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" UNITED STATES PATENT OFFICE
SR e g - oopas3ale : R
.- ADJUSTAELE REACTANCE LINE
‘Trving Karmin, Brooklyn, N. Y., assignor to Fed-
eral Telephone and Radio Corporation, New

York, N. Y.; a:corporation-of Delaware
" Application July 24, 1944, Serial No. 546,379

_ This invention relates to'line sections wherein
the reactance of thé line-can be ‘varied, in ac-
cordance with the frequencies desired, by a short-
ing device adjustably mounted within'the line
section and adjusted froin without galong the
longitudinal length thereof. ' '

Where coaxial line sections are employed in
‘high frequency circuits for both the tuning of
the circuits for desired frequencies and for the
transmission of high voltage currents, it is of ut-
most importance to have-the -impedance char-
acteristics of the line identical throughout, and
of still greater importance to prevent the pas-
sage of the high voltages from one ‘conductor to
the other when tuning the line for a desired
resonant frequeney.: 0 0 o e

It is also often necessary, where the longitudi-
nal working length “of - the -coaxial:line i$ con-
fined to its actual length because of the restrie-
tion of space, to provide the line section with a
longitudinal slot or opening for adjusting the
shorting device within the line ‘to vary the
fective length of ‘the line section. .

This. longitudinal slot or opening in the outer
conductor changes somewhat the characteristic
impedance .of the line and is found to be quite
unsatisfactory. =~ = : Cao i :
“".One.of the objects of my invention: is to con-
“struct a tunable line section-having an outer
“conductor: provided. with :a longitudinal slot or
opening and still have substantially the: same
-impedance characteristic-as.a similar; closed. co-
.axial line.: e S :

Another object of my invention is-to provide s

- shorting device which will.operate in .conjunction
with: my particular types of coaxial line. . .,

A further object-of my invention is to provide a

shorting device which will pass the high fre-

.quency currents-and yet prevent the passage of

direct current from one conductor of the coaxial
_line to the other. B . ) .
In carrying out my invention, I prefer to con-

_struct the outer conductor with a -longitudinal
opening wide enough to insert and withdraw the
shorting .device so that it will be unnecessary to
slide the shorting device the whole length of the
line when making the desired adjustments. -

. ‘When it is desired to make a Tradical adjust-
ment in the length of the line it will only be nec-
essary to lift the shorting device out of the coaxial

“line through the slot or opening and carry it to
the approximate distance for the new adjustment
and then insert it through the slot or opening
into the coaxial line; from which point the short-

~ing device can be moved longitudinally forwardly
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or rearwardly until the desired resonant fre-
quency has been reached.

Further objects will become apparent; reference
being had to the accompanying description and
claims read together with the drawings in which:

Fig. 1 is an end elevation view .of one em-
bodiment of my invention provided with one form
of shorting device applied to one form -of line
section; : )

Fig. 2 is a side elevational view of Fig. 1, with
part. of the ouber ¢onductor broken away to
more readily show the shorting device;

Fig. 3 is a top plan view of the line section and

-shorting device shown in Figs. 1 and 2; o
" Fig. 4 is a bottom plan view of the shorting
device; o ) o
--¥Fig. 5 is an end elevational view of another
embodiment of my invention showing the same

“shorting ‘device shown in Wigs. 1, 2 and 3 co-. .
operating with a different form of line ‘section;

Fig.. 6 is an end elevational view of a further
embodiment of a shorting' device in accordance

~with’ my invention: for-use in conjunction - with
the line sections shown in Figs. 1-to 5 inclusive;
-+ Fig. 7 is a side elevational view of the short..
ing device shown in Fig. 6; and e

Pig. 8-is-a bottom plan view of the shorting

‘device shown in Figs. 6 and 7. ;

Referring now to ¥igs. 1,2, 3 ‘and 4 wherein a
line “section ‘I is shown composed of an-inner
“conductor 2, ahd an outer:conductor § the lower
portion of which is spaced substantially 'egually
from ‘the inner conductor 2, and providea with
upwardly extending side walls-4, 4 to define an
opening § in the outer conductor thereof. '

The side-walls 4,4 also extending longitudi-
nally of the line section 1, extend upwardly in a
~'substantially parallel relation to one another
-from' approximately the transverse center line
of the liie section -and are sufficiently extended
‘to maintain substantially the same impedance
characteristics as 3 similar closed coaxial line,
that is, a coaxial line which has an inner con-
ductor of the same dimensions as the é¢orrespond-
ing conductor of line section | and a completely
‘closed substantially circular - outer  conductor
having -an inner diameter equal to the spacing
of ‘the inner faces of ‘the extended side walls.

Slidably mounted within the line section i is a
shorting device § provided with a pair of re-
- silient condiictive members 7 and 8 adapted to
“respectively engage the inner opposite side walls
" 8, 4 of the oufer conductor 3 and the outer op-
“posite ‘side walls of the inner conductor 2. Al-
“though the:resilient conductive’ member 8 ig
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primarily adapted for contacting the inner con-
ductor electrically, it is also adapted to straddle
the conductor and be longitudinally adjusted
along the length of the line section. The con-
ductive member 7 serves not only to electrically
contact the outer conductor but alse to main-
tain the entire shorting device cenfralized be-
tween the parallel side walls 4, 4.0f conductor 3.

Referring now -to -Fig: 4 wheréin. the shorting
device 6 is shown on an enlarged scale so that a
better understanding can be had of ifs construc-

tion and the employment thereof, it will be seen

that the conductive members T and 8 aré as-
sembled as a unitary structure..

tioned oppositely one another longltudmally of

the supporting element 8 (Figs. 1, 2 and 3) and

their other ends connected together transversely.-.

thereof in spaced-apa¥ft relation thereto. The
free end portions of the parallel side flanges .of
each element {8 is provided with a plurality.of
-longitudinal slits !4, {o render the canduc or.con-
Iacting. end portions more flexible. The. conduc-
tive members 8, composed of. a, pair of flat_con-
.ductive elements 12, {2 positioned transversely of
the supporting .element .9, are interposed.in
spaced-apart . relatlon between the members |6,
{0. Between the interconnected er\ds of . the
mempers 16, 10 and the members {2, 12 is a
‘sheet of msulatmg materlal 13, 13 separating
these members in capacitive relatlon Interposed
between the members 12, 12 are a plurality of ca-
pacitor plates {4 and_{5 also separated by sheets
-of insulating matenal The_capacitor plates {4
are connected together with the members. {9, 18
whereas the capacitor plates 45 are connected to-
gether with the members. {2, 12  From the fore-
_going descr1pt10n it can be readily seen that the
.members 90, !0 are in capacitive relatl_on to the
.conductive members 12, {2 and when employed
in the line section will pass hlgh frequencies. cur-
Tents and prevent the passage -of direct currents
-from one conductor o the other.
.The conductive members (2,
with depending ‘extensions. 16, 1§ bifurcated at
Stheir lower, extremmee to prov1de the extensions
with openings 17 by which-the shorting device.6
can be mounted upon and straddle the inner con-
. ductor 2 of the. coaxial line {.
bifureation is .further provided with conductive
contacting portlons {8 bent longitudinally to the
. supporting lement g and bowed inwardly to con-
tact. the outer opposxte side walls of the inner
‘conductor. 2 and further provided with longitudi-
_nal shts 9. to render the contactma portions 17
.more flexible. :
-From the foregomg descrlptron of the eoaxial
line 1. and the shorting device.§, it can readily

. be seen that the shorting: devrce can easily be in-:{
_serted into the coaxial line section through the

longitudinal slot or opening for the purposes of
tuning. the. line to_ a desired, frequency.- Upon
inserting the shorting device through the open-
..ing,the upper edge of opening {7 of the bifurcated
..extensions. will rest upon, and-the legs thereof
..will straddle, the inner conductor: 2 .while. the
bowed conductor-contacting portions.will engage
. the outer opposite side walls to position the short-
_ing device centrally. of :the line.section, whereas.
. the.-bowed ends of-the conductive members (0,10
~will prevent misalignment: of the shorting. device
.8.when-adjusted longitudinally along the length
_of the line section. -It can also be seen-that the
~sShorting. member. can-be withdrawn. at any time -

.The.conductive . .
member T being composed of a pair of -outwardly: is
bowed members 18, 10 have their-free ends posi--

12 are provided-

Each leg of the

4
and readjusted at a different point along the line
without sliding it along the conductors, thus re-
ducing the wear and tear of both the shorting
device 6 and the conductors 2 and 3 of the line
& section.

Mounted upon the upper portion of the sup-
porting element 9 is an insulated handle 28 with
Which adJustment of the shortmg devme can be
made.

0 Referrlng now to Flg 5 the hne section {’ is
. -Substantially silimar to line | prevmusly described.
. However, the inner conductor 2’ is substantially
" Yectangllar in form and, the outer conductor 3’
.is substantially ghannel shaped and spaced sub-
. stantially. equally. from the inner conductor at the
“lower  portion.thereof. The paralle]l side walls
‘4’ 4’ are sufﬁmently extended from the base of
7" the c¢hannél to maintain substantially the same
impedance characteristics as a similar closed co-
on axialline. The side wglls 4’, 4’ define an opening
;8%.in the outer. conductor through which the same
shortlng device,-6,shown ;in. Flgs 1 to- 4 can_.be
Jdnserted .and _s] ably mounted upon the inner
.conductor 2’ in’the same manner as descnbed

25 :in connecthn wrth Flgs 1-—4

Referring now to Figs., 8,.7.and.8 a slightly
.modified .form of, shortmg dev1ce 21 is shown in
comuncuon wu;h the hne‘ sectlon 1.1t is clear
_that, other forms .of line section may. ‘be used as

20 aes1red Thls shortmg devme 21 is prov1ded with
.a,.pair .of U-shaped, conductrve members 22 and
23 nested one. Wlthm the other in spaced apart
lrelatmn and secured to a handle 24 for longitudi-
.nal adJustment of the dev4 ce. Wlthln the coax1al

35, lme

The base of the inner U-sbaped member 22
-positioned: transyersely of the coax1a1 line is pro-
vided with. parallel sxde ﬁanges the ends of which
.are .extended . longltudmally of the transverse

40. bases to. prov1de inwardly bowed conductor con-
- tacting . portions;25 adapted to:engage the: outer
-opposite side walls of the inner conductor: 2’.- .The
outer U-shaped.member :23. is provided .at the

_.ends of its parallel side flanges with longitudinal

45 extensions26. bowed outwardly to.engage the

<inner. opposite. side walls .of .the outer conductor

3. These bowed ends 25 and 28 may.be provided

‘with g plurality of:longitudinal slits 27 to.render

them more - fiex1b1e ~Interposed between .;and
connected to “the side. flanges  of the: U-shaped

members 22 and 28 ‘are a pairiof condensers: 28

-and 29 coupling the condiictive. members in cd-

vacitive relation for the passage of high.frequency

- 554_ﬁcurrents Wwhen' adjusted within the line section.

It can readﬂy be seen that the shorting device
shown in Figs.” 6, 7 and 8, although somewhat

di ffe ent in- construcmon will have the same useful

: C on as the shortlng dev1ce shovvn in Figs. 1,

60,2 3,4 and,5 and the same ‘operational functions

for shorting this line section can be performed
in exactly the same manner as descrlbed helem—

- 2bove,, for the ﬁrst shortmg device.

Whlle I have shown and descrlbed two forms

65, of lme sectlons ‘and two, forms of shortmg ele-
ments to. be employed herew1th I realize that
many xore vanatlons in constructlon in both the
line. sectmn and the shortmg dev1ce and then: ap-
phcatmns thereof are poss1ble Wlthout departmg

m from the spmt_ and scope: of my invention. It is
" t0.be. understood however sthat the forms herem
shown and. descmbed’ are ,only illustrations of my
mventmn and. should. not be construed, as.a.lim-
1tat10n of. the scope of. my 1nvent1on as set forth

75 _in-the foregoing, ob;uects and the. appended clalms

50-
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I claim:

1. A reactance line section comprising inner
and outer conductors, said outer conductor in-
cluding a semi-circular portion spaced substan-
tially equally from said inner conductor and side
walls mounted on the edges of said semi-circular
portion and normal thereto and spaced apart a
distance equal to the diameter of said semi-cir-
cular portion for providing a reactance line sec-
tion with an opening along the length and a char-
acteristic impedance substantially the same as a
completely closed coaxial line section having the
spacing existing between said inner conductor
and semi-circular portion.

2. A variable reactance device according to
claim 1 in which said outer conductor inciudes a
circular portion of the same diameter as said
semi-circular portion and coaxially about a por-
tion of said inner conductor and connected to said
semi-circular portion.

3. A variable reactance device according to
claim 1 further including shorting means insert-
able between said side walls to couple together
said inner and outer conductors, said shorting
means being adjustable longitudinally of said

line section through the opening formed between

said side walls,

4. A shorting device for electrically coupling to-
gether the inner and outer conductors of a line
section, wherein the outer conductor is provided
with a longitudinal opening defined by laterally
extending side walls, comprising a shorting ele-
ment including a first and second resilient con-
ductive member capacitatively coupled together
and securely mounted thereon, said shorting de-
vice capable of being inserted through and with-
drawn from said opening to adjustably mount
said shorting device upon said inner conductor
within said line, said first conductive member en-
gaging the inner opposite side walls of said outer
conductor and said second conductive member en-
gaging the outer opposite side walls of said inner
conductor, and means accessible through said
opening for adjusting said shorting device longi-
tudinally along the length of said line section to
vary the reactances thereof.

5. A shorting device according to claim 4,
wherein said first conductive member is further
provided with resilient parallel side flanges en-
gaging the inner opposite side walls of said outer
conductor and said second conductive member is
further provided with downwardly extending bi~
furcated portions at its extended end for movably
mounting said shorting element upon said inner
conductor, the legs of said bifurcated end portion
being provided with resilient conductor-engaging
portions bent longitudinally to said line and
adapted to engage the outer opposite side walls
of said inner conductor.

6. A shorting device for electrically coupling
together the inner and outer conductors of a line
section wherein said outer conductor is provided
withalongitudinalopening defined by laterally ex-
tending side walls, comprising a shorting element

having a first pair and a second pair of conduc- 65 2,379,047
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tive members, said first pair of conductive mem-
bers being substantially U-shaped in cross-sec-
tion and oppositely disposed in spaced-apart rela-
tion from one another, the resilient parallel sides
of said first pair of members adapted to engage
the inner lateral side walls of said outer con-
ductor longitudinally thereof, said second pair
of conductive members being spaced capacita-
tively apart from each other and interposed in
capacitive relation to said U-shaped conductive
members, said second pair of conductive members
being provided with downwardly extending bi-
furcated portions at their extended ends to pro-
vide means for movably mounting said shorting
device upon said inner conductor, the legs of said
bifurcated end portions being provided with resil-
ient conductor-engaging portions bent oppositely
one another and longitudinally to said line and
adapted to engage the outer lateral side walls of
said inner conductor, the capacitatively coupled
conductive members being securely mounted on
said shorting element for insertion through and
withdrawal from said opening and for longitu-
dinal adjustment along said line section to vary
the reactance thereof.

7. A shorting device for electrically coupling
together the inner and outer conductors of a line
section wherein said outer conductor is provided
with a longitudinal opening defined by laterally
extending side walls, comprising a shorting ele-
ment having a pair of substantially U-shaped
conductive members nested in spaced-apart rela-
tion, one within the other, and positioned within
said line above and surrounding the greater por-
tion of said inner conductor, the inner of said
pair of U-shaped conductive members being pro-
vided with inwardly curved extensions on the
ends of the parallel side thereof and engaging
the outer opposite sides of said inner conductor
longitudinally thereof, the outer of said pair of
U-shaped conductive members being provided
with outwardly curved extensions on the ends of
the parallel sides thereof and engaging the inner
opposite sides of said outer conductor, separate
capacitive means interconnected between the
parallel sides of said pair of U-shaped conductive
members whereby said inner and outer conduc-
tors of said line are capacitatively coupled, and
meang accessible through said opening for lon-
gitudinal adjustment of said shorting device
along the length of said line to vary the reactance
thereof,
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