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This invention relates to a mechanically-oper-

‘ated switch for high frequency currents.

An object of the present invention is the pro-
.vision of an improved form of mechanically-
~operated switch for higl: frequency use.

In switching operations the transfer of energy -

between one transmission line and a selected one
of a plurality of other transmission lines may
be accomplished by capacitatively coupling the
two lines. With higher frequencies, however,

10

capacitive coupling proves inadequate because it ™

tends to give low transfer efficiency, particularly
where a wide band of frequencies is to be covered.
In accordance with my invention switching is
accomplished by the use of transmission line
coupling.

Therefore an object of the present invention is
the provision of a switch employing transmission
line coupling.

Another object of the present invention is the -

provision of a switch of the type indicated having
high transfer efficiency over ga relatively wide
band.

A feature of the present invention is, partic-
ularly in one form thereof, that the switch intro-
duces little change in the surge impedance of
the transmission lines over & relatively wide band.

Another object of the present invention is the
provision of an improved switch for sequentially

rality of transmission lines, in which interaction
between said plurality of transmission lines is
kept to a minimum.

Another feature of the present ihvention is the
continuity of the outer shielding of the transmis-*

sion lines through the switch.
Another -object of the present inventicn is the
provision of a switch of the type hereinabove in-

- dicated which is particularly adapted for con-.
- tinuous switching. Such switch finds particular

applicability in direction finding equipment

where is may be used to sequentially couple a

plurality of antennas to the direction finding re-
. ceiver. . .

A further feature of the present invention is
the compactness-of the switch and the ease with
which it may be manufactured.

Still other features ot the present invention

are that the switch does not depend for its oper-
ation on wiping contact, has little friction, and

is quiet and smocth in operation.

Other and further objects and advantages of
the present invention will become apparent and
the foregoing will be best understood from the
Tollowing description of embodiments thereof,

. reference being had to the drawing, in which:

Fig. 1 is a plan view, partly in outline and

- partly-broken away, of one embodiment of my
. invention; o
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Fig. 2 is o transverse sectional view taken along
the line 2—2 of Fig. 1;

Fig. 3 is a schematic cross-sectional sketch of
a portion of a switch, illustrating a modified form
of my invention.

Referring now particularly to the embodiment
illustrated in Figs. 1 and 2, the switch referred
to generally by the numeral i includes a gen-
erally rectangular housing similarly referred to
generally by the numeral 2 and consisting of a
top 3, a bottom 4, and side walls 5-8. The hous-
ing is preferably metallic and shields the inside
of the switch, being electrically effectively com-
pletely closed.

In the embodiment illustrated, the switch is
designed to sequentially connect each of four
transmission lines to a fifth line. The switch is
therefore provided with four sockets 9-12 sym-
metrically arranged on side walls 5-8 respectively,
each of which is adapted to be connected to one
of sald four transmission lines, and a fifth socket,
13 mounted on the bottom 4, which latter socket
is adapted to be connected to said fifth transmis-
sion line. These sockets are of known constric-
tion and are connected by plugs of known con-
struction to their transmission lines. Sockets 8-
12 may be the input, and socket {3 may be the
output or socket 13 may be the input and sockets
9-12 the output. However, for the purpose of
distinguishing the sockets, sockets 9—12 will be re-
ferred to as the “input sockets” and socket (3 as
the “output socket.”

Each of said sockets consists of an outer por-
tion 14 and an inner conductor i5. 'The outer
portions 14 of all of said sockets are connected to
the housing 2 and are consequently at a common
neutral or ground potential. The inner conduc-
tors 15 of the sockets are insulated from the hous-
ing by insulators 16.

The inner conductors 15 of the input sockets
9-12 are connected respectively to separate sets
of stator plates 17-20, the plates of each of said
sets being metallic, horizontally disposed, and
spaced apart. Each of said sets is supported by
suitable insulating members 21. The stator plates
are substantially in the form of sectors of about
70° each in the embodiment illustrated and are
symmetrically distributed about a central axis.
To prevent interaction between the various stator
plates and consequently the transmission lines
coupled to their associated sockets, I prefer to pro-

- vide a plurality of radial or diagonally-arranged
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shields 22-25 between said plates. For each of
the sets of stator plates there is provided a set
of rotor plates designated by the numerals 2730,
the sets- of rotor plates being likewise symmetri-
cally disposed about a central axis. The rotor
plates are metallic, are interleaved with the stator
plates but spaced therefrom, and are mounted
for rotation on a central rotatable member 3,
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In the embodiment illustrated, each set of rotor
plates is substantially in the form of a sector of
about 15°. To enable the rotor plates to pass
between the shields 22-25, each of the shields 22
is cut away as indicated at 32 or the shields may
be made with teeth between which the rotor
plates pass.

One set of rotor plates 27 is used to sequentially
couple the sets of stator p}ates to. the output
socket 13. The other sets of rotor plates 28-30
couple to ground, those sets of stator plates which,
at a given moment, are not coupled to socket 13,
thereby preventing undesirable interaction be-
tween the set of stator plates coupled to socket
i3 and the remaining sets of plates. For this
purpose; the sets of rotor plates 28-30 are elec-
trically connected to, as well as suported from,
a metallic collar 33 forming part of the central
rotatable member 31, The collar 33 is connected
st opposite ends to metallic end pieces 34 which
in turn are electncally connected through roller-
bearing arrangements 35, which rotatably support
the entire rotatable member 31, to the top and
bottom of ‘the housing and consequently to
ground. Of course it is to be understood that the
sets of rotor plates 28-30 may, if desired, be
omitted.

The plates of rotor set 27 are mounted on a
metallic support member 36 which passes through
‘an insulator 37 into the center of the central
rotatable member 21 and is there mechanically
connected to a shaft 88 preferably of insulating
material, which shaft 38 is adapted to be rotated
and thereby cause rotation not only of rotor plates
27 but also of the entire central rotatable mem-
ber 3} and consequently of the other sets of rotor
plates 28-38. The metallic support member 36
is electnca]ly connected through a rotatable
metallic rod 39, and a freely rotatable metallic

onnector 40 to a non-rotating metallic member
41 which is in turn connected to the inner conduc-
tor {5 of the socket i3 and, if desired, may be
integral with said inner conductor {5.

While the switch may be operated by manually
rotating shaft 38, the switch here shown is ca-
pable of being operated at a relatively high rate
of speed and for this purpose shaft 38 may be
connected to any suitable motor. The ratio
between the width of the rotor sectors and the
width of the stator sectors is dependent on the

“rate of rotation of the switch. The ratio here

shown, which is approximately of the order of
4 to 1, more specifically 425 to 1, as angularly
measmed is suitable for switching between 100
to 300 R. P, M. Of course it is to be understood
that the rotor plates may be made as wide as
possible to obtain the maximum transfer of
. energy, but the rate of sw1tch1ng tends to limit
this width.

While the construction and arrangement of the

plates here is similar to that in a condenser, in
accordance with the present invention, trans-
mleIOn line coupling, not capacitance coupling,
is used. It will be recognized that the high fre-
quenecy current flowing in through any of the
sockets 9-12 will tend to travel from said socket
along the outer surfaces of the top plate 42 and
_pottom plate 43 of each set of stator plates. - At
points A and B, this high frequency current might
- flow over from the stator plates to the rotor
plates if certain transmission line conditions
were ‘met. It will be seen, looking inwardly
between the plates from points A or B, that
- the surfaces of the stator and rotor plates op-
~ posing or facing each other may be considered
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4
as similar to an open-ended dual transmission
line of which the surfaces of the stator plates
form one conductor and the surfaces of the rotor
plates form the other conductor. As viewed from

- point A, if the length of said line, which is the

common length of the opposing surfaces of the
stator and rotor plates as radially measured is
made equal to a quarter wavelength or an odd
integral multiple thereof, there will be an effective
short at point A permitting transfer of energy
from the stator to the rotor plates at said point.
Similarly if the same conditions prevail at point
B, we would have an effective short at point B.
It will therefore be seen that to satisfy both of
said conditions, it is necessary that the total elec-
trical length of the line, that is the common length
of said opposing surfaces of the rotor and stator
plates from point A to point B, be equal to two
quarter wavelength sections or one-half wave-
length. 'This is true. since the midpoint of a
transmission line which is fed with equal volt-
ages into both its ends may be con51dered open
circuited.

Since, however, the switch is designed to be
operated over & relatively wide band of fre-
quencies, the total common length of the oppos-
ing surfaces of the stator and rotor plates meas-
ured from point A to point B is made equal to
a half wavelength at the mean frequency of the
band. This relationship holds true and in ac-
cordance with this invention is incorported in
the switch whether only one stator and one rotor
plate are coupled together or whether a plurality
of either or both are coupled together. The
number of rotor and stator plates employed and
the radial length of said plates is determined
by the frequencies at which the switch is o be
operated and by the desired compactness of the
arrangement, the effective total electrical length
of said rotor and stator plate surfaces being a
function of the product of the length of the
plates times the number of said plates.

A switch made in accordance with the fore-
going description and designed for high freguency
operation over a three to one band width gave
a transfer efficiency of from 60% to 80%. The
width of the plates is a prime factor in determin-
ing the width of the band of frequencies that
may efficiently be covered with such a switch.
Referring now to the modification shown in
wig. 3 which shows a portion of a modified form
of switch embodying the present invention, nu-
meral 44 designates the housing and numeral 45
designates a conductor within the housing. The
conductor 45 corresponds to a set of stator plates
such as illustrated in Figs. 1 and 2 and for this
purpose may consist of a single surface or may be
cut away to form a plurality of stator plates 46
which are to be coupled to a plurality of rotor
plates 47 (indicated in dotted lines). The stator
plates 46 are substantially in the form of & sec-
tor similar to the sectors of the stator plates in
Figs. 1 and 2. The arc of said sector or widest
portion of said conductor 45 occurs at point 48.
To maintain a constant surge impedance, the
housing #4 is so shaped that at the point 49
thereof, opposite point 48 of conductor 435, it is
most widely spaced from said conductor 45. As

" the. width of the sector of conductor 45 decreases,
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the spacing between the housing 44 and said
conductor also decreases and thus the surge im-
pedance is constant along the common opposing
surfaces of conductor 45 and housing 44. ‘This
relaticnship between the housing and the stator
plates and its associated conductor may be main-
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tained throughout the whole switch, only a por-
tion of said switch here being illustrated. With
the impedance substantially matched, even
greater efficiency of transfer than in the forms
shown in Figs. 1 and 2 is obtained.

While I have described above the principles
of my invention in connection with specific ap-
paratus, and particular modifications thereof, it
is to be clearly understood that this description
is made only by way of example and not as a
limitation on the scope of my invention as set
forth in the objects of my invention and the ac-
companying elaims.

I claim:

1. A high frequency switch comprising a plu-
rality of terminals, a plurality of sets of metallic
stator plates, each set connected to one of said
terminals, a plurality of separate sets of metallic
movable plates each set of which is adapted to
be simultaneously coupled to separate ones of
said sets of stator plates, each of said sets in-
cluding at least one plate, means for simultane-
ously moving each of said sets of movable plates
out of coupling relation with the set of stator
plates to which it has been coupled and into cou-
pling relation with another of said sets of stator
plates, the effective circuitous electrical length
of the opposing surface of the plates of each pair
of coupled stator and movable sets being sub-

stantially equal to half a wave length at the .

mean frequency of the band over which said
switeh is designed to operate, one set of said
movable plates being connected to a separate one
of said terminals, the other of said sets of mov-
able plates being connected to ground.

2. A high frequency switch comprising a plu-
rality of terminals, a plurality of sets of metallic
stator plates each connected to one of said ter-
minals, a plurality of sets of metallic rotor plates,
one of said sets of rotor plates connected to a
separate one of said terminals and the other of
said sets of rotor plates connected to ground, each
of said sets including at least one plate, said sets
of stator and rotor plates being symmetrically

disposed around a central axis, said sets of 4

rotor plates being mounted for rotation around
said central axis so that upon rotation the rotor
plates of each set will sequentially interleave with
the plates of each set of stator plates to thereby

move said plates into and out of coupling rela- :

tion with each other, the effective circuitous elec-
trical length of the opposing surfaces of the plates
of each pair of coupled stator and rotor sets be-
ing substantially equal to half a wave length at
the mean frequency of the band over which said
switch is designed to operate.

3. A high frequency switch comprising a me-
tallic housing, a plurality of terminals, a set of
metallic stator plates mounted within said hous-
ing and connected to one of said terminals, a set
of metallic movable plates connected to another
of said terminals, each of said sets including at
least one plate, and means for moving said set of
movable plates into and out of coupling relation
with said set of stator plates, said stator plates
being substantially in the form of a sector of a
circle, said housing having portions extending
over said plates, said portions being spaced from
the arc of said sector a greater distance than from
the apex of said sector to thereby maintain a
substantially constant surge impedance along the
common opposing surfaces of said set of stator
plates and said housing.
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4. A high frequency switch comprising a me-
tallic housing, a plurality of terminals extending
outwardly through said housing, a plurality of
sets of metallic stator plates symmetrically dis-
posed within said housing around a central axis
and each connected to one of said terminals, a
set of metallic rotor plates mounted within said
housing for rotation around said central axis and
adapted to interleave with said stator plates dur-
ing said rotation to thereby move said plates into
and out of coupling relation with each other, said
set of rotor plates being connected to a separate
one of said terminals, each of said sets including
at least one plate, a plurality of shields connected
to said housing and extending radially between
each of said sets of stator plates and having open-
ings therein for the passage of the rotor plates
therethrough and further including at least one
other set of rotor plates mounted for simultane-
ous rotation with said first-mentioned set of rotor
plates around said central axis, the number of
sets of rotor plates being equal to the number of
sets of stator plates and being similarly sym-
metrically disposed around said central axis, said
other set of rotor plates being similarly adapted
to ba coupled to each of said sets of stator plates
and being electrically connected to the housing.

5. A high frequency switch comprising a me-
tallic housing, & plurality of terminals extending
outwardly through said housing, a plurality of
sets of metallic stator plates symmetrically dis-
posed within said housing around a central axis
and each connected to one of said terminals, a set
of metallic rotor plates mounted within said hous-
ing for rotation around said central axis and
adapted to interleave with said stator plates dur-
ing said rotation to thereby move said plates into
and out of coupling relation with each other, the
effective circuitous electrical length of the op-
posing surfaces of one set of said stator plates and
said rotor plates when in coupled relation being
substantially equal to half a wave length at the
mean frequency of the band over which said
switch is designed to operate, said set of rotor
plates being connected to a separate one of said
terminals, each of said sets including at least one
plate, a plurality of shields connected to said
housing and extending radially between each of
said sets of stator plates and having openings
therein for the passage of the rotor plates there-
through, at least one other set of rotor plates
mounted for simultaneous rotation with said first-
mentioned set of rotor plates around said central
axis, the number of sets of rotor plates being equal
to the number of sets of stator plates and being
similarly symmetrically disposed around said cen-
tral axis, said other set of roftor plates being
similarly adapted to be coupled to each of said
sets of stator plates and being electrically con-
nected to the housing.

NATHAN MARCHAND.
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