in which ‘the ‘primary components ‘may
be “die. cast.

) further ob]ect of the 1nvent10n is to provrde a frans-
‘fission line having.a mmrmum overall diameter,

"An additional ob]ect of the invention is_to prov1de a

ﬁex1ble transmission line capable of transmitting ‘mechan-
‘ical ‘power. .
. Yet another object “of the mventron is to provxde a
ﬂexrble transmrssron hne whlch may be. bent at any ‘an-
gle up to a desxgn ‘maximum and continue to dehver
satrsfactonly rotatronal ‘mechanical power and eléctro-
magnetic energy.

A 'still further ob]ect of ‘the invention is to provrde a
flexible transmission line which minimizes energy leak-
age and reflection.

Still ‘snother “object of the 1nvent10n is to prov1de a
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tion provrdes a flexible ‘wave gLude 40
anufacture 'since it may be 'die cast, )

. generally-in accordance with the principles of the inven-

tion by employing tubular sections having a portion .of
-smaller diameter and a portion of larger diameter adja-
.cent thereto, the sections being arranged successively
‘with the smaller dimeter portion of each section. nested
-with-the larger diameter portion of the next section., .In
a preferred embodrment ring-shaped springs are employed
‘1o join flexibly. the successive sections.

The foregomg and other objects of the mventron w1ll

become more apparent in the followmg detailed. descrip-
tion of .the invention when taken in conjunction wrth the
accompanymg ‘drawing wherein:
. Figure-1 is a-perspective view of a preferred embodl-
.ment of -the invention illustrating its use in - the trans-
_mission. of electromagnetic and mechanical power to a
Toad such as an antenna;

Flgure 2.1is a longltudmal sectronal view of a wave
gurde of the type iltustrated in Figure 1; "

Flgure 3 is a longitudinal sectional view- of the sec-
tlon employed in the invention, with the proportions dis-
:torted so that certain dimensions may be more clearly
‘indicated;

. Figure. 4 is a.partly sectional view of a modlﬁcatlon of
the invention; and.

Flgure 5isa- partly sectional view of still another modr—
fication of the. invention. .

Referrmg now. to. Figure 1, the ﬂex1ble wave Uurde
of the present invention, generally designated by reference
nnmeral 10 is. 1llustrated as connected- to an antenna
0enerally desxgnated by. reference numeral 12 -for. the
_transmission thereto of electromagnetlc energy. from:a
surtable source - generally -designated by reference numer-
al 14 and. of mechamcal rotational power from a-suitable
source generally de51gnated by reference number 16. No
change in electncal characteristics as a function of ro-
_tation- wrll oceur if the wave guide is circularly symmetric.
For. thlS reason a circular wave guide has been illustrated
and is preferred The flexible wave guide may comprise
a pair of coupling sections 18, 20, which may be con-
nected by suitable convent10na1 ﬂanoe couphng members

0

Sectlon 22 is connected to antenna 12, whrch although
f_lustrated as a circular. horn -may assume any of -the

5 1o, the source of electromagnetlc energy 14, wh1ch for
the purposes of the present invention has merely been il-
lustrated as . .a. conventional high frequency .generator.
Tt will be appreciated that any of the conventional sources
.of electromagnetrc .energy: may be. coupled to r1g1d sec-.

50 ‘tion 24 by any . of ‘the conventional means. - Any mode
of waye. energy -that .can be supported in.-a rigid cir-
‘cular wave- guide.may . be. employed, for example .the
TE;;. mode.. It will also be appreciated that the inven-
.tion is as apphcable to. the reception of electromagnetic

55 energy as.it is.to the transmission thereof.

.. Mechanical rotational power may be applied to the

Aransmission line.in.any conventional manner, and for

’the PUrpOSES, of the description of the invention, a pair of

0 outer surface‘,_o,f,rlgld sectlon 24_ and may be drrven, by

a suitable pinion gear 28 driven from a motor (not
shown)

- Before proceedlng with the detailed descriptron of the

constriiction of the vertebrate wave guide, it is advan-

5 ‘tageous- to describe- the- overall function of the appara-

‘tus “illustrated. - Electromagnetic -energy from source 14

:will be. propagated along.the wave guide transmission

line in the direction of its longitudinal axis 30. . This

axis. may be ¢urved or bent. by bending or flexing the

vertebrate: transmission . line havmg unique means for gq flexible wave guide 10, as will be described below. In

flexibly. joining the vertebrae. :
These and other objects of the mventron are fulﬁlled

the application - illustrated, rigid wave guide section 24
and the mechanical and electromagnetic apparatus as-
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sociated therewith will in general remain relatively sta-
tionary on a suitable supporting platform, while rigid
wave guide section 22 and antenna 12 may be moved
- by apparatus well known in the communications arts so
‘that the longitudinal axis 30 points in any one of a plu-
rality of directions. As a simple example, the antenna
‘could be mounted in a gimbal ring suspension which
would allow the antenna to be moved about two orthog-
onal transverse 2xes. The antenna and rigid wave guide
section 22 could be mounted in a suitable ballbearing
race on the inner gimbal ring to allow rotation about
axis 30. It will be understood that the details of the
suspension of antenna 12 are not the subject of the pres-
ent invention. L o
 -As will appear hereinafter, the joining means of the
vertebrae which constitute ‘wave guide 10 allow adja-
cent -sections to move about a pair of orthogonal trans-
verse axes. In essence the joint is universal within pre-
‘scribed limits, whereby rotational power from source 16
may be transmitted to antenna 12 without changing the
direction -of axis 39. The axis of the electromagnetic
beam radiated by the antenna may, of course, diverge
" from the longitudinal axis 30 of the wave guide. This
divergence, necessary for the scanning of a prescribed
volume, may be accomplished in any of the conventional
_manners. )

Referring to Figure 2, the flexible wave guide com-
prises a plurality of sections 32, which may be die cast.
Each section has a smaller diameter portion 34 and a
larger diameter portion 36 adjacent the smaller diameter
portion. The sections are arranged consecutively with
the smaller diameter portion of each section nested with
the larger diameter portion of the next section. Each
smaller diameter portion is, of course, spaced slightly
from the larger diameter portion of the next section, as

indicated at 38, to allow for relative movement between-

the successive sections. As will appear more fully be-
low, an odd number of sections is preferably employed
so that an even number of inter-section spaces or breaks
38 is provided. The end sections are, of course, slightly
different from the intermediate sections, which may be
identical, since the end sections must also serve as cou-
pling members.

Each inter-section space or break has associated there-
with a choke groove 40. This groove is formed in the
face of one of the larger diameter portions associated
with each break. Figure 3 illustrates preferred dimen-
sions which are measured in terms of guide wavelengths
r\yithjn»the particular elemental transmission line. Dimen-
smp,A, which represents the spacing of corresponding
points on successive sections, is preferably a quarter
wavelength of the electromagnetic energy propagated
within the wave guide constituted by the inner surface
of the smaller diameter portions of successive sections.
This dimension may actually be any odd number of
quarter wavelengths, but from the point of view of broad
band operation and physical compactness, the one quarter
wavelength “spacing is preferred. The use of quarter
‘wavelength spacing between successive intersection
‘spaces or breaks provides for the cancellation of any
reflected energy propagated back toward source 14 as
the result of the discontinuity presented by such breaks.
Considering any pair of adjacent breaks, it will be noted
that energy reflected by the break farther from source
14 arrives 180° out of phase with the energy reflected by
the break nearer to source 14, and thus cancellation
occurs. - For cancellation to occur, it is only necessary
that the breaks be arranged in pairs with quarter wave-
length spacing between the breaks of each pair, and it
is ‘thizs not essential that all of the sections have the same
Iength.” '
 Dimension B from point a to point b is preferably
one quarter guide wavelength within the elemental trans-
mission line constituted by the complementary surfaces
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of the successive sections which make up spaces  38.
Dimension C from point b to point ¢ (the bottom of
the choke groove) is also preferably ome quarter guide
wavelength within the elemental transmission line con-
stituted by the choke groove. The total path length
from point a to point ¢ will therefore be one half guide
wavelength within the composite elemental transmission
line.. This short circuit at point ¢ will thus be reflected
at point a as a very low impedance, and the inner sur-
face constituted by the successive smaller diameter por-
tions 34 will appear substantially continuous for electro-
magnetic energy propagated along the wave guide. The
break in the outer wave guide surface effectively at point
b will appear at a zero current point. It will be clear
to those skilled in the art that the exact path lengths
mentioned above are difficult to define because of the
transitions which exist in the elemental transmission lines.
These elemental lines comprise both coaxial and.radial
sections. However, the dimensions may be designated
substantially as illustrated. The quarter wavelength
spacing -between points @ and b and between b and ¢
is preferred for reasons indicated previously, but it wifl
be appreciated that other spacings may be employed to
achieve the low impedance desired at point a. The use
of the curved half-wave choke .folded back along the
guide from point a to point ¢ allows the smallest over-
all outside diameter of the wave guide.

"It will be_appreciated that the sections may be rotated
relatively about a-transverse axis within prescribed limits
without upsetting to a substantial degree the impedance
relationships set forth above and without substantially
deteriorating the standing wave ratio. The extent of
‘allowable movement between sections will, as is under-
stood in the art, depend upon. both electrical and me-
chanical design criteria, ’

Referring again to Figures 1 and 2, in a preferred
embodiment the sections are flexibly joined by ring-
shaped leaf springs interposed between the sections.
Each spring. is connected to the adjacent sections alter-

_nately at points along its length. Preferably the points

are displaced by 90° so that each spring is connected
to one of the adjacent sections at two points defining
a first transverse axis and to the other of the adjacent
sections at two points defining a second transverse axis.
These axes are preferably orthogonal. The springs may
‘be. connected to the associated sections by a plurality of
bolts 44, which may be threaded into a corresponding

‘plurality of bosses 46 formed integrally with the larger

diameter portions 36 of the sections. The choice of
spring material and the thickness of the springs will, of
course, determine the relative flexibility of the wave
It will be noted that the springs allow substan-
tially universal movement within prescribed limits and
vet prevent relative rotation of the respective sections
about the longitudinal axis 30 of the wave guide.

While in the preferred embodiment illustrated the in-
termediate sections are substantially identical, with each
section having a first pair of oppositely disposed . bosses
on one face and a second pair of oppositely disposed
bosses on the second face displaced 90°- with respect
to the first pair, it will be appreciated that other ar-

_rangements for supporting the springs may be utilized.

For example, alternate sections may be formed and ar-
ranged so that they support a spring on each face at

“opposite points with - the -axes. defined-by the points on

the respective faces parallel rather than displaced 90°
as in Figure 1, and the intervening sections may be
formed in the same way but fixed to the springs on either
side thereof at points displaced 90° with respect to the
first mentioned points. CoC

Figure 4 illustrates a modification of the invention em-
ploying substantially the same type of sections illustrated

"in Figures 1 and 2 but wherein the respective sections are

joined by a coil spring 48 wound about the larger diam-
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eter portions of the sections in a helical; groove 50 formed
in the outer surface of the flexible: wave guide.

In Figure 5 each of the sections is provided with an
integral ring shaped protuberance 52. These protuber-
ances cooperate with- corresponding. grooves 54 formed
in a flexible sleeve 56, which may be made of rubber for
example, encasing the-sections and. joining them ﬂexibly.

In a typical case for the propagation of a wave in the
TE;; mode having a wave length of appmxmately 32
centimeters, the internal dimensions of the smaller- dlam-
eter portion of the sections may be approxxmately 0.940
inch, while the external dimension of such portions may
be approximately 1.000 inch. The internal dimension of
the larger diameter portions may be approximately 1,120
inches, while the overall outer diameter of the sections
may be approximately 1.780 inches. The length along
the inside of the wave guide of the larger diameter por-
tion may be approximately .350 inch, while the length
of the smaller diameter portion may be approximately
420 inch. The inner diameter of the choke groove may
be approximately 1.170 inches, the outer diameter of the
choke groove approximately 1.350 inches, and the depth
of the choke groove approximately 0.360 inch.

The embodiments described and illustrated are in-
tended to be exemplary of the invention rather than
restrictive. It will be apparent to those skilled in the art
that many modifications are possible without departing
from the principles of the invention. For example,
while the “stepped” sections of Figure 3 are preferred
for ease of manufacture, the sections could be modified
so that paths B and C might form a straight path from
peint g to point ¢. The inner surface of the larger
diameter porticn of the sections would then be smoothly
tapered rather than stepped, and the choke dimensions
would be straight. Such modifications are intended to
form a part of my invention, the scope of which is de-
fined in the following claims.

I claim:

1. A flexible line for transmission of both mechanical
energy and high frequency electromagnetic energy com-
prising a plurality of tubular sections each of said sec-
tions having a smaller transverse dimension portion and
a larger transverse dimension portion, said sections being
arranged in successive order, with the smaller portion
of each section nested with and spaced substantially
entirely from the larger portion of the next section, each
of said sections being provided with a circumferential
groove, the length of the path constituted by the comple-
mentary surfaces of adjacent sections defining intersec-
tion spaces and said groove causing a low impedance to
appear at the breaks between adjacent smaller portions
for electromagnetic energy propagated along said line,
and means serving both to join adjacent sections flexibly
and to transmit torque, corresponding portions of said
sections being spaced along the length of said transmis-
sion line, substantially one quarter wavelength of the
electromagnetic energy propagated along said line.

2. The transmission line of claim 1, said means for
joining said sections comprising a plurality of leaf
springs.

3. The transmission line of claim 2, each of said leaf
springs surrounding a smaller portion and being joined
to the adjacent larger portions alternately at points along
its length.

4. The transmission line of claim 1, said means for
joining said sections comprising a coil spring wound
about the larger portions of said sections.

5. The transmission line of claim 1, wherein said join-
ing means comprises a flexible sleeve encasing said sec-
tions.

6. A flexible transmission line comprising a plurality
of tubular sections arranged consecutively to form a
tubular wave guide, a series of ring-shaped springs ar-
ranged with one spring interposed between each pair
of adjacent sections, each spring being connected at
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spaced points. about the carcumferencec of- t],:lg ring, al-
ternately to the;adjacent sections,

7. A flexible transmission line compnsmg an odd num-
ber- of tubular sections,’ each section having a ‘smaller
diameter tubular- portion- and a- larger diameter tubular
portion connected- to- and - aligned with the smaller por-
tion, said -sections being arranged: consecutively with the
smaller diameter portion of each- section nested with and
spaced substantially- entirely- from- the larger diameter
portlon of the next section, means fop joining: adjacent
sections flexibly; and means. for causing a low impedance
to appear across the space between successive smaller
diameter porntions for electromagnetic energy propagated
along said transmission line, successive spaces being sepa-
rated by substantially one quarter Wavelength of said
energy in said transmission line.

8. The transmission line of claim 7, the last-mentioned
means comprising a circumferential choke groove in one
of the sections associated with each of said spaces.

9. A transmission line construction comprising an un-
even plurality of tubular sections, said sections being
successive with opposing surfaces of adjacent. sections
spaced to form a choke path for electromagnetic energy
propagated in said line, said choke path having a length
predetermined to cause a low impedance to appear at
the breaks in said transmission line between said sections
and being at least a quarter wavelength long measured
along said choke path, at least a portion of the first
quarter wavelength of said choke path nearest the axis
of said line being folded back along said transmission line,
at least one section of each adjacent pair of sections
having an effective length along its wave transmission
axis equal to a quarter wavelength of the energy to be
transmitted.

10. A transmission line construction comprising a plu-
rality of tubular sections, each of said sections having a
smaller transverse dimension portion and an adjacent
larger transverse dimension portion, said sections being
consecutive with the smaller portion of each section
nested with and- spaced from the larger portion of the
next section corresponding portions of each section,
measured along the axis of wave transmission, being
space apart substantially one quarter wavelength of the
energy transmitted, one of the larger portions associated
with each inter-section space having a choke groove
therein located outwardly of the adjacent smaller portion.

11. A system for propagating electromagnetic energy
between a pair of spaced devices and for moving one of
said devices with respect to the other about an axis along
which said energy is to be propagated, which axis may
be curved; comprising a flexible transmission line having
a plurality of tubular sections, each section having a
smaller diameter tubular portion and a larger diameter
tubular portion connected to and aligned with the smaller
portion, said sections being arranged consecutively with
the smaller diameter portion nested with and spaced sub-
stantially entirely from the larger diameter portion of the
next section, means for joining adjacent sections flexibly,
means for causing a low impedence to appear across the
space between successive smaller diameter portions for
electromagnetic energy propagated along said transmis-
sion line, successive spaces being separated by substan-
tially one quarter wavelength of the propagated energy,
said sections being relatively movable about a pair of
transverse axes but fixed against rotation about a longi-
tudinal axis; means for feeding electromagnetic energy
to said wave guide from one of said devices and means
for causing one of said devices to rotate about said
longitudinal axis, thereby to rotate in turn, said trans-
mission line and said other device.

12. The transmission line of claim 11, said sections
being circularly symmetric.

(References on following page)
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