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[57] ABSTRACT 

A magnetic switching assembly is disclosed in which 
the magnet stroke for operative switching is reduced 
while maintaining reasonably wide tolerances in the 
relative positioning of the components thereby to pro 
vide faster and more accurate switching at low cost. In 
a preferred embodiment of the invention an actuating 
magnet is positioned adjacent a reed switch for move 
ment toward and away from the switch contacts to 
provide operative switching in both directions. A 
second permanent magnet is disposed at right angles 
to the actuating magnet and is effective to de?ect the 
magnetic field associated therewith thereby to provide 
a steeper magnetic ?eld strength gradient in the 
direction of the magnet stroke. The magnet stroke is 
thereby minimized while maintaining the positioning 
tolerances of the reed switch and magnet at values 
permitting low cost manufacture. 

In another embodiment of the invention, the second 
magnet which serves to de?ect the magnetic ?eld of 
the driving magnet is formed integral with the driving 
magnet in an L-shaped con?guration. 

12 Claims, 14 Drawing Figures 
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MAGNETIC SWITCHING ASSEMBLY 

This invention relates to magnetically actuated 
switches and more particularly to an improved actuat~ 
ing means for a magnetically actuated switch of the 
pushbutton type. 
Magnetic switching devices are used in a variety of 

applications particularly in the communications and 
data processing ?elds where rapid and reliable manu 
ally actuatable switching is required. The most com 
monly utilized switching device in this category is the 
reed switch which comprises a pair of contacts encap 
sulated in glass or the like, those contacts being mov 
able into and out of electrical engagement with each 
other in response to the variation in magnetic ?eld. 

In a typical reed switch assembly, a permanent mag 
net is positioned adjacent the operative switching de 
vice and is movable relative thereto,.thereby to vary the 
magnetic ?eld strength in the vicinity of the switch con~ 
tacts. Typically, those contacts are resilient and over 
lappingly disposed within the glass casing in spaced re 
lationship to provide a resiliently vbiased normally open 
circuit between the output leads extending from oppo 
site ends of the casing. As the permanent magnet ‘is 
moved closer to the switch contacts, the magnetic ?eld 
strength or ?ux density in the vicinity of those contacts 
increases and the spaced contacts are magnetically at 
tracted to one another. That magnetic attraction in 
creases in response to the movement of the permanent 
magnet until it is suf?cient ‘to overcome the resilient 
bias of the contacts whereupon those contacts are 
drawn into operative physical and electrical engage 
ment to close the circuit between the output switch ter 
minals. Upon movement of the permanent magnet in 
the opposite direction away from the switch contacts 
the reverse effect results — the magnetic ?eld strength 
decreases resulting in a loss of magnetic attraction be 
tween the contact arms, whereby those contact arms 
spring back to their normally open positions. 
One of the major difficulties involved in the manufac 

ture of switches of this type is the incompatibility of the 
requirement of operative switching in response to small 
movements of the driving magnets with the require 
ment of reasonable tolerances in the dimensions and 
relative positions of the operative components. The 
former requirement relates to both space requirements 
and speed of operation while the latter bears on cost of 
manufacture. 
The major obstacle to the manufacture of a low cost, 

high speed miniature switch of the type described re 
sults from the “hysteresis” or lag in switching action 
between the open and closed positions of the contacts. 
Thus, it has been found that a greater magnetic ?eld 
strength is required to overcome the normal bias of the 
resilient contact arms to effect closing of the switch 
than is required to maintain those contact arms in the 
closed position. Accordingly, the magnet must be mov 
able relative to the switch contacts by a minimum dis 
tance equal to the distance along its magnetic ?eld gra 
dient between the magnetic ?eld strength above which 
the normally open contacts will close and that magnetic 
?eld strength below which the contacts will open. It is 
of course desirable to minimize that distance thereby to 
provide faster switching in a minimum of space. How 
ever, attempts at reducing this dimension have gener 
ally been unsuccessful because they involve reducing 
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2 
the allowable position tolerances below an economi 
cally feasible level. 
For example, reed switches of the pushbutton type 

typically utilize a movable bar magnet having opposite 
magnetic poles at either end. The magnetic ?eld 
strength gradient lines of the magnet extend outwardly 
from either pole in an arcuate con?guration, the ?eld 
strength decreasing in a radially outwardly direction. If 
the reed switch is disposed opposite one pole of the 
magnet with the magnet movable toward or away from I 
the switch contacts, a maximum lateral tolerance for 
alignment is achieved. However, this arrangement in 
volves relative movement of the magnet along its mini 
mum magnetic ?eld strength gradient (the lowest rate 
of change of ?eld strength) thereby requiring a maxi 
mum travel stroke of the magnet to effect operative 
switching in both directions. In order to reduce that 
stroke, the magnet may be positioned closer to the reed 
switch and movable past the reed switch in a direction 
parallel to a plane through the switch contacts thereby 
to take advantage of the steeper magnetic ?eld strength 
gradient in that direction. This arrangement, however, 
requires the manufacture of parts and positioning 
thereof to extremely close tolerances to insure that the 
magnet is close enough to the switch contacts to effect 
switching yet to insure against contact with the fragile 
glass casing. The manufacturing cost is accordingly sig 
ni?cantly increased. 

It is a primary object of the present invention to pro 
vide a magnetically actuated switching device which 
eliminates substantially all of the foregoing drawbacks 
of prior art devices of this type. 
More particularly, it is an object of the present inven 

tion to provide a magnetically actuated switching de 
vice having a signi?cantly increased speed of operation 
and reduced space requirement while at the same time 
having a low cost of manufacture. 

It is yet another object of the present invention to 
provide a reed switch assembly in which the operative 
magnet stroke for switching is considerably reduced 
without reducing the required tolerances on the dimen 
sions and relative positions of the operative compo 
nents. 

It is still another object of the present invention to 
provide a low cost magnetically actuated switching de 
vice of the type described having a reduced size and in 
creased speed, accuracy and reliability heretofore at 
tainable. 
To the accomplishment of ?iese and other objects, 

the present invention comprises a reed switch assembly 
including a pair of normally spaced resilient contact 
arms encased within an elongated housing, said switch 
ing device being actuated by the movement of a perma 
nent magnet movably positioned closely adjacent 
thereto. The permanent magnet comprises an L-shaped 
magnetic assembly having a ?rst pole on one leg 
thereof and a second pole on the other leg thereof. 
That L-shaped magnet assembly is mounted with its in 
wardly facing operative surface spaced from the reed 
switch casing and movable in a direction parallel to one 
of its legs. The magnetic ?eld associated with the other 
leg of the magnet is effective to provide operative 
switching of the resilient contact arms between their 
normally open position and a closed position resulting 
from the magnetic attraction of those contact arms ef 
fected by an increase in the magnetic ?eld strength as 
the permanent -magnet is moved toward the reed 
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switch. The magnetic ?eld associated with the second 
leg of the assembly interferes with the magnetic ?eld 
associated with the operative switching leg of the mag 
net and de?ects it to a ?attened condition, thereby to 
signi?cantly increase the magnetic ?eld strength gradi~ 
ent in the direction of movement toward and away 
from the reed switch. Accordingly, this arrangement 
results in a reduced travel stroke required for effective 
switching while at the same time maintaining a rather 
wide lateral tolerance for the positioning of the magnet 
relative to the reed switch. 
To the accomplishment of the above and to such 

other objects as may hereinafter appear, the present in 
vention relates to a magnetic switching assembly as de 
?ned in the appended claims and as described in the 
speci?cation taken together with the accompanying 
drawings, in which: 
FIGS. 1 and 1A are perspective views of two embodi 

merits of permanent magnets commonly used in prior 
art reed switches; 
FIGS. 2A, 2B and 2C show three embodiments of 

prior art reed switch assemblies utilizing the permanent 
magnet of FIG. 1A wherein the permanent magnet is 
movable in the direction parallel to the plane of the 
reed switch; 
FIG. 3 is an illustration similar to that of FIGS. 2A, 

2B and 2C of another prior art reed switch assembly 
employing the permanent magnet of FIG. 1A wherein 
the magnet is movable toward and away from the reed 
switch in a direction perpendicular to its axis. 
FIG. 4 is a graphical illustration of the switching op 

eration of a reed switch as a function of magnetic ?eld 
strength; 
FIG. 5A is a schematic illustration of the magnetic 

?eld associated with two permanent magnets disposed 
at right angles to each other; 
FIG. 5B is a side elevational view, partly in section, 

of one embodiment of the present invention employing 
two permanent magnets disposed at right angles to 
each other in contiguous relationship; 
FIG. 5C is a side elevational view, partly in section, 

of a second embodiment of the present invention utiliz 
ing a pair of permanent magnets having different di 
mensions; 
FIG. 6A is a side elevational view, partly in section, 

of a third embodiment of the present invention utilizing 
an integral L-shaped permanent magnet; 
FIG. 6B is a perspective view of the permanent mag 

net used with the embodiment of FIG. 6A; 
FIG. 7A is a side elevational view, partly in section, 

of a fourth embodiment of the present invention utiliz 
ing an integral L-shaped permanent magnet; and 
FIG. 7B is a perspective view of the permanent mag 

net used in the embodiment of FIG. 7A. 
Before discussing the construction and operation of 

the present invention, the operation of the conven 
tional prior art reed switch will be described with refer 
ence to FIGS. 1-3. 

As perhaps best shown in FIG. 2C, the conventional 
reed switch comprises a pair of electrically conductive 
contact arms 12 and 14 mounted in slightly spaced 
overlapping relationship within a housing or capsule 1 I 
typically made of glass. The overlapped ends of the 
contact arms 12 and 14 de?ne the operation contact 
surfaces, the other ends of those arms extending in op 
posite directions through the opposite ends of the hous 
ing 11 to form the operative output terminals T1 and 
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T2 of the switch. The contact arms 12 and 14 are typi 
cally made of a resilient metallic material and in ab 
sence of external in?uences are disposed in the slightly 
spaced or “open” position illustrated in FIG. 2C, 
thereby to de?ne an open circuit between the output 
switch terminals T1 and T2. The switch is closed by 
causing the contact arms to move towards each other 
into operative engagement. This is accomplished by the 
application of a magnetic ?eld of sufficient strength to 
provide a magnetic attraction between the contact 
arms sufficient to overcome their natural resiliency 
which normally maintains them in the spaced or 
“open” position. 
The switching action of a reed switch as a function of 

magnetic ?eld strength (i.e. intensity or ?ux density 
through the contacts) is illustrated schematically in 
FIG. 4. As there shown, if the switch is initially open 
the magnetic ?eld strength (here represented by flux 
density B) must be increased (as represented by the 
lower horizontal line 16 moving to the right) to a value 
B2 in order for the magnetic attraction between the 
contacts to increase suf?ciently to move the contact 
arms 12 and 14 into engagement. This movement is ac 
complished substantially instantaneously (as repre 
sented by the vertical line 17 moving up). However, if 
the magnetic ?eld strength is thereafter reduced below 
the B2 value (as represented by the upper horizontal 
line 18 moving to the left), the contacts do not resile 
back to their open position (FIG. 2C) until the ?ux 
density is reduced still further to a value Bl (vertical 
line 19). (This phenomenon is well known and results, 
at least in part, from the fact that the force of attraction 
between the contact arms for a given magnetic ?eld 
strength is greater when the arms are in contact. It 
therefore requires a greater ?eld strength to move them 
into contact than to maintain them in contact). 
The difference between the magnetic ?eld strengths 

B1 and B2, represents the minimum variation in ?ux 
density which will e?ect operative switching in both di 
rections. That variation is produced in a manually actu 
ated reed switch by the reciprocal movement of a per 
manent magnet. 

Referring speci?cally to FIG. 1A, there is illustrated 
a permanent bar magnet 10 of the type used to actuate 
the conventional reed switch comprising an elongated 
bar of magnetized material (i.e. ferro-magnetic iron) 
having a north pole N at one end and a south pole S at 
its other end. Alternatively, a planar four-pole magnet 
10A, such as that illustrated in FIG. 1B, may be uti 
lized. For the sake of simplicity, the reed switch assem 
blies of FIGS. 2 and 3 are illustrated in connection with 
an actuating magnet of the two-pole bar type as illus 
trated in FIG. 1A. It will be appreciated, however, that 
the principles discussed below apply equally to the use 
of alternate conventional actuating magnets such as 
that illustrated in FIG. 1B. 
As perhaps best illustrated in FIG. 3, the magnetic 

?eld strength (?ux density) associated with a penna 
nent magnet varies as a function of the distance from 
its poles-the flux density decreases in a direction away 
from the operative pole. For example, in FIG. 3 the 
variation in magnetic ?eld strength is illustrated by the 
solid gradient line B2 which represents the connection 
between all points having a flux density value of B2 and 
the broken gradient line B1 which represents the con 
nection of all points having a lower ?ux density value 
of B1. Accordingly, when the contact arms 12 and 14 
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are positioned outside of the area bounded by broken 
gradient line B1, the contacts are open, as illustrated by 
the solid line position of the switch 11 in FIG. 3. In 
order to switch from that open position to the closed 
position of the contacts, the magnet 10 must be moved 
downwardly in the X direction by a distance sufficient 
to bring the contact arms within the area bounded by 
the solid line B2 within which area the ?ux density is 
greater than the value E2, the value suf?cient to close 
the switch contacts (see FIG. 4). Conversely, in order 
to again open the switch contacts, the magnet 10 must 
be moved upwardly in the Y direction by a distance suf 
?cient to position the contact arms 12 and 14 outside 
of the area bounded by the broken gradient line B1 
which represents the area within which the magnetic 
flux density is greater than the value B1. Accordingly, 
when the reed switch 11 is aligned directly beneath the 
pole of the magnet 10 as illustrated in solid lines in FIG. 
3, the distance D between the lines B1 and B2 along the 
XY axis represents the minimum distance which the 
magnet 10 must be adapted to move in order to effect 
operative switching in both directions (the thickness of 
the contacts and space therebetween is here neglected 
for the sake of simplicity). However, clearly some lati 
tude in positioning the reed switch in registration with 
the magnet pole must be affordedQIn the embodiment 
of FIG. 3, the maximum latitude or tolerance L of posi 
tioning of the reed switch relative to the magnet 10 in 
a direction perpendicular to the XY axis is de?ned be 
tween the vertical broken lines L1 and L2. As illus 
trated in broken lines, the reed switch may be posi 
tioned anywhere within the broken vertical boundary 
lines L1 and L2 and still be in registration with at least 
a portion of the magnetic ?eld within the gradient line 
B2. However, with the indicated tolerance or latitude 
L it will be apparent that the magnet 10 must be mov 
able by a minimum distance of DL. 
In'order to minimize the distance D by which the 

magnet must be moved to accomplish switching, the 
magnet may be positioned for movement in a direction 
parallel to a plane through the axis of the switch. Three 
such prior art arrangements are illustrated in FIGS. 
2A-2C. In FIG. 2A the magnet 10 is disposed with its 
north and south poles vertically spaced while the reed 
switch is horizontally disposed closely adjacent the 
magnet 10. As the magnet is moved downwardly in the 
X direction the magnetic ?eld within the solid line B2 
associated with the north pole encompasses the contact 
arms 12 and 14, thereby to close same and upon move 
ment in the opposite Y direction those contacts resile 
to the open position upon crossing the broken gradient 
line B1. Since the lines B1 and B2 are closer at the 
point of crossing of the contacts 12 and 14 in this em 
bodiment (the flux density gradient is steeper in this re 
gion), the distance D or DL de?ning the required mag 
net stroke for operative switching (for the precisely 
aligned and maximum lateral tolerance conditions, re 
spectively) is reduced. However, in this embodiment 
the maximum lateral tolerance L of positioning the 
reed switch relative to the magnet in a direction per 
pendicular to the XY axis is quite small and accord 
ingly the cost of manufacture is prohibitive. 

In the embodiment of FIG. 2B, the magnet is dis 
posed with its north and south poles horizontally 
spaced in a direction parallel to the axis of the reed 
switch 11. The magnet is again movable vertically in 
the XY direction past the reed switch and the operation 
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6 
is substantially identical to that illustrated and de 
scribed with respect to FIG. 2A. 

In the embodiment of FIG. 2C, the reed switch 11 
and magnet 10 are both disposed vertically and the 
magnet is movable vertically in the XY direction. 
Again, the operation is as described above. It should be 
noted, however, that in the embodiments of FIGS. 2A, 
2B and 2C (as opposed to the embodiment of FIG. 3), 
the reed switch must be positioned much closer to the 
magnet so that the allowable tolerances are even fur 
ther reduced in order to prevent the magnet from actu 
ally contacting the fragile glass casing of the reed 
switch. Moreover, in the embodiments of FIGS. 2A and 
2C where the magnet is moved in the direction of its 
north-south axis, the upper end of the magnet stroke 
must be quite accurately limited in order to prevent in 
advertent closing of the switch contacts by the lower or 
south pole of the magnet. 

It will be apparent from the foregoing that a mini 
mum effective magnet stroke cannot be attained with 
out reducing the required tolerances of positioning of 
the reed switch and magnet to a value which substan 
tially increases cost. Thus, the embodiments of FIGS. 
2A-2C provide for faster switching in less space (i.e. 
shorter magnet strokes) but at substantially increased 
cost (resulting from the requirement of closer toler 
ances) while the lower cost of the reed switch assembly 
of FIG. 3 (resulting from the wider tolerances permit 
ted) is attained at the sacri?ce in speed of operation 
and space requirements (i.e. longer magnet stroke). 
The present invention provides a magnetic switching 

assembly adapted to provide the shorter magnet stroke 
of the embodiments of FIGS. 2A-2C for faster switch 
ing in less space while at the same time maintaining the 
wide tolerances for positioning the reed switch relative 
to the permanent magnet which enables the construc 
tion of the assembly at low cost. 
FIG. 5A is a schematic illustration (in end view) of 

two permanent bar magnets 20 and 22 disposed at right 
angles to each other in spaced relationship. When so 
disposed, the magnetic ?elds associated with these 
magnets (at least the portion interiorally of the broken 
line B1) do not interfere with one another. However, 
it has been found that when those magnets are brought 
into contiguous relationship along one edge as illus 
trated in the embodiment of FIG. 58, that the ?elds as 
sociated with those magnet poles interact and tend to 
de?ect the ?eld of one magnet away from the magne 
tized surface of the other magnet. In this embodiment 
the reed switch 11 is positioned below the south pole 
of the horizontally disposed actuating magnet 20, that 
magnet being movable vertically along the XY axis to 
ward and away from the reed switch 11. It will be ap 
parent that the de?ection of the magnetic ?eld, repre 
sented by the ?eld strength gradient lines B1 and B2, 
away from the north pole of the vertically disposed 
magnet 22 results in a ?attening of those gradient lines 
or in other words an increase in the steepness of the 
magnetic ?eld strength gradient in the direction along 
the XY axis. Accordingly, the minimum distance D 
which the magnet 20 must be moved along the XY axis 
in order to effect operative switching in both directions 
is substantially reduced as compared to that of the em 
bodiment of FIG. 3. However, it will also be apparent 
that this reduction in magnet stroke is achieved without 
any signi?cant decrease in the required lateral toler 
ance L for the lateral positioning of the reed switch. 
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Thus the maximum lateral tolerance L within which the 
reed switch may be positioned and still be in registra 
tion with at least a portion of the magnetic ?eld within 
the gradient line B2 is considerably larger than that of 
the embodiments of FIGS. 2A-2C. The required mag 
net stroke D,, for this rather large lateral tolerance L is 
still considerably smaller than that of the embodiment 
of FIG. 3. Accordingly, by providing a magnet assem 
bly comprising two bar magnets disposed at right angles 
and mounted in a suitable framework (not shown) for 
movement toward and away from the reed switch as il 
lustrated in FIG. 5B, the advantages of the prior art 
structures of both FIGS. 2A-2C and FIG. 3 are 
achieved. 
A further modi?cation is illustrated in FIG. 5C. As 

there shown, the vertically disposed or biasing magnet 
22' is considerably smaller than the actuating magnet 
20 and accordingly the reed switch 11 may be posi 
tioned closer to that biasing magnet thereby reducing 
the lateral dimension of the switch. Of course, this sav~ 
ings in lateral space is accomplished at some sacri?ce 
in the extent to which the magnet stroke may be mini 
mized since the smaller the biasing magnet, the smaller 
the de?ection of the ?eld associated with the driving 
magnet and the larger the distance between the gradi 
ent lines B1 and B2 in the direction of the XY axis. 

In the embodiments of FIGS. 6 and 7, a single inte 
gral L-shaped magnet having appropriately positioned 
poles is substituted for the two magnet assemblies of 
FIGS. 58 and 5C. The magnet 24 in the embodiment 
of FIG. 6 is generally equivalent in operation to the 
two-magnet assembly of FIG. 5B whereas the design of 
the magnet 26 of the embodiment of FIG. 7 is similar 
to that of the assembly of FIG. 5C. The use of an inte 
gral one-piece magnet eliminates the need for a mount 
ing frame to maintain the magnets of FIGS. 58 and SC 
in operative relative positions and accordingly substan 
tially reduces the cost of manufacture and assembly. It 
will be appreciated that the embodiments of FIGS. 5B, 
5C, 6 and 7 all provide an improved reed switch assem 
bly which may be assembled at reasonable cost while 
at the same time providing a substantially increased 
speed and reliability of operation while minimizing 
space requirements. 
While only a limited number of embodiments of the 

present invention have been herein speci?cally de 
scribed, it will be appreciated that many variations may 
be made therein without departing from the scope of 
the invention, as de?ned in the following claims. 
We claim: 
1. In a magnetic switching assembly comprising 

switching means movable between at least two opera 
tive switch positions under the in?uence of a magnetic 
?eld, said switching means being movable from a ?rst 
to a second position upon entering a magnetic ?eld 
having an intensity greater than a ?rst value and being 
movable from said second position back to said ?rst po 
sition upon moving into a magnetic ?eld having a sec 
ond intensity less than a second value, said ?rst inten~ 
sity value being greater than said second intensity 
value, ?rst permanent magnet means disposed adjacent 
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8 
said switching means and reciprocally movable in a 
vcommon plane with said switching means in a ?rst di 
rection toward and away from same, said ?rst magnet 
means having a normal magnetic ?eld intensity which 
decreases from a value greater than said ?rst intensity 
value to a value less than said second intensity value in 
said ?rst direction, whereby said switching means may 
be operatively switched between said ?rst and second 
operative switch positions by a reciprocating move 
ment of said permanent magnet toward and away from 
said switch means in said ?rst direction by a given mini 
mum distance, the improvement comprising second 
permanent magnet means adjacent said ?rst permanent 
magnet means and having a magnetic ?eld extending in 
a second direction angularly disposed to said ?rst direc 
tion, said second magnetic ?eld interfering with said 
?rst magnetic ?eld to increase the rate of intensity vari 
ation in said ?rst direction thereby to decrease said 
minimum distance which said ?rst magnet must be 
moved to effect switching of said switching means be 
tween said ?rst and second switch positions. 

2. The magnetic switching assembly of claim 1, 
wherein said ?rst and second permanent magnet means 
are discrete permanent magnets. 

3. The magnetic switching assembly of claim 2, 
wherein said switching means is a reed switch and 
wherein said ?rst and second discrete permanent mag 
nets are angularly disposed bar magnets extending in a 
direction parallel to said reed switch. 

4. The magnetic switching assembly of claim 1, 
wherein said ?rst and second magnet means comprises 
the angularly disposed legs of a single integral perma 
nent magnet. 

5. The magnetic switching assembly of claim 4, 
wherein said switching means comprises a reed switch 
and wherein said legs of said permanent magnet lie in 
planes parallel to the axis of said reed switch. 

6. The magnetic switching assembly of claim 4, 
wherein said ?rst and second magnet means are dis 
posed at right angles to each other. 

7. The magnetic switching assembly of claim 6, 
wherein said ?rst and second permanent magnet means 
are discrete permanent magnets. 

8. The magnetic switching assembly of claim 6, 
wherein said ?rst and second magnet means comprises 
the angularly disposed legs of a single integral perma 
nent magnet. 

9. The magnetic switching assembly of claim 2, 
wherein said ?rst and second discrete magnets are of 
the same size and shape. 

10. The magnetic switching assembly of claim 2, 
wherein said ?rst and second discrete magnets are of 
different size and shape. 

11. The magnetic switching assembly of claim 4, 
wherein said ?rst and second legs of said integral mag 
net are of the same size and shape. 

12. The magnetic switching assembly of claim 4, 
wherein said ?rst and second legs of said integral mag 
net are of different size and shape. 

* * * * * 


