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This invention relates to combined magneto 
striction and piezoelectric selective devices and 
more particularly to selective transmission cir 
cuits and frequency control circuits embodying 
such devices. 
Anobject of the invention is to provide electric 

wave frequency selective apparatus in which ad 
vantage may be taken of the low damping of 
vibrating rods or bars. 
A principal feature of the invention resides in 

the conversion of electric wave energy to- me 
chanical vibrations by a magnetostriction device 
and to re-conversion of the resultant mechanical 
vibrations to electrical oscillations by piezoelec 

r tric apparatus. 
Another feature of the invention is a magneto 

strictively driven mechanical resonator to which 
magnetostrictive forces are supplied symmetrical 
ly with respect to the mounting in order to simpli 
fy the motion involved and to enable a simple 
mounting to be used. 
Another aspect of the invention relates to con 

trol of the frequency of an electron discharge 
oscillator by the mechanical resonance of a com 

. bined magnetostriction and piezoelectric device. 
In accordance with the invention, a tuned mag 

netostrictive rod or bar mounted to vibrate freely 
in a longitudinal mode and having an associated 
driving magnetic ?eld winding is rigidly con 

_ nected to a piezoelectric element in such manner 
that an alternating electromotive force of the 
natural frequency of the tuned bar applied to the 
?eld winding causes the bar to be set in vibration 
so as to drive the piezoelectric element. 
The novel features which are characteristic of 

the invention are pointed out with particularity 
in the appended claims. The invention itself, 
however, both as to the details of its organization 
and its mode of operation will be best understood 
by reference to the following description taken in 
connection with the accompanying drawing in 
which Fig. 1 illustrates schematically the circuits 
of a vacuum tube oscillator involving a combined 
magnetostriction and piezoelectric selective device 
for determining the frequency of the oscillations 
produced, Fig. 2 is an end View of the selective 
device of Fig. 1, Fig. 3 shows a modi?cation of the 
circuit of Fig. 1 using a tandem ampli?er and 
Fig. 4 illustrates the use of the selective device in 
an ordinary transmission circuit. 
Referring to Fig. 1 the oscillator comprises an 

electron discharge device I of any well-known 
type having a cathode 2, anode 3 and impedance 
control element 4. Space current is supplied by 

~ 21 source 5 of unidirectional current connected in 

a path extending from cathode 2 to anode 3 via 
ground 6, source 5, phase shifter ‘I, windings 8 
and 9 and conductor ID. A variable capacity 
tuning condenser I I is connected in shunt to the 
windings 8 and 9 to form with them an oscillatory 
circuit of the frequency of the oscillations to be 
produced. A large capacity element I2 is con 
nected in shunt to source 5. 
The magnetostriction windings 8 and 9 are 

symmetrically positioned with respect to a two 
part rod or bar I3, I4 of magnetostrictive mate 
rial between the adjacent ends of which is ce 
mented a piezoelectric element I5. The bar rests 
loosely on conducting supporting members I6 and 
I‘! which are mounted on a base I8 of insulating 
material. Conductors I9 and 20 connect the sup 
porting members with opposite terminals of a 
high resistance element 2| which is also con 
nected between the input electrodes 2 and 4 of 
electron discharge device I. It will accordingly 
be apparent that electrical oscillations occurring 
in the oscillatory circuit 8, 9, II cause magneto 
strictive bar 8, 9 to be set in longitudinal vibra 
tion and to impress stresses upon piezoelectric 
element I5. The element I5 accordingly gener 
ates a piezoelectric electromotive force between 
the conducting bar portions I3 and I4 cemented 
to its opposite faces and this electromotive force 
is impressed by conductors I9 and 20 upon the 
input circuit of the device I. If the phase of the 
input electromotive force be properly related to 
that of the alternating component of the anode 
current of device I, oscillations will be sustained. 
To insure this relationship is the purpose of phase 
shifter ‘I. 
The rods I3 and I4 may consist of any mag 

netostrictive material such as Monel metal, ni 
chrome, invar or nickel. Nickel is particularly 
suitable because of its relatively high magneto 
strictive activity. In order to reduce damping 
the supports I6 and I1 are placed at points closely 
adjacent the center of the bar at which the 
longitudinal motion of the bar is small. The 
parts I3, Id of the bar cemented to the piezo 
electric element preferably with flake shellac have 
end portions adjacent the crystal coextensive in 
area therewith to provide sufficient bond to with 
stand the high mechanical stresses involved. 
The remainder of the bar is of much smaller 
cross sectional area primarily for the reason that 
it is desired to reduce to a minimum air damping 
occurring at the free ends of the bar in conse 
quence of the rapid longitudinal vibrations of 
these ends. The supporting members I6 and I‘! 
are slightly grooved as indicated at 22, Fig. 2, to 
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2 
I i - I ; - : - I i I I I : I i - ; I - - prevent lateral displacement of the vibrating ‘bar. I 

:I : consisted ofztoolIsteel rodsone-hali inch in diam~ 
; I'eter and having end portions adiacent the piezoa 

:;-:-.-.I.I.I.-:-;I5;;.I.eter.I:-The.natural oscillation frequencyzo-f sucha 
‘ ‘ ‘ Izbanis substantially that égiven-b- . theIformula l’orI 

.: -; :a'znidsupported=bar;I-l=;; I . I . -1-;~;=:1:I' 

_ . _ . _ ; 

he; density - in: grams per cubic centimeters; I . ‘ 

I :The; piezoelectric element,- iif = quartz is; :used 

' thickness that? its natural ' period iofi vibration: in 

I uum' tube oscillator: di?erinig principally‘ in Itha 
= . a second electron dischargeldevice'23whichiservesi . 

: I to increase the ampli?cation also to reverse ; I 
I the phase: of? the output ‘oscillations employed 
he phase ishifter I is accordingly‘ dispensed 

l of: 180°- :obtainediby- merely reversing; the icormec 
ions‘ of conductors: l9 and 2:0 :with respect: to-i 

: Oscillating circuits; of the‘ types disclosed in 

: supersonic :frequency .I sound 1 transmission since 

I atmosphere; 

circuit 24 which may comprise a remote trans 
mitting station or a'local source of oscillations 
is connected to the input circuit of an asym 
metrically transmitting eleciron discharge re 
peater 25 to the output circuit of which a mag 
netostriction-piezoelectric selector is connected. 
Tuning condenser 26 like the similar tuning con 
densers l I of Figs. 1 and 3 assists in matching the 
internal alternating current impedance of the 
space discharge path of device 25 and the im 
pedance of the external output circuit to which 
the device 25 is connected. The vibrations in 
duced in bar l3, l4 and piezoelectric element 15 
set up piezoelectromotive forces in the input cir 
cuit of another thermionic repeater 21, the output 
circuit 28 of which may comprise a local or a re 
mote indicator or communication receiver. The 
selective characteristics of the device I3, l4, l5 
are such that only oscillations falling within a 
narrow band centering at approximately the res 
onance frequency of bar I3, M are transmitted 
from circuit 24 to circuit 28. 
Although the invention has been disclosed in 

several embodiments it is to be understood that 
these are illustrative only and that it is not to be 
restricted thereto but only by the scope of the 
appended claims. 
What is claimed is: v 
1. A selective device comprising an input cir 

cuit, an output circuit, a magnetostrictive element 
tuned to’the frequency of oscillations which it is 
desired to transmit from said input circuit to said 
output circuit connected to said input circuit, a 
piezoelectric element having all its natural peri 
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. I :one; example in; oscillations :at about . 

: 8521. cycles per second: ‘were: produced the - 

modulus in drna/square- centimeters and: id i‘ - ' ; 

I should preferably be of the well-known; Curie; or ; 
' 'erpendieular - face: cut. I ;It should have such ; 

t the Itl‘iickfnesscilirection is; far removed? from that; I 

‘ : I 1 Fig.1?» illustrates an? alternative form; oi:1vacI-: I 

. I . The phase Ishifterimiayl also be: omitted from. :the; II; staid piezoelectric elementwithout producing-Sub?‘ 
< -' circuit of: Fig :1 and an‘ approximate phase shift: :I; 

' and; its‘ supporting means, said I piezoelectric else 
ment: haying ¥Su€3h1Wiid€1YI different natural :fre-= , I 
quency zfrom that: of the magnetostrlctiveclement ; I ; I . I 

= as to transmit energy: of the: desiIredI' oscillation : I : I : i : I 

; frequency ; and I relatively: wide ranges :of ' adjacent - 
frequency oscillations With little discrimination I 

= I whereby the selective :system:as;aI whole: operates: I - 

I . rigs‘; l; and; 3 may; be employed either: as sources; I 
I Iof: standard frequency'electrical oscillations; orfor: I a 

1"‘ ' 14 set up vibrationsIin: the a 'azcentI : 

. I : I a Fig; :4: illustrates; the use selective slew I 
' ' 2 rice: as a filter in fa‘ transmission circuit; i Input: I 

‘ads :of' vibration: remote from; that; of: the mag» ; I I I 1 - i 
InIetostrictiye element. amounting for: said piezo-Y-I I - . I . I ' 

electric element; means: symmetrically; connecting ; I : I . I 

I *said magnetostrictive element to‘ said: piezoeliec- 1 I I I ' - ' I 

. tric- element: to permit transfer of: mechanical: 

electric element. and to the output circuit to im 

ihaving. output terminals; and: means highly s;elec-; 

2magnetostricti'onv element tuned to oscillations; of: 
the {desired ii‘requency,: a piezoelectric ; elemen 

:ve -forI oscillations of a desired frequency and , . - 
{discriminating 2 strongly :against; oscillations of I : - ‘ ; I ; 

undesired frequencies, connecting saiddnput Icira, = I - I : I ' I 

cuit Itoz said output circuit to I transfer energy‘ or i 
. gtheIdesiredg frequency while; suppressing energy of : 

I I undesired frequencies: said means comprising a ‘ 

= piezoelectric elementwithout: imposing substam I I ; . - . I ; 

: Itial stress on said piezoelectric clement relative I . I . I ' I . 

- I itoIiItsi supports‘, and meansconnected to the piezo-I I ; I . I' - . 

, 10. v . I . 

I.I:I;press- corresponding electrical oscililationsioi the. 
: a I :desired frequency- derived- from the piezoelectric I I I - - 

' element upon-the output circuit; 1 ; 5 : é I : I ; I ; I . I _ 

I : I i -2. : A selective system comprising: an input cir~ . I 

cuit ; having '1 input terminals; :an Iputputl circuit ' 

Imeans roiasuppemngfsaicé 'pie‘zioelectricielemeiit . I 
physically symmetricaily connected toithe mag». ' = - 

inetostrictivc l element in :en'ergyi transfer I relationv 
to ‘enable said 1 magnetoistrictive: element to i drive 

stantial stressibetween :the; piezoelectric element I ' v I v ' 

tion element. 
3. A frequency selective energy transmission 

system for transmitting oscillations of a desired 
frequency comprising an input circuit, a load cir 
cuit to which oscillations of said desired fre 
quency are to be applied, and an electromechan 
ical ?lter connected to both the input circuit and 
the load circuit for selectively transmitting there 
betwen oscillations of? the desired frequency and 
for strongly discriminating against oscillations of 
frequency di?ering considerably therefrom, said 
?lter comprising a magnetostriction element 
tuned to the frequency of the desired oscillations 
for converting electrical oscillations to mechani 
cal oscillations of the same' frequency, means 
connected to said input circuit for producing a 
magnetic ?eld in magnetizable relation to the 
magnetostrictive element to tend to set up oscil 
lations therein corresponding to currents travers 
ing the input circuit, and a piezoelectric element 
having no natural frequency in the neighborhood 
of the desired oscillation frequency and physi 
cally connected to the magnetostriction element 
for converting mechanical oscillations of the de 
sired frequency supplied thereto vby the magneto 
striction element to corresponding electrical os 
cillations of the desired frequency. 

4. A resonator comprising a piezoelectric ele 
ment, an elongated massive member cemented at 
one end to a face of said element, a similar mas 
sive member cemented at one end to the opposite‘ 
face of said element, and means for supporting 
said structure to permit substantially free longi 
tudinal vibration thereof. 

I to'transier oscillations :of the desired ‘frequency: i I I I I I 

: from .theIinput :circuitto the output circuit with I I 
' a selectivity determined: substantially; wholly by , I 
; the selective characteristics of the magneto'strici-i = i 
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5. A resonator comprising a piezoelectric ele 

ment, an elongated massive member cemented at 
one end to a face of said element, a similar mas 
sive member cemented at one end to the opposite 
face of said element, the cross-sectional area of 
said element and of the ends of the members 
cemented thereto greatly exceeding the cross 
section of the principal portions of said members, 
and means for supporting said structure to per 
mit substantially free longitudinal vibration 
thereof. 

6. A piezoelectric element comprising a plate 
of quartz, the principal faces of which are paral 
lel to the optical axis and perpendicular to an 
electrical axis of the mother crystal, a rod of 
magnetostrictive material having one end great 
ly enlarged with respect to the cross-section of 
the remainder of said rod, said enlarged member 
being cemented to one of the principal faces of 
said piezoelectric plate, a similar rod of magneto 
strictive material similarly attached to the oppo 
site principal face, means for supporting said 
rods in the region of the piezoelectric element to 
permit longitudinal vibration of the assemblage 
of the piezoelectric element and rods, and means 
for subjecting the rods to magnetostrictive action 
to simultaneously produce pressure changes on 
the opposite principal faces to which they are 
respectively cemented whereby said piezoelectric 
plate is caused to develop differences of potential 
between its principal faces. 

'7. Means for converting energy comprising a 
coil to which currents may be supplied, a two 
part rod of magnetostrictive material within said 
coil, a piezoelectric element, the two parts of the 
rod being separated from each other by and ce 
mented to the piezoelectric element at opposite 
surfaces thereof, means for supporting the as 
semblage of the piezoelectric element and two 
part rod for longitudinal vibration, and a con 
ductor connected to each part of the rod forming 
one terminal of a circuit for transmitting piezo 
electric electromotive forces from the piezoelec 
tric element. 

8. A frequency selective apparatus comprising 
a pair of longitudinally aligned rods of magneto 
strictive material, a piezoelectric plate cemented 
to the adjacent ends of the rods and serving to 
insulate them electrically from each other, an 
input circuit including a magnetic winding so 
disposed as, when energized by current therein, 
to set up a longitudinal ?eld in the rods whereby 
the rods may be caused to undergo magneto 
strictive vibrations, means sup-porting the as 
semblage of longitudinally aligned rods and piezo 
electric plate in horizontal position to permit free 
longitudinal vibrations thereof, and. an output 
circuit comprising two output terminal leads 
electrically connected respectively to the rods 
whereby piezoelectric electromotive forces devel 
oped therein by the piezoelectric plate may be de 
rived from said frequency selective apparatus. 

9. A frequency selective coupling for trans 
mitting waves approximating in frequency a cer 
tain desired frequency comprising an input cir~ 
cuit to which currents of various frequencies may 
be supplied, means connected to said input circuit 
to establish an electromagnetic ?eld varying in 
accordance with the currents in the input circuit, 
a magnetostrictive member in magnetizable rela 

3 
tion to the electromagnetic ?eld to respond there 
to by setting up magnetostrictive vibrations, said 
member being mechanically resonant at substan 
tially the frequency which it is desired to trans 
mit, a piezoelectric element connected to the 
magnetostrictive member to receive mechanical 
vibrations therefrom and having its natural 
period of vibration in the direction of the im 
pressed vibrations far removed from the mechan 
ical resonance frequency of the magnetostrictive 
member, and means connected to the piezoelec 
tric element to receive therefrom electromotive 
forces developed in the piezoelectric element in 
response to the mechanical vibrations transmit 
ted to the piezoelectric element by the magneto 
strictive member. 

10. A selective device comprising an elongated 
member supported at its central portion at a 
nodal point for longitudinal vibration, an energy 
input means connected to the member for im 
pressing forces thereon which are symmetrical 
with respect to its support and which are so di 
rected as to set said member into longitudinal 
vibration, and energy output means connected to 
said member to derive therefrom energy corre 
sponding in frequency to that of its longitudinal 
vibration and substantially free of components of 
energy of the other frequencies which may be im 
pressed upon the input means. 

11. A ?lter comprising an input winding, an 
elongated magnetic member, means for horizon 
tally supporting the elongated member in the re 
giOn of its central nodal point for longitudinal 
vibration including supports upon which it loosely 
rests, the input winding being so positioned with 
respect to the elongated member as to impress 
thereon magnetomotive forces tending to induce 
longitudinal vibrations and which are symmetri 
cal with respect to the supports, and energy out 
put means connected to said member to derive 
therefrom energy corresponding in frequency to 
that of its longitudinal vibration and substantial 
ly free of components of energy of the other fre 
quencies which may be impressed upon the input 
winding. 

12. A combined magnetostrictive and piezo 
electric ?lter comprising an input coil, a two-part 
elongated magnetic member having its parts ce 
mented at their adjacent ends to the respectively 
opposite faces of a piezoelectric element, means 
for horizontally supporting the elongated mem 
ber in the region of its central nodal point for 
longitudinal vibration including supports upon 
which it loosely rests, the input coil being so po 
sitioned with respect to the elongated member 
as to impress thereon magneto-motive forces 
tending to induce longitudinal vibrations and 
which are symmetrical with respect to- the sup 
ports, and two output terminals electrically con 
nected respectively to the two parts of the mag 
netic member to derive therefrom the electromo 
tive force generated between the opposite faces of 
the piezoelectric element in consequence of the 
varying pressures exerted thereon by the vibrating 
elongated member, the electrical connections be 
ing of such character as to impose no additional 
mechanical load upon the elongated vibrating 
member. 

HERBERT J. SCOTT. 

10 

15 

20 

25 

30 

35 

50 

55 

60 

65 


