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means at such a frequency and with sucn au
amplitude and in such a mode that the ampli-
tude and/or mode of oscillation is modified
by ihe mechanical contact of the said rigid
body with some part of the vibrating system
or. aliernatively, with subsidiary levers.
plungers, triggers, etc., designed to cause
mo.i>n of the said body to influence the
amplitude or mode of oscillation.

la this specification the term “gauging
device” is to be understood to include the
mechanical vibratory system together with
its associated driving or exciting means (re-
ferred to as the “motor™), and the term gaug-
ing element” is to be understood to refer to
hat part of :he vibratory system which
makes mechanical contact with the body
under observation or alternatively with the
subsidiary levers, etc., mentioned above.

As an illustration of the principle of this
invention consider a simple telephone re-
ceiver. The receiver as a whole constitutes
the gauging device and a small, hard piece
of material fixed to and projecting from the
centre of the diaphragm constitutes the gaug-
ing element. Most commercial telephone re-
ceivers exhibit a mechanical resonance near
1,000 c/s. If such a receiver is excited by
alternating current of frequency rather lower
than 1,000 c¢/s (say 700 or 800 c/s) the fol-
lowing phenomena will be observed. On
approaching a rigid body towards the gaug-
ing element the electrical impedance of the
receiver will pass through a series of stable
values as the rigid body restricts more and
more the amplitude of oscillation of the dia-
phragm, the impedance changing in a regu-
lar and steady manner as the oscillation is
reduced to zero. In bringing the gauging ele-
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ceiver as one arm of an impeuance Utruge
fed with (say) 800 c/s, and to adjust the
other components of the bridge so that no
voltage appears at the “detector” terminals
of the bridge when the diaphragm is freely
vibrating. It will then be found that, on
bringing the rigid body into contact with the
gauging eclement, the voltage at the
“detector” terminals of the bridge rises from
zero through a series of values approximately
proportionate to the corresponding displace-
ineats of the rigid body.

The effects just described occur if the fre-
quency of excitation is lower than the reson-
ance frequeacy of the vibratory system. If,
however, the frequency of excitation is
slightly higher than the said resonance fre-
quency the phenoména described in British
Patent 443,485 make their appearance, and
the general behaviour of the gauging device
is thereby modified: special precautions, re-
ferred to below, must then be taken if it is
desired to obtain approximately proportion-
ality between the changes in the amplitude
and/or mode of oscillation of the gauging
clement and the displacement of the ob.
served body.

Th telephone receiver mentioned above
serves to illustrate the general principles em-
bodied in this invention, but other vibratory
systems are preferably employed: again, a
bridge network has been mentioned as a
means of cancelling the voltage appearing
at the “motor” terminals when the gauging
element is freely vibrating, whereas alterna-

tive means may be equally or more effective. 100

The “motor” of a gauging device in
accordance with this invention should have
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I, EpMUND RAMSAY WIGAN, a British Sub-
ject, of the Ministry of Supply, London, do
hereby declare the nature of this invention
to be as follows: —

This specification discloses means for the
conversion of small displacements of a rela-
tively rigid body into corresponding, and, if
desired, approximately proportionate,
changes in the amplitude of oscillation of a
mecianical system. The said mechanical
sysiem is maintained in a state of oscillation
either by self-excifation, or by auxiliary
means at such a frequency and with such an
amplitude and in such a mode that the ampli-
tude and/or mode of oscillation is modified
by the mechanical contact of the said rigid
body with some part of the vibrating system
or, aliernatively, with subsidiary Ievers,
plungers, triggers, etc., designed to cause
moidin of the said body to influence the
amplitude or mode of oscillation.

In this specification the term “gauging
device” is to be understood to include the
mechanical vibratory system together with
its associated driving or exciting means (re-
ferred to as the “motor™), and the term gaug-
ing element” is to be understood to refer to
that part of the vibratory system which
makes mechanical contact with the body
under observation or alternatively with the
subsidiary levers, etc., mentioned above.

As an illustration of the principle of this
invention consider a simple telephone re-
ceiver. The receiver as a whole constitutes
the gauging device and a small, hard piece
of material fixed to and projecting from the
centre of the diaphragm constitutes the gaug-
ing element. Most commercial telephone re-
ceivers exhibit a mechanical resonance near
1,000 c/s. ¥ such a receiver is excited by
alternating current of frequency rather lower
than 1,000 c/s (say 700 or 800 c/s) the fol-
lowing phenomena will be observed. On
approaching a rigid body towards the gaug-
ing element the electrical impedance of the
receiver will pass through a series of stable
values as the rigid body restricts more and
more the amplitude of oscillation of the dia-

- phragm, the impedance changing in a regu-

50

lar and steady manner as the oscillation is
reduced to zero. In bringing the gauging ele-

[Price 2[-}

ment io rest the body will have to move over
a distance equal to approximately twice the
amplitude of free oscillation of the said ele-
ment.

This invention discloses means for utilis-
ing such a change of impedance-to operate
subsidiary indicating, recording or other
apparatus in such a way as to obtain a
measure of the displacement or position of
the said rigid body relative to the gauging
device.

A simple way of carrying this out is to
connect the windings of the telephone re-
ceiver as one arm of an impedance bridge
fed with (say) 800 c/s, and to adjust the

~other components of the bridge so that no

voltage appears at the “detector” terminals
of the bridge when the diaphragm is freely
vibrating. It will then be found that, on
bringing the rigid body into contact with the
gauging eclement, the voltage at the
“detector” terminals of the bridge rises from
zero through a series of values approximately
proportionate to the corresponding displace-
meants of the rigid body.

The effects just described occur if the fre-
quency of excitation is lower than the reson-
ance frequency of the vibratory system. If,
however, the frequency of excitation is
slightly higher than the said resonance fre-
quency the phenoména described in British
Patent 443,485 make their appearance, and
the general behaviour of the gauging device
is thereby modified; special precautions, re-
ferred to below, must then be taken if it is
desired to obtain approximately proportion-
ality between the changes in the amplitude
and/or mode of oscillation of the gauging
element and the displacement of the ob-
served body.

Th telephone receiver mentioned above
serves to illustrate the general principles em-
bodied in this invention, but other vibratory
systems are preferably employed; again, a
bridge network has been mentioned as a
means of cancelling the voltage appearing
at the “motor” terminals when the gauging
element is freely vibrating, whereas alterna-
tive means may be equally or more effective.

The “motor” of a gauging device in
accordance with this invention should have

635,633

55

60

65

70

75

80

85

90

95

100




2 : 635,633

10

15

20

25

30

35

40

45

50

55

a high motional impedance if the device is to
have a high sensitivity a large number of
well known methods of excitation are avail-
able, e.g. electromagnetic, electrostatic,
piezoelectric and magnetostrictive each of
which has its own field of usefulness. Any
one of these may be employed to excite the
vibratory element either directly or in-
directly. -

Means for cancelling the voliage at the
motor terminals when the gauging element is
freely vibrating may consist of any arrange-
ment of circuit elements which has (a) the
effect of feeding clternnting power to the
“motor” terminals, and (b), provision for
the opposition of the said voltage. The pro-
vision under (b}, above, may be made with
the aid of an amplifier, if desired. and in this
case may be chosen so inat, the opposing
voliage, instead of remaining constant,
changes its magnitude and/or phase when
ihe amplitude of vibration of the gauging
element is restricted by contact with thé body
under observation; in this way the shape of
the curve relating the ne: voltzge (motor
terminal p.d. less opposition p.d), to the

tody displacement may be given any desired

adjustment.

Again similar general arrangesments may
be made in cases in which the p.d. at the
“motor” terminals is not used to indicate the
state of motion of the vibratory element hut
in which the vibratory slement excites the
required p.d. in electromagnetic or electro-
static means adjacent to it.

For certain applications it may be desir-
able to cause the opposing p.d. to cancel the
voliage induced by the vibrating element
when tiie said element is brought to rest, or
at some stage of restricted vibration.

With a view to improving the linearity of
the calibration curve of a gauging device of
this general-type the vibratory element may
be excited by two frequencies simultane-
ously, one preferably of larger amplitude and
lower frequency than the other, filters being
provided to remove from the output of the
network currents of the lower frequency.
One of these frequencies may be applied, not
directly to the vibratory element, but to the
framework of the gauging device, so as to
cause the gauging element to execute in
space a motion compounded of the two ex-
citing frequerncies.

To improve still further the linearity of
calibration of the whole system electromag-
netic or electrostatic “feed-back” may be
used so that so fast as the observed body
encroaches upon the field of vibration of the
gauging element the whole body of the
gauging device (or alternatively the gauging
element alone), is drawn away from the ob-
served body. If, for example, in the case of

a bridge type network associated with an
electromagnetic method of exciting the vibra-
tory element, the voltage at the “detector™
terminals of the bridge is amplified. recti-
fied, smoothed and passed to an indicating
current meter scaled to read the displace-
men: of the body restricting the motion of
the gauging element, all or some of the recti-
fied current may be fed back into the bridge
network so as to cause the gauging element
to move away from the resiricting object. If
the “motor™ is of the moving-iron type isis
procedure may induce spurious frequencies
in the output voltage or modify the motor
impedsnce; to avoid these effecis the recii-
fied current may be passed through an elec-
tromagnet disposed 1o deidect the whole
gauging device away from the said object,
for instance by bending a member upon
which the gauging device is mounted.

Such arrangements have the effect of cor-
recting for non-linearity in the rectifier. the
amplifier. and in the process of conversion
of vody displacement into wvolinge at tie
“detector” terminals of the bridge.

The systems of negative feed-back just
described may be reversed so that positive
feed-back is obiained. The devize then be-
comes an exiremely sensitive “frigger,” the
trigger being “pulled” by the encroachment
of any obiect into the field of free vibration
of the gauging element.

An external source of alternating energy
has been assumed in all arrangemenis so far
mentioned, but it may be dispensed with if
the network containing the “moior™ wind-
ings is so conpected, via any necessary
ampiifier, that oscillations are self-induced.

Earlier reference has been made to British
Patent 443,485. The vibrating systems de-
scribed there are dynamicly unstable owing
to their being excited at a frequency higher
than their resonance frequency. This in-
stability makes such systems extremely sen-
sitive “triggers.” By utilising the networks,
described above, employing negative feed-
back and a superposed large amplitude low-
frequency excitation this sensitivity may be
harnessed and the trigger effect brought
under control. This is effected as follows:
The higher frequency of excitation tends to
make the vibratory element increase its
amplitude of vibration if it touches a rigid
body. The low-frequency excitation brings
the element into contact with the body and
thus induces this increase of high-frequency
amplitude, but only for a part of the L.F.
cycle. At first, as the body-under observa-

tion approaches the gauging element, the in--

stability lasts for a few cycles of the h.f.
vibration only. then, as the body encroaches
still further upon the field of Lf. vibration of
the gauging element, it persists for longer

65

70

75

80

85

90

160

105

110

115

120

125



635,633 3

10

15

20

45

50

55

periods. These bursts of h.f vibration of
course induce voltage at the “detector” ter-
minals of the bridge and can be converted,
as described above, into smoothed d.c. The
d.c. represents the time-integral of the bursts
of unstable vibration. The analogy with a
super-regenerative radio receiver is obvious,

Although the greater part of the specifica-
tion has particular reference to embodiments
of the invention in the form of a linear dis-
placement gauge or “fiducal indicator” (a
most important field of application), it is to
be clearly understood that devices of the type
described may serve other purposes. For
example the “body under observation” may
be part of a barograph, thermostat, ther-
mometer, etc., in fact any mechanism de-
signed to convert variations of some physical
quaniity into linear displacement. For in-
stance, the temperature-sensitive element of
2 thermostat may itself be the element which
is caused to vibrate and whose amplitude is
made a measure of the ambient temperature

and is utilised to record or control the tem-
perature. .

Gauging devices in accordance with this
invention can be made extremely sensitive;
for example a 1 mA current meter of 1,000
ohms resistance may be calibrated to read
25 millionths of an inch at full scale, and
readings will be stable to 2 or 3% of this
value. When used at this high sensitivity it
is desirable to have a simple way of
approaching the gauging element towards
the object gauged in steps of a few mil-
lioneths of an inch. For this purpose the
magnitude of the before-mentioned large-
amplitude 1f. excitation may . be varied;
alternatively a separate d.c. may be super-
posed upon the current producing negative
or positive feed-back, and used to shift the
gauging element to and from the object
under observation.

Dated this 5th day of June, 1947.

E. RAMSAY WIGAN.

COMPLETE SPECIFICATION
Improvements in Means for Measuring, Indicating, or
Utilising Very Small Displacements

1. EpvuND Ramsay WIGAN, a British Sub-
ject. of the Ministry of Supply. London, do
hereby declare the nature of this invention
and in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment:—

This invention relates to means for
measuring, indicating or utilising very small
displacements of a relatively rigid body.

The present invention particularly relates
to a device for measuring, indicating or
utilising a small displacement of a relatively

- rigid body which includes the means of ex-

60

85

70

75

citing a mechanical vibratory system into
oscillation and controllably modifying the
amplitude of the said oscillation by direct or
indirect mechanical contact between the said
body and the said system.

-In Patent Specification No. 443,485 1 de-
scribed a method of detecting smalt displace-
ment which comprises altering the mode of
oscillation of a vibrating system by contact
caused by a small displacement of a rigid
body. This method utilised a “trigger”
phenomenon since the mode of oscillation
once initiated by the displacement builds up
uncontrollably to an oscillation of much
larger amplitude.

The present invention differs from my
prior invention in that the change in ampli-
tude of the oscillation of the vibratory sys-
tem is controlled according to the present
invention to produce a change in amplitude
which depends upon, and is in_fact very

nearly proportional to, the small displace-
ment. It will become apparent from the fol-
lowing description that the present invention
requires radically different circuit arrange-
ments. It will also be found that the present
invention has the merit that the device is not
sensitive to mechanical shock in the sense
that the trigger mechanism described in my
prior Specification No. 443,485 is sensitive.
For instance a shock to the prior system
leads to an uncontrollable burst of oscilla-
tion whereas in systems according to the
present invention a shock will be recorded
merely as a transient and when the shock is
over the system returns to its previous state.

According to one aspect of the present
invention there is provided a device for
measuring, indicating or utilising a small dis-
placement of a relatively rigid body and
comprising a mechanical vibratory system
arranged to be driven at a frequency near
to but below a free resonant frequency of the
said system, means for causing the said
small displacement to change the amplitude
of oscillation of the said system by an
amount depending on the magnitude of the
said small displacement- and means for
measuring, indicating or utilising the change
in amplitude so produced.

In a preferred embodiment the last said
means comprises an electrical circuit associ-
ated with the said vibratory system, change
in the electrical impedance of this circuit
being used to indicate or utilise the said
small displacement and to this end the said
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circuit may form an arm of a 4-terminal
bridge-network.

According to a feature of the present in-
vention there is provided means for displac-
ing the said vibratory system relative to the
said rigid body by an amount depending on
the said small displacement to be measured
and this displacement of the said system may

e in such a direction as to increase the
change of vibratory amplitude produced by
the said small displacement but alternatively
it may be in such a direction as to decrease
the change of vibratory amplitude produced
by the said small displacement. For con-
venience these two methods of relative dis-
placement of the vibratory system will here-
inafter be referred to as positive and nega-
tive feedback respectively.

When the negative feedback is used the
oscillations of the vibratory system may be
controllable even when the frequency of the
drive applied to the said vibratory system is
near to but higher than a free resonant fre-
quency of the said system, although nor-
mally (as hereinafter explained) the use of a
driving frequency just above a resonant fre-
quency leads to uncontrollable change in the
amplitude of oscillation of the said system.

According to another aspect of the pre-
sent invention, therefore, there is provided a
device for measuring, indicating or utilising
a small displacement of a relatively rigid
body and comprising 2 mechanical vibratory
system arranged to be maintained in a state
of oscillation, means for causing the said
small displacement to change the amplitude
of oscillation of said system by an amount
depending on the magnitude of the said
small displacement including means for
applying negative feedback to the said sys-
tem and means for measuring, indicating or
uiilising the change in amplitude of oscilla-
tion so produced.

The inveniion and some of its features
have so far been described in general terms
but other features and alternatives in the
invention will become apparent from the
following description of the invention made
with reference to the accompanying dia-
grammatic drawings in which,

Fig. 1 illusirates an embodiment of the in-
vention, and )

Fig. 2 illustrates a modification of the em-
bodiment illustrated in Fig. 1.

In Fig. 1 of the drawings there is shown a
vibratory system 1 comprising a vibratory
reed 2 indicated as flexibly mounted between
the poles of a permanent magnet NS and ex-
cited by alternating current fed to the wind-
ings 3 which embrace the reed 2. The stiff-
ness of the said flexible mounting and the
mass of the reed 2 determine the resonant
frequency of the reed. The system 1 is

carried on the end of a flexible member 4
secured to a stiffer member 5 which is itself
rigidly clamped at one end to a massive
base-plate 5a. A probe 6 is held in a parallel
motion assembly 7 consisting, for example,
of two flexible discs secured to the probe at
their centres and to the base-plate 5a a:
their circumferences.

The body 8 whose displacement is to be
measured is brought into contact with the
remote end 6a of the probe. The position of
the end 6 of the probe is then registered by
moving the assembly 1 towards the probe
until the reed 2 touches it. This movement
will be very small and is obtained by turn-
ing the dial 9 which pulls on the screw rod
9a and extends the spring 10 and thus applies
a stress to the end of the blade 11. This
stress bends the relatively rigid bar 5 about
the point at which it is clamped to the base-
plate 5a. Since the reed 2 lies on the line
XX normal to 5 and passing through the
said point of clamping, the reed 2 moves to-
wards the probe 6 on a line normal to XX.
Owing to the flexibility of the blade 11 and
the rigidity of the bar 5, movements of the
screw 9a of the order of thousandths of an
inch thus result in movements of the
assembly 1 of the order of millionths of an
inch. This reduction factor is adjusted by
sliding a clamp 11z along the blade 11.
Calibration is done by substituting a micro-
meter for the body 8 and calibrating the
reading of the scale 9 against known dis-
placements.

The winding 3 forms one arm of a bridge
12 which is fed by an alternating current
scource 13. A D.C. meter 14 fed from the
amplifier and rectifier 15 with a current I,
indicates the degree of unbalance of the
bridge 12.

It will be found that when the frequency
of the current from the source 13 iz made
just below a resonant frequency of the reed
2 and the probe 6 encroaches on the free
vibration of the reed 2 the electrical imped-
ance of the winding 3 will pass through a
series of stable values as the probe 6 more
and more restricts the amplitude of oscilla-
tion of the reed 2. The impedance will
change in a regular and steady manner as
the oscillation amplitude is reduced to zero.
if, therefore, the bridge 12 is balanced when
the reed 2 is just freely vibrating, it will then
be found that, displacement of the body 8
bringing the probe 6 into contact with the
reed 2, will cause the reading on the meter
14 to rise from zero through a series of
values approximately proportional to the
corresponding displacements of the rigid
body 8.

The readings on the meter 14 may be cali-
brated by holding the probe 6 fixed and dis-
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placing the sysiem [ by known anmounts by
means of ihe calibrated dial Y (as herein-
peiore explaitted) and noting the correspond-
g readings on the meier 14. Alternatively
displacements may be measured by rotating
the calibrated dial 9 so as to keep the meter

~ reading at some 1txed vaiue as tlhe probe 6 is
moved by the pody 8. :

The effects just described occur i the fre-
quency of the driving current from the source
13 is near to but lower than a resonance fre-
quency of the vibratory system. If, however,
tne frequency of excitation is sligistly higher
than a resonance frequency of the reed 2 the
amplitude of oscillation will change in an
unconfroifable manner and the phenomena
desciibed in Specification No. 443,485
appear. This is due to the fact that, in ihis
case, the transient vibration induced by con-
tact between 2 and 6 is of such a phase ai
the next contact that the velocity of approach
18 increased and in a few cycles the vibra-
tions of 2 build up to a very much larger
amplitude. {It will be understood that
alihough the probe 6 limits the movement of
the reed 2 in one direction the reed is free to
move, if so impulsed, to a greater extent in
the oiher direction.)

Wien the excitation frequency is made
slightly greater than a resonani frequency
the system may still be made controliable by
negaiive feedback. This may be effected in
the embodiment illustrated by means of an
electro-magnei 16 polarised by a permanenc
magnet 16c and fed with a direct current I
derived by rectifying (after amplification) the
“unbalance” current derived from the
bridge 12 by the amplifying and rectifying
device 15. The magnet is arranged to attract
the arm 4 and so retract the sysiem 1 away
from the probe 6. The degree of negative
feedback may be adjusied by the conirol
resistance 17, and by the gain of the ampli-
fier associated with element 15.

~Negative feedback may also be used when
the reed 2 is driven at a frequency slightly
below a resonance frequency. In this case
the negative feedback is not used to bring
the amplitude change under control but to
reduce the change in amplitude of 2 result-

“ing from a given displacement of object 8§

and so fo exiend the range of measurement
of the device and to improve the proportion-
ality between the readings of meter 14 and
the linear displacement of object 8. Alterna-
tively a positive feedback-arrangement is ob-
tained by reversing the connections 16a and
16b on the feedback magnet or by a revers-
ing switch 18 so that the bar 4 and with it
the system 1 is deflected towards the probe
6 as the rectified current I increases. By this
means the sensitivity of the device may be
increased. If too much positive feedback is

used the whole device may become uncon-
iroflable even when the.exeitation frequency
is below a resonance frequency of the sys-
tem I, but this is easily avoided by adjust-
:neni of a control similar to 17.

I'he electro-magnetic system represented
oy elements 2 and 3 shouid have high ratio
oi moiional impedance to clamped imped-
ance if the device is to have a high sensi-
avity. A ratio greater than unity 1s readily
obtainable without the need for minute air-
gaps in ilie magnetic path. Instead of the
eleciro-magnetic excitation means illustrated
other ineans, e.g. electro-static, piezo-eleciric
or inagneto-siriciive, may be used. The
modifications to the cosstruction shown to
suit such means will be obvious to those
sxilled in the art.

Tiie means wsed to cause the vibratory
member to oscillate may be distinct from the
means used to indicate changes in the ampli-
tude of oscillation. A bridge-network such
as 12 is not then required. [hus in the em-
bodiment illustrated in Fig. 2 two coils A
and 3 may be used, one directly supplied
with current from the oscillator for driving
iile reed 2 and the other mounted adjacent to
the reed 2. Vibrations of element 2 will
generate a voltage in the second coil. A
suitable fraction of the oscillator output may
e arranged to cancel this voltage when the
element 2 is freely vibrating, A difference
voliage due to change of amplitude is applied
to the input of 15. Again the means used to
indicate the amplitade of the vibrating mem-
over is not limited to a coil, e.g. it may be a
conductor mounted near the member and
ine amplitude may be indicated by the
changes in the electric capacity between the

“conductor and the member.

I'ne amplitude of vibration of the reed 2
will generally be very small, of the order of
1060 x 10-® inch. It is clear, therefore, that
the range of linear measurement normally
possible will be of the same order: if nega-
iive feedback is applied this range
might be extended to about 300 x 10-°
inch. To increase this to several thou-
sandths of an inch the following arti-
fice may be employed:—A low fre-
quency alternating current may be applied to
the magnet system 16 through a separate cir-
cuit, suitable condensers and chokes being
arranged to keep the current out of the loop
containing the meter 14 and the rectifier 15.
The amplitude of this current is adjusted so
that the bar 4, and with it the assembly 1,
oscillates with an amplitude of one or two
thousandths of an inch. The reed 2 will
then contact the probe 6 for no more than a
small fraction of the low-frequency cycle if
the probe 6 moves inwards a few millionths
of an inch. Not until the probe 6 has been
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displaced several thousandths of an inch will
the reed 2 be entirely prevented from oscil-
lating and the meter 14 reach its maximuin
deflection.

Other modifications will now be obvious
to those skilled in the art. :

There are many practical applications of
the invention. For example, it may be used
as a gauging device for accurate comparison
of standard lengih gauges and will give re-
sults comparable with those obtained by
optical interference methods which are much
more difficult to perform. In other applica-
iions the rigid body under observation may
be part of a barograph, thermostat, ther-
mometer, etc., in fact any mechanism de-
signed to convert variations of some physical
quantity into small displacements.

For instance, the temperature-sensitive
element of a thermostat may itself be the
vibrating member, the amplitude of oscilla-
tion being a measure of ambient tempera-
ture and used to record or control the tem-
perature, for example through an electrical
relay operated by the “unbalance” current 1
from a bridge such as 12 in the drawing.

Having now particularly described and
ascertained the nature of my said invention
and in what manner the same is to be per-
formed, I declare that what I claim is:—

1. A device for measuring, indicating or
utilising a small displacement of a relatively
rigid body and comprising a mechanical
vibratory system arranged to be driven at a
frequency near to but below a free resonant
frequency of the said system, means for
causing the said small displacement to
change the amplitude of oscillation of the
said system by an amount depending on the
magnitude of the said small displacement
and means for measuring. indicating, or util-
ising the change in amplitude of the said
vibratory system so produced.

2. A device for measuring, indicating or

utilising a small displacement of a relatively
rigid body and comprising a mechanical
vibratory system arranged to be maintained
in a state of oscillation, means for causing
the said small displacement to change the
amplitude of oscillation of the said system
by an amount depending on the magnitude
of the said small displacement including
means for applying negative feedback to the
said system and means for measuring, indi-
cating or utilising the change in amplitude
of oscillation so produced.

3. A device according to Claim 1 or 2 in
which the last said means includes an elec-
trical circuit associated with the said system
arranged so that its electrical impedance de-
pends on the amplitude of oscillation of the
said system.

4, A device according to Claim 1 and
comprising means for applying positive or
negative feedback to the said system.

5. A device according to Claim 3 in which
the said circuit is also adapted to carry cur-
reat to excite said system into a state of
oscillation.

3. A device according to any of the pre-
ceding claims and comprising means for pro-
ducing small displacements of the said sys-
tem relative to the relatively rigid body dis-
placements of which are to be measured,
indicated or utilised

7. A device for measuring, indicating or
utilising small ‘displacements of a relatively
rigid body substantially as hereinbefore de-
scribed with reference to the accompanying
drawings.

8. A device for measuring. indicating or
utilising small displacements of a relatively
rigid body substaniially as hereinbefore de-
scribed.

Dated this 12th day of July, 1948.

H. W. GRACE,
Agent for Applicant.

Leamington Spa: Printed for His Majesty’s Stationery Offive, by the Courier Press.—1950.
Published at The Patent Office, 25, Southampton Bnildings. Lendon, W.C.2, from which
copies, price 2s. 0d. each (inland) 2s. 1d. {abroad) may be obtained
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635,633 COMPLETE SPECIFICATION

[This Drawing is a reproduction of the Original on a reduced scale]
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