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1

The ‘present invention relates to systems of

electrical measurement, and in particular is di-

rected to the provision of an improved differen-
tial modulator system characterized as being
operative to produce an indication or signal,
which is accurately proportional to a physical
change or disturbance, which it is desired to

measure or reflect, as well as to the provision of |

improved mechanical arrangements and devices
for directly responding to such a change or dis-
turbance,

It has long been recognized that a desirable
means of measuring extremely small changes in
physical characteristics, such for example, as
changes in size, weight, temperature, and rela-
tive disposition, occurring either rapidly or slow-
1y, is to arrange a mechanism in such a manner
that the change in characteristic, which it is
desired to measure, produces or controls the pro-
duction of an electrical voltage or current, which
voltage or current is susceptible of measurement
either directly or after being suitably amplified.

Common types of such measuring systems are
those wherein the change in physical character-
istic is utilized to modulate the flow of current
in, or the voltage across, a part of an electric
circuit. In such systems, a source of alternating
current is commonly provided which delivers
energy to a second circuit through a transformer,
the secondary winding whereof is electrically
connected either to an amplifier circuit or di-
rectly to a measuring instrument. It is cus-
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tomary in such systems to tune the secondary -

circuit to a point in the neighborhood of reso-
nance to the alternating current source. The
change which it is desired to measure is caused to
alter the magnitude of reactive components of
the secondary circuit, thus causing the secondary
circuit to more closely approach or depart fur-
ther from the condition of resonance, thereby
altering both the voltage and the current con-
ditions at the instrument.

Systems of the above generally indicated char-
acter, with which the present applicant is aware,
are subject to the serious limitations, among
others, that the magnitude of the change which
can be indicated or measured is necessarily only
a small fraction of the main voltage or current
applied to or passed through the indicating or
measuring instrument. Stated in another way,
the voltage or current applied to or transmifted
through the instrument in the absence of the
change to be measured may be regarded as a
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carrier voltage or current, while the change it

is desired to measure may he regarded as the

2

modulation of such carrier voltage or current
It will be recognized that the portions of a so-
called resonance curve within which the phys-
ical change must occur are relatively limited by
circuit characteristics, and for this reason, in
the prior systems the modulation current or volt-
age can bear only a small ratio to the carrier
current or voltage.

With the foregoing general consideratlons in
view, the principal objects of the present inven-
tion are to. provide a system comprising differ-
entially related modulator elements, so related
as to-produce an electrical quantity which is di-
rectly proportional to the actual degree of modu-
lation or is a controllable percentage of the car-
rier wave, instead of reflecting or measuring a
carrier value plus or minus such modulation and
which is stably responsive to extremely small
modulation values; to provide such a system em.
bodying differentially connected circuits having
inductively, capacitively or conductively coupled
portions, so that & change or modulation of volt-
age or current in one of the circuits is accom-
panied by a change or modulation in the other
of the circuits; to provide such a system wherein
change or modulation in one of the circuits can
be produced by altering an electrical character-
istic of an element directly connected thereto, or
by altering the characteristic of an element in-
ductively or capacitively coupled thereto.

Further objects of the present invention are
to provide improved arrangements for measuring
changes or magnitudes, including, but not by way
of limitation, torque, temperature, pressure, hu-
midity, strain, and the like.

With the above as well as other objects in view,
which appear in the following description and
in the appended -claims, preferred but illustra-
tive embodiments of the invention are shown in
the accompanying drawings, throughout the sev-
eral views of which corresponding reference
characters are used to designate corresponding .
parts and in which:

Figures 1 through 6, respectively, are dia-
grammatic views of illustrative circuits embody-
ing the invention;

Fig. T is a diagrammatic view illustrative of
resonance conditions in an electrical circuit;

Fig. 8 is a diagrammatic view of g further
embodiment of the invention.

Referring first to Fig. 1, the basic system com-
prises generally a source 20 of carrier energy,
which may be of any siutable type adapted to de-
liver alternating current of suitable frequency.
The system admits of the use of a wide range of
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frequencies, it being preferred that the carrier
frequency, of the source 20, be several times that
of the maximum modulation frequency expected,
and it being further understood that the system
is more sensitive at the higher carrier frequencies.
A carrier frequency of from three to four hun-
dred kilocycles is satisfactory for a wide range
of applications. The output terminals of the
source 20 are directly connected to the primary
winding L1 of a transformer 22, having two sec-
ondary windings L2 and L3, both whereof are
inductively coupled to the primary winding and
which may or may not be directly inductively

coupled to each other through a common mag--

netic circuit. It will be understood that the just-
mentioned magnetic coupling may be made
through either an air or other core, depending
upon the frequency of the source 20. If desired,
a tuning condenser Cl1 may be connected In par-
allel with the primary winding Ll to tune the
primary circuit to a value approaching resonance
to the source 20,

The secondary winding L2 has connected in
parallel therewith a pair of condensers C2 and
26 and a corresponding pair of condensers C3 and
28 are connected directly in parallel with the
secondary winding L3, it being understood, of
course, that condensers C2 and 26, and condensers
C3 and 28, respectively, may, if desired, be com-
bined into a single unit. As shown, condensers
C2 and C3 may be regarded as modulating con-
densers and condensers 26 and 28 may be re-
garded as tuning condensers. The terminals 30
and 32 of the circuit, including the winding 1.2,
and the output terminals 34 and 36 of the circuit,
including the winding L3, are differentially con-
nected to each other and to a pair of terminals
40 and 42. It will be appreciated that any suit-
able measuring or indicating device, or other in-
strument, which 1t is desired to actuate by means
of the hereinafter described modulation, may
be connected to the terminals 40 and 42 either
directly or through suitable amplifying mecha-
nism. It will further be understood that the just-
mentioned instrument or device may include any
of a variety of indicating, measuring, or other
devices, and throughout the following description
and in the appended claims the terms “instru-
ment” and “device” are used in a generic sense.

It will be appreciated that the voltage appear-
ing between the terminals 40—42 is the vectorial
sum of the voltage components between the ter-
minals 30—32 and 34—386. Thus, the circuit of
Fig. 1 may be initially adjusted to cause these
components to either partially or entirely balance
each other, thus developing between the terminals
40-—42 3 voltage, which under normal conditions,
is any desired flnite percentage of the so-called
carrier voltage, or is of substantially zero value.
Various considerations, such as the nature of the
application and the character of the measuring
or indicating apparatus determine whether the
normal or initial balance should be partial or en-
tire, and throughout the following description,
the term “predetermined normal balance” is used
in a generic sense as comprehending either a par-
tial or an entire such balance. The arrangements
of the present invention are of particular value
in that they afford an extremely reliable means
of obtaining a precise desired initial balance,
whether partial or entire.

It will be appreciated that if the voltage or'

voltages across either or both of the two differ-
entially connected circuit portions is or are al-
tered, as to phase or amplitude or both, a voltage
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4
will appear across the terminals #8—42, of the
frequency of the source 28, and having an am-
plitude equal to the vectorial sum of the two com-
ponent voltages. In accordance with the present
invention, these changes in voltage of one or both
of sald compenents are effected by altering the
impedance of one or both of sald circult por-
tion, and a particular feature of the invention re-
sides in so coupling the portions that a change
in one portion is accompanied by a change in the
other, the changes differing either in direction or
magnitude or both. The effect of impedance
changes upon the voltage components is illus-
trated by the characteristic curves of Fig. 7, in
which the resonance curve ¢ represents values of
voltage across & circuit corresponding to differ-
ing values of reactance of the circuit, and in
which the curve b represents corresponding phase
relations of the circuit. It will be recognized that
changes in the adjustment of a circuit effect am-
plitude changes in the relation indicated by the
curve a and effect phase changes in the relation
indicated in curve b. Also, that when two such
circuits are differentially connected, changes
either as to phase or amplitude produce a change
in the vectorial sum of the voltages of sald cir-
cuits. Consequently, in the present claims and
description, the term “voltage change” Is used

.to comprehend effects due to both amplitude and

phase changes.

It will be noticed that the ordinate 44 cor-
responds to the so-called resonance peak of Fig.
7, while the ordinates 48 and 48 correspond to
points at respectively opposite sides of the reso-
nance peak. It will also be noted that the reso-
nance curve is substantially linear throughout a
range at either side of the ordinate 46, and
throughout a range at either side of the ordi-
nate 48, the first such linear portion falling
between the reference characters 50 and 52, and
the other such Hnear portion falling between
points 54 and 56. Also, the curve b is substan-
tially linear throughout a substantial range, It
will be appreciated that the factors of frequency,
capacity, inductance and resistance of the asso-
clated circuit are determinative of the form, in-
cluding the relative lengths and steepness of the
linear portions, of the resonance curve a, and
that any change in impedance of the associated
circuit alters the voltage across such circuit, any
change in reactance being further accompanied
by a change in the tuning thereof along the reso-
nance curve a. It will also be appreciated that
if the assoclated circuit is tuned to a point at
one side of the resonance curve, a change in fre-
quency, capacity, inductance, or resistance,
which produces an increase in voltage will, if
the circuit is tuned to a point at the other side
of the resonance curve, produce a decrease in
voltage.

Referring again to Fig. 1, it is preferred to
adjust the circuits, including the winding 1.2
and condensers C2 and 26, and winding L3 and
condensers C3 and 28, to points falling within
one or the other of the linear portions of the
curve a of Fig. 7. The adjustment points, along
such linear portions depend, of course, upon the
direction and magnitude of the change which it
is desired to measure, and the system is prefer-
ably so proportioned that the adjustments re-
main within the linear portions throughout the
entire change. These adjustments are prefer-
ably made by varying either/or both capacitive
and inductive components of the network, it
being noted that variations in the inductive



coupling between the windings L! and L2 and
Ll and L3 appear particularly effective in bring-

ing the component voltages into the desired de-

gree of amplitude balance, whereas adjustments
in the tuned secondary circuits appear particu-
Jarly effective in bringing the voltage components
into the desired degree of phase balance.

In Fig, 1, the coupling hetween the two circuit
portions is inductive and the modulation is spe-
cifically introduced by varying the value of one
or both of condensers C2 and C3. It is preferred
to effect the variation of modulation by altering
the value of only one of such condensers, and
suitable variable condenser elements are shown
in certain of the later described figures.

Accordingly, in the operation of the system of
Fig. 1, a modulating change in value of con-
denser C2, for example, alters the voltage across
the terminals 30—32 and also effects a change in
the voltage across the terminals 34—38, the rela-
tive values and directions of the two changes
being determined both by the magnitude and di-
reetion of the modulating change, by the tuning
of the individual circuit portions, and by the
coupling between the several windings. The am-
plitude of the resultant voltage between the ter-
minals #0—42 is thus the vectorial sum of the
just-mentioned two voltage changes and this re-
sultant voltage also is proportional to the change
or modulation which produced it, as distinguished
from representing only a relatively small per-

10

15

20

30

centage of a carrier voltage initially impressed

across the terminals 40—4&2. Moreover, as soon
as the physical change which altered the value
of the condenser C2 or C3, as the case may be, is
removed, and such condenser or condensers are
restored to their original values, the voltage be-
tween the terminals 30—42 resumes its original
normal value.

It will further be appreciated that changes in
the value, for example, of condenser C2 or C3,
as the case may be, are reflected substantially
instantaneously as corresponding voltages be-
tween the terminals 40—42, ‘Thus, any relation,
variable or otherwise, that may obtain between
the changes in value of condenser C2 and any
other factor such as time, position, or the like
are correspondingly reflected across the termi-
nals 40—42, and for changes occurring from zero
frequency up to the previously mentioned ratio
to the carrier frequency, the voltage wave across
the terminals 40—42 remains at the basic carrier
frequency, and the amplitude of such wave Is
accurately proportional to and in time phase with
such changes. The system thus produces a wave
form which accurately and stably reproduces the
pattern of the modulating changes. In practice,
modulating changes of the order of thousandths
of a micro-microfarad are accurately indicated.

In the just-described system, the change or
modulation is produced by altering the value of an
inductive or capacitive element directly con-
nected to one of the secondary circuits. !
modified arrangement of Fig. 2, this modulation
or change is produced by an element which is
inductively coupled to the modulator network, in
this case, to at least one of the two secondary cir-
cuits, and which alters the voltages across said
circuits. Referring particularly to Fig. 2, the
transformer 22 is supplied with alternating cur-
rent energy from a souce 20, and, as before, is
provided with secondary windings L2 and L3, the
output terminals of the circuits whereof are dif-
ferentially connected together and are connected
to the terminals 40-—42, between which the meas-
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uring or indicating device may be connected. As .
before, the secondary circuits are tuned by means
of condensers C2 and C3 to desired points, so that
under normal conditions a predetermined voltage,
finite or substatnially zero, is impresed across the
terminals 40-—42. .

In the Instance now being described, the modu-
lation or change is introduced by means of an
additional winding L8, which is inductively cou-
pled to the winding L2 and may or may not be
inductively coupled to windings L{ and L3, ex-
cept through winding 12, The winding L#, in
turn, is supplied by a transformer €0, which, in
turn, derives energy from a source indicated gen-
erally at 62, It will be understood that the change
which it is desired to measure is produced by alter-
ing a characteristic of the output of the source 82,
which change is reflected as a change in the vol-
tage or current in the winding L4. The latter
change, in turn, is reflected as a voltage between
the terminals 40—42, which change, as before, is
directly proportional to the magnitude of the
change or modulation which produced it.

In the further modified arrangement of Fig. 3,
the circuit connections are much the same as
those in Fig. 2, with the exception that in this in-
stance the modulation of the winding L4 is pro-
duced by altering a characteristic of a direct cur-
rent source connected between the terminals 64—
66 and which acts to modify the flux within a coil
L6, which is Inductively coupled to the winding
L1. In this instance, also, an additional circuit
comprising the winding L5 and a variable resistor
R is inductively coupled to one or more of the
windings Li, L2, 1.3 and L#, which arrangement
facilitates, in certain instances, the initial adjust-
ment of the system so as to produce the normal
balance voltage between the measuring terminals
40—42 and compensate for any unbalance which
otherwise might be introduced into the network
by the modulating circuit including winding L4.
A variation in the value of the resistor R alters the
voltages across the windings L2 and L3, the prin-~
cipal effect being in respect to the winding L3 in
view of the more direct coupling between wind-
ings L8 and L3, thus enabling said voltages to be
brought into balance. In view of the fact that a
variation in value of the resistor R alters the volt-
age balance of the windings L2 and L3, it will be
appreciated that the resistor R may he varied to
introduce the modulation effect.

-In the further modified embodiment of Fig. 4,
the modulation of the winding L4 is produced by
altering the tuned characteristics of an assoclated
circuit comprising the transformer 88, the vari-
able condenser C4, and an auxiliary condenser
66, it being appreciated that in this embodiment -
the primary modulator circuit, comprising the
windings L2 and L3, 1s initially adjusted, so that
at a normal value of the condenser C4, for ex-
ample, & desired voltage balance is obtained across
the terminals 40—42. Accordingly, any change in
the value of condenser C4 produces a modulation
of the winding L#, which modulation, in turn, is
reflected as & change in voltage hetween the
terminals 40—42.

It will be noticed that with the arrangements of
Flgs. 2, 3 and 4, the modulation can be introduced
at a point which is remote from the principal
modulator circuit, thus allowing the modulator
circuit itself to be placed at a convenient point
irrespective of the location of the particular ma-
chine element or other part, which is under in-
vestigation and near or on which the modulating
changes must occur. A further advantage of the
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present system is that the connections between
the modulator circuit and the source of modulat-
ing energy, such as 82 of Fig. 2, can be of rela-
tively low impedance and consequently these re-
mote connections can be substantially free of the
difficulties, due to parasitic capacity, which
usually accompany the use of remote connections.

In Fig. 4, also, the previously described primary

winding Li is replaced by two structurally inde-.

pendent windings L1’ and Li’’, which are induc-
tively coupled to the windings L2 and L3, respec-
tively, and which may or may not be inductively
coupled to each other. The windings Li’ and Li’’
are connected to the source 20 through a poten-
tiometer RI and a condenser C5. The potenti-
ometer Ri, of course, adjusts the amplitudes of
the voltages across windings Li’ and Li’’, and,
consequently, across the circult portions includ-
ing windings L2 and L3 and thus provides an
efficlent means of obtaining an initial amplitude
balance. .

Referring again generally to Fig. 1, when re-
active element C2, 26, or L2, is caused to change
in value, a change is Iniroduced in this circuit
which is transferred (or reflected) through the
magnetic linkage between windings L2 and Li
to winding Ll and thence to winding 1L3. It ap-
pears that the “tuning,” speciflcally, is changed
only in the circuit in which a mechanically pro-
duced change of reactance is effected. The hal-
ance of the phenomena, i. e.,, the accompanying
change in the companion circuit including ele-~
ments L3, C3 and 28, Is but a reflected voltage
change. Although no change of “tuning” ap-
pears to be effected in the latter circuit, since its
component values of inductance and capacity,
etc. are not changed, the effect iIs the same as
if they had been changed.

Also, in Figs. 2, 3 and 4, the only points at which
actual change of tuning is accomplished are in
the remote circuits including the winding C4, all
other phenomena merely being a transference of
this change by reason of the described arrange-
ments of couplings and magnetic linkages,

In the embodiments of the invention thus far
described, the change-or modulation has been de-
scriked as
terminals 49-—42. It will be understood, how-
ever, that the voltage developed between the
terminals 40—42 may instead be applied to suit-
able amplifying apparatus.

In the gpecific arrangement of Fig. 5, an ampli-
fler tube 79 is utilized of a type that is commer-
cially available, having either a single plate 12 or
a pair of plates connected in parallel, a cathode
14, and a pair of control grids 76 and 18. A
usual grid bias source 7T and a source 19 of plate
voltage are provided. In this instance, the ter-
minals of the circuit, including the winding 1.2,
are connected respectively to the grid 16 and to
the cathode 14, whereas the terminals of the cir-
cuit, including the winding L3, are connected, re-
spectively, and in opposite relation, to the grid
718 and the cathode T4. As before, the circuits
including the windings L2 and L3, which are, as
before, adjustably coupled to the winding Li, are
adjusted to desired points on the resonance curve,
so that a modulation of the system, produced, for
example, by adjusting the condenser C2 or C3, or

both thereof, enables the two secondary circuits:

to alter the potential of the grids 18 and 18 rela-
tive to the fllament 14, thus producing a change
between the terminals 80—82, which are con-
nected in the plate circuitof the valve 10, which
15 proportional to the original modulation and to

eing measured directly between the.
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the vectorial sum of the effects produced in the
individual secondary circuits.

In the further modified embodiment of the in-
vention shown in Fig. 6, two valves 84 and 88
are employed, valve 84 being assoclated with the
secondary circuit, including the winding L2, and
valve 88 being associated with the secondary cir-
cuit, including the winding 1.3. Modulations of
the secondary circuits produced in the manner
or manners aforesaid obviously modulate the cur-
rent flows in the plate circuits of valves 84 and
86, which plate circuits are differentially con-
nected together in series with the primary wind-
ing 88 of a transformer 80, the secondary wind-
ing 82 whereof is connected to the terminals

. 80-—82 hetween which the modulation or change

20

25

30

35

40

is reflected.

It will be understood that with the arrange-
ments of Figs. 1, 2, 3, 4, 5 and 8, the voliage wave
impressed between the output terminals has a
frequency equal to that of the source of carrier
energy and has an amplitude which is propor-
tional to the modulating change. The voitage
wave between the output terminals may, of
course, be connected to suitable conventional de-
modulating elements, so as to deliver a termi-
nsgl voltage of the amplitude, form and frequency
of the modulating change, which latter wave may,
if desired, be further amplified. A particular ad-
vantage of the present system Is that the modu-
lation effect may be amplified in carrier fre-
quency stages, thus enabling the use of simple
and reliable amplifiers.

It will be appreciated that the modulating
changes may occur either relatively rapidly or
relatively slowly, and, moreover, the system may
be called upon to reflect a change which re-
mains constant in magnitude for an appreciable
period. The relatively slow changes and the
just-mentioned steady state conditions would be
virtually impossible to amplify with usual low
frequency amplifiers. With the present system,
however, in which the amplitude of the carrier
frequency wave is directly proportional toc the
change, or is a controllable percentage of the
amplitude of such carrier wave, the amplification
may take place in the earrier frequency stages,
and the above-mentioned very slow or steady

© state conditions can be amplified with the same
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accuracy as changes of higher frequency.

Fig. 8 illustrates the adaptability of the inven-
tion to those applications in which it is desired
to produce a comparison between two more or
less independent changes. Referring particularly
to Fig. 8, a first modulator circuit 100 of the type
described with reference to Fig. 2, for example,
is provided with means 62’ as a source of modu-
lation energy and a companion modulator circuit
102 is provided with a second source of modula-
tion energy 62’’. The output terminals 48 and
42 of the modulator units 100 and 102 are dif-
ferentially connected to each other and to a suit-
able measuring or indicating device M. The
modulator elements 62’ and 62’’ are illustrated
as comprising a master gear A and a second gear
A’, it being understood that the present system
is herein illustrated as employed to compare the
tooth forms or other physical characteristics of
the two gears A and A’. The elements |04 and
106 are illustrative of profile tracing devices past
which the gears A and A’’ are rotated in syn-
chronism with each other, and each gear and its
profile element may be suitably arranged to con-
stitute the elements of a condenser so that the
movement of each gear relative to its tracing
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- element produces a change in the capacity there-

between. This change in capacity produces: a
modulation effect, as described with relation to
Fig. 2, which is reflected as a change in voltage
between the associated terminals 40 and 42. It
will be understood that so long as the just-men-
tioned changes In voltages occur synchronously
as to time and of equal magnitude, which condi-
tion would obtain, if the gear A’ to be checked
accurately duplicates master gear A, the re-
‘sultant terminal voltages would counter-balance
each other and no voltage would be applied to
the terminals of the indicating element M. In
the event of a discrepancy between the form of
the gear A’ and that of the master gear A, how-
ever, the magnitude of the voltage wave im-
pressed across terminals 4042, associated with
the master gear A, would differ from the voltage
wave impressed across the terminals 40—42, as-
sociated with the gear A’, and a resultant volt-
age, proportional to the discrepancy, would be
impressed across the indicating device M.

As is discussed in detail with reference to Figs.
1 through 6, the present modulator system may
-~be caused to produce instantaneous voltages
which are accurately .proportional to external
changes. which changes may take place either
very slowly or very rapidly, and which changes
may be very small in value. The latter property
makes the system peculiarly adaptable to the
production of current or voltage wave forms,
which exactly correspond to a peculiar shape,
volume, contour or movement of a related element
or to a peculiar variation in temperature, pres-
sure, or the like.

The accuracy of response of the present modu-
lator system, together with its faculty of re-
sponding to changes which occur either rapidly
or slowly, renders it valuable in the measure-
ment and recording of torque and of torsional
strains. Moreover, by metering the torque in
operative relation to a measure of speed, con-
tinuous horsepower measurements are available,

In the broader aspects of the invention, various
well known elements may be used to cause a tor-
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said first reactive element in accordance with
the shape of one object, a second reactive ele-
ment for modulating the voltage of the other
circuit and means for varying said second re-
active element in accordance with the shape of
the other object.

2. In combination, an electrical network in-
cluding a source of alternating current energy,
an output circuit connected to said source to have
a voltage impressed thereacross by said source,
said circuit having first and second portions each
including impedance means and connected so
that the voltage across the terminals of said cir-
cuit is proportional to the vectorial sum of the
vo'tages across sald portions, said portions being
tuned to predetermined points differing substan-
tially from resonance so as to produce a predeter-

- mined normal said vectorial sum, a modulating’

30

35

element remote from said net work, coupling
means including a transmission line of relatively
low impedance and at least one transformer be-
tween said element and said network, said ele-
ment being variable so as to vary the tuning of
said network and alter sald vectorial sum, and
additional tuning means coupled to said network
and adjustable to compensate for any unbalance
from said predetermined tuned relation.

3. A system for measuring mechanical motions
which comprises a source of alternating current
energy of a given frequency, a pair of tuned cir-
cuits each resonant at a frequency close to but.
differing from sald given frequency, indicator
means for giving an indication responsive to alter-
nating current energy, means connecting sald
source and said indicator means to said pair of

_tuned circuits in differential network fashion

©

sional strain or displacement to produce either

an inductive or a capacitive change.

Although only several specific embodiments of
the present modulator circuit have been disclosed,
it will be appreciated that various further modi-
fications in the form and arrangement of these
circuits may be made within the spirit and scope
of the invention. It will also be appreciated that,
the present modulator circuits can, in a generic
sense, be used with any type of plckup unit
adapted to produce an inductive, capacitive, or
‘resistive change in response to the physical con-
dition being studied. Purther, while several spe-
cific and preferred applications of the present
modulator circuits have been described in con-
- siderable detail, it will be recognized that many
other applications of these circuits are possible
and the disclosure of these preferred applications
is, therefore, to he considered in an illustrative
and not in a limiting sense.

What is claimed is:

1. In a system for comparing the shapes of
different objects, the combination of first and
second modulating circuits’ differentially con-
nected to each other and to a translating device
so that the voltage impressed across said trans-

lating device is proportional to the vectorial sum-

of the voltages of said modulating circults, a
phase reactive element for modulating the volt-
age of one of said circuits, means for varying

(1]
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75

whereby the magnitude of the alternating cur-
rent transfer from said source to said indicator
means is approximately proportionate to the di-
vergence of the vectorial impedances of said pair
of tuned circuits from a predetermined propor-
tionality, an impedance element remote from said
pair of tuned circuits, a transmission line of rela-
tively low impedance extending from sald remote
element to one of said tuned circuits and having
a surge impedance substantially different from
the normal impedance of said remote element at
said frequency, first transformer means coupling
said remote element to sald line, further trans-
former means coupling said line to said one of
sald circuits, and means for varying the im-
pedance of said remote element responsive to said

-motion to be measured whereby the effective im-

pedance of said one of said circuits is altered to
cause a variation in the indication of said indica-
tor means.

4. A system according to claim 3 wherein said
remote element comprises an inductive reactance
and a capacitative reactance proportioned to
resonate at a frequency close to said given fre-
quency and wherein said means for varying said
remote element responsive to said motion com-
prises means for varying only one of said re-
actances, thereby changing the combined im-
pedance of said two reactances by a substantially
greater percentage.

5. A system according to claim 3 further com-
prising an auxiliary winding inductively coupled
to one of said pair of tuned circuits and a variable

‘resistor connected in series therewith for adjust-

ing the effective phase angle of the corresponding
tuned circuit.

6. An electrical system for ascertaining a physi-
cal condition of an instrumentality comprising,
a source of alternating current energy of a fre-
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quency above the audio range; a pair of circuits;
indicator means; means coupling the source and
indicator means to said pair of circuits in dif-
ferential network fashion whereby the magnitude
of the energy transfer from said source to said
indicator means is approximately proportional to
the divergence of the vectorial impedances of said
circuits from a predetermined proportionality; at
least one of said circuits comprising elements hav-
ing at sald frequency a relatively high ratio of
reactance to resistance, impedance means the
value of which is controlled by and in accordance
with the condition to be ascertained, a transmis-
sion line having at sald frequency an impedance
which is low in comparison to the impedance of
sald elements, and means coupling said elements
to said impedance means through said line; the
said circuit comprising said elements, impedance
means, line and coupling means being tuned to
the neighborhood of resonance to said frequency.

7. A system according to claim 6 wherein at
least certain of said last-mentioned coupling
means are inductive.-

8. A system according to claim 6 wherein said
impedance means comprises elements having at
sald frequency a high ratioc of reactance to
resistance, :

9. An electrical system for ascertaining a physi-
cal condition of an instrumentality comprising, a
source of alternating current energy of a fre-
quency above the audio range; indicator means,
means coupling the indicator means to receive
alternating current energy from said source com-
prising a bridge circuit having a pair of reactive
arms, said coupling being such that the magnitude
of the energy transfer from said source to said
indicator means is approximately proportional to
the divergence of the vectorial impedances of
sald arms from a predetermined proportionality;
at least one of said arms comprising elements
- having at sald frequency a relatively high ratio
of reactance to resistance, impedance means the
value of which is controlled by and in accordance
with the condition to be ascertained, a transmis-
sion line having at said frequency an impedance
which is low in comparison to the impedance of
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sald elements, and means coupling said elements
to sald impedance means through said line; the
said arm being tuned to the neighborhood of
resonance to said freguency.

5 10. A system according to claim 9 wherein at
least certain of sald last-mentioned coupling
means are inductive.

11. A system according to claim 9 wherein sald
impedance means comprises elements having at

10 said frequency a high ratio of reactance to
resistance.
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