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This invention relates to apparatus and circuits
for transferring radio frequency electrical energy
and more particularly for avoiding losses in the
transfer of radio frequency electrical energy from
one conductor to another. The invention has
particular applicability to joints inelectricaltrans-
mission lines for carrying high-frequency ener-
gy, especially joints between the inner conductors
of coaxial conducior transmission lines. Because
of the dimensions of the structures in question,
the chief utility of the invention lies in apparatus
for operations at frequencies in the microwave

range.
The provisions of demountable joints or of
joints permitting relative movement of the ele-

10

ments of the joints in systems or apparatus for -

the transmission of microwave energy has pre-

sented a considerable problem because ordinary

contact joints made without soldering generally
result in considerable loss of microwave energy
which it is desired to transmit across the joints.
In addition, in many cases contact joints in-
volving considerable pressure between the joint
members (which pressure is necessary to keep
losses at a reasonable level) are often not prac-
tical, either because relative movement of the
‘members of the joint is desirable or else because
one of the members of the joint may be mechani-
cally connected to a delicate apparatus, the de-~
forming of which might result in damage.

It is an object of this invention to provide a
Joint for high-frequency circuits or lines which
possess satisfactory energy transfer characteris-
tics without requiring soldering or the applica-
tion of pressure on the members of the joints.
It is a further object of the invention to provide
a joint which takes advantage of the properties
of resonant sections of transmission lines.

The invention is illustrated in the drawing in
which:

Fig. 1 is a cross section of a joint in accordance
with the present invention between two cylindri-
cal conductors; )

Fig. 2 is a theoretical diagram illustrating the
properties of the structure of Fig. 1;

Fig. 3 is a cross section of a modification of the

joint shown in Fig. 1;

Fig. 4 is a longitudinal cross section of a joint
for coaxial conductor transmission lines in which
the joint between the respective inner conductors
is effected in accordance with the present inven-
tion, and

Fig. b is a longitudinal cross section of a rotat-
ing joint for coaxial conductor transmission lines
in which the joint between the respective inner
conductors embodies the present invention.
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In Fig. 1 are shown two conductors i and 2
between which it is desired to establish condi-
tions permitting the interchange of radio fre-
quency energy without substantial losses and
without the provision of a soldered connection
or of a conunection depending for its effective-

‘ness upon the application of mechanical pres-

sure. In a typical case the conductors 1 and 2
will he cylindrical in shape. Supporting insula-
tors have been omitted from Fig. 1 in order to
simplyfy and generalize the representation.
The end of the conductor | is provided with
an axial projection 3 of reduced diameter. The
conductor 2, which is shown in Fig. 1 as having
the same outer diameter as the conductor |, is
provided with a corresponding axial recess 4 which
is substantially deeper than the length of the
projection 3. In order to effect the desired joint
the conductors | and 2 are maintained in such a
position that the projection 3 is located, and pref-
erably centered, within the recess 4 leaving an an-
nular clearance 5 between the projection 3 and
the surface of the recess 4 and so that a clearance
6 also exists at the base of the projection 3 where
the outer surfaces of the conductors { and 2 ap-
proach each other. The clearance 6 is preferably
approximately the same as the clearance 5, al-
though small variations in this respect do not
greatly affect the performance of the joint. The
length of the projection 3 should be such that the
electrical length of the clearances 5 and 6 togeth-~
er, measured from the mouth of the clearance 6
to the end of the projection 3, is approximately
an electrical quarter wave length. The over-
lapping portions of the conductors { and 2 will
thus provide a quarter wave section of coaxial
conductor transmission line one end of which is
connected across the gap between the outer sur-
faces of the conductors | and 2, which are the
surfaces particularly adapted to conduet radio
frequency current, and the other end of which
is essentially an open circuit, beihg terminated
by a continuation of the recess 4 beyond the end
of the projection 8. This termination may im-
pose a slight capacitance loading upon the trans-
mission line, largely on account of the intensity
of the oscillatory electric field at the end of the
inner conductor, but this effect is to be taken
into account in determining the electrical quarter
wave length of the structure. It is also possible
that the extension of the recess 4 beyond the end
of the projection 3, being of a diameter much
smaller than the minimum diameter necessary to
permit a eylindrical pipe to pass waves of the fre-
quency in question after the manner of a wave
guide, acts as an attenuator, thus offering a high
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impedance. In any event, experimental results
show that a high impedance termination is pro-
vided and that the system, “looking in” at the
mouth of the gap 8, has the properties of a quarter
wave resonator and presents an extremely low
impedance across the gap § for its resonant fre-
quency. In an apparatus of the configuration of
Fig. 1, the physical length of the clearance space
from the mouth of the gap 6 to the end of the
projection 3 is in practice about 0.23%, where X
is the wave length in air corresponding to the
frequency in questicn. The small variation from
one-quarter of the wave length measured in open
air is believed to ke due partly to the presence of
capacitance loading at the end of the projection
3 and partly to “end effect” or loading at the
gap 6.

Although the type of joint shoewn in Fig. 1 is
usually designed for a particular frequency, the
impedance across the gap 6 does not vary rapid-
1y with frequency in the neighborhood of the
resonant frequency. 'To examine this phenome-
-non more closely, it will be convenient to neglect
any losses that may occur at or near the joint
and to consider the reactance at the gap 6, since
the reactance will, when losses are low, be the
chief determining component in the impedance at
that point. Fig. 2 -shows the general nature of
the curve resulting when reactance is plotted
against frequency, the reactance shown heing the
series reactance appearing between the. conduc-
tors | and 2 at radio frequency on account of the
gap-6-and the quarter wave resonator coupled
thereacross. It will be noted that the reactance
changes relatively slowly in the neighborhood of
the resonant frequency which is shown at F.
Thus small changes in the operating frequency or
small changes in the amount of overlap between
the conductors- will not seriously interfere with
the operation of the joint.

The effect of capacitance loading at the end
of the projection 3 is to shift the curve cf Fig. 2
upwards with respect to the frequency axis, which,
for the small amounts of capacitance loading met
in practice does not seriously impair the frequency
characteristic of -the joint. In order to reduce
capacitance loading the extremity of the projec-
tion 3 is preferably rounded off.

'The clearance between the projection 3 and
the walls of the recess 4 is preferably made as
small as mechanical consideration involved in
preventing contact will permit. The characteris-
tic impedance cf the resonant coaxial line is thus
lowered, decreasing the slope of the middle of
the curve shown in Fig. 2. The reduction of this
clearance does not increase the risk of voltage
breakdown because the voltage at the open end of
the line is equal to the product of the character-
istic impedance and the current flowing at the
gap: B, so that reduction of the characteristic
impedance also reduces the voltage in the junc-
tion resonator for a given current across the junc-
tion.

In Fig. 1 the outer surfaces of the conductors
{ and 2 are shown as having substantially the
same diameter, a condition which is usually met
in practice, especially when the conductors | and
2 constitute the inner conductors of ccaxial con-
ductor transmission lines, in order to eliminate
the setting up of reflections by changes in the
surge impedance of the conductor or in the char-
acteristic impedance of the transmission line of
which the conductor may form a part. If it is
desired to join conductors of different diameter,
however, a particularly simple form of joint,shown
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in Pig. 3, becomes possible. In this case the larger
conductor is provided with a recess 8 substantially
similar to the recess 4 of Fig. 1 and the smaller
conductor is made to project into the said recess

~for a distance of an electrical quarter wave length,

the recess 8 being deep enough to extend con-
siderably beyond the end of the smaller conduc-~
tor when it is so inserted.

Wig. 4 shows the application of a joint of the
type shown in Fig. 1 in a joint for coaxial conduc-
tor .transmission lines. 'The coaxial conductor
transmission lines to be joined are shown respec-
tively at 10 and (1, the former having an inner
conductor 12 and outer conductor 14 and the lat-
ter having an inner conductor 13 and an outer
conductor 15. Insulators (6 are provided for
maintaining the relative position of the conduc-
tors in each of the transmission lines. The in-
ner conductors 12 and 13 are effectively joined
for radio frequencies in the range of a desired
frequency of operation in the manner shown in

"Fig. 1 in accordance with the .above described

principles. More particularly, the conductor 12
is provided with a projection’ I8 which. extends
into a recess 19 which is formed in the extremity
of the conductor 13 in such a manner to be some-
what deeper than the length of the projection 18.
The conductors {2 and {3 are maintained in a
relative position which is adapted to provide a
gap 20 between their outer surfaces. The resona-
tor or resonant section of transmission line thus
formed hy the projection 18 and the conducting
surface of the recess 19 is made to be an elec-
trical quarter-wave length in length and thus to
provide a low impedance at the gap 20 at fre-
quencies in the neighborhood of its resonant fre-
quency.

The joint effectéd between the conductors 14
and 15is constructed after the manner more fully
described in by Patent 2,451,876, dated October
19, 1948, and entitled Radic-Freguency "Joint.

This joint is provided by means of two concentric

conducting sieeves 21 and 22 mounted upon the
conductor 15 in the manner shown in Fg. 4.
The sleeve 21 is adapted to’define between it and
the outer surface of the conductor 14 an annular
channel 25 which is of a length of an electrical
quarter-wave length from the mouth of said
channel where it communicates with the space
between the condiictors 13 and 15 and the outer
mouth of said channel where it’ communicates
with the outside of the system at 26. The sleeve
22 is arranged to define between it and the sleeve
2{ an annular space 2T communicating at one
end with the outside of the struecture in" the
neighborhood of ‘the mouth 26 of the annular
space 25 and terminated . at: the other end by
a conducting end wall 28, the space 27 having
an axial length of. substantially an. electrical
As more fully explained
in my said co-pending application the resonators
defining the annular spaces 25 and 27, form a
system which has the advantageous properties
that a very low impedance appears across. the
inner mouth of the annular space 25, at the fre-
quency for which the combined length of these
resonators is an electrical half-wave length thus
promoting transmission of radio frequency energy
from the inner surface of the conductor (4 to
the inner surface of the conductor 15, In addi-
tion, energy is inhibited from leaking. out. of the
system. to the outside and it becomes relatively

" immaterial what type of conducting or non-con-

7%

ducting relation exists between the end.of the
sleeve 22 and the outer surface of the conductor
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14, since the resulting impedance appears in the
system only in series with the high impedance
across the mouth of the annular cavity 21. Thus
by providing a joint between the outer conductors
of two coaxial conductor transmission lines in
accordance with my said co-pending applica-
tion and by providing a joint between the inner
conductors of the said transmission lines in ac-
cordance with the present invention, a compact
and reliable form of joint may be obtained be-
tween the said transmission lines. Maintenance
of the desired mechanical spacing may be readily
provided in a structure of the type shown in
Fig. 4 by a number of means, including the pro-
vision of flanges of the outside of the conductor

10

15

14 and on the outside of the sleeve 22, respective- -

ly, which flanges may then be simply boited to-
gether, or the use of suitable threaded coupling
means for mechanically fixing the transmission
lines 10 and 1{ in the desired position and align-
ment. In the arrangement shown in Fig. 4 the
transmission line 10 may be the output delivering
transmission line of a mechanically sensitive ap-
paratus, such as a vacuum tube. In such case
the inner conductor 12 will usually be mechani-
cally connected to a glass vacuum seal and must,

therefore, be protected against being subjected .

to mechanical vibration or distortion which might
result in breaking the seal. When the output
transmission line i0 of such a delicate apparatus
is connected to a connecting transmission line
Il by a joint of the type shown in Fig. 4, the
inner conductor {2 is isolated from mechanical
vibration which would otherwise be transmitted
to it by the conductor 13. If desired a resilient
gasket might be provided in the mechanical con-
necting and aligning means employed for main-
taining the relative positions of the outer con-
ductors 14 and 5.
‘ Fig. 5 illustrates the application of the present
invention to the provision of a joint for coaxial
conductor transmission line which permits rela-
tive rotation of the said transmission line. The
transmission lines 30 and 31 are made to ap-
proach each other in the direction of the desired
axis of rotation. The transmission line 30 com-
prises the inner conductor 382 and the outer con-
ductor 34 while the transmission line 3! is con-
stituted of the inner conductor 33 and the outer
conductor 35. Insulators 36 are adapted to main-
tain the necessary spacing between the inner and
outer conductors of each transmission line. The
outer conductors 34 and 35 are effectively joined
for radio frequency transmission by an arrange-
ment similar to that described in Fig. 4 with
respect to the outer conductors 14 and (5 and
more fully described in my said co-pending ap-
plication. An annular cup-like member 4f is
firmly mounted, as by soldering, upon the outer
surface of the conductor 35 at its extremity and
the annular space enclosed thereby is filled by
a mass 42 of a solid dielectric material such as
polystyrene. The axial length of the member
41 and of the dielectric mass 42 is such that an
electrical resonator of an axial length of an elec-
trical quarter wave length is constituted for the
desired frequency of operation. A metal hous-
ing member 43 is mounted on the conductor 34
in such a manner as to define a small annular
clearance space 44 between it and the member
41. The housing member 43 also serves to carry
ball bearings 45 which serve to mount the con-
ductors 34 and 35 with respect to each other in
& manner permitting relative rotation about their

common axis. The radial dimension of the sleeve

20

25

menibér 41 is so designed that the electrical
length of the clearance space 44 from its mouth
where it communicates with the inside of the
transmission lines and the rear axial extremity
of the cup member 41 may be substantially an
electrical quarter wave length. 'Thus, as in the
case of the outer conductor joint shown in Fig.
4, a low impedance appears acrcss the mouth
of the annular space 44 between the inner sur-
faces of the conductors 34 and 35. This situation
is obviously not affected by relative rotation of
the two transmission lines ag provided by the
ball bearings 45,

The joint between the conductors 32 and 33 is
constructed in accordance with the present in-
vention as explained in PFig. 4 and more fully
described in connection with Fig. 1. The con-
ductor 32 is provided with an axial projection
50 of reduced diameter. The conductor .33 has
an axial recess §1 adapted to receive the projec-
tion 50 without electrical contact and to extend
a substantial distance beyond the end of the
projection §0. The length of the projection 50
is made to be such that a transmission line of
an effective electrical length of a quarter wave
length is connected to the gap 52 which separates
the oufer surfaces of the conductors 32 and 33.
In this manner a very low impedance is made

~ to appear across the gap 52 for the desired fre-
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quency of operation and this desirable relation
is not disturbed by relative rotation of the trans-
mission line as provided by the ball bearings 45.
- What I desire to claim and obtain by Letters
Patent is: o

1. Means for providing transfer of radio fre-
quency electric energy between two substantially
cylindrical and relatively rotatable conductors
including an axial projection on one of said con-
ductors, an axial recess in the other of said con-
ductors and means for maintaining a clearance
between said conductors and between said pro-
jection and said recess and for positioning said
projection in said recess, said projection and re-
cess being so dimensioned and said means being
so disposed that an annular clearance space is
brovided between said conductors having a length
perpendicular to its circumferential dimension of
substantially an electrical guarter wave length,
said recess having a substantially greater axial
dimension than said projection.

2. A rotating joint for coaxial conductor trans-
mission lines including an axial projection on the
inner conductor of one of said transmission lines,
an axial recess on the inner conductor of the
other of said transmission iines which is adapted
to enclose said projection or a major part thereof
without electrical contact and to extend axially
a substantial distance beyond the end of said
projection, the length of said projection being
such that at a desired frequency of operation a
coaxial conductor transmission line of an elec-
trical length of substantially one-quarter wave
length is constituted at the extremities of said
inner conductors, means providing for relative
rotation of said inner conductors, and for main-
taining the said inner conductors in relative
alignment and substantially in relative axial
position.

3. A structure for promoting transfer of elec-
tric radio frequency energy between two con-
ductors comprising an axial projection on one of
said conductors and an axial recess coaxial with
said projection on the other of said conductors
adapted to provide a coaxial conductor trans-
mission line of an electrical length of approxis
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mately -a quarter:wave length terminated-at one
.end. by ‘an extension of .said recess beyond the
-end of said -projection and.at the other end: by
a. gap between the surfaces of said conductors

.which are adapted to conduct radio.frequency .

current and comprising also means providing for
.relative rotation of..said eonductors aboub.the
-axis of said projection and of said recess-and at
‘the “same time maintaining the relative -axial
.position -of said projection and said recess.

4. Means providing for: transfer of radio:fre-
quency electromagnetic energy between first .and
second relatively rotatable conductors compris-
ing. an-axial projection:on said. first conductor,
said second conductor :having. an axial. recess
.formed therein, said . projection extending into
said recess in noncontacting relation to said first
-conductor a distance substantially equal.to one
.quarter wave length at a desired operating. fre-

quency and means providing for relative rotation.

of -said conductors and for maintaining .said
. conductors in.axial aligament.

5..Means providing for transfer of radio fre-
quency. electromagnetic energy hetween first and
-gecond. relatively rotatable conductors disposed
in axial alignment, said means comprising an
axial projection on said first conductor, said sec-
ond conductor being formed with an axial recess
~therein -coaxial with said projection, and of -an

electrical length of substantially & guarter -wave.

length terminated at cne end by an extension of
said recess beyond the end of said projection.and
at the other end by a gap between the radio fre-
quency conducting surfaces of said conductors,
and means providing for relative rotation of said
conductors: and for maintaining said conductors
in relative - alignment and in . relative axial
position.

6. A rotating joint for coaxial conductor trans-
mission lines including an.axial projection on the
inner conductor of one of said transmission lines,
the inner conductor of the other of said trans-

-mission lines being formed with an. axial recess

which is adapted to enclose at-least a major part
of said projection without electrical contact and
to extend axially a substantial distance beyond
the end of said projection, the length of said
projection being such that at a desired frequency
of operation a coaxial conductor transmission
line of an electrical length of substantially one
quarter .wave length. is constituted .at the . ex-
tremities -of said inner conductors, means. pro-
viding  for. relative rofation of said .inner con-
:ductors: and for maintaining the.said inner con-
ductors . in relative. alignment and substantially
in relative axial position.

7. A rotating joint for coaxial conductor trans-

_mission lines including an. axial .projection on
the inner conductor of one of said transmission
lines, the inner conductor of the gther of.said
transmission lines being formed .with.an axial
‘recess therein which is adapted to. enclose:sub-
stantially the entire length of said projection-in
a noncontacting relationship, the length of said
_projection heing such that at a desired frezuency
of operaticn a coaxial conductor transmission
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line- of ~an-electrical-length of substantially one
quarter -wave length . is -constituted at the .ex-
tremities of said inner conductor, means pro-
viding . for relative rotation.of said.inner con-
ductors and for maintaining the said inner con-
ductors in.relative alignment and substantially

“in- reiative :axial-position.

8. A-rotating joint for coaxial-conductor trans-
mission lines including an axial projection on the
inner conductor of one of said transmission lines,

‘the- inner conductor of the other of said trans-

mission lines being formed with an axial recess
which is adapted to enclose at least a major part
of -said projection without electrical contact, the
length of said projection being such that at-a
desired frequency -of operation a coaxial .con-
ductor transmission line of :an electrical length

‘of substantially one-quarter wave length is con-

stituted at the exfremities of said inner con-
ductors, means providing for relative rotation of
said inner conductors and for maintaining the
said inner conductors in relative alighment and
substantially in relative axial position.

9. In .a coaxial conductor transmission line
system including first and -second coaxial lines
disposed in axial alignment and rotatable with
respect to each other and means associated with
the outer conductor of said coaxial lines provid-
ing for relative rotation of said coaxial lines and
for maintaining said coaxial lines in axial align-
ment, means providing for transfer of radio fre-
quency electromagnetic energy between the inner
conductors of said coaxial lines comprising-an
axial -extension of one of said conductors, the
other of: said conductors being formed- with a
recess therein to receive said extension in non-
contacting relation therewith,

10. In -a coaxial conductor. transmission hne
system including first and second- coaxial lines
disposed in.axial alignment and rotatable with
respect to each other and means associated with
the outer conductor of said coaxial lines provid-
ing for relative rotation of said coaxial lines and
for maintaining said coaxial lines in axial align-
ment, means providing for transfer of radio fre-

quency electromagnetic energy between the inner

conductors of said coaxial lines comprising, an
axial projection on one of said conductors, the
other of said conductors bheing formed. with a
recess therein to receive. said projection in non-
contacting relation therewith, said projection ex-
tending :within said recess for- substantially -a
quarter wave length at the operating frequency
of said coaxial lines. '

WINFIELD W. -SALISBURY.
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