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‘ The present invention relates to the production 
ofv mechanical and electricallvibrations or oscil 
lations and to the resultant of interacting me 
chanical and electrical vibrations or oscillations. 

5 It is well known that oscillations of mechani 
cal vibrators can be produced and maintained 
by electrical excitation. Perhaps the best known 
example is the interrupter used ‘in bells, buzzers 
and the like. For the production of constant fre 
duen'cy vibration the interrupter is not well suited, 

' because the variable'mechanical load imposed 
upon the vibrator by the movement of .the con 
tact arm results in vibrations of varying frequency 
and excessive harmonic content. 

15 
is to provide a method and means for producing 
mechanical and electrical vibrations or oscilla 
tions of constant frequency and of undistorted 
wave‘ form. According to this‘ invention an os~ 
cillating electrical and mechanical vibration is 
produced under the control of a mechanical 
and/or electrical resonator such as a reed, tuning 
fork, piezo-electric crystal, and ‘the like. 
A re?nement of the interrupter method involves 

25 the excitation of a tuning fork by current varia 
" tions produced by the pressure of the fork on a 

microphone. The disadvantagesdue to the vari 
able mechanical load, as in the interrupter 
method, and the initial and replacement costs of 
the microphone are highly objectionable. 

Another object of the present invention is to 
obviate the disadvantages of the tuning fork and 
microphone type of oscillating vibrator.‘ 
The highest quality type of tuning fork oscil 

lator which is known to the art involves the use 
of thermionic tubes. In this type of oscillator, 
the action involves electric induction to the grid 
circuit of an ampli?er tube, the plate circuit, of 
which feeds back energy to the vibrator. In this 
arrangement, the vibrator serves as a tuned cou 
pling link in an oscillatory, audion circuit. While 
the quality of the tuning fork and tube oscillator 
,i'shigh, this oscillator is comparatively compli 
cated and bulky and involves the initial and re 
placement costs of the tubes. ‘ ‘ 

A further objectvof this invention is to pro 
vide an oscillating'vibrator, the quality of which 
is at least as high. as that of the tuning fork and 
tube oscillator but which does notinvolve ther 
mionic tubes or the like WherebyTtO ‘provide a 
high-quality oscillatingvibrator of simple con 
struction and at low cost. 
A further object is to provide a sharply tuned 

ampli?er for harmonlmmechanical‘ or, electrical 
vibrations without the use of thermionic tubes 
orthelike. , ‘Y L 

A further objectmis ‘to provide a simple and 
stable source of‘musical tones for sound signals, 
electro-musical instruments, and the like; ‘ 

as 
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One object of the ‘present invention, therefore, 

A still further object of the invention is gen- ' 
erally to improve oscillating vibrators. 
The invention canbest be understood by refer 

ence to the following description considered in 
connection with the accompanying drawing, in 
whichFigure l is a more or less diagrammatic 
view of one embodiment of the invention‘, and 
Figure 2‘is a similar view of. another embodi 
ment. ‘ " 

As shown in Figure ,1, there is provided an 
electromagnetic core 1 having poles 1a and 1b 
spaced to provide an air gap, 10. The coil 2 en 
ergized by direct current from the battery 3 con 
stitutes a source of flux for producinga maze 
netic bias in core 1. The energization of coil 
2 can be regulated by the adjustable resistance 
4 and switch 5 in series with said coil 2 and with 
a choke coil 14 the function of which is to 'sup 
press current alternations. The coil 6 is con 
nected in series with a source of direct current, 
such battery 7, a switch 8,. an output ime 
pedance 9, an adjustable resistance 10 and a 
vibrator coil 11, which, as shown, is positioned 
in the air. gap 1c. Said coil 11 is rigidly attached 
to a vibrator, which may be an acoustical vibrator 
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such as a tuned reed spring or the like 12 which ~ 
is rigidly carried by an adjustable clamping de 
vice 13 by which the coil 11 can be adjusted to the 
neutral position in air gap 10. Coil 11 is so 
wound that its turns intersect ‘the magnetic flux 
between poles la and 1b approximately at'right , 
angles and that, the ?ux ‘exerts on the current 
in the coil an electrodynamic force in the direc 
tion of vibration of reed 12. It will beunderstood 
that the current ?owing through coil 6 is both 
alternating and direct, the direct‘ current being 
supplied by battery 7 and the alternating cur 
rent by coil 11. The battery .3 may be dispensed 
with as coil 2 may be energized by battery 7 or , 
an equivalent permanent magnetic ?ux may be 
obtained by fabricating core 1 "of iron having a 
high magnetic retentivity characteristic. The 
vibrator may be used'as a sound generator or" as 
a source of electrical oscillations, the coupling 
impedance 9 comprising means for transferring 
the latter to one or more circuits (not shown); 
Undamped oscillations can be produced by the 

apparatus shown in Fig. 1 when the direct cur 
rent component of the?ux produced by coil Q is 
opposed to the flux produced'b'y‘coil 2“ and‘is 
less than one-halfof the latter, as will appear 

‘ from the following explanation. The operation 
of the apparatus shown in Fig, 1 depends upon 
interacting magnetic, electrical, and mechanical 
forces. . j . 

The ?ux, it, in the electromagnet 1 is pro; 
duced ?rst by a constant current 112 ?owing 
through the coil 2. The intensity of this current 
is known and determined ‘by the F. of 3 
and the resistance of‘ 4. Fluctuations are pre 
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2 
vented by choke 14. The inductance of'2 is of 
the known magnitude L2. A second part of the 
flux is produced by the unknown voutput current 
is ?owing through the combined inductance of 
coils 6 and 11. We call this combined inductance, - 
L. Since L varies slightly with the position of ._ 
the vibrator coil 11, we assume that it has been 
measured in the neutral position of 11.» Thus 
the flux equation becomes: 

L . L. . . . 

¢=FZ12+F616:P212+P16 Eq- 1 
Where 122 is the effective number of turns in 

coil 2, and 7L6 is the effective number of turns in 
coils 6 and 11,;and 

L2; " £_ 
. _ 57p: and nG-P 
We call the E. M. F. of battery 7, E; the total 

electric impedance of the output circuit 6, 8, 9, 
10, 11, Z; we denote differentiation with respect 
to time by a prime, and ?nd from Kirchhoff’s law 
for the voltage in the output circuit: 

Where (11695)’ is the rate of change of induc 
tion ?owing through the windings: of coils 6 and 
11 and_producing a counter-E. M. F. according to 
Maxwell’s law. 

‘If H is the ?eld strength of the magnetic flux 
through coil 11; if b is the total effective length 
of all the windings of the coil 11, measured in a 
direction at right angles to the flux and at right 
angles tothe direction of vibration of coil 11 and 
spring 12; if 1111 is the elongation of coil 11 in the 
vertical direction of vibration; if S is the effective 
stiffness of the vibrating system, F its effective 
viscous friction coe?icient and M its effective 
mass;-—then we ?nd as condition of dynamic bal 
ance: . . ‘ ‘ 

" Thev ?rst term of equation 3 is the electrody 
namic force, the other‘ terms are mechanical force 
reactions due to stiffness, friction and inertia. 
f'We ‘eliminate ¢ and simplify Equations 2 and 3. 

The ?eld strength H 'of the approximately 
homogeneous ?eld between the magnet poles is 
equal to the flux ¢ divided by the area of the pole 
faces. Hb therefore equals the flux qh, divided by 
the heightof the‘ pole face in the direction of 
vibration. and multiplied by the number m1 of 
coil windings ‘crossing the entire length of the 
pole face atlright angles to the direction of vibra— 
tion. Windings which cross only a part of the 
pole face are counted with proportionally reduced 
weight. The dimension of H1) is that of a ?ux, 
divided, by a (known) length, which~we call It. 
Therefore we have:_ ‘ ~ 

1,977,939 
In the differential Equations 7 and 8 we know 

all quantities but is and @111, which are unknown 
functions of time and which can be calculated 
from said equations, subject to boundary condi 
tions.» Since we are only concerned with prov 
ing the ability to sustain vibrations at all, we may 
assume that the solution will be an in?nitely 
small vibration*,superimposed to a constant de 
?ection; and accordingly, from the electrical view 
point, an A. C. of minute amplitude superimposed 
to a D. C. ‘In this case we may neglect all har 
monies of the fundamental oscillation. The so 
lution of 7 and 8 can then be written, in symboli 
cal form: 

is=io+idwt Eq. 9a 
and . 

The constant components of current ‘and de 
?ection are easily found. From 7 we have: 

where Z0 is the D. C. value of the known circuit im 
pedance Z. In the same way we ?nd from 8: 

Having thus determined direct current and con 
stant spring deflection, we investigate the A. C. 
components of the fundamental circular frequen 
cy w: From '7 we ?nd: on» account of i"_—v-i7'w 
(Eq. 15) and y’.=y7'w (Eq. 16): 

-z1'-Lijw—yjw13“l’~2-ll3i°=o Eq. 14 
From 8 we?nd: 

By demanding a solution of the form given by 
Equations 9a and 9b‘ we have introduced the new 
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unknown w. We therefore cannot expect to 
?nd a complete solution for i and y from 14 and 
17. _ Such a solution would also be illogical from a 
physical viewpoint, because the Equations 9 sig 
nify oscillations of zero damping, that is of indif 
ferent equilibrium. By an in?nitesimal change 
of circuit conditions such vibrations can be made 
either to die‘out orto increase in amplitude. ‘ 
What the equations can disclose, is the ampli 

tude- and phase-relation of i to- y. We, therefore 
solve both 14 and 17 for i/y and ?nd, from 14: . 

By equating 18 to 19 we ?nd an equation which 
contains 1.0 as the ‘only unknown quantity: 

v (b2l'z+pio)-(pgiz+zzpio)=o Eq- 20 
'The solution of 20 is restricted to real values 

of w, since we demand harmonic vibrations of ‘j' 
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means :thatinstead or trying to express 
theirequency ‘by arbitrary circuit constants we 
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amplitude.“ ‘We cantherefore split '20 

into two independentequations'by equating the 
‘imaginary andthe part of ‘20 separately to 
zero. For this purpose we divide the'ilm'o‘wn im~ 

and a‘reactive componenti ‘j 
* 5 pedancefZ of ‘theoutput‘cl-rcuit into a resistive 

Now we restrict our problem :by specifying that 
@we' want our, spring‘ to yibratetat its own me 
chanical resonancefrequency, which is verynear 
iy equal to: t . , - 

utilize the ,known frequency v.for the purpose of 
determining circuit [conditions favorable to sus 
tained oscillations. . ~ 

By substituting Equations 2-1 and 22 into 

, , I, (window-(pmwhen "Eq- ‘23 

The imaginary part of 237 gives us: 

i ‘ Equation 25 means that ‘the combined circuit 
impedance of 6, ‘.7, 9,‘ 10, 11 must be purely resis 
tiye; the external impedance must ‘have a capaci~ 
‘tive ‘component which compensates for the in 
ductance L. . l 

. ‘The reallpart of 23 :givesms: 

‘ ‘ zarnamzaaezpin (when) Eq. 26 

left side of "26 is composed of intrinsically 

Eq. 24 

"positive quantities. Therefore the factors of i the 
‘right side ‘must .‘be either both ‘positive or both 
negative. ' > . 1 ‘ 

‘Further information asJtorthe rvalue of these 
factors‘, which represent magnetic fluxes, is ob 
tained, when we ‘divide Equation .26 ‘by Equation 
‘13, which gives us; 

'In view ofv the relation between L and, p (Equa 
tion 1) we can rearrange '27 into: ‘ 

; y'I'he left .side of 28_ is the quotient ‘of a friction 
force by stiffness ‘force, ‘It is therefore of the 
.same order. of magnitude as the ‘damping factor 
of the spring; that is, much smaller than ‘one. 
‘The right .side of .28 is the; product of two fac 

tors, at least one of which will also have to be 
much smaller than order to satisiy the 
equation ' v ‘a . ' ' > 

‘The ?rst .of these factors is the ‘quotient of the 
inductive impedance of coils :6 and 11, by the ef 
fective circuit resistance. Making this ‘factor 
small by an increase of external ohmic resistance 
would ‘result in a my ine?lc‘ient apparatushbevi 

J4 
.12 

Eq. 28 

"cause a @generator‘zproducm a maximum output 
when internal and external impedances are equal. 
‘The -external effective resistance can‘ be raised 

.3 
without loss in e?iciency rby iantiresonant tuning 
or circuit impedances. 
"We conclude therefore ‘that the absolute value 

of the second factor must be much smaller than 
one‘: 

“ 2 #1‘ <<1 Eq. 29 
P10 

WConsequently, mi: is approximately equal to 
1-in-0. makes the second factor on the right 
side of Equation 26, pitta-H2120, negative. There 
'fore, the other factor must also vbe negative, or 

’ _ miz+2pio<o .Eq. 30 

We .‘?nd therefore, that undamped oscillations 
of the exact frequency: 

x/E ' M 

can be produced when :the direct current com 
ponent of ‘thex?ux produced ‘by coil-6 ((zn‘ul) is 
opposed to the flux produced by coil 2 ((322m) 
and is smaller than one-half of the latter. 
The circuit conditions derived :above are re 

quirements for an undamped oscillation of infi 
nitely small amplitude and the exact frequency 

I .of Equation 22. If we solve the circuit Equation 
23 ‘with the assumption of a ?ctitious damping 
coef?cientlarger than the :actual one, we find 
circuit constants which generate a vibration with 
increasing amplitude. ‘The ultimate balance in 
that case is achieved by second order ie?ectshlike 
magnetic saturation, hysteresis losses, and har 
monic overtones,~.et.c. ‘ 

' Since, :by observing‘ the requirements of Equa 
tions '25, 29., and 30, it ‘possible to produce 
oscillations of the exact frequency according to 
22:;-—*it will be so much easier to generate oscil 
lations, ‘if the ‘frequency requirement is eased 
to ‘that :of vibrations at a frequency close to the 
natural period of the spring. We will then not 
:be‘ forced to adhere strictly to the impedance re 
quirement 25. We can, instead find a more gen- 
eral solution of the {circuit Equation 20, subject, 
‘of course, to the restriction of ‘a real ‘value of w. 
It is easy to see that real solutions {can always 
be found .by making the phase angle of the elec 
trical impedance (L+Z/9Zw) equal and opposite 
to the phase angle of the mechanical impedanc 

Brie?y described, the act-ion of the oscillator, 
shown ‘in Fig. 1, is as follows: As coil 11 .is in ‘a 
‘position ‘of ‘unstable balance ‘between the me 
.»chan'ical force of reed stiffness and the electro 
~dynamic force exerted by the magnetic flux on 
the current in ‘coil 11., any small vmotion of the 
reed, 12 produces in coil .11 an induced electro 
motive force which changes the current intensity 
in coil 6 and thereby .a?ects the magnetic flux 
in such a way that the motion of reed 12 is am 
pli?ed into‘an oscillatory vibration, if the circuit 
constants are adjusted within the proper ampli 
tude and phase range. > t ‘ 

As shown in Figure" v2,,the vibrator 15,‘ here 

so 
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shown ‘as a tuning fork, "is secured rigidly at one . 
‘end by a clamp '16. Said ‘fork 15 is made of iron 
or other magnetizable material and is part of 
an electric-magnet as will appear presently.‘ An 
iron armature 17, secured in position by a clamp ; 
1.8, has poles 17a and 17b disposed ‘at the free 
.ends‘l?a and 15b of, vibrator 15 in spaced rela 
tion to provide air gaps Y29 and .30 therebetween. 
The vibrator and magnet 15 is ‘energized by va coil 
19 which is positioned near the nodes ‘of vibration 
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‘and is looselyass'ociate'd with vibrator 15 whereby 
not to impede or participate in the vibrations 
thereof. .The air gaps. 29.v 1and,30 remainsub 
.stantially. constantin length.during.the vibra 
tion. Coils 20 and 21, are mounted on 'pole 
pieces 17a and 171).. Coils 19, 20 and 21 are con-, 
nested in series through a'battery or other source 
of direct current 22, a variable resistance 23, a 
switch 24, ‘and an output‘v circuit here, shownas 
.‘a; transformer 25. Coil 19 carries .both direct 
current and‘ alternating, thegformer- being sup 
plied from the-battery 22 and the ,latter from 
the coils 20 and 21. The alternating current 
component in coil 19' is tuned by variable con 
jdenser26. vThe apparatus as .shown‘may be a 
‘tuned ampli?er of electrical variations. supplied 
to the input circuit which; as here ‘shownj'com 
prises an iron core 2'7and a coil winding 28. If 
the circuit constants are such that the vibration 
losses are nearly but not completely compensated, . 
the apparatus will serve as a sharply tuned am 
pli?er for both mechanical and. electrical oscil 
lations of the resonant frequency of vibrator 15. 
For example, ‘if a small amount ofvelectricalen 
ergy at or near the resonance frequency is sup 
plied to the input circuit .28, it will cause rel 
atively violent vibrations of fork 15 and ‘corre 
.spondingly ampli?ed electrical output energy at 
the secondary'of output transformer 25. Also, 
if the circuit constants are so adjusted in phase 
and amplitude relation, that the‘ vibratory energy 
losses are overcompensated, any small‘ chance 
vibration. of fork 15 will be ampli?ed to a satura 
tion value and maintained thereat by the battery 
22 or any other suitable powerysupply. 

r ~~Since poles 15a and'15b of the vibrator 15 
have opposite directions with respect to the?ux 
and also ‘to motion, coils 20 and 21 assist each 
other as far as‘the vibratoryinteraction is con 
cerned. The symmetrical arrangement of coils 
20 and 21 tends to reduce the harmonic content 
of both mechanical and electricaloscillations. 
Due'to the inverted arrangement. of poles 17a 
and 17b of ironcoreas shown, the latter oppose 
each other "and therefore their inductance coef 
?cient is small. However, this inverted arrange 
ment isvnot necessary. ' ' ' ' , ' " v 

The embodiment shown'in Figure 2 differsli'n 
two important structural respects from the em 
bodiment shown in Figure ‘1. Firstly, as shown 
in Figure 2, the coils 20 and 21 are stationary 
and the electro-magnét, constituted by. the fork 
15 and‘ coil’ 19, is movable, whereas as' shown in 
‘Figure 1, the,‘ coil 11 is movable and the electro 
magnet, constituted by the core 1 and coil‘ 6, is 
stationary. The arrangement shown in Figure 2 
isjpreferablein this respect since it is ‘somewhat 
difficult to properly secure a coiltolan acousti 
cal vibrator. Secondly,‘ as'shown in‘ Figure '1, 
coil 2 ‘is provided in order ‘to effect the'proper 
phase relation between vibratory motion and the 
fundamental frequency of electrodynamic force. 
This can be accomplished more economically by 
changing the alternating current impedance re 
lations between the electrical circuit elements as, 
forexam'plerby tuning the magnetizing coil 19 
‘in Figure 2 by the shunt condenser 26. Thus, 
while I‘ prefer, the arrangement shown in Fig 
ure 2, the phase'relation between vibratory mo 
tion and the fundamental frequency component 
‘of electrodynamic force may be adjusted. by the 
magnetic biasing coil 2 or by tuning the mag 
netizing coil inductance 19. It will be noted that 
by the present invention I have eliminated the ' 

"parting from the basic principles of the inven- -__ 

‘and subjected to .the action of'said?ux, said.v sec 

ic'oil secured to said vibrator‘ disposed for move 

12159775939 
necessityvlfor electronic tubes or other space 
.discharging devices, andinthis connection it .will 
,be-observed that inkthe apparatusshown in 'Fig. 
1 the ‘circuit containing thewinding 6 and the 
coil ‘11, being‘ freefrom 'a ,spa'ce‘discharge path , 
has bilateral or non-directional conductivity, ‘and 
in the apparatus shown in Fig. 2 the'circuit con 
taining the winding 19*and coils 20 being like 
wise free from a space-discharge path alsohas 

80 

bilateral conductivity!‘ ' V ‘ - 

While I have‘shown ‘two preferred‘einbodiments 
of the invention, it 'will'be obviousto' those skilled 
in the art that changes, in the parts andgth‘e 
arrangement thereof may be made without de 

s5 

90 
tion. For example, tuning reeds and forks may ‘ 
'be' replaced by diaphragms; air columns, crystals 
‘andthe like; »» and the electrodynamic force-ex‘ 
ert'ed ‘in the operation‘ of the apparatus may be 
replaced I > by ‘ another‘ ielectroemechanical .force, 
such as electromagnetic, electrostatic, piezo-ele'c 
trio and magnetostrictive and like forces. Also, 
electromagnetic induction can 1 be ' :replaced'. by 
electrostatic, piezo-electric andequivalent reac 
tions. Accordingly, I do not wish vto'rbe limited 100 
to the speci?c embodiments shown except as‘ ‘ 
may be required by the appended claims and the 
priorart.‘ ‘ ' 7' Y ‘ . 

Having thus described my invention, what I 
claim is: ' p; . I ' .105 

1. Apparatus comprising a vibrator having a resonant frequency, an electro-magnet having an 

air gap, a current carrying coil secured to said 
vibrator disposed for movement in said air gap, 
an energizing‘ winding "for said‘ electro-magnet 1w 
energized from said ?rst mentionedcoil, a source 
of direct current for‘said‘winding, and means for 
producing direct current fluxv in said magnet in 
dependent of said winding. _ - ' 

2. An electro-mechanical ,vibratory- system 115 
comprisinga magnetizable core, a ?rst winding 
and ‘a source of electrical energy for producing 
?ux=in said core, a'mechanical vibrator, and a 
‘second winding'in ‘serieswith said ?rst winding 

0nd winding being relatively movable with respect " 
‘to said core underthe control of said vibrator 
‘whereby electrical energy variations are induced 
in said ‘second winding for controlling the flux 
producing action of said first winding, said two 195 
windings connected to each other in said series 
‘relation by a circuit of bilateral con'ductivity._ 

3. An electro-meohanical vibratory system 
comprising a stationary winding, a source of elec 
trical energy therefor, ,afco're magnetized by said 
winding, a mechanical vibrator, and a movable 
winding having an electrical connection with said 
‘stationary winding, said, movable winding having 
electrical energy variations induced therein by 
movement thereof under the control of said vi- ‘ 
brator in they ?eld of said coreiforlvarying the‘ 
"magnetizing action of said?rst mentioned wind 
_ing._ ., n _ 

a v4. Apparatus comprisinga vibrator, an electro 
magnet having an air-'Tgap,'a> current carrying .146 

ment in said air gap, an energizing winding‘for 
said electroéma'gnetenergized-‘from said ?rst 
mentioned ‘coil; and" means for adjusting the 
phase relation between the-'v-ibratory'motion of i 
said vibrator and'the frequency component of 
yth'e electro-dy'namic forceproduced by the inter 
{iaction of the current in said coil and the "flux 
ofwsaid electro-magnet. " 'r. . - i ' 

5."An electro-mechanical vibratory apparatus .3 50 
as. 
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1,977,939 
comprising a ?rst winding, a source of electrical 
energy, means including said winding and source 
of energy for producing a magnetic ?eld, a me 
chanical vibrator, and a second winding in series 
with said ?rst winding, said second winding be 
ing relatively movable in said magnetic ?eld 
under the control of said mechanical vibrator 

5 
whereby to subject said second winding to the 
action of the flux of said ?eld to induce electri 
cal energy variations in said second winding, said 
two windings being connected in said series rela 
tion by a circuit of bilateral conductivity. 
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