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ABSTRACT OF THE DISCLOSURE 
A ball track containing a magnetizable ball is oriented 

along a side and adjacent a corner of a generally rec 
tangular permanent magnet. The orientation of the track 
is such that the approach of a magnetizable object to 
ward such corner causes movement of the ball. The ball 
is arranged to close a control circuit at one point in its 
range of movement in the track. 

This is a continuation-in-part of application Ser. No. 
390,542 filed Aug. 19, 1964 and now abandoned. This 
invention relates to magnetically actuated switches and 
more particularly to a switch mounted adjacent a perma 
nent magnet and operated by the movement of a mag 
netizable operator in the region adjacent the magnet and 
switch. 
Most magnetically operated switches employ moving 

Switch parts that are actuated by varying the strength of 
the magnetic field produced by an electric coil, or mov 
ing a permanent magnet relative to the switch to induce 
movement of magnetized switch elements. These switches 
are not suitable for use where the switch is to be operated 
in response to the presence of a machine element or pro 
duction line part. 
The principal object of this invention is to provide a 

proximity Switch comprising a simple, compact switch 
contact capsule and permanent magnet arrangement that 
is operated by movement of a magnetizable member to 
or from a position adjacent the switch. 
Another object of the invention is to provide a simple 

compact switch and magnet assembly that may be op 
erated as a normally open switch to close upon approach 
of a magnetizable operator or as a normally closed switch 
to open upon approach of the operator. 
A still further object of the invention is to provide an 

assembly of a plurality of closely spaced, individually 
operable magnetically actuated switches. 
More specific objects and advantages may be obtained 

from a magnetically operated switch constructed accord 
ing to the invention. 
According to the invention a magnetizable ball is con 

tained in a ball track or container provided with contact 
elements, electrical, or fluid, that are operated when the 
ball is urged toward a particular position in its path of 
travel. The container may, if desired, be partially filled 
with mercury with the ball and contacts covered or 
wetted with a film of mercury. The track is positioned 
along a face or side of a permanent magnet and the ball 
is moved toward one end or the other of its track by 
movement of a magnetizable member that alters the flux 
gradient along the track. 

Preferred examples of switches constructed according 
to the invention are illustrated in the accompanying draw ings. 

In the drawings: 
FIGURE 1 is a transverse sectional view of the im 

proved switch arranged for normally open operation. 
FIGURE 2 is a transverse sectional view of the switch 

shown in FIGURE 1 in its operated or closed position. 
FIGURE 3 is a front view of the improved switch 
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shown in FIG. 1 or FIG. 2 with the operator in position 
to operate the switch. 
FIGURE 4 is a transverse sectional view of the im 

proved switch arranged to close its circuit during the 
absence of an operator. 
FIGURE 5 is a transverse sectional view of the Switch 

shown in FIGURE 4 in cooperation with an operator 
arranged to open the circuit upon the approach of the operator. 

O FIGURE 6 is a transverse sectional view of the im 
proved switch employing a ferrous container for the Switch. 
FIGURE 7 is a longitudinal cross section of another 

form of switch that may be employed according to the 
5 invention. 

FIGURE 8 is a longitudinal cross section of still an 
other form of switch suitable for use according to the invention. 
One form of the improved proximity switch, as shown 

20 in simple form in FIGURE 1, comprises a glass tubular 
capsule 1 containing an iron or steel ball floating in a 
pool or mercury 3. The ball is of such size and material 
such as that shown in U.S. Patent No. 2,309,953, that 
the mercury forms a film over the surface of the ball 2. 
Electrical contacts 4 and 5 are provided in the capsule 
at spaced apart points, here shown as being at the ends 
of the capsule although they may be inserted from the 
side of the tube at selected points. The contact 4 is im 
mersed in the globule of mercury 3 while the contact 5 

30 is located above and out of contact with the ball when in 
its normal position. The capsule 1 forms a ball track as 
well as an enclosure since it confines the movement of 
the ball to a particular direction. The capsule 1 or ball 
track is mounted adjacent the side of a permanent mag 
net 6, which is preferably made of a high retentivity 
ceramic material currently available on the market. Mag 
nets made of a sintered alloy of aluminum, cobalt, nickel 
and iron may also be used. The magnet 6 is preferably 
of rectangular cross section in the plane containing the 

40 axis of the ball track and for a normally open switch is 
magnetized to provide a pole of one polarity in the side 
adjacent the switch. The capsule or ball track is posi 
tioned such that the ball is located somewhere between 
the middle of the pole face and a corner thereof such 

45 as a corner, 7 shown in FIG. 1. This is considered as hav 
ing the ball adjacent a corner of the cross section of the Imagnet. 
The switch is oriented in space so that the contact 4 

and mercury 3 are below the ball 2 and the parts assume 
so the positions shown in FIGURE 1. 

If a magnetizable operator 8, FIGURE 2, is brought 
into the region adjacent the corner 7, either along or 
toward a side 9 of the magnet adjacent the corner or 
directly toward the corner, the flux distribution from the 

55 pole face is distorted with the flux crowding toward the 
corner 7. Since the lines of force are generally normal 
to the ball track, the allowable path of movement of the 
ball 2, the ball attempts to move toward the region of 
greater flux density. With the operator adjacent the cor 

60 ner 7 or disposed adjacent the side 9 to provide a low 
reluctance return path for the flux the greater flux den 
sity is at the corner 7 and the ball moves toward such 
corner to close the switch. 

In a preferred form the capsule 1 has an outside diam 
eter not greater than three sixteenths of an inch and the 
Switches may be assembled along the length of the magnet 
6 on three sixteenths inch centers. The operator 8, for 
Such spacing, should be quite thin. Suitable proportions 
are indicated generally in FIG. 3. An operator having a 

70 thickness of 20 to 40 thousandths of an inch is suitable. 
The size of the Switch is such that, for example, it may 

be mounted under the keyboard of a typewriter to close 
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second contact mounted in and insulated from the other 
end of the tube 50. The tube 50 is mounted alongside a 
pole or side of a magnet 54, either parallel to the side 
or at an angle similar to the mountings shown in FIG 
URES 1-6. 
As may be seen in FIGURE 8, the second contact 53 

is screw threaded through an insulator 55 closing the 
lower end of the tube 50. 

If the switch is used to control fluid circuits, such as 
fluid amplifiers or similar control systems using fluid 
pressure and flow, the electrical contact members 52, 53 
are replaced with orifices or nozzles with which the ball 
51 cooperates to control the flow of fluid through the 
orifice or nozzle. 
This switch assembly provides, when positioned as 

shown relative to the magnet 54, a single pole double 
throw contact arrangement, the tube 56 being the com 
mon contact, the fixed contact 52 being the normally open 
contact and the screw 53 being the normally closed 
contact. 
The normal position of the ball may be shifted to the 

contact 52 if the tube 50 is mounted at an angle adjacent 
a side of the magnet as in the switch illustrated in FIG 
URE 4. 
These particular configurations made it possible to 

mount a large plurality of switch capsules on a single 
magnet when used with multi-key devices such as type 
writers, adding machines, cross bar switches, etc. with 
out interference between adjacent switches. The switches 
may also be mounted on opposite sides of a single magnet 
thus doubling the number of switches per unit of length. 

Various modifications may be made in the specific 
details of construction without departing from the scope 
of the invention. 

Having described the invention, I claim: 
1. A magnetically actuated switch comprising, in com 

bination, a magnetizable ball, means forming a ball track 
for guiding the ball, switch elements including an ele 
ment at a selected point along the track to be engaged 
by the ball to control a circuit, a permanent magnet 
having a generally rectangular cross section and magnet 
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6 
ized with lines of force lying in the plane of the cross 
section, said ball track being positioned along a side of 
the magnet with its axis in the plane of the cross section 
and with the ball adjacent a corner of the cross section, 
whereby a magnetizable object to be detected movable 
into proximity to said corner varies the flux gradient 
along the track to move the ball. 

2. A magnetically actuated switch according to claim 
1 in which the ball track is mounted along a pole face 
side of the magnet whereby the switch closes upon the 
approach of an operator. 

3. A magnetically actuated switch according to claim 
in which the ball track is mounted along a side of the 

magnet separated from a pole face by a corner of the 
magnet from which corner the ball is repelled as an 
operator moves into proximity to such corner. 

4. A magnetically actuated switch according to claim 
3 in which the ball track is mounted at an angle to the 
side of the magnet, the ball end of the track being closest 
to the magnet. 

5. A magnetically actuated switch assembly according 
to claim have a plurality of Switches spaced along the 
side of a single magnet with each switch individually 
responsive to an operator. 

6. A magnetically actuated switch according to claim 
1 in which the ball track is partially filled with mercury. 

7. A magnetically actuated switch according to claim 
in which a film of mercury covers the ball. 
8. A magnetically actuated switch according to claim 

6 in which the mercury completes a circuit through the 
switch. 
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