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This invention is directed to transmission lines
of the concentric or coaxial type for operation at
a predetermined wave length or for operation
over a range of wave lengths.

Such transmission lines are well known in the
art and have been widely used In a variety of ap-
plications. They include & first or inner con-
ductor and a second or outer conductor, sur-
rounding and suitably spaced from the inner con-
ductor. In one type of prior line construction a
solid dielectric fills the space between the inner
and outer conductors and serves as a mechanical
support, aligning the inner conductor coaxially
with the outer and establishing a uniform inter-
conductor spacing which is usually much less
than one-quarter of the mean operating wave
length of the line. While solid-dielectric lines
have been found useful in certain installations
they are subject to dielectric loss which greatly
limits their utility,

In another known line construction of the
same general type an air dielectric fills most of
the inter-conductor space, and beads or rings of
dielectric material are spaced along the inner
conductor to maintain & coaxial alighment of the
inner and outer conductors. In view of the di-
electric supporting rings or beads, which fre-
quently fit loosely between the inner and outer

conductors, such lines do not have the mechani-

cal strength required for some installations, and
for this reason have a restricted use in the art.

A further coaxial line construction of the prior
art features stub supports for the inner con-
ductor. In such an arrangement a supporting
conductor, having a length equal to one-quarter
of the mean operating wave length of the line,
projects radially from the inner conductor at
each point of support. Since the inter-conductor
spacing is substantially less than a quarter of the
mean operating wave length, the corresponding
portion of the outer conductor is deformed into a
well for receiving the supporting conductor.
This conductor is mechanically and electrically
connected to the inner and outer conductors of
the transmission line and, together with the de-
formed portion of the outer conductor, consti-
tutes a short-circuited stub line. 'The stub line
has an electrical length equal to one-quarter of
the mean operating wave length and mechani-
cally supports the inner and outer conductors
in coaxial relation. In view of its electrical
length, the stub line represents a very high or
maximum impedance and, hence, does not impair
the electrical performance of the transmission
line. This construction, which ig referred to in
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the art as a “stub-supported line,” has electrical
and mechanical properties which may be prefer-
able to either of the first described arrangements
and has been widely used. However, the defor-
mations or projections of the outer conductor re-
quired to accommodate the stub supports intro-
duce difficulties In the construction of the outer
conductor,

It is an object of the present invention, there-
fore, to provide a transmission line which avolds
one or more of the ahove-mentioned limitations
of the prior arrangements.

It is another object of the invention to provide
an improved coaxial transmission line of the
choke-supported type.

It is a particular object of the invention to pro-
vide a coaxial transmission line having conduc-
tors of uniform cross section and including con-
ductive chokes for spacing and supporting the
line conductors.

In accordance with the present invention, a
transmission line for operation at a predeter-
mined wave length comprises a first conductor
and a second conductor surrounding the first
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of the operating wave length. The line
has a spacer for the conductors including a third
conductor in mechanical and electrical engage-
ment with the first and second conductors, dis-
posed in the space therebetween and having an
effective electrical length substantially equal to
an odd integral multiple of one-quarter of the
operating wave length., The third conductor pre-
sents a maximum impedance across the line.

For a better understanding of the present in-
vention, together with other and further objects
thereof, reference is had to the following de-
scription taken in connection with the accom-
panying drawing, and its scope will be pointed
out in the appended claims.

In the drawing, Fig. 1 is a cross-sectional view
of a portion of a transmission line in accordance
with the invention and Fig. 2 is an end view of
the transmission line of Fig. 1.

Referring now more particularly to Fig. 1,
there is represented a section of a coaxial trans-
mission line for operation over a predetermined
range of wave lengths. The line includes & first
or inner conductor {0 of uniform cross section
and a second or outer conductor ({ likewise hav-
ing a uniform cross section. The outer conduc-
tor surrounds the inner conductor and has a
maximum radial spacing with reference thereto
which is substantially less than one-quarter of
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the mean operating wave length of the transmis-
sion line. Inner conductor 108 is spaced from
and supported in coaxial alignment with outer
conductor 11 by means of a plurality of choke
spacers, two of which are illustrated in the draw-
ing being designated 12 and (3. The spacers,
preferably, have a spacing along the conductors
of the line which is equal to an odd integral mul-
tiple of one-quarter of the mean operating wave
length. For the illustrated embodiment, the sep-
aration of the choke spacers corresponds with
one-quarter of the mean operating wave length.

Each choke spacer 12 and 13 comprises a con-
ductor of spiral configuration which is in me-
chanical and electrical engagement with conduc-
tors 10 and 11, is disposed in the inter-conduc-
tor space therebetween, and has an effective elec-
trical length substantially equal to an odd inte-
gral multiple of one-quarter of the mean operat-
ing wave length. Specifically, one end of each
choke is mechanically and electrically connected
to one point on conductor 18, as by welding,
brazing or soldering process and the other end is
likewise connected to the corresponding portion
of conductor {f.

In accordance with one method of assembling
the line arrangement, the choke spacers are pre-
formed. They are made of a conductive material,
such as copper or brass, having such cross sec-
tion as to be sufficiently rigid to suspend and
maintain the inner conductor 10 in coaxial align-
ment with the outer conductor i1. The inner-
most ends of the chokes are electrically and me-
chanically connected with the inner conductor.
The outer conductor is apertured at longitudi-
nally spaced points having a separation approxi-
mately equal to one-quarter of the mean operat-
ing wave length. The inner conductor 18 is in-
serted therein and the free ends of the chokes
carried by the inner conductor are received in
and connected to the apertures of the outer con-
ductor.

The described transmission line exhibits the
desired mechanical and electrical properties of
the above-discussed stub-supported line of the
prior art. However, it has a simplified construc-
tion since the choke spacers 12 and 13 are wholly
accommodated within the inter-conductor
spacing, thereby obviating the necessity of de-
forming the outer conductor as in the prior ar-
rangements. The line, through suitable choice
of the diameters of its inner and outer conduc-
tors, may have any desired characteristic im-
pedance and range of operating wave lengths.
This selection will be apparent to those skilled
in the art.

The spiral conductors 2 and 13, while main-
taining the coaxial alignment of conductors (0
and 11, present a very high or maximum im-
pedance across the line at the mean operating
wave length and have, therefore, been referred
to as ‘“choke spacers.” This results from the fact
that each spacer, in conjunction with outer con-
ductor I, effectively forms a short-circuited
stub line. The stub line is short-circuited at the
junction of the supporting choke and the outer
conductor Il and has an electrical length which,
in the usual construction, is equal to one-quarter
of the mean operating wave length of the trans-
mission line. Such a stub line presents a maxi-
mum impedance across conductors 10 and I at
the mean operating wave length. Therefore,
while the supporting chokes are conductive, they
have no adverse effect on the electrical perform-
ance of the coaxial line.
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By spacing succeeding chokes substantially
one-quarter of tl.z mean operating wave length,
the line as a whole operates efficiently over a
range of wave lengths. At the mean wave length
of this range, the chokes are designed to intro-
duce no reactive component into the line circuit.
However, for other operating wave lengths the
chokes represent inductive or capacitive shunt
reactances, depending upon the deviation in op-
erating wave length from the mean value of the
range. For this reason the chokes produce slight
signal reflections for operating wave lengths other
than the mean operating wave length. By spac-
ing the chokes in the manner described, the re-
flected signals cancel one another, permitting
efficient operation of the line over a desired wide
range of wave lengths.

In describing the electrical aspects of the
choke spacers 12 and 13, it has been stated that
each one, in conjunction with the outer con-
ductor {1, comprises a short-circuited stub line,
Alternatively, the chokes may individually be
considered to represent a parallel-resonant cir-
cuit coupled between inner conductor 18 and the
outer conductor or shield I1. The parallel-reso-
nant circuit has an inductive component pro-
vided by the self inductance of each choke and
3 capacitive component representing the capaci-
tance associated therewith. The length and con-
flguration of the chokes are selected so that this
circuit is paralle! resonant at the mean operat-
ing wave length of the line. Where the chokes
are of spiral configuration, it is found that a
length of approximately one-quarter of the mean
operating wave length effectively pro-ides a par-
allel-resonant circuit arrangement having a
resonant wave length corresponding to the mean
operating wave length of the line. Thus, it be-
comes apparent that the two theories concerning
the electrical aspects of the chokes are closely
related and require the same construction of the
chokes to space the inner and outer conductors
without impairing the electrical performance of
the transmission line.

While there has been described what is at pres-
ent considered to be the preferred embodiment
of this invention, it will be obvious to thoce
skilled in the art that various changes and modi-
fications may be made therein without departing
from the invention, and it is, therefore, aimed in
the appended claims to cover all such changes
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. A transmission line for operation at a pre-
determined wave length comprising, a first con-
ductor, a second conductor surrounding said flrst
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of said wave length, and a spacer for said
conductors including a third conductor in me-
chanical and electrical engagement with said first
and second conductors, disposed in the space
therebetween, and having an effective electrical
length substantially equal to an odd integral mul-
tiple of one-quarter of said wave length to pre-
sent a maximum impedance across said line.

2. A transmission line for operation at a pre-
determined wave length comprising, a first con-
ductor, a second conductor surrounding said first
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of said wave length, and a spacer for said
conductors including a third conductor in me-
chanical and electrical engagement with said first
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and second conductors, disposed in the space
therebetween, and having an effective electrical
length substantially equal to one-quarter of said
wave length to present a maximum impedance
across said line, .

3. A transmission line for operation at a pre-
determined wave length comprising, a first con-
ductor, a second conductor parallel to and sur-
rounding said first conductor and having a max-
imum spacing with reference thereto substan-
tially less than one-quarter of said wave length,
and a spacer for said conductors including a third
conductor in mechanical and electrical engage-
ment with said first and second conductors, dis-
Posed in the space therebetween, and having an
effective electrical length substantially equal to
an odd integral multiple of one-quarter of said
wave length to present a maximum impedance
across said line,

4. A coaxial transmission line for operation at
a predetermined wave length comprising, a first
conductor, a coaxially aligned second conductor
swrrounding sald first conductor and having a
maximum spacing with reference thereto sub-
stantially less than one-quarter of said wave
length, and & spacer for said conductors includ-
ing a third conductor in mechanical and electri-
cal engagement with said first and second con-
ductors, disposed in the space therebetween, and
having an effective electrical length substantially
equal to an odd integral multiple of one-quarter
of said wave length to present a maximum im-
pedance across said line.

5. A coaxial transmission lne for operation at
a predetermined wave length comprising, a first
conductor of uniform cross section, a coaxially
aligned second conductor of uniform Cross sec-
tion surrounding said first conductor and having
& maximum spacing with reference thereto sub-
stantially less than one-quarter of said wave
length, and a spacer for said conductors includ-
ing a third conductor in mechanica} and electrical
engagement with sald first and second conduc-
tors, disposed in the space therebetween, and
having an effective electrical length substantially
equal to an odd integral multiple of one-quarter
of said wave length to present a maximum im-
pedance across sald line,

6. A transmission line for operation at a pre-
determined wave length comprising, a first con-
ductor, a second conductor surrounding said first
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of sald wave length, and a spacer for sald
conductors including a third conductor of spiral
configuration in mechanical and electrical en-
gagement with sald first and second conductors,
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6
to an odd integral multiple of one-quarter of sald
wave length to present a maximum impedance
across said line.

7. A transmission line for operation at B Dre-
determined wave length comprising, a first con-
ductor, a second conductor surrounding sald first
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of said wave length, and a spacer for
sald conductors Including a third conductor of
spiral conflguration disposed in the space be-
tween sald first and second conductors, me-
chanically and electrically connected to corre-
sponding portions thereof and having an effec-
tive electrical length substantially equal to an odd
integral multiple of one-quarter of said wave
length to present a maximum impedance across
sald lne.

8. A transmission line for operation over a pre-
determined range of wave lengths comprising, a8
first conductor, a second conductor surrounding
said first conductor and having a maximum spac-
ing with reference thereto substantially less than
one-quarter of the mean wave length of said
range, and a plurality of spacers for sald con-
ductors having a spacing therealong approxi-
mately equal to an odd integral multiple of one-
quarter of sald mean wave length and individual-
ly including a third conductor in mechanical and
electrical engagement with said first and second
conductors, disposed In the space therebetween,
and having an effective electrical length substan-
tially equal to an odd integral multiple of one-
quarter of sald mean wave length to present a
maximum impedance across said line.

9. A transmission line for operation over a pre-
determined range of wave lengths comprising, a
first conductor, a second conductor surrounding
sald first conductor and having a maximum spac-
ing with reference thereto substantially less than
one-quarter of the mean wave length of said
range, and a plurality of spacers for said con-
ductors having a spacing therealong approxi-
mately equal to one-quarter of sald mean wave
length and individually including a third con-
ductor in mechanical and electrical engagement
with sald first and second conductors, disposed in
the space therebetween, and having an effective
electrical length substantially equal to one-
quarter of sald mean wave length.
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and second conductors, disposed in the space
therebetween, and having an effective electrical
length substantially equal to one-quarter of said
wave length to present a maximum impedance
across said line, .

3. A transmission line for operation at a pre-
determined wave length comprising, a first con-
ductor, a second conductor parallel to and sur-
rounding said first conductor and having a max-
imum spacing with reference thereto substan-
tially less than one-quarter of said wave length,
and a spacer for said conductors including a third
conductor in mechanical and electrical engage-
ment with said first and second conductors, dis-
Posed in the space therebetween, and having an
effective electrical length substantially equal to
an odd integral multiple of one-quarter of said
wave length to present a maximum impedance
across said line,

4. A coaxial transmission line for operation at
a predetermined wave length comprising, a first
conductor, a coaxially aligned second conductor
swrrounding sald first conductor and having a
maximum spacing with reference thereto sub-
stantially less than one-quarter of said wave
length, and & spacer for said conductors includ-
ing a third conductor in mechanical and electri-
cal engagement with said first and second con-
ductors, disposed in the space therebetween, and
having an effective electrical length substantially
equal to an odd integral multiple of one-quarter
of said wave length to present a maximum im-
pedance across said line.

5. A coaxial transmission lne for operation at
a predetermined wave length comprising, a first
conductor of uniform cross section, a coaxially
aligned second conductor of uniform Cross sec-
tion surrounding said first conductor and having
& maximum spacing with reference thereto sub-
stantially less than one-quarter of said wave
length, and a spacer for said conductors includ-
ing a third conductor in mechanica} and electrical
engagement with sald first and second conduc-
tors, disposed in the space therebetween, and
having an effective electrical length substantially
equal to an odd integral multiple of one-quarter
of said wave length to present a maximum im-
pedance across sald line,

6. A transmission line for operation at a pre-
determined wave length comprising, a first con-
ductor, a second conductor surrounding said first
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of sald wave length, and a spacer for sald
conductors including a third conductor of spiral
configuration in mechanical and electrical en-
gagement with sald first and second conductors,
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to an odd integral multiple of one-quarter of sald
wave length to present a maximum impedance
across said line.

7. A transmission line for operation at B Dre-
determined wave length comprising, a first con-
ductor, a second conductor surrounding sald first
conductor and having a maximum spacing with
reference thereto substantially less than one-
quarter of said wave length, and a spacer for
sald conductors Including a third conductor of
spiral conflguration disposed in the space be-
tween sald first and second conductors, me-
chanically and electrically connected to corre-
sponding portions thereof and having an effec-
tive electrical length substantially equal to an odd
integral multiple of one-quarter of said wave
length to present a maximum impedance across
sald lne.

8. A transmission line for operation over a pre-
determined range of wave lengths comprising, a8
first conductor, a second conductor surrounding
said first conductor and having a maximum spac-
ing with reference thereto substantially less than
one-quarter of the mean wave length of said
range, and a plurality of spacers for sald con-
ductors having a spacing therealong approxi-
mately equal to an odd integral multiple of one-
quarter of sald mean wave length and individual-
ly including a third conductor in mechanical and
electrical engagement with said first and second
conductors, disposed In the space therebetween,
and having an effective electrical length substan-
tially equal to an odd integral multiple of one-
quarter of sald mean wave length to present a
maximum impedance across said line.

9. A transmission line for operation over a pre-
determined range of wave lengths comprising, a
first conductor, a second conductor surrounding
sald first conductor and having a maximum spac-
ing with reference thereto substantially less than
one-quarter of the mean wave length of said
range, and a plurality of spacers for said con-
ductors having a spacing therealong approxi-
mately equal to one-quarter of sald mean wave
length and individually including a third con-
ductor in mechanical and electrical engagement
with sald first and second conductors, disposed in
the space therebetween, and having an effective
electrical length substantially equal to one-
quarter of sald mean wave length.
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