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ELECTRICAL SWITCH

Carl W. Concelman, Danbury, Conn., assignor, by mesne
assignments, to Amphenol Electronics Corporation,
Chicago, 11, a corporation of Illinois

Continuation of application Serial No. 392,237, Novem-
ber. 16, 1953. This application October 31, 1955,
Serial No. 543,785 ’

4 Claims. (CL 200—153)

General

- This invention relates to electrical switches of the type
which  selectively connects a first high-frequency wave-
signal coaxial transmission line to any of a plurality of
such lines. : ’ .

This application is a continuation-in-whole of applicant’s
application Serial No. 392,237, filed November 16, 1953,
entitled “Electrical Switch.”

One prior type of electrical switch for selectively inter-
connecting coaxial transmission lines utilizes a single relay-
actuated spring blade pivotally mounted at one end
thereof which is fixedly and conductively attached to the
inner conductor of a first transmission line. The other end
of the switch arm is displaceable between closely spaced
inner conductors of a pair of transmission lines for selec-
tively connecting the individual inner conductors thereof
to the inner conductor of the first transmission line. While
a switch of this type has desirable characteristics, it has
the limitation in certain applications that an unterminated
inner conductor extends into the high-frequency energy

field and, thus, picks up so-called “cross-talk” signal

energy. Moreover, the voltage standing-wave ratio de-
veloped by this type of switch may be undesirably high
for some applications. Various rotary switches have also
been proposed, but in general these may be more ex-
pensive to manufacture than is desirable for some appli-
cations.

.-It is an object of the present invention, therefore, to
provide a new and improved electrical switch of the type
described which avoids one or more of the above-men-
tioned limitations of prior switches of this type. -

It is another object of the invention to provide a mew
and improved electrical switch of simple and inexpensive
construction for selectively connecting -a first high-fre-
quency wave-signal coaxial transmission line to any of
a plurality of such lines. ’

. Tt is another object of the invention to provide a new and
improved elecirical switch of the type described adapted
for .use in the high-frequency range and which may be
readily constructed largely by screw-machine operations.
Tt is another object of the invention to provide a-new
and improved-electrical switch of the type described which
is -of simple construction adapted for use in the high-
frequency range and which results-in reduced cross talk.
In-zccordance with a particular form of the invention,
an electrical switch for selectively connecting a first high-
frequency wave-signal ‘coaxial transmission line to any of

a plurality. of such lines comprises a support having a.

chamber defined by conductive walls, The switch includes
a first coaxial connector for connection to the first trans-
mission line and having an outer conductor conductively
connected to the chamber walls and having an inner con-
ductor extending into the chamber. The switch also in-
cludes a plurality of coaxial -connectors for individual
connection to the plurality of transmission lines having
outer conductors conductively connected to the chamber
walls and having inner conductors. The switch also in-

chides a plurality of movable conductive switch . arms:
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individually conductively connected to the inner con-
ductors of the plurality of connectors and extending within
the chamber radially to the inner conductor of the first
connector and the axes of the plurality of switch arms
being substantially along a common surface substantially
perpendicular to the inner conductor of the first: ‘con-
nector for selectively conductively connecting the indi-
vidual inner conductors of the plurality of connectors to
the inner conductor of the first conmector or to the
chamber walls. The switch also includes actuating means
for selectively operating the switch arms. i
For a better understanding of the present invention, to-
gether with other and further objects thereof, reference
is had to the following description taken in connection
with the accompanying drawings, and its scope will -be
pointed out in the appended claims. T
Referring to the drawings: : :
Fig. 1 is an elevational view, partly in section, of an
electrical switch constructed in accordance with a par-
ticular form of the invention; .
Fig. 2 is an end elevational view of the switch as
along the line 2—2 of Fig. 1; ‘ :
Fig. 3 is an elevational view of a modified electrical
switch constructed in accordance with the invention; -
Fig. 4 is a sectional view of the Fig. 3 switch as seen
along the line 4—4 of Fig. 3, and ) : .
Fig. 5 is a sectional view of the Fig. 3 switch as seen:
along the line 5—35 of Fig. 4. o

seen

Description of Fig. 1 electrical switch

Referring now more particularly to Fig. 1, there. is;
represented an elevational view, partly -in section, of an
electrical switch 10 constructed in accordance with. the:
invention for selectively connecting a first high-frequency
wave-signal coaxial transmission line to any of a plurality
of such lines. The switch 10 includes a support 11. having,
a chamber 12 which may, for example, be of substanitally:
uniform, square cross section and preferably is substan-
tially less than one-half wave length long over the oper-.
ating frequency range of the switch 10. The chamber 12
is defined by conductive walls including wall 13, as shown
in the drawings. The support 11 may be constructed: of
any suitable material such as brass which may then be
silver plated. -

A plurality of coaxial connectors are electrically’
coupled to chamber 12. These connectors provide in-
dividual connection to transmission lines and having outer,
conductors conductively connected to the chamber walls
and inner conductors which preferably extend into the
chamber. More: particularly, a pair- of like cylindrical
connectors 14 and 15 of predetermined diameter are, for”
example, disposed along a predetermined longitudinal.
axis of the chamber and have outer conductors i6 and 17,
respectively, conductively connected to and ‘effectively’
tangential to the chamber walis at opposite ends of the
chamber 12. By “effectively tangential”. is meant that
the outer cross-sectional dimensions of the chamber 12
preferably are approximately equal to the inner diameter.
of the outer conductors of the connectors 14 and 15..

Inner conductors 18 and 19 of the coniiectors 14 and,
15 preferably are spaced from the respeciive outer con-,

- ductors thereof by suitable bodies of dielectric material’

65

70

__ axis extending into the support 11 along the axis 6f.t

18 and 19z extending into the chamber 12 and fixedly
disposed within the outer conductors 16 and 17. The con-
nectors 14 and 15 may be of any suitable type and may,
for example, comprise connectors of the type described

- and claimed in Patent 2,540,012—Salati, entitled “Elec-

trical Connector,” granted January 30, 1951. -

As may be seen more clearly in Fig. 2, a coaxial con-
nector 20 is disposed along a predetermined normal trans-.
verse axis of the chamber 12 which has a longitudin‘alL
he.
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‘connector 15. Refetring again to Fig. 1 the connector
20 preferably is disposed approximately rmdway between
the pair of connectors 14 and 15 and has an inner con-
ductor -21 - which . preferably extends into the chamber
12 and is supported within:the connector by a body of
suitable dielectric material 22 fixedly disposed-in a stepped
bore.13a in the support 11.

‘A pair of movable conductive switch arms 23 and 24,
preferably of resilient material, such as beryllium copper,
are individually conductively connected and secured to
the inner conductors 18 and 19 of the connectors 14 and
15, respectively, by any suitable means such as soldering.
The arms 23 and 24 preferably are seated in suitable
slots in the inner conductors 18, 19 and dielectric spacers
18a, 19a, respectively, to provide a rigid mechanical sup-
port for the arms. - The arms 23 and 24 preferably ex-
tend within the chamber to the inner conductor 21 of
the connector 20 on opposite sides thereof for selectively
conductively connecting the individual inner conductors
18 and 19 of the conneciors 14 and 15 to the inner con-
ductor 21 of the connector 20 or to the chamber wall
13. Suitable contact points 25 and 26 are attached to
the ends of the switch arms 23 and 24, respectively, for
effecting the desired contact between the respective switch
arms and the inner conductor 21 or the chamber wall.

As will be more fully explained hereinafter, the arms
23 and 24 are shown under stress with the arm 24 con-
ductively connected to the inner conductor 21 of the
connector 20 and the other arm 23 preferably conduc-
tively connected to an adjustable conductive contact screw
27 in the support 11 for effecting a conductive connec-
tion to the chamber wall 13. The arm 24 preferably is
conductively connected 'in the absence of stress thereon
to an-adjustable conductive contact screw 28 in the sup-
port 11 and the other arm 23 preferably is conductively
connected in the absence of stress thereon to-the inner
conductor 21 of the connector 20.

‘The switch 10 also includes actuating means for selec-
tively effecting conductive connection of one of the arms
23, 24 to the inner conductor 21 of the connector 20
or to the chamber wall 13 and the other arm to the
chamber wall 13 or to the inner conductor 21 of the con-
nector 20, respectively. The actuating means comprises,
for example, a pair of cylindrical dielectric members 29
and 30 extending through apertures in the wall 13 into
the chamber 12 and slidably disposed normal to the arms
23 and 24, respectively, for deforming the arms in one
position thereof, shown in the drawings, selectively to
effect conductive connection of the arm 24 under stress
to the inner conductor 21 of the connector 26 and the
other arm 23 under stress to the chamber wall 13.
~ There preferably is alsc provided control means com-
prising an elongated cam-operated spring-mounted mem-
ber 31 for simultaneously displacing the dielectric mem-
bers 29 and 30 to effect the switching operation. As rep-
resented in Fig. 2, the member 31 is attached by means
of a'spring 32 to a mounting bracket 33 for the switch 10.
A slidably displaceable cam 34, as indicated by the ar-
rows, is mounted on the bracket 33 and operatively con-
niected to a push-pull switch button 35, as indicated by a
broken line 36.

From the foregoing description, it will be seen that the
various apertures in the support 11 may be formed quickly
and conveniently by inexpensive screw-machining oper-
ations. The outer conductors of the comnectors 14, 15,
and 20 may be made in a similar manner and the inner
conductors thereof may then be assembled and held in
a spaced coaxial relation with the respective outer con-
ductors by insulators. The switch arms 23 and 24 may
be fabricated by simple stamping operations. After the
switch is assembled, a suitable cover 37, represented in
Fig. 2, may be utilized to complete the switch housing.
Thus, the manufacture ‘of the switch 10 lends itself to
mass-production techmques and the cost thereof is rela-
tively low.
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Operation of Fig. 1 electrical switch

Referring to Fig. 2, when the switch button 35 is in .
the position shown in the drawings, the cam 34 supports
the member 31 in the position shown which, in turn,
maintains the dielectric actuating. members 29 and 30
in the position represented in Fig..1. In this operating
condition, the inner conductor 19 of the connector 15,
which may, for example, serve as an output connector,
is connected by the switch arm 24 to_the inner conductor
231 of the connector 20 which may, for example, supply
input-signal energy to the switch. The inner conductor
18 of the other connector 14, which may, for example,
also be an output connector, is connected to the chamber
wall 13 through the screw 27 which may be adjusted for
desired contact pressure.. The switch arms 23 and 24
effect the respective connections just described under stress
exerted thereon by the dlelectrlc members 29 and 30, re-
spectively.

When the switch button 35 of Fig. 2 is pushed ‘to-
ward -the mounting bracket 33, cam 34 -moves -into:a
position which allows the member 31 to spring away -
from the support 11 as a result of the resiliency of: the
spring 32. The resilient switch arms 23 and 24 then
spring into contact with the inmer conductor 21 and
the screw 28, respectively, and displace the dielectric
members 29 and 39 accordingly.

Since there is provided a conductive connection be-
tween the chamber wall 13 and the inner conductor ‘of
the connector 14 or 15 -which is disconnected from the -
inner -conductor 21 of the connector 20, the energy
pickup resulting from capacitive coupling of the dis-
connected connector is substantially reduced. This re-
sults in reduced cross talk between the input comnector
29 and the output connector 14 or 15 disconnected therc-
from.

It is well known that the characteristic lmpedance of
a high-frequency wave-signal coaxial transmission line
is -a function of the ratio of the inner diameter of ‘the
outer conductor of the transmission line and the outer
diameter of the inner conductor thereof. Similar con-
siderations apply to the characteristic impedance of the
transmission line effectively formed by the conductive
walls of the chamber 12 and the switch arm 23 or 24. .
Accordingly, the cross-sectional dimensions of the- ¢cham-
ber may-be approximately equal to the diameter.of the
outer coenductors of the connectors 14, 15, and 20.. The
dimensions of the switch arms 23 and 24 may-then be -
selected approximately to provide a desired characteristic
impedance for the transmission line effectively formed
by the chamber walls and the switch arm 23 or 24.°

By proportioning the length of each half of the cham-
ber 12 to be substantially less than one-quarter wave
length over the operating range of the switch 10, im-
pedance discontinuities within the effective transmission
line formed by the chamber 12 and switch arms 23, 24
can be conveniently proportioned approximately to can-
cel each other over the operating range. For example,
the increase of capacity introduced into the transmis-
sion line by the extension of the dielectric spacer 18a
into the chamber 12 may be approximately canceled by
the reduction of capacity present in the region surround-
ing the inner conductor 21 due to recesses in the cham-
ber walls provided by bore 13a. Above the normal
operating range of the switch 10, as the electrical spac-

‘ing between the above-mentioned discontinnities ap-

proaches -one-quarter wave length, the discontinuities
effectively add rather than cancel because of the im-
pedance transformation effected by a one-quarter ‘wave-
length transmission line.

The connectors 14, 15, and 20 are effective to provide
an approximate impedance' match between the transmis-
sion -lines -attached thereto -and the transmission line
formed by the chamber 12 and the switch arm 23 ior
24 ‘and, ‘thus, an ‘approxiniate impedance ‘match may.be
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provided between the transmission line connected to' the
connector. 20 and the transmission line conmected to
either of the connectors 14 and 15. In this manner,
a relatively low voltage standing-wave ratio may result
for the switch 10. )

_ While applicant does not wish to be limited to any
particular dimensions, the following approximate dimen-
sions have been employed in a switch constructed in

accordance with the invention for use at signal fre-

quencies in the range of 100-to 1000 megacycles:
Length of support 11... inches. 2
Width and height of chamber 12_.._ . .___ do-—.~ 14
Length of switch arms 23, 24_.._._. do_.._— 3%
Width of switch arms 23, 24. do .200
Thickness of switch arms 23, 24_______. do-__- .008
Spacing between conductor 21 and dielectric mem-
.. bers. 29, 30 : inches__ %
Extension of conductor 21 into chamber - 12
L : inches... 11/64
Diameter of conductor 21 do_....  .084
Nominal characteristic. impedance of effective
transmission line of chamber 12 and switch
"~ _arms 23, 24 ohms 50

" Description of Fig. 3 electrical switch

' Referring now to Fig. 3, there is represented an eleva-
tional view of a modified electrical switch 50 constructed
in accordance with the invention and generally similar
to the switch represented in Figs. 1 and 2. As repre-
sented in Fig. 4, which is a sectional view of the switch
50 taken along the line 4—4 of Fig. 3, the switch 50
includes @ support 51 preferably having a pair of elon-
gated, substantially parallel and longitudinally aligned
chambers 52, 53 defined by the conductive walls of the
support 51 and a suitable conductive member 54 which
separates the chambers within the switch 50.

Two pairs of coaxial connectors 56, 57 and 58, 59

which may, for example, be output.connectors, prefer-
ably have outer conductors comductively connected to
the walls of the individual chambers adjacent the ends
thereof. A coaxial connector 60 serving, for example,
as an input connector preferably has an outer conductor
61 conductively connected to .the walls of one of the
chambers approximately at the mid-point thereof and
has an inner conductor 62 extending into both of the
chambers 52 and 53 through a suitable bore 63 in the
member 54. : . . .
" “Two pairs of movable conductive switch arms, prefer-
ably comprising resilient leaf springs 64, 65 and 66, 67,
are conductively connected to the inner conductors of
the corresponding connectors 56, 57 and 58, 59, respec-
tively, and. preferably are conductively connected in the
absence of stress thereon to the chamber walls, as rep-
resented in Fig. 5, which is a sectional view of the switch
50 taken along the line 5—5 of Fig. 4.

Two pairs of elongated dielectric actuating members
68, 69 and 70, 71 preferably extend through the cham-
ber walls into the individual chambers and may, for
example, be individually slidably disposed approximately
normal to the arms 64, 65 and 66, 67, respectively, for
deforming the arms selectively to effect conductive con-
nection of ome of the arms under siress to the inner
conductor 62 of the conmector 60 and the other arms
to the chamber walls. There preferably is also provided
control means for successively displacing the dielectric
members to effect the switching operation. This con-
trol means comprises, for example, arms 72 and 73,
represented in Fig. 4, responsive to energization of sole-
noid relays 74 and 75, respectively, for displacing the
dielectric actuating members 68 and 71, respectively.
Similar solenoid relays, such as the relay 76 of Fig. 3
and another relay (not shown), may be provided to
control the displacement of the dielectric members 69
and 70.
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Operation of Fig. 3 electrical switch

The operation of the switch 50, represented in Figs.
3, 4, and 5, may be best understood by referring to Figs.
4 and 5. When the solengid relays individually con-
trolling the switching operation are de-energized, the cor-
responding switch elements, such as 64 and 65, are ‘con-
ductively connected to the chamber walls in' their nor-
mal positions, as represented in Fig: 5. When one of
the relays, such as the relay 74 of Fig. 4, is energized,
the relay arm 72 exerts a force which displaces the di-
electric member 68, causing the switch arm' 64 to- con-
tact the inner conductor 62 of the connector 60. In this
operating condition, the output connector 56 is actively
connected to the input connector 60 while the remaining
connectors have inner conductors which are conductively
comnected to the chamber walls and, thus, are effectively
disconnected from the input connector. . e

By means of a-suitable electrical switch, not shown,
which controls the energization of the solenoid relays,
any selected output connector may be connected to the
input connector 60 while the remaining connectors are
effectively disconnected therefrom. It will also be under-
stood that any suitable number of chambers and ‘output
comnnectors may be aligned with the chambers 52 and 53
to form, for example, a five- or six-position switch.
These chambers may individually be proportioned in a
manner similar to, the chamber 12 of the Fig. 1 switch.

From the foregoing description, it will be apparent
that a switch constructed in accordance with the inven-
tion has the advantage of being simple in_conmstruction
and inezpensive to manufacture. The switch has the
additional advantage of providing reduced undesired
cross talk between input and output connectors thereof.
The switch also provides satisfactory standing-wave ratios
in, for example, the 100 to 1000 megacycle range.

While there have been described what are at present
considered to be the preferred embodiments of this in-
vention, it will obvious to those skilled in the art that
various changes and modifications may be made therein
without _departing from the invention, and-it is; there-
fore, aimed to cover all such changes and modifications
as fall within the true spirit and scope of the invention.

What is claimed is: -

1. An electrical switch for conductively connecting a
first high-frequency wave-signal coaxial transmission line
to any one of a plurality of such lines comprising, ‘a
switch support having an internal and substantiaily hel-
low chamber extending- longitudinally between interior
conductive end walls, said chamber having a substantially
uniform cross-section defined by confronting pairs of
parallel and interior conductive walls, a first coaxial con-
nector electrically coupled to said chamber intermediate
the end walls thereof and adapted for connection with
the first of said transmission lines, said connector having
an outer conductor conductively connected to said cham-
ber walls and an inner conductor extending into said
chamber and terminating therein wherein the axis of said
connector in the region where it effects electrical cou-
pling to said chamber is substantially perpendicular to the
longitudinal dimension of said chamber, a coaxial con-
nector electrically coupled to said chamber on each side
of said first connector ‘and defining a plurality of con-
nectors for individual connection to respective ones of
said plurality of transmission lines, said plurality of con-
nectors each having an outer conductor conductively con-
nected to said chamber walls and an inner conductor ter-
minating in said chamber, a plurality of movable con-
ductive switch arms having a substantially uniform cross-
section defined by opposed pairs of parallel surfaces, said
arms extending substantially longitudinal-wise in said
chamber for movement from one to another of two posi-
tions wherein said first connector is alternately connected
to and disconnected from respective ones of said plurality
of connectors, each arm having one end conductively con-
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nected to and -supported -from a’fespective -one of the
inner conductors of said plurality and having a free end
adapted for conductive connection ‘with the inner con-
diictor of ‘said first connector, wherein each arm-and the
coextendmg chamber walls surrounding same serve as a
section of coaxial line coupling said first connector with
a respectwe one of the plurality of connectors when the
correlated arm is positioned to effect conductive con-
nection with the inner conductor of said first connector.
2. An electrical switch for conductively connecting a
ﬁrst high-frequency wave-signal coaxial transmission line
to-any one of a. plurality 6f such lines comprising, a
switch support. having an internal and substantially
hollow . .chamber extendmg longitudinally ~between
interior conductive  end walls, said chamber ‘having a
substantlally uniform cross-section - defined by . con-
fronting pairs of parallel and interior conductive walls, a
first coaxial connector electrlcally coupled to said cham-
ber intermediate the end walls thereof and adapted for
connectlon with the. first of said transmission lines, said
connector having an outer conductor conductively con-
nected to said chamber walls and an inner conductor ex-
tendmg into said chamber and termlnatmg therein where-
in the axis of said connector in the reglon where it ef-
fects electrical coupling to said chamber is substantially
perpendlcular to the longitudinal dimension of said
chamber, a coaxidl connector electrically coupled to said
chamber on each side of said first conniector and defining
a plurality of connectors for individual connection to re-
spective ones of said plurality of transmission lines, said
plurality of connectors each having an outer conductor
conductively connected to said chamber walls and an inner
conductor terminating in said chamber, a plurality of mov-
able conductive switch arms having a substantially uni-
form cross-section defined by opposed pairs of parallel
surfaces, said arms extendihg substantially longitudinal-
wise in said chamber for movement from one to another
of two positions wherein said first connector is alternately
connected to and disconnected from réspective ones of
said plurality of conmectors, each arm having one end
conductively connected to and supported from a respec-
tive one of the inner conductors of said plurality and
having a free end adapted for conductive connection with
the inner conductor of said first connector, movement of
an arm to a first of its positions causes the free end there-
of to: cortact conductlvely with a chamber wall juxta-
posed the first inner -conductor, movement of an arm to
the second of its positions causes -the free end thereof
to. contact conductively with the inner: conductor of said
first connector wherein such -arm .and the coextending
chamber walls surrounding same serve as-a section of
coaxial line coupling said first connector with the cor-
related connector of said plurality.

3. Apparatus ase defined in claim 2, wherein.the cross-
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section of ‘said ‘chamber is substantlally ‘square shaped
and wherein  the - dimensions - thereof are each:approxi-
mately equal to the dimension of the:inner ‘diameter:6f
the-outer conductors of said plurality of connectors.-

4. An electrical switch for selectively -connecting ‘a
first high-frequency wave-signal transmission line to ‘any
one of a plurality of such lines comprisiing, a-‘'switch sup-

port having a plurality of adjacént internal and substan-
tially hollow- chambers extending longitudinally ‘between
interior conductive end walls, each chamber -having-a
substantlally uniform cross-section defined by confront-
ing pairs of parallel and. interior conductive walls, afirst.
coaxial ‘connector for connection to said first transmission
line and having “an "outer conductor conductively -con-
tiected to Said chamber walls, said connector also having.
an inner conductor éxtending through a first of- said
chambers and ‘éxtending into and terminating within ‘a-
second “of “said "chambers, the dxial dimension " of 'said
inner conductor being substantially perpendicular o the
longitudinal dithension of said first and second chambers
and being disposed “intermediate the end walls” thereof,
pairs of coaxial connectors for individual connection to
said plurality of transmission lines and having outer con-
ductors ¢onductively connected "to ‘said “‘chamber walls,
the innerconductors .of .each pair- of connectors extend-
ing into respectlve ones of said chambers on. opposite
sides of the ‘inder conductor .of “the 'first -‘connector,
pairs: of movable ~ conductive “switch  arms having
a substantlally -uniform cross-sectlon defiied "by “op-
posed pairs of parallel - surfaces, ‘one -pair ‘of each .of
said ‘arms extending substantially longitudinal-wise "in ‘a
respective chamber for movement from one to another of
two positions wherein' said first ‘connector - i§ alternately
connected fo and disconnected from respective ones of
said “plurality of connectors,-each arm having one end
conductively connected to and ‘supported from a respec-
tive one of the “inner conducotrs of said ‘pluralityand
having a free end adapted for conductive ‘connection
with “the inner “conductor of said first ‘connéctor, “and
means for operating said switch arms wherein movement
of an arm to'a first of its positions causes the frée end
of said “arfmn " to contact conductlvely with the chamber
wall ‘juxtaposed the first inner:conductor, and movement
of an arm to the second of its posmons causes its free end
to.make contact with said first inner conductor: wherem
such arm and the coextending chamber wall surroundmg
same serve as a section of coaxial line coupling said first
connector with the correlated connector of sa1d plurahty
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