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This invention relates generally to electromagnetic 
vibrators. More specifically it relates to small vibrators 
especially adapted for use as the time base of smaller 
timepieces, although the invention is not limited to such 
usage only. 

Hitherto various tuning fork- and tuning bar type vibra 
tors have been proposed and find considerable use, espe 
cially in the timepiece industry. 

Conventional vibrators do not, however, provide the 
precise isochronism necessary for use as time bases, on 
account of incomplete obviation of position errors and 
easy disturbance of the resonance frequency in the pres 
ence of outside vibrations. In addition, an inherent draw 
back in conventional vibrators of the kind referred to is 
insufficient sharpness of the resonance frequency. 
Further, reactive forces induced are not balanced out in 
the vibrating system, but are dissipated externally, which 
results, naturally, in a high consumption of the input 
power. When the vibrator is used with a battery-powered 
timepiece, a lower power consumption is also of the ut 
most importance. Unbalanced arrangements of vibrat 
ing masses and the like cause inherent to the conventional 
Small vibrators give rise to development of considerable 
noise, which is a further drawback to be noted. Almost 
all of the conventional electromagnetic vibrators for use 
with transistorized timepieces must be fitted with a manual 
starter So as to provide initial energizing torques to the 
vibrator for the initiation of oscillation, to an extent suf 
ficient to bring about a resonant oscillation. 
A main object of the invention is therefore to provide 

an efficient and novel electromagnetic vibrator capable 
of Substantially obviating possible position errors, thereby 
to realize a highly stabilized, constant frequency of oscil 
lation of the vibrator. 
A further object is to provide a unique vibrator of the 

kind above referred to which is highly stable in its fre 
quency characteristic even in the presence of disturbing 
vibrations having an external origin. 
A further object is to provide a novel vibrator of the 

kind above referred to which is capable of suppressing 
vibration noises. 

Still a further object is to provide an improved vibrator 
of the kind above referred to which requires no manual Starting means. 

These and other objects and advantages of the invention 
may be readily ascertained by referring to the following 
description and illustration in which: 

FIG. 1 is a schematic top plan view of a preferred em 
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bodiment of the vibrator assembly of the invention, ill 
lustrating a transistor amplifier schematically in block 
form; 
FIG. 2 is an end elevation view of the vibrator proper, 

as viewed from the left-hand side of FIG. 1 and rotated 
through 90; 

FIG. 3 is a side elevation view of one vibrator looking 
toward the outside of FIG. 1, with the magnetic arma. 
ture and its drive coil omitted for simplification, the en 
tire figure being rotated through 90°; 

FIG. 4 is a wiring diagram of the transistor amplifier 
shown only by a rectangular block in FIG. 1; 

FIGS. 5A and 5B illustrate two modes of vibration as 
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executed by the vibrator assembly shown in FIGS. 1, 2 
and 3; 

FIG. 6 is a schematic representation of the working 
mode of a conventional tuning fork oscillator; 

FIG. 7 is a schematic representation, similar to that 
shown in FIG. 6, illustrating the working mode of the 
vibrator assembly constructed according to the preferred 
embodiment of the invention; 

FIG. 8 is a schematic perspective view of a second em 
bodiment of the invention, somewhat modified from that 
shown in FIGS. 1, 2, 3, 5 and 7; 

FIG. 9 is a top plan view of part of a further modified 
embodiment of the invention, shown as partially sec 
tioned; 

FIG. 10 is a front elevation view of the vibrator shown 
in FIG. 9; and 

FIG. 11 is a schematic view of the vibrator shown in 
FIGS. 9 and 10, illustrating the dynamic performance of 
the vibrator. 

Referring now to the accompanying drawings, espe 
cially FIGS. 1-5, a first embodiment of the invention will 
be described in detail. 

In FIGS. 1 and 2, numeral denotes a vibrator ele 
ment having a generally rectangular configuration formed 
with an open gap 1a and an inside open area b. Such 
configuration is, however, only illustrative and various 
other geometrical forms can be employed as occasion may 
desire. The element 1 made from a metal strip, espe 
cially of a magnetic material. Another vibrator element 
2 has a similar configuration and is made from the same 
metal strip as the first element 1, and arranged physically 
in opposition thereto, but separated a considerable dis 
tance therefrom. 3 denotes a resilient mounting member 
made from a spring strip into a generally E-shape. The 
free extreme ends of the two outer and longer limbs 3a 
and 3b are fixedly attached to the base chord 1c of the 
element 1 as by sticking, fusing, riveting, or the like con 
venient conventional means (see FIG 3). Another sub 
stantially identical member 4, identical with member 3, 
is similarly fixed to the other vibrator element 2. Per 
manent magnets 5 and 6, preferably shaped as rigid cyl 
inders having identical dimensions, are stuck onto the 
Surfaces of the base chords of the vibrator elements 1 
and 2 opposite to those to which the lead plates are 
fixedly attached as above mentioned. Sensing coil 7 and 
drive coil 8 are physically united into an assembly and 
adapted to cooperate electromagnetically with the mov 
able magnet 5, which assembly is fixedly mounted on a 
Stationary bracket 14, although the fixing means are not 
shown. In turn, bracket 14 is mounted fixedly, by means 
of a set screw 16, on a conventional mounting or frame 
plate 18 as shown. Another drive coil 9 is arranged to 
electromagnetically cooperate with magnet 6 and mounted 
fixedly on a stationary bracket 15 which, in turn, is fixed, 
by means of a set screw 17, on the plate 18. The central 
tongues of the both lead plates 3 and 4 are fixedly at 
tached, intermediate their ends, to a common Support 12, 
by means of respective fixing screws 10 and 11. Support 
12 is fixed on the plate 18 by means of a set screw 13. A 
conventional transistor amplifier 19, shown in FIG. 1 
Schematically only by a rectangular block, is electrically 
connected to coils 7, 8 and 9 as illustrated in FIG. 4. The 
amplifier 19 is, by way of example, the emitter-earthed 
type which may be replaced by any conventional ampli 
fier known to those skilled in the art. Thus, the invention 
is not to be limited to the specific amplifier illustrated. 
The first vibrating system, comprising members 1, 3 and 

5, and the Second, comprising similar members 2, 4 and 6, 
have such arrangements and dimensions that they have 
exactly or Substantially one and the same natural fre 
quency of vibration and oscillate in the opposite sense 
relative to each other. 
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When a slightest vibration is given from outside to the 
first vibrator element 1, the attached magnet 5 is caused to 
oscillate correspondingly, which causes in turn to induce 
a voltage in the sensor coil 7. This induced Voltage is 
amplified by means of the amplifier 19, including transis 
tor 20, current source 2, condensers 22 and 23 and re 
sistor 24, and applied to drive coils 8 and 9, respectively, 
so as to accelerate the initiated vibration above men 
tioned. This accelerating will continue until the both vi 
brating systems attain and maintain the common natural 
frequency. In this case, both vibrating systems seem gen 
erally to oscillate as if they were the two fork elements of 
a tuning fork; yet there are considerable differences from 
the standpoint of the mode and characteristics of vibra 
tion, as will become apparent from the following descrip 
tion. 
The vibration-participating members 1, 3 and 5 of the 

first system and those 2, 4 and 6 of the second system are 
so designed and dimensioned that the centers of gravity 
of the two systems will fall precisely or substantially upon 
the centers of oscillation, thus providing minimized posi 
tion errors. In adidition, the two vibration systems are so 
arranged that they oscillate in phase opposition to each 
other. Thus, although reactions induced by the vibrating 
members of both systems will be transmitted to the com 
mon support 12, they substantially cancel each other, 
thereby minimizing possible propagation of the vibration 
energy from the support 12 to the frame plate 18 and, 
at the same time, increasing amazingly the sharpness of 
resonance, generally denoted “Q' by those skilled in the 
art, on the one hand, and substantially obviating possible 
support errors, on the other hand. These characteristics 
are of great value especially when considering battery 
powered smaller timepieces where the current source is 
highly valuable and an elongation in its durable life is 
of utmost importance. 
FIGS. 5A and 5B represent schematically the vibrating 

modes of the vibrator assembly according to this inven 
tion. In each of these figures, chain lines N indicate the 
stationary positions of the two vibrating systems, while 
a traversing chain line N' denote the center line about 
which the vibrating systems oscillate. As already men 
tioned, the vibration-pertaining masses of each of the two 
Systems are so designed and dimensioned that the centers 
of gravity thereof fall upon these lines. In FIG. 5, the 
vibrating elements have been drawn in an enlarged scale 
five times the practical sizes. For reference, the actual 
Weight of the vibration-pertaining masses of each system 
amounts to about .2 gram, and the whole weight of the 
assembly is 2.8 grams. 

Considerable differences between a tuning fork vibra 
tor and the novel vibrator according to the invention, 
when viewed from the theory of dynamics, will be de 
scribed now with reference to FIGS. 6 and 7. 

In FIG. 6, the conventional tuning fork vibrator will 
oscillate with nodes as at b and c. Vibrating forks d and 
e will oscillate about the centers or nodes c so as to fol 
low arc-shaped vibration paths. Thus, with use of this 
type of vibrator, it is absolutely impossibleto bring the 
center of gravity of either vibrating system d or e into 
coincidence with the respective center of oscillation c, so 
that adversely affecting propagation of reactive energy, 
induced by the oscillative movement of the masses, will 
inevitably be invited. In this case, a possible external 
vibration, when it takes place, will act strongly upon the 
natural frequency of the tuning fork so as to alter the 
vibration characteristics of the latter. It will be further 
clear that position errors are invited, which results natu 
rally in an unreliable time base. 
The vibrator assembly schematically represented in 

FIG. 7 comprises, as already described, two vibrating sys 
tems, each having its center of oscillation positioned at 
the neutral axis N', which systems oscillate in phase op 
position to each other, and the center of gravity of each 
system is situated exactly or substantially at the said axis, 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

30 

65 

4. 
whereby inherent drawbacks, such as described above in 
the conventional tuning fork, can be substantially obvi 
ated. 
A further advantage of the invention resides in that 

the vibrator may have a length ten and more times that 
of the corresponding tuning fork, resulting in a corre 
spondingly increased amplitude of vibration without in 
viting any loss of efficiency. 
As already mentioned, the sharpness of resonance, Q, 

can be highly increased in comparison of those attainable 
according to the conventional technique. As commonly 
known, the value Q may be expressed by the following 
formula: 

T=2.31 / log 9. Q; 2.3/ Og fn1 
wherein, 
8=slogarithmic damping coefficient; 
Tr=the circular constant; 
n=number of vibrations per second; 
y1=amplitude at the initial oscillation; and 
yn=amplitude at the (n-1)th oscillation. 
In practice, Q is determined by measuring the time inter 
val from the initiation of the vibration to a time point in 
which the amplitude amounts to one-half the original larg 
est value, and by use of the above formula. As com 
monly known, the higher the Q-value, the smaller will be 
the energy consumed, and the more accurate the fre 
quency characteristic, there thus being obtainable a more 
efficient and reliable time base. 
By comparison, several numerical and experimental ex 

amples will be set forth as follows: 
When a tuning bar, 1.0 x 0.4 x 0.03 cm., of the canti 

lever type, was supported through the intermediary of 
suitable supporting means, such as a conventional time 
piece plate, on a piece of brass plate, 0.9 x 2.7 x 2.7 cm. 
(weight: 58 grams), and the Q-value amounted to about 
700. When the same vibrator attached to a conventional 
timepiece plate was placed on a sheet of foam rubber, 
3.0 x 5.0 x 6.0 cm. (weight: 2.5 grams) the Q-value 
amounted to 500. 
When a vibrator according to the invention, having 

dimensions, referred to FIG. 3, as follows: 
w'=1.8 mm.; was 4.0 mm.; l-10.0 mm. 
g=0.26 mm.; t (thickness)=0.3 mm. 
p=2.7 mm.; q=2.3 mm.; l'=7.0 mm. 
l'=4.4 mm.; h-1.2 mm.; i=0.65 mm. 
i=0.35 mm.; k=0.6 mm. 

was placed on the brass plate mentioned above, the Q 
value amounted to 1350. When the same vibrator is 
supported on the foam rubber sheet mentioned above, the 
Q-value was measured as 1300. Both examples show how 
efficiently the novel vibrator functions. 
A preferred embodiment of the transistor amplifier cir 

cuit, shown in FIG. 4, for driving the vibrator assembly 
So far shown and described, may have, by way of ex 
ample the following circuit data: v 

Transistor 20: 2SB-113, manufactured by Nippon Elec 
tric Company, Tokyo; condenser 22: 3af.; oscillation 
suppressing condenser 23: 0.002uf.; biasing resistor 24: 
5 megohms; sensing coil 7: 12up, 4053 turns, 5.44 kilohms; 
drive coil 8: 12tugb, 5076 turns, 6.81 kilohms; drive coil 9 
(same as before); current source 21: 1.5 volts; and fre 
quency of oscillation: 100 cycles. 
As an oscillation receiving member driven by the afore 

mentioned vibrator assembly, there may be a Cliford's 
escapement wheel which may be coupled electromagneti 

70 cally with both vibrator elements 1 and 2 at their open 
gaps, as at la, although the gap of the latter element is 
not shown. The Cliford's wheel is employed in this case, 
however, not as an escapement, but as a mechanical 
power generator energized by the vibrator assembly, when 
the inventive principles are: applied to the time base of a 
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watch. It is, however, to be noted that the vibration trans 
mitting means is not limited to the Cliford's wheel. For 
instance, a combination of resilient pushers, driven from 
the vibrating systems with a common sprocket wheel, may 
be employed. Further, the application of the invention 
should not be limited to timepieces and various other ap 
plications may also be conceivable. 
A modified embodiment of the invention is shown in 

FIG. 8. In this case, all the vibration-pertaining parts 
are made of a spring material, such as a Ni-Cr-Fe alloy, 
having a small linear thermal expansion coefficient and 
a small and practically constant temperature coefficient 
of elastic modulus. This may apply also to the first em 
bodiment shown in FIGS. 1-5. 
The vibrator of FIG. 8 consists of two vibrator ele 

ments, of which one comprises spring parts 31, 32 and 
33 fabricated from a strip and a vibrating mass M fixedly 
attached to the free end of the middle or longest limb 
32 of the united vibrator element which is shaped substan 
tially as an E. Another vibrator element, also shaped as 
an E has constituent spring parts 31, 32 and 33' and 
a vibrating mass M, corresponding in their design and 
function to those of the first element indicated with cor 
responding numerals with no primes. The free ends of 
the upper limbs of the two E's are bridged by a connecting 
strip 34 which is made integral with the limbs 31 and 31' 
and extends laterally of the longitudinal neutral axis of 
each of the vibrating systems. In a similar way, a fixing 
strip 35 bridges the free ends of the lowermost limbs 33 
and 33, in a lateral direction relative to the neutral 
axes, and is integral with the related limbs. The two 
vibrating systems are arranged symmetrically relative to 
a vertical neutral plane P, and a common fixing strip 35 
is fixed by means of a plurality of fixing screws 35a onto 
a stationary member, such as a timepiece plate, not 
shown. 

In a still further modified embodiment shown in FIGS. 
9 and 10, the vibrating masses or magnetic blocks are 
formed into a hollow cylinder 41 which is closed at one 
end by an end wall 37 provided with an integral central 
core 40 projecting inwardly from the wall. 

In both the vibrating arrangement shown in FIG. 8 
as including the masses M and M', and the vibrating ar 
rangement shown in FIGS. 9 and 10 and including the 
magnetic blocks in the form of a hollow cylinder with a 
core projection, the free ends 32b of the central limb 32a 
of the E-shaped mounting plates are enlarged. A perma 
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nent magnet plate 38, shaped substantially as an elongated . 
C, is permanently fixed at its closed end, by sticking or 
any other suitable technique, to the enlarged limb end 32b. 
Balance weights 43 and 44 are provided on the magnet 
plate 38 at a suitable position nearer to the open gap 38a 
of the plate. Members similar to those denoted with 38 
and 38a are also provided for the second vibrating sys 
tem are arranged symmetrically about the neutral plane P 
relative to those in the first vibrating system. These mag 
netic plates serve also as the driving members for the 
movements of a timepiece, as in the case of the first 
embodiment of the invention, when the principles of the 
invention are applied to the timepiece technique. For 
cooperation with each of the magnetic blocks, there is 
provided a drive coil 42 which is positioned fixedly on a 
stationary member, such as a timepiece plate, and elec 
trically connected with a transistor amplifier, as in the 
case of the first embodiment. The conventional sensing 
coil, as at 7 in FIG. 1, has been omitted from the draw 
ing for purposes of simplification thereof. 
When energized electromagnetically, the magnetic 

blocks are caused to oscillate in a manner similar to that 
described for the first embodiment. 
The two vibrating systems are energized, as in the pre 

ceding embodiment, so as to oscillate in phase opposition 
to each other, and thus both magnetic blocks will come 
nearer to each other at one time and separate from each 
other at another time, with equal amplitudes and frequen 
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cies and in a common horizontal vibration plane perpen 
dicular to the neutral plane P. 

It will be seen from the drawing that the connecting 
strip 34 has a considerable width and is separated a con 
siderable distance from the common fixing position of 
the two vibrating systems. The provision and arrange 
ment of connecting strip 34, rigidly connected between 
the two systems, contributes considerably to increasing 
the mutual dependency of the two vibrating systems. 
Thus the induced forces and turning moments in each 
strip may be compensated over a large range, so that a 
highly stable vibrator is assured. 

If, on the contrary, the pair of vibratory systems should 
be severed at the middle of the connecting strip and 
rigidly supported thereat by means of fixing screws or the 
like driven into the timepiece plate, considerable amounts 
of vibrating energy will be dissipated from the vibrators 
through such fixing means to the mounting plate, which 
phenomenon results in a considerable damping in the 
oscillative movement of the vibrator assembly. Therefore, 
in this case, there will be a considerable loss of energy 
for the maintenance of the oscillation. With the use of 
the aforementioned several embodiments of the invention, 
these drawbacks, inherent in the conventional technique, 
may be substantially obviated, and a highly reliable and 
stable electromagnetic vibrator, consuming a minimum 
vibration energy and especially adapted to use for the 
time base for a small timepiece, can be provided. 
The number of oscillations, denoted f will be, as com 

monly known, proportional to % power of the thickness, 
T, and /2 power of the width, W, of the spring part of 
the vibrator element, thus: 

3 1. 
focT2.W.? 

The vibrator of the present invention can be fabricated, 
substantially, from a rolled metal strip, with the excep 
tion of the vibrating masses or magnetic blocks, which 
assures a predetermined uniform thickness of the spring 
element of the vibrator and thus helps also, in this respect, 
to assure a constant and stabilized maintenance of the 
desired oscillation. In addition, the two vibrator elements 
consisting a vibrator assembly can be easily assured of 
corresponding configurations, because the substantial parts 
thereof may be commonly fabricated, preferably by way 
of punching and bending operations, and the coincidence 
of vibrating frequencies of both vibrating systems will be 
substantially realized. 
The necessary conditions for the realization of a super 

ior vibrator assembly capable of substantially obviating 
possible position errors will be described more in detail 
hereinbelow with reference to the last embodiment shown 
in FIGS. 9 and 10. 

Again, in this embodiment, the overall arrangement 
and dimensions of each of the two vibrating systems are 
so selected that the center of gravity of the rigid masses, 
or more specifically, magnetic core 40, magnetic cylinder 
yoke 41 and balance weights 43 and 44, of the vibrator 
is situated precisely or substantially at the center of de 
flection of the spring element, for the purpose of obviating 
position errors. 
Now assume that there is a vibrating system compris 

ing a rigid mass fixedly attached to one end of a resilient 
strip having its other end mounted fixedly, and the mass 
is caused to oscillate with small amplitudes in a plane 
and about a certain point on the neutral axis of the strip. 
The natural frequency of the vibrating system depends 
upon the moment of inertia of the vibratory mass rela 
tive to the oscillation axis passing through said point, the 
spring constant of the resilient strip, and the like param 
eters. 
When the vibrator is placed in a gravity field, the 

gravity acts upon the center of gravity of the vibrating mass 
and the restoring moment of the spring will be subject to 
a change which induces a position error. 
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Now denoting the distance between the center of gravity 
of the rigid mass and the oscillation axis by l; the radius 
of gyration of the mass by r; the fundamental number of 
oscillations of the vibrating system by fo, and the induced 
position error by Ap, then 

l, l 

Now assuming l=0, then 
Ap-0 

It is clear that the required condition is obtained when the 
center of gravity of the vibrating mass is brought into 
coincidence with the oscillation axis of the vibrating sys 
tem. 

In the case of the last mentioned embodiment shown in 
FIGS. 9 and 10, the desired condition will be if r be 
assumed to be nil: 

ls-2.1213-12 
--- 12-13 

where, referring also to FIG. 11: 
l, is the distance from the fixed end 35a of spring chord 
33a to the bight end thereof; 

l is the distance from the common bight end 33b of 
spring chord 32a to the opposite enlarged end 32b 
thereof carrying the magnetic block 37-40-41; 

r is the distance between the center of oscillation O of 
the vibrating system and the center of gravity G of the 
vibrating masses; and e is the distance from the en 
larged end 32b of spring chord 32a and the center 
of gravity G. 
If both vibrating systems of the vibrator assembly are 

designed and dimensioned so as to satisfy the above con 
ditions set out for the lower vibrating system as viewed 
in FIG. 10, a superior vibrator may be easily realized. 

It is understood that although only several preferred 
embodiments have been shown and described herein by 
way of example for illustrative purposes they shall not 
be construed to constitute operative limitations for the 
application of this invention. Numerous modifications 
with regard to design, construction and end use are feasi 
ble without departing from the spirit of this invention. 
We claim: 
1. An electromagnetic vibrator assembly comprising 

two tuning vibrators operating in phase opposition to 
each other with equal amplitudes, each of said vibrators 
comprising a spring strip, a magnetic mass attached fix 
edly at one end of said strip, a support plate shaped into 
substantially an E-shape and having outer longer limbs 
thereof rigidly attached to said strip end, a common sta 
tionary support for both vibrators, the central shorter 
limbs of said support plates being fixedly attached at 
their free ends to said support, and a respective drive coil 
for each vibrator fixedly mounted on a stationary mem 
ber mounting said assembly, said drive coils electromag 
netically cooperating with the respective magnetic masses, 
the mass of each vibrator being so distributed that the 
center of gravity thereof is substantially in coincidence 
with the oscillation axis of the respective vibrator. 

2. An electromagnetic vibrator assembly as set forth 
in claim 1, which further comprises, a transistor ampli-- 
fier electrically connected with said coils for feeding the 
latter with current pulses in Synchronism with the oscil 
lating movements of said vibrators. 

3. An electromagnetic vibrator assembly as set forth 
in claim 1, wherein the mass of each vibrator is so dis 
tributed that the center of gravity thereof is substantially 
at the said common Support. 

4. An electromagnetic vibrator assembly comprising 
two tuning vibrators operating in phase opposition to 
each other with equal amplitudes, each of said vibrators 
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comprising a substantially E-shaped spring strip having 
a longest central limb, a magnetic mass attached fixedly 
at the free end of said central limb, a second strip rigidly 
connecting the free ends of the upper limbs of said 
E-shaped strips, a third rigid strip mounted fixedly on a 
stationary member mounting said assembly, said third 
strip connecting the free ends of the remaining shorter 
limbs of said E-shaped strips, and a respective drive coil 
for each vibrator fixedly mounted on said member and 
cooperating electromagnetically with the respective mag 
netic mass, the longitudinal axis of said first strip being 
in coincidence with that of said second strip when viewed 
laterally, the mass arrangement of each vibrator being 
so distributed that the center of gravity thereof is sub 
stantially in coincidence with the oscillation axis of the 
respective vibrator. 

5. An electromagnetic vibrator assembly as set forth 
in claim 4, which further comprises a transistor amplifier 
electrically connected with said coils for feeding the latter 
with current pulses in synchronism with the oscillating 
movements of said vibrators. 

6. An electromagnetic vibrator assembly as set forth 
in claim 5, which further comprises a sensing coil physi 
cally united concentrically with one of said drive coils 
and connected electrically with said amplifier for sensing 
the oscillative movement of the related magnetic mass and 
for feeding the sensed current pulses to said amplifier. 

7. An electromagnetic vibrator assembly as set forth 
in claim 5, wherein the mass of each vibrator bars is so 
distributed that the center of gravity thereof is substan 
tially at the vibrator-mounting part of said common 
Support. 

8. An electromagnetic vibrator assembly comprising, 
in combination, a pair of tuning vibrators positioned in 
spaced parallel planes and operating in phase opposition 
to each other with equal amplitudes of vibration; each 
of said vibrators including an elongated C-shaped strip 
and an elongated E-shaped strip, the open ends of the 
two strips being at respective opposite ends of the asso 
ciated vibrator, and the end of at least one leg of each 
E-shaped strip being fixedly connected to the bight of 
the associated C-shaped strip; a respective magnetic mass 
Secured to the fixedly interconnected ends of the two 
Strips of each vibrator; a common stationary support for 
the two vibrators secured to and interconnecting, at the 
free ends thereof, another leg of each E-shaped strip; and 
a respective drive coil for each vibrator fixedly mounted 
on the stationary member mounting said assembly; said 
drive coil electromagnetically cooperating with the re 
spective magnetic masses; the mass of each vibrator be 
ing so distributed that the center of gravity thereof is sub 
stantially in coincidence with the oscillation axis of the 
respective vibrator. 

9. An electromagnetic vibrator assembly as set forth 
in claim 8, wherein each magnetic mass is shaped as a 
rigid cylinder. 

10. An electromagnetic vibrator as set forth in claim 
8, wherein each magnetic mass is shaped as a hollow 
cylinder closed at one end and provided with a central 
rigid magnetic core projecting axially from the closing 
end wall of said cylinder. 
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