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.'The present invention relates to apparatus for selec-
tively switching a plurality of switches and more - partic-
ularly to apparatus for selectively switching a plurality
of switches with a magnetic field generated by a moving
actuator which successively passes adjacent each of the
plurality of switches.

In the last few. yedrs, numerous systems have been
developed for use in the fields of process control, traffic
control, and vehicle guidance wherein a number of op-
erations must be performed in. synchronism with some
external . variable. - For example, it might be desired
that a number of operations be performed in synchronism
with real time or with movement, such as shaft rotation.
Generally, the operations to be synchronously performed
will be triggered and controlled by a number of relay
switches which are synchronously ‘actuated.

The most popular prior art methods of actuating the
relay switches hereinbefore mentioned involve the use of
a commutator, an actuating signal being applied to the
common terminal of the commutator and a commutator
armature being rotated in synchronism with, for exam-
ple, a rotating shaft. Hence, the actuating signal will
be applied to a plurality of independent terminals in
synchronism with the rotation of the shaft. The inde-
pendent terminals are then connected to the actiating
terminals of a corresponding number of relay- switches
so that upon application of -the actuating signal to the
independent terminals the corresponding relay switches
are- synchronously actuated to close or open.

The. use of the commutator, however, to selectively
and synchronously actuate the relay switches has several
serious disadvantages. Firstly, it should be noted that
in most cases.the commutator armature must rotate at
a fairly rapid rate and a large number of independent
terminals must be utilized since -in most applications - a
large set of independent terminals must be searched in a
short interval. .-In.such cases each independent terminals
will be in contact with the common terminal of the com-
mutator - for “only a short period of time. Therefore,
it is most difficult to.transfer to the independent terminal
from the common terminal sufficient current to actuate
the corresponding relay without burning-out the common
terminal of the commutator. .

This problem becomes even more ‘acute in the case
where latching or holding relay switches are to be uti-
lized. 'This is the case since mechanical latching relays
are most often used and substantially more energy must
be utilized to actuate a mechanical latching relay than a
non-latching. relay because energy must be utilized to
overcome the latching mechanism. If it is attempted
to minimize this problem by using prior art electrical
latching relays another serious problem inherent in elec-
trical latching relays of the prior art is encountered.
Namely, the fact that a substantial amount of the relay
output current must be fed back to the electrical latch-
ing mechanism of the relay to hold the relay closed,
thereby limiting the current output of the relay. There-
fore, ‘it is clear that prior- art relay actuating devices
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possess inherent difficulties which seriously limit their
usefulness, especially in situations where a large number
of relays must be monitored during a relatively short
period of time. ,

The present invention provides apparatus wherein it is
unnecessary to use a commutator in order to selectively
and synchronously actuate a number of relays. Hence,
the limitations of the prior art devices are not present in
switching apparatus mechanized according to the basic
concepts of the invention. :

In accordance with one of the concepts of the inven-
tion the relay switches are positioned directly on a stator
element and an actuator element is cyclically movable
successively passed each of the relay switches, the actu-
ator element being moved in synchronism with an ex-
ternal moving element whose motion is indicative of the
external variable with which the actuation of the relay
switches is to be synchronized. The actuator element
is responsive to an applied actuating signal for generat-
ing a magnetic field so that when the actuator element
passes adjacent each relay switch the electromagnetic
field is applied to the relay switch. .

According to another concept of the invention the re-
ldy switch includes an armature and a pair of first and
second contact terminals, the armature being Pposition-
able at first and second positions for electrically con-
necting the first and second contact terminals when at
the first position and disconnecting the first and second
contact terminals when at the.second position. The
armature is movable to change position in response to
the application thereto of the magnetic field generated
by the actuator element.

According to another concept of the invention, the
relay switch includes material having remnant magnetic
properties so that the armature remains at the first or
second position after the magnetic field generated by
the actuator element ceases to be applied thereto.
Hence, the relay switch has locking characteristics with-
out having the inherent limitations of prior art mechani-
cal and electrical latching relays.’

According to still another concept of the invention, the
armature of the relay switch is enclosed within a hous-
ing.and. surrounded with a fluid for cooling the arma-
ture and for isolating the armature from external shock
and vibration. Further, in accordance with the inven-
tion, if the armature is shaped so as to have a circular’
cross-sectional area, the armature can be actuated to
change positions by a minimum amount of energy.

According to one embodiment of the invention, a series
of traffic control signals are selectively actuated in ac-
cordance with a repetitive program by utilization of a
switching device mechanized in accordance with the
teachings of the invention. In accordance with this em-
bodiment of the invention a series of single pole, double
throw latching relay switches are coupled to a stator ele-
ment. In addition, in a first and a second actuator
element are coupled to the rotating shaft of a syn-
chronous motor and rotate therewith so that the actuator
elements rotate past each of the relay switches in syn-
chronism ‘with the rotation of the synchronous motor.

A memory device, such as a punched tape, rotated past
a reproducing head by means of a geared mechanism
coupled to the rotatable shaft of the synchronous motor
generates a first and a second actuating signal in syn-
chronism with the rotation of the motor shaft. The
first and second actuating signals are then applied to the
first and second actuator elements, respectively, for gen-
erating a first and a second magnetic field, respectively,
The relay switch adjacent the actuator elements is re-
sponsive to the first and second magnetic fields applied
thereto and generated by the actuator elements for being
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switched o a first position and a second position, respec-
tively. "Each of the ‘traffic signals is actuated and con-
trolled by a corresponding relay switch so that the traffic
sxgnals are successively actuated and in the selective
manner prescnbed by the program recorded on the mem.
LY. lement.

Therefore, it is an object of the invention to selectlvely
actuate. a plurality of relay switches.

It is another, object of the. present invention to, provrde
a relay armature which is responsive to-a magnetlc field
for. moving to electrically connect and’ dxsconnect termi-
nals of the relay.

"1t is a still further object of the invention. to_ provide
a_movable actuator element whlch is_ responsive to ‘said
actuatmg signal for generating a magnetic field and is
synchronously movable for being positioned, successively
ad]acent each of a plurality of rélay switches.

It is a still further object of the invention to. provide
a relay. switch havmg a circular cross-sectional shaped
armature which is. submerged in a fluid in order to be
eas1ly cooled and to be isolated from external shocks
and. vibrations.

It is a further object of the present invention to provide
an apparatus for sélectively, actuating a plurahty of smgle
pole double throw relay, switches.

1t is.a further object of the present inveation to provide
a relay switch including material having’ remnant magnetic
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' propertles “for latching the relay armature in posmon :

when the magnetic field is. not apphed thereto :

"The novel features whiéh ate. believed to be character-
istic of thé invention, both as to its. orgamza’uon and
method. of, operation, together with further objects and
advantages thereof, will be bettéer undérstood from the
followmg descnptlon considered in connection with the
accompanymg drawings in wh1ch one embodlment of the
invention is illustrated by way of example. ' 1t is to. be
expressly understood, however, that the.drawings are for
the purpose of illustration and description only, and are
not intended as a definition of the limits of the inventior.

Figure 1 is a schematic view of one. embodlment of
the invention.

Figure la is a fragmentary view of the mechamsm

Figures 2a and 2b dre front and side views, respec-
tively, of a multlple sw1tch1ng apparatus of the invention.

Figure 3.is a front v1ew of a sthchmg element of the
invention.

Flgures 4a, 4b, and 4c are views of modlﬁed forms of
he sw1tch1ng element. shown in Fig. 3. =

“Figure 5 is a front view of another form of the multiple
) sw1tch1ng apparatus shown"in thure 2a.

Referring now to the drawings, wherein like or corre-
sponding " parts. are designated by the “same reference
character throughout the several views, there is shown in
Flg 1 a traffice control system mechanizéd in accord-
ance with ‘the concepts of the invention. “As shown in
Flg 1, ‘an dactuating signal source 10 ‘generates a “pair of

actilating signals 12 and 14 which are applied to’a multi-

ple sw1tch1ng apparatus 16. 'The switchifg apparatus in
tarn is selectively operable to switch a number of single
pole, double throw latching switches containéd therein in
accordance with the application of the. actuating signals
for ptoducing a plurality of current signals 18, 20, 22
and 24. As shown indicated in Fig. 1, the four current
signals are applied over a plurality of four correspond-
ingly~ designed " conductors' to a traffic control display
equipment’ unit 26, the traffic control- display - equipment
unit being responsive to the current signals to visually
present. stop and. go commands which can be utilized to
contro! the flow of traffic. (For purposes of facilitating
and clarifying description, each conductor will be herein-
after similarly designated. in terms of the signal apphed
over the conductor.)

- Referring now in more detail to actuating signal source
10, the. actuating signal source includes a memory device
28 upon_ which. is. recorded a. program of: operation - for

30

35

the traffic control display unit and a synchronous motor
30 which is coupled to the memory unit. A number of
different ways in. which memory unit 28 can be mech-
anized will be apparent to those skilled in the art. - How-
ever, one suitable mechanization of the memory unit is
shown in Fig. 1. -As shown in Fig. 1, a punched tape
loop 32 is driven past a pair: of reproductxon heads 34a
and 34b by a driving wheel 36, the dr1vmg wheel, bemg
cotpled to and rotdted-by synchronous motor 30.
Referring, to, Figs. la there. is, shown: a fragmentary

view of punch tape 32 which spec1ﬁcally reveals the

nature of the tape and the manner, in which it is driven
by driving “Wheel 36. As is shown in Fig. 1a, punch
tape 32 has two. columns of uniformly spaced holes
thereon, the holes being engaged by the teeth of dnvmg
wheel 36 whereby motion of the dnvmg wheel is im-
parted to the punch tape As shown in Fig. 1, punch
tape 32 also has a pair of information channels: or col-
umns thereon, one being designated’ channel A and the
other -being des1gnated channel B, "It will be noted that
at predetermined points along the channels there are
punched apertures or holes. therem, the holes:in channels
A and B passing adjacent reproducing heads 34a and
345, espectlvely Reproducing. head 34a is responsive
to a hole in channel A" for:passing adjacent thereto for
generatlng actuating signal 12:and reproducing head 34b
is responsive to a punched hole in channel B. passmv ad-
jacent thereto for. generating. actuatlng signal- 14, After
generation, actuating signal: 12-is amphﬁed by an am-
plifier. 38 included: within. the memory. unit. and actuating
signal 14 is. amplified. by ‘an amplifier- 40 also included
within the memory unit.

It is clear in view.of the foregomg that actuating signal
source 10 functions as follows. - Synchronous motor 30
rotates at a pred'etermmed speed which in turn moves
punched tape 32 at a predetermined:or fixed: velocity so

_ that the actuating signals will be produced as directed by
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the program punched on the punched:tape. As herein-
before mentioned, the actuatmg signals are applied to
switching .apparatus 16 which is responsive thercto for
operating the traffic. control display equipment unit:

Referring now in detail to switching apparatus 16, the
switching apparatus includes a stator. element 42 having
a first and a second:switching element 44 thereon and
a rotor- element 46-which. is affixed to the rotating shaft
of motor 30. In order-to more easily-describe the opera-
tion “of ‘switching . apparatus 16, attention is dirécted to
Fig. 2a and Fig. 2b wherein there is showh a front eleva:
tional view of switching apparatus 16-and-a side view of
stator element 42, respectively. As’ shown in' Fig, 2a,
rotor element: 46-includes a center shaft 48 anda pair of
actuatmg ‘bats 50 and: 51 coupled ‘to central shaft 48 by
a pair of ‘cofimecting “shafts '§2; center shaft 48, bars 50
and' 51, and shaffs 52 | beifig constructed from low reluc-
tahce materlal “In, 'addlnon, ‘the rotor element mcludes
a ‘pair of counter. weights’ 54. “As shown in’ F1g 2a, a
coil 56-is wound aroundﬁcentral shaft 48 ‘and afﬁxed ‘to
one side of stator element’ 42 ‘while a coil 58 is wound
around central shaft 48 and aﬂixed to the opposxte s1de
of stator element 42. As further shown, in Fig, 2a,
sw1tch1ng elements 44 are. also located on ‘the stator ele-
ment_such. that the <butt end of actuating_ shaft. 50 will
serrally pass ad]acent to one. of the sides of. ‘the. switch-
ing elements while the but nd of actuatmg,shaft 51 will
pass senally ad;acent to the opposite. sides of, the . swrtch-
ing elements. In. view- of ‘the’ foregomg dlscussmn the
operation of switching: element 16_can, now be readlly
understood,

" Referring. now: to the. operation of, swrtchmg element
16, actuating signal 12.i is.applied to coil 56.and actuatlng
signal 14.is applied to coil 58: On apphcahon of actuat-
ing signal 122 maonetlc field is: vgenerafted by.coil 56 which
travels through the low. reluctance material of -central
shaft: 48, connecting shaft: 52;. and; actuating: shaft. 50:
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As shown in Fig. 25, a bar 58 made of low reluctance
material is positioned in stator element 42 between one
of the switching elements and the center of the stator
element while a bar 60 is positioned between the other
of the switching elements and the center so that when
the butt end of actuating shaft 50 is adjacent one of the
switching elements, the magnetic field will pass through
the switching element and the low reluctance bar to

central shaft 48 thereby closing the magnetic loop. As

will be hereinafter discussed switching element 44 is re-
sponsive to the passage of the magnetic field therethrough
from actuating shaft 50 to the stator element for switching
the switch 1o one of its two positions.

Referring now to actuating signal 14, when the signal
is applied to coil 58 a magnetic field is generated which
passes from actuating arm 51 through switching element
44 to central shaft 48 whenever switching element 44
is adjacent the actuating bar 51, As will be hereinafter
fully described, the two switching elements are responsive
to the magnetic field transmitted by actuating bar 51 for
switching' the element to a first switched position. In
a like manner, the application of actuating signal 12 to
coil 56 when actuating bar 50 passes adjacent one of the
switching elements causes the switching element to be
switched to a second switched position. Since rotor ele-
ment 46 is rotated by the shaft of motor 30 as is the
punched tape of memory element 28, the tape and the
rotor element will always be in synchronism so that the
actuating pulses generated in accordance with informa-
tion stored on the punch tape will always be applied to
switching apparatus 16 when actuating bars 50 and 51
are adjacent the switching element which is to be switched.

Directing attention to Fig. 2b, there is shown therein
a view of the side of stator element 42 which is adjacent
bar 50. As indicated in Fig. 25, conductor 24 is coupled
to a conductive plate in the side adjacent actuating bar
50 of one of switching elements 44 and conductor 20
is coupled to the corresponding side of the other of
switching elements 44. Furthermore, conductor 18 is
indicated as being coupled to a plate in the side adjacent
actuating bar 51 of one switching element while conductor
22 is indicated as being coupled to the corresponding side
of the other of switching elements 44. Referring -again
to Fig. 2b, it is apparent that a conductor 59 connects
a conductive plate positioned in the side of the switching
elements adjacent the other two sides having conductive
terminals therein with a source of power. In order to
further understand the structure of switching elements 44
attention is directed to Fig, 3.

" Referring now to Fig. 3, there is shown a side eleva-
tional view of switching element 44. As shown in Fig.
3, the particular switching element 44 shown therein in-
Cludes a high reluctance and non-conductive housing 58
having a cavity therein and a plurality of three blocks
55a, b and c positioned adjacent three of the four sides
of housing 58 respectively, each of the blocks having low
reluctance properties and exhibiting some remnant mag-
netism. The switching element further includes a circular
cross-sectional armature 60 such as a cylinder positioned
in the cavity, It should be noted that while in its pre-
ferred form armature 60 should have a configuration hav-
ing a'circular cross-section such as a spherical or cylin-
drical shape, the armature may take any shape and is
not to be limited to armatures baving circular cross-sec-
tiobs. ~ As shown in Fig. 3, switching element 42 further
includes a conductive plate or terminal mounted on a
side 62 of the cavity, a conductive plate on an opposite
side 64 of the cavity, and a conductive plate on a side
66 of the cavity which is adjacent to both sides 62 and 64.
" ‘Directing attention now to the operation of switching
element 44, if the switching element is positioned on
stator element 42 so that side 62 is adjacent the butt
end of actuating bar 50 and that side 64 is adjacent the
butt end of actuating bar 51 during a portion of the
eycle of rotation of rotor element 46 it will be apparent
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to anyone skilled in the art that the magnetic field pass-
ing from actuating bar 50 through the switching element
from side 62 through side 66 will attract armature 60 to
sides 62 and 66. 'This is true since the armature is made
from low reluctance ferromagnetic material and therefore
provides a readily available path for the magnetic field
to pass through. Furthermore, armature 60 will remain
In contact with sides 62 and 66 even after the magnetic
field generated by coil 56 has ceased since blocks 59 ex-
hibit remnant magnetism sufficient to hold armature 60 in
position. In accordance with the invention when arma-
ture 60 contacts sides 62 and 66, it provides a conductive
path between the conductive plates thereon and thus be-
tween the conductor connected to the source of power
and conductor 24 for one switching element and conductor
20 for the other switching element.

If, on the other hand, a magnetic field is geperated
by actuating bar 51 when it is adjacent one of the two
switching elements, the magnetic field will pass from
side 64 to side 66 thereby overcoming the remnant mag-
netic field holding the armature in position and attracting
armature 69 so that it will contact the conductive plates
on sides 64 and 66 hence providing a conductive path
between the source of power and conductor 22 for one
switching element and conductor 18 for the other switch-
ing element. It should be noted that a sizable current
can be transferred by a switch of the type shown in Fig.
3 since the contact area between the conductive plates
and the armature is relatively large. Specifically, if cylin-
drical shaped armatures are utilized the conductive plates
contact the cylinder along the full length of the cylinder
thereby providing an unusually large contact area. If a
spherical shaped armature is utilized the contact surface
is not as large as that of a cylindrical shaped armature,
however, if the spherical armature is free to rotate in an
unrestrajned manner so that the ball cannot only turn
about a given axis while performing its rolling action but
can also gradually shift its axis of rotation 2 sizable cur-
rent can be transferred since the wear on the surface of
the armature can be equally distributed over the entire
surfaces of the armature. '

Inorder to further increase the magnitude of the switch~
ing current and to reduce the wear on the armature it
is desirable to submerge the armature in a fluid, the float-
ation fluid having a density substantially equal to or a
little less than the density of armature 60, Any number
of non-conductive fluids suitable for use as a floatation
fluid for armature 60 will be apparent to one skilled in
the art. For example, the floatation fluid can be chosen
from one of the fluids used in oil-cooled transformers
or from one of the fluids utilized to float gyroscopes. It
should be herein noted that armature 60 is not limited
in structure to a solid piece of iron or other ferromag-
netic material but can be constructed as a hollow shell.
Furthermore, it should be noted that armature 60 can be
constructed from other than electrically conductive ma-
terials since the armature can be easily plated with ma-
terials having such properties.

It should be apparent from the foregoing discussion
that armature 6¢ and housing 58 can be modified in many
particulars without departing from the basic concepts of
the invention. To further demonstrate this fact there
are shown in Figs. 44 and 4b and 4c a trapezoidal, a rec-
tangular, and an elliptical shaped housing 58 containing
spherical armatures therein. In Vview of the foregoing
discussion, it is apparent that while the configurations
of the switching elements shown in Figs. 4a, 4b and 4c
are somewhat different than shown in Fig. 3 the opera-
tion of the switching elements when positioned on stator
element 42 of Fig. 2a is identical with that of the switch-
ing element shown in Fig. 3.

In view of the foregoing discussion, it is clear that
switching apparatus 16 is operable in the following man-
ner. When actuating bars 50 and 51 are adjacent the
switching element to which conductors 18 and 20 arg
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coupled and a magnetic field is generated by coil 56 in
response to actuating signal 12, current signal 20 is gen-
erated.. If; on the other hand, coil 58 generates a mag-
netic field in response fo actuating signal 14 current sig-
nal 18 is generated instead of current signal 20. In a
like manner, when actuating bars 50 and 51 are adjacent
the other switching element current signals 22 and 24 are
generated in response to actuating signals 14 and 12, re-
" spectively. As is hereinbefore mentioned, the four cur-
rent signals 18,.20, 22, and 24 are, after generation, ap-
plied to traffic control display unit 26 for directing the
operation of the traffic control display equipment unit.
Referring now to Fig. 1 and to traffic control display
equipment unit 26 particularly, it is clear that traffic con-
trol display equipment unit 26 includes a traffic signal
64 and a traffic signal 66 and that current signals 18 and
20 are applied to traffic control signal 64 and current
signal 22 and 24 are applied to traffic signal 66. Direct-
ing attention to traffic signal 64, the signal is responsive
to current signal' I8 to. raise a signal arm having the
word GO printed thereon and to current signal 2§ for
lowering the signal arm to a position where it is out of
view. = Specifically, a motor 68 within traffic signal 64 is
responisive. to current signal 18 to rotate the motor shaft
in one direction which thereby raises the signal arm by
means. of gear 7% until the signal arm is raised into posi-
tion at which time a limit switch 72 stops the motor
shaft rotation. ~In’a similar manner application of cur-
rent: signal 2¢ to motor 6§ causes the motor shaft to
be Totated in the opposite direction uniil the signal arm
is out of view at which time a limit switch 74 causes
the motor shaft rotation to cease,
“As shown in Fig. 1, traffic signal 66 is responsive to
current signal 22 to illuminate a GO signal indicator and
"to current 24 to illuminate a STOP signal indicator. It
should be noted that traffic signal 64 and 66 are only two
of ‘many types of traffic signals known in the art and
that any of such signals can be utilized in the present
invention with equally successful results. Furthermore,
it should- be noted that only two traffic signals are shown
in the present embodiment of the invention for ease of
description only, and that any number of traffic signals
can be controiled by apparatus mechanized in accordance
with the invention. It should be apparent that it is only
necessary to add more switching elements on stator ele-
mient 42 of switching apparatus 16 to control more traffic
signals. o
Referring now to the overall operation of the traffic
control system shown, in Fig. 1, it is clear from the fore-
going that the traffic signals contained within traffic
control display equipment 26 can be actuated for indi-
cating GO or STOP"in any predetermined manner which
is- recorded' on’ punched tape 32, a complete cycle of
commands being applied to the traffic signals during each
complete cycle of movement of the punched tape. In a
preferred manner of operation of the invention switching
apparatus 16 executes a plurality of complete rotations
during each complete cycle of movement of the punched
type so.that during each cycle of rotation of the switch-
ing apparatus.each of the traffic signals can change from
a GO 1o a STOP state or vice versa or can remain un-

changed depending upon whether the punched tape is

programmed: to generate an actuating signal during that
cycle of rotation of the switching apparatus. It should
be noted. that ‘many. and varied modifications are pos-
sible in the traffic contro} system presented in Fig. 1 and
particularly many modifications can be made in switch-
ing_apparatus 16. For example, a modified form of
switching.apparatus 16 is shown in Fig. 5 which is capable
of actuating two switching elements simultaneously as
well as successively.

Referring to. Fig. 5, there is shown a modified form of
switching- apparatus 16 which has two. actuating bars.50
disposed '180°  from. each other. In view of the.fore-
going discussion in connection with the operation of the
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switching element shown in Fig. 1 the operation of the
present modified form. of the switching apparatus to
switch two switching elements simultaneously - will be
apparent. This_embodiment of the invention is particu-
larly: useful where it is. desired to switch a particular
switch element. twice in one revolution of the rofor ele-
ment of the switching apparatus. -

Ii is to be expressly understood, of course, that the
basic concepts herein disclosed can be embodied in differ-
ent structure from-the specific. structure shown without
departing from the spirit and scope of the invention.
For example, armature. 69 can be made from almost any
type. of material even non-ferromagnetic materials which
do. not. exhibit high permeability. Accordingly, it is to
be understood that the spirit and scope of the invention
is to be limited only by the scope of the intended claims.

What is claimed as new. is: ) '

1. An apparatus for successively and selectively actuat-
ing switches in response to-a selectively applied electrical
signal, said- apparatus comprising: = movable. actuator
means. responsive to the application of the selectively
applied electrical signal for gencrating a magnetic field;
a plurality of armature housings each having therein first
and“second conductive contacts and a conductive arma-
ture positionable at first and second positions, said arma-
ture interconnecting. said first. and ' second contacts, at
said first position and disconnecting said first and, second
coniacts. at said second. position, said armature being
movable in response to- the application of said magnetic
field thereto for changing from one of said positions: to
the other of said positions; and means for moving said
actuator successively past each of said armature housings
to apply said magnetic field to each of said armatures suc-
cessively.

2. The combination defined. in claim 1 wherein said
armature, housing further includes material having- rem-
nant magnetic properties whereby said armature will re-
main fixed in position after said magnetic fields. cease to
be applied to said armature.

3. An apparatus for selectively and sequentally actu-
ating each of a_plurality of double throw switches, said
apparatus comprising: a stator element having-a plural-
ity of switches substantially circumferentially positioned
about a predetermined point on said stator element, each
of said switches having first, second, and third electrical
contact terminals and an, armature movable, in response
to the application thereto of. first and second. magnetic
fields for electrically connecting said. first and. second
cqnd}lctiva terminals and said. first-and »thirdrconductiife
terminals, respectively; first. actuator means responsive
to. application of  a predetermined acuating. signal- for
generating the first magnetic field; second. actuator means
r;sponsive to . application of the predetermined actuating
signal for generating the. second magnetic- field; rotation
means for rotating said. first and second- actuator: means
successively. adjacent each of said switches; a- signal
source. coupled to_said rotation. means for- selectively
generating the predetermined actuating-signal when said
first and second actuator means are adjacent predeter-
mined ones.of said switches and when said second: actu-
ator..means. is adjacent the predetermined ones: of said
switches; and  actuating. signal application: means for
selectively applying the predetermined actuating: signal to
said. first actuator -means to electrically connect said-first
and. second: conductive. terminals of the. predetermined
ones. of .said switches and:to said second.actuator.means
to . electrically - connect  said: first and- third: conductive
terminals of the predetermined ones of said switches..

4. An. apparatus. for- selectively and successively
switching each switch of a plurality. of switches, said-ap-
paratus comprising: a. stator element including-a- plural-
ity. of switches, each of said switches including a: hous-
ing having first, second, and third. sides. having:a sub-
stantially plane surface, said first. and. second. sides. ad;
joining said third side at substantially opposite ends of
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said third side and said first and second sides being
positioned with respect to said third side at a substantial-
ly acute angle, said first, said second, and third sides
having first, second, and third conductive terminals
mounted thereon, respectively, each of said switches
further including an armature having a circular cross-
section and movable in response to the applications
thereto of first and second magnetic fields for electrically
connecting said first and third conductive terminals and
said second and third conductive terminals, respectively;
a non-conductive fluid filling the interior of said housing
of each of said switches for isolating said armature posi-
tioned therein from external shocks and vibrations; first
actuator means responsive to application of a predeter-
mined actuating signal for gemerating the first magnetic
field; second actuator means responsive to application of
the predetermined actuating signal for generating the
second magnetic field; rotation means for rotating first
and second actuator means successively adjacent each
of said switches; a signal source coupled to said rotation
means for selectively generating the predetermined actu-
ating signal when said first and second actuator means
are adjacent predetermined omes of said switches and
when said second actuator means is adjacent the prede-
termined ones of said switches; and actuating signal ap-
plication means for selectively applying the predeter-
mined actuating signal to said first actuating means to
electrically connect said first and third conductive termi-
nals of the predetermined ones of said switches and to
said second actuator means to electrically connect said
second and third conductive terminals of the predeter-
mined ones of said switches.

5. The combination defined in claim 4 wherein said
armatures have a spherical configuration.

6. The combination defined in claim 4 wherein said
armature has a cylindrical configuration.

7. The combination comprising: first and second
switches, each of said switches including a housing hav-
ing first and second conductive terminals therein and in-
cluding an armature selectively positionable in said hous-
ing in both a first and a second position, said armature
being adapted when in said first position for electrically
connecting said conductive terminals and adapted when
in said second position for disconnecting said conductive
terminals, said armature being movable in response to
the application of a magnetic field thereto for changing
positions; movable actuator means responsive to the ap-
plication .of a selectively applied electrical signal for
generating the magnetic field; first means for cyclically
moving said actuator. means successively adjacent each
of said switches; and second means coupled to said actu-
ator means for selectively generating in synchronism
with the movement of said actuator means the selectively
applied electrical signal to move only predetermined
ones of said armatures.

8. The combination defined in claim 7 wherein said
armature has a circular cross-sectional area.

9. An apparatus for selectively and successively
switching each switch of a plurality of switches, said ap-
paratus comprising: a stator element including a plural-
ity of switches, each of said switches including a housing
having first and second adjacent sides and each side
having a conductive terminal thereon, each of said
switches further including an armature positioned in said
housing, said armature being movable in response to the
application of a magnetic field thereto for electrically
connecting said conductive terminals; actuator means re-
sponsive to the application of an actuating signal for gen-
erating the magnetic field; first means for cyclically mov-
ing said actnator means successively past each of said
switches; and second means for selectively generating the
actuating signal when said actuator passes predetermined
ones of said switches whereby said switches are selective-
ly actuated.

10. An apparatus for sequentially actuating each of
a plurality of double throw switches selectively, said ap-
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paratus comprising: a stator element having the plural-
ity of switches established thereon, each of said switches
including first, second, and third electric contact termi-
nals in said first position and said first and third con-
tact terminals in said second position; holding means
for normally holding said armature in said first and sec-
ond positions in the absence of the action of either of
the magnetic fields on said armature; first actuator
means responsive to the application of a predetermined
actuating signal for generating said first magnetic field;
second actuator means responsive to the predetermined
actuating signal for generating said second magnetic field;
means for cyclically moving said first and second actu-
ator means successively past each of said switches sub-
stantially concurrently; a signal source coupled to said
first means for selectively generating the actuating signal
when said first and second actuator means are adjacent
predetermined ones of said switches, said signal source
including apparatus for selectively applying the actuating
signal to said first actuator means for electrically con-
necting said first and second conductive points and for
disconnecting said first and third conductive points and
for selectively applying the actuating signal to said sec-
ond actuator means for electrically connecting said first
and third conductive points and for disconnecting said
first and second conductive points.

11. An apparatus for sequentially actuating selectively
each of a plurality of double throw switches, said ap-
paratus comprising: a stator element having a plurality
of switches established thereon, each of said switches
including a housing having first, second, and third sides
each having a substantially plane surface, said second
and third sides adjoining said first side at substantially
opposite ends of said first side and said second and third
sides being positioned with respect to said first side at
a substantially acute angle, said first, second, and third
sides having first, second, and third electric contact
terminals thereon, respectively, each of said switches
further including a cylindrical armature movable to first
and second positions in response to the application thereto
of first and second magnetic fields, respectively, said
armature electrically connecting said first and second
contact terminals in said first position and said first and
third contact terminals in said second position, each of
said switches further including material having remnant
magnetic properties for holding said armature in position
after said magnetic fields cease to be applied thereto;:
first and second actuator means each responsive to the
application of a predetermined actuating signal for gen-
erating said first and second magnetic fields, respectively;
a mon-conductive fluid filling said housing of each of said
switches for isolating said armature from external shocks
and vibrations and for cooling said armature and said
contact terminals; first means for cyclically moving said
first and second actuator means successively adjacent each
of said switches; first ferromagnetic means intercoupling
said first actuator means and each of said switches for
providing a low reluctance path between said first actuator
means and each of said switches; third ferromagnetic
means intercoupling said second actuator means and each
of said switches for providing a low reluctance path
between said second actuator means and each of said
switches and for providing a low reluctance path be-
tween said first actuator means and each of said switches;
a signal source coupled to said first means for selectively
generating the predetermined actuating signal when said
first and second actuator means are adjacent predeter-
mined ones of said switches, said signal source including
apparatus for selectively applying the predetermined actu-
ating signal to said first actuator means for electrically
connecting said first and second conductive points and for
disconnecting said first and third conductive points and
for selectively applying the actuating signal to said second
actuator means for electrically connecting said first and
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“'third conductNe .points and for dxsconnectmg 'said first
and second conductive points.

12. An apparatus for sequentially actuating each of a .

plurality of double throw switches selectively, said ap-
paratus comprising: a stafor element having a plurality
" ‘of switches established thereon, each of said switches
including first, second, and. third electric contact terminals
.and a circular cross-sectional armature movable to first
‘and second positions in response to the application thereto
of first and second magnetic fields, respectively, said arma-
ture electrically connecting said first and second contact
‘terminals in said first position and said first and third
contact terminals in said second position, each of said
.switches further including material having remnant mag-
netic properties for holding said armature in position
after .said magnetic fields cease to be applied thereto;
first .and second actuator means each responsive to the
application. of a predetermined actuating signal for gen-
erating-said first and second magnetic fields, respectively;
first means for cyclically moving said first and second
actuator means successively adjacent each of said switches;
first ferromagnetic means intercoupling said first actuator
means and each of said switches for the duration of time
-during which each.of said switches is adjacent said-first
actuator means for providing a low reluctance path be-
tween. said first actuator - means and each of said switches;
second ferromagnetic means intercoupling said second
actuator means and each of said switches for the duration
.of time during which each of said.switches is adjacent
said second actuator means for providing a low reluctance
path between -said second actuator means and each of
said:switches; a signal source couple_d to said first:means
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-for selectwely generating ‘the predetermmed ‘actuating
signal when said “first’ and second actuator means -are
‘adjacent predetermmed ones of said switches, said ‘signal
‘source including apparatus for selectively applying the

predetermined actuating signal to said first actuator means

“forelectrically connecting said first and second conductive
_points and for disconnecting said first and third conduc-

tive points and for selectively applying the actuating signal

‘to said second actuator means for electrically connecting
said first and.third conductive points. and for disconnecting

said first and second conductive points.
.13. The combination comprising: first and second

‘switches having first and second modes of operation, ¢ach

of said switches having a pair of electric terminals and

-including apparatus for electrically connecting said ter-

minals when said switch is operating in its first mode
of operation and for electrically isolating said terminals
when. said switches is operating in ‘its second mode of
operation, said switch being respomsive to the applica-
tion of a predetermined actuating signal for changing

from its first to its second mode of operation .and for

continuing to operate in its second mode of operation
after the-application of the predetermined actuating signal;
actuating means cyclically movable successively adjacent
each of said switches, said actuating means being selec-
tively operative for generating the predetermined actuating
signal when said actuating means is adjacent a predeter-
mined one of said switches to apply the predetermined

-actuating signal to the predetermined one of said switches;

and first-means for cyclically moving said actuating means
successively adjacent each of said switches,
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