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This invention relates to frequency stand 
ards and particularly to electrical systems in 
which a tuning fork, a piezo-electric crystal 
or any other device having a characteristic 
frequency of mechanical vibration is used in 
connection with electrical circuits to estab 
lish a definite frequency therein. 

It is an object of this invention to provide, 
in conjunction with a mechanical or electro 
mechanical device maintained in oscillation 
by a regenerative circuit, a means for ad 
justing the frequency of the system. 

It is a further object of this invention to provide adjusting means for the system just 
mentioned in which the adjustment may be 
performed so rapidly that it can serve as a 
means of frequency modulation for the trans 
mission of audible signals. 

It is a further object of this invention to 
provide for an adjustment of the frequency 
without introducing tuned circuits with their 
consequent tendency to instability. 
Other objects of the invention and details 

of the construction will be apparent from the 
following description and the accompanying 
drawing, in which, 

Figure 1 is a diagram illustrating the ap 
plication of my invention to a system using a 
piezo-electric crystal. 

Fig. 2 is a similar diagram illustrating the 
application thereof to a tuning fork, and 

Fig. 3 is a vector diagram to which refer 
ence will be made for explaining the theory 
of operation. 

... Piezo-electric crystals, tuning forks and 
other devices having characteristic mechani 
cal frequencies of vibration have been used in 
connection with radio signalling for the pro 
duction of high frequency currents of very 
constant frequency. The mechanically vi 
brating device is thus made to serve as a fre 
quency standard. 

It was at first believed that only such con 
ditions as directly affected the mechanical 
properties of the mechanically vibrating 
body, such as temperature, could produce an 
effect upon the frequency of the system. It 
has recently been discovered that if the tun 
ing of the circuits associated with the me 
chanical device be slightly different from the 

Egy, of mechanical resonance, the sys tem can be caused to vibrate at a frequency 
somewhat different from that of the free me 
chanical vibration of the frequency standard. 

It has also been discovered that the fre quency of the resulting electrical oscillations 
can be altered to a small degree by altering 
certain adjustments of the electrical system, 
for example, by altering the electromotive 
force impressed upon the plate circuit of a 
vacuum-tube oscillator. 
Attempts to control the frequency of the 

generated electrical oscillations by altering 
the temperature of the vibrating body have 
proved cumbersome and only partially re-iss 
liable. Attempts to alter the frequency of 
the generated electrical oscillations by alter 
ing either the tuning of certain electrical 
circuits, or the magnitude of certain electro 
motive forces have caused unstable condi 
tions which frequently give rise to abrupt 
and undesired changes in frequency. 

I have discovered that if, in a regenerative 
system including a tuning fork, a piezo-elec 
tric crystal or any other device intended to is 
fix the frequency of the system by its own 
mechanical frequency, the phase relation be 
tween the output and the regenerative energy 
be altered, the frequency can be thereby al 
tered. This method is not effective for com- 80 
pelling the mechanically resonant device to 
oscillate at a frequency widely different from 
its natural period, but departures, amount 
ing to a few per cent of the natural fre 
quency, can be produced in this way. 

It is an object of my invention to provide 
a phase-changing device between the connec 
tions to which the mechanically vibrating de 
vice delivers energy and the connections from 
which regenerating energy is delivered to ot 
said mechanically vibrating device. 

It is a further object of my invention to 
provide for the adjustment of said phase 
changing device. 

It is a further object of my invention to 98 
produce said adjustment by response to 
sound. 

It is a further object of my invention to 
adjust the frequency of a system including 
a mechanically oscillating device and a re-00 
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2. 
generative circuit arrangement without 
changing the tuning of any resonant circuit 
so located in said arrangement that it can 
render the system unstable. 
Other objects of my invention will be evi 

dent from the following detailed description 
which taken with the accompanying draw 
ing will make the details of construction clear. 
In the accompanying drawing, the vacuum 

tube 1, in Fig. 1, is supplied with energy 
from the plate battery 2 and has a regenera 
tive coupling connection between the plate 3 
and the grid 4 through a piezo-electric crys 
tal 5. The tuned circuit 6 and the grid leak 
7 are familiar features of a regenerative vac 
uum-tube oscillator. 
A phase-changing device is inserted in the 

feed-back coupling. This includes two con 
densers 10 and 11 in series in the connection 
between the plate 3 and that electrode of the 
crystal 5 which is most remote from the grid 
4. It also includes an inductor 12, one ex 
tremity of which is connected between the 
condenser 10 and 11 and the other extremity 
to the filament of the tube 1. The connection 
to the filament is, in the form illustrated, 
through the plate battery 2, or rather through 
the condenser 13 which shunts said plate bat 
terW. 
X C-battery 14 is connected to the terminal 

of the grid leak 7 opposite the grid 4. It 
will be noted that the electrode of the crystal 
5 connected to the grid 4 is connected to the 
opposite electrode by a path including the 
resistor 7, the C-battery 14, the battery 2 and 
condenser 13 in parallel and the inductor 12 
and condenser 11, in series. 
A part or the whole of the inductor 12 is 

shunted by the plate-filament space of a vac 
uum tube 16. The grid of the tube 16 is con 
nected to the C-battery 14 through the sec 
ondary of a transformer 17, the primary of 
which is energized by current from the mi crophone 18. 
In Fig. 2, similar connections are shown 

associated with a tuning fork 20, which is 
analogous to the piezo-electric crystal 5. 
One tine of the tuning fork is surrounded by 
a coil 21, and the other tine is adjacent to one 
pole of a magnet 22. Between the two tines, 
a body 23 of magnetic material is supported. 
A potentiometer including a resistor 24 

and an adjustable contact 25 is connected 
across the terminals of the coil 21. The ad 
justable contact of the potentiometer is con 
nected to the grid of a vacuum tube 26 and 
one extremity of the resistor 24 is connected 
through a grid-biasing device 27 to the fila 
ment of the tube 26. The grid of the tube 
26 is thus exposed to the steady biasing 
potential and the varying potential in a por 
tion of the resistor 24. 
The output of the tube 26 is coupled by 

ing 
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means of a resistor. 28 and a condenser 29 to 
the input transformer 31 of an amplifier. As 
illustrated, the amplifier is of several stages 
but the principle is the same if only a single 
stage is used, or if the amplifying action of 
the tube 26 alone be relied upon. 
A transformer 32 delivers the output of 

the amplifier to the magnet 22. The connec 
tion over which this delivery is made in 
cludes two condensers 33 and 34 in series, and 
an inductor 35. One extremity of the in 
ductor 35 is connected between the two con 
densers 33 and 34 and the other extremity is 
connected through the B-battery 36 and the 
condenser 37 in parallel thereto, to the fila 
ment of the tubes. The filaments are con 
nected, as shown at 38, to that side of the line 
from the transformer 32 opposite the con 
densers 33 and 34. 
The tuning fork20 is enclosed in a thermal 

ly insulating housing 40, for example, a 
wooden box. This box is maintained at a 
temperature somewhat above that of the sur 
roundings by means of a heating lamp 41 
which is in series with an indicator lamp 42. 
A connection controlled by a thermostat 43 
is in shunt with the lamp 41. 
When the connections through the thermo 

stat are closed, the lamp 41 is strongly ener 
ized and heats the interior of the box 40. 
e lamp 42, under these conditions, will be 

dimly lighted. When the thermostat 43 
opens its contacts, the lamp 41 will receive 
less current and less heat will be delivered 
from it to the interior of the box. 
The observer is able to know conditions in 

the box by observing the light 42. If this 
light is bright, the lamp 41 is heating the box 
but slightly. If the light 42 is dim, the lamp 
41 is heating the box strongly. If the lamp 
42 is out, the connections are broken. 
All or a portion of the inductor 35 is 

shunted by the plate-filament space in a tube 
45. The impedance of the plate-filament 
space in this tube is controlled by the grid 
46, the potential of which is controlled by the 
adjustable grid-biasing device 27. The 
microphone 48 acting through the usual bat 
tery 47 and transformer 49 imposes a vary 
the potential from the battery 27. 
The connection from the plate of the tube 

45 to the inductor 35 is adjustable and in 
addition the inductor itself is adjustable. 
The latter adjustment is indicated at 51. 
In the operation of the device, as illus 

trated in Fig. 1, a constant potential is main 
tained across the capacity consisting of the 
condenser 11 and piezo-electric crystal 5, in 
series. This potential is supplied by the B 
battery 2 and the C-battery 14, in series. 
The variations in potential which occur 

at the plate 3 are impressed through the filter 
comprising condensers 10 and 11 and induc 
tor 12 upon the left-hand electrode of the 

potential on the grid 46 in addition to 
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crystal 5. Wariations of potential at the plate 
3 also affect the right-hand electrode of the 
crystal directly over the grid-plate capacity 
of the tube 1. 
. The filter, by introducing a phase-change 
in the path exterior to the tube 1 which is 
not introduced in the path through the in 
terior capacity, ensures a difference of 
potential between the electrodes of the 
crystal by which it is maintained in oscilla 
tion and the natural frequency of this Oscil lation would, normally, fix the frequency of 
the current delivered by the tube 1. 
The circuit 6 is tuned to approximately 

this frequency and thus ensures that the 
potential changes on the plate 3 will be large 
and that, therefore, the feedback action 
through the crystal 5 will be sufficient to 
maintain the system in oscillation. The 
leakage from the grid 4 over the grid leak 7 
will regulate the average or steady value of 
the bias on the grid 4 and thus the magnitude 
of the oscillations is established. 

Preferably the filter comprising condens 
ers 10 and 11 and inductor 12 is so designed 
that its cut-off frequency is nearly equal to 
the natural frequency of the crystal 5. Such 
a filter has a phase-changing characteristic 
which is nearly constant from high frequen 
cy to the cutoff frequency of the filter, 
changes rapidly with changing frequency in 
the neighborhool of the cut-off frequency, and 
then assumes a constant but different value 
for lower frequencies. 
In the neighborhood of the cut-off frequen 

cy, a very small change in the frequency of 
the oscillations in the system will result in 
very large changes in the phase difference 
between the potential delivered by the plate 
3 to the filter and the potential delivered by 
the filter to the crystal. Conversely, a very 
small change in the cut-off frequency will 
result in a very large change in said phase 
difference. 

I have found that by changing this phase 
difference I can control the frequency of the 
oscillations in the system. The change which 
can thus introduce enables me to produce 

in such a system, frequencies which differ by 
several percent from the natural frequency 
of the crystal 5. 
The most convenient way of adjusting the 

cut-off frequency and so the phase change in 
troduced by the filter, is to shunt the inductor 
12 or a portion of it by a variable impedance. 
As illustrated in Fig.1, the impedance of the 
tube 16 is in shunt to the inductor 12 and the 
value of this impedance is varied either by 
adjusting the C-battery 14 or by speaking 
into the microphone 18. 

Various applications of this principle are 
possible. In Fig. 1 I have illustrated it as 
applied to the problem of changing the fre 
quency of a broadcasted radio frequency wave 
in accordance with an audible signal. When 
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the microphone 18 receives sound, the fre 
quency of the oscillations generated in the 
system, including the circuit 6, is altered. 
The frequency delivered by the circuit 6 to 
whatever apparatus is connected at the righu 
of Fig. 1 is altered in the same way. This 
connection may extend directly, to a conven 

O 

tional master oscillator transmitting system, 
or may extend through a series of frequency 
multipliers to a transmitting system. 
In the form illustrated in Fig. 2, instead 

of a piezo-electric crystal, a tuning fork is 
used. If this fork be set into vibration, when 
the tines approach each other, the magnetic 
circuit through the fork and the body 23 
will be of smaller reluctance, because the air 
gaps are shorter. The flux through the coil 
21 will thus be changed. When the tines re 
cede from each other, the flux in the coil 21 
will be changed in the opposite direction. 
The changes in flux in the coil 21 induce 

electromotive forces therein which cause a 
current in the resistor 24. The adjustable 
contact 25 causes a portion of the drop over 
the resistor 24 to be impressed uoon the grid 
of the tube 26. 

Preferably, the bias from the device 27 is 
of such value that the tube 26 will act as an 
amplifying tube. The potential changes in 
duced in the coil 21 are amplified by the tube 
26 and conveyed by the condenser 29 to the 
primary of the transformer 31. The terml 
nal of this primary opposite that connected 
to the condenser 29 is connected to the fila 
ment of the tube 26. 
The transformer 31 thus produces a poten 

tial on the grid of the first tube of the am 
plifier which varies in accordance with the 
movement of the fork 20. The impulses from 
the fork are magnified by the action of the 
amplifier and produce currents in the wind 
ing of the magnet 22 which have the same 
frequency as the electromotive force induced 
in the coil 21, that is, they have the same fre 
quency as the fork. 
The phase of the currents in the magnet 

22 is adjustable. The adjustment is secured 
by the filter, including condensers 33 and 34, 
in series in one side of the line from the trans 
former 32 to the magnet 22, and the inductor 
35, in shunt to said line. The shunt includ 
ing the inductor 35 is from that side of the 
line including the condensers through the in 
ductor 35, the battery 36 and condenser 37 in 
parallel, and through the connection 38 to the 
other side of the line. 
The natural frequency of the fork 20 and 

the cut-off frequency of the filter are prefer 
ably nearly equal. Consequently, the differ 
ence in phase between the electromotive force 
impressed upon the filter by the transformer 
32 and the current in the magnet 22 will 
change rapidly with changes in the value of 
the inductance 35. This value may be 
changed by adjusting the inductance itself, 
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as indicated at 51. In this way, the fre 
quency of the system including the fork 20 
may be brought verv near to the prescribed 
frequency. 
A still closer adjustment may be made by adjusting the potential from the device 27, 

which controls the average potential of the 
grid 46. By the adjustment of the frequency 
of the system sufficiently close to a standard 
frequency, the system may be rendered re 
sponsive to stimuli of the standard frequency 
impressed upon the system from without. 
For example, if over the leads 55 shown at 
the upper left-hand corner of Fig. 2, an elec 
tromotive force of very nearly the frequency 
to which the fork has been adjusted be im 
pressed, this electromotive force will cooper 
ate with the electromotive force introduced 
through the condenser 29, and the fork 31 
will be subject to two forces of nearly the 
same frequency. 

If the degree of regeneration is within cer 
tain limits, the frequency impressed over the 
line 55 will be adopted by the fork instead of 
the frequency determined by the constants of 
the fork and the characteristics of the filter. 
This is convenient when the fork is used as 
explained in my copending application, Se 
rial No. 238,823, filed December 9, 1927, and 
assigned to the Westinghouse Electric and 
Manufacturing Company, for maintaining 
two broadcasting stations at the same fre 
quency. -- 

Again, as explained in connection with 
Fig.1, the microphone 48 by changing the 
character of the filter may cause correspond 
ing changes in the output of a transmitting 
station. For this purpose, the leads 56, 
shown as extending toward the left in Fig. 2, 
are connected to frequency multiplying de 
vices which control the transmitting device 
of a broadcasting station. 
Although I have illustrated the phase 

changing device by which I control the fre 
quency as a high-pass filter, any device which 
produces an adjustable change in phase rela 
tion between the output of the fork, that is, 
the electromotive force delivered by the coil 
21 and the input to the fork, that is, the force 
exerted by the magnet 22, can be made to pro 
duce the frequency changes. 

Similarly, any mechanically oscillating 
system, such as a fork, the pendulum of a 
clock, a piezo-electric crystal, etc., if it be re 
generated, that is if its output be connected 
through an amplifier to its input, will not 
only maintain a frequency approximately 
that of the mechanical resonance of the fork, 
pendulum or the like, but can have its fre 
quency adjusted, by adjusting the phase of 
the feed-back which produces the regenera 
tion. 
The principle on which the control of fre 

quency is dependent may be seen by a con 
Ci sideration of Fig. 3. In this figure, certain 
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rotating vectors are illustrated to indicate the 
various elements of the movement and oters 
to indicate the several forces acting. 
The vector marked Disrepresents the dis 

7. 
the distance of the tines from their station 
ary position. The vector marked Vel rep 
resents the velocity. In case of the fork, this 
is the velocity of the tines. In the case of the 
piezo-crystal, it is the velocity at which the 
crystal is shrinking or expanding. The vec 

5 

tor marked Accrepresents the acceleration of 
the vibrating body. 
In any mechanical vibrating system, the 

damping is a force, the phase of which is op 
posite to that of the velocity. This is repre 
sented in Fig. 3 by the vector marked Dam. 
It is without influence upon the frequency be. 
cause it has no component at any angle to the 
velocity. . . 
A vector opposite in phase to the displace 

ment and marked Stff represents the restor 
ing force usually known as the stiffness, be 
cause it tends to restore the system to its sta 
tionary position. A vector opposed to the 
acceleration shown at I represents the inertia. 
The stiffness and the inertia have a marked 

influence upon the frequency of the system, 
but the damping, has, as already pointed out, 
little or no influence thereon. 
The vector marked Out represents the out 

put that is, the energy delivered to the am 
plifier. In the case of the fork, it is nearly in phase with the velocity. 

It is therefore shown in this direction in 
the diagram. If there were no phase-chang 
ing device introduced in the amplifier, or its 
connections, the input would be in phase with 
le output and therefore be like the vector 
In order to see the effect of a phase change, 

I have assumed that the vector In, instead 
of being in the position illustrated is in the 
position In'. . 
The vector in the position. In is at right 110 

angles to the acceleration. This represents 
the steady condition when no phase differ 
ence exists. The vector In' has a component 
in the direction of the acceleration. It tends, 
therefore, to increase the energy in the sys- lls 
tem, which must result in larger velocities. 
This component, moreover, is also in the di 
rection of the stiffness reaction. It tends to 
increase the stiffness of the mechanical sys 
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tem, that is, to produce a greater resistance 120 
to displacement, and, therefore, to lessen the 
displacement. . 
The consequence of the position In' for the 

vector representing the driving force is, there 
fore, to increase the velocity and to diminish 125 
the displacement. Obviously, a greater veloc 
ity producing movement through a smaller 
displacement will accomplish that displace 
ment sooner, that is, the frequency of the 
vibrating system is increased. 130 



O 

5 

45 

O 

1,872,379 

Another and perhaps clearer way of show 
ing why the change in phase relation will 
cause a change in frequency is as follows: the 
horizontal component of the vector Intends 
to increase the stiffness and decrease the in 
ertia. The stiffness and inertia together con 
trol the natural frequency of any vibrating 
system. To increase the stiffness and dimin 
ish the mass will result in a higher natural 
frequency. 

It will be noted that in each of these ex 
planations, no attention has been paid to the 
vertical component of the vector In". This 
vertical component is opposite to the damp 
ing. It will therefore be effective in alter 
ing, not the frequency, but the amplitude of 
the vibrations. The amplitude will always 
increase until the losses represented by the 
damping vector and the input energy repre 
sented by the vertical component of In', are 
equal. 
Many other mechanically vibrating sys 

tems beside the pendulum, the tuning fork and the piezo-electric crystal specifically 
mentioned herein, are known to workers in 
the art, and the control of their frequency by 
the system here described is within the spirit 
of this invention. 
Many other modifications will be evident 

to those skilled in the art and the specific 
mention of only a few herein is not to be in 
terpreted as a limitation, no limitation being 
intended except that required by the prior 
art or expressed in the claims. 
I claim as my invention: 
1. In an oscillation system, a device hav 

ing a natural period of mechanical vibration 
and means for producing an electromotive 
force in accordance with the vibratory move 
ment thereof, an amplifier to which said elec 
tromotive force is delivered, means for im: 
pressing a force derived from the output of 
said amplifier upon said device to tend to 
counter-act the damping of said movement 
and means for controlling the phase relation 
between said electromotive force and said 
impressed force. 

2. In an oscillation system for transmit 
ting signals by frequency modulation, a de 
vice having a natural period of mechanical 
vibration and means for producing an elec 
tromotive force in accordance with the vibra 
tory movement thereof, an amplifier to which 
said electromotive force is delivered, means 
for impressing a force derived from the out 
put of said amplifier upon said device to tend 
to counter-act the damping of said movement 
and means for controlling the phase relation 
between said electromotive force and said 
impressed force in accordance with said sig 

inals. 

ess 

3. In an oscillation system, a device havin 
a natural period of mechanical vibration an 
means for producing an electromotive force 
in accordance with the vibratory movement 

5 

thereof, an amplifier to which said electromo 
tive force is delivered, means for impressing 
a force derived from the output of said am 
plifier upon said device to tend to counter-act 
the damping of said movement, a coupling 
between said device and one side of said am 
plifier and signal-controlled means cooper 
ating with said coupling to alter the effect 
of said coupling upon the phase in accord 
ance with the signal. 

70 
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4. In combination, a mechanical vibratory 
device having a well marked tendency to 
vibrate at one period, means for deriving a 
periodic potential from the vibration of said 
device, means including an amplifier for im 
pressing a periodic driving force on said 
device in accordance with said potential and 
means for altering the frequency of said 
device by adjusting the phase of said force. 

5. A regenerative system including an im 
plifier and means for impressing a portion 
of the output of said amplifier upon the in 
put thereof, said means including a phase 
changing device and a device having mechan 
ical resonance, said phase changing device 
comprising a high-pass filter having a cut-off 
frequency nearly equal to the frequency of 
said mechanical resonance. 

6. A regenerative system including an am 
plifier and means for impressing a portion of 
the output of said amplifier upon the input 
thereof, said means including a phase chang 
ing device and a device having mechanical 
resonance, said phase changing device com 
prising a high-pass filter having a cut-off 
frequency nearly equal to the frequency of 
said mechanical resonance, and means for adjusting the cut-off frequency of said filter. 

7. A regenerative system including an am 
plifier and means for impressing a portion 
of the output of said amplifier upon the in 
put thereof, said means including a phase 
changing device and a device having mechan 
ical resonance, said phase changing device 
comprising a high-pass filter having a cut-off 
frequency nearly equal to the frequency of 
said mechanical resonance and means for nor 
nally adjusting the cut-off frequency of said 
filter, through frequency intervals as great 
as one-tenth of one percent and signal-con 
trolled means for adjusting said cut-off fre 
quency through Smaller frequency intervals. 

8. In an oscillation system, a tuning fork 
having a natural period of mechanical vi 
bration and means for producing an elec 
tromotive force in accordance with the vibra 
tory movement thereof, an amplifier to which 
said electromotive force is delivered, means 
for impressing a force derived from the out 
put of said amplifier upon said tuning fork 
to tend to counter-act the damping of said 
movement and means for controlling the 
phase relation between said electromotive 
force and said impressed force. 
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9. In an oscillation system, a device hav 
ing a natural period of mechanical vibration 
and means for producing an electromotive 
force in accordance with the vibratory move 

5 ment thereof, an amplifier to which said elec 
tromotive force is delivered, means for im 
pressing a force derived from the output of 
said amplifier upon said device to tend to 
counter-act the damping of said movement 

10 and means comprising a section of a band-pass 
filter for controlling the phase relation be 
tween said electromotive force and said in 
pressed force. 

10. In an oscillation system, a device hav 
15 ing a natural period of mechanical vibration 

and means for producing an electromotive 
force in accordance with the vibratory move 
ment thereof, an amplifier to which said elec 
tromotive force is 

20 pressing a force derived from the output 
of said amplifier upon said device to tend 
to counter-act the damping of said move 
ment and means comprising a band-pass filter 
section having capacity and inductance units 
for controlling the phase relation between 
said electromotive force and said impressed 
force, said means including a vacuum tube 
having a cathode, a plate, and a control elec 
trode and having its plate-cathode impedance 
connected across at least a portion of said in 
ductance unit and its control electrode con 
nected to a source of modulating voltage. 

11. In a system for generating a frequency 
modulated carrier wave, an oscillator tube 
having a cathode, a grid and a plate, an am 
plifier tube having, a cathode, a grid and a plate, a high-pass filter section comprising an 
inductance coil and two condensers connect 
ed in the form of a T, and a piezo-electric 

40 crystal connected to the input of said oscil 
lator tube, said inductance coil being con 
nected in the plate circuit of said amplifier 
tube, one of said condensers connecting the 
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elivered, means for im 
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sponse to said signals whereby said alter 
nating current energy is frequency modu'at 
ed, and impressing said modulated energy upon an output circuit. 
In testimony whereof, I have hereunto sub 

scribed my name this 21st day of November, 1927. 
LESTER J. WOLF. 

plate of one tube to the plate of the other tube, 
45 and the other of said condensers connecting 

the plate of said amplifier tube to said piezo 
electric crystal. 

12. The method of signalling with a fre quency-modulated carrier wave generated by 
50 a means for generating alternating current 

energy which embodies a mechanically reso 
nant system, said method comprising regen 
eratively counter-acting the damping of said 
system, altering the p of the regeneration 

65 in response to signals whereby said alternat 
ing current energy is frequency-modulated, 
and impressing the resulting frequency-mod 
ulated carrier wave upon an output circuit. . 

18. In a system having means for generat 
0 ing alternating-current energy, said means 
including a mechanically resonant system, the 
method of transmitting signals by frequency 
modulation which comprises regeneratively 
counteracting the damping of said system, 
altering the phase of the regeneration in re 
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