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1

My invention relates to reactance devices and
more particularly to such devices for use at short
wave lengths.

In my United States Letters Patent No.
2,412,160, granted December 3, 1946, entitled Di-
rective radio systems, and assigned to the same
assignee as my present application, I have dis-
closed a directive antenna array in which the di-
rection of the axis of directivity of the array
may be altered by changing the transmission lines
leading to the array. That is, different portions
of the array are supplied alternately through re-
respective transmission lines, the lines through
which no energy is supplied at any time being
rendered inoperative. Means is employed where-~
by the energy is supplied through the various
lines in rotational sequence, the arrangement be-
ing such that the axis of directivity of the array
is rotated by this rotation of the lines.

This means comprises means for varying the
impedance across each of the lines, at a desired
point thereof, between very high and low values
to render the line either operative or inoperative
as desired. To this end, stub transmission lines

are connected at said points respectively and ex-

tend to a rotating reactance device whereby the
impedance across the opposite end of such stub
lines is varied in rotational sequence between such
low and high values, the length of the stub lines
being such that the change in impedance of the
reactance device is translated to the respective
transmission line to vary its condition of opera-
tion.

This reactance device comprises a condenser
having a motor driven rotor electrode which co-
operates in sequence with each of g plurality of
stator electrodes. The rotor is grounded and
connected to one conductor of each line while
each stator electrode is connected to the opposite
conductor of the respective line whereby the im-
bedance between said conductors of the different
lines is varied in rotational sequence by rotation
of said motor driven electrode.

My present invention has for its object to pro-
vide an improved reactance device, which, while
not limited thereto, may be employed for the pur-
poses above explained and which has longer life
and assures greater reliability of the system.

Another object of my invention is to provide a
reactance device of such construction as to re-
duce the flow of currents through the rotating
shaft thereof and hence through the bearings of
the motor by which the shaft is driven. In this
way injury to the bearings of the motor produced
by such currents is avoided.

10

15

20

30

35

40

45

50

55

2

The features of my invention which I believe
to be novel are set forth with particularity in
the appended claims. My invention itself, how~
ever, together with further objects and advan-
tages thereof, may best be understood by refer-
ence to the following description taken in con-
nection with the accompanying drawing, in
which Fig. 1 shows a partially sectioned elevation
of a switch constructed in accordance with my
invention and Fig. 2 is an end view of a portion
thereof.,

In the drawing I have indicated at 10 a reac-
tance device having a plurality of stator mem-
bers 11 and a rotatable member 12 arranged for
electrically controlling the currents flowing in a
plurality of coaxial lines 13, here shown as four,
the inner conductors of the lines being connected
to the stator members {1. "‘Rotation of the mem-
ber 12 for switching of the high frequency cur-
rents carried by the lines 13 is effected by means
of a motor {4 having a shaft 15 for supporting
the member 12. The transmission lines 13 are
connected to circuits, not shown, carrying high
irequency currents, such as an antenna array,
for example, and the capacitor switch 10 provides
a means for rapid shifting of the order of ener-
gizing adjacent pairs of radiators of such an ar-
ray for the purposes and in the manner disclosed
in my above-mentioned copending application.

The fixed or stator members | { may comprise
one or more plates 16 having the general form
of a sector of a circle and the rotor member {2
may comprise one or more conductor plates 11,
semieircular in shape as shown in Fig. 2, or of
any other desirable shape such that the plates 17
are capacitively coupled to the adjacent plates
18. The individual plates 16 are held in spaced
relation by means of the shoulder members 18
and a rod-like member {9 is provided for con-
necting the stators il with the inner conductor
20 of the transmission lines 3. Preferably, the
blates 18, the shoulder members 8 and the rod
member 9 are formed as a unitary structure.
Conductors 19 and 20 may be connected together
in any suitable manner, for eXample, as by
threaded engagement with a connecting link 21,

In order to hold rigidly the stator members (1
in spaced relation with each other, as well as to
provide means for conductively connecting the
outer conductors 22 of the coaxial transmission
lines 13, a cylindrical metal casing or housing
member 23 is provided having a plurality of
spaced openings through which the connection of
conductor 19 with conductor 20 is effected, the
tubular conductor 22 being secured to the hous-
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ing 23 around such openings in any desirable
manner, stich as by brazing or soldering. Suit-
ably shaped insulators are provided to surround
the conductor {9 in these openings, maintaining
conductor 19 in a predetermined spaced relation
with tubular member 22, and maintaining the
shoulder-members :I8 in spaced relation with re-
spect to the housing 23,

In order to maintain the shaft {5 in a fixed
position with respect to the inner edges of the
plates 16, thereby to fix the position of plates 17
with respect to plates 16, a metallic sleeve mem-
ber 25 is welded to the frame-of ‘motor -4 .and
bolted to an inwardly projecting. portion 28 of
housing 23, thus forming a closure member for
the respective end of housing 23.
pacitor switch of the type thus far described is
usually operated in a gaseous atmosphere -of
controlled pressure, end:plates 27 and 28 are pro-
vided: to close -the -ends .of the casing 23.and the
sleeve -member 25, “gaskets 29 being provided. to
maintain the enclosure in a gas-tight condition.

. - For purposes ‘which -will become apparent, an
outer rotor shaft, in the form of a metallic tubu-
.lar sleeve -39, surrounding shaft 15, is provided
and.serves-as-an-electrically conductive path be-
tween -plates 1 .6f capacitor switeh 18 and plate
.member 31, which forms with the end wall 2§ a
grounding capacitor.for the switch 10, the ground-
ing capacitor having a low cdpacifive réactance
at the dfrequency of -the current flowing in the
system. ’

n .the .operation -of ‘the ¢ircuit thus far de-
scribed, the .desired .path for ‘the High frequency
currents is between the .inner conductor 29 and
‘outer .return .conductor 22 of a particular trans-
_mission line 3, "The currents flow.along the inner
conductor 20 through -fhe connecting conductor
18, the stator-plates 16, the rotor plates 17, along
the .tubular .member -39, through the grounding
_capacitor plate 31.to ‘the wall 25, the housing 23,
and .back .to the .outer .conductor 22. "There is
.another.shunt path through which the currents
may flow. This path.goes from conductor 20 to
the .member .30 -as .described ‘béfore. TInstead of

_passing from the .grounding capacitor plate 31
to the housing 23, this shunt ccurrent passes to
the. inner rotor -shaft {5 on fhrough the maotor
bearings 22 to -the enélosing shield 25 and back
through screws .28’ to the main housing 23 and
the outer conductor 22. )

In .the presence.of high frequency currents of
large magnitude in the first civcuit, the voltages
induced in the shunt. circuit are of sufiicient
magnitude to.cause the oil film in the bearings
292 to break down and high frequency currents
of considerable magnitude to flow in the shunt
path. In the presence of such currents, con-
siderable arcing occurs between the bearing sur-
faces with resultant pitting of the surfaces. As
a.consegquence, .after .a very-short life, failure of
the motor bearings restlts and the switch be-

" comes inoperative.

In order to prevent the flow of this undesirable
current through the shunt path described above,
in accordance with my invention, the space be-
tween tne inner shaft {5 and the outer shaft
member 38 is filled by a sleeve ‘83 of any suit-
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spectively of a concentric transmission line, hav-
ing a length equal to a quarter wave length of
the wave having the operating frequency of the
system. The end of this line remote from the
bearings 32, that is at the left end of the shaft
{5, is short circuited by a metal plug member
38 carried on.shaft 15 and having shoulders for
engaging the end of sleeve30. At the opposite end
of the transmission line, the plate 31 is condue-
tively connected to member 39 and extends par-
allel to the end-wall portion 25 of the housing
23.

In accordance with well-known fransmission-
line ‘theory,-the.short circuit across the one end
of ‘the above -described transmission line is in-
verted by the quarter wave length line to appear

--as ‘an -impedance -of ‘high value at the other end
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able insulating material, preferably a ceramic .

. ponded mica insulating material, such as Mycalex.
Also, the length of the shaft member 3% is made
equal-to-an electrical -quarter wave length -of the
high frequency current present on the lines 13.

70

Thus, the-inner shaft 15 and the outer shaft-mem-- -

per 38 form the inner and outer conductors re-

75

of the line. Thus, by this construction a large
impedance is inserted dn the shunt path previ-
ously pointed out and is effective to eliminate al-
most entirely currents-flowing in this shunt ‘path.

In order to remove any currents which may
still tend to flow through the motorbearings 32
because of inaccuracies in-thelength of-the quar-
ter wave transmission line or ‘because of yaria-
tion in the operdting “frequency ‘0f ‘the "system,
snother path in shunt to bearing 32 -is ‘provided
by means of the slip-ring 35, securely attached to

-the 'shaft ‘15 at the end-of the insulating ‘sleeve

33, and the brush member 38 rconductively -con-
nected to-the wall 28 and bearing ubon the slip-
ring ‘35. ~The slip-ring 388 preferably -is ‘of ‘some
‘good commutator ‘material, such as copper, and
the brush member 38, of -a suitable brush ‘mate-
rial, such -as‘copper or-carbomn.

Tn the assembly ‘of ‘the -switch, -after the slip-
ring 35 has been secured ‘to the -shaft -15 -and ‘the
-sleeve 33 slipped over -the “shaft jrito dbubtment
with slip-ring 35, the sleeve 95, bearing -the motor
frame 14, is bolted in ‘place on the housing 23.
“The unit comprising the-outer shaft member 30,
the disk 31 -and-the plates 17 is ‘then Slipped over
the ‘insulating “sleeve ‘33, -after ‘which ‘the short
circuit “plug ‘24 is inserted and-a ‘bolt “37 used to
hold the parts together-as a rigid structure. ‘Be-
fore ‘the ‘stator ‘members -Fi ‘may ‘be placed in
position, the'shaft 15'is :rotated to-a position:such
‘that -the 'plates ‘I7T do not prevent ‘the -insertion
of a particular stator member.

Tt-will thusbe seen that thestructure described
above provides ‘a ‘capacitor switch ‘in “which ‘the
motor ‘shaft -of ‘the -unit ‘is electrically isoldted
from high frequency currents, while mechanical
rigidity of thestructure:is maintdined. ‘By'means
of a quarter-wave-section of the transmission‘line,
5 short circuit, @t the end of the'line remote from
the bearing, is inverted ‘to-appear ‘as a ‘high Am-
pedance ‘in-series’with the $hunt-conductive path
which includes -“the ‘motor ‘hearings '32. By the
use of this structure in -a:capacitor switeh -em-
ployed‘in a signalling system ‘operating -at-a fre-
quency of 400 megacycles, fhe - current flowing
through the motor ‘bearings of the ‘unit ‘was re-
duced from-a ‘value 'which rapidly destroyed the
bearings to. a value which caused no-harm.

While I have ‘described the ‘transmission line
comprising the'inner shaft 15 and the-outersshaft
member 32 as having a‘length-of a guarter wave
length, it will*be ‘apparent to'those :$Killed in:the
art that -this 'length may be any multiple of ‘a
quarter ‘wave length. "When ‘the length-is a-half
wave length, the plug member 3%'is 'of some suit-
able instilating material. “Thus, a high'impedance
is conmected across this remote end ‘of :the line
and the half wave line is effective to cause this
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impedance to appear as a S§éries impedance of
high value in the above-mentioned shunt path.

While I have shown a particular embodiment
of my invention, therefore, it will of course be
understood that I do not wish to be limited there-
to since various modifications may he made, and
I contemplate by the appended claims to cover
any such modifications as fall within the true
spirit and scope of my invention,

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, a capacitance device hav-
ing a conducting shaft, a rotating electrode sup-
ported by said shaft and separated therefrom by
insulating means, said electrode being subjected
to electromotive force relative to said shaft of
short wave length, and a conductor extending
along said shaft conductively connected to said
electrode but insulated along its length from said
shaft to form a transmission line, said line hav-
ing a length equal to a quarter of a wave length,
or multiple thereof, of said electromotive force,
and the impedance across one end of said line
being such relative to the length of the line as to
reduce the flow of current in said shaft produced
by reason of said electromotive force.

2. In combination, a capacitance device having
a conducting shaft mounted in bearings, a rotor
electrode supported by said shaft and separated
therefrom by insulating means, said rotor being
subject to electromotive force relative to ground,
a conductor conductively connected to said elec-
trode and extending along but insulated along its
length from said shaft to form therewith a trans-
mission line, said shaft and conductor having
such length and the impedance therebetween
relative to said length at the end remote from
said bearings being such that a current flowing
irom said shaft through said bearings to ground
is reduced by the impedance of said transmission
line.

3. In combination, a capacitance device having
a conducting shaft mounted in bearings, a rotor
clectrode supported by said shaft and separated
therefrom by insulating means, said rotor elec-
trede being subjected to short wave electromo-
tive force relative to ground and being grounded
through impedance, and means to reduce the flow
of current produced by said electromotive force
from szid rotor through said shaft and bearings
to ground, said means comprising a conductor
connected to said rotor and supported by and ex-
tending aleng said shaft in insulated relation
thereto to form therewith a transmission line
having a length relative to a wave length of said
electromotive force materially to increase the im-
pedance between said rotor and shaft to said
flow of current,

4. In combination, a switch for high frequency
current comprising fixed and rotatable members,
means for enclosing said switch and for support-
ing sald fixed member, means attached to said
enclosing means and including & shaft for rotat-
ing said rotatable member, and means for pre-
venting the flow of current through said shaft to
sald enclosing means comprising a tubular mem-
ber supported by and surrounding a portion of
said shaft and forming therewith a transmission
line, said rotatable member being conductively
connected to said ftubular member and being
separated from said shaft by insulating means,
said line being short circuited at one end and of
such length that said short circuit appears as a
high impedance connected in series circuit be-
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tween sald rotatable member and said enclosing
means.

5. In combination, a switch for high frequency
currents comprising fixed and rotatable mem-
bers, means for enclosing said switch and for
supporting said fixed member, means attached
to said enclosing means and including a shaft for
rotating said rotatable member, and means for
preventing the flow of current along said shaft
to said enclosing means comprising a tubular
member surrounding & portion of said shaft and
forming therewith a transmission line, said rota-
table member being conductively connected to
said tubular member and being separated from
said shaft by insulating means, said line being
short circuited at one end and of such length that
said short circuit appears as a high impedance
connected in series cireuit between said rotatable
member and said enclosing means, and reactance
means of low value connected between said line
at its other end and said enclosing means.

6. In combination, & reactance device for high
frequency current comprising fixed and rotatzble
niembers, means for enclosing said device and
for supporting said fixed member, means at-
tached to said enclosing means and including a
shaft for rotating said rotatable member, and
means for preventing the flow of current along
said shaft to said enclosing means comprising g
conductive member supported from a portion of
sald shait and forming therewith a transmission
line, said line being short-circuited at one of
its ends and being connected to said enclosing
means through s reactance at its other end, said
line being of such length that said short circuit
appears as a high impedance connected in series
circuit between said rotatable member angd said
enclosing means,

7. In a capacitor switch for high frequency cur-
rents comprising fixed and rotatabe condenser
plates, means including a shaft for rotating said
rotatable plates, and a housing surrounding said
plates and having means for supporting said
shaft, said shaft and supporting means forming
an undesired path for high frequency currents in
parallel with said plates, means for preventing
the flow of current through said path, said
neans comprising a metallic sleeve surrounnding
& portion of said shaft and forming therewith
a transmission line having a length equal to a
quarter of a wave length at the frequency of
said currents, said rotatable plate being con-
ductively connected to said sleeve at a point in-
termediate the ends thereof, and means for short
circuiting said line at the end remote from said
supporting means, sald line being effective to
invert said short circuit to appear as an im-
bedance of large magnitude in said path.

8. The combination, in 2 capacltor switch for
high frequency currents, of a housing, s stator
member supported in said housing, a rotor mem-
ber, said stator and rotor members forming a
first conductive path for said currents, a rotat-
able shaft mechanically coupled to said rotor
member, means for supporting said shaft in said
housing, and means for preventing the flow of
said currents from said rotor meimber through
said shaft to said housing, said means comprising
a tubular member conductively connected to said
rotor and extending over said shaft and insulat-
ingly spaced therefrom, said shaft and tubular
member forming a transmission line having a
length equal to 5 quarter wave length at the
frequency of said currents, and impedance means
of low value connected across said line at the
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7
end remote from said supporting means, sald line
being effective to invert said impedance to ap-
pear as an impedance of large value connected
in series-circuit with said rotor and said housing.
RICHARD C, LONGFELLOW,
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