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PROVISIONAL SPECIFICATION 

Improvements in Means for Detecting, Observing, Measuring or 
Indicating Minute Movements 

I, EDMUND RAMSAY "\VIGAN, of 2, 
Branclram Road, Lee, London, S.E.13, a 
British Subject, do hereby declare the 
1.ature of this invention to be as 

5 follows:-
'rhe essential elements of this inven­

tion are a relatively pliant member carry­
ing suitably shape~l gauging surfaces and 
means of setting this member into a 

10 steady or controlled state 0£ vibration. 
Suitable adjusting means are provided 
so that these gauging surfaces may be 
brought into mechanical contact with the 
surface of anv solid body with a view to 

15 determining the position in space of the 
latter or its state 0£ motion. By suit­
ably closing the frequency at which the 
vibrating member fa driven, ancl by 
properly proportioning the parts of the 

20 apparatus, an unstable state of vibration 
. is set up at the moment that contact is 
established between the gaui.!.'ing surface 
and the surface towards which it is 
approached. The behaviour of the a,ppara-

25 tus is such that a verv small and fleeting 
force of contact bet,veen these surfaces 
results in an increased force of contact 
when the smfaces approach each other 
again in the next cycle 0£ vibration. 

JO The resulting sudden increase in the 
force of contact serves to indicate that 
contact has been established. For 
example it causes an audible chattering 
sound which is readilv observed; alterna-

35 tively the change in· the mocle of vibra­
tion · can be arrangecl to operate indicat­
ing- means. 

It will be appreciated therefore that 
this invention provides means of indicat-

40 ing in a simple, sensitive and accurate 
manner a very slight force of contact 
hehveen two surfaces. 

In an application of t11e above 
principle to a linear dimension gauge, 

45 the pliant member, mounted on a suit­
able supporHng carriage together witli 
associated means £or maintaining and 

controlling the vibration of the member, 
corresponds, as a unit, with the usual 
'' feeler '' element of the gauge. The 50 
pliant member is controlled and main­
tained in vibration by, for instance, an 
electromagnetic drive. 

The gauging surface or surfaces are 
approached to the object being gauged 55 
by a combination of coarse and fine 
adjustments. Contact between the gauge 
and the object is indicated by the 
phenomenon described above. 

The fine adjustment is carried out, in 60 
one form 0£ the gauge, by varying the 
current flowing in the electromagnetic 
system. l'he apparatus can be calibrated 
so that this current, ihe magnitude of 
which can be read from a suitable indi- 65 
cator, becomes a measure 0£ the linear 
distance through which the gauging 
surfaces have been causer! to move rela­
tive to the supporting carriage, that is, 
a measure o:£ the fine acljustment. 70 

In the special case referred to above 
the gauging member is caused to vibrate, 
but i.he invention mav also be applied in 
cases where the surface under observation 
is vibrating and the gauging member is 75 
adjustable but not vibrated, or is 
adjustable and caused to vibrate. The 
various parts and the driving frequencies 
being so chosen that an unstable state of 
vibration issetupatthe ;moment than con- 80 
tact is established between the gauging 
.and the gauged smfaces. For example 
this invention may be applied to appa­
ratus designerl to indicate a maximum -or 
minimum value of some phvsical quan- 85 
tity; the needle 0£ a volt' meter, for 
instance, mav constitute the vibrating 
member, -wh1ch at some chosen point on 
the scale is set into violent vibration by 
touching an adjustable stop; the energy 90 
thus released ma:v be emploved to operate 
in(licating mean~. • 

Dated the 28th <lay of June, 1936. 
}J. RAMSAY WIGAN. 

COMPLETE SPECIFICATION 
Improvements in Means for Detecting, Observing, Measuring, Indicating, 

Recording or Utilizing Minute Movements 
I, ED::Ut'ND RAMSAY Wrn.rn, of 2, 

Brandram Road, Lee, London, S.E.13, a 
fifrioe l/-] 

British Subject, do hereby declare the 95 
nature of this invention. and in what 



2 443,485 
----· ················-·· 

manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement:-

This invention relates to means for 
5 detecting, observing, measuring, indi­

cating or recording minute movements or 
displacements and £or utilizing such 
minute displacements £or any purpose 
for which they may be suitable, and it 

10 has for its object improvements in such 
means incorporatinj5 the application 
thereto of a new technique, as · will be 
described hereafter 

According to m:.v invention, I provide 
15 apparatus for detecting, observing, 

measuring, indicating, recording or 
utilizing minute changes of position of a 
solid body, an essential feature Qf which 
is of the nature 0£ a linear dimension 

20 gauge or like device, consisting of (1) a 
gauge carriage which is movable with 
respect to a supporting heel and (2) a 
contact-indicating device, comprising a 
"feeler gauge surface " (or surfaces) 

25 carried upon a flexible resilient member 
or " vibrator" maintained by any suit­
able means in a state of vibration, the 
amplitude of which is normally steady or 
controlled, said apparatus being charac-

30 terised in that the said flexible resilient 
member is so proportioned and mounted 
upon the said gauge carriage that the 
frequency of one of its modes of natural 
or resqnant vibration is near to (above or 

35 below) the frequency of the forces main­
taining the said member in vibration, the 
difference between these two frequencies 
being assigned such a value that when a 
" contact gaug'e surface " carried by the 

40 body the displacement of which is to be 
detected, observed. measured, indicated, 
recorded or utilized, comes in close proxi­
mity to the " feeler gauge surface " ( or 
surfaces) so as to touch it with a certain 

45 very small force of impact, there is set 
up a particularly distinctive mode of 
intermittent contact between the " con­
tact gauge surface" on the body and the 
" feeler gauge surface " on the fle:s:iblP 

50 member, so that the said flexible resilient 
member breaks into a new vigorous mcide 
of vibratio·n, hereafter referred to as the 
" vigorous vibration ", which is charac­
terised in this, that this new mode of 

55 vibration cloes not return to the steady 
or controlled mode of vibration when 'the 
contact gauge surface is brought baek 
into th£ position it occupied when the 
initial impact oecurrecl, and even when 

60 it is withdrawn slightly further. away. 
The contact gauge surface mstead of 

being carried by the solid body the dis­
placement of which is to be detected, 
observed, measured, indicated, recorclecl 

65 or utilise&, may be on. a separate member 

adapted to be displaced directly or 
indirectly, by the said body. 

'rhe position of the contact and feeler 
gauge surfaces may be interchanged, the 
resilient vibrating member carrying the 70 
feeler gauge surface being mounted on 
the solid body the displacement of which 
initiates the phenomenon rflferred to, 
and the contact gauge surface being 
carried by a suitable fixed member. 7 5 

It has been found that the substitutiQn 
of the unstable distinctive mode of 
vigorous vibration of the flexible resilient 
member £or foe steady or controlled state 
of vibration constitutes a far more pre- 80 
cise indication 0£ the close proximity of 
the feeler and contact gauge surfaces than 
anv method of mechanical or electrical 
contact hitherto provided can give, so 
that, by this method, displacements of 85 
the order of one ten millionth of an inch 
can be easilv detected, observed, 
measurecl, indicated, recorded or made use 
of, as will be more fully shown here-
after, such detection; observation, 90 
measurement, indication, recording or 
utilization being hereafter referred to as 
a " gauging operation " £or the sake of 
briefness. 

The behaviour of the apparatus is such 95 
that a very small and transitory force of 
contact between the feeler and the con­
tact.gauge surfaces results in an increased 
force of contact when the surfaces 
!lpproaeh each other again in the next ( or 100 
in a subsequent) cycle 0£ vibration. 

Tli.e resu)ting rapicl increase in the 
force of contact serves to define the bodv's 
position at the moment that the initial 
contact is established. For example it 105 
may cause an audible chattering sound 
wh1ch is readilv observed or it may cause 
the flicker or a pointer when com1ng in 
contact with a tltop; alternatively the 
change in the mode of vibration can be 110 
arranged to operate visual indicating, Qr 
recording means, or to bring about anv 
desired mechanical or other operation. · 

It will be appreeiated therefore that 
this invent.ion provides means for indicat.- 115 
ing in a simple, sensitive and accurate 
manner that a very slight force of rem­
tact has cleveloped between the two g-aug·-
ing sur£a;.,es. ~ 

In an applieation of the ahove prin-120 
ciplp to a linear dimension gauge. the 
flexible resilient member. mounted on a 
suitable supporting carriage together 
with associated means for maintaining 
and controlling the vibration of 125 
the said member, corresponds, as 
a unit, with the usual " feeler " 
element 0£ tbe gauge. The flexible resi­
lient member may be controlled and 
maintained in vibration by any known 180 
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suitable device,. such as an electro~ 
magnetic drive. The feeler gauge sur­
face (or surfaces) are bmught near to the 
contact gauge surface (or surfaces) on 

5 the body being gauged by a combination 
of coarse and fine adjustments. Vibra­
tory contact between: the feeler gauge 
surface and the contact gauge surface on 
the hody being gauged is indicated by 

10 the phenomenon described above. 
In one form of gauge the fine 

arljmitment is made either by altering 
the amplitude 0£ the vibration 
by varying the alternating cuxrent 

15 flowing in the electro-magnetic system, 
or by displacing the mean .Position 
of the vibrator by superposing an 
adjustable direct current on this alternat­
ing current. The apparatus can be 

20 calibrated so that either (or both) these 
currents, the magnitude of which can be 
read from a suitable indicator, becomes 
(or become) a measure of the linear dis­
tance through which the feeler gauging 

25 surface or surfaces have been causecl to 
move relative to the supporting carniage, 
that is, becomes (or become) a measure 
of the fine acljustment. 

In the various case& -referred to herein 
30 it will be assumed for the sake Qf illustra,. 

tion that the feeler gauging surface is 
carried bv the flexible resilient member 
which is caused to vibrate, but it will be 
understood that the invention may also 

85 be applied in certain cases where the body 
under .observation is vibrating and the 
feeler gauging member is adj 11stable and 
either is not vibrated (in which case the 
body under observation enters into 

4.0 vigorous vibration when vibratory con­
tact takes place), or is also caused to 
vibrate, the various parts being so 
designed and the driving frequencies 
being so chosen that a vigorous state of 

45 vibration is set up at the moment that 
vibratorv contact is established between 
the two· gauging surfaces For example 
this invention may be applied to appa­
ratus designed to indicate a maximum or 

50 minimum value of some physical quan­
tity: the pointer o.£ a voltme.ter _for 
instance, may conshhiste the v1bratmg 
-member, which, at some chosen point on 
the scale, i& set into violent vibration by 

55 touching an adjustable si0p; the energy 
thus released may be employed to operate 
indicating or recording means. ]f t1ie 
stop is set at a certain minimum or maxi­
mum reading, it being required to give 

60 a warning whenever the pointer comes in 
contact with the stop, the device may be 
used as a minimum or maximum voltage 
indicator. 

It will therefore be seen that in everv 
65 case, the invention involves the combina-

tion of two features, one 0£ which is the 
material embodiment of what may be 
aptly referred to as the " vigorous 
vibration " phenomenon and the other 
of whieh is constituted by the means 70 
·adapted: for obtaining and for controlling 
very small displacements 0£ tb.e " feeler " 
member. 

OPERATION. 
The setting in of the particularly dis- 75 

tinetive mode of vigorous vibration is 
obtained by causing a vibrating element, 
which carr1es a feeler gauge surface, to be 
in a steady state of vibration at a fre­
quency near to and either above or 80 
below, but preferably above its natural 
frequency (ox one of its. other modes) of 
vibration. For example the frequencv 
of the clriving force may be below an~l 
near that 0£ the higher modes 0£ vibra- 85 
tion, but above the fundamental mode 0£ 
vibration. Only under exceptional cir­
cumstances does the driving· frequencv 
have to be very precisely chosen. Foi· 
various subsicl'iary reasons, it shou1d, 90 
however, be as constant as possible. 

As already stated, the fine adjustment 
of the " feeler gauge surface " of the 
linear gauge is preferably obtained bv 
using a relatively etiff member or system 95 
0£ members for i:he vibrator and deflect-
ing this by the application of forces, pre­
ferably derived from an electromagnetic 
arrangement. It is found that by super­
posing in the same magnetic system the 100 
fluxes due to both the deflecting current 
(D.C.) and the main oscillatory driving 
current (A.O.) the flux. due to the former 
current produces no serious hysteresis 
effects;. moreover the deflection 0£ the 105 
mean position of the vibrating feeler 
element becomes practically a linear 
£unction of the D.O . .A current-measuring 
instrument can therefore be arranged to 
indicate the deflection by indicating this 11 O 
current. 

Means 0£ eontn~lling• these small move­
ments of the feeler gauge surfaces 'hv an 
automatic process (hereafter referred. to 
as " auto-control ") become important 115 
when the invention has anv but the verv 
simplest form, namely, a s1mple distanc

0

e 
gauge. T.he mor:it fntitful field of appli~ 
cation of the invention appears to be con­
cerned with such auto-controlling means. 120 
As will bf.• Reen born the e harts given 
hereafter, all but the primary applica­
tions are concerned with auto-controlling 
devices. 

CONTROLLING MEANS. 125 
The simplest form 0£ control is a hand­

control: by slowly increasing the A.C. or 
D. C. electric current flowing in the elec­
tl'omagnetic system Q£ the vibrating ele­
meat, th~ feefo:r gauge s-u:dace is brought 130 
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near to the eontact gauge surface on the 
body the displacement 0£ which is to be 
ascertained until the suclden setting in of 
t}!e vigorou,; vibration, indicated b:v a 

5 violent ratt.lin~ of the gauge device, indi­
cates that " v1bratorv contact " has bee1i 
established. The value of the current 
read on the current-measuring· instrument 
is a measure 0£ the distance the gauge has 

10 moved prior to contact. The reading can 
he checked by reducing the current to the 
point at which the vigorous vibration is 
extinguished and then bringing again 
the feeler gauge surface near to the con-

15 tact gauge surface. 

AUTO CONTROL. 
All the methods 0£ auto-control so far 

devi~ed carry .out this procedure auto­
matwally. In certain arrangements a 

20 relay is arranged to be energised (by one 
of several possible schemes) when 
vigorous vibration is set up. The opera­
iion of the relay tends to extinguish the 
vigorous vibration by the means described 

25 hereafter, £or example by reducing the 
A.C. fed to the vibrator. "\Vhen the 
vigorous ,ibration is extinguished the 
rela;y is automaticall;y c1eenergised and the 
feeler gauge surface (or surfaces) again 

80 approaches the contact gauge surface. 
The operation may be adapted to operate 
a recorder, so as to give an automatic 
record 0£ the position of the contact 
gauge surface; this arrangement is 

35 referred hereafter as '' auto-recording ''. 
In order to prevent " hunting" of 

such an arrangement, the return of the 
vibrator is made with as little shock as 
possible, for example, the current control-

40 ling the vibration is derived from a con­
clenser-.resistance network which only per­
_mits slow movements ·Of the mean poS:ition 
0£ the vibrator. In another arrangement 
the llSe 0£ a relay is avoided by substitut-

45 ing for it a network containing a resist­
ance combined with a condenser, the 
potential across which is the source of the 
cont.rolling current and is directly con­
trolled in magnitude by the amplitude 0£ 

50 vibration of the vibrator. 

'l'YPES OF AUTO-CONTROL. 
The amount of control exerted by the 

relay depends upon the function of the 
gauge device. H it is to keep a eontinu-

55 ous record of a changin(I' length the 
vigorous vibration is completely extin­
guished (as, £or instance, by reducing 
the deflecting force to zero) immediately 
after this vigorous vibration is initiated. 

60 I£, however, the gauge is designed to 
give warning 0£ very small changes in the 
length of, for example, a thermostat ele­
ment, the vigorous vibration is not imme-

diately extinguished when contact has 
been el:ltablished, but instead it is brought 65 
to the point of incipient extinction hv 
the withdrawal of the contact or £eele1· 
gauge surface through a small distance. 
With things adjusted in this manner, a 
very small further withdrawal of the 70 
g_auge surface carried by the gauged body 
(i.e. as would be caused by a, £all in tem­
perature 0£ a thermostat element) results 
in the complete extinction of the Yigorous 
vibration, the re-opening of the relay, 75 
and the return of the gauge device to the 
position it occupied at the beginning of 
the cycle of events. 

In this form the gauge device gives a 
warning (by the Qperation of. ihe relay) 80 
tlirectly the gauge sur£ar.e carried by the 
gauged body reaches a certain point, 
namely, that at which vibratory contact 
.is established, or goes beyond it. The 
warning 1s continnerl until this surface 85 
has been withdrawn suflicientl v to extin­
guish the vigorous vibration. "It will be 
clear therefore, that a gauge in this £orm 
can be used as a maximum (or minimum) 
indicator or controlling device, as has 90 
been already explained. 

It should be noticed that the gauge 
Jevice is capable 0£ acting as a maximum 
(or minimum) indicator without the acldi­
tio~1 of sub~icliary control by a relay. 95 
'\V1thout th1B control, however, there is a 
large difference between the position (or 
length) 0£ the gauged object at the 
moment the vfa·orous vibration is initiated 
by vibratory ccmtact with the gauge, and 100 
the portion (or length) to which it has to 
return before this vigorous vibration 
extinguishes itseH. 

This discrepancy between the lengths 
required to start and to stop the vigorous 105 
vibration is a serious fault. The opera­
tion 0£ the relay-controlled circuit is 
designed to reduce this discrepancy. 

For example, in a gauge device which 
develops a considerable amplitude of 110 
vigorous vibration, the length-discrep­
ancy re£errerl to may be .jQ to 100 x 10-6 

ins. rrhis can be reduced to about 
1 x 10-0 ins. by the auto-control arrange­
ment. The great value of this arrange- 115 
ment is that the gauge device can be 
designed to develop - violent vigorous 
vibration (which is an advantage in 
operating relay controls etc.) while still 
remaining sensitive to very small reduc- 120 
tions in the gauged distanre. 

COMPENSATION FOR V.1.RIATION OF SUPPLY 
VOLTAGE. 

In all that has been said so far a tacit 
assumption has been made, namely, that 125 
the forces driving the vibrating member 
0£ the g·auge device are either constant or 
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variable, but that they are all known. 
In many forms 0£ the gauge device it 

is desirable to reduce to a minimum the 
influence of these forces upon the gaug-

5 ing operation and to produce all the 
required fine adjustment or '' gauging '' 
movements of the vibrator by means of a 
D.C. source. (The primary reason for 
this is that the discrepancy referred to 

10 above, clue to the vigorous vibration, be­
comes g-reater as the alternating forces 
increase: for manv purposes this increase 
appears to be unmanageable). It will be 
appreciated that the distance between the 

15 feeler gauge surface and the contact 
gauge surface the displacement of which 
is being o 1lserved, is a £unction of the 
A.O. chiving forces as well as the D.C. 
deflecting forces. As the value of the 

20 D.C. is the more readily controlled and 
indicated, it is the A.O. which is prefer­
ably kept constant while the D.0.measur·­
ing instrument is calibrated to read 
'' distance '·. 

25 When the apparatus is supplied from 
the public supply, a variation of at least 
±5% is to be expected in A..O. voltage. 
(Say ±5 x 10-s ins. uncertainty in ~he 
gauged leugth unless an A.O. measi.umg 

80 instrument is provided so that the driv­
ill,Q' current can be set to the proper value). 
Tiiis uncertainty is serious if ignored, 
und if provided £or by separate control, 
the operation 0£ the gauge ceases to be 

35 entirely automatic. 
Two ways 0£ avoiding this fault have 

been clevisecl. 

METHODS or COMPENSATION. 
In the :first the vibrator is driven by an 

40 unpolarised magnet system. rrhis has 
the effect of : 

(l) causing the vibrating resilient 
member to vibrate with a frequency which 
is twice that 0£ the driving forces; 

45 (2) shifting the mean position of the 
vibrator towan1s the magnet system. 

As the amplitude of (1) is of the same 
order as the value of (2), the nett effect 
is that changes in the driving current 

50 have little or no effect upon the position 
in space 0£ the· extreme point reachec1 by 
the feeler gauge surface when the vibrator 
is receding from the driving · magnet. 
Other advantages 0£ an unpolarised wind-

55 ing are simplicity and the removal 0£ one 
source of possible error, namely, the age­
ing of the magnet causing a diminution 
of the total :flux. 

In thf· second method of compensation. 
60 !he clrh'ing magnetic drcuit is polarised 

hy a magnet ancl is suppliec1 with both 
A.C. anrl D.C .. both clerivecl from the 
same source, the latter bv rectification. 
The direction of the D.o: is arranged so 

as to shift the mean position 0£ the 65 
vibrator away £rom the surface gauged, 
as the A.G. voltage rises. Owing to the 
non-linear characteristic of the rectifier 
this arrangement is not perfect but can 
be adjusted to reduce veiy considerably 70 
the influence of variations of the mains 
voltage upon the true reading· of the 
gauge device. The advantage 0£ this 
arrangement is that the driving system 
may be mounted on whichever side of the 75 
vibrator is most convenient mechanically. 
Moreover, owing to the permanent mag-
net, this scheme permits further control 
of the vibrator by superposition of a 
second, controlled, and indicateck direct 80 
current which can be used to errect the 
gauging operation, as described here­
before. 

Further advantages of using a pqlarised 
winding are that both attractive and 85 
repulsive forces, as may be desired, may 
be exerted on the vibrator by suitably 
directed currents, and that the response 
of the vibrator to such currents and to 
alternating currents tends to be closely 90 
linear. 

CIRCUITS CONTROLLING THE RELAY. 
It has now been shown that the gauge 

device can be made insensitive to supply 
variations and that it can be arranged to 95 
be auto-recording, or auto-controlling of 
subsidiary apparatus. All this depends 
upon the vigorous vibration being able to 
operate a relay and so to bring the con-
trolling effects into action. rrhere are 100 
two principal ways of operating the 
relay: 

(l) by a circuit completed through the 
feeler and the contact gauge surfaces: 

(2) by the vigorous vibration causing a 105 
subsidiary jar-sensitive or " chatter " 
contact to b!'eak the ,circuit. 

Clearly the method (1) cannot be used 
f?r. measurement., of the very highest pre­
c1s1on because the passage of the current 110 
causes local heating which leads to 
unknown and probably irregular local 
expansions of the gauge surfaces ( 0£ the 
order 10-5 ins.). It is, however, the 
more direct method of control. For 115 
example, a relay can be de-energised b:v 
the discharge, by way of the two gauge 
surfaces, of a very large condenser con­
nected across the relay: being large, the 
condenser cannot immediately recharge 120 
a~d so the relay r~main~ op~n so long as 
vibratory contact 1s mamtarnecl. In an 
alternat1ve arrangement, a quick acting 
~-elay can be operated through the gaug-
rng surface& so as to operate with the £re- 125 
quency 0£ the vigorous vibration. This 
relay can cause another to operate steadilY 
(hr the method (2) below) so long as 
the vigorous :vibration lasts, this second 

• 
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relay being t'he main control-relay. 
:Met~od (2) is the best for the ':more pre­

cise gauges: it has -the disadvantage, 
however, th1J.t it is suitable only for the 

5 more massive vibrating systems, and these 
again are suitable only £or observing the 
movement of relatively massive surfaces. 
The " chatter " contact may be mounted 
on the vibrating element ~£ the gauge 

10 device, chattering being induced directly 
the vigoro11s vib1·ations begin; or the 
" chatter " contact can be mo-unted on 
the member 'carrying the contact gauge 
surface under observation, if this member 

15 is of suitable form and is sufficiently resi­
lient to transfer the jarring QT: the 
vigorous vibration to the chatter-contact. 
The chatter-contact is in parallel ,-rith 
the relay (which it normally short-

20 circuits). 'l'he relay is fed with D.C. 
through a choke and a resistance (from a 
rectifier if convenient). The chattering 
of the contact forces the current normallv 
passing through the confact to pas's 

25 f1:irou&'h the relay. This effect is empha­
sised by the choke. The relay is thus 
forced to operate quickly in spite ·of its 
own inductance. The relay remains 
operated so long as the contact chatters. 

30 The operation is assisted hv a small 
spark-quenching ciTcuit conn~cted across 
the chattering contacts. 

APP:LICA1'!0NS O:F GAUGE. 
The field of application 0£ the new 

35 device according to the present invention 
is obvious in certain directions : for 
example, it may be used: 

(1) as the control element of a thermo­
stat regulator; this is obvious in view of 

40 what has been stated above the thermo­
stat expansion element carries the con­
tact gauge surface and another member, 
adjustable in position, carries the feeler 
surface; expansion 0£ the thermostat 

45 element causes vibratory contact and this 
actuates a 1'elav which controls the heat­
ing and at th~ same time brings the 
·dgorous vibration to the point of 
incipient extinction. Contraction of the 

50 thermostat element then results in the 
complete extinction of the vigorous vibra­
tion, the re-opening of the relay, the 
return of the feeler surface to its initial 
position and the resumption of the heat-

55 ing. The relay can be made also to 
operate a recorder. 

(2) as the " feeler '' element of a linear 
rlimension gauge of any known kind; .thi,i 
feeler element has already been descnbed 

tiO in detail. It can be combined with a 
recording device of a suitable type. 

(3) as a micro-barograph using a single, 
temperature-compP.nsated capsule carry­
ing the gauge surface, in combination 

with an auto-controlled feeler surface 65 
caused to approach the gauge surface at 
intervals, the position 0£ the feeler sur­
face when vibratory contact takes place 
being recorded in any suitable known 
manner by apparatus ·under the control of 70 
the device employed to make the gaug-
ing operation and giving an indication 
of the barometric pressure in terms of the 
movements of the capsule. 

(4) as a l'ecording- exbensometer for 75 
i-;mall test pieces or samples, brackets 
being clampet1 at the two ends of the test 
piece under observation, one carr,ring the 
g•aug•e surface, the other the feeler sur­
face, and a:rranging the apparatus to give SQ 
as in (3) above, a record of the change of 
length of the test piece or sample under 
test. 

POINTER lNSTRC}lENTS. 
Wht1n it is adapted to determine the 85 

position of a pointer on a scale, however, 
the gauge makes possible a number of 
special developn1ents: 

(5) the position of the pointer of an 
electrically controlled po-inter instrument 90 
can be determined with an error of about 
10-,.1, ins.; 

(6) as a development from (5), the move­
ment of the pointer of a primary instru­
ment may be duplicated and magnified 95 
by a sec0udary instrument, so that a 
robust, quick-acting, insensitive measur-
ing instrument can be used (as the 
seconclary instrument) to measure with 
accuracy quantities, e.g. currents, which 100 
cause a deflection of a few thousandths of 
an foch of the pointer of the primary 
instrument. For instance, a quick-act­
ing, sensitive, thermo-electric pyrometer 
can be designed on these lines ; 105 

(7) any physical quantity which can be 
measure~l electrically using a '' bridge '' 
method can he kept under control b~· pro­
Yiding the current measuring instrument 
which indicates the " balance " with a 110 
gauge deviee as described above, for 
instance illumination, resistance, induc­
tance, velocity, may be measured in this 
manner; 

(8) any pointer instruments, whether 115 
electrical or not, can be provided by its 
means with maximum or minimum deflec­
tion indicators; 

(9) :particularly designed electrical 
pointer instruments can be cleveloped 120, 
which avoid the complicatfon of pivots , 
and coiled springs and have onlv minute 
deflections. These rleflections i;re, how­
ever, magnifie(l and if neeessary rerorder1 
on the lines of <Tl anrl (8) above. 125 

The setting-in of the particuinrh· dis­
tinctive vigorous vibration ma,: be 
observed either bv ear, dirertlv · or b,· 
means of a microphone, 01' by eye, for 



example hy the flicker of the pointer 0£ a 
111easuring instrument, as already men­
tionecl or by the chang0 of the t:ihape of 
the oscillai'ion Pnveiope, a method which 

o will be described hereafter. 
The a.pparatus embodying the inven­

tion mav easily be adapted to any par­
ticular ordinary laboratory technique; for 
example, it may comprise an electric cir-

10 cuit eompleted by means of a photo­
electric cell or device of a similar nature, 
influenced by a radiant beam which is 
under the control of the mode of vibration 
of the vibrator. 

15 'l'he a.ppended charts show at a glance 
the extent of the range of applicat10n of 
the invention, by indicating broadly the 
various modifications which may be 
effectecl in its methods o,f application 

20 (Chart 1) an(l the variou8 effects pro­
tlucecl by the operation of the auto­
rontrolling-·circuit ,Chart II). It will 
be underntood that I llo not claim as my 
invention the numerous manners 

25 referred to 0£ obsel'ving the setting in of 
the vigoro11svibration phenomenon. These 
methods of observation are well known 
ancl belong to usual laboratory technique. 

A few apparatus, selected among the 
,30 most important of t;he applications of 

which the invention is capable, will be 
now describecl as examples which are by 
no means limitative in any respect. 

Referring to the drawings left here-
35 with, which illustrate, on sheets 1 to 4, 

for the sake of illustration only, 
apparatus embodying the present inven­
tion, and, on sheet 5, the Charts referred 
to abo-ve: 

4.0 Fig. 1 represents diagrammatically a 
vibrator for a simple form of gauge, 
accordinf to the invention; 

Figs. :...., 3a., 3b, 4a, 4b, 4c, 4d, 5 and 6, 
are diagrams of electric circuits used in 

4:3 connection with the gauge shown in Fig. 
1· 

'Figs. 7, Sa and 8 b represent diagram-
n1atically constructional parts 0£ 
apparatus emhodving the invention; 

50 Fig. 9 is a diagram 0£ an electric cir­
cuit illustrating an application of the 
invention for ascertaining with extreme 
accuracy the position 0£ a pointer on a 
scale. 

55 In Fig. 1 the primary elements 0£ a 
simple form of the gauge are illustrated. 
In this form the vibrator element 4 is 
maintained in oscillation bv an electro­
magnetic system 3. The vibrator 4, which 

60 1;;; mounted on a support 5, on a base 7, 
rarries the '' feeler gauge surface '' l, 
nncl a mass 2 adjustable in magnitude 
and in position, the said mass beinkf so 
chosen that one 0£ the natural periods of 

65 vibration of the vibrating system 

1-2-4 together with the mass 6 is neaT 
to the fundamental frequency of the 
forces devefo.ped on the vibrator 4 by the 
system 3, or to one 0£ the overtones of 
this frequency. When so adjusted, as it 70 
has been explained above, the mode of 
vibration of the -vibrator element change:,; 
to vigoro'l.1s vibration as soon as the sur­
face 1 touches a solid bodv with a certain 
minimum force. (This ··minimum force 75 
becomes smaller as the frequency of 
the driving forces approaches more 
closely the frequency to which the 
vibrator is adjusted to resonate). .A. jar­
senstive electrical contact is shmrn at (j ; 80 
this consists of a small, light, spring· 
61 carrying· a mass at the free end which 
it holds against a contact 611 carried by 
the vibrator 4. This arrangement can be 
acljusted in such a way that it is un- 85 
affected by the steady vibratory motion 
of the vibrator 4 hut so that it 
momentarily breaks the contact between 
the mass 6 ancl the contact 611 when the 
mode of vibration o-f the vibrator 4 is 90 
changed owing to the " vibratory con-
tact '' of the feeler gauge surface 1 with 
the object gauged. 

Both the support for the spring 61 and 
also the contact 611 against which the 95 
mass bears, are mounted on the vibrator, 
suitable arrangements being made to 
carry an electric current to and from the 
contact surfaces. 

The jar-sensitive contact is necessary 100 
only when the gauge is to be used in con­
junction with certain types 0£ subsidiary 
controlling apparatus; for the more 
simple applicat,ions 0£ the gauge it is 
sufficient i:o provide other means of 1'0.5 
observing the jarring of tlie vibrator: 
for example, a microphone '' hutton" p 
may be fixed to the vihraior, preferably 
near to or at the support o. 

The jar-sensitive contact n is prefer- 110 
ably mounted in the manner shown in the 
figure, that is, so tliat the rebound of the 
feeler g·auge surface l from the object 
gauged tends to withdraw the vibrator 
4 awav from the mass. which is clelaved 115 
bv its' inertia. , ,, 

··If the feeler gauge surface l Fig. 1 is 
reversed and is pointecl towards the base 
7, it is possible, bv suitably choosing t,he 
material and the cl.imensions of the 120 
members, l, 4, 5 and 7, in the known 
manneT, to arrange that changes in the 
1nean temperature of the parts of the 
gauge have no effect upon the distance 
between the surface l anrl the hase 7. 125 

In Fig. 2, a circuit is shown which 
provides for the energisation of a rela>· 8 
hy th~ momentary opening of the jar­
sens.itrve contact 6 (" break ··, control). 
The relay is nperated by means QI a 130 



source of current such as the battery 11 
or the single-wave rectifier 13 (it is how­
ever preferable not to employ alternating 
current if very rapid response of the 

5 relay is desired). A resistance 10 is pro­
vided to limit the intensity of the current 
when the jar-sensitive contact 6 is closed. 
.A ch9ke coil 9 may be put in the circuit; 
it is qf assistance in two ways : when a 

10 rectifier 13 is used it helps to maintain 
the alternating P .D. across the rectifier 
when the jar-sensitive contact. 6 is closed, 
and thus reduces the delay in the opera­
tion 0£ the relay when this contact opens. 

15 Again, when e'ither supplJ arrangement 
is used, the electrical inertia of the choke 
coil 9 assists the operation of the relay 8, 
since it tends to force the current :flqw,ng· 
through the jar-sensitive contact 6 to 

20 flow through the relay 8 without any 
alteration in its magnitude; this assists 
the quickness of response of the relay. A 
spark-quenching circuit 12 assists the 
operation of the circuit and tends to pro-

25 tect from pittin~ the contacting surfaces 
of the jar-sensitive contact 6. 

In Fig. 3a, a circuit is shown which 
illustrates a method £or t.he de-energisa­
tion of the relay 8 by the intermittent 

30 dosing of the circuit at a pair of contacts 
14 which represent the pair of gauging 
surfaces (" make " control). The relay is 
operated by power sources 11 or 13 as in 
Fig. 2, except that the choke coil 9 is 

35 omitted. A large condenser 15 is sub­
stituted £or the spark-quenching circuit, 
this condenser being discharged by com­
pleting the circuit at contacts 14. The 
degree of discharge depends upon the 

40 duration of the contact and the resistance 
of the di8charge circuit. It is found 
that. with condensers of 2000 micro­
farads charged to 4-6 volts, safety 
resistances of 50 ohms or more can be 

45 inserted at r ·without seriously inter­
fering with the operation of the circuit. 
Such resistances reduce the likelihood of 
the contacts at 14 becoming welded 
together. By suitable choice qf the 

50 resistance 16 the relay 8 can be made to 
remain with its contacts '' open " for a 
considerable period of time, say up to 1 
second, i£ in this interval 0£ time no new 
closing of the circuit has occurred at 14. 

55 In this way a chattering, i.e. inter­
mittent. con tact at 14 results in the con­
tinued · partial de-energisation of the 
r!:'lav 8 and, ronsequentlv, in the contacts 
of the relay being maintained in the 

60 same position. The ressation of the con­
iaf'ts at 14 results, after a delay, in the 
relay-contacts moving- hack into their 
alternative position. This delay is a clifl· 
advantage in certain cases, and it may be 

65 avoided by using the circuit shqwn in 

-·····--------

Jt'ig. 3b. In this circuit the pair of con­
tacts 14 represent the feeler gauge sur­
face 1 and the contact gauge surface on 
the body gauged, -which make inter­
mittent contact when the vigorous vibra- 70 
1,ion is initiated, thus operating the relay 
18 through the battery circuit 17, thereby 
eautiing the contact 19 of the relay 18 to 
" chatter ". This energises the relay' 8 
as explained in connection with Fig. 2. 75 

Fig. 4a. shows the simplest method of 
controlling the movement 0£ the vibrator 
of a gauge of the t~cpe shown in Fig. 1. 
In this figure, the winding g is tlle wind-
of the electromagnetic driving system 3 80 
of Fig·. 1. 

A resistance a, anrl a current measuring 
instrument ·rn are shown in series with 
the winding g. The former is preferably 
invariable in order to keep uniform the 85 
behaviour Qf the gauge when in the 
vigorous ,ibration state; the adjustment 
0£ the alternating current is made by 
means of the potentiometer resistance b. 
'I1he current-measuring instrument m 90 
should be quick acting, for example, of 
the rectifier-fed type. The resistance bis 
adjusted. by hand until the amplitude of 
vibration of the gauge is sufficient to 
cause contact between the feeler gauge 95 
surface 1 (Fig. 1 and the contact gauge 
surface of the object gauged, The 
1:mdden appearance of the vigorous vibra­
tion indicates that vibratory contact has 
been established. 1rhe reading of the 100 
instrument m, corresponding to the 
appearance of the vigorous vibration, is 
noted. Any relative displacement 
between the feeler gauge surface and the 
contact gauge surface ,of the gauged 105 
objeet can then be measured by repeating 
this process and noting the new reading 
of the instrument m. The difference in 
the readings is a measure 0£ the displace-
rn ent. 110 

rl111e three main drawbacks of this 
arrangement are : 

(1) the changes in current must be 
made v~ry gently so that the vibrator is 
not noticeably jarred; 115 

(2) the accuracv of measuremwt 
varies from point to point Qll the scale 
of measurement, for when the C'Urrent is 
large the gauge is most sensitive and 
reciprocally; 120 

(3) as the accuracy attainable is not 
much better than l % (owing to (l), 
above) the smallest distance measure­
able is comparable with the amplitude of 
vibration (which may be 600 x 10-0 ins.). 125 

Practically all these deficiences can be 
made good b;v using the circuit shown in 
J?ig. 4b. It will b(' noted that, in this 
circuit, the apparatus windings now 
carry D.C. as well as A.O.,_ the intfm&ity 130 
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of the latter being constant while 
measurement is in progress. A blocking 
condenser e prevents leakage of D.C. 
through the A.O. current measuring 

5 instrument m1
• The D.O. is used to 

~ake the measuring operation by shift­
mg the mean position of the vibrator 
towards the contact gauge surface of the 
body under observation. It is read on 

10 th~ current measuring instrument ·ni. In 
practice if this instrument 'In has a 
uniform scale and the gauge windin(J's 
are polarised, its readings are ve;v 
closely proportional to the displacemer{t 

15 of the axis of vibration of the vibrator 4 
(Fig . .l). The resistance c is used to 
rontrol the current in the instrument m. 
By using a very large condenser at d, 
sudden shocks are not transmitted to the 

20 vibrator element of the gauge; moreover, 
as the condenser and resistance network 
can be made to have a very large time 
constant the movement of the needle of 
the instrument rn is very slow and its 

25 position can be judged very closely by eye 
when the vigorous vibration makes its 
appearance. Since the amplitude of 
vibratioD; ~s practically unaltered by the 
superpos1t10n of the D.C. ou the A..C., 

30 the precision of operation of the gauge 
is practically independent of the readin~ 
of the instrument m. Again, very small 
displacements can be measured with this 
arrangement (e.g. a displacement of 

35 10-6 ins. can be measured with an 
accuracy of about 5 to 10% when the 
amplitude of vibration of the feeler gauge 
surface is 200-300 x 10-6 ins.). By using 
a vibrator element 0£ greater stiffness, 

40 measurements of still smaller displace­
ments can be made. 

It is found that the presence of the 
alternating flu::s: due to the A.O. reduces 
the hysteresis effects naturally associated 

45 with the unidirectional but variable flux 
produced by the changes of D.C. during 
lhe gauging operation. The maximum 
value assumed by the D.O. may equal the 
maximum value of the A.O. without the 

50 hysteresis becoming sufficiently large to 
affeet the calibration of the gauge. A 
ehoke coil 91 may be inserted in the D.C. 
l'ireuit to reduce the intensity of the 
A.C. passing through the instrument m. 

55 Owing to the extreme slowness with 
which the D.C. can be altered the 
anang-ement of :Fig. 4b can be made to 
give very high accuracy. . 

In order to obtain results more quickly, 
60 hut with slightly Jess accuracy, the 

:m·ang-Pment of Fig. 4c can be used. In 
this the gauging operation is entirely 
automatie and cvclic. 

A su:table amplitude of vibration is 
65 obtained by setting the A.O. at a fixed 

value. The gauging operation is carried 
out by D.C. on the same principles as 
with the arrangement of circuits shown 
in Fig. 4b. The D.O. is controlled by 
the operation of a 1·elay such as 8 in Figs. 70 
2 or 3, which is itself under the control 
of the gauge. Thus the relay may be 
connected so that the contact 16 is opened 
at the moment vigorous vibration of 
the feeler gauge surface occurs. If, 75 
now the connections are such that the 
current from the battery causes the 
contact and feeler gauge surfaces to 
approach each other, the opening of the 
contact 16 results in the condenser 19 80 
slowly discharging and in the contact and 
feeler gauge surfaces, separating. The 
separation will continue so long as the 
vigorous vibration persists, but, as soon 
as the withdrawal is sufficient, the 85 
vigorous vibration vanishes, the relay 
contact closes again and the gauge 
surfaces again approach each other. Thus 
a cyclic operation is carried out; the 
maximum indication of the current- 90 
measuring instrument m is a measure or 
the distance through which the feeler 
gauge surface has been displaced by the 
D.C. An alternative circuit is possible 
in which the relay 8 short~circuits the 95 
condenser 19 (by means of the contact 17) 
at the moment vigorous vibration is 
initiated. This restores the current 
measuring instrument and the vibrator to 
their uncleflected positions and the cycle 100 
of operations proceeds as above. Here 
also a choking coil 9 may be inserted in 
the D.C. circuit. 

In. Fig. 4d, instead of operating a 
relay, the jar-sensitive contact lt is 105 
arranged to cause the larg·e condenser 19 
to charge up as soon as the contact le 
begins to chatter. In the figure, the 
source of P .D. by which the condenser 19 
is charged is shown as a single wave 110 
rectifier. 'l'he appearance of a P.D. at 
the tenninall:l of the condenser 19 causes 
a uni.directional current to fl.ow through 
the D.C. measuring instrument"rn and the 
driving winding g of the gauge, ;1nd .this 115 
causes the arrangement to funct10n m a 
manner similar to that of the circuit 
shown in ]'ig. 4c. The object of this 
modified arrangement is to obtain a 
quicker response of the controlling 120 
current to the chattering of the contact h. 

]'ig. 5 represents a circuit which is 
adapted to be inserted between the 
ex.citing winding g of the gauge and the 
source 0£ A.O., in order to make the scale 125 
of measurement, which is based on the 
reading of the D. C. measuring 
instruments of Figs. 4b, 4c and 4d, 
inclepenclent of small chance variations in 
the alternating current supplying the 130 
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vibrator. '.I.'he £unction of this circuit is 
to p1•ovide a biassing unidirectional 
current as closely as possible proportional 
to the altemating cunent which passet'l 

5 through the circuit. '.For many purposes 
the circuit of Fig. 5 does this with 
sufficient accuracy, but, when greater 
accuracy is essential, more complex 
circuits can be easily devised on the same 

10 principles. It will be seen that the 
rectifier 24 with resistance 21 aml 
condenser 20 are connected in parallel 
with the source of A.O. The P.D. acrosi,; 
the rectifier 24 will therefore vary in 

15 conformity with any change in the P.D. 
supplying the exciting winding ll of the 
gauge. The rectified current J?roduced by 
24 is passed on to the windmg r; by a 
choke coil 28. The A.O. current measur-

20 ing instrument 26 is isolated from the 
D.C. circuit bv the condenser 22. 
Adjusting resistances 21, 23 and 27 make 
it possible to adjust the relative propor­
tions of A.O. and D.C. supplied tog. The 

25 direction of the D.C. is arranged so that 
it ,vit.hdraws the axis of vibration of the 
gauge away from the surface gauged. In 
a gauge employing this circuit it was 
found that ± 25% variation in the value 

30 of the A.O. potential at the terminals of 
the apparatus resulted in an error ot 
+ 5 x 10-1 ins. in the measurement scale. 
The amplitude of vibration of the feeler 
gauge surface was 200 to 300 x 10-6 ins. 

35 As mentioned earlier the same effect 
can be obtained by employing a non­
polarised winding a:t lJ, without the 
biassing circuit. Then if the gauge is 
assembled in the form shown in Fig. l, 

40 the position in space of the upper erlge 
of the envelope of the vibration 0£ the 
surface 1, as viewecl with the aid of an 
oscilloscope, £or example, can be made 
practicall;v independent of the value o:£ 

45 the ;LC. flowing in the windings 3. H 
fllf':re is a slight :£all o:£ the envelope edge 
when the A.O. is increasecl, the mass 2 
(Fig. 1) i~ readjusted to bring the vibrator 
more closelv into resonance with the 

50 driving· current, and reciprocally. 
When the gauge is employed for other 

than pure distance-measurement various 
subsidiary circuits are useful. For 
example,' i£ the circuit of Fig. 4c is 

55 modified by the omission of the resistance 
r and of the contact 17 it may be used to 
convert the gauge into a maximum or 
minimum indicator or controller, the 
current from the source 18 of D.C. being 

60 arlju-sted so that the closure o~ the.contact 
Hi does not cornplf,tely extrngurnh the 
vio•orou~ vibration the extinction bPing· 
c~1pleted bv the withdrawal 0£ the 
contact gauge surface 0£ the body 

65 gauged. 

H it is found desirable to control the 
eircuit of Fig. 4a by automatic means, it 
becomes necessary to alter the alternat­
ing current in a gradual manner. This 
ean be done by the artifice illustrated in 70 
]'ig. 6. A " bridge " rectifier is in­
serted in one of the A.O. lead:,, having a 
large condenser 30, shunted by a 
resistance 29 in series with a contact 28 
which, for example, may be one of the 75 
contacts controlled bv the relay 8. This 
contact is normally ~losed so that the 
hridg·e offers a relatively low impedance 
to the A.C. 1£ the contact 28 is opened, 
however, ( as a result, £or instance of the 80 
setting in of the vigorous vibration 
and the operation of a relay), the con­
denser 30 cha.rges up slowly anrl opposes 
the A.C. 1'h1s has the effect of reducing 
the A.O. fed to the vibrator and therefore 85 
causes the extinction of the vigorous 
vibration. On the closing of the contact 
28 the condenser discharges slowly 
through the resistance 29 and the cycle 
repeats itself. A condenser of 2000- 90 
4000 microfarad:; is suitable ·with a bridge 
having an effective resistance of about 
1000 ohms. 

The two methods of extinguishing the 
vig·orous vibration, namely, the shifting 95 
of the mean portion of the vibrator by a 
D.C. and the reduction of the amplitude 
of vibration by the method just descrihecl 
may be combined with advantage in those 
cases in which the amplitude of the 100 
vigorous vibration is excessive. 

In some cases it is not convenient to 
suppress the vigorous vibration by a 
movement of the mean position of the 
vibrator or by the method rererred to 105 
above. In irnch eases, the amplitude or 
vibration can he eontrolle<l by im:r·ea:,iug 
or decreasing the energy lossn, a,isoeiatecl 
with the moverneut of the vibrator. Fur 
example, Fig·. 7 illustrates a method of 110 
retludng- the amplitu(le of vibration and 
exti.ng-uishing· the vigorous vibration by 
induced edch· rurrents. 

A suitabl): shapell electro magnet 31 is 
arrtvnged to produce elldies in a con- 115 
-rl-ucting metal skip 32 pa:,;sing between 
its ,poles. The rurrent energising the 
magnet may he auto- or hand-controlled. 

J!'ig. 8a represents an arrangement by 
means of which a gauge may be built 120 
which can be used to measure with 
accuracy distances which are greater 
than the amplitude of vibration of the 
flexible resilient member of t11e gauge. 
The £eeler gauge surfnre (for example) is 125 
mounted on a £mme which ran hr <1('­
flectetl (preferably so that the !rnugP 
surface l is moved in the plane uf it-, 
vibration), for example, by a mass 33 
sliding on a bar 34. The deflections of J.30 



the surface 1 due to a given clisplacement 
0£ the mass 33 can be measured by the 
gauge shown at 4, 5, which operates in 
any one or the manners described above. 

5 In the figure the mounting of the gauge 
bracket ensures that it bends about the 
point 0, vertically below 1. 

Fig. Sb represents another arrange­
ment by means of which a gauge system 

10 4-5-7-35 may be used to measure the 
flistance between two surfaces. 'rhe 
gauge carries a double-faced g·auge piece 
35. This can be brought near to the 
surface of either of the test surfaces 37 

15 by a device similar to that shown in Fig. 
Sa.. It is clear that, knowing the length 
of the gauge piece 35 and the calibration 
of the gauge the distance between the 
test surfaces 37 can be found and changes 

20 in the length of the object 36 can be 
measured. 

Any of the previous arrangements of 
the gauge may be adapted, if desired, to 
the measurement of the displacement of 

25 pointers of pointer-instruments. In this 
way the arrival of the pointer at any 
chosen point on the scale of the instru­
ment can be registered with great 
precision (to 10-4 or 10-5 ins.), by 

30 providing the pointer with a contact 
gauge surface and placing a vibrating 
feeler gauge surface at any chosen point 
0£ the scale, the arrival of the pointer 
at this point being indicated with 

35 extreme accuracy by the setting in of the 
vigorous vibration. This make .possible 
the "magnification" arrangement shown 
in Fig. 9. In this arrangement, the 
pointer of the current measuring 

40 instrument rn is provided with a contact 
gauge surface which, at the zero position 
of the pointer, is in vibratory contact 
with a feeler gauge surface. The 
instrument m is <leflectecl liy the current 

45 the value of which is required; it is also 
deflected, but in the opposite direction by 
n very small _fraction of an opposing 
current reacl on another current measur­
ing instrument ·m, which current is 

50 derived from a large condenser 38 
charged by a battery 39. When these 
two currents, passing in opposite 
directions through the instrument m, are 
exactly equal, the instrument m in-

55 dicates zero, the pointer reaches the 
position in which the vibratory contact 
becomes operative, and this may be made 
to cause a relay to function. This relay 
opens the contact at f (or closes a c.ontact 

60 at h) and so causes the current. rn the 
instrument. rn1 to fall (or become nil) thus 
removing the pointer of the instrument 
·m away from the gauge ancl so 
initiating the cycle of operations. The 

65 maxi-mum indication o:f the instrument 

rn 1 is a measure of the current deflecting 
the instrument 1m. Alternatively, the 
condenser 38 may be charged or di:;­
chargecl clirectly, (that i:;, without the 
intervention of a relay), bv way 0£ the 70 
gauging surface carried by" the pointer 0£ 
the current measuring instrument m. 

By this means one micro ampere at in 
can be made to appear as a deflection of 
one milliampere at m1

• 75 
It is preferable that the current 

measuring instruments rn and m 1 should 
have a similar response to transient 
forces. Alternatively if ,rn1 is the more 
swiftly acting' instrument it may be made 80 
sluggish by connecting contlensers in 
parallel or by any other known means. 

The £act that the pointer of the current 
measuring instrument m is not required 
to deflect more than a small fraction of 85 
an inch (or a fraction of a degree) per­
mits the use 0£ pointers widi.out pivots, 
for example, of pointers the stem of 
which is ·:flexible and rigidly fixed at one 
encl, the other encl being deflected by a '90 
force whieh is a lmo,Yn function of the 
quantity to be measured. This would 
simplify the construction 0£ such 
instruments to a degree hitherto 
impossible. 95 

The above clevices provide methods and 
apparatus for micro-measurements 
hitherto unequalled for their accuracy 
and simplicity of technique. It will be 
understood that variations in details may 100 
be made to the apparatus, described and 
to the electric circuits required for their 
operation, as well as applications of the 
methods ancl apparatus herein described 
to purposes not referred to, without de- 105 
parting from the spirit of the invention, 
as set forth in the statement 0£ claims. 

The operation of any apparatus pro­
videcl with a device according to the 
invention may he macle self recording, for 110 
example in a manner aheatly describe<l. 
The apparatus is connected as shown in 
Fig. o, with a controlling circuit such as 
shown in Fig. 4c. The recording is 
effected by the instrument rn in Fig. 4c. 115 
'fhe recorder itself may be for example a 
spark or a pen recorder of any lmo,vn 
type. 

I am aware that, in a particular type 
of ,extensometer, the position of a 120 
measuring member with respect to a 
fixed datum maTk is ascertained by the 
moment when the vibration of a vibratorv 
elentent' set in resonant vibration by tli'e 
finger, is damped when the said measur- 125 
ing member touches the said <latmn 
member. 

It has also been proposed to ascertain 
the instant at which mechanical contart 
takes .place between a fb.:ed and a movable 130 
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member by providing the latter with a 
vibrator the axis of which is perpen­
dicular to the surface of the fixed member, 
so that the motion of the edge of the tip 

5 of the said vibrator is tangential to a 
plane parallel to the said sur£aee, the 
motion of the vibrator being clamped 
when the tip of the vibrator touches the 
said surface (Spilsbury, N.P .1. Report 

10 for 1922, p. 94). 
These t,vo devices make use 0£ a 

vibrator in a manner entirely different 
from that described above, and which has 
nothing in common with the phenomenon 

15 0£ the setting in 0£ a distinctive mode 0£ 
vigorous vibration which is the funda­
mental feature 0£ any apparatus 
according to my invention. 

Having now particularly described and 
W ascertained the nature of my saicl in­

vention, and in what manner the same is 
to be performed, I declare that what I 
claim is:-

1. An apparatus £or detecting, 
25 observing, measuring, indicating, re­

cording or utilizing minute changes 0£ 
position 0£ a solid body, an essential 
feature 0£ which is 0£ the nature of a 
linear dimension gauge or like device, 

30 consisting' of (1) a gauge carriage which 
is movable with respect to a supporting 
bed and (2) a contact-indicating device, 
comprising a " feeler gauge surface " 
(or surfaces) carried upon a flexible 

35 resilient member or " vibrator " main­
tained by any suitable means in a state of 
vibration, the amplitude of which is 
normally steady or controlled, said 
apparatus being characterised in that the 

40 saicl flexible resilient member is so pro­
portioned and mounted upon the saia 
gauge carriage that the frequency of one 
of its modes 0£ natural or l'esonant 
,ibration is near to (above or below) the 

45 frequency 0£ the forces maintaining the 
said member in vibration, the difference 
between these two frequencies being 
assigned such a value that when 
a " contact O'auo·e surface " carried by 

50 the body the eidis~lacement of which is to 
be detected, observed, measured, 
indicated, recorded or utilised, comes in 
close proximity to the " feeler gaug:e 
surface " (or surfaces), so as to touch 1t 

55 with a certain very sm~ll force o; i~pa_ct, 
there is set up a particularly d1shnct1ve 
mode of intermittent contact between the 
'' contact gauge surface" on the body 
and the " feeler gauge surface.'' on _the 

60 flexible member, so that the saul flexible 
resilient member breaks into a new 
vio·orous mode of vibration, which is 
ch~racterised in this, that this new mod·~ 
of vibration does not return to the steady 

65 or controlled mode of vibration when the 

contact gauge surface is brought back 
into the position it occupied when the 
initial impact occurred, and even when it 
is withdra-i;vn slightly further away. 

2. Apparatus as claimed in claim 1, in 70 
which the position 0£ the contact and 
feeler gauges ~urfaces are interchanged, 
the resilient vibrating member carrying 
the feel er gauge surface being mounted 
on the solid hodv the displacement of 75 
which is under· observation and the 
contact gauge surface heing carried by a 
~uitahle £xed datum member. 

3. Apparatus as claimed in claim 1 or 
2, in ,vhich both the contact and feeler 80 
gauge surfaces are in a state of vibration. 

4. Apparatus as claimed in any one of 
the preceding claims, in combination 
with means for obtaining ancl for con­
trolling very small displacements of the 85 
feeler element for the purpose of fine 
adjustment. 

5. Apparatus as claimed in claim 4, in 
which the fine adjustment is obtained by 
displacing the support of the vibrator. 90 

6 . .Apparatus as claimed in claim 4, in 
which the fine adjustment is obtained by 
altering the mean position of the vibrator 
with respect to its support. 

7. Apparatus as claimed in claim 4, in 95 
which the fine adjustment is obtained by 
changing the amplitude 0£ vibration 0£ 
the vibrator. 

8. Apparatus as claimed in any one of 
claims 1 to 4, characterised in that the 100 
gauging operation is controlled by 
alternating forces onlv. 

9. Apparatus as claimed in any one of 
claims 1 to 4, characterised in that the 
gauging operation is controlled by 105 
alternating and unidirectional forces 
combined. 

10. Apparatus as claimed in claim 4, 
further characterised in that the setting 
in of the vigorous vibration is indicatecl 110 
bv the chattering sound it produces. 
· 11. Apparatus as claimed in claim 4, 

further characterised in that the hammer­
ing produced bv the feeler gauge surface 
in the state 0£ vigorous vibration is used 115 
io operate a visual indicating device. 

12·. Apparatus as claimecl in claim 4, 
further characterised in that the vigorous 
vibration is used to affect a light-
sensitive device. 120 

13. Apparatus as claimed in claim 4, 
further characterised in that an auto. 
control 0£ the gauging -operation is 
provicled, by which the vigorous vibration 
i:-i automatically extinguished, thereby 125 
rendering possible a repetition of such 
operation so as to make the same cyclic. 

14. Apparatus as claimed in claim 13. 
further characterisell bv means throui:d1 
which any increase in the amplitude Lo£ 130 
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vibration of the vibrator, due to changes 
in the alternating driving forces, is 
combined with a shifting of the mean 
position of the vibrator away from the 

5 contact gauge surface. 
15. Apparatus as claimed in claim 13, 

in which control is effected by means of 
an electric current passing between the 
contact and feeler gauge surfaces. 

10 16. Apparatus as claimed in claim 13, 
in which control is effectecl by means of 
a subsidiary jar-sensitive or " chatter " 
contact (or· contacts) set in operation by 
the setting in of the vigorous vibration. 

15 17. Apparatus as claimed in claim 13, 
in which control is effected by means of 
a relay which changes the mean position 
of the vibrator relatively to its support. 

18. Apparatus as claimed in claim 13, 
20 in which control is effected by means of 

a relay which changes the amplitude of 
vibration. 

19. Apparatus as claimed in claim 18, 
further characterised in that the change 

25 of amplitude is obtained by controlling 
the energy losses associated with the 
movement of the vibrator. 

20. Apparatus as claimed in any one 
of elaims 13 to 19, in which controlling 

30 means are provided which only permit 
steady but not sudden movements of the 
gauge device. 

21. Apparatus as claimed in any one 
or t_he preceding claims, in which the 

35 vibration of the vibrator is produced by 
electromagnetic means. 

22. Apparatus as claimed in claim 13, 
further characterised by a network con­
taining a resistance combined with a 

40 condenser which charges up when the 
vigorous vibration begins, the P .D. 
across the terminals of this condenser 
being directl:v controlled in magnitude by 
the vibration of the vibrator and being 

45 the source of the controlling current. 
23. Apparatus as claimed in claim 14 

or 21, further characterised in that it is 
supplied with A.O. and with D.O. derived 
from the same source by rectification, the 

50 direction 0£ the D.C. being such as to 
shift the mean position 0£ the vibrator 
away from the surface gauged when the 
A.O. voltage rises. 

24. Apparatus as claimed in any one of 
55 the preceding claims, in which the 

gauging surface is secured underneath 
the £ace of the vibrator so as to be turned 
towards the supporting base, the propor" 
t.ions of the several parts of the apparatus 

60 being so designed, in the known manner, 
that variations in the mean temperature 
of the said parts have no effect on the 
position of the said gauging surface with 

--------
respect to the fixed base of the apparatus. 

25. An apparatus.as claimed in claim 18, 65 
comprising a " bridge " rectifier in series 
with one of the A.O. leads, the said 
bridge having across its diagonal not 
connected to the A.O. lead a large 
condenser shunted by a resistance in series 70 
with a contact adapted to open when the 
vigorous vibration sets in. 

26. Apparatus as claimed in· claim 19, 
in which the vigorous vibration is 
suppressed by ;means of an auto~ or hand" 75 
controlled electromagnet adapted to 
produce eddy currents in a conducting 
member secured to the vibrator. 

27. Apparatus as claimed in any one 
of the preceding claims, adapted to 80 
measure distances greater than the 
amplitude 0£ vibration of the vibrator, in 
which the feeler gauge surface is mountecl 
on a frame capable of being deflected in 
any suitable manner. · 85 

28. Apparatus as claimed in claim 27, 
in which the gauge surface is mounted 
on a frame deflected so that the said feeler 
gauge surface is moved in its plane 0£ 
vibration. 90 

29. Apparatus as claimed in claim 28, 
adapted to measure the distance between 
two gauge surfaces, comprising a double 
faced feeler gauge piece adapted to be 
brought near either of the two contact 95 
gauge surfaces. 

30. A pointer instrument, the pointer 
of which carries a contact gauge surface 
the position of which is ascertained by 
means of the feeler element 0£ an 100 
apparatus as claimed in any one of the 
claims 1 to 28, substantially as described. 

31. Apparatus as claimed in any one of 
the preceding claims, in combination 
with a pivotless pointer measuring 105 
instrument without coiled spring or 
springs; the pointer 0£ which is, for 
example, a :flexible resilient strip fi.xecl 
at one end and deflected by the forces to 
be measured. 110 

32. In apparatus for detecting, 
observing, measuring, indicating, record-
ing or utilizing minute displacements of 
a solid element, the use of a device as 
claimed in clai;m. 1, constructed, con- 115 
nected and operated in one of the manners 
herein described, for the purpose set 
forth. 

33. Apparatus ancl circuit connections, 
substantially as described and as shown 120 
in the appended drawings. 

Dated this 11th day of December, 1934. 
M. E. J. GHEURY DE BRAY, 

The Imperial Patent Service, 
First .A.venue House, High Holborn, 

London, W.C.1. 

~n st,a: l':cintied fo"J: Ria Majesty's Stationery Office, bY. the Courier Prl'SS,-U)M, 
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