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The present invention relates to magnetostric 
tive devices and in particular to those of the 
type comprising a bar made from magnetostric 
tive material mounted at a vibration node and 
longitudinally oscillating, the bar being sup 
ported intermediate its ends by a bearing and a 
coil surrounding the bar on each side of the bear 
ing. The bar is premagnetized by one or more 
permanent magnets and the terminal ends of 
the two coils (four in number) Vform what is 
commonly known as a ‘.‘four-pole.” 
Such four-poles have various uses such for 

example as wave filters or as frequency sta 
bilizers, and are described in ldetail in various 
patents'such as Swiss Patent No. 197,694 and 
United States Patent No. 1,750,124. 
The mounting of the bar. as experience has 

shown, causes dìfliculties because two contra 
dictory requirements must be met. On the one 
hand, the'bar mounting should allow the bar full 
freedom of movement in the longitudinal direc 
tion, also for Vmounting at a node, this being 
necessary in consideration of the practically 
never perfect immobility ofthe node in the bar. 
On the other hand,»however, the bar must be 
secured crosswise to the longitudinalv _axis as 
ñxedly as possible in order that existing air gaps 
between the magnetostrictive bar and the one 
or more premagnetizing permanent magnets and 
also any air gaps provided in the flux return 
Yokes will remain unchanged while the bar is 
oscillating. Moreover, also the coils energizing 
the' bar shouldbe capable of being Awound vas 
close to the bar as possible without touching the 
same, and this again requires an accurate and 
laterally fixed mounting of the bar. In addition,V 
the entire four-pole should form a structural 
unit which as a whole iseasily exchangeable and 
is sturdy enough to be capable of being used in 
portable equipment. > ' 

The two extreme requirements concerning the 
mounting of the bar can be fulfilled according to 
the present invention by providing a circular disc 
on the bar at the node where it is to be mounted 
and clamping the disc itself at its rim portion 
to al support. The bar is thereby mounted cross 
wise to the longitudinal axis with suñicient re 
sistance to lateral displacements. The disc 
should beV proportioned with respect to thickness' 
and diameter ina manner such that one of its 
inherent frequencies coincides with the inherent 
frequency of the bar with which the bar is mag 
netostrictively energized. For example, the bar 
may _be allowed .to Aoperate, in its ' fundamental 
frequency (one'node in the center of the bar), 

5 

15 

20 

25 

35 

40 

45 

50 

55 

2 
dimensioning the disc in such awayv that also 
the fundamental frequency of the disc coincides 
with the fundamental frequency of the bar. 
However, as a working frequency for the disc 
there may be selected for example the frequency 
of its third harmonic and asfa working frequencxT 
for the bar for example the frequency of its ñfth 
harmonic, and it is thenl merely necessary to ful 
fill the condition that the workingv frequencies 
of the disc and bar coincide. 

All of the conditions mentioned can be ful 
filled by the present invention, namely in that a 
circular disc, whose working frequency in the 
case of rigid insertion of the disc rim corresponds 
to the working frequency of the longitudinally 
oscillating bar, serves as a bearing for the oscil 
lating bar, in that this bearing disc is provided 
in the center of the bar concentrically thereon, 
and that there are connected with the rim por 
tion of the bearing disc three non-magnetizable 
bolts which extend on both sides of the bearing 
disc parallel with the oscillating bar, in such a 
way that the centers of the three bolts form the 
edges of a prism having the cross section of an 
equilateral triangle, the longitudina1 axis of the 
prism and of the oscillating bar coinciding, and 
that at the free ends of the three bolts there is 
provided on both sides of the bearing disc and 
parallel with this disc an end plate for each, 
there being installed’between each end plate and 
the bearing disc one of the said coils concen 
trically withthe oscillating bar and there being 
inserted on both sides of the bearing disc at 
least in one of the three spaces between each 
pair of adjacent bolts acylindrical permanent 
magnet parallel with the oscillating bar and there 
being installed in at least one of the remaining 
free spaces a magnetizable Vbar which servesas 
regulable shunt yoke for the magnetic iiux'be 
tween the bearing disc and the end yokes. 
In the drawings which illustrate alternative 

embodiments of the invention: p _ y 

Fig. 1 isa Vertical central section taken on 
line l-I of Fig. 2 showing a construction adapted 
particularly for use with frequencies below 50 
kilocycles; ' ' 

`lFig. 2 is a horizontal >section on line 2_24 of 
Fig. 1; ' I ` ' " 

Figs.v 3 >and Llot-4d are curves showing various 
performance characteristics of the vibrator; 

Fig. 5 is a vertical central section of a some 
what dilferent construction adapted particularly 
for use with frequencies between 50 and 500 
kilocycles; and y " 
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Fig. 6 is a vertical View partly in section illus 

trating another modified construction. 
With reference to Figs. 1 and 2 in particular, 

the magnetostrictive four-pole is seen to be com 
prised of a straight cylindrical bar I of magneto 
strictive material, the composition of which is 
discussed hereinafter. Intermediate the ends of 
bar I and around the same is positioned a cir 
cular bearing disc 2 of magnetizable material, 
the bar and disc being concentric, and the central 
hole in the disc through which the bar passesv 
being of substantially the sameA diameter as the 
bar to provide a tight press ñt therebetween. 
Three bolts 3 of a non-magnetizable material 
such as for example brass, are rigidly connected 
with the rim portion of disc 2 which, is preferably 
reinforced by annular discs 4, 4' applied to oppo 
site faces thereof and held in position by the bolts 
3 each of which as illustrated is divided into two ' 
halves secured together with the reinforcing discs 
4, 4'- and disc 2 secured therebetween. 

As; is evident from Fig. 2,7the centers of the 
three bolts 3 form the edges of a prism which 
presentsV in transverse section the form of an 
equilateral triangle through the center of which 
passes the axisof'bar IV which extends parallel 
to the bolts 3. I 
The upper and lower ends of the three bolts 3 

terminate in threaded sections; I4»secured by nuts 
I4’ to end plates '5, and they latter are provided I 
with axiall apertures through which the bar I 
passes; Theg apertures inthe plates 5 are pref 
erablyV of substantially the same diameter as that 
of bar I so as to; provide a pathy of loW reluctance 
for the magneticv flux produced in the bar I to » 
passl into,` the plates 5. Some radial clearance 
between bar I and endcplates.y 5; is however neces 
Sary. 
For energizing barV I> magnetically,V two coils 6 

are utilized. Each,` coil is_ carriedV on a spool 7 
arranged- concentrically on the bar and one of 
the; coils is arranged> below andthe other above 
the centrally located disc 2:. 
Extending between central disc 2 and each of 

the end platesv 5; is, aA permanent magnet in the 
form lof aY cylindrical bar. The magnet bars 8., Bf 
have their outer ends secured to plates 5 by 
screws 9 ‘,L are arranged coaxially and parallel’with 
the bar I ̀ of magnetostrictive material, and are 
disposed in any one of the three-spaces between 
any two. adjacent bolts 3. In the two` remaining 
spaces between the bolts 3f, are arranged cylin 
drical bars I 0 of .magnetizable material. Bars 
I0 which extend parallel to` bars I and 8, 8’ are 
secured rigidly at their inner ends to the rein- » 
forcing discs 4, 4’ and their outer ends terminate 
short of the end» plates 5 to establish air gaps I2 
the lengths of which can be made adjustable by 
screws II axially aligned With the bars I0 and 
which thread through the plates 5. The bars I0 
and screws II_ thus constitute a shunt yoke for 
regulation of the premagnetization of> bar I from 
the permanent magnets 8, t’. If desired, to in 
crease the premagnetizing effect of bar I, a 
second set of _permanent magnet bars 8, 8’ may be 
used in place of Vone of the sets of magnetizable 
bars I0. ` ` 

The component assembly as described is pref 
erably enclosed by a cup-shaped casing I3 to 
make it dust proof. the casing being divided 
axially into two halves which ñt into a centrally 
located ring I5. The threadedl ends I4 of bolts3 
extend through the end» walls of theçcasing halves 
and areV anchored there by nuts I4" which when 
tightened press the halves of the casingtowards 
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4 
each other into the ring I 5. Ring I 5 also serves 
to support the connecting terminals I6 for the 
coils 6. 
The electrical properties of the magnetostric 

tive four pole shown in Fig. 1 are as follows. 
If to one of the two coils 6 there is connected 

an alternating voltage of constant maximum 
amplitude Whose frequency of alternation is vari 
able between fl and f2, a voltage is obtained at 
the terminals of the other coil 6 having a varia 
tion dependent upon the said frequency and 
which varies according to the curve U shown in 
Fig. 3. Thefrequency fo corresponds to the fre 
quency to which both the bar I and bearing disc 2 
are tuned, the- working frequency corresponding 
in the present example to the frequency of fun 
damental vibration both of bar I and disc 2. 
From thel curve in Fig. 3, the Q factor of the 

four’pole can be determined according to the 
equation 

2,607,814 

:"‘A‘Jej 
f being measured between the voltage values. 
which amount to 

w/î „ 

times the maximum` voltage value.? With thel 
construction shown in_Fig. 1„.QV factorsofì 10,000. 
and more have beenßatiíained. ' ' 

With reference tothe curves in Figs. 4ag4d, 
there are shown, respectively, the qualitative. 
variation of the premagnetization..induction. B. 
the ,Q factor, the resonanceA voltage transmission> 
U and the inherent frequency displacement: 

for 
asv a result; of the >AE l effect. discussed’ below, all` 
curvesbeing plotted" asza function ofthe change. 
in premagnetization field strength H. Depend 
entl upon the selection of I-Iîtherefore, the. four 
polepresents> different. properties. In zoneI. (up. 
to the broken vertical boundary line of premag. 
netization. field'l strength value H); the Q factor 

and the factor 
is relatively-high, thevoltage Uisrelatively low, y 

Y ' 5f 

, i f_o’; 

is relatively high. The» possibility ofA compensa; 
tion by the AE’V effect‘lies inJ the order‘ofimagj 
nitudeA 10»3lA Inv4 zone VIll' (to thej right, of' the 
broken vertical line value of- premagnetization 

` field strength H) theçQ-factorßis somewhat, lower 
but the» voltage transmissions Uf" isn~ increased and 
factorv 1 ' Y v ‘ 

„ è; 
fo . A 

is smaller for a1 given changeßi'nVVV frequency ofthe 
field variations; ' ' ' ` 

Since . for givenr dimensions». the disc 2P andi 'bar 
I5 possess av certain-l` working frequency, means‘ 
must: be provided to- tune >'thefinishedfour*` poleY 
accurately to a desiredl'rtheoretical» frequency; 
For thispurpose the property~ of' ferro-magnetic 
materials; known; as` AEï effect/jean be utilized; 
The modulus of»ì elasticity asafunetionofthepre~ 
magnetization is; inî fact', not ̀ aï constant; andL 
therefore, by Varying, 'the premagnetization of 
bar Isthe‘moduluspfrelasticity;thereof‘and‘hence 
its inherent> c natural: frequency: of?~ vibration1 canL 
be. variedl within narrow; limits.v The- pr'emag-L 
netization> from .magnets 8; 8’` can.v «be» varièdf byv 
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an air gap in the circuit of >the premagnetiza 
tion flux. For this purpose there serves the >air 
gap adjustable with the aid of theïscrew I I in the 
shunt yoke Ill as previously explained. 

If desired, the premagnetization of the mag 
netic circuit by the permanent magnets can be 
made adjustable by providing an adjustable air 
gap between one end of the magnet 8a. and an 
adjustable screw I3a threaded into the end plate 
5a, as shown in Fig. 6, the opposite end of mag 
net 8a, being secured to the annular disc 4a». 
Depending on the desired intensity of the pre 

magnetization of bar I it is possible to replace 
the yokes I0 by permanent magnets. Thus one, 
two, or three permanent magnets can be installed ̀ 
in the arrangement on each side of the bearing 
disk between the bolts 3 as previously explained. 

Since the frequency constants of the four-pole 
when used as wave ñlter or as vibration stabilizer 
must be as great Aas possible also in the case of 
temperature fluctuations, certain requirements 
must be observed in selecting the material of the 
bar I. For the bar I a material should be select 
ed whose temperature coeiiicient of its modulus 
of elasticity is at least equal to its temperature 
coefficient of linear expansion but with opposite 
sign, i. e. one coefficient is negative and the 
other positive. Under such conditions the change 
in frequency of the magnetostrictively energized 
bar per degree change in temperature will be 
practically zero. Experiments with a bar of 
Elinvar (an alloy of about 49% Fe, 36% Ni, 12% 
Cr, .5% Si, 1% C) have shown that after suitable 
thermal treatment (annealing to about 850 deg. 
C.) a frequency variation of less than 1X1()-6 
cycles per deg-ree is obtainable. 
As can be seen from Fig. 1, the bar I must not 

shift crosswise to its longitudinal axis, as this 
may easily cause distunbances in the vibration 
as soon as the bar touches the spools 1 or the end 
plates 5 anywhere. If one selects for the disc 2 a 
material whose coef?cient of expansion is small 
er than that of the material of the bar I (e. g. 
Invar, an alloy of 36% Ni and 64% Fe) and if one 
presses the disc onto the bar at a temperature 
below the mean operating temperature, one ob 
tains at the operating temperature an insertion 
which is sufficiently rigid and stable to prevent 
cross dis-placements of the bar I. 
The embodiment of the invention shown in 

Figs. 1 and 2 can be used for frequencies in the 
range below 50 kilocycles. For frequencies be 
tween 50 and 500 kilocycles the embodiment ac 
cording to Fig, 5 is especially suitable. In accord 
ance with the higher working frequencies and the 
consequent shorter dimensions of the bar I', also 
the bearing disc 2’ should be proportionally thin 
ner. In order to be able to make the .edge of this 
disc rigid nevertheless, it is advisable to provide 
the disc not with the clamping discs 4 shown in 
Fig. 1, but rather with a thickened rim 42a. In 
this rim the bolts 3 may be fastened and formed 
as in Fig. 1. However, a construction as per Fig. 
5 may also be used, consisting of an inner bolt 20 
with sleeves 2| thereon. In a central ¿bore in the 
upper and lower end plates 5’ a `set screw ‘22 is 
provided whose axis points in the direction of 
the longitudinal axis of the oscillating bar I’ and 
is separated from the end face thereof by the 
air g-ap 23. This arrangement has two advan 
tages. First, the space between each end fplate 
5' and disc 2' can be made suñiciently long to 
install the coil body (not shown) even if the bar 
I’ is short (that is, if the frequencies are high). 
Second, the set screws 22 permit a fine regulation 
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of the inherent natural frequency of the bar I' 
even whenit is desired to press the permanent 
magnets 8" and bars I0' simply :between the end 
plates 5' and the disc 2', omitting the set screws 
9andIIofFig.1. A ' l 

In Fig. 5, however, a casing I3’ is shown (par 
tially broken away) which is pressed in a base 
plate `24 so as to be dust-proof, this base plate 
supporting at the same time the four connection 
terminals 25 for the coils, thus being designed` 
like the multi-pronged base of a conventional 
vacuum. tube. _ ` 

Instead of tuning the bar I and the disc 2 with 
each other on their fundamental frequency, other 
combinations are of course also possible, for ex 
ample, the fundamental frequency of the plate 2 
can Vbe tuned on the frequency of a harmonic (for 
instance the third or the fifth), this being ad 
visable when it is desired to work with such high 
frequencies that a bar working at the funda 
mental frequency would be too short to be han 
dled conveniently. A more detailed discussion 
of tuning the plate and :bars can be found in the 
literature available on this subject such as Hutte’s 
“Des Ingenieurs Taschenbuch." 
In conclusion, it is to be understood that while 

the foregoing illustrated embodiments of the in 
vention are to be preferred, various changes in 
the construction and arrangement of compo 
nent parts may be devised by those skilled in the 
art without however departing from the spirit 
and scope of the invention as defined in the a-p 
pended claims. 

I claim: 
l. A magnetostrictive four-pole comprising a 

bar of magnetostrictive material, a circular bear 
mg disc of magnetizable material mounted con 
centrically upon and rigidly connected with said 
bar intermediate the »bar ends, the Working fre 
quency of said mounted disc corresponding to 
the working frequency of the longitudinally os 
cillatable bar, three bolts of non-magnetizable 
material extending from the rim portion of said 
disc in opposite directions parallel with said bar, 
said bolts being so spaced about the axis of said 
disc as to form the edges of a prism having the 
cross section of an equilateral triangle and 
whose axis coincides with the axis of said bar, 
end plates of magnetic material parallel with 
said bearing disc and secured to the opposite 
ends of said three bolts, cylindrical coils con 
centric with and surrounding said bar respec 
tively between said bearing disc and said end 
plates, a permanent bar magnet arranged longi 
tudinally of said magnetostrictive bar between 
said bearing disc and each of said end plates in 
one of the three spaces between each pair of 
said bolts, and at least one bar of magnetizable 
material arranged longitudinally of said mag 
netostrictive bar between said bearing disc and 
each of said end plates in one of the two re 
maining spaces between each pair of said bolts, 
said last bars functioning as a shunt for the 
magnetic flux which flows in said magnetostric 
tive bar. 

2. A magnetostrictive device as defined in 
claim 1 wherein said bearing disc is provided 
with annular members secured to opposite faces 
thereof at the rim portion to reinforce the same. 

3. A magnetostrictive device as deñned in 
claim 1 wherein said bearing disc has a thick 
ened rim portion to reinforce the same. 

4_. A magnetostrictive device as defined in 
claim 1 wherein said three bolts each consist of 
two halves joined together in end to end relation 
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at. saidrbearing d_isc with` the latter Vclampedv 
therebetween.v  l 

. 5..A. :mafgnetostrictive deviceV as defined.. in 
claim 1 wherein said three bolts each are con 
tinuous between said end plates passing through 
apertures in saidbearing disc and-which further 
include. afsleeve surrounding each boltk between. 
thebearing disc andïend` plates, saidlbearing disc 
beingclamped. between the two sleeves. of each> 
bolt. ’ ' V « 

6. A magnetostric'tlve devicev as defined in. 
claim 1 wherein the ends of said magnetostric 
tive bar pass at least partially through axial a-p 
ertures Ain said endplates.` ` 

7. A. magneto'strictive> device> as. defined in 
claim ¿1 wherein. the` ends- of. said. magnetostric 
tive bar. terminateY s'hortfofQsaid. endy plates and 
wherein- each said end plate is provided withl an 
axially disposedserew adjustable longitudinally» 
and confronting`~ thefend faces» ofv said mag~ 
netizable bar to- esta-bli'slfrr an adjustable. air> gap 
therebetween. ` A ' 

8. A 'magnetostrictive deviceA as defined in 
claim l wherein thesaid-magnetizable bars con 
stitu'ting said ñux shunt are'each secured. at one 
end to said bearing disc, the'other end thereof 
terminating short of thefassociated. end plate, 
and screws adjustable longitudinally in-said.. end 
plates and confronting ther end faces of said` 
magiiet'i'zableY bars to» establish` adjustable air 
gaps therebetween. ‘ ` 

10 

. 9. A magnetostrictive device as defined in 
claim 1 wherein saidV bar magnets are clamped 
between the rim portion of said» bearing disc and 
the associated end plate. 

10. A` magnetostrictive device as defined. in 
claim 1 wherei?nfsaidv bar magnets are each lse 
cured atV one end. thereof to said bearing dise, 
the. other endv thereof.'v terminating short of the 
associated end plate, and screws adjustable 
longitudinally in> said end plates and confront 
ing the endiaces of saidï bar magnets to estab 
lish adjustable air gaps therebetween. 

11..A` magnetostrictive device as deñned in 
claim 1.V and which further includes a two-part 
cup-shaped casing therefor, the two casing 
halves being connected by a- ring.' surrounding 
said~ bearing disc. ' 

12. A` magnetostrictive device as deñned in 
l claim: 11A wherein saidring supportsthe electrical 
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terminals. connected tothe four terminal ends 
of the saidvtwo coils. . _ 

13. A magnetostrictive device as deiined in 
claiml and whichffu'rtherv includes a cup-shaped. 
casingY therefor having a base plate at one end 
supporting the electrical. terminals. connected to 
theV four terminalends of the said two coils. 
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