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ABSTRACT OF THE DISCLOSURE 
A circuit breaker having a movable contact which is 

connected to an operating mechanism operated by two 
separate current sensing structures. The first current Se?is 
ing structure operates to move the operating mechanism 
immediately prior to zero current through the contacts in 
order to open the contacts at substantially Zero current. 
The second current sensing means is responsive to con 
tinued current through the contacts after current Zero, 
which indicates a failure for the contacts to interrupt the 
current, and immediately closes the contacts before the 
current can rise to substantial values. The operating mech 
anism may be electrical in nature or pneumatic in nature. 
The first current sensing means includes a phase shift 
means which causes a leading relation of the output signal 
of the current sensing means in relation to the current be 
ing measured to permit generation of an output operating 
signal just prior to current Zero. 

This application is a continuation-in-part of my copend 
ing application Ser. No. 27,437, filed May 6, 1960, now 
abandoned. 

This application relates to a high speed circuit breaker 
wherein contact disengagement occurs at high speed at 
a substantially current zero point and is automatically 
drawn between the disengaged contacts, whereby the cir 
cuit breaker disengaging operation is initiated at the next 
current zero point. 

During operation of circuit breakers under high pow 
er, circuits of either high or low voltage magnitude are 
exposed to copious arcing during contact disengagement. 
In order to properly open the circuit being protected by 
the circuit breaker, it has, therefore, been necessary to 
somehow handle the substantial energy in the arc drawn 
between the disengaging contacts. For example, large 
air circuit breakers wherein the contacts separate in air 
are provided with arc chutes and magnetic systems where 
in the arc drawn between contacts is moved through a 
magnetic field which drives the arc into the arc chute 
where the arc is squeezed and cooled as by notched ce 
ramic arc plates so that the arc may be extinguished. In 
other applications the arc is exposed to rapidly moving 
fluid such as compressed air or mixtures of steam and gas 
which are produced from a liquid dielectric, whereby the 
arc is blasted through restricted vents in an arc interrupt 
ing chamber or ionized arc products are rapidly removed 
in an attempt to control and subsequently extinguish the 
aC. 

In other applications, the circuit breaker contacts are 
contained within a vacuum whereby an initial striking of 
the arc causes metal vapor, and the arc continues to burn 
in the metal vapor after the contacts are disengaged so 
that means must be provided again to control the arc. 
The seat of the problem or arcing lies in the fact that 

the circuit breaker contacts are opened or disengaged at 
an arbitrary point within the current cycle of the current 
flowing through the contacts. Therefore, an arc is neces 
sarily drawn when the contacts are opened since a substan 
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tial current flows through these contacts in a relatively 
high power circuit. 

It has been found that if the contacts can be opened 
when the current goes through a zero instantaneous value 
that an arc will not initially be drawn. Preferably, the 
contacts should be separated immediately prior to the 
instantaneous zero value so that if a small arc is drawn, 
this arc will be extinguished when the zero current value 
is reached. 

This concept, however, has never achieved widespread 
commercial use with the exception of a few isolated ap 
plications since there is always the possibility that when 
the current passes through zero, the arc will restrike and 
"hang on' in the next half cycle. 

Clearly, if this were to happen in a circuit breaker 
which is not equipped with devices for controlling an 
arc, it could destroy the equipment during this next half 
cycle. Furthermore, the arcing during the half cycle will 
almost certainly continue even after subsequent zero 
current values. 
The essence of the present invention is to provide a cir 

cuit interrupting device of the type which operates initially 
immediately prior to current zero and is equipped with 
auxiliary means for measuring or sensing contact current 
after the contact operation at zero current so that if, 
after zero current and contact disengagement a current is 
measured (which would necessarily be an arc current), the 
circuit breaker is immediately reclosed and is not operated 
to a disengaged position until a subsequent current zero 
in the circuit being protected. 
By immediately reclosing the circuit breaker contacts 

after it is found that complete circuit interruption has not 
occurred at a particular current zero point, the contacts 
will reclose on a relatively small current and thus are 
not subjected to substantial closing duty. 
With this novel concept I have overcome the hereto 

fore existing danger which has limited the use of current 
Zero interrupting equipment which is that an arc may con 
tinue to exist between the cooperating contacts throughout 
the next half cycle and probably continuously thereafter 
until back-up equipment is operated. That is to say, in 
the present invention, when it is found that proper cur 
rent interruption has not occurred at a current zero, 
the contacts will reclose until the next current zero at 
which point it again attempts to interrupt. If the interrup 
tion at the next current zero again fails, the circuit again 
will be reclosed and will continue to operate until at a 
particular current zero successful current interruption 
without arcing is achieved. 
The concept of the present invention can be applied 

to many different types of high speed interrupters, such 
as the electrodynamic type of interrupter shown in co 
pending applications Ser. No. 5,066, filed Jan. 27, 1960, 
now U.S. Patent 3,128,361, and Ser. No. 5,069, filed Jan. 
27, 1960, now abandoned, as well as in pneumatically 
operated circuit breakers. In each there will be a pair 
of cooperating contacts which are operatively connected 
to an operating means which becomes operable only im 
mediately prior to a current zero value after a mechanical 
or automatic initiation of operation of the contacts. That 
is to say, once a signal is delivered to the mechanism for 
causing the circuit breaker to disengage, the operating 
means will delay contact separation until immediately 
prior to a current zero value. When the current through 
the circuit breaker contacts reaches a low value and is 
about to go through Zero, the circuit breaker contacts are 
disengaged. A second auxiliary means then comes into 
play which will operate responsive to current flow through 
the contacts after the current zero is passed. If there is 
no current (so that the circuit was successfully inter 
rupted), there will be no further operation. If, however, 
a current is measured (indicating arcing at the contacts), 
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the circuit breaker contacts will be immediately reclosed 
before the current can rise to a substantial value. 
As will be seen more fully hereinafter, the means 

for operating the circuit breaker prior to current Zero 
can comprise a phase shift network for delivering oper 
ating current to the contacts wherein the operating 
current is phase shifted to lead the circuit current by a 
predetermined amount. When this leading current reaches 
a predetermined value, it will inherently contain infor 
mation as to how much later the main current will pass 
through zero so that accurate control of disengagement 
of the contacts a predetermined time before current zero 
can be achieved. 
The reclosing of the circuit after a successful inter 

ruption can be controlled either by auxiliary contact 
means whose operating mechanism is activated upon the 
generation of an opening signal to the circuit breaker or 
can be controlled by magnetically influencing the posi 
tion of a valve in a pneumatically operated circuit 
breaker. In each of these it will be seen that the control 
system will be influenced by the current which is to be 
interrupted so that an initial opening operation occurs 
prior to current zero and a reclosing operation occurs im 
mediately after current zero in the event that there is an 
unsuccessful interruption. 

Accordingly, a primary object of this invention is to 
provide a novel high power synchronous circuit breaker. 
Another object of this invention is to provide a novel 

circuit breaker which does not require complex arc ex 
tinguishing structure. 
A further object of this invention is to provide a novel 

circuit breaker in which the contacts disengage at a cur 
rent zero value. 
A still further object of this invention is to provide a 

novel Synchronous circuit breaker wherein contact inter 
ruption occurs at current Zero, and if an arc is drawn 
during contact disengagement, the contacts are immediate 
ly reclosed. 
These and other objects of the invention will become 

apparent in the following description when taken in con 
nection with the drawings in which: 
FIGURE 1 shows a first embodiment of the invention 

using a dual electrodynamic type circuit interrupter mecha 
S. 

FIGURE 1a shows a detail view of a detent latch used 
to hold the main contact of FIGURE 1 open. 
FIGURE 2 shows current through the circuit breaker 

contacts of FIGURE 1 as a function of time. 
FIGURE 3 illustrates an embodiment of the invention 

wherein the contacts are pneumatically operated. 
FIGURE 4 shows the magnetic control system for 

pressure control in the embodiment of FIGURE 3. 
FIGURE 5 shows a further embodiment of the inven 

tion wherein the operating mechanism is a combination 
of a pneumatic means and an electrodynamic driving 
CaS 
Referring now to the drawings and particularly to 

FIGURE 1, the novel circuit interrupter is operable in a 
typical circuit to be protected which includes a generator 
or voltage source 1 which is to supply energy to a load 
4 through a measuring circuit 2, which will be described 
more fully hereinafter, and a circuit interrupter 3 which 
includes a movable contact 3a which is movable between 
an engaged and a disengaged position with respect to a 
relatively stationary contact. 

In normal operation, circuit breaker contact 3a is held 
in a closed position by the magnetic field generated in 
winding 5 which carries the full load current I. That is to 
say, contact 3a may include magnetic material which is re 
sponsive to the magnetic field generated by winding 5. The 
measuring circuit 2 is provided with a first and second par 
allel path wherein the upper path includes an inductor 6 
and resistor 7, while the lower path comprises a resistance 
8 and a small saturable type reactor 9 which has a primary 
winding connected in series with resistor 8. The secondary 
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4. 
winding 10 of the reactor is connected in the grid-cathode 
circuit of a cold cathode tube 1. The plate cathode cir 
cuit of tube 11 is connected in series with a capacitor 12 
which is maintained charged to some predetermined D-C 
voltage by charging means (not shown), a trip switch 13 
and the primary winding of an electrodynamic driving coil 
i4. Coil 14 is closely coupled to a disc-shaped secondary 
winding carried by insulating trip rod 15 which is opera 
tively connected to contact 3a of the circuit breaker 3. 

This type of electrodynamic operating mechanism of 
circuit breakers is fully set forth in copending application 
Ser. No. 5,066, filed Jan. 27, 1960, now U.S. Patent 
3,128,361. The operation of such a system is clear to those 
skilled in the art whereby a rapid rate of change of cur 
rent forced through coil 14 will induce a substantial cur 
rent in the disc of conductive material carried by rod 15 
and coupled to coil 14 so that an extremely high re 
pelling force will occur between the coupled disc and 
coil 14 to cause an upward acceleration of the disc, the 
insulating rod 15 and the contact 3a. Any suitable means 
could be provided to hold the contact 3a in its open posi 
tion against small forces such as those due to gravity. By 
way of example, FIGURE 1a illustrates a ball detent type 
latch including a housing 14a which is fixed with respect 
to shaft 15. Housing 14a carries a ball 14b biased by spring 
4c which biases ball toward shaft 15. When contact 3a 
moves to its full open position, detent 14d moves under 
ball 14b and the ball seats in detent 4b to prevent reclos 
ing of contact 3a until a sufficient magnetic field builds up 
in coil 5 as will be described later. Note that any desired 
latching type system could be used which is relatively 
easily released. 
A second saturable type reactor 16 has a primary 

winding which carries the main current I and a secondary 
winding which is connected to the grid-cathode circuit 
of cold cathode tube 17. The plate-cathode circuit of 
tube 7 is connected in series with a capacitor 18 which 
may be charged to a predetermined D-C potential by 
a D-C source (not shown), a tripping switch 13a which 
is ganged to trip switch 13, and the primary winding 
of the electrodynamic drive system 19 which has a disc 
shaped secondary winding which is movable into bridg 
ing engagement with contacts 19a and 19b against the 
biasing force of spring 20 which normally extends through 
the center of primary winding 9c and is connected to 
the movable disc 19d. 
The operation of the circuit of FIGURE 1 is best 

understood by reference to FIGURE 2 which shows the 
main current I plotted against time in solid lines and 
the current I through resistor 8 as a current which 
leads current I in dotted lines. In order to cause man 
ual circuit interruption, the ganged switches 3 and 13a 
are closed to thereby connect the capacitors 2 and 18 
directly in series with tubes 1 and i7, respectively. The 
current I leads the current I by a time tv as shown 
in FIGURE 2 which, for example, may be 1 miilisec 
ond. Therefore, at time t and prior to the time that 
the current I passes through current zero, the flux of 
Saturable type reactor 9 reverses so that a voltage pulse 
is applied to the grid-cathode circuit of tube 1. This 
causes the tube to fire so that capacitor 12 can dis 
charge through winding 5. 

Accordingly, at time t, contact 3a will be rapidly 
moved to its disengaged position and held there by ball 
4b under relatively low current conditions which very 
rapidly decrease to zero with the generation of little 
arcing, if any. Assuming, however, that after current 
Zero at time t is passed an arc restrikes, when the cur 
rent I will continue after current zero. Therefore, the 
flux of reactor 16 will reverse to generate a voltage 
pulse in the grid-cathode circuit of tube 17 to fire the 
tube and thus energize winding 19c from charged capac 
itor 18. This will cause the ring-shaped winding 19d 
to rapidly move downward and into engagement with 
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contacts 19a and 19b against the force of spring 20, 
this happening at time t3. 

This action, in effect, causes a reclosing of the cir 
cuit breaker at time to when the make current is still 
relatively low. As the current increases and reaches a 
value of, for example, the value at time t's, the cur 
rent through winding 5 will be large enough to generate 
a strong enough magnetic field to overcome latch 14b 
and reclose contact 3a and relieve the relatively small 
contacts 19a, 9b and 19d from the current carrying 
duty. After time t' the energy of capacitor 18 will be 
decreased to a value small enough to permit spring 
20 to move contact 19d upwardly to its reset position 
so that the entire systern is now ready for a new syn 
chronous disconnection beginning at time t of FIGURE 
2 for an attempted arc extinction at current Zero at 
time ls. 
Note that the circuits used in charging capacitors 12 

and 18 is such that they will be sufficiently recharged in 
the time interval t to t. If desired, an auxiliary capac 
itor circuit can be substituted for the original capacitors 
for the second interruption attempt. 
From the foregoing it is seen that an arc can only 

occur in the relatively short time interval t through is 
which is approximately equal to 1 millisecond at a rela 
tively small instantaneous current value. Furthermore, the 
reclosing at time to takes place under very favorable 
conditions since the current I is still very small. Since a 
reclosing occurs, in the event that the attempted interrup 
tion is not successful, it will be apparent that the circuit 
eliminates the heretofore required arc extinguishing de 
vices since a substantial arc will never remain on the 
cOntacts. 
FIGURE 1 illustrates the invention for the case of a 

combined switch 3 which is magnetically closed and is 
opened under the influence of electrodynamic forces 
wherein the contacts remain open when the magnetic 
closing force does not reappear or the circuit is success 
fully interrupted. An auxiliary reclosing means is pro 
vided in the pure electrodynamic interrupter 19. 
The principle of the invention which is to open the 

circuit breaker immediately prior to current Zero and to 
thereafter sense the flow of current after current Zero 
indicating the presence of arcing and then reclosing the 
interrupter may be carried out by other combinations of 
presently available electrical equipment as well as by new 
types of equipment specifically designed for this purpose, 

In particular, two current responsive means or Systems 
are provided where the first, including measuring circuit 
2, applies an output energy to the energizable Operating 
means portions 4-5, while the second, including reactor 
16 and tube 17, applies an output energy to the energiza 
ble operating means 19.c-9d. Note that the first current 
responsive system operates just prior to current Zero, 
while the second current responsive means operates just 
following a current zero. Moreover, each of the current 
responsive means are normally deactivated by switches 
3 and 13a, and are activated only when these switches 
are closed. 
A further embodiment of the invention utilizing these 

basic novel principles is shown in FIGURES 3 and 4 
wherein the interrupter is essentially of the pneumatically 
operated type with a novel magnetic control system for 
achieving the objects of the invention. 

Referring to FIGURE 3, a hollow support insulator 21 
is fastened to a casing 22 which is carried from some 
relatively stationary support structure. Insulator 21 is 
formed of a general T shape and has connection plates 
23 and 24 at each respective end of the cross of the T 
defined by cylinder 25. A movable contact rod 27 is 
carried by piston 28 which is movable within cylinder 
25 to move contact rod 27 between engaged and digen 
gaged positions with respect to the stationary contact 
formed by nozzle 26 connected to plate 24. Contact rod 
27 is biased upwardly and into engagement with nozzle 
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26 by spring 29 which is carried within cylinder 25 and 
bears against the lower surface of piston 28. When the 
movable contact 27 is engaged in the position shown in 
FIGURE 3, a relatively gas tight connection is formed at 
the nozzle. 
A sliding contact means 30 which can be formed of a 

plurality of biased contact spring fingers is formed be 
tween contact rod 27 and plate 23 so that the contact rod 
is always electrically connected to plate 23. 
A Source of operating pressure such as high pressure 

air is contained in cylinder 31 and is connectable through 
the electromagnetically controlled air valve 32, which 
may be of any standard type, to the central openings 33 
of insulator 21 and 34 of cylinder 25. This pressure may 
be vented from areas 33 and 34 in a controlled manner 
through vents 35 which are closed by the distributing 
slide valve 36. 
The slide valve 36 and its controlling structure are 

shown in FIGURE 4 in an enlarged view for purposes of 
clarity, and it is seen that slide valve 36 is formed of a 
cup-shaped member having a central opening 36a for per 
Initting the passage of contact rod 27. The valve member 
36 is normally held in the blocking position shown in 
FIGURE 3 by springs 37a which are distributed around 
the Surface of valve 36. When the valve moves down 
Wardly, it will cover the upper area of piston 28 to 
Preveit connection of high pressure air thereto and also 
permits communication of any internal high pressure to 
the exterinal low pressure through vents 35. The control 
System for adjusting the position of valve 36 includes a 
magnetic control System including members 39 and 40 
which will be described more fully hereinafter. 

In order to operate the interrupter of FIGURE 3, 
the valve 32 is operated either manually or in response to 
signals generated by a fault in the line being protected by 
the interrupter. This will permit compressed air to flow 
into areas 33 and 34 and drive piston 28 downwardly in 
its Supporting cylinder. Piston 28 will move downwardly 
against the biasingforced of spring 29 until the end of 
contact rod 27 reaches the bottom of connection plate 
23. At this moment the distance most favorable for in 
terruption is reached between the opening of nozzle 26 
and the top of the movable contact rod. The compressed 
air within openings 33 and 34 will, when the rod 27 moves 
downwardly, pass through the opening in the nozzle 26 
and into a relatively low pressure area 38 which can be 
connected to external pressure by valve means (not 
shown). 
Under normal current conditions, the air blast passing 

nozzle 26 should be sufficient to extinguish a small arc. 
in the event of heavy short circuit current, however, it 
is desired that the unit be reclosed and opened only at 
the next current Zero. This operation is achieved through 
the control of slide valve 36 which under heavy short 
circuit current conditions will be moved downwardly by 
the controlling magnet structures 39 and 40 to cut-off 
the fluid connection between area 34 and nozzle 26 by 
causing the bottom rim of valve 36 to completely enclose 
the top of the cylinder receiving piston 28. 

Accordingly, if the arcing current is substantial, the 
valve 36 will move downwardly and prevent compressed 
air from acting on piston 28 and thus prevent the opening 
of the circuit breaker. When, however, the current drops 
from a high instantaneous value to a substantially zero 
value, the controlling system including magnetic struc 
tures 39 and 48 together with biasing springs 37 will per 
mit slide valve 36 to move upwardly to thereby expose 
the top of piston 28 to the high pressure in area 34 
and thus permit an extremely rapid motion of piston 28 
downwardly to disengage contact rod 27 and nozzle 26 
under the substantially zero instantaneous current value. 

In the event that the fault current is asymmetrical and 
does not pass through Zero after the substantially zero 
value is achieved prior to zero current passage but rather 
increases again in the same direction, it will be seen 
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that the valve 36 will rapidly move downwardly to ex 
pose discharge openings or vents 35 to thereby relieve the 
pressure on the top of piston 28 and permit the rapid re 
closing of the contacts under the action of spring 29. 
Therefore, the circuit breaker will reclose under relatively 
Small instantaneous current values, and the arc problems 
associated with asymmetric fault currents are avoided. As 
Soon as the current again approaches the zero current 
value, the distributing slide valve 36 is pulled upwardly 
by springs 37 So that a synchronous interruption is again 
started with a correspondingly small circuit breaking load. 
The novel magnetic control system for controlling the 

position of slide valve 36 is best understood from FIG 
URE 4 which illustrates the first magnetic structure 39 
as having a portion of its magnetic circuit including a 
tapered air gap 52 which cooperates with a wedge-shaped 
armature 53 which is secured to valve 36. The second 
magnetic structure 40 is provided with an air gap 56 in 
its magnetic circuit. Two windings 57 encircle magnetic 
cores 39 and 43 to carry current in the direction shown 
by the arrows, whereby cores 39 and 40 are magnetically 
linked to one another. 

In operation, as current through contact rod 26 which 
operates as a primary winding for each of cores 39 and 
40 decreases, electromotive forces are induced in wind 
ings 57. The E.M.F. generated by the lower magnetic 
system associated with core 48 is made to be greater as 
by controlling the iron cross-sectional area and number 
of turns so that a current will flow in the direction of 
the arrows in FIGURE 4. If the resistance of winding 57 
is greater than its inductance, the total flux of magnetic 
core 39 can be controlled to lead the current through con 
tact rod 27. Therefore, armature 53 will be moved down 
wardly against the biasing force of springs 37 of FIGURE 
3 at some predetermined time before the passage of cur 
rent zero. Thus, the magnetic system of FIGURE 4 oper 
ates in the same manner as did the control system of 
FIGURE 1. 
By properly choosing the air gap 52 between magnetic 

structure 39 and armature 53 and the air gap 56, no 
detrimental saturation effects occur so that the time lag 
wiil always be approximately the same value for different 
current conditions. This is because at heavier currents, the 
rate of rise of current will increase in roughly the same 
3. 

A further enbodiment of the invention is set forth in 
FIGURE 5. The main contacts of FIGURE 5 are shown 
as contacts 63 and 64 which are electrically connected to 
terminals 6 and 62, respectively. A movable bridging con 
tact 65 is moved between an engaged and disengaged posi 
tion with respect to contacts 63 and 64, while a second 
parallel connected bridge contact 66 is movable between 
engagement and disengagement with respect to apertures 
67 and 68 of contacts 63 and 64, respectively. A parallel 
resistor 69 has one end connected to contact 63 and its 
other end connected to bridge 66 by sliding contact 79 in 
resistor support member 70a in the manner described. 

Both main movable contact 65 and member 66 are each 
operated from an electromagnetic drive system as illus 
trated in copending application Ser. No. 5,066, now U.S. 
Patent 3,128,361, and are carried by an insulating rod 72 
which carries a conductive ring 73 at the left-hand and 
thereof and is movable between coupling positions with 
operating windings 74 and 75, respectively. Winding 74 
is energizable to move disc 73 and insulated rod 72 to 
the right for a contact disengaged position, while winding 
75 is operable to drive disc 73 and insulating rod 72 to 
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the left to achieve the contact engaged position shown 
in FIGURE 5. 
The operating circuit for winding 74 is connected to the 

winding from an area external of the interrupter as by 
taking out its leads 76 through appropriate gasket means. 
In a like manner, leads 77 are energizable for energizing 
Winding 75. In the embodiment of FIGURE 5 the disc 
73 operates both as an inherent part of the electrodynamic 
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drive system as well as a valve member for isolating high 
pressure chamber 78 and the central portion of insulating 
housing 79 which is surrounded by a second insulating 
housing 89. The volume 32 between housings 79 and 80 
is maintained at a low pressure by a pump means 81 
which also maintains a relatively high pressure in cham 
ber 78. Here again, the electrical energy for operation of 
pump 8 may be derived from an area external of the 
interrupter through leads 83. 

In operation, when the circuit breaker is in the closed 
position of FIGURE 5 and it is desired to open the cir 
cuit breaker, winding 74 is energized as at time t of FIG 
URE 2, whereby piate 73 and the insulating rod 72 car 
ried thereby are accelerated to the right to thereby cause 
high speed disengagement first of bridging contact 65 and 
then 66. There is no arcing when main contact 65 dis 
engages, since contact 66 is still engaged. At the same 
time, and after disc 73 has moved away slightly, there 
will be communication between the high pressure gas 
within chamber 18 and the interior of chamber 79. With 
the continued motion of insulating rod 72 to the right 
and as soon as the upper portion of bridge 66 leaves 
nozzle 67, a portion of the gas admitted to chamber 79 
will flow through nozzle 67 and any arc generated there 
is quenched at time t of FIGURE 2. This interruption 
is aided because of the parallel current path provided by 
resistor 69 which is connected in the circuit when the 
upper portion of bridge 66 electrically disengages con 
tact 63. From this point a severely limited current fow 
continues through resistance 69 until the longer lower 
portion of bridge 66 clears nozzle 68. Once the lower 
portion of bridge 65 clears nozzle 68 in contact 64, there 
will be final current interruption at time t of FIGURE 2 
with a high pressure gas flow bearing on the nozzle. This 
relationship between times is controlled by the movement 
of insulating rod 62 and the relative lengths of the upper 
and lower extending legs of bridge 56. 

In the event that disconnection fails at time t and an 
arc is drawn between contacts 63, 66 and 64, this failure 
is Sensed as by a suitable sensing circuit such as a reac 
tor 16 of FIGURE 1 (which responds to a high rate of 
change of current) in the external energizing circuit so 
that winding 75 is energized to thereby drive disc 73 to 
the left and reclose the circuit breaker. This reclosing op 
eration again is controlled so that it will occur no later 
than time t of FIGURE 2, 
The device of FIGURE 5 is highly desirable since it 

can be designed to achieve switching periods of the order 
of 100 microseconds. Furthermore, the structure is par 
ticularly suitable for containing a gas such as sulphur 
hexafluoride within which contact operation occurs and 
which gas plays on any arc that may be drawn between 
contact 65 and Stationary contacts 63 and 64 or bridging 
contact 66 and contacts 63 and 64. 

It is to be further noted that while FIGURE 5 in shown 
as being used with a gaseous medium, it can also be op 
erated in an oil environment where pressure produced 
by any arc can, through a differential piston system, be 
used for arc quenching. 
Although I have here described preferred embodiments 

of my novel invention, many variations and modifications 
Will now be apparent to those skilled in the art, and I, 
therefore, prefer to be limited, not by the specific dis 
closure herein, but only by the appended claims. 
The embodiments of the invention in which an exclu 

sive privilege or property is claimed are defined as fol 
ows: 

1. A Synchronous circuit breaker for an electrical cir 
cuit comprising a pair of contact means connected in series 
With said electrical circuit and movable between an en 
gaged and disengaged position with respect to one another; 
an energizable operating means connected to at least one 
of said pair of contact means for moving said contact 
leanS between said engaged and disengaged positions 

responsive to energization thereof; first and second cur 
rent responsive means connected in circuit relation with 
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said electrical circuit; said first current responsive means 
connected to said energizable operating means whereby 
generation of output energy from said first current respon 
sive means energizes said energizable operating means to 
move said one of said contact means from said engaged 
position to said disengaged position; said second cur 
rent responsive means connected to said energizable op 
erating means whereby generation of output energy from 
said second current responsive means energizes said ener 
gizable operating means to move said one of said contact 
means from said disengaged position to said engaged posi 
tion; said first current responsive means including phase 
shift means for causing the output of said first current 
responsive means to lead the current flow in said electrical 
circuit and generating a high output energy just prior to 
the passage of current in said electrical circuit through 
zero, thereby to energize said energizable operating means 
prior to the passage of zero current through said pair 
of contact means; said second current responsive means 
generating output energy responsive to current flow 
through said circuit immediately after the occurrence of 
Zero current, thereby to close said pair of contact means 
if current continues to flow after a current zero; said 
first and second current responsive means being normally 
deactivated; and means for activating said first and second 
current responsive means to synchronously operate said 
pair of contact means. 

2. The device as set forth in claim 1 wherein said ener 
gizable operating means includes a fixed electrical wind 
ing connected to said first current responsive means; said 
one of said pair of cooperating contact means defining 
an axially movable short circuited turn disposed adjacent 
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said electrical winding whereby energization of said elec 
trical winding causes axial movement of said short cir 
cuited turn from an engaged position with the other of 
said contact means to a disengaged position. 

3. The device as set forth in claim 2 wherein said pair 
of contact means includes a main movable contact and an 
auxiliary movable contact; said energizable operating 
means including first operating means connected to said 
main movable contact and second operating means con 
nected to said auxiliary movable contact; said second cur 
rent responsive means connected to said second operating 
means for moving said auxiliary movable contact into en 
gagement with the other of said pair of contact means 
responsive to continued current flow immediately follow 
ing a current zero. 
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