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ELECTRIC SIGNAL DEVICE 
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poration of New York 
Application May 20, 1947, Serial No. 749,251 

(C. 1-7) 39 Claims. 

This invention relates to electric signal devices 
and particularly to electric bells, gongs and 
buzzers actuated from a source of alternating 
current energy. 
An object of the invention is to improve elec 

tric Signal devices. 
Another object is to improve electromagneti 

cally operated bells, buzzers and gongs. 
A further object is to improve alternating Cur 

rent actuated electromagnetic signalling devices. 
A still further object is to improve the eff 

ciency of electro-magnetically actuated A. C. 
bells. 

Further objects of the invention are to provide 
a practical and inexpensive signalling construc 
tion that will be strong and durable, compact and 
of dependable action, to provide an electrically 
actuated gong construction that will be economi 
cal to manufacture, capable of ready assembly, 
fool-proof in construction and action and more 
efficient in operation than prior bells and gongs. 
Other objects of the invention will be ap 

parent from the following description and ac 
companying drawings taken in connection with 
the appended claims. 

In the accompanying drawings, in which are 
shown. Several of the various possible embodi 
ments of this invention and in which similar ref 
erence characters refer to similar parts through 
Out: 

Figure 1 is a top plan view of an electromag 
netically actuated Solenoid-type alternating cur 
rent bell or gong embodying features of the pres 
ent invention; 

Figure 2 is a section on the line 2-2 of Fig 
ure 1 showing the construction and mounting of 
the Solenoid armature or plunger, with the spring 
suspension or locating means therefor, and the 
construction of the stationary solenoid core; 

Figure 3 is a plan view, partly in section, of a 
modified bell construction, wherein the solenoid 
is mounted inside the bell; 

Figure 4 is a section on the line 4-4 of Fig 
ure 3, showing the internal construction of the 
Solenoid; 

Figure 5 is a sectional view, Showing a modi 
fied mounting arrangement for the armature or 
plunger to obtain impact with the bell on the 
power stroke of the striker; 

Figures 6 and 7 show further modifications in 
which the stationary core assembly has been re 
arranged to provide a gap in the magnetic cir 
cuit at the rear of the Solenoid; 

Figures 8, 9 and 10 illustrate further modif 
Cations utilizing permanent magnets of different 

10 

15 

20 

30 

35 

40 

50 

55 

2 
construction or mounted in a different manner 
in relation to the Solenoid; and 

Figure 11 is a detail sectional view showing 
a modified spring mounting arrangement. 
AS Conducive to a clearer understanding of cer 

tain features of this invention it might here be 
mentioned that many deficiencies have attended 
the operation of various types of electric signal 
ling apparatus such as large and Small electric 
bells or gongs and especially those constructed 
for actuation by alternating current. It will be 
appreciated that if alternating current of a fre 
quency of 60 cycles per Second, such as is gen 
erally available, is used to energize a simple elec 
tromagnet or Solenoid without modification of its 
wave form the electromagnet will attract its 
armature 120 times per second. When the arma 
ture, vibrating at this frequency, is used to ac 
tuate the striker for the bell the best tone and 
volume output is not obtained. The strokes are 
too rapid to yield a good gong tone and the striker 
interrupts the free vibration of the gong pro 
duced by the preceding stroke too quickly. 
Attempts have been made to improve the tone 

of A. C. bells by inserting a dry disc rectifier in 
the electric circuit to convert the current to a 
pulsating direct current of 60 pulses per second. 
This has resulted in an improvement in tone since 
the electromagnet armature is then impelled 
against the gong only 60 times per second but this 
is achieved at the cost of a considerable decrease 
in efficiency due to the fact that only one-half 
of the current wave is used. Also Such rec 
tifiers always have a certain amount of leakage 
in the reverse or blocking direction which dis 
turbs the proper functioning of the electromag 
net and cuts down the efficiency. These recti 
fiers are also subject to some change in charac 
teristics during their operating life. 
Another cause of low efficiency in A. C. bells 

has resulted from the fact that if a Solenoid were 
used which was large enough to produce a pull 
of the required strength the weight of the arma 
ture or plunger became so great and the neces 
sary stiffness of the Supporting Springs So high 
that the plunger would not respond satisfactorily 
and with sufficient amplitude to the magnetic 
impulses and a great deal of energy was consumed 
in overcoming the friction of the armature and 
springs on their supports. 
A dominant aim of the present invention is to 

overcome these disadvantages and provide a sole 
noid actuated bell or gong for operation on alter 
nating current in an efficient, reliable and eco 
nomical manner. The invention also contem 
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plates a mechanical construction and inter-rela 
tion of parts which is economical to produce on 
a quantity basis and simple and convenient to 
assemble. 

In its preferred embodiment the invention 
utilizes a permanent magnet associated with the 
solenoid for increasing the effective pull of the 
solenoid when energized by alternating current 
and for decreasing the frequency of the vibration 
of the striker to one which will elicit greater 
volume and better tone of signal from the bell or 
gong. By use of a permanent magnet to modify 
the magnetic flux produced by the solenoid the 
change in pull on the plunger during a reversal 
in the alternating current is greater than can be 
obtained with the A. C. solenold alone, whether 
alternating current or rectified alternating cur 
rent is used, as a result of the square law rela 
tionship between flux and pull. The stronger the 
permanent magnet, the greater is the effective 
ness of the current in the Solenoid. 
The construction of the solenoid is arranged 

to take the fullest advantage of the magnetic 
flux and makes possible the use of a smaller 
plunger with a solenoid of the most efficient size. 
Greater freedom of choice in the size of the 
plunger is also provided so that the most effective 
and powerful stroke can be obtained for the 
source of power used and the most pleasing tone 
can be produced in the gong. 
The invention also makes possible greater 

economy of space than heretofore since a more 
compact solenoid and striker assembly is possible, 
so that the entire mechanism may be mounted 
within the limited space available under a gong. 

Referring to the drawings, Figures 1 and 2 
illustrate a solenold actuated signalling device 
in the form of an electric gong and comprising a 
gong 20 mounted in any suitable manner, as by 
post 22 staked to base plate 23, the gong being 
secured to the post by a screw 24 through its 
crown portion at the center thereof. The gong 
is sounded by a striker 32 of an electromagnetic 
actuating mechanism 2 which may illustratively 
comprise a brass auxiliary base plate 2 upon 
which is mounted a solenoid comprising a wind 
ing 26, a core 38, and a permanent magnet 29 
which, in this illustrative embodiment, coacts 
with the solenoid by way of iron end pieces 2 
and 28 and other parts later described. 

Auxiliary base plate 25 is provided with 
mounting slots 30 through which it is secured to 
the face of main base plate 23 by bolts 3, the 
slots enabling adjustment in the position of the 
mechanism in relation to the gong in order to 
obtain the preferred positioning of the striker 
32 for obtaining the most desirable volume and 
quality of tone from the gong when the striker 
is actuated by the solenoid. 
The solenoid comprises an insulated wire wind 

ing or coil 26 mounted on a suitable form 3 
which may be a spool-like member of insulating 
material, such as Bakelite-impregnated fibre or 
the like. The coll may be covered with an in 
sulating sheath 34 which may comprise a winding 
of insulating tape or a lacquer coating layer. The 
form 3 is mounted between the parallel iron end 
pieces 2 and 28 which preferably form part of 
the supporting structure for the solenoid. 

Each end piece may be formed of a single piece 
of cast iron or soft steel but I have found it 
more, for facilitating assembly and mounting, 
convenient to make them each of two plates, as 
shown, mounted in face-to-face relation. For 
example, end piece 2 is composed of an outer 
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4. 
plate 2a which has at its lower edge (Figure 2) 
an outwardly turned flange 85 provided with 
screw holes to secure it to the brass plate 25 by 
screws 86, and an inner plate 2b which, at one 
end portion thereof, rests flatwise against the 
left-hand end of the permanent magnet 29 as 
seen in Figure 1; the outer plate a has an in 
turned flange or tongue which, as seen in 
Figure 1, extends over the top edge of the inner 
plate 27b and overlies the permanent magnet 29 
to coact to hold these parts assembled. In like 
manner, end piece 28 is composed of an outer 
plate 28a which has at its lower edge an out 
wardly-turned flange a by which it is secured, 
through screws 86a, to the brass plate 2, and an 
inner plate 28b on which an end portion rests 
flatwise against the other end of the permanent 
magnet 29, a tongue-like flange a of the outer 
plate 28a overlying the inner plate 28b and also 
the permanent magnet 29, as shown in Figure 1. 
Permanent magnet 29 may preferably comprise 

a single rectangular bar of magnetized material, 
such as Alnico, which is of the same length as 
coil form 33 and by the above-described arrange 

5 ment is mounted alongside and parallel with 
solenoid 26 between end pieces 2 and 28, held by 
flanges 3 and 3a and by spaced pairs of ele 
ments 37-37 engaging opposed sides of the 
bar magnet 29 as shown in Figure 1. The magnet 
roles may be disposed in either direction in re 
lation to the solenoid. 
The solenoid is provided with a movable iron 

or soft steel core or plunger which slides in 
a tube 39 extending through the Central axial 
hole or channel in coil form 3 and through ac 
commodating aligned apertures in end pieces 2 
and 28. The tube 39 may be formed of any non 
magnetic material of suitable low friction and 
anti-wearing properties, such as Bakelite in 
pregnated fibre (as shown) or brass. The tube 
is provided with end caps 40 and 4 which are 
screwed onto external threads on the tube. Cap 
4 may carry flanges 42 which enable it to be 
secured to end piece 28a by screws 3. 

Steel plunger 3 is provided with a striker rod 
4 of non-magnetic material such as high chrone 
stainless steel or Mone metal which extends from 
the end of plunger 8 axially outward through a 
central aperture in cap 40 and terminates in a 
tip or striker 32, which may be of slightly larger 
diameter than the main body of the rod, if de 
sired. Tip 2 may be of the same material as 
the rod or of a harder material if desired. It is 
desirable that either the tip or the gong or both 
be of non-magnetic material to avoid or lessen 
risk of sticking due to magnetic attraction be 
tween the two. If the gong is of non-magnetic 
material the rod 4 can in some cases be para 
magnetic material such as iron or steel if the rod 
does not pass through the gap in the magnetic 
circuit, which will be described later. The other 
end of plunger 3 is provided with a short, cen 
trally-located projection 4 which may be turned 

75 

Out of the steel making up the body of the plunger. 
The plunger is positioned between a pair of coll 
springs 4 and 4. 

Rear spring is preferably a non-linear spring 
whose force increases with compression at a 
progressively increasing rate beyond a certain 
point in the plunger travel and for that purpose 
is sharply tapered. This compensates in great 
part for the variation from hearity of the mag 
netic force-distance curve, which is concave up 
wardly over the working range of the plunger. 
The resultant force of the spring and the magnet 
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with no current flowing in the solenoid is thereby 
made to approach a linear relationship with dis 
tance traveled. This improves the timing of the 
plunger So that the time taken for strokes of 
different length, due to variations in A. C. line 
Voltage for example, will be Substantially a con 
stant and the mechanical frequency of the 
plunger can be synchronized with the 60 cycle 
A. C. Supply without changes in weighting or 
spring tension being required for differing line 
Voltage. Likewise the energy stored in the gong 
from an impact of the striker will cause it to 
vibrate throughout the plunger stroke so that 
upon the next impact the phase of the gong vi 
bration will have a considerable effect upon the 
rebound of the Striker and affect its distance of 
travel. The compensation obtained by use of the 
non-linear Spring also reduces variation in tim 
ing due to Such variations in rebound from the 
gong. While a tapered non-linear Spring is illus 
trated it is also possible to use a spring of con 
stant turn diameter, or one with only slight taper 
to reduce side-wall friction and wear. In Such 
Springs non-linearity can be imparted by pro 
gressively increasing the spacing between turns 
along the length of the spring. 

It is also contemplated that under Some con 
ditions front spring 46 may be given non-linear 
characteristics rather than, or in addition to, a 
non-linear characteristic in the rear Spring. 
These arrangements, in which either the rear 
Spring, the front Spring, or both, are given non 
linear characteristics are applicable not only to 
the mechanisms in which the “power Stroke' 
draws the plunger away from the gong as in 
Figures 1 to 4, but also to those in which the 
"power stroke' drives the plunger toward the 
gong, as illustrated in Figures 5, 7, and 8, for ex 
annple. 
Wearing of the side walls of the tube and the 

turns of the coil Spring and frictional resistance 
therebetween are avoided by forming Springs 46 
and 47 into tapered coils of a truncated conical 
form. The large base or end of each coil Spring 
is substantially the diameter of the inside of tube 
39 whereby the coil is fitted snugly within the 
tube and centered by it. The Smaller end of coil 
spring 46 is slightly larger in diameter than rod 
44, which it surrounds, and fits in a circular chan 
nel or groove 49 in the end of plunger 38 sur 
rounding the rod 44 at its point of attachment 
to the plunger. The Smaller end of coil spring 
47 fits closely around the base of projection 45. 
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Hence, it will be noted that the springs 46 and 
are both definitely located and positioned at 

their ends while their turns intermediate of their 
ends are spaced from the tube 39, and, in the case 
of spring 46, from the striker rod 44. This greatly 
diminishes the wear on the tube and the springs 
and prolongs the life of the gong mechanism. 
The large end of Spring 46 is seated against the 

inside of cap 40, as shown. The large end of 
spring 47 may be similarly seated against cap 4, 
but I prefer to use an additional tubular sleeve 
48, which may preferably be made of metal. The 
sleeve 48 rests against the inside of cap 4 and 
the spring 4 rests against the inner end of the 
sleeve. By varying the length of the sleeve used 
the adjustment and compression applied to 
Springs 46 and 47 may be varied. A similar sleeve 
can be used within cap 40, if required. Caps 40 
and 4 are provided with apertures 52 and 53 to 
permit ingress and egress of air when the plunger 
is vibrated, but are not needed where a loosely 
fitting plunger is used. 
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As was already mentioned, one of the dif 
culties in operating A. C. bells in the past has 
been in obtaining sufficient amplitude of response 
in the plunger at the desired operating frequency. 
The present structure overcomes this disadvan 
tage, increases the power and efficiency of the 
plunger stroke and the resulting signal obtained 
from the gong, and makes possible greater flexi 
bility in the adjustment of plunger size and posi 
tioning to obtain the strongest and most pleasing 
Signal. This structure embodies an improved ar 
rangement of the magnetic circuit enabling a 
Shorter and lighter plunger to be used without 
interfering with the plunger stroke and without 
Cutting down the efficiency of the magnetic cir 
cuit. 
As shown in Figure 2, that embodiment of the 

magnetic circuit includes a stationary core mem 
ber in the form of an iron or steel sleeve 50 in 
Side the Solenoid Winding 26. The sleeve is 
Conveniently mounted within the bore or channel 
of the tubular part of coil form 33 and surrounds 
plunger tube 39, with one end in contact with iron 
end piece 28b. Sleeve 50, being tubular, is of 
ring-shape or annular cross-section and its re 
Spective end faces are likewise annular in shape; 
as is better shown in Figure 2, its right-hand end 
annular face rests flatWise against a correspond 
ingly shaped area of that part of end piece 28b 
that, like its adjacent end piece 28a, surrounds 
the tube 39, thus to make for good conduction of 
magnetic flux from one to the other; the other or 
left-hand annular end face as shown in Figure 2 
provides a flux-guiding face that is coaxial with 
the Solenoid Winding 26 and with the bore of chan 
nel therein. Sleeve 50 extends only part of the 
distance through Solenoid 26, the rest of the dis 
tance to end piece 27b being filled with a sleeve 
5 of non-magnetic material such as plastic or 
braSS. The relative lengths of sleeves 50 and 5 
can be varied to provide a gap of any desired 
length in the magnetic path, measurable gener 
aly to or from the above-described flux-guiding 
face of the part 50. 

In the embodiment illustrated in Figures and 
2 the plunger 38 is held by Springs 46 and 4 in a 
normal or rest position in Which the left-hand 
end of plunger 38, as seen in Figure 2, projects 
through end piece 27 and slightly beyond it. The 
right hand end of the plunger body terminates 
Some distance to the left of the inner end of 
sleeve 50. 
The magnetic circuit in the form shown in Fig 

lure 2 extends from the left hand end of per 
manent magnet 29, then through Soft steel end 
piece 27, then radially through or across a small 
'air' gap through the wall of tube 39 to the left 
hand end of plunger 33, through the length of 
plunger 38, then by way of a longer air gap from 
the right hand end of plunger 38 to the inner end 
of sleeve 50, then through sleeve 50 to end piece 
28 and back along the end piece to the right hand 
end of magnet 29. End piece 27 and end piece 28 
together With sleeve 50 thus comprise extensions 
of the poles of magnet 29. 
Magnetic flux is continuously present in the 

magnetic circuit as a result of the presence of the 
permanent magnet and is constantly bridging the 
air gap between the plunger 38 and the inner end 
of sleeve 50. This permanently imposed flux is 
unidirectional. This magnetic flux tends to draw 
plunger 38 to the right, as viewed in Figure 2, 
to close the gap. Spring 47 resists this pull and 
the plunger assumes the rest position shown 
Wherein Spring 47 is held under a bias or com 
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pression by the magnetic pull. The adjustment 
is such that the striker 32 is spaced a short dis 
tance from the rim of the gong at this time. 

In operation, the solenoid is energized by an 
alternating current signal through input con 
ductors C-C which may extend through a push 
button or other switch device to an A. C. source, 
for example, a 60 cycle power line, or the sec 
ondary winding of a transformer connected to the 
A. C. power line. Since the solenoid winding 26 
encircles the magnetic flux path the A. C. ener 
gization of the solenoid causes an alternating 
flux to be superimposed upon the steady or und 
directional flux produced by the magnet 29 first 
in an aiding, then in an opposing direction. 

For the most efficient operation the magnetic 
effect of the solenoid at the peak of the alternat 
ing current cycle is made to be substantially less 
than that of the magnet 29. When the two mag 
netizing forces are opposing each other the net 
magnetic flux will fall to a relatively low value due 
to partial neutralization or opposition of the per 
manent magnet flux by the current-induced flux, 
and when the two are aiding each other the flux 
will reach a high value due to reinforcement of 
the permanent magnet flux by that of the sole 
noid. 
The effect of the variation of the flux in the 

magnetic path across the gap between the plung 
er 38 and the end of sleeve 50 is to increase the 
attraction to pull the plunger further away from 
the gong when the two effects are aiding and to 
reduce the magnetic pull on the plunger when the 
effect of the solenold opposes the magnet. The 
plunger, in moving inward, reduces the air gap 
and further compresses spring 47. On the op 
posite current half-cycle the compressed spring 
system drives the plunger against the gong and 
is aided by an additional spring force due to the 
partial neutralization of the permanent magnet 
flux by the current flux. By using a permanent 
magnet whose flux is large in relation to that pro 
duced by the current, the change in force on 
the plunger caused by the current aiding the mag 
net will be substantially equal to the change in 
the force in the opposite direction due to the cur 
rent opposing the magnet. Upon rebound from 
the gong with the mass of the plunger and stiff 
ness of the springs suitably adjusted, the plunger 
is again drawn to the right by the next peak in 
the magnetic flux cycle. 
By use of the permanent magnet for biasing 

the solenoid the change in the pull applied to the 
plunter between the peak of an aiding half-cycle 
and the peak of an opposing half-cycle is greatly 
increased as a result of the square law relation 
ship between flux and pull. From the equation 
for the pull (f) on the plunger of a solenoid: 

f=0.0139 BS pounds 
and its derivation 

where B is the flux density in the air gap and S 
is the cross section of the air gap, it will be seen 
that the force change produced by Superimposing 
the permanent magnet flux on the alternating 
flux due to the solenoid is very much greater than 
the change that would be produced by the sole 
noid acting alone. 
A relatively strong permanent magnet has the 

added advantage of being less subject to the de 
magnetizing effect of the A. C. current than would 
be a magnet having a flux more nearly equal to 
the A. C. flux. 
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The cross section of sleeve 50 can be made 
equal to that of the plunger so that the full flux 
carrying capacity of the plunger is used. In most 
cases it will be preferable to make the cross sec 
tion of the sleeve greater than that of the plunger 
to compensate for leakage flux to the opposite 
steel end piece 27. 
An advantage in the steel sleeve core construc 

tion resides in the fact that the plunger 38 can 
slide freely into the end of the sleeve and thus 
reduce the magnetic circuit to a minimum. 
Another advantage of the sleeve construction 

may be availed of in some applications to obtain 
a more compact bell structure. In these embodi 
ments the rear spring supporting the plunger is 
mounted entirely within the solenoid so that the 
actuating mechanism can be mounted in a lin 
ited space, such as beneath a small gong. 

Figures 3 and 4 show a compact bell structure 
of this type. This comprises a non-magnetic base 
plate 54 (of brass, for example) upon which is 
mounted the small gong 55 by means of a bridge 
shaped bracket 56. The solenoid mechanism is 
generally similar to that of Figures 1 and 2 con 
prising solenoid 26, end pieces 27 and 28, per 
manent magnet 29 and plunger 38. 

in this embodiment (Figures 3 and 4) the 
plunger tube 5 is formed of a non-magnetic 
metal, such as brass, and end caps 58 and 59 are 
externally threaded to screw into the ends of the 
tube. Cap 59 has a flange at its outer end which 
is secured to end piece 28 by screws 60. Tapered 
coil springs 46 and 47 abut the inner ends of caps 
58, and 59. The solenoid is mounted on base 
plate 54 by flanges 6 on end pieces 27 and 28. 
As in the form of Figures 1 and 2, the end pieces 

27 and 28 may each comprise two plates, as shown, 
mounted in face-to-face relation. Thus end piece 
2T may comprise an outer plate 27.c and an inner 
plate 2d, and the end piece 28 may comprise an 
outer plate 28c and an inner plate 28d; as with 
the outer plates 2a and 28a of Figure 1, the outer 
plates 27c and 28c of Figure 3 may be provided 
with inturned tongue-like flanges 8b and Sc, 
respectively, overlying the respective inner plates 
27d and 28d and also the respective ends of the 
upper face of the permanent magnet 29. As 
shown in Figure 3, inner plates 2d and 28d may 
be provided with inturned flanges 37 f and Sg, 
respectively, that take against a side of the per 
manent magnet 29. 

It will be noted that with this construction the 
plunger tube does not project from the rear of the 
solenoid and the solenoid is mounted within the 
limited space beneath the gong. The plunger 
nevertheless has ample freedom of movement and 
adequate space is available for springs of sufficient 
size to obtain the best Operating frequency and 
amplitude. 

in the solenoid mechanisms illustrated in Fig 
ures 1 to 4 the plunger 38 is so mounted in rela 
tion to the steel sleeve 50 as to provide the air gap 
in the magnetic circuit at the rear end of the 
plunger. This position is generally preferable as 
it permits use of the shortest striker rod and be 
cause variations in strength of the permanent 
magnet have less effect on the signal. Thus, with 
a weaker magnet the rest position of the striker 
will be closer to the gong because of less magnetic 
bias placed on the springs. 
Other mounting positions can be used, if it ap 

pears expedient, as shown in Figures 5, 6 and 7. 
Figure 5 shows a modified mounting arrangement 
in which the rest position of plunger 38 is partly 
within the sleeve 50 and the main air gap is be 
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tween the forward end of the plunger and the end 
piece 27. Striker rod 44 is of non-magnetic metal 
as well as plunger tube 5. 
In operation of the mechanism of Figure 5 the 

striker is impinged against the bell on the "power' 
stroke of the plunger, that is, on the stroke in 
which the magnetizing force of the Solenoid rein 
forces that of the permanent magnet. This in 
Sures a positive and definite action. 

Figures 6 and 7 illustrate other modifications 
in which the sleeve 50 is mounted. Within the for 
ward end of the solenoid in contact with end piece 
27. In Figure 6 the main air gap is between the 
rear (right) end of the plunger 38 and end piece 
28 and in Figure 7 the gap is between the front 
(left) end of the plunger and the inner end of the 
sleeve 50. These structures are of advantage 
where the mounting space requires the Solenoid 
to be placed close to the bell as the forward end 
of tube 57 can be partly or entirely within the 
Solenoid. 

It is also contemplated that variations in the 
shape and mounting of the permanent magnet 
can be effected in order to make use of magnets 
of different size or length or to adapt the Solenoid 
structure for mounting in spaces of different sizes 
and shapes. 

Figure 8 illustrates the use of a horseshoe or 
semi-circular magnet 62. The ends of the magnet 
abut steel end pieces 63 and 64 which, in effect, 
comprise extensions of the magnet poles along the 
ends of the Solenoid. This figure also illustrates 
another modification of the plunger and core ar 
rangement in which a pair of iron or Steel sleeves 
80 and 8 are provided inside the solenoid wind 
ing, the sleeves extending inward from the ends 
Where they are in contact With end pieces 63 and 
64. Sleeves 80 and 8 are Spaced apart by a non 
magnetic sleeve 82, preferably formed of an in 
sulating plastic material. Plunger 38 is normally 
at rest in a position within sleeve 8 and extend 
ing into the gap provided by sleeve 82. Upon 
energization of the Solenoid in an aiding direc 
tion the plunger is drawn into the gap. 

In Figure 9 a bar magnet 65 is mounted co 
axial With the Solenoid 26 at the rear (right) 
end of the coil form 33. The right hand or out 
ermost end of the magnet is secured to a steel 
bracket 68 which is screwed to steel base plate 
69. The forward end of the solenoid is provided 
With a steel end piece or bracket 67 also secured 
to the base plate. A steel piece 66 is interposed 
between the left hand end of magnet 65 and the 
Steel sleeve 50 which extends into the coil. The 
magnetic circuit in this embodiment extends 
through the base plate 69 from end piece 6 to 
bracket 68. This structure permits mounting of 
the mechanism in a long narrow housing. 

Figure 10 shows a further modification in 
which the permanent magnet 0 is in the form of 
a cylinder which is mounted with one end 
against a steel end piece 6 at the forward end of 
the solenoid and the plunger tube 57 projects 
through the central aperture of the magnet. 
Steel brackets and 2 at the ends mount the 
structure on steel base plate 69 to complete the 
magnetic circuit through the plate. 

Figure 11 shows a modified arrangement for 
centering the inner end of the rear spring. Ta 
pered rear spring 73 has its inner end 74 formed 
into an axially extending tip which is received 
in an axial recess 75 in plunger T6. The recess 
takes the place of the projection 45 and permits 
use of a more sharply tapered Spring. 
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10 
described as a separate element it is contem 
plated that it may, if desired, be integral with 
the coil form 33. 
Although the invention in its preferred em 

bodiments contemplates a permanent magnet as 
an essential part of the structure, some of the 
features of the invention are also applicable to 
Solenoid actuated signals and bells which do not 
embody a permanent magnet, Such as those Sup 
plied with pulsating direct current obtained from 
a rectifier or current interrupter. 

It will be seen that the present invention pro 
Wides an improved electric Signal construction 
as exemplified by an A. C. gong in Which the ob 
jects and advantages mentioned are achieved in 
a practical embodiment capable of convenient 
manufacture by factory methods. The gong is 
capable of more efficient operation. With greater 
strength of Signal than prior structures and is 
more Susceptible of ready adjustment of fre 
quency response and tonal quality. The inven 
tion also permits use of a large solenoid without 
the necessity of correspondingly increasing the 
size and Weight of the plunger. 
While the present invention, as to its objects." 

and advantages, has been described herein as 
carried out in specific embodiments thereof, it is 
not desired to be limited thereby but it is in 
tended to cover the invention broadly within the 
Spirit and scope of the appended claims. 
What is claimed is: 
1. An alternating current signal device com 

prising, a Solenoid Winding, a pair of end pieces 
of paramagnetic material disposed at the ends of 
said winding, a permanent magnet adjacent said 
winding having its poles in contact with said end 
pieces, a plunger tube extending through the 
center of said winding and through at least One 
of said end pieces, a paramagnetic sleeve Sur 
rounding said tube, said sleeve being disposed 
within said winding with a first end thereof in 
contact with a first of said end pieces, the second 
end of said sleeve terminating within said wind 
ing whereby an air gap is provided between said 
second end and the Second of Said end pieces 
and said Second sleeve end and Second end piece 
comprise extension poles of Said permanent mag 
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net, a paramagnetic plunger in Said tube, said 
plunger carrying a striker rod on one end there 
of, said rod projecting from One end of said tube 
and terminating in a striking tip, an impact Sig 
nal element, means mounting said element op 
posite said striking tip, and Spring means posi 
tioning said plunger within said tube in a rest 
position wherein one end of said plunger is 
radially Within one of Said extension poles and 
the other end of Said plunger is longitudinally 
spaced from the other of Said extension poles 
and said striking tip is Spaced from Said impact 
signal element. 

2. An alternating current signal device com 
prising, a Solenoid winding, a pair of end pieces 
of paramagnetic material disposed at the ends of 
Said Winding, a permanent magnet adjacent said 
winding having its poles in contact with said 
end pieces, a plunger tube extending through 
the center of Said Winding and through at least 
one of Said end pieces, a paramagnetic sleeve 
Surrounding said tube, said sleeve being disposed 
Within said Winding with a first end thereof in 
contact With a first of said end pieces, the second 
end of Said sleeve terminating within said wind 
ing whereby an air gap is provided between said 
Second end and the second of said end pieces and 

While insulating sleeve 5 has been shown and is said second sleeve end and second end pieces 
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comprise extension poles of said permanent mag 
net, a paramagnetic plunger in said tube, said 
plunger carrying a striker rod on one end thereof, 
said rod projecting from One end of said tube and 
terminating in a striking tip, a gong, means 
mounting said gong opposite said striking tip, 
and spring means positioning said plunger with 
in said tube in a rest position wherein One end 
of said plunger is radially within one of said ex 
tension poles and the other end of said plunger 
is longitudinally spaced from the other of said 
extension poles and said striking tip is spaced 
from said gong. 

3. In an alternating current solenoid operated 
signal mechanism, a solenoid winding, a pair of 
end pieces of paramagnetic material each at one 
end of said solenoid, said end pieces each compris 
ing at least two Overlapping members of which at 
least one has ears, means of paramagnetic ma 
terial bridged across said end pieces exteriorly of 
said solenoid and engaged at its ends by said 
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ears, means of non-magnetic material forming 
a channel through the center of said solenoid and 
extending coaxially therewith, a paramagnetic 
sleeve surrounding said channel and positioned in 
an annular space between said non-magnetic 
channel-forming means and said winding, one 
end of said sleeve being in contact with one of 
said end pieces and the other end of said sleeve 
being spaced from the other of said end pieces, 
whereby an air gap is provided within said sole 
noid of shorter length than said solenoid, and a 
plunger of magnetic material slidable in said 
channel and coacting with said air gap. 

4. An alternating current striker-actuating 
mechanism for audible signals comprising, a sole 
noid winding having an internal coaxial bore, a 
tubular guide member extending through said 
bore and having a lesser diameter than said bore 
to provide therebetween an annular space, a 
pair of paramagnetic end pieces at the ends of 
said winding surrounding said guide member, an 
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annular extension of paramagntic material exe 
tending from one of said end pieces toward the 
other of said end pieces and positioned in said 
annular space between said winding and said 
guide member, said extension terminating inter 
mediate of the ends of said winding, a paramag 
netic element bridging said end pieces outside said 
winding, a paramagnetic plunger within said 
tubular guide member and striking means cons 
nected thereto and projecting from said guide 
member. 

5. An alternating current striker-actuating 
mechanism for audible signals comprising, an 
alternating current solenoid winding, a non 
magnetic tubular guide member extending 
through the central axis thereof, a pair of para 
magnetic end pieces at the ends of said winding 
surrounding said guide member, an annular ex 
tension of paramagnetic material extending from 
one of said end pieces toward the other of said 
end pieces between said winding and said guide 
member, said extension surrounding said tabular 
guide member and terminating intermediate of 
the ends of said winding, a paramagnetic element 
bridging said end pieces outside said winding, a 
paramagnetic plunger within said tubular guide 
member and striking means connected thereto 
and projecting from said guide member, said an 
nular extension having a cross-section at least as 
great as the cross-section of said plunger. 

6. An alternating current striker-actuating 
mechanism for audible signals, comprising, a 
non-magnetic base, a coil form having a coaxial 
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bore therein, an alternating current solenoid 
winding on said form, a non-magnetic tube ex 
tending into the bore of said form, a pair of plate 
like paramagnetic end pieces disposed against the 
ends of said form and embracing said tube, said 
end pieces extending beyond the edges of said 
form, a permanent magnet bar outside said wind 
ing extending between said end pieces parallel 
to the axis of said form, means securing said end 
pieces to said base and holding said magnet be 
tween said end pieces, a paramagnetic sleeve in 
side said coll form surrounding said tube, said 
sleeve engaging one of said end pieces and being 
axially spaced from the other of said end pieces, 
a paramagnetic plunger in said tube and carrying 
striking means projecting from one end of said 
tube, and spring means within said tube for 
bringing said plunger to a rest position partially 
bridging the air gap between said sleeve and said 
other end piece. 

7. An alternating current striker-actuating 
mechanism for audible signals, comprising, in 
combination, a base of non-magnetic material, 
a coil form, an alternating current solenoid wind 
ing on said form, a non-magnetic tube extending 
through the central axis of said form, a pair of 
plate-like paramagnetic end pieces disposed 
against the ends of said form and embracing said 
tube, said end pieces extending beyond the edges 
of said form, a bar magnet outside said winding 
extending between said end pieces parallel to the 
axis of said form, means securing said end pieces 
to said base and holding said magnet between 
said end pieces, a paramagnetic plunger in said 
tube and carrying striking means projecting from 
One end of said tube, a paramagnetic sleeve inside 
said coil form and extending part way from one 
of said end pieces toward the other end piece 
and leaving an air gap between it and the other 
end piece and spring means within said tube for 
bringing said plunger to a rest position partially 
bridging the air gap between said sleeve and said 
other end piece, shoulder means within the ends 
of said tube, said spring means comprising a pair 
of conically-shaped coll springs having their 
large bases disposed respectively against said 
shoulders and their small bases disposed respec 
tively against the ends of said plunger, said 
plunger having centering means on the ends 
thereon for centering the ends of said springs 
with respect thereto. 

8. An alternating current gong comprising, in 
combination, a base plate, a cup-shaped gong 
mounted on said base plate with its mouth facing 
said plate, and a solenoid-actuated striker mech 
anism nested beneath said gong, said mechanism 
comprising a coll form, a solenoid winding there 
On, a non-magnetic tube extending through the 
axis thereof, a pair of plate-like steel end pieces 
disposed against the ends of said form and en 
bracing said tube, a bar magnet alongside said 
form with its poles in engagement with said end 
pieces, a steel sleeve surrounding said tube with 
in said form with one end thereof in engagement 
with one of said end pieces and the other end 
thereof terminating within said form and spaced 
from the other of said end pieces, a steel plunger 
slidable within said tube and a striker rod pro 
jecting from one end of said plunger and out of 
one end of said tube to a position spaced from 
the rim of said gong, shoulder means within the 
ends of said tube and a pair of coil springs within 
said tube having their ends disposed respectively 
against said shoulder means and the ends of said 
plunger, one end of said tube terminating subs 
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stantially at that one of said end pieces with 
which said sleeve is in engagement and one of 
Said Springs being disposed predominantly radi 
ally within said sleeve, whereby said striker mech 
anism can be disposed beneath said gong. 

9. In an alternating current striker-actuating 
mechanism for audible signals, a support mem- . 
ber, a pair of steel end pieces mounted thereon 
in Spaced relation with an axially aligned sole 
noid winding and tubular permanent magnet 
interposed therebetween, a plunger tube extend 
ing through said Solenoid and magnet, a para 
magnetic plunger within said tube, a striker rod 
On Said plunger extending out of one end of said 
tube, and Spring means positioning said plunger 
within Said tube. 

10. In an alternating current striker-actuating 
mechanism for audible signals, a support men 
ber, a pair of steel end pieces mounted thereon 
in Spaced relation with an axially aligned solenoid 
winding and tubular permanent magnet inter 
posed therebetween, a plunger tube extending 
through said solenoid and magnet, a paramag 
netic plunger Within Said tube, a striker rod On 
Said plunger extending out of one end of said 
tube, and spring means positioning said plunger 
within said tube, and a steel sleeve Surrounding 
said tube within said winding with One end 
thereof adjacent an end of Said magnet. 

11. An alternating current striker mechanism 
comprising a tubular guide member slidably hous 
ing therein a reciprocable plunger and Spring 
means for urging the plunger outwardly, an al 
ternating current solenoid winding disposed 
around said guide member, a pair of end pieces 
of paramagnetic material disposed at the ends 
of said winding, a bar-type of permanent magnet 
adjacent and at one side of said winding and hav 
ing its poles in contact with said end pieces, and 
an annular extension of paramagnetic material 
extending from one of said end pieces toward the 
other of said end pieces between said winding and 
Said guide member, said extension terminating 
intermediate the ends of said winding and co 
acting to form an axially extending gap for flux 
produced by Said Solenoid Winding and for flux 
from said permanent magnet, said plunger co 
acting with Said flux. e 

12. In a device of the kind described the com 
bination of a solenoid winding and a paramag 
netic plunger reciprocably mounted therein, end 
pieces of para-magnetic material extending across 
the ends of the solenoid, a sleeve of para-magnetic 
material extending from one of said end pieces to 
Ward the other of Said end pieces, around the said 
plunger and with its internal surface of greater 
diameter than said plunger and with its end 
spaced axially from the said other of said end 
pieces to form therebetween an axially extending 
gap, and Spring means positioning said plunger 
within Said Solenoid with an end of the plunger 
axially Spaced from one end of said gap, said 
end pieces being extended radially beyond said 
Solenoid to receive and contact with the respec 
tive ends of a bar magnet. 

13. In an alternating current reciprocating 
motor unit a Solenoid Winding having an axial 
bore and an internal non-magnetic sleeve re 
ceived in said bore and partially closed at its ends, 
a permanent magnet in the form of an elongated 
bar with its longitudinal axis coincident with 
the axis of said sleeve and producing a unidirec 
tional flux that extends axially along Said bore, 
a soft iron core within said sleeve, a first resilient 
means interposed between the soft iron core and 
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14 
One end of the sleeve, the soft iron core being 
axially displaceable in said sleeve and being 
provided with an axial extension extending to 
the exterior of said sleeve, a second resilient 
means Surrounding said extension and bearing 
against the other end of said sleeve and a portion 
of the said soft iron core nearest the end of said 
sleeve through which the extension projects, and 
holding means for fixing the permanent magnet 
bar positioning it coaxially of said bore and with 
a pole face extending transversely of the axis of 
the bore whereby its flux extends axially along 
the bore and energization of the winding of said 
Solenoid by alternating current causes reciprocat 
ing movement of said axial displaceable core. 

14. In an alternating current reciprocating 
motor unit a Solenoid winding having an axial 
bore, a non-magnetic sleeve received in said 
bore, a paramagnetic plunger mounted for re 
ciprocation within said sleeve, said plunger com 
prising a core having an extension projecting 
from one end of the sleeve, spring means between 
the ends of Said plunger and the ends of said non 
magnetic sleeve respectively, end pieces of para 
magnetic material extending across the ends of 
the Solenoid, said end pieces being extended 
radially beyond and to one longitudinal side of 
the Solenoid, and a permanent magnet in the 
form of a straight bar extending along said side 
of Said Solenoid and having pole faces at its op 
posite ends, said magnet bar bridging between 
and being received between the said extended 
portions of Said end pieces, and a sleeve of para 
magnetic material extending from one of said end 
pieces into said bore and around said non-mag 
netic sleeve and terminating in spaced relation 
from the other of said end pieces and coacting 
therewith to form an axial gap into which said 
paramagnetic core extends. 

15. An alternating current synchronously-re 
Sponsive striker-actuated signalling mechanism 
comprising in combination an impact signal ele 
ment, a Solenoid winding defining an axially ex 
tending channel having a reciprocable paramag 
netic plunger therein and having related thereto 
the Spaced pole extensions of a permanent bar 
magnet for producing a unidirectional magnetic 
field in Said channel of a strength to produce a 
magnetic effect Substantially greater than that 
produced by said solenoid winding at the peak 
value of the alternating current cycle energizing 
it, said plunger having a striker rod projecting 
out of one end of said channel to strike said signal 
element, and Spring means acting axially upon 
Said reciprocable plunger and having a non 
linear characteristic between force and deflection 
to make up in substantial measure for the non 
linear relation between plunger displacement and 
magnetic force exerted by said unidirectional 
field on the plunger, said non-linear spring means 
yielding to the pull exerted on the plunger when 
in one half-cycle of energization of said winding 
the flux of the latter aids the flux of said per 
manent magnet Whereby the plunger and striker 
move in One direction and said spring means 
overcoming the pull exerted on the plunger when 
in the other half-cycle the flux of the winding 
opposes the flux of said permanent magnet 
whereby said plunger and striker move in opposite 
direction, Said non-linear spring means coacting, 
during de-energization of said winding, with the 
pull exerted by Said permanent magnet flux 
alone to position said plunger within said chan 
nel relative to said pole extensions. 

16. An alternating current striker-actuating 



a,601,855 
mechanism for audible signals comprising in 
combination a pair of paramagnetic end pieces 
mounted in spaced relation with an axially 
aligned solenoid winding, and permanent magnet 
means interposed therebetween, said solenoid 
winding defining a channel, a paramagnetic 
plunger within said channel, a striker rod on 
said plunger projecting outwardly from said 
winding through one of said end pieces, and spring 
sneans positioning said plunger in said channel, 
said permanent magnet means surrounding said 
channel and having an end in contact with one of 
said end pieces. 

17. In an alternating current reciprocating 
motor unit, a solenoid winding having an axial 
bore and an internal non-magnetic sleeve re 
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ceived in said bore, a permanent bar magnet Co- - 
axially aligned with said bore endwise so that flux 
from an end thereof extends into said bore, a 
paramagnetic plunger reciprocably mounted 
within said sleeve for movement in reversible 
strokes to move one plunger end toward and 
away from said end of said coaxially aligned 
permanent bar magnet and having an axial ex 
tension extending to the exterior of said sleeve, 
the end of said sleeve through which said ex 
tension projects being provided with apertured 
retaining pneans, and spring means positioning 
said plunger within said sleeve. 

18. An alternating current striker-actuating 
mechanism for audible signals comprising a sole 
noid winding defining an axially extending 
channel and producing when energized a mag 
netic field that extends along said channel, means 
comprising a permanent magnet for producing a 
unidirectional magnetic field in said channel, a 
paramagnetic plunger within said channel and 
having means guiding it for axial reciprocating 
movement along the axis of said channel, a 
striker rod on said plunger projecting out of one 
end of said channel, and non-linear spring 
means positioning said plunger axially within 
said channel. 

19. In an alternating current solenoid operated 
signal mechanism a support member for a form 4: 
to receive a solenoid winding, a form for a sole 
noid winding supported on said support member, 
a solenoid winding on said form, a pair of end 
pieces of paramagnetic material at the ends of 
said solenoid, a channel through the center of 
said solenoid, a sliding paramagnetic plunger in 
said channel, non-linear spring means position 
ing said plunger in said channel, a paramagnetic 
sleeve surrounding said channel inside said sole 
noid winding, one end of said sleeve being in con 
tact with one of said end pieces and the other 
end of said sleeve being spaced from the other of 
said end pieces whereby an air gap is provided 
within said solenoid of shorter length than said 
solenoid. 

20. A device of the character described con 
prising a solenoid winding having an axial bore, 
said solenoid winding when energized producing 
a magnetic flux that extends along said bore and 
in the direction of the axis thereof, permanently 
magnetized means producing a unidirectional 
continuous magnetic field and having a fluk 
guiding face that is positioned substantially co 
axially with said bore and at a point lengthwise 
of the axis of said winding so that the flux of said 
unidirectional magnetic field extends along said 
bore and throughout at least a portion of the 
length of the axial path of flux produced by said 
winding, a paramagnetic plunger for axial con 
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having an end coacting with said flux-guiding 
face for flow therebetween of flux from said uni 
directional field, and means guiding said plunger . 
for axial movement thereof lengthwise of the 
axis of said bore and in reversible strokes where 
by said end of the plunger is movable toward and 
away from said flux-guiding face, said guiding 
means comprising means exerting axially directed 
yieldable force upon said plunger and coacting to 
position the plunger with said one end thereof 
spaced from said flux-guiding face and to hold it 
in such position against the axial pull exerted 
thereon by the flux of said unidirectional mag 
netic field alone. 

21. A device as claimed in claim 20 in which 
said permanent magnet means comprises an 
elongated permanet bar magnet having means 
supporting it coaxially with said bore, said flux 
guiding face comprising One end face of said 
bar magnet. 

22. A device as claimed in claim 20 in which 
said plunger-guiding means comprises a tube 
coaxial with said bore and said permanently 
magnetized means comprises an elongated cylin 
drical permanent bar magnet having a surface 
of revolution of the same radius as one of the 
surfaces of said plunger-guiding tube, said bar 
magnet and said tube being interfitted one within 
the other, and said flux-guiding face comprising 
one end face of said cylindrical bar magnet. 

23. A device as claimed in clan 20 in which 
said plunger-guiding means comprises a tube co 
axial with said bore and projecting from One end 
of said solenoid winding, said permanently mag 
netized means comprising an elongated cylin 
drical permanent bar magnet interfitted with and 
carried by said tube, the end face of said cylin 
drical bar magnet that is remote from said wind 
ing being positioned adjacent the outer end of the 
projecting portion of said tube and said flux 
guiding face comprising the other end face 
thereof. 

24. A device as claimed in claim 20 in which 
said permanently magnetized means comprises a 
solid elongated permanent bar magnet, and 
means mounting it in coaxial alignment with said 
solenold winding, said flux-guiding face com 
prising that end face of Said bar magnet that is 
nearest the center of the axial dimension of said 
winding, the other end face thereof being ex 
El of said winding and axially spaced there 
O. 
25. A device as claimed in claim 20 in which 

said permanently magnetized means comprises a 
permanent magnet having a sleeve-like pole piece 
element substantially coaxial with said winding 
and extending into said bore, said flux-guiding 
face comprising one of the annular end faces of 
said sleeve-like element and said guiding means 
comprising a member extending into said sleeve 
like pole piece element. 

26. A device as claimed in claim 20 in which 
said permanently magnetized means comprises 
a permanent magnet having means mounting it 
externally of said winding, said permanent mag 
net being provided with two pole pieces positioned 
in spaced relation along the axis of said winding, 
said flux-guiding face comprising a surface of 
one of said pole pieces and coacting with the 
other pole piece to bridge the axial space there 
between with magnetic flux that comprises the 
aforesaid unidirectional magnetic field. 

27. A device as claimed in claim 20 in which 
said permanently magnetized means comprises 

duction of flux produced by said winding and 75 a permanent magnet having means mounting it 
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externally of said winding, said permanent mag 
net being provided with two pole pieces spaced 
along the axis of said winding, one of said pole 
pieces being in the form of a sleeve-like element 
extending into said bore, said flux-guiding face 
comprising a surface of one of said pole pieces 
and coacting with the other pole piece to bridge 
the axial spcae therebetween with magnetic flux 
that comprises the aforesaid unidirectional mag 
netic field. 

28. A device as claimed in claim 20 in which 
said permanently magnetized means comprises a 
permanent magnet external of said winding and 
provided with two pole pieces spaced apart along 
the axis of said winding, each of said pole pieces 
comprising a sleeve-like element of which one 
extends toward the other, said flux-guiding face 
comprising the inner end face of one of said 
sleeve-like elements and coacting with the other 
sleeve-like element to bridge the axial Space 
therebetween with magnetic flux that comprises 
the aforesaid unidirectional magnetic field. 

29. A device of the character described con 
prising a solenoid winding having an axial bore, 
said winding when energized producing a mag 
netic flux that extends along said bore and in 
the direction of the axis thereof, permanent 
magnet means producing a unidirectional con 
tinuous magnetic field and having a flux-guiding 
face that is positioned substantially coaxially 
with said bore and at a point lengthwise of the 
axis of said winding so that the flux of said uni 
directional magnetic field extends along said bore 
and throughout at least a portion of the length 
of the axial path of flux produced by said wind 
ing, a plunger of magnetic material within said 
bore, and means for guiding said plunger for 
movement substantially axially along said bore 
and in directions toward and away from said 
flux-guiding face, said guiding means compris 
ing spring means operating upon said plunger to 
position the latter with one end spaced from said 
flux-guiding face and hold it in equilibrium 
against the axial pull exerted thereon by the 
magnetic field produced by said permanent-mag 
net means alone and adapted to yield when said 
equilibrium is upset by the pull exerted on said 
plunger by both said magnetic field and the mag 
netic flux produced by said winding, said Spring 
means having a non-linear relationship between 
force and deflection to substantially compensate 
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for the non-linear relationship between the force 
exerted by said unidirectional magnetic field 
alone and the distance of travel of said plunger 
throughout at least a substantial portion of the 
working stroke of the plunger, whereby the re 
sultant of the spring force and the pull of said 
unidirectional magnetic field alone, on said 
plunger, is substantially a linear function of said 
distance of plunger travel. 

30. A device as claimed in claim 20 in which 
said permanent magnet means comprises an elon 
gated permanent bar magnet and a pole piece 
having means supporting them. With one pole face 
of said bar magnet and a face of said pole piece 
coaxial with said bore and in spaced relation 
along the axis of said winding and with the other 
pole face of said bar magnet in flux-conductive 
connection with said pole piece, said flux-guiding 
face toward and away from which said plunger 
is axially movable comprising one of Said faces. 

31. A device as claimed in claim 20 in which 
said permanently magnetized means comprises 
a permanent bar magnet having means mounting 
it externally along a side of said winding with its 
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axis substantially parallel to the axis of said 
winding, said permanent magnet being provided 
with two pole pieces positioned in spaced relation 
along the axis of said winding, said flux-guiding 
face comprising a surface of one of said pole 
pieces and coacting with the other pole piece to 
bridge the axial space therebetween with mag 
netic flux that comprises the aforesaid unidirec 
tional magnetic field, said two pole pieces having 
parts that extend in spaced relation to said side 
of said winding and said permanent bar magnet 
mounting means comprising said pole piece parts 
and a Support of non-magnetic material for Sald 
pole piece parts with means for Securing Said pole . 
piece parts thereto in said spaced relation, said 
spaced pole piece parts having holding portions 
which are interfitted respectively with the two 
end portions of said permanent bar magnet and 
which are held against movement away from Said 
end portions upon Securing said pole piece parts 
in Said Spaced relation to said support. 

32. A device as claimed in claim 20 provided 
with a plate-like Support of non-magnetic ma 
terial and in which said permanently magnetized 
means comprises a permanent magnet bar with 
One side thereof resting against Said support 
externally of said winding, said permanent mag 
net being provided with two pole pieces posi 
tioned in spaced relation along the axis of Said 
winding, said flux-guiding face comprising a Sur 
face of one of said pole pieces and coacting with 
the other pole piece to bridge the axial space 
therebetween with magnetic flux that comprises 
the aforesaid unidirectional magnetic field, said 
pole pieces comprising plate-like parts that ex 
tend therefrom to Said side of said winding, said 
plate-like parts having flange-like elements over 
lapping the opposite side of said permanent mag 
net bar, and means securing said plate-like parts 
to Said plate-like Support in said spaced relation 
and by Said flange-like elements hold said bar 
magnet against Said plate-like support. 

33. A device as claimed in claim 20 provided 
with a plate-like Support of non-magnetic ma 
terial and in which said permanently magnetized 
means comprises a permanent magnet bar with 
its bottom side resting against said plate-like 
Support, Said permanent magnet being provided 
With two pole pieces positioned in spaced relation 
along the axis of Said winding, at least one of 
Said pole pieces being apertured substantially co 
axially with said bore of said winding and sald 
plunger-guiding means comprising a non-mag 
netic tube within said bore to carry said winding 
and slidably supporting said plunger therein, said 
tube extending through and interfitted with said 
apertured pole piece and having means support 
ing it from the other pole piece and for holding 
it against lengthwise movement, said flux-guiding 
face comprising a surface of one of said pole 
pieces and coacting with the other pole piece to 
bridge the axial space therebetween with mag 
netic flux that comprises the aforesaid unidirec 
tional magnetic field said pole pieces having 
plate-like portions which extend in spaced rela 
tion toward said permanent magnet bar and 
which are provided with flange-like means over 
lapping top portions of said permanent magnet 
bar, and means coacting to secure said plate-like 
portions in Said Spaced relation to said non 
magnetic plate-like Support and thereby main 
tain said flange-like elements in said overlapping 
relation to Said permanent magnet bar and to 
form rigid Spaced Supports for said tube and 
Winding, 
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34. A device as claimed in claim 20 provided 
with a plate-like support of non-magnetic ma 
terial and in which said permanently magnetized 
means comprises a permanent magnet bar ex 
ternal of said winding and extending parallel 
thereto, said permanent magnet bar resting 
against said plate-like support and said support 
being provided with spaced upstanding parts be 
tween which said magnet bar is received and 
held against shift toward or away from Sald 
winding, said permanent magnet bar being pro 
vided with two pole pieces having plate-like por 
tions in flatwise flux-conductive engagement with 
the respective ends of said magnet bar, said pole 
pieces being positioned in spaced relation along 
the axis of said winding, said flux-guiding face 
comprising a surface of one of said pole pieces 
and coacting with the other pole piece to bridge 
the axial space therebetween with magnetic flux 
that comprises the aforesaid unidirectional mag 
netic field, and means securing said plate-likes. 
portions in spaced relation to said plate-like sup 
port and in engagement with the respective ends 
of said permanent magnet bar thereby to hold 
the latter against shift in a direction parallel to 
said winding, said plate-like portions having 
flange-like elements overlying said permanent 
magnet bar and holding it against shift in a di 
rection away from said plate-like support. 

35. A device as claimed in claim 20 in which 
said permanently magnetized means comprises a 
permanent magnet external of said winding and 
provided with two pole pieces spaced apart along 
the axis of said winding, each of said pole pieces 
comprising a sleeve-like part each received into 
an end of said bore of said winding and ter 
minating internally thereof in axially Spaced re 
lation and a part external of Sald winding and 
each in flux-conductive connection with a pole 
of said external permanent magnet, said flux 
guiding face comprising an inner end face of One 
of said sleeve-like parts and coacting with the 
other sleeve-like part to bridge the axial space 
therebetween with magnetic flux that comprises 
the aforesaid unidirectional magnetic field, and 
means of non-magnetic material axially aligning 
said two spaced pole pieces, the other end of said 
paramagnetic plunger extending into said other 
sleeve-like part for flow of permanent magnet 
flux radially therebetween and said plunger hav 
ing a coaxial operator part that extends exter 
nally beyond One of Said pole pieces. 

36. A device as claimed in claim 20 in which 
said permanently magnetized means comprises 
a permanent bar magnet having means mount 
ing it externally and at one side of said winding, 
said permanent bar magnet being provided with 
two pole pieces having portions that extend to 
the respective ends of Said bar magnet, said two 
pole pieces being positioned in spaced relation 
along the axis of said winding, said flux-guiding 
face comprising a surface of One of Sald pole 
pieces and coacting with the other pole piece to 
bridge the axial space therebetween with mag 
netic flux that comprises the aforesaid unidirec 
tional magnetic field, said permanent bar magnet 
mounting means comprising said pole piece por 
tions and a support of non-magnetic material 
with means securing said pole piece portions 
thereto in said spaced relation, said spaced pole 
piece portions having means extending toward 
each other for engaging side portions of said 
bar magnet at the respective ends thereof and 
held in engagement therewith and against end 
wise separating movement therefrom upon sea. 

O 

s 

20 

25 

30 

35 

45 

50 

70 

s 

20 
curing said pole piece portions to said support. 

37. A device as claimed in claim 20 in which 
Said permanently magnetized means comprises 
a permanent Solid-bar magnet with plane pole 
faces having means mounting it externally of 
said winding, said permanent bar magnet being 
provided with two pole pieces having parts that 
are in respective flux-conductive engagement 
with said pole faces, said two pole pieces being 
positioned in spaced relation along the axis of 
said winding, one of said pole pieces having a 
round coaxial aperture therein of greater diam 
eter than that of said plunger and the other 
pole piece extending coaxially therewith into said 
bore from one end of said winding and ter 
minating in axially spaced relation from the 
other pole piece, said flux-guiding face toward 
and away from which said plunger is movable 
comprising a surface of one of said pole pieces 
and coacting with the other pole piece to bridge 
the axial space therebetween with magnetic flux 
that comprises the aforesaid unidirectional mag 
netic field, 

38. A device as claimed in claim 20 in which 
Said permanently magnetized means comprises 
an elongated tubular permanent bar magnet and 
a pole piece having means supporting them in 
relation to Said winding with one pole face of 
Said tubular bar magnet and a face of said pole 
piece coaxial with said bore and in spaced rela 
tion along the axis of Said winding, said flux 
guiding face toward and away from which said 
plunger is movable comprising said face of said 
pole piece, a portion of said plunger extending 
into that portion of said tubular magnet adjacent 
Said pole face and being radially spaced there 
from for reciprocating movement relative thereto, 
Said pole piece having flux-conductive connec 
tion with the other pole face of said permanent 
tubular bar magnet. 

39. A device as claimed in claim 20 in which 
said permanently magnetized means comprises 
a Solid elongated permanent bar magnet and a 
pole piece having means supporting them in re 
lation to Said winding with one pole face of said 
bar magnet and a face of Said pole piece coaxial 
with said bore and in spaced relation along the 
axis of Said winding, said flux-guiding face 
toward and away from which said plunger is 
movable comprising said pole face of said bar 
magnet and Said pole piece being apertured and 
receiving therein and radially spaced therefrom 
a portion of said plunger for reciprocating move 
ment relative thereto, said pole piece having flux 
conductive connection with the other pole face 
of Said permanent bar magnet. 
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